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[Tposenén 0630p n aHau3 JUTEePATYPHBIX JAHHBIX O HPUMEHEHNN OMOMETO/0B B 3allliTe J[peBeCUHbL OT JeficTBuA
MHIKPOOPrali3MOB-/IeCTPYKTOPOB. BasKIyIo poib B 3a11iTe ipeBeCHHbI OT JeCTPYKIIUT UTPAIOT TAKIE MIKPOOLI-aHTaTOHNCTBL,
Kak 1nanodakrepnn, Oanmiiasl 1 Mukpomuterst p. Trichoderma. VIx auraronucrinieckas akTHBHOCTb ITPOTHB MIUKPOOOB-
OuopaspyluTeseil CBsA3aHa ¢ CUHTE30M JIeTYUUX I HeJIeTyunX aHTHOMOTHKOB, JUIONPOTenioB U (DePMEHTOB-THPO/Ia3,
Pa3pPYLIAIONIIX Te WX HHbIe KOMIOHEHTBI KIeTOK MEKPOOOB-/[eCTPYKTOPOB NN HaPyLIIAIOMINX [IPOIIeCCh X MeTaboII3Ma.

MHuormue mpnpojiHbie COeiTHEHNA PACTUTETHLHOTO (dhUpPHBIe MACJIA, TAHNHBI, YKCTPAKTUBHLIE BEII[ECTBA JIPEBECIHBI)
1 SKUBOTHOTO HPOUCXOKIACHIA (IIPOLOJINC, XUTO3aH ) 00/1/{AI0T OO/IBIIIM IIOTEHIIA/IOM B 61103a1I{UTe JIPeBECUHBL OT OHOIIOB-
pesRIeHnii 61arofaps cBOeMyY YHIKAILIOMY IPUPOJAHOMY COCTABY, KOTOPBII IPUBOJMT K HAPYLIICHUIO JKU3HEeATeILHOCTIH
MUKPOOOB-JlecTPYKTOPOB. IIpenmyecrBaMy HpupoiHBIX COCINHEHNIT Tepeji CUHTeTHUeCKIMI aHTHCEIITHKAMI ABJIACTCA
X BO30OHOBJISIEMOCTD, PEHTA0CIBHOCTD Oy YCHISA I3 0TX00B, HeTOKCHUYHOCTH U 6e3BPE/HOCTD I OKPY;RAIOLICI CPe/IbL.
Hepocrarku, orpannumnBalomiye HCIOIL30BANNE IPIPOLHLIX AHTUCCITHROB: BBICOKAA IeTePOreHHOCTD B 3aBICUMOCTIH OT
NCTOYHNKA, 13 KOTOPOTO OHM TTOJIyYeHbI, JIEIKOe BhIIeTaunBaHne, HepaBHOMEPHAA aKTHBHOCTD TPOTHB OT/IeTHbHBIX BUJIOB
rpubOB, BLICOKAs BOCIIPUUMUYUBOCTL K O1opasnoskennio. Hexoropbie 13 5THX HELOCTATKOB MOKHO LIPEOJIOJICTH, COUCTAs
oprammyecKkie OMOIIIBL ¢ APYTUMEI KOHCePBAHTAMU PEBECIHbL.

Rparknit 0630p sinrepaTypHbBIX JAHHBIX TTOKA3bIBAET, YTO HAPAY ¢ XUMIYECKUMI METOJIaMI 3aIUThI J[PEBECHHbI OT
OUOIOBPEIKIIeHNIT 1116000 PA3HO HCII0IB30BATH U GIOJIOIHYECKIIE METO/IBI, KOTOPBIE XOTS U YCTYNAIOT 110 d(p(heRTUBHOCTH
LePBBIM, OFHAKO He 0KA3BIBAIOT BPEJHOTO BO3JCHCTBIA Ha OKPYIRAIONTYIO cpey. Ocobeno aeRTUBHLIM MOKET 0KA3aThCsA
COBMECTHOE NCIOJTb30BaHNEe CHHTETHYECKNX U IPUPOJIHBIX aHTHCENTHKOB.

Kaouesole crosa: apeBecuHa, 61’1()H()BI)(:‘?KI[6HHH, 6HOSHH_II’IT21, AHTHUCEIITURM MI’[KI)()6H()I‘(), PacTUTeJIbHOTO N ANBOTHOT'O
TIPONCXORJICHMNA.

Bioprotection of wood from microbial damage (review)
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A review and analysis of literature data on the use of biological methods in the protection of wood from the action of
wood-destructing microorganisms has been carried out. Antagonist microbes such as cyanobacteria, bacilli and micro-
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mycetes of g. Trichoderma play an important role in protecting wood from destruction. Their antagonistic activity against
biodegrading microbes is associated with the synthesis of volatile and nonvolatile antibiotics, lipoproteins and hydrolase
enzymes that destroy certain components of cells of wood-destructing microbes or disrupt their metabolic processes.
Many natural compounds of vegetable (essential oils, tannins, extractive substances of wood) and animal origin
(propolis, chitosan) have great potential in the bioprotection of wood from biodamage, due to their unique natural com-
position, which leads to disruption of the vital activity of destructor microbes. The advantages of natural compounds over
synthetic antiseptics are their renewability, cost-effectiveness of obtaining from waste, non-toxicity and environmental
friendliness. Disadvantages that limit the use of natural antiseptics are high heterogeneity depending on the source from
which they are obtained, easy leaching, uneven activity against certain fungal species, high susceptibility to biodegrada-

tion. Some of these shortcomings can be overcome by combining organic biocides with other wood preservatives.

A brief review of the literature data shows that, along with chemical methods of protecting wood from biodamage,
it is advisable to use biological methods, which, although inferior in efficiency to the first, do not have a harmful effect
on the environment. The combined use of synthetic and natural antiseptics can be especially effective.

Keywords: wood, biodamage, biosecurity, antiseptics of microbial, plant and animal origin.

Wcnonb3oBanue uapennii n3 peBecHbl Ha-
CUMTHIBAET HECKOJBKO Thicsiuesiernii. V B Haiie
BpeMsi, HeCMOTPSI Ha TOsBJAEHIE OIPOMHOTO
KOJMYeCTBA NCKYCCTBEHHBIX MaTepUasioB, MHTe-
pec K 1mopoOHBIM usfennsiMm He yracaer. [[pese-
CHMHA He 3aMeHIMa TPU CTPOUTEIHCTBE FKIJTBIX
W TIPOMBBOJICTBEHHBIX 3/IaHUII, W3TOTOBJIEHUN
Mebesn, TIaBAIOINX KOHCTPYKITUIA, CIIOPTUBHO-
rO MHBEHTAPS, ITCKUX UTpyIIer u T. i. OfHaKko
MO-TIPE;RHEMY YeJIOBEUECTRO CTATKUBAETCS ¢ ITPO-
0JIeMOTI TOPU N JIePeBAHHBIX U3JIEJIUI N3-34 COBO-
KYITHOCTH JIeHCTBYIONNX Ha Heé adnoTHYecKnx
n OMOTHYeCKUX (DAKTOPOB: BIAAKHOCTH, KICIOT-
HOCTU CpeJibl, COJIEBBIX U TeMIIepaTypHbIX BO3-
feiicTBIi, MUKPOOOB-IecTpyKTOpoB 1 T. 1. [1po-
OJieMa OUOITOBPEsKICHNUS J[PEBECUHBI, KOTOPas
yIKe He SIBJISIeTCS PACTYIIIM JIePeBOM, & BRIIOUeHA
B ITPOM3BOJICTBO, CBSI3AHA C T€M, YTO TIeJLTI003a —
IIPeKpacHbIil OprannvyecKkuii cyboerpar, muimia
IJISE PA3JUYHBIX PPYHI MUKPOOPTAHU3MOB,
B ITePBYIO ouepejih, TpndoB. BospeiictBie MUKpo-
OPraHu3MOB ITPOBOIMPYET MO BICHIE PA3TMYHBIX
PA3HOIBETHBIX TATEH, MOKPBITHE TOBEPXHOCTH
TIJIeCEHBIO, UTO IIPUBOJINT K CHUKEHUIO [TPOYHOCTI
npesecunnl [1]. Mukpobusie momynsmum B 61o-
mMarepuasie MOTYT ObITh OUeHb PA3HOOOPA3HbBIMN,
YTO 3aBUCHUT OT (DAKTOPOB BHEIITHEl cpejibl, BO3-
pacra JipeBecHHbI, YCJIOBUI XpaHeHUs , TeMIie-
paTypbl, BIQKHOCTH, COCTaBa SMIEUTOB JKIBOTO
nepesa u 1. 7. [looromy meobxommma pazpaboTka
ROMILTEKCA MEPOTIPUATHIA, OCHOBAHHBIX KaKk Ha
U3YyUeHUI MeXaHNU3MA BO3JICHCTRIS HA J[PEBECHHY
eé paszpymmreseil, Tak u Ha mogbope Ouorpera-
paToB M COoeiMHEHMIT, CTIOCOOHBIX OCTAHOBUTH
AKTUBHOCTDL PA3PYINUTENEH IPeBECUHbI.

B nacrosinee Bpemsi pazpaboraHbl MeTO-
JIUKN BbIJleJIeHUsI, KYJIbTHBUPOBAHNS U T1OCTIe-
AYIOIero nayuernust U3noJoruu u OUOXuMmuu
JiepeBopaspyHiaoIix, e PeBOOKPATNBAIOTIIX
rpubOB 1 bakTepuil [y 6osree TIyDOKOTO MCCIe-
MOBaHWA NX PEARINN Ha eHCcTBIE Pa3TIMIHBIX
aHTHCeNTUKOB [2].

[TorobHBIe padoOTHI 0OTETYATOT TIOWCK U TC-
npitane Hanbosee HAMEKHBIX, 3PPEKTUBHBIX
1 110 BO3MOZKHOCTH JIEIIEBBIX CII0COOOB 3aLUTHI
[IPEeBECHHBI OT IYOUTEIbHBIX 7151 Heé (PaKTOPOB.
BesycmoBo, B 60IBITIEI CTETIEHN N MCTOIH3YIOTCS
CITocoObBI BAIMUTHI J[PEBECUHBI, OCHOBAHHBIE Ha
MPUMEHEeHWN Pa3IMuHbIX aHTHCETITIHKOB, MeXa-
HU3M JIeHCTBUS KOTOPBIX 00YCJIOBIEH OJIOKIPO-
BaHMEM MUKPOOHBIX (DEPMEHTOB, BbI3BIBAIOIIINX
nectpykimio gpesecunbl [3]. Cpemy 3amuTHBIX
AHTHCETITUROB B TOCJEHIE TOJbI PacpocTpa-
HeHue IOJNYYUIN pelaparbl, CUHTe3UpyeMble
3 MPOMbBIIIJIEHHBIX OTXO/[OB pas3JNYHBIX IIPO-
U3BOJICTB [4, O].

Hapsiny ¢ atum mosipisiercst Bcé GoJiblie
CBEJICHNIT 00 MCTOMB3OBAHNN OPTAHNICCKIX
COelII/IHeHI/Iﬁ PACTUTEJBHOTO U KMUBOTHOTO ITPO-
WCXORIIEHNUS, & TARMKE MCIOJIB30BAHMS OUOTIpe-
mapaTon, COJAePsRAMMUX KYJIbTYPhl MUKPOOOB-
AHTATOHUCTOB, HAPYIIAIOINX JIeCTPYKTHBHBII
MOTEHIHA Pa3pylinTeseil ipeBecuHbl.

[less nanmoit padboThl — 0030 1 AHAJINS JTUTE-
PATYPHBIX IAHHBIX 0 BOBMOYKHOCTH TPUMEHEH ST
OMOJIOTMYECKIX METOJIOB B 3AIUTE J[PEBECUHDI
OT JIeCTBUA MIKPOOPTAHN3MOB-/IECTPYKTOPOB.

O0BbeKTBI 1 MEeTOBI MCCACOBAHIS

Jlnsa manucanus o630pa MCTOJNB30BAHDI
aureparypsbie ucrounnku ¢ 1993 o 2022 rr.
n3 0a3bl JJAHHBIX HAYYHOW DIEKTPOHHON Ou1-
onmorexku. OO0CYKIAIOTCA U aHAJUBUPYIOTCS
nyoanKamuu BeJyInx OTeYecTBeHHBIX U 3a-
PYOeKHBIX YUEHBIX-UCCTe0BATEel O POJIN
MUKPOOOB-pa3pyIiuTeeil IpeBecuinl n DaK-
TePUIT-AHTATOHUCTOR, TPOSABISAIONINX CTIOCOD-
HOCTH K OMO3ATINTe IPEBECUHBI OT OMOMOBPEsK-
fleHunii 6yarofgaps cBoeil CocoOHOCTI HAPYIIaTh
JKIBHEEesATeJIbHOCTh MUKPOOOB-IeCTPYKTOPOB.

HOI/ICK NCTOUYHWKOB ITPOBOANJIN TTPU TTIOMOIITN
nonckoBbix cucrem umerc u Google, a rakske Ha
caiite eLIBRARY.RU 110 nonckoBbiM 3aripocam:
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«MUKPOOHBIE TOBPEKIEHNS [IPeBECUHBI», «(HUTO-
[aTOTeHbI JIPEBECUHBI» , « MUKPOOBI-/IECTPYKTOPBI
JIPEBECUHBI», < MIUKPOOBI-AaHTATOHUCTHI», «3aTTN-
Ta JIpeBECUHbI», «dPUPHBIE MACJa», < TyOUTbHBIE
BeIecTBa», «<IKCTPAKTUBHbBIE BEIleCTBa», «XUTO-
3aH», «ITPOTTOJINCY.

MukpoOsI — nHoTeHIATbHbIE aTEHTHI B 3alIITe
JpeBeCHBIX U3/IeJ NIl OT pa3pylieHus

Buomospesxgenmne apeBecuHbl TPOBOIN-
pyercsi He TOJBLKO MUKpobamm-carmpoduramu,
HO U MUKPOOGAME-OTIIOPTYHUCTAME, KOTOPbHIe
B OTCYTCTBUE JKMBHIX PACTEHMIT CIIOCOOHDI B Ka-
YecTBE MCTOUHMKA TTUTAHUSA MePexXo/uTh Ha NC-
moJb30Banme MEpTBOI fipeBecuubl. [IpeBecnna,
MCIIOTB3YeMast TIOBLMU JIJIs TPUTOTOBICHIS Pas-
JUUHBIX W3JETNH, TPeICTaBIACT B DTOM TIIaHe
TOMHOMEHHBIN ¢ydcTpar MUTAHus [IJIs MHOTHX
TPYIIT MIKPOOPTAaHT3MOB. BeposaTHo, ocTamoBKY
PAZMHOKEHIS 1 PA3BUTHA MOTOOHBIX T[EJITI0N0-
30JIUTUKOB CTIOCOOHBI OCYIIEeCTBIIATE T€ JKe TPYII-
Bl MUKPOOPTaHU3MOB, KOTOPEIE MCTIOIB3YIOT [T
00pbHOBI ¢ PUTOMTATOTEHAMI.

0630p JIMTEPaTYPHBIX JAHHBIX TTOKAa3bIBAeT,
uyrTo HanboJaee MepCHeKTUBHBIMI B DTOM ILIaHe
MOKHO CUUTATH CJACYIONNEe IPYITTHI AHTATOH M-
CTOB: IMaHO0AKRTePUH, DAL T MITKPOMUTIETHI
p. Trichoderma, KOTOPBHIX 00 BENHACT HECKOTBKO
001X ocoberHocTei. K nx ancay oTHOCUTCS BBI-
COKAs CTETIeHD IaTITaT[i’ K CTPECCOBBIM YCIOBH -
SIM BHETITHEH CPeJIbl; TOCTATOUHO BHICOKIE TeMITBI
PAaZMHOKEHISA MHOTUX BIUIOB; HATMUNE 0COOLIX
MOP(MOTOTHIECKUX CTPYKTYP, 00eCTIed nBAIOIIX
mepesRmBanme HebIaromPUATHBIX YCIOBUIL;
BBIJle/IeHe DK30MeTa0O0JNTOB, HAPYIIAOINX
FRUBHEHHBIE TTPOTECCHI UYFKePOIHBIX CITYTHIKOB.
[Tosromy B marnom 0630pe Mbl OCTAHOBUMCS
TOJBLKO HA ATOI IPYIITIe MUKPOOOB-aHTATOHWCTOR.

Cpenn mmanobakTepnii HAMBHICTIIASA CITO-
CcOOHOCTH K CHHTE3Y aHTATOHUCTUUCCKUX MeTa-
OOJNTOB OTMEUACTCS Y TPECTaBUTENICH POSIOB
Phormidium, Microcoleus, Fischerella, Nostoc,
Anabaena [6—11]. Cpenu 3k30MeTabOJIUTOR
BCTPEUATOTCS TOMNTENTHAB, aMIHOKMCIOTH,
MOIMCAXapuAbl, OpTamndeckne KICAOTHI, aj-
rasounnl, antTudbuoruru [12]. B wacruoctu,
K YMCJTy THano0akTe praibHbIX 9K30MeTab0 T NTOR
AHTUTPIOHOTO 1 AHTHOAKTePUATHHOTO JIeHCTBUS
OTHOCATCS JIUIOTCITULI, BhIJCJCHHbIC 13 Ha-
semuoii nuanodbaxrepun Nostoc commune. V3
aKCcKperoB Fisherella ambigua BbijiesieH URIN-
YeCKUIT TTONITMEP MapCUTIH 1 aMKATOUIBI aMOm-
rox A m amburon B, obmasatorne aHTUrpuoOHOIT
AKTUBHOCTHIO. AHTHTPUOHAS AKTUBHOCTH OTMe-
yema 1 st APYTON TmaHobaKTepun HTOT0 poja

F. muscicola [13-18]. Clioco6HOCTHIO BBIJIEATH
BellecTBa aHTNOAKTepUaTbHON 1 aHTUTPUOHOT
AKTUBHOCTU 00JIaIat0OT He TOJbHKO OT[eJbHbIe
BUJIbI [IMAHOOAKTEPUIl, HO U HPUPOJHbIe DaK-
repuanbubie coodmiecrsa. llokazano, nanpu-
Mep, UTO B KYJbTYpPaJdbHOIl cpejie Moj00HBIX
COODIeCTB HAXOJATCS HACHIIEHHBIC, HEHACHI-
MMEHHBIC I apOMATHYeCKIe YIJIeBOOPOJIbI, Kap-
6omoBBIe KUCTOTH, (DeHOTbLHBIe T TePIeHOBHIe
coefMHeH s U uX npousBopubie [19].

Kpowme Toro, ocobennocTh puzmomornn
MIanobaKTepuil 3aKITOYAETCS e1Ié U B TOM, 4YTO
MX HK30MeTabOoJIUTH SIBJISIFOTCS MECTOM Pa3MHO-
JKEHUS 11eJI0T0 psijia canpoTpodHbIX GaKkTepuil,
MHOTHEe 13 KOTOPHIX 003/ jal0T aHTarOHMCTH-
YeCKUMU CBOWCTBaMU, TIPU 3TOM UX OuoMacca
MOJKET COCTaBAATL OT 3 10 12% 6uomaces nua-
mobakrepnit [20].

Bujibl rpamiiosioskuresibHbIX OaKrepuii p. Ba-
cillus m3BecTHHI RAKR HAMOOJee MCIOTb3yeMble
B OMOTeXHOIOTHIECKIX TTPON3BOJICTBAX € IETHIO
oJTyueH st OnorpenapaToB 1 MeTaboaNTOB, TP -
MeHsIeMbIX B MeJINI[He, BeTePUHAPIN, CeTHCKOM
X03s1icTBe, MUIEBOIl MPOMBINIIeHHOCTH. Tak,
OJTHUM 13 JIOCTOMHCTB DaKTepuii 9TOTO pojia
SABJISIETCS CIIOCOOHOCTH K CIIOPOOOPa30BAHMIO
B HEOIATOIPUATHBIX YCJIOBUSX 1, CJII0BATETHHO,
BO3MOJKHOCTD JIJINTEJILHOTO XpaHeHusi OaKTepi-
aJbHBIX RYJIBTYD 1in O1orperaparoB 6e3 morepu
MOJIe3HBIX CBOICTB. BbisiBIeHbI BajKHbIE s
OMO3aINTLI OT pa3pylieHnst ¢BOMCTBA AT
K Huwm, B yacTHOCTH, MOJKHO OTHECTH CTIOCOOHOCTD
CUHTE3NPOBATH W BBIEIATH B ORPYKAIONIYIO
cpeny sunonentuubt [21]. JInmomenruabt 6aimnin
O04YeHb MHOTOOOPA3HbBI, YCTOWUNBEI K THPOJINIY
YY;KRePOIHBIMY TIeNITH/a3aM 1, HeUYBCTBUTEIbHBI
K OKMCJIEHUIO 1 JIeHCTBUIO BHICOKUX TeMIiepa-
Typ. AHTUOMOTIYECKIEe CBOICTBA DA PHBIX
JIUTIONEITUIOB CBA3BIBAIOT ¢ UX CIIOCOOHOCTHIO
HapyHIaTh IPOHUIIAEMOCTh [IUTOIIa3MAaTHYeCKOI
MeMOpaHbl MUKPOOHBIX KJIeTOK, JPOPMUPOBATH
B Hell IOPHI U, B KOHEYHOM HTOTe, paspyliaTh
MIKPOOHYI0 KIeTRY [22—24]. Ocobbiit akienT
AHTHOMOTUYECKOT aKTUBHOCTH JIMTIOTICTITUIIOB
OaTIIII flestaeTces Ha CHIReH TN JIeCTPYRITNOHHOT
arTUBHOCTH hy3apues, CIOCOOHBIX PazpymiaTh
RaK JKUBYIO, TAK 1 MEPTBYIO jipeBecuny [24].
AP PeRTuBHOCTL AHTHHY3aAPUOZHOTO KOHTPOJIS
¢ TIOMOIIbI0 Garuia 6azupyercs He TOJTbLKO Ha
cUHTe3e aHTHOMOTUKOB, HO 1 CIIOCOOHOCTN DaK-
Tepuii JAHHOTO POJia K MPOYIIMPOBAHMIO JTNTH -
YecKNX HK30hepMEHTOB (XUTUHAZBI, IPOTEA3bI,
IJIIOKAHA3bI ), PA3PYIIAIONINX KIETOYHYIO CTeHKY
rpuboB [25].

Wsydyenne BO3ZMOYKHOCTU MCITOAb30BAHMS
OATMIT-aHTATOHUCTOB JIJIs OMOROHTPOJIS TPUOOB,
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pPaspyHIaouxX ChIpyIo PEeBeCHHY, BBISBUIO X
CIOCOOHOCTh K CUHTE3Y MUKOJIUTHYECKUX (hep-
MEHTOB U ITPOsiBJIeHITe MOP(MOTOTHIECKNX N3Me-
HeHi TpuboB-pazpyuinresieii B GOPMUPOBAHIT
Ha pasBmBaIMUXcsa rudax cheporracton [26].

Cpenn nipesicraButesieii 9Toro popa ocoboe
Mecrto 3anumaer B. subtilis, OMOXNUMIYECKIM
0CODEHHOCTSIM, & TaK;Ke aHTUOAKTepHaIbHBIM,
AHTUTPUOHBIM, AaHTUBUPYCHBIM CITOCOOHOCTSIM
KOTOPOM IOCBsAIIEHBI lecsaTku pador. B uacr-
HOCTH, B psijie 0030pOB MOJUEPKUBACTCS, UTO
COCTaB XUMUYECKUX COSJIMHEHWT, BhIJIeNeMbIX
B. subtilis, oripeniesnsiercst €6 reHeTUYeCKUMEI 0CO-
OEHHOCTSMU 1 YCJIOBUSIME OKPYKAIOIIET Cpejibl.
CriocobHOCTh K CMHTE3Y BTOPUYHBLIX MeTaboJI-
TOB, TAKUX KaK JUIOMENTUIbie aHTUOMOTUKY,
[03BOJISIET JJAHHOMY BUJY OaliuJul JIeiicTBOBAThH
yrueraoiie 6onee yem ua 20 BupoB guromnaro-
reroB [27-29]. K yncay takux aHTuOMOTHROB
OTHOCATCsT cypharkTu, MUKOCYOTUINH, UTY-
puH, OAIUATOMUITNH, IeHCTBIe KOTOPHIX Ha
rpubHble 1 DaKkTepualbHble KJICTKU HPOsBJI-
ercst B QOPMUPOBAHNN NOHOTIPOHUIIAEMBIX TIOP
B [IUTOTIJIA3MAaTHYECKON MeMOpaHe yraeTaeMbIx
raetor [30-32].

Mukpomuners p. Trichoderma pasno us-
BECTHBI KaK aKTUBHBIE TTPOJIYIEHThI MMITPOKOTO
CIIeKTpa OMOJOTMYECKN aKTUBHBIX BEIECTB,
BRJIOUas 9K30(epMeHTHI, paspyiaoime mo-
JUMePHl PA3TUIHOTO TTPONCXOKAeHn [33—-36].
[Tperaparst Ha ocnose rpudoB p. Trichoderma wnc-
[OJIb3YIOTCS JIJIsI B UTHI Kpyrioro geca: 1. har-
cianum n T. lignorum TMoORaBJIsSIOT pa3BuUTHE
MJIECHEeBLIX I'PIOOB HA TTOBEPXHOCTH CHIPOI Jipe-
BecuHsbl [4].

bBuronornueckoe camkenme Bo3eiicTBus Pu-
TOMATOTEHORB, B TOM ULCJIE, IEPEBOPA3PYIIATOTIIX
rpuboB, pejcrasuresnu p. Trichoderma ocymecr-
BJISTIOT ITYTEM TTPSIMOTO TTapa3uTH3Ma, KOHKYpeH-
UM 1 CUHTe3a aHTUOMOTUYECKUX COeJIMHEeHMII,
[IPU HTOM BO MHOTOM JIAHHbIE MEXaHU3MbI SIBJISTFOTCS
B3aMMOJIOTIOJTHAIOTIIMU 1 JIEHICTBYIOT CUHEPTUYHO
[37]. [pexcrasurenn Trichoderma spp. mpo-
AYIUPYIOT MUPOKUI CIIEKTP aHTUMUKPOOHBIX
COeIMHEH NI, B TOM Umcie (DepMeHTHI, pa3pyTiai-
e RICTOUHYIO CTeHKY MUTITeHH, CHepodOphl,
XeJATUPYIOIIIe FKeIe30, & TAKKe 3HAUNTE/IbHOe
ROJIMYECTRO JIETYUNX U HEJIETYUNX aHTHOMOTHKOB
[38]. BoisiByien mramm 7. viride, Buijiensiionuit
BOJIOPACTBOPUMBIE AHTUOMOTUK Y, TIOIABJISIONTI1e
pa3BuTIe OMOECTPYRTOPOB pooB Aspergillus,
Penicillium, Cladosporium, Chaetomium [39].
He tonbko BogopactBOpuMBIe aHTHOMOTHK,
HO U PsIJi JTIeTY4rX OPraHUdecKnux cOeJ[MHeHNII,
MPOAYIUPYEMbIX TPUXOAEPMOii, HATIpUMep,
AJBIETUHOT TIPUPOLI (reTITaHalb i OKTaHAID),

CITOCOOHBI TTPOSBIIATHL AHTUMIKOTHYECKYTO aK-
TUBHOCTH B yCJI0BUsAX in vitro [40].

[Tpu aToM, cnHTE3 1, KaK CJIefICTBIE, AHTUMU -
KpoOHast aKTUBHOCTH TAKUX COEJIMHEH W 3aBUCHUT
OT YCJIOBUIT KYJbTUBUPOBAHMUS, B YACTHOCTHU, OT
nuraresnbHoil cpejibl. Hampumep, npu Beipartiu-
BAHUN HA COJIOJIOBOM arape JeTyune CoeimHeHIs
TPUXOJePMbI OKA3bIBAJIM HHTHONPYIOTIlee BN -
HITe HA BCE NCCTeJOBAHHBIC TeCT-KYJIbTYPHI, B TO
BpeMs Kak 2P@erT ObLT He3HAUNTENHHBIM TIPH
KYJBTUBUPOBAHNN HA MIHUMAJIbHON arapoBoii
cpene [41].

Tarum ob6pa3om, aHTarOHNCTHYECKAsT AKTHB-
HOCTH IMaHOOAKTepUii, OATMIT 1 TPUXOIePMbI
MPOTUB MUKPOOOB-OMOpaspyninresnei qpese-
CUHBI UMeeT CXOJ[Hble MeXaHU3Mbl, CBsSI3aHHbBIE
C CHHTe30M JIETYUHX U HeJIeTYYnX aHTUONOTHKOB,
JaumonporenioB n epMeHTOB-THPOIA3, pa3-
PYIIAIONINX Te WM WHbIe KOMITOHEHTHI KJIeTOR
MHKPOOOB-/IECTPYKTOPOB WM HAPYIIAIOIINX
MPOIECChl NX MeTaboan3Ma.

BeuiecrBa pacturebHOTO IPONCXOKRICHMSI,
3aIuUIIaIne peBecuHy

B 3amure qpeBecunbl 0T MUKPOOHBIX 110-
Bpesk/eHnii ocodas poib MPUHAIJIEKUT Bele-
CTBAM PACTUTETHLHOTO IIPOUCXOKIeH IS, BhICOKOT
AHTATOHMCTUYECKON aKTUBHOCTHIO 00/1a/a0T
TaKkue BelecTBa BTOPUYHOTO MPOUCXOFKIEHUS,
Kak aupHbIe Macjaa, TAHUHBI, DKCTPAKTHBHBIE
BeIecTBa JIPeBECUHbBI, KOTOPbIe MOYKHO paccMa-
TPUBATH B KAYECTBE aJIBTePHATHBBI XUMIUYECKIM
AHTHCETITHKAM.

Jddupusie Mmacia, obpazyeMbie pacTeHNMsI-
MU, — JIETYU e, ¢ XapaKTePHbIM CUTLHBIM 3a1TaX0M
1 BKYCOM, MaCJIsIHICTDBIE, HEPACTBOPUMbIE B BOJIE,
B OCHOBHOM OecI|BeTHbIe WJIN cJaaD00KpalieH-
HbIe JKUJKOCTU. VIMeroT ype3BbIYaiiHO CUIbHBIE
(pusuosiornvueckue u papmMaroJIOrnIECKIE CBOI-
cTBa. Y CTaHOBJIEHA BHICOKASI IPOTUBOrPUOKOBas
s PerTUBHOCTL Maces OejipeHIa aHMCOBOTO
(Pimpinella anisum), 6azuanka QynimncToro
(Ocimum basilicum), TMuHa 00BIKHOBEHHOTO
(Carum carvi), gymmigst o0bIKHOBeHHOT (Origa-
num vulgare), tumbsina odobikHoBeHHOTO (Thymus
vulgaris) [42], kopuunnka neinonckoro (Cin-
namomum zeylanicum) [43], wennobopoHIKA
numonnoro (Cymbopogon citratus), neraproHnu
apomarHnoii (Pelargonium graveolens), TBo3nn4-
HoTO JlepeBa (Syzygium aromaticum) [44], cocHb
seécTroN (Pinus rigida), sBRaINITa KaMajyIb-
ckoro (Fucalyptus camaldulensis) [49], numa
nuaniickoro (Azadirachta indica) [46]. Oma
00ycJIoBJIeHA IPUCYTCTBIEM B MacJjiaX MOHOTep-
MeHOB: B-TUTPOHEIIONA, RaPBAKPOJIA, IUTPAJIS,
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HBreHOJIa, N30IBIEHOJA, TePAHNOJIa, TUMOJIA,
KOPUYHOTO M 0.-MeTUJIKOPUYHOTO aJIbleTH/ 0B,
2-MeTUJIROPUYHON KUCJIOTHI, O-KaJNHOJIA, JJIe-
Moja u azagupaxtuHa [47]. Hepocrarkom mce-
0JIb30BAHUSI MACEJI SIBJISIETCSI TO, YTO OHU JIETKO
BBIIIETAUNBAIOTCS U3 JIPEBECHHBI, UTO JIeJiaeT X
HeTPUTOHBIME JIJIsI 3AIMUTHI JIPEBECUHbBI, IKC-
IJIyaTupyeMoil Ha OTKPHITOM Bo3jyxe [43].

Tanunel. Tanws nn KyoMIbHBIE BEIEeCTBA
— 9710 o eHoTbHbIE TPUPOJIHBIE COSTNHEHS,
BhIpabarbiBaeMbie OOTBINTITHCTBOM BBICIITUX Pac-
TeHWH JIJIS 3aIUTHl UX OT MATOTeHHBIX MIUKPO-
OPTaHM3MOB U HACEKOMBIX. XBOWHbBIE J[ePEBbS
CUMTAIOTCS IIABHBIM NCTOUHIKOM TAaHNUHOB [48].
Bricorast mpornBorpnOKoBasi akTUBHOCTD yCTa-
HOBJIEHA JIJIsI DKCTPAKTOB 13 KOPbI COCHBI TTPH-
Mopcrot (Pinus pinaster), cOCHBI KamadpuitcKoit
(Pinus brutia), nuxtel Hopamana (Abies nordma-
nniana), Kazyapunsl xBotesuanoi (Casuarina
equiselifolia) [49], us nucrber pyda BajOHUS
(Quercus macrolepis) [50].

HenocraTok memomb3oBanmsi TAHNHOB Kak
AHTUCENITHKOB — X IJI0Xast (PUKCATHS B CTPYRTY-
pe peBecuHbl 1 ObIcTpoe BhienaunBanme. [
3aKpeIIeHsI TAHMHORB B KIETOUHOM CTeHKE Jipe-
BECUHBI MOTYT OBITh NCTIOTb30BAHBI OTBEPIATEH,
HaIpuMep, reKcaMiH, XuMnJyeckas MondnKa-
ISl TAHUHOB U y/laJIeHe HU3KOMOJIeKYJ/ s PHbIX
coefiHeH Mt yTém puanmusa [d1].

JKCTPAKTHUBHBIE BelecTBa PeBeCUHBI.
Hexroropbie mopojibl ipeBecHbl 001a1al0T Bbi-
COROIT eCTECTBEHHON YCTONUMBOCTHIO K THUEHUIO
M3-3a TMPUCYTCTBIS PA3JTMUHBIX DKCTPAKTHB-
HBIX BEIeCTB, KOTOPbHIe TMPeICTaBIsIOT coDoii
pasHooOpasHble HECTPYKTYPHbBIE KOMITOHEHTHI
JpeBecuHbI, BhipabarthiBaeMbie B KauecTBe 3a-
HATHL OT CTPECCOB, B OCHOBHOM HaXOJATINECH
B cepjiiieBIHe ipeBecnHbl. VX MOKHO pasiennth
Ha JiBe Ipynmbl: ajudarnyeckie, aaninKInye-
CKUe coeffnHenns (TeprneHon bl 1 Tepriensbl) u dhe-
HOJIbHBIE coefiuHens (PIaBOHOUIBI U YyOUIIb-
Hble BetriecTBa). VIx npornBorpudkosas sadder-
TUBHOCTH MOJKET ObITh OCHOBAHA HA PA3TUYHBIX
MeXaHN3Max, BRI0YAs IIPSIMOe B3aIMO/IeICTRIEe
¢ pepmenrtamu rpubOB, HAPYIIEHIE CTPYKTYPHI
RJIETOYHBIX CTEHOK W KIETOYHLIX MeMOpaH uian
AHTUOKCUIAHTHYIO aKTUBHOCTH D2, D3].

[TorenTmaTbHO TPOMBITIIEHHBIE OTXOIBI OT
06paboOTKM TTPOYHBIX TTOPOJ| JIPEBECUHBI MOTYT
CIYRUTH MCTOYHUKOM HATYPaJIbHBIX KOMMeEp-
YeCKN BBITOIHBIX OMOINIIOB, KOTOPbIe MOKHO
MCTOJIHL30BATE [T 00PabOTKI MeHee MPOUYHO
JIPEBECHHBI.

Boicokoit TpouyHOCTBIO U YCTONUYMBOCTHIO
K TpOKOBOMY Pas/iOKeHUI0 XapaKTePU3yercs
TukroBoe jiepeBo (Tectona grandis) 3a c4éT TakMX

HKCTPARTUBHBIX COEJITMHEH NI, KAK aHTPAXNHITHBI,
T@RTOXMHOHBI, JIe30KCUIATaxX0J, 130Jamaxos
7 IeTHPOTERTON |94, 99].

YeroliunBOCTL HEITPOYHOT Cep/IeBUHbI €11
esporeiickoit (Picea abies) k 6ypoit rauam 00y-
CJIOBJIEHA HaJIUM4YneM (DYHTUTOKCUYHON TH/PO-
(ho6HOIT cMOJIBI, & CPeIHETTPOUHON Cep/IIeBUHbBI
JMUCTBEHHUTBI RYpulibekoit (Larix kurilensis) —
OOJIBIITNM KOJTMYECTBOM PA3TUYHBIX aHTHOKCH-
nauToB [96].

[Torkazana mpoTuBOrpnOROBas aKTUBHOCTh
HKCTPAKTOB KopnaHnKka kamdopuoro (Cinnamo-
mum camphora), 00yCJIOBI€HHAS TPUCYTCTBIEM
B DKCTpaKTe KaMMophl 1 a-reprnHeona [d7].

IRCTPAKTHI ipeBecnubl nceporcyru Men-
suca (Pseudotsuga menziesii), Kunapuca HyT-
raucroro (Callitropsis nootkatensis), MOm®e-
BesbHUKA 3anajgHoro (Juniperus occidentalis),
rasorenpyca nmsberaiorero (Calocedrus decur-
rens) MOTYT YMEHBIIUThL PocT mecern [d8], HO
He CTIOCOOHBI TTOJTHOCTBIO 3AIMUTUTE J[PEBECUHY
OT TaTOTeHHBIX MUKpoMutieToB. [losTomy B Ka-
qecTBE MOTEHIMATbHON aTbTepHATIBBI TPaji-
IITOHHBIM CUCTeMaM 3aTIThI [PeBECTUHBI MOKHO
paccMarpmBaTh TOJBKO MHOTOKOMIIOHEHTHBIE
HKCTPAKTHI.

Haubonee pacripocrpanénnbie mpodIeMbl
JIPeBECHBIX dKCTPAKTOB, NPUMEHIeMbIX JIJIs
POTUBOTPUOKOBOI 0OPAabOTKN JIpeBECUHbI —
HETIOCTOSTHCTBO OMOJOTUYECKON aKTUBHOCTH,
BBIMBIBAEMOCTD U3 JipeBecuubl. UToOBI permmnrh
1po0JieMy BBIMbIBAEMOCTH, HeoOXouma gukca-
IIsT BKCTPAKTOB HA TTOBEPXHOCTHU JIPEBECUHBI C
MTOMOTILI0 (DEPMEHTATHBHBIX peakiiuii [H9].

JKCTPAKTBI IPYTUX PACTEHUIH. JKCTPAKTHI
ramennu kuraiickoit (Camellia sinensis) n roge
apasuiickoro (Coffea arabica) noxasann BbICO-
Koe mHrubupyioiiee peiicrsue Ha rpudont [60].
Mexanusm pyHTICcTaTHYECKOT AKTUBHOCTH KO-
(erHa BRIIOYAET €TO MOBPEKIAIOIIee JeiicTBIe
Ha KJIETOYHYIO CTEHKY U KJIETOUHYI0 MeMOpaHy
rpubos [61].

Bojrbie akerpakTsl Koeiinoi cepedbpuctoii
KOKRUIBI (OTXOJ] ITPOMBITIIEHHOTO TTpotiecca 00-
RApPRU Roe) cofiepKRaT XTOPOTeHOBYIO KICJIOTY
7 TPOMBBOJIHBIE ROPENHA, CIIOCOOHbIe MHTHOMPO-
BaTh POCT U pas3BUTHE [IATOTeHHBIX TpuboB [62].

HecmoTpsi Ha mepermeRTUBHOCTH 3ATATHI
JIpeBECUHBI OT MATOTeHHBIX IpuboB, Kodenn
JeTKO BBITIEJauyBaeTcsi U3 JIpeBeCUHbBI, YTO
SIBJISIETCST €70 OCHOBHBIM HeftocTatkoMm. Cradmim-
3UpOBaTh KOENH BHYTPU CTPYKTYPbI IPEBECUHbBI
MOJKHO C IMOMOIIbI0 KPeMHUITOPraHN4YeCcKuX
coenHen it [63].

Huskune koHenTpamm sKCTpaKkTa sijloBUTO-
ro pacreHus oneanjpa oobikHOBeHHOTO (Nerium
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oleander) obmagaroT TPOTHBOTPUOKOBOI aAKTHB-
HOCTHIO [64]. IKCTpaRTHl JAnUTIATIHUKA yCHeN
6opoparoii (Usnea filipendula) n omensr 6emnoit
(Viscum album) cHuskaim BOCHPUUMUYUBOCTH
IPEeBECUHBI COCHBI 00BIKHOBEHHOM (Pinus sylves-
tris) kK TpUOKOBOMY TIOpasKenuio [69].
YMepeHHbIe TTPOTHBOIIJIECHEBbIE CBONCTBA
PRCTpaKTa arkanum nBoBoit (Acacia saligna)
00yCIIOBIIEHBI IPUCYTCTBIIEM OEH30ITHOI KICIOTH,
rodenna, HapuHreHWHA 1 KBepieTrnHa [66]. Ire-
TPAKTHI TIOJ10B Butanuu caorsopuoit (Withania
somnifera) 3HaYNTEIHLHO OIPAHUYNBAIN POCT
Muiesns matToreHHbx rpu6os [67]. [Iporuso-
rpubKOBasi aKTUBHOCThH ATHX IKCTPAKTOB 00Y-
CJIOBJIEHA JIeTICTBUEM aJIKaJIONI0B, (DJIABOHOUIOB,
IJINKO3UJIOB, CAIIOHIHOB U JIyOUJIbHBIX BEITECTB.

Bemecrsa ;kuBOTHOTO MPOUCXOKICHNS,
3aIUTIAoIIHe {PeBecCuny

Bricoroit aperTnBHOCTHIO B 3a1iure jipe-
BECUHBI OT OMOTIOBPEskeHNT 001a/1a10T Tarkme
BeIIeCTBA 3 KUBOTHOTO TPOMCXOIRIEH NS, KAK TTPO-
MOJTNC U XUTOBAH.

IIpononme B 3ammmre pesecunsl. [Tporosme —
MPOYKT RUBHEIeATeIbHOCTH 11461, BhIpadaThi-
BaeMbIil UMW I YKPeIJIeHUs COT, TTOKPBITUS
cTeHoK yabes. [IpotuBorpnbRoBHIT a(pPerT aKC-
TpaKTa MPOIOJIINca BOCHOBHOM 00yCI0BIeH hra-
BOHOUIHBIMU 1 (PEHOTBbHBIMEI KOMIIOHEHTAM,
0COOEHHO XPUBMHOM, TaJTAHIHOM, ITHHODAHKCH -
HOM, KOPUUHON KUCJTOTON, ROPENHON KICTOTOI
1 UX IponsBogHbIMU [68].

ITaHOJBHBII DKCTPAKT Mporosnca dderTi-
BEH MIPOTHUB IJIECHEBBIX 'PUOOB, BCTPEUAIOTIINXCS
B penecune [69]. [lokazana mporuBorpubroBas
s heKTNBHOCTL HITAHOIBHOTO HKCTPAKTA TIPOITO-
auca B oruotrenun Penicillum nolalum: nopasmie-
HUe POcTa MUTIEJINS, PA3pyIeHne CTPYKTYpbI i)
7 IMTPOHUIAEMOCTH KaeTouHoit memoOpannr [70].
MeraHnosbHBIE 9KCTPAKTHI TIPOTIOJNICA OKABbI-
Ba/IM aHTUQYHTATbHOE JIeficTBIe HA TPUOBI PN
06paboTKe APeBeCHHBI COCHBI OOBIKHOBEHHOT
u nasnosuun [71]. Jlpesecuna romnosisi, o0opado-
TAHHAS PACTBOPOM MTPOTIONTca HoJiee YCTOUnBa
K Trametes versicolor, yem neobpaboranHas
npesecuna [72].

R Hemocratkam nemoib30BaHMS MTPOIOTNCA
MOJKHO OTHECTH BBICORYIO UYBCTBUTEJIHLHOCTD
00pabOTKI MTPOITOTNCOM K BHIMBIBAHWIO; CHITIKE-
HIle POTUBOIPUOKOBOTO JIEICTBIS ¢ TeYeHneM
BpeMeHU’, 4To MOsKeT ObITh CBSI3aHO ¢ O1opasJia-
raeMOCThIO OT/IeTbHBIX HHIPEINEeHTOB ITPOIOJINCA
[72,73].

XuTo3aHn B 3a1{ATe IPeBECUHbI. XUTO3aH —
MOJIMcaxapuyl, ABJISTIOIIICS KOMITOHEHTOM XUTH-

Ha. Vlcroununkamu nojydeHust XUTUHA sIBISIOTCS
HAHIUPU YWIEHUCTOHOTUX U OHoMacca MUKPO- 1
MaKpPOMMUIIETOB TPUOOB.

XHTO3aH MOJKET UCIIOTb30BATHC JIJIsT 3ATI1-
Thl J[PEBECUHBI OT JIEHCTBUSI TATOTeHHBIX MUKPO-
muieroB. [IpeBecuna tcyru ranajckoii (Tsuga
canadensis), obpaboTranHas XUTO3aHOM, ObLIa
OoJiee ycToiumBa K JeiicTBUi0 Oypoil u 6enoi
PHUJIM, YeM HeoOpabortanHas pgpesecuHa [74].
JlpeBecnna 6yra ropopuaroro (Fagus crenala),
cocHBI rycTonBeTkoBoil (Pinus densiflora)
u KputnroMepuu sroucroit (Cryptomeria japoni-
ca), obpaboTanHas XUTO3aHOM, DOJIee YCTOunBa
K TpubaM-paspyninIisM 1o cpaBHEHUIO ¢ HeoO-
paboTaHHOII ipeBecHOl [75].

[Tpu obpaboTke MUHI-OJOKOB U3 COCHBI
0OBIKHOBEHHOTI 4,8% PacTBOPOM BHICOKOMOJIEKY -
JISTPHOTO XUTO3aHA BBISIBJIEHA X YCTOMUYNBOCTD K
[eCTBUIO TIATOTEHHBIX 1 CATTPOQUTHBIX TPHOOB
[76].

Xwuroszan B Koumentpanuu 2% obmaagaer
GYHIMUIUAHON aKTUBHOCTBIO 110 OTHOIIEHIIO
K JIepeBOOKPAIINBAIONINM rpudam. XuTo3aHoBoe
MOKPBITHE 00eciednBaeT [octatrouHo dHerTnB-
HYIO0 3aII[UTY MIJIOMATepUAaJIoB 1 IIPU CPOKaX Xpa-
Henus He 6osiee 10 iHeil He TpeOyeT puMeHeH st
TOTIOJTHUTEJIBHBIX aHTUCEIITHROB [77].

Yeramnopaena mporuBorpuoroBas s gek-
TUBHOCTH D% pacTBOpa HU3KOMOJIEKYJISPHOTO
XUTO3aHa, NCIMOTL3YeMOTo pn 06paboTre fpe-
BECHBI M3 COCHLI OOBIKHOBEHION 1 Oyka [78].
[Torazana sapperTnBHOCTL 06PAOOTKN XUTO3A-
HOM COCHBI ¢MOJIAAHON (Pinus resinosa) mpoTnB
MUKPOMUIIETOB, BBIJIETEHHBIX ¢ apXeoaornye-
CKUX 00pasIoB jpesecutbl, pu stoMm s dek-
TUBHOCTH 3AIMMUTHI YBEJTNUYMBACTCS ¢ POCTOM €T0
rouuenrparuu [79].

XwuTo3aH MoKeT 00pa3oBbIBATHL MeMOpaHy
BHYTPH CTPYKTYPbI JIpEBECUHbI, KOTOPasi SBJIsIET-
cst 6apbepoM JIJisi BJIaTu, BO3yXa I 3aJiepsRuBaer
JIPyTie 4acTullbl, HPEnsITCTBYS UX BbIMbIBAHUIO
u3 apesecunsl [78]. [lpumenenne ero B couera-
HIKM ¢ KOHCePBAHTaMU HA OCHOBE MeJI, IITHKA,
cepeOpa, XpOMUPOBAHHOTO apceHaTa Men WJin
TeOYKOHA30JI0M TPUBOJNT K Gostee d3hpeRTIBHOI
3aluTe [peBecubl oT miecenu [63].

[lpumeneHme KOMIIEKCHOTO MOJXO0/a
B 60pnbe ¢ lepeBOpa3pymaomuMu rpudamMmn
¢ mermonw3zoBanuem ITrichoderma harzianum
B COUYETAHWN ¢ XMTO3aHOM ITOKa3bIBaeT BHICO-
Kyt apperruBrOCTH [80].

Takum oOpa3oM, IPUPOJHBIE COEJIIMHEHNS
pPaCTUTEJILHOTO U JKMUBOTHOTO ITPOUCXOMKIIEHNU S
MPEJICTaBISIOT OTPOMHBIN TIOTEHI[NA B 3allTe
[IPEBECUHBI, TOCKOILKY 00JIaJIal0T ITHPOKNM CIIeK-
TPOM aHTUMUKPOOHOT akTuBHOCTI. OHY SIBJISIOTCS

1
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BO30OHOBJISIEMBIMU, JIETROJOCTYITHBIMI WU PEH-
TabeJIHLHO [MOJIy4aeMbIMU U3 OTXOJIOB, HETOKCUYHbI
uian o0IAAI0T TOPA30 MEHBITIEH TOKCHYHOCTHIO,
qeM TPAIUIMOHHBIC XUMIYeCKIe OMOTH/IbT, 1 6es-
BpeJIHbI JJIsl ORpYsRatolieil cpefbl. OnHARO OHU
TaKyKe NMeI0T HEKOTOPbie OTPaHNYeHUs, B TOM
YHCJIe BBICOKYIO TeTePOreHHOCTh B 3aBUCHMOCTH OT
MCTOYHUKA, 13 KOTOPOIO OHU I1OJTydeHbl (HAIpu-
Mep, TTPOTONNC, dPUPHBIE MACA, SRCTPAKTHI JIpe-
BECUHBI ), OTCYTCTBIE HAJJIRATIETO YIe PRI BAHIS
BHYTPU MPOMUTAHHON PeBECHON TRAHM, JETKOE
BBIITEIAYNBAHIE, CETIEKTUBHYTO U HepaBHOMep-
HYIO0 aRTUBHOCTD ITPOTUB OTIETHLHBIX BUIOB TPUOOB,
BBICOKYIO BOCHIPUUMYHMBOCTH K OUOPABTOKEHUIO.
Heroropblie 13 5TX HEOCTATKOB MOFKHO PEIIHTH,
coueTasi opraHnyecKue OUOIUJIbI ¢ IPYTUMU KOH-
cepBaHTAMMU J[PEBECHHDI.

3araoueHue

Amnanm3a muTepaTypHbIX MCTOUHWKOB 110 BO3-
MOJKHOCTH MCTIOTH30BAHIS ONOMETOJIOB B 3aIIITe
JIPEeBECHHBI OT JICCTPYKTUBHOI aKTUBHOCTH DaK-
Tepuii M TpUOOB MOKA3BIBACT, YTO BAKHYIO POJIbH
B OTOM IPOIIECCe MOTYT UTPATh TaKNe MIUKPOObI-
AHTATOHUCTHI, KaK IuanobakTepun, Garuiibl
n tpuxosiepma. VIx crocobHOCTh K MUKpoObHoOCcTA-
TUYECKOMY WJIN MUKPOOOIUIHOMY el CTBUIO
Oasupyercs Ha CHHTe3e U BBIIEJICHUN HK30MeTa-
60JINTOB, 00JIAIAIOTIX AHTHOMOTHYECKOT 1 (hep-
MeHTaTI/IBHOﬁ AKTUBHOCTBIO, KOTOPLIE TTPUBOAAT
K TeM WU UHBIM HapYLIEHUSAM B CTPYKTYpe WJn
(pyHRIIMOHTPOBAHNT MUKPOOOB-pa3pymuTenei
JIPeBECUHBI.

[Ipupojrbie coeuHeHNsT PACTUTEIBHOTO
(apupHbBIe Macsa, {yOnabHbIE BEIeCTBa, dKC-
TPAKTUBHBIE BEIeCTBA IPEBECHHBI) 1 3KUBOTHOTO
MPOMCXOKICHUS (ITPOITOJIIC, XUTO3aH ) 00JIa/aioT
CYIIEeCTBeHHBIM OTEHITNATOM B Grio3atiure jipe-
BECHHBI OT OMOMTOBPERIACHNUI, Oarogaps cBoeit
CIOCOOHOCTU HAPYIIATh JKUZHEIEeATeTbHOCTh
MUKPOOOB-IeCTPYKTOPOB. Bombimim x mocroni-
CTBOM SIBJISIIOTCST BOBOOHOBJISIEMOCTD, peHTa0e I h-
HOCTDH IOJIyU€HUA 13 OTXOA0B, HETOKCUMYHOCTDH
110 CPABHEHUIO ¢ MIUHEPAJIbHBIMI OUOIUIAMEI 1
0e3BPEeIHOCTD JIJIsT OKPYIKATIOTIeH Cpe/ibl.

BesycaoBro, monanbiii mepexoj Ha 6mosa-
MUTY OT OMOTOBPEKICHUIT ¢ MTOMOIHI0 MITKPO-
OMOJIOTMYeCKIX ITPernapaToB MAN Ipernaparosn
JKUBOTHOTO W PACTHTEILHOTO MTPONCXOMKICHIS
He peasieH. Bcerja B npnopurere OymyT Xumu-
YeCKIe MeTO/IbI 3AIIUTHI, OTHAKO Jlaske KPaTKUIT
0030p JTUTEPATYPHBIX TAHHBIX MTOKA3BIBAET, UTO
B apCeHasl MeTOJIOB 3aTHUThI IPEBECUHBI OT OO~
TOBPERICHIUI T[eIec000pas3Ho BRIAOYATL T O110-
Ipernaparsl.

Paboma evinoanena 6 pamrax zocydapcmaeen-
noeo 3adanus U6 OUI| Komu HI] YpO PAH no
meme «Cmpykmypa w cocmosHue KOMROHEHINO0E
MEXHOCHHBLY IKOCUCTEM NOO3OHBL I0JICHOLL Maileiy,
nomep 2ocydapcmeennoi pezucmpauyuu ¢ EI'HCY
Ne 1220401000325.
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An adequate sample size and a reliable statistical power is required for accurately estimating vegetation charac-
teristics and proper interpretation of research results. The sample size depends on the significance level, power of test
and effect size. An appropriate equation for determination of sample size and power must be selected in accordance with
the measurement scale, distribution of data, type of research and statistical analysis test. In this paper, equations were
explained for calculating sample size and power for the most frequently used nonparametric tests in vegetation studies
including the sign test, Wilcoxon signed rank, Mann-Whitney U, Kruskal-Wallis, Spearman rank correlation, Chi-square
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Jl7st TOUHOT OIEHKN XapaKTepPUCTUK PACTUTETLHOCTI U HaJjIesRalleil MHTepIpeTanini pe3yabraToB UCCael0BaHmI
TpedyeTcs aJleKBATHBIN pasMep BRIOOPKE 1 HAIGKHAS CTATHCTHYECKAs MOIIHOCTh. PagMep BLIOOPKI 3aBUCUT OT YPOBHSI
3HAYNMOCTH, CTATHCTIYECKOI MOTIIHOCTH TecTa 1 pazmepa agderra. CoorBercTByioriee ypaBHeHue ijist orpesieseHis pazsmepa
BBIOOPKI 1 MOTITHOCTH JIOJFKHO ObITh BBIOPAHO B COOTBETCTBITE ¢ MACIITAOOM H3MEPEHIS, pACIPe/ie/IeHIeM JJaHHbIX, THIIOM
UCCIIEOBAHUS I METOJIOM CTATHCTHYCCKOTO anain3a. B mannoii crarbe fanbl MOSICHeHST K YPaBHEHUSM JIJIsI pacuéra pas-
Mepa BLIOOPKI 1 MOTITHOCTH Jijist HarboJsiee 4acTo NCIoIb3yeMbIX HellapaMeTpuiecKIX TeCTOB B MCCAeOBAHNSX PACTUTE b-
HOCTH, BRJIIOUYAs KPUTEPUil 3HAKA, BHAKOBBII panr Yurkokcona, kpurepuit Manna- Yuruu, kpurepuit Kpyckasa- Yosiuca,
patiroByio koppessiiuio CrimpMena, Kpurepuii Xu-ksajipar n kpurepnit Makumemapa. Rasgnoe ypasuerne npejcraBieno ¢
MPUMEPOM €ro NCITOJIH30BAHIIS B MCCACIOBAHNIX PACTHTEIHHOCTH.

Karouesole crosa: pasMep l)(b(i)eKTa, HelrmapamMmerpniecrme TecThbl, 00BEM BI)I6()})HI’[, CTaTucTNnYeCrasd MOIHOCTL, YPOBEHb
3HAUYNMOCTU, PACTUTEIBHOCTD.

Parametric tests make certain conditions tests have strongest assumptions about the

about the parameters of population. The most
important assumptions of parametric tests are
1) the data must be independent, 2) the data
must be normally distributed, 3) the populations
must have the same variance, 4) the measure-
ment must be in an interval or ratio scale and
o) there must be a linear relationship between
the data. In general, parametric tests are more
powerful than nonparametric tests because these

population. Nonparametric tests do not make
any certain assumption about the population and
can be used when the distribution of data is not
known. If sample size is as small as 6, there is no
alternative to using a nonparametric test unless
the population distribution is exactly known [1].
Nonparametric tests can be used for analyzing
the four scales of measurement; nominal (e. g.,
presence/absence of plants in plots, percentage
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number of plant species in different life form cat-
egories such as therophytes and cryptophytes),
ordinal (e. g., rangeland condition scores, in-
tensity of grazing, cover and biomass classes),
interval (e. g., temperature, time of grazing) and
ratio (e. g., most of vegetation characteristics
such as biomass, density, richness, cover, height,
seed size) scales. However these tests are mostly
used for nominal and ordinal scales. Interval
and ratio data can be analyzed by nonparametric
tests if they are ordered and ranked. If data are
inranks or can be categorized into ordinal scales
(e. g., more or less, better or worse), they can be
analyzed by nonparametric tests whereas they
cannot be analyzed by parametric tests unless
precarious and unrealistic assumptions are made
about the underlying distributions [1].

Two of the most important stages of vegeta-
tion studies are calculation of adequate sample
size and statistical power. In vegetation studies,
sample size is the required number of sampling
units (e. g., plots, quadrats, points, transects,
seed and fruit traps), plant individuals, plant
parts (e. g., seed, stem, leaf) taken for estimat-
ing and comparing vegetation characteristics
such as cover, biomass, density, production,
richness, height, diameter, nutrients, rooting
depth, interactions, etc.

An accurate sample size is required for
reliable estimate of vegetation attributes. The
required sample size depends on the significance
level, power level and effect size. Significance
level (a) or Type I error is defined as the prob-
ability of rejecting the null hypothesis, when it
is true. The most common significance levels
used in vegetation studies are 10%, 5% and 1%
[2, 3]. A decrease in the significance level leads
to an increase in the sample size.

Effect size is the size of difference between
the groups being compared. The term “effect
size” was defined as the degree to which the
phenomenon is present in the population [4].
Examples of effect size are the odds ratio in a
contingency table, the difference in the propor-
tion between positive and negative ranks for Wil-
coxon signed rank test, the difference between
the proportion of positive or negative ranks and
zero for sign test and the difference of correlation
from zero in Spearman rank correlation. The
larger the effect size, the smaller the sample size.

The power of a statistical test is the probabili-
ty that it will yield statistically significant results.
Statistical Power is defined as the probability of
correctly rejecting the null hypothesis when it is
false, and it is equal to 1—-B. Type Il error (B) is
the probability of accepting the null hypothesis

when it is false. The power of a test depends upon
three parameters; sample size, significance level
and effect size. The larger the sample size, other
things (significance level, effect size) being equal,
the larger the power. Also, the lower the value of
significance level, the lower the power of the test.
Sample size and power should be calculated before
data collection using data of previous studies.
When the power is calculated after data collection,
it can be used to verify whether a non-significant
resultisdue to lack of strong relationship between
the groups or due to a low statistical power. An
ideal studyis the one with a high powerindicating
that the study has a high chance of detecting a dif-
ference between groups if it exists [5]. Common
values used for calculating power in vegetation
studies are 0.8 and 0.9 [6-8].

The objective of this study was to present
sample size and power equations and explain
with examples how (o use these equations for
nonparameltric tests according to the type of
vegelation research, measurement scale of data
and the statistical analysis test. The sample size
and power formulas presented in this study were
explained for the most frequently used nonpara-
metric tests in vegetation studies including the
Wilcoxon signed rank, sign test, Mann-Whitney
U, Kruskal-Wallis, Spearman rank correlation,
Chi-square and McNemar tests.

Methods

Wilcoxon signed rank test is used for testing
both paired samples and one sample case. This
statistic is used to test the differences or changes
in a vegetation characteristic (e. g., richness,
density, cover, biomass, production, height,
rooting depth, leaf size, seed weight, nutrient
contents, number of flowers), vegetation index
(e. g., Shannon diversity index, leaf area index),
spectral vegetation index (e. g., normalized dif-
ference vegetation index, NDVI, modified soil
adjusted vegetation index, MSAVI), number
of animals, and area of a vegetation type (e. g.,
woodland) between two time periods or before
and after a management (e. g., grazing, manur-
ing, vegetation removal) or disturbance (e. g.,
fire, climate change). It can also be used for test-
ing the differences in estimates of a vegetation
characteristic (e. g., cover, biomass, density)
between two methods (e. g., plot and line transect
method), or the differences in a soil property
(e. g., EC, water content, nutrients) or a climate
variable (e. g., precipitation, temperature) in a
habitat between two time periods or before and
after management, treatment or disturbance [9,
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10]. Wilcoxon signed rank test is more efficient
than sign test because it uses more of the infor-
mation in the data, and is affected by the relative
magnitude of the differences. In the Wilcoxon
signed rank test, the difference and the absolute
value of difference is computed for each pair of
observations. All non-zero absolute differences
are sorted into ascending order, and ranks are
assigned. In case of ties (two or more ranks are
equal), the average rank is computed.

Sample size calculation for Wilcoxon signed
rank test. The Sample size for the Wilcoxon
signed rank test is calculated as follows [11]:

N=(Z,+2)*/3(p"' = 0.5)7,
where p'=(§,— Np) / 0.0N(N - 1)
andp=n,/ (n,+n,).

N=n,+n,isnumberof non-zero differences,
n,and n, are respectively number of positive and
negative differences, S, is the sum of the ranks
corresponding to positive differences, p and p'
can be obtained from a preliminary sample or
from previous studies, Z, , is standard normal
variate for significance level (Z,,= 1.96 at
a=5% and Z,,=2.576 at & = 1% for a two tailed
hypothesis). Fora one-tailed test Z, , is replaced
by Z, (Z,= 1.645 at a = 5% and Z, = 2.326 at
a=1%), Z,is standard normal variate for power
of study. Z; = 0.842 for 80% power, and Z,=1.282
for 90% power. The effect size is the rank-biserial
correlation (the difference between the propor-
tion of positive and negative ranks).

Example. In a study, number of plants in
a habitat was counted in 8 fixed plots (Table 1)
between two time periods (dry year and wet year)
to test if the differences in the number of plants
between the two time periods are significant.

S,=8+4+5+T+6+2=32p=6/8=0.75,
p'=32-(8-0.75)/0.5-8-(8-1) =0.928.

Suppose a researcher wishes to test the
differences in number of plants in a habitat
between two time periods assuming that p’ may
be around 0.9 according to the previous study.
Then, the required sample size at 5% significance
level and 80% power based on a two-sided test is:
N=(1.96+0.842)%/3(0.9-0.5)% = 16.35.

The required sample sizeis 17 after rounding up.

Power calculation for Wilcoxon signed rank
test. The power for the Wilcoxon signed rank test
is calculated as follows: Z, = /3(p=0.5)* N - Z,, , .
The power for the value of Z, is obtained from the
table of standard normal probabilities. Z_is used
instead of Z ,, for a one-tailed test.

Example. A researcher plans to test the
differences in number of plants in a habitat
between two time periods using 10 fixed plots
assuming that p'is near 0.9. The power for the
Wilcoxon signed rank test at 5% significance
level for a two-tailed testis calculated as follows:
Zg =,/(3)(0.9-0.5)*-10-1.96=0.23. The power for
the value of Z, = 0.23 is 0.591 from z-table.

Sign test is applied for testing both paired
samples and one sample case. The applications
of sign test are similar to the applications of Wil-
coxon signed rank test in vegetation studies as
explained before [12]. In sign test, the difference
for each pair is calculated, and the number of
positive differences (n,) and negative differences
(n,) is counted. The cases in which the difference
equals zero are ignored.

Sample size calculation for sign test. The sam-
plesize for the sign testis calculated as follows [11]:

(Zap+2y)

© 4p-05)* , where p = n,/(n,+n,) or
p=n,/(n,+n,) and n is the number of positive
differences and n, is the number of negative dif-
ferences, p can be calculated from a preliminary
sample or taken from previous studies. The effect
size for sign test is defined as p — 0.5.

Example. Suppose the objective is to test
whether the differences in biomass of plantsin a
habitat between two time periods are significant
using sign test. The biomass of plants is assumed
to increase in 750% and decrease in 25% of the
fixed plots between the two time periods. Then
the sample size for testing the differences in
biomass at 5% significance level and 80% power
is: N = (1.96+0.842)> / 4(0.75-0.5)* = 31.4.
Then 32 fixed plots are required based on two-
tailed test.

Power calculation for sign test. The
power for sign test is calculated as follows:
Z,=4p-0.5)*-N-Z,,,. The power for the value of
Zjis obtained from the table of standard normal prob-
abilities. Z, is used instead of Z, , for aone-tailed test.

Table 1
Number of plants in eight fixed plots in dry and wet year
Number of plants in dry year 12 10 14 11 9 10 8 13
Number of plants in wet year 28 16 12 6 18 25 21 16
Difference +16 +6 -2 -9 +9 +15 +13 +3
Rank 8 4 1 3 ) 7 6 2
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Example. Suppose a researcher wishes to
use 36 fixed plots for testing the differences in
biomass of plants in a habitat between two time
periods expecting that the biomass will increase
in 75% of the plots and decrease in 25% of the
plots. Then, what is the power of the sign test at
9% significance level for a two-sided hypothesis?
Z, =(4)(0.75-0.5)* -36 ~1.96 = 1.04 . The power for
the value of Z,=1.04 is 0.85 from z-table.

Mann-Whitney U test is used to test
whether the difference between two independent
samples is significant. This statistical method
is used to test the differences in a vegetation
characteristic (e. g., richness, cover, bio-
mass, density, height, basal area, production,
nutrients, seed weight), spectral vegetation
index (e. g., NDVI) or vegetation index (e. g.,
Simpson diversity index, Pielou’s index of non-
randomness) between two sites (e. g., two habi-
tats, two vegelation types, grazed and ungrazed
sites, manured and unmanured sites). This test
can also be used for testing the differences in a
soil or climate variable between two habitats,
or the differences in a vegetation characteristic
between two plant species or two life form cate-
gories [13]. To calculate Mann-Whitney U test,
the observations for both groups are combined,
sorted in order of increasing size and ranked.
If ties exist (two or more ranks are equal), the
average rank is calculated.

Sample size calculation for Mann-Whitney
U test. The sample size for Mann-Whitney U test
can be calculated as follows [11]: N = (Z,,+7Z,)*/
12¢(1-c)(p" —0.5)* wherec=n,/ Norc= nz/N
andp'=U/n n,and U=n, +[n (n,+1)/2] -

S, is the sum of ranks for group 1, n, and n, are
the sample size of group 1 and 2 respectively,
N=n+n,,p" can beobtained from a preliminary
sample or from previous studies. The effect size
is the rank- biserial correlation (1 - 2U / n n,).

Example. A study was conducted to test
whether there is a significant difference in the
normalized difference vegetation index (NDVTI)
between two vegelation types. The mean NDVI
in 12 plots (5 plots in vegetation type 1 and 7
plots in vegetation type 2) is presented in the
following table (Table 2).

Suppose a researcher wishes to test whether
there are significant differences in the NDVI
between two vegetation types. The researcher
can estimate that p” will be about 0.06 (or 0.94)
according to the previous study, and plans to use
40% of the plots in one vegetation type and 60%
of the plots in the other vegetation type. Then,
the required sample size at 5% significance level
and 90% poweris: N= (1.96+1.282)% / (12-0.40)
(1-0.40) (0.06—-0.5)*>=18.85. Then, 19 plots need to
be used for both groups (11 plots in one vegetation
type and 8 plots in the other) for a two sided test.

Power calculation for Mann-Whitney
U test. The power for Mann-Whitney U test
to detect the difference between two inde-
pendent samples is calculated as follows:
Z, =12¢(1-c)(p"-05)* N-Z,,,. The power is
calculated using the value of Z, from the table of
standard normal probabilities. Z , is replaced by
Z, for a one-tailed test.

Example. According to the previous example,
if the researcher wishes to use 5 plots in one veg-
etation type and 7 plots in the other, and expecting
that p” =0.06 (or 0.94), the power for testing the
differences in NDVI values between the two veg-
etation types at 5% significance level is calculated
as follows: N=5+7=12,c=5/12=0.417.

Z, :\/12-0.417-(1—0.417)(0.06—0.5)2 12

-1.96=0.64
The power for the value of Z,=0.64 from z-table
for a two-sided test is 0.739.

Spearman rank correlation. In vegetation
studies, Spearman rank correlation is used to
detect the relation between a vegetation char-
acteristic (e. g., biomass, production, density,
richness, height, abundance, basal area, leaf size,
seed weight, leaf area index) and an environmen-
tal variable (e. g., precipitation, temperature,
humidity, elevation, slope, soil pH, EC, water
content, nutrients). It can also be used for cal-
culating the association in a plant characteristic
(e. g., biomass) between two plant species [ 14, 13].

Sample size calculation for Spearman
rank correlation. The sample size for Spear-

man rank correlation (ry) is calculated as fol-
lows [16]:

Table 2

Mean NDVI in 5 plots in vegetation type 1 and 7 plots in vegetation type 2

Vegetation type 1

Vegetation type 2

Mean NDVI | 0.58 | 0.60 | 0.65 | 0.67 [ 0.50 | 0.35 [ 0.48 | 0.59 | 0.32 [ 0.38 | 0.40 | 0.42
Rank 8 |10 1| 12 | 7 ‘ 6 9 1 3 4 5
§,=8+ 10+ 11 +1247=48, U= (5 7)+5 /2] 48 =2
c=5/12 = 0.417, =2/(5-7) =
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2

No Z,p+Z,

1 ln(l + 75 j
2 1-7g
where r¢is the Spearman rank correlation.
When the difference is tested between the
Spearman rgand zero, ryis the effect size.
Example. Suppose the Spearman rank cor-
relation (ry) between rangeland condition scores
and precipitation is expected to be near 0.60. Then
the sample size for calculating Spearman correla-

tion coefficient (ry) at 5% significance level and
80% power based on a two-tiled hypothesis is:

1.06 |+3,

2

vo|| 1osrosa2 |

1 1+0.6
— . ln -
2 (1 —0.6}
The required sample size is 21 after rounding up
for a two-tailed hypothesis.
Power calculation for Spearman rank corre-

lation. The power for Spearman rank correlation
(ry) is calculates as follows:

ZB: l-ln 1+rs . M _Za/z,
2 \1-r ) V 1.06

where N is the sample size. The power is
calculated using the value of Z, from the table
of standard normal probabilities.

Example. Suppose a researcher wishes to
determine the Spearman rank correlation (ry)
between rangeland condition scores and pre-
cipitation using 25 sampling plots, and thinks
that the correlation will be about 0.60. Then
the power for Spearman rank correlation coef-
ficient (rg) at 5% significance level based on
a two-tiled hypothesis is obtained as follows:

1+O6 25-3 196=12.
1—06 1.06

The power for the value of Z,= 1.2 is 0.88 from
z-lable.

Chi-square test using contingency table
data. A Chi-square statistic is used to test the
association orindependence between two or more
traits, when the data are in discrete categories
(either nominal or ordinal). Chi-square test
based on a contingency table is mainly used to
test whether the occurrences of two plant species
are associated, or two or more habitats contain
equal number of plant species. Chi-square test
can also be used for one sample case (o test the
differences in a plant characteristic (e. g., rich-
ness, density) among different life forms (e. g.,
geophytes, therophytes) or the differences in
frequencies of two or more plant species (%
number of sampling units that contain a plant
species). This test can also detect if a certain type
of habitat is more frequently selected by an ani-
mal, or if plant species differ in their proportion
of coexistence with an organism (e. g., bacteria,
fungus species) [17, 18].

Sample size calculation for chi-square test
based on contingency table. The sample size for
chi-square test based on contingency tables can
be calculated using the following formula and
Cohen’s tables [4]. N =N, /100w? where N, is
the necessary sample size for a given significance
level, power and degrees of freedom (u) at w =
0.1 (read from the Cohen’s table). The degrees of
freedom for a contingency table with r rows and ¢
columnsisu = (r—1)(c—1). wis the nontabulated
effect size and is calculated as w=+/%*/N , where
x* is the chi-square value calculated using the
data of contingency table and /N is the total
number of samples. A part of the Cohen’s sample
size table for chi-square test at a = 0.05 and
u = 6 is presented below (Table 3).

Example. A researcher wants to compare
the frequencies of four plant species in three
vegetation types by calculating the number of
quadrats containing the plant species. Let us
assume that in a previous similar study, the chi-
square calculated from data of a 3 - 4 table was
14 based on a sample of size (N) = 120. Then, the
effect size, w=,/(14/120) = 0.34. If the researcher
wants to calculate the sample size assuming w =
0.34 for a new study, the required sample size at
a=0.05 and 90% power is calculated as follows:

Table 3
N to detect W by y*at a=0.05 and u =6
w
Power 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
0.90 1742 435 194 109 70 48 36 27 22
0.95 2086 521 232 130 83 58 43 33 26
0.99 2805 701 312 175 112 78 57 44 35
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Table 4
Presence/absence data of species A and B
Species Species B Total
Present Absent
Species A Present 15 6 21
Absent 7 22 29
Total 22 28 N=>50
u=(3-1)(4-1) = 6. According to the Cohen’s at (.05 significance level and 80% power is:

table (table 3), N, = 1742 at a = 0.05, power =
0.90, u =6 and w =0.1, then the sample size will
be N=1742/100(0.34)* = 151.

Sample size calculation for chi-square test
based on 2 - 2 table. The sample size fora 2 -2
contingency table (df=1) can be obtained using
the formula in the previous section and also us-
ing the following equation: N = (\/7+Z ) /w?

x2is the critical value of the chi-square ob-
tained from chi- square distribution table based
on a specified significance level and df = 1. For

0% significance level and df =1, y > =3.84 and for

1% significance level and df = 1,)(2 =6.63, Z, is
standard normal variate for power and is 0. 8842
for 80% power (20% Type Il error) and 1.282 for
90% power (10% Type Il error). w is the effect
size and is calculated as w=./y*/N , where x2is
the chi-square value calculated using the data of
2 - 2 table and Nis the total number of samples.
x*=> (0,—e;)%/e,, where o, and e, are the observed
and expected value for cell i respectively.

Example. In a study, the association be-
tween two plant species (A and B) was tested
using chi-square. The data were obtained using
located quadrats and summarized in a 2 - 2 table
as follows (Table 4):

15 quadrats (cell @) contain both species A
and B. In 6 quadrats (cell b) species A is present
but not B. In 7 quadrats (cell ¢) species B is
present but not A. In 22 quadrats (cell d) neither
species A nor B are found. The expected value
for each cell of the table is calculated as follows:

21.22 :
E(@)=22 =94, E(b):%:n,m,
E(c)= =22 22 29 —12.76, E(d)=2222 _1624.

50
2 2
2:(15—9.24) (611767
Then 9.24 11.76
2 2
L 0-12767 (@2-1624° _ |
12.76 16.24

and the effect size w=1/11/50 =0.469.

Suppose a researcher wishes to test the
association between two plant species (A and
B) using data of a 2 - 2 table and chi-square
test assuming w = 0.47 according to the pre-
vious study. Then, the required sample size

N =(~/3.84+0.842)*/0.47* =35.5. Therefore 36
quadrats are required for detecting the associa-
tion between the two plant species.

Power calculation for chi-square test based
on contingency table. The power for a chi-square
test based on the data of a contingency table can
be calculated using the following equation [19]:

_(x )

Zp = (v+kj

o, 20 +2)) /2(v+2x)
9v +1)° 9v +1)°

The power is calculated based on Z, value
from Z-table. v is degrees of freedom and is
calculated for a contingency table with r rows
and ¢ columns as v = (r — 1)(c — 1) and x * is
the critical value of the chi-square obtained
from chi-square distribution table based on
a specified significance level and degrees of
freedom (v) and 1is the noncentrality parameter
(calculated x?).

Example. According to the previous example
(frequencies of four plant species in three
vegetation types), if the y®is expected to be 14
based on data of a 3 - 4 table using 120 plots, the
power at o = 0.05 is calculated as follows: A =14,
v = (3-1)(4-1) = 6, table x* for a = 0.05 and

df =6 is 12.6,
2(6+2(14)) /
9(6+14)?

; [126] .
P~ 6+14
/w_ +0.901

9(6+14)

The power obtained for Z, = +0.901 from
Z-table is 0.81.

Power calculation for chi-square using 2 - 2
table data. The power for a 2 - 2 contingency
table can be calculated using the formula in the
previous section. For a 2 - 2 table, the degrees
of freedom is 1 and the critical chi-square value
at o = 0.05is 3.84 and at a = 0.01 is 6.63. The
statistical power fora2 -2 contingency table can
also be calculated using the following equation:

=N W)=
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Table 5

Proportions in the cells of a 2 - 2 table for McNemar test

Yes =1 No=0
Yes =1 _a b Py=DPy TPy

P _N Po=—+

N

No=0 _ ¢ d 1-p

Py = ﬁ Poo = ﬁ :

Py =Py T Py I=p, 1

Example. Suppose a researcher wants to
use o0 plots for detecting the association using
presence/absence data of two plant species
ina 2 -2 contingency table. The researcher
expeclts that the chi-square will be about 11,
that is the effect size w=+/11/50 =0.469. The
power at 0.05 significance level is obtained as
follows: Z, = (+/50-0.469)~+/3.84 =1.36 . The power
obtained for Z, = 1.36 from Z-table is 0.91.

McNemar test is used to test the difference
between paired proportions, particularly when the
measurement is in either nominal or ordinal scale.
McNemar test is mainly used for detecting the ac-
curacy of classification in vegelation mapping based
on comparing the performance of two classifiers. It
has also been applied for detecting the changes in
proportions of presence/absence data of plant spe-
cies between two sites or two time periods [20, 21].

Sample size calculation for McNemar test.
The sample size for McNemar test using the
proportions of the cells of 2 - 2 table (Table 5) is
calculated as follows [22]:

N:[Za/z\/l/7+zﬁ\/l// _62]2'

Whered=p,~p, andy=p +p, . The Odds
ratiop, / p,, is used to specify the effect size.

Example. A study was conducted to compare
the performance of two classifiers for vegetation
mapping. The data are presented in the following
2 - 2 table (Table 6). The number of pixels cor-
rectly classified by classifier 1, but incorrectly
classified by classifier 2 is 175, and the number
of pixels correctly classified by classifier 2, but
incorrectly classified by classifier 1 is 125.

The proportion for each cell was obtained as
follows (Table 7).

0=035-0.25=0.1, y=035+0.25=0.6

Suppose a researcher wishes to compare the
performance of two classifiers for vegetation
mapping using data of a 2 - 2 table. The research-
er assumes thatp = 0.35and p;, = 0.25 accord-
ing to the previous study. Then, the required
sample size for the chi-square test of McNemar
at 5% significance level and 80% power for a
two- sided test is calculated as follows:

N =[1.9670.6 +0.84240.6-0.12 | 70.1> = 469,

6 2
Table 6
Number of pixels classified by the classifiers 1 and 2
Classifier 2 Total
Classifier 1 correct incorrect
correct 110 175 285
incorrect 125 90 215
Total 235 265 500
Table 7
Calculated proportions for each cell of Table 5
Classifier 2 Total
Classifier 1 correct incorrect
correct 110 175 0.57
=——=022 =——=035
P 500 Pio 300
incorrect 125 90 0.43
=——=0.25 =——=0.18
Py 300 Poo 300
Total 0.47 0.53 1
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Table 8
N to detect f by F testat o = 0.05 and u = 2
/
power | 0.05 | 0.10 | 0.15 0.20 | 0.25 0.30 | 0.35 0.40 0.50 | 0.60 | 0.70 | 0.80
0.80 1286 | 322 144 81 92 36 27 21 14 10 8 6
0.90 1682 | 421 188 106 68 48 35 27 18 13 | 10 8
0.95 2060 | 515 230 130 83 o8 43 33 22 15 12 9
0.99 2855 | T14 318 179 115 80 99 46 29 21 16 12

Power calculation for McNemar test. The
power for chi-square test of McNemar is calcu-
lated as follows:

_ VN62 _Zoz/2\/l/7
B T_az .

The power is calculated using the value of Z,
from the table of standard normal probabilities.

Example. Returning to the previous example,
if the researcher wishes to use 500 pixels for com-
paring the performance of two classifiers, assuming
Dy = 0.35 and p,, = 0.25 the power for chi-square
test of McNemar at 5% significance level based on
a two-tailed test is calculated as follows:

7, =[500-0.* ~1.96v0.6] /
J0.6-0.1" =0.934

The power for the value of Z, = 0.934 is 0.823
from z-table.

Kruskal-Wallis test is used for comparing
two or more independent samples. This statistic
is used to test if there are differences in a veg-
etation characteristic (cover, biomass, density,
richness, height, nutrient, rooting depth, number
of seeds), vegetation index (e. g., Hill’s diversity
index, Pielou’s index of non-randomness, leaf
area index) or spectral vegetation index (NDVI,
DVI) between two or more sites or between two or

Z

size for Kruskal-Wallis test is (z/3) = 1.047
times the sample size for ANOVA F-test [25].
The required sample size for ANOVA F-test can
be obtained using Cohen’s tables [4] based on
the given significance level (a), power (1 — f),
effect size (f), number of groups (k) and the
numerator degrees of freedom (u =% —1). The
effect size is defined as [ =6, /d, where ¢ is
the standard deviation of means calculated as

Sy =\ 2, (my =) [k . In this equation, m. is the

mean of group i and m is the mean of the means of
the groups with equal sizes and k& is the number
of groups. d is the within-population standard

deviation and is calculated as § :1126,2 /k,

where ¢, is the standard deviation for each
group. The sample size is then obtained using

N=—2%_41 where N, is the necessary sample

400 12
size for the given a, u, and power at f=0.05 (read
from Cohen’s table) and fis the nontabulated ef-
fect size. A part of the Cohen’s table for obtaining
sample size for ANOVA F-testato=0.05and u =2
is presented below (Table 8).

Example. In a study, the height of trees was
compared between three habitats using the mean
height of the trees in four plots in each habitat
(data are presented in the Table 9).

_6+6.5+7.35

more species. It is also used to test the differences K=3u=3-1=2m =6.62
in a soil property (e. g., Ec, pH, organic matter,
nutrients) or a climate variable (e. g., precipita- s, :\/(6_6'62)2 +(6.5-6.62)" +(7.35-6.62)° =0.557
tion) between two or more sites [23, 24]. 3
Sample size calculation for Kruskal-Wallis 5= \/ 0.445+0.515+0.502 _ o0
test (k groups with equal sizes). The sample 3 '
Table 9
Height of trees within 4 plots in 3 habitats
Plot Habitat
1 2 3
1 6.8 6.2 8.0
2 9.2 6.9 6.6
3 6.5 9.9 7.3
4 2.9 7.4 7
m, 6 6.5 7.35
6} 0.445 0.515 0.502
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f= 0557 _ 0.798
0.698

Suppose a researcher wishes to compare the
height of trees between three habitats using the
mean height of the trees in plots in each habi-
tat. The researcher assumes that the effect size
(f) will be around 0.78 according to a previous
study. Then the sample size at 5% significance
level and 80% power is calculated as follows:

1286
400(0.78)°

N, s = 1286 is taken from Table 8. The re-
quired sample size for Kruskal-Wallis test is
1.047-6.28 = 6.57. Therefore, after rounding up,
7 samples are needed for each of the three groups
and the total sample sizeis 7 -3 = 21.

Sample size calculation for Kruskal-Wallis
test (k groups with unequal sizes). When the
compared groups are of unequal sizes, m, 6
and ¢ is calculated as follows: m = Ynm /(n, +
n,+...+n.), wheren, is the size of group i and

g, =\/Zni(mi —m)* [(n, +ny+...+n,) and

_ 2
g _\/Z”isi Mn;+my .t my) . In a study, the

height of trees was compared between three sites
based on unequal replications (unequal number
of plots). The data are presented in the table
below (Table 10). K=3,u=3-1=2.
_6(7.6)+6(6.6) +3(6.2)
- 6+6+3
s :\/6(7.6—6.92)2 +6(6.6—6.92)* +3(6.2-6.92)°
" 15
5o \/6(0.5)4—6(0.39)4—3(0.42)
15

+1=16.28.

=6.92

=0.574

=0.66

f= 0.574 — 087
0.66

Suppose a researcher wishes to compare the
height of trees between three habitats based on

unequal number of plots. The researcher wants
to detect an effect size (f) of 0.85 according to
a previous study and plans that n, = n,, and
n,=0.5n,. Then the sample size at 5% Slgmfl-
cance level and 80% power is calculated as follows:
_ 1286 =545

400(0.85)2 . The required sample size
for Kruskal-Wallis test is 1.047 - 5.45 = 5.7
which is 6 after rounding up. This is the average
n per sample. The total sample size is 6 - 3 = 18.
The sample size for each group is obtained as
follows:n, + n,+n,=18,n,+n, +0.5n =2.5n =
18, thenn 7 n, —7andn —4

Power calculatlon for Kruskal Wallis test
(k groups with equal sizes). The power for Kruskal-
Wallis test is (3/1)=95.5% of the power of ANOVA
F-test [25]. The statistical power for ANOVA F-test
can be calculated using the following equation [4, 26]:

M e

_\/ _ uf}

The power is calculated based on Z, value
from Z-table. u is numerator degrees of freedom
(u=Fk —1) and k is the number of groups, 1 is
the noncentrality parameter and is calculated
as A =fn(u+ 1) =N and fis the effect size as
explained before, n is the average sample size per
group (n = N/k) and N is the total sample size,
vis the denominator (error) degrees of freedom
(v=N-k), F isthe critical F-value obtained from
F-distribution table using the given significance
level (a), numerator degrees of freedom () and
denominator (error) degrees of freedom (v).

Example. Following the example in the
previous section (height of trees with equal
sizes), if the researcher wishes to use 4 plots in
each habitat for comparing the heights of plants
between three habitats, what is the power of

uF, u+2\
+ .
u+h

Table 10
Height of trees in three sites with unequal replications
No. of plot Site
1 2 3
1 8.5 71 6.8
2 7.3 6.5 2.3
3 8.6 6.2 6.5
4 6.7 6.9 -
) 7.4 2.9 -
6 7.1 7.4 -
m, 7.6 6.6 6.2
o} 0.5 0.39 0.42
n, 6 6 3

Teoperuueckast u npurnanuas sroaorust. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1



METOAOJIOTUA N METO/1bI UCCJIENOBAHUA. MOAEJIN U ITPOI'HO3bI

Kruskal-Wallis test at 5% significance level,
with assuming :f=0.78 :n=12/3=4,u=3-1=
2,A=0.78*-4-(2+1) =7.3. The critical F-value
at o = 0.05, numerator df = 2, and error df =9 is
4.26 from F-table.

Z, ={\/2(2+7.3)—

\/(2(9) 1) 2(4 26) } /\/ 2(4.26) 2 ; i(7733 ) ~0.05

2+2(7.3)
2+(7.3)

The power obtained for Z, =0.05 from
Z-table is 0.52 for ANOVA F-test. The power
for Kruskal-Wallis test is 95.5% - 0.54 = 0.50.

Power calculation for Kruskal-Wallis test
(k groups with unequal sizes)

Example. Following the example in the
previous section (height of trees with unequal
sample sizes), the researcher assumes f = 0.85
and wishes to use 6 plots in habitat 1, 6 plots in
habitat 2 and 3 plots in habitat 3 for comparing
the height of trees between the three habitats.
Then power at 5% significance level is calculated
asfollows: f=0.85,N=6+6+3=15,n=15/3=3,
u=3-1=2,v=15-3=12,2=0.85"-5- (2+1) =
10.84. The critical F-value at a =0.05, numerator
df =2, and error df = 12 is 3.89 from F-table.

_ \/2(2+10,84)_2+2<w-84>
2+(10.84)
2(3 89) \/2(3 89) , 2+2(10.84)
\/((2 12)-1) / oy =064

The power obtained for Z, = 0.646 from
Z-table is 0.74 for ANOVA F-test. The power
for Kruskal-Wallis test is 95.5% - 0.74 = 71%.

Results and Discussion

The formulas explained in this study can
be used to calculate sample size and power for
nonparametric tests, that do not make any as-
sumption about the distribution of data. A number
of vegetation characteristics are nominal (e. g.,
presence/absence data of vegetation) and ordinal
(e. g., rangeland condition scores) and therefore
appropriate sample size equalions are required
to efficiently analyze these types of data through
nonparametric tests. In addition, although most
of vegetation characteristics such as biomass,
density, plant height, richness and seed produc-
tion are in ratio scale and reported to be normally
distributed [27, 28], some research have revealed
that the distribution of these data is not normal
[29]. Therefore the distribution of ratio data of
vegetlation should be detected using Kolmogorov-

Smirnov or Shapiro-Wilk tests before selecting
a statistical analysis test. If the data are not
normally distributed, they can be normalized by
resampling with a larger sample size (N) or by
using transformation methods such as log, square
root, and Arcsine, and then a parametric test can
be used. However, if the data were not normalized,
a nonparametric test and as a result an appropri-
ale sample size equation for the test is required. In
a number of sample size software, the power and
sample size for a nonparamelric test is calculated
by multiplying a correction factor to the power
and sample size of its equivalent parametric test.
For example, the power for the paired-samples
Wilcoxon signed rank test is considered to be
95.5% of the power of paired samples t-test, for
the Mann-Whitney U test, itis 95.5% of the power
of two independent samples t-test [30], the power
for the Kruskal-Wallis test is 95.5% of the power
of ANOVA F-test [25] and for the Spearman rank
correlation it is 91% of the power of Pearson cor-
relation test [31]. However, calculation of sample
size and power for a nonparametric lest by using
an appropriate sample size and power equation
which is relevant and specific to the nonparamet-
ric test appears to be more effective and accurate.
A power of 80% is recommended by researchers
as an efficient power for vegetation studies, but
in most vegetation research the reported power
is about 40% which seems to be very low [32].
A low power in a study may lead to obtaining a
non-significant result despite that there may be an
ecologically powerful and significant effect or dif-
ference. Therefore an adequate sample size should
be selected for achieving an efficient power in
design stage and before data collection. One way
to improve the power of a test with an inadequate
sample size is to use one-tailed hypothesis if pos-
sible. A one-tailed test requires a lower sample
size than a two-tailed test to achieve the same level
of power as a two-tailed test, but it can be used
when the effect in one direction can be explained
[32]. For example, a one-tailed test can be used
to determine whether plant biomass or cover is
greater in ungrazed sites than in grazed sites or
plant production is higher in the habitats with
higher precipitation than the habitats with lower
precipitation. Another solution forincreasing the
power of a test is to select a higher significance
level (e. g., 5% instead of 1%).

Conclusions
In this study, appropriate sample size and

power equalions were explained according o the
measurement scale of vegetation data (nominal,

20

Teopernueckas u npuriaaaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




METO10JI0TUA 1 METO/1bl NCCJIEJTOBAHUA. MOJIEJIN N ITPOTI'HO3bI

26

ordinal, interval and ratio), type of vegetation
research and the nonparametric test used for
analyzing vegetation data. If an adequate sample
size is not taken for a vegetation study, a non-
significant result may be obtained due to a low
power even if there is an ecologically strong effect
or difference. Power and sample size calculation
ismore valuable in the design or planning stages
of research than after data collection. However
if power is calculated after data collection and
testing the hypothesis, presenting significance
level and sample size along with the estimated
power can provide important information about
the null hypothesis that was not rejected.
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Cacao agrosystems can provide available habitats for wildlife species, due to the structure and diversity of established
shade trees in plantations. The objective of this research is to calculate the index of importance and forest value of shade
trees used in cacao agrosystems. Field sampling was carried out to collect data on breast height diameter, canopy diameter
and canopy height, these variables were used to estimate the importance value index and the forest value index. The trees
with the best indexes of importance and forest value are Erythrina americana (IVI = 62.34 and FVI = 50.94), Bursera si-
maruba (IVI=62.53 and FVI=66.99) and Samanea saman (IVI= 156,85 and FVI=42.93). The vertical structure of cacao
agrosystems is important since it could be used as an input variable to evaluate and predict, through an ecological niche
model, the quality of the available habitat for the conservation of wildlife such as birds, reptiles and arboreal mammals.

Keywords: biodiversity conservation, canopy height, Forest value index.
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ArpocuereMbl KAKA0 MOTYT 00eCIIednThb JOCTYITHYIO Cpety OONTaHus LI BUJIOB JINKUX 3KUBOTHBIX 0JIAr0jiapst CTPYKType
1 paznoobpasuio yROPeHNBIINXCST TEHNCTHIX iepeBbeB Ha rniaanranusax. Lleasio jamnoro nceaeoBanms sBisiercst pacuér
NHeKCA BAYKHOCTI 1 JIECHON IeHHOCTH TeHWCTHIX IePeBheB, NCIOIL3YeMBIX B arpocucTeMax BeIparmnBannsa kakao. [lo-
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JIeBbIe UCCIeloOBAHMSA ObIJIN [POBEEHbI IS [OJIYYCH IS JaHHBIX O [ITaMeTpe Ha BHICOTE IPY/LU, IHaMeTpe U BHICOTE I10JI0Ta.
I TepeMeHHbIe UCIOb30BAICE [T OTEHKH WHEKCA BayKHOCTH W WHEKCA IeHHocTu Jjgeca. [lepesbs ¢ ayammmmn
MOKA3ATeJSIMI BAKHOCTH 1 JecHoli nenuoctu — Erythrina americana (IVI = 62,34 w FVI = 50,94), Bursera simaruba
(VI =62,53 nu FVI = 66,99) u Samanea saman (IVI = 56, 85 u FVI = 42,93). Bepruranbuas crpykrypa arpocucrem
KaKao BayKHa, MOCKOJbKY €& MOJKHO MCI0JIb30BAThH B KAYECTBE BXOMHOI IePEMEHHOI JIJIs1 OTEHKN U TPOTHO3UPOBAH U
¢ TIOMOTI[HIO MOJIeTN AKOJOTUYECKOT HUITN KAuYeCTBA JOCTYITHON CPejibl OOMTaHIS ST COXPAHOHWS KX KUBOTHBIX,
TAKUX KaK ITHIbI, PENTUINK U JIPeBECHbIC MIICKOIIUTAIOIILIe.

HKaruessie crosa: coxpanenmne 6[10})&311006})331/1}:[, BBICOTA IT10JIOTA, MHAEKC IeHHOCTH! Jeca.

Due to anthropogenic activities in ecosys-
tems, fragmentation, and habitat loss, how the
main causes of biodiversity loss at all global,
national, and local levels, have modified ecosys-
tem services |1, 2]. Agrosystems (intentional
management of shade trees with acrops) have
the potential to provide habitats, to conserve
wildlife species in highly modified tropical land-
scapes [3, 4]. Coffee and cacao agrosystems are
the best known, and often have a high canopy of
various shade tree species [9]. So, these shade
trees are very important, and vary widely:
1) polycultural system (multiple species of shade
trees planted with forest species), where crop
trees are interspersed, with other shade trees
planted and cacao, 2) monocultural shade, where
the shadow is dominated by one or some tree
species, 3) diverse shade systems, where most
trees vary from 30 to 40 plant species, in which
fruit and timber species are inserted, where The
spine, usually are fast-growing nitrogen fixa-
tion legumes, include Erythrina spp., Gliricidia
sepium, Samanea saman, and Inga spp. [6].

In cacao agrosystems (Theobroma cacao)
worldwide, some shade trees are used that are
also present in plantations in Mexico. In Ghana
Persea americana, Citrus senensis, Gliricidia
sepium, Persea americana, Ceiba pentandra,
Cedrela odorala and Spondias mombin |7-10].
In Brazil Spondias mombin, Cedrela odorata,
Guazuma ulmifolia, Ceiba pentandra and Genipa
americana [11, 12]. In Colombia Spondias
mombin, Psidium guajava, Swielenia macro-
phylla, Cordia alliodora, Annona muricalta,
Guazuma ulmifolia, Artocarpus allilis, Pouteria
caimito, Gliceridia sepium, Persea americana,
Musa paradisiaca, Cedrela odorata and Ceiba
pentandra [13—15]. In Bolivia Cedrela odoralta,
Spondian mombin and Guazuma ulmifolia [16].
In Cameroon Ceiba pentandra, Citrus reticulata,
C. sinensis, Persea americana, Psidium guajava,
Spondias mombin, Manguifera indica and Musa
paradisiaca [17, 18]. In Costa Rica Carica pa-
paya, Castilla elastica, Cedrela odorata, Cocos
nucifera, Genipa americana, Gliricida sepium,
Leucaena leucocephala, Spondias mombin and
Samanea saman [19]. In Nigeria Citrus sinen-

sis, Manguifera indica, Psidium guajava, Citrus
reliculata, Persea americana, Cocos nucifera,
Ceiba pentandra and Spondias mombin [20]. In
Indonesia Manguifera indica and Swietenia mac-
rophylla |21, 22]. In Ecuador Cedrela odorata
[23]. In Peru Cedrela odorata, Persea americana
and Swietenia macrophylla |24].

The variety of trees established as shade
in cacao plantations, are valuable spaces for
wildlife conservation, providing habitat for in-
sects, birds, amphibians, reptiles, and mammals
[25-28]. Cacaois one of the main crops that can
be associated with a great diversity of trees used
as shade [29]. Globally, the most commonly used
shade trees in cacao plantations are Spondias
mombis, Cedrela odorata, Persea americana,
Mangifera indica, and Citrus sinensis [10, 19,
20, 30, 31]. In Tabasco, the most common shade
trees in cacao trees are Guazuma ulmifolia, Ceiba
pentandra, Erythrina americana and Samanea
saman [32-35]; where mammals such as the
howler monkey (Alouatta palliata) endangered
species (Sernapam NOM-059), has adapted,
using these agrosystems as a refuge. In addi-
tion, the red list of the International Union for
the Conservation of Nature (IUCN) considers
A. palliata mexicana as critically endangered.

The objective of this research is to calculate
the index of importance and forest value of the
shade trees frequently used in cacao agrosys-
tems, as available habitats for the conservation
of wildlife species.

Objects and Methods

Characterization of the study area. The study
was carried out in six different cacao agrosystems
(Fig. 1, see colorinsert I). In the state of “Tabas-
co”’, Mexico. In this investigation, three different
cacao agrosystems were selecled as study sites.

Sampling procedure. For the sampling of
the vegetation structure in the cacao agrosys-
tems, the 3 study sites were used (Table 1), in
which 10 plots of 25 x 10 m were selected in
each, each plot had an area of 250 m? taking
into account what is suggested by [36], for a
total of 30 Temporary Sample Plot (7SP), where
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Table 1
Sites used in this study
Study Location Coordinates, m (UTM, WGS84) Area Source
sites X Y
SA1 Aldama 461830 2017193 21.08 ha [32]
SA 2 Carlos Greene 454416 2016030 49.59 ha [37]
SA 3 Zapotal 471172 2023367 57.82 ha [38]
Emergent production |
paims and trees 0

Fig. 2. Vertical structure of the cacao agroecosystem with shade trees [13]

the diameter at breast height (DBH), total
height and crown diameter (all individuals with
DBH > 1.3 m) were recorded.

Characterization of the vertical structure.
The cacao agrosystems are integrated polycul-
tivation plots where all major plant types are
represented in layers and tiers from the open sun
to the closed shade (Fig. 2).

Dasometric variables. The trees were taxo-
nomically identified and geo-referenced with
GPS. The dasometric variables recorded were
the diameter at breast height (DHB 1.3 m) and
crown diameler, measured with a tape measure,
and total height (H¢) with a clinometer [39].

Diameter at breast height (DBH). Once the
plots were established, a direct determination of
the diameter at breast height (DBH) of all the
trees present in each of the TSPs was carried
out, making a single reading per tree, where
DBH = C/w®.

Determination of canopy height. Due to
the practical difficulties in measuring canopy
heights directly, through an indirect method,
was used by a clinometer to measure the angles
of the tree base (0), the canopy (p) and the hori-
zontal distance (hd), using the following basic
trigonometric formula: Ht = hd (tanp + tand).

Determination of crown diameter (CD).
For the determination of the crown diameter
present in each TSP, the projection of these
was measured in two directions, mainly North-
South and East-West, taking as reference the
projection of the ends of the same on the ground
CD = (cdl+cd2)/2 [68].

Basal Area Calculation. With the mea-
surements data, a database was generated, with
which the calculation of the Basal Area (BA),
cross-sectional area of the tree, measured at 1.30
m height was determined and calculated by the
following formula: BA = 0.7854 - DBH?, where
BA = Basal area in m* and DBH = diameter at
breast height in m?,

Importance Value Index. The importance
value index (/VI) defines which of the species
present contribute to the character and struc-
ture of an ecosystem, which is obtained from the
study of structural variables such as abundance,
dominance, coverage, and frequency [40]. It was
calculated as follows: I'VI = Relative dominance
+ Relative density + Relative frequency.

The dominance (biomass estimator: basal
area, coverage) relative was obtained as follows:
Relative dominance = (Absolute dominance per
each tree) /(Absolute dominance of all trees) - 100,
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Table 2
Tree species are found in three cacao agrosystems in Comalcalco, Tabasco
Family Scientific name Height (m) Agrosystems
SA1 SA 2 SA 3
Mangifera indica 10-30 X
Anacardiaceae Spondias mombin 10-30 X X X
S. purpurea 3-8 X
Annonaceae Annona muricatla 3-8 X
A. reliculata 6-8 X
Bignoniaceae Tabebuia rosea 10-30 X X X
Burseraceae Bursera simaruba 20-35 X
Erythrina americana 10-30 X X
Inga jinicuil 12—15 X X
Fabaceae Gliricidia sepium 12-20 X
Tamarindus indica 10-30 X X
Samanea saman 25-50 X X
Leucaena leucocephala 3-6 X
Cinnamomum zeylanicum 10-15 X
Lauraceae Persea schiedeana 8-25 X
Persea americana 10-20 X X
Malpighiaceae Byrsonima crassifolia 3-7 X
Malvaceae Ceiba pentandra 20-70 X X
Guazuma ulmifolia 8—15 X
) Cedrela odorala 10-35 X X X
Meliaceae 5 5 -
Swietenia macrophylla 30-50 X
Moraceae Artocarpus allilis 12-21 X
Caslilla el stica 20-25 X
Pimenta dioica 6-8 X
Myrtaceae Psidium guajava 3—-10 X
Syzygium jambos 10-16 X
Citrus latifolia 3-6 X
R C. sinensis 9-10 X
Htaceae C. nobilis 2-6 X
C. aurantium 3-5 X
Sapindaceac Talisia olivaeformis 15-20 X
Nephelium lappaceum 12-20 X
Chrysophyllum cainito 10-25 X
Sapotaceae Manilkara sapota 25-30 X
Pouleria sapola 15-45 X X
Oxalidaceae Averrhoa carambola 3-9 X
Bixaceae Bixa orellana 2-5 X
Boraginaceae Cordia alliodora 725 X
Caricaceae Carica papaya 2-8 X
Musaceae Musa paradisiaca 1-3 X
Muntingiaceae Muntingia calabura 3-8 X
Rubiaceae Genipa americana 15-25 X
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Table 3
Tree species with the highest importance value (IVI)
and forest value indices in the three cacao-based agrosystems
Species i Species FVI
SA 1 SA 1
Erythrina americana 62.34 Erythrina americana 90.94
Cedrela odorata 46.64 Ceiba pentandra 49.06
Tabebuia rosea 39.03 Mangifera indica 41.30
Mangifera indica 25.32 Artocarpus altilis 35.22
Artocarpus altilis 22.91 Spondias mombin 28.12
Twelve remaining species 103.76 Twelve remaining species 95.36
SA 2 SA 2
Bursera simaruba 62.53 Bursera simaruba 66.99
Cedrela odorala 00.86 Samanea saman 49.19
Samanea saman 36.92 Spondias mombin 37.89
Tabebuia rosea 36.25 Cedrela odorala 24.92
Inga jinicuil 26.39 Tabebuia rosea 21.40
Fourteen remaining species 87.05 Fourteen remaining species 99.61
SA 3 SA 3
Samanea saman 96.85 Samanea saman 42.93
Tabebuia rosea 96.02 Ceiba pentandra 36.98
Ceiba pentandra 31.31 Pouteria sapota 39.78
Spondias mombin 30.76 Tabebuia rosea 33.45
Cedrela odorata 23.86 Persea americana 29.54
Fifteen remaining species 101.20 Fifteen remaining species 121.32
Table 4
Density, height, basal area, and cover of shade trees in cacao agrosystems
Indicators Camertn Indonesia Mexico Ghana Ecuador | Costa Rica
Canopy coverage (%) 87.8+7.4 78.7+0.4 72.75£5.74 | 51.6+3.67 | 72+27 66.0+18.1
Tree species (no.) 11.0+0.0 20.8+7.8 11.93+£0.94 | 10.8+£1.27 17+5 15.8+5.8
Tree density (tree/ha) | 51.3+£12.0 77.5£21.1 45.75+3.89 | 49.0+£9.7 |54.6+33.2| 61.0£22.1
Tree height (m) 95.9+3.3 191.'[;576;00.'2469 11.28+0.69 | 15.1£0.74 | 12.1+1.0 21.1£3.6
Basal area (m?/ha) 48.7+14.6 96.7+9.10 34.1£2.86 | 42.8+2.5 | 37.7+5.1 25.5+7.4
Source [5,17, 42] [43-46] [47, 48] [7,8,49] | [23,50] [51-53]

where: Absolute dominance = (Basal area of
a tree) /(Sampled area).

The basal area (BA) was obtained with the
following equation:

BA:%DBHZ,

The relative density is calculated as follows:

Absolute density = (Number of individuals in
a tree) /(Sampled area)

Relative density = (Absolute density per each
tree) /(Absolute density of all trees) - 100,

where: The relative frequency is calculated
as follows:

Relative density = (Absolute density per each
tree) /(Absolute density of all trees) + 100,

where: Absolute frecuency = (Number of
Jrames in which each tree is presented)/(Tolal
number of sampled frames).

Forest Value Index. The forest value index
(FVI) proposed by [41], which is made up of the
relative values of the diameter, height, and cover-
age of the species in the area. It was calculated
as follows: FVI = Relative diameter + Relative
height + Relative cover.

The relative diameter was obtained by the
equation:

Relative diameter = (Absolute diameter
pereach tree)/(Absolute diameter of all trees)
- 100,

where: Absolute diameter = (Diameter of a
tree) /(Sampled area).
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The relative height was obtained by the
equation:

Relative height = (Absolute height per each
tree) /(Absolute height of all trees) + 100,

where: Absolute height = (Height of a tree)/
(Sampled area).

The relative coverage was obtained through
the equation:

Relative coverage = (Absolute coverage per
each tree) / (Absolute coverage of all trees) - 100,

where: Absolute coverage = (Coverage of a
tree) / (Sampled area).

Results

Field sampling. The family with the high-
est presence of species was Fabaceae with four
species. The Malvaceae and Sapotaceae families
presented three species each, while the Anacar-
diaceae, Bignoniaceae, Lauraceae, Meliaceae,
Moraceae, and Rutaceae families each, had two
species (Table 2).

Ecological importance value index. The tree
species with the highest structural values in each
agrosystem were the same in both indices, Erythrina
americana (IVI = 62.34 and FVI = 50.94), Bursera
simaruba (IVI = 62.53 and FVI = 66.99), and Inga
Jinicuil (IVI = 56.85 and FVI =42.93) (Table 3).

Review of structural characteristics in
shade tree vegetation in cacao agrosystems. A
literature review of the structural characteristics
of shade tree vegetation in cacao agrosystems
was carried out worldwide (Table 4).

Discussion

Due to the fragmentation and loss of habitat,
species such as insects, amphibians, reptiles,
birds and mammals have needed to take refuge
in cacao and coffee agrosystems [25, 32, 54], in
no way can these types of available habitats be
compared with rainforests, which due to their
biotic and abiotic processes would be the ideal
habitats for many species. However, in the case
of some endangered species, agrosystems are the
only habitat available, because, due to their di-
versity of trees and different strata in their cano-
pies, they have the potential to provide habitats
for the conservation of species of wildlife [3, 4].
The different strata in cacao plantations, allow
obtaining various benefits and natural services
such as water collection and purification, soil
conservation, crop pollination, carbon seques-
tration, organic waste decomposition, species
conservaltion, ultraviolet rays protection, partial
stabilization of the climate, and the aesthetic

beauty of natural environments [55]. Therefore,
economic incentives or payment for environmen-
tal services could be provided to small producers,
so that they conserve and improve the tree cover
of their cacao plantations [56].

The vertical stratification of vegetation
contributes to the plant-animal interaction,
population dynamics, and the evolution of the
life history of animals that depend on plants
for food [57, 58]. In addition, abiotic and bi-
otic factors influence structural aspects such
as canopy height and geographic distribution
of species, which is important for maintaining
different strata and abundance of trees [59].
Vertical stratification in rainforests and cacao
agrosystems is very important because of their
composition, structure, and diversity since
their different strata are favorable to support
the conservation of wildlife species [29]. As for
the vertical stratification of the forest, it is clas-
sified into five levels: emerging layer, canopy,
undergrowth, and soil layer [60, 61]. While the
vertical stratification of cacao agrosystems is
classified as high, medium, low, and floor [62].

Some of the trees found in these study sites
are fruit trees such as Citrus sinensis, Mangifera
indica, Annona muricata, and Persea ameri-
cana |9, 17], while others are forestries such as
Tabebuia rosae and T. guayacan. In addition,
species such as Cedrela odorata and Swietenia
macrophylla, which according to the TUCN
calegory are considered vulnerable species.
Shadow trees in cacao should be promoted as
a way of conserving wildlife species [25], as it
provides biological corridors for the movement
and shelter of animals such as insects, birds, and
mammals [9, 17]. Currently, diversification in
agrosystems is a strategy that allows produc-
ers to compensate for economic losses caused
by price fluctuations and low coffee and cacao
production [63]. These types of strategies have
focused on product diversification with basic
crops, vegetables, fruit, timber, ornamental, and
even animals [64]. Diversification can increase
the overall production of the system, the rational
incorporation of shade trees and the biodiversity
associated with the system offers the possibility
of improving the provision of ecosystem services
without reducing coffee production [65].

In this research, the species Erythrina
americana obtained an VI value of 62.34, simi-
lar to other studies where the species had an 7VI
of 59.18 [33], 68.22 [66] and 78.5 [67]; the
Tabebuia rosea species obtained an VI of 36.25
similar to other studies where it had 35.30 [67]
and 26.80 [33]; the Maguifera indica species
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obtained an /VI of 25.32 comparable with other
1VIof18.00 [67], 31.70 [33] and 31.41 [66]; the
species Cedrela odorata obtained an I'VI of 23.86
similar to the IVl of 25.40 [33], 21.28 [66] and
26.50 [67]; the Inga jinicuil species obtained an
1VI26.39 very close to 26.84 [66] and 22.79 [33].

The presence of arboreal fauna at different
levels of stratification is highly correlated with
the structure of the diversity of trees. Therefore,
they are crucial elements in the richness of bio-
diversity. Since currently in our study site, cacao
agrosystems are the only thing that is available
as a habitat for wildlife, and it is what most re-
sembles a jungle due to its vertical stratification.
House garden domestics and cover crops where
you can find especially insects, spiders, and some
mammals such as antleaters, wild boars, tapirs,
and jaguars, where also a large amount of litter
falls to the ground and is rapidly degraded by
termites, worms, and fungi. Ornamental shade
and fruit trees where we can find snakes and
some birds. Managed foliage and nitrogen-fixing
legumes birds (toucan), mammals (monkeys),
reptiles, and amphibians. Emergent production
palms and trees birds such as the scarlet macaw
and other types of species.

Conclusion

Dasometric variables of the shade trees
used in the cacao agrosystems were measured in
the field and obtained the information necessary
to determine the height of the canopy, crown di-
ameler, and diameter of breast height to obtain
the index of importance and forest value, these
attributes are important as it could be taken as
an input variable or parameter to predict avail-
able habitats through an ecological niche model
and assess the quality of their habitat, including
birds and arboreal primates. Cacao plantations
due to shade trees can become key refuge areas
for various species such as insects, amphib-
ians, reptiles, birds, and mammals, especially
when compared to more intensive agricultural
practices. It is recommended to use LiDAR
technology as a tool Lo measure parameters
related to the vertical stratification of shade
trees used in cacao agrosystems, in addition to
quantifying the relationships between species
and habitats, which is beneficial as a support for
conservation, in the persistence of populations
at local scales.

We appreciate the support of the SNI-CONACyT
and the Higher Technological Institute of Comal-
calco.
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[To marepmamam MHKEHEPHO-IKOJIOTHICCKIX M3BICKAHII Ha MPOCKTIPOBAHIE MTPOU3BOCTBEHHO-TEXHITICCKOTO
rkommierca (ITTR) «MapajibikoBekuii» mo obpadorke, yrunusarnun 1 obesspeskusannio orxojos | u Il kiraccos onac-
HOCTH CJIeJIaH aHAJIN3 PACUETHBIX BRIOPOCOB 3arpsisHstionux Bertects (3B) B armocdepHbIil BO3/IyX, B TepedeHb KOTOPbIX
BXOHT 49 BEIIECTB PA3IMIHON XUMITIECKON TPIPOIHI 1 crerienn onacuoctn. [Iposenerno pamknposanne 3B mo Benmaniie
KpuTepud OlacHOCTH 9TUX BElleCTB, YUUTbIBAIOILETrO0 NX TOKCUMYHOCTDL U O6"héM bl Bhl6pOC3 B aTMOC(i)C‘py. ﬂo IHOJIyYCeHHbIM
JIAHHBIM B TIPOTPAMMY 9KOJIOTHYECKOTO MOHUTOPIHTA aTMOC(EPHOT0 BO3JLyXa PEKOMEHJIYETCsI BRIOUNTH 22 TPHOPUTETHBIX
norasaress. Kpome obmmenpompiniennbix 3B (okenmbt cepor, a30Ta, yriaeposa, B3BeImeHHbie BeMecTBa), K HIM OTHECEHbI
Cll(}llM(i)H‘lCCKl’lO SB, XapaKTepHble AJIA HpeJInpuATn il 110 yruansammnm n O603Bp0?|(” BaHNIO OIMACHBIX ITPOMBIIIJICHHBIX OT-
XOJI0B — BTO IMOKCIHBI, OeH3|[a ]| ITipeH, OKCU/bI KaJMIs1, MeJ{i, HIKeJIsl, CBUHIA, alOMIHUS, ITTHKa, sKeqesa (111), pryru,
a TarsKke aMMIAK, Ta3000PA3HbBIe COCMMHEHTST PTOPA, XTOPOBOOPOIL, TIAHOBOAOPO. [Ipemoieno BRIOYNTE B ITpOrpaMmMy
MOHHUTOPUHTA aTMOC(EPHOTO BO3/yXa MOHUTOPHUHT CHEKHOTO TOKPOBA 1 MOKA3ATENN OTKINKA OUOTHI HA TEXHOTEHHOe
armocdepHoe Bozzeiicrsue. Pazpaborana kapra-cxeMa ceTu W MPeIOKEH PervIaMeHT IIPOBeeHUs JKOJIOTHIECKOT0 MO-
HOTOPIHTA aTMOCHEPHOTO BO3TYXA.

Harouesswie crosa: MOHUTOPUHT HTMOC(bepHOI‘O BO3/lyXa, yrujinsanusa mn Oﬁe.’}Bpe?}(HBHHI/Ie ITPOMBIHIIEHHBIX OTXO/10B,
NpuopuTeTHbIC 3arpsAsHAIONe BellecTBa.
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Based on the materials of engineering and environmental surveys for the design of an industrial and technical
complex (ITC) for the processing, disposal and neutralization of waste of I and 1l hazard classes “Mirny”’, an analysis
of the calculated emissions of pollutants into the atmospheric air was made, the list of which includes 49 substances of
various chemical nature and degree of danger. The pollutants were ranked according to the magnitude of the hazard
criterion of these substances, taking into account their toxicity and volumes of emissions into the atmosphere. According
to the data received, it is recommended to include 22 priority indicators in the program of environmental monitoring of
atmospheric air. In addition to general industrial pollutants (oxides of sulfur, nitrogen, carbon, suspended solids), they
include specific pollutants characteristic of enterprises for the disposal and disposal of hazardous industrial waste —
these are dioxins, benzo|a]pyrene, oxides of cadmium, copper, nickel, lead, aluminum, zinc, iron (I11), mercury, as well
as ammonia, gaseous fluorine compounds, hydrogen chloride, hydrogen cyanide. It is proposed to include snow cover
monitoring and indicators of biota response to technogenic atmospheric impact into the atmospheric air monitoring
program. A map-scheme of the network has been developed and a regulation for conducting environmental monitoring
of atmospheric air has been proposed.

Keywords: atmospheric air monitoring, utilization and neutralization of industrial waste, priority pollutants.

B Poccun marommeno 6omee 30 mapm T
IPOMBIIIJIEHHBIX OTXO/[0B, IepepaboTKa u BTO-
pudHOe ncnoyib3oBanme Koropbix K 2020 r. co-
craBmio 49,3% [1]. ITo skcrmepTHBIM JaHHbBIM
n3 orxonos I m Il kraccos omacmocTn B Harei
crpane Ha mepepaboTKy momnajgaer He Oojee
1,5-2,0% [2].

JIlns permenust npodjeMbl yTUIN3AI N
1 00e3BPEeKNBAHNSA HAKOIJI@HHBIX XUMUYe-
ckux orxonos 1 n 11 kaaccos onacmoceru 30 am-
peas 2019 r. Ilpasurenbcrsom PO npunsTo
[TocranoBienme No 540 «O6 ocymiecTBieHnN
OIO/KETHBIX MHBECTUTINIT 3a cUGT cpeieTs (e-
NepaTbLHOro OIofZKeTa B 00HEKTH KATUTATLHOTO
CTPOUTENIHCTBA B paMKax dhejlepaibHOTO ITPoeKTa
«Mudpacrpyrrypa s odpaleHus ¢ OTXogamn
[-1IT rnaccor omacuoctu»». B [Tpunosennn
K pamnomy llocranoBinenuio onpepenén mepe-
4eHb 00BbEKTOB KAlMTAIbHOIO CTPOUTENIHCTBA —
MPOU3BOJCTBEHHO-TEXHIYCCKINX KOMILICKCOB
(ITTR) momrocThio 1o 50 THIC. T/TOJT, pazmeriae-
MBIX Ha TePPUTOPUAX 00HLEKTOB OLIBIIIEr0 Xpa-
HEHWSI U YHUUTOKEHUsI XUMUYECKOTO OPYIKISL:
B Ruposckroii obmactn — «MapagbiROBCRIT»,
B CaparoBckoit — «[opuslii», B Ryprancroii —
«IIlyune», B Yamyprun — « Rambapra». locynap-
CTBEHHBIM 3aKa3YNKOM B OTHOTIIEHUN 00'beKTOB
KaInTaabHOTO CTPONTENLCTBA otpesenera ['ocy-
[lapcTBeHHAS KOPIIOPATUS 110 ATOMHOT SHePTU I
«PocaroM», a 3akazunkroM (3acTpORTIINROM) —
denepasbHoe ToCynapcTBeHHOE YHUTAPHOE
npepnpusitue «DegepanibHblil 9KOJOTTYCCKITIT
omeparop» [3].

Ha panubix npeanpusTusx mponu3BoJCT-
BEHHO-TEXHOJOTHYECKUIT TIPOIECC MIIaHUPYETCst
obecrieunTh 10 TPEM HaIIpaBIeHUSM: PUBMKO-X1-
Muyeckas 06padboOTKa, IeMePKRYPU3ATIHS 1 BHICO-
KoTeMIlepaTypHoe obe3BpeskuBanue. B peannsa-
1T KasK0T0 U3 HIX CTaBUTCS 3ajiaua «6e301acHo
mepepaboTaTh OTXOJbI U BEPHYTH UX TOJE3HbIe
KOMITOHEHTBHI B XO3SIHICTBEHHBIIT 000poT» [2].
B 2019-2020 rr. Ha tepputopusix njaaHupye-

moro cosnanus [ITR nposenenbr nuskenepuo-
DKOJIOTUYECKIE U3bICKAH S, BBITIOJTHEHbI pabOThI
10 OIeHKe BO3JEICTBUS TPOEKTHUPYEMbIX 00b-
eKTOB Ha oKpy:kaiorryio cpery (OBOC).

Ha npoertupyembix TR nnanupyercs
nepepadaTeBaTh MPAKTHUYECKN BCE BUJBI MTPO-
MBINLICHILIX 0TX0m0B, orHecéninix Kk [—11 kmac-
cam onacHocTn (coefiMHeHMsI PTYTH, CBUHILA,
RaJIMUsT, MWHEPATbHbIE 1 CHHTETHYECKIe MACa,
TpaHcoOpMaTOPhl, KOHJEHCATOPHI, CBUHILOBBIE
AKKYMYJIATOPBI, OTXO/bI HeTEIPOYKTOB T10-
cJe miporiecca pauHIPOBAHNS, TETOUN W KIC-
JIOTBI OT AKKYMYJISATOPOB, OTXOJIbI MOJUMEPHOI
MPORYKIMI W 7ip.), Bcero mopsaara 300 Bujon
OTXOI0B. B MpoeKTHOI IOKYyMeHTAIU! CIIPO-
eKTUPOBaHA 3aMKHYTasi cxema 000poTa BOJbI
B TEXHOJIOTHYECKOM Tipoiiecce, 6e3 copoca crou-
HBIX BOJl B CHCTEMbI OUMCTHBIX COOPYIKEHMNTI,
MOATOMY CJeyeT OKUIAThL, YTO OCHOBHAS TeX-
HOTeHHAasl HATPY3Ka Ha MPUPOJHBIT KOMIIJIEKC
B paitone mpoertupyembix [I'THK u B panbheii-
eM DKCILTYaTHPyeMbIX JKOTeXHOMaPKOB Oy/ieT
NPUXOAUTHCS HA aTMOC(EPHBII BO3JIYX, TTOUBY,
pacTUTENbHBII 1 JKUBOTHBIIT MUP.

B cBsizu ¢ sTum jas obecriedeHus HKOJIO-
rUvYeckoil 6e30TmacHOCTH TePPUTOPUIT B paiioHe
MAHHBIX JKOTEXHOTIAPKOB HEOOXOMMO paspa-
O60TaTh 1 BHEJPUTH HA KAKIOM U3 HUX CUCTEMY
ROMILJIEKCHOTO DKOJOTHYECKOTO MOHUTOPUHTA.
Crcrema KOMIIIEKCHOTO HKOJIOTHYECKOTO MOH -
ropunra Jrorextonapka «Mupubiit» B Kupos-
CKOIT obJyracTu JlokHa obecliednBaTh OMEHKY
cocTOSTHISA aTMOCHEPHOTO BO3JTyXa, TOUBHI, TIOJ[-
3eMHBIX U TOBEPXHOCTHBIX BOJI, (DJIOPBI 1 (hayHbI
Ha TpuJjeraioneil K JanHoMY IIPeIpusTHIO
TEPPUTOPUN C TIEJIHIO BHISIBIEHWSI BO3MOMKHOTO
TeXHOTCHHOTO BO3IeIICTBUS.

Basknoii cocTaBHOI 4acThlo CUCTEMbI KOM-
MJIEKCHOTO 9KOJTOTHYECKOTO MOHUTOPWHTA SIB-
JsieTCsT MOHUTOPUHT atMocepHOoTO BO3/IyXa,
obecreuynBaIONMIT OMePATUBHBITT ROHTPOJIL 32
AeATeNLbHOCTRIO MTPEANPUSITHS, OTIEHRY BO3Jel-
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CTBUS BCEX €r0 MCTOUHUKOB HA OKPYIKAIONLYIO
cpeny (OC), nmporHos u, camoe TaBHOe, TTPUHSI-
THE TTPeBEHTUBHBIX YIIPABIEHYECKIUX PelleHunit
110 CHUKEHWIO TeXHOTeHHON HAarpy3KHU ITyTeéM
BHEJ[PeHUsI HAUJTYUITNX JIOCTYITHBIX TeXHOJIOT I
OYHMCTKYM BbIOPOCOB OT OOMIEITPOMBIIIIEHHBIX
n crenuduUecKux 3arps3nennii [4], mo co-
Kpaienuio n ynasiausanuio sbiopocos CO,, uto
KpaiiHe aKkTyaJabHO JIJISI PEIeHusi mpodIeMbl 110
obecrevyeHni0 KINMATUUECKON YCTONMUYMBOCTH
MJIAHeThl U YMEHBITEHWIO YIIePOHOTO BRJIA/A
MPOMBITIITIEHHOTO ceKkTopa |9, 6].

R cnenuguueckomy 3arpsa3HeHnio arMoc-
depuoro Bozjpyxa npm GU3MKO-XUMUYECKOT
repepaboTKe OTXOJIOB OTHOCUTCS, TTPEsK/e BCero,
3arpssHeHne coeJMHeHUsIMI TraJibBAHNYECKUX
MIIAMOB, cofiepsrarux Tsrénnie Merasint (TM),
a 1Ip1 BBICOKOTEMITepaTypPHOM 00e3Bpe;KNBaAHII —
CTONKIMU OPTAHITYECKIMU COIMHEHMSIMI, ROTOPhIE
MOTYT MUTPHPOBATH 11 HAKATLINBATHCS B Onocdepe.

OCHOBHBIMI KPUTEPUSAMU JIJIs1 BBIOOPA KOH-
TPOTMPYEMBIX BEIECTB ABISIOTCS MX CBOUCTBA,
RoJimuecTBO 1 paciipocrpanénnocts B OC, croii-
ROCTH (IIePCUCTEHTHOCTD) BEIIEeCTBA, CIIOCOOHOCTh
R OMOAKRKYMYJISATINN, MUTPAIIN, MEKCPEIIOBOMY
paciipesiesieHIIo, 4To IIPOsIBIISIETCSI B OJTHOBPeMeH-
HOM 3arpsi3HeHN N HeCKOJIbRIX CPe]l.

[lesnbio uccnenoBanms siBisiercsi 060CHOBA-
HUe [epevyHs 3arpsA3HsAIONNX BeIecTB, KOTOpbie
MOTYT ObITh BKJIIOUEHbI B TPOIPAMMY DKOJIOIH-
YeCKOTO MOHUTOPUHTA aTMOc(epHoTo BO3IyXa,
BAKHON COCTABIATONIEH CHCTEMBI KOMIIIIEKCHOTO
AKOJOTHYCCKOTO MOHUTOPUHTA, 00eCIednBao-
e 9ROTOTHUECKYT0 0€30TMacCHOCTh OKPYRATIO-
el TPUPOHON cpefibl B paiioHe co3IaBaeMoro

JrorexHomapka « MupHbIli» IO yTUAN3AINT,
obesBpeskuBaHmio n repepaborke orxonos 111
KJIacCOB OIIaCHOCTU.

O0BbeKTHI 1 MEeTOJbI NCCIACOBAHIS

OO0 BeKTOM HMCCJIeJOBAHUS SIBJISIJICS aTMOC-
(epHbBITT BO3IYX HA TEPPUTOPUHU CO3/IaBAEMOTO
JrorexHornapra « MupHbiii»., AHAJIN3 COCTOSIHMS
arMocgepHoro Bo3ryXa IPOBOIIICS 110 IAHHBIM,
MTOJTYYeHHBIM B XOJie NH;KeHePHO-IKOJTOTTIeCKITX
M3BICKAHWI 11 110 pe3yJibraTaM Nccael0BaHmii, BbI-
nosiHeHHbIX B pamkax OBOC — vactu ipoexTHOI
noxymenrtaruu 1o coszpanunio TR «Mapajbi-
ROBCKUIT» 110 00paboTKe, yruausamuu u obes-
BpeskuBanuio orxonon I n I kraccos onacnoctn
[7]. ITpoBemena cratuernueckas 06paboOTKA BCETO
MacCHBa 9TUX JIAHHBIX, C/leJIaH aHAIU3 PUOPH-
TeTHBIX TIOKa3aTe/iell, pe3yibraThl KOTOPOTO IIPej-
CTaBJICHbI B TAOJIMIIAX M HA iuarpaMmMax.

Teppuropus IITH maxogures B Taésmno-
JecHoil 30MHe, Te MpeodIaaiomIMI ABIAIOTCS
IePHOBO-TIO30INCTIe TTOYBHI. Perbed Teppu-
Topuu paBHuHHbI [7-9]. Xaparkrep sumueii
7 JieTHeil po3bl BETPOB Ha JAHHON TeppPUTOPUN
cylecTBeHHO pasnnyvaercs (puc. 1, 2) [7, 8].

KRnumar paitoHa — yMepeHHO-KOHTHHEH-
TabHbIi, cpepusas remmeparypa — 3,1 °C. Cpej-
Hee Y1CJI0 JIHeil B TO/ly ¢O CKOPOCThIO BTpa, paB-
HOIt win ripesbimatonieit 15 m/c, — 10,5. Cpennsis
flaTa MmosiBJIeHIsI CHEKHOTO TOKPOBA TPUXOUTCS
Ha TePBYIO [ieKa/ly OKTSOPSI, YCTONYNBbBIN CHEsK-
HBII TIOKPOB B CpefiHeM 00pasyercs B cepejnHe
Hos10psi. Paspyiienne cHe;KHOro MOKpPoOBa Ipo-
MCXOJUT B IIepBOil iekajie ampess. K navary cHe-
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Puc. 1. AuBapcras (a) u nosnberas (b) posst Berpos 1o mereocrantiun Korenbuuy 3a nepuog 1989—-2020 rr.
Fig. 1. January (a) and July (b) wind roses for the Kotelnich weather station for the period 1989-2020
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Pue. 2. T'ooBast poza BeTpoB 110 MET€OCTAHINN
Roresbunu 3a nepuom 1989-2020 rr.
Fig. 2. Annual wind rose at the Kotelnich
weather station for the period 1989-2020

roTastHusA cpeHsis mwiotHocth ciera — 0,27 r/cm?®.
SuaueHusi GOHOBBIX KOHI[EHTPAIMIl 3arpsi3-
Hswmux Beriects (3B) B armocdepHoM Bozyxe
nrr Mupnbiit OpuueBckoro paitona Kuposckoit
o0JiacTu 1o JIAHHbIM J1a00paTOPU T MOHUTOPUHTA
sarpsizrenuss OC Kuposceroro [II'MC — ¢punmama
DOI'BY «Bepxmee-Bomxerkoe YI'MC» [7] mpu-
Befennl B Tadaute 1.

Pesyabrarel n 00cy:kaenue

[Iporpamma mouuropunra arMmocgepHoro
BO3yxa s Jrorexuonapka « Mupmusiii» 1o
yTuausanuu, nepepadborke n 00e3BpeKUBAHIIO
orxofoB [ u Il KraccoB omacHoCcTU BKJIIOYAECT
nepeyeHb KOHTPOJINPYEMbIX BeIl[eCTB, CeTh
MOHUTOPUHTA, perjamMeHT orbopa 1mpod, Mero-

AmYecroe u NHQOOPMaIMOHHOE COITPOBOK/CHIE.
[To marepuanam MHKEHEPHO-DKOTOTMUECKIX
nzbickanuii [I'TH «MapajipikoBCKMii» B pe3yiib-
Tare flesTeIbHoCTH IRoTexnonapra « Mupuoriis
B arMocepHbIil BO3/YX MOKET OCTYITUTh 49 Be-
MeCTB Pa3INUYHON XUMHUYECKON TPUPOBI
n eremenn omactoetn |7]. V3 mux ma obrenpo-
mbinieaabie 3B ITI-1V kaaccos onacuoctu
npuxopurest 0ko0s10 90% or 001eil Macehl maHm-
PyeMbIX roftoBbiX BeiOpocoB. Hanbosbiimii BRIa
BHOCAT OKemibl azora (41,98%), cepsr (30,23%)
n yraepoja (16,84%). Kpome toro, B pammyio
rareropuio 3B BXoiAT conu: XA0PUbI RaJTus
W KaJbIUs; cyab(ar u rumoxXJopuT HATPUS;
OKCHUJIbI METAJIJIOR: JKeJe3a, IMIUHKA, IUPKOHUS,
a TaKkyKe aMMIaK, Cayka, B3BEIIIeHHbIe BellecTBa.

B cocraBe BBIOPOCOB 11pu BKRCILTyaTaAI[ Y JlaH-
HOTO JKOTeXHOTapKa K coefnHenusiMm | kiaacca
OTIACHOCTH OTHOCATCS OKCUIBI KajMUs, PTYTH,
CBIHIIA, XPOMA, MBITITLAKA 1 X HEOPTaHNTUCCKITe
COCIIMHEHTS, & TAKKE OPTaHMICCKITE COCIMHCHTISA:
Oens|a|uupen u quorcunnl. IIpepcraBurennberso
3B 1l k1acca onacnoctu B cocraBe BbIOPOCOB 110
BUIAM 1 00bEMaM 3HaYNTeJaLHO Ooubire. K aum
ornocsitest xnopuj srenesa (1), orcumanpr Hukess,
anoMuHus, Men, pocdopa, Mmaprania u ux He-
opraHmyecKne COeIMHEHNs; KUCIOTHI (cepHas,
a30THAas, COJNAHAA); Ta3000pa3HBIC COCUHEHUS
(ropa, cepoBoIOPOJI, IUAHOBOLOPOJL, XJIOPOBO-
nopoj, 6pomMoBoiopoj. VI3 oprannueckux coesn-
HeHuil K 9101 rpytne 3B orHocsTest 6eH30.1, TeK-
cadropoenson, penon u ammHosTaHo . B iemom
CyMMapHbIi BBIOpOC B arMocepublii Bo3ayx 3B
I n Il kmaccos omacmocrn cocrasur 1,891 1 B rop,.
W3 nux ocrosuast posist (97,5%) npuxopurcst Ha
xsiopoBojiopoj, — 1,58 1, coepruHenms razoobpas-
noro ¢gropa cocrassat B cymme 0,15 1, orcujnt
meau — 0,000 1, amomuans — 0,0245 v, nukess —
0,02 1, rekcapropoensona — 0,015 1. Ha Bwi-
opocwt octanbibix 3B 1 u 11 kmaccos omacrnocrn
npuxopures auiib 2,0%. OxHaKo K 91oil rpyiiie

Ta6auma 1 / Table 1

Suavenust POHOBBIX KOHIIEHTPAIMIT 3arPA3HSIONINX BEIECTB B arMoc(eprom Bozyxe nrt MupHbiit
Opmuescroro paitona Kirposcroit ob6mactn / The values of background concentrations of pollutants in the
atmospheric air of the village Mirny, Orichevsky District, Kirov Region

3arpsi3Hsioniee BeiecTBo DonoBas KoHteHTpaus, mr/m?
Pollutant Background concentration, mg/m?

NO, 0,055

CO 1,8

SO, 0,018

Bsgemennnie sertecrsa / Suspended solids 0,199

NO 0,038
Bens[a]nupen / Benz[a]pyrene 0,000015

Hpumewanue: npedcmasnennsie gonosoie konyenmpayuu deiicmeumenvitol ha nepuod ¢ 2019 no 2023 ze.
Note: the reported background concentrations are valid for the period 2019 to 2023.

Al
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OTHOCATCS BbICOKoOTacHbie 3B: nokcunb,
OeHs|a|nupen, 6POMOBOIOPOJL, TMAHOBOOPO/I,
(eHobI, cepoBOIOPOJ. 3HAUEHNMS CpejiHecy-
rounoil I[TIJIK (ITJIK ) y nux pasznuvaiorcs Ha
MHOTO HOPSIIKOB, HAIIpUMep, /s XJ0POBO-
nopopa ono pasuo 0,1 mr/m?, s Gens|a]mu-
pera — 0,00001 mr/m?, a gis quokcmHa —
0,000000005 mr/m?. B c¢Bsisu ¢ amum iiist po-
BEJICHUsT HKOJOTHYECKOTO MOHUTOPUHTA aTMOC-
(eprOTO BO3MYXA, OMTUMU3ATMN TTOKa3aTeei
HEeOOXOMMO TTPOBECTH WX PAaHKUPOBAHWE
¢ YYETOM BaJIOBOTO BHIOPOCA, TIPEIEIIHLHO JIOTTYCTH -
MbIX KOHI[@HTPAINIl, KIACCOB OTIACHOCTH U, CO-
OTBeTCTBEHHO, TOKcnuHOoCcTH 3B ¢ 1enbio hopmu-
pOBaHUs TIepeyHs ITPUOPUTETHBIX ITOKa3aTeseil,
110 KOTOPBIM KOHTPOJIb I MOHUTOPWHT COCTOSTHU S
arMocepHOro BO3yXa MOJKHBI TTPOBOIUTHCS
Ha TOCTOSTHHOI OCHOBE, KAK B aBTOMaTUYeCKOM
peskuMe, Tak 1 epeBUKHBIMI Ta00PaTOPUSIMU
KOHTPOJISI 110 YTBEPKIAGHHOMY PerJiaMeHTy.

Ormpejiesierine mokasareaeii KOHTPOJIs ar-
MocdepHOTO BO3JLyXa ITPOBEIeHO TI0 pe3yabrataM
pacuéra 3HAUEHUIT KPUTEPHS OMTACHOCTH BEIeCTB
B cootBeTcTBUN ¢ pekomenparusavu [10]. [lan-
HBII IOKYMEOHT, BLITTYTIeHHbI ['ocKoMITprposibl
CCCP emié B 1990 r., B HacTosiee BpeMs nMeer
peKOMeHJIaTeJIbHbIIl XapaKTep, HO ero MeToJo-
JIOTUYECKIe aCHeKThl BO MHOTOM He YTpaTuan
AKTYaJIbHOCTH.

Kpurepun onacuocru seriects (KOB) Obiin
paccumTaHbl JJIs1 BCEX BEIeCTB 13 epedHs mpo-
eKTHBIX BLIOPOCOB 110 hopmyJie:

ROB; = (M;/IL]IK,.)™,

rae M, — cymmapubiii BeIGpoc BeniecTsa, T/T,
IJIK, .~ cpepiecyTouHas HPEJIeIbHO 0Ty CTHMAs
KOHIEHTPalMA i-To BellecTsa; A, — HOCTOAHHAs,
YUHTHIBAIOIIAS Kaace onacuocTu Berectsa [10].

Pesyabratel panskupoBaHus BeIecTs 1o
yobiBanuio KOB npusenens B tabauiie 2 u or-
paskeHbl Ha PUCYHKE 3.

Ha pucynre 3 HarjasgaHo BUgHO, 4TO BXOJS-
e B MepeueHb 3arps3HsAONIe BeIecTBa 1mo
esnunae ROB prensitest Ha Tpu rpy b BelecTsa
¢ nopsaagKoBbiMu HoMepamu 1-9 mo rabaume 2
(ROB=36,19-852,21),10-20 (KOB=0,62-5,13)
nocranbibie 3B (KOB <0,14). [Ipnopurernomy
KOHTPOJIIO nojiiieskar 3B mepBbIX ABYX TpyIin
(Bcero 20 Bemectn). Kpowme Toro, menecoobpas-
HO JIOTIOJIHUTh TTPUOPUTETHBIIT TIepeueHb JIBYMsi
BemiecTBaMu | kiracca onacnoctn — Gens|a]mnu-
peH U MBIIIbSAK (BKJIIOYAs €r0 HeOpraHuyecKne
COe/IMHEHNUSs), KOTOPbIe BCJENCTBIE MAaJOTO
00béMa pacuéTHOTO BLIOPOCA HE BOIILIN B CITUCOK
[PUOPHUTETHOTO KOHTPOJIS.

Takum obpazom, nz 49 3B, Koropbie Moryr
mocTynaTh B arMocepHbIil BO3JyX B BhIOpocax
oT jlesiteJibHOCTH JROTeXHOmapra « MupHbIii»,
K IIPUOPUTETHBIM CJIe[IyeT OTHeCTH 22 TToKa3areis.
CrremoBaTtenbHo, HAOMIOCHIA 3a X COfIEPIRAHTEM
B IIPUPOJHBIX CPeiaX u 0ObERTAX JIOJHKHBI ObITh
BRJIIOUEHBI He TOJIBKO B IIPOrPaMMy JKOJIOTHYe-
croro monuropunra OC B paiione jieaTeIbHOCTI
JKOTEeXHOIapKa, HO U 00513aTeJIbHO BBEJCHbI
B IIPOTPAMMYy HPOU3BOJCTBEHHOTO KOHTPOJS
" MOHUTOPUHTA IAHHOTO ripeprpusitust. Orcsiesxn-
BaThCsI OHU JIOJKHBI HA BCEX MCTOUHMKAX 3arpsi3-
HEeHUsI B IPOU3BOJICTBEHHOII 30He, HA MTPOMILIO-
majike JKOTeXHONapKa 1 Ha 'paHuIle CAaHUTapHO-
sanuTHOl 30Hb (C33), KAK B HeIIPpepbIBHOM
ABTOMATHYeCKOM PesRIMe, TaK U TTePeJIBUKHbIMUI
1a00paTOPUAMMI, TPUUYEM ¢ OOJTBITICN YACTOTON Ha
ncTouHnKax Bpiopoca. G yuérom BOBMOYKHBIX 13-
MEeHEeHUI B cOCTaBe 1 KOJMYECTBE MOCTYIAIOIIIX
u epepadaThiBaeMbIX HA JAHHOM HPEIIIPUATIHI
OTXOJIOB TTepedeHb MmoKasareaeil KOHTPOJIsT U MO-
HUTOPUHTA JIOJKEH KOPPEKTHPOBATHCSI.

B onpeiesiennu perimamMenTa 9K0OJIOrMYECKOro
MOHUTOPUHIA aTMOC(EPHOTO BO3/IYXa 32 OCHOBY
HeoOX0UMO OpaTh OJIU30CTH K MCTOUHURY BO3-
feficTBYS (110 TPUHITUITY: YeM OJInsKe, TeM vyalie
MPOBOJIUTH MOHUTOPUHTOBBIE MCCJIEIOBAHNS),
YUHUTHIBATH CE30HHOCTh, HATIPABJIEHIE BeTpa.

[TpoMbitiyieHHbIe BHIOPOCHL 1 BO3AYX pa-
Goueii 30HBI IOJKHBI KOHTPOJIUPOBATLCS B He-
npepbiBHOM peskume. Cocrosinue armocdep-
HOTO BO3J/lyXa B HPU3EMHOM CJIO€ Ha IPaHUIaX
C33 Irorexnomnapra «MupHbBIi» LOJNHKHO
KOHTPOJIMPOBATLCS TIePeIBIKHOI Jaboparo-
pueil ¢ ot60poM 1Ipod BO3LyXa ¢ HABETPEHHOI
n nopBerpernoit cropon 1 pas B mecsi. Orbop
npod BO3yXa HpU ONpeieieHun Mpus3eMHOl
KOHIIEHTpaIum npumecu B armocgepe Heob-
XOJIMMO TPOBOANTH HA Buicote or 1,5 10 3,0 M
or noBepxHocTu 3emyan. MakcumanbHble Tpu-
3eMHble KOHIleHTpaluun 3B Ha Teppuropun
B paiioHe JKOTeXHOMapKa He I0JIFKHbI TTPEBbIIIAThH
ycraHoBIeHHBIX HopMaTuBoB. [lepevens KOHTpPO-
JUPYEeMbIX TIOKa3are/eii, MeTo/[bl NCCIe/OBAHMI,
BUJIBI 1 00BEMBI pA0OT OTIPEJILIISIIOT ¢ YUETOM Tpe-
ooparnmii ['OCT 17.2.4.02-81, a rarsxe coriracio
HOPMATUBHO-METOJIMYECKIM U MHCTPYKTUBHBIM
norymenrtam Pocrupipomera n Pociipuponaszopa.

Kpome onpenenennsi 3B B armocdeprom
BO3JyXe Ha npomuoinajake, reppuropun C33
" B 30He BIMSAHUS JKOTeXHOTapKa « MupHBIii»
B IIPOrpaMMy 3KOJOTUYECKOTO MOHUTOPUHTA
HeoOXOIMMO BRJIYKUTH TOKAa3aTejn coCTOs -
HUsI CHE}KHOTO MOKPOBA, KOTOPHIN SIBJISETCS
Xopouinm akrymysasropom 3B, maxomsimuxcs
B aTMocgepe. BeaepierBue 5ToT0 110 TOKCHYHOCTH
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Tadauma 2 / Table 2

[Tepeuenn mokasaresein 3B B Boiopocax 1I'TH 1o yosiBanmio 3naverHnii KpuTepust OmacHOCTH
List of pollutant indicators in PTC emissions in descending order of hazard criterion values

No 3arpssHsIoniee BeIecTso Huace Bui6poc, 1/Top AR, mr/m? ROB™
No. Pollutant OMacHOCTH Ejection, Average daily SHK*
Hazard class t/year MPC*, mg/m?
1 Jlnorcuy azora 111 34,09 0,04 852,21
2 Jlnokcwu cepnl I11 24,55 0,05 490,96
3 CBuHer 1 ero coeuHeH s I 9,86-10% 0,0003 378,67
4 Orcnyy KagMust I 7,63-103 0,0003 245,23
5} Oxcuyy azora 111 9,94 0,06 92,32
@dropa razoobpasHbie , | ,
6 COGJIIL)IHGHHH : 1 1,51-10" 0,005 84,23
7 Oxrcup Memu 11 5,01-102 0,002 74,45
8 Oxcnyg nuKeas 11 2,00-10* 0,001 48,99
9 XJ10pOBOJIOPO/L 11 1,58 0,1 36,19
10 Jlnokennn 1 1,51-108 5,00-10? 5,13
11 Bssemennsie Berecrsa 111 6,81-10" 0,15 4,04
12 AMMHaxk v 1,96-10" 0,04 417
13 [uanososopos 11 2,97-10? 0,01 4,11
14 Oxcuyt yrirepojia 1AY 13,68 3 3,92
15 Oxcnyr sxemesa (111) I11 1,57-10! 0,04 3,92
16 Oxecuy, aJlIOMUHUSA 11 2,4510* 0,01 3,21
17 Pryrs I 0,23:10% 0,0003 2,57
18 Oxenp HKA 111 7,43:102 0,05 1,47
19 Xpom I 9,40-10 0,01 0,9
20 Casxa 111 9,27-107% 0,15 0,62
21 Bens|a]nupen I 3,16-10¢ 0,00001 0,14
22 I"excadropoensoi I1 1,46-102 0,1 8,16-102
23 Benszon 11 9,34-107 0,1 4,59-102
24 | Orcugt pocopa (V) 11 4,5410 0,005 4,42-102
25 Maprawer u ero coejiuHeH st 11 6,50-10° 0,001 2,86-102
26 2- AMUHODTAHOJ 11 6,98:10*% 0,02 1,28-102
27 A3zoTHasA Kuceaora 11 44,7810 0,15 1,13-102
[{upronmuii n ero -
28 COeMHeH IS i 6,50-10 0,01 6,50-10
29 Denoun 11 4,70-10° 0,003 1,80-103
MplIbsiK, HeOPraHnyecKne . .
30 coeJIMHeH s b I 6,50-10" 0,003 1,48-103
31 I'mpporcen kaTbImsA 111 1,38:10 0,01 1,38:10*
32 XJopuji KasrbIius 111 6,80-107 0,03 6,80-10
33 Cepras Kucyora 11 2,73-10° 0,1 2,33-10°
34 Xmopnp kaaus v 1,00-10% 0,01 3,98:10¢
35 Bpomosojopon 11 6,10-10 0,1 3,32:10°
36 [Ters HEeopranmyeckast: ,
Si0, > 70% 11 9,52:10% 0,06 1.59-10°

Ilpumevwarnue: ™ — opueHmuposouro 6e30nacHbiil Yposers 6030eticmeus; ™ — Kpumepuii ONACHOCMU 8eUeCmsa.
Note: ™ — estimaled safe exposure level; ™ — substance hazard criterion.

TAJIOM BOJIBI, TIO COMICPSKAHMIO B HEHW PasImIHbIX
XNIMUNYEeCKRUX COGJII/IHBHI/IfI MOMHO OIICEHUTH
cocrosiame arMochepHOTO BO3/LyXa HAa KOHTPO-
aupyemoii reppuropuu. IIpods orbupaiorcs
Ha BCIO TIYOMHY CHE;KHOTO MOKPOBA OJINH pas

B roj mepej 1mnmepBbiM MHTEHCUBHbLIM CHeroras-
HUueM (JIIst JaHHOTO PernoHa 9To KoHell MapTa).

B niporpammy sK0I0THYECKOTO MOHUTOPITHTA
PEKOMEHIYeTcsT BRIIOUUTh 1 OMOMHINKATINOH-
HBle TTOKa3aTesn, XapaKkTepua3yonime OTKINK
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Puc. 3. 3navenus kospuimentos onacuoctn 3B B cocraBe BRIOPOCOB B aTMOCHEPHBIIT BO3IYX
(amcsoBble 0003HAYEHIIS TI0 OCH aOCIMCE COOTBETCTBYIOT X HOMepaM B rpade 1 rabauip 2)
Fig. 3. Values of hazard coefficients of pollutants as part of emissions into the atmospheric air
(numbers on the abscissa axis correspond to their numbers in column 1 of Table 2)

omoTHl HA arMocdepHoe 3arpsasnenune. B aTom
[IJIaHe XOPOIIo ceOs BapeKOMEH/I0BAJIN [TOKa3aTe-
JIU, OTpaskalone naMeHerne GuToakKyMyJIsinm
TM, ob1rieii cepoi, azora, pocdopa TuImanHnKa-
MU 1 MXaMU, COCTOAHNE XBOU (llOHBJleHl/le 1IATeH,
yYCbIXaHMe), a TAKKe CTeleHN TPOEeKTUBHOTO T10-
KPBITHSA JTUTTANHUKAMI COCHBI OOBIKHOBEHHOI,
OJIHOTO 113 BUJIOB JIPEBECHBIX pacTeHuil, 00pasyo-
MUX HANOOJIBIIIHe TIOTIA/N JIeca Ha TepPUTOPUn
B paiioHe co3paBaemMoro Jrorextomnapka [8, 11].

Rapra-cxema myHKTOB MOHUTOpPHHTA aT-
MocdepHOTO BO3[yXa B palioHe cO3aBaeMoTO
Jrorexnonapkra « MupHuwlii» mpejcraBiena Ha
pUCYHEE 4.

[Tpu mpoerTMpoOBaHIY CETI HIKROJIOTHUECKOTO
MOHUTOPUHTA atMOchepHOTro BO3/lyXa B paiioHe
JrorexHonapka « MupHbIii» yUuTHIBAIOTCS BCe
MCTOYHUKN BO3JeICTBUSA, PO3a BETPOB, JaH] -
ma@THbIe 0COOEHHOCTH TePPUTOPU U, THITBI TI0YB,
OMOIeHO3bI, OJMB0CTD IIPEJIIPUSATIAS K HACEJEGH-
HBIM ITYHRTaM, TOPOTaM, yKeJIe3HOM0POKHBIM Ma -
THCTPAJIAM, CRITHCKOXO03SCTBEHHBIM 00beKTaM,
ckoromormibHuKam. llerecoobpasno croopyu-
HUPOBATH YUACTKI MOHUTOPUHTA aTMOCHEPHOTO
BOBJIyXa ¢ PACTIONOMKEHIEM YU4aCTKOB MOHUTOPUH-
ra [movB 1 CHEe;KHOTO MOKPOBA.

3axioueHue

Ananus IMTPOCKTHBIX [[aHHBIX 110 UHKEHEPHO-
OKOJOTUYECKUM N3bICKAHUAM 11 OIl€eHKe BO3JZLGIL/'I'

creust mpoexTupyemoro [I'TH « MapagbikoBekuii»
[MO3BOJINJI BBISIBUTH 110 BRIy B OOIIErojl0BOIi
BBIOPOC 11 TOKCUYECKOMY JIeHCTBUIO 22 TIpuopu-
TETHBIX TTOKa3aTesisi KOHTPOJIsi 1 MOHUTOPUHTA
arMocdepHOTO0 BO3/1yXa, KOTOPbIe PEKOMEH Y eTCs
BKJIOYNTH B TIPOrPaMMYy TIPOU3BOJICTBEHHOTO
KOHTPOJIsI 1 9Kojiormueckoro mouurtopunra OC
B pailoHe JesiTeJTbHOCTU CO3/[aBaeMOT0 JKOTeX-
nonapka «Mwupubrii». K HuM oTHOCATCS Rak
obmiernpompitiienbie 3B (okcub cepol, azora,
yriepojia, B3BeIeHHbIe BEIEeCTBA ), TaK 1 CIeI-
(pmueckne 3B, xapaxkTepHbie [ TPEPUATHAS
M0 YTUAU3anum 1 00e3BPEKNBAHUIO OMACHBIX
MPOMBIIIJIEHHBIX OTXOJIOB — DTO JIMOKCHUHBI,
Oens|a|mupen, pryTh, aMMuar, razoodpasHbie
coefmHeHmst Gropa, XJIOPOBOJIOPOJL, TTNAHOBO-
JIOPOJI, OKCUJIbI KAJIMUSI, MeJIi, HUKeJIsI, CBIHIA,
aNIOMUHUS, IIUHKA, sKeqesa (I11).

Kpowme Toro, B mporpaMmy 3K0JOTHYECKOTO
MOHUTOPUHTA PEKOMEH/IYeTCs BRJIIOUUThH 110-
Kazarejanm COCTOSTHUSI CHEe;KHOTO MOKPOBa (Kak
WHMKATOPA YMCTOTHI aTMOC(epHOTO BO3/IyXa),
oKasaresn, Xapakrepuayioniue GUToaKKyMyJisi-
LU0 TSKEIBIX METAJII0B, 00IIell cephl, coefinte-
HUIT a3ora n ocdopa AUTMATHTRAMI 1 MXaMH,
a TAK)Ke MOoKa3aresn, oOTpaskaiolime cocTosTHIe
XBOU W CTETIeHb MPOEKTUBHOTO TTOKPBITHS JiN-
MaitHNKaM1 COCHBI OOBIKHOBEHHOII.

KR ocHOBHBIM HayuHBIM HalpaBJIeHUAM
MCCJeIOBAHNIL 110 ONTUMU3ATINN CUCTEMbI 9KO-
JOTUYeCKOTO MOHUTOPUHTA arMoc(epHOoro Bo3-
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* VYyacTKH MOHUTOPHHTA
arMoc(epHOro Bo3ayxa

C33IITK

Hacenénnsle nyHKTBI

VenoBHbIE 0003HAYEHUS

%] T
[Tonuron 30, miom. Ne 1
Ionuron 30, mor. Ne 2

Puc. 4. Rapra-cxema yuacTROB MOHUTOPIHTA aTMOCHEPHOTO BO3yXa B paiioHe
npoerrupyemoro II'TH u coznaBaemoro drorexnonapra « Mupnblii»
Fig. 4. Schematic map of atmospheric air monitoring points in the area
of the Ecotechnopark “Mirny” being created

JiyXa B pailoHe HPOM3BOJICTBEHHO-TeXHIYECKIX
KOMILTTEKCOB 110 YTUIN3AINN, 00e3BPeKIBAHUIO
u epepaboTKe 0¢000 OTTACHBIX TTPOMBITILIEHHBIX
OTXOJIOB CJIeJlyeT OTHEeCTH M3y4yeHUe OTRIAMKA
HPUPOJHBIX 00BEKTOB Ha creluduieckoe ToK-
cUYecKoe JIelicTBIe TOJTIOTAHTOB, & TAK/Ke BbI-
sisyienne 3 PexrToB coBmecTHOTO fieticTBus SB.
Kpowme toro, mpu pazpaboTke cucTeMbl MOHUTO-
puHra arMmocepHOro BO3/yXa B pailoHe MpoeK-
tupyemoro [I'TH u coznaBaemoro dkorextomnapra
HEOOXO/IMMO YUHUThIBATH BEPOSITHOE IIPUCYTCTBIE
B BBIOPOCAX HEM3BECTHBIX M1 HEYUTEHHbBIX TTPU
mpoexTmpoanun 3B.

Jlns yeranoByienus (DOHOBBIX MOKazaresei
AKOJOTHYCCKOTO MOHUTOPUHTA HEOOXOMMO
mo Hauasna pynrnmonuposanus [ITH npose-
CTU KOMILIeKcHOe obceoBanmne TeppuTopun
norpesieinTh hoHOBOE coflep:Ranme B armocdep-
HOM BO3JIyXe U JIPYIUX TPUPOJIHBIX cpefax, Kak
OOIIEeTTPOMBITIIIEHHBIX, TAK W CHeTu@UYecKnx
nst II'TH sarpssasionux BemniecTs.

Paboma evinoanena 6 pamkax zocydapcmeen-
noeo 3adanus U6 OUI] Komu HI] YpO PAH no
mene «Cmpyrkmypa w cocmosnue KOMRONEHMO08
MEXHO2EHHBLY IKOCUCMEM NOJ30HbL HOXHCHOI Maiieu»,

49

Teopernueckas n npuriaaguas sroaorusi. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




MOHUTOPHHI IIPUPOHBIX 1 AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPIII

46

nomep eocydapcmeennoii peeucmpayuu ¢ EI'UCY
Ne 1220401000325.
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Murerpanbuas XapaKkTepueTuKa KavyecTBa
armoc@epHoro Bo3ayxa ropojos Esponbi

© 2023. B. C. Turynos, a. r. 0., npoeccop,

C. K. Benoycos, K. T. H., Beyluii HH;KEHEP,

Mockoseknii rocypapersennbiii ynusepcurer umenn M. B. Jlomonocosa,
119991, Poccus, r. Mocksa, yi. Ronmoroposa, . 1,

e-mail: vstikunov@yandex.ru, web-town@mail.ru

B crartbe mpepicTaBiena MeTofuKa OleHKN KadecTBa arMocdepHoro Bosuyxa ropopos Esponsr. [Topgxonst k nnre-
rpasibHOIl olleHKe KauecTBa atMocdeproro Bosjayxa B Poccru 1 B ipyrux crpanax mMeror psji CyIecTBeHHbIX pas3Jinymnii
B BbIOOpE MCIOJIb3YeMbIX TTOKa3aTe/ el n B METOJMKe TOJTYUYeHUs er0 WHTerpaibHoil Xapakrepuctuku. Vcnomabayembrii
B Poccun nnpeke sarpsznennst armocdepst (M3A) sBisiercss KyMyIsTUBHBIM 1 BRIIOYaeT B ce0si OlaCHbIe 3arpsA3HUTe I
¢ MaJIBIMU abCOJMIOTHBIMU KOHIGHTPAIMAMEI, B TO BpeMsi Kak IMPOKO pacipocrpanéuubiii 8 crpanax Espormbt n CIITA
nHjieKke KauecrBa armoceproro poziyxa Air Quality Index (AQI), Harporus, orpaskaer kauecTBo arMoc(hepHOTro Bo3ayXa
110 CAMOMY KPYITHOMY 3arpsi3HuTe 10 6e3 yuéra KIaccoB OIaCHOCTH BeIecTB. IT0 00ycaaBInBaer ¢1adyo cOBMECTUMOCTh
OTEHOK, TTPOBEJIEHHBIX B Poccuu, 1 TAKOBBIX, C/IeTaHHBIX B PYTUX cTpaHax. B ncciaemoBanny mponsseiéH pacuér mHre-
rpanbubix nagercos AQL u USA, a raxkske ocymiecrsiieno nx cpasuerue st roporos Esponor. [Iposeena kraccudurars
roposoB EBporibl 110 3arpssHennio aTMoc(epHOro BO3ayXa, a TaK:Ke HPEeNMYIeCTBeHHBIM 3arpssHutensim. Boieneno
5 RJIaCCOB ropojloB, OTHOCUTEJIbHO OJIHOPOJIHBIX 110 YPOBHIO 3arpA3HeHnd BO3J/lyXa U HPEeUMYIIeCTBEHHbIM 3arpA3HUTEIAM.
[Tonyuennbie ¢ NCHOTB30BAHNEM JIBYX ITOJIX0/IOB K OTIEHIBAHNIO PE3YJIBTATHI O3BOJISIOT YMEHbBIITNTH HEIOCTATKI KasK0T0
U3 MHJIEKCOB 1 jaTh OoJiee MOIPOOHYI0 XapaKTepUCTHRY KauecTBY arMoc(epHOoro Bo3jryxa ropojios.

Harwuesote caosa: nHrerpajJbible MHIEKChI, Ka4eCTBO aTMOC(bepHOFO BO3/lyXa, UH/IeRC 3arpsAsHeHun:da aTMOC(bepr,
MHOTOIIapamMerpniecrasa KJIH(JCH(i)I/IKaLII/IH ROHL{BHTpE{L{I/IfI SaI‘pHSHHTeHeIL"I.

Integral classification
of air quality in European cities

© 2023. V. S. Tikunov

S. K. Belousov ORCID: 0000-0001-9481-5160°

Lomonosov Moscow State University,

1, Kolmogorova St., Moscow, Russia, 119991,
e-mail: vstikunov@yandex.ru, web-town@mail.ru

ORCID: 0000-0002-1597-6909°

The article presents a method of integral assessment of air quality in European cities. The approaches to the in-
tegrated assessment of air quality in Russia and other countries have a number of significant differences in the set of
used indicators and in the methodology for obtaining its integral characteristics. The air pollution index (IZA) used in
Russia is cumulative and includes hazardous pollutants with low absolute concentrations, while the Air Quality Index
(AQI) widely used in Europe and the United States shows the quality of atmospheric air by the largest pollutant without
considering the hazard classes of substances. This leads to weak compatibility of assessments made in Russia and those
made in other countries. In the study, the Air Quality Index and the Index of Atmospheric Pollution were calculated, as
well as their comparison was carried out for European cities. The results obtained using two approaches to the assessment
make it possible to reduce shortcomings of indices and give a more detailed characterization of the air quality in cities.
The research shows that multiparameter classification made by one of air quality indices perform is weak, but using both
indices at the same time significantly improve results. It is possible to make a relevant cities air quality classification by
the main pollutants using both AQI and IZA. Cities in air quality classes form clear-cut clusters that strongly correlate
with current economical zoning in Europe.

Keywords: integral indices, air quality, air quality index, multiparameter pollutant classification.

A7

Teopernueckas u npuriaaaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




MOHUTOPUHT IIPMPOJTHBIX 1 AHTPOIIOTEHHO HAPYIIIEHHBIX TEPPUTOPIIT

48

JKOJIOTUYECKOe COCTOSTHIE TePPUTOPUN —
BajKHeNIIas cOCTaBIAIIAsl KauyecTBa KUBHM
Hacesiennsi. BosnelictBue KoMIIeKca 3arpss-
HSONIIX BEIecTB HAa YeJ0BeKa KOCBEHHO Ha-
XOJIUT CBOE OTPasKeHIe B 3[[0POBLE HACEJIeHI s
[1]. RauectBo armocdepHoro Bozjpyxa urpaer
B 3TOM BayKHYIO poJib. CyIecTBYIOT CTaTUCTH-
YeCKM 3HAYMMBbIC CBSI3U MEKIY KOJMYECTBOM
BBIOPOCORB 3arPsABHAIONINX BEIecTB B arMmocdepy
u roKasareseM 3a001eBaeMOCTH IETCKOTO HACe-
JeHUs pernoHa 3a00IeBaAHUSIME J{bIXaTeTbHbIX
nyreii [2, 3].

B Poccun moruTOpuHT RavecTBa arMocdep-
HOTO BO3J1yXa OCYIIECTBJsIeT IPeUMYIIeCTBEHHO
Pocruppowmer, obmagaronuii caMoii mmuporou
B CTPaHe CeThIO IOCTOB HKOJIOTMYECKOTO MOHUTO-
punra. Ha ocHoBe 1osiyuaeMbiX laHHbIX, COMVIAC-
HO YTBEP/RIEGHHBIM METO[IMYECKUM JIOKYMEHTaM
(PIT 52.04.667-2005), npousBopuTcst pacuér
roKasaresieil KauecTBa aTMoc(epHoro Bo3myxa
B pernone. K rakoBbIM oTHOCSATCS 2 eMHNY-
HBIX TIOKazaresss (cranmaprabiii nagere — GU,
naubosbinas nosropsemocts — HII) u opun
MHTEeTpaJIbHBIN (MHIEKC 3arpsisHeHIst aTMocge-
put — U3A) [4].

Unneke sarpsisaenust arMocepbl sIBISIETCS
OCHOBOTIOJIATAIOTIIM JIJIsl THTETPaIbHO OIeHKI
RavecTBa arMocepHoro BO3ayXa TOPomoB [d].
On paccunTbiBaeTcs myTéM CyMMUPOBAHMS UH-
JIEKCOB JIJIsT KA3K/I0T0 3arPsIBHUTE IS, TIOJTYYeHHBIX
B pe3yJ/ibraTe CpaBHEHIS CPeIHEr0I0BbIX €10 KOH-
nenrparuii co anavenuem IIJIK ¢ yuérom riacca
BpejHoCTH BetecTna. [|jis crangaprusaum npm-
HSITO IPOMBBOJNTE PACUET MHJEKCA 3aTPSA3BHEHIST
armocgepsl 1o d 3arpsasaurensm (M3A.).

B sasucumoctu or snauvenns U3A, reppu-
TOPUATBHOI eJluHUIe JaéTCA OIeHOUYHAs Xa-
parTepuctuka (B3aBucumoctn ot 3navennii C1
n HII ona Mosker srcriepTHBIM 00Pa3oM KOPPeK-
tuposarhes ). [okasarens NBA, xapakrepusyer,
B II€PBYI0 O4epe/ib, JIJIUTeJibHOe 3arpsi3HeHne
armocdepbl, TOCKOTbLKY OCHOBBIBAGTCSI HA OCPE]-
HEHHDLIX 34 T'OJ] [IOKa3aTeJssiX.

B memxynapoHoii mpakTuKke orneHnBaHUs
KadgecTBa aTMOCHEPHOTO BO3/yXa MIPOKO TPH-
MeHsIeTcst nHaeKe kadecrsa Bozayxa (Air Qual-
ity Index — AQI), pazpaboranmbiii AreHTCTBOM
o oxpane oxpyskaiotreii cpefbr CIITA (EPA).
Crmcok mokasaresieil BRJIouaer B ceOsi KOHIEH-
Tpanun auokeusia azora (NO,), nuokeusa cepot
(SO,), monokcenpa yriepopa (CO), ozona (0O,),
B3BEIIEHHBIX BelecTs pazmepom meree 10 Mrwm
(PM,,) n pasmepom menee 2,5 mem (PM, ).

Unrerpanbubiii maperc AQI — ato makcu-
MaJbHOE 3HAYeHNe NHIeKca 110 BceM Habioae-
MbIM 3arpsi3auTessam na cmcka. AQI nmojesuT

eJKEe/IHEBHOMY PacuéTy, u ycpejHeHnmne Ha Jjim-
TEJLHBII TePUOJL TTPOUBBOJIUTCS Y3Ke 110 PACCU -
TAHHOMY 3HAYEHWTO MHJIEKCA, & HEe 110 MCXO[IHbIM
ronnenrtpanusam. Kak u B crysae ¢ UBA,, cy-
1eCTBYET OI@eHOUYHAasl 1ITKaJIa /sl KAueCTBeHHOI
MHTepIpeTaniy 3HaueHnii mHjperca [6].

Nurerpanbubie nngexes M3A, u AQI no-
CTAaTOYHO CUJILHO PA3JIMYatoTcs 110 MeTO/[UKe pac-
yéra [ TOro, YTOOBLI NX MOMKHO ObLIO COBMECTHO
MCTIONMb30BATH B McchaeoBannax. Ramuniii n3
WHJIEKCOB mMeeT psj HepoctaTkos. Hampumep,
N3A, ne yunrbiBaeT KpaTKOBpeMEHHOE 0UYeHb
CUJIbHOE TOBbBINIeHe KOHIEHTPATMI 3arps3-
HuTeell, 04eHb 3aBUCUM OT TeKYIIeil 1paBOBOI
0aszpl 1 HAbOpa 3arpsA3HUTENEN, TO/IeRATIIX
MOHUTOPUHTY, HA KOyKI0N KOHKPETHON CTaHI[UU
[7]. B 1o ke Bpems AQI we yunrtsiBaer omnacubie
3aTPA3HUTETN, WMEIOTIINE MaJble abCOTIOTHRIC
KOHIIEHTPAI[MY, & TAK/Ke He SIBJISeTCS KyMYJisi-
tuBHbIM. Maccusbl rantbix 110 AQI Heyrocrarouro
sarparusaior Poccuio n crpanst CHIY, u, nao6o-
por, ISA penko paccuntbiBaercs Jist 3apyoesk-
HBIX TePPUTOPUT.

[{enbio paboTbl OBLTIO CpaBHEHIE U COBMECT-
noe npumenenne ungexcos AQL u UBA, nus
YTOUHEHUS OIEHKN KauyecTBa aTMoc(epHOTro
Bozayxa ropojmos. I'opoma EBpotibl st 9T0r0
MOAXOMSAT HAMJIYUITUM 00pa3oM, MOCKOIbRY
eBpolielickasl cucreMa MOHUTOPUHTA KauyecTBa
OKpYsKaloIell cpejibl 1peocTaBisier J0CTaTou-
OB 00HEM JAHHBIX KaK B BUIE KOHI@HTPATIIIT
sarpssHuTenei (aus pacuéra I3A,), rak n B Buje
WHTErpabHBIX JJAHHBIX 0 KauecTBe aTMochepHo-
ro Bozmyxa (AQI).

OO0 bEeKTBI 1 METO/IbI UCCIEOBAHMS

Jlanubie o rerytemy snavennio AQI B ro-
porax EBpoTibl TPeocTaBIsgIOTCS Pa3JImaHbIM I
FOCY/IAPCTBEHHBIMU CTPYKTYpPaMu, KOMMepUec-
KUMW 1 HEKOMMEPUYCCKUMI OPTaHM3aINAMN,
OCYIIEeCTBIAATOTINMI MOHUTOPWHT KavuecTBA ar-
mMocdepHoro Bozyxa. [EBporeiickoe areHTeTBO 110
orpyskatwoteii cpefie (EEA) cocrasisier untepak-
tuHyIio Kapty European Air Quality Index [8],
Ha KOTOPOTT 0TOOPAsKATOTCS TERYIIITE T APXUBHDIE
(10 48 1) 3nauenust AQI guckpernocthio 1 9 jiis
OOJIBIITOTO ROJITUecTBa ropojioB crpan Esporreii-
croro Coroza. K cosranennio, mosyunthb lanubie
no AQI, oxBarsiBatotue 6oee 3HAUNTETbHbIIT
MPOMESKYTOK BpeMeHH, He MPeICTaBAsgeTCs BO3-
MoskHBIM. [Ipoert IQAir Taxkske ¢ TOMOIbIO
MHTePAKTUBHOI KapThl [9] mpemocrasiser nx-
dopmanuio o 3navenusm AQI ropoymos mupa,
B TOM umcye EBPOTIBI, TTO JAHHBIM COOCTBEHHLIX
CTAHINI M pesyabrataM MofeanpoBanms. [lam-
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HBIe JIOCTYITHBI HA KapTe 3a mocjejiHne 7 JaHeil,
a TakyKe B BUJe TaOJMI 32 TOCJAEIHUI MeCsIl ¢
nuckpeTHocTbio 1 meHb. YcepenHéHHble 3HAYE-
HISA 32 TOJI IIPEOCTABIIAIOTCS TO/LKO 110 PM, ..
Hexommepueckuii mipoexkr World Air Quahty
Index (WAQI) npemocraBisier magopmaiinio
o 3nauennsx AQI B peasibHOM Bpemenu Jijist bosiee
yem 2000 ropomos mupa. MexopHblie anHbie /st
pacuéroB 6epyrest n3 opUIMaTbHBIX HCTOYHUKOB
HaIMOHATLHBIX areHTCTB 10 OXpare OKpYsKalo-
meil cpefbl. Bosee Toro, PoOeKT MpeaocTaBisger
apxuBHbie lannbie ¢ 2015 r. 1o Hacrosee BpeMs
1o Beeil Benimunne 6a3nl fanubix [0]. Heemorps
Ha TO, YTO CYIEeCTBEHHBIM HEIOCTATKOM JIaHHO-
ro pecypca siBjisieTcsi O4eHb cJiaboe MOKPbITHE
nanubiMu 110 Teppuropun Poccun (mo 2020 r. B
6ase JAHHBIX IIPUCYTCTBOBAJIN TOJILKO JlAHHbBIE 110
r. MockBa), uMeHHO JIaHHBIII Pecypc 103BOJIsIeT
MOJIYYUTh HanOoJIee moTHOe MOKPBITHE TePPUTO-
pun EBponibl neXOMHBIMY TAHHBIMIA.

Jannbie o M3A Ha peryssipHoii ocHOBe pac-
CUMTHIBAIOTCSA 1 TYOJIMKYIOTCS TOJIBKO IS Tep-
putopun Poccnn B eskeroffHNKax cOCTOSAHMSA 3a-
rpsi3HeHst arMocdepbl B ropojiax Ha TeppuTopun
Poccum, Beimrycraembix ['taBroii reopusnaecroit
naboparopueii um. BoeiikoBa. B atnx eskeronnn-
Kax Jiisi 00JbIIMHCTBA rOpojioB 3HaveHne M3A
NPUBOJIUTCS B KaUYeCTBEHHOI MHTepIperaum
cornacHo rabauie 2. 3uauenns N3A, nis ropo-
110B EBpPOTIBI BO3BMOYKHO BBIYUCIUTH 110 hopMmyJie
(1) 1o ycpeiHEHHBIM TOJIOBBIM KOHI[@HTPAT[UAM
OCHOBHBIX 3aTPsI3HSIONIIX BEIeCTB, PeI0CTaB-
nsembiM EEA ¢ yaérom HOpMaTUBHBIX 3HAYEHU I

IR mo I'H 2.1.6.3492-17.

<

q
H34, (22— 1
Z K. (1)
rjie q,.,; — CpejHerojoBas KOHIEeHTpaus
i-ro 3arpssusiontero semecrsa, IIJIK ., — ero

CpeJiHeCYTOUYHAs TPeebHO JOTyCTHMas KOH-
neHTpanus, ¢, — GespazmepHblii Koauumenr,
MO3BOJISTIONIII TTPUBECTH CTeTIeHb BPEIIHOCTH i-T0
3arpsI3HAIONET0 BEIeCTBA K CTeTlleH! BPeHOCTH
JINOKCUJIA CEPBI.

Jlns mpoBefennsa necaegoBannsa BHIOpan
2018 . Cpeprerogonnie snauennst AQI mo kaskmo-
my u3 6 sarpasnureseii (CO, NO,, SO,, O,, PM, .,
PM, ;) onpegenensl cornacho JTAHHBIM WAQI [10
st 196 roposos Espornbr (Briiouas Mocksy),
a pacuétol ISA, ipoussenenst no janubivm EEA
[8] nns 84 FOpOHOB Erpomneiickoro cot3za mo
8 sarpsasuurensam (6eus[a]nupen, CO, NO, NO,,
S0,, 0,, PM,, ., PM ). 3nauenns AQI n N3A
paCCManI/IBaIOTCH RaH 10 KQKIIOMY 3arpsI3BHUTETIO
OTJIeJIBHO, TAK U 110 WHTETPATbHOMY 1TOKa3aTe 10
RavecTBa arMmocdepHoro Bosmyxa. /s 65 ropoyos

EBporibr oiHOBpeMeHHO MPUCYTCTBYIOT 3HAYCH ST
AQI u N3A.

B uccaepoBanum npuMeHeHa MeTO KA
MHOTOIIapaMeTpuiecKoil THIIOJOTUN TOPOIOB
[11] o npuopurerHbim 3arpsisuuresisim 1o AQI,
N3A, a rarke pm X COBMECTHOM MCIIOJIH30BA-
ann. OCHOBHBIM KPUTEPIEM TTOCTPOCH IS MO
ABJISACTCS TOMOTEHHOCTH TePPUTOPHATHHBIX 1~
HUTL, O0BEMHACMBIX B T@TePOTEHHBIC THTIHI. ITOT
METOJ] MPeJIIToaaraeT HOPMUPOBKY MCXOHBIX
3HAUYCHIWIT TOKA3aTeJsI 10 JUCIIePCHsIM I Mare-
MATHYCCKIM OFKUIAHISIM.

LN i=123.mj=123,.m (2)

(3)

[lenb10 fanHOT HOPMUPOBKMI ABJIAETCS P~
BeJleHMe KayK0ro 110Kasaresss K CTaHAAPTHOMY
BUY (B pesysbraTe MateMaTHUecRoe OsRIiaHme
JT10060TO0 TTOKA3aTe sl CTAHOBUTCS PABHBIM HYJITO,
a INCIiepenst — eJInHNIe).

3arem, ¢ y46TOM pe3yabraToB HOPMUPOBKI,
OblTa TIpoBeJieHa MpoIelypa MHOTOBapUAHTHOT
TUTIOJIOIM I, KOTOPas peain3oBbiBajlach Ha OCHO-
Be Kpurepus MUHUMU3AIUU BHYTPUTPYIITIOBBIX
pas3Juuunii TOpPojlOB PN BbIJleJeHUN Pa3HOTO
yuesga rpyni. B kadectBe Mepbl CXOJCTBA MC-
110/1b30BA/IUCh €BR/INJIOBbL PACCTOSIHUA:

3 (5, —x) i =123 0m = 1,2.3,.m. @)

Vx BblumcJeHnIo IpeiiiecTBoBajl sTa 00-
paboTKM MaccmBa JIAHHBIX 110 METOJLY IMIABHBIX
KOMIIOHEHT.

CobBeTBEHHO aNTOPUTM TUITOJIOTHN TAKOB.
U3 nomyuyennbix s3nauenuii d, sBpibupaercs nau-
OoJIbIIIee paccTosTHMe, & IBE TePPUTOPUATHHBIE
eJINHUIIbI, KOTOPbIE OHO CBSI3BIBAET, CTAHOBSITCSI
ATPAMT OTHOPOXHBIX KaacTepon. Hiracrepwr op-
MUPYIOTCSI paciipefieJieHueM 0CTalbHbIX TePPUTO-
puil MESKIY JABYMS sIipaMu 110 MUHUMAJIbHOCTH
eBRJINOBBIX paccrosinnii. B ciryuae Boieserms
00JIBIIIEr0 YKCIa KJIACTEPOB, JJISI OIpejleseH s
TPETLEro sifipa U BCEX HOCJCHYIONIX, KasKIyIO
13 BCEX OCTABIIXCS TEPPUTOPHATHHBIX eJ[NHUI]
MOJICTABJISAIOT B BUJIE SI/[PA, & OCTATbLHBIE paciipe-
TeJISTIOTCS MeRLY TPeMsl sijipaMu 110 MUHUMAaJlb-
HOCTH d, M HAXOJUTCA BAPUAHT ¢ HAUMEHbITIMI
BHYTpUTpyImnossiMu paznuuusmu. [Iporenypa
oripejiesieHust 4-10 sijipa U opMuUpoBaHUe Tu-
[MOJIOTUY ¢ 4-MsI TUTIAMU aHAJOTUYHA BHITIIE-
OIMCAHHOI 1 T. J. 10 MAKCUMaJIbHO BO3ZMOKHOT
BeJIMYNMHBI, 3a7laBaeMoi 3apamee — ¢

max”
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all

[Tonyuaemblii psaj TPYIIUPOBOK MOKHO
aHAJIM3MPOBATh HA OCHOBE a0COJIOTHOTO 1 OT-
HOCUTENbHOTO KOdPUIMEHTOB HEOTHOