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Buosornueckoe MojiesipoBanme B CHCTEMHOIT HROJIOTIN ABIACTCA DPPERTUBHOIT TeXHOIOrHEI O1leHKI O1OJ0TNUeCKOro
neiterBust hakTopoB ORpysKaToLIeil cpefbl. B padore gamo KonnenTyaabHoe 000cHOBAHNE Pa3pabOTKI HPOKAPHOTHYECKIX
NabopaTOPHO-AHATUTHYECKIX MOJIe/Iell, OIleHeHbl TPeNMYIIIeCTBA 1 OTPAHMYEH NS NX AKCIIePUMEHTATHHOTO MCITOTh30BAHMS.
[Tpennoskena knaccudnranusa MPOKAPUOTHYCCKIX TECT-MOJeJIell 110 YPOBHIO CTPYKTYPHO-DKOJIOTNYECKOI OPraHn3aInim,
cBoiicTBaM TecT-00beKTa (KIeTKH, cO00IecTBa, MOMYIANNN, MEKPOOHONEHO03) U COBOKYIIHOCTI TECT-pearIuil
(6uonmupnKaTOPOB 1 OHrtoMapKepoB). [laHo ornpesiesieH e TeCT-MOJIeTN KaK e/IHHOI CHCTeMbI, BRIIOYAIOIIeI TeCT-0PraHn3M,
cHCTEMY OMOMAaPKEPOB / GMOMHITKATOPOB, METO[ITKY HCIIBITAHITI B COOTBETCTBIN C TPUHITHIIAMI HAJITIC/RATIEI Ta00PaTOPHOTT
HPAKTUKY, KPUTEePUAJIbHBIIT allliaparT i/is KA4eCcTBeHHOI /KOJIMYeCTBEHHON OIeHKI (DAKTOPOB OKPY3KAOIIEil Cpejibl pa3Hoil
1pupojibl. OBOCHOBAHBI MOHATHS CYOHOYJISIMOHHBIX U HAJIOMYJISIIIHOHHBIX TeCT-MOJleJIeil, OCHOBAHHBIX Ha CBOMCTBAX
MUKPOOHBIX COOOIIECTB KAK IEJOCTHBIX OMOJOIMYeCKNX eNHNIL, PeryJnpyIoiinX mapaMerTpbl Ku3HeesTeJbHoCTH
B 3aBucuMocTu or BHemHux (axropos. [loxazano, 4ro MUKPOOPraHU3MBI ABJISAIOTCS PEICBAHTHLIMU TECT-00bEKTaMU
JIsE pazpaboOTKM MHHOBAIIMOHHBIX METOIMK OIEHKN BJINSAHUs HA opraHn3M GakTopoB cpejibl (PU3N4ecKoil, XUMU4YeCKOi
7 OMOJIOTMYeCKOI IIPUPOJILI, YTO OCHOBAHO HA 0COOEHHOCTAX CTPYKTYPHO-IKOJOTNYECKOI OPraHu3auy 1 MHOTO0Opa3n
MeTaboIMIeCcRIX, TMHAMIYECKIX, MOP(OTOTHUECKIX, MOJIEKYISIPHO-TeHeTHIeCKUX I {PYTUX CBOIICTB MHKPOOPraHN3MOB,
IEJIOCTHOCTH MUKPOOHOT KYJIBTYPhl KAK CHCTEMbI, IIMKINYECKOM Pa3BUTUM HOIYJSINI MIUKPOOPTAHU3MOB B IIPUPOJE
1 UX IIOCTOSIHHOM B3aMMOJICHCTBIN ¢ (DAKTOPAMI ORPYSKAIONIEH CPeibl.

Karouesole crosa: MHI—(pOGHOTeCTbI, IIpOoRapuoTniecKue TecT-Mo/ienn, KJIaC(}I/I(bHHaHI/IH, 61’IOME1pRepr, 6I/IOHH£[HKHTOpr,
accormanum MUKPOOPTraHU3MOB.

Prokaryotic test models for environmental ecotoxicological research:
prospects and classification (review)
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Biological modeling in system ecology is an effective technology for assessing the biological effects of environmental
factors. We provided the conceptual justification for the development of prokaryotic laboratory-analytical models, as-
sessed the advantages and limitations of their experimental use. The classification of prokaryotic test models according
to the level of the structural and ecological organization, the properties of the test object (cells, communities, populations,
microbiocenosis) and a set of test reactions (bioindicators and biomarkers) is proposed. The definitions of the test model
as a unified system including a test organism, a biomarker / bioindicator system, a test procedure in accordance with
guidelines of good laboratory practice, a criteria apparatus for qualitative / quantitative assessment of environmental
factors are given. The concepts of subpopulation and suprapopulation test models based on the properties of microbial com-
munities as integral biological units regulating vital activity parameters depending on external factors are substantiated.
It has been shown that microorganisms are relevant test objects for the development of innovative methods for assessing
the impact of the physical, chemical and biological environmental factors on organism, which is based on the structural
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and ecological organization and the variety of metabolic, dynamic, morphological, molecular-genetic and other proper-
ties of microorganisms, integrity microbial culture as a system, cyclical development of populations of microorganisms
in environment as well as their complex interaction with environmental factors.

Keywords: microbiotests, prokaryotic test-models, classification, biomarkers, bioindicators, associations of mi-

croorganisms.

Mertoposorusi MIpOKAPUOTHYECKUX TECT-
Mojiesieil B 9KOTOKCHUKOJIOTHYECKUX NCCIe/0-
BaHMAX B paMKaX COBPeMEHHOH KOHIEeNIHN
CHCTEMHOI YROJIOTUN

Pasurtue u oborarmienue KOHIENIUN CH-
CTEMHOI DKOJOTUN KaK MERINCITNTIINHAPHOTO
HAYYHOTO HAIPABJICHUs HA OCHOBE XOJIUCTHYe-
CKOTO TTO/IXOJIa BEJIET K CHCTeMATN3aI[NN CBA3aH-
HBIX ¢ HEll 9RCTTePUMEHTANBHBIX MTPURIAHBIX
necJaeloBaHUil 1 9KCIIePUMEHTAAbHOTO MOJIeJI -
posanus [1, 2].

B pamkax paboTsl TpoBeéH aHaan3 n JaHo
pasBuUTHe KOHTENINN ONOTeCTHPOBAHNS 1 O1O-
MOHUTOPHUHTA HA OCHOBE MPOKAPUOTHYECKNX
TECT-MOJIeJIel ¢ YUETOM MPUHIUIIOB MUKPOOHOT
TOMUHAHTHI U TOJOKEHUN MOMYJIAINNOHHO-
KOMMYHUKATUBHON TTAPaJUTMbl B MUKPOONOJIOTHH,
000CHOBAaHA METOJIOJIOTUSI HKCIIePUMEHTATHLHOTO
MOJIC/INPOBAHMS C MCTIOTb30BAHIEM ITPOKAPUOTHI -
YECKUX TecT-Mojieell B 9KOTOKCUKOIOTHIECKIX
MCCJIIOBAHUAX, TPUBEJEHbI Pe3yabTaThl paspa-
0TI RIaccuPuRATIT TPOKAPHOTIYECKIX TECT-
MojleJiell, OCHOBAHHOI HA 0CODCHHOCTHX DKOJIOI0-
OMOJIOTMYECKOI OPTaHU3aI[Uy TeCT-OPTaHn3Ma,
MPOBEEH aHaan3 arpnOyTUBHBIX ITapaMeTpoB
ITPOKAPUOTHUECKUX TeCT-MOJlesIell Ha PUHITNIIaxX
HaJiIesKRaIeil 1abopaTopHoil MPaKTHK.

bBuonornueckoe mopesmpoBatme siBseTcs
s derTnBHOI TEXHOTOTTET OIeHKY OMoJ0TnYe-
CKOTO JlelicTBUSA (DAKTOPOB OKPYFKATIOIIEN Cpejibl,
HalpaBJIeHHOU Ha U3yYeHUe B3aUMOJEUCTBUI
B OMOJIOMMYECKUX cHcTeMax ¢ Y46TOM X MHOTO-
KOMITOHEHTHOCTH, HAJTW UM MIPSMBIX 1 00paTHBIX
CBA3EN KaK MEK/LY COCTAaBHBIMI YaCTAMM CHCTe-
MBI, Tak 1 9 deRTaMu BHEITHNX BO3ENCTBIT Ha
cueremy B miesiom |3, 4.

Pesyabrarsl skomornuecknx, MuEKpoomno-
JOTUYECKUX U TUAPOOMOTOTHUCCKIX WCCTeI0-
BAHWI MOCTEIHUX JECATUICTUI MORA3AIN, 4TO
AKTUBHbIE AHTPOIIOICHHbIE BO3JIeIICTBUSI IPUBEJIN
K 3HQUUTEJbHBIM JIOJITOBPEMEHHBIM CIBUTAM B
GyHKIMOHNPOBAHUN U CBOWCTBAX HKOCHUCTEM,
TIPM HTOM OBITIO OTTPejiesIeH0 KPUTHYeCcKoe 3Have-
HITe MITKPOOMOTHI B ITOJJIePsRAHIT DKOJIOTTIeCKO-
IO paBHOBECH s, KPYTOBOPOTA BeIlecTB 1 9HePrun
B npupoje, Omojerpaganiy moaT0TaHTOB pas3-
HOIl MPUPOJibl. YHUKaJIbHbIE OMOXUMUYECKNE,
(pusmonornueckme m reHeTuYECcKMe CBOMCTBA
MTPOKAPUOTUYECKUX (DOPM 3KUBOTO [MO3BOJISIOT
paccMarpuBaTh UX B Ka4ecTBE pPeJeBAHTHBIX

TeCT-MOJIeJieil I OMEeHKN aHTPOMOTeHHBIX
BO3JICICTBUIT B OMOTECTUPOBAHUN U OMOMOHI-
TOPUHTE, 4TO HAIILIO OTPAKEHIE B ITITPOKOM MC-
1OJIb30OBAHUU TPORAPUOTUYCCKRUX TeCT-MO}.LeJleEl
B slaboparopHoii npakrtuke. B Hacrosimee Bpemsi
chopMHUPOBATNCH W YIKE OCTATOUHO MTHPOKO
MCIIOJIB3YIOTCA B HAYYHOI JTUTepaType TepMUHbBI
«MUKPOOMOTECTIHPOBAHTIE» T «MUKPOOMOTECTHI»
(«murpoTecthi») [d—11]. Onmaro, meeMoTps Ha
9TO, He ObLIN TPEITPUHSTHI TOMBITKY Pa3padoTKI
cHCTeMbl KIaccn(Puranmn mMpoKapuoTHIecKmX
TeCT-MOJIeJiell, He ObLITN OIeHeHbl TIePCIIeKTHBBI
MCITOJIB30BAHUS CAOKHBIX GOPM Kooreparjuit
MPOKAPUOTHYECKIX OPTraHU3MOB JIJIs 1eJ1eii 61o-
TECTUPOBAHMSA M OMOMOHUTOPUHTA.

Mopenuposanne B cucteMHoil GUOTOTHN
SIBJISIETCST OJIHUM M3 OCHOBHBIX WHCTPYMEHTOB
RaK JIJIA aHAIN3a U WHTeTPUPOBAHUA DKCIIEPU-
MEHTAaJIbHbIX JTaHHbIX, TaR 1 [IJId OolipeieJJeHusd
pasBuUTUuA CUCTeMbl B YCJOBUAX, OTJINYHBIX OT
JKCIIepUMeHTa/IbHbIX.

B coorBerctBUM ¢ MTOTOMKEHUAMNT MIUKPOO-
HOW JIOMUHAHTBHI U TOMYJIAINOHHO-KOMMYHU -
RATUBHON MapajinT™Mbl B MIUKPOOMOIOTIN, TTPO-
KapuornuecKkne GOPMbI OPraHU3ANNN KUBOI
Martepun 3aHUMAIOT KJIIUYEeBOe MOJOMKeHIe
B OKOCHCTEMAaX B KAUYeCTBEe AKTUBHBIX IECTPYKTO-
POB OpraHMYeCcKOTO MaTepuaJsa, rpancdopmarum
XUMUYECKNX BeNecTB, (POPMUPOBAHUN OCHOB-
HBIX OMOTEOIeHO30B, YTO MOTBEPIKIACTCS TIpe-
obsiajlanemM cyMMapHoil OmoMacehl TPOKAPUoT
HaJ OMOMACCOIT DYRAPUOT, CIIOCOOHOCTHIO MUKPO-
OpPranmaMoB TpaHc@OPMUPOBATH U BRJITOYATH
B KPyroo60poT MHOTe MUHepabHbIe U OPTaHM-
YeCcKMe BeIecTBa, PU HTOM BayKHBIM (eHome-
HOM SIBJIsIeTCS mojijiepskanme heHoTuImIeckoi
rereporeHHoCTn RJIETOR HOIIYyJANNN IIpu CTa-
OUJIBHOCTU TeHOTUIIA, [EJIOCTHOCTh MUKPOOHOI
KYJIBTYPBI KaK CICTeMBI B TIPOTIeCCe €6 pa3BUTHSA,
MITRITIeCKOe PA3BUTHE MOMYIATINIT MITKPOOPTa-
HI3MOB B ITPIPOJIE, TTOCTOSTHHOE B3aNMOICHCTBIIE
U B3aUMOBJAUSHUE MUKPOOHON MOTYJISINN
1 (DAKTOPOB OKPYsRAIOIIEH cpejibl (efimHast cucre-
Ma RJIETOR 1 yeaoBuii cpepint) [12-20].

TepMuHbI U onpeeIeHnsi, NCHOJIb3yeMble
ISt pa3BUTHUS KOHIETIIIN Y DKCIIEPUMEHTATILHOTO
MOJIEJINPOBAHUST HA OCHOBE MPOKAPUOTHYECKHUX
TeCcT-MojeJien

Paspaborka knaccuduramum mpokapuoTn-
YeCKNX TecT-Mofiesiell moTpeboBasia yrouHeHus
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n 000CHOBAHUS HEKOTOPBIX TEPMUHOB U UX
orrpejiesIeH I JI7Isi Y6TKOTO TOHNMAaHWST 0CO0eH-
HOCTEll OMOJIOTNYeCKOT0 MOJIeJIMPOBAHMS KaK
BaYKHOI 4acTU CUCTeMHOU 9KOJIOTUY U ¢ YUETOM
TOTO, YTO OCMBICJIMBAHIE U CUCTeMaTH3aTUs
3HAYUTE]bHBIX 00bEMOB IKCIIEPUMEHTAJ bHBIX
nanubix nHed@derTnBHbl 63 MPUBIEYCHNS CO-
BPeMEHHBIX TeXHOJOTHUI, CHCTeMAaTU3annm u
0000TIeH S Ha OCHOBE HAYUHOH MeTomomorun |9,
10]. MbI ncrioib3oBasin caeyioniue yrouHéHHbIe
1 000CHOBAHHBIC TEPMUHBI 1 X OTIPeJIeTeHNS.
Tecr-momenns — euHAs cUcTEMAa, BRITOYATO-
as TecT-oprannam (TecT-o0’beKT), CTaHTAPTI -
30BAHHBIN U TOJJIEPKUBAEMBIN B ONITHMATbLHBIX
YCJIOBUSX, TeCT-pearinio (cucreMy OnomMapre-
pPOB /U1 OUOMHNKATOPOB), METOJIMKY BbI-
MOJTHeHMST KOJMYeCTBeHHBIX M3MepeHMil/ i
METOJINKY KaueCTBeHHOI OIeHKI B COOTBETCTBU N
C U3BECTHBIMU NPUHIMIIAME JleTeRIuu (OmTu-
YeCKIM, BU3YaJIbHBIM, UMIEIUMETPUYECKIM,
OCHOBAHHbIM Ha OTlEHKe N3MEeHEeHUI DJIeKTPOXI-
MUYeCKIX TapaMeTpoB TeCT-CUCTeMbI B TTPOTECCe
TECTUPOBAHMS U JIP.), KpUTepuaibHbIIl armapar
I Ka4eCTBEHHOI /KOJMMYeCTBEHHON OTeHKN
BO3JelicTBUs PAaKRTOPOB cpenbl (puc. 1).
Tecr-00beRT — BBIIETCHHBIN U3 TIPUPOHOT
CpeJibl IV TOJTYUYeHHBI B Pe3yabTaTe ceJIeRInn
MPOKAPUOTHYECKITT OPraHn3M (KOHCOPIHYM Op-
FaHU3MOB), 0OJAAIOIN I YYBCTBUTEHBHOCTHIO K
onpefieIeHHOMY (PaKTOPY cpejibl OOUTAHWS NN
UX KOMILIEKCY, U MTPOABJISIONIN CTaOUILHYIO
1 JIOCTOBEPHO N3MepsieMyIo TecT-peakiinio (6mno-

EHOMAPKEP
BHOHHIHKATOP
BIOMARKER
ABICINDICATOR

METOT l
METHOD | 1
Hpunsum demeniusn
| Prineiple of detection

KPHTEPHH KAYECTBEHHOIY
KOIHYECTBEHHOM
ONEHKH
CRITERIA FOR
QUANTITATIVE!
OUALITATIVE EVALUATION

Puc. 1. Cxemarnunoe nzodpaskerue 61OJTOTHIECKOT
TecT-Mojlesn 1 eé cocTaBHbIX yacrtei [9]
Fig. 1. Schematic representation of the biological
test-model and its components [9]

Maprep n onmonnpnKartop). Tecr-pearims — 3a-
KOHOMEPHO BO3HUKAOIAsl OTBETHAs Peariiusl
TecT-00beKTa HA BO3JCNCTBIE BHEITHUX (hAaKTO-
POB, BbIOpaHHAs JIJIs1 UX OINEHKH, COCTOSIIIAs 13
OuomMapKepoB 1 OMOMHUKATOPOB.

Buomapkep — Guosornueckuii OTBeT Ha
HUBIINX YPOBHAX ONOJOTMUECKOI OpraHu3ainm
(MOJIERYJISIPHOM, OUOXUMUYECKOM, (DU3NOJIOTH-
YeCKOM), KOTOPBIl MOKeT 00eciednTh mpsaMoe
IOKa3aTeJIbCTBO BO3JEIICTBIS CTPEccoBOTO (hak-
Topa (KparrocpouHblii oTBer). B coorBercTBUN
¢ onpejnenennem Becemupuoii Opranusamnun
3npaBooxpaHenus, OmoMapKkep — 9To u3Mepse-
MBI TTIOKA3aTe b, OTPasKATIONNI B3aUMOIeHCTBIE
MEJKIY OMOJIOrmYecKoil cucremMoii 1 hakTropom
ORPY;RATOMIEIT CPeMbl (XUMUYECKUI, (PU3MICKIIT
uian OMOJOTUUYeCKIil). ITOT MOKA3ATE]b MOKET
OBITL (DYHRITMOHATBHBIM, (DPU3TOTOTHUCCRUM UJTI
OMOXMMIYECKITM I OTPasyKaer B3anMOoJeiicTBIe Ha
KJIETOYHOM WJIM MOJIERYJIsIpHOM ypoBHe. Buo-
MapKep — 9TO BEIECTBO, MOJIEKYJA, CTPYKRTYpa
WU TPOIECC, KOTOPble MOTYT OBITh M3MepPeHbI
U KOPPeJIUPYIOT WK CBSI3aHbI 3aKOHOMEPHBIMI
3aBUCUMOCTAMU ¢ HeOJATOTPUATHBIMI U3MeHe-
HUSIMI B TECT-OPraHN3Me WK TeCT-KYJIbType.

Buonnpnkarop — 6mosornvyecknii oTBeT Ha
0oJTee BHICOKIX YPOBHAX OpraHusanim (KoOHcop-
nmuyMa, momyJasainu, coodIecTBa), B OTBET Ha
BO3JIeIiCTBIE BHETITHETO (DakTopa (JI0JIToBpeMeH-
HBIIl OTBET) 1 nMeeT OOJIbINYI0 OUOJOTHYECKYIO
peIeBaHTHOCTD (TTPUEeMIEMOCTD ).

Rpurepnanbubiii anmapar — cucrema Qop-
MaJM30BaHHBIX MaTeMaTnuecKux (s KO-
JUYECTBEHHON OMEHKN) WM KauyecTBEHHBIX
(st RaYecTBEHHOW OIMEHKM) ToKazaresel,
YCTAHABANBAIONNX KOPPEJISINOHHBIE CBSI3N
WU 32aKOHOMEpHbIe 3aBUCUMOCTH BO3JIECTBIS
TecT-cyObeKTa (BHEITHETO BO3JEHCTBUS) Ha
OUOJIOTHUECKYIO TECT-MOJIeJIb I OCHOBAHHBIX Ha
oreHKe buomaprepa (6uomHMKaTOpa) /crcTeMbl
O6romapkepoB (OMOMHIMKATOPOB) W NX COOTHO-
mennii. Mlemonb3oBanne KpurepuajabHOTO ariia-
paTa 1mo3BoJisieT IPOBOUTH CHCTEMHOE N3yUYeHne
BHEITHero BO3eNCTBUs, T. €. (DAKTOPOB Cpejibl
obuTaHus, 1aBaTh 00HLEKTUBHbBIE XaPAKTePUCTIH -
KU ATHX (DAKTOPOB 1 BBISABJISITH KOPPEJS T NN
3aKOHOMEPHbIE 3aBUCHMOCTH UX OMOJIOTHYECKOTO
MeTCTBYSI ¢ TIOMOTIIHIO TeCT-MOJIeJIeil.

[Tomynsimontbie TecT-Moen — OMOIOTH-
YecKue MOJIen, TP HCIOJIb30BAHIN KOTOPHIX
OCYIIECTBIISIETCSI BO3JIeicTBIE HA MOS0
MUKPOOPTaHU3MOB B OIITUMAJILHOI CPeJie U OleH -
Ka IIPOBOJIMTCS HA OCHOBAHUU TTOYJISIIUOHHBIX
OMOMHMKATOPOB (IMHAMUYECKIe, KIHeTHYe-
CRUe), KOTOPBIe MOTYT OBITh JIOMOJIHeHBI O1oMap-
RepaMu (OMOXUMUYECKUMU, TeHETHUECKIMIT).
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Kierounbie recr-mMoen — OMOJOTHUCCKITE
MOJIEJIH, TIPU MCITOJB30BAHNN KOTOPBIX OCYITeCT-
BJISIETCST BO3JIEIICTBIE HA COBOKYITHOCTH KIETOK
MUKPOOPraHnu3MoB, clielnajabHO IHOJATOTOBJICHHbIX
JIJI5T OIEHKY BOBJIENCTBIS BHE ONTHUMAa/bHBIX YCJI0-
BT Pa3BUTHUS, 1 OT[EHKA [IPOBOJINTCS HA OCHOBA-
HIT OMOMapKepoB (FKMBHECTTOCOOHOCTE, MOP(PO-
JIOTHST KJIETKU, THHKTOPUAJIbHbBIE TIPU3HAKN ).

CyomonmyaAamonbie TeCT-MOIean — 610JT0-
IIYeCKIe MOJIeJTH, TP UCTIOTb30BAHNN KOTOPBIX
OCYTIECTBIISICTCS BO3/ICHCTBIE HA KOHCOPITITYMbI
MUKPOOPTAHN3MOB KaK TEJIOCTHYIO OMOoJoTHYe-
CRYIO eIITHUILY, TIPI HTOM OT[eHKa TPOBOJIITCS Ha
OCHOBAHUY TIOMYJIAIMOHHBIX OMONHINKATOPOB
" KJIETOYHBIX OOMapKepoB.

Hapnmonynsiigmonbie Tect-Moenn — 6mo-
JOTUYECKIE MOJIeJIN, TIPU MCITOTb30BAHNNT KO-
TOPBIX OCYIIECTRISETCS BO3/IEICTBIE HA MUKPO-
OMOIeHO3bl MUKPOOPTaHM3MOB KaK I1eJ0CTHYIO
OUOJOTHYECKYIO eJINHUILY, IPU HTOM OIleHKa
IPOBOAUTCA HA OCHOBaHUU HAJIITOITYJIATIMOHHBIX
OMOMHJINKATOPOB, CTETIEHN MEeJKKIETOYHBIX B3au-
MOJIETICTBUIT 1 KJIETOUHBIX OMOMapPKepOB.

Riacendpuranusa npokapunoruyecknx
TecT-MojiesIeil, OCHOBAHHAs HA 0COOEHHOCTAX
AKOJIOTO-0MOJTOTHYECKOI OPraHN3anu TeCT-
opranmnszma

B cospementoiit MUKPOOMOIOTN KaK HAyKe
MPOUCXOMIT HBOTIOTMOHHOE PA3BUTIE MTPEJICTAB-
JICHUsT 0 MUKPOOPraHM3MaX KaK CTPOro OJIHOKJIe-
TOYHBIX OPTaHU3MaX K TOHUMAHIIO MUKPOOHBIX
COODIIEeCTB KAaK MEeJOCTHBIX MPOCTPAHCTBEHHO-
(OYHKITMOHAJIBHBIX CTPYKTYP CO CIIOCOOHOCTHIO
KOOPJAUHMNPOBATH (beHOTJAIll/lLleCKl/le HIpUu3sHarM"
B COOTBETCTBHMU ¢ M3MEeHEHUeM [apaMerpon
BHEITHEH cpejibl. ITa CIocoOHOCTH Yale BCero
JIEeMOHCTPUPYETCsI B IPUPOHOT cpefie OOnTaHms
MUKPOOPTAHU3MOB, I7le OHU 00PA3YIOT CJIOKHbBIE
MHOTOKJIETOUHbBIE CTPYKTYPbI ¢ PA3INIHBIM YPOB-
HEeM KOOTIeparun: coodIecTsa,/KOHCOPIITYMbI
(6momiéHKN, OaKTepuaTbHbIe MATh, TLIOOBHIE
Teja u ap.) n Murpodbuorenosn [12, 21-26].
«TepMun «KOHCOPIITYM» UCTIONB3YCTCS [JIs O -
CaHMs Pa3ANIHBIX KOOTIePaInii MUKPOOPraHu3-
MOB. «B nnpumeuannu k [Tpasuny 31 B « Mesgjy-
HAaPOILHOM KOJ@KCe HOMEHKJIATYPhl OaKkTepuii»
ropopurcst: « Komcoprimym — 910 COBOKYITHOCTH
UM accorualus ABYX min 6oJjiee OpraHn3MoB»
[12, 27]. Mukpobuoiieno3 — coobIecTBo 1mo-
Hy.HH]_[I/IIjI pasHbIX TAKCOHOMUYECCKRUX eUHNIL
MUKPOOPTaHNU3MOB, CTPYKTYPHO JIOKAJIM30BaH-
HBIX B OTIpefieJIEHHOM OMOTOTIe, CO CTAaONITHLHBIMU
KOJIMYEeCTBeHHBIMU 1 KAUeCTBeHHBIMU [TOKa3are-
JISIMI € XaPaKTePHBIMU KaK CHHePIITYeCKIMI, TAK
7 AHTATOHNCTHYECKUMI B3AUMOCBSI3SIMI MERLY
yireHamn MuKkpoonorenosa |9, 12].

C mourm 3peHust pa3BUTHSI METOOJIOTU I O1O-
TECTUPOBAHWS MCIOJTH30BAHIE B KAUECTBE TECT-
RYJBTYP COOOIECTB MUKPOOPTAHU3MOB UMeEeT
PAL TTPEUMYIIECTB, TAK KaK MUKPOOPTAHMU3MBI
B COCTaBe COOOIECTBA MOTYT MEHATH CBOM (he-
HOTUTITNYECKIEe XapaKTePUCTUKN, a cOO0ITecTBO/
ROHCOPIIMTYM MIUKPOOPTAHN3MOB — Tprodperarnh
HOBBIC CBOMCTBA, HE XapaKTepPHbIe [JIS COCTaRB-
JSTIONINX ero mraMmmoB. [enorunmdeckue u ge-
HOTUTTIMYECKIe MPU3HAKN MMTaMMOB, 00pas3yio-
MIX COODOIIECTBO/KOHCOPIINYM, B 3HAUNTETLHOI
CTEMeHW OTJIMYAIOTCS OT TUTIOBBIX TTPU3HAKOB
MHUKPOOPTAHUZMOB CBOOOMHOKUBYIINX (OPM.
ITO OTHOCUTCS K TapamMeTpamM Metadoaundeckoi
AKTUBHOCTHU, CIIOCOOHOCTU MPOAYIUPOBATH DK-
30reHHbBIe (DEPMEHTBI, YCTOMUNBOCT K BO3JICH-
cTBU0 PAKTOPOB BHEITHEH CPeibl PasJamuaHOil
llpJ/lpOlel), HaJ/sinuue slinieMmn4eCcKl 3HaYUMbIX
MapkrepoB u T. fi. lIpaktnueckn 3HaumMbIM SB-
JIAeTCS He TOJTBKO MCITOAb30BAHIE TTPUPOIHBIX
KOHCOPIIMYMOB, HO U CeJeKI[Us KOHCOPIIITYMORB
¢ 3aanILIMu cBoiicTBamMn. Paspaborka mayuamno-
METOAMYCCKUX TMONXOO0B MHOTOCTYIeHYA-
TOM CeJeRINNM B JabOPaTOPHLIX YCIOBUAX TIO
RYJIBTYpPaTbHO-MOpPMOIoTHIeCKUM (pasmep Ko-
JOHWT) 1 (PUBMOTOTO-OMOXUMIYECKUM (CKROPOCTD
pocra) mapaMeTpaM ¢ neJabio MoTydeH st KOHCOp-
MUYMOB MUKPOOPTAHU3MOB KaK TECT-MOJiesei
B OMOTECTUPOBAHMN, BEChMa MEPCIEeKTUBHBI.
Hamu naxorien HayqHbIi 1 TPAKTUYECKUI OTTHIT
UCTONB30BAHUSA COOOIECTB/KOHCOPIIMYMOB
MUKPOOPTAHN3MOB B KauecTBE TeCT-00HEKTOB
IS OMEHKW WHTETPATBHON TOKCUUHOCTH 00h-
eKTOB OKPYIRATOTIEH CPejibl, TOKCUIHOCTI 1 O110-
JOTUYECKOTO MCHCTBIA MOTCHI[NATHHO OMACHBIX
XUMUYIECKNX BEIEeCTB, NX CAOMKHBIX CMecerl.
B paboueii Konnermum AemoHnpoBaHbl MUKPO-
OPraHnm3MBbl, COCTABISIONINE OMOTIMGHKY, BHI-
MeJeHbIe M3 MPUPORHON cpefanl. B pesymnrare
OMOTeCTPOBAHNSA ¢ MCITOAB30BAHNEM KJICTOU-
HBIX, TOMYJIAMMOHHBIX, CYOMOTYIATMOHHBIX
TecT-Mojiesiell BhISIBICHBI 3aBUCUMOCTI MEsRILY
YYBCTBUTEHHOCTHIO aCCOMUATII /KOHCOPTINY -
MOB M OTJIEJILHBIX ITAMMORB K HEOJIATOTI PUATHBIM
(parTopamu cpejibl 1 UX CIIOCOOHOCTHIO K IIEHKO-
obpasoBaHIio, BapnabesbLHOCTHI0 MOPgoJIoTye-
CRUX TMPUBHAROB aCCOTMATINI ¥ COCTABJIATIONTIX
ux mrammon |9, 10, 28—31].

HaquaH runoresa Bbl/ieJIeHUA Ha{IlIOITyJIA -
IUOHHBIX 1 CYOIMOMYJISIIIMOHHBIX TeCT-MOJleeit
B OT/IeJIbHBIE CAMOCTOSITEIbHbBIE KIACCHI 3aKITIO-
4aercs B TOM, 4TO cOOOIIECTBO (KOHCOPI[HYM,
MHUKPOOMOIEHO3) KaK MeJ0CTHAS CTPYKTypa
npejcrasasier cob00i HOBBIM TUI OMOJIOTHYE-
CKOTI TecT-Momenn. B ¢Bs3u ¢ Tem, 4To Toj] BO3-
neiicTBIeM (DAKTOPOB CPebl ACCOTMATIINN MOTYT
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Pue. 2. Kiaccuduranus nporapuornyecknx Tect-Mojiee
10 OPraHUBAIMOHHOMY YPOBHIO U X DBOJTIOIIMOHHAS COMOMUMHEHHOCTD 9]

Fig. 2. Scheme of classific

ation of biological models

at the organizational level and their evolutionary co-ordination [9]

JMCCOTIMMPOBATH HA OTHIETbHbIE COCTABISIONIE
ero ITaMMbl, TECT-PeARIUAMU JIJIs pazpaboTKn
cyOormonynsanmoHHoro (HaJIKIETOUYHOT0) THTIA
Mojiesieil MOTyT SIBJIATHCA KaK TOMYJISIMOHHBIe
OMOMHIMKATOPBI, TAK 1 KIETOUHBIEe HOMapKepbhl
[, 6,9, 10, 28-31].

Ha ocHoBe aHa/IMTU4€CKOTO OCMBICJIEH IS
CcOOCTBEHHBIX DKCIEPUMEHTATbHBIX J[AHHBIX,
KPUTUYECKOTO aHAJN3a JUTePaTypPHbIX MCTOY-
HUKOB JIJIA Pa3pabOTKI METOOJIOT U OMOTeCTH -
pOBaHUsI KAK 3JIeMEHTA CUCTeMHOT O10I0TIH, &
TaKkyKe TpedOBaHMIT Haj/IesRaTIel 1abopaTopHOil
MPaKTUKU, Mbl TIpeJaraemM RJaaccu@urariimio
MPOKAPMOTUUYECKUX TECT-MOJiesiell 10 YPOBHIO
CTPYKTYPHO-9KOJOTHYECKOT OpraHm3annmn
(puc. 2).

Beimeniepeuncientoe siBJsieTcst OCHOBaHUEM
OTHEeCTH MpoKapuoTnyeckue GOpMbl 3 KIUBOTO K
YYBCTBUTEbHBIM MUTIIEHSAM BPEIHOTO BJIUSHUS
(hakTopoB cpejibl 00UTAHUs KaK OMOTHYECKOII,
Tak 1 adMOTMYECKON TPUPOJBI U BHIJIETUTH
B OT/IeJIbHBII KJIACC TTPOKAPUOTUYECKIX TeCT-
MojieJieil Ipu TTPOBejieHN N OUOTeCTUPOBAHNSI.

ATpuOyTHBHBIE TAPAMETPHI IIPOKAPNOTHYE -
CKHX TecT-Mojieei

Baskno otmeruTs ciieiyoniiie HeOTbeMIeMbie
rapamerphbl TPOKAPMOTHUECKIX TeCT-MOJIeIelt, Ha
OCHOBE KOTOPHIX MOJKET ObITh HAJIe}KHO obectie-
YeHa KOMILIEKCHAs M Pa3HOCTOPOHHSIS OTeHKa
AHTPOIOTEHHBIX (PAKTOPOB Cpejibl 0OMTAHU S
MeTolaM¥ OMOTeCTHPOBAHNS:

— Ha OCHOBE IPOKAPUOTHYECKIX OpPraHm3-
MOB MOTYT OBITh pazpaboTanbl pazHble KJIACCHI

TeCT-Mojie/ieil: KIeTouHble, CyOOnyIsAIMoOHHbIe,
MONYIAMOHHBIE, HAIIOMYJIAIMOHHbIE;

— IpPOKApHOTUYECKNEe TeCT-Mofiean oba-
MAI0T 3HAYUTETbHBIM HAOOPOM MapKepOB M MH-
AUKATOPOB (KYJIBTYPAILHO-MOPQOTOTHUCCKIX,
OMOXUMUYECKUX, IUHAMITYCCRIX, MOTEKYJISPHO-
PeHETHYECKIX ) U MOTYT OBITH OMMMCAHBI CUCTEMOT
TePMIHOB COBPEMEHHOI TeHOMUKIT, METaOOTOM -
RU 1 IPOTEOMURIA;

— TECT-MOJIETTN Ha OCHOBE MUKPOOPTaHU3-
MOB MOTYT OBITH JIOTIOJHEHBI OMOJOTMYECKIMUI
MOJIEJISIMU KaK 00Jiee HU3KOTO TTOPAJIKA, BHITOJ -
HAGMBIMI (N vilro (KIeToYHbIe U CYOKIeTOUHBIE
CTPYKTYPBI, MEMOPaHbl, MUTOXOHJIPUM U JIP.),
Tak u 60Jiee BLICOKOTO MOPSIKA, BHIITOJIHIEMbI-
MU in Vivo, OCHOBAHHBIMU Ha MCIOJb30BaHUU
KYJBTYP KJIETOR, IPOCTEHINX, PACTUTEIHHBIX
1 JKUBOTHBIX OPTAHU3MOB, 4TO 00CITeYUT OTIeHKY
nuzmMepsieMoro hakropa Ha BCeX YPOBHSX OM0JI0-
TIYeCcKOI OPTaHm3aInm;

— Ha OCHOBE MPOKAPUOTHUUYECKUX TECT-
Mojiesieil MOTyT ObITh cHOPMIPOBAHBI KaK OaTa-
pen rectoB 1 ypOBHS, OCHOBAHHBIX HA MCTIOJIH30-
BAHWW OJTHOTO TECT-OPTaHn3Ma, HO ¢ OT[eHKOT He-
CROJIBKIX MaPKePOB, TaK 1 OBITH 4acThio barapei
TECTOB 2 YPOBHS, BRIAOYATOIIIE HECKOJIBKO TECT-
OPTaHM3MOB ¢ Pa3HBIM YPOBHEM OPTaHUBAINU,
C OIEHKOI COOTBETCTBYIONNX MAaPKEPOB;

— TIPOIEYPhI CTAHAPTUIAINN 1 OT[EHKA Pe-
JIEBAHTHOCTHU ITPOKAPUOTHYECKIX TECT-00beKTOB
MOTYT ObITh BBITIOJTHEHBI B CTAHIaPTHHIX JTabopa-
TOPHBIX YCJIOBUAX, MCKAIOUAIONMX UBJTUIITHIE
MarepuaJibHble 1 BpeMeHHbIe 3aTparhl, TAK Kak
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RYJBTYPaAbHbIe CPE/bl HeIOPOTH, TOCTYITHBI,
MOTYT OBITH ONTUMU3UPOBAHBI 110 COCTABY JIJIs
1eJieil BBIMOJTHEHNS KOHKPETHOTO MccIe0Ba-
HUSI, @ TeCT 3aHUMAaeT OT HeCKOJbKIX YacoB J10
HECKOJTLRIUX CYTOK;

— TeCT-MOJIeJIN MOTYT ObITh MCIIOJIb30BAHbBI
KaK JIJIsI BBISIBJIGHUSI HAIPABICHHOCTH BO3Jleli-
CTBUA (CTUMYJITPYIOITee, MHTUOMpPYIoIiee, Hell-
TpaJThbHOE) 1 BBITIOJIHEHbI B KAYeCTBEHHOM BapuaH-
Te ¢ UCIOJIL30BAHNEM OJ[HOTO MapKepa, Tar 1 JiJis
KOJIMYECTBeHHON OIeHKI BHEIITHero BO3/IeCTBI,
MPU HTOM MOJKeT ObITH OIEHEH Psiji MapKepoB,/
WHJMKATOPOB WM cHCTeMa MapRepoB HA OCHOBE
pazpaboTaHHOro KPUTEPUATLHOTO arapaTa;

— TecT-00BeKT JIsA pazpaboTRU MOJeJin
MORET OBITH BBIJIEJICH U3 OKPYRAIONIEN CpPejibl,
oroOpaH n3 pabounx KOJIEKINI KYJIBTYP MUKPO-
OPraHm3MOB B Pe3yJibraTe CKPUHUHTOBLIX NCCTE-
JIOBAHWII, & TAKIKe TeJIeHAIIPABIEHHO CeJIeKTUPO-
BaH 10 33JIAHHOMY TTPU3HAKY UYBCTBUTEIHLHOCTH,

— METOJIbI BBITOJHEHIS N3MEPEHUIT MOTYT
OBITH pa3paboTan®tl B MHCTPYMEHTATHHOM TC-
MOJHEeHNN, U4TO 0OCCIIeUumBaeT MOTyIeHTe 00h-
eKTUBHDIX 1T IOCTOBEPHBIX PE3YILTATOB.

[TprHIMITIATLHBIM TTOTOKEHTeM [T NCITOIh-
30BaHUS OMOTOTMYECRUX TECT-MOJIeIei SIBJISeTCs
TpeboBanme ¢ ajeKBaTHOCTU (PeJTeBAHTHOCTH)
B OTHOTIEHWU M3y4aeMoro axkrTopa st moJry-
YeHUS JIOCTOBEPHBIX pesysbratoB. [losromy Mbi
CTABUJIN 33/la4y HE TOJLKO pazpadorarh Kjac-
cnURAIIIO TPORAPUOTUUECKIX TECT-MOJIeeil
Ha QYHIAMEHTATBHBIX TTOJOKEHUAX OMOTOTH-
YeCcKOIl HayKM, HO 1 000CHOBATH €€ Ies1ecoo-
Opasnoctb 1 APEHERTUBHOCTD IS KAUeCTBEHHOI
1 KOJUYECTBEHHOU OIeHKU BHEIIHUX BO3Mell-
cTBUII haKTOPOB CPejibl OOUTaAHUS MeTOIAM I 110~
TECTUPOBAHUST B COOTBETCTBUN € ITOJOKEHUSIMU
crangapra GLP (Good Laboratory Practice) —
HajIesRaIeit 1a00paTopHoi MPaKTIKI, OCHOBAH -
HOIl HA HEYKOCHUTETLHOM cOOJojieHI TpeboBa-
HITT pa3paboTaHHOTO MPOTOKOJIA BBITIOJHEHUS
TecTa ¢ N3BECTHLIMI OTIePATTNOHHBIMIT XapaKTepi -
cTUKaMi (TyBCTBUTETLHOCTD W CHIENM(PUUHOCTD,
MPOTHOCTHYECKAS TeHHOCTH TOJORUTETLHOTO
1 OTPUTIATEJIBHOTO Pe3yJIbraTa v Jip. ), TPOTOKOJIOB
MoJylepsRaHmsl, CTAHAPTU3ATNEI 1 OTEHKN Jiia-
11a30HAa TeCT-peaKkIny (MPOTOKOJI PEJIEBAHTHOCTH ).

3axioueHue

O6ocHoBaHa RaaccmuraIms MTPOKAPHO-
THYECKUX TecT-MOjieseil, OCHOBAHHAs HA 0CO-
OEHHOCTSIX OMOJOrMYecKONl OpraHu3aum Tect-
opranmusMa, Kotopas onpejesser KIeToYHbIe,
cyORJIeTOUHbIE, TOMYJISIIIUOHHbIe U HAJIOIY/IsI-
IMOHHBIE TECT-MOJIeJIN KaK CaMOCTOSATeIbHBIe

KJIACCHI ¢ XapaKTepHOIl crucTeMoil GnoMapKrepoB
u/mam OMOMHAMKATOPOB 1 00JIACTHIO IPUMeHe-
HUS [T 1ieJieli O1noTecTupoBaHus.

O6ocHOBaHBI TOHATUS CYOTIOMYISTMOHHBIX
U HAJIIOYJIATIHOHHBIX TeCT-MOJ[eJIeil, 0CHOBaH-
HBIX Ha CBOMCTBAX MUKPOOHBIX COODITECTB KaK
IEeJOCTHBIX OMOJOTNYECKNX eUHUIAX, Pery-
JUPYIOIUX MapaMeTphl sKU3HeIeATeTbHOCTH
B 3aBUCHMOCTH OT BHEITHUX (DAKTOPOB.
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We examined changes in the morphological, physicochemical properties and features of the organic matter of forest
soils impacted by wildfires on the territory of Russia. Morphological signs of pyrogenesis (pyrogenic horizon formation,
partial charring of litter and illuviation of organic compounds) are most evident detected in the first decade after a fire.
Ground fires in lichen pine forests, formed on Albic Podzols lead to complete burning of litter. Low intensity ground fires
in sphagnum pine forests, developing on Histic Podzols, contribute to partial burning of litter (charring). Fires change
the hydrothermal regime of soils, which is most clearly demonstrated for soils formed on permafrost soils / cryosols. Fires
lead to hydrophobization of the upper mineral horizons, estimated from the contact angle of wetting. Resistant products
of pyrogenesis (charcoals, soot) are retained in soils for several centuries. The most common changes in the physical
and chemical properties of soils after fires are a decrease in acidity by 1-2 units of pH, an increase of saturation with
base saturation. Fires increase aromaticity of soil organic matter. After fires, the content of polyaromatic hydrocarbons
in soils increases, and the concentrations of water-soluble organic compounds decrease. Restoration of soil properties to
the prefire state takes a decade to several centuries. The introduction of a universal subtype “pyrogenic” is proposed in
describing the morphological characteristics of forest soils.

Keywords: fires, forest soils, soil organic matter, secondary successions, black carbon.
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Mopdonornveckue npusHaku BIustHISA nuporenesa ((opMupoBaHie MIPOreHHOTO FTOPUBOHTA, YACTHYHOE 00y I BaH e
MOJICTIIIOR 1 MJTIONPOBAHNE OPraHMYecKNX COeIHen i) Hanboaee YETKO MPOSBISAIOTCS B IIEPBOE JIeCATUIIETIE TT0CTe
moykapa. Y croiiunBbIe K pasiiosKeH IO MPOJLYKThI TnporeHesa (Y, caska) COXpPaHAIOTCA B IOYBAX /10 HECKOJIbKIIX CTOJIETHI.
Haun6omee obunmi nameseHnssMn GuanKko-XuMUUYECKIX CBOMCTB II0YB TTOC/Ie TIOKAPOB SIBJISIOTCS CHIKEHIE KICTOTHOCTH Ha
1-2en. pH, Bo3pacranme creneny HACKIIEHHOCTI OCHOBAHUSIMI, yBesueHe rujipo@oOHOCTI TOBEPXHOCTH MIHEPATbHBIX
ropu3oHTOB 1o4B. IloKapbl IPUBOJAT K yBeJINYEHNIO apOMATHYECKIX CTPYKTYP B COCTaBe MOYBEHHOTO OPraHMYecKOro
semtecrsa. [locie nmoskapos yBennumnBaercs cojepyRaHue M0J1apOMaTHUYeCKUX YIVIEBOJOPOJOB B [IOYBAX, YMEHbIIAIOTCA
KOHI[EHTPAINN BOJIOPACTBOPUMBIX OPraHMYecKUX coefinuennii. [ljis BoccranoBienns 6JM3KIX K MCXOHBIM CBOCTBAM
MOYB TI0C/IE TTOKaPa HeOOXOIMMO OT IeCATHIETHS 10 HECKOIBKIX CTOJIETHI.

Kaoueswie caosa: HORapbl, JecHble MMOYBbI, IMTOYBeHHOe OpraHnyecroe BeliecTBo, BTOpUYHbIe CYyRIIeCCUN, ‘IépHHﬁ

YIJIepojL.

Forest fires are anatural factor of the ecosys-
tem development [ 1]. Russia as well as the USA,
Canada, Portugal, Spain and Australia, are among
the countries, which forests are regularly exposed
to fires [2, 3]. Forest fires affect ecosystems in
a holistic manner. They can have both positive
(on individual tree species) and negative effects
(e. g., contribute to significant ecosystem degra-
dation) [4]. Warm season climate conditions are
the major factors in the frequency and an area of
forest fires (Fig. 1). The pyrogenic factor and the
climate control the age and mosaic structure of
the plant cover, its development, flows of matter
and energy [5—7]. The fires frequency in boreal
forests of the European Russia varies from 1-2
per century to 1-2 per Millennium [8], and the
average interval between fires in Siberia forests is
estimated at 50 years [9]. Forest fires dominate in
the middle and southern taiga, forest-steppe, but
in some hot years the areas of fires can spread to
the North — to the northern taiga, forest-tundra
and tundra. The accumulation of significant re-
serves of combustible materials on the soil surface
in such ecosystems (including those formed on
permafrost) causes a high natural fire hazard of
these territories [10, 11].

There has been an increase in various anthro-
pogenic pressures on forest ecosystems in previous
decades, as well as an increase in the frequency
and area of fire-affected forests. The fires'number
increases due to climate changes — “heal waves”,
which leads to droughts. In addition, fires of an-
thropogenic nature were an integral part of slash
farming and affected large areas of the taiga [12,
13]. Asaresult, the vast majority of modern forest
landscapes of Russia represent different stages of
post-fire successions.

Recently, fires have been attributed to one
of the leading soil-forming factors [14]. Despite
the wide spread of pyrogenesis, in most cases
pyrogenic effects are recorded by researchers in
the burnt soils and burnt tree stands only within
the first post-fire years and are not taken into
account in the analysis of the further function-
ing and development of forests. In this regard,
the main aim of this review is to analyze the
fires impact on the forest soil. The aim of this
work was to characterize disturbances, changes
and preservation of post-fire soils morphologi-
cal characteristics in various forest ecosystems,
distributed mainly in Russia; to assess physico-
chemical soil properties changes; to identify the
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general patterns of changes in different forms
and fractions of soil organic matter (SOM).

Morphological properties
of post-pyrogenic soils

Fires alter the soils morphological organiza-
tions. Depending on the fire type, the soil litter
can burn out completely, forming a well-defined
pyrogenic horizon (Fig. 2A, see color insert), or
during running ground fires the soils litter can
burn outonly partly, forming a thin charred layer
onitssurface (Fig. 2B, see colorinsert). The focal
distribution of organic horizons burnout of is typi-
cal for pine forests formed on semi-hydromorphic
soils (Fig. 2B, see color insert). Specifics of cryo-
genic microrelief (the combination of hummocks
and troughs) in Northern taiga larch forests of
Central Siberia also lead to uneven burning of
the ground cover and soil organic horizon [15,
16]. Experimental burning-out in middle taiga
pine forests carried out in Krasnoyarsk region
showed that in the first year after a high-intensity
fire the litter stocks are reduced by more than 3
times, after a low-intensity — by no more than
1.5 times. The litter density increases due to the
upper low-density layers combustion and the
appearance of heavier components in the form
of coal and ash [9, 17]. Part of the combustion
products (soot, water-soluble compounds) under

the conditions of preferential water flow regime
can migrate to theilluvial horizons and geochemi-
cally linked drainage network [18]. At the same
time, the microreliefs can serve as a refuge for
relatively rapid restoration of vegetation cover
due to the absence or weak impact of fire (water-
logged and /or frozen state of the organic horizon).
Strong ground and especially crown fires lead
to the complete destruction of forest litter layer
and in most cases cause the death of forest stand
[19, 20]. In the first months after the fire, the
products of partial pyrogenic decomposition of
organic residues can move into mineral horizons
(Table 1). The production of pyrogenesis products
promotes hydrophobization (due to aliphatic and
aromatic organic matter) and cementation (due
to ash polyvalent cations and the formation of
strong organic-mineral linkages with mineral
particles) from the upper soil horizons. At the
same time, in soils with partial litter burnout the
over-consolidation is less pronounced.

The severity and preservation of soil pyrogenic
morphological characteristicis determined by the
fire type, its intensity and the original forest type
and litter horizons dryness. The fires frequency
(fire return interval) in the considered forest types
is an important factor of pyrogenic effect on soils.
The pyrogenic characters preservation in the forest
soil profile varies from days to hundreds of years
(Table 1). In most cases, pyrogenic features are
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Fig. 1. The statistics of forest fires in Russia, 2000-2017 years.
By: [2] with additions from http://wiki-fire.org.
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Table 1
Examples of morphological characteristics in forest pyrogenic soils

. . [Musion of .

Time since . . Upper mineral
. Disturbances | ;. pyrogenic . Carbonaceous
the moment Soil type Litter * . horizon-sover- . .
depth, cm organic S inclusions
of exposure consolidation
maltter
European North
Lichen pine forests, middle taiga, ground running fire [24]
1 year + + +
2 years i , + + +
years Albic P0d7lols up to 10 em 1
10 years (pyrogenic) — + +
16 years - + +
Cowberry-green moss pine forests, middle taiga, ground running fire [25]
50 days + + +
Y= Albic Podzols ‘
83 days (pyrogenic) up to 2—4 cm 2 + + +
2 years Pyros + - +
Bilberry-green moss spruce forests, Northern taiga, ground strong fire [19]

9 years Retisol + + +
100 years ( fols(;)n?c) up to 20 cm 2 + - +
154 years pyrogeme + - +

Sphagnum pine forests, Northern taiga, ground running fire [25]
1 year Histic Podzols | up to 20 cm 3 + + +
3 years (pyrogenic) (foci) ’ + + +
Central Siberia
Larchforests, Northern taiga, ground running fire [15, 26]

1 years c 1 + + +

9 vears ryozems 1 N N N
: years and podburs | upto20cm .

25 years . 92 _ _ T
(pyrogenic)
180 years +
Forest-steppe
Grass pine forests (insulated pine forests), forest-steppe [27]
8 years up to 20 cm - + +
(crowning) Arenosols 1

8 years (pyrogenic) up to 20 cm - + +

(ground)

Note: 1— complete litter combustion; 2 — litter top subhorizons combustion; 3 — litter combustion foci (combustion in all

litter’s subhorizons foci). Dash — not detected.

diagnosed by the presence of carbonaceous inclu-
sions at the boundary of forest litter and mineral
horizons. Coal inclusions in the old post-pyro-
genic successions soils (over 100 years old) are
diagnosed in morphones formed by the dumps of
the first post-pyrogenic forest stand generation
(Fig. 2G, see color insert). In some cases, this
may form soils with a polycyclic profile contain-
ing several buried pyrogenic horizons [21]. Fires
in mountain regions play a special role in soil
cover disturbance. The development of post-fire
erosion on the slopes increases tens of times [22].

Fire-affected forest areas of the Central Si-
berian plateau cryolithozone are characterized by
development of solifluction process development
along river banks (Fig. 2D, see color insert),

which are intensified with increasing precipita-
tion and rapid surface heating in spring [23].
Mesomorphological pyrogenic character-
istics are derived from the micro morphology
data. The accumulation of Black carbon particles
(charcoal), which represent the litter and wood
pyrolysis products (Fig. 3, see color insert), as
well as the soil pores’ filling with combustion
products that reduce the pore space and increase
subsequent erosion, was detected. Partly com-
busted detritus accumulates in the pore space
of post-pyrogenic soils (Fig. 3), causing the
specificity of accumulation and transformation
of organic maltter in post-pyrogenic ecosystems
[28]. Fires promote the appearance of primary
minerals grains fracturing since the temperature
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on the ground cover surface can reach 1000 °C
[9]. Common characteristics of pyrogenic soils
microstructure are: signs of the active physi-
cal weathering process of primary minerals
(quartz, feldspar, especially biotite); the forma-
tion of humus persistent forms and coal-like
particles (the result of incomplete combustion
of plant tissues), as well as the inclusion of
plant residues.

Pyrogenesis significantly impacts the
intensity changes of the podzol-formation
process. Homogenization of the upper min-
eral horizons occurs due to the slopes’erosion
processes development; as a result, burozems
(Cambisols) and probably non-podzolic soils
with the upper brown mineral horizon may
form. The authors of [30] have identified inde-
pendent groups of pyrogenated and pyrogenic
burozems that differ from the undisturbed soils
by their morphological and physico-chemical
properties. “Temporary” Cryosols transfer to
Entic Podzols is possible for soils formed cryo-
lithozone.

Indexation of pyrogenic signs is widely dis-
cussed currently. Different designations for pyro-
genic horizons are used when describing soils: Pr /
pr [31]; pir [21, 30, 32]. Most of the proceedings in
the morphological soils description detect only the
presence of charcoal without pyrogenic horizons
indexation. The Field guide for Russian soils [33]

recommended a small index “pir” only for peat
soils. The carbonaceous inclusions presence and
pyrogenic signs are discussed in the framework
of the World Soil Classification for Soil Resources
[34] and the Canadian Soil Classification System
[35]. The most informative one should recognize
using of a small index “pyr” (from pyrogenic), as
it is convenient for the universality of the features
translation into the WRDB system [36]. Small index
“pyr” should be used in the presence of coal and
other pyrogenesis products in individual genetic
horizons with subsequent allocation of a universal
subtype of soils.

Chemical and physical properties
of post-pyrogenic soils

Post-pyrogenic soils differ from natural ones
in a number of physicochemical properties. The
upper horizons of post-pyrogenic soils in lichen
pine forests [24] and cowberry — green moss pine
forests [37] are characterized by an acidity decrease
(Fig.4) and an increase in the degree of base satu-
ration in comparison with conditionally mature
soils. The similar patterns have been established
for post-pyrogenic Podzols of spruce forests [19].
In some cases, a high intensity of fire altered soil
acidity greatly [38]. Post-fire acidity reduction in
the forest soils organogenic horizons is also typi-
cal for the Kola Peninsula soils [39]. The similar
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Fig. 4. Acidity changes in the upper genetic soil horizons of lichen pine forests (1), cowberry — green moss
pine forests (I1), bilberry spruce forests (11I), sphagnum pine forests, Komi Republic (IV), green moss
larch forests, Krasnoyarsk Region (V) and grassy pine forests, forest-steppe, Samara region, ground fire
(VI). 1 = The upper organogenic horizon, 2 — the upper mineral horizon. Zero along the abscissa corre-
sponds to the background plot
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changes in soil physicochemical properties have
been established for semi-hydromorphic land-
scapes of Siberia and the European North [25, 26].
The reduction of all forms of acidity in the organic
horizons, as well as low increase in the amount of
exchange bases and saturation degree of the soil ab-
sorption complex is detected in the sandy Podzols
of the middle taiga pine forests of Central Siberia
a year after a ground fire [9]. The acidity increase
in mineral horizons occurs immediately after the
fire (Fig. 411I). Soil profile inflow of ash elements
and coal after the fire [40] has a significant impact
on acidic soils neutralization. In accordance with
[31], the litter alkalinization may occur due to coal
formed, since a part of the low-molecular organic
compounds present in soil solutions of ashes can be
sorbed on its surface. The carbon content increase
in the upper mineral horizons activates the illu-
viation of oxalate-extractable iron and aluminum
[24, 26]. Thus, postpyrogenic changes in acidity,
exchange bases and oxalate-extractable iron and
aluminum, have been detected in most studies.
Nitrogen inflow into the upper mineral hori-
zons of the Entic Podzols was detected in the larch
forests of Central Evenkiain the initial years after
strong ground fire with complete destruction of
the forest stand. This is of particular importance
for cryogenic ecosystems since nitrogen is one

of the factors that limit their productivity [41].
The combustion of live ground cover and litter
leads to the dieback of a significant part of the
root material and to an increase in organic mat-
ter in the upper mineral soil layer [42, 43]. An
alteration in nitrogen fraction composition was
detected — an increase in the easy hydrolysable
fractions by 1.5—2 times. Mineralization pro-
cesses are activated primarily in organogenic
horizons — the total nitrogen content passing
into the mineral form increases by 32%. The
nitrogen content and itsfraction ratio approach
the pre-fire conditions on older burnt-out forests
(over 12 years). Nitrogen compounds are sensi-
tive to pyrogenic effects. The Podzols of middle-
taiga pine forests of Central Siberia in the initial
years after a ground fire are characterized by an
increasein total nitrogen by 1.5 times in the litter
and by 3-5 times in the mineral soil layer (0—
20 cm) [44]. These alterations are due to the very
abundant needles’ fall in the first post-fire year
and its intense mineralization. The concentra-
tion of hydrolyzed compounds increases by 1.5—
2 times. Mineralization activation and an increase
in the proportion of easy hydrolysable nitrogen-
containing compounds in the initial post-fire
years were previously detected for sod-podzols
[32, 45, 46]. Thus, fires increase both the total
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nitrogen and the concentration of easy hydrolys-
able nitrogen-containing compounds in the soils.
The assessment of the Podzols hydrothermal
properties after controlled ground fires in Siberia
[47] showed thal the temperature regime of burnt
places becomes more contrasting in comparison
with the original forest. The litter mineralization
rate may be observed in the initial post-fire years.
The most obvious changes in the hydrothermal
regime are observed on the example of soils with a
close permafrost underlying (Fig.d). The increase
in average annual temperatures and the improve-
ment of the hydrological regime (caused by the
removal of the thermal insulating litter’s layer)
accelerate soils mineralization process; that pro-
vides the improvement of the nutritional regime
of larch seedlings and dwarf shrubs rapid growth.
In most cases, low-intensity fires do not affect
the texture of the upper mineral horizons [37], but
ashort-term activation of the cementation process-
esand aggregates’ “cohesion” can be expected [48].
There is an increase in the value of the contact
angle (CA) of the upper mineral horizons in most of
the studied post-pyrogenic soils (Fig. 6), that indi-
cates their surface hydrophobization in comparison
with eluvial horizons of soils of background plots
[49]. In soils exposed to fire, the densitometric frac-
tions of free and occluded organic matter proved
to be the most hydrophobic [25]. The increased
CA values of pyrogenic soils solid phase approach
the values of background soils and shift towards
hydrophilicity ten years after the fire.
In the course of post-pyrogenic successions
the basic physicochemical properties approach the

properties of background landscapes’ soils already
ten years after the fire, but even after a hundred
years or more they differ from the original. For-
est fires significantly alter the hydrothermal and
physical properties of topsoil horizons, increasing
hydrophobicity, and thereby contributing to an
increase in surface runoff in fire-affected forests.

The carbon content and fractional
distribution of its compounds
in post-pyrogenic soils

Pyrogenic carbon is considered as one of the
most stable pools of carbon sequestration from
the atmosphere. According to various estimates
[50-52], its contribution varies from 1.6 to 60%
of the total soils organic carbon content. Pyro-
genic carbon (PyC) or Black carbon is highly
resistant and can persist in soils and sediments
for a long time. Based to the results of model
experiments, the decomposition period of PyC
varies from decades [53] to several thousand
years [04]. A significant quantities of PyC are
concentrated in peat soils [59].

Various pools and fractions within the SOM
change differently during pyrogenic exposure.
An increase in total carbon content in the upper
mineral horizons may occur during the initial
post-fire months [37], but in a few years itis usu-
ally leveled in conditions of percolation regime of
soils. Pyrogenic horizons formed on the mineral
and organogenic horizons boundary are enriched
with pyrogenic carbon, which is well separated
in the light fractions composition during densi-
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metric fractionation (Fig. 2G). An increase in
the total content of both humic and fulvic acids
with an increase in the fire intensity was detected
in pyrogenic burozems (Cambisols) [30].

One of the most sensitive parameters to the
pyrogenic effect is the saturation of organic mat-
ter with nitrogen. A significant decrease in the
C: Nratio (up to 20 units) in pyrogenic horizons
of all investigated pyrogenic soils is observed.
Subsequently, the C: N ratio gradually increases
to the values of background soils during the
post-pyrogenic succession. The general pattern
of fires after-effects on the carbon balance is the
redistribution of carbon stocks between the litter
and the upper mineral horizons. In the European
North and Siberia soils the litter’s carbon stocks
decrease with ground high-intensity fires, while
no significant alterations in soil carbon stocks
occur with ground running fires.

Polycyclic aromatic hydrocarbons (PAHs)
perform the diagnostic function of the pyro-
genesis effect on soils |24, 37, 57]. A 2—-9-fold
increase in the total PAHs content in post-
pyrogenic soils of the European North is ob-
served, which is mainly due to the accumulation
(formation) of light di- and tri-nuclear PAHs.
The most water-soluble PAHs can migrate with
vertical and lateral streams to geochemically
subordinate landscapes and watercourses [19].
Significant accumulation of PAHs in light tex-
ture soils of insulated pine forests of the forest
steppe was not detected, probably as a result
of their intensive migration with clay fraction
to accumulative positions. PAH accumulation
in the soil after a crowning fire is weaker than
after the ground fire. The total PAH concentra-
tions of the upper soils’ horizons in the forest-
steppe post-pyrogenic soils range from 16 to
24ng/g |49]. Theincrease in soils’ PAH content
is determined by the combustion temperature
and the composition of the combusted matter.
According to [98], the greatest PAH amount is
formed at temperatures of 200—-400 °C, which
are more typical for running ground fires in
the taiga zone [59]. The PAH production is
less observed at higher temperatures, that are
more typical to crowning and ground indepen-
dent fires.

Benzenepolycarboxylic acids (BPCA)
in the pyrogenic organic matter may serve
as markers of pyrogenic effects. Qualitative
analysis of the combustion products as BPCA
shows their increase in pyrogenic material [60,
61]. Aliphatic and low-molecular compounds
are the most mobile, capable of migration. It
was detected [62], that the most important

biomarkers are an unhydrosugars — products of
low-temperature combustion, used to diagnose
the fire effects in rivers.

Common patterns in the soils of burned
forests consists of a sharp decrease in the water-
soluble organic compounds (WSOC) carbon
content in the first post-fire months, and the
gradual restoration of their concentrations over
time. The greatest changes occur in pyrogenic
horizons — the WSOC carbon content decreases
by 3 to 27 times depending on the phytocenosis,
the fire type and the post-fire time [63]. The
litter sub horizons not directly exposed Lo fire
retain the WSOC concentrations close to the
conditionally background soils.

In accordance with [64], the restoration of
the dissolved organic carbon initial concentra-
tions in water streams and its spectral properties
is observed approximately after 60 years after
the pyrogenic effect. Post-pyrogenic increase in
the WSOC carbon content in the cryolithozone
is associated with the rise of permafrost water
impermeable horizon |65, 66]. This is due to
the restoration of vegetation and soil surface
organic horizon accumulation, which are the
main sources of WSOC.

Changes in the molecular composition of
the SOM composition were detected using '*C
NMR spectroscopy. An increase in the propor-
tion of free organic matter aromatic structures
in the post-pyrogenic soils is the common pat-
tern.

The fire effect on the humic acids molecular
fragments of the forest-steppe gray-humus soils
consists in increasing their aromatization degree
and decreasing oxygen containing functional
groups [67]. Pyrogenesis causes a significant
transformation of SOM [68, 69], its stability and
theindividual molecular fragments content. The
fire-factor should be taken into account when
identifying the specific properties of fractions
and groups of soils” organic compounds. At the
same time, compounds with a predominance of
aromatic fragments accumulate in soils, and
with aliphatic ones migrate to river network.
Thus, there is a separation of the elements and
substances cycles between individual parts of
the same landscape or subordinate landscapes.

Fires significantly transform SOM of boreal
forests. Plant residues, litter and organic hori-
zons partial combustion increases aromaticity
in pyrogenic organic matter, PAHs and BPCA
concentrations and reduces the WSOC content.
Thus, fires can significantly effect on the forma-
tion and functioning of various fractions and
groups of SOM.

Teopernueckas u npuriaguas sxosorusi. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4



TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

Conclusion

The fires influence on the forest soils
properties has a number of common patterns.
Fires determine morphological soil properties
(formation of pyrogenic horizons, litter car-
bonization, pyrogenesis products illuviation,
charcoal, coal presence). Pyrogenic soils are
characterized by lower acidity, greater satura-
tion of the soil’s absorbing complex with ex-
change bases, surface hydrophobization of the
upper mineral horizons. Hydrothermal regime
changes and sand available nutrients increase
in post-fire soils. Pyrogenic soils are enriched
with aromatic polycyclic hydrocarbons. The
water-soluble organic compounds content de-
creases and the aromatic components content
increases in the SOM and its individual frac-
tions in post-pyrogenic soils.

Pyrogenic morphological and analytical
features are preserved in soils’ pyrogenic morpho-
logical and analytical signs persist for tens and
hundreds of years and reflect the contemporary
soils evolution and the specific parameters of
SOM. It may be necessary to introduce a universal
soil subtype — “pyrogenic” (“pyr”) in the presence
of pyrogenic characteristics in the soil profile.
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CeIbCROXO3AMCTBEHHAS YKOJOIHA IIPE/JIaraeT HOBLIC METO/BI I IOJXOAbl K OCYIIEeCTBICHUIO [1POU3BOJCTBEHHBIX
MPOILECCOB, KOTOPBIE MO3BOJIAT CHU3NTH BPEJIHOE BIMSHIE HAa OKPYIKAIONLYI0 cpefy. B crarhbe nsimomeHbl M0AXO0/b!
K (DOPMUPOBAHIIO KOMOWMHIPOBAHHOT PacuéTHOI cXeMbl 1potiecca PPaKkIMOHNPOBAHIA 36PHOBBIX MATEPUATIOB BO3JLYIITHBIM
IIOTOKOM B TOPU30HTaILHOM Kauase. OCHOBHOII mjeeil MeTOJIA ABJISETCS MOCAe[0BATEIbHOe YTOUHEHIEe B3ANMHOTO BIIHIS
36PHOBOTO I BO3JLYIITHOTO TIOTOKOB [1PH PACUETe M0JIsi CKOPOCTeil BO3JLyXa 1 TPAeKTOPHIl ncIiepeHbIX yacTuil. Maremariyeckast
MOJIeJIb JIBUFKEH A BO3JLYIITHOTO TOTOKA [TOCTPOEHA HA OCHOBE PEHIEH A METOJIOM KOHEYHbIX JIeMeHTOB ypaBrennii Jlariaca s
IIJIOCKOTO MOTeHIINATBLHOTO TeUeH s ¢ TIepeMeHHOI CKBayRHOCTEIO. [nddepenimarbapie ypaBHeHUS BUKEHIS NCTIEPCHBIX
YaCTHUI PeNIaINCEh YNCICHHO, ¢ IIPUMEHeHIeM MeTO/Ia YCPeHEHHOTO YCKOPEeHUs, ¢ NTePaliAMI Ha KKIOM IIIare 1 yuéTomM
pacipejiesieHus B KaHase 11018 CKOPOCTell BO3/LYIITHOTO OTOKA.

RombGununpoannas pacuérHas cXxeMa BBIIOJHSAETCs U3 HECKOJIBKUX MTEPAINil ¢ TTO3TANHBIM HPUOJIKEHITeM
K MOJleJINpyeMoMy Tipolieccy HeBMocenapaiin. Ha mepBom sraiie KoHeuHO-dIeMeHTHAs MOJieb TeUeHUs BO3/YIIIHOTO
0TOKa crpoutes 6e3 yuéra BANAHUA 1OTOKA 3epHOBOro Marepuasna. Ha sropom ararne pemaiores nuddepennnanbhbie
YpaBHeHUsI JIBIKEeHUS YacTull 3epHoBoro Marepuasa. [lo perenusm sTix ypaBHeHuil onpesiensiercss 30Ha 00JbIIei nin
MeHbIIeil mopucroct. Ha cieyomem arare mpoBOAUTes epepacuyéT CKOpocTeil BO3AYITHOTO TOTOKA B KaHAIe ¢ Y4ETOM
IIOPUCTOCTH PA3ANYHBIX KOHEUHBIX 3J1eMeHTOB. B 3aBucnMocTn 0T ¢cKopocTeil BO3JLYIIHOTO ITOTOKA N3MEHACTCH pesy/ibrar
pertienust iuddepeHInanbHBIX YPaBHEH NI JIBUKEH IS UCIIepCHBIX yacTuil. TakiM 06pasom mpoucxXouT mocaeoBare/bHOe
HpUOIIKeHIe K OIMNCAHUIO POIEcCa B3aNMOJIeCTBIS 36 PHOBOTO U BO3YIITHOTO MOTOKOB.

[To npepiosxennomy asnropurmy Ha sizbike C# pazpaborana porpamMma, mpejiocTaBIAoas BO3MOKHOCTh Ipadnueckoro
U 4MCJIOBOTO KOHTPOJIsE pesy/bratos pacuéra. VHrepdeiic mporpaMmbl cofepRUT Tpi SKpaHHble GOPMbI ¢ TabIMUHBIMI
TCXOHBIMU IANHBIMI T CXeMOT PACTIONIOKEH I KOHEUHBIX 2TeMEeHTOB, Ha KOTOPYIO, TTOCTe BLITHCICHITH, HATOCATCS BEKTOPa
CKOPOCTEll BO3/LYIIIHOTO [TOTOKA 1 TPAGKTOPUM YACTUIL ¢ 38/[@HHBIMI adPOINHAMIUYCCKIMU CBOIICTBAMIML.

[Ipencrasrens mpuvepst pacuéra. [lo nx pesynsraram mpejiiioskeno n3MeHeH e BeJIMIITHEL 1 paciIpejieIeHIie CRopocTeit
BOBMIYIIHOTO MOTOKA Ha BXOJIe B KAMAJ, OTIPeIeTCeHBI MOT0KeHTA MPNEMHNKOB PPAKITNI B HIKIEH 4aCTH TOPH30HTAIBHOTO
ITHEeBMOCeIapupylolero kaHaia.

Karouesoie crosa: 36pHOBOfI BOPOX, HJII()H_[éIIOG 3epHoO, KOHeYHo-sJeMeHTHasA MOoJieJib, ypaBHenmne JI‘CIHJI&C&, TTOPUCTOCTD,
ITHeBMocelapanmus, cbpammo:—n npoBaHue.
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Agricultural ecology offers new methods and approaches to the implementation of production processes that will
reduce the harmful effects on the environment. The article describes approaches to the formation of a combined calculation
scheme of the process of grain materials fractionation by air flow in a horizontal channel. The main idea of the method
is a consistent clarification of the mutual influence of grain and air flows in the calculation of the field of air velocities
and trajectories of dispersed particles. The mathematical model of air flow motion is based on the finite element solution
of the Laplace equations for a plane potential flow with variable porosity. Differential equations of motion of dispersed
particles were solved numerically, using the method of average acceleration, with iterations at each step and taking into
account the distribution of the air velocity field in the channel.

The combined calculation scheme is constructed from several iterations with a step-by-step approach to the simulated
process of pneumoseparation. At the first stage, the finite element model of the air flow is constructed without taking into
account the influence of the flow of grain material. In the second stage the differential equation of grain material particles
motion are solved. According to the solutions of these equations, the zone of greater or lesser porosity is determined. The
next step is to recalculate the air flow rates in the channel taking into account the porosity of the various finite elements.
The result of solving the differential equations of motion of dispersed particles varies depending on the air flow velocities.
Thus there is a consistent approach to the description of the process of interaction of grain and air flow.

According to the proposed algorithm the computer program in C# language has been developed. It provides the
ability to graphically and numerically control the results of the calculation. The program interface contains three screens
with tabular data and layout of finite elements, which, after calculations, is applied to the vector of air flow velocity and
trajectories of particles with desired aerodynamic properties. Examples of calculation are presented. According to their
results, a change in the value and distribution of air flow velocities at the inlet to the channel is proposed, the positions

of the fraction receivers in the lower part of the horizontal pneumatic separation channel are determined.

Keywords: grain heap, flattened grain, finite element model, Laplace equation, porosity, pneumatic separation,

fractionation.

Bpentoe Biusine Ha ORPYRAOIYIO CPey
MOJKeT MPOSIBJISIThCS HEIIOCPeJICTBEHHO B B/,
HaIpUMep, 3albLIeHNs U 3arPsI3HeHNs BO3IyXa
WK KOCBEHHO B BH/E CYI[ECTBEHHOTO MOTpe-
OJieHUs dHEPrum, BHIpadOTKA KOTOPOT BIIMsIET
Ha DKOJIOTHIO.

@paknumonnpoBanme 3epHOBOTO BOPOXa
nepe/J| CYIIKOI sIBJISIeTCS MepPCIeKTUBHBIM CI10-
c000M YMeHBIIeHNUs HHEePro3arpar Ha MmocJie-
yOOpouHYI0 00paboTKY 3epHa, TAK KaK MO3BOJISA-
eT pypaskHbie PpaKium CymuTh B 6osee sKécT-
KOM pesRiMe, YeM ceMeHHbIe 1 ITPOI0BOThLCTBEH -
uble. [lnomnenne 3epua u nocaepytomiee Gpak-
IIOHNPOBaHME IaéT BOBMOMKHOCTH ITPOBONTH
KOHCepBaluio KOpMOB 0e3 orepaiun CyIiKkiu,
YTO TAKIKE CHIKAET CyMMapHbIe 9HePro3arpaThl
Ha 1epepadboTKy 1 3albLIEHHOCTH BO3yXa 1PU
MPOUBBOJICTBE, UTO COXPAHSIET HKOJOTHUCCKYIO
00CTAaHOBKY.

Pacuér u mopeniupoBanme mporeccos, B yc-
TPOMCTBAX MEXAHU3AIUY CeJIbCKOX0351CTBEHHO-
O IIPOM3BOJICTBA, NMEIOT cHernduKy, 006ycaoB-
JeHHYI0O pazHoobpasueM QU3NMYECKUX CBOUCTB
OpPraHMyYecKNX MaTepuajioB 1 HEOOXOMMMOCThIO
yuéra B3anMojieiicTBus pabounx OpraHoB u 00-
pabarwiBaemoii cpeabl [1].

Mexannveckie OBpesKIeHUS IPU TTOCTEY-
O0pouHOIT 06PabOTKE CEMSIH CHIUKATOT TOCEBHBIC
KayecTBa M MPUBOMAT K YXY/IIEHUIO TeXHOJ0-
IUYECKUX CBOWCTB U 1I0Tepe YCTOWUMBOCTI TIPH
xpanenun. Opuum 13 3(POeKTUBHBIX TTPUEMOB
1mocJieybopouHoit 00paboTKM SIBJSIETCST TTHEBMO-
ceraparusi, B KOTOpoii paboumm OpraHom siB-
JIeTCs BO3AYITIHBIN MOTOK, a 06pabaThiBaeMbIM
MaTepuasoM — 3epHOBOII BOPOX.

Pacuér B3anMHOr0 BIAMAHUA BO3LYITHOTO
MOTOKA W pasjiesiieMoro MaTepuasna ABJsAeTcs
cloyKHelell nnkRenepuoii sajgavei [1, 2]. B cu-
Jy MHOTO(AKTOPHOCTH TIPOIECCOB 00paboTKM
7 HECTAOMILHOCT XapPaKTePUCTURK PACTUTENh-
HBIX MaTepuayoB BO3ZHWKaeT HEOOXOANMOCTH
CTATHCTIIECKOI OTIEHKN NCXOANBIX PU3MIeCKIX
XapaKTepUCTUK 1 Pe3yIbraToB Pacu6TOB.

[Tpmmenenne ROHEUHO-DIIEMEHTHBIX MOJIeJTei
1 X NCITOJIb30BAHIE BMeCTe ¢ JIPYTIMI MeTOJ[aM i
PacyéToB ABIAAETCS OCHOBON KOMOMHUPOBAHHOI
pacuéTHOI CXeMbl, IpeJyiaraeMoii B JaHHOT pabo-
Te JIJIS NCCJIelOBaHMIl TTPOIeccOB MeXaHu3alum
B CeJIbLCKOXO3SICTBEHHOM ITPOU3BOJICTBE |3,
4]. MeToji KOHEUHBIX 2JIEMEHTOB JIJIsi PACUETOB
ABUREHUST CIIOMITHON CPeMbl TO3BOJISIET YUecTh
HEOJHOPOJIHOCTH O0JIACTU TeUeHUsI U CJIOKHYIO
rRougurypanuio eé rpannrn. [Ipm nueBmo-
cerapainum 3To JaéT BOBMOMKHOCTh CTPOUTH
KOMOMHUPOBAHHYIO UTEPAITIMOHHYIO PACYETHYIO
cxXeMmy Iporiecca:

— KOHeUYHOo-dTeMeHTHas MOJiedh TeueHns
BO3JIYIITHOTO TIOTOKA B YCTPOIiCTBe cTponTes 6e3
y4éra BAMSHIA TOTOKA 36PHOBOTO MaTepnaJa;

— nuddepeHnmaTbHble YPaBHEHUS JIBUKE-
HIST YaCTHT] 3PHOBOTO BOPOXa MJIN TLTIOTIEHOTO
3epHa B HEBO3MYIIEHHOM BO3JIYITHOM TTOTOKE
peraiores ¢ yuérom koadypuiimenra napycHoctu,
3aTeM CTPOSITCS TPAGKTOPHUU JIBUKEHUST YaCTUIL
OCHOBHOTI (hpaKrinm;

— B 30He JIBWJKEHUS OCHOBHON parimn
3ePHOBOTO Marepuajia n3MeHsieTCs MOPUCTOCTh
obJsiacTeii TeUeHUsT BO3YITHOTO TTOTOKA 1 1PO-
BOJINTCA PACYET CKOPOCTEN TeUeHA BO3IYIITHOTO
MOTOKA METOJIOM KOHEUHBIX BJIEMEHTORB ¢ YUETOM
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CKBa)KHOCTH ITOTOKA YACTHUI] 36PHOBOTO BOPOXa 1
MIJTIOIEHOTO 3ePHA;

— [IPOBOAMTCA TTOBTOpHOE perterne audde-
peHInaJabHbIX ypaBﬁeﬁmﬁ ABUKEeHUA 4acCTulj
3ePHOBOTO BOPOXAa N TLTIOMEHOTO 3epHa B BO3-
MYIIEHHOM BO3JYIIIHOM ITOTOKE;

— 10 TPAeKTOPUAM OCHOBHON (parmmn
ROPPEKTUPYETCST PACIioNoReHne objacreil mo-
PUCTOCTH TeUYeHUsT 1 TOBTOPSAETCS PAcuéT TOoJis
CROPOCTETT BO3LYIITHOTO IIOTOKA METOIOM KOHEeU -
HBIX DJIEMEHTOB;

— TpoBoOIUTCS ouepeHoe perente audde-
peHTNaTbHBIX YPAaBHEHNIT JBUKEHUS 4aCTHI]
BOPOXA B BO3MYIIEHHOM BO3/IYIITHOM ITOTOKE YiKe
st Beex hpakiiii obpadbaTbiBaeMOTo MaTeprasia.

Tpaekropun acTuI| n MJAOTHOCTH paciipe-
JieJIeH s KOMITOHEHTOB 3€pHa MOJKHO HCITOTh30-
BaTh JIJISl OIpefiesieHnsl CBSA3M KOHCTPYKTUBHBIX
1 TeXHOJOTUYECKNX TTapaMeTpoB, TAKUX KaK:
BeJMYMHA W pacipejesenne cKOpocTeil BO3-
AYIIHOTO MOTOKA HAa BXOJle B YCTPOMCTBO; pac-
MoJIosKeH e TPUEMHNKOB (DPAKIIIIT, pazMerenne
B YCTPOICTBE JIOMOTHUTEILHBIX PEITETOK; 30HA
MTePEeKPHITHS pasfiessieMbIX (PparImii Ha BHIXOJIe
713 YCTPOCTRA.

[Tpw ontcanum redeH st B 36pHOBOM TIOTOKe,
10 AHAJIOTUN ¢ TIOPUCTLIMI CPeIaMu, NCITOb3yeM
ypasuenue Jlanmaca B Buje:

2 2
h @Jrhygi’:
iy

e 0, (1)
rae h,, h, — woappuumenter puibrpaiim,
3ajlaBaeMble M0 JOKAJLHBIM O0CSIM KOOPJMHAT.
Banemenrax co cobopubiv euennem o =1, h[/ =1.

IPPeRTUBHBIM TPUEMOM OTIPeLeseH s
ko Puuentos h , hy SIBJISIETCST DKCITePUMEHT
10 PAcYETy COMPOTHBIIEHNST 3€PHOBOTO CJIOST B
ranaje (rnpu paboumnx CKOPOCTSX BO3JLyXa) B 3a-
BUCHUMOCTH OT TOPUCTOCTHU IMMOTOKA MaTepuasa. B
1epBOM TIPUOIMKEHN N MOKHO IPUHSATH, AHAJIO-
rIYHO Kod(dunmenTty GuabLTpamum B mopucThiX
cpemax [9]:

2
h=2d (2)
u

rge & — MopucToOCTh 00HéMa; ¢ — Despas-
MepHBIIl TapaMerp, KOTOPBII ornpeiesseTcs n3
yeaoBus A = 1 Tpu OTCYTCTBUM MOTOKA YaCTHI]
B KaHase; d — cpejlHUIl imamerp mop; p — MIoT-
HOCTH BO3JTYXa; 4 — ROIDPUIMeHT IITHAMITYeCKOT
BSIBKOCTH BO3JLyXa.

TpaexkTopun 4actuil onpeaensiorTcs Kak
pemenus puddepeHMaTbHBIX YpaBHEHUT ¢
XapaKTePHBLIMU JJs KayKI0#l onpemneséHHON
(bparmum eé aspouHAMIYECKIMEU CBOICTBAMU.
IInddepennnanbubie ypaBHeHUsT IBUKEHU S

OTIeJILHOT YacTUIlhl ¢ Ko uimeHTom napyc-
HOCTH £ B BePTUKAILHOI TIIOCKOCTH (X, i) IMEIOT
BUJL:

=k, (v v+ (v ) (3)

y:_g_kn(x_vgy)\/(x_vgx)z +(X_V3y)29

Ijie X, y — YCKOpeHue 4acTUIlbl 110 TOPU30H-
TQJIbHON U BePTUKAJILHOI OCU, COOTBETCTBEHHO;
X, Y — CKOPOCTU YaCTUIBI TI0 OCAM KOOPJINHAT; ¢ —
YCKOpeHue ¢BOOOHOr0 NaeHust; v, , V, — CKO-
pocTH BO3JYIIHOTO 1OTOKA B KaHaje, olpe/e-
JisieMble 110 pesyJibraTaM pelieHus: ypaBHeHU

Jlarnaca (1) o moreHmuary ckopocreii u:

VBX = hx %7
(4)

Vg, :h},%.

") ay

Meros, KOHEUHBIX DJIEMEHTOB JIJIsl PeTeH s
ypaBHeHuii Jlanmaca npuMeHsaeTcs B HECKOIbKO
sramos |3, 6].

Hanbomee caoskuplii aTam pernieHuns 3agadn,
Ha KOTOPOM TTPOBOJINTCS AIITTPOKCTMATINS Hen3-
BecTHOI PyHKIIN 1 GazncHbIMI GyHKIIAMEI Q;:

u=3" b= {4} (- 6)

rfie i — HOMep y3J1a B MEeCTHOII cucTeMe; Jjist
TPEYTOJILHOTO dJIeMeHTa ¢ TpeMsi y3aamu S = 3;
ul

wf =1u, p.

Uy

Basucubie Gyurmnm {([)}T = ((l)l,(bz ,([)3) -

HEeHO 3aBUCAT OT KOOPAMHAT BHYTPeHHEN
obJylacT 1 IpeCTaBJsIioT cO00 TPeyroJbHbie
L-xooppunarer [7, 8].

Bgejiém coorBeTcTBYIONIIIE MATPUTTHI KOHEYHBIX
AJIEMEHTOB JIJIsi TADMOHIYECKOro ypaBHenus Jla-
maca (1) ¢ rppaHuYHBIME YCJTOBUAMI 0OOUX THUITOB:

1) u=iina S,l;

h@u_—
2) a—n—qn nasS,,

— Ou Ou
qn Z(X’nxhx o +(X’nyhy N
ox Oy
rae (an, (Xny — HallpaBJAIOIINEe KOCMHYCBI HOP-

MaJIH K S,

Ecnan anmporcnmupytomas QyHKIAA OT-
BevaeT yCJOBUIO PaBeHCTBA HYJIO BapHamum
HoTeHIMamsa ckopocTeii Ha rpanune S, To,
B COOTBETCTBUI ¢ BAPUAIMOHHON (DOPMYJINPOB-
Kol Merofia ['anepkuna, sanumiem [4]:
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2 2
SR:” I PR P
A) x axz Y ayZ
ou — _ (6)
+ Lz)(h - qn)éudS—O.

Ypasuenue (6), 1ocjie HHTErpUPOBAHUS, JT51
TPEYTOJIHHOI 00IACTH TTPUBOIUTCS K MATPUUHOMY
YpaBHenunio:

[Ke]{”}n :{Pe} (7)

rae
1 b12 blb22 blb3
[Ke ]= a4 h, b, b2b23 +
CUMMEMPUYHO b,
a’ aa, aa,
+ h, a,’  aa,
CUMMEMPUUHO a,’

— MaTpuiia KOS(i)(i)I/IHI/IeHTOB BJIAMAHNA KOHEYHOTO
JJieMeHTa, B KOTOpOfI BeJIMYMHBI ai, bi — 3aBHCAT OT
ROOP/IMHAT eT0 y3JIOBBIX TOYCK 110 BbIpayReHnAM:

a,=x, -1,

bi:yjiy/c

npui=1,2,3;j=2,3,1; k=3,1,2. llpuuéwm,
VABOCGHHAA TIIOMAL TPEYTOJHLHOTO DIeMenTa
paBma:

24 = b1a2 - bzaj.

[Tpasast wacrs ypaBuenus (7) onpeaensercs
yepes MOTOK IPAHUIIL DJIEMEeHTA, TaK JIJIsT CTOPOHBI
Mesy yanamu 2 u 3 (puc. 1.):

0

£ l=q,502}
1/2

r7ie [ — JTHA CTOPOHBL 2JIEMEHTa, ¢, — CPeji-
Hee 3HaUeHIe CKOPOCTH TTOTOKA Yepes TPAHMILY.

B pesyusbrare oobeHeHMSs 110 BCeM KOHeY-
HBIM dJIeMeHTaM ypaBHeruii (7) m HaJgoKeHUs
TJIaBHBIX I'PAHUYHBIX YCJTOBUI TIOTydaeM CCTeMY
JMHeITHBIX YPaBHEHWI I/ pacuéra moTeHInana
CKROpOCTeN B Y3JT0OBBIX TOUKAX 00J1aCTI TeYEH IS
3aTteM 110 BbIpayKeHUsAM (4) HAXOIUM CKOPOCTH
BO3JIYIITHOTO TTOTOKA B KayKIOM KOHEYHOM 3Je-
menre. Pentenne puddeperiimanbHbX ypaBHe-
Huil (3) npoBopuioch uynciaento. Ilpumensics
Mmeton yepearénroro yerkoperus [9]. B mporecce
UHTETPUPOBAHUS TTPOEKINN CKOPOCTH TTIOTOKA

Puc. 1. JlokanbHbie HOMepa y3/710B
Fig. 1. Local numbers of nodes

BO3JIyXa , TOJCTABJISIIINCH B 3aBUCUMOCTH OT TOTO,
B KAKOM KOHEUHOM HJIeMeHTe [IBUKETCS IUCIIepC-
Hast yacTuia. KoMOMHUPOBAHHBIN aIrOPUTM CO-
BMECTHOTO Pacuéra moJjst CKOPOCTe BO3TYIITHOTO
MTOTOKA U TPaeKTOPU il hpaKrIiii 36pPHOBOTO BOPO-
Xa 3aJi03ReH B mporpamme Ha sizsike C# B cpejie
MS Visual Studio. Ha pucynke 2 (cM. nBeTayio
BRJIAQJIKY) ITpeJicTaBIeHa cxeMa pa3omeHus ro-
PU3OHTATLHOIO KaHa a ITHeBMOcernapaTopa ijis
(bparmmonnpoBanms 36pHOBOTO BOPOXaA.

Pesynprar mocrpoenus moJist CKOpocTeil u
TPAEGKTOPUU YACTHUIbI, KOTOPAsi BBOJUTCS € Bep-
TURATHLHOT CKOPOCTHIO 1 M/c BHI3 B IBEHATIATOM
y3Jie 1 UMeeT KPUTHUYECKYI0 CKOPOCTH BUTAHMS
npejcraBieHa Ha pUCYHKe 3 (CM. IBETHYIO
BRJQJIKY), ITPU 9TOM JIJINHA BEKTOPOB CROPO-
cTeil BO3AYITHOTO MOTOKA MPOTOPINOHATLHA
X PacyéTHO BeJuvynHe. JJIeMeHThl, UMeIoIue
Roa(ppument puabrpanunm MeHbITe eMHNITHI
(cooTBeTCTBYET TTOTORY OCHOBHOI 3¢pHOBOI
(pparmum), 3arparmBaioTes TEMHON 3aJTMBKOI
[PU CYNTHIBAHUYT WHPOPMATUY 13 TOIIOJTOTHYe-
CKOW MaTpUILLI.

AHAJIOTMYHO TOCTPOEHBI TPACKTOPU N JIBUIKE-
Hust Beex pparimii 3epHoBoro Bopoxa. Pacuéro
TTPOBOJIAINCH TIPU PABTMTHBIX TPAHNTHBIX YCTOBI-
SIX IS BOJLYIITHOTO TIOTOKA 1 BAPhUPYEMbIX XapaK-
TepUCTUKAX ITOTOKA 0OpabaThIBAEMOTO MaTepuaJia.
Ha pucynre 4 npepcraBien mpumMep TabImaHbIX
TAHHBIX 110 pe3yabraTaM pac4éToB CKOPOCTel BO3-
JIyXa 1 KOOPJMHAT JUCIIEPCHbBIX YACTUII,

Cremambl peROMeHIAIIH 10 COOTHOTITEHITO
pasMepoB KaHaIa M PACIOJIOKEHUIO TTPUEMH -
ROB PparIMil 71T TOCTEYIONell OMTHMI3ATNI
MTHEBMOCEeIapaTopa dSKCIePpUMeHTATbHBIMI Me-
ropamu [10].

Buisosibr. [lo pesynbratam pacuéroB rpes-
JIO3KEHO M3MEeHeH e BeJIMYMHbBI 1 paciipejie/ieHme

27
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Puec. 4. [Tpumep 1abanuHbIX TaHHBIX 110 PE3yJIbTaTaM PACUETOB:
a) cKopocTeil Bo3yxa; b) koopauHar IucIepeHbIX YacTull
Fig. 4. Example of tabular data on the results of calculations:
a) air velocity; b) coordinates of the dispersed particles

CKROpOCTElT BO3IYIITHOTO TOTOKA Ha BXOJIe B KaHAJI,
00paTHO NMPOMOPINOHAIBHO KOIPPUIMEHTY
(punprpanum moToKa 3epHOBOrO Bopoxa u IIIO-
EHOTO 3epHAa, 4TO HOBbICUT 3PPEKTUBHOCTH
paspesenus Ha QPaKIUU, TTO3BOJUT CHU3UTH
yaesabHbIe dHepro3arparTel. PekoMenjyemble co-
OTHOIIEHW ST PA3MEePOB KaHaIa 1 PacioosKeHme
NpuEMHNKOB (PparIuil MojiyIeskaT fambHemeil
OTITUMUBATNH HRCITEPUMEHTATbHBIMI METOIAM.

RomOunupopannas pacuérias cxema mo3Bo-
JIeT y4ecTh B3auMHOe BJANsHIe padodeil cpejibl
n obpabarbiBaeMOTO MaTepraga Ha BBHIXOHBIE
mapameTpbl npoiecca GpakImoOHNPOBAHM S
3ePHOBOTO BOpPOXa, TaKle, KAK KOHeYHbIe TOYKN
TPaeKTOPUI Kasykoi pakium mpu pasianuyHbIX
pacrpejiesieHIsIX CKOPOCTEell BO3YIITHOTO IIOTOKA
Ha BXO/le B KaHaJ U JIPYyrux TexXHoJOrmyeCcrux

ocobenHocTsAX yerpoiicrsa. Tak B mpuBeéHHOM
npuMepe pacuéra, 36pHOBOIl IIOTOK COIPOBO-
FRILAJICS COMTYTCTBYIOTIIM BO3/IYIITHBIM [TOTOKOM,
4TO YUUTHIBAIIOCH B €CTECTBEHHBIX TPAHUYHBIX
YCJIOBUSIX HA BEePXHENl TpaHuile KaHala Me;KIy
yanamu 11-12 (puc. 2, cM. IBETHYIO BRIAIKY).

KoneuHo-sieMeHTHBIE MOJIEN PEKOMEH/TY-
I0TCSI KaK YHUBEPCATbHbBIE COCTABJISIONE KOM-
OMHMPOBAHHBIX PACYETHBIX CXEM JIJIsI ONICAHUS
TeXHOJOTHYCCKIX ITPOIECCOB B CPEICTBAX MEXa-
HU3AMIT 00pabOTKI PACTUTEIbHBIX MATePUAJTIOB,
¢ TIOMOITBI0 KOTOPHIX BBHIOMPAIOTCS HAUATHHBIC
3HaveHns (PAKTOPOB MPN HKCTIEPUMEHTATLHOT
ONTUMU3AIMN COOTBETCTBYIOIINX YCTPOUCTB
MPOUBBOJICTBEHHOTO TINKJIA HETOCPECTBEHHO
CBABAHHBIX ¢ YKOJOTHEN M0caeybopouHoil 00-
paboTKu 3epHa.
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IlouBooOpazoBaHe HA TEXHOTEHHBIX 03EPHBIX MJIAX

© 2018. E. B. Jlabax"?, k. 0. u., gomenr, ¢. H. C.,

! Barckas rocypaperBenHas CeIbCKOX03SICTBEHHAS aKa[leMIs,
610017, Poccus, . Rupos, Oxtabpnernii mpocmexr, 133,

2 Mucruryr 6nonornn Komu HI[ YpO PAH,

167982, Poccus, r. ChikThiBKap, yi. RommyHucruueckast, 28,
e-mail: dabakh@mail.ru

Crarbs nocssiiena nousam rexuorennoro gauamagdra (Technosols mo WRB), popmupyiotumest ma 3arps3néuubix
TEXHOTeHHBIX 036PHBIX OTJIOREHUAX, BBIIEANINX HA JHEBHYIO MOBEPXHOCTL MMOCJTe N3MEeHEeHUA THPOTOTTYecKOro
peskmMa 1 IpeKparieHns MoCcTyIIeHNsT B 03eP0 3arpsi3HEHHBIX CTOYHBIX Boji. Vccaeayemas tepputopnst pacososkeHa
B jloninHe p.Bsarku B paiione XBocroxpaHuanig xumudeckux mpepnpustuii . Kuposo-Yenenka (Kuposckast obnacts,
Poceust). Momroers mousennoro npoduiis orpanndeHa miIo0THON THIICOBOI KOPKOIL, 3aseraiorieii na raybune 30 cm u
CIIOCOOCTBY ORI TTepeyBIayKHeH IO T04B. B ominie 0T ORpY;RAIOIIIX KUCIBIX AJITFOBHATBHBIX TIOUB, OHI XapaKTePU3YIOTCS
IeJTOUHOI peakIuell, KOHTPACTHOCTELIO BePXHell I HIKHel YacTeil MOJIO[01 HOYBEL. Y4acTHe aJlJIIOBIAILHOTO IIpoIiecca
BAAro1I00MBOI pacTuTebHOCTH B HOPMUPOBAHIYT TPOPUIIA TPUBOJANUT K MBMEHEHIIO COCTABA 1 CBOCTB ITOYBbI, 0COOEHHO
BepxHUX ropuzonTos. [To cpaBHennio ¢ qoHHBIMI OCa/IKAMNI 1 HUKHUMU CJIOSMU [TOYB B BEPXHUX TOPU30HTAX BHIIIE J1OJIs
ATIOMOCUTKATHOTO KOMIIOHEHTA B MIHEPAJOTHYECKOM 1 XUMIUYECKOM COCTaBaX, HIKe IEJT0UHOCTh, PEBKO CHUMKAETCS
yposenb 3arpsasienus. [lo Gnonornyecknm mnmokasarensim oropdoBanHas MOJCTUIKA U TYMYCOBBIIT TOPUBOHT OJIN3KHU K
TYMYCOBLIM FOPH30HTAM ORPYSKAIONINX aJ/II0BHATHHBIX TTOYB.

[TouBeHHBIT 11 pacTUTETBHBIN TTORPOBHI, POPMUPYIOMIIECS HA TeXHOTeHHBIX 036 PHBIX MJIAX B MOIIMe, TPeMATCTBYIOT
AKTUBHOMY Pa3MbIBY B MABOOK HUKeJIeKalell HeOCTPYKTYPEHHON 3aTrpA3HEHHON «HAJIKOPROBOIT» MJINCTOI MacChl
7 pacTBOPEHMIO THIICOBBIX HOBOOOPAZOBAHNIT — KOP, CAEPIKUBAIONINX TOABIKHOCTH MOITHOI TOJIIN 3aTPsA3HEHHBIX
TeXHOT@HHBIX OTTOKEeHHI.

Harouesswie crosa: HO‘IBOO6paSOBHHI’IG, TEeXHOIeHHbIe WJIbL, TUIICOBbIe KOPbI, XUMNWYECKOe 3arpda3HeHue rno4s.

Soil formation on technogenic lake sediments
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The article is devoted to soils of the technogenic landscape (Technosols according to WRB) formed on contami-
nated man-caused lake sediments that have come on the daylight area after a change in the hydrological regime and the
stopping of contaminated sewage into the lake. The investigated territory is located in the Vyatka Valley in the tailing
pits of chemical enterprises in Kirovo-Chepetsk (Kirov Region, Russia). The thickness of the soil profile is limited by a
dense gypsum crust lying at a depth of 30 ¢cm and contributing to waterlogging of soils. Unlike the surrounding acidic
alluvial soils, they are characterized by an alkaline reaction, contrast of the upper and lower parts of the young soil. The
participation of the alluvial process and moisture-loving vegetation in the formation of the profile leads to a change
in the composition and properties of the soil, especially the upper horizons. In comparison with the bottom sediments
and the lower layers of soils in the upper horizons, the share of the aluminosilicate component in the mineralogical and
chemical compositions is higher, the alkalinity is lower, and the pollution level sharply decreases. According to biologi-
cal indices, the decayed litter and humus horizon are close to the humus horizons of surrounding alluvial soils. The soil
and vegetation cover formed on technogenic lake sediments in the floodplain prevents active erosion of the underlying
undeveloped contaminated sediments during the flood time and the dissolution of gypsum crusts, which inhibit the
mobility of contaminated technogenic deposits.

Keywords: soil formation, technogenic sediments, gypsum crust, chemical soil contamination.
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B ycnoBusx texnorenesa BOKpPYT TpPO-
MBITIIIGHHBIX 30H TOPOIOB ¢HOPMUPOBAIUCH
NPUPOIHO-TEXHOT@HHbIE CUCTEMbI, B KOTOPBIX
pasroobpasue MOUBOOOPABYIONINX TOPOJ BO3-
pacraer 6arofaps TeXHOT€HHBIM OTJIOKEHUSIM
pazinyHoro xapaxkrepa. CoueraHnue TeXHOTeH-
HOTO (TT0YBO0OPA3YIOIIAst ITOPOJIA) M PUPOJIHBIX
arropon (kanmara, penbeda, pacTUTEILHOCTH,
MOBEPXHOCTHLIX W TOJ[3eMHBIX BOM) obecredn-
Baer popMupoBaHme ¢BOCOOPA3HBIX TOYB, He
TUNUYHBIX IS TaHHONW MecTHOCTH. B cBsA3mM ¢
ATUM TIPEICTABISIIOT WHTEPEC MOUYBLI, opmu-
pyforecs Ha THIICOBO-KapOOHATHOW TTOpojie B
nosimHe pekn Bartku B paiione medTpa Xummue-
cKoll nipombiniienHoctn — r. Kuposo-Yernerka
Ruposcroit obacru.

Brixojibl iopojt, cofiepsRaninx rurc, [0Bob-
HO PEeJIKO BCTPEYAIOTCS B TAéKHO-JIECHOIT 30He, 1
0YBOOOpaA30BaHIe HA TAKNX TIOPOJIaX BO3MOKHO
Oaarofapsa TOMy, 9T0 «CKOPOCTh PU3MIECKOT /1e3-
MHTEeTpaIii CyecTBeHHO MPEeBbIIIaeT CKOPOCTh
pacTBOpeHNsi MOHOMUHEPAAbHOTO cybcTpara
[1]. Comepsraiiiue Tuiic TeXHOTEHHbBIE OTJIOKE-
HUs B flonnHe p. Batkum obpasoBannch Ha JiHe
MOTIMEHHOTO 03epa B pe3yJsbrare MOCTYIIeHUs
ITPOMBITIIJIEHHBIX CTOYHBIX BOJ, HACBII[€HHBIX
cyrbdaraMu u KapOoHaTAMM TIEJTOUHBIX, IIe-
JIOUHO3eMeJbHBIX a7eMeHToB n ammonst. [Tocre
MPOBEJIeHUsT TTPUPOLOOXPAHHBIX MEPOTIPUATHI
U3MEHUJICS XUMUYECKNIT COCTaB BOJI, THJPOJIO-
PHYECKUIT PERUM BOJIOEMA, TeXHOT@HHBIE JIOHHbIE
0CAJIKM BBITIJIN HA MOBepXHOCTh. Benescrsue
npeKkpanieHns TOCTYIAeHs 3arpsa3HEHHbBIX
ITOBEPXHOCTHLIX BOJl HAYaJIOCh BOCCTaHOBJIEHUE
IROCHUCTEeMbI B HOBBIX YCJIOBUAX. Ha TeXHOT'eHHbIX
njax Havyas (DOPMUPOBATHCS TOYBEHHbII TTOKPOB.
Jlmurenbrocth nouBoobpaszosanus 30-40 mer.

[leanio macrosmmeii paboThl OLLTO N3yUYeHTe
HaIpaBaeHus M0YBOOOPA3OBAHNSA U 0COOEHHO-
cTeil TouB, (POPMUPYIONIIXCST HA TEXHOTEHHBIX
njaax — JOHHBIX OTJOMEHMAX, BBIIICJIINX Ha
MOBEPXHOCTH B pe3yJibrare N3MeHeH s TH/IPOJIO-
IMYECKOr0 PEesKIMa BOJOEMA.

Sajlaun NCCIeoBAHNS BRITOYATIN: N3YUeHIe
MOPMOTOTHUYECKUX U XUMUUECKUX 0COOCHHOCTEN
TEXHOTeHHBIX OTJI0KEHNIT 1 POPMUPYIOTIIXCA HA
HUX TTOUB, BBISIBJIEHUE UX OTJINUYNIT OT TPUPOJHBIX
MOYB, OIpe/leieHe HAIPABICHUS U CKOPOCTH
0YBOOOPA30BAHIS B IIPOTECCE BOCCTAHOBJIEH NS
TEPPUTOPUN TIOC/Ie TeXHOTeHHOTO BO3JIeiCTBIS.

O0BbeKTHI 1 METObI NCCACTOBAHIS
Nzyaaemas Tepputopus pacronoskeHa Ha

ceBepo-BOCTOKe eBporieiickoii yact Poccuu, Ha
ceBepo-3anajHoil okpante Bsrcrko-Kamckoii

HPOBUHIINK TTOJ30HbI IEPHOBO-T1OI30JUCTHIX
MOYB I03KHOI Taiirn. KimMar OTHOCUTCS K KOHTH-
HeHTAJIbHOMY yMepeHHOMY Tuiry. CpeHerooBast
temreparypa cocrasiser +2,4 °C. Cpepusis rem-
neparypa ssaBaps -13,7 °C, uions +18,4 °C. Tep-
PUTOPUSI HAXOJIUTCS B 30HE IOCTATOYHOTO YBJIAsK-
HEeHMUSI: CPeIHeroloBOe KOJMYECTBO OCAIIKOB —
B npepesax 060-580 mm, 60-70% Brimagaer
B rérioe Bpems roza. [Ipeobragaronmmu Berpa-
MU B T€UeH e TOIa sIBISIOTCS I0T0-10T0-3a1ajIHbIe,
MOBTOPSIEMOCTD I0KHBIX BETPOB COCTABIISIET OKOJIO
20%, 1oro-zanagubix — 18%. B ausape uacrora
I0T0-10T0-3aMa/HBIX BETPOB Bo3pacraer 10 40%
[2]. Nsyuaemblil yuacToK mpuTeppacHoi moimMbl
peku Bstku B paitone o3epa [IpocHoro eskeromato
3aTallJINnBaeTCsl BO BpeMsl BECEHHETO T0JI0BO/Ibs,
paurenbrocth 3aromaenus or 10 go 20 cyroxk.
[Tuk 11010BObsT OOBIYHO TPUXOUTCS HA IEPBYIO
JIeRajLy Mas.

[Tpureppachuoe o3epo [1pocHoe ObL10 TTOCTE]-
HUM BOJIHBIM OO'bEKTOM B CHICTE@Me BOJIOOTBE/IeH 5T
xumunveckux npejnpusatuii r. Kuposo-Yernerka,
1 JIO BBOJIA B DKCILTyaTAIIIO TIIJIAMOHAKOITATE eI
W XBOCTOXPAHWJINII B TeueHme 25 JeT RuaKmne
OTXOJIBI TIOMAaJN B 03€P0, PACTBOPEHHbBIE 1
B3BeIleHHbIe BelecTBa oceaanu, GopMupys
TOJINILY TEXHOTEHHBIX UJI0B, 00bEM KOTOPBIX
cocranisier okosio 330 Teic. M? [3]. Jlo nauana
(DYHKIIMOHMPOBAHNS XUMIYECKOTO KOMOMHATA
mrotians ozepa onmma 10 ra, mporsmKEHHOCTD —
okoJio 1,5 KM, 03epo 66110 Oeccrounbim (puc. 1).
B nacrosiiiiee Bpemst o3epo [IpocHoe BHITSHYTO
B pauny Ha 400 M, coBpeMeHHast IJI0IIA/b ero
cocTaBJisier 0KoJI0 3,4 ra. B pesysbrare 3auin-
Barmst okoxo 70% reppuropuu ozepa mpespa-
THJIOCH B 3a00JOYEHHYIO HIU3MEHHOCTh, 110
KOTOpOIi 1mpoTekaer peka KiXxoBKa, cTOK pexkn
nourn va H0% popMupyercst crouHbBIMEI BOaMu
MPOMBITIIJIEHHBIX TTpefnpusaTii. Mesxmy ozepom
u npuToKoM pern Bsartku p. [IpocHutieii (crapoe
HazBanme Bosonka) nosiBuiach ncKyccTBeHHast
nporoka. Ha TexHoreHHBIX nax, 3a0JHUBIITIX
03€po 1 BBIIIEINNX HA [HEBHYIO TTOBEPXHOCTb,
AKTUBHO UJIET 1104BOOOPA30OBAHNE U 3acesleHue
puOPe;KHO-BOIHOI PACTUTETLHOCTHIO.

O6berrTaMu uccaegoBanus ObLIU TEXHO-
reHHbIe OTJIOKeHUs U GOPMUPYIOTIHECS Ha
HIX MOYBBI, 00PaA3Ibl KOTOPBIX OTOMPANNCH HA
samsiernoi yactu 03. [Ipocroro.

[TomoOHbBIe TOUBBI B MEXKAYHAPOLHON KJIac-
cudnrarmmn WRBSR na camom BEICOKOM TaKkco-
HOMUYECKOM YPOBHE BbijieJieHbl Kak TexHocobt
(Technosols) [4, 9].

TexHoreHHbIe OTJIOKEHNS OTOMPAINCH HA
BCIO IIIyOMHY 3ajieraHus [0 MUHEPaJIbHOTO JTHA
(4—6 M) ¢ momoIIbi0 pyYHOTO Oypa ¢ MHTEePBATIOM
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onpodosanust 80 cM, 06pasIbl MOYB OTOUPATUCH
u3 ropusonton rmpoduns. Donosas npoda poH-
HBIX OTJIOKeHII otoOpana n3 p. KaxoBku Bhite
110 TeUYeHUIO 30HbI BJAUAHNA XUMUYCCKRUX IIpe]L-
MpUATHIi.

XuMudecKknii aHanuna mpod 1MouB u JOHHBIX
OTJIOYKEHNT TTPOBOJINICA B AKOAHATNTHYECKOI
naboparopun BATCKOTO rocyiapcTBeHHOTO YHI-
Bepcurera (BarlV), na kadenpe nouBoBenenms,
MeJimopaluu, 3emjieycrpoiicrea u xumun Bsir-
CKOM TOCYapCTBEHHON CeTbCKOX03AMCTBEHHON
aragemnu (BI'CXA) o o01mempuHATHIM METOJI -
raMm. BasoBoe coptepsranme m KOHIEHTPATN 1O/ -
BUJKHBIX COCJITUHEHNIT DJIeMEHTOB, N3BJIeKAEMbIX
areTaTHO-aMMOHUIHBIM OyepPHBIM PACTBOPOM €
pH 4,8, onipefienisinuch B AHATUTHYECKOM CepPTH-
(purarnmonrom uctbiTaTesbHOM 1eHTpe Muern-
TyTa IPOOJIeM TeXHOJIOTU I MUKPOITEKTPOHNUKI 1
oco00 uncreix Mmatepuanos PAH (r. Yepuoronos-
Ka) MeTojlaMu Macc-CIIeKTPOMEeTPUH 1 aTOMHO-
OMUCCUOHHOI CIIEKTPOMETPUU C MHIYKTUBHO
CBsI3aHHOI 1J1a3Moil. MuHepaiornuecKkuii cocras
MOYB M3YYaJICs PeHTreHnPaKTOMETPUYECKIM

R~ R T IE s neen
hi = i) v = L 1|
o - = Wi 0

o ) W=\ - o) G
k o\ M “'3\"\:}“ k- 21 G R Shoe gt 08,
e O ) A o Oty It=2 9
:.(}"b (s on . u.!‘_" 3 » o~ ‘k&
Jorli WS T Bt o "Wl Tl il e R N 0

Crapas akBatopus 03. [IpocHoe (1952 1.)
Old water area of the Prosnoye Lake (1952)

MeTOJIOM B JIabopaTopuu MIuHepasornn Kadepol
xumuu nous MI'Y um. M.B. Jlomonocosa.

Pesyabsrarel n o6cy:knenue

Mopdgoroeuueckas rapakmepucmuka mex-
HOREHHBLL UA08 U no46. MOIHOCTH TeXHOTeHHBIX
MOHHBIX OT/I03keHniT o3epa [IpocHoro gocruraer
6 M, IO KOHCUCTEHIINN TO BsI3Kas Macca He-
OJIHOPOTHOTO ceporo 1mBerta (puc. 2). Buenraue
NPU3HAKN TeXHOTeHHBIX naoB 03. IIpocrnoro
COOTBETCTBYIOT MOP(OIOTNUECKNM CBOTICTBAM,
HPUCYIUM TeXHOTeHHBIM JOHHBIM 00pasoBa-
HUSAM BOJIHBIX 00beKTOB [6]. Texnorenubie mibl
HPEJICTABISIOT cO00Il MIaCTUYHbIE TJIMHBI, CO-
crositiue Ha 70-80% u3 kapbonara u cysibpara
Kanbius. B ux ToJsrme BeTpevaTes TBEP/bIe
IUIICOBBIEe KOPBI. B MecTe 3a/105KkeH1si TOYBEHHOTO
paspesa MOIHOCTb WJIOB COCTABIsIA 4 M, KOpa
BhIsiBIeHA Ha rayouHe (0,3 M OT MOBEpPXHOCTH,
a rarore wa rryommax 0,6 m 3,1 M. Momnocrtn
KOP HEeBeJMKA — OT HEeCKOJbKUX MUJIMMETPOB
0 TTepBBIX canTuMerpoB (puc. 3). Ham mepsoii ot

TexHOreHHBIE HIThl

Technogenic
sediments

CoBpemenHas akBatopus 03. [Ipocroe
Current water area of the Prosnoye Lake

Puc. 1. Raproi-cxembl, orpaskaiotue nuametnenne MoOpdoMeTpuuecknx XapakTepucTuk o3epa co BpeMeHeM
Fig. 1. Schematic maps showing the change in the morphometric characteristics of the lake with time
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Puc. 2. OrGop 11pod TeXHOTeHHBIX
nnoB #a o3. [Ipocrom

Fig. 2. Sampling of technogenic

sediments on the Prosnoye Lake

MMOBEPXHOCTH KOPOTI 3aj1eraer phixJast medHucTas
cepoBaTo-6esast Macca, KOTOpyIo TOJIbKO YCIOBHO
MOKHO paccMaTpuBaTh Kak MOYBO0OPa3yIOTLYio
MOPOJLY, TTOCKOJIBKY B ITOIIMe T0YBO0Opa3oBaHme
1 JINTOTEHEe3 TPOUCXOJSAT OJfHOBPEMEHHO.

B nipoduiie mouBbl BuIJIETCHDI CACAYIONTIE
rOPU3OHTHI: 0TOPPOBAHHAS OJCTHIKA MOIHO-
c1bi0 7—10 eM, TyMyCOBBI TOPU3OHT MOTITHOCTHIO
OKOJIO0 3—4 CM, CH30BATAS CO PHKABBIMI IIITHAMI
chipasi TJIMHUCTAs Macca IJieeBoro ropu3oHTa
MOTI[HOCTBIO JI0 8 ¢M 1 TTOUYBOOOPABYIOTIAS 110-
pojia — MOKPBIIT cepoBaTO-0eJBIT MeOHMCTHI
ropusoHT (puc. 4). Ilo mopdonornueckum oco-
OeHHOCTSM TTPOPUIIST MOJKHO [INATHOCTHPOBATH
MPOsIBIEHIE MMOICTUIRO00PA30BAHIS, TYMYCO-
00pas3oBaHusI 1 IJIE€BOTO MPOTIECCa.

Xumuuweckuii cocmas merno2eHHbLL ULO8
w nous. MakpoajieMeHTHBII cocTaB HATH P00
TeXHOTE@HHOTO HJa, OTOOPAHHBIX C Pa3HbBIX
rayoun, osuskuii. B ¢sizu ¢ oTum B radauie 1
MPUBEICHBI CPeIHIE COJePIRAHI OKCHUIOB dJTe-
MEHTOB B 9 1podax u3 ojxoro nypda (THU-2).

B ornmdne or ciaraiorero moinmy ajaiioBust i
COBPEMEHHBIX JIOHHBIX 0CAJIKOB, B BAJIOBOM XIM -
YeCKOM COCTaBe TeXHOTEHHBIX MJIOB OTMeYaeTcs
o4eHb BbIcOKoe cofepskanne kaabims (20-30%)
n cepnl (0—10%), HU3KOE — ATOMUHSA, JKeJe3a,
KaJius 1 HaTPuUsl.

B MuKkposieMeHTHOM cOCTaBe TEXHOTEHHbIX
UJIOB OTMEYAIOTCsI CYIIECTBeHHBIe PABINYUS 110
rnyounam. B cocraBe BepXHeil 4acTi TeXHOTeH-
HBIX OTJIOKEH I OTMEUYEHO BHICOKOE CO/IePyRaH e
PTYTH, CBUHILA, TINHKA, CTPOHIINS, KAaJMUS, Mbl-
mbsika (or 1 mo 7 [TJIK). B amskianx crosax rexno-
PeHHBIX HAHOCOB COJIePyKAHIe MUKPOITIEMEHTOR
Bospacraer. [lannbie mo 8 nrypdam mos3Bossior
0003HAYNTH TTPUYPOUCHHOCTH MAKCUMAJbHBIX
KOHTICHTPAIIII PSJIA 9JIeMEHTOB K OTIPeITeHHBIM
riryounam (1aba. 2).

MarcnmanbHOe HAROILIEH e BUCMYTa 1 KaJl-
Mmust oTMeveno Ha rryonaax ot 0,4 10 1,2 M, innka,

Puc. 3. I'unicoBbie Kopbi
Fig. 3. Gypsum crusts

Puc. 4. ITpopuis mounbt
Ha TeXHOTCHHBIX MIaX
Fig. 4. Soil profile on techno-
genic sediments

0JTOBA, CYPHMBI, CBITHITA T PTYTI — TIy0OsKe 4,0 M,
MpU 9TOM KOHIEHTPATNN TAKEIBIX METalI0B
B miax Bbiiie kiaapkra (mo A.Tl. Bunorpamony)
u [TJIK miis mous 1o Beeit rrybune mrypda.

Conepsranue TAKEIBIX METAJIJIOB U MbITTTHs-
Ra B TeXHOTEHHBIX WJIAX 3HAYUTETHHO BBIIIE,
4eM B MOUMEeHHOM u pycgoBom ajmiouu. llo
CPaBHEHWIO ¢ KIAPROM TOWMEHHBIN aJJIfOBUM
OTJINYAETCST BBICOKUM COJIEPIRAHNEM MBITIIbAKA,
nouubie otnoskenns — prytu. Roagdumment rex-
HOTEHHOTO 3aTPsI3HeH s NI0B [4]| mpeBbimaer 32
1 TI03BOJISIET OIEHUTh CTeIIeHb 3aTPsSI3HeHNsT Kak
onacuyio. MopmMyJibl TeOXUMIYECKOI accorma-
1 [ 7] B TeXHOTEHHBIX 1JIaX, 01 POOOBAHHBIX He-
MTOCPEJICTBEHHO B MecTe 3aJI0KReHI ST TOUBEHHOTO
paspesa, ciieyroriue:

Pb, -Hg, -Cd,,—Bi ,—(Sb-Ag) .~ (Zn-
Y)4—M03—Asz—(Sr—U)1v5 B caoe 0-0,8 m;

Hgg, ~Pb;,=Sb,,~Sn .Y, ~Cd,~Zn —(Bi-
Ag),—(Ba-As),~Mo,-U, sua rnybune 3,2-4% m.
Onm cBUNETENIHLCTBYIOT O KOMIIJIEKCHOM 3aTpsi3-
HEHUW WJIOB 1, HECMOTPS HA CYIIeCTBEHHbBIE Pas-
JUUWS B COJEPRAHNY 3aTPA3HAIONINX BEIecTsB
B TOJIIIE WJIOB, YKA3BIBAIOT, UTO MAKCUMATbHbBIE
RO(POUIMEHTHI KOHIIEHTPATIMT XapaKTePHbI JIJIs
CBITHIIA U PTYTH.

XuMuueckuii cocraB 1mouB, chOpMUpPOBaB-
IUXCSI HA TEXHOT@HHBIX OTJIOMKEHUSIX, TIPeJICTaB-
Jien B Tabaunax 3, 4, d.

CoryracHo NpUBEIEHHBIM JAHHBIM, HUKHIE
MUHepaJbHbIe CJOW MTOYB 110 BAJIOBOMY XUMUYe-
CKOMY cOCTaBY OJIMIKe K TEXHOTeHHBIM UJIaM, 4eM
R OpraHoMuHepaJibHbIM Topu3oHTam (Tadm. 3).
Onmaro 1o cpaBHEHUIO ¢ MJIAMHU B TTOYBAX OTMe-
4eHbl 00Jiee BBICOKIE KOHIIEHTPATIIT aTIOMUHWS,
senes3a, Mmapramia, gocdopa, kamans. Beiasiens
pesKie pa3Jimauss MesRILy MOYBOM U TeXHOTCHHbI-
MH WJIaMU 110 COJIePKAHNIO CepPhl, CBA3AHHBIE,
MO-BUMMOMY, CO BHAUUTETbHBIM YIaCTHEM THTI-
ca B QOPMUPOBAHNN KOP U MOJIKOPKOBBIX IJIHH.
B BepxHUX TOpU30OHTaX CoOjepKaHIe KaIbIlWs

39

Teopernueckas u npuriaagaas sroaormst. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4




MOHUTOPIHT AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPHIT

34

Tab6auma 1 / Table 1
Banosoii cocras rexuorernbix unos (TU-2), noiimennoro ammiosust (p. 940)
7 COBPEMEHHBIX TOMHLIX oTaoskenwit (o), %

The total composition of technogenic sediments (TS-2), floodplain alluvium
(r. 940) and modern bottom sediments (background),%

ii?ﬁi ALO, | Fe0, | CaO | Mg0 | KO | NaO | MaO  TiO, | Po, | oo
TI-2 2,0+ 1,40+ 30,7+ 1,70+ 0,26+ 0,25+ 0,06+ 0,09+ 0,07+ | 7,18«
TS-2 0,3% 0,14 2,1 0,08 0,04 0,05 0,02 0,01 0,03 2,07
p. 940 9.8 4,3 1,0 1,5 1,2 1,2 0,15 0,9 0,12 0,032
r. 940
Don
Back- 6,6 4,0 6,3 1,4 1,4 0,82 0,14 0,40 0,13 0,073

ground

Ilpunevwanue: * Cmandapmmnoe omkionenue
Note: * Standard deviation
Tadmuma 2 / Table 2

MarcnmanbHble KOHIIeHTpaInN TsRENBIX MeTamoB (TM) 1 MbIIbsiKa B TEXHOT@HHBIX HJIaX, MT/KT
The maximum concentrations of heavy metals (HM) and arsenic in technogenic sediment, mg/kg

e Cd | Bi | Zn | Sn | Sb | Pb | As | U | Hg | Cu
Element i
MaxkcumaabHbie
KOHIIEHTPAT[NT, MT /KT 4,3 2,0 | 2044 | 55,7 | 163 | 1124 | 50,7 | 32,2 | 30,4 | 295
Maximum concentration, mg/kg
Wurepsas rryoun ¢
MaKCUMATLHBIM COlePIRAHTeM
DJIeMeHTa, M 0,4-1,2 4,4-D, 5,2-6,0
Depth interval with the
maximum element content, m
Rnapr (o Bunorpajiony,
1949 1./1962 1) o/ 0,2/ | 88/ | 40/ 0,5/ 16/ Y 3/ 10,07/ | 100/
Clark (according to 0,13 1 0,009 | 83 2,9 0,4 16 1,7 | 2,5 | 0,083 47
Vinogradov, 1949/1962)
Coptepsranue sreMenTa
o HOUMEHHOM AALIOBIIL 1 g 48 1 022 | 784 | 1,7 | 087 | 16,1 | 192 | 7.6 | 0,035 | 40,4
Element content in floodplain
alluvium
Copepsranme pieMenTa
B (DOHOBOTI 11PODHE JOHHBIX
OTJIOKEH M - . -
The content of the element 0,23 ) 0,11 190,5 | 1.3 0,79 188 52| 20 | 030 1o
in the background sediment
sample
Tadanma 3 / Table 3
Bastopoii XuMn4ecKkunii cOCTas 110YB HA TEXHOTEHHBIX OTIOKeHuAX, %
The total chemical composition of soils on technogenic sediments, %
ngzﬁidéﬁl ALO, | Fe,0, | CaO | MgO | K,0 | Na,0 | MnO | TiO, | P,0, o
0-7 8,7 9,2 9,6 1,6 1,0 0,42 0,84 0,41 0,91 0,23
7-11 10,0 6,2 7,7 1,8 1,1 0,46 0,46 0,48 0,57 0,18
11-18 4,3 2,6 34,7 0,91 0,41 0,25 0,17 0,20 0,32 0,29
18-30 4,0 2,0 34,6 1.1 0,40 0,29 0,12 0,17 0,30 0,40
ey 25 | 44 | 307 | 17 | 026 | 025 | 006 | 009 | 007 | 718
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3HAYUTENbHO HIYKE, YTO COOTBETCTBYET MITHepa-
JoTHYeckoMy cocraBy mouB. CoriacHo JTaHnHbIM
peHTTeHANPPAKTOMETPUUYCCKOTO aHAIN3a, B
HUKHUX TOPH30HTAX 1OYB abCOJMIOTHO I1Peod-
JnajlaeT KaJabIuT, B BEPXHUX — JIOJIS KaJabI[NTa
CHURAETCS, HO OTYETAMBO JMATHOCTUPYIOTCS
RBapIl, MMINHUCTBIC MITHEPATTbI-ATIOMOCHITKATHI:
pasdyxaiomuii cMermanHOCTONHbBIIT MIUHePAJI,
TUJIPOCTIOJBI.

MugrpoameMeHTHBIIT COCTAB TIOYB TaAKKe T10-
Kasajl, 4To UCXOJHAsE HeOJ[HOPOJHOCTH HAHOCOB
coxpamsercs (tabn. 4). Bepxusasa opranommie-
pajibHast TOJIIA PE3KO OTJIIMYAETCS OT HUMKHUX
ropusoHToB. Bo Bcex ropmsoHTax orMedaercs
npeBblieHune mpeaeabHo JOIyCTUMbIX 3HAYCHUN
IMHKA, KQJIMUS, CyPbMbI, PTYTH, CBIUHIIA, & TAKIKe
rpeBbiieHne POHOBOTO COMEePsRAH ST CTPOHIUS.
Haxomiernne B opraHoreHHOM rOPU30HTE CTPOH-
LS MOSKET ObITh 00YCJIOBJICHO KAK COBPEMEHHbIM
AJUTIOBMATLHBIM TTPOTIECCOM, Tak 11 OMOTeHHOT aK-
RymyJisiedi anementa. CpaBHUTENbHBI aHAIN3

MUKPO3JIEMEHTHOIO COCTaBa N3y4aeMOIl TOYBbI 1
TUMUYHON JIJIsl JAHHOTO YYacTKa IMOUMBbI aJlTi0-
BUAJbHON JIePHOBO-TJIEEBON TTOYBBI TO3BOJINII
BBISIBUTH HE3HAUNTEILHOE 0TI e COflepsRaHms
TM u Mblbsika B BEPXHUX FOPUBOHTAX 00enX
mouB [8]. OpHaKO KOHIIEHTPAINN 3arPSI3HSIOIIIX
BEIeCTB Pe3ko BO3PACTAIOT B HUMKRHUX CJIOSIX
MOYBBI, (OPMUPYIOTIEICs Ha TeXHOTeHHBIX OT-
JIOKEHUAX, 1, HAITIPOTHUB, TIOCTETIEHHO CHIKATOTCS
BHU3 11O PO IO TPUPOHOI TOUBHI.

YpoBeHb 3arpsA3HeHNs, COTJIACHO CyMMapHO-
MY TTOKa3aTeso 3arpsi3sHeHns Z¢, OleHnBaercs
Kak JIOMYCTUMBIH B BEDXHUX CJOSX W CPeJTHMI —
B HUKHUX.

Roumenrpanum mogBuKHBIX COeIMHEHWI
TSKEJIBIX METAJIJIOB, U3BJIEKAEMbIX aleTaTHO-
aMMOHMITHBIM OydepHbIM pacTBopoM ¢ pH 4,8
(AAB), 1160 6musknu k [1JIK, 11160 3HaunTEIBHO
HPeBbINIAIT HOPpMaTUBHbIE 3HaYeHus1 (Tadu. d).

HaubGosnbiee kosmuectBo 0OMeHHbBIX (HOpM
MeJi, TMHKA 1 CBUHI[A XapaKTepHO JIJIsI MITHe-

Ta6auna 4 / Table 4

Copiepsranie MIKPOSJIEMEHTOB B TOUBAX Ha TeXHOTEHHBIX WIaxX, MT /KT
The content of trace elements in soils on technogenic sediments, mg/kg

Tary6una, om Ni | Cu | Zn| As| Sr | Cd| Sn | Sb | Hg | Pb | Bi | Zec
Depth, cm
0-7 86,8 | 81,1 1308 | 11,6] 606 | 31 21 | 98 | 38 | 183]0,89| 54
7-11 8321916319 130] 479 |29 24 | 98 | 30 | 189 ] 1,1 | 43
11-18 47,0 | 176 1560 | 8.6 | 435 | 7.3 2.6 | 64 | 140 465 | 3.1 | 14
18-30 50,7 | 154 | 601 | 73 | 441 | 98| 27 12271270 434 | 26 | 25
TIJTK (OJ1K), on* /i
MPC (APC), 80 | 132|220 10 | 118% | 2 | 25%| 45 | 21 | 130 -
background* n/d

Ipumewanusn: Qon* — dgionosoe codepacanue anemenma 6 nousax Kuposcroii ooracmu; IJ[K npusedernst
no 'H2.1.1.2041-06; 80 — OJ[K 0aa cyeaurnucmorx nous ¢ pH > 5 (no 'H 2.1.1.2042-06); n/0 — dannsie om-

cymemsyrom.

Notes: Background*® — background content of the element in the soils of the Kirov region; the maximum
permissible concentrations are given in the GN 2.1.1.2041-06 (Russian hygienic standards); 80 — approximate
permissible concentrations (APC) for loamy soils with pH > 5 (according to GN 2.1.1.2042-06); n/d — no data.

Tadmuma 5 / Table 5

Copnepsratue TOJABUKHbBIX COSIMHEHNIT TSYREIBIX METAJJIOB
The content of mobile compounds of heavy metals

Roumenrpanum nogsuskabiX coepmuernit TM, mr/kr (uncianrens)
ParyGima, e % OT BAJIOBOTO COJePIRAIs (3HaMeHaTeJb)
D.epth C’m Concentrations ((:f mobile compounds of HM, mg/kg (numerator)
’ % of total content (denominator)
Cu Zn Cd Ni Pb
0-7 1,7/2,0 81,6/26,5 1,9/61 3,4/4 7,9/4,3
711 2,4/2.,6 78,9/24.7 2,0/68 4,2/5 12,4/6,6
11-18 39,4/22.4 147/26,2 9,1/70 9,1/10,9 116/24,9
18-30 24,3/15,8 157/26,1 7,0/71 2,7/11,2 155/35,7
[IJIK / MPC 3 23 - 4 6
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pasibHBIX TOPU30HTOB. BeposiTio, 510 00bsacHsIeTcst
BBICOKNM MCXO[HBIM YPOBHEM 3arpsA3HeH s HaJl-
KOPKOBBIX OTJIOKEHII, a TAK/Ke COofepsKaHmemM
KapbonaroB B 91X ropuzonTax. Ilo muenuio 9],
B AAD BBITSIKKY TIepexofisit He TOJbKO 00OMeH-
HbI€, HO I HEITPOYHO CBSI3AHHBIC NOHBI METAJIIOB,
Y/ePRUBaeMble TOHKOJUCTIEPCHBIMI («aKTHBHBI-
mu») kapboraramu. CoOTHOICHUS TONBIKHBIX
7 BaJOBBIX (DOPM HJIEMEHTOB TTOKA3BIBAIOT, UTO
BBICOKOE 001Iee comepskarme TM B mouse compo-
BOJKIIACTCS YBETIMUEHITeM KOHTIeHTPATII eT0 TOJT-
BIDKHBIX coefinuennii. Vckmouennem siBisieTcs
IUHK, JI0JIS1 TOJABVKHBIX COCIMHEHIIT KOTOPOTO
BO BCEX TOPUBOHTAX cocTaBsieT 0koso 20%. [nnk
omdaeTcst 6osbInei noaBuskHocTHIO0. [lpn BbI-
coknx snavenusx pH Bospacraer posb pactBo-
PUMBIX KOMILICKCOB IMHKA ¢ OPTaHMYeCKIMI
BEIECTBAMU U KOMILIEKCHBIX aHHMOHHBIX (HOPM
nuuka [10]. MoskHO 1TpejiioaoRuTh, 4T0 B JaHHOM
cilydae UMEHHO 0oJiee BBICOKAs KOHI[@HTPAIMS
OPraHMYeCKOTO BEIeCTBA B BEPXHIX FOPU30HTAX
MPU MEHbITIeM 00111eM COJIepsRaHIN JIeMeHTa 0be-
CIIEUMBAET €10 BBICOKYTO TTOABIKHOCTD. 10 Hatmmm
nauabiM [11], B asmoBna bHBIX 10UBaX, cPopMu-
POBABINMXCS HA ATIOMOCHINKATHBIX MTOPOIAX B
moime p. BATKY, {0151 MOABWSKHBIX CORTITHEH T OT
BaJIOBBIX KOHI[EHTPAIMIT He3aBUCUMO OT TTOJITHTIA
cocrasasia or 7 mo 15% nasa csunna, 10-15%
nast munka, 0,7-2,6% paa menu, or 1,2 mo 6%
st Hukedist, okosio 30% — nast kagmusi. CooTHO-
MMeHNsT KOHIeHTPATINI MTOJBUKHBIX COCIMHEeH I
1 BAJOBBIX COJCPsRAHMIT MeJIM, CBUHIA, HUKEJs
B BEPXHUX rOpu3oHTax (TadJ. ), YRIabIBAIOTCS
B YKa3aHHbIe [[Uanas3onbl. Beicokue cooTHoie-
HUS TOKA3aresiell, OTMeUeHHbIe B HIKHIX CJI0SX
TEXHOT@HHBIX T0YB, COOTBETCTBYIOT 3HAUCHUSIM,
pPACCUYNTAHHBIM JIJIsI COBPEMEHHBIX JIOHHBIX OT-
JozKeHnil p. EIXOBKU, W ABIAIOTCS KOCBEHHBIM
MOJITBEPIKICHIEM 3arPA3HEHS OB TSKETBIMI
MeTaJITaMI.

CymmapHoe copiepskanme peiko3eMebHbIX
sneMertoB (P39) B mouBax Ha TeXHOTEHHBIX
OTJIO}KEHMSIX OKA3aJI0Ch HUKe, YeM B TPUPO]-
HBIX aJUTIOBMANLHLIX MouBax (tabia. 6), xors
B HIGKHUX TOPUBOHTAX OHO OJIMBKOE.

Konmenrpanum Bcex sjIeMeHTOB, 3a MC-
RJIIOUeHneM Sc¢, HuKe Min OJU3KI K KIapKaM
(mo Bunorpanosy, 1962). Copepscanne cram-
WS B JIBA pasa MpeBbIIaeT RAAPK dIeMeHTa.
B rexnorennbix mousax nanranouss (Lin) n Sc
COJIEPSRATCA B KOJMUECTBAX, HE TPEBBINTATONIX
RIapKu, cojiepsranme Y — MOBBIIIEHHOE B HUMK-
HUX CJOSX TIpouis.

Routenrparuu Lin u P39 B 1iesom B npu-
POJIHBIX TTOYBAX XapPaKTePUBYIOTCSA aKKyMYy-
JATUBHBLIM pacipefelenneM Mo MpoQuiio.
B texHoreHHbIX mOYBAX TaKKe OTMeEYaeTCs
HarkorieHne L.n B TyMycoBOM TOpuU30OHTE, HO
pacupejeserne P39 B 11eJ10M 110 MUHEPaJbHbIM
ropusoHtaM paBHoMmepnoe. PaBHomepHOCTH
pactupepenenns P39 obecmeunBaercs 3a cuér
pesroro (B 2 pasza) yBeanueHnus copepranust Y
B JIBYX HUKHUX CJOSIX MOYBBI HA TeXHOTEHHBIX
niax.

B pacnpenenenun ornenbubix Lin o npo-
(puiio poABIATUCH CIEYIONIE 0COOEHHOCTH:
B 00eMX 1MouBax OTMEYaa0Ch OTHOCUTEJIbHOE
HAROTIJIEHNE B TYMYCOBOM ropusonte Al nanra-
HouyioB o1 La o Fou, KoHIleHTpaum octajibHbIX
asemenToB aToro psaga ot Gd no Lu mocrenenno
BO3pacTajm B TEXHOT@HHDLIX TTOUBAX W CHIKA-
JUCh B IPUPOAHBIX aHamorax [12].

Bepositio, Takoe pacrpejeserue moj-
TBEPIK/AeT PA3JIMYHOE TeOXUMUYECKOe MOBeJe-
Hume JETKUX U TSKREIBIX Janranouos. B anure-
paType OTMe4aoch, 4TO OPraHNYeCKIe TUTa bl
00pasyIiorT ¢ TSIKEJABIMU JaHTaHougaMmu doJjee
MPOUYHBIE PACTBOPUMBIE KOMILTERCHI, TTOATOMY
TOJIsT COXPAHUBIIUXCSA JETKUX JTAHTAHOUOB
B 1mouBax Buiie (ruruposano mo [13]).

Tadmmma 6 / Table 6

CymmapHoe cofiepskanue Jantanou 0B 1 P39 B mouBax moiiMer
The total content of lanthanides and rare earth elements (REE) in the soils of the floodplain

Fny6buna, cm Copepsranme gantamonmos, Mr/kr | O6tmee copepskanme P39, mr/kr
Depth, em Content of lanthanides, mg/kg Total REE content, mg / kg
[Tousa na rexnorennbix niax / Soil on technogenic sediments
0-7 107,79 144,19
7-11 120,97 163,56
11-18 105,24 160,84
18 =30 107,35 167,05
[Tousa na asmosun / Soil on alluvium

0-7 151,50 197,84
7-16 155,67 197,96
36 16-26 145,73 184,65
26—50 129,75 166,78
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Tadmuma 7 / Table 7
CBoiicTBa OYB HA TeXHOTEHHBIX MJIAX
Properties of soils on technogenic sediments
lmybuna, cm Copepskanite opraHuieckoro seriecrsa, % pH Bojn. pH cou.
Depth, cm Organic matter content,% pH, pH,,

0-7 23,824 7,6+0,2 6,9+0,2
7-11 18,6+1,9 7,8+0,2 7,2+0),2
11-18 7,4+ 7 8,0+0,2 7,9+0,2
18-30 6,8+0,7 7,9+0,2 7,7+0,2

Csoilcmea noue Ha Mexrno2eHHbLL OMAONHCE-
Husz. [10YBbI HA TEXHOT@HHBIX MJIAX OTINYAIOTCS
cJ1adoIeIOUHON peaKkijueil, NpuuéM BHU3 110
npodunio pH Bozpacraer (radn. 7). B oxkpy-
FRATOTIIX A/LTIOBUAIBHBIX TTouBax 3HaveHus pH
COOTBETCTBYIOT CJTA0OKMCION peakmun cpejbl
(or0JI0 D,9).

[Tourn onuuaroswie 3nauenns pH B BogHOI
7 COJIeBOI BBITSIKKAX B HUKHUX CJIOSAX TTOYBBI
CBUJIETETLCTBYIOT O HACHITIIEHHOCTN NX OCHOBA-
nusimu. Cojtepskanue OpraHn4yeckoro BelecTBa
BBICOKOE, 3aKOHOMEPHO CHUKAETCSI BHI3 110 TIPO-
(punro. HecomuenHo, B 0TophOBaHHOI TTOJICTUITKE
3HAYNTETLHYIO YacTh OPraHMUYeCKOTO BelecTBa
COCTABIISIOT PACTUTENHHBIE OCTATK.

B niporecce nmouBoobpazoBaHus Ha TEXHO-
PeHHBIX OCAJIKAX CYIIECTBEHHYIO POJIb B CO3IAHNT
Na0MABHOTO OPTaHMYECKOTO BelecTBa UIrpaioT
(pororpodrbie Mukpoopranuamel [14]. Axbroso-
PUYECKUIT AaHAJINS TOYBEHHBIX 00Pa3IOB MTOKA3aI,
4TO B IpoIecce MpeodpPasoBaHmsl TeXHOTeHHbIX
0CAJIKOB B TIOTIMe HaOJI0/IaeTcs MaccoBOE Pa3BI-
tie Bopopocieil n muanodarkrepuit (I15), uérro
muddepeHImpoBaHHOe B 3aBUCUMOCTI OT TOPH-
30HTOB TI0 BUJIOBOMY 1 KOJMYECTBEHHOMY TTPe]i-
craButenbeTBY. BumoBoe 6orarcto hororpodon
npejicTaBiaero 34 sugamu Bojropoceit u LB, Brom
ynucye nz oraena Cyanophyta — 7, Chlorophyta —
23, Xanthophyta — 2, Bacillariophyta — 2. ITpu
ATOM HAOJTI0/IaeTCsl SIPKO BhIPayKeHHAasl TeHJIeH-
S CHUKEHNS BUOBOTO ODOTATCTBA ¢ TITyOMHOT.
[Tpepcrasurenn Cyanophyta pazmuoskaiorcs
TOJILKO B 2-X BepXHMUX Topusontax. ToJbKRO B
BepXHeM rOPU30HTe BCTPEUATOTCS sKENTO3ETeHbIe
(Xanthophyta) n pmaromossie (Bacillariophyta)
Bopopocu. ITpeodsapanne BumoBoro paznoodopa-
sust B orpesnax Chlorophyta xapakrepuo u pjis
AJTTIOBNAJIBHBIX JIEPHOBBIX MOYB OKPYKAIOTINX
noiiMmerHbIX Tyros [ 15]. B atom orsrene tpu Buja
(Chlorella vulgaris, Chlorococcum infusionum n
Pseudococcomyxa simplex) obnapysReHbl B KazK-
JIOM TOPHM30HTE, 4TO, BEPOSTHO, CBUIETEJILCTBYET O
MaKCUMaJIbHO BBICOKOIT 9KOJOTMYECKON BaJleHT-
HOCTH JIJAHHBIX BUJIOB, TAK KAK YCJIOBUS OOUTAHMS
(aspariusi, CBETOBOI peKUM, XUMUYECKUIT COCTAB
M T.].) B TOPH3OHTAX PE3RO Pasnnyaiorcs. Xors

MaKcHMaTbHOE BU0BOE pazHooOpasme Xapak-
TEPHO JIJIs1 3eJIEHBIX BOJOPOCIeil, MAKCHMaTbHO®e
KoJmyecTBeHHOE obunne ormeveno y I1B, pas-
BUBAIOIMINXCA B BepXHUX ropusdonTax. Mukrpo-
(pororpodbr, Oarogaps BHICOKOH CKOPOCTH pas-
MHOKEHUSI, CIOCOOHBI CO3/[aBaTh 3HAYNTETbHbIE
00bEMBI TIEPBUYHON TPOMYRITUU, TTOTIOJHSIS
3amachl OPraHMYecKoTo BerecTBa mouBsl [14].

BriBoabi

Taxkum obpasom, B monmne pexn Bsarkm B
paiione r. Kuposo-Yererika rocJe mpexparieHust
[OCTYIIJICHUS B IIOMMEHHOE 030 3arpsi3HEHHBIX
CTOYHLIX BOJ XUMUYCCKUX HPEAIPUATA 1 13-
MEHEHUS THIIPOTIOTMYECKOTO PEeKIMA HA TTOBEPX-
HOCTH BBITILIN TeXHOT@HHBIE JJOHHbIC OTJIOKeH IS,
Ha ROTOPHIX HAYa I POPMUPOBATHCS 1TOUBBI. Tex-
HOTEHHBIE Wb TTPEJICTABISIOT CODOT BABKYIO Ce-
PYI0 Maccy, XapakTepusyioTcs OacHbIM YPOBHEM
3arpA3HEHS, TTPEsK/Ie BCETO, CBUHITOM 1 PTYTHIO.
Mopdomorugeckue ocodentoctTn GOPMUPYIO-
MIMXCS HA HUX T0YB 3aKII0YAI0TCS B MAJION MOIIL-
HOCTHN HpO(bI/IJIH " HAJINYUM Bonoynopa B BUE
TUTICOBOT KOPKM, B OTOPHOBAHHOCTY TOJICTHIIKN 11
MTPUCYTCTBUT OTYETIMBHIX MTPU3HAKOB OTTICeHTA.
B xumundeckom cocrase TOUB ITPOSIBJISIETCST, ¢ OJ[HOIA
CTOPOHBI, UCXO[HAS HEOLHOPOLHOCTh 1 3arpsi3-
HEHHOCTH TEXHOTEHHOTO WA, ¢ IPYToil — ydacTue
CBEYKET0 aJLTIOBIS AJTIOMOCIIMKATHOTO COCTAaBA.

[Tounbl BarpsisHeHbI TSHRETBIMU METATIIAMU,
MBIITBAKOM, cTpoHIieM. B Bepxueii uactu mpo-
(pusist ypoBeHb 3arpsisHens caabbiiil, B HUZKHEH —
yMepeHHbI. B HUGKHIX 05X Bo3pacTaeT KOH-
[EeHTpaIUA PTYTU, CBUHIA, IINHKA, CYPbMbI, & TaK-
Jke yBeamumBaercsa noasmskuocts TM (mepn,
[UHKA, CBUHIA), [IOYTHU B JIBA pasa Bhillle KJIapKa
cofepskanme ntrpus. CremoBaTesbHo, MOUBLI Ha-
CTeMYIOT BHICOKYIO MCXOHYIO 3arpA3HEHHOCTD
TeXHOTEeHHBIX NJOB, OJJHAKO X BerHI/Ie FOpI/I-
30HTHI, OJTaroaps yIacTuio CBeKeTO aJTIoBII
7 OoJlee aKTUBHOMY BOBICUEHNMIO HIIEMEHTOB B
OMOJOTMYCCKUIT KPYTOBOPOT, OTJIMYAIOTCS CJia-
ObIM YPOBHEM 3arpsi3HEHUS.

B orinmunme or oKpysRaIONIMX KICIBIX aJLII0-
BUAJIBHBIX TI0YB, TTOYBLI HA TEXHOTMeHHBIX MJIAX
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XapakTepusyIoTCsa caadO0IEeT0UHON pearIjuei
B OPraHOMUHEPATILHBIX TOPUBOHTAX, MEJTOUHON —
B HUZKHUX CJIOSAX TTPOUIIS.

B nporecce npeobpasoBaHusi TeXHOT€HHbBIX
MJIOB HAOJTIOJIAETCSI MACCOBOE PA3BUTIIE BOJIOPOCIIETt
u 1B, uérko nuddepeHiinpoBaHHOE B 3aBUCUMOCTI
OT TOPU3OHTORB TI0 BUIOBOMY U KOJIMYECTBEHHOMY
npefcraBuTeNbeTBY. BumoBoii cocraB anbroaopb
BEPXHIX FOPU30HTOB (POPMUPYIOIUXCS TIOUB COOT-
BETCTBYET TAKOBOMY B Q/LTIOBHAJIbHBIX JIEPHOBBIX
MOYBAX OKPYsKAIOTIEH TePPUTOPUTL.

masubie iporieces, yaacTBytorme B popmu-
poBarum ipoduisi — odpazoBaHme 0TOPHOBAHHOI
MOJICTIIIKY, TYMycooOpazoBanue n orjieeHmne —
B TEUEHUE HECKOJbKUX JeCATHIICTHI TPUBETN
K 00pa3oBaHMI0 MAJOMOIITHON MOYBbI, KOTOpas
HacJe/lyeT CBONCTBA TeXHOTEHHBIX UJIOB, HO B TO
JKe BpeMsl ipnoOperaeT yepThl, IPUCYIIIe Tpi-
POJIHBIM AJITIOBUAJIBHBIM [TOYBAM.

@opmMupoBaHue MOYBEHHOTO TTOKPOBA Ha
TeXHOTEHHBIX OTJOKEHUsX B IOIMe cjejyer
paccMaTpuBaTh KaK MOJOKUTEIBHOE SIBICHE.
Oo6pasoBaBminiicss opraHOMUHEPATbLHBIN TOpu-
BO0HT M PACTUTEJbHBI TTOKPOB MPETATCTBYIOT
ARTHBHOMY Pa3MbIBY B IMABOJIOK HUKeTeRATIECH
HEOCTPYRTYPEHHON 3arPA3HEHHON «HATKOPKO-
BOTI» WANMCTOM Macchl M PACTBOPEHNIO TUTICOBBIX
HOBOOOPA30BaAHMIT — KOP, CAEPRUBATOINX TIOJ[-
BUJKHOCTH MOTITHOT TOJIIN 3arpsA3HEHHBIX TeX-
HOTGHHBIX OTJIOREHUI.

Asrop 6aropapur csoux koster I'.fl. Ran-
tropa n A.11. Jlemernko 3a momornisb B orbope mpoo.

Paboma evtnoanena 6 pamkax 2ocydapcmeen -
noeo 3adanus Uncmumyma ouonoeuu Komu HIT
YpO PAH no meme «Oyenka u npozno3 omcpouen-
H020 mexno2eHn020 8o3delicmeus Ha npupodnvle
uw mpancPhopmuposanibvle IKOCUCMeMbl ROJ30HbL
100icott madtieu» Ne 0414-2018-0003.
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Bausinue copep:ranmsa TSHLKETBIX METAIOB B BOJIe MAJbIX Pek,
UCIIOJIb3YeMOM JIIsA 1OJMBA KYKYPY3bl apMAHCKON IOIMYJIAIMA

© 2018. A. P. Cykunacsu, K. 0. H., JJOI|eHT,
HarnumonanbHblii nmoaurexunyecknii ynusepcurer Apmennu,
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IKosornUecKas 6€30MaCHOCTh MAJIbIX PEeK JI/Isi HAceJIeHIsl pernoHa, ux pojib B (DOpMUPOBAaHUN OGHOTH BO MHOTOM
OIIPEJIeIAIOTCA XUMIYECKIM COCTaBOM BOjibI. [Ipn namernennn nuTeHCMBHOCTH JIeMCTBUSA RIAMMATHYECKIX U AHTPOTIOTEHHBIX
(hakTOpoOB XUMMUECKUII cOCTAB 1, KAK CJJCTBIE, KAYeCTBO BOJIBI MOTYT CYIECTBEHHO N3MEeHsThes. B ¢Bsian ¢ sTum 1mpo-
BeJleHIe MOHUTOPMHTOBbIX HCCTE0OBAHUIT COCTABA BOJIBI 9TUX MCTOUHMKOB ITPEJICTABISIETCS BeChMa aKTyaIbHbIM. VI3yueHb
ocobennoctn murparun psjua TsiRéanix Merasion (TM) B Tpuase Bojia-mouBa-pacrenie Ha mpruMepe oJ{HOJeTHEro TpaBsi-
HUCTOTO KYJIBTYPHOTO PacTeHNsI — caxapHOil KYRYPY3bl, IPOU3PACTAIOIIET0 Ha PUOpesKHbIX Teppuropusx pexu [HIHox.
B kauectBe KOHTPOJIBHOTO PACTEHNST NCHOTB30BATACH KYRYpY3a HHOpeHoil tuHun B73. B cnernuanbHo 060pyroBaHHOI
CUCTEMOTT KOHJINIMOHNPOBAH A KINMATHUECKOIl KOMHATEe MOJIe/NPOBAJIH 3aCYXY U3MEHEHIeM ONTHMaJIbHOI OTHOCUTETbHOT
BJIAKHOCTI TI0UBbBI OTBITHBIX BA30HOB. B KOHTPOJILHBIX BA30HAX ONTHMabHAsI OTHOCHTe/IbHAS BiazkHOCTh TouBbl (OBIT)
cocraBisia 04%, B crydae yMepemrHnoit 3acyxXm — 43 %), Mpu 9TOM BU3YATHIO He HaOII0MaI0ch YBAMANNS TIMCTHEB PACTEHTIS.
Bo Bpemst MopieimpoBaHist CHITBHOM 32CY XM ONTHMATBHAS OTHOCHTEIHHAS BIAKHOCTH TOYBBI COCTABIsANA 34%), a yBsilanme
nuerbeB Habmoanock B redenue fHst. Copepyranue TM B o6pasiax peuHoil Bojibl, 1pUOPesKHOT MOYBBI 11 36peH pacTeHnil
OCYIIECTBISIIOCH ¢ TOMOTILIO mopraTuBioro anaanszaropa « Thermo Scientific™ Niton™ XRFE PortableAnalyser». [Ipo-
BEJIEH aHAIN3 KNHETHYECKNX JIAHHBIX POCTA PACTEHNA B YCJIOBHAX MojiesnpyeMoit 3acyxu. OnpejiesieHbl KHHETHYeCKIe a-
paMeTpbl pocTa pacTeHuil B TPEX YCJIOBUAX MOJCIIPYEMOI 3aCyX . ¥ CTaHOBIeHA KOPPE/IAIOHHAS CBS3b MEKILY CKOPOCTHIO
pocra 61oTOTnYecKnX 06pasIoB 1 3aCyX0il, KUHETHYeCKIe apaMeTpbl pOcTa pacTeHI il B yCI0BHAX MOJIINPYeMOTl 3aCyXH.
BoisiBiiena KoppessnnoHHas CBA3b MEKJLY BEJTMUNHOI BOJHOTO HOTEHIINAIA 1 OCMOTHYECKOTO IaBJIeHNA Y TPEX/HeBHbBIX
0OeroB MATOrO JICTa KYKYPY3bl B YCJ0BUAX 3acyXu. PaceMorpeH (DUanoornyecknii OTBeT pocta pacTeHus 1o CTeleHn
3acyxXu, MMOKasaTe/siM BOJIHOTO TOTEHINAMA 1 OCMOTHYECKOrO JlaBjieHus. BoisBiena ornpenenénHas npocrpaHcTBeHHas
JMHAMITKA pacipejesnenns Hekoropbix TM B rpuajie Bosa-mousa-pacrenne. [lomyueHHbrii sRciepnMeHTaIbHBIIT MaTepras
HO3BOJISIET OCYIIECTBUTH KOMIIJIEKC MEPOIIPUSTUIL 110 MOHUTOPUHTY CTeIIeHU 3arpsA3HEHHOCTU PEUHOIT BOJIbI, KOTOPYIO 1C-
HOJB3YIOT B OPOCUTEJIbHBIX TIeJISIX ¢ YUETOM TOUBEHHO-KINMATHYeCKUX YCTOBUIT IIPON3PACTAHMS.

Karoueswie crosa: pacreHune, 3acyxa, KUHeTURa pocTa, BO}IHLII"'I HHoTeHInaJI, OCMOTNYEeCKOe JlaBJieHue, TSRETbIE METAJLIThI.

Influence of heavy metals content in water of small rivers used
for irrigation of maize of Armenian population
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Ecological safety of small rivers for the population of the region, their role in the formation of biota is largely deter-
mined by the chemical composition of water. The intensity of climatic and anthropogenic factors changes, the chemical
composition and, as a consequence, the quality of water can be vary significantly. In this regard, the monitoring studies
of the water composition of these sources are very relevant. The features of migration of a number of heavy metals (HM)
in the water-soil-plant triad were studied using the example of an annual herbaceous cultural plant — sugar corn (Zea
mays L..) growing on the coastal areas of the Shnogh River. As a control plant corn inbred line B73 was used. With a
specially equipped air-conditioning system the drought was modeled in climatic room by changing the optimum soil
water content in the experimental vases. In the control vases, the optimum soil water content was 54%, in the case of a
mild drought — 43%, wherein the wilting of leaves of the plant was not visually observed. During the modeling of severe
drought, the optimum soil water content was 34%, and leaf wilting was observed during one day. The content of HM
in samples of river water, coastal soil and plant grains were carried out using a portable analyzer “Thermo Scientific™
Niton™ XRF Portable Analyzer. An analysis of the kinetic data of plant growth under simulated drought conditions was
carried out. Kinetic parameters of plant growth in three conditions of simulated drought were determined. A correlation
was established between the growth rate of biological samples and the drought. The kinetic parameters of plant growth
under simulated drought conditions were established. A correlation was found between the water potential and osmotic
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pressure in the three-day shoots of the fifth maize sheet under conditions of drought. The physiological response of plant
growth according to the degree of drought and indicators of water potential and osmotic pressure were considered. A
certain spatial dynamics of distribution of some HM in the water-soil-plant triad is revealed. The obtained experimental
material will makes it possible to carry out a complex of measures to monitor the degree of contamination of river water
which used for irrigation purposes taking into account soil and climatic conditions of growth.

Keywords: plant, drought, growth kinetics, water potential, osmotic pressure, heavy metals.

O0beKThl IPOMBIIIJEHHOI pa3paboTku
PasIMUALIX PYAHBIX TMOJE3HBIX NMCKOTAeMBIX
ABIAIOTCA NCTOYHNRAMI OCHOBHOTO MOCTYILJIe-
HIST TOHKOJMCTIEPCHBIX MUHEPATHHBIX YaCTHI]
7 HETaTHBHOTO BJIMSTHUS Ha ORPYKAIONTYIO cpe-
ny. YcraHoBieHa 3aKOHOMEPHOCTh B XapaKrepe
pacipejiesieHus COjlepyKaHusA psjia HIeMeHTOB,
KOTOopasi BbIpaykaeTcs B YETKO BBIPaKEHHOM
yBesqnuennn kounenrpanuiit W, Mo u Zn. He
siBJsieTcst uckiaoveHnem n Texyrckoe monnode-
HOBOE MECTOPOJKIEHNE, B CBA3Y C dKCILTyaTarneit
ROTOPOTrO XuMu4ecKkuii coctas Bojibl pern [TTHox
npeTepriesl UBMeHEHUsT, 4TO OTPA3UIOCH Ha JTaH]I -
madre n 3amacax npecHoil Bojbsl. Pexa [llmox
npuHauiieskuT dacceiiny pexu /leder u eé Bopbl
NCITONIB3YIOTCSA I OPOITeHMsT OJIM3IeRAINX
3eMesrh Hacenémubx mynkTos Texyr n [Hmox.
C oxHoIl cTOpOHBI, HEOAATONPUATHBIE YCIOBUS
OKPY;RAIOMIeil Cpefibl HaKIa[BIBAIOT cephe3Hble
OTpaHMYeHNsI Ha POCT PACTEHUI, TPATNIIIMOHHO
BBIpAIIBaeMbIX Ha JlanHol Teppuropun [1],
¢ Ipyroii — abmoTnyecKmnii crpece 3acyxu orpa-
HUYMBAET POCT pACTEHUSI, CHUKAs YPOBEHb 11PO-
AYKTUBHOCTH CEJIbCKOX03ANCTBEHHBIX pacTeH il
B CTpPaHAX ¢ CYXUM KOHTUHEHTAILHBIM KIMMAaTOM
[2]. Ha reppuropunm Apmennu caxapHas KyKRy-
pysa siBJsieTcss XapaKTepHbIM TpUycajeOHbIM
KYJBTYPHBIM pacteHueM. B Gosbiieiil crernenn
OHA KYJBTUBUPYETCS B CeBEPHBIX peTnoHax BOJIN-
31 OeperoBuIX JIMHUI pek. Kyrypysa orjimdaercs
BBICOKOI MPHUCTIOCOOAAEMOCTBIO K RIMMaTnye-
CKUM M3MEHeHWAM, 0 4éM CBU/IETeIbCTBYET POCT
YpOsKaHOCTH 1 yBeJndeHne eé OoCeBHBIX 110~
majiell B Mupe. 3a rmocJaeHne Tpu rojia MupoBoe
MPOM3BOJICTRBO 3epPHA KYKYPY3bl JJOCTUTIO 638
MUJIH TOHH [3].

[TpropureTHbIMU ABIAIOTCA NCCTETOBAHNIS,
HalpaBJIeHHble HA U3bICKAHE COPTOB PACTEHUIT
¢ TOBBIINIEHHOI a[alITUBHOI CIIOCOOHOCTHIO K
MEHSIONUMCS YCJIOBUAM OKPYJKAIOMIel cpejibl
[2]. Bpemennbiii e uiiut BoJbI, BO3HUKATOTII
Ha pa3HbIX a3ax pa3BUTHS PaACTeHNIT, CephE3HO
BJIHSIET HA WX POCT, TOATOMY BeChMa aKTyaJlbHO
n3ydeHmne OTBETHON peakIny pacTeHuil Ha 3a-
cyxy [4]. 3menenne KNHETURA PocTa pacte-
HISA SABJISAETCA 4aCThIO €r0 PeakInn Pl 3acyXe
[5]. HeGoabime auctbst TepsioT MeHbIIe BOMbI
13-3a YMEHBITIEHHON IO TPAHCINPATINN.
OuweBnHO, UTO M3MEeHEHNE KOJIIMIECTBA BOJBI HA

10001 cTajiui pazBUTHS KYKYPY3bl MOKET OT-
pas3uThesl HA €€ YPOIKAUHOCTH.

Wexons n3 BoilliecKazanHoro, 1ebio paboTh
ABJIAACTCA OIEHKA BAUAHUA 3arpA3HEHHOCTH pey-
HOTI BOJIBI HA POCT PACTeHUI ¢ yUETOM abuoTmye-
CKOTO cTpecca — 3aCyXM, UTO MO3BOJIACT CTATUCTH-
YeCKM! JIOCTOBEPHO M3yUaTh ITPOIecehl JlanTarnn
pacTeHns PN pa3anyHbIX YPOBHAX 3aCyX.

O0beKThI 1 MeETO/AbI NCCJAeJOBaHNA

B kauectBe o0beKTa MccaAenOBaHMIT ObLITH
BBIOPAHBI cOPTa apMsHCKOI TOMYJISIINN OHO-
JIETHETO TPABAHMCTOTO KYJIBTYPHOTO PACTE@HMST —
caxapHoil RyRypy3bl (Zea mays 1..), pactpocrpa-
Héunoii B Jlopuiickom paitone Apmenun Bon3n
pexn Jleber (IlTmox — 41°08'52" ¢. m1., 44°50'16"
B. 1., Texyr — 41°07'05" c. m1., 44°50'45" B. 11.)
n kyrypy3snl B73 (lowa Stif Stalk Synthetic)
B KaudecTBe OMOJOTHMUYECKOro KoHTpoJst. Moje-
JUpOBaHIe adNMOTHYECKOI 3aCyX1 OCYIIeCTBIIS -
JOCh B CIIEIUAIBHO 000PYIOBAHHOI CHCTEMOTT
KOHJIMIIMOH N POBAHIS KIMMaTH4eCKOI KoMHare.
B KOHTPOJILHBIX BA30HAX ONTUMAJIbHASI OTHOCH -
tesbHas Baaskuocts mousbl (OBII) cocranmsna
94%. MopietupoBatiie 3acyxXu OCyIIeCTBISIIOCH
nyrém namenenus OBII pesxxumom nmonnsa.
B ciyuae ymepennoii 3acyxu OBII cocranmsina
43%, npu 9TOM BU3YaJNbHO He HAOIIONATOCH
YBsiJlaH U5 TMCTheB pactenusi. Bo Bpemsi Mojienn-
posanus cuibHOl 3acyxu OBII cocrasmsna 34%,
1 HAOJTIO/IA/IOCh YBsI/aHIIe JINCTHEB B TRUCH e [IH S
[6]. B srcriepumMeHTax mciojib30Bagach MouBa
pupmbt Jiffy (Hupepranpsr). Usmepenmus copep-
JRAHMS XIUMUYECKIX DJIEMEHTOB B HCCICYeMbIX
obOpa3srax (3071a ceMsH KyRYPYy3bl, BOJIA U TOUYBA )
OCYIIECTBISIINCH ¢ ITOMOTIBIO TTOPTATUBHOTO aHAa-
ausaropa «Thermo Scientific ™ Niton ™ XRF
Portable Analyser» [7].

Cratuctueckyio 06padboOTKY BBITIONHSJIN HA
ocrone 10 GuoSOTHUECKUX U 10 O TEXHUUCCKUX
noBropHocteit srcrepumentos npu p < 0,05 [8].

Pesyabrarel n ux odcy:kaenne

B mpoBeénubIX HAMU panee NccaeOBaHIAX
OB M3Y4YeHbl (PU3MOJTOrNYecKne N3MeHeH s
pocTa RYKYpPy3bl, KOTOpPbIe BbI3bIBaJIa 3acyxa.
OcymiecTBiénHas MojeanpyemMas 3acyxa ma-

Al

Teopernueckas u npuriaaguas sroaormst. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4




MOHUTOPUHT AHTPOIIOTEHHO HAPYIIIEHHBIX TEPPUTOPHII

42

MeHUJIa 3HavYeHre CTeTeHy YAJTNHeHIs JTIcTa
(CYJI), coxpassisi ipu HTOM 0OIIYI0 KUHeTHYe-
CKYI0 3aKOHOMEPHOCThL pocta pactenus. 3yye-
HIle KTHeTHYeCKNX IlapaMeTpoB pocTa pacTeH i
B YCJOBHSAX MOJIeJIMPYEMOii 3aCyXy TTO3BOJIIIO
OOHAPYIKUTh KOPPEJSIUOHHYIO CBSI3h MEMK/Y
CROPOCTHIO POCTA OMOTOTHUCCKIX 00PA3IMOB 1
3acyxoit. [1pu aTom ajjanranmoHHbie MeXaH3M bl
pacTeHuil PeryNupyloT BbI3BaHHBIC N3MEHEeH s
ITyTéM OTpaHmYe s ITOTePH BOJIBI ¢ TOBEPXHOCTU
JAncTheB. BhiTo moKkasano, 4To BeJindnHa TpaHc-
MUPATINT MOKET OBITh CITOTH30BaAHA B KAYeCTBE
KpUTepusi P OTNeHKe BIVSHUA a0NOTHYeCKOro
crpecca Ha psjt (GU3NOJOTHIECKIX TOKa3aTe el
pocra pacrenus [9]. Ilpu srom Heobxopmmo
YUHUTBIBATH IOCTHTAeMOCTh KOPHEBOI CUCTeMbI
KYKYPY3bI 10 YPOBHSI TPYHTOBBIX BOJI, COITOCTAB-
JsIs1 yAIEHHOCTH CAMOTO PACTeHWST OT OCHOBHOTO
pycaa pexn [10]. EcrectBeHHO, MOKHO TIPEJITO-
JIOKUTh, YTO OCMOTHYECKI YCTOMYNBBIE PACTEHIIS
OymyT GoJiee TOJTEPAHTHBI K PA3IMUIHBIM DKOJO-
IMYeCKUM CTPeccaM, TPUBOMSAIINM K BOJTHOMY
nedurury pacrennii. Onpepesnenie BeJTUINHbBI
Typropa nmeer 00JIbI10e 3HaUeHIie, B YaCTHOCTH,
JUIST 9KOJIOTHYECKIX MCCJeOBAHMIL: €T0 OIpejie-
JIeHe TT03BOJISIeT CYINTh O MAKCHMAaJIbHOM CIT0-
cOOHOCTHU pacTeHusl MONJIOIMATh BOY W3 TOYBBI
" yAep:RuBaTh eé B yCJ0BUAX aOMOTHYECKOTO
crpecca [11]. Bopmblii moreHiimans KaeToK mu3-
MEHSIeTCs TaKyKe B PUCYTCTBUN OPTaHNYeCKIX
BeIecTB, CBA3BIBAOMIMX Boy [12].

O6 n3MeHeHNN IMHAMIKI POCTa PACTeHIS B
YCTOBUSAX 3aCYXHU MOKHO CYIUTH 110 KOdhduiim-
eHTaM CBA3U ypaBHeHHA y = a + a X + a,x*[9].
CorytacHo TIOJyYeHHBIM pe3yJibrataM, 3HaYeHIe

HYJEBOTO TOJUHOMIAILHOTO Kod(duiimenra,
OTIPesIeJIAIONeT0 HAYaNbHYIO CKOPOCTH MPO-
pacTaHms d-TO JUCTA pacTeHusi, OTINYAETCs OT
KOHTPOJILHOTO 3HAYEHUsI IIPU YMepPEeHHOII 3acyxe
B JIBA pasa, a 1pu CUJbHOI 3acyXe — B TPU pasa
cooTBeTcTBeHHO. KoJimuecTBeHHbIe M3MEeHEeHU s
[epPBOTO MOJMHOMUAIBHOTO KOduiinenTa co-
craBmio 79% mpu cpaBHEHUN ¢ KOHTPOJbBHBIM
obpasmom B73 B rex me ycaosusax n 23% —
B cJIydae CuJIbHOro crpecca (tads. 1).

Ucxopst u3 1010, 4TO TEIJIOBOI CTPECC BbI-
3bIBAaET M3MEHEHNsI B 0OMeHe BelecTB Kie-
TOYHOU CTEHKHU, TeM CAMBIM SIBJISISCH BaKHBIM
pusmosoTIUECKNM MeXaHM3MOM TTPOSBJICHUS
TOJEPAHTHOCTH PACTeHUIl, B MATbHEMIINX DKC-
MepuMenTax ObLIN NCCTeIOBAHbI N3MEeHeH s BOJI-
HOTO IOTEHIMAMA U OCMOTHYECKOTO JlaBJICHUS
Y TPEXJTHEBHBIX TOOETOB TIATOTO JINCTA KYKYPY3 bl
BYCJ0BUSIX 3acyXu. B 1IpoBeiéHHBIX 9KCIIepUMeH -
Tax CUJIbHAsl 3acyXa CIIOCOOCTBYET MOBBITIEHUTO
3HAYEHUSsI BOJHOTO MOTEHI[MATa PACTUTEIbHOI
wierkn Ha 79% (rabor. 2), 4ro MosKeT ObITH CBA3AHO
¢ RJIETOYHBIM paciinpeHneM, 00ecnednBaonnm
ajlanTaimnio pacrerus npu 3acyxe [13].

Peaxius pacrenus B oTBeT Ha BO3JeiicTBIIE
3aCyXu ofpefiesisieTcss (PyHKIMOHATbHBIMI BO3-
MOKHOCTSIME €TI0 KJAeTOuHOI creHku. B revenne
Mepuojia MOBBIIIEHHON TeMIepaTypbl B Kie-
TOYHOW CTEHKe pacTeHus co3aéresi BIopuaHoe
ocask/eHne, peKpalaoiee yijinHeHne KJIeToK.
[Tocie BoseiicTBIS BHICOKOIT TeMIIepaTypbl HTH
Oesikn 0DecIeunBaOT YRPEIJIeHne KJIeTOUHO
CTEHKU, TTOMOTasl pacTeHNIO aJanTHupoBaThHCs
K BbICOKOII Temmeparype. IlosTomy KierouHbie
CTCHKU C IOBLIIICHHLIM YPOBHEM PACIIUPEHU

Tadauma 1 / Table 1

Roaddurments noanuoMmuanbHoOM ¢BA3M L5l ONUCAHNA KUHETUKN POCTA CaXapHON KYRYPY3bI [1PI 3acyXe
Rrelationship between polynomial coefficients for describing the growth kinetics of Zea mays L. under

drought
[Trox Texyr

Obpasen, / Sample Shnogh Tek}?ut B73

. . b 1 39,77 31,45 20,04
a, — HyJIeBOIi IoJMHOMUANbHbLIT Kodppunment
the zero polynomial coefficient ; ?;gg ??gé 111;}7662
; . 1 72,15 1121 108,4
a, — IepBbIIi OJMHOMUANLHbLI Kodpduinent 5 =132 92,04 37.00
the first polynomial coefficient 3 ‘9 ’;3 ‘28,47 28747
7() 2 b

R2 ) ) o 1 0,997 0,996 0,993
- ROJ(P(PHHI/I(—)HT dHHp.OK(JI/I.MdI_[I/II/I 9 0,999 0,998 0,991

the coefficient of approximation 3 0.9 0.9 0.9

llpumewanue: 1 — konmpoav (omnocumeabias eAaicHocmes nousvt— H4%); 2 — ymepennas cmpece-3acyxa
(omnocumeavhasn siaxnocms nousvt — 43%); 3 — cuavhas cmpecc-zacyra (OMHOCUMEABHAL BAAHCHOCTND

nousol — 34%).

Note: 1 — Control (Soil Water Content — 54%); 2 —Mild stress (Soil Water Content—43%); 3 — Severe stress

(Soil Water Content — 34%).
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Tadauma 2 / Table 2

Namenenne moteHIMOMETPIYECKIX TTAPAMETPOB MATONO JINCTA CAXapPHOI KYKYPY3BI TIPH MOJCINPYEMOIl 3aCyXe
Variation in the potentiometric parameters of the fifth leaf of Zea mays L. under simulated drought

Obpaser
Sample

Bopuerii morentman, MIla
Waterpotential, MPa

Ocmornueckoe gasaenne, MIla
Osmoticpotential, MPa

Kourposs (oTHOCHTEIbHAS BIAsKHOCTL OUBBI — D4%)
Control (Soil Water Content — 54%)

[Trox / Shnogh -0,312 -0,175
Texyr / Tekhut -0,245 -0,393
B173 -0,09 -0,273

YMepeHHbBII cTpece (OTHOCHTEThHAS BIAKHOCTH TOUBBI — 43%)
Mild stress (Soil Water Content — 43%)

[ITaox / Shnogh -0,313 -0,169

Texyr /Tekhut -0,256 -0,45
B73 -2,01 -3,01

CuibHBIN cTpece (OTHOCUTeIbHAS BIAKHOCTD MOYBLL — 34%0)
Severe stress (Soil Water Content — 34%)

[Irox / Shnogh -0,09 -0,161

Texyr / Tekhut -0,112 -0,229
B73 -2,27 -2,39

0CJIa0/IAI0TCS, CTAHOBATC O0JIee DJIacTUUYHLIMHY,
COXPaHsisi RJAeTouHbIe PYHKI[UN BO BPEMsI TeTLio-
BOTO CTPECCa, & 3acyXa MOKET CTaTh OCPeTHUKOM
npu MeTaboINYecKNX N3MEHeHUSIX RJATOYHOI
CTeHKM, u3MeHsist cunre3 quranna [13, 14].

Omnpeaesenne 3HaYEHUS OCMOTHYECKOTO
MaBJIEHWST BHECJO HEKOTOPOe MOsCHeHIe B 110-
BeJIeHUN RJIETOR 1pu 3acyxe. Besmunna ocMo-
THYECKOTO JIABJICHWS TOKA3BIBAET BOZMOYKHOCTH
pacTuTeNIbHON KIETKY 1oriomarh Bomy. Ilorok
BOJIBI Yepe3 KIETOUHYIO 000JI0UKY YBeJMUNBaET
B HEell rujipocTaTndeckoe AaBieHue, Kotopoe u
pacrtsaruBaer camy o00O0JIOUKY, TeM CaMbiM 00e-
crieunBasi HeoOXOMMBbIIT BOIHBII 3a11ac KIETKN.
Ho nipu pacrsiruBanum cama KjaetouHast 00071049Ka
OKAa3bIBACT TPOTUBOJIABJICHIE (BOIHBII ITOTEHTIN -
as), peryJupyforiee KOJmdecTBO HeoOX0MnMoi
BOJIBI, TOCTYTHUBIINEH B KICTRY [14].

B pesynbrare pazpadorku Texyrckoro monno-
JIEHOBOTO MecTOposKieHs B peunoii Bose [lnoxa
OTMEYAeTCs YBeIMUeHNe 3arpsisHUTeeil, KOTOpPbie
cofiepskar coetmHeHns TARETBIX MeTasiioB (TM),
fesiast BOY HEIPUTO/HO JIJIsl HCIIOTHL30BAHUS B
opocuTeNbHBIX Tensax. B mporecce agamranmm
pacrtenusi, 0cOOEHHO B YCJIOBUAX 3aCyXH, He T10-
CTIEJIHION POJIH UTPAIOT KOHTIEHTPATIMOHHbBIE 13-
menenusi TM B cpenie [15]. Jlanmbie xumMmuvecke
COCJIMHEHMS, TIOTIAJIAst B TIOUBY, [IPETEPIIEBAIOT PSJL
TpeBpaITeH i, paccermBaloTCs W HaKaTIMBaIOT-
sl B 3aBUCHMOCTH OT XapaKrepa reoXnMIyecKixX
O6apbepoB, CBOMCTBEHHBIX JJAHHON TepPUTOPUN
un onpejaeadionmnx nx Murpaluio 1m0 0CHOBHbIM
COCTABJISAIONIUM OMOTHI ¢ IAJIBHEI M TToTaja-
HIeM B oprannam uesoBera [ 16]. B mocaemyroren

cepuu DKCIEePUMEHTOB OTIPeleisi/iin 3HAYeHIe
KOHTIEHTPAIINN HEKOTOPBIX OTMACHBIX MUKPODJIe-
MEHTOB B TPHUAJIe BOJIA-TI0UBA-PACTeHIE B TIePIOJ]
CO3PeBAHS PACTEHUI, KOTOPHIE OPOIIATNCH BO-
namu bacceitna pexu Hlnox (tadu. 3).
Comepsranume mosubaena n Boabdpama
B oOpasnax Bojbl 13 Texyra, MCmoab3yeMbIx B
OPOCUTETHLHBIX TIEJISAX JIJIS PACTEHUI, TPOU3Pac-
TAINX B IpuOpeskHoil 30He DacceiiHa peru
[rox, okazamoch HanmdOTEE BHICOKUM 110 CPaB-
HeHUIO ¢ ipyrumu Mukpoasiementamu As, Pb, Zn
n Cu. OOpasmbl OpoCUTENHHON BOMLI U3 PEKN
[It0x comepsraanm HeBBHICOKIE KOHI[CHTPATIN-
ounnie smavenusa TM, 3a meRIOUCHTEM T(IH-
rka. O0mas KapTuia mo coaepsKamnio JamHbIX
XUMHUYCCKUX DIEMEHTOB B 11pobax OeperoBbix
MOYB IMPOM3PACTAHIS KYKYPY3bl COXPAHUTACH B
HEM3MEHHOCTH, 38 MCKIOYEHNEM COJePIRaHUsI
Bosib(ppama. Kontmenrparms ganunoro xumMmnye-
CKOTO 9JIeMeHTa CHU3UIACh TOUTH Ha TOPSI0K.
B caenyiornieit skcrepumMeHTaabHON cepun
U3MEPATNCH KOHIEHTPAIIUN UCCTEyeMbIX
MHUKPOITEMEHTOB B CIEJIBIX 36pHAX KYRYPY3hI.
B srom cayuae s cpaBHUTETLHOTO aHaIn3a
B KAQuecTBe OMOTOTMICCKOTO KOHTPOJIST MCITOJTh-
3oBasiach KyKypysa unopepnoit nunnu B73.
B miportecce meeseosammit OBII0 YCTAHOBICHO,
41O caxapras KyRypysa obmagaer mabmparesnn-
HOH HAKOTIUTEILHON aKTUBHOCTHIO JanHbiX TM.
Conepskanne Mo, As, Pb B oOpasiiax pacrernii u3
JBYX PErHOHOB OBIIN 3a(DUKCHPOBAHBI HA YPOBHE
X COJlePsKaHMsI B KOHTPOJHHOM DK3EMILIsIpe.
Wnaue o6cTonT es1o ¢ nHKOM MeJIbIO 11 BOJibdpa-
moMm. Copiepsranne Zn ObLT0 BBITITE TT0 CPaBHEHITO

43
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Tadomuma 3 / Table 3

CopepsRatiie HEKOTOPBIX TAKETBIX METAJITIOB U MbIIIIbSIKA B TPUAJie «BOJA-110UBa-PACTEHIE»
Content of some heavy metals and arsenic in the triad “water-soil-plant”

D e L owe [ [ [ow [ a
Copnepsranme TSIKGIBIX METAILTIOB I MBIITBSIKA B OPOCUTEILHOI BOJie, MT/JI
The content of heavy metal sand arsenic in irrigation water, mg/L
[Inox / Shnogh 0,035 0,019 0,030 0,459 0,837 0,255
Texyr / Tekhut 2,421 0,175 0,403 2,162 0,384 0,684
Copepsranie TsPKEIBIX METAJIIIOB U MBIIIBSIKA B I104BE, MT/T
The content of heavy metals and arsenic in soil, mg/g
Hlnox / Shnogh 0,004 0,045 0,074 0,039 0,255 0,630
Texyr / Tekhut 0,002 0,010 0,012 0,020 0,054 0,048
Copepsranie TsREABIX METAJIIOB U MBITIBIKA B 3€pHE KYKYPY3bI, MT/T
The content of heavy metals and arsenic in corn of maize, mg/g
HImox / Shnogh 0,071 0,047 0,006 0,149 2,629 0,365
Texyr / Tekhut 0,036 0,010 0,011 0,013 1,301 0,239
B73 0,051 0,027 0,180 0,727 1,980 0,552

¢ B73 B obpasmnax pacrenuii u3 Texyra ma 34%
n Ilnoxa na 74%. Konnenrpanus memu Oblia
HuzKe 1o cpaprenunio ¢ B73 ronbko B oOpasiax
3épen Kyrypyssl 3 Texyra na 57% u [llnoxa na
87%. B ocraibubIX paccMarpuBaeMbIX CIydasx
ypoBetb cofiepsranus W Obla HUKe B PACTUTE ] b-
HBIX 00pasiax, BeipaiieHubix B Texyre, Ha 81%,
u B [llHoXe — mouT Ha HOPS/IOK.

[Tpr mHTORCMKRATMN OTMEYaeTCs TTPeloT-
BpaleHie BOBHUKHOBEHUs CTpecca IMyTém
OTPAHUYEHHOTO MOTJIOIeHU I dJIeMeHTa 13 110Y-
BBI KOPHEBOT cuctemoit pacrenns [17]. Pabora
TAKUX J[aNTAIMOHHBIX MEXaHU3MOB JIOCTUTA-
ercst mpoieccaM MMMOOUJIM3AIINIT METaNI0B
B KOMIIJIEKCOOOPAZOBAHIY C TOMOIIHIO OpraHi-
yecrux coepmnennii [18]. B cayuae ppamarnye-
CKOTO pasBUTUS JaHHOro ciieHapus, ecan TM
y/laéTcs NPOHNKHYTh B PACTUTEIbHBIE TKAHU,
TO pacTeHueM aKTUBUPYIOTCS MeXaHU3MbI Jle-
TOKCUKAINNI, CYIHOCTh KOTOPBIX 3aKJII0YAeTCS
B 00ocoOsennn TM B pazniuuHbiX BHYTPUKIIe-
TOUHBIX OTceKax (manpumep, Baxyosan) [19,
20]. C gpyroii croponbl, kKak Tojbko TM ypaéres
npeojyiosieth 6modudnyecknii 6Gapbep M MOHBI
MeTaJJIOB BXOJAT B TKAHU U KJIETKU, PacTeHne
HAUYMHAET aKTUBUPOBATH IPYTHe MeXaHWU3Mbl
KJIETOYHOT 3aluThi, YTOOBl CBECTU HA HET
" YMEHbBINNUTH HeOJATONPUSITHBIE TTOCAe/ICTBYS
Bospmericrsust TM. OueBuamo, uTo, MO CyTH,
BRJIIOUEHIE JITOOBIX 13 DTHX MeXaHNU3MOB 1 OMO-
MOJIERYJI TIPeIOTIPeIesIeTCsT BUOM PacTeHus
u crerenbio ero rojaepanTHoctn kK TM [21].

3arioueHue

B sasucumoctn or copepsRaHumd BJgarm B
II0YBEe MMEHHO KOJUYEeCTBO HOCTYHI/IBH_IGIL/II B

KJIETRY BOJIBI OTpayKaeTcs Ha (Pr3noIormaeckom
YPOBHE, peryJInpys pocT 1 pa3BUTHE PacTeHns
npu crpecc-zacyxe. Pacmmpenne Riaetounoi
000JIOUYKT KOHTPOJMPYETCs PasHUIe MemKIy
BOJIHBIM TTOTEHITHAIOM W OCMOTHYECKUM JIaB-
JeHUeM, BbI3bIBasl yHpyrue gedopmarm pac-
TUTEJHHO KJIeTKN MPU aJialiTalini BO BpeMs 3a-
cyxu. IIpu sTomM Ha npouspacranme KyRypysbl
oTipeJleJIEHHYI0 N30MpaTeJbHOCTh OKa3biBaer
XUMUYECKUT COCTAB PeYHON BOJbLI U CONep-
anme B Hell HeroTopbiX TM. TMonyuennbrit
HRCTIePUMEHTANILHBINT MaTepuas Mo MUTpaun
TM B Tpuajie Boja-mouBa-pacrenme mo3BoJisi-
eT OCYIIEeCTBUTH KOMILIEKC MepPOUNPUATHIl 110
KOHTPOJIIO W CHUKEHWIO CTEIeHN 3arpA3HEH-
HOCTN PEYHON BOJBI, KOTOPYIO MCIIOJb3YIOT
B OPOCHUTEJILHBIX TEJISX.
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The assessment of the state of the specially protected natural areas (SPNA) of the regional (the “Pizhemsky” za-
kaznik) and of the federal significance (the “Nurgush” nature reserve) located in the Kirov region is given in the article.
The predominant type of soils of the SPNRs under the study is alluvial turf soils, with strongly and slightly acidic reac-
tion of the medium. The content of organic matter in the soils of the “Pizhemsky” zakaznik varies from 3.1 to 4.7% for
meadow and from 1.2 to 7.3% for forest phytocenoses. For the territory of the “Nurgush” nature reserve the content of
organic matter in the soils of forest phytocenoses ranges from 2.0 to 6.7%. The content of nitrate nitrogen in the soils of
the studied SPNR corresponds to the average level of soil supply with nitrogen. A decrease in the content of ammonium
nitrogen down the soil profile was noted for the studied sites. The content in the soils of heavy metals (Zn, Mn, Fe, Cu, Pb,
Cd) is at a stable level within the ecological norm. In all studied soil samples, the main content of metals was manganese
and iron, both for active and for gross form. The maximum content of active forms of manganese and iron is found in soil
samples of the upper horizons. Insignificant amounts of copper, lead and cadmium indicate the absence of man-caused
contamination of the soil in these sites. Among the gross forms of heavy metals, iron predomination in soil samples of
the upper and lower horizons was recorded. The maximum content of gross iron form was noted in the samples from the
territory of the “Nurgush” nature reserve.

Keywords: the Kirov Region, the “Pizhemsky” zakaznik, the “Nurgush” nature reserve, soils, agrochemical proper-
ties, heavy metals, ecosystem.
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[Iposesena onenra cocrosinusi ocob6o oxpansiembix npupopubix reppuropuii (OOIIT) pernonanbHoro — 3axkazuukr
«Ilmsemcruii» n genepanbuoro sHauennsi — 3anopegHuk «Hypryi», pacnnosxkennsix B Kuposcekoii obnacru.
[Ipeobnamatommm rumom nous ncesepyembix OOLT siBisiercst ammoBnanbubie JepHOBLIE TOUBBI, ¢ CUIALHO- I CTAO0KICIOM
peakmueii cpesibl. Copiepsraniie OpraHiueckoro BeIecTa B ouBax reppuropun sakasumka «[lmkemcruii» Bapsupyer or 3,1
110 4,7% mast wyrosuix n ot 1,2 o 7,3% puist mecunix uroriernosos. s reppuropun sanosennka « Hyprytm» cofgepsrarie
OPTaHMIeCKOTO BEIIECTBA B TOUBAX JIECHBIX (PUTOTEH030B n3Mensiercst B murepsade ot 2,0 1o 6,7%. Copepsranme HUTPATHOTO
aszora B mousax ucciaepyembix OOIIT coorBercrByer cpejiHeMy ypoBHIO 00eciiedeHHOCTH TOYB a30ToM. [L/ist necieryempix
TEPPUTOPUIT OTMEUEHO CHUKEHIE COflePARaHIA AMMOHMITHOTO a30Ta BHU3 110 TouBeHHOMY 11poduiiio. Copiepskanue B 10uBax
rsrénpix Metannos (Zn, Mn, Fe, Cu, Pb, Cd) naxopurcst na crabuiabiom ypoBie B Ipefiesiax 9RoJI0Tn4eckoit HopMbl. Bo
BCEX M3YyYaeMbIX MOUBEHHBIX 00pasiax 0CHOBHOI BRJIAJ| B COflepyKaHIe MeTAJIIOB BHOCST MapraHell i sKejae30, Kak Jiis
HOJIBIMZKHOIL, TaK 1 17151 BaoBoii hopmbl. MakcumasibHOe cotepsRaHie HOBUKHBIX JOPM MapraHIia 11 3kejie3a yCTaHOBIEHO B
00pa3ax mouB BepXHMX TOPM30HTOR. Hesmaanreabunie ROIMaecTBa Meii, CBITHTIA I KAJIMIIS CBUJICTEILCTBYIOT 00 OTCYTCTBII
TeXHOTeHHOTO 3aTPSA3HEeHIS MOYBbI Ha 3TNX yuacTkax. Cpejin BaToBBIX POPM TAZKEIBIX METAIIIIOB OTMEUEHO TTpeodajianie
JKeJIe3a B IPOOax MOYBBI N3 BEPXHEro U HIKHEro ropusoHToB. MakcuMalibHOe cofiepsRaHie BaToBOil (DOpMBbI sKkeesa ObLI0
ormeuerno B ob6pasiax ¢ reppuropun 3amoseganra « Hypryms.

Kuouessie crosa: Kuposckas obnactb, 3akasHuk «lluskemcknii», 3anosegHuk « Hypryi», mouBsl, arpoXxuMudyecKkme

CBOMCTBA, TAMKEIBIC METAJLIBI, DKOCTCTeMAa.

The creation of specially protected natural
areas (SPNA) is an effective measure to main-
tain the ecological balance of the territories, as
well as the restoration of natural ecosystems. The
main task of the existing SPNA is the preserva-
tion of biological and landscape diversity in all
its forms. Currently, the total area of protected
territories in the world is more than 4 million
km?, of which Russian areas account for 1 mil-
lion 950 thousand km?2, which is 11.5% of the
country’s territory [1].

Despite the high value, SPNA can change
under the influence of both anthropogenic and
natural factors; the loss of their ecological sig-
nificance is also possible [2]. To foresee negative
changes and define environmental measures
aimed at optimizing the state of protected res-
ervations is possible through environmental
monitoring of natural environments and objects.

The soil, among the objects of the natural
environment, is of particular importance. As a
complex polyfunctional natural system it has a
significant impact on the Earth’s ecosystems
and the biosphere as a whole [3]. In relation to
the environment the soil performs an important
protective function. According to the modern
ecological concept, pollution of the soil is any
action that causes violation of its normal func-
tioning. Soil contaminants can be any physical
agents, chemicals in different aggregate states,
biological species that enter the soil or appear in
itin quantities that go beyond their background
concentration. Concentrating on the surface of
the soil all these can worsen the general proper-
ties of the soil [4].

Despite the exclusion of the possibility of
direct contamination of the SPNA soil due to
the absence of anthropogenic activity, indirect
contamination due to the translocation of sub-

stances with air masses and with water during
floods is possible.

The purpose of this work was to assess the
state of the soils of the specially protected natu-
ral reservations of regional (the “Pizhemsky”
zakaznik) and of the federal significance (the
“Nurgush” nature reserve) located in the Kirov
region. In accordance with the Russian environ-
mental legislation, “Nurgush” refers to the “za-
povednik” type territories, and “Pizhemsky” —
to the “zakaznik” type.

Earlier researches of soils of studied SPNA
were carried out mainly in the context of forest
vegelation researches, botanical researches, as
well as studies of invertebrate and vertebrate
fauna [5]. The results of this work can be used
instudying and assessing the degree of degrada-
tion of similar soils of cross-border areas. The
obtained materials can serve as a basis for moni-
toring studies in the territories of the “Nurgush”
nature reserve and the “Pizhemsky” zakaznik.

Objects and methods

The objects of the study were the soils of
two nature protected areas located in the Kirov
region: the “Pizhemsky” zakaznik and the “Nur-
gush” nature reserve.

The state nature zakaznik (SNZ) “Pizhem-
sky”, established to protect and restore aquatic
biogeocenoses, is located on the lands of the Ar-
bazhsky, Kotelnichsky, Pizhansky, Tuzhinsky
and Sovetsky districts of the Kirov region. The
territory of the reserve has an elongated form
from the north-west to the south-east along
the Pizhma River downstream with a turn to
the south-east along the Nemda River, flowing
into the Pizhma River. The area of the reserve is
30847.94 hectares. The most part of the reserve

A7
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Table 1
Characteristics of sampling sites and soil types (A1)
Protected No. (.)f Type of .
S sampling . Type of soil
territories h phytocenosis
sile
1
4 meadow alluvial turf granular medium-loamy medium-humus
The 2 alluvial turf granular medium-loamy medium-humus
“Pizhemsky” 3 alluvial turf granular heavy-loamy humus-rich dark-humus
zakaznik 5 forest alluvial turf light-loamy medium-humus
6 alluvial turf light- (medium)-loamy medium-humus
7 alluvial turf sandy-loam low-humus
113 ”» 8
The “Nurgush 9 forest alluvial turf
nature reserve 10

is located within the Kotelnichskaya lowland,
which is a flat sandy lowland with a few shallow
and low uplifts overlain by cover loams [6].

The state nature reserve (SNR) “Nurgush”
is the only nature reserve in the territory of the
Kirov region. It is located in the south-eastern
part of the Kotelnichsky district. The reserve was
created to protect the floodplain complexes of the
Vyatka River — numerous lakes and coniferous-
broadleaf forests. The territory of the reserve is
composed of modern alluvial sediments. Soils
are heterogeneous in the granulometric state.
The predominant types of soils are alluvial turf
soils [7].

Sampling of the soil for the research in the
“Pizhemsky” zakaznik was carried out on sites
located along the Pizhma River (No. 1, 4 —
meadow, and 2, 3, 5, 6, 7 — forest phytocenoses)
(Fig. 1, see color insert).

In the state reserve “Nurgush” sampling
of the soil was carried out on the sites of forest
phytocoenoses located on the shores of lakes
Chernoye, Nurgush, Krivoye (sites No.No. 8,
9,10) (Fig. 2, see color insert).

Sampling was carried out from the upper
horizons of the soil from a depth of 0-10; 10—
25 c¢m, including the thickness of the sod in
meadow and litter in forest phylocenoses in the
summer period (2017 July—August). The descrip-
tion of sampling sites is presented in Table 1.

In the soil samples the reaction of soil
extract was determined by a potentiometric
method in accordance with GOST 26483-85;
the content of organic matter — according (o
the Tyurin's method in the modification of
CINAO; nitrate and ammonium nitrogen — by
the method of CINAO; labile phosphorus —
by Kirsanov's method in the modification of
CINAO. The content of active and gross forms

of heavy metals was determined by the method
of atomic absorption spectroscopy.

Statistical processing of the research results
was carried out by standard statistical analysis
methods using EXCEL.

Results of the study
and their discussion

The study of the reaction of the soils extracts
in the territory of the “Pizhemsky” reserve
showed that the soils are slightly-, medium- and
strongly acidic (Table 2). The values of exchange
acidity in the experimental samples taken from
the upper horizons of the soil (0-10 ¢cm) varied
from 5.0 to 5.5 for meadow and from 4.4 to 5.6
for forest phytocenoses.

For most of the sites studied, there was ob-
served a tendency to decrease acidity from the
upper to the lower horizon, except for sites No. 1
and No. 7. In contrast to the territory of the “Pi-
zhemsky” zakaznik, the soils of the territory of
the “Nurgush” nature reserve are characterized
by a more acid reaction of soil extract (4.1-4.9)
and are strongly and slightly acidic. The deter-
mined values of exchange acidity for SPNA soils
were characteristic of alluvial turf soils.

The content of organic matter in the samples
taken from the upper horizons of the soils in
the “Pizhemsky” zakaznik was higher in forest
(11.9-21.3) than meadow (9.3—11.5) phytoce-
noses, which is associated with higherincidence
of plant litter in forest than meadow phytoceno-
ses. It is known that in forest litter the accumu-
lation of biogenic carbon can reach 43% of the
mass [8]. In comparison with the upper horizon,
the soils of the lower horizon were characterized
by alower content of organic matter. The deter-
mined values of organic matter content in the
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soil varied from 3.1 to 4.7 for meadow and from
1.17 to 7.3 for forest phytocenoses. Among the
sites studied, sites No. 2 and No. 7 under forest
phytocenoses had the highest content of organic
matter. The soils of the lower horizon (depth
10-25 ¢m) were distinguished by high (site
No. 3), medium (sites No. 4, No. d), low (sites
No. 1, No. 6, No. 2) and very low (site No. 7)
content of organic matte. The obtained results
are understandable, since the distribution of or-
ganic carbon down the profile sharply decreases.

For the territory of the “Nurgush” nature
reserve, the content of organic matter in the up-
per horizons soils changed in a narrower range
(from 2.0 to 6.7%). In general, the soils of the
“Nurgush” nature reserve were characterized by
low (No. 10), medium (No. 9) and high levels of
organic matter (No. 8).

The content of nitrate and ammonium ni-
trogen in the soils of the studied sites varied
widely. Relative evenness of the values of nitrate
nitrogen in the soil (17.3-19.5 mg/kg) was
distinguished in the sites located in the territory
of the “Nurgush” nature reserve. The content
of nitrate nitrogen there corresponded to the

average level of nitrogen in soils for plants (15—
20 mg/kg). The content of ammonium nitrogen
was lower than that of nitrate, and varied from
6.3 to 11.4 mg/kg.

In contrast to the “Nurgush” nature reserve,
in samples taken from the upper horizons of the
soils in the “Pizhemsky” zakaznik the preva-
lence of ammonium nitrogen over the nitrate
was noted for most of the sites studied with the
exception of sites No. 4 and No. 3. The content of
nitrate nitrogen in the upper horizons of meadow
soil phytocenoses corresponded to the average
level of provision of soils with nitrogen for plants
(15-20 mg/kg), the content of nitrate nitrogen
in the upper horizons of forest soil phytoceno-
ses — very low level of provision (site No. 2),
medium level (site No. D), high level of provision
for plants (site No.No. 3, 6, 7). In comparison
with the upper horizons (8.1-18.4 mg/kg), of
forest phytocoenosis downward along the profile,
an increase in the content of nitrate nitrogen
(17.8-23.7 mg/kg) was noted downward along
the profile in the soils of forest phytocoenoses,
except for site No. 3. For this site the highest
content of nitrate nitrogen (62.4 mg/kg) was

Table 2
Agrochemical characteristics of the soils in the studied sites
. . Organic matter, N - NH -, N - NO., P.O.,
Site | Horizon, em | pH¥q | 5"/ mg/kg mg/kg mg/kg
Soils under meadow phytocenosis. The “Pizhemsky” zakaznik
1 0-10 5.0 9.3+0.9 7.2+1.2 16.4+3.3 37Tx7
10-25 9.3 3.1+0.5 15.1+£2.9 20.1+£4.0 7.3+2.6
4 0-10 9.9 11.5+1.2 34.5£1.7 17.7+£3.5 11.0£ 3.9
10-25 9.2 4.7+0.7 3.2+0.1 16.3+3.3 ND
Soils under forest phytocenosis. The “Pizhemsky” zakaznik
) 0-10 4.8 12.0+1.2 16.3£1.8 10.9+2.2 ND
10-25 4.6 4.3+0.6 21.0£1.1 23.4+4.7 ND
6 0-10 4.5 11.9+1.2 98.9£2.9 14.9+2.3 ND
10-25 4.0 2.3£0.5 23.1£1.2 245 ND
2 0-10 9.4 20.3£2.0 47.0£4.0 8.1+2.4 377
10-25 4.6 2.6£0.5 17.6+0.9 17.8+3.6 ND
3 0-10 2.6 12.9+1.3 40.1+2.0 63+13 8.0+£3.0
10-25 9.2 7.3£0.7 14.9+0.7 12.4+2.5 ND
7 0-10 4.4 21.3£2.1 94+5 18.4+3.7 ND
10-25 4.0 1.17+£0.23 76.5£3.8 224 40 £8
Soils under forest phytocenosis. The “Nurgush” nature reserve
8 0-10 4.1 6.7+0.7 11.4£3.6 18.3+3.7 ND
9 0-10 4.8 4.2+0.6 6.3+1.1 17.3+£3.5 ND
10 0-10 4.9 2.0£0.4 9.8+2.6 19.5+3.9 ND

Note: * Acidily measurements are performed with the deviation of the resulls of repeated measurements from the arithmetic
mean no more than 0.1 pH, ND — not detected (below the detection limit of the method used).
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observed against the backdrop of the least acid
reaction of salt extract from the soil.

The content of ammonium nitrogen in the
upper soil horizons of meadow phytocoenoses
of the “Pizhemsky” zakaznik varied from 7.2 to
34.5mg/kg, of forest phytocoenoses — from 16.3
to 94 mg/kg. In contrast to nitrate nitrogen, a
decrease in the content of ammonium nitrogen
down the soil profile was noted for all the sites
of forest phytocenoses under the study.

The content of active phosphorus in the soil
samples of the studied sites varied greatly. In
most soil samples the content of active phospho-
rus was below the detection limit of the method.
The only exceptions were sites No. 1 and No. 4 un-
der meadow phytocenoses, sites No. 2 and No. 3
under forest phytocenoses located in the terri-
tory of the “Pizhemsky” zakaznik. Moreover,
the maximum content of active phosphorus in
the profile of the soils of the studied sites was
in the upper horizons. With an increase in the
depth of the soil profile, a gradual decrease in
the content of active phosphorus was observed.
The exceptlion was site No. 7, where the content

of active phosphorus was maximal in the lower
horizon and amounted to 40 mg/kg. Such an
uneven distribution of phosphorus along the soil
profile may be due to the heterogeneity of the
granulometric composition of the soil-forming
materials [9].

The samples of soils were characterized
by different contents of heavy metals, which
depended both on the location of soil sampling
and on the horizon. However, it can be noted
that among the studied metals in all soil samples
manganese and iron were the main elements.
This applies to both the active and the gross
form of these metals (Table 3, 4). The content
of the active form of iron in the samples varied
from 5.3 to 318 mg/kg, and its gross form varied
from 667 mg/kg to 26.3 g/kg. The content of
the active form of manganese varied from 12 to
486 mg/kg, and the content of the gross form
of this element in soil samples varied from 29 to
1295 mg/kg. The content of zinc in soil samples
was smaller and amounted from 2.4 to 21 mg/kg
in its active form, and from 20 to 84 mg/kg
in its gross form. Other detectable heavy metals

The content of the active form of heavy metals in the studied soil samples, depending Table 3
on the location of the site and the depth of the horizon
Site Horizon, Content of heavy metals in the explored soils, mg/kg
cm 7n Mn Fe Cu Pb Cd
The “Pizhemsky” zakaznik
0-20 10.6+3.5 91+33 320+80 0.160+0.013 0.80+0.11 0.090+0.009
! 20-25 4.9+1.6 4717 132+33 0.300+0.024 1.49+0.12 0.095+0.010
9 0-5 1244 120+40 5.3+1.3 0.050+0.004 1.72+0.14 0.070+0.007
20-25 2.4%0.8 14£5 32+8 0.175+0.014 1.310+0.025 | 0.030+0.003
0-5 21+7 490+180 86+22 0.095+0.008 0.69+0.09 0.230+0.018
) 20-25 | 10.9£3.6 63+23 190+50 0.170+0.014 0.72£0.10 0.115+£0.012
4 0-5 10.8+3.6 26090 280+70 0.360+0.029 1.02+0.08 0.195%0.020
20-25 4.9+1.6 96+34 180+50 0.340+0.027 0.88+0.12 0.130+0.013
0-5 9.5+3.1 170+60 68+17 1.28+0.08 1.62+0.13 0.110+0.011
0 20-25 3.4+1.1 9.0+3.2 200+£50 0.17£0.014 1.24+0.10 0.060+0.006
6 0-5 2.5+0.8 190+70 39+10 0.030+0.002 2.10£0.16 0.120+0.012
20-25 2.0+0.7 32+12 150+40 0.185+0.015 1.10+0.09 0.060+0.006
7 0-5 17+6 279+100 11.0£2.8 0.090+0.007 2.27+0.18 0.080+0.008
20-25 3.6+1.2 19+7 45£15 0.185+0.015 1.39+0.11 0.040+0.004
The “Nurgush” nature reserve
8 0-10 9.3+3.1 11140 145+36 0.51+0.031 0.66+0.09 0.195+0.020
9 0-10 4.8+1.6 78+28 180+40 0.285+0.023 0.93+0.13 0.150+0.015
10 0-10 3.3+1.1 1244 7419 0.56+0.04 0.75+0.10 0.040+0.004
MPC - 23 - - 3 6 -

Note: the maximum values of an index are noted in bold. A dash means an absence of the approved standard.
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The content of the gross form of heavy metals in the studied soil samples, Tabled
depending on the location of the site and the depth of the horizon
Site | Horizon, Content of heavy metals in the explored soils, mg/kg
o Zn Mn Fe Cu Pb Cd
The “Pizhemsky” zakaznik
1 0-20 27+19 480+110 | 13300+3300 9.7£2.2 3.9+0.8 0.27+0.07
20-25 29+10 9622 37001900 9.4+2.2 9.0%1.1 0.24+0.06
9 0-5 268 105+24 670+170 2.1+0.5 9.8+1.2 0.25+0.06
20-25 24+8 126+29 2800=700 1.69+0.39 2.8+0.6 0.115+0.035
3 0-5 50+£16 200£110 5300+1300 9.5£2.2 8.3+1.7 0.47+0.12
20-25 94+18 780+180 138003500 11.3£2.6 7.6+1.6 0.26+0.06
4 0-5 28+9 200£50 12700+3200 15.8+3.6 8.3+1.7 0.36+0.08
20-25 42+14 930+120 6000+1500 13.3+3.1 10.1£2.1 0.27+0.07
- 0-5 29+9 210+50 6000+1500 4.9+1.1 6.3+1.3 0.34+0.08
7 20-25 20+6 29+7 3400900 3.5+0.8 3.8+0.8 0.15+0.05
6 0-5 18+6 230+50 2700+700 4.6+1.1 10.1+2.1 0.24+0.06
20-25 33+11 30570 9900+2600 7.6+1.8 2.2+1.1 0.15+0.04
7 0-5 45+15 370+90 1900+500 2.8+0.6 13.1+2.8 0.20+0.05
20-25 39+13 196+45 52001300 3.0=0.7 2.6+0.6 0.080+0.024
The “Nurgush” nature reserve
8 0-10 84+28 1300+300 | 24028+6000 25+6 8.6+1.8 0.34+0.08
9 0-10 63+21 1100+240 | 26000+7000 14.9+3.4 8.0£1.7 0.22+0.05
10 0-10 23+8 17040 5400+£1300 12.1+2.8 5.2+1.1 0.13+0.04
MPC - 100 1500 - 25 32 0.5

Note: the maximum values of an index are noted in bold. A dash means an absence of the approved standard.

such as copper, lead and cadmium were in the
soil in small quantities, which indicates that
there is no man-caused contamination of the
soil in these sites.

For undisturbed natural soils, the most
important factor determining the content of
heavy metals is their content in the soil-forming
material [10-12]. Most of the examined soil
samples belonged to alluvial turf soils formed
on modern alluvial sediments. Alluvial acidic
soils are characterized by intensive alluvial
process with deposition of a large amount of
alluvium of light granulometric composition
and flooding with fast flowing flood waters for
a short time [13]. Modern alluvial deposits are
characterized by an increased content of active
Fe, Mn, 7Zn [14].

The highest content of active forms of man-
ganese and iron was noted in soil samples of the
upper horizons (Table 3). The maximum content
of active manganese was noted in sample No.
3 from the territory of the “Pizhemsky” zaka-
znik, collected in the oak forest. The maximum
content of the active form of iron was noted for

the sites No. 1 and No. 4 of the “Pizhemsky”
zakaznik, both of these sites belong to meadow
phytocenoses.

The obtained results are in agreement with
the previously known ones [15] on the distribu-
tion of heavy metals in the soils of the North-east
of the European part of Russia. It was noted
that modern alluvial deposits in this region are
characterized by an increased content of active
forms of iron, manganese and zinc [16].

When determining the gross content of
heavy metals in soil samples, the predominance
of iron was noted, for which high values were
observed both in soil samples from the upper
horizon and in samples of soil selected lower
along the profile (Table 4).

The maximum content of gross iron form
was noted in sites No. 8 and No. 9 taken in the
territory of the “Nurgush” nature reserve and it
amounted to 24000 and 26300 mg /kg respective-
ly. In the same samples, the maximum content of
the gross form of manganese and zinc among the
samples studied was noted. In sample No. 8, the
manganese content was 1300 mg/kg, and the zink
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content was 84 mg/kg, which exceed the percent
abundance of these elements in the lithosphere.

Conclusion

Thus, as the result of the conducted studies
it is established.

1. The soils of the SPNA studied were
characterized as strongly and slightly acidic. At
the same time, the soils in the territory of the
“Nurgush” state nature reserve were character-
ized by a more acid reaction of the soil extract.

2. The determined values of organic matter
for the soils of the “Pizhemsky” zakaznik varied
from 3.1 to 4.7% for meadow and from 1.17 to
7.3% for forest phytocenoses. For the territory of
the “Nurgush” state nature reserve the content
of organic matter in the soils of the studied sites
varied within a narrower range.

3. The content of nitrate nitrogen in the soils
of the territory of the “Nurgush” nature reserve
corresponded to the average level of nitrogen
in soils for plants. A decrease in the content of
ammonium nitrogen down the soil profile was
noted for all the sites of forest phytocenoses
under the study.

4. Among the metals studied, in both active
and gross form, in all soil samples, the main
content was elements such as manganese and
iron. The highest content of active forms of man-
ganese and iron was noted in soil samples of the
upper horizons. Insignificant amounts of copper,
lead and cadmium indicate the absence of man-
caused contamination of the soil in these sites.
Among the gross forms of metals, iron predomi-
nates in soil samples from the upper and lower
horizons were stated. The maximum content of
gross iron form was noted in the samples taken
in the territory of the “Nurgush” nature reserve.

The work was carried oul within the framework
of the grant of the President of the Russian Federation
Jor state support of young Russian scientists MK-
2120.2017.5.
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Duronornomenne paausa-226 N3 TEXHOTEHHO 3arpsA3HEHHBIX MOYB
Ha npumepe Chamaenerion angustifolium,
Lathirus pratensis n L. vernus

© 2018. JI. M. llamomunkosa, K. 0. i., H. C.,

OI'BYH Umneruryr 6uosornn Komu mayumoro mentpa Ypamnberoro ormenenus PAH,
167982, Poccus, r. CoiktbiBKap, yi. Rommynucruueckas, 28,

e-mail: shaposhnikova.l.m@ib.komisc.ru

WcenepoBano BaustHne GuanKko-XNMIUYECKOTO COCTABA PAJIMOAKTUBHO 3arps3HEHHBIX [TOUB HA MOTJIOIEeHNe
pajusi-226 nBau-uaem ysroauctabim (Chamaenerion angustifolium) w unnoit (Lathirus pratensis, L. vernus). Merogamun
KOPPEJSIITMOHHOTO 1 PErPeCCIONHOT0 AHAIN3A BLISBICHO, YTO BATOBOE COMECPIKATNNE PAIS B MCCTCLYEMBIX TeXHOTEHBIX
MOYBAX OOJIBIIE BCETO BABUCHUT OT COJIEPsKAHIIS B HUX OPraHndeckoro yriepoja u gocopa, copepsranme mojBUKHBIX (DOpM
(I1®) pagmomyrimma ¢BA3aHO ¢ TAKUMU (HUBUKO-XIMITYECKIME XapaKTePUCTHRAMI KAk COMEPIKAHIe OPTaHmIecKOTo
YIJIepOia, & TaksKke OOMEHHBIX KATHOHOB KATBINS 1 MATHIS. MeKBUOBLIX PA3INumil B HAKOTIIICHIN PAJIST YKA3AHHBIMI
pacreHusiMu BoisiBjieHo He Obi10. [Tpu aroM cotepskanme pajiust B pacreHusx B 60JbIieii crerneHn OblI0 CBA3aHO ¢ BAJTOBBIM
cofiepyRaHIeM PATHOHYRINA B TIOYBAX, B TO BpeMs Kak ¢ comepskanmem [1MD pagmonywiamma Koppeasius Oblia Memee
suagnma. OcHoBHBIE PAKTOPHI, BIMAION(NE HA PACIIPEeTCHIe PATTOHYKIN/A B TOYBE, OMOCPETOBAHHO B I HA €10
cofepsranme B pacrenusx. Kunciry nanbosee 3Ha4MMbIX MOJKHO OTHECTHU COIEPsKAHIE OPraHIueckoro BemecTtsa, ocedopa,
Rasus, coornotnente usnmaeckoro mecka (PI1) u puswaeckoit raunsr (OI).

Kuouesste crosa: paanii-226, 6uonornveckoe moroiierue, Gopmbl pajiust, (PAKTOPbI MOJBUKHOCTI PAJIHIS.

Phytoabsorption of radium-226 from technogenically
contaminated soils by the example of Chamaenerion angustifolium,
Lathirus pratensis and L. vernus

© 2018. L. M. Shaposhnikova grcm: 0000-0002-4181-4903.

Institute of Biology of Komi Scientific Centre of the Ural Branch
of the Russian Academy of Sciences,

28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,
e-mail: shaposhnikova.l. m@ib.komisc.ru

The absorption of radium-226 by Chamaenerion angustifolium, Lathirus pratensis and L. vernus from podzolic
soil contaminated with solid radioactive dumps (site 1) and alluvial sod soil contaminated with radioactive water
(site 2) has been studied. The concentration of radium was 0.18-63.4 Bq/g of ashed weight (AW) in soil of site 1 and
0.05-21.4 Bq/g of AW in soil of site 2. The univariate analysis of variance did not reveal interspecific differences in
the accumulation of the radionuclide by plants. However, the content of radium in plants selected from the area with
dumps was higher than in the area contaminated with radioactive waters. Thus, the concentration of radium was
1.08-11.67 and 0.64-8.86 Bq/g of AW for C. angustifolium and L. vernus growing in the site 1 and 0.04-3.35 and
0.04—3.78 Bq/g of AW for C. angustifolium and L. pratensis sampled at site 2. The content of mobile (watersoluble
and exchangeable) forms of radium in the soils of both sites was significantly indistinguishable. The obtained results
showed that the concentration of radium in the studied plant species depends most on its total content in the soil and,
to a lesser extent, on the content of its mobile forms. Multiple regression analysis showed that the total content of
radium in contaminated soils depends to the greatest extent on the content of organic matter and phosphorus in them.
The content of radium mobile forms is associated with the content of organic matter, as well as exchangeable cations
of calcium and magnesium. The correlation between radium content in the plants and these alkali-earth elements
was not confirmed. Among the most significant factors which affected radium adsorption by plants was the content of
organic matter, phosphorus, potassium, the ratio of physical sand and physical clay.

Key words: radium-226, biological absorption, radium forms, mobility factors.
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o4

DuronoryionmeHue pajunoHyKJINIOB SBJIS-
eTcst CJOKHBIM MHOTO(PAKTOPHBIM TIPOTECCOM,
CBA3AHHBIM ¢ OMOJOTHYECKIMI 0COO@HHOCTSIMU
pacTeHmii, a Tak;Ke 00YCIOBIEHHBIM BANSHIEM
BHENTHUX YCJIOBUIT ORpYsRatotieit cpeas [1-3].
Bupnocnenuduunocts pacreHuil B oronieHuu
pajius MupoKo obCysKIaeTcs: B jureparype, B
4acTHOCTU, B c(hepe BOZMOIKHOTO UX HCITOJIb-
30BaHms B KadecTBe PUTOIKCTPAreHTOB [4, D].
[TouBbr ABAAIOTCS BasKHEUTITIM OIOTEOXUMITYE-
CcKUM DapbepoM JIJIsI Tiepexoia pajiioHyRJIN0B
B pacrurenusi. OqHAKO B YCJTOBUSAX TeXHOTCH-
HOTO PAaJIMOAKTUBHOTO 3aTPA3HEH ST OHI XapaKk-
TEPUBYIOTCS 3HAYUTEHLHOM HEOIHOPOHOCTHIO
(pUBURO-XUMUUECKUX TTAPAMETPORB, UTO BIIHSET
Ha crieruduKy GopM HAXOKCHUS 1 OMOTOTH-
YECKYIO JIOCTYITHOCTL pajinoHyKInaos. Muoro-
obpasue HaKTOPOB, CIIOCOOHBIX CYIECTBEHHO
N3MEHNTh aKKYMYJISINIO PajinoaKTNBHBIX
MOJIIOTAHTOB PACTEHUSIMU B TY WK UHYIO CTO-
POHY, J1eJIal0T MHTEHCUBHOCTH OMOJOTMTYeCKOTr0
MOTJIONEHYSI CJOKHOTPOTHO3MPYEMbIM TTapa-
MEeTPOM ¥ 3aTPY/IHSIOT €r0 UCI0JIb30BaHIe TIPU
MOCTPOEHUN PA3TUUYHBIX PAMOIKOTOTUYECKIX
MojieJIell.

[Tesb ranuoi padOTHl — U3YUYEHIE BIAMSTHIS
pa3InIHbIX PU3NKO-XUMUYECKNX TTapaMeTpoB
PAIMOAKTIBHO 3aTrPA3HEHHBIX TTOYB Ha MOTJIO-
uenme pagus-226 mBaH-daeM yY3KOJUCTHBIM
(Chamaenerion angustifolium (1..) Holub) n
ynnoit (Lathirus pratensis L., L. vernus (L.)
Bernh.).

Marepuasibl 1 METOJIbI NCCICTOBAHTI

WNeenenoBanuss npoBOAuIn B YXTUHCKOM
paitone Pecriyosimkn Homu Ha yuacrrax, 3arpsia-
Hénubix 6osee 60 et nazaj TépHIME (yuacTok 1)
" KUJRUME (Yy4acTOR 2) OTX0[aMu TPON3BOJL-
CTBA pajinsl U3 MJIACTOBBIX BOJ. YuacTok 1, mpej-
CTABJICHHBIN CMEITAHHBIM JIECOM, OB 3arpsA3HEH
NIPEBECHBIM YTIJeM, KOTOPBINA MO TeXHOJOTUN
MPOMBBOMICTBA PN CHAYAIa MCIIOTB30BAJICA B
KavecTBe cOPOEHTA, a 3aTeM BLIOPACHIBAJICS B BUIC
OTXOJIOB, COMEPSKATIIX OCTATOTHOE KOJTMICCTBO
pajinonyryusa. [ louBeHHbII ITOKPOB yuacTKa rpeji-
CTaBIICH TTOI30JITCTON TTOUBOT M XapaKTePU3YeTCs
HaJIMYIeM MOICTUIKI MOoI[nocTeio 0—4 cM, moj
ROTOPOT HAXOAMWTCS CJION HTUX OTXOIOB TOJIII-
Holl 7—23 cM. Yuactok 2 siBJsIeTCsI TeppUToOpueii
OBIBIIIETO XUMITYECKOTO 3aBOJIA 1 XaPAKTePU3YeTCs
[HOUMEHHON aJII0BUAJIbHO-IePHOBOI 1TOYBON, HA
KOTOPOIl TTPOU3pACcTaeT JYroBasi pacTUTeTLHOCTD.
3arpsisHeHUe y4acTRa MPOU3OIILI0 B Pe3yabrare
cOpoca Ha TOBEPXHOCTD TTOYBBI TIIACTOBBIX BOJI T10-
cyie iobbIum n3 HUX pajus. M3-3a necoBepiiencraa

TeXHOJOTHH KOHTIEHTPATMS PAIHOHYKINIA B HIX
0CTaBAJIACH IOBBIIIIEHHOI, B pe3yJIsTarte cofiepsra-
HUe PaJiisi B [I0YBE YBEJINYIIOCh.

Ha yuactrax npoBojuin conpsiREHHbII OT-
60p obpasios ous (cyoit 0—20 cM) 1 HaJBEeMHBIX
qacTeil pacTeHnil Ha ONpese/ieHne ColepRaAHUS
B Hux **Ra. [ljs paborel Obin BeIOpaHbI pac-
TeHUSs, TTPoU3pacTaine Ha 000nX ydyacTrax, —
nBan-vaii yaronucrnbiii (C. angustifolium) ce-
MeiictBa kKunipelinbie (Onargaceae) u pacreHust
cemeticrBa 6o0oBbIie (Fabaceae) — unna BecemHsis
(L. vernus) w unna myrosas (L. pratensis), mpo-
uspacrawoiue Ha yuactkax 1 n 2 coorBercTBeHHO
(101 obpaserr). Pacrenust cymmin nHa Bosmyxe,
M3MEJIbYAIN 1 030/ B MY(DeTbHOI 1eun 1mpu
900 °C. TTouBnl TakyKe BLICYIITIBATIH, PACTHPAII,
npocenBasu u nporkanusasu pu 600 °C. *°Ra B
o0pastiax orpeessjin SMaHATMOHHBIM METOIOM
[6] c uyBeTrBUTELHOCTRIO 0,07 BR/T 11 011IMIGKOTI
mamepenuii 15%. Pesyiabrarer paccunranbl Ha
030JIEHHYIO TIPO0Y.

Dopwmbr Haxozkpenns 22’ Ra B mousax anain-
3MPOBAJIN METOJIOM TIOCJIE/IOBATETHHBIX BBITSIZKEK.
Jlist onpenesienusi BogopacTBOPUMOil (hopmMbl
UCIIOJIB30BAJIN IUCTUILINPOBAHHYIO BOJLY, 0OMEH-
noii — 1M CH,COONH,, kucnoropactsopumoii —
1M HCI. Coorrorerine TBEPOIT 1 RUKOT a3z
cocrasuiio 1:10, Bpems B3anmoieiictBust — 24 yaca.
[TopBusuBIMT hopMamu cunTasin Handoee J0-
CTYIIHYIO [IJISI PACTeHU CYMMY BOIOPACTBOPUMOM
u 0OOMeHHOIT (DpaKRITNIi.

DuanKo-XUMUYECKUIT aHAJIN3 TTOYBbI Bbi-
MoJIHeH B 1labopartopun «JIroanaaut» Mucruryra
owonornu Romu HIT ¥YpO PAH. [Ina cratucru-
qecKOT 00pabOTKI TaHHBIX MCITOIH30BAHBI TIPO-
rpammbl Microsoft Excel 2007 u Statistica 6.1.

Pesyabrarel n ux oocy:kaenne

Tur 3arpsi3HeHUs MOBAUSI HA cleTuURY
(PMBUKO-XMUMUYECKOTO COCTaBA MCCAEIYeMbIX
MOYB, YTO BBIPAYKATOCH PA3JIMYMAMU B X XapaK-
repucturax (radi. 1). Tak, comepsranue docdo-
pa, Kauius, 0OMEHHOTO KaJIbIUsI 1 OPraHmYeCcKOTO
yTaeposia B MOA30JNCTON TTOUBe, 3aTPA3HEHHON
oTBaJIAMM, OBIJIO CPABHUTETLHO BhITIIe. YeabHast
AKTUBHOCTH Pajiisi B 00pasiiax mous 9TOro yuacr-
Ra TaryKe 3HAYNTETHLHO TTPEBOCXONIA COOTBET-
CTBYIOITIE 3BHAYEH WS [T YIACTKA, 3aTPSA3HEHHOTO
0oTpabOTaHHBIMI TITACTOBBIMY BOJIAMI, TIPH ATOM
pacteHusi Ha KayKIOM y4acTKe IMPOU3PaAcTaIn B
OJMBKIX MHTEPBATIAX COJIePIRAHMIT PAJIMOHYRITU/IA
B1ouBe (puc. 1). B rpanysiomerpuueckom cocrase
000MX TUTIOB TIOYB 11PeodJIaIain YacTuIlbl pazme-
pom > 10 mrm (@II), snavernus pH Obiim 63 KN
K HeiTpaabHbIM. G rrybnHOT KIUCTIOTHOCTE TTOBBI-
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aJIach, PN HTOM HOJBOIUCTAsI TIOYBA 00118
OoJsiee KucJoi peakimeii [7].

VieabHass aKTUBHOCTL pajus B 00pasiax
pacrennii n ero KoaPUIIEHTH ONOJTOTHIECKOTO
nornomenus (KBIT), pasubie oTHONIEHNIO ROH-
MEeHTpanyii pafuioHyKJINa B 30JIe pacTeHui 1
MTOYBBI, TAKIKE MMeJIN TN POKIIT INana3oH Bapbu-
poBanms. Pe3yibrartel ofiHOGaKTOPHOTO JIcIiep-
CMOHHOTO aHaJIM3a He BBIABUIN MeKBUIOBBIX
pasnanynii B HAKOTIeHnn pajmonyriniaa. OpHarko
OB BBISIBJIEHbI 3HAUNTE/IbHbIE DAY MEFKILY
cojlepyRaHmeM PajiMoHYRINa B PACTeHUSX, OTO-

OpanHbIX Ha pasHbix yuyactrax (puc. 2A). Taxk,
TAHHBIT TTOKA3ATEIb BAPHIPOBAJ [T MBAH-YAs 1
YUHBI, TPON3PACTAIONINX Ha yaacTke 1, B mpemenax
1,08—11,67 1 0,64—-8,86 br/r10,04—3,35 1 0,04—
3,78 BR/r st 9THX 3Ke pacTeHuii, 0T0OpaHHbIX
na yuacrie 2. RBII papusa nsmensiucs or 0,03
no 12,8 nas L. pratensis n or 0,07 mo 1,98 ps
L.vernus. [Insiobpasnos C. angustifolium,orobpai-
Hbix Ha yuactke 1 n 2, 3nauenus cocrasuin 0,09—
14,8 u 0,03-6,76 coorBercrBento. [locroBepHbix
pazmuunit KB pajiust jiist pazubix BUgoB pacrenmii
IIPM HTOM He 1orasanu (puc. 2B).

Tadanma 1 / Table 1

CDWSWKO-XWMVTIIOCRWC XapaKTepuCcTuKM TeXHOTeHHO ISanHSHéHHBTX 1104YB
Physicochemical characteristics of technogenically contaminated soils

® . ) [Topzonucras mouna AJLTioBUaNbHO-J[ePHOBAS

N3UKO-XUMUYCCKUIT TOKA3aTe/b

Physicochemical characteristic (yflaCTf)K 1). uo.qBa(yllaC.TOK .2)
Podzolic soil (Site 1) Alluvial sod soil (Site 2)

26Ra, Br/r / **Ra, Bq/g of AW 0,18-63,4 0,05-21,4

pH, en. pH / pH, unit of pH 9,84-7,56 9,95-7,70

'K, monn/kr / HA, mol /kg 0,02-0,30 0,005-0,07

Ca**, monn/kr / Ca®>', mol/kg 0,07-1,09 0,05-0,47

Mg?*, monn/kr / Mg?", mol/kg 0,005-0,07 0,004-0,08

P,0,, mr/kr / PO, mg/kg 26,0-2100 3,3-233

K, mr/kr / K, mg/kg 40,4-2070 83,2-440

C,.%/C_.% 0,89-40,1 0,24-11,7

I, % / Particle size <10 wm, % 9,16—15,7 12,9-44,8

®I1, % / Particle size >10 pm, % 84,3-90,8 55,3-87,2

Obosnauenusn: ***Ra — codepucanue padus; I'K — eudpoaumuueckas ruciommocms;, Ca*t, Mg® — codepacanue uonos

RAAbYUSL U MASHUSL, P,O,;, K, CW
Pusumeckuil necor.

— codepacarnue gociopa, kaaus u opeanuieckoeo seujecmea; PI'— diusuuecrasn eauna, PII —

Notes: **Ra — content of radium; HA — hydrolytic acidity; Ca**, Mg** — content of calcium and magnesium ions; P,0.,
K, C — content of phosphorus, potassium and organic carbon.
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Puc. 1. Copepsranue papusi-226 B ouBax Ji/isi pa3HbIX BUOB pacTe i
Fig. 1. The content of radium-226 in soils for different plant species 55
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Fig. 2. The content of radium-226 in plants (A) and its biological absorption coefficients (BAC) (B)
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Fig. 3. The content of mobile forms (mf) of radium-226 in soils

Cumraercs, 4T0 TOTJIONIEHNEe PAa3HBIX dJie-
MEHTOB ITOYBbBI IIPOUCXOAUT N3OMPATENbHO U
CBSI3AHO ¢ TOW POJILIO, KOTOPYIO OHU MTPAIOT B
Mertabonuszme pacrenuit. B 6onbimom Ronmaectse
MOTJIOIAIOTCS 3JIeMEHThI, He0OXOIMbIe 1M JIJIsI
pocra. PajimoHyRIMU/bI, B CPABHEHUY ¢ HEOOXO0-
AUMBIMU DJIEeMEHTAMU TTUTAHUS, COJlePRATCS B
MouYBe B MPeeJbHO HU3KNX KOHIEHTPAIUAX.
Mexanuam uX MOTJIOMIEHWST PACTEHUSIMU [0
KOHIAa ocTtaércs HesgcHbM. HeroTopwie pammo-
HYRJUIBI B CJTEJIOBBIX KOJMYECTBAX MOTYT OBIThH
aCCUMUINPOBAHBI BMeCTe ¢ UX COOTBETCTBYIO-
UMY HeoOXOMMBIMU JIJIsI pacTeHniT aHaiora-
mu [1, 8]. Tarkke cunraercs, 4To KOJUIECTBO
PaJIMOHYKJINIOB, KOTOPOE MOKeT ObITh MOTJIO-
IIeHO0 pacTeHneM, B 00JIbIIell cTereH ! CBI3aHO ¢
COOTHOIIEHNEM Pas3JIMYHbIX XUMIYEeCKUX (PopM,

B KOTOPBIX OHU IIPUCYTCTBYIOT B IIOUYBE, OTIpeJie-
JSATOTIUM UX OMOJIOCTYTTHOCTD.

[Tonyuenunie pesyabrarhl MOKa3aaMm, 4TO
OTHOCHUTEJILHOE KOJTNYECTBO HAboIee OCTYTHbIX
JJISL pacTeHu i BOLOPACTBOPUMBIX M OOMEHHBIX
(Gopm pasiuist BbITIIe B aJTIOBUATBHO-IEPHOBOI
10YBe, 3arpA3HEHHON PA/IMOAKTUBHBIMI BOJIAMU.
B cpepnem ux gons spech cocrasuiaa 21%, B 10
BpeMsi KaK B I0YBe yYacTKa, 3arpsi3HEHHOTO OTBa-
Jamu, nx copepsxanme o110 0k0s10 9%. Jloss kic-
JIOTOPACTBOPUMBIX (POPM PaJiusi, MOTEHITHATHLHO
CIIOCOOHBIX BRIIOYATHCS B OMOTOTMYECKITH KT, B
000MX THIIAX TIOYB B cpejtieM cocrasmia 30%. He-
CMOTPSI HA TO, YTO OTHOCUTEJIBHOE KOJTNIECTRO JI0-
CTYTTHBIX JIJIsT pacTeHnit (hOPM PajInis B 3aTPSI3HEH-
HOW aJIITIOBHAJIBHO-TIEPHOBO TIOUBE OBLIO BBITIIE,
(parTIuecKoe NX cofiepsRanme n3-3a 6oIee HU3KNX
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BaJIOBBIX KOHIIEHTPAIINIT PAIHOHYKINIA TTPAKTH-
YeCKN He OTTIYanioch ot copepskarus [1D pagns
B 3arPA3HEHHON TTOB0JNCTON TTOUBe (puc. 3).
ITO YKa3®BIBAJIO Ha TO, UTO €T0 OMOTOTHUCCKAS
MOCTYITHOCTH OMPEeSAIach He mMPoCTo Coep-
manmem necraenyeMuix 11D, w0 m Bo3MoskHO
pasauausMu B GUBNKO-XUMUUYECKOM COCTaBe
TEeXHOTEeHHBIX ITOYB.

R BaskubiM harropam, BAUSIONAM HA TIOJ(-
BIJKHOCTH PAMOHYKJINIOB, OTHOCAT TaKne Xa-
PAKTePUCTUKI TTOYBBI KAK COflepsKaHme OpraHii-
YeCKOTO0 BEIecTBa, IMPUCYTCTBIE KOMILIEKCO00pa-
30BaTeJieil, KNCJIOTHOCTH ITOYBEHHOTO PACTBOPA 1 JIP.
Rax cieperBie, mx 6moiorndeckoe moraorene
13 Pa3HBIX THIIOB IIOYB MOKET CUJILHO OTJINYaTh-
cs1. Pacrenus, npouspacraorniie Ha TIMHACTBIX
1 OPraHMYeCcKUX MOUBAX, IEMOHCTPUPYIOT HoJiee
HU3KUe 3HaueHUs Kod(@UIMeHTOB HAKOTIIe-
HUSA pajins, uTo CBA3AHO € TMOTJIOMIATONIMN
CBOMCTBAMU MTOYBEHHOTO OPTAHO-MUHEPATHHOTO
ROMILIEKCA, TTeCYanbie W CYTINHNCTRIe — Dojiee
Boicokue [1, 9, 10]. Kucnornocts mouBeHHOTO
pacTBopa TaksKe 3HAYUTENBHO BJIMAET Ha coph-
o pagmonykania [11]. Obuapyskera orpuima-
TeTbHas ROPPeTATA MesKTy Koadduimentamn
HaroreHus pajaus u pH, meskny copepsranmem
226Ra B pacTuTeJbHOCT W KaTHOHO-O0OMEHHOI
émrocrnio mouswr [9, 10, 12, 13]. Taxske cunra-
eTcst, 9TO pajiiil, HaXO/sICh B TOYBAX B MIPEETbHO
HU3KNX KOHTIEHTPAIIAAX, Fe CITocobern 00pasoBhi-
BaTh CAMOCTOSITEJILHYIO TBEP/YIO (hasy B rporecce
XIMIUECKIX PEAKIIII, a CTeyeT 3a CTabMmILHBIMI

Roppensimnonnast matpuia [lmpcona s 3aBucmMocTeil MY cofiepskaHnem

HOCUTEJISIMI — JIPYTHMU DJIeMEeHTaMU 11eJ04HO-
3eMesibHOI TpymIel |8, 14-16].

Jlnst orpepienienust (PAKTOPOB, BJIMSIOIINX HA
MOJIBUKHOCTE 11 OMOJIOTHYECKOe TOJIOIIeH e pa-
Jist, OBbLIIN MCCIIeIOBAHbI 3aBUCHMOCTH COJIePIRAHIIS
PAIMOHYRIN/IA B TOYBAX U PACTEHUSAX OT PU3NKO-
XUMUYECKUX TTapaMeTpoB CpeJibl TPON3pacTaHis
MEeTOJIaMU KOPPEJISITTUOHHON 1 perpeccuoHHol
cratucturn. Coracuo pes3yiabTataM HCCTeo0-
BaHUI, cOjlepRaHe BAJTOBOTO W MOJBUMKHOTO
pajus B 3aTPA3HEHHLIX MOYBAX B OCHOBHOM
KOppeanpyer ¢ OfHUMI 1 TeMU jKe TapaMeTpamu,
HO B 3aBUCHMOCTH OT TUIIA TOYBHI HAOITOATICH
pasanmvus B TOKa3aTeJsiX, OTBeTCTBEHHBIX 32 pac-
npefiesieHne PaIoHyKIN/IA, 4TO BePOsITHETll Bcero
OBLTIO CBSI3AHO CO 3HAYNTEJbHBIMI PA3INYNSIMU
B (DMBMKO-XNMIYECKOM coctaBe 1mouB (1abir. 2).

Tax, B 10/130JIMCTOI TTOUBE YleJIbHAsI AKTUB-
HOCTB pajiusi ObIJIA TOCTOBEPHO CBsI3aHA ¢ COJlep-
anueM gocedopa, a TaKkKe eé aKTyaIbHOI 1 110-
TEHIMAJIBHOI KNUCJIOTHOCTHIO, caadasi Koppesisi-
IUOHHAS CBA3H 00HAPYIKIBAIACH C COMIePKAHITEM
RaIBINST, KaJIUsA 1 OPTaHMYECKOTO BeIecTBa.
B anmoBranbHo-epHOBOI TOUBE MPeITKTOpaMi
MOBBIIIEHHBIX KOHIEHTPAIUI PaInOHYKIN/A
ABIAIOCH COTePsRATIe OPTAHNIecKOTO BeTecTBa
7 00OMEeHHBIX KaTHOHOB Rajabiusa n maraus. [lo-
JydeHHbIe Pe3yabTaThl YaCTHUHO COTIACYIOTCS
¢ pesyabraramu pabor [17, 18], B KoTopbIxX 1po-
unbHas quddepennuarmsa pajus B pagnoar-
TUBHO 3arpA3HEHHON MTO/I30JIUCTON CYTTINHICTON
MoYBe TaKkyKe KOHTPOJMPOBAIACH ITPOTeccamMmn

Ta6aunma 2 / Table 2

226Ra B 10uBe 1 eé PU3NKO-

xumnuecknmn xapakrepucrnkamn / The Pearson correlation matrix for the dependencies between the
content of ?Ra in the soil and its physicochemical characteristics

AJIJIIOBMHJU)HO',LLGPHOB&H I104Ba
[Mopzonucras mousa(yuactok 1) .
DOusIKo- N n: Podzolic soil (Site 1) '(yqac'rog 2) .
WBHRO-XIMIMCCKIT TOKa3aTeh Alluvial sod soil (Site 2)
Physicochemical characteristic ZZGRA(M” 226Ram®) mRa(m) ZZGRa(m))
226Ra“01) ZZGRa(mr) ZZGRa(Im) ZZGRa(mr)
*Ra .. /*Ra, 1,00 0,94* 1,00 0,89*
“Ra iy, / “Ra,, 0,94* 1,00 0,89* 1,00
pH, en. pH / pH, unit of pH 0,55% 0,48* -0,01 -0,07
'K/ HA 0,43* 0,52* 0,37 0,44*
Ca** 0,32 0,42% 0,73* 0,73*
Mg?* -0,04 0,12 0,74% 0,70*
P,0, 0,77* 0,74% -0,33 -0,27
K 0,28 0,26 0,34 0,37
A 0,27 0,34 0,79* 0,80*
I / Particle size <10 upm 0,11 0,20 -0,08 0,05
®I1 / Particle size >10 um 0,15 0,21 0,12 0,03

Ipunewanue: ¥ — docmosepro npu p < 0,05.
Note: * — significant at p < 0.05.

7
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BEPTUKAIHHON MUTPATINHT COIIMTHEHIIT KaTbIUs.
Conepskanme 1D papus B obonx Tumax mousn
JIOCTOBEPHO KOPPEJINPOBATIO ¢ eT0 BAJTOBBIM CO-
nepskanneM. CBsi3b KOHIEHTPAIMIT pajiusi B 10U -
Bax ¢ cootHomenneM B Hux gparmuii O u OII
YCTaHOBUTH He yAaa0ch. OHAKO MpeJbILy M u
MCCJeIOBAHMSAMI TTOKA3aHO, YTO B 000MX TUIIAX
[IOYB MAKCUMaJIbHOE KOJTNYECTBO PAIOHYKJIH/A
cocpeporouero Bo ppariusax OI' [7].

HeoOxoaumo orMeTnts, 910 B MCCACLYeMOI
MOIeNI HabMI0aInch KOPPEIINI OTHeIbHbIX
napaMmeTpoB U3NKO-XMMIYECKOTO COCTaBA He
TOJILKO € cofiepsRanmem pajus B mouse. Hexoro-
pbie paRTOPHI HAXOAMJINCH B TNHENHON 3aBUCH-
mocTu Jipyr ot fipyra. K npumepy, nabmaopanach
Koppessius cofepskanus Gocdopa B mouse ¢
routenTparusvn kamus (0,81), oprannvecko-
ro yraepoja (0,65) u rugposuTuyecKkoi Kuc-
noraocthio (0,90); ranbiusa ¢ marauem (0,73),
opranuveckum yriuepopom (0,84), pusnveckoit
rowaoi (0,64) w pH (0,45), uro yenomkmsio 3a-
flavdy MOCTPOEHUsI MHOJKECTBEHHOI perpeccun.
Tem He MeHee, TOCTPOEHIE PEIPECCUN METOIOM
MOCJIeIOBATEILHOTO BRIAOUYEHNs (DAKTOPOB 110-
3BOJIMJIO BBISIBUTH PA3HUITY B CBOWCTBAX IOYB,
HEeIMOCPEICTBEHHO BIMSIONINX HA TOBUKHOCTD
pajronykiauga. CormacHo MmoayyeHHbIM ypaB-
HEHUSIM BAJIOBOE COJiepsKaHue pajiisi B nccse-
JLyeMBIX 3arpsI3HEHHBIX TOYBAX (HE3aBUCUMO OT
Tuna) Gojiee BCEro 3aBUCENIO OT COJEPKAHUS B
HIUX OpraHndeckoro yriepoja u gocedopa:

*Ra ., =0,629P,0,+0,622C (R*=0,982,
p <0,001).

[Tpm arom, cogepsranne [1D pagnonyransa,
HATPAMYIO 3aBUCSIIEE OT ero BAJTOBOI KOHIEH-
TpaIy, ObLIO CBSI3AHO C TAKMMI XapaKTePUCTI -
KaMn (U3NKO-XUMUYECKOTO COCTaBa MOYB KaK
coflepsRaHe OPraHmuaecKkoro yriaeposa, a TakKe
O0OMEHHBIX KATHOHOB KAJbIUs I MATHISI:

Zz"Ram =036 R +0,567C_ +0,48 Mg* +
0,44 Ca** (RZ— 0,718, p < 0,001).

Copnepsranue pajius B pacTeHUSIX TAKIKE 3aB -
CeJIo OT psifia TIoKasareseil Pru3nKo-XuMnieckoro
cocraBa 1mouB. Pe3ynbratbl KOppeasiimoHHOTO
aHAJIM3a COBOKYITHOCTH BCEX JIAHHBIX MOKA3AIN
JTOCTOBEPHYTO KOPPEJISAIIITO ¢ BATOBBIM COJ[ePIKa-
nureMm pagus B mouse (r= 0,63, p<0,05), mpu srom
c coptepsranmem ero 1M cBsizb okazanach Menee
snaunmoii (r=0,30). Jlocroepras koppensitius
COJIePsKAHMS P/l B PACTEHUSIX TAKKe Oblia 110-
nyuena ¢ copepskanuem OI1 (r=0,62, p <0,05),
U3 4ero cJaeyer, 4To B HOUBaX ¢ OOJIbIIIeil 1o/
MecYaHbIX (PPaKIMil OCTYITHOCTb PaJIMOHYKJIT-
na oymer yBeaumuuBathest. K uncay darropos,
UMEIOIUX OTHOIIeHNe K Ipolieccy Onojornyec-
KOTO TOIJIOIIeHUsT PaJllisi MOJKHO OTHECTH TaKIKe

cojiepsKkafie OpPraHmueckoro yriaepojaa B movYBe
(r=0,52, p<0,05) n kamus (r=0,47, p<0,05).
Cradbie ROppeJstiyy ObLIH IOJYYCeHBI ¢ COflepsKka-
nuem gocedopa (r=0,38) n kanbius (r = 0,39).

Taxum 06pazom, ocHOBHbBIE (PAKTOPDI, BIIS-
01I[1e HA paciipesiesieHne pajitoHyRJIU/a B IOUBe,
OTIOCPeIOBAHHO BJIVSIIN 1 HA €T0 coflepyKaHme B
pacrenusix. OfHaKoO, ec/in cofepsRanme paano-
HYRJIUA B mouBe, ocobento ero [1D, nocrosepro
KOPPeJnpoBaio ¢ KOHIEHTPAIeil ero XuMi-
YeCKOT0 aHaaora KaJbllus, TO ¢ COJepRaHneM
PAIMOHYKJII/Ia B PACTeHUT ATA CBSA3H OKA3a1aCh
caaboBbipaskenHoil. Kanbiuii urpaer BaskKHYyIO
POJTh B TIpoIiecce pocra u nuranus pacrennii. [lo-
Ka3aHo, UTO PN ero TMOBBIIEHHOM COJ[ePIRAHIT
B MTOYBAX MHTEHCUBHOCTD TIOCTYIIICHUST PAJIUAS B
pacrenust mosker cuuzkarbest [19]. Bosmoskno,
ATO CBSIBAHO ¢ KOHKYPEHIIHEN MeJ0TH03eMelb-
HbBIX METAJJIOB 32 aJ[COPOIMOHHbBIC TIEHTPBI HA 110~
BepXHOCTH KOpHs. Paguii mMeer mpenMyIecTBo
B ATON KOHKYPEHIUK 13-32 DOJBINOI0 HOHHOTO
pagmyca. Ho Tak Kak B OUYBEHHOM pacTBOpe
OH OOBIYHO TIPEJCTaB/IeH B IIPEJebHO HU3KIX
KOHIIEHTPAIINSX, TO B IPUCYTCTBIUY ITEJI0YHO3e-
MeJIbHBIX JIEMEHTOB B BBICOKIX KOHIIEHTPATHSIX
TOTJIOTIEH e Pajinsa MosKeT mofanaaThes |1, 13,
19]. Huskas ke MoCTYIHOCTh KaJIbIUs B TIOYBE
MOJKeT BBI3BATh AHTaTOHNCTHYCCKNIT (KT mo-
DJIOTIEH ST PAJIHST PACTUTE/ILHOCTHIO, 4TO CBA3aHO
¢ HAPYIICHNEM rOMeOCTaTHYeCKOT0 PABHOBECHU S
B pacrenun [20].

3araoueHue

[Hornomenune pajgus-226 pacteHusIMU SABJIsI-
eTcsl CJTOKHBIM MHOTO(PAKTOPHBIM TIPOTECCOM,
Ha KOTOPbII 3HAYUTE/IbHOE BIUSHIE OKA3bIBAECT
(pusuro-xumuveckunii cocras nous. Mceneno-
BaHME aKKYMYJAMPYOMUX CBOUCTB pacTeHui
C. angustifolium, L. pratensis, L. vernus ne
BBISIBIJIO JIOCTOBEPHBIX MEKBUIOBHIX PABTHUNIT B
HAKOTIJICHUT PAJIMOHYKINIA, OTHAKO OBLTN 00HA-
PYsKEHBI 3HAUNTELHBIC PASTNYNA B €70 HAROTLIC-
HUW PACTEHMSAMNI Ha YUYaCTKAX C PA3HBIM THTTOM
mouB u 3arps3uenuil. [lomyderibie pe3yabraTs!
CBUETENHLCTBOBAIN, UTO COJCPIRATIE Pagmo-
OYRINAA B MCCTSYEeMBIX BIUaX PACTeHNIiT Hosree
BCETO 3aBUCEJTO OT €r0 BAJIOBOTO COJlePKAHMS B
MOYBE U B MEHBINEH CTeITeHN OT COfIePyRAHS BbI-
nenennbix 1@ paguonyriauna. Ilpegukropamu
MOBBITIIEHHBIX KOHIEHTPATINIT BAJIOBOTO PaJiis B
UCCTETYEMbIX TeXHOTEHHBIX [I0UBAX SIBJISITIOCH CO-
nepsrarme pocdopa m OpraHNYEcKOTO Yrireposia.
Roumnenrpanun 1@ pagnonyriauga Ob1m cBsi-
3aHBI TAKIKE ¢ COJlEPsRAHMEM KaTHOHOB KaJIbINs
W MaTHUS, YTO MOTBEPKIATOCH TAHHBIMU MHO-
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FKECTBEHHOTO perpeccnonioro anaansa. K anciry
Bety X baKTOPOB MOBUKHOCTI PAJIIST MOFKHO
TaKKe OTHECTH aKTyaJTbHYIO U MOTeHI[NAIbHYTO
KHCJOTHOCTHU TIOYBEHHOIO PACTBOPA.

@arTophl, BAUAIONNE HA MUTPATMOHHYTO
CIIOCOOHOCTH PAJIMOHYKJINIA B TI0YBAX, OTIOCpe-
JIOBAHHO BJIMSIJIN U HA €r0 COoJlepsRaHme B pacre-
Husix. Pe3ynabrarbl RKOppesisiiinoHHOTO aHaIn3a
MOKA3a/i, YT0 K 4MCay Hambojiee 3HAUNMBIX
MOJKHO OTHECTU COJeps;KaHme OpPraHmIecKoro
yruepona, kasius, gocdopa, coornonrernne OI1
n OI'. Heemotps ma 1o, ato comepskanue 11D
pajiisi B IOYBaX JIOCTOBEPHO KOPPEJINPOBATIO C
cojiepskanneM OOMEHHBIX KaTHOHOB KaJIbI[HsA 1
Mariusi, BIPAKEHHON CBAZM MEKY COjlepsKa-
HITeM PaJInOHYKJIN/A B PACTEHUSAX W BHIIIEYKa-
BAHHBIMU I[EJOYHO3EMEIbHBIMI dJIeMeHTaM I
BBISIBJICHO He ObLTO.

Paboma evinoanena ¢ pamrax I'oczadanus Né
AAAA-A18-118011190102-7.

Aemop evipadcaem daazodaprocms c.H.c., K.0.H.
H. n. lllykmomosoti, 3as. 1ao., k.o.n. H. I'. Pauro-
801l, COMPYIHUKAM 4AHOPAMOPULL Mupayuu paduo-
nykaudos u paduoxumuu u «Ixoanarum» UB Komu
HI[ YpO PAH.
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The development of new forms of nitrogen-containing mineral fertilizers comporting with world safety standards is
currently quite a relevant problem. Existing forms of combined fertilizers including ammonium nitrate and carbonates
have a number of disadvantages (hygroscopicity, caking, partial ammonium nitrogen decline). Therefore active search of
new components with certain advantages is conducted. At the same time, their inclusion into the fertilizers’ composition
should ensure a high level of plants’ nitrogen assimilation, exclude environmental pollution and comport with Green
Chemistry principles; low cost and the possibility of large-tonnage output in Russian Federation is also of great importance.

The quartz-glauconitic sandstone from Beloozero deposit (Lysogorsky district, Saratov region) is considered as
such a component. Its chemical composition is determined by the mass-spectroscopy with inductively coupled plasma
and atomic emission spectroscopy with inductively coupled plasma. The technique of glauconite introduction into the
combined mineral fertilizer with ammonium nitrate was tested. The ammonium nitrate and glauconite ratios are selected
to ensure the fertilizer thermostability and meet the European Union standards. The evaluation was carried out by ther-
mogravimetry and differential-thermal analysis. The properties of the obtained fertilizer were tested by bioassay. It was
definitely proved that the obtained fertilizer has a favorable effect on the seeds germination and seedlings development.

Thus, granulated composition containing 80% of AN and 20% of glauconite allows to decrease the nitrogen content
in the fertilizer finished form to 27—-28%, which provides the fire-safety and explosion-safety required level, eliminates the
risk of pellets caking during storage, promoltes an increase in fertilizer’s agrochemical efficiency and allows to decrease
the fertilizer’s application rates and, consequently, to reduce the environmental burden.

Keywords: ammonium nitrate, glauconite, explosion-safety, phytotoxicity, bioassay.
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PaszpaGorka HOBBIX (hOpPM azoTcojepyRalnX MUHEPAIbHBIX Y00pPEHUIl, COOTBETCTBYIOIINX MUPOBBIM HOPMaM
6e3011aCHOCTH, SIBJISIETCS] HA JIAHHBIIT MOMEHT JI0CTATOYHO aKTyasibHOIl 3aiaueil. CynecrBytomue popMbl KOMOMHIPOBAHHbBIX
ynoOpennii, BRIOYAIONNe aMMIAYHYIO CeTUTPY U KapboHaThl, 00JaJjal0T PAOM HEJOCTATKOB (THIPOCKOIIMYHOCTD,
CJIGIKNBAEMOCTD, ITOTEPsI 4aCTH aMMOHHUITHOTO a30Ta ), T0ATOMY BEJIETCs AKTUBHBII ITONCK HOBBIX KOMITOHEHTOB, 00J1a/IaI0ITIX
onpejenéHubiMu npenmyiecrsamu. [Ipi srom nx Bejiene B cocras yo6peHuil 10J3KHO 0OeciiednBaTh BHICOKIIT yPOBEHb
YCBOEHUSI a30Ta pACTeHUSMU, NCKIIOYATh 3arpssHeHe ORPYKAIOIIell cpejibl 1 COOTBETCTBOBATH IPUHIINIIAM SeJI68HOT
XM, BayKHbIM q)a[(TOpOM TaK jKe ABJAeTcA HeBbICORad CTOMMOCTb U BO3MOKHOCTH IIOJIYyYeHUA B KPYITHOTOHHAMKHbIX
obbémax Ha reppuropun Poccuiickoit Mepeparun.

B rauecTBe TAaKOrOo KOMIIOHEHTA paccMaTpuBaeTcs TIAYKOHUTOBBIN 1ecok Bemoo3épckoro Mectoposkienns
JIsicoropekoro paiiona CapaToBCKoOil 0bacTi. ¥ cTaHOBIEH eT0 XUMIYECKNIT COCTAB MACC-CIIeKTPATbHBIM € MHIYKTHBHO-
CBSI3aHHOII 1IJIa3MOIl 1 aTOMHO-OMUCCUOHHBIM ¢ MHJYKTUBHO-CB3aHHON 1a3Moil Merogamu. OrpaboraHa MeToj[nKa
BBEJIeHIS JITAHHOTO KOMIIOHEHTAa B COCTAaB KOMOMHMPOBAHHOTO MUHEPAIBHOTO YA00peHNs ¢ aMMUAYHO CeanTPOil.
HO}LO6paHbI IporeHTHbIe COOTHOIIeHNA 3MM]/I3‘IHOI'/)I CeJINTPbI N INIAyROHUTA, 066(’,”9‘1]/“}3}0”[[/]6 TepMOCTa6MthHOCTb
ynobpenust u orBevatonine kpurepusm Eppomeiickoro Cotsa. OneHka npoBOANIaACh METOIOM TePMOrpaBUMeTPUN
n pudepeninanbHo-TepMnieckoro anannsa. Viceaeposansl cBoicTBa HOTYYEHHOTO YIIOOPEH NS B 9KCITEPIMEHTe MeTOJI0M
GuorectupoBanus. [locToBepHO JIOKA3AHO, UTO ITOJyYeHHOE YI00peHe OKazbiBaeT 61aronpusiTHOE BIINSTHITE HA IPOPACTaHIe
CeMsTH 11 Pa3BUTIe TTPOPOCTKOB PEIICca 1 03MMOT PIKIL.

Taxmm obpaszom, mosydeHne rpanyInpoBannoil KoMmosunnn, cofaepsramieii 80% ammmaanoit cemurpor 1w 20%
MJIAYKOHITA MTO3BOJIACT CHUBHUTH COflePIRaHIe a30Ta B ToToBOI hopme yrodbpenus 1o 27-28%, uro obecnednaet pedyembiii
YPOBEHbB MOKaPO- 1 B3PBIBOOE3ONACHOCTH, YCTPAHIET OMACHOCTh CAEKITBAEMOCTH TPAHYJ TP XPAHEHUH, CIIOCOOCTBYeT
HOBBIIIEHIIO arPOXUMNYecKoil aperTuBHOCTN yA00peHNs, TI03BOJIAET CHU3UTH HOPMbI BHECeHUS YA00peHUs B 1OUYBbI
1 YMEHBIITUTh TAKUM 00Pa30M HKOJOIMMUYECKY IO HATPY3KY HA OKPYIKAIOIILYIO CPeJy.

Kaouessie crosa: avvuaunas ceqnTpa, MNayKOHNUT, B3PIBOO30TIACHOCTD, (DUTOTOKCUYHOCTE, O1IOTeCTHPOBAHNIE.

The orientation towards the introduction
of environmental technologies and the output
of products comporting with environmental
standards is the most important trend in the
development of modern chemical industry. Mod-
ernization of existing and development of new
chemical processes and materials comporting
with Green Chemistry principles [1] contrib-
utes preventing environmental pollution as
well as improving the economic efficiency and
competitiveness of industrial enterprises. The
ecologization problem of large-tonnage chemical
enterprises (e. g. the ammonium nitrate (AN)
output) is of particular importance. In accor-
dance with Merchant Research & Consulting
[2], ammonium nitrate accounts for more than
15% of the world nitrogen fertilizer market, the
world total demand for which will be about 120
million tons (in terms of the active matter) in
2018 [3]. Currently 13 enterprises in the Rus-
sian Federation produce AN, 8.75 million tons
AN were produced there in 2017. More than
60% of the AN produced in Russia is used for
domestic consumption, including for agricul-
ture consumes 70% (3.8 million tons), and for
industry — 30% (1.56 million tons) [4].

Ammonium nitrate is a highly efficient
nitrogen fertilizer, suitable for use on all soils’
types [2]. This fertilizer is water-soluble,
contains no ballast substances and combines
with other non-alkaline mineral and organic
fertilizers. Ammonium nitrate can be used as
a preplant (basic) fertilizer or a nitrogen top
dressing during vegelation, or it can be applied
in rows or holes while sowing. Despite its obvi-

ous advantages, this fertilizer has a number of
significant drawbacks, including explosibility,
toxicity, nitrate component leachability from
the root-inhabited soil horizon, increased hy-
groscopicity and storage caking [6]. Due to the
denitrification and leaching processes, and also
microbiological nitrates soil fixing, the nitrogen
mineral forms utilization by the majority of ag-
ricultural crops does not exceed 40-50% of the
applied dose [7]. These drawbacks significantly
decrease the AN competitiveness in the mineral
fertilizer market. Moreover, nitrates' high mo-
bility in soils is associated with the emergence
of environmental problems caused by nitrate
environmental pollution.

The inclusion in the AN composition of
components which will increase material’s
thermostability and will contribute to the im-
provement of its technological, commodity, ag-
rochemical and ecological characteristics is the
main direction in AN drawbacks' correcting as a
mineral fertilizer. At present, cheap and available
calcium and magnesium carbonates (limestone,
chalk, dolomite) are frequently used as such
ingredients [8]. Due to the above-mentioned
carbonates' inclusion in the AN composition,
the obtaining an explosion-proof fertilizer that
does not significantly acidify soils becomes
possible. Calcium-ammonium nitrate (CAN) is
widely used in the European Union countries
as fertilizer [9], its output has also been mas-
tered in Russia. Despite carbonate components
obvious advantages as AN stabilizers, their
inclusion in the fertilizer composition has also
very significant drawbacks, such as possibility
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of ammonium nitrate chemical interaction with
the following carbonates:

2NH,NO, + CaCO, = Ca(NO,), + CO, +
2NH, + H,0

2NH,NO, + MgCO, = Mg(NO,), + CO, +
2NH, + H,0

The carbonates chemical interaction with
ammonium nitrate leads to the ammonia lib-
eration and calcium and magnesium nitrates
formation. This process’s speed increases while
heating (mixing of AN fusion cake with carbon-
ates). Calcium and magnesium nitrates are highly
hygroscopic, that decreases the CAN granules
stability during storage. Significant problems
arise when granulating a mixture of AN with
lime ingredients in granulation towers, as well
as in centrifugal or screw granulators. The risk
of granulators holes clogging with solid particles
or sticking on the apparatus parts granulated
mixture inhibits or excludes the typical equip-
ment’s using in traditional AN production [10].
In addition, in order to obtain a suitable fusion
cake granulation mixture or a concentrated AN
solution with calcareous components, careful
grinding of the appropriate ingredients and
calcium nitrate formation inhibitors applying
are required. Ammonium phosphate and sulfate
are suitable inhibitors as they stimulate the
gypsum-phosphate shell formation on carbon-
ate particles.

It should be noted that the calcareous com-
ponents applied into the moist soil simultane-
ously with the AN increase the soil pH, that leads
to the partial ammonium nitrogen decline due to
the ammonium nitrate decomposition.

The glauconite choice for inclusion in the
AN was determined by the following factors
[11-17]:

— glauconite is a thermostable natural min-
eral that has no negative environmental effect;

—rich glauconite deposits are widely distrib-
uted in Russian Federation;

— this mineral is characterized by favorable
granulometric composition for inclusion in the
AN composition, low cost and availability;

— high sorption and cation exchange capac-
ity is typical for glauconite;

— glauconite includes a number of valuable
for crops macro- and micronutrients (K, Ca,
Mg, Mn, Cr, Co, Cu, Zn, etc.), capable of pass-
ing into the soil solution due to the ion exchange
processes;

— due to ion-exchange processes glauco-
nites are able to bind ammonium cations, that
reduce nitrogen declines while nitrification and
leaching;

— the applying glauconites improve soils
structural and mechanical properties and pro-
vides a meliorative effect.

Thus, the calcareous components inclusion
in the AN composition can not be considered as
an optimal problem solution of the fertilizer’s
thermostability. Research to find new promis-
ing materials for the AN stabilization is of great
relevance and practical value.

Analyses of the possibility and expediency
of glauconite inclusion in the AN composition
for ensuring thermostability and improving the
agrochemical efficiency of the fertilizer ingredi-
ent, is the aim of the work.

The research problems are:

— obtaining granular composition experi-
mental samples with 80% of AN and 20% of
glauconite;

— analyses of glauconite effect on the AN
thermal stability;

—evaluating the effect of glauconite supple-
ment on the AN phylotoxic properties.

Objects and methods

Ammonium nitrate grade B (GOST 2-2013)
and glauconite, isolated by magnetic separation
from quartz-glauconitic sandstone (GS) from
Beloozero deposit (Lysogorsky district, Saratov
region), were used for the experimental studies
implementation. The GS glauconite content is
an average of 50%. The pit-run GS was screened
for separating coarse mechanical impurities
(more than 10 mm) and dried at a temperature
of 70-100 °C to a residual moisture not more
than 3%. The after-drying GS was fractioned:

— mechanical impurities of more than 1.5 mm;

— grits from 0.63 to 1.50 mm;

— GS used for magnetic separation (less
than 0.63 mm).

GS fractioning was carried out using two
shaker screens with cells of 1.5 mm and 0.63 mm.

A magnetic highlyinductive separator CMVi
was used to separate the glauconite (magnetic
fraction) from the quartz sand ballast fraction
(non-magnetic fraction). The glauconite content
in purified GS was 95 to 98%. The product was
a fine, loose, non-hygroscopic powder of gray-
green color. The glauconite grains size was in
the range from 5 to 60 wm.

The glauconite chemical composition
analysis was carried out by mass spectroscopy
with inductively coupled plasma (MS) and
atomic emission spectroscopy with inductively
coupled plasma (AE). An inductively coupled
plasma mass spectrometer Elan-6100 (“Perkin-
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Elmer”, USA) and an atomic emission plasma-
inductively coupled spectrometer Optima-
4300DV (" Perkin-Elme", USA) were used for
chemical analysis.

The triturated AN was mixed with purified
glauconite to obtain a fertilizer granular form.
The mixture was heated to 135 °C and rubbed
through a stainless steel sieve with a mesh size
of 2 x 2 mm. The derived grits were pelletized
and dried al a temperature of 50 °C to a residual
moisture not more than 3.0%. The glauconite
content in the finished granules of glauconitic-
ammonium nitrate (GAN) was 20+£1%, the
nitrogen content was 27.0-27.5%. This
components ratio provided the thermostability
desired level of the finished fertilizer form [18,
19]. The GAN granules sustained a load of up to
1.5 kg per granule and showed no caking signs
when unclosed stored in an enclosed space at a
temperature of 20—25 °C for 12 months.

The GAN thermostability was evaluated
with thermogravimetry and differential thermal
analysis using a differential thermal analyzer
DTG-60 (“Shimadzu”, Japan). The samples
heating was carried out in open-type platinum
crucibles (diameter 5.8 mm, height 2.5 mm,
weight 136 mg, heat resistance up to 1500 °C).
Aluminium oxide was used as the reference. Air
was supplied at a 150 ml/min flow rate, heating
rate was 10 °C/min. The device was calibrated
on indium, tin, and lead.

The AN and GAN phytlotoxic properties
comparative assessment was carried out by
biotesting (seedling method). Artificial soil
prepared according to GOST R ISO 22030-2009,
was used. The artificial soil (substrate) pH was
6.5+0.2. Calibrated seeds of Raphanus sativus var.
radicula Pers. (Saxa variety) and Secale cereale ..
(Falenskaya-4 variety) were used as test-cultures.

The experiment options:

1. Control (substrate without additives).

2. Substrate + AN (0.005% of the substrate
weight).

3. Substrate + GAN (0.0062% of the
substrate weight).

4. Substrate + glauconite (0.0012%).

The AN addition in an amount of 0.005%
of the substrate weight is equivalent to soil
application of nitrogen with a mass of 75-80 kg
per hectare.

The substrate phytotoxicity was detected by
inhibition of test cultures’ seed germination and
seedlings development. The prepared substrate
was loaded into plastic containers and moistened
with deionized water. The wel substrate surface
was covered with filter paper of grade F (GOST

12026-76), the test-cultures seeds were laid
there. The containers with seeds were covered
with a microperforated polypropylene film
and placed in a thermostat to ensure optimum
moisture. Germination was carried out al a
temperature of 201 °C for 7 days.

The germination energy and rate, seed-
ling vigor and also the seedlings’ initial growth
intensity were indicators of the fertilizers phy-
totoxicity assessment [20].

Experimental studies were performed in
three replications. The results were statistically
processed using the Microsoft Excel program.

Results and discussion

The data on the glauconite chemical com-
position (the content of the basic substance is
96+1%) used for the experiments are presented
in Table 1.

In accordance with the chemical analysis,
the glauconite inclusion in the AN composition
pose no risk of environmental pollution with
toxic elements. Al the same time, relatively
high potassium content (more than 4%) and
a number of micronutrients increase the GAN
agrochemical value.

The thermogravimetric analysis results
indicate that the AN and GAN decomposition
begins at the same temperature (Fig.), since the
starting temperatures of the mass decrease for
both samples coincide. The endothermic peaks,
which correspond to the phase transitions at stud-
ied samples heating, on the DTA curves are also
identical for both samples. Thus, the glauconite
addition does not reduce fertilizer thermostability.

Laboratory tests results give reason to
assume the possibility of obtaining more ho-
mogeneous suspension for granulation due to
glauconite powder introduction into AN fusion
cake with vigorous stirring (300 rpm and 12 kW
drive per 1 m? of the mixer reaction volume). In
the conditions of sufficient uniformity glauconite
will act as a dephlegmatizing addition and an
adsorbent released while the AN decomposition
to nitrogen oxides. The main AN decomposition
product in the fusion cake is nitrous oxide:

NH,NO, — N,0 + 2H,0 + 36.8 kJ

However, other products (in addition to
N,O) are formed while the above-mentioned
decomposition, such as nitrogen dioxide NO,,
that may catalyze the AN thermal decomposi-
tion [21]. Nitrogen dioxide binding of due to
adsorption may increase GAN thermostability
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Table 1
Glauconite chemical composition
Common Name Formula Content. Method of analysis **
mass. share. % *

Sodium in terms of oxide Na,O 0.086 AE
Magnesium in terms of oxide MgO 2.02 AE
Aluminum in terms of oxide ALO, 4.34 AE
Silicon in terms of oxide Si0, 69.9 AE
Potassium in terms of oxide K,O 4.17 AE
Calcium in terms of oxide CaO 1.89 AE
Manganese in terms of oxide MnO 0.0098 AE
Iron total in terms of oxide Fe,0, total 13.3 AE
Loss on ignition — 3.98 ¢ gravimeltric
Chrome Cr 279.3 MS, AE
Cobalt Co 10.6 MS, AE
Copper Cu 10.9 MS, AE
Zinc 7n 70.1 MS
Arsenic As 2.7 MS
Plumbum Pb 4.08 MS, AE
Cadmium Cd 0.078 MS, AE
Molybdenum Mo 6.04 MS

Note: * — The results for an absolutely dry assay. The definitions error corresponds to the standards of error in determining
the mineral raw materials chemical composition in accordance with category Il accuracy. GOST 41-08-212-04,; ** — MS — mass
spectral method with inductively coupled plasma, AE — atomic emission method with inductively coupled plasma.

T2 o
L = -200.00
w0000 = -300.00
k = -400.00
20,000 %
0.00 100.00 200,00 qr:;]n.?: [c] 400,00 H500.00 G00.00
®— — —DTG-60 AC 2017-11-24 10-22.tad DTA
v— — = DTG-60 AC 2017-11-24 10-22.tad TGA
| DTG-60 AC+20% glauconite 2017-11-24 11-25.tad DTA
Y DTG-60 AC+20% glauconite 2017-11-24 11-25.tad TGA

Fig. The thermogravimetric analysis results
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Results of AN and HAN biotesting

Table 2

Index Substrate Substrate + AN | Substrate + GAN Subsﬁcrate + glau-
(control) 0.005% 0.0062% conite 0.0012%
Roots length, 1 09.1£0.3 4.9+0.3 4.82£0.5 4.5+0.3
cm 2 1.2+0.5 2101 2.3%0.2 2.2+0.2
Seedlings 1 8.2+1.1 8.6+1.6 12.5+0.9 6.2+0.7
length, cm 2 1.8+0.3 3.60.5 3.8£0.4 4.620.7
Seedling 1 73.3+9.4 82.2+5.1 93.3£5.8 76.7+8.8
vigor, % 2 30.0+4.7 T4.4+12.6 83.3+5.7 78.9+5.1
Germinating 1 83.3£11.8 84.4+1.9 95.6+1.9 87.846.9
energy, % 2 75.0+£16.5 82.2+15.0 86.7+5.8 91.1+5.1
Germinating 1 91.7£7.1 87.8+1.9 98.9+1.9 91.1£3.8
capacity, % 2 93.3+4.7 93.3+£5.8 96.7+3.3 92.2+5.1

Note: 1 — Secale cereale L., 2 — Raphanus sativus var. radicula Pers.

in comparison with the AN. Pilot-industrial
tests are required to confirm this assumption.
Table 2 shows the results of AN and HAN
biotesting.

The obtained results demonstrate radish
high sensitivity to the AN and glauconite addi-
tives. Radish seeds are characterized by a two-
fold increase in such indicators as roots length,
seedlings length and seedling vigor when AN
adding to the substrate. Practically rye seeds
have no reaction for used in the experiment AN
and glauconite doses.

The small glauconite doses (55—60 kg/ha) ap-
plying into substrate also has a positive effect on
radish seeds germination. This effect may be due
to the exchange potassium and micronutrients
complex in glauconite [22]. The plants’ need in
potassium is especially great at the early stages
of seedlings development; this element is pre-
dominantly concentrated in young organs and
tissues. The substrate enrichment with glauco-
nite improves the mineral nutrition of seedlings
and promotes their development.

The optimal results are observed when
applying HAN into the substrate. This experi-
ment option demonstrated higher or at the level
of control values (indicator of rye root length)
biotested parameters, i. e., the AN and glauco-
nite co-applying into the substrate provides a
synergistic effect.

Conclusion

The conducted studies show the prospects
of glauconite using as an additive in the AN
composition. Granulated composition contain-
ing 80% of AN and 20% of glauconite allows to
decrease the nitrogen content in the fertilizer

finished form to 27-28%, which provides the
fire-safety and explosion-safety required level
and eliminates the risk of pellets caking during
storage.

According to the biotesting results, the glau-
conite addition to the AN composition favorably
effects the seeds germination and the seedlings
development. The AN enrichment with glauco-
nite promotes an increase in fertilizer’s agro-
chemical efficiency and allows to decrease the
fertilizer’s application rates and, consequently,
to reduce the environmental burden.
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[Torasana BO3MOMKHOCTH OMOJIOTHUYECKOI JIECTPYKIIMK TOJUMEPHBIX KOMITO3UIIMOHHBIX MaTepPUaioB Ha HpuMepe
CTERJIOTIACTUROB Ha 0cHOBe (perorodopMabieru/noi cMoant 1 creraoBosokia (mapkn Al' — 4 u J[ICB), opranonmacrnin
(mapru OIT-HA) u yrnemnacruros (V1I-Ypan-Tp-CO, YVT3D2YMH, 9ITAH-2B) mukpockonunuecknmu rpubamu. Crenexp
OUOJECTPYRINK BABUCHUT OT COCTABA MOJIMMEPHbBIX KOMITIO3UIIMOHHBIX MaTepuaioB. Hanmenee croiikumum K GHofiecTpyKIun
ABJAIOTCH OPTAHOIIACTUKI HA OCHOBE HMOKCHHLIX KOMIIOHEHTOB. BBIABIEHO, 4YTO OCHOBHBIMI OMOIECTPYKTOPAMU
MOJMMEPHBIX KOMITO3UTHBIX MAT€PUAJIOB SIBJISIIOTCS MPEICTaBUTETN MUKPOCKOTIIYecKuX rpubos Penicillium chrysogenum,
P. funiculosum, P. cyclopium, Aspergillus lerreus, A. niger, A. oryzae. YpoBeHb CTOWKOCTHU MOJTUMEPHBIX KOMIIO3UTTHOHHBIX
mMarepuasnion K Bopeiictauio miectesbix rpudos o F'OCT 9.049-91 Bapbuposasn ot 4 o 5 6a108.
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The objects of research were polymer composite materials (PCM) based on various reinforced materials and binders:
fiberglass, organoplastics and carbon plastics. The program of experimental studies included three stages. At the first
stage, studies were conducted to identify groups of microorganisms involved in the biodegradation of PCM. The second
stage of the research is devoted to determining the generic and species belonging to microorganisms obtained in the first
stage. At the third stage, the efficiency of the process of biological destruction of PCM by isolated groups of microorgan-
isms was evaluated. Determination of groups of microorganisms involved in biodestruction was carried out by seeding
on liquid nutrient substrates. Fungi resistance was determined in accordance with GOST 9.049-91.

The main groups of microorganisms developing on the surface of composites are representatives of the genus Peni-
cillium (P. chrysogenum, P. funiculosum, P. cyclopium) and the genus Aspergillus (A. niger, A. terreus, A. oryzae). The
evaluation of the fungi resistance showed that the PCM are non-resistance, so the growth of the fungi is estimated at
4 to 5 points. The epoxy matrix is the least fungi resistant, whereas the phenol-formaldehyde matrix more resistant to
fungal destructors. The results of the study shows the advisability of biodegradation technology with microscopic fungi
using for the utilization of polymeric composite materials based on epoxy and phenol-formaldehyde resins reinforced
with glass, carbon or organic fibers.

Keywords: biodegradation, mold fungi, fungi resistance, polymeric composite materials.

B mupe, B tom uncne B Pocenn, mabmogaercs 2016 1. 8 Mupe mpoussejiero 8,8 MJIH TOHH KOM-
peskuit poct 06bEMa MPON3BOACTBA KOMIIO3HM-  mo3uimonubix marepuason |1]. Ilpoussogcrso
IIMOHHBIX MaTepUaNoB, KOTOPbIe NCIOJAB3YIOTCA W AKCILTyaTalysi U3Jeanii N3 MoJMMepPHBIX KOM-
B Pa3JMYHBIX OTPACIAX HpoMbiieHnoctTn. B nosunumonueix marepuanos (ITKM) npusomur k
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00pa3oBaHMIO CYIECTBEHHOTO 00bEMa OTXO/I0B,
B BUJe MPenperos, o6pe3n mpu pacKkpoiike ms3-
fesnii, M30BITKOB CMOJT 1 BBITIE/IITNX 13 YIIOTpe-
Ostenmst usgennii. CyMMapHblii MUPOBON 00HEM
HAKOIJIEHNST KOMIO3UIIMOHHBIX MaTepuaJios,
O OT[eHKaM HKCIePTOB, COCTaBIsAET MOPsIKA
4 wita t/Top [2]. Pazmerenue JaHHbIX OTXO/[0B B
OKpY;RafoOIIeil cpejie TPUBONT K CYIIEeCTBEHHOT
Harpyske BBUJY UX JIUTEJILHOTO CPOKA pasJio-
serns — o 200 jer |3, 4].

B siureparypHbiX ncrounnkax [d—7] nmeror-
Cs1 OTPBIBOUHbBIE JIAHHBIE O KUHETUKE TPOIecca
01OpasIoReHNsI KOMITO3UTIMOHHBIX MaTePUaion
B OKpYKaloIeil npupoaHoii cpesie. Bmnreparype
[4, 8] mokazana MCKIIOUUTEbLHAS DKOJOTHYE-
CKasi 1 CAHUTAPHO-TUTMeHNYecKast OMacHOCTh
I[TRM: npu gecTpyRIgmy MarepuaaoB, apMupo-
BAHHBIX YIJIEPOHBIM BOJOKHOM, (hOPMUPYeTCs
3HAYNTEILHBIIT TTOTOR HAHOYTJIEPOHBIX YaCTHII,
00JTa/IAIONINX CYIEeCTBEHHON MOOUABHOCTBHIO 1
CRIOHHOCTHIO HAROTIIIEH ST B 3KUBBIX OPraHM3Max
[9]. Psij pabor mocBsAIMEH N3yueHn o MeXaHu3MOB
7 BO3MOJKHBIX ITyTell JeCTPYKITNN TTOTNMePHBIX
marepuanos [10-12], nokaswiBaomnii, 410 Ha
MPOIIECC JIECTPYRITUN B CYITIECTBEHHOI Mepe BJIu-
seT THI apMUPYONIIX BOJOKOH, IPUMEHsIeMbIil
TUTT OTBEPIRIACHIS, (DOpMa 00pas3oB, MUKPOOIO-
JIOTUYECKUIT COCTAaB MHORYJISIHTA, HATNY e MHBIX
NCTOYHUKOB MTUTAHUST, BIQKHOCTD CPEJibl.

UccnepoBanus 1mo y4acTnio MUKPOCKOIIN-
YeCKUX rpubOB B IECTPYRIMY TTPEIBAPUTEIIHHO
CTePUIN30BAHHBIX 00PA3IOB KOMIIO3UTTNOHHBIX
MaTepuagoB Ha OCHOBE dIMTOKCHHOW CMOJIBI ObIIIN
mposepennbl yuénbiMu Fapsapiackoro u [leiiton-
ckoro yuusepcuteros [13]. Beiio ycranosieno,
9T0 cMech MITKPOCKOTTIMUECKNX TPNOOB aKTNBHO
MCTOJIB3YeT CMOJY M 4aCTHI[Bl YIOJbHBIX BO-
JOKOH B KavecTBe MUTATeIbHOTO cyOcTpaTa.
ABropamn noraszaHa 3PeRTUBHOCTh Y4aCTUs
B OnooOpacTaHnm 1 IeCTPYRIMY KOMITO3UTHBIX
MaTeprajioB MUKPOCKOIIMYeCKIX TpudoB Asper-
gillusversicolor, Cladosporium cladosporioides n
Chaetomium sp. B cpaBuenuu ¢ bakrepusimu [ 14].

B 10 s1e BpeMsi HEOCIIOPUMBIM TIPEHMYIIe-
CTBOM TIpUMEHeHUsI OMOJOrnYecKnX MeTO/l0B
ST YTHJIMBATUN OTXO/I0B TTPOM3BOJICTBA 1 T10-
rpebmenus, B tom umcae [THKM, asagercs nx
9HeprodaPEeRTUBHOCTD, OTCYTCTBIE TOKCUUHBIX
TTPOYKTOB PA3JTOKEHTIA.

Anann3 mpobieMaTnKN HAKOIIJIEHNS OTXO0-
JIOB TIPOM3BOJICTBA W MCTIOJB30BAHNS W3
n3 [IRM, a rarske 0630p nAuTepaTypHbIX TaHHBIX
B 00JlacT! MoMcKa myTeil 61MOI0rm4eckoro pas-
JIO3KeHNsI IAHHBIX OTXOJIOB, ITO3BOJIAT TOBOPUTH
00 aRTyaJbHOCTH MCCJAEIOBAHUI B JIAHHOM Ha-
HpaBJIeHIH.

[leap wacrosieil paboTsl 3aKI0UYaIaCH B
OIleHKe BO3MOYKHOCTU MCIIOJB30BAHIA METOo/a
OMOJECTPYRIINY, KAK CITocoba YyTUAU3aInu OT-
XO040B HOJH/IMeprIX KOMIIO3UITMOHHBIX MaTepI/Ia'
Jgos. Ha gannom srarie uccieoBanmii ObLI0 Bask-
HO OIeHUTh BO3MOKHOCTH MCIOJIb30BaAHNIA O10-
JIOTMYCCKIX METOIOB B TEXHOJIOTIH HIepepadboTKI
HOJII/IMepHLIX KOMITO3MIITMOHHBIX M&TepI/IaJIOB,
BbLIABUTH OCHOBHBLIC prHHLI MI/II—(pOOpTaHH3MOB,
KOTOPBIE YIACTBYIOT B ITPOTIECCe OMOMeCTPYRITNI
[TKM u orennTsh X 3PPHERTUBHOCTD.

O0BbeKTHI 1 METOJbI HCCIE[OBAHIS

Obbexramu ncciaegoBanus apissinch ITRM
Ha OCHOBE PAa3HBIX HATIOJTHUTENCH U CBABYIO-
mux. /|75 srenepumenTa BoIOpaHbl clelyonine
[TKM: crermommacTukm, OPranomaacTuRI 1
YITICTLTACTH KN, TIePeUeHh KOTOPBIX TTPEICTABICH
B radaure 1.

[Tporpamma sKemepMMeHTATLHBIX MCCJTe-
noBaHUN 1Mo uaydenunio ouopecrpyriuun [TRKM
BRJITOUasia Tpu arama. Ha mepsowm srame mpoBo-
AUJINCH UCCACAOBAHNUSA 110 BLISABICHUIO I'PYIII
MUKPOOPTaHU3MOB, YUACTBYIOLIMX B eCTPY KK
[TKM. Bropoii stanm ncclieoBaHuil mMoCBANGH
orpejleJIeHII0 POJOBON M BUJOBOI TIpUHAJL-
JeMKHOCTH MUKPOOPTaHU3MOB, TTOJYYEHHBIX Ha
nepsom srare. Ha tperhem arare orenuBanach
apPeRTUBHOCTD MpoIecca OMOTOTHYECKOT
pectpyriuu I[TKM BoijlesieHHbIMEY TpyHITIAMUT
MUKPOOPTAHN3MOB.

C 1menpio ompeenenus TPYITT MIUKPOOPTa-
HIU3MOB, yUacTBYonmx B omopecrpyrmmm [THM,
HCIIOJIL30BAH METOJ II0CeBa Ha JKUAKIE DJICKTUB-
HBIe TTUTATeILHBIC CPefbl (MACO-TIeTITORHBIN arap
(MITA), cpema Kpacunbaukosa, cpefna Harmera).
Jlnsa ecrectBenHOTO GUOOOpPACTAHUS ONBITHBIX
obpasios [TRM mocaenine momerain B Kooy ¢
DJICKTUBHOI cpefioil 1 BuIaep:KuBagn or o a0 20
cyt. [To okonuanum BpeMeHnu SKCIOZUIUN OT(e-
HUBAJTM POCT MUKPOOPTAHU3MOB, € ITOCASYIOTIIM
epeceBOM Ha TBEPJbIE TUTATEIHHBIC CPEIbl IS
HaNbHeN el ueHTHOUKATTIT MUKPOOPraHU3MOB.

Wnentndgurarmio MUKPOOPTaHU3MORB MTPO-
BOJIMJIN B COOTBETCTBUM CO CTAHAAPTHBIMI
METOJIMKAMI W OOTIENPUHATBEIMU B MUKPOOIO-
JOTMUECKOT TTPAKTIKE METOTAMY MCCTeOBAHNS.

Ha tperbem sTare sKcmepuMeHTaJIbHBIX
necaeoBaHUI MPOBOAMIN OMeHKY dPPeRTuB-
noctn omogecrpykiun [THM Boimenrenunivmn ma
MePBLIX ATATIaX MUKPOOPTAHM3MaMI ¢ MCITOJD-
30BAHIEM MIKOJOTHYCCKOTO TECTa, OCHOBAHHOTO
Ha olpepeJeH YCTOMYNBOCT MaTepuaia K
BO3MCICTBUIO KYJIBTYP ILIecHeBbIX rpubdos. Me-
MBITAHUS 00Pa3IoB MOJUMEPHOTO MaTepuasna
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Tadauna 1 / Table 1

[Tepeuenn unccae0BaHHBIX TTOTUMEPHBIX KOMIO3UTHBIX MATEPUAIOB
List of polymer composite materials

No [TKM / PCM Cocras [TKM / PCM composition

1 | Crerionnacrur AT'- 4 Crermsirrnie autn / glass threads
I'OCT 20437 / Fiberglass Denomo-popmanpaernmroe csasymoree / phenol-formaldehyde
AG-4 GOST 20437 binder

2 | Crernomnacruk J[ICB Crermsinnabie Hutn / glass threads
I'OCT 17478 / Fiberglass ®Denosno-popmanbierupaoe ceasytoiiee / phenol-formaldehyde
DSV GOST 17478 binder

3 | Opranonnacrur OIT-HHA / Opranoskryr Apmoc / Organogel Armos
Organoplastic OP-GA InokcuHOe cBsAZyIotee / epoxy binder

4 | Yraennactur YriaepomHbiii TpuroTazk / carbon knitwear

YI1I-¥Ypan-Tp-CO / Carbon
plastic UP-Ural-Tp-SF

Denoso-popmanpaernmroe cessywoiiee / phenol-formaldehyde
binder

Yriemnactug
YT3®2YMH / Carbon plastic

Vraepopuast Tkanb / carbon fabric
Denono-popmanbaerunoe casasyioiee / phenol-formaldehyde

UTZF2UMN binder

6 | YIueBoJOKHUT
IITAH-2B / Carbon fiber
EPAN-2B

binder

Yrrepomroe BotokHO / carbon fiber
Dewomo-popmanpaernmroe casasyiomiee / phenol-formaldehyde

Ha CIIOCOOHOCTD CIYKUTh MCTOYHUKOM ITHTAH S
IS MUKPOCKOIIMYECKNX 1 TJIeCHEeBBIX TPUOOB
nposojisT cornacHo 'OCT 9.049-91 u ISO EN
846 [16, 17].

Cormacuo 'OCT 9.049-91 npoposmsruresnnb-
HOCTb UCITBITAHWI TTPY OTeHKEe TPUOOCTONROCTI
110 U3MEHEH 0 XapaKTePHBIX IIOKazare el 0JK-
Ha ObITH He MeHee 84 CyT ¢ TTPOMEKYTOUHbIMU
ocmorpamn gepes 30 u 60 cyr. [lnnrenbHocTh 9KC-
nepumenTa cocrasuia 210 cyr, ¢ HpoMesRyTOuHbI-
mit ocmorpamu uepes 30 m 90 cyr. B coorBererBum
¢ F'OCT 9.048-91 pist uyuenusi rpuboCTOiTKOCTI
ObLIN nctosb3oBanbl O oopasios ITKM rasmoii
TPYIIITBL.

I'pubocroiikocThb (CTONROCTH R BO3MEHCTBUTO
mecHeBbIX TpnOoB) [TKM onennBanm o maren-
CUBHOCTU Pa3BUTHsI TPUOOB HA 00Opasiax moj
MUKPOCKOIIOM 110 6-0a//ibHOIl [TKaJIe COTIacHo
'OCT 9.048-91:

0 6amoB — mpopacraHue CIop U KOHUIMI
He 0OHAPYIKeHO;

1 6ann — B 10JIe 3peHus POPOCIIe CIIOPhI
1 He3HAUUTEJIbHO PA3BUTHIN MUIIETU;

2 Gamma — pasBUTHIA MUIEANT, BOZMOKHO
CIIOPOHOIIIEHIIE;

3 6asa — MuIeanii u (i) cliopoHOIIeHne
eJ/[Ba BU/{HBI HEBOOPYKEHHBIM TJIa30M, HO OTUET-
JINBO BUJTHBI TTOJ] MTKPOCKOIIOM;

4 Gasta — HeBOOPYRKEHHBIM TIIa30M OTUET-
JNBO BUJIHO Pa3BuUTHe IpubOB, MOKPHIBATOIINX
meree 25% UCIBITYeMOIl MOBePXHOCTH;

D 6a/ITIOB — HEBOOPYIKEHHBIM IJ1a30M OTUYET-
JUBO BUJIHO PasBuTHe rpubOB, MOKPHIBAIOINX
6osee 25% MCITBITYEMOI TTOBEPXHOCTH.

3a pes3yabTarT MCCAeOBAHNN TTPUHUMAJIH
MaKCUMaJIbHBII OaJijl, KOTOPbIil YCTaHOBJIEH He
MeHee 4eM JIIA TPEX 00pasTios.

Cremens mectpyrmun I[TKM otenmBannm 1o
BU3YATbHBIM TTPU3HAKAM W ¢ MCTIOJH30BAHIEM
OTITHIECKOT MUKPOCKOTIIN.

Pesyabrarel nccsieoBanmii u 00cysruenmne

[lepBbiit ararm sKCIIEPUMEHTATBHBIX HCCIe-
MOBAHUTL TTO3BOJIUT TIOJYUYUTH HAKOTUTEIbHYTO
KYJAbTYPY MUKPOOPTaHMU3MOB, YU4aCTBYIOINX
B ecTeCTBEHHOM OMO0OpacTaHnym OMBITHHIX 00-
pasnoB [TRKM B sneKTHBHBIX HAKOMUTEHHBIX
Kysabrypax. Hampyumuit poct Mmukpoopra-
HU3MOB HAOJOMaNCs B ONMBITHBIX 00pasiax ¢
nmuTareabHOI cpefoit Yarmeka, B KOTOpPOI mpo-
necc ouoperpagarnun [TRKM ycropsiercst 3a cuér
MPUCYTCTBUS TJIIOKO3bI, KAK JEIKOJLOCTYITHOTO
ncrouHnka yriaepoja. Uurepec mpemcrasisi
MUIEJUH KOJTOHUI TPUOOB, 00Pa3oOBaABININXCS
KaK Ha MMOBEPXHOCTH CPEJibl, TAK U HA TOBepPX-
woctu [TKM. Poer mukpockonuueckux rpudon
C Pa3BUTHEM CIIOPOHOIIIEHNsI OTMEYAJICS BO BCeX
OITBITHBIX 00Pa31ax, 4YTO CBUIETETLCTBYET O TOM,
gyro [THM copiepskar nurareqbHble BEIECTBA,
obecreunBaionue pazpurue rpudos. Ilpu srom
CTOUT OTMETUTD, YTO WHTEHCUBHOCTL PA3BUTHS
MUKPOCKOTTHUECKIX TPUOOB pas3/invaHa Ha pa3HbIX
BU/IaX KOMIIO3UTOB.

Ha cpepax MITA n KpacunbHukoBa akTuB-
HOTO pocTa MUKPOOPTaHM3MOB He HabJIIo/Ian.
[Tosromy BropoOii 3Tall MCCTeJOBAHII TTOCBSATIEH
BBIJICTCHUTO I UACHTUPURATINT MITKPOOPTAHN3-
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Puec. 1. Mukpockonuueckue rpubnt p. Penicillium, BbigejeHibie 13 HAKOMUTEILHON KYJIBTY Db
ma cpepe Yamera: a — xomonnn ma cpefe Yamera; b — Mukpockonmmueckas kaprnna
Fig. 1. Microscopic fungi of g. Penicillium selected from accumulative culture on Chapek substratum:
a — colony on Chapek substratum; b — microscopic picture

Tadauna 2 / Table 2

Onenra rpubocToifKOCTH MaTepHasia Mo CTele N Pa3BUTHS IIeCHEBLIX IPHOOB
Evaluation of material fungi resistance according to the degree of development of mold fungi

Crernennb pazsurus
Murpockornuueckue rpudbl, BbIsIBICHHBIE Gon (Gam)
O6paser; [TKHM Ha noBepxHocTu onbiTHBIX 00pasmos [THKM puoos
Sample of PCM Microscopic fungi found on the surface Degree of .
development of fungi
prototypes PCM (score)
Crexmommactur Al'- 4 TOCT 20437 | Aspergillus terreus, Penicillium chrysogenum, 4
Fiberglass AG-4 GOST 20437 P. funiculosum
Crexnomacruk [ICB 'OCT 17478 | A. niger, A. oryzae, 4
Fiberglass DSV GOST 17478 P. chrysogenum
Opranonnactur OIT-FHA P. chrysogenum, A. terreus, A. niger, -
Organoplastic OP-GA P. cyclopium 0
Vraemnactur YII-Ypamu-Tp-CD A. terreus, P. funiculosum, 4
Carbon plastic UP-Ural-Tp-SF P. chrysogenum
Yraennactug YT3O2YMH A. terreus, Trichoderma viride, 4
Carbon plastic UTZF2UMN P. funiculosum
é/;?EgZﬁ?;{;HESEﬁ_};gB P. chrysogenum, P. cyclopium, A. niger 4

MOB, TIOJYYEHHBIX B HAKOMUTEIbHON KYJIbTYpe
Ha cpepie Yarmera.

OcHOBHBIMU TPYIITIAMI MUKPOOPTaHU3MOB,
pasBuBatIuMucs Ha cpejie Yarera, siBJsInch
MUKPOCKOTIMUECKIE TPUODLI, TpeobaafarommMn
pomamu KoTopuIx 661t Penicillium n Aspergillus.
Taxske B OHOI M3 HAKOMUTEILHBIX KYJIBTYP €
[TKM (Yraennactur ¥YT3O2YMH) Boijienenb
rpubnt p. Trichoderma. Ha pucynke 2 mpecrasn-
JIeHbI MUKPOCKOIINYeCKNe TPUObI, BbIeJTCHHbIC
na nosepxuoctn [TKM 13 HakonmrerbHOM RYJTh-
TYPHI.

Npertudnranmus BeIeTeHHBIX MUKPOCKO-
MITYeCKNX TPUOOB MO3BOJTNIIA ONTPEJIeJNTh IIeCTh
1peodIalatoInX BUIOB, OTHOCSIIMXCH K JBYM
ponam Penicillium w Aspergillus: P. chrysogenum,
P. funiculosum, P. cyclopium, A. niger, A. lerreus,
A. oryzae.

B nakonurenbHoit KyJabType, TOMIMO MU-
KPOCKOTIMYECKIX TPUOOB, BBIEJCHBI DaKTepun
Bacillus sp. n Pseudomonas sp.

Taxske pu n3ydeHnn MUKPOOHON CyKIec-
CUU B HAKOTINTEIbHOT KYJIBType OTMeUeHbI aKTH -
HOMMUIIETHI, KOTOPbIE NCTIOAb3YIOT MUHepaIbHbIe
(opmbr azoTa. BeijiesieHbl aKTUHOMUIIETHI POJIOB
Micromonospora n Streptomyces. ARTUHOMUTIETHI
CIIOCOOHBI, KaK 1 IPUObBI, OJIBEPraTh IeCTPYKILIT
CJIOKHOTUIPOJI3YeMble OpraHniecKkue cyocrpa-
ThI.

Tpernit aram weeaemoBaHMIT OBIT MTOCBATIICH
omenke omogecrpyrmun [TKM mon meiictBuem
MUKpocKonmieckux rpubos. B coorBercrBun ¢
I'OCT 9.048-91 KoMITOBUTHLIIT MaTepIa cumnTa-
eTcst TpuOOCTONKIM, eCJIn CTelleHb POCTa Ha HEM
rpuboB He mpeBbIana 2 6amnos. Pesymabrarn
ananuza nmoxasanu, uro [TKM werpudocroiikue,
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TaK KaKk pocT rpuboB oreHuBaeTcs B 4—5 OaJi-
n0B. Tlosyuentbie pe3yabraThl MpecTaBieHbl B
rabauie 2.

Jlanubie TaOIUIBI TTORA3BIBAIOT, YTO MHTEH-
CUBHOCTH PA3BUTHS MUKPOCKOTINYECKIX TPUOOB
na mosepxuoct oopasios [ KM wenocpeacten-
HO CBSI3aHA C XUMUYECKIM COCTABOM KOMITO3MUTA,
HaIpuMep, HATIOJTHUTE/Ib OPTAHOKIYT SIBJISETCS
UCTOYHUKOM YIJIepOia JIJIsi MUKPOCKOTTMYeCKITX
rpuboB. Kpome 91010, B 3aBUCUMOCTH OT CTPYK-
TYpPBl MOJUMEPHOI MaTpuilbl, HabJI0KaeTCs
YCTOMUMBOCTD K [eHCTBIIO OMOIECTPYKTOPOB.
Haubonee mocrynuoil siBisieTcsi amoKcupgHas
MaTpuIa, Tora Kak Gheroso-hopMaabieruHas
MaTpuIila OKazbiBaeTcs 6osiee yCTonunBoii K BO3-
JleiicTBUIO TPOOB-JECTPYKTOPOB.

B rabsuniie 2 raxske mpejicTaBie bl JaHHbIE O
BHUJIOBOM cocTaBe rpuOOB, POCT KOTOPBIX HAOJII0-
laJIv Ha TTIOBEPXHOCTN ONBITHBIX 00pasios [TKM
B IIPOTIECCe IKCIIePUMEHTAIbHbBIX HCCAeIOBAHMIT
(mHa 28 cyr).

B nporecce pecrpykiuu [TKM yuacrBoBa-
T TIPEICTAaBUTE] I MUKPOCKOTTMYECKIX TPUOOB
ponos Aspergillus n Penicillium. BoisiBiaenbl
npencrasurenn popa Penicillium (P. chrysoge-
num, P. funiculosum, P. cyclopium), koropbie
XapaKkTepu30BaJNCh WHTEHCUBHBIM Pa3BUTHEM
MUTETUS 1 OOUTBHBIM criopoHoienuem. Jlan-
HbIe BUJIbI PA3BUBAINCH TOUTH HA BceX 0Opasiax
[THKM B Teuenune Bcero nepuoja 6moecTpyKIum
(210 cyr).

Ha noepxHoctu 06pasiioB KOMIIO3UTOB Ha
90 cyT pKRCTIOBUTINT BaPUKCHPOBAHBI OTHAEIHHBIE
ouaru mutenus A. niger. Tarske orMeueHbl 11peJi-
crapuresin A. terreus, KOTOpble BBISIBICHBI Ha
muornx obpasiax ITKM, a raxske A. oryzae, ro-
TOPBIT TIPUIaBAT KPACHBIT OTTeHOK CTERJIOTLIA-
crury JICB na pannux sramnax sKCIoHUPOBaHMSI.

[To okonuanun 210 cyr skcnosumnuu oopas-
nos [TKM murpockonmyeckumu rpubamu, ore-
HEHA CTeNeHb JIECTPYRITUN OIBITHBIX BAPUAHTOR
(BUBYAJIBHO 1 € TTOMOIIBIO CTEPEOMUKPOCKOTIA).

Tadomuma 3 / Table 3

Pesynprarel BU3yaibHOTO KOHTPOJIST 0OPA3IOB PN ONOMECTPYKITNN MIUKPOCKOTTHYECKUMU TprubaMn
Visual control results of composites particles during biodegradation with microscopic fungi

O6paser; [TKM
Sample of PCM

Onucanue uzmenenuii oopasnos [IKM nocae skcriepumenita
Description of change in PCM samples after experiment

90 cyr sKCcHIo3nIMN
90 days of exposition

210 cyT srcmosumun
210 days of exposition

Creraormnactur Al'- 4
IoCT 20437
Fiberglass AG-4
GOST 20437

Nzmenenne orrerka obpasma (1o-
KpacHeHUe), pa3pbIXJeHune Mmare-
puaJjia n nmogBJjaeHne OTAeJbHbIX
HJIEMEHTOB CTEKJIOHUTEN
Changing the hue of the sample
(redness), and appearance of in-
dividual elements of glass

Paspwixiernue marepuasa, 60J1bIoe Kojande-
CTBO BLICBOOOJMBIIETOCH CTEKJIOHUTEI

Decondensation of the material, there are
many free glass

Crernoracrur [[CB
FOCT 17478
Fiberglass DSV
GOST 17478

Bes usmenenunit
Unchanged

BricBoGoskienne crekaonuTeil mo Beei
oBepXHOCTH 06pasia
Release of glass on the surface of the sample

Opranonactur OIT-YHA
Organoplastic OP-GA

HHJTT/T‘H/TO pa3BuUTOro MUIEJINA
rpubos

There are developed mycelium of
fungi

Pasmsaruenne marepuasna, obpacranme mMuie-
JieM TpubOB Beeil MOBePXHOCTH MaTepuaia
Softening of the material, there are devel-
oped mycelium of fungi

VriemmacTur
YI1I-Ypan-Tp-CO
Carbon plastic
UP-Ural-Tp-SF

Bes usmenennii
Unchanged

Hapytenne crpykrypst [TKM (kporurest),
BBICBOOOKIEHIIE BOJIOKOH TKAH!

Violation of the structure of PCM (to crum-
ble), release of the fibers

Yraemmactuk
VT30O2YMH
Carbon plastic
UTZF2UMN

Pasmsiraernme marepnasa, BHICBO-
GoskIentie BOJTOKOH TRAHN
Softening of the material, release
of the fibers

Marepuan pbIxJiblii, BHICBOOOKICHIE BOJIO-
KOH TKAHU
Loose material, release of the fibers

Yraesonoxuut JITAH-2B
Carbon fiber EPAN-2B

Paccriansanune marepuasa
Delamination of the material

MDaxrypa MmaTepuaia ocTanach MpesKHei, Ha-
GJrojtaeTcs paccJanBaHme

The structure of the former, there are de-
lamination
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Puc. 2. Buemunuii suy opranomnactuka OIT-HHA: a — BrHentauii Buj o Hauaia YKCIePUMeHTa,
b — murpocronnueckast kapruna nogepxuoctn (yseaunuenue 20 x 6,3) 10 Havama HKCIEPUMEHTa,
¢ — BHEITHUI BUJT TTOCTIe DKCIIOHNPOBAHNS B TedeHIe 7 Mecsanes, d — MUKPOCKOTIIecKas KapTuHa
nosepxHoctu (yBenunuenue 20 x 6,3) 1ocse SKCIIOHNPOBAHUS B TeUeHIe 7 MecsI1eB
Fig. 2. Appearance of organic polymer composite OP-ZhA type: a — appearance before the beginning
of the experiment, b — microscopic picture of the surface (magnification 20 x 6.3) before the experiment
start, ¢ — appearance after exposure for 7 months, d — microscopic picture of the surface
(magnification 20 x 6.3) after exposure for 7 months

B rabnure 3 npemeraBieHbl fanHbie MO BU3Y-
anmpoi orerke oopastons [TKM, mogseprmmxes
OMOIECTPYKITNT MUKPOCKOTTMYCCKUMU IPUbamu.

Ha pucynke 2 mpecrasien odpaser opramno-
mractnika OlI-fKA, mogaseprimiics GmogecTpyK-
Y MUKPOCKOTIMYECKIMI TpubaMi B TedeHne
210 cyToK.

IKCIePUMEHT 110 MCCAeTOBAHNIO BO3JIeli-
crBust Ha obpasisl [IKM mMukpockonmyecknx
rpubOB MO3BOJINI BEISIBUTH KAUECTBEHHbIE TTOKA -
sarenu fectpykiuu. Ha mepBoii crajiuu nipotiecca
JeCTPYRITUU TPOUCXOJIT BOMOTIOTIOIIIEHITE FRIUJI-
KOIl CpeJibl MaTepuasioM, pa3MsrdyeHne Marepuasa
MOBBIIIAET JOCTYIHOCTH €T0 K BO3/EICTBIIO
mMuKpoopranusmos. Ha Bropoii crajum ocyrecr-
BJISIETCS TMPUKPENJICHNE MUKPOCKOTMYECKIX
rpuboB K MOBEPXHOCTH TOJTNMEPHOTO KOMITO3HTA
7 4aCTHYHOE TPOHNKHOBEHIE MU BIIyOh
marepuasna. [lajee mpoucxoauT MHTEHCUBHOE

pPasMHOMEeHne MURPOCKROITNYCCRUX I‘pI/I6OB, qTo
cBujieTeJibCTByeT 00 MCIoIb30BaAHNN MUKPOMMU-
neramMuy HaIloJIHUTeJd Kak NCTOYHUKA ITNTaHUA.

3ariouenue

Ha ocnoBanmum mpoBeiéHHBIX UCCIEIOBAHTI
110 OMOECTPYKITMH TTOJTMMEPHbBIX KOMITO3UTHBIX
MaTepuaioB MOKHO C/IETATH CTEYIONIE BHIBOJIbI:

1. TlonumepHbie KOMITO3UTHBIE MATEPUAJIbI
MOJIBEPIKEHBI JIECTPYKITNN MUKPOCKOTTIUECKUM I
rpubamu, pu HTOM CTONKOCTD K BO3JICHCTBIIO TI/IEC-
uesbix Tpubos o 'OCT 9.049-91 Bapbuponasa ot
4 1o D 6amos 1o 6-6asubHON 1Kkade. Hanmenee
CTOMKIMI K OMOMECTPYKITIN SABIAIOTCS OPramo-
MJIACTUKI HA OCHOBE HTIOKCUIHOTO CBA3YIOIIETO.

2. OcHOBHBIMU OMOIECTPYKRTOPAMU TIOJII-
MEPHBIX KOMITO3UTHBIX MAaTePUaIOB SIBJISIOTCS
Penicillium sp. n Aspergillus sp.: P. chrysoge-
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num, P. funiculosum, P. cyclopium, A. terreus,
A. niger, A. oryzae.

3. Busyasibnas oreHka crermenu lecTpyK-
nun [THM mokasama cyrectBennoe naMeHeHme
MeXaHMYECKNX CBOICTB Matepuason depes 210
CYT TPOBEICHNSA dKCITIePUMenTa (pasMsrdenie,
BBICBOOOKIEHIE BOJTOKOH, paccaanBanme) mpu
TOM, 9T0 B OonbImumceTse obpasmon ma 90 cyr
IKCIIePUMEHTA CYIeCTBeHHBIX M3MeHEeHNH He
OTMEUEHO.

Pesynbraror mecneoBanus CBULETONb-
CTBYIOT O 1e7eCO000Pa3ZHOCTH MCTIONb30BAHMS
TEXHOJIOTUN OUOJIeCTPYKITUY ¢ MCIIONb30BAHIEM
MUKPOCKOIIMYECKUX TPUOOB JIJIs YTUJIN3aI N
MOJTUMEPHBIX KOMTIO3UI[MOHHBIX MATEPUAJIOB Ha
OCHOBE DITOKCUHBIX 1 PeHOT(OPMATBIETUTHBIX
CMOJI, ApMUPOBAHHBIX CTeRIAHHBIMU, YTOJIbHbI-
MU 1 opranndeckumu Bosokuamu. Haubomee
P PERTUBHO OMOJOTHUCCKITT METOJT MOFKET OBIThH
MPUMEHEH PH mepepadboTKe OPTaHoIIaACTHROB
C TIeJTHI0 OCBODOKTCHI S HATTOTHUTENISA (Oprano-
JKIyTa).

Paboma evinoanena 6 pamkax zocydapcmeen-
Ho20 3adanus Munucmepcmea 00pa3osanus u nay-
ku P® ¢ panrax meponpuamus «Mnuyuamuenvie
Hayunvle npoekmol», K00 3assku 5.9729.2017/8.9.
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ARTyanbHOCTH PaboThl ompesessercs TpeboOBAHUAMN HKOJOTHYECKON OE30MacCHOCTH MPH CTPOUTEIbCTBE Ha
TEPPUTOPUSAX ¢ BLIABICHHBIM TeXHOT@HHBIM 3arpssHenneM rmouB. B pabore paccmarpmBaercs mpnMeHeHme XpoMaro-
MacC-CHEeKTPOMETPNN B MCCACOBANNN 3aTPA3HCHIOrIO IPYHTA ¢ METbI0 NACHTHGNKAINT TPOAYKTOB Tpancdopmannm B
ITPUPOHBIX YCIOBUAX MHOTOKOMITOHEHTHBIX PEIeNTyp CMa30qHO-0XJIKAAIONINX sRIJIKOCcTell. Boimonnena njpentndurars
7 HOMCK 0 Macc-cIeKTpaM KOMIIOHeHTHOTO cOCTaBa MPOAYKTOB TpancopMarn NHAYCTPHATILHOTO Mac/a, IPeIosKeHO
Maprephoe coejnHenne. [lokazana BO3MOMKHOCTH UJEHTUMUKAINN HA OCHOBAHUY PErMCTPAINY MAcC-CHEeKTPOB
MOHOB XUMNYECKNX COCJIMHEHNI, olpejielieHa CTPYKTypa 1 aneMeHTHBI cocraB. [lomek xapakrepuernuecknx monos
OpPraHMYeCKNUX COEJIUHEHUIT BBIIIOJHSICS ¢ IOMOIIbI0 OaHKa OUOANOTERN MACC-CHEKTPAIbHbIX JaHHBIX. Y CTaHOBJIEHbI
XapaKkTepucTHyecKne HOHbI (OCHOBHOI 1 TOATBEPRAIONTIE NOHBI), XaPAKTePUYIOTINE CTPYKTYPY XMMIUUECKIX COeJINMHEeH T
1 OTIpejiesieHo XpoMarorpaduueckoe BpeMsi yiepsRuBanus. [|Jist orienkn Murparmnm MapKepHoro CoejinHeH sl BLITIOJHEHO ero
KOJIITYeCTBEHHOE OTIPe/iesIeHIe MeTOIOM KallmJIISIPHOIT ra3oBoil XpomMarorpaduu B pobe Bosjiyxa u npobax 3arpsisHEHHOTO
IPYHTA; MCCTe0BAHBI 00PA3Ilbl TPYHTA Y OCHOBAHUA MKOCTH, 00pa3iibl MACIOY/AeP:KIBaIoOILeil TRann n Guiabrpar us
OJIIOHA.

Pesysprarsl ncesnejoBaHust HalIpaBIeHbl HA 000CHOBAHIE METO/INKI OIIeHKI 3aTPSI3HEH NS TPOMBITIIIEHHBIX TIOMAI0K
CMa30THO-OXJTKIAIOIIIMI FKIKOCTAMI ¢ YICTOM Tpanc(opMarny OpraHnmieckoro 3arpA3HATENA I PEKOMEHIAIN 110
PERYJIbTUBAINN 3arPA3BHEHHBIX TEXHO3EMOB.

Hatouesnie ca08a: cyMazouno-oxXAKIAIONIIE JKITKOCTH, MapKep, Jerydne oprannyeckne coegunenusi (JIOC), roryou,
XPOMATO-MACC-CHEKTPOMETPIUECKITe HCCTElOBAHNS, XapaAKTePUCTHYECKIe HOHBI, MACC-CITEKTP, TOYBOIPYHT, TEXHO3EM.
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Relevance of the work is determined by the requirements of ecological safety in the industrial and civil construction
in areas with identified technogenic soils’ pollution. The paper considers the use of chromatography-mass spectrometry
in a study of polluted soil in order to identify transformation products under natural conditions of multicomponent for-
mulas of lubricating fluids. The identification and search by mass spectra of the component composition of the industrial
oil transformation products was carried out, a marker compound is proposed. The possibility of structure and element
composition identification on the basis of registration of mass spectra of chemical compounds is shown. The search for
characteristic ions of organic compounds was carried out using a bank of the mass-spectral data library. The characteristic
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ions (basic and sustaining) describing the structure of chemical compounds and the chromatographic retention time
are determined. To assess the migration of the marker compound, a quantitative determination of the marker compound
was made by capillary gas chromatography in air and polluted soils samples. Soil samples at the bottom of the vessel,
samples of oil-retaining tissue and filtrate from the pallet were examined.

The results of the research are aimed at justifying the method for assessing the contamination of industrial sites
with lubricating fluids, taking into account the transformation of the organic pollutant and recommendations for the

recultivation of polluted technozems.

Keywords: lubricating fluids, marker, volatile organic compound, toluene, chromatography-mass spectrometry

study, characteristic ions, mass spectrum, soil, technozem.

Ha saBepmraioniem srarme sRU3HEHHOTO
MITKJIA TTPOMBITIJIEHHBIX 00hEKTOB HeTeXnMm-
qecKOW, XUMIYECKO OTpac/am, MPearnpusATIil
CHeNUATHLHOTO MATITMHOCTPOCH S TTPU UX TTOJIHOI
JTURBUAATIAN U PEKOHCTPYRITUN YCTAPEBIITHX
MPOUBBOJICTB HELOCTATOUHO BHUMAHUS YIQJIsI-
eTcst IpobJeMaM CHUFKeH S 3arpsi3HeH sl TTOYBbI
U TOJCTHIIAIONINX IPYHTOB. [louBbI 1 TpyHT Ha
TEPPUTOPUN JITTNTENHHO (PYHKITMOHMPOBABIITNX
MPOMBIIIIJIEHHBIX TIPEIIPUATHIE MOTYT ObIThH
CUJIBHO 3arpsisHeHbl, & B TPoIiecce MOJIrOTOBKI
U TPOBEJIeHNsI CTPOUTETbHBIX PaboT MOTYT M3-
MEHUTBLCST YCJTOBUS, OTIPEIeNSoNne ux criocoo-
HOCTD yjlep:RuBath sarpsisaenue [1, 2].

B MupoBoii mpakTRe N3BECTEeH OIBIT OCBOE-
HUS TPOM3BOJICTBEHHBIX TEPPUTOPHUIT paHee 3a-
HATHIX TTPOMBITIIEHHBIMU TIPEJTIPUATUAMU, Ha-
npuMep, TPOERTHI CAHATNH TTOJUTOHOB 3aX0PO-
HEHWsT OTXOJIOB, TPOEKTHI HOBOTO CTPOUTENIHCTBA
HA TEPPUTOPUSAX BOECHHBIX 3aBOJIOB, TTOPTOBBIX
TEPMUHATIORB, YCTAPEBIITUX TPAHCITOPTHBIX Y3JI0B
B crpanax Esponbr m Amepuru [3—-6]. Ombir
JUKBUJIAINN TPOUBBOJICTB CIIEINATbHON XUMU N
nmeercs n B Pocenn, korya B pamrax Mesepasib-
HOTI IIPOTPaMMbl XUMUYECKOI 1 OUOJOTHYECKOT
6e3011acHOCTN JTUKBUINPOBAINCH TTPON3BOJICTBA
XUMIYECKOTO OPYsKUs, B3PHIBUATBIX BEIECTB,
Ma3yTHbIe Xo3stcTBa. [IpoerTol penoBanun
MTPOMBITILIEHHOT TePPUTOPUN B 00513aTETHHOM
Mopsijike BRIOYAIN paboThl M0 MCCICTOBAHUIO
3arpsIsHEHHON MOYBBI U TeXHOTEHHBIX TTOBEPX-
HOCTHBIX 0OpasoBanmii [7].

[TouBbI MPOMBITIIIEHHBIX TEPPUTOPUTT OT-
JUYAIOTCA OT MPUPOJHBIX MOUYB 10 TEHE3NCY,
CTPOEHUIO I MEXaHM3MAaM BJIAT0- 1 MacCOOMeHa.
DusnKo-MexaHMUYecKne XapakTepucTuK 1mouB
BAUAIOT HA I PY3NOHHYIO TPOHUTIAEMOCTb, 13-
MeHeHUe TeMIIepaTyPHO-BJIaKHOCTHOTO PesKIMA
W asparnus Ipu OCBOGHUN TIJIOMAJIKN BIAUSAIOT
Ha rporecchl TpancdopManm 1 MUTPAIuN 3a-
rpA3HeHS.

B nayuHO-TeXHUUECKOI JiuTeparype He-
MOCTATOYHO CBeJleHNiT 0 MUTparun u Tpancgop-
Malin B MOYBEHHBIX YCJOBUAX OPraHUYeCKIX
COCIMHEHNT 13 HOMEHRJIATYPbhl CMa304yHO-
oxJstasgpalomux kuarocrei. [lias obocHoBamms

crmocoba BOCCTAHOBJIEHNS MOYB aKTyaJbHO
NBYUNTH N3MEHEeHWe COCTaBa 3arps3HuTeN s
(COWR) m parropbl, BAUAIONNE HA TPOTECCHI
MacconepeHoca AToro THa 3arps3HeH s,

Cmazounble OXJTaKAAIOIIIE KUTKOCTH —
000011I6HHOE HANMEeHOBaHNIE PererTyp Ha OCHOBe
KOMIIO3UIMIT 13 MIHEPATbHBIX MACe, JKUPHBIX
KUCJIOT 1 UX 3(PUPOB, HOBEPXHOCTHO-AKTUBHBIX
BeIeCTB, I'IJPOKCUJIA IEeJTOYHOTO MeTasia u Jip.
R nomenwknarype COsR orHocsTess MmoTopHbIe,
WHIYCTPUAJIbHBIE Macja U THAPaBINYECKIe
JKUITKOCTI, COCTABBI I 00PabOTKI METAJIOB.
Cospemennbie COMH comeps:kar aHTuKOppo3uM-
OHHBIE, IIPOTHBOMZHOCHBIE, TTPOTUBO3A/UPHbIE,
omonmannie mobaskm m mpucagru. Hambomee
pacupocrpanéaubie COM mpepcranisitor codoi
nedrsaupie Macaa n nx 3—10% BojHbBIe dMYITh-
cun. Kommonentst COR umeior pasuyio cre-
MeHb TOKCUYHOCTH, PSIJl COCIIITHEHMIT MAaCASTHBIX
(parimii XapaKkrepuayercsi KAHIEPOTeHHOCTHIO
[8—10]. Jlns cuuskenuss HeGIATOTPUATHOTO
BO3JIeiiCTBUs HA 0O0BEKTHI OKPYsKAIOIIeil Cpejibl
cocraBbl COYR persramenTupoBansl, paboTsl ¢
UX MCIOAb30BAHIEM FKECTKO KOHTPOJMPYIOTCS.
OcHoBHOE BHUMaHUE YIEJsieTCs CHUMKEHUIO
pucka nmpodeccnoHaIbHBIX 3a00J€BAHNIN,
HOPMUPOBAHWIO 1 KOHTPOJIIO JOIYCTUMOTO 3a-
IpsA3HeHUsT BO3yXa B paboueil 30He, Mepbl 110
HPEeIOTBPAIIEHNIO 3aTPsI3BHEHUST BOIHBIX 00h-
erToB npu rpancrnopruposke n xpanerann GO,
Mepbl POTUBOIIOKAPHON 3AMUTHI 1 YCJOBUS
CAHUTAPHO-DTTUIeMIOIOTHYECKOTO OJIaTOTIONY -
qust padboratorux [10].

K mepornipusitusiv obecriedeHust SKOJTOTHYE-
CKOII 0e3011aCHOCTI OTHOCUTCSI TPeOOBaHIe yuéTa
00BEMOB MCIIOJIB30BAHUS 11 OTXOJIOB 3arpsi3HEH-
ueix COMH. PacmpocrpanénubiM MeTOIOM 130-
nuposanus npoansos n yreukn COR siBiisiercs
OTCBITTKA 3arPsA3HEHHOTO yYacTKa HelTpaIbHBIM
110 OTHOIIEHNIO K 3aTPSA3HUTENI0 MaTepuaiom
(rmecuaHo-rpaBUIHOI CMeChi0, epeMeréHHbIM
He3arpsi3HEHHBIM rpyHTOM 1 Jip.). Cepbésnyio
OTIACHOCTB JIJIsI ORPYFKATOIIE CPeJibl IIPeJIcTaBIsi-
10T [IPOJINB ¢ 00PA30BaHUEM JINH3 3arpsi3HeH S,
13 KOTOPHIX MACJOMO00HAs SKUIKOCTH MOKET
PacIpoCTPAHATHCS 10 TTPOMUIIO 30HBI adpariin
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Ta6auma 1 / Table 1

[Toxkasarenu Jjist OIEHKU YPOBHS 3arpsisHEHUs [10YB oprannveckumu coefqnnenusmnu Indicators for the as-
sessment of soil pollution by organic compounds

Opranuveckue COeImHeH s
Organic compounds

Kpurepun sxo10rnvecKoil OMeHKN 3arpsA3HeHIST T0YB
u rpyuToBbix Boji / Indicators for the assessment of soil

and groundwater pollution

Apomariueckue yrieBogopojibl
Aromatic hydrocarbons

CyMMa MOHOAPOMATHYECKUX YIIIEBOLOPOIOB, OEH30I, TOIYOT,
Kewnoa, armnoerson / sum of monoaromatic hydrocarbons,
benzene, toluene, xylene, ethylbenzene

Anudarnveckne rajoreH-
3aMeIéHHbBIe YIIeBOIOPO/IbI
Aliphatic halogen-substituted
hydrocarbons

JIleTyune rajJoreHo3aMereHHbie YIIeBO0POJIbL, JeTyvie
XJOPUPOBAHHBIE YIIIEBOIOPO/IbI, MOHOXJIOPITEH /

volatile halogen-substituted hydrocarbons, volatile chlorinated
hydrocarbons, monochlorethene

ApomarmyecKkue rajiorem-
3aMeMIéHHbBIE YIIIeBOIOPOIBI
Aromatic halogen-substituted
hydrocarbons

CyMMa MOJUXJIOPUPOBAHHBIX Ou(DeHMI0B, XTOPOEH30IIbI,
xaopdenonnt / sum of polychlorinated bephenyl, chlorbenzenes,
chlorophenols

®enount / Phenols

erobl B 11€710M, PEHOJBI JIETYU e O/ BOJSTHBIM [1aPOM, METAHOI,
m30Iponano, rnkosb / total phenols, volatile phenols under
water vapour

Hedrs / Oil

nedrsmbie yriaesoaopojnt / oil hydrocarbons

J10 BOJJOHOCHBIX TOPUBOHTOB, YTO IPUBEET K 000-
CTpeHmio pKRomoTnueckon npodiaemer [10-16].

[Ipu omenKe XUMUYECKOTO 3aTPA3HEHINS
MOYB OBIBHINX HPOMBIIIJTIEHHBIX TEPPUTOPU I
UCIOJNB3YIOTCA METOAMYECKUe MOAXOMbI s
OICHKN 3arpA3HeHus 110YB M I'PYHTOBBLIX BO[,
peromenjioBannbie B lepmanun u lNonnampun
(CHulT 11-102, mpunoskenue A). Ipepmonarae-
MO€ TeXHOTeHHOe 3arpsisHeHune MmouBbl Tpedyer
MpeiBapuTebHON HAeHTHHUKAIIIN KIacca op-
PaHMYeCKIX COCITHEH NI 1 TOCI LY IOl KO-
YeCTBEHHOI OMeHKN WHNBUIAYAIbHBIX BEIeCTB
(rabm. 1).

[lenb paborel — uccaenoBanme rpancgopma-
U 1 Murpanmum opraHnvec kux COG}_U/IHGHMI‘/JI ns
cocraBa COYH B maryprowm skcrepumenre.

O0bEeKTHI 1 METOIbI MCCHAETOBAHIIT

O6beKTOM MCCaCMOBAHUS SIBJISIICA HACHII-
noit rpynt (rexnosém), sarpsazuénnnriit COHH. B
KavyecTse MUPOKO PacipocTpanéHHOrO cocTaBa
COYRK ucnonbzoBanu OGesnmpucajouroe MHY-
crpuanbroe macno M-40A obiiero naznavenus,
KOTOpOe TIpeJicTaBisieT JUCTHIIATHOE MaCJI0
UM CMeCh IUCTUJIJISITHOTO Mac/aa U3 CepHUCTOM
n Manocepuuctoit Hedru mocse ounctin ('OCT
20799). Jlas MofeupoBanms mporecea mpo-
ausa COMN nocraBien sKCIepUMEHT, B OCHOBY
KOTOPOTO TOJIOZKEH METOJ| 9KCIePUMeHTATbHO
3aJMBKI TIOYBBI M3BECTHBIM KOJMYECTBOM 3a-
rpsisamreds [17]. Emrocrs 06n6mom 200 srpos
¢ nep@opUpPOBAHHBIM IHOM 3aray0/ieHa B TPYHT,
HIGKHSS 9acTh éMKOCTH 3aI10JIHeHa TpaBueM, Ha

rpaBuii yJioKeHa MacJa0yJaBInBaoIas TKaHb
(puc. 1). EmMrocts He 6bL1a M30MMpPOBAHA OT
BHEITHEIl cpeJibl, yCTaHOBJIeHA Ha TOJJIOH IS
cbopa GUABTPATMOHHON BOJBI. SAMOJHEHTE
6MKOCTI HACHITTHBIM TPYHTOM BbITTIOJTHEHO I10CJIe
MOHTHPOBAHUS YCTAHOBKI. JKCIIEPUMEHT IJTNIICS
B TeUeHme KaJeHgapHoro rofa, otoop mpod 3a-
IPA3HEHHOTO IPYHTA 13 MROCTH BBITIONHSICH
1 pa3 B kKBapra. 3a NCRAOYEHIEM 3UMHEro Te-
proja, ipeHasKHyIo BOY ((Puabrpar) na mojjona
AHAJIM3UPOBAJIN TTOCJIE IEMOHTasKa YCTAHOBKI.

[Tporpamma skcrepuMenTa 3aKiovyatach B
CJIEIYIONeM: Ha HAYaJlbHOM 3Talle BBIIOJIHEHA
npeHTuGUKAIMSA 1 TOUCK 110 MACC-CIeKTpaMm
KOMIIOHEHTHOTO COCTaBa MPOAYKTOB Tpancdop-
MaIui WHYCTPUATBLHOTO MAcja W BhISABICHUS
MapKepHOTO COeJMHeHIs; jlajiee BhIIIOJHEHO
KOJMYeCTBEHHOE Ollpe/leieHne MapKepHOTO
COCIUHEHU METOIOM KANMUJJISAPHON Ta3oBOI
xpomarorpaduu B ipodax 3arpsisHEHHOTO TPYHTA
mpu ocaoitHoM orbope mpod ns émroctu (0—18;
18—-38 1 40—60 cm) u B 1poHax mouBeHHOTO BO3-
yXa; mocJie IeMOHTaKka yCTaHOBKI MCCTe0BAHBI
00pasiibl TPYHTA Y OCHOBAH ST EMKOCTHI, 00Pa3ILbl
MacJoyiepsRUBaioNiell TkaHm M QUIALTPAT N3
MOJIJIOHA.

Cocra MHYCTPHATHLHOTO Mac/a NCCTeloBaH
MeTO/l0M Xpomaro-macc-ciiekrpomerpun (I'X-
MC) na razosom xpomarorpage Agilent 7890A
(USA) ¢ KBajipyoibHBIM Macc-CeJeKTUBHBIM
nerekropom (MCD) 5975C. Pesxum monusarnn
aseRTpoHHbBIM yapowm ripu 70 a3 B. [lis uccneno-
BaHUI MCIOTB30BANN KANMIISIPHYIO KOJOHKY
cepun HP-FFAP nnunoii 30 merpos, BHYTpeH-
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anm gramerpom 0,25 MM 1 TONTIIHON TIGHKN
HenonBuskuON gasznr 0,25 mrm. [lapamerpo
I'X-MC u MCD: remmeparypa konouku 200 °C,
remieparypa ncrapuressi — 270 °C, tok smuccun
70 5B, pesruM cRaHUPOBAHUS TOJYOJIA 110 MaCC-
CeJICKTUBHOMY HOHY.

Wnentndurarms XuMnaecKnx coeiinHeHnii
BBIITOJIHEHA 110 MACC-CIEKTPAM ¢ ITOMOIIbI0 0a3
MAHHBIX 1 KOMIBIOTEPHOTO ONOIMOTEYHOTO OWC-
Ka, ROTOPast MO3BOJINIA YCTAHOBUTH XUMUUCCKU I
cocrtaB 00pasIoB Ta30BOIl CMeCH; OCHOBHBIE 1
MOJITBEPR/IATOTIIE NOHBI XUMUYECKIX COeJIITHe-
HUIT; BpeMs yIepsRUBaHUS XUMUYECKUX COeJH-
HeHUIT; XUMIYECKYIO CTPYKTYPY OOHAPYKeHHBIX
XuMUUecKuX coenuennit [18—19].

Ilnsg pacmudpoBKM pe3yabTaToB Mace-
CIIEKTPOMETPIYECKOTO aHATI3A ICTIOJIb30BaHbI O1-
osoreru Mace-criekrpaibHbixX fanHbix NIST 08.1L
(oromo 300 000 macc-criekrpon), WILEY275.1L
(oxo0m0 450 000 macc-criekrpos) u PMW_TOX2.L
nuist pyanoit upentudurarn [20].

JLtst KOTMYeCTBEHHOTO OTIPEIeTeHIIS JIeTY U X
oprannueckux coepuuennti (JIOC) n maprepno-
rO COeIMHeHNsT TPOBECHBI JOMOTHUTeTbHbIE
UCCTeOBAHISA METOJOM KallMJLISIPHON ra3oBoil
XpoMarorpauu B COOTBETCTBUN ¢ METOIMNKOI
PJ1 52.04.186-89 [21]. UccaemoBamnme Bo3ayxa
BBITTIONHEHO HA Xpomarorpagde « Kprerana-5000»

¢ MCTTOTH30BAHTIEM JIETEKTOPA MOHM3ATINH B T1JTa -
menn i karmmsapaoi komonkn HP-FFAP 50 m x
0,32 mm x 0,5 murm. ITo ganmmoit Merognke Tarske
oTpeiesIn RoJimuectBertoe copepsranme JIOCG
B 11poOax MmouBeHHOTO BO3/IyXa.

Anmanmz mpob MOUYBHI BHITIOJNHEH MO Me-
ropuke I'X-MC onpepenenus jeryuux opra-
HUYecKNX BerecTs B mouse n orxojaax (MYHR
4.1.1061-01). Jlns wcenepoBanust puiabrparta
MCIOJNB30BAHBl METOANYCCKIE YKA3aHUA 110
razoxpomarorpa@uueckKoMy OIpejeseHnio
apoMaTnueckux yrieonopojos B Boge (MYHR
4.1.650-96). Metonuku obecriedunBany Bbi-
MOJHEHNe U3MEPeHWI ¢ MOTPEINTHOCTHIO, He
npeswimaionein £20% npu goBepuUTENLHON
BeposTrocTn 0,95.

Pesyabrarel u 0odcysrenue

Jluddysnonnas mpoHUIAeMOCTh Pa3HBIX
TUIIOB MMOYB M I'PYHTa 3aBUCUT OT MOPEOJIOTru-
qecKUX ocobennocTeil n Gu3NKO-XNMIUIECKNX
cBoiicTB. Jlyisi HACBHITIHOTO HE3arpsi3HEHHOTO
IPYHTA CTAHAAPTHBIMU METOaMU IMOYBEHHBIX
nuccJaeJOBAaHUI IPOBeIeHO Olpe/ie/leHe MOp-
(hosrormuecKoro, TpaHyIOMETPUUECKOTO COCTaBA
n (pU3NKO-MexaHndecKnx cpoiicts. lenonnso-
BAHHBII B 9KCIIEPUMEHTE TPYHT 1O COCTaBY 1

MacnsHoe nAMHO om

5 500 MM 5

Peika dna onpedeneHus
ypobHs 3eMnu
(Ground level rake)

UHAYCMPUAnbHOzo Macha M 40A
(Stain from industrial oil I 40A)

/77 17/
[ pusm
(Soil)

T

Macnoynabnubaruwos mKaHs
(Oil-catching material)

—~

+0,000
Yp. 3eM. (Ground level)

e rllL

I"pabud ucnonb3yemMs!U dns

dpeHaxa
(Gravel used for drainage)

Moddon dns cSopa dpeHaxa u3 /

3KEI'IE|JEHEHITIUJ'II:HD|:I eMKocmu
(Drainage basin from experimental capacity)

Pue. 1. Cxema ycTaHOBKY 11 MOJEJNPOBAHKA YCJIOBUIT BEPTUKAIBLHOM MUTPATILII 3aTPA3HITE 5!
Fig. 1. The scheme of the installation for modeling the conditions of migration of the pollutant
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XapaKkTepucTuKaM npudIMKeH K TPYHTaM 4acTu
MPOMBITIIJIEHHOI 30HbBI TOPOJIA; TT0YBOOOPa3yI0-
TIe MOPOJILI — TeCKU U CYTIeCH JIPeBHEeATIOBY -
aJIbHOTO 1 BOJTHOJITTHUKOBOTO TTPONCXORIICH IS,
nmecyanble OTIOREHUST TIPeJCTaBIeHbl MeCKOM
MEJKO3ePHUCTBIM, ITIMHON W CYTINHKOM OT
MATKOIJIACTUIHON /10 TeKy4ueil KOHCHCTeHIII.
Rosppunment Gunbrpannm nesarpsasHéHuoro
Hacemuoro rpynara — 0,9, nexoHas BAaKHOCTD —
0,148 monu efuHMIL, O PE3yJabTaTaM UCCTIE/I0-
BaHUS BOJIHON BBITSKKI OTIPeJieleH0 3HaYeHme
pH =7,22+0,10 en. pH (IFOCT 26423) u conep-
JRaHIe opranmueckoro perecrsa — meree 1,0%
(FOCT 26213).

TexH03éMbI OTHOCST K reTepOTeHHBIM aKKY-
MYJUPYIONUM CHCTeMaM, B KOTOPBIX JIBUKeHIe
MOTOKA 3arps3HUTENsT MesKy (aszamu 3arpss-
HEHHBIX W YCJOBHO YUCTHIX CJHOEB SBISETCS
caoskubiM. [pn onucannm poriecca HeoOXoMMO
YUIUTBIBATh (PUBNKO-XUMIYECKNe CBONCTBA 3a-
IPABHUTENS, BO3MOKHOCTE ero Tpancgopmanin
TPY B3aNMOJIeICTBUN ¢ TBEP/OH (Pas30il, MHNBN-
IyaTbHbIe 0COOCHHOCTH CBA3BIBAHMSA (YepsKITBa-
HUST) TIO/l BANSHIEM BHEITHUX YCJIOBMIA.

Npenmnduranmsa XuMHIeCKOro cocraBa
unycrpuanbHoro macaa (M-40A) Beimonnena
meronom I'X-MC. Macc-cnerrpomerpuueckoe
NeTeKTUPOBAHME BLITTOJHEHO B PeKIME ITOJTHOTO
CKAHUPOBAHMS, PN HTOM PETUCTPUPOBATNCDH
Mace-CIEeKTPhI, 110 KOTOPBIM MPOBejleHa WjieH-
TuduKaNUsg KOMIOHEHTOB B 1poOe BO3ayXxa.
Jlnst perucrpanum Mace-cleKTpoB XUMHYECKUX
COeNMHEHNIT BBIMOJHSIN UAeHTHOUKATITIO B
pesknme SCAN. TlpousBopuioch HerrpepbiBHOE
cranupoBanue macc ot 38 o 500 a. e. M. co cKo-
poctbio 3,14 ckaH B CeKYHLY.

Onpenenenne MapKepPHBIX YIIIEBOTOPOIOB
73 cocTaBa MHIyCTpuarbaoro maciaa. CRannpo-
BamMe yIIeBOLOPOIOB NCCICIYeMOIl TPOOLI BO3-
yXa 1Mo BCeMY IMAazsoHy Mace mo3BOJIIIO W/eH -
TuduimpoBarsh 14 Macc-clieKTpoB OpraHmyecKxX
coeiMHEHNIT O 3HaUeHNeM KoaduimenTa cos-
magenns ¢ oubamoreunbIMu AanabIMu 4—96%
(Tabs. 2) m 8 Macc-CrHeRTpoB OPTaHNYECKUX
coeiMHeHN co 3HaYeHneM KodPUIMenTa coB-
najenus ¢ oubianoreunbiMu ganubimu 80—-96%.
Pesysisratsl npenrndukanm yriaeBogopoaos B
1pobe BO3/yXa M0 MMOKa3areaio KauyecTBa COB-
najier st ¢ OMGIMOTeUHBIMU IAHHBIM I TTPeJICTaB-
JieHbl B rabauige 2.

@OparMeHT XpoMaTOrpaMMBbl TPEJCTABICH
na pucynke 2. [locroseprocts upeHTrn@uKamnm
OTTPENIeSIAEMBIX COSITHEH NI OBITIA TTOITReP;K/IeHA
CpPAaBHEHWEM MACC-CITEKTPOB ¢ MACC-CTIEKTPAM,
3AMOKCHABIMI B OAHK OUOTMOTERN Macce-
cmektparnunix ganunix NIST 08.L. Rammorit
MHTeHCUBHBIN MK CITEKTPOTPAMMBI COTTOCTABJICH
€ COOTBETCTBYIOIIMMI MACCAMI MOHOB HCCIeIye-
MoTi criekTporpaMmmbl. CpaBHEHTE Mace-CcIeKTpa
TOJIYOJIa ¢ er0 OMOJMOTeUHBIM CIICKTPOM IIpeJi-
cTaBIeHO Ha pucyHKe 3. Beposrnocts coBmajie-
HIIST MacC-CIeKTPa TOayosa ¢ OuOJIMOTedHBIME
mapabMu cocrasmaa 90%.

azoxpomarorpaduuecknii anajans m pac-
mudpoBKa cocTaBa MOKA3aJM, YTO OCHOBHbBIMU
KOMTIOHEHTaMI B COCTABE MHJLYCTPUATHHOTO MaC-
nassastiorest JIOCw (Tosryost, 0eH301, STUAOEHB0T,
0-,T-,M-KCUJIOJIBI) ¢ TIpeobIaianmemM ToIyosa —
3,46 Mr/m?. JIpyrue KOMIOHEHTHI OTIPe/eIeHbI
B 3HAUNTEIHHO MEHBITIEM KOTMIeCTRe: O@H30T —
0,043 mr/m?, srunbenszon — 0,0018 mr/m?,
11-, M-kension — 0,037 mr/m?, o-remon — 0,0043 mr/m?,

Ta6anma 2 / Table 2

Pesynbrarsr upentuduranun mpods Boznyxa / Results of air sample identification

WNurpepuent / Ingredient Knacc onacnocrn B
eposAITHOCTH
Hawnmenosanue Hanmenosanue Hazard Class p
COBTIQJIEH S
110 6aHKy OMOIMOTeKN 3arpsI3HAIONEr0 BelecTBa i .
Probability
MaCC-CIEKTPATbHBIX JIAHHBIX Name of pollutant .
. ; of coincidence,

Name according to the bank of the 0%

library of mass-spectral data
Toluene Toayon / Toluene 3 90
Cholesta-3,5-diene Xosecra-3,d-[uer Mouseryssiptoe 96

Cholesta-3,5-diene 3arpsi3HeHue
Cholesteryl benzoate Xosecrepua Genzoar Molecular 93
Cholesteryl benzoate contamination
Benzenesulfonamide, N-butyl Benzomncyibdonamuy, H-OyTua 87
Benzenesulfonamide, N-butyl
Phenol, 2-methyl-4-(1,1,3,3- ®enon, pu-merm-4(1,1,3,3) - 3 60
tetramethylbutyl) TeTPaMeTua0Y T
Phenol, 2-methyl-4-(1,1,3,3-
tetramethylbutyl)
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Fig. 2. Identification of marker compounds from industrial oil
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Fig. 3. The toluene mass spectrum from the library NIST

Jlnst nanpHefmmx necaeoBannil 3arpsa3HéHHo-
IO TPYHTa M3 SKCIIEPUMEHTAIbHON YCTAHOBKI
B KauecTBe MPOYKTOB TpaHc@OpMamm nHiy-
cTpuasibHOro MacJsa nputsto copepskarnune JIOC,
cofiepsKamme TOJIyoJ1a NCI0IB30BAHO B KAUecTBe
MapKepHOro TTORa3aTess.

Pesyawrarsr onpenenenus JIOC B akene-
puMeHTanbHON yeranoske. Ha mocaemyronnx
aTarax mccJjeloBaHmii OB TPeyCMOTPEeHbI
orpoboBaHme TPYHTA 110 Beell raybnne éMROCTI
1 CPAaBHUTEIbHAS OT[@HKA COJlepsKaHms B mpodax
IpyHTa MOHOAPOMAaTUYEeCKUX YIJIEBOLOPOIOB.

YcraHoBjieHHOE coflepyRaHe JeTyYnX coejlinHe-
HIE B IpoOax rpyHTa ObLIO HUIKE JOIYCTUMBIX
HOPMATUBHbIX 3HAYEHUII JIJISI I0YB, OCTATOUHOE
copepsranme cocrasasamno 0,33 T1JIKR mo kemmo-
aam, 0,14 1IJIK — mo roxyomy; mas Gemsoma —
Ha YpOBHE Ipefesa o0HAPYKEHUST METO UK.
ITO CBA3AHO ¢ XapaKTePHbIM JJIsi paccMaTpu-
BaeMbIX COeJIMHEHNIT TTORa3aTeseM BpeHOCTH —
BOBJIYITHO-MUTPAIIMOHHBIM 1 TPAHCJOKAI[MOH-
ueimM. Copepsranme Genzona B mpodax MOUBBI
MPAKTHYECKN He MEHSIJIOCH T10 9TaliaM NecaeioBa-
HUII, cOflepsRaH e TOTYO0 I 1 KCUII0JIOB MEHSITIOCH
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o npoduaio émrocTn. MakcnumanbHble KOH-
IeHTpaInuy Beerga (UKCUPOBAINCh B BepXHEM
ropusoHnTe 3arpszHénnoro rpynara (0—15 cm) n
OBLIN B /IBa 1 HoJiee paza 60JIbIIe KOHIIEHTPATIII,
YCTaHOBJEHHBIX B 11pobax ¢ cepenuubl (19—
39 cm) u rayounsl mrypda. Ocratrounoe cojeprra-
nwe mpoaykToB Tparcdopmarinn GO B mpobdax
rpyHTa 110 Tpouiio MOJIeIbHOI EMKOCTH TTPe/-
¢TaBJeHo B Tadauie 3.

Hawubounbiiee 3arpsiaHenne rpyHTa m3 6M-
KOCTH OBIJIO 3a(pUKCUPOBAHO TP J@MOHTAsKE
YCTAaHOBKN B BHUJie JOKAIHHOTO 00bEMA TPyHTA
B TIPUCTEHOYHOM IPOCTPAHCTBE Ha TIyOmnmHe.
Copepsranue Tosayosa B 970l mpobe TpyHTA
cocraBuyio 2,84+0,56 mr/kr, B obpasiie Macjio-
ynepskupaiomeit Tkanu — 4,80+0,96 mr/kr. Ta-
KIM 00pa3oM, BEICOKasi TPOHUTIAeMOCTb NCITOJb-
30BAHHOTO B MOJIeJIbHOI YCTAHOBKE HACHIITHOTO
rpyHTa 1 arMocepHbIe 0CaJIKN CITOCOOCTBOBAIN
MPOJIBUKEHNIO 3aTPSABHUTENS 110 POoduio
EMKOCTH ¥ ero akKyMYJSII[UU B HUKHEM CJI0e
rpynra. BepositHo, 4T0 TPYHTBI ¢ MeHbITel aud-
(bysmnonHOT TPOHUTIAEMOCTHIO OTPAHITYUBAN OB
DIyOUHY MUTPATNN OPTAHITYECKNX COeJNHEeH M.

Xopoinast yjaep;RuBaoias cirocodHOCTh
PUAPOMBOIAIMOHHOTO Marepuaia, neioab3o-
BAHHOTO B MOJJAbLHOI yCTaHOBKE, TTO3BOJIMIA
MPeIOTBPATUTDH 3arpsA3HeHne MPUPOILHON 110-
4BbI 1 BepxoBojKu. [locae memonraka sKce-
MepuMeHTaJIbHON yeTaHOBKU oToOpaHa mpoda
umabrpara 3 mojtoHa, B KOTOPOM cobmpaiach
npenazkuas Boja. llpu nceaegosanmun pusabrpa-
Ta YCTAHOBJICHBI CJICYIONTIE KOHTIEHTPATIIT MO-
HOAPOMATHYCCKUX COeMHeHUiT: DeH30a —
0,002 mr/am?, roryon — 0,001 mr/am?, kewmno-
aer — 0,004 mr/mv?.

Uccaeposarme npod mouBeHHOT0 BO3/yXa B
mypde BBITTIONHAIOCH 110 METOJ[IKe Ta30Te0X -
MudecKnx uccyaepoBanmii. Ha kasmgom ns tpéx
ATANIOB UCCJICMOBAHNS, TIOCJE TPOBECHIs OT-
6opa 1pob rpyHra, mosocTh (1rypd rayouHoi
60 cm) HaKpBIBATACH EMKOCTHIO, T 3aTEM BhI-
MOJTHATICA 0TOOP MPOO MOUYBEHHOTO BO3yXa ¢
MOCJICLYIOTIIM KOJIMUeCTBEHHBIM OTIpejieJieHneM
YraeBoAoponRoB. Pesyabrarsl mccaeoBanmii
npejpcrasiernbl B Tadaunne 4. Copepsranue 3a-
TPA3HAIONNX BelllecTB He ITpeBbIIIaJao J0ITyCTI -
MBIX 3HAUCHMIA.

Tadomuma 3 / Table 3

Coplepsratiie JJeTyunx coeJluHeHII B 1pobax rpyHTa
The content of volatile compounds in soil samples

. Copepsranme, mr/kr / Content, mg/kg
Idrar nccnenosanus | [ryouna orbopa mpoosi, cm
) . Henzoun TOJTYOJI 0,M,T1-KCUJTOJT
Research stage Depth of sampling, cm
benzene toluene 0-,m-,p-xylene
0-18 0,0030+0,0006 0,0420+0,0084 0,099+0,0198
1 18-38 0,0030+0,0006 0,0220+0,0044 0,050+0,01
40-60 0,0010+0,0002 0,0020+0,0044 umo / BDL
0-18 0,0010+0,0002 0,0020+0,0044 0,001+0,0002
2 18-38 uro / BDL * 0,0010+0,0002 0,001+0,0002
40-60 uro / BDL 0,0010+0,0002 umo / BDL
0-18 0,0030+0,0006 0,0280+0,0056 0,005+0,01
3 18-38 0,0020+0,0004 0,0030+0,0006 uro / BDL
40-60 0,0020+0,0004 0,0030+0,0006 uro / BDL
Beaunuuna HJIK, mr/kr (I'H 2.1.7.2041-06) 03 03 03
MPC, mg/kg (Hygiene Regulations 2.1.7.2041-06) ’ ’ ’
llpunewarue * nno — nusce npedena obrapymicenu
Note: BDL — below detection limit.
Ta6auna 4 / Table 4

Copepsranme JTOTYyInX cOeIMHCHNTI B TPO6aX MOUBEHHOTO BO3TyXa
The content of volatile compounds in soil air samples

T mr/wm?
MPC mg/m?

Cojtepsraniie B TOUBEHHOM BO3JIyXe 0 9TAllaM HCCTeIOBAHMS,
mr/ m* / Content in soil air in terms of research stage, mg/m?

Haunmenosanue
3arpsI3HSIONEr0 BelecTBa
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Name of pollutant 1 oran / stage 1 2 aran / stage 2 3 aran / stage 3
Bensos / Benzene 0,3 0,021 0,0075 0,0048
Tomyon / Toluene 0,6 0,003 0,0078 0,0042
O-reunon / O-Xylene 0,2 0,005 0,0185 0,0052
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3axiroyeHue

Ananu3s mHdopmarmm o cocraBe n CBOCTBAX
rommorenToB COYH mo3BomINM PEIITonosKnTh,
YTO MPOAYKTAMU TPAHCHOPMATINT CIOKHOTO
KOMITIOHEHTHOTO COCTaBa MHAYCTPUATHLHOTO
MacJia MOTYT ObITh MOHOAPOMATIYCCKITE YTIIEeBO-
TOPOJIBI 1T JIETYU e apOMATHUCCKIEe COCIIMHeN s,

XpoMaro-Mace-cImeKTPOMeTPUIecKIil ama-
JI3 AKTYaJIeH B YCJIOBIAX HETOCTATOUHO MOTHBIX
MAHHBIX 0 (PAKTUYECKOM COCTOSIHUN 00bheKTa
WCCIeOBAHST, TMEeT BOBMOKHOCTD ¢ DOBINOI
CTETIeHBIO BEPOSITHOCTH BBISIBUTH KA4ECTBEHHbBII
1 ¢ BBICOKOI TOUHOCTHIO — KOJMYECTBEHHBIH COC-
TaB. Y CTaHOBJEHbI TPOJYKThI TpaHcopMarnm
naaycrpuanbuoro macna (M-40A): ronyon —
3,46 mr/m?3, 6enzon — 0,043 mr/m?, orunbenson —
0,0018 mr/m?, kewmonasr — 0,0043 mr/m3. [lns
MATLHENINX MCCTCMOBAHNIHN B KAUeCTBE KOHTPO-
JUPYEMBIX TTOKasaTexeil TPUHATO cofepsRamme
JIOC, copepskanue ToJyoJia MCIOJb30BAHO B
KavyecTBe MapKepa.

[Tpu ompoGoBanuy rpyHTa Ha cojeps;KaHue
JIOC ycraHoBJIEHO X OCTATOUHOE COflepsRaHme
HUSKE JIOTYCTUMBIX HOPMATUBHBIX 3HAYCHUI
moist mouB — 0,33 [1JIK o kennomam, 0,14 T1J1K
110 TOJIYOJTY, JI/Ist OeH30/a — HA YPOBHE Tpejiena
oOHAPYKEH ST METOJIUKI, 4TO CBS3AHO ¢ XapaK-
TePHBIM JIJISI PACCMATPUBAEMBIX COCIMHEHUI
BOBJIYIITHO-MUTPAIMOHHBIM TTOKAa3aTe/IeM BPe]l-
Hoctu. Beicokas MPOHUTIAEMOCTH HACHITTHOTO
rpyHTa m atMmocepHbIe 0CAIKI CITOCOOCTROBAI I
MTPOJBIIKEHWIO 3aTPA3HUTENSA ¢ MTOBEPXHOCTN
o BCeil TryomHe éMKOCTH U ero aKKyMYJISInn
B HIKHEM cyoe rpynta. MacioymepskuBaionias
TKaHb ABMIAach 3PPeRTNBHLIM OapbepoM s
MUTPAINN 3aTrPA3HEHNS B TPYHTOBBIC BOMIBI.

O06o01IeHe 1 aHAJIN3 TOJYYeHHBIX Pe3YJib-
TATOB MO3BOJAT 000OCHOBATH METOUKY OIEHRN
3arpsi3HeHus IpoMblnieHubIX mwiaoiagor COMR
¢ y4éToM TpaHcMOpMAaIy 3arpsAI3HUTEIs, TPUMe-
HUTH MOJTYUYEHHBIE PE3YTBTAThI B PEKOMEH/IATIHAX
110 PEKYJIBTUBAIMY 3aTPA3HEHHBIX TEXHO3EMOB.
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Iloryuyenue s3K0I0THUECKI 0€30MIACHBIX CTPOUTETLHBIX MATEPUATOB
C UCIO0JIb30BAHUEM 0CAIKOB CTOYHBIX BOJI I[EJLII0JI03HO-0YMaKHOTO
IPOU3BOJICTBA
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614990, Poccus, [lepmb, Komcomonbekuii ipocrexr, 29,
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B pabore mpejicTaBieHbl nceaeloBaHns B 00JACTH NCIOTB30BAHNS 0CAJIKA CTOYHBIX BOJL IE/LTION03HO-0yMasKHOI
npombiniernnoctu (IIBI1) B kavectBe pecypea rnpu nponsBojcTBe cTpouTeILHLIX MaTepuaion. B xoie anannsa Hay4ano-
TexXHu4YecKoit nrdopmarum 6bLI0 yeranosieto, 4ro ocajpok crounbix Bof LIBII, cogepsramniuii B cBoéM cocrase 1esi1i0103H0e
BOJIOKHO (CKOTI) 1 aKTUBHBIII IJI, MOKET IPUMEHATHCS B KauecTBe T0OABKU IIPH ITPON3BOCTBE KOMITO3UTHBIX MATePUAJIOB,
TIION30JISAIIMOHHBIX TINT, JJEPKUX 3a1I0JHUTEeIl JI/Ist 6eTOHOB 1 B KAYecTBe BbITOpaoIeil J06aBKu Mpu POU3BOJCTBE
KepaMnueckoro kuprunya. B mabopatopHbIX yeJ0BUAX UCCTEIOBATI BOZMOKHOCTD TIOJTYUYEHUsT KepaMIuyecKoro Kiprnia
¢ odasyennem ocanka crounbix Bojt [IBIT B konmmuecrse 4 n 8% macce. Buino yeranosyieno, uto mpn BBeJIGHIT 0CaKa B
KepaMI4eCKYI0 Maccy CHIURACTCS TIIOTHOCTH 00PA3IloB, YMEHbIIAeTCs INHeiTHAs BO3YIITHAS 1 OTHeBas ycajka. [Ipounocrs
00pa3sIloB Ha cyRATHE TIPU 03U POBAHNN 0CA/[KA CYIIECTBEHHO YBEJINUNBAETCS 110 CPABHEH IO ¢ KOHTPOJIEM, 4TO 00YCJIOBIEHO
BBIJIeIEHITEM JIOTTOJIHUTEIBHON TeIIOBOI HHEPI Y PN CTOPAHUN OCAJIKA B IIUXTE B Mpolecce 00Kura. ¥ cTaHOBIEHO
TaKsKke, 4TO TPOYHOCTH 0OPABIOB HA M3IM0 CHIKACTCS 10 CPABHEHIIO ¢ KOHTPOJIEM, OJIHAKO ¢ TIOBBITIIEHIEM TeMIIepaTyphbl
obskura 10 1070 °C 66110 OCTUTHYTO TOBbITIIeHNe TpouHocTH Ha 13rnG. CpaBHUTENbHBIIT aHAINS TOJYYeHHBIX TaHHBIX
10 TTPOYHOCTI 00pasoB Kepamnueckoro kuprnya ¢ rpebopanusmn 'OCT nmokasan, 4ro mpn BBeIeHIN OCAJIKA B IITUXTY B
KOJMUecTBe 4—8% Macc. B KauecTBe BLITOPAIONeil 100aBKM BO3MOsKHO MOTYUCHIE HOJTHOTEI0T0 KePAMUYCCKOr0 KUPITNYa,
COOTBETCTBYIO1IEro 110 nipouHoctn mapke M150-M200.

Kauouesote caosa: ocanor crounbix Boj LIBII, akrusmblii ni1, cKoIl, 1e/II0J103H0E BOJIOKHO, BLITOPAIOIIast 1o0aBKa.

Production of environmentally friendly building
materials with use of pulp and paper sludge

© 2018. E. S. Shirinkina ;. 11, 0000.0002-0244-4110°

Perm National Research Polytechnic University,
29, Komsomolskiy Prospect, Perm, Russia, 614990,
e-mail: shirinkina.es@mail.ru

The paper presents the research in the field of using pulp and paper sludge as a resource in the production of envi-
ronmentally-friendly building materials. During the analysis of scientific and technical information, it was found out
that pulp and paper sludge, containing cellulose fiber and secondary sludge, can be used as an additive in the production
of composite materials, insulation boards, light aggregates for concretes and combustible additives for production of
ceramic bricks. In the laboratory, the possibility of obtaining a ceramic brick with addition of pulp and paper sludge in
an amount of 4 and 8% by weight was researched. It was found that when pulp and paper sludge is introduced into the
ceramic mass, the density of the bricks samples decreases, linear air shrinkage decreases to 2.7% (for samples with pulp
and paper sludge addition in quantity of 4% mass), and 9.1% (for samples with pulp and paper sludge addition in quantity
of 8% mass) in comparison with control samples without pulp and paper sludge addition, fire shrinkage decreases from
5.1% to 3.65% and 2.06% for samples with pulp and paper sludge content 4% and 8% mass respectively. Compressive
strength of researched samples with pulp and paper sludge content significantly increases (up to 90.2%) in comparison
with the control samples, which is due to the release of additional thermal energy during the combustion of the pulp and
paper sludge in the ceramic mass while the brick firing process. It has also been established that the bending strength
of researched samples is reduced in comparison with the control samples, but with an increase of firing temperature to
1070 °C, an increase in bending strength has also been achieved. A comparative analysis of the obtained data on the
strength of ceramic brick samples with the requirements of National State Standard showed that when the pulp and
paper sludge is introduced into the ceramic mass in an amount of 4—8% by weight, as a combustible additive, it is
possible to obtain solid ceramic brick suitable for building.

Keywords: pulp and paper sludge, secondary sludge, primary sludge, cellulose fiber, combustible additive.
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Ha cerogusamuuii lenb mpegnpusTs
neanono3no-oymaxkuoin orpacan Poceun
YCTEIIHO Peayn3yioT TeXHOJOTUN TTPOU3BOJ-
CTBA MPOJYKITNY ¢ MCITOJIH30BAHNEM KaK Tep-
BUYHOTO, TAK 1 BTOPUUHOTO chiphsa. Hanbomee
MITPOKO MCTIOJTB3YETCS PEeBECHHA XBOMHBIX 1
JUCTBEHHBIX TTOPOJT, UYTO CBA3AHO € OTCYTCTBIECM
CUCTeMBI PA3eIbHOTO chopa oTx008 B Poccnn it
HagmIneM OOJILIMTAX 3AMACOB JIECHBIX PECYPCOB.
Opirako mpy TPOM3BOACTRE YIAKOBOTHBIX BUOB
KapTOHHO-OYMayKHON TPONYKITAT TPUMEHIeTCS
B OCHOBHOM MaKYJIATypHOE ChIPhE 10 MpUInHe
ero 6oJjiee HUBKOM CTOMMOCTH TIO CPAaBHEHWIO
¢ IepBUYHLIM cuIphéM |1, 2].

[Tporecent ojiroroBKM 1 repepaboTRM mep-
BUYHOTO U BTOPUYHOTO CHIPhsI HA MEJTI0T03HO-
OYMasKHBIX TTPEJIITPUSTUSAX ABJISAIOTCS PECYPCO- 1
HHEPTOEMKUMU, TTPU DTOM TPUBOJAT K 00paso-
BAHWIO OOJIBIITOTO KOJTMUYECTBA OTXO/[0OB OKOPKI
W PACTIMTIOBKU JIPEBECUHDBI, OTXOIOB OUMCTKI
MaKyJaTypbl B BUJIE OCTATKOB IJIGHOK 1 CKOTYA,
OCAJTKOB CTOYHBIX BOJ.

B nacrosmmee Bpems mpodiema yTuansamnm
TBEPABIX OTXOMOB Ha TMEJTI0T03H0-0YMaKHbIX
TPeATIPUATHAX YCIIHO PeIaeTcs IyTéM mpu-
MeHeHNs TePMUUCCKIX TeXHOJOTHIT, obecte-
YU BAOTNX NCTOJTb30BAHIE dIHEPTETHYECROTO
MOTEHITNANIA OTXOMO0B W TPEOTBPATIATONNX
X pasMelleHnune B OKpyskaioliieii cpene [3—3].
OpHaKO TPOIEece COBMECTHOTO TEPMUYECKOTO
00e3BPEKNBAHUSA BCEX OTXOJIOB CBSI3AH ¢ BO3-
HUKHOBEHUEM PsIjla TEXHOJTOTHYECKUX 11PODJIeM,
OCHOBHBIMI 13 KOTOPBIX SABJIAIOTCS YBeJUUCHIE
JITETLHOCTI TEPMIUECKOTO MTPOTIECca 1 CHIKE -
HIe KOJMYeCTBA BBIJIEIAeMOIl TeTIJI0BOM DHePTUn
1O TIPUYMHE BBICOKOH BIAYKHOCTH 1 30JIbHOCTI
TOILIUBHOM CMECH.

NecmemoBanusa TepMIYeCKOTO TIPoOIecca
ma TmpuMepe OJMoro W3 MPeNPUATHI OTPACTN
norasaniu, 4To Ha dhEPEeKTUBHOCTD Mpoiecca B
TMePBYIO OYepeh HeTaTHBHO BAMAET N30HLITOTHOE
ROJIMYECTBO OCAIKA CTOUYHBIX BOJ, MTOIaBAEMOTO
B TOTIMBHYIO CMECh, B CBSI3M ¢ BBICOKOI BJIAKHO-
CTBIO 1 30JbHOCTLIO ocanka [6]. [Tosromy axry-
AJIbHBIM SIBJSETCS TTOUCK abTePHATUBHBIX CITO-
co00B oOpareHs ¢ N3OBITOUHBIM KOJTUYECTBOM
0CaJIKa CTOYHBIX BOJ| [EJLTI0T03HO-0YMasKHbIX
peIpusATnii.

B rexnonornu ouncTRM NPOM3BOJCTBEHHBIX
CTOYHBIX BOJ[ TEJJTION03HO-OYMasKHBIX TTPeJT-
MPUATHIT OCHOBHBIMY BUAMU OCAJTKOB SABJIAIOTCS
0CAIOK TTePBUUHBIX OTCTONHWKORB, TTPECTAB-
JISIOTIII cODOT KOPOTKOE T[EJITTOTI03HOE BOJTOKHO
(crorr) M M3OBITOYHBIIT ARTUBHBIN 1. [lanbHeri-
ast yTuan3aiius 0CajKoB OCYIIeCTBISETCsI, KAk
mpasnio, copmectro. Ilpm srom cmech croma n

AKTUBHOTO 1JI1A [TOJ[BEPraeTcst MPeiBAPUTEILHOMY
CTYIIEHUIO I MeXaHNYeCKOMY 00€3BOKIBAHIIO
[7].

AHayin3 HayuHO-TeXHUYeCKOH nHQOpMATIn
B obnacTi oOparnieHns ¢ 0CaJKOM CTOUHBIX BOJI
TEJLTI0T03HO-0OyMaKHBIX TPEATTPUATIIT ITOKA3A
es1ec000Pa3HOCTh €ro MCMOTL30BAHTA B Kave-
CTBE BTOPIUYHOTO CHIPHEBOTO pecypcea B TPOM3BOJT-
CTBE CTPOUTEIbHBIX MarepuanoB [8]. ABropamu
MAaHHOM paboThl BHITIOJTHEHBI NCCTCNOBANIA B
o0sracTit MCMOJIb30BAHUS CKOIIA B KAYeCTBE Chl-
PHEBOTO KOMIIOHEHTA MPH TTPOU3BOJCTRE TIJINT
Hecnhémuoi onanyoru. [pemaraempiii apropamu
COCTaB COJIePsKUT CKOIl B KoJimuecTBe 20—45%,
TOHKOMOJIOTBINT MUHEPAJbHBII KOMIIOHEHT, B
KavecTBE KOTOPOTO MOKET OBbITh MCIIOJH30BAH
MOPTAHIIIEMEHT, BAKYIIee Ha OCHOBE TOHKOMO-
JIOTOTO JIOMEHHOTO MIJIaKa U JKUIKOTO CTEKIA,
MINHO3EMUCTBIN [IEMEHT WU MUKPOKPEMHE3EM —
15-40, 6aszanbrosoe Bosoruo — 10—-20, antucen-
i — 0,0-1,0, Boga — 20—24,5%. B pesynsrare
MCTOMB30BAHTA TPETATaeMOTO COCTaBA MOTYT
OBITDH MTOTYUCHBI TTUTHI, OCTATOTINEC B KATeCTBE
BHYTPEHHET0 W HAPYIKIOTO CJI0S OTPAsKIATONTei
KOHCTPYRITUN TP CTPOUTEIHCTBE 3aHMIT MOHO-
JUTHBIM CITOCOOOM.

Ckorr, mpuMeHsieMblii B KauecTBe 100aBKI K
cocraBy, coiepssut mopsaakra 75—90% mesnionos-
HBIX BOJIOKOM mantoil 150—250 MKM, TOJIIHON
1-5 MKM XaoTUYHO TeperyieTéHHbIX MeK/Y CO-
0oil.

Brepenne ckoma B KauecTBe BOJOKHUCTON
no0ABKY B ITPeJ/IaraeMblil COCTAB MO3BOJISIET 10-
ONTHLCA YBEAWUCHUSA MPOUHOCTH KOHCTPYKITHI,
CHUZKCHUS TPEINHOOOPAa30BAHUA N YMEHBIIIe-
HUSA ceDecTOMMOCTI CTPONTEILHOTO MaTepuala.
[IpenmmytiecTBOM TIpeTaraeMoro coctaBa TLTNT
HeChEMHON OTATyOKM ABIACTCA TaKKe CYIIe-
CTBEHHOe CHIKEH e MACCHI TTITHI, YMEeHBITIeH e
pacxoia meMenTa, OBLIIeHe YIAPHON BA3KO-
CTH W COTIPOTUBJICHUS Terionepeaade. 3a cuér
HAJIMY s Y CKOTTa COPOIIMOHHBIX CBOCTB HAPSLY
C MTOBBITIIEH M MeXaHIMUeCKIX TTOKa3are/eil KoH-
CTPYRITNI 00CCTIeUNBACTCS TTONIONEHNE BPeJIHbIX
KOMIIOHEHTOB, TOCTYHAONIX B aTMOC(epHbIit
BO3JIYX IPHU UCHOJIb30BAHUN B CTPOUTENbHBIX
ROHCTPYRITUAX MEHOTIOMNCTHPOIA.

Pesynbratel ncciegoBanms XuUMnueCKnX
CBOWCTB OCAJIKOB CTOUHBIX BOJL TIECTH PA3BHBIX
MEJITI0N03HO-OYMAKHBIX TIPEIITPUATHI, TTPON3-
BOJAIIUX oucHyI0 Oymary u mnosydadpurarst
npexcrasaernl B pabore [9]. O6pasyionimecs
B TeXHOJOTHUECKOM TIPOTlecce KaskIoTo TIPes-
OPUATHA OCATKN CYIECTBEHIO OTINIAINCH 0
(pmsnKo-XxmMHUYecKNM cBoiictBaM. Tak comep-
JRAHMe TeJUTTI0JI03HOTO BOJIOKHA B MCCICIYEeMbIX
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ocajrkax Bapbuposansoch or 11,9-81,6%. Ha
OCHOBAHWMN aHaIN3a COCTABA MCCAEyeMbIX
0CAJIKOB CTOUYHBIX BOJI aBTOPAMU PEKOMEH/0-
BaHBI TEXHOJOTUN HCTIOJH30BAHUSA PECYPCHOTO
MOTEHITNATA X MIHEPATHLHON 1 OPranmvecKoil
COCTaBJIAIONLCI.

Ocapmrm, ¢ cofepsRaHMeM IeJTI0T03HOTO
BosokHa nopsaka 30,7-81,6% u npounx mu-
HepPasbHBIX HATIONHUTEeH PEKOMEHIOBATO TC-
MOTH30BATH B KAUECTBE CHIPHEBHIX KOMITOHCHTOB
IS ITPOM3BOMICTBA IPEBECHOBOMOKHICTHIX TITNUT,
a OCaJIKM € BBICOKUM COJlepsKaHmeM MUHepaib-
HBIX HATTOJTHUTETEH MOTYT OBITH MCITOJTH30BAHBI
B KauecTRe 3O HUTE el B IIeMEeHTHBIX PacTBO-
pax. [Ipu sTom KoMMuecTBO BROJUMOrO B IIEMEHT
ocagra mosker pocrurath 10% mace. Ocajgor
MOZKRET YCIIeITHO BBOJUTHCS B KauecTBe J00aBKI
R IITYKATYPHBIM ¢CMeCAM U THpodOOHBIM CTPON -
TEJTHLHBIM MOKPBITHSAM.

Agropamu [10] uccaemoBanioch mponsBo -
CTBO JIPEBECHO-CTPYKECUHBIX TLIUT ¢ WCITOJH30-
Banmem ocazika crounbix Boj [[BII. SonbHocTh
HCIIOJAb3YeMOro ocajika cocrasisiaa 27,76%, na
TOJTTO TIeJITIOIO3HOT0 BOJTOKHA TTPUXONIOCH —
20,83, copepsranue Juranaa cocrasisio 17,41,
pPacTBOPUMBIX KoMIOoHeHTOB — 6,37%. Ocamor
CMETTNBAJIH ¢ JIPEBECHBIMU BOJTOKHAME B COOTHO-
menmsax 0:100, 15:85, 30:70, 45:55 ¢ modbasiennem
CBABYIOIMUX B KAYECTBE KOTOPLIX NCITOIb30BAINCH
bopmasberu 1 MeTHIICHIN(PEH UM N30 ITAHAT.
N3 nomryuennoit cmecu hopmoBasin pudep-marh
MyTéM TOPSYEro MPecCOBAHUS, NATbLHONIINE NC-
CTEIOBAHYS KOTOPBIX HA MPOUHOCTH TTOKA3AIN
COOTBETCTBUE MX TMPOUHOCTHBIX XapAKTePUCTHK
cranmapram Esporneiickoro Coroza.

Texmomorns M3roTOBICHUS JIPEBECHO-
MIACTUKOBBIX KOMITO3MTOB ¢ mobaBieHmeM
ocajikoB crounbix Boj [IBII ¢ nocienytomimm
MCTMONB30BATNEM TTOMYIEHHBIX KOMITO3UTOB
I M3TOTOBJICHUSA YePOTUI[HI, OTPasKaalo-
MIX KOHCTPYKIINI, HACTUIOB TpeJcTaBaera
B paborax [11, 12]. Ocamok mcionb3oBajcs B
RavecTBe apMUPYIONEro KOMIIOHEeHTa BMeCTO
gacTu jpesecnoro sojaokua (g0 00% wmacc.) B
nosiutiporiunene. MecsenoBanis MexaHnueckmnx
CBOMCTB MOJTYUYEHHOTO KOMIIO3UTA TIOKA3AJIH, UTO
MUHEPaJbHbIE HATIOTHUTETN B KOMITO3BUTHBIX
Mareprasgax Ha OCHOBE TOJUTPOTINIEHA MOTYT
OBITH YCITETTHO 3aMEHEHBI OCAJ[KAMU CTOUYHBIX
Bopt [IBII, eciimt mosrydernHble KOMITO3UTBI TTPE/T-
OJIATaeTCest NCIMOIbh30BATh B KAUCCTBE MaTepuasia
IJIA TPOM3BONCTRBA MBJEANH, MCITBITHIBATOTITIX
HeOOJBITIE MeXaHMUeCKIe HATPY3KI: TAaHeN,
MeOesh, OTPAKIATONITEe KOHCTPYKITH.

Nzydera BO3MOMKHOCTD BBEIEHUS 0CAIKa
CTOUHBIX BOJ TEIII0I03HO-OYMaKHOTO TIPOM3-

BOJICTBA B KAUECTBE AHAJIONA JIPeBECHOTO BOJIOKHA
B CMeCH JIJIi M3TOTOBJICHWS MMOJJIOHOB, TIPeJ-
HAa3HAYEHHBIX JIJISI TEPEBO3KU TPY30B, B COCTAB
KOTOPBIX BXOMUT JIPEBECUHA, TTACTUR W MEeTaJ
[13]. Ocajok cMeruBam ¢ ipeBeCHbIMU BOJOK-
Hamu ¢ jobaBaeHneM (opMasbernja B KauecTne
CBABYIONIETO 1 TIOBEPTANT 3aTBEPAEBAHNIO B
TMPUCYTCTBUN XI0puja aMmmons. Vemonn3yembrit
ocajiok copepskan mopsaka 20,83% mace. meno-
JIO3HBIX BOJIOKOH, 30JILHOCTH 0CAJIKA COCTABJISIA
27,76%. Ilopgonnl, MoOAyYeHHBIC U3 CMECH C
posupoBanuem ocanka B kKoauuecrse 10% mace.
OTBeYAIH TPeOOBAHIAM eBPOIIEHCKIX CTAHIaPTOB
JUIST TTPOJLYKITA Y IAHHOTO THTIA.

B pabore [14] uccaepoBano mnoayuenue
JIPEBECHBIX ILJIACTUKOB ¢ MCIIOJAb30BAHIEM CKO-
ma u akTuBHOTO Wia. B kauecTse MaTpuibl mc-
I10JIb30BaAJICA IIOJIU3TUJJIEeH BBICOKOI'O JaBJIeHUA.
[Tpeapapuresnino 06e3BOKEHHBIE, HATPETHIC W
I/ISMeJIb‘léHHbIe CKOII 1 aHTI/IBHbII;I nJ cMelnun-
Basin B cootHommenun 7:3 n 9:1. Beicymennyio
cMech O0BLeMHSIN ¢ MOAMITIICHOM BLICOKOTO
MaBJCHNA (MAaccoOBOE COMePs;KAHTEe CMeCH B T10-
qaupruiene cocrasisiio 20, 30, 40%) B nByx-
HIHEKOBOM 9KcTpyjiepe npu remieparype 1598 °C
¢ nosryuernem rpamyJ. [lomydenne kommosura ¢
HCI0JIb30BaHMeM ocajikoB crounbiX Bog L[BIT no-
3BOJINJIO yBeJll/l YUTH ero TemuepaTypy IJ1aBJIeHUA.

Asropamu [15] nccsemoBansach BO3MOKHOCTh
HUCIO0JIL30BAHIS 0CALKA B KAUCCTBE 30 HUTEJIsI
B PE3WHOBBIX KOoMITo3nuTax. Mukporpmeramim-
qecKas TeJTI003a, ToJyuYenHas n3 ocajKa,
HCII0JIL30BAIACH B KAUCCTBE YACTUUHON 3aMeHLI
KpeMHUeBbIX yactul (3amensian 1o 18% nuok-
CUIa KPeMHUs B Pe3MHOBOM KOMIIO3WTE), UTO
00eCITeunIo MOBBITIeHe MPOYHOCTI MaTepraia
Ha pacTsyKeHne.

[IpoBesensl nccaeoBaHNsa MO MOTYICHITO
JEIKOro 3aloJuuTess Ias 0eTona Ha OCHOBE
ocayika ctouHbIX Boft L[BII, B KoTOpBIX HICTIONB30-
BAJICS OCAJIOK KAK IIEPBUUHBIX, TAK U BTOPUYHBIX
OTCTOMHUKORB, ITPU HTOM 00Pa3Ibl JETMKOTO 3a-
IIOJIHUTEJJ I A llOleLleHbl HyTéM l‘paHle]/lpOBaHl/lH
0CajiKka, ero CyIIKN W TOCJeYIOTero CreKanms
[16]. Ilomyuentbie 0O6pasibl COOTBETCTBOBAIN
TPeOOBAHIAM TI0 TTPOUHOCTH 1 BOOTIOTTOTICHTIO,
MPEBABIACMBIM K JIGTKIM 3aTOTHATEM.

Asropom ncernenoarnusa [17] mpemmoskerio
M3TOTOBICHIE TETLION3OIAIMONHBIX MATePIATIOB
Ha 0CHOBE CKOTIA, B KOTOPHIX CKOTI MOsKeT NTPaTh
POJIb CBA3YIOMETO MIN BOJOKHUCTOTO apMI-
PYIOIero KOMITOHeHTa; COPOIIMONHOaKTHBHOTO
3AMMOJHNATENS B [EMEHTHLIX KOMITO3UITHAX LIS
MPOM3BOJCTBA MITYKATYPOK; 3AIIOJHUTEIsT TIPU
MPOMBBOJICTBE HechEMHON onanyoku. Vcmoss-
30BaHMe CKOIA MPU MPOU3BOACTBE TEIJION30-
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JANMOHHBIX TIJINT TO3BOJIUI0 CHUBUTH X cebe-
croumocts Ha 10—20%.

W3Bectib ncesenoBanms B 00J1aCTH NUCITOTh-
3oBaHms ocajikoB ctouHbIxX Bog, [IBIT nipu npous-
BosictBe Kuprmua. Asropamu [18] mpesmoskerna
KepamMuvecKasi Macca Jijisi U3roTOBJIeHUs CTeHO-
BBIX CTPOUTEILHBIX MBICANI, TPENMYTIeCTBeHTHO
Kuprmda, cofepskamas cyranHok (64—66%
Macc.), BHITOPAIoNLyio 00aBKy Ha OCHOBE CROTIA
— 0CAIKa CTOUHBIX BOJT, OT XUMIICCKOT 00pabOTHKIT
OTXOJIOB TTPOM3BOJIcTBA KapToHa — (6—9% wmacc.),
FKETe30CO/IePIRATIII OTXO0/| B BUIE OCAJ[Ka 13
MUKIOHOB OT OYMCTKI MOBEPXHOCTU CTATBHBIX
KOHCTPYKIMIZ WM [eraeil 1podecTpyilHbIM
anmaparom (7-13% wmacc.), KepaM3UTOBYIO
BenyumnBaiomyiocs riuny. Mapenus, monyden-
HBIe HA OCHOBE ITPEJITIOsKEHHOI cMech 00JIa/laioT
MOBBITIIEHHON MTPOYHOCTHIO U XaPaKTePUIYIOTCS
HU3KOU CTeIeHbIO YCATKU.

Ha ocnoBannu anannsa cOBPeMEHHDBIX HC-
cJIe[loBaHMIT B 00JACTH MCIIOAb30BAHMS 0CAIKA
CTOYHBIX BOJ IEJII0JT03HO-OYMaKHOT TIPO-
MBIIIICHHOCTU TIPY TTOJTYUCHIUT DKOTOTHUCCKI
0e30TTACHBIX CTPONTETLHBIX MATEPIATIOB € YIETOM
DKOHOMUYECKOI 11e1ec000PaZHOCTH ITPUMEHeH U
CYTIECTBYIOMNX TeXHOJOTHH OBIIO MTPUHATO
perenye o MPOBeeHNN NCCICTOBAHTIT 110 TT0-
JIYGEeHUIO TTOJTHOTEIOTO KepaMIYecKoro KUpmnda
€ UCITOJIb30BAHMEM OCA/IKa B KAYeCTBE BHITOPAIO-
el JooaBKu.

[lennio nccnenoBanms ABAAIOCH YCTAHOB-
JIeHUE BO3MOKHOCTHU TTOJIYUY@HUS MTOJTHOTEI0TO
RepaMmvecKoro KIPInda, OTBeYAI0Iero Tpedo-
pauusam I'OCT, ¢ nobasiaenuem ocagka CTOYHDBIX
Boxt [IBI1 B kauecTBe BRITOpatorieit 1o06aBKM.

O0BbeKTHI 1 METOJbI NCCIE[0OBAH

B nccnenoBanmAax nemmoab30BaIcsa 0CALOK
CTOYHBIX BOJ, 00PA3YOIMUICA Ha OUMCTHBIX
COOPYIKEHUSIX MPeAnpusTsi (B MepBUUYHBIX
OTCTOMHUKAX ), SBJISIFOIIErOCs TUIIMYHbBIM TIpeJi-
CTaBUTEJEM IEJII003HO-0OYMayKHOI 0Tpacyn
" UCITOJb3YIOIMINM B TeXHOJOI'MN ITPOMU3BOJ/ICTBA
KaK IIepBUYHOe, TAK 1 BTOPUYHOE chiphé. Ocaiok
(CKOTI) TIpejicTaBIs coboi cepyio mactoobpas-
HYIO Maccy, B COCTaB KOTOPOI BXOJUT MEJTKOe
meJio1031moe Boaokno (oxomo 90% wmace.),
0CAJIOK He PAaCcTBOPSIETCSI B BOJE, MMEeT CKIOH-

HOCTH K HAJNTAHNIO, CMEP3aHNI0 1 CIAEKIBA-
amto. Haceimuas mioTHocTh ocajira cocraBsiia
1,048 v/m?, Bnazkuocts 83%. Ocamor orHOCHTCS
K O KJAcCy OIacHOCTHU, He OKa3bIBaeT TOKCHYe-
CKOTO JIeiiCTBISI HA OPraHU3M YeJI0BeKa 1 cojiep-
JKUT B CBOEM COCTaBe MPErMYITeCTBeHHO BOJIOKHO
JIUCTBEHHOT TTOJTYTIeJIII0I03bl U MAKYJIATyPhl.

Jlaboparopubie uccaeoBaHms BRAOYAIN
CJICTYTOTIITE DTATIbI:

[Tomryuente mabopaTopHBIX 00PA3IIOB MOJHO-
TEJIOTO KePaMIueCKOTO KUPITIa ¢ 00aBIeHIeM
0CaJiKka B KaU4ecTBe BHITOpATOTIell Jo0aBKM (Mac-
coBOe cofiepsRanme ckoma 4 n8%), 060:#KEHHOTO
npu remmeparypax 970 u 1070 °C.

UccnemoBanme I0THOCTH, BOIOIIOTIIONIE-
HUSI, TIPEJIeJIOB IIPOYHOCTH TI0JyYeHHBIX 00pa3-
OB TIPU C3RATUY 1 u3rube.

YcraHoBieHne MareMaTu4ecKuX 3aBUCH-
MOCTeil M3MeHeHUsI OCHOBHBIX XapaKTePUCTUK
MOJIy4eHHbIX 00pa3IoB IPU BaphbUPOBAHU I TEM-
meparypoii 00skura m KoJan4ecTBOM BBOILMOTO
ocajKa.

B kauecTBe ncxomHOro Chiphs P MpoBejie-
HIW 9KCIEePUMEHTOB PUMEeH TN TNy, OCHOB-
HBIe XapaKTepUCTHKI KOTOPOI MpeicTaBIeHbl B
rabante 1.

Wcnpiranms rinHICTOTO CHIPhST TTPOBOIMIIN
B coorBerctBun ¢ tpebosanusvmu 'OCT 21216-
2014 Coipbé rimuaucroe. Metojibl MCIbITAaHKT.
Cpeni 0CHOBHBIX TTOKa3aresieil y TTTIMHUCTOTO Chi-
Pbsi OLIPEJIEJIsIN B TIPOIEHTAX HIKHIOK TPAHUILY
rekyuectn (23,9%), rpaHuiy pacKkaTbiBaHUsS
(17,2%) w uncyo mracruanocrn (6,7%).

Mexanuueckne cBoiicTBa J1abopaToOpPHBIX
00pasIoB OTPeIeIsIIN 110 CTAHIAPTHBIM METOJI -
KaM, NCCIIEIOBAHIS 110 OTIPe/IeIeH IO BO3LY IITHOT
7 OTHEBOW YCAJIKM TTPOBOJIMIN TTO CTAHAPTHON
meropure o 'OCT 21216-2014 Cripbé rnnan-
croe. Meronnr mennitanuii. Bogomoraormienne
00pasIoB OTPeIeJIAIN B COOTBETCTBIN ¢ METOJIM -
roti 'OCT 2409-95 (MCO 5017-88) Orueyrnopbi.
Merop, onpesiesiennsi KasRymieiicsi MIOTHOCTH,
OTKPBITOIT 1 001IIeil TTOPUCTOCTH, BOIOTIOTJIONE-
Hust. [IpounocTHble XapakrepucTuku odpasion
nccaeposannch mo meropgukam 'OCT 8462-85
Marepuanbl creHoBbie. MerTojibl onipe/esieHus
MPeJIesIOB MTPOYHOCTH TIPU C3RATUN U U3THube.

Craructudecknii aHajIn3 dKCIepUMeHTa b-
HBIX JIAHHBIX I [TOJIy4eHNe MaTeMaTnyecKinx 3a-

Ta6auma 1 / Table 1

Cocras ucnosnnzyemoii bl / Composition of used clay

Copepsranme OCHOBHBIX XUMIUECKUX dIeMeHToB, % (110 Macce)
Content of basic chemical elements, % (by weight)

Si Al Fe Mg

K Na Ca (0]

27,80

10,40 9,27 1,30 0,90 1,71 0,77 1,00
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BHUCUMOCTeH (DYHKIMIT OTRIMKA BHITOJHSINCH B
nporpammuom Komiiekce STATISTICA.

PesyabraTel ucesienoBanmii
U UX 00CY;KIeHmne

Ocamor, MCHoONb3YIONUIics B KauyecTBe
BBITOPAIOTIEN 100aBKY, TPeBaAPUTEHHO TIO]I-
TOTABJIUBAJICAH CJACAYIOMNM 00pa3oM: HaBeCcKa
1000 t BeICcymUBagIACh 10 MOCTOSTHHON MAaCCHI
npu remreparype 701 °C (B reuenmne 7 cyToK),
3aTeM M3MeJb4yasach B IMIapOBOI MeJbHUIIE C
(papdopoBbIMU METIOIIUME TEJIAMY ¢ TeueHne 48
Yacos, Jlaee — MPOCenBaIach uepes CUTO ¢ pas-
mepowm stueiikn 0,315 mm. [lonyuennyio pparimio
BBOJIWJIN B INIMHUCTOE ChIPhE B3aMeH ero 4acTi.

OG6pasibl 13 TIMHICTOTO CHIPHS ¢ TodaBIe-
HIeM 0CaJ[Ka B KauecTBe BLITOpAOIeil 100aBKI
(MaccoBoe copepsranme ocamaka 4 u 8%) m KowH-
TPOJIbHbBIE 00pa3Ibl 13 YNCTON TJIMHBI 00KUTa-
nuch npu remmeparypax 970 u 1070 °C.

Jlos mosmyuenus [OCTOBEPHBIX 3aBUCHIMO-
cTell M3MeHEeHN OCHOBHBIX XapaKTePMCTHK
KepaMmvecKnX 00pasIioB OT COlePRAHNS B HIX
0cajika 1 TeMIiepaTypbl 063kUTa OBLI CIITTAHIPO-
BaH 1 TPOBEJIEH JIBYX(DAKTOPHBIN HKCIIEPIMEHT
C IEeHTPAIBHBIM OPTOTOHATBLHBIM TIJIAHOM, ¢ M3-
MeHeHneM RasKIoro gakTopa Ha IBYX YpoBHsX. B

KavecTBe (DAaKTOPOB MCIOJIB30BAII: KOJTNYECTBO
BBOAMMOro crona (4 u 8% no macce B3aMeH
OCHOBHOTO ChIpPbs); Temmeparypa ooskura (970
n 1070 °C). B pesynbrate skciiepuMenta ObLIn
orpejiesieHbl cjejytolue nokasarean (QyHK-
UK OTRJIMKA): TIPeJesi IPOYHOCTHU MPU CHRATUI
(MIla), mpemen mpouroctn mpw nzrnbe (Mlla),
BO3JIYITHAS 1 OTHeBas juHeinbie yeaaku (%),
BOJIOTIOTIONIeHTE 110 Macce (%), cpeHsis mIoT-
mocth (r/em?). [nam skcmepmmenTa B HaTypasib-
HbIX BeJIMYMHAX 1 3HAUYEHIsT PYHKITNN OTRINKA
B KQ)K/1011 TOUKe TIJIaHa MpuBejieHbl B Tadauiie 2.

3HaueHusl MOJyUYeHbl ¢ JIOBEPUTETHHOI Be-
positiocThio 0,95,

Ha ocHoBaHNU yCTaHOBAEHHBIX TAHHBIX B
nporpammuom Komiexce STATISTICA 6pinn
MOJIy4eHbl MAaTeMaTH4ecKne 3aBUCUMOCT PyHK-
U OTKRINKA:

2,= 0,28~ 0,065 - 2 + 0,002 - y + 0,00005 - 2 - y
2,=8,07 0,125 -2

2,= ~41,412 + 4,498 - £ +0,0436 - y — 0,004575 - 2 -
2,= 86,964 + 5,612 —0,0752 -y — 0,004393 - z - y
2,=-9,51+0,1075- 2+ 0,033 - y + 0,00025 - z - y
2= 177,56 +5,0965 - 2+ 0,1925 - y — 0,005734 - -

IJIe Z, — CPefIHsAA MIOTHOCTh 06pasta (1/cm?);
7, — BO3JlyIIHasA THeliHas ycanka (%); z, — orne-

Ta6aunma 2 / Table 2

[Inan srenepnumenTa 1 3HaueHUs PYHKINN OTRIANKA B KaJK0I TOUKe TIJIaHa
The experimental design and the response function values at each point of the plan

Hosen o6nasiia Rourponbubiit Rourponbubiit
Sam Il)e IIIIIJH'lgIeI' ! 2 3 4 obpasen 1 obpasen 2
P Control sample 1| Control sample 2
Ronunuecrso BBouMoro ocajka, %
Content of pulp and paper sludge, % 4 4 8 8 0 0
Texmeparypa,"G 970 | 1070 | 970 | 1070 970 1070
Temperature, °C
3
Maorwocrs, r/om 160 | 182 | 1,54 | 178 1,71 1,98
Density, g/cm?
. 0
Bospymmas mneiinas yeanxa, % 757 | 757 | 7,07 | 7,07 7,78 7,78
Air linear shrinkage, %
. - 0
Ornenas maHefinan ycanxa, % 1,12 | 365 | 1,36 | 2,06 0,60 5,10
Fire linear shrinkage, %
Bononoraomenue, % 17,36 7,87 | 20,70 | 9,24 12,96 5,86
Water absorption, % " ’ ’ - . s
[Ipemen HpquOCTM npu csratum, Mlla 23.9 | 27.3 25.3 28.8 13.3 26.4
Compressive strength, MPa
[Ipepen npounoctu npu uzrute, MIla o0, 0 | =
Bending strength, MPa 7,3 | 24,25 | 5,42 | 20,08 9,93 31,34
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Bas uHelinas ycanka (%); z, — BOJOIOIIONIeHITe
1o Macce (%); z, — Hpejiesl IPOUHOCTH [P CKa-
tun (MIla); z, — npenen npounoct mpu narnde
(Mlla); x — comepsramme ocaka B KepaMuIecKon
macce (B maTepBase 4—8% macc.), y — remmepa-
typa obsxura (B uarepsane 960—-1080 °C).

Ha ocHoBanum 1mojiyaeHHbIX Pe3yJibraToB
MOSKHO C/IeJIaTh CJIeYIOTIe BhIBOJIbI:

— BO3JYIIHAs JUHENHAs ycajKa Pu BBe-
NeHnK ocajKa B Koanuectse 4 n 8% cumsxaercs
na 2,71 9,1% cooTBeTcTBeHHO 110 CPABHEHUTO C
KOHTPOJbHBIMI 00pasiamu;

— CpeHss MIOTHOCTH 000MKKEHHBIX 00-
pasIoB U3MeHseTcs: 00paTHO MPOTOPIMOHAb-
HO yBeJUdeHmnio pacxopa ocaara. [Ipu srom
3HAUYCHUE CPeHeH TIOTHOCTH ITPH TOBBIITEH I
temreparypoi ¢ 970 o 1070 °C yBennmumBaercs B
cpepmem ma 13—15%;

— OTHeBasi JIMHeliHas ycaiKka 00pas3oB, 000K-
mémmpix mpu remmepatype 1070 °C, crmxaeres ¢
5,1% (komrpossubii o6paser) o 3,65 1 2,06%
Y COCTABOB ¢ cofiepskanmem ocamka 4 m 8% coor-
BETCTBEHHO;

— BOJIOTIOTJIONIEHIEe 00Pa3ioB, 000KKEH-
weix ipu 970 °C, yBenmunBaercs B cpejHeM Ha
BEJMUYNHY BBEJCHIA 0CajKa B cMech (Ha 4,4 n
7,7% coorBercTBerHO). OMHAKO PN YBEJTMUEH I
temreparypol ookura 1o 1070 °C Bennunma or-
KPBITOIi TOPUCTOCTH Yy 0OPA3IOB ¢ cOfleprRaHmeM
ocagra 4 n 8% ysennunsaercs jaumb wa 2,01 n
3,38% cooTBeTCTBEHHO;

— TIpe/iest TPOYHOCTH TIPH CRAaTHI 00PA3I0B
¢ cojep:ranmem ocaara (oomur npu 970 °C)
[peBbIIIaeT KOHTPOJdbHbIe 3HaveHus Ha 79,7 u
90,2% coorsercreerro. [Ipu arom moswImTeHIe
remueparypbl 1o 1070 °C crmocoberByeT 1m0BbI-
MMEeHUI0 MTPOYHOCTU TIPU CKATUM B CPeHeM Ha
14% (1povYHOCTH KOHTPOJIBHBIX 00PA3IOB Mpn
Tex ke ycaoBusx yBeanuniach B 1,98 paza). Ta-
Kasl 3aBUCUMOCTH 00YCJIOBJI€HA JIOTIOJHUTEIbHOT
TETIOBOT 9HEPrIett, 00Pas3yIoencs B pe3yabrate
CTOPaHIS OCAJIKA, YTO B CBOIO OUepe/ib, IIOBbIIIaeT
TeMIeparypy 00Kura rFIMHICTOTO ChIPhS B 1€Y1

— M3MeHeH e MpeJesa POUHOCTH TP U3TH -
Oe nMeeT 0OPaATHYIO 3aBUCUMOCTD 110 CPABHEHU O
C TTPEJIeIOM TIPOYHOCTH HA C3KATHE: TIPU BBEICHU T
ocazika (4 m8%) mpouHOCTH TPH U3THOE MO CpaB-
HEHUIO ¢ KOHTPOJTbHBIMI 3HAYCHUSIMU CHUKACTCS
B cpeaeM Ha 27 1 49% cOOTBeTCTBEHHO TP TeM-
neparype oozkura 970 °C, u na 22,6 u 35,9% co-
orBeTcTBeHHO Tpu Temnieparype oozkura 1070 °C.

OcHOBBIBasiCh HA MOJYUYEHHBIX JaHHBIX,
MOKHO YTBEPIK/IaTh, YTO AKCIIEPUMEHT BOCIIPO-
U3BOJIUM, TTOJIyYeHHBIE MATeMATHYeCKIe 3aBICH -
MOCTH TI03BOJISIIOT O/[HO3HAYHO OIITUMKU3UPOBATH
COCTAB TI0 COJIEPKAHNIO B HEM OCAJiKa CTOYHBIX

BOJI TIEJIITIOSI03HO-0YMasKHOTO ITPON3BOJICTBA TP
3a/laHHOM (TpedyeMoM) 3HaYeHWN BLIOPaHHOI
1eJieBoi (pyHKIUI.

3ariaoueHue

CpaBHeHme TOTYyIeHHBIX JJAHHBIX 0 MTPOY-
HOCTH HCCAeLyeMbIX 00pa3IioB KepaMuiecKkoro
kuprnuya ¢ rpedbosanusmu 'OCT morasan, uro
1P BBEJICHUI 0CAJTKA CTOUHBIX BOJL IEJLTIOI03HO-
OYMajKHOTO MPOU3BOJCTBA B MINXTY B KOJM-
gectBe 4 1 8% Macce B KauecTBe BBITOPAIOIIE
00aBKN BO3MOYKHO MOJyUYeHUEe MOJHOTEI0r0
KepaMuuecKOro KUpHuya, COOTBETCTBYIOIIEr0o
o ipounoctn mapke M150-M200. [l rouroro
orpejieJieHIsI MapKU TTOJIHOPa3MepHOTro Kepa-
MUYEeCKOTO KIPITYa HeoOXO0INMO MPOM3BOJICTBO
OTBITHOT TTAPTUU B TPOMBIIILIEHHBIX YCJIOBUSX 1
ucIbITaHme 00pasioB B COOTBETCTBIM ¢ TpeOoBa-
nmwsavu 'OCT. Oamaro OBITO YETAHOBICHO, UTO
B peayJibraTe CroOpaHusi 0Ca/IKa B KepaMuviecKoi
Macce 1mpu 00KIUTe BhIIEISIeTCs OMTOJTHITe ThHAS
TEIJIOBAsT YHEPIHS, YTO B CBOIO OYepe/b MOBbI-
IaeT TemMIeparypy 00Kura TINHUCTOTO ChIPbs
B HeYl U YBEJUUYNBACT MPOUYHOCTH 00Pa3ion
Ha cykaTve n n3rubd (1Mo cpaBHEHUIO ¢ 0Opasia-
mu, oboxskérabiMu ipu 970 °C). [Tosromy, Ha
OCHOBAHWU TMOJYYEHHBIX Pe3YJIbTaTOB MOKHO
YTBEPsK/JaTh, UTO PN TeMIlepaType o0;Kura ro-
TOBBIX Kepamuueckux uzfesnnii seite 1000 C
BOBMOZKHO [TOJIy4eHe KepaMuyecKoro KUpInya,
coorsercrByforero mapre M150 mo I'OCT 530-
2012.
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BI/IOMOHI/ITOpI/IHFOBI)Ie BO3MORHOCTU MUKPOOPraHnamMoB
npum onmeHre CTelneH TOKRCUNYHOCTU CUHTETUYE€CRUX
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB
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JlokazaHa BO3MOYKHOCTH HCIIOIB30BAHIS OTAEIBHBIX IPYIITT MUKPOOPTaHU3MOB JIJIsI BBISIBJICHUS CTEIIEHI TOKCUYHOCTI
CHUHTETHYECKNX OBepXHOCTHO-aKTIBHBIX BellectB (CIIAB), kotopsie nconbayiores B kKadectse aBromamiryHeii. [lokazana
BBICOKAsT YyBCTBUTEIBHOCT IBYX BUOB 1uanodarrepuii Nostoc paludosum n Fischerella muscicola, mpumeHseMbIxX B
KauecTBe TeCT-OpPraHM3MOB Ha JieficTBue TPEX Mapok aBromamiyHeil. [Ipn mHKyOupoBaHun Kyasryp nuaHobarrepuii
B pacTBOpax aBTOINAMIIYHell ¢ KOHIeHTpallneil, paBHOil pekoMeHyeMoii jose (1 p. 1.), IPOMCXOANUT pe3Koe HajleHune
YUCJCHHOCTH JKUBHECTIOCOOHBIX KIeTOK. BriorecTipoBaniie ¢ moMoibio GariiT poBOJIIIN TyTEM BbICeBA DaKTePUAThHBIX
CyCIeH3MiT Ha MUTATeTbHBIN arap ¢ npejaBapuTesbHo BHecéHHBIM Jdaypuicyiabdarom narpus (JICH). Kpurepuewm
TOKCHYHOCTHU CJYKIIIO CHUKEH e YNCIa BBIPOCIITUX KOJIOHUIT OAINILT B ONBITHBIX BapianTax. VIHAMKanOHHBIM HPU3HAKOM
na rokenunocts CITAB nocaysuio cumskenne npoienra odpacranus mouBeHHbIX KOMOYKOB barTepusimu p. Azolobacter.
OrMeueHO TaKyKe CHUKEeHIE BU0BOTO Pa3HOOOpasisi MUKPOCKOTIMUECKIX BOJOPOCIEN 11 InaHo0aKkTepuii B 10UBe 1pu
neticrsun JICH. Hanbonee awyscrBurensuniMu K 3arpszaennio noussl JICH okaszammen mpegerasurenn ormenon Xan-
thophyta n Eustigmatophyta. HanGosbiree KosmaectBo BU0OB BOLOPOCAeil HAOIIONATOCH B KOHTPOJBHOM BapmaHTe 1 B
sapuamnre 0,5 p. 1. JICH.

[Toryuennbie pesynbrarhl 10 HeratuBHOMY BosjieiicTBuio ncnbiryembix CIIAB nHa Mukpoopranusmbl pasHoii
CHUCTEMATHYCCKOI TPUHAICIKHOCTH JJOKA3bIBAIOT HEOOXOUMOCTh OCTOPOYKHOTO 00pAleHUs ¢ aBTONIAMITYHAMHU Ha
ABTOMOIIKAX ¥ [P NHANBU/YAIbHOM HCIIOJB30BAHNN, 4TOOBI HCKIIOUNTH BO3MOKHOCTD MX TTOTAJAHUS B TOYBY.

Kawuesote caosa: cunrernyecKkue moBepXHOCTHO-aKTUBHBIC BellecTBa, aBTOIaMIyHU, O1OoTecTUpOBaHme,
OuonHnKaIus, uanobarrepun, Ganuint, aabrodopa, Azotobacter.

Biomonitoring capabilities of microorganisms when assessing
the degree of toxicity of synthetic surfactants
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High sensitivity of the two species of cyanobacteria (Nostoc paludosum and Fischerella muscicola) as test-organisms
by means of stating their hydrogenase activity with the tetrazolium-topographical method was proved; presence of
formazan in cyanobacteria living cells served as a marker. It was stated that decrease in specious composition of algae
and cyanobacteria can serve as a bioindication sign of synthetic surface-active substances in the environment. Formazan
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accumulation decreased considerably under the influence of car wash of three trade-marks. When cyanobacteria cultures
are incubated in solutions of car shampoos with a recommended dose concentration, the number of viable cells drops
sharply. Bioassay with the help of bacilli was carried out by means of bacterial suspension inoculation on nutrient agar
with preliminary added sodium lauryl sulfate (SLS). The toxicity criterion consisted in decreasing number of the grown
bacilli colonies in experimental variants. It is shown that the degree of toxicity of SLS can be tested using bacteria of
the genus Bacillus, judging from decrease of the percent of soil-balls encrusting with bacteria of the genus Azotobacter.

The representatives of Xanthophyta and Eustigmatophyta were the most sensitive to soil pollution with SLLS. The
number of algae species was the most in the control variant and in the variant with 0.5 recommended dose of SLS. The
results showing negative influence of the tested synthetic surface-active substances on microorganisms with different sys-
tematic characteristics proved the fact that it is necessary to carefully use car wash and to avoid car wash getting into soil.

Keywords: synthetic surface-active substances (SSAS), car wash, bioassay, bioindication, cyanobacteria, Bacillus,

algoflora, Azotobacter.

R umeny mommioranton, 06hEM TTOTIA AT
KOTOPBIX B OKPYIKAIOIYIO CPEy MOCTOSHHO
Bospacraer Ha 2—5% B Toj, OTHOCATCS CHHTE-
THYECKIE TTOBEPXHOCTHO-aKTHUBHBIE BEIecTBa
(CITAB) [1]. Xorsa omnpefesienne cTernedn nx
TOKCUYHOCTH JITIsT JKIUBBIX OPTAHN3MOB HAYATOCH
CPABHUTEJHHO HEIABHO, YCTAHOBJIEHO, YTO B
Heroropwuix cayuasx CITAB asasiiores 6osee
OTIACHBIMU 3ATPAZHUTEISIMU CPEJIbl, YeM ToJia-
rasu panee [2—7]. [Ipu aToM, KAk 1 715t APYTUX
3aTPsIBHSATONINX BEIECTB, CTeTleHb TOKCUYHOCTH
CITAB pis 6moThl TPOBOJAT, MCTIONB3YSA TECT-
OpPraHM3Mbl U OPraHM3MbI-UHINKATOPHI pa3s-
JUYHOT CUCTeMAaTIUeCKON MPIHAITeKHOCTH [8].
Omraro anana JJuTepaTypHbIX JJAHHBIX TTOKA3bI-
Baer, uro cpesu Tecrupyembix CITAB npakrnye-
CKU OTCYTCTBYIOT aBTOIIAMITYHU, TOTYJISIPHOCTh
KOTOPBIX JIJIsI MOWKHI aBTOMOOWIel Bo3pacraer
¢ KayKJbIM TOJIOM TaK jKe, KaK U KOJMYeCTBO
aBromMoek. [losToMy BozHWKAeT HEOOXOMMOCTD
MPOBEJICHUS UCCIEIOBAHII, CBABAHHBIX ¢ M3YUe-
HIIEM DKOJIOTUYECKUX TTOCTE/ICTBUI [T PRYIS AT
ABTOIIAMITYHEI B OKPYIKAIOIIeil cpejie.

[{enn panmoit paboTsl — orpejesneHne xa-
pakrepa feiictBusi CIIAB na pazinuanbie rpyrimbt
MUKPOOPTAHM3MOB 1 OTleHKa NX YCTONYNBOCTI K
BO3PACTAONUM KOHIIEHTPAIIMSIM aBTOIAMITYHell
mapok Rortenrpar, Felix, Uni n naypuicyinda-
ta marpus (JICH).

OO0 BEeKTBI 1 METOIbI

ObberTaMu meeae0BaHms, KOTOPbIe MC-
MOJTB30BATNCH B KAUECTBE TECT-OPTAHM3MOB Ha
melictBue naydaembix apromamnyueii n JICH,
ooiim 2 Buga nmanobaxrepuit (I1B) Nostoc
paludosum Kitz Ne 18 n Fischerella muscicola
(Thur.) Gom. No 300 u3 kosnermuu gororpod-
HBIX MUKPOOPTaHn3MoB Kadenpbl Onoaornm
pacTennii, CeIeRITNT 1 CeMeHOBOLCTBA, MIKPO-
ouosiorun Bsarckoit 'CXA, BbipalieHHbIX Ha
nurareabHoi cpeme I'pomosa No 6 6e3 azora B
revenne 12 menenns npu remmeparype 22—24 °C
1 12-yacoBom ocBeleHnn; a raKkske 2 Buja 0aK-

repuii popa Bacillus (B. mesentericus n Bacillus
SP.), BbIJIeJIEHHBIX 13 TepOapHbIX 00pasios Oy-
PBIX BOMOPOCIICH 1 0B QfOTNX TTOBBITIIEHHO
YCTOWUMBOCTHIO K TSKRETBIM MerasiaM. B kaue-
CTBE OPTAHM3MOB-THIMKATOPOB BRICTYTTAA aJTh-
ro)Iopa e pHOBO-TIO/I30JUCTOT TIOUBBI, 00PA3IHI
KOTOpoii Oblin otoOpanbl B uepte . Kuposa, u
barrepuu p. Azotobacter, npucyrcrByioniue B
MOoYBe TMOMMEHHOTO 1 CYXOJ[0JIbHOTO JIYTOB.

Ha msyuaembie 00beKTH JeiicTBOBAIN
apromamunyusamu u JICH B Bospacraiomux
rkoutenrpanusax. Takoe Bemectso, kaxk JICH mo-
BCEMECTHO HAauaJM ncionb3osarh ysxe ¢ 1930 r.
B nacrositiiee BpeMst ero MCImonab3yioT npu mnpo-
M3BOJICTBE MbLJIA, 3YOHBIX TTACT 1 ABTOIIIAMITYHEI.
[To Hopwme fyis MOTIKK MaTTuH pacuéTHas (pero-
memngyemas) gosa (1 p. m.) cocrasasier 130 mr
moporika wa 1 1 guernnauposammon Bojbl. V3
ABTOTIIAMITYHEH JIJIA WCCTeNOBAHNSA OBIIN BbI-
Opambl 3 Mapku, HanboJIee YacTo MCIMOTH3YyeMbIe
ma peinke T. Kuposa: Kommernrpar, Uni n Felix,
st Roropbix 1 p. o, cocranisier 10, 35 ru 30 r Ha
1 1 BOIBI COOTBETCTBEHO.

Jlust GumorecTupoBaHUs CTEIEHU TOKCHUY-
nocru GITAB ¢ nomombio 1B ucnoanzosan
reTpasosibHo-Toriorpaduueckuii meros [9]. Rpu-
TepUeM TORCHYHOCTHU CIYFRIIIO CHUKEH e Yicia
JKUBHECIIOCOOHBIX KIeTOK. bruorectnpoBanue ¢
MTOMOTITLIO GATIHIII TTPOBOJIAIN TTYTEM BhIceBa DaK-
TePUATBHBIX CYCTIEH3MIT HA TUTATeLHBII arap ¢
npepsapurensio sHecénnbim JICH. Kpurepuem
TOKCUYIHOCTI CIYIRIIO CHIKEHIE YICJIa BHIPOC-
MIX KOJTOHMI OATNIIT B OTTBITHBIX BAPUAHTAX.

WMupmkanmonmas posib a3oTodbakTepa yum-
THIBAQJTACh 110 METOJMKe, OCHOBAHHON Ha yuére
obpacTanysa KOMOYKOB MTOYBHI, PA3TOKETHBIX B
gamirax [lerpu na arapusoBannoii cpeje Ibon
[9]. Rpurtepuii TokcuyHOCTH — CHUMKEHME KO-
JIMYecTBA KOMOYKOB IOUYBBI, 00POCIITNX a30TO-
bakrepom. Meroy anbronHnKamum OCHOBAH Ha
MOCTAHOBKE MOYBEHHBIX YAITOUHBIX KYJIBTYP CO
créknamm obpacranusi. Kpurepuii TORCHUHOCTH —
CHUIKEHUE BUIOBOTO PA3HO0OPasust BOLOPOCIeil
n 1b.
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Pesyabrarsl u 006cyskinenne

BuorectupoBanmne aBromammyHeii Ter-
pa3ojabHO-TOHIOTPaPUuUecKuM Meronom. [lpu
narydomposanun Kyqaeryp LB V. paludosum n
F. muscicola B pactBopax aBTomiamMiyHei ¢
KRoureHTpaiueii 1 p. 1. B rederne 24 4acos mnpo-
HCXOMUT Pe3Koe mMajieHie YnCJIeHHOCTH JKI3-
HecTocoOHBIX KJIeTOK (Tabu. 1). MaprepHbim
MPU3HAKOM TARNX KIETOK SIBJISIETCS HAROTIIEH e
B HUX sIPKO KPACHBIX KPUCTAJLIIOB (hopmMazana, Ko-
TOPBIi 00pasyeTcs B pe3yJibrare BOCCTaHOBICHS
oecrBeTHOTO 2,3,9-TpueHUITeTPABOJINI XJI0-
pusa o geificTsreM pepMenTa Ieru[poreHasbl.
Ouenpb MasieHbKIT TIPOTIEHT MEPTBHIX KIeTOK [ B
B KouTposbHoM Bapuante (1,0-2,9%) yraspiBaer
Ha BBICOKYI0 (PM3MOJOINYECKYI0 aKTUBHOCTh
TecTupyeMbix Ryabryp. [loaromy eqnucTBeHHOI
MPUYNHON 00BAJIILHOTO MAJIeHUS FKIUZHECII0C00-
Hoctn oboux BujoB IIB B onbiTHRIX BapmanTax
MOKHO CUUTATH JIEMCTBUE aBTOIIAMITYHEI, UC-
10JIb3YEMbIX B /103X, IPUMEHSAEMbIX Ha IpaK-
TUKe TP MOITKe aBTOMOOMIEIL.

CpaBHeHuMe 1oJy4eHHbBIX Pe3yJIbTaToB 110 Ba-
puaHTaM MOKa3bIBaer, 4To0 Hanboaee TORCHIHbI-
mu s LB ssasiiorest agromavrynn Uni n Felix,
BO3JIeIICTBIE KOTOPBIX PUBOAUT K Tubesin ot 98,5
10 99,7% raerox. Maruburopuas akTuBHOCTD
apromammyds HoHmenrpar HeCROJBKO HUKe: B
aTOM Bapuante rubesnnb kierok N. paludosum co-

crasisier 71,8%, a'y F. muscicola — 94,4%. Jlns
oboux Bupos 1B KonmuecTBo 13HECIIOCOOHDBIX
RJIETOR, ROTOPBIE TIOBEPTaTNCH e CTBUIO aBTO-
mamiryHeii, ysesuuunsaercs B pspy: Uni > Felix
> Houtenrpar.

Tarum obpaszom, laHHbBIIT METOJL OMOTECTHPO-
BAHUS TOKA3AJ, 4TO NCTTBITAHHBIE ABTOTITAMITYH U
llasKe B J103aX, PEKOMEHTYeMbIX JIJIsI TIPaKTHye-
CKOTO MCII0JIb30BAHMS, BBI3BIBAIOT HEOOpaT-
mble ugmenenus B kierkax b N. paludosum n
F. muscicola, koropwie TpuBOAT K rudesn ao-
COJIIOTHOTO OOJIBIITMHCTBA YJIEHOB IaHODaKTe-
praTbHON TOTYIATNN.

Buorecruposanne JICH ¢ ucriosinzosannem
oammmur. HecmoTpst ma 1o, uro Haxtrepnm poja
Bacillus cunraiorest nanbosee yeTroimanBboIMu
MUKPOOPTAHU3MAMHI 110 OTHOIEHNIO K pasind-
HBIM cTpecc-darropam, saecenne JICH B mura-
TEJTBLHYIO CPEy TPUBEJIO K PE3ROMY CHUMKEHIIO
nx uncgernnoctn (Tada. 2). Cuna yrueraorero
apderra JICH na oba mramma Garnust yBemn-
qUBANACh TI0 Mepe YBeJTUYeHUsT ROHIeHTPAT[NN
nosTiotranTa: s B. mesentericus B 407 pas B
Bapuante 2 p. 1. m B 19,6 pas — nois Bacillus sp.
pu 0,5 p. 1. [ommoe npexparierne pocra o
wabaoganoch pnm 4 p. [. aus B. mesentericus.
YyecreurenbHocTh Bacillus sp. K JaHHOMY
HOJUTIOTAHTY OblJIa HAMHOTO CUJIbHEe: MOJHOe
nojaBieHne pocra Hacrymamno yske npu 1 p. .
JICH. Takum obpaszom, rojiep;ranme B My3eiiHoii

Ta6auma 1 / Table 1

Biusiniue aBromamiryteil Ha KOJIUYeCTBO JKU3HECITOCOOHBIX KIETOK muanobarrepuit (%)
Car wash influence on the number of viable cells of cyanobacteria (%)

Bapuanr
Bup nmamobarrepuni Variant
Cyanobacteria spacies Kf)HTpOJTB (Boma) Uni Felix Ifonn;empm
Control (water) Concentrate
Nostoc paludosum 97,1+1,0 0,3+0,02 0,6+0,1 28,2+3,2
Fischerella muscicola 99,0+0,7 0,8+0,1 1,5+0,1 5,6+0,2
Tadauna 2 / Table 2

Bnusinue Bozpacraioniux KOHIHTPAIII Jaypuscyab@ar HaTpus Ha YUCJIeHHOCTh AT
Influence of increasing concentration of sodium lauryl sulfate on bacilli number

Unucnenwoers wirerox, ROE /mn
Bapuanr . i
. Cells number, colony-forming units/ml
Variant ; 5 ;
Bacillus mesentericus Bacillus sp.
Ronrposan / Control 149600+3500 80400+7200
0,25 p. ;. / 0.25 rated dose 143001900 5500+400
0,5 p. 1. /0.5 rated dose 11000+1200 4100+600
1,0 p. 1. / 1.0 rated dose 6300+960 0
2,0 p. 1. / 2.0 rated dose 367+57 0
4,0 p. 1. / 4.0 rated dose 0 0

90

Teopernueckas u npuriaaguas sroaormst. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4




IJROTORCHUROJIOTI M

96

Tadomuma 3 / Table 3

Bnustaue Bozpacraioiinx KOHIEHTPATIIU Jaypuacyab(ar HATpus Ha CTeleHb 00pacTaHus KOMOUYKOB ITOUBBI
MOMMEHTOTO 1 CYXO0ALHOTO JIyToB OaxrepusiMu popa Azotobacter (%) / Influence of increasing concentra-
tion of sodium lauryl sulfate on the degree of soil-balls encrusting with bacteria Azotobacter (%) in flood
plain meadows and upland meadows

Rounenrpanus CITAB [Tousa notfimenHoro Jyra [TouBa cyxomonbHOrO JIyTa
SSAS concentration Flood plain meadow soil Upland meadow soil
Ronrposn / Control 100 100

0,25 p. 1. / 0.2 rated dose 40 34
0,5 p. 1. /0.5 rated dose 31 33
1,0 p. n. / 1.0 rated dose 25 26
2,0 p. . /2.0 rated dose 21 25
4,0 p. 1. / 4.0 rated dose 19 10

KYJIBTYpe JIAHHBIX MITaMMOB Al O3BOJINT
YCIEITHO UCIT0JIb30BATh X KaK TeCT-OPTraH3Mbl
ma pasnnunbie Bujnl CITAB, B cocras KoTOphIX
sxopur JICH.

Buonnpnkamus ¢ momonipio daxrepuii p. Azo-
tobacter. Jlyist naydeHuss MHTEHCUBHOCTH pas-
BuTHS Oaxrtepuii p. Azolobacter mop BiIusTHIEM
CITAB 6b111 0T00pasbl 00pasiibl I0YBLI ITOTIMEH-
HOTO 1 CYXO/[0JIbHOTO JTYyToB. B x0/1e ipoBeienust
HTOTO OTIBITA KOMOUYKH TI0UBBI PACKJIAJBIBAIN HA
arapmusoBanuoil cpeste Jmon (1o 50 KOMOYKOB
mouBbl Ha yaimry llerpu B AByKpaTHOI TOBTOP-
HOCTI), B KOTOPYIO TIPe/BAPUTENbHO BHOCUIIN
JICH B Bo3pacraiomux kounenrparusax. O cre-
MeHr MHIMOMPOBaHMs a30T00AKTePA CY/IIIIN 110
CHIREHUIO TIPOIeHTa 00pacTaHus MOYBEHHBIX
arperatoB a30TobaKTepuaTbHbBIMU KOJTOHUSIMIA.

Herarususbiit appexrt peiicrus JICH o or-
HOTITEHWIO K a30ToDaRTepy HAOIIOancsa Ha Te-
CThI® CYTKH ITOCJIe TOCTAHOBKIM OTTbiTa (TadJ. 3).
Tak, ecyin B KOHTPOJILHOM BapuaHTe obpacraHme
MMOYBEHHBIX KOMOUKOB coctasaano 100%, to mmo
Mepe BO3pacTaHusi KOHIIEHTPAIINN rperapara
MPONCXONIO HEYRIOHHOE CHUFKEHUE HTOTO 110~
rasaress, focruraiorniero 19% miist mouBsb MOt -
merHoro ayra u 10% — st HOUBBI CyX0O[0JBHOTO
ayra mpu 4 p. i. JICH.

Takum o6pa3om, MCIBITAHHBIN MeToj O1O-
WHMKAIN, OCHOBAHHBIII HA NHTEHCUBHOCTI
pasBuTHs a30T00aKTEpa, MM POKO TPUMEHsIeMblil
IS IMArHOCTUKY TIJIO[IOPOJIHS TIOYBBI WU TOK-
CUYHOCTU PA3JIMYHBIX TTOJIJIFOTAHTOB, TIPUEMJIeM
u nipu ucneitanun JICH.

AsnbromHguKanusa. AJbrOMHNKRAIAS — [IPU-
€M, OCHOBAHHBII HA BLISIBJIEHNN U CPABHEHITH BH-
JIOBOTO COCTABA 3ATPSIBHEHHBIX M «4HCTHIX» TIOYB.
Kpurepuem crermenn HapymnieHus mouYBeHHbIX
I[eHO30B SIBJISIETCS YPOBEHb CHUKEH WS BUJLOBOTO
pasroobpasus Bogopocieii u [1B.

B MopesibHOM O1bITE OTIpefiesiyin BUOBOI
cocran Boopocieit n [[B B obpasmax neproBo-
HOJI30JINCTON CPEIHeCYTTINHUCTON TOUYBbI, OTO-

OpaHHOIl B TOPOJICKOI YepTe, MOCTe BHECeHU s
B Heé JICH B Bozpacraionmux KOHIEHTPATHAX.

Beero 6niio obmapyskeno 17 BugoB Bojo-
pocieit u I1B, npunajiesRammux K 4 orjesaam.
TarcoHoMuveckasi CTPyKTypa Uccae/yeMoii aib-
roaiopel umeer caepyormuii Bu: Cyanophyta
(Cyanobacteria) — 4 suja (23,0%), Xanthophy-
ta — 1 Bum (5,9%), Eustigmatophyta — 2 Bua
(11,8%), Chlorophyta — 10 Bugos (58,8%).
B anbrorpynmmnposiax 6oJiee 0J0OBUHBI CIIEKTPA
cocranJstior Bujbl ornesaa Chlorophyta, uro yka-
3BIBAET HA OEIHOCTH TAKCOHOMUYECKOTO COCTABA
BOJIOPOCJIEI.

Buposoii cocras Bojlopocieli npejcraBien
KaK HIMPOKO PACIPOCTPAHEHHBIMU BUIAMMU,
TaKk W BUJAMU, XapaKTePHBIMU JIJIs IePHOBO-
MO30JIMCTHIX TTOYB, KOTOPbIe, KaK MPaBuUJIo,
BBICTYIAIOT B KAY€CTBE JIOMUHAHTORB 1 CyOOMI-
HAHTOB, OTIPeIeJisisl B 1[eJI0M 00JIMK abroI0pbl
NePHOBO-TIOI30JIMCTON TOUBHI.

Anbrodiiopa mccyiegyeMoii moYBbl BRITO-
yaja mnpejicTaBuTesieil CaeayoInx oT/e0B:
Cyanobacteria — Plectonema boryanum Gom. f.
boryanum, Leplolyngbya foveolarum Anagn. et
Kom., Leptolyngbya augustissima (W. et G.S.
West) Anagn. et Kom., Nostoc punctiforme (Ag.)
Elenk.; Chlorophyta — Chlorococcum infusionum
(Schrank) Menegh., Chlorococcum hypnosporum
Starr, Pseudcoccomyxa simplex (Mainx.) Fott,
Tetracystis aggregate Brown et Bold, Chlorella
vulgaris Beijer., Chlorella minutissima Fott et
Novakova, Planktosphaeria gelatinosa G.M.
Smith, Klebsormidium dissectum (Gay) Ettl
et Gértner, Stichococcus minor Nig. s. str. n
Chlorosarcinopsis minor (Gern.) Herndon;
Xanthophyta — Pleurochloris commulata Pasch.;
Eustigmatophyta — Vischeria helvelica Pasch.
n Eustigmatos magnus (B. Petersen) Hibberd.

Hawubosiee uyBcTBUTEIBHBIMU K 3arpsi3He-
nuio mousnl JICH okasanucn npepcraBurenn
Xanthophyta u Eustigmatophyla, Koropsie
BCTPEUATUCH IMHUYHO.
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Haubonbinee KommuecTBo BUIOB BOJLOPOC-
Jeit HabIoaI0Ch B KOHTPOJILHOM BapuaHTe 1 B
Bapuante 0,5 p. 1. JICH. [lanee ¢ yBennuennem
nosul Buecenus CIIAB konuuecrso sugos LB u
BOJOPOCIICIT CHIKANIOCEH (TabJI. 4).

B memom, xaparrep anbrodaopbl HECET
4epThl (PJIOPHI HDKOCUCTEMbI B 9KCTPEMATbHBIX
yeaoBusix. Bo Bcex BapuaHTtax mnpeo0Jajanu
Bojopocsin us orjesna Chlorophyta. Bepositho,
UMEHHO TIPeICTaBUTe/IN TaHHOTO OT/e/a Hal-
ooisee amantuposansl K JICH. Bogopocnn or-
nena Eustigmatophyla Habmaonainch ToJbKO B
ROHTPOJILHOM BapuanTe v ipu BHecernn 0,0 p. Ji.
JICH. B ornene Xanthophyta mabiioganacs ere
OostbIIast wyBCTBUTE/ILHOCTH hoTorpodo kK JICH:
Buji Pleurochloris commutala 6b11 obHapysken
TOJILKO B KOHTPOJbHOM Bapuanre. Herurnmuna
pearius 15, kotopbie He BcTpeuatoTes ysre npn
2 p. ., XOTst u3BecTeH (PEHOMEH TUaHOPUTH3ATIT
GororpodHBIX KOMIIJIEKCOB TIPU 3arps3HeHU N

MTOYBHI IPYTUMH TTOJTIOTAHTAMIT AHTPOTIOTeHHOTO
1 IPUPOJHOTO IPOUCXOFKICHIS,

Taxum oOpasom, 1 1pu 3arpsA3HEHUN 10U BbI
CITAB MO03K110 mCIIOIL30BaTh BUIOBOM amasns
Bostopocieit u [ B kavecTBe Guonnmram-
OHHOTO TIPU3HAKA, KAK U TPU JIPYIUX BUAX aH-
TPOMOreHHOTO 3arpsA3HEHUS MOYBBI, KPUTEPUEM
TOKCUYHOCTHU UCITBITYEMBIX COCJITMHEHNIT SABJISET-
cH CHUKeH e BULOBOI0 00N,

arioueHue

[TpoBenénnnie nccaeoBaHMsA MOKABAIIN JI0-
MYCTUMOCTH PUMEHEHUs TTUPOKO MCIOJb3Yye-
MBIX B OMOMOHUTOPUHTOBOI TPAKTHKE METO/IOB
OMOTECTUPOBAHYS 1 OMOWHITMKATINS JIJIS OTICHKI
crenienn Tokcnunoctu ompeenénnnix CITAB, B
YaCTHOCTU, aBTOIIAMITYHEI.

Taxr, moxkazana BHICOKAS UYBCTBUTETHLHOCTH
neyx BujioB LB (V. paludosum wn Fischerella mus-

Tadauma 4 / Table 4

Bausinue BHecenus Bozpacraionux KOHIeHTpaIuil saypuiacyabdar Harpus ( B pacuéTHBIX 103aX — P. J1.)
Ha BUIOBOI coctar gororpoduoit murpodaopsr / Influence of input of increasing sodium lauryl sulfate
concentrations (in rated doses) on specious composition of phototroph microflora

Yuemo BUIOB 1O BapmanTam
Species number in variants
Fpymmut ororpocon 05pa | 1.0pn | 2pa 4p.
Phototroph groups Koutpo | o 20y | 10mated | 2rated | 4 rated
Control
dose dose dose dose
Cyanobacteria
Leptolyngbya angustissima - + - - -
Leptolyngbya foveolarum + - - - -
Nostoc punctiforme — + - - -
Plectonema boryanum + — + - -
Chlorophyta
Chlorella minutissima — + - - +
Chlorella vulgaris - - + + -
Chlorococcum hypnosporum - - - - +
Chlorococcum infusionum + + + + +
Chlorosarcinopsis minor - + - - -
Klebsormidium dissectum - + - - -
Planktosphaeria gelatinosa — — - - +
Pseudcoccomyzxa simplex + + - - +
Stichococcus minor - - + - -
Tetracystis aggregala + - + - -
Xanthophyta
Pleurochloris commulala + - - - -
Eustigmatophyta
Fustigmatos magna + + - - -
Vischeria helvelica + + - - -
Bceero/Total: 8 9 4 2 b)

Hlpumenwanue: llpouepk osnawaem omecymemeue suoa.
Note: A strikethrough means absence of the species.
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cicola) Kak TeCT-OPraHU3MOB 0 ONPEETCHUTO
UX THAPOTEHA3ZHON aKTUBHOCTH TETPa3oabHO-
TororpauuecKM MeTO/[0M ¢ MCII0JAb30BaHIeM
B KauecTBe MapKepPHOTO TpH3HAKA HaJn4yue
(opmazana B sxuBbIX KIeTkax 1B, HakomieHmne
KOTOPOTO PE3KO CHUKAETCS T0J] BAUSHIEM aB-
romammyneit mapok Rommemnrpar, Felix m Uni.

[Torazana BO3BMOKHOCTb TECTHPOBAHNST CTETIe-
nu rokenaroctu JICH ¢ momoripio 6arrepnii p. Ba-
cillus, pe3ko CHIKAIONX CBOIO UNCJICHHOCTD JIaske
PN MUHIMATHHBIX ROHTIEHTPATHAX TIperapara.

YeraHoOBIEHO TaKsKe, 4TO B RavyecTBe OMOWH-
MUKAIIMOHHBIX TTPU3HAROB HA TIPUCYTCTRIE B CPEJIe
ucnbitanibix CITAB moskHO ncnonb3oBarh takue
MTOKA3ATENH, KAK CHUFKEH e BUIOBOTO 00U BOJIO-
pocieii u 115 B mouse u cHuzkenue mporeHTa oopa-
CTaHIsI KOMOYKOB ITOYBBI OarTepusivu p. Azotobacter

HOlelleHHble pe3yabraThl 110 HeraTUBHOMY
BoapieiicTBio merbityeMbix CITAB na mukpoopra-
HU3MbI PA3HOI CHCTEMATHYECKOIT TIPUHAIIeHKHO-
CTH JIOKA3bIBAIOT HEOOXOIMMOCTh O4€Hb AKKYPaTHO-
r0 00pareHust ¢ aBTOMAMITYHAMI HA aBTOMOIIKAaX
n 1pu MHANBUYAJIbHOM MNCITIOJIb30BaHUN, I‘ITO6BI
NCRJIIOUYUTH BO3SMOKHOCTDH X ITOTITaHIA B IIOUBY 1
MTPEIOTBPATATH IOTTOTHUTETLHBIT AROJTOTTICCKII
cTpece Ha MOYBEHHBIE MIUKPOOMOMDI.

Paboma evinoanena 6 pamrax zocydapcmaeen-
no20 3adanus Bamcroeo 2ocydapcmeennozo ynu-
eepcumema «Mexanuzmol adanmayuu u ycmouuu-
60CMU NOYBCHHOU MUKPOOUOMBL K MEXHO2EHHOMY
6o3deiicmeuio» Ne 5.4962.2017/b4.
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Applying songbird population dynamics models
to conservation biology needs
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Proper understanding of the reproductive biology traits and population dynamics patterns of declining songbird
species is crucial for ensuring their effective protection and recovery. Metapopulation dynamics may cause the extinction
of local populations in some landscape patches regardless of the habitat quality and undertaken conservation measures.
At the same time, the source-sink type of the population dynamics could saturate lower quality habitat patches with dis-
persing individuals from the population sources. Hence, poorer quality habitats presumed to yield population sinks could
eventually maintain population sources. Consequently, an effective recovery strategy for declining species should include
high quality suitable habitats along with some poorer quality patches in the regional network of protected natural areas.

I developed the mathematical model for songbird reproductive strategy based on the case study of my three-year
field research conducted on the Ovenbird (Seiurus aurocapilla 1..) in the Great Smoky Mountains National Park (U.S.A.).
Breeding Bird Survey detected multiannual negative population trends in this species in pristine landscapes of the South-
ern Appalachians, whereas its growing populations were found in some of the adjacent areas strongly affected by human
activities. I modified basic Pulliam’s (1988) model of population growth rates for this species by including assumptions
about annual female survival and annual fecundity. I also applied productivity data from 110 active nests to determine an
average successful brood size and nesting success. Finally, I added probabilistic variables accounting for renesting rates
after unsuccessful breeding attempt and double-brooding rates to the model while assuming equal sex ratio among the
breeding individuals. Computer simulations based on actual data and assumed range of values of the model variables yielded
population growth rates well below 1, thus confirming the declining status of the national park populations. Therefore, the
best pristine habitats in the study area were not ecologically significant sources, and in fact they were ecological traps for
this species. Such unpredictable population dynamics in high quality habitats vs. low quality patches could be caused by the
“paradox of predation”: high quality landscapes of the national park attracted, in addition to birds, a variety of mammalian
and reptilian nest predators. Most of these predators were absent or scarce in low quality patches.

Keywords: annual fecundity, annual survival, renesting rate, double-brooding rate, population growth rate, Seiurus aurocapilla.
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Ilpumenenne Mojeneii IMHAMUKA MOILYJIATHI TEeBYNX TITHII
VIS cOXpaHeHusi Onopa3zHoodpasns
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[TpaBuiibHOe OHMMaHNE PEIIPOJIYKTHUBHOI OMOJIOTUH 1 TTOITYJIAIINOHHON JIMHAMUKN TIeBUYNX TITUIL YPE3BBIYAITHO BAHKHO
st obectieder st nX AhHeKTUBHOI OXPAHbI 11 BOCCTAHOBJIEH S TIOYJIAIIMOHHOT YncaeHHocTrn. MertanomnynsinoHHast inHaMiKa
MOKeT HPUBECTH K NCUe3HOBEHUIO JIORAJILHBIX MOMYJISITIT B HEKOTOPHIX yUacTKax Janjmadra, He3aBuCcuMO OT NX Ka4ecTBa
7 IIPOBOJIIMBIX OXPAHHBIX Mep. B 1o jke BpeMs, MHAMIKA HOITYJIAINIT 110 THITY «HCTOUHIKN—PAKOBIHbBI» MOKET IIPUBECTH K
HACBIIIEHII0 MeCTOOOMTAHNIT HUBKOTO KAUecTBa M3JINIIKOM 0CO0eil, BBICESIONNXCS U3 MOMYJIAIIII-UCTOYHIKOB, 8 3HAYNUT,
HOITYJISITINI-PAKOBIHBI B MEHee KaueCTBEHHBIX MECTOOONTAHUSAX MOTYT TPaHCHOPMUPOBATHCS B ITOMYJISAINN-UCTOUHNKI.
CnenoBaresibno, aheRTNBHASA CTPATeTHA BOCCTAHOBIEHNA BUJIOB CO CHIFKAIOTIETCS YNCIeHHOCTBIO JIOJIFKHA ITPEJLyCMaTPIBaTh
BRJIIOUEHUE B PETHOHATBHYIO CeTh OXPAHAEMBIX IIPUPOJHBIX TEPPUTOPHIL, KAK BHICOKOKAYECTBEHHBIX MECTOOONTAHMIL, TAK 1
naunmadros 60jee HIBKOTO KavyecTBa.

1 pazpaboran MmareMaTIyeCKYIO MOJIEITh PEIIPOJYKTHBHOT CTPATeTrui TIeBYNX MTUIl, OCHOBAHHYIO HA TPEXITETHNX TTOJIEBBIX
UCCJeJIOBAHNAX MeByHa-1euHmnKa (Seiurus aurocapilla 1..) B nHanmonanbrom napke I'peiir-Cmoru-Maynruae (CIITA).

0
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AMepuKaHCKII HAIMOHATBHBIN TPOEKT 110 YUETY THe3ATIIXCA ITUI] BBIABII MHOTOJETHUI CITaj[ ero MonysaiinoHHO
YUCACHHOCTH B HeTPOHYTHIX Jammadrax Fskupix Anmasiadeil, Torja Kak pacTyIine Moy s HT0T0 BIA ObLIN 00HAPYKEH bl
B CME/KHBIX pailoHax ¢ npeobaaganmem anrpornoreninix gamamadron. f moguduiuposan 6a30Byio MoOgeIh CKOPOCTH
oty istiimoHHOTo pocta (Pulliam, 1988), BRiIt0unB B HEE TOIOBYI0 BBIKIBAEMOCTh CAMOK, TOJIOBYIO IIJIOJIOBUTOCTH, BEPOSITHOCTH
MOBTOPHOTO Pa3MHOKEHUs TOCIe HEeYAauHOll MepBOil MOMBITKU, BEPOSTHOCTH BTOPOTO PEIPOAYKTUBHOIO IHKIA [TOCJIe
YCIICIITHOTO [IEePBOTO TIPU YCIOBUHT PABHOTO COOTHOIICHIS TIOJIOB CPEIH PA3BMHOZRAIONINXCs ITUIT. [|aiibie 1o mpoyRTuBHOCTI!
110 AKTUBHBIX I‘HéSJL 6b|Jll/l NCITOJIb3OBAHBbI JIJI paC‘IéTa Cpe}LHel‘O pasylepa yCllelllHOl‘O BbIBO/IKA 1 ycuenmocm I'He3/[0OBaHMA.
Hommbioreproe MozennpoBamne Ha ocHoBe (AKTHUYCCKUX JMAHHBIX U HPEAII0JIaraeMoro Auana3oHa 3HAUCHIT MOJeTbHBIX
MePeMEHHbIX JIAJI0 TeMITb POCTA MOITYJISIITIE 3HAYNTEIHHO HitsKe 1, 4T0 00bCHIIIO HeOIArOMPUATHLIINA OISO HBIN CTATYC
lIeByHa B HAIMMIOHAJIBHOM llapl(e. HOB’I‘OMyJIy‘HIIMe He’l‘pOHy’I‘hle MeC’I‘OO6l4’I‘aH NAB paﬁOHe nceJe/joBaH Hl';l He 6})IJII/I DKOJIOTYECCKI
3HAYNMBIMI MCTOYHUKAMME, & CKOpPee OKa3aJnch HKOJOTHYECKITMI JIOBYTITKAMI JIJIsT 9TOTO BUjia. Takas Hempemckazyemas
TMHAMAKA TOMYISIIUN B BLICOKOKAYECTBEHHBIX MECTOOOUTAHMAX B CPABHEHIN ¢ HU3KOKAYECTBEHHBIMI 30HAMI MOKET ObITh
BbI3BaHa <<IlapaJLO|‘(COM XUIIHIYecTBa» . BBICOKOKAYeCTBEHHbIe JlaH}Llllaq)'l‘hl HAIIMOHAJIBHOTO llapl(a IlplA BJIERAJIN p33H006p33H bIX
XUIIHBIX MIEKOMATAIONNX U PENTIIN, PA30PSIONINX ITHYLN THE3Ma. BOIBIIMHCTBO 13 HTUX XUTHIKOB OTCYTCTBOBAJIN TN
OB MATOYNCIICHHBI B JIaHagrax 601ee HI3KOr0 KauecTna.

Kaiouesvle caosa: TogoBasi NI0T0BUTOCTh, TOLOBAs BIKIBAEMOCTh, BEPOSITHOCTh MTOBTOPHOTO Pa3MHOMKEHSI,
BEPOATHOCTb OUINKINYHOCTI PABMHOKEHUA, CKOPOCTH MOIIYJIAINOHHOTO pocta, Seiurus aurocapilla.

An effectiveness of protection and recovery
of declining species depends on proper under-
standing of their reproductive biology traits and
population dynamics patterns. Habitats suitable
for a certain species alternate with unfavorable
habitat patches. The common misconception is
that an effective protection of a declining spe-
cies can be accomplished solely by protecting
its best available pristine habitats. According
to the theoretical metapopulation paradigm,
the regional population is composed of local
populations undergoing constant stochastic
exchange of individuals [1]. This pattern can
lead to the extinction of local populations in se-
lecled landscape patches regardless of the habitat
quality and undertaken conservation measures.
According to the Pulliam’s (1988) source-sink
concept [2], habitat patches supporting popula-
tion sources can produce a surplus of individuals
dispersing to adjacent poorer quality patches of
sink habitats.

Population declines of migratory terrestrial
birds in eastern North America are explained
mainly by higher rates of predation and brood
parasitism in fragmented landscapes [3]. These
findings initiated studies of bird reproductive
success and source-sink dynamics in contiguous
vs. fragmented landscapes [4]. It is important
to properly estimate annual fecundity in birds.
Hundreds of published studies did not distin-
guish between nesting success and productivity
[5]. Some species of passerines are multibrood-
ed, while some breed only once per year, but
certain proportion of individuals in populations
of single-brooded species can undertake second
broods at the southern extremes of their breed-
ing ranges. Often ignored by population-growth
models, renesting after a nest failure and double-
brooding may account for up to 40% of annual

fecundity in birds [6]. Hence, failing to consider
additional breeding attempts in demographic
models can result in underestimates of annual
fecundity and population growth rate |7, 8].

Being a common model species for songbird
source-sink relationships, the Ovenbird (Seiurus
aurocapilla 1..) is generally considered a single-
brooded species [9]. The objeclives of my study
were to model a source-sink dynamics of the
Ovenbird populations in the Great Smoky Moun-
tains National Park (GSMNP), U.S.A., near the
southern extent of the species’ range, where a
longer breeding season may provide greater op-
portunities for double-brooding. Breeding Bird
Survey detected multiannual negative popula-
tion trends in this species in pristine landscapes
of the Southern Appalachians, whereas growing
populations were found in some of the adjacent
areas affected by human activities [10]. To ex-
plain this paradox, I developed a probabilistic
model of the Ovenbird annual fecundity based
on my field estimates of nesting success, brood
size, along with both observed and published es-
timates of female survival, and rates of renesting
and double-brooding. I also wanted to assess how
assumptions about these parameters influence
estimated population growth rates.

Methods

Building the model

My seven study sites, cumulatively covering
>700 ha, were located in GSMNP between Gatlin-
burg, Tennessee, and Waterville, North Carolina.
They supported large contiguous tracts of mixed
deciduous forest 75—100 years old at elevations
from 400 m to 1.100 m above the sea level.

Ricklefs [11] defined annual fecundity (F)
as the number of juvenile females produced an-
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nually per breeding female. Assuming 100%
pairing success of females, equal fledgling sex
ratio, and a single reproductive cycle with no
renesting after a nest failure, annual fecundity
can be computed from empirical estimates of
the average fledged brood size (B) and nesting
success (p ) sensu Mayfield [12] as:

1
F=—Bp
5P, (1)

Pulliam [2] defined the finite rate of popula-
tion growth (lambda) as:

= Pa P, @

where P, and P, are annual survival of adult
and juvenile females, correspondingly. For a
population at equilibrium A =1, and A > 1 for a
source population. Published Ovenbird popula-
tion models include a variety of assumptions
about renesting and double-brooding: some
studies assumed mono-cyclic reproduction with
no renesting [13], while others assumed one
renesting after the nest failure [14], or even a
9—10% possibility of double-brooding [15].

I developed a probabilistic single-renesting-
double-brooding (SRDB) model of the Ovenbird
annual fecundity to explore how variations in
rates of renesting (p,) and double-brooding
(p,), influence predictions about the population
growth rates. Consequently, estimates of lambda
will vary according to the assumptions about p,
and p,. In this model, females could undertake
renesting after previously failed nests and double-
brooding after successful nesting with any prob-
ability between 0 and 1. A modification of the
Pulliam’s model [2] to incorporate renesting and
double-brooding can be expressed as:

l 2
h=P+3P, 0.8+ .0 )0, B+ p,B+p p,G- p.)p,B

1
=Pt BB+ p.-pp .2+ P2, 0P )] (3)

The SRDBmodel (Fig. 1) presumes that there
are successful (p,) and unsuccessful (1-p ) first
nests. While some successful females (p [1-p,])
will stop reproducing, other females (p_p,) will
double-brood, and some of those (pp,) will
succeed. Females that are unsuccessful on their
first nesting attempt will renest with a prob-
ability p. Females that renested successfully,
p,(1=p) p.. will double-brood with a probability
p,and will produce p *(1-p,) p, p, B offspring. All
double-brooding females will stop breeding after

their second nesting attempt, independently of
its outcome. The model also assumes a closed
population (no dispersal and no recruitment),
equal sex ratios, independence of P, of p, p
and p,, and homogeneity of fledged brood sizes
among conseculive breeding attempts. I exam-
ined five scenarios of this model based on setting
renesting and double-brooding probabilities to
1 or 0, or by using values estimated from the
field study:

(@) p,=0,p,=0;

(b) p,=1,p,=0;

(c) p, = {estimated value}, p, = 0;

(d) p.=1,p,={estimated value};

(e) p. = {estimated value}, p, = {estimated

Estimating model parameters

In order to estimate annual reproductive
success, we searched study sites for nests from
mid-April until the end of July following the
existing guidelines to collect a representative
sample of nests [16, 17]. Nests were monitored
every three days until the end of incubation,
every other day until day 6 of the nestling stage,
and then daily until nests were no longer ac-
tive. Nests were considered successful only if
signs of successful fledging were observed [18].
Reproductive success was estimated by using
daily survival rates (s,) and nesting success (p,)
sensu Mayfield [12] and estimating an average
successful brood size (B).

ps = Sdn’ (4)

where n is a duration of the period from the
beginning of egg-laying to fledging of the off-
spring. As an alternative, the apparent, or naive,
nest depredation was estimated as:

N
D=2 =
e (5)
where D is apparent nest depredation rates,
N, is No. of depredated nests, N, is No. of all
nests.

Standard errors of s, and test-statistics (z)
for evaluating variability of s, among years,
sites, and consecutive breeding attempts were
calculated [19]. The confidence interval for p,
was approximated as a range of values between
high and low estimates. I used chi-square tests to
evaluate variations of apparent nest depredation,
computed from the equation (5), among years,
consecutive breeding attempts, and sites. To ac-
count for possible effects of temporal and spatial
heterogeneity on average clutch size, hatched
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Fig. 1. Flow-chart summary of the
SRDB model of annual fecundity

brood size, and fledged brood size, I conducted
ANOVA, general linear model. The SRDB model
(Fig. 1) is described by the equation (3). It as-
sumes homogeneity of Ovenbird nesting success
(p,) and is limited by one renesting attempt after
nest failure (p ) while successful first broods and
successful renesting attempts after the failed
first broods are followed by a second breeding
with a probability p,.

Estimation of the annual survival of adult
and juvenile females was conducted as follows.
Although it is possible to estimate the adult sur-
vival of songbirds by recapturing marked birds,
direct estimates of annual juvenile songbird sur-
vival are virtually nonexistent because of high
postnatal dispersal [20]. An alternative method
based on ratios of after-second-year (ASY) to
second-year (SY) birds was used [11]:

ASY
P=— (6)
ASY+SY
Females were captured on nests using a
butterfly net and their age was identified by the
shape of the third rectrix [21]. Following Rick-

lefs [11], I considered the probability of juvenile
female survival:

1
2
To estimate the probabilities of renesting
and double-brooding in SRDB model, I used an
indirect approach based on assumptions about
the timing of reproduction, the duration of suc-
cessful breeding attempts, and the length of the
breeding season [8]. I used the field data from
three years of research to estimate breeding-
season length (average time between the earliest
nest initiation and the latest fledging) and the
duration of a nesting cycle from nest initiation
until fledging. I estimated the number of poten-
tial successful reproductions per season (/N) as:
__ Ty
T +AT: (8)

PJ=

L. (7)

where T is the breeding-season length, T  is
duration of the nesting cycle, AT is the interval
between two consecutive cycles.

Female Ovenbirds arrive on their breeding
grounds over an average interval of seven days
and start their nests over seven days from the
date of arrival [9]. Nests initiated within the
first three weeks of the breeding season were
considered first broods, nests initiated within
the next three weeks were assumed to represent
renesting, and nests started from week 7 on were
attributed to the second broods. Assuming an
independence of nests in my study and constant
nest-searching effort, I estimated the probability
of renesting as:

RA
PEEB 0, (%)

where RA is No. of renesting attempts, FB
is No. of first broods.

Using same assumptions, I assessed the
probability of double-brooding p, in Ovenbird
populations at my study sites as the ratio of
second broods to all preceding successful nest-
ing attempts:

SB

D1 FB + RA

(10)

where SBis No. of second broods, FB_is No.
of successful first broods, RA_is No. of successful
renesting attempts.

Results

Reproductive chronology
In three years of field work, 110 Ovenbird
nests were found and monitored in GMSNP.
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On average among three years, the earliest nest
initiation took place on 14 April, while the latest
on 20 June, with fledging on 18 July. Therefore,
the breeding season of the Ovenbird lasted 96
days. The average nesting cycle lasted 31 days
for first broods and 30 days for renesting birds
and second broods. Assuming a conservative
renesting interval of seven days, the duration of
the breeding season at the study sites, according
to the equation (8), would allow for two success-
ful broods in a season: z—g =2.9. Fig.2illustrates
how nests in my study were classified among
consecutive reproductive attempts. First nests
were initiated on 29 April+0.5 days (range:
14 April — 4 May; n = 62) and fledged on
29 May+0.8 days (range: 15 May — 2 June).
Renesting peaked on 14 May+1.1 days (n =
28) with a peak of fledging on 11 June+2.3
days. Second broods were estimated to start
on 3 Junex1.7 days (n = 20) and fledge on
2 July+2.9 days.

In the Figure 2, initiated and fledged nests
are shown on a weekly basis. It is clear that the
first three weeks represent the initiation of the
first broods, renesting started during the weeks

4—6, and the initiation of the second broods fol-
lowing successful first broods and successful

renesting attempts occurred during the weeks
7-10.

Model parameterization

Annual reproductive success was estimated
as follows. On average, Ovenbirds laid 4.49+0.07
eggs per nest (range: 3—6; n = 89) and raised
3.79+£0.19 fledglings (range: 1-6; n = 43) per
successful brood. I found no significant site effect
on clutch size, brood size, or number of young
fledged. Although clutch size varied significantly
among years, and both clutch and hatched brood
sizes declined significantly over the breeding
season (Tables 1 and 2), I found no spatial or
temporal heterogeneity in fledged brood sizes
and therefore used the same brood size (B) for
all consecutive reproductive attempts in the
SRDB model.

Rates of apparent nest predation did not
vary among years, study sites, and consecutive
nesting attempts (Tables 1 and 2), and s, was not
different between the incubation and nestling
stages (mean =0.953; z=0.70, P =0.48). Nest-

45 =
® FIRsT BROOD
INITIATIONS
N=62 —
40 4
35 1
30
g
Q
C 251
o
o
L
8 20
E —_
3 RENESTINGS
Z AFTER FAILED
FIRST BROOD
—  N=28
10
5 4

O Nest initiations

OFledged nests

ASSUMED SECOND
BROOD INITIATIONS
N=20

Fhl’ﬂﬂ 0 oo

17-Apr 24-Apr 1-May 8-May 15-May 22-May 29-May 5-Jun 12-Jun 19-Jun 26-Jun 3-Jul 10-Jul 17-Jul

Week midpoints

Fig. 2. Timing of Ovenbird reproduction in GSMNP (n = 110 nests)
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Table 1
Temporal variation in Ovenbird reproductive parameters and nest depredation rates
Statistical comparisons *
among three years of study among consecutive broods "
P TS , ;
arameters 1 F-value | df P x F-value | df P
Clutch size - 9.62 2 <0.01 - 20.06 2 <0.001
Hatched brood size - 0.83 2 0.44 - 7.47 2 <0.01
Fledged brood size - 0.02 2 0.98 - 1.14 2 0.33
Nest depredation rates® 0.40 - 2 0.82 0.27 - 2 0.88

Note: © Chi-square test and ANOVA: general linear model;® First broods, renesting after the first nest failure, and second
broods;  Apparent nest depredation (expressed as the ratios of depredated nests to all nests).

Table 2
Spatial variation in Ovenbird reproductive parameters and nest depredation rates
Statistical comparisons among study sites
P sters
aramelters e Fovalue df p
Clutch size - 0.43 6 0.86
Hatched brood size - 0.59 ) 0.71
Fledged brood size - 1.25 ) 0.31
Nest depredation rates 0.74 — 4 0.95
Table 3
Annual survival of adult (P,) and juvenile (P)) females, and annual fecundity (F)
in Ovenbird populations with single renesting and double-brooding (SRDB model)
Estimates ® P, P, B s, D, D Fons.
Mean 0.633 0.317 3.79 0.953 0.310 1.16 0.99
Low ¢ 0.545 0.273 3.60 0.947 0.266 1.67 0.80
High ¢ 0.721 0.361 3.98 0.959 0.362 0.77 1.21

Note:* Successful brood size (B), daily nest survival rate (s,) and nesting success (p ) were estimated from this study; *
Equilibrium fecundity of Ovenbirds (i. e. annual fecundily corresponding to 2. = 1); ° SRDB model-scenario e includes rales

of renesting (p,= 0.655) and double-brooding (p, = 0.5) estimated from this study, ‘Low’ and ‘high’ valuesof P, P, B, s

&

and p_ correspond to the lower and upper limits of their estimated 95% confidence intervals, respectively. ‘Low’ and ‘high’
values of F and F* approximate their lower and upper confidence limits. They were computed from either ‘low’ or ‘high’

values of all other parameters in the equation (3).

ing success was estimated from the equation (4)
at p = 0.310 (range: 0.266-0.362) (Table 3).
‘Annual Ovenbird female survival was com-
puted using equation (6) from the sample of 30
captured and marked breeding females: P, =
0.633+0.088, P,= 0.317+0.044. Probabilities of
renesting and double-brooding were estimated
from my field data using equations (9) and (10):

28
P,=62-(1-0.31) =0.659;
p,= i—g =0.5 (Table 3).

I then used the empirical values of p_for
computing annual fecundity and population

growth rates in the SRDB model scenarios ¢
and e, while empirical values of p, were used for
computation of /and A in the scenarios d and e.
lapplied mean, low, and high estimates of B, P ,
P, and p_forestimating annual fecundity (Tab—
le 4) Mean Feipg . = 0.99 (range: 0.80-1.21)
female fledglings per breeding female. The cor-
responding value of equilibrium fecundity was
F* =1.16 female offspring per reproducing fe-
male (range: 0.77-1.67).

Computer simulations of Ovenbird popula-
tion growth rates on my study sites in GSMNP
based on the SRDB model yielded the following
results. Scenario d with assumed 100% renest-
ing rate after the nest failure and empirical
estimate of double-brooding rate at 50% was
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the only scenario to yield lambda approaching 1
(A =0.996; range: 0.801-1.223), i. e. a popula-
tion at equilibrium. However, assumptions of the
scenario d can be hardly expected to occurin the
Ovenbird populations.

All other scenarios of the SRDB model re-
sulted in much lower population growth rates
(Table 4). For example, monocyclic reproduction
without renesting (scenario a) yielded the lowest
A =0.819 (range: 0.675-0.981), while scenario
e based on empirical estimates of both renesting
and double-brooding rates resulted in A = 0.945
(range: 0.764—1.156).

Discussion

Annual female survival and components

of annual fecundily

Survival estimates based on the recapture
of birds marked in previous years are negatively
biased because of dispersal [22] and incomplete
site fidelity [23]. Of a very few studies that mea-
sured annual survival rates of adult Ovenbirds
directly, only one study specifically estimated fe-
male survival [24], because territorial males are
much easier to detect and capture than females.
My indirect estimate of adult female survival
from the age ratios (P, = 0.633+0.088) agreed
with recent published estimates from unfrag-
mented landscapes based on the band returns
(0.61+0.09 [13]; 0.60+0.06 [24]). It appeared
to be on the high end of the published estimates
that range from 0.02 to 0.85, as reported in Table
3 in Bayne and Hobson [24].

Contrary to some findings, stating that later
in the season Ovenbirds breed more successfully
[25], I found no evidence of seasonal variability
in successful brood size and daily nest survival
rates on my study sites. Therefore, I was able to

use the same empirically derived values of these
model parameters for consecutive reproduc-
tive attempts. Both daily nest survival rates (s, =
0.953£0.006) and average fledged brood size
(B =3.79+£0.19) in my study were derived from
large samples, and they were within the range
of the published rates for contiguous forested
habitats (s, and B ranging 0.945-0.985 and
2.94-4.30, respectively [13—-15, 26]).

Direct measurements of renesting and
double-brooding rates based on observations
of marked birds are very complicated. Within-
season dispersal and incomplete site fidelity are
poorly studied in this species. They may further
confound the estimates [27]. Published data on
renesting probabilities of Ovenbirds are virtu-
ally non-existent. In my study, there were only
three clear instances of double-brooding and
one instance of renesting next to a failed nest.
My indirect estimates, p. = 0.655 and p, = 0.9,
were based solely on nesting chronology. Typi-
cally, the Ovenbird is considered a monocyclic
species with only a few instances of true second
broods ever encountered [9]. Therefore, it was
highly unlikely that my computed values of p,
and, consequently, of annual fecundity were un-
derestimated, even though it was quile possible
that, at the southern boundary of the species’
breeding range, Ovenbird populations might
have a higher p than populations farther north,
due to a longer breeding season.

Population growth models and population
trends vs. depredalion rates
Breeding Bird Survey data for the Ovenbird
in the southern Appalachian region suggest con-
sistent population declines at an average annual
rate of 1.5% while surrounding areas sustain

Table 4
Ovenbird population growth rates from the SRDB model (scenarios a-e)
Model scenarios ® p. P, o e highd
a 0 0 0.675 0.819 0.981
b 1 0 0.771 0.947 1.146
c 0.655 0 0.739 0.903 1.089
d 1 0.5 0.801 0.996 1.223
e 0.655 0.5 0.764 0.945 1.156

Note:* Model scenarios use the estimales of annual adult female survival (P, =0.633+0.088), fledged brood size (B =

3.79+0.19), and nesting success (p,=0.310

mean’

0.266,,, and 0.362, ) from this study. Annual survival of juvenile females

is assumed half of P, (P, = 0.317+0.044): see the equation (7); " Renesting rate (ratio of renesting attempts to previously

failed nests). Scenarios c and e use the estimates of p, from this study (0.655);“ Double-brooding rate (ratio of second broods

to the sum of successful first broods and successful renesting attempts). Scenarios d and e use the estimates of p, from this

study (0.5);* Ranges of 1 -values represent approximate 95% confidence intervals.
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growing populations [10]. Although I observed
no evidence of large Ovenbird population chang-
es over three years of research in GSMNP, my
data on population growth rates implied negative
population trend in this species: all scenarios of
the single-renesting-double-brooding model, but
one, yielded 4 considerably less than 1. Scenario
d produced population approaching equilib-
rium, although the assumption of 100% renest-
ing rate seemed highly unrealistic (Table 4).
Given strict monitoring protocol, the criteria
used to assess nest fates, and large sample sizes,
my estimates of p_and B were quite accurate.
My indirect empirical estimate of annual female
survival complied with published data [24], and
along with computed renesting and double-
brooding rates, it did not seem to be understated.
Therefore, the model parameter causing A < 1 was
likely to be the nest survival rate.

Nest depredation is the most common cause
of ground-nesting songbird nest failure [28].
Except for two instances of parental birds taken
by predators, all other reproductive failures in
my study were caused by nest depredation. In
most published studies, higher rates of preda-
tion are attributed to higher degrees of forested
habitat fragmentation [29]. However, thisisnot
always true due to the “paradox of predation”
[30]: high quality forests in GSMNP attracted a
variety of abundant reptilian, avian, and mam-
malian predators ranging from voles, wood rats,
flying squirrels, and opossums to various snakes,
Blue Jays, and even black bears [31]. There-
fore, the best pristine habitats of GSMNP were
not ecologically significant sources but rather
“ecological traps” [32] for the Ovenbird. This
species obviously evaluates the habital quality
mainly from visual cues. On the other hand, in
some of the affected by human activities adjacent
landscapes, breeding success and annual pro-
ductivity could have been higher, which would
explain growing Ovenbird populations reported
by Breeding Bird Survey [10], because many
of the ahove predators were absent or scarce in
lower quality fragmented forests.

Implications for future
conservation strategies

Although accurate assessment of the popula-
tion status is crucial for developing demographic
models for conservation and management [33],
current population models of migratory song-
birds are usually based on assumptions about
female survival rates and empirical measures of
fecundity. They generally ignore the potential

influence of variation in the rates of renesting
and double-brooding. Accurate empirical esti-
mates of these parameters could significantly
improve an accuracy of the existing songbird
population models. Direct methods for estimat-
ing these parameters should be used, whenever
possible.

The “paradox of predation’ could poten-
tially lead to unpredictable population dynamics.
Therefore, besides a priori assignment of the
protected status to the high quality pristine land-
scapes, an effective strategy for the protection of
declining species at the regional level should also
include an examination of the specifics of spatial
and temporal dynamics of its populations and
possible inclusion of the lower quality habitats in
the regional network of protected natural areas.

Logically, it could be even necessary to
actively protect suitable patches, not inhabited
by the species, but which could be subsequently
colonized by it as a result of its metapopulation
and source-sink dynamics.
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The research was carried out in the pine forest of the specially protected natural areas “Medvedsky Bor” in the
Nolinsky District of the Kirov Region. One can meet there both typical boron and boreal plant species and some rep-
resentatives of broad-leaved forests and steppes. We researched the composition of vegetation and flora, as well as the
state of Pinus sylvestris L. of the overgrown strip that had been formed after the gradual next-but-one belt logging, with
contribution to renewal (mineralization) and care (clarification-logging with removal of non-target species). Green-moss
and reed vegetation associations prevail there, as it was stated. Vascular plants are analyzed in relation both to humidity
and the spectrum of ecologo-coenotic groups. Predominance of mesophilic and xeromesophilic groups was stated, which
indicates moisture degree sufficient for seed germination of the xeromesophilic P. sylvestris species. Boreal, boron, as
well as non-moral and steppe species prevail, which confirms conservation of biodiversity in these forests. The pine un-
dergrowth was analyzed as for its number, vitality; vegetation influence on these indicators was stated. It was found out,
per hectare there are 21 thousand young pine plants aged from 4 to16 years. This 84 times exceeds the required number
of trees in the mature community (250 trees per hectare). The vitality of the pine undergrowth is estimated according to
the original method, taking into account the age of the plants, their height, the length of last annual increment and the
mean annual increment, deviation of lateral shoots from the major axis, presence of re-crowning and yellowed leaves. It
is established that there are 17 600 young plants with a high degree of vitality per hectare. It 4.4 times exceeds the plants
number required for artificial restoration of pine forests (4000 trees per hectare). These are the trees which can form pine
forests with a high appraisal index in the future.
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WccaepoBanms mpoBeieHbl B COCHOBBIX Jecax 0cobo oxpamseMoii npupojnoi reppuropun «Measeackuii 6op»
Honunckoro paiiona Kuposckoii obsactu, rjie Hapsay ¢ THITHYHBIMI GOPOBBIMU 1 GOPeATbHBIMI BUJAMI PACTEHIT
BCTPEUATOTCS TIPEICTABUTEIN MITITPOKOJNCTBEHIBIX JIECOB T cTereil. 3ywern cocraB pacture annoctn n uropsl, COCTOSHIIE
nopocra Pinus sylvestris L. na 3apacraioriieit mosoce, (popMupyIorieincs mocie mpoBefi¢ HHOil 4epeciioiocHON OCTeeHHOT
PYOKM ¢ HOCIEYIONIIM BO3OOHOBICHIEM, COAIeIICTBIEM BO30OHOBICHIIO ( MITHEPATH3ALIIA) I YXO/[0M (PyOKI OCBETJICHIS ).
YeranoBaeHo mpeobrafanne 3eIeHOMOTTHIKOBBIX I BETHMKOBBIX ACCOTMAIIET PACTUTETLHOCTI; PACCMOTPEHBI 0COOEHHOCTH
eCTeCTBEHHOr0 BO30OHOBICHISI COCHBI B HIX. BoisiBieno npeobaaganme me3o@uabHO TpyIiibl, H0peaibHbiX 1 D0POBLIX
pacreHiii; coxpaHeHne 1 BOCCTAHOBJIEHNE CTeITHBIX 1 HeMOpaJibHbIX BI0B. C yuéToM Bodpacra pacTeHmil, BICOTHI, JIJINHbI
MOCJIEIHEr0 TOOBOTO U CPEIHETO0OBOTO MPUPOCTOB, YA OTXOKACHIS GOKOBBIX MOOETOB OT TIABHON OCH, HATMYNSI
MePeBePITNHNBANTIS 1 MOKEITEBIICH XBOW OTICHEHA PeaThbHas RUZHEHHOCTh 0cobeil. Ycramopiena aGPeRTuBHOCTD
MepONPUATHIL: TMATHKPATHOE MPEeBbINIeHNe YHCIeHHOCTH MOJPOCTa ¢ BBICOKOI JKU3HEHHOCTBIO B CPABHEHUN ¢ HOPMOTI
BBICATKIT CEAHIEeB TMPU MCKYCCTBEHHOM BOCCTAHOBICHUN COCHAKOB; BOBMOYKHOCTL HEMPEPBIBHOTO MHTEHCUBHOTO
JIOJITOBPEMEHHOTO HEHCTOIUTETHHOTO JTECOMOTB30BAHNIST ¢ COXPAHCHNEM dKOCHCTeMHBIX (PYHKITIIT COCHOBOTO JICA 1 €T0
Ouopasnoobpasusi.

Kaouessie cioga: necosoccranonienue, pyoKi, MIHEPaIM3aIs, OAPOCT, pealibHas JKU3HEHHOCTD, YXOJ[ 32 JIeCOM,
6uopasroobpasie.
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The growing demand in wood resources, as
well as their constant decrease on the territories
accessible by transport, are the reasons of short-
ening the time of growing technically ripe wood
and increasing wood productivity, which would
make using wood profitable [1-10]. Thus it is
really topical nowadays to look for and research
the ways of intensifying natural wood restora-
tion, especially of coniferous forests. Pine forests
are one of the main wood sources in Russia. Due
to natural processes they eventually transform
into zonal forests, mostly spruce ones. Original
pine forests can be kept by means of special for-
estry practices.

It is especially important for specially pro-
tected natural areas (SPNA) where change of
forest type leads to shortening biodiversity on
all the levels. SPNA “Medvedsky Bor” in the
Nolinsky District of the Kirov Region is situated
on inland sand dunes on the second and third
terraces above floodplain of the left bank of the
Vyatka River. It contains the representatives of
the first (southern) migration zone of pine which
got there during Holocene from the Southern-
Ural refugium [11]. These are forests of a high
growth class and good technological qualities of
high log grade.

One of the ways of protecting these pine
forests consists in gradual next-but-one belt
logging (NBL), when the forest stand of the
same class is cut down in two-four stages on the
belts with the length not exceeding the height
of mature trees, the belts change each other in
a certain order [7]. Unlike traditionally kept
certain generative individuals on clean loggings,
the trees of the belts are cross-pollinated enough
and are more windfall-proof; also there appear
viable seeds [12-15].

Research of this type of felling aiming at
keeping pine forests of the Medvedsky Bor began
with working out the methods of assessing vital
capacity of the young growth and analyzing its
state [16]. From 2013 on the research is being
carried out according to the above-mentioned
methods. The aim of this research is to assess
efficiency of natural regeneration of P. sylvestris
after NBL (winter 2006), soil mineralization
(2007), and cleaning loggings (2015) with
eliminating the trees of the untargeted species:
birch, aspen, and spruce in the 30" unit of the
111" planning quarter. To achieve the goal a
number of tasks were set: to analyze the influ-
ence of above-the-surface soil vegetation cover
on development of pine young growth, to assess
vitality of these plants and efficiency of natural
P. sylvestris regeneration.

Materials and methods

The field research was carried out in autumn
2017 on a bluejoint-cowberry-greenmoss log-
ging. 18 sample areas of the size 4 m?, with the
gross area 72 m?were formed and researched.
The areas were formed in different types of as-
sociations (with green moss, lichens, blue joint
dominating). Vitality of P. sylvestris under-
growth was assessed on the basis of field research
and cameral data treatment. In the field we as-
sessed the age of the plant (B), its height (H),
length of the latest annual increment (Al) and
the branch union angle (A) was stated; the pres-
ence of re-crowning (R) during the whole life of
the tree (dying off of the terminal bud which is
followed by axis growing by means of one of the
auxiliary buds) and yellowing of fir-needles on
two-three summer shoots (X).

Taking into account all the indexes the gen-
eral vitality (GV) of the trees was characterized
that reflects the state of a certain tree this year,
irrespective of its age. Good GV (1 point) is
shown by the following indexes: no re-crowning;
AG is over 5 cm; A is acule; absence of yellow
needles; needles live over 3 years. Satisfactory
GV (2 points): one re-crowning; AG is 3—5 c¢m;
A is acule; absence of yellow needles; needles
live not less than 3 years. Unsatisfactory GV
(3 points): several re-crownings; Al is not less
than 3 ¢cm; A'is oblique; there are either no yellow
needles, or there are some on 3-year-old annual
growths; needles live 1-2 years. If not all the
features of a plant correspond to a certain point,
GV was stated either according to the majority
of three of them, or according to the most vitally
important ones (A, R, Al).

During cameral treatment real vitality
of the plants (X) was estimated in points: the
state of each plant, taking into account its age.
The following indexes were used: GV point;
presence and number of re-crowning during
the latest three years (1 point — not at all;
2 points — one; 3 points — two or more); the
mean annual increment (MAI: height divided
by age) and the length of the latest annual in-
crement (Al). Individual plants of P. sylvestris
different in age have different indexes of the
latest Al, as well as of the MAI, thus they were
assessed according to age periods of the plant
[17]. The trees under 5 years: 1 point — incre-
ment is or over d cm; 2 points — increment
is 3—9 c¢m; 3 poinls — increment is less than
3 cm. The trees from 5 to 20 years: 1 point —
increment is or over 9 cm; 2 points — 5—9 cm;
3 —less than 5 em.
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Table 1

Vitality of individuals of the undergrowth of Pinus sylvestris

The main parameters of the plants

Real vitality, points

No.| & | B p A AL AGav, | v LATA | MAT | AT | X
yeaI’s cm cm cm
1 1 187 - acute 36 27 - 1 1 1 1 4

The real vital power of a certain tree was as-
sessed by means of summing up all the points.
The less the number of points is, the better
(Table 1).

This method was used to assess all the
undergrowth individuals of P. sylvestris of the
area.

Results of the research

Composition of vegetation and flora.
There are the following associations in the
vegetation of the logging: with green mosses
prevailing — greenmoss, lichen-greenmoss,
cowberry-greenmoss, bluejoint-cowberry-
greenmoss, sedge-greenmoss, clubmoss-bilber-
ry-greenmoss-sphagnum, greenmoss-lichen,
bluejoint-greenmoss; with bluejoint prevailing —
greenmoss-bluejoint, blooming sally-bluejoint,
cowberry-bluejoint, greenmoss-blooming sally
with bluejoint.

Flora includes 75 plant species: 66 vascular
(14 tree and shrubbery species, 52 subshrub
and grass species) and 9 species of mosses
and lichens. There were found 6 groups of
vascular plants according to the hydric factor
[18]. One species Melampyrum sylvaticum L.
is hemiparasite. Mesophilic plants prevail (46
species); there are 11 xeromesophilic species, 4
hygromesophilic species, 2 hygrophilous spe-
cies; there is also 1 mesoxerophilous species and
1 mesohygrophilou species. This indicates that
logging sites are humid enough for pine seed
germination, pine is a xeromesophilic species.

As for the content of ecological-coenotic
groups (ECG), i. e. groups of plant species simi-
lar as for their reaction to a set of certain eco-
logical factors typical for certain biotopes char-
acterized by a high degree of association [19],
the flora of the Medvedsky Bor is also diverse.
All the species are represented in seven ECGs.
Boreal species prevail (23 species). There is one
oligotrophic species, there are 3 tall-grass spe-
cies and 6 meadow-fringe-of-the forest species.
In the Medvedsky Bor the typical boreal plant
groups neighbor with coniferous, nemorose, and
steppe plant groups. In monitoring it is topical to
consider these groups separately, as they deter-

mine high bio-diversity of the SPNR “Medved-
sky Bor”. The coniferous group is represented
by 20 species: Calamagrostis epigejos (1..) Roth.,
C. arundinacea (1..) Roth, Veronica officinalis L.,
Lychnis flos-cuculi L., Chimaphila umbel-
lata (1..) W.P.C. Barton, Campanula rotundifo-
lia 1., Antennaria dioica (1..) Gaertn., Polygonatum
odoratum (Mill.) Druce., Juniperus communis L.,
Pteridium aquilinum (1..) Kuhn, Dactylorhiza
maculata (1..) Soo, Pulsatilla patens (1..) Mill.,
Viscaria vulgaris Bernh., Pinus sylvestris L.,
Gnaphalium sylvaticum L., Arctostaphylos uva-
ursi (L..) Spreng., Viola rupestris F.W. Schmidt.,
Rumex acetosella L., Hieracium umbellatum L.,
Hieracium vulgalum Fries. Nemorose group
contains 9 species: Quercus robur L., Viburnum
opulus L., Convallaria majalis 1., Tilia cordata
Mill., Platanthera bifolia (1.) L.C. Rich., Poa
nemoralis L., Carex pilosa Scop., Carex digila-
ta L., Aegopodium podagraria L. There are
4 sleppe species: Astragalus arenarius L., Er-
emogone saxatilis (L.) Tkonn., Chamaecytisus
ruthenicus (Fisch. ex Wot.) Klask., Trommsdorf-
Jia maculata (1..) Bernh.

Thus the main specific ECGs of forest plants
of the SPNA “Medvedsky Bor” are naturally
preserved on the logging, and bio-diversity is
sustained on the whole. Natural pine regenera-
tion is provided by keeping the edificator of these
forests on the territory under research.

Undergrowth Characteristics. All in all on
the territory under research we found 158 young
trees from 1 to 16 years old, they are quite equally
spaced on the whole territory of the area, exclud-
ing waterlogged hollows, mostly with deadwa-
ter. The age of the undergrowth varies. 12—
16 year-old plants are a surviving undergrowth
of the original communities; 11 year-old plants
appeared after NBL; 10 year-old and younger
plants appeared after soil mineralization. Special
attention was paid just to these age groups of
plants which appeared there after different forest
management activities.

The most plants have dark-green needles.
There are very few yellowed needles. Side branch
union angles are mostly acute. Growth of shoot
system is unstable monopodial: at the beginning
stages of development, usually more than once,
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re-crowning takes place. But this feature spoils
life of just 29% individuals, and just a little bit.
We think that in the future the undergrowth
of this category will be able to live through all
the ontogeny stages and form a timber stand of
high quality.

The analysis of the undergrowth state, de-
pending on the types of plant associations, showed
the following results. On all the greenmoss areas
of thelogging there are many young P. sylvestris
trees growing quite close to each other. There
are 47 trees which are 8—16 years old (30% of all
the trees under research). Separate 5—6 year-old
plants trees die as a result of natural selection. The
most trees are 11 years old. These are high (up to
360 cm) trees with a high AT (up to 60 cm) of an
individual. 83% plants have the best indexes of
real vitality (4—5 points), actually all 11 year-old
plants are included here. The index of vitality of
3 trees is 6, of 2 trees — 7. Three 8-10 year-old
trees have 9 points. These are stunted plants (16—
28 cm), with the mean annual increment less
than 3 cm, and they are most likely to naturally
gel lost from the wood stand.

On the areas with greenmoss-lichnes and
lichens-greenmoss cover there are also quite
many undergrowth individuals. Seedlings are
few. There are 24 plants from 9 to 15 years old
(15% of the total). 11-12 year-old individuals
prevail. The index of real vitality is mostly 4—
D points (75%). Three individuals with one re-
crowning have 6-point vitality, one individual —
7 points. There are just two individuals (9 and
12 year-olds which are 31 and 72 ¢cm high) with
low vitality (9 points).

On the areas with sedge-greenmoss and
clubmoss-bilberry-greenmoss-sphagnum cover
there are few undergrowth individuals. There
are few plants younger than 10 years. There are
10 young plants 10—12 years old (6%). 11 year-
old individuals prevail, they are all tall (up to
287 ¢m), with a high Al. 8 of them have a high
degree of vitality (4—5 points); two — 6 and 7.

On the areas with cowberry-greenmoss, blue-
joint-greenmoss and greenmoss-blooming sally
with bluejoint types of vegetation 10—13-year-
old plants prevail. On the sites under research
there were found 35 3—14-year-old individuals
(22%), mostly 11-year-olds; they are all tall (up
to 276 cm), with the Al up to 57¢m. Re-crowning
mostly takes place at initial stages of develop-
ment (at the age of 4—5) and it does not influence
the index of real vitality so far. On these areas
plants with high vitality prevail (91%).

Seed germination and undergrowth develop-
ment suffer from negative influence of gramine-

ous plants: Poa nemoralis, Calamagrostis arundi-
nacea and C. epigejos. They afford sod, firm the
forest litter and upper part of the soil layer with
rootstock. Sandy-loam soils of the area under
research contribute to their development. On
some sites of the territory graneous plants form
a kind of a mattress.

On the areas with bluejoint the undergrowth
is thinned. Here 9—13-year-old individuals pre-
vail. After mineralization on separale sites there
are groups of germinated seedlings and of one-
three-year-old plants. There are 42 individuals
from 1 to 15 years old there (27% of the total
number). 11-year-old plants prevail there: with
Alover 60 cm, they are tall (up to 290 cm), with
the best indexes of real vitality (69% plants have
4—9 points), at times with one-two re-crownings
at the initial stages of development.

Per hectare the energy of natural regen-
eration in the greenmoss associations is 6 times
higher than that of the necessary number of ma-
ture trees; in the areas with bluejointitis 5 times
higher. They appeared after pine felling and
mineralization and they are about the same age;
there are few younger individuals. Evidently, in
course of time, increase of the degree of projec-
tive cover and herbaceous layer density leads to
reduction of natural regeneration energy.

The analysis of one-three-year-old plants
according to the given method showed that their
indexes, because of their little annual and mean
annual increment, are higher, and, consequently,
their real vitality is less. Thus they are not that
relevant at the analysis of undergrowth on the
whole, alongside with older plants. So we calcu-
lated the vitality index of only 150 individuals
from 4 to 16 years old (Table 2). Per hectare it
is 21.000 individuals.

9-13-year-old plants prevail. 36% of the
total is 11-year-olds. They are the tallest, with
the best indexes of real vitality. They appeared
as a result of a through-belt logging in 2006.
12—13-year old individuals account for 27%, at
the moment of research their vitality indexes
are high or the highest. There are 23% trees
which are 9-10 years old, they appeared after
soil mineralization.

The most plants have the annual increment
from 16 to 25 cm, quite a few — from 26 to 36 cm.
8% individuals have maximum annual incre-
ment which is over 46 cm (some — up to 60 cm).
Only 4% dwarf plants aged 9-10 and 12 from
interdunal lowlands have annual increment
which is less than 5 cm. Clearing logging with
elimination of non-target wood species, which
took place in 2015, had a positive influence on
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Table 2
Indicators of real vitality of Pinus sylvestris plants of different ages
Age, years Number of plants Real vitality, points
4-5 6 7 8 9
4 3 1 2 - - -
) 1 - - 1 - -
6 1 1 - - - -
8 ) 2 1 1 - 1
9 10 9 2 1 - 2
10 25 21 2 - 1 1
11 94 23 1 — — —
12 27 23 2 - 1 1
13 14 11 2 1 - -
14 6 6 - - - -
15 3 3 - - -
16 1 1 — — — —
Total 150 127 12 4 2 5
amount
% 85 8 3 1 3
Note: “—7 — plants with such indicators do not exist.

forming AI, which considerably exceed the range
of indexes stated by [17]. Increments of the latest
two years of many plants are much higher than
the previous ones; only 14% individuals have had
a re-crowning. Actually all the auxiliary buds
developed into surculus.

Mean annual increment of the most plants
ranges from 6—15 to 16—25 cm. Maximum range
of indexes here is 26—35 cm. 4% individuals have
minimal increment (1-3 cm).

Realvitality indexes of 8% of 4—16 year-old
plants are high on the territory under research.
Per hectare it is 17.600 individuals. 9-13 year
old individuals also have the best vitality index
(Table 2). It is them which are to become sound
mature trees in the future.

Thus efficiency of natural regeneration in
conditions of these kinds of activity is high.
According to the Forest Regeneration Rules of
the Natural Resources Ministry of the RF it is
necessary to plant not less than 4.000 pine plants
per ha [20]. This number is considerably exag-
geraled due to natural die-off of young plants.
The research results (21.000 individuals per ha)
showed that this norm is more than five time
increased in course of natural regeneration in
conditions of NBL with the following contribu-
tion to natural regeneration and care.

According to the forest resource manage-
ment indexes, normal state of pine forests re-
quires 250 trees per ha [21]. Comparing this
number with the data of the research it was stated
that natural regeneration energy 84 times ex-

ceeds thisnumber. Just one year can be required
to provide natural forest stand regeneration in
case of abundant seed production in conditions
of NBL with the following measures of forest
regeneration and care.

In course of forest management this type of
logging can be used as one of possible ways of
natural pine regeneration on the territory of the
Medvedsky Bor, preserving the original forest
communities and forests’ eco-systematic func-
tions.

Conclusion

1. At greenmoss and bluejoint fellings
natural pine regeneration after NBLin conditions
of constant support of regeneration is sufficient
(according to the norms for artificial planting).

2. Vitality of the undergrowth, which was
formed during and after the measures taken, is
stable and high.

3. In case of taking all the necessary
measures of forest management, the formed
undergrowth is able to form communities with
a high appraisal index.

4. NBL provides keeping the specious and
phytocoenotic bio-diversity.

Thus gradual next-but-one belt loggings
with the following regeneration and complete
elimination of the trees, soil mineralization
measures, and clearance loggings are quite
effective and can take place on the territory of
the SPNA “Medvedsky Bor”. In such conditions
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pine forests naturally regenerate. Alongside
with different forest regeneration measures
it provides continuous intensive long-term
sustainable forest management.
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OtmenbHbIe BUJBI PACTEHNIT, a TaKyKe pacTUTelbHbIe COOOIECTBA MOIYT CYIECTBEHHO BIUATL HA CTPYKTYPY U
pazHooOpasne MOYBEHHBIX MUKPOOHBIX COO0IIECTB. AKTHHOMUIIETHI SIBJISTIOTCS HEOTHeMIeMbIM KOMIIOHEHTOM I104BEHHOT
MUKPOOHOT CHCTEMbI, OCYIIECTBIAIONEH BayKHbIE 9KOJIOTHYecKie (DYHKINN, CBA3AHHbIe, B UNCIIe TPOUNX, ¢ TpaHchopmarimei
opranmveckoro Bemniecrsa. Hacrosiiee ncciaegosanme Ob710 TPOBEEHO /TSI BBIABACHUS PA3INYIIL B CTPYRTYPE ITOUBEHHBIX
AKTUHOMUIIETHBIX KOMILIEKCOB MesK/LYy yuacTramu, sapociinmu Gopitesurom Cocuoseroro (Heracleum sosnowskyi Man-
den.) n HenmHBaZMPOBAHHBIMU (KOHTPOJILHBIMI) yyacTkamu. OTMeueHo yBesueHne pojoBoTo 1 BUIOBOTO pazHoobpasns
AKTHHOMUIIETOB B NHBA3MPOBAHHBIX TIOUYBAX, 10 CPABHEHIIO ¢ KOHTPOJIEM, B YUaCTHOCTH ITPeJIcTaBuTe N poja Streptosporan-
glum BeTpevainch NCKIYNTETHHO HA 3aXBaYeHHBIX 00PIEBUKOM yuacTkaX. Ha oTux jKke yuacTkax OTMeUeHO yBejnueHe
JI0JIM OKPAIIeHHBIX BUJIOB CTPENTOMUIETOB, Hpejcrasisionmux ceriuio n ceputo Cinereus Chromogenes, torja kak B
CTPENTOMUIETHOM KOMILIEKCe KOHTPOJIBHBIX [TOYUB 110 JI0JIeBOMY YYaCTHIO JIOMIHIPOBAIN He ITPOYIIPYIOIIe MUTMEeHTOB
npencrasurenu cexknun n cepun Cinereus Achromogenes. BoisiBieHHbIe pasiaunyunst MOryT ObITh CBSA3aHBI ¢ YCUIEHHOI
MUHepaan3aiieil OpraHnyecKkoro BeIecTBa B 110UBax 1oj| 3apocasmMn 60piieBnKa.

HKaroueswie cnosa: Heracleum sosnowskyi Manden., mousa, nuBa3ust, akTHHOMUIIETHI, OOIIAsT YNCIEHHOCTD, BU0OBOE
pasHoobpasue, CTPYRTYpa KOMILICKCA.
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Certain plant species, as well as phytocenosis, can significantly influence the structure and diversity of soil mi-
crobiocenosis. Actinomycetes are an integral component of a soil microbiocenosis that carries out important environ-
mental functions, inter alia, with the transformation of organic matter. This study was carried out to reveal differences
in the structure of soil actinomycetes complexes between sites overgrown with the Heracleum Sosnowskyi Manden. and
non-invasive (control) plots. An increase in genus and species diversily of actinomycetes in invaded soils was noted,
compared with control, in particular, the representatives of the genus Streptosporangium were found exclusively on
hogweed-occupied plots. The appearance of Streptosporangium in the structure of soils actinomycete complexes under
hogweed may indicate that hogweed root exudates contain compounds attractive for this mycelial prokaryotes genus. On
the same plots, an increase in the proportion of colored streptomycetes representing the section and series of Cinereus
Chromogenes was noted, whereas in the control soils streptomycetin complex, the non-producing pigments were domi-
nated by representatives of the section and series of Cinereus Achromogenes. In the areas of mass growth of Heracleum
Sosnowskyi, in comparison with the control plots, a lower carbon content in the soil was noted, which, in addition to the
changes in the structure of actinomycete complexes, confirms the fact of intensive organic matter mineralization in soils
under the hogweed. Despite the considerable above-ground biomass, at the end of vegetation the removal of nutrients is

not replenished by the hogweed plant litter.

Keywords: Heracleum sosnowskyi Manden., soil, invasion, actinomycetes, total number, species diversity, structure

of the complex.

[Tpobrema dGuosormuecKnX MHBA3MIT B Ha-
crosiee BpeMs npuobdperaer BCE DONBINYIO
3HaunmocTh Bo Bcém mupe [1]. Ilpesxme Bcero,
ATO CBSI3AHO C YBeJIMUeHNeM KOJIMYecTBa cJydaen
MHTPOLYKIUM, 8 TAK/KE DKCITAHCU T UYKEePOTHBIX
BU/I0OB OPraHN3MOB, CO3/IAI0IINX IIPAMYIO YIPO3Y
OMOTIOTIHUCCKOMY PA3Ho00Pasio eCTeCTBeHHBIX
DKOCUCTEM, BEYIIHUX K 1OoTepe X HKOHOMUYe-
crot amaunmmoctn |2].

Namenenne abuornuecknx GakTopon cpe-
JTbI, BBICOKIE PETPOJIYKTUBHBIE CTTOCOOHOCTH,
MOBBIMMAOIITE KOHKYPEHTOCITOCOOHOCTh Y-
JKEPOTHBIX BUJIOB, CIIOCOOCTBYIOT YCHIEHIWIO X
ouosornueckux napasuii [3—5]. Bazaumopeii-
CTBUE ¢ ITOYBEHHBIM MUKPOOHBIM COOOIECTBOM
TaKKe MOJKET YBEJMYUTH NHBA3UBHOCTL Yepes
oOpaTHylo CBs3b pacteHuii ¢ nmouBoii [6]. [lns
HEKOTOPHIX MHBA3WBHBIX BUJOB pacTeHUIl OT-
MeYaloT TeCHYIO CBSI3b MEK/LY UX JIETKUM BTOP-
JKEHIEeM 11 OTCYTCTBUEM B ITOUYBe MaTOTeHHbIX JIJIs1
HUX MuUKpooprauuamoB [3]. Onnum nu3 mexa-
HI3MOB MOBBINIIEHNsI KOHKYPEHTOCTIOCOOHOCTI
YY3REPOHBIX PACTEHUTT SIBJISIOTCS UX CUMONO3 ¢
MHUKOPUBHBIMEU TPpUOaMu, a TaKkike a30TPUKCH-
pytommmn 6akrepusmu |7, 8]. B 1o sxe Bpems
WHBA3WsI TYKEePOAHBIX BUOB PacTeHUI BO3-
MOJKHA 1 0€3 y9acThsi MX eCTeCTBeHHBIX CUMOM -
ouTOB. McenemoBanns MUKPOOHO-paCcTUTENIHHBIX
B3aMMOJIeHCTBI, 0COOEHHO CPeJi MHBA3UBHBIX
HOMYJSANUNA PACTeHUT, UTPAIOT BAXKHYIO POJIb
B MOHUMAHUU, TTOYEMY HEKOTOPBIE MeHOTHIIbI
Oogee ycretibl, uem apyrue [9, 10].

Heracleum sosnowskyi Manden — opin n3 ca-
MBbIX OTIACHBIX JIJIsl 4eJI0BEKA MHBA3NBHBIX BUIOB
pacrenuii [11, 12]. Ero pacipocrpanenue B He-
KOTOpBIX cTpaHax EBpotibl, a Takske B OT/e1bHbIX
pernorax PM® B macrosiee BpemMs nmprobpeso
mactirab sromormaeckoro bemgersus [13—16].
W3BecTHO, 4TO B 1IpoIecce sKU3HEAEATeTIBHOCTH
pasjimvyHbie YaCTH HTOTO PACTEHUS TPOM3BOIAT

coefinHeH s, 001a/A0TIIE TITMPOKUM CIIEKTPOM
ounonornvecroit aktusroctn [17, 18]. Ilonanas
B IMOYBY ¢ KOPHEBBIMU DKCCYJaTaMi, MHOTHE 13
HUX CTIOCOOHBI BJIMATH HA MUKPOOHBIE cOO0TIE-
crra [19, 20].

[lenbio nanHoii paboThl SBJISIOCH CPABHU-
TeJIbHOe M3yueHue CTPYKTYPbl U pazHooOpasus
AKTUHOMUIIETHBIX KOMIIJIEKCOB IT0OYB HA Y4aCTKAX
maccoBoro pocra Heracleum sosnowskyi Manden.
1 CBOOOJIHBIX OT HErO (KOHTPOJbHBIX).

OO0 bEeKTBI 1 METOIbI

OO6pasiibl IepHOBO-TIO/[30JUCTBIX TTOUB JIJIsI
nccJaeoBaHMs OTOMPAIN HA ydacTKax Macco-
Boro pocra H. sosnowskyi s6sm3u r. Kuposa
(N 058°030,380" E.049°036,683") u B Danéncrom
paiione Kuposcroii obmactu (N 058°021,558'
E 051°033,533") (yuacrtkn NoNe 1 u 3 coorBer-
crBenHo). HourpoJsiem cayskuiim o6pasiibl 10UYB
MO/ Pa3HOTPABHBIMU JIYTOBBIMI COOOTIECTBAMM,
oroOpaHHbIe 3a TIpeieJaMil Y4acTKOB MacCOBO-
ro pocra bopmesnka CocHoBCKOTO (yd4acTRN
NoeNe 2 u 4 coorBercrBenno B 1. Kupose u Ma-
néncroMm paitone). OTOop MouBeHHBIX 0OPA3IOB
JUIST aHAJAN3a MPOBOMMIIN B JIETHUIT TIePuoj| Ha
ryoury 0—20 cm, BRJIIOUAs TOJIY JIePHUHBI.

B niouBe onpejensiim 4ncaeHHOCTH AKTUHO-
MUIETOB METOJIOM TT0CeBa 113 Pa3Be/leH il TOYBeH-
HBIX CYCIIeH3IT HA IJIOTHBIE [TUTaTeJIbHbIe CPeJibl
¢ MPUMeHeHNeM CeJTeKTUBHBIX npuémon [21].
PonoByto cTpyKTypy aKTHHOMUIIETHBIX KOMIIJIEK-
COB XapaKTepu30BaJiil Ha Cpefie ¢ IMPOINOHATOM
HaTpus, BUIOBYIO CTPYKTYPY pojia Streptomyces —
Ha KaszewH-IIuIepuHoBoM arape. PomoByio n
BUJIOBYTO UACHTHMUKATNIO KYJIBTYDP [TPOBOININ
B COOTBETCTBUM ¢ OTIPEJICIUTEISIMIU, HCIIOTb3YS
mMopdosiornuecke U KyJbTypajbHble Tpu3Ha-
Ku [22, 23]. st xapakTepucTuk CTPYKTYPbI
KOMIIJIEKCOB NCIIOIB30BAJII TOKA3ATEJI YACTOThI
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BCTPEUACMOCTH 1 JIOJEBOTO YUACTHS OTHENbHBIX
TAKCOHOB [24].

Hapsimy ¢ MUKPOOHOJIOTHYECKUM aHATN30M
OTIPeJIeIsIN COJlepsKaHie OPraHnuecKoro Be-
utectBa 1 pH,, 110UBeHHOIl BLITAMKKI, COTIIACHO
OOIIeNTPUHATLIM MeTonKaM [29].

Crarmernueckyio o6pabOTRY pPe3yabTaTon
MPOBOMUIN C MCITOJIb30BAHMEM TPOTPAMMObI
EXCEL.

Pesyabrarel n o0cysknenune

[To fanubIM XUMUYECKOTO aHaam3a, KIc-
JIOTHOCTH T104YB, 0TOOpPAaHHBIX B uepre . Kuposa
(pH,, 6,816,9) cymecrBenno ycrynana Kncior-
HoCTH 110YB, oToOpanHbiX B DaséHckoM paiioHe
(pHy( 44 1 4,6), 9TO COTTACYETCSA ¢ TPEeICTaB-
JeHUsMU O MOJIIeJaunBaOIeM BAUSHUN 3a-
IPABHSIONNX BEIECTB TOPOJICKOI Cpejibl Jlaske
Ha KUCJBIe OT TPUPOALI 30HATLHbIe TOYBLL. B
TO 3Ke BPeMs, Pa3Inuuil 110 KUCJTOTHOCTH MEFKILY
rmouBamMu 1oy MoHocoobIecTsoMm H. sosnowskyi
" Ha KOHTPOJbHBIX Y4acTKaxX, HU B OJHOM W3
00CJIeIOBAHHBIX AKOTOIIOB He BBIsABICHO. Takum
obpasowm, BiausHIe GOPIIEBUKA Ha MOYBEHHYIO
AKTHHOOMOTY MCCJe0OBATN B MTOYBAX, PA3JIN-
YAIOMUXCS CTeTeHbI0 KIUCJIOTHOCTH: OJM3KOT K
HelTpasnbHON 1 B cpepHexuciaoii. Mccaenyembie
MOYBBI PA3ANYATNCH TAKIKE 110 COJePIRAHIIO Op-
ranmnveckoro semectsa (G ): mog 6opieBnKkom
CocHoBcROTO (yuacTrm NeNs 1 u 3) sHAYeHMs Copr.
ObLJIN JJOCTOBEPHO HUzKe (COOTBETCTBEHHO 9,9 1
6,5%), yeM Ha KOHTPOJIBHBIX YIaCTKAX (Copn 7.8
u 14,2% post yaactros NeNe 2 1 4 coorBercTBen-
HO), 4TO BO3MOJKHO CBSI3AHO C OTCYTCTBUEM I10-
CTOSTHHOT TIOCTUIKN B WHBA3UBHDBIX 3aPOCTISX

oopiesuka [19]. Kpome toro, yenosust B coodine-
cTBaX OOPIEBUKA He CIIOCOOCTBYIOT PA3BUTUIO
TPaB HUIKHETO SPYCA N3-34 CUJILHOTO 3aTEHEHUS
7 aJIesionatnyeckoro Bosueiictsus [26]. Epun-
CTBEHHBIM MCTOUHMKOM OPraHNYeCcKIX BellecTn
BI04 Be 110]] DOPIIEBUKOM SIBJISIIOTCS €T0 3UMYI0-
e MOIIHbIE CTeP}KHEeBble KOPHEBbIE CUCTEMBbI.

B mousax, oTobpaHHbIX B uepre ropoja,
[pU 1OCeBe MOYBEHHBIX CYCII@H3UII HA CPejy ¢
MPOMMOHATOM HATPIS, PETUCTPUPOBAJIH YN CITCH-
HOCTh aKTHHOMMUTIETOB, HA TMOPSAIOK Oojiee HU3-
Kyt ((or8,08+1,69 o 8,66+1,40) - 10° KOE/r),
4yeM B MOYBAX, OTOOPAHHBIX B YaJEHHOM OT
roponia Manénckom paiione ((or 17,67+2,72 no
20,72+1,97) - 10° KOE/r) (taba. 1). Paguuibt
MEJKIIy MOYBaMU 1107 OOPIEBUKOM 1 TI0YBAMUI
10Ji, MHOTOBUJIOBBIM JIYTOBBIM COOOIIIECTBOM 110
YUCJIEHHOCTU AKTHHOMUIIETOB He 00HAPYKEHO.

B orninuue ot o011eii uncjieHHOCTH, POJIOBOE
pasHooOpasme akTHHOMUIETOB, XapaKkTepuaye-
moe nhpiekcom [lennona (H), 3aBuceno or pac-
TUTEJbHOTO coobIecrtBa. I1o cpaBHeHMIO ¢ 11O~
BaMu ROHTpObHBIX yuacTkoB (H or 0,96+0,04
mo 1,03+0,03 6ur/r) pogoBoe pazmoobpasue
B TIOYBAX MO MOHOCOOOIIECTBAMI OOPIEBUKA
Cocnosceroro oo Boime (H or 1,03+£0,03 o
1,14£0,01 6ur/r).

Kpowme Toro, eciim B ¢TpyKType akTUHOMM-
[EeTHBIX TOYBEHHBIX KOMIIIEKCOB KOHTPOJIbHBIX
YUacTKOB OOHAPYsKeHbI HA POJIOBOM YPOBHE ITPe/i-
CTaBUTEJIN BCEro TPEX TakcoHOB (Streptomyces,
Micromonospora n 0JMToCIIOpOBbIe BUJIBI), TO B
MOYBAX IM0J] MOHOCOOOTIIeCTBAMY OOPITeBIKA X
KOJIMYECTBO YBEJMUYNIOCH /IO YETHIPEX 3a CUET
npefcrasuTesnenn popa Streptosporangium. Ilo-
SIBJIEHIE CTPENTOCIIOPAHTHYMOB B CTPYKTYype

Tadsauma 1 / Table 1

XapakrTepnucTka KOMIIJIEKCOB AKTMHOMUTIETOB HA YIAaCTKAaX MaccoBOTO pocta Goprienka CoCHOBCKOTO
Characteristics of actinomycetes complexes in areas of mass growth of Heracleum sosnowskyi Manden.

Obmas Yacrora Berpeuaemoctu / gosesoe yuacrue, %
yncjaernnocts | Frequency of occurrence / share of participation, % Miexe
Pacrurensnoe Ne aHTHHOMH_r [lennona,
yuact- | 1eros, x 10° OJINTOCIIO-
COODIIECTBO a KOF/r our/r
Plant . Strepto- | Micromo- | Streptospo- POBBIC Shannon
. Site The total ; opmbI .
community N ber of ac myces nospora rangium . . index,
0. | number ol ac- oligospermia bit/g
tinomycetes, forms e
x 10°CFU/g
Mornocootumecrsa 1 8,66+1,40 100/45,2| 100/54,2 40/0,2 60/0,4 1,03%0,03
GoprieBuKa
Mono-communi- .
ties of . sosnowshyi 3 17,67£2,72 | 100/60,0| 100/36,9 20/0,1 100/3,0 1,14+0,01
Muorosumosnie 2 8,08+1,69 100/39,3| 100/60,0 0/0 80/0,7 0,96+0,04
JIYTOBBIE COODITIECTBA
Multi-species mea- 4 20,72+1,97 1100/62,2| 100/36,7 0/0 100/1,1 1,03%0,03
dow communities
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Tadauna 2/ Table 2

XapakTepucTKa CTPYKTYPbl KOMIIJIEKCOB CTPEIITOMUIIETOB HA YUaCTKAX MAacCOBOTO POCTA
oopuiesuka Cocroncroro / Characteristics of the structure of streptomycetes complexes in the areas
of mass growth of Heracleum sosnowskyi Manden.

Yacrora Berpeuaemoctit / onesoe yaacrie, % Nupexe
N S S 101 1 0,
PacTiTenLioe co- N Frequency of occurrence / share of participation, % L].[gl;l:;);la,
00111ecTBO ydacTKa Shannon
Plant community | Site No. 1% 2 3 4 ) 6 index
bit/g
Monocoobiecrsa 1 100/16,5| 40/3,2 0/0 |100/26,7 | 100/24,2 | 100/29,4 | 2,03+0,15
GopreBnKa
Mono-communities 3 100/8,3 | 100/17,5| 0/0 | 100/21,1 | 100/4,9 | 100/48,1 | 1,84+0,09
of H. sosnowskyi
Muorosujosbie y- 2 100/19,6 0/0 60/1,6 | 100/32,7 | 100/24,5 | 100/21,6 | 1,87+£0,14
rOBBIE COOOIIECTBA
Multi-species mead- 4 100/13,7| 80/5,9 0/0 |100/10,1 | 100/4,9 | 100/65,4 | 1,54+0,06
ow communities

Ipumewarnue / Note: * 1 —Cinereus Achromogenes; 2 — Cinereus Chromogenes; 3 — Cinereus Violaceus; 4 — Helvolo-Flavus

Helvolus; 5 — Albus Albus; 6 — Imperfectus.

AKTIHOMUIIETHBIX KOMIIJIEKCOB 110YB 110]] 6opiie-
BIKOM, KOTOPbIe OTJINYAIOTCS 110 KICIOTHOCTH 1
COJIePKAHNI0 OPTAHNYECKOTO YIyiepojia OT IMO4B
KOHTPOJIbHBIX YUACTKOB, MOKET CBUJIETEJICTBO-
BaTh O TOM, YTO B KOPHEBBIX dKcCyarax u/uin
KOpHEBOM ormaje 0OopiieBuKa MPUCYTCTBYIOT
COeJIMHEeHMS, TTPUBJIEKATeIbHbBIe JIJIS MpeicTa-
BUTEJIET HTOTO POjIa MUTETNATBHBIX TPOKAPHOT.
W3Becto, 4T0 B aKTHHOMUIIETHBIX KOMILTeK-
cax 30HAJIBHBIX THIIOB TIOYB KOJMYECTBEHHO 1Tpe-
obaamaior crpenromuiierst [22]. Ilo pesysbraram
HAIWX KcesetoBanmii, Ha yuactrax NoNe 1 3, B
ormume ot yuacTroB NoeNe 2 i1 4, roMmuHmnpoBain
110 OTHOCHUTEJILHOMY OOUJTIIO ITPeJICTaBUTEIN POJia
Micromonospora (54,21 60,0% coorBercTBeHHO),
4TO MOJKHO paccMaTpuBaTh KaK pe3yJibTar 1oji-
IeJIAYNBAIOIIETO BIUSHUS TOPOJICKOI CPeibl, a
He BO3JICHCTBUA Ha TouBY Oopinesuka. B Oomee
Kucabix mousax MajiéHCKOrO paiioHa cooTHoIe-
HUe OJINTOCIIOPOBLIX I MOHOCIIOPOBBIX (DOPM OcTa-
BaJIOCH TUITNYHBIM JIJTsT OOJBITNHCTBA 30HATBHBIX
TunoB mouB. OJUTOCTIOPOBHIE BUJbI, HECMOTPS
Ha BBICOKYIO 4acTory Berpedaemoctn (ot 60 mo
100%), 61T TpeicTaBIeHbl B {OTEBOM OTHOTITE-
nnn Hesnaunreanio (0,7-3,0%), mosromy orme-
CeHbl K MUHOPHBIM KOMITOHEHTaM B KOMILIEKCe.
B szaBucumoctu or reorpauueckoro moso-
JKOHIST yUacTKa W BUIA PACTUTEILHOTO cO0bIIe-
CTBA Pazanmyanach B MOYBEHHBIX KOMILJIEKCAX 1
BUJIOBas MPeJICTaBIEHHOCTh poja Streptomyces
(taba. 2). Tar, B mouBaxX KOHTPOJBHBIX YUACTKOB,
He ITOJ[BePIHYTHIX MACCOBOMY 3apactaHuio Oopie-
BIKOM, BUJIOBOE PazHOOOpasie CTPeITOMUIeTos,
xapakrepusyemoe nnjiexcom [llennona, obio 3a-
merro Huke (1,87+0,14 u 1,54+0,06 6ur/r), uem
B MTOUBAX, OTOOPAHHLIX TIOJ, MOHOCOODOIIECTBAMIT
oopmiesnka (2,030,155 u 1,84+0,09 6ur/1).

Paznuuus akTMHOMUIIETHBIX KOMILIEKCOB,
B 3aBUCUMOCTHU OT PACTUTESBbHOTO COOOIECTRA,
NMeJINCh TaKKe B JIOJeBOM yYyacTuUM BUJOB
CTPeIITOMUICTOB, IMpUuHaQJJdeRalllux OTAeJ/JIbHbIM
I[BETOBBIM CeKIMAM 1 cepusM. B mousax mnoj
MoHocoobOmecrBamu . sosnowskyi (yuactin
NeNo 1w 3), paznuyaonuxcst 1mo moKa3aTe/sim
pHu Copr., CTPENITOMUTIETHBIE KOMILIEKCHI OBIIN
MpejicTaBJIeHbl BUIAMU TIATH, OJJHUX U TeX jKe,
ceriuii u cepuii. K uncay ob1imx 3akonomMmepHo-
CTeil MOYKHO TaK;Ke OTHECTH TO, UYTO B pe3yJsbraTe
MHBA31K OOPIIEBUKA, 110 CPABHEHIIO ¢ KOHTPOJIb-
HBIMY YYaCTKAMU, CHUZRAIOCH B CTPYKTYpe KOM-
IJIeKCa I0JIeBOe yYacTue rpejcTaBuTeseii cepun
Cinereus Achromogenes na one yBermuenns
nosn BujoB cepun Cinereus Chromogenes.

3arioueHue

B xope uccnepoBanmus ycTaHOBIEHO, UTO
WHBA3UsA OOPIEBUKA U3MEHACT CTPYKTYPY IMO-
YBCHHBIX aKTUHOMUIETHLIX KOMIIeKcOoB. Ha
ydyacTKax, MojiBeP;ReHHbIX MHBA3U N OOPIIeBUKA
CoCcHOBCKOTO, TI0 CPABHEHMUIO ¢ HEMHBAZWPO-
BAMHBIMU YIACTKAMMT, TTPOMCXOIUT YBEJIMICHITC
POIOBOTO M BUIOBOTO Pasmoobpasmsa aKTHHO-
ouorel. OTInyuTeIbHOIN 0COOEHHOCTHIO TOYB
[1OJI MOHOCO000IIecTBaMu DOPIIeBUKA, 110 CpaB-
HEHUIO ¢ KOHTPOJbHBIMU YU4aCTKaMU, SBUJIOCH
HaJlnune B KOMILIEKCe IIpejicTaBuTesieil posa
Streptosporangium.

Ha yuacrtrax maccoBoro pocrta 6OpIeBUKa,
110 CPABHEHUIO ¢ TOYBAMU T0]l PABHOTPABHbBIM I
JYTOBBIMU COOOTIECTBAME, B CTPEIITOMUI[ETHOM
ROMILIIEKCe OTMedasil CHUYKeHUe J[0JIeBOro yua-
cTus mpefcrasuTenei cexiun u cepun Cinereus
Achromogenes #a gore yBeTMUCHWS TOTN TTNAT-
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MentupoBanubiX BujioB Cinereus Chromogenes.
Kpowme toro, Ha yuacTkax MaccoBOTO pPOCTa
oopiesruKka COCHOBCKOTO, 110 CPABHEHUIO C KOH-
TPOJILHBIMU YU4aCTKAMU, OTMEYeHO H0Jiee HI3KOe
cojlepsKaHme yriepoja B IMo4uBe, 4To Hapsy ¢
BBISIBJICHHBIMY 3MEHEHUSIMI B CTPYKTYPe aKTH-
HOMUIETHBIX KOMILIEKCOB, TOATBEePsKaeT (hakr
MHTeHCUBHON MUHEPAJIN3aIni OPpraHnvaecKkoro
BellecTBa B ouBax oy 6opiesnkom. Hecmorpst
Ha 3HAYUTEJbHYIO HaJI3eMHYI0 Guomaccy, 1o
OKOHYaHUUN BereTanmnmy BBIHOC ITUTaTeJIbHBIX Be-
I[eCTB He BOCIIOJNHSETCS PACTUTEIbHBIM O1IaJIoM
oopieBuka. Ipu yinre/ibHOM COXpaHeHU N JlaH-
Hasi TeH/I@HIUST MOKET BeCTH K CHUFKEH U0 1 [IajKe
yTpare mo4YBoil MOTeHIINATbBHOTO MLJI0JIOPOIHS.

Paboma evinoanena npu noddepicke zpanma
Ilpesudenma Poccuiickoi Pedepayuu das 2ocydap-
cmeennoll noddepicku Moa00bLx YUEHbLX — Kandu-

damoe nayr (MK-2880.2018.5).
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Fifty-five species from five phyla (Cyanobacteria — 8, Chlorophyta — 29 (Chlorophyceae — 14, Trebouxiophyaceae — 11),
Bacillariophyta — 19, Streptophyta — 1, Ochrophyta — 2 (Xanthophyceae — 1, Eustigmatophyceae — 1)) were revealed
during the study on biodiversity of cyanobacteria and algae from terrestrial habitats of Urup, Paramushir, [turup, and
Simushir (Kuril Islands). Algal flora of Iturup Islands was the most divers with 25 species, 23 species were found on Urup,
17 on Simushir, and 14 on Paramushir Islands. Number of species per sample decreased from Urup (3.6) to Simushir
(2.1), Paramushir (2.0) and Iturup (1.9). Five species, cf. Mychonastes homosphaera, Chlorella vulgaris, Dictyococcus
varians, Bracteacoccus minor, and Desmodesmus abundans were encountered on each of the Island. In the same time
species composition of cyanobacteria and algae on each Island was specific and reflected ecological peculiarities of the
habitats. The most notable feature of algal and cyanobacterial flora of studied Islands was prevalence of cosmopolitan
species lolerant to toxic volcanic substrates. Besides, this territory was characterized by high diversity of amphibian
diatom algae. For understanding biodiversity of terrestrial algae and cyanobacteria of Kuril Islands further molecular-
genetic research are necessary.

Keywords: Kuril-Kamchatka Trench, volcanic soils, eruption, resistance, spatial-ecological patterns, cf. Mychonastes
homosphaera, Chlorella vulgaris, amphibian diatom algae
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[Tpn uccnegoBanum 6ropazmoodOPasusi BoLOPOCHeil 1 IMuanobakTepnil Ha3eMHBIX MEeCTOOOUTaHIiT OCTPOBOB YPYII,
[Mapamymup, Urypyn n Cumymup (Kypuiabcerue ocrpoBa) 6biio 00HAPYKEHO HATHECAT HATh BUOB, OTHOCSTINXCS K TISTH
orpenam: Cyanobacteria — 8, Chlorophyta — 29 (Chlorophyceae — 14, Trebouxiophyaceae — 11), Bacillariophyta — 19,
Streptophyta — 1, Ochrophyta — 2 (Xanthophyceae — 1, Eustigmatophyceae — 1). Anbrodgaopa Urypyna 6piia nanbosee
pazHo0Opa3Hoil 1t HacunThiBasIa 25 BUj0B, 23 Bujia 661710 00HapyskeHo Ha Ypyine, 17 Bujios — Ha Cumyinpe, n 14 Bujios — Ha
[Tapamytmpe. Yncsio Bustos 8 ipobe ymenbinaaocsh B psy Ypyi (3,6) — Cumyrmmp (2,1) — Hapamymup (2,0) — Urypym (1,9).
[Tsrs Bupon — cf. Mychonastes homosphaera, Chlorella vulgaris, Dictyococcus varians, Bracteacoccus minor, Desmodesmus
abundans — Berpedach Ha Beex ocrpoBax. B 1o ske Bpems, anbroduiopa Kaykaoro ocrposa omMyaiach cBoeodpasueM u or-
paskasIa HKOJOTHICCKITE 0COOEHHOCTH MeCTOOOMT AT, XapaKTepHoil 4epToil ambroIophl HCCTEIOBANHBIX OCTPOBOB OLIITO
peodajiarie BU0B-KOCMOIOINTOB, YCTOMUMBHIX K TORCHIHOMY BY/TRAHITIecKoMy cyberpary. Kpome toro, obnapyskerno
GosrbInioe paznoobpasue aMm(puOMaNIbHBIX BUIOB INATOMOBBIX Bojtopocieil. [ljis onieHKk 6GunopasHooOpasnsi Ha3eMHBIX BOJIO-
pocateit i ranobaxreprii Kypmibeknx 0cTpoBOB HEOOXOMMMbI ATLHEH e MOTCKYISPHO-TEHETHUCCKIE TCCICTOBAHTI.

Kuouesoie ciosa: Rypuio- Ramuarckuii jéno0, By TKaHIYeCKIE II0YBDL, H3BEPIKEHUE, YCTOIUNBOCTD, IPOCTPAHCTBEHHO-
srostormyeckas crpykrypa, cf. Mychonastes homosphaera, Chlorella vulgaris, ampubuanbubie guaTOMOBBIE BOLOPOCIIN.

Introduction

Volcanic activity greatly affects the terres-
trial ecosystems by introducing various chemi-
cal elements with volcanic emissions, altering
the temperature regime, transforming existing,
crealing new landscapes and forms of life [1, 2].
Algae and cyanobacteria are the first organisms,
settling on the lifeless substrates and initialing
the succession [3—7]. Kuril Islands belong to
Kuril-Kamchatka Trench (Kuril-Kamchatka
volcanic belt, Kuril-Kamchatka volcanic arc) —
one of the Earth’s most seismically active re-
gions. Morphogenetic types of relief of Kuril
archipelago were formed under influence of the
complex interactions of modern tectonic process-
es and volcanic activity, lithologo-stratigraphic
complexes, climate and ocean fluctuations dur-
ing the Quaternary period [8]. The Islands have
a maritime monsoon climate that is greatly af-
fected by air circulation and temperature regime
of the Sea of Okhotsk. During the winter Kurils
are under the influence of Siberian anticyclone
that causes severe windy weather. In summer
the Islands are influenced by oceanic air masses
characterized by high temperature and humidity.
A unique combination of geographical position,
features of geology, relief and climate pose pecu-
liarities of Kuril Islands flora.

Natural conditions of the Kuril Islands are
not uniform. Northern Kurils belong to oceanic
sector of the northern boreal subzone. This ter-
ritory is characlerized by a unique type of veg-
etation, alder bushes [9]. Central Kurils are the
most severe, inaccessible and the least studied

part of the archipelago [9]. Due to the extreme
environmental conditions most Islands here
have no forest vegetation. Southern Kurils have
milder close to subtropical climate, rich floras
and luxuriant vegetation.

Biological diversity of Kuril Islands in gen-
eral and some groups of organisms in particular
is poorly studied. Very limited data on the ter-
restrial algal flora of this region do not reflect the
real biodiversity there [10]. In this studies algal
flora of Kynashir Island near Tyatya, Golovina
and Mendeleyeva volcanos were discussed. The
aim of our study was investigation of biodiversity
of terrestrial algae and cyanobacteria of Urup,
Paramushir Iturup and Simushir Islands.

Material and methods

Thirty four soil samples were collected in
2012-2015 on Urup (7 samples) and Simushir
(8 samples) islands (Central Kurils), Paramu-
shir island (7 samples; Northern Kurils) and
[turup (12 samples; Southern Kurils).

On Urup samples were taken from the sea
terrace with maritime vegetation and Mt. Ru-
dakova slope under the canopy [11]. The soil
cover at the sampling site could be character-
ized as volcanic soddy-humus mid-deep soil,
stratified-arenaceous texture sod soil, volcanic
alluvial soil, and volcanic alluvial turf soils.
The vegetation included Rosa rugosa Thunb.,
Filipendula camtschatica (Pall.) Maxim., Sasa
kurilensis (Rupr.) Makino et Shibata , Cacalia
robusta Tolm., Trollius riederianus Fisch. el Mey,
Artemisia montana (Nakai) Pamp., Artemisia un-
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Fig. II. Terrestrial green, streptophyte and ochrophyte algae
of Urup, Paramushir, Iturup and Simushir Islands
1 — Neospongiococcum sp.; 2 — Palmellopsis sp.; 3 — Spongiococcum aplanosporum; 4 — Chlorella vulgaris;
o — Chlorella sp.; 6 — Coccomyxa sp.; T — Diplosphaera chodalii; 8 — Neocystis sp.1; 9 — Neocystis sp.2;
10 — Neocystis sp.3; 11 — Neocystis sp.4; 12 — Neocystis sp.d; 13 — Lobosphaera incisa; 14 — Parietochloris sp.;
15 — Klebsormidium flaccidum; 16 — Botrydiopsis cf. arhiza; 17 — Eustigmatos magnus. Scale bar — 10 um.




HOITIYJIAIMOHHA S 9OROJIOTNU A

alaskensis Rydb., Artemisia tilesii Ledeb., Herac-
leum lanatum Michx., Calamagrostis langsdorffii
(Link) Trin., Thalictrum minus L., Leymus mollis
(Trin.) Hara, Sasa kurilensis (Rupr.) Makino &
Shibat, family Fabaceae, Artemisia sp., Carex sp.
and Calamagrostis sp.

On Paramushir Island the samples were
collected al the south-western part of the is-
land, Krasheninnikova bay, at the foothills of
Fuss Peak. Soils were of volcanic petrozem, the
vegetation was composed by mosses, family
Fabaceae and Carex sp.

On Iturup Island the samples were taken
at the coasts of Dobrinia and Konservnaja
bays (Chirip peninsula). In Dobrinia bay soils
were volcanic lithozem and raw-organic volca-
nic petrozem, the vegetation was composed of
Rosa sp. and grasses. In Konservnaja bay the
soil was burozem soddy-humus and volcanic
lithozem, Alnus fruticosa Pall. s. 1., Pelasites
japonicus (Sieb.et Zuce.) Maxim., Saxifraga sp.
and Carex sp.

On Simushir samples were collected from
the Brouton Bay at the eastern central and
western parts. At the eastern part (Vostochnaja
Kleshnia Peninsula) the samples were taken
from volcanic ocherous humic soil, Filipendula
camtschatica, coastal vegetation and sedges
were grown. In the center of the Brouton Bay
the samples were taken from volcanic ocherous
raw-organic soil, in wooded meadow dominated
by Betula sp. and Alnus fruticosa Pall. s. 1., Sor-
bus sp., Salix udensis Sekka, Sasa kurilensis
(Rupr.) Makino et Shibata, Calamagrostis langs-
dorffii (Link) Trin., Geranium erianthum DC.,
Maianthemum dilatatum (Wood) A. Nelson &
J.F. Macbr., Filipendula camtschatica (Pall.)
Maxim. Samples also were taken from volcanic
petrozem in Betula ermanii Cham. stand.

Soil samples were collected from 0-5 c¢m
depth according to standard methods of soil
phycology [12]. The samples were placed into
sterile paper bags and air-dried.

Ininitial stages of algae and cyanobacteria
cultivation Bold Basal Medium (BBM) was
used [13]. Unialgal strains were isolated by
the modified dilution method: 1 gram dried
soil was added to 100 mL. of BBM medium and
grinded for 30 min by a pestle. Afterwards a few
drops of the suspension were added to a Petri
dish with 1.5% agar with MMB medium and
distributed by the glass spatula. Initially the
dishes were cultivated under 12:12 light:dark
cycle at 20 °C with a photon fluence rate of
31-45 mmol - m? - s7! for two weeks then at
10 °C for two months.

Algae colonies appearing in Petri dishes
after 2 to 8 weeks of cultivation were transferred
from the agar by Pasteur pipettes and grown on
BBM agar slants, cyanobacterial colonies were
grown on 78 medium agar slants [14].

Soil cultures with fouling glasses were also
used [15]. The soil was placed into the Petri dish
with four sterile cover glasses on top. The sail
was moisturized with distilled water to 80—100%
of its full moisture capacity. The cover glasses
were examined after 7—30 days of cultivation
under the same conditions as described above.

Algae and cyanobacteria were identified
using modern monographs and treatments
[13—22]. The nomenclature used is in accor-
dance with Algaebase [23].

Typical morphological features of filamen-
tous taxa were filament, trichome, and cell
dimensions, presence or absence of sheath,
mucilage, cell color, heterocyte and akinete
dimensions. For green algae the cells shape,
the number and chloroplast shape, presence or
absence of pyrenoid and mucilage were the basic
features. In some cases for the purpose of correct
identification the life cycles of algae were studied
using methods described before [16] with origi-
nal modifications. During identification of dia-
tom algae cells shape and the numbers of striae
in 10um were analyzed. For representatives of
phyla Ochrophyta the diagnostic characters were
the cell shape, the number and chloroplast shape
and presence or absence of pyrenoid. Besides,
the data about species ecology were considered.
The strains were examined under Axio Imager
A2 light microscope equipped Axio Cam MRC
Digital Camerain brightfield and differential in-
terference contrast under x1000 magnificationc.
Microphotographs were taken with AxioVision
4.9 program.

Patterns of algae and cyanobacteria distri-
bution on different islands were analyzed using
elements of syntaxonomic analysis according
to Braun-Blanquet approach [24]. The syn-
optic tables were prepared using the following
consistency scale: r — 0,1-5%; + — 6-10%;
I - 11-20%; IT — 21-40%; 111 — 41-60%; IV —
61-80%; V —81-100%.

Results and Discussion

Fifty-five species from five phyla (Cyano-
bacteria — 8, Chlorophyta — 29 (Chlorophyceae —
14, Trebouxiophyaceae — 11), Bacillariophyta —
19, Streptophyta — 1, Ochrophyta — 2 (Xan-
thophyceae — 1, Eustigmatophyceae — 1)) were
revealed during the study on diversity of cyano-
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bacteria and algae from terrestrial habitats of
Urup, Paramushir, Iturup, and Simushir (Ku-
ril Islands) (Fig. [-1I, see color insert). Algal
floras of [turup Islands were the most divers with
25 species, 23 species were found on Urup, 17 on
Simushir, and 14 on Paramushir Islands. Num-
ber of species per sample decreased from Urup
(3.6) to Simushir (2.1), Paramushir (2.0) and
[turup (1.9) (Table).

Distribution of terrestrial algae and cyano-
bacteria on the islands studied is shown in Table.
A number of species were encountered on all the
islands studied. These are widely distributed in
terrestrial ecosystems species of Chlorophyta —
cf. Mychonastes homosphaera (19, Fig. 1), Chlorel-
la vulgaris (4, Fig. 1), Dictyococcus varians (18,
Fig. 1), Bracteacoccus minor (9, Fig. 1), Desmo-
desmus abundans (17, Fig. 1) [25]. It should be
noted, that representatives of several taxa could
be characterized by Mychonastes homosphaera
morphotype, and their precise identification is
possible only with molecular tools [26].

Cosmopolitan species Klebsormidium flac-
cidum (15, Fig. 11), Pinnularia borealis (14, Fig.
I11), as well as Diplosphaera chodatii (7, Fig. IT)
were typical species of the Urup Island (Table).
Although the latter species is typical lichen pho-
tobiont [27, 28], it was also recorded in biological
soil crusts in desert of the south-west USA [29,
30]. Occurrence of the class Chlorophyceae rep-
resentatives Chlamydomonas sp.1 (10, Fig. 1),
Cystomonas sp.1. (15, Fig. I) was characteristic
for the Urup Island algal flora. Trebouxiophy-
cean algae Lobosphaera incisa earlier recorded
near Baikal Lake, was found here [16].

Alarge number of diatom species was isolat-
ed from soil samples collected at the waterfront
of Tokotan River and on the terrace above it in
alluvial volcanic soil on Urup Island (Table).
Almost all these species are widely distributed
in aquatic habitats. These are freshwater Am-
phora ovalis, Navicula cryptocephala, Nilzschia
Jonticola, Paraplaconeis placentula, Planothid-
ium lanceolatum, Staurosira cf. construens and
Geissleria sp. [31-37]. Amphora commultata and
Navicula veneta are more typical for brackish
waters [38, 39], while Navicula cryptocephala
occurs in both freshwater and marine habitats
[37]. Anorthoneis sp. are mostly marine taxa
[40]. Placoneis cf. porifera, was recorded in the
paddy fields in Japan [41].

It is necessary to note, that most of the spe-
cies, listed above often recorded in terrestrial
ecosystems also. Amphora ovalis, Navicula ve-
nela, Nilzschia fonticola, Anorthoneis pediculus
(as Cocconeis pediculus), Anorthoneis placentula

(as Cocconeis placentula), Caloneis bacillum,
Staurosira construens var. triundulata (as Frag-
ilaria construens var. triundulata), Staurosira
construens var. binodis (as Fragilaria construens
var. binodis) were found in terrestrial ecosystems
in Europe and USA, including Surtsey island
[19]. Surtrsey island was formed in 1963 after
volcano eruption [3]. These algae could be at-
tributed to amphibian algae, which live in both
aquatic and terrestrial habitats [42].

Sea coaslts are the most dynamic form of the
coastal zone. Due to highly specific tidal processes
taking place at the coastal zone, the latter should
be regarded as a boundary between terrestrial and
shallow constituents [43]. Distribution of diatom
costal flora of Urup Island is similar to that of
Mediterranean sandy beaches [44]. Typical ma-
rine diatom community is changes the structure
first (splash zone), then transitional complex
with a mixture of marine and terrestrial species
is formed (5, 10, 15 m from the waterfront), and
finally a complex of terrestrial species with a
seldom occurrence of marine species is shaped
(100-200 m from the waterfront).

Typical terrestrial algae Palmellopsis sp. (2,
Fig. II), was found on Paramushir, Iturup and
Simishir islands (Table 1). Parietochloris sp.
(14, Fig. 1), and Eustigmatos magnus (17, Fig.
IT), were recorded in algal flora of Paramushir
and Simishir.

In soils of Paramushir Island representa-
tives of the genus Neocystis (9, Fig. 1), Chlorella
(9, Fig. I1), Nostoc punctiforme (5, Fig. 1), Spon-
giococcum aplanosporum (3, Fig. 11), and Luticola
mutica, were found (Table). Spongiococcum apla-
nosporum was identified in samples from Paramu-
shir Island only after study of the life cycle of the
strains. This species is characterized by large (up
to 30 wm) cells with large nucleus, ellipsoid zoo-
spores with parietal chloroplast, central pyrenoid
and anterior nucleus [16].

Leptolyngbya voronichiniana (2, Fig. 1),
known for its wide distribution in terrestrial
ecosystems [49], was a diagnostic species for the
[turup Island. Beside that Cylindrospermum sp.
(1, Fig. 1), and Nostoc sp. (6, Fig. 1), green algae
from the genera Chlamydomonas (11, Fig. 1),
Chlorococcum (13, Fig. 1), Cystomonas sp. 2
(16, Fig. 1), Neocystis sp.4, Neocystis sp. o (11,
12, Fig. I1), yellow-green algae Botrydiopsis cf.
arhiza (12, Fig. I1), were found here (Table). Di-
aloms were represented by the ubiquist aquatic
species Caloneis bacillum, as well as Nilzschia
palea, and Pinnularia microstauron, which could
be found in freshwater and terrestrial ecosystems
[19, 37].
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Cyanobacteria cf. Trichocoleus hospitus (8,
Fig. 1), and Nostoc minutum (4, Fig. 1), charac-
terized by nearly cosmopolitan distribution in
terrestrial ecosystems [22, 45], was found on
[turup and Simushir Islands (Table).

Representatives of the genera Coccomyxa
(6, Fig. I1), and Neospongiococcum (1, Fig. I1),
were the most frequently accounted on the latter
island (Table). Leptolyngbya cf. valderiana (3,
Fig. I), Chlamydomonas sp. 3. (12, Fig. I), and
Neocystis sp.o (12, Fig. 1I), were also revealed
on Simushir Island.

Ubiquitous diatoms Hantzschia amphioxys,
Humidophila contenta, and Pinnularia subcapi-
tata were also recorded in studied (Table). Hu-
midophila members earlier have been recorded
from volcanic zones (e.g. Hawaii) [46].

It should be noted that many from the species
found, e.g. Bracteacoccus minor, Klebsormidium
flaccidum, Pinnularia borealis, members of the
genera Leptolyngbya, Chlorella, Neocystis, Parieto-
chloris have been recorded during the studies on
biodiversity of terrestrial algae and cyanobacteria
of Kuril-Kamchatka volcanic belt [10].

To our knowledge, we present the first in-
formation on diversity and community structure
of terrestrial algae and cyanobacteria of some
Kuril Islands.

Conclusion

The most notable feature of algal and cya-
nobacterial terrestrial communities at the Urup,
Paramushir, Iturup and Simushir Islands are
prevalence of cosmopolitan species tolerant to
toxic volcanic substrates. Besides, studied area
characterized by high diversity of amphibian
diatom algae.

It is necessary to note, that this results
should be considered as preliminary. FFor un-
derstanding biodiversity of terrestrial algae and
cyanobacteria of Kuril Islands further molecu-
lar-genetic research are necessary.

This study was supported by the Russian
Foundation for Basic Research in frame of proj-
ecls 16-04-01511 a and 15-29-05893 ofr-i. We
are thankful to Yunir Gabidullin for helping us in
preparation of the figure plates, and Dr. Natalya
Sukhanova for valuable discussions.
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Bosmosknoers yacTnunoi 3aMeHbl aHTHOMOTHKOB
OMOJIOrNYeCKI AKTUBHLIMHA BemecrsaMmn
npn Jjie4yeHnn RINHNYECRUX MAaCTUTOB 'y KOPOB
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Depepanbubiii arpapubiil Hayunbii meatp Cesepo-Bocroka
nmenn H.B. Pynuuikoro,

610007, Poccust, r. Rupos, yi. Jlenuna, 166a,
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[To mndopmarn Beemupnoii oprarnmusanun sppasooxpanenust (BO3) Bozpacraer ipobiema anTHONOTHKOPE3NCTEHTHBIX
MTaMMOB 30J10THCTOTO craduiokokKka Staphylococcus aurews. dtn HakTepU MEHSIOT CBOI MeHOMHBII COCTaB MO/
BO3JIelicTBIEM aHTUOMOTHKOB 1 OBICTPO PACHPOCTPAHSIOTCS B OKPYJKAIOIeil cpefie, co3[iaBast yrposy AJisi 3/l0pPOBbs
YeJI0OBEUECTBA 1 MPOJIOBOJLCTBEHHOI OesomacHocTi psijia crpan. BO3 tpedyer yMeHbITUTH yoTpedienie aHTnOMOTHKOB
mpu Macturax y kopos Ha 50%. 3omotncteiii crauaIoKOKK — peodaa a0t Bujl BO3OYUTe/ MACTHTOB KOPOB B CTpaHaX
Sanasmoit Esporret 1 Poccmm. [Touri 8 90% Gonbimmx hepm 1 KOMILTIEKCOB, T MCTTOMB3YIOT AHTHOMOTITKI, PETHCTPIPYETCST
CTH(bI/I.WOKOKKOBB]ﬁ MacCTHUT, BBI3BAHHBIT IOJINPEe3NCTeHTHBIMI ITaMMaMu S aureus.

[TpoBejieHa oreHKa BO3MOKHOCTH YaCTHYHON 3aMEeHbl aHTHOMOTHKOB Ha OMOJIOIMYeCKN aKTUBHbIE BEllecTBa 11pu
JeUeHNI KINHNYeCKNX MAacTUTOB y KOpoB. YcranoiaeHo, uro Vurepdepon Obramii peROMOMHAHTHBII, MOJMCaXapu/y
rpuba Hericium erinaceus (I11C H. erinaceus) n [lnanvpepon uepes 10 jgueii jgevennst KANHUYECKIX MACTUTOB Y KOPOB
MOBBIIITATN KOJTIMYECTBO BBI3TOPOBeBIINX coorBerctBento Ha 30, 20 u 20%), mo cpaBHEHNIO ¢ aHTHOMOTHROTEPATIHEI.
Buonornyeckn akTuBHbIe BEIECTBA HOPMATNZ0BAII KOJIMYECTBO COMATHUECKNX KIETOK B MOJIOKe /10 PUBMOTOTHYECKOTO
yposus. Vzyuennbie Berecrsa cuuykain yposenb narepieiiknna-2 (11-2) u nnrepaeiikuna-8 (I11-8), npocrornannnon
E2, HopmanusoBann ckopocts ocefianust spurpoiinto (COJ) u gharorurapHyo akTHBHOCTL B KPOBH HKCIIEPUMEHTAIbHBIX
FKUBOTHBIX. HoslnyecTBo coMaTnyecKuX KI€TOK B MOJIOKe KOPOB MOIOIBITHBIX IpyIii rocse 10 qHeii medeHns yMeHbIINIOCH
10 pusnosornyeckoit Hopmbl. Mosoko rocie siederinst KOpoB OBIIO FOJHO K MTHIIEBOMY yHoTpedsiennio Ha 72 yaca pambliie,
yeM 1pu aHTHOMOTHKOTePATII.

Kawuessie caosa: anmuonornrorepanust, [lnansaepon, Muarepdepon peKoOMOMHAHTHBIN, KINHUYECKNE MACTUTHI,
nosucaxapuj rpuda Hericium erinaceus.

The partial replacement of antibiotics with biologically
active substances at treatment of cows’ mastitis

© 2018. M. A. Aziamov orcip: 0000-0001-5718-94635

Federal Agricultural Research Center of North-East named N.V. Rudnitsky,
166a, Lenin St., Kirov, Russia, 610007,

e-mail: lazermikl@yandex.ru

The World Health Organization (WHO) is informing about the antibiotic resistant strains of Staphylococcus aureus
increasing problem. These bacteria are changing their genomic composition under the influence of antibiotics and are rapidly
spreading in the environment, threatening human health and food security in a number of countries. WHO requires reduc-
ing the use of antibiotics in cows’ mastitis by 50%. Staphylococcus aureus is the prevailing kind of cows’ mastitis pathogen in
Western Europe and Russia. The staphylococcal mastitis caused by multiresistant strains of Staphylococcus aureus is registered
in almost 90% of large farms and complexes where antibiotics are used.

The possibility of partial replacement of antibiotics with biologically active substances at treatment of clinical mastitis in
cows was evaluated. It is established that Interferon bovine recombinant, Polysaccharide of Hericium erinaceus fungus (PS of
H. erinaceus) and Dialderon after 10 days of treatment of clinical mastitis in cows increased the amount of cured individuals,
respectively, by 30, 20 and 20% in comparison with antibiotic therapy. Biologically active substances normalized the number of
somatic cells in milk to physiological level. The studied substances reduced the levels of interleukin-2 (11-2) and interleukin-8
(11-8), prostaglandins E2, normalized erythrocyte sedimentation rate (ESR) and phagocytic activity in the blood of experi-
mental animals. The somatic cells number in the milk of experimental groups cows are decreased to physiological norm after
10 days of treatment. Milk after treatment of cows was fit for food consumption 72 hours earlier than with antibiotic therapy.

Keyword: antibiotic therapy, Dialderon, Interferon recombinant, clinical mastitis, Polysaccharid of Hericium eri-
naceus fungus.

127

Teopernueckas u npuriaaguas sroaormst. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4




COINMAJIBHASA OROJIOTUA

128

OCHOBHBIMI TTOKA3ATETIAMU IKOJTOTUYHOCTH
1 KA4ecTBA KOPOBHETO MOJIOKA SIBJISIIOTCS YPOBEHb
OarrepuaTbHOIl KOHTAMIHATNI, KOJNYECTBO CO-
MaTUYeCKNX KJIETOK U OTCYTCTBUE MHIMOUTOPOB
(aHTUOMOTUKOB, TOPMOHOB, JIe3NHMEKTAHTOB
n apyrux xumnuecknx serects) | 1]. Harypans-
HBI 1 0e30TACHBIN [T TOTPEONTe A TTPOYKT
MOSKHO TMOJIYYUTh TOJBKO OT 3[0POBOIT KOPOBbBI
[2]. B cBsism ¢ aTiM cephésmyio mpodIeMy s
JKUBOTHOBOJICTBA 1 BETEPUHAPHON CJYKObI
CO3JIaI0T MACTUTHI Y KOPOB. BOBINTMHCTBO KN~
HIUYECKNX MAaCTUTOB BHI3BIBAETCS, B OCHOBHOM,
ROKKOBOIT MUKpodIopoii, B wactHoctn Staphylo-
coccus aureus B acCOTUAIIM ¢ IPYTUMI BULAM I
OaxTepuit u TpubKoOB [3].

ITo maopmarnuu BeemupHoil opranusamnun
3npasooxpanenus (BO3) Bospacraer npobiaema
AHTHOMOTMKOPE3NCTEHTHBIX MITAMMOB 30JI0TH -
cToro craduIoKOKKa S. aureus. It darTepun
MEHIOT CBOI TeHOMHBII COCTaB 110J1 BO3/IeliCTBLIeM
AHTUOMOTHKOB 1 OBICTPO PACTIPOCTPAHSAIOTCS B
OKpY#KAIOIIEeN cpejie, co3/iaBast yrpoay JJisi 3710po-
Bbsl 4€JIOBEYECTBA 1 TIPOJIOBOJILCTBEHHOI Oe3011ac-
moetn psga crpan [4]. BO3 tpebyer ymennmmnTh
yrorpebdieHne aHTHONOTUKOB TIPU MAacTUTAX
y ®Kopos Ha 50%. 3om0THCTHITT CTAPUIOKOKK —
npeodaamaioniuii B Bo30YAUTENsSI MACTUTOR
KopoB B crpanax SamanHoii Esponnt u Poccnn.
[Toutu B 90% Goabiinx gepm 1 KOMIIEKCOB,
I7le MCTIOJAb3YIOT aHTUONOTHKI, PEeTUCTPUPYeTCs
CcTaPUIOROKKOBBII MACTUT, BHI3BAHHBIN 110-
JUPE3NCTeHTHBIMU TiTaMmMamu S. aureus [d].
YcraHoBieHa TecHas 9KOJOTHYECKAs CBSI3b 110-
JUPE3UCTEHTHBIX MTaMMOB S. aureus ¢ 00beRTaMm
MEIUIITHCKUX CTAI[HOHAPOB 1 JKUBOTHOBOIYECKIX
pepm [6]. ¥V pabounx MPOMBINIICHHBIX JRUBOT-
HOBOJIUECKIX (hepM HaDJII0/IaeTcsi HOCUTETbCTBO
MOJMPE3UCTEHTHBIX NTAMMOB S. aureus, HoJy4eH-
HBIX OT KOPOB, YTO MOJITBEPIKIACTCS NIeHTUTHBIM I
PeHeTHYeCKIME MapKepaMu IITaMMOB, BbIJIe/IeH-
HBIX OT JIIOflel 1 KUBOTHBIX [7].

[Tpu nevennm MacTUTOB TMUPOKO MCITOJIH-
3yIOTCA aHTHOAKTepHaTbHbIe, TOPMOHATLHBIC 1
MPOTHBOBOCTIAJINTEIBHBIE MTPEIapaThl, KOTOPbIe
BBOJIATCS KAK MHTPATIMCTEPHAJIBHO (B COCOK BbI-
MEHM), TaK U TapeHTepasbHo (BHYTPUMBIIIEUHO,
nofrosHo). [locsie akTnBHOIT aHTHOMOTHKOTEpA-
MUK pa3invyHbie aHTHOAKTepUAJIbHbIE BEIeCTBa
COXPAHSIIOTCsI B MOJIOKe B cpejiHeM 48—192 yacos
nocJe rmocyesiHero Beestenusi. [1pu obnapymennn
AHTHOMOTUROB (MHTHONTOPOB) B MOJIOKE, TIepe-
pabaTbiBatoIue MPeIIPUSTUS €TI0 He TTPUHIMAIOT
[8]. ITpm macTrTax Takske pe3ko yBeImamBaeTCs
KOJINYECTBO COMATHYECKUX KJIETOK B MOJIOKE,
9TO BEET K OTKA3y OT MPUEMKH TPOAYKTA WIN
CHUZKeHMIO0 ero copra [9].

[lenbio nateii paboThl ABJIAIOCH U3yUCHUE
11 000CHOBAN e BO3MOKIOCTI YaCTUYIION 3aMeH LI
AHTHOMOTHKOB HEKOTOPBIMU OMOTOTHUECKIUM I
BEIeCTBAMN TPU JICUeHUT KOPOB OT KJIUHI-
YECKUX MACTUTOB JJISI MUHUMU3ATINN CPOKOB
BBI3IOPOBICHNS JKUBOTHBIX 1 TTOTYUCHUSA Hosiee
HKOJOTHUHOTO TTPOTYKTA.

Marepuanbr m MmeToIbI

Weccneposanust mpoBOinanch Ha KOPOBaX
YEPHO-TIECTPOIT TTOPOJIBI, CKPETIeHHBIX ¢ KOPoBa-
MU TOJIITUHO-(PUBCKOT TTOPOJIbI, B BO3pacTe OT
2 10 4 net. RuBoTHBIE OB pa3jie/ieHbl HA TIAThH
IPYIIIL IBE — KOHTPOJIbHBIE 1 TPU — TIOJIOTBITHBIE.
B rasmyio rpynmy Bxopusao mo 10 sKuBOTHBIX.
[lepBYi0 KOHTPOJBHYIO TPYIITY COCTABJISAIN
3/I0POBbIE KOPOBBI, A0IIIIEe MOJIOKO ¢ PU3M0JI0-
IMYECKUM KOJTUYeCTBOM COMAaTUUYECKUX KJIETOK.
Bo BTOpY10 KOHTPOIBLHYIO W TPU TOMOTBITHBIC
TPYITILI BXOAMIN SKUBOTHBIC, OOJTLHBIC RIMHI-
YeCKUM THOMHO-KAaTapasbHBLIM MacTUTOM CTa-
(punororkoBOI dTHOTOTIH. YREUBOTHBIX BTOPOIT
KOHTPOJIBLHON TPYTIIHI JEUTIN OOTemPUHATHIM
METOJIOM, ¢ IpUMeHeHneM anTuoOmoTnkon. M-
TPAIMCTePHATBHO OJITH Pa3 B CYTKH BBOJIIJIN CY-
criersuio Tetra-Delta (Pfizer, CIIIA). [Ipemrapar
BBOJIUJIN TTSITH PA3 3a JIECATH JIHEH ¢ MHTePBATIOM
24 4. B cocras nipernaparta BXOAAT aHTHONOTHKI
noBobuornuu narpust 0,1 r, HeomuiHa cynabpar
0,15 r, gurugpoctpenromunia cyabdar 0,125 T,
OCHBUJITTeHUTNJIINHA HOBOKAWHOBAS COJb
100 Teic. eq n ropmon nipexauzosnon 0,01 r. 3a-
mnper Ha ynorpebjeHune MOJOKa MOCTe Kypca
Tetra-Delta B numessIX 1ejasx cocTasisier 72 4
nocJie okoHuanus gedenusi. Kpome roro Beem siu-
BOTHBIM BTOPOl KOHTPOJIHLHON IPYTITHI BBOAUIN
MOIKOKHO, B 103e 1 Mt Ha D0 Kr Maccwl, ofuH pas
B JIeHb, B Teuenue D cyr antuonornr lledronnr
(Hura-®apwm, Poccus). lledrounr comepsur
9% tedprrmodypa rupoOXIOPI/IA U Pa3PeIéH st
npuMeHeHus y JarTupyomux kopos. G yuérom
(papMorUHETURI TIePTOHUTA, OH TIPAKTHYECKN
He ITPOHUKAET B MOJIOKO 1 yepes 24 1 rocJie mpu-
MEHEHUS He ONPeIesIeTest KAk MHIHOUTOp.

Bo Bcex momombITHRIX TpyHmax WHTPA-
nucrepHaabHblii antTuomoTur Tetra-Delta ne
nenonab3oBanu. [lepBas momonsiTHAs TpyIia
0O0JILHBIX MACTUTOM KOPOB IOJ[Beprajach Jjede-
Huto Mnrepdeporom 6p14bnmM peKOMOMHAHTHBIM
(BenArpol'en, Berapycen) Bmose 1,0 v’ ma 10 kr
MacChl, OIUH Pa3 B CYyTKHU, B TEUCHUT TISATH CYT, ¢
nHaTepBaToM B 24 u. nrepdepon 6brvamii pekom-
oumanTabiit comepskan 10 toic. e mruTepdepoma
Ha 1,0 em®. Koposam 910ii rpy bt Takske BBOAIIN
[HedronnT MOAKOMKHO, O MHCTPYKIUN B TEUCHUE
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9 cyTok. [ljist i3nca MEKPOOPraHu3MOB, POy K-
TOB paciajia TkaHei n CHUKeH s 60Je3HeHHOCTI
B COCOK BBOJMIN (hepMEHTATHBHO-BUTAMITHHbITT
npenapar Mactuzum (BendroTexnura, bBena-
pychb) OJlMH pa3 B cyTKU B TeueHne 7 pueil. [Tocie
nedenusi Kopos Vurepdeporom Ob1ubnum pekom-
OMHAHTHBIM 1 MacTu3nMoM MOJIOKO MOYKHO MC-
110JIb30BaTh 6€3 OTpaHUYeHNIA.

Jlnst mevenmsa GONBLHBIX MACTUTOM KOPOB
BTOPOH TOAOMBITHON TPYIIITHI MCITOJIb30BATIN
nuodunnanpoBanayio paxmnmio No O mosmca-
xapuaa rpuda Hericium erinaceus BIT 16 (I1C
H. erinaceus), momyaeHHyIo B 1abopatopui OnoTex-
Hosiorun pacrennii u mukpoopranuzmon OI'BHY
DOAHIL CeBepo-Bocroka 13 MCKYycCTBEHHO BbI-
paIeHHbIX i BRICYIEHHBIX ILJIOOBBIX TJI TyTEM
srerpakiun D%-ro pacrsopa NaOH, cornacho
npororoay, onucanuomy B padore [10]. T1C
H. erinaceus nciionb30Bajin B Bujie CTepuIbLHOTO
pacreopa (000 Mr cyberanium moancaxapuia
ra 1000 M1 husmoa0TIIECKOTO PACTBOPA) TTOCTE
membOpammoi puiasrparmn. [1C H. erinaceus BBo-
I WHTPAIUCTePHATLHO 110 O MJI | pas B cyTRu
B TevueHue 7 jHell u JOTOTHUTeIHHO TOIKOKHO
o 8 mii, 1 pas B cyrku B Teuenue 7 ueii. Kpome
pacropa I1C H. erinaceus KopoBam OJKOMKHO
RO antudbmnornk ledronnr B moze 1 ma na
90 Kr Maccewl, OfIITH pa3 B CYTKHU B TeUeH e J CYTOK.

Kopos tperbeii mogombITHON TPYIITIHI Jie-
YUJIM HOBBIM MMMYHOKOppekTupyiomum [11]
MPOTHUBOBOCTATNTEbHBIM mTpernaparom [12]
JHlnanbpepon (fekaruipoKcuIpoanta-2-jiere-
HOTHIPOM30XMHOJMHA UMeTHIaMIHOITAHOIa
a7TbOYMUHATOM), TIOJIYYEHHBIM 13 TTPUPOJIHBIX
BerecTB. /nasibiepon cuHTE3NPOBAIN U3 130-
XUHOJNUHOBOIrO rianko3uja pacrenus CosnsiHRI
Puxrepa, tekarupoorcu-2-1e1eHoBoil KUCJ0ThI
MATOYHOIO MOJOYKA ITYE/I, [IMMeTHIaMuHAdTa-
HOJIA 13 MOJIOKH JIOCOCEBBIX PbI0, pACTUTETbHOT
AMUHOKHUCJIOTHI TIPOJNHA U CHIBOPOTOUYHOTO
aJibOyMuHa KpynHoro poraroro ckora. Ilpe-
mapar BBojauan B Bume pacrsopa (100 mr ma
1 M) B to3e 5 MJT — MHTpAIUCTePHAIBHO, OJINH Pa3
B cyTKH B Teuenue 7 cyrok. Kpome [{uanbgepona
KOpOBaM BBOJMJIN TTOJIKOKHO antubnornk Iled-
TOHUT, COMJIACHO MHCTPYKITNM, B TeUCHIEe O CYTOK.

RosmuecTBo comaTnuecknx KJIeTok orpejie-
TSI MUKPOCKOITITY@CKIUM METOJIOM C ITOJICYETOM
OKpaleHHbIX Ki1eTok [13] n Ha Buckoszomerpu-
yecKoM aHasiuzaTope mosoka Comaroc MUHUI
(Poccust). Boienennbie 13 MOJTOKA KyJIbTYpPbl
MUKPOOPTaHM3MOB TUITNPOBAJIN HA CEJIEKTIBHBIX
n ounoxumnvecknx cpenax «Cusabio Biotech Co»
(Rurair). LD, S. aureus s 6enpix 6eciopopbix
MBI OTIPeesisiyiin OOIePUHATBIM METOOM

[14].

RonnuecTBo JaeiiKOIUTOB, UMMYHOTTIOOY 11 -
noB G (IgG), ckopocth oceanuist HPUTPOIUTOB
(COI) n parorurapHyIo aKTUBHOCTH OTTPeJIeJISIITI
B COOTBETCTBUN ¢ YTBEPIRIEHHBIMI METOIITKAMNI
[15].

RonmuectBo okenjia azora B KpoBU ompejie-
JAT cKpuHIHT-Metomom [16].

Yposenb unrepaeiikuua-2 (11-2) u nurep-
neiikunaa-8 (11-8) ompenensiin merogom nMmy-
HO(BEePMEHTHOTO aHaan3a AUArHOCTHRYMaMu
«Cusabio Biotech Co» (Kurail) na ummynodep-
mentHoM anasusarope Zenyth 340 (Anthos).

JIumokcnrenasy u KOJIMYECTBO IIPOCTATTIAH -
nHOB K2 B KPOBU KOPOB ONIPEIesiyin MeTO/[0M
nmmynodepmentaoro anannsa (MMOA) nuarno-
crurymamu «Cusabio Biotech Co» (Ruraii).

Cratncrnyueckyio 06paboOTRY TaHHBIX TPOBO-
auan 1o mporpamme «Statistica 5,0» [17].

Pesyabrarel n nx odcyskaenne

Y KOpoB BTOPOIl KOHTPOJbLHON I'PYIIIbI
1 BCEeX TPEX MOJIOTIBITHBIX MPYIIIT IMArHOCTHPOBA-
JIU THOTIHO-KaTapaJbHBIil MACTUT. Y KUBOTHBIX
HaOJII0/Ia/INCh YTHeTeH e, CHUKeHe allleTnTa,
nobimerne Temueparypst 1o 41,5 °C. ¥V 60ib-
IMIHCTBA KOPOB OTMEYasN BocliajeHne TKaHei
OJIHOIl YeTBepPTU BbIMEHU, XOTS Y HECKOJIbRIX
JKIUBOTHBIX OBLIIO MOpajykeHme JIBYX deTBepreil.
[Topaskénuast yeTBepTh CTAHOBUJIACH OTEUHON
n 6onesnennoil. Cocor Oblg 6OJE3HEeHHBII,
MPOXOMMOCTh KaHaja pe3ko cHuzkamach. [lpn
najibIau B MuUcTepHe My OCHOBAHUS COCKA
00HAPYKUBANNCH YIJIOTHEHHDBIC, TOPSAYNE Ha
omynb yuactku. Hajgsoimernubie 1nM@oysiibl co
CTOPOHBI MOPasyKEHHOI YeTBepTu ObLIN OoJIe3-
HeHHBI, yBeandenbl. [Ipu cpanBannm cexpera
CepoBaTOro IBETa B HEM OBLIN BUHBI CTYCTKI
KasemHa 1 cepo-3KEJaToro rHosl.

N3 Bcex mpob MosioKka oT GOJIBHBIX KOPOB
BTOPOIl KOHTPOJbHOI 1 BCEX MMOJOTIBITHBIX
rpynn Ha cenertusHoii cpefe «CHRO Magar»
Bbijtesinan Kyaprypy S. aureus. Rojmonun 6w1an
OKpalleHbl B PO30BO-JTMJIOBBIN 1iBeT. Turnm-
3aliusi BUA TOJTBEPKIAIach KYJAbTYpaaibHO-
MOpMOTOrnYecKUMI 1 OMOXUMUYECKIME CBOTI-
creamu. Kyaprypa Obima matorennoi it 6eanix
mermiedi (LD, 22,65%10° MIKpOOHBIX KIETOK).
Tarsxe B accommaruu ¢ S. aureus BbIEJISINCH
HelaToTeHHbIe JJsi OeJbIX MbIIIel KYJIbTYpPh
Staphylococcus agalactiae n Lactococcus lactis.

RonmyecTBo comarnyeckx KJIETOK B MOJIO-
Ke 0T DO0JIbHBIX KOPOB OBLIO PE3KO YBEJIUYeHO
1o cpaBHeHUI0 ¢ UBNOJOTHUCCKON HOPMOIl
or 154,2+8,4 (nepBasi KOHTPOJbHAsS TPYIITIA)
mo 1121,5£9,1 teic./em?® (puc.). B cocrase co-
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Pue. KosmuectBo coMaTnueckux KJITOK B MOJIOKE 9KCIIEPUMEHTAIBHBIX KOPOB (Thic./cM?):

1 — 1-s KOHTPOJNILHAS TPYIITA (3[I0POBbIE KOPOBBI), 2 — 2-51 KOHTPOJbHAS rpyIina (60JIbHbIE KOPOBDI,
Jgeverne antTudbnorurkamn), 3 — 1-a noponsitHas rpymna (ooabibie Kopossl, Mnrepdepon pekomOuHanTHbII
+ lledrounr), 4 — 2-s nogonbiTHas rpymia (6onbubie Kopossl, [1C H. erinaceus + 1ledronmur,

D — 3-s noflonbiTHast rpyna (6osbHbe KOPoBbI, [nanbaepon + Iedromur).

Fig. Somatic cells quantity in milk of experimental cows (thous./cm?): 1 = 1st control group (healthy
cows), 2 — 2nd control group (sick cows, antibiotic treatment), 3 — 1st experimental group (sick cows,
Interferon recombinant + Ceftonite), 4 — 2nd experimental group (sick cows, PS H. erinaceus + Ceftonite),
o — 3rd experimental group (sick cows, Dialderon + Ceftonite).

MaTUYeCKUX KJIETOK, KPOME JIINTeJHAJbHBIX I
JH0TeINANbHBIX, 10 38,00+0,25% cocrasisin
JeUKOIUTLL, TUMEOOIUTHI, MAaKpodarn aibBeo
BBIMEHU, THCTHOIUTHI U D03UHOMUIIBI.
RommuecrBo comarnuecKux KIeTox B MOJIOKe,
HeHOTOpre IIOKa3aTeJan l/lMMyHl/lTeTa B KpOBl/I n
HaJIMYne KOHTAMUHAIINT MOJIOKA DKCIIePUMEeH-
TAJbHbBIX }KUBOTHbBIX S aureus OHpe]:[eJIHJH/ICB Ha
MEePBBIN, TATHIA U eCATLIN THU JTeTeHUS.
RopoBor cunrainces 3OpOBBIMU, €GN Y HIX
OTCYTCTBOBAJIV KIMHITICCKITE CUMITTOMBI MACTHATA
(BRJITOUAsT XPOHUYECKUTT), YMCJIO COMATUYECKITX
KJIETOK CHIRAIOCH 10 HOpMbI (Himske D00 Thic. /
cM?) 1 13 MOJIOKA He BBIIC/SIN KYJIBTYPBI S. al-
reus. Haniepsbie CyTKM JieueHUSA Y JKIUBOTHBIX BTO-
POl KOHTPOJILHOW TPYIIBI U BCEX TOOTIBITHBIX
IPYIIT, 10 CPABHEHWIO CO 3JIOPOBBHIMI KOPOBAM I
1epBOIT KOHTPOJIbHOI IPYIITIbI, OBLIN OBBITIIEHbI
ROJIMYECTBO JIGHKOIMTOB B KPOBU GoJiee, ueM B 2
pasa; yposenb lgG, COI — 6omee, uem B 2,D pasa;
okcuyr azora — B 9,6 pas (Tabu.). Hanmmuue octporo
BOCTTATUTEIHHOTO TPOTECca Y KOPOB, DOTHLHLIX
MaCcTUTAMT, TTOATBEPIRAATOCH BHICOKIMU TTOKA-
3aTeJIAMH MEIMATOPOB BOCTAICHIS B CHIBOPOTKE
KPOBI: JUTOKCUTEHAZ0M T MPOCTOTIAHIIHAMNI
E2, o cpaBHenuio ¢ moxasarejsiMu y 1mepBoi
KOHTPOJILHON IpyIiiibl. Takske B KPoBU Y O0JIbHBIX
JKUBOTHBIX 3HAUYUTEJILHO HOBLIIIAJICS YPOBEHD
[1-8, orBeuatotuii 3a ycunenme XxeMaTokcuca
JEHKOT[UTOR, UTO MOTBEPIKAATOCH YBEJINUCHITEM
YU JIOUKOIUTOB B KPOBU 1 MoJIOKe. Bricokum

ObLI ToKRazarTesb [1-2, ROHTPOTMPYIOTITIIT ITPOJTH -
(peparnmio T-xenrmepos, garorurapuyio m mMuToO-
JNTUYECKYIO aKTHBHOCTD, YTO TTOATBEPKIATOCH
TTOKA3aTeIIMI BBICOKOI haronmmTapHOil aKTIB-
HOCTH TIOJT IeficTBIeM aHTHTeHHBIX KOMTIIIEKCOB
S. aureus (tabm.).

Yepes mATh CYyTOR JTeueH s KOPOB BO BTOPOT
KOHTPOJILHOI 1 BO BCeX TOMONBITHBIX IPyIax
COCTOSIHME JKUBOTHBIX 3aMETHO YJIYUITIIOCh.
Temmneparypa canzunach mo 39 °C, Boccrano-
BUJICS anmmeTuT n Guanogornieckass akTuB-
nocth. [opaskénnsie onn BeiMenn crann 6osee
MATRAMMT, NCYe3TN YITOTHEeHNS Ha/[BBIMEHHBIX
anM@oy3a0B.

Bce npumensiemble mpernapaThl n OM0J0-
IMYeCKN aKTHBHBIE BEIeCTBA He BBHI3BIBAIN Y
KOPOB aJyIepru3upyomniero JeicTBust u Apyrux
MOOOYHBIX SIBIEHUH (OJBITITKI, HAPYIITEHWST MO-
YeHCITyCKaHWsI, CY/LOPOT 1 JIp. ).

U3 1pob Mosi0Ka y KOpOB BTOPOIi KOHTPOJTh-
HOTI IPYIIIBI TTATOTeHHBII S. aureus BbIIEsICH
y tpéx skuBotHbIX (30%). B Raskmoit u3 moso-
OBITHBIX Tpymn S. aureus soigensacsa y 10%
JKUBOTHBIX HA KayKIYIO rpymiry (Tadr.).

AntubmornroTepanus KOpoB (Bropas KOH-
TPOJIbHAS TPYIIa) MmoKasaja 3HAYUTeTbHOEe
CHUKeHNe COMAaTNUeCKNX KIETOK B MOJOKe,
JeHKROIMTOB, okenaa asora, 11-2 u I1-8, a ramsxe
MeInaTopoB BOCTIAJEHNS — MPOCTOIIAHNHOB
E2 w nunokcurenasnsl B mpodax kposu (Tadi.).
SHaUYNTeIbHOE YCUJIeHIe TPOTUBOBOCTIAINTEh-
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HOTO 3(heKTa BLI3bIBAIA TOPMOHAJIBHAS COCTAB-
Jstioniast (MpejiH30JI0H) MHTPAIMCTePHATLHOTO
nperapara Tetra-Delta.

B nepBoii mojlonbITHOI TpyIIiie BBeeHIe
WNurepdepona 6p14bero peKOMOMHAHTHOTO 000-
CTPsLII0 BocHanuTesbHblil ipoiecc. Coxpansiics
BBICOKUII YPOBEHb COMATHYECKUX KJIETOK B
MOJIOKE, JIGHKOI[UTOB, MeIHaTOPOB BOCIIATEHUSI
n lgG B kKpoBu. Briouanach MmarcumanbHas
3aIUTHAs Peakiius opraHuaMa Hecrerupuye-
CKOTO aHTHOAKTePUATLHOTO NMMYHHOTO OTBETA,
YTO TOATBEPKAALTCA BBICOKOH (harommrapuoit
AKTIBHOCTHIO T BBICOKNM KOJTITIECTBOM TTPOTHBO-
pocmanuTeannnix 11-2 um I1-8, moBoimaromnx
nposneparniio JeiKOIITOB 1 HH0TeTNATBHBIX
KIeToK (Tad.).

[Tpu BBegennn 6osbHbIM KUBOTHBIM [1C
H. erinaceus ormeuyann pe3koe yMeHbIIIeHNUE
KOJINYeCTBA COMATUYECKNX KJIETOK B MOJIOKe
(¢ 996,7£3,5 toic./cM® 10 D32,0+4,5 THIC. /CM?),
TO ecTh HanOOJIbITIee CHUKEeHITEe BO BCeX IPynax
(pue.). B nporecce medernst oTMeYeHbI BBICOKIE
MATOTUTIYECKITE CBOIICTBA BEIECTBA, BHI3BIBAIO-
mue yennaenne garonnrosa, n GUOPMHOINTH-
JecKie, BRIPDaReHHBIe B Pa3iKIKeHNN ceKpera
MoJIOKa. BBIIo ycraHoBIeHO cCHUMKeHMe Meja-
TOPOB BOCTIAJIeHUs (JIUTIOKCUTeHA3bl M TTPOCTO-
rnauguHoB E) m npornBoBocnanurenbubix [12
n 118, uro moprBepsKRIaCTCS CHUMKEHTEM CPOKOB
BBI3JIOPOBJIEHNs OOJbHBIX KOPOB U DJIMMITHAIM -
eit Bo3oynuresst S. aureus B mosioke. V13 Bropoii
MOJIONBITHO TPYIITbl — KOHTAMITHAIIS MOJIOKA
BhIsgABIeHA Y ojtHOiT Koposbl (10%).

[Tpumenenue [[manpiepona B Tperheil mo-
MOTBITHOI IPYIITTe MO3BOJNI0 CHU3UTH YPOBEHD
COMATMUYECKNX KJICTOK B MoJoke mo 620,8+7,7
TBIC./CM?, TO ecTh Ha YPOBHE MCMOJIH30BAHUS
anTubuornroTepanun (puc.). B KpoBu Kopos
CHIZRAIOCH RoJImuecTBO Jeitkoruron, CO9, rpo-
crornananuoB K2 n nunokcurennidnl (Tabi.).
Ormeuanu camzkenne [12 u 18, npu coxpanenun
BBICOKOT (DAaTOIUTapHOI AaKTUBHOCTH, 4TO YCUIIH -
BAJIO BJIMMUHAIINIO S. aureus B MOJIOKe.

Ilnanbaepon okaszascst ONTUMAJIbHBIM T1pe-
MaparoM Jijisi TOHWKeHST OKCUJIA a30Ta B KPOBU
(tabu.). VI3BecTHO, UTO OKCHI a30Ta KaK HEHPO-
TPAHCMUTTEP YUACTBYET BO BCEX MEKKICTOTHBIX
B3aMMOJIeTICTBUAX, W TOBBIIIEHNEe ero B KPOBM
MPUBONT K (GUOPMHONMBNCY KIETOK N TTOBPEsK-
penunio TRauneil [18]. YMenblienue Koandecrsa
OKCHJIa a30Ta B DH/IOTETNATBHBIX, MIOI AT -
ATbHBIX KJIeTKaX CHUKAeT MIeMIYecKue mpo-
IEeCChl B TKAHSIX COCYIIOB KeJie3bl BHIMEHN.

[To mcrewennn mecsiTu CyTOK ¢ Havasa Jje-
4eHWsi KOPOB Oblla OTMeUYeHa Ta sKe TeHIeHI[1s.
Mbl He HAOJIOMAIN KJIMHUYECKNX CUMIITOMOB

Mactura. Bo BTopoii KOHTpPOJNbHOI TpyTIe
(aHTHOMOTHROTEPATIVS ) TTATOTeHHBII [T OeThIX
MBITITeN S. aureus BBIEJAICS N3 MOJOKA TPEX
kopos (30%), T0 ecTh OCTPHII MACTUT Hepexo-
N B XPOHUYECKYT0 (DOPMY I HOCUTEIHCTBO.
B pesynbrare atoro mpormecca KoJm4ecTBO
COMATUYECKNX KJIETOK B MOJIOKEe BO3POCJO JI0
759,6£9,4 toic. /cM?, uTo moaTBepIKIAeTCS OIb-
muM goJamdecTBoM [1-8 B KpoBU 1 MOBBITIIEHHOTT
darorurapuoii artuBHOCTHIO (TadJa.). B moao-
MBITHBIX TPYTITAX 9TOT MOKA3aTeTh MAKCIMAJb-
HO TIPMOJIMBUICS K COMAaTHKe MOJIOKA 3[0POBBIX
KopoB, a nocye npumenenns 11C H. erinaceus
(BTOpast MoONBITHAS TPYIITA) CTAJ JIasKe HITKe,
4eM B TIepBOIl KOHTPOJIBHOT TpytIie (puc.).

Bo Bcex mofonbITHRIX TPyIITIax Ha JecsThie
CYTKM ¢ HavaJja JedyeHus MmoKa3arejn HeROTO-
PBIX UMMYHHBIX (DAKTOPOB B KPOBU J[OCTUTIN
dusunonornveckoii Hopmbl (Tadi.). Bo Bropoii u
TpeTheil MOJIONBITHLIX I'PYTIax BhI3OPOBIEHIE
Habmoanock y 90% sKerepnMeHTaTbHbIX JKIT-
BOTHBIX. [Tpu 5TOM onTrMaIbHBI KINHUYECKU i
pesyabrar nmokaszano gedenne Murepdeponom
OblubnM peroMOuHanTHBIM. Bo Bcex mpobax
MoJsioka S. aureus He oonapysker. Eciu Unrep-
(hepon peROMOMHAHTHBI 00Ta/1aT ABHBIM TMMY -
HOMOJLYJTUPYIONIIM JIefiCTBIEeM, YCUTNBAIOTITNM
BOCTIATIeHNe Tocie D-iHeBHOTO Jedentst, To 11C
H. erinaceus n [Ilnanbepon Hapsy ¢ MPOTHBO-
BOCITAJINTETLHBIMT, 00JIa/IAJTN TNTOJNTHYeCKIM I
M JIUTaHIV PYIOIIUMU JIJISI HEKOTOPBIX KIETOYHBIX
perenTopoB CBONCTBAMM.

ariiouenue

B pesysibrare BHITOSHEHHbBIX HCCTE0OBAHIIT
YCTaHOBJIEHA BO3MOKHOCTh 3aMeHbI MHTPAT[I-
CTEPHAJIBLHOTO AaHTHOMOTHKO-TOPMOHAIBHOTO
npenapara Tetra-Delta npn smevennn ocTpbix
RIMHUYECKNX MAaCTUTOB Y KOPOB Ha OmoJiornye-
CKU arkTuBHBIe BelectBa: Mnrepdepon Obrumit
pexomounanrustii, [1C H. erinaceus n J[lnansme-
POH B cXeMe C TIOJIKOKHBIM BBeJIeHIeM aHTHONO-
tuka lledprornnr. KonuuecTso BhiopoBesiimx
RUBOTHBIX yepe3 10 cyr nocie Havasa jedeHms
Nurepdpeponom ObiubUM PEKOMOMHAHTHBIM
obL1o Ha 30% Boimre, a npu seegennn [1C H. eri-
naceus n [lnansgepona na 20% wiiie, yem npu
anrtuOnoTnKoTepanunn. Bregenne ux B cxemy
JeUYeHUs He TOJbKO HPEeNsATCTBYeT CeJeKI[inn
HOJINPE3NCTEHTHBIX MITAMMOB S. aureus, HO 1
HpeoTBpaIiaer crapuiIoKOKKOHOCHTEIHCTBO Y
KOPOB U BbIJleJIeHIe JAHHOTO MUKPOOPTaHU3Ma
B ORPY’KAIOITYIO CPey.

[Tpumenenne B ie4eHNT OCTPHIX MACTUTOB BbI-
IeyRazaHHbIX OM0JIOTMTYeCKIX BEITIECTB COKPAIIAeT

Teopernueckas u npuriagnas sxosorusi. 2018. Ne4 / Theoretical and Applied Ecology. 2018. No. 4



COINAJIBHAST 9OROJIOT'N S

CPOKU BbI3[IOPOBJICHISI 3KUBOTHBIX 1 1103BOJISIET UC-
10JIB30BATH B IIUIIEBbIX IEJISIX MOJIOKO OT BhIJIEUeH-
HBIX KOPOB Ha 72 uaca paHbliie, 4YeM I1pu aHTuOMOo-
tukoreparu. [ Tpr repareBrimaeckom mpuMeHeHn
WNurepdepona 6urubero perombunanTaoro, 111G
H. erinaceusn Jlnanbiepona CHIZRAETCS KOTMYECTBO
COMATUYECKUX KJIETOK B MOJIOKE /IO MUTIEBBIX HOPM
B Teuenne 10 mmeil ¢ Havana JedyeHnss. YUnThiBas
BBICOKIE TTPOTUBOBOCITAJINTE/IbHBIE I UMMYHOKOP-
pexrupyioriue ceovictsa LG H. erinaceus n J[lnann-
flepoHa, MeXaHm3M JIeHCTBUA DTHX OUOTOTHUCCKN
AKTUBHBIX COEJIUHEHUIT BO3MOKHO M3Yy4yaTh [1PU
Pa3JIMuHBIX BOCIAJIUTEILHBIX ITpolieccax nH@eK-
IUOHHOIT 1 HenH(EKIMOHHON ATUOJIOTU .
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K tobuneto
CseTtnaHbl BnaguMupoBHb!
[lerteBom

Cpenn fraske caMbIX TATAHTINBLIX JKEHINH —
B HayKe, HCKYCCTBe, CIIOPTe — He MHOTHM BhITIaJa-
eT BeJMKAas 9eCTh W OTBETCTBEHHOCTH PYKOBOJNTH
OOJIBIITNM HAYYHBIM KOJJIEKTHBOM. B psy ymesbix
7 TAJIAHTINBBIX PYROBOJIATENEIi - PEeKTOPOB HAYUHO-
HCCITEIOBATENIbCRIX NHCTUTYTOB — JOCTOIHOE MEecTo
zanunmaer Ceernana Bragumuposna Jlérresa, jokrop
OUOJIOTUYECKUX HAYK, HUPOKO U3BECTHBIN YUEHbBII
B o0JsiacTit re00OTAHUKY, IECHOT TUITOJIOT N, OXPAHBI
7 ParMoOHAIBHOTO MCIOJb30BAHNS TTPUPOJIHBIX Pe-
cypeos. Ilop eé pyrosojcrsom Uncruryr 6uonorun
KRomu HIT ¥YpO PAH npoposmxaer ciasubie Tpajim-
nun Amaronusa Msamosmua Tackaesa, moduBaercs
OOJIBIIIX YCIIeX0B B HAYKe, BXOMT B YNCJIO BEIYTINX
arajieMnuecknx mHetnTyToB Poce.

Muorue ropiet Ceernana Biagumuposna Jlérresa
¢ ROJIIEraMu TIPOBOJINT UCCTEOBAHNS PACTUTETHHOTO
nokposa Ha reppuropusix Ilewopo-Uisruckoro rocy-
IapCTBEHHOTO ITPUPOHOTO O10chepHOTo 3aTT0BeTHITKA
u "HarmonanbHoro napra «Oreiy Ba». Pesynbrarsn eé
mccaeoBaHNI BHOCAT 3HAUNTEIBHBIN BRIAM B pas-
BUTHE Te00OTAHNKN U BHICOKO BOCTPEDOBAHBI B ITPAK-
THYECKOT JIeATeIbHOCTH OPTAHOB BIACTH 1 KPYITHBIX
npepnpusTiii Pecriyosnkn Komu, a trakske HayuHbIx
pPabOTHITKOB, ACITIPAHTOB, MArMCTPAHTOB.

Omna siByisiercst apropom u coasropom 300 nayu-
HBIX pabor, B ToM yucie 23 monorpaduii. Ito cepust
monorpadpuit «buonornueckoe pazrnoobpaszme 0cobo
OXpaHsieMbIX HPUPOJHBIX TeppuTtopuii Pecirybnnin
Romun», «Kagactp 0co60 oxpaHseMbIX HpUpOHbBIX
reppuropnii Pecriyommkn Romu» u np. [lanubie me-
CJEIOBAHNST MMEIOT OTPOMHYTIO HAYUHYIO U TTPAKTH-
YeCKYIO eHHOCTb.

Crernana Bnagumuposna — npejceparesn
Yuénoro copera Mucruryra duonornu Komu HIJ
YpO PAH, unen O0bennuénnoro yuéHoro cone-
ta 1o ouosornvecknm naykam ¥YpO PAH, unen
Hayunoro cosera PAH 1o npotsiemam 6oranuiu, 3a-
MeCTHTeb TpeJIceiaTesisi NcCepTainoHHOT0 CoOBeTa
J1 004.007.01 o 3ammure JOKTOPCKUX JUCCEPTATIUIT
B Uncruryre 6uonorun Komu HIL YpO PAH.

OHna ycrentno coueraer pasHbie BUIIBI JIeATeIbHO-
CTU: YCIEITHYI0 HAYUHYI0 padoTy BOOJIACTI Fe0DOTaH K
7 JIeCHON TUIIOJIOTHN; XO3SCTBEHHbBIe I OPTaH3a-

IMOHHBIE 3a00ThI, RKOTOPBIE SBISIOTCA HEOTHEMIEeMO
Y4acThio paboThl PYKOBOJIUTE/IS.

W nipu Beex ¢BOMX HAYUHBIX PeTaiusix, 3BaHUAX
n poruaocTsax Crernana BrajmmupoHa ocraérest

BHUMATEJbHBIM, YYTKUM K HYKJAM KOJJIET 4eio-
BekoM. OHA OKa3bIBaeT IMOCTOSHHYIO TOJJIEPRKY
U IPUKIAJBIBACT MHOTO YCUJIUI JIJIS PA3BUTHS OJ[HOTO
13 CaMbIX MOJIOJIBIX TTofipasesnenii nernryra 6mo-
aorun — jgaboparopun Guomonuropunra. Hu onmna
npockhba KoJleKTHBa Jlaboparopun He ocraéres 0Oes
BHUMaHUs, a 11pobjieMbl — 6e3 eé KOHKPeTHOTO pe-
menust. Ké rpeboBaTesibHbII TOXOJ K BHITOJHEHUTO
HAMEUEHHBIX 1leJieil 00s13bIBaeT KOIeKTUR jabopa-
TopuK GUOMOHUTOPUHIA HEe OCTAHABIUBATHCS HA J[0-
CTUTHYTOM, PA3BUBATH HOBBIC HAYUHBIE HATIPABJICHIS,
YUYaCTBOBATH B KOHKYPCHBIX IIPOCKTAX, COBEPIICHCTBO-
BaTh Hay4YHbI sKypHaT « Teopernyeckas u npuriaj-
Hast 9KOJIOTHS», 3aMEeCTUTeJIeM IJIABHOTO PeJlakTopa
KOTOPOTO OHA HA MPOTAKEHUN MHOTUX JIeT SIBJISICTCS.

Peparnms sxyprasa « Teopernveckast u npuKia-
Hast DKOJIOTHS», KOJIEKTU B J1abopaToput GHOMOHUTO-
punra nosapasisior Ceernany Bnagumuposmny Jlér-
teBy ¢ lO0Ouieem, Boipaskaior cepyeunyio oaarojpap-
HOCTH I HCKPEHHIOIO MPU3HATETLHOCTD 38 BHIUMAHIE
u mojyep:ry. Hemaem HaibHERIINX OCTUMKEH T
B peasin3aiiu HAMEUEHHbBIX TJIAHOB U YBEPEHDI B TOM,
4TO [OJ] €6 YYTKUM 1 MYIPBIM PYKOBOJCTBOM J[OCTU-
srerust Mineruryra 6uosoruu OyayT HpeyMHOMKATHCA,
a KOJUIEKTHB OYJIeT MOTOJHATHCSA TaJaHTIBBIM I
MOJIOJIBIMU MCCITIeIOBATEJISIMI, KOTOPBIE MTPOCIABST
POCCUTICKYIO HAYRY.

Or peiroJIIernn KypHaJsia <<Te0peTqu(:RaH 1 IIpuRrIagHasdg sROJOTuA»

1 KOJUIEKTUBA JTabopaTopum OMOMOHUTOPUHTA
T. . Amuxmuna
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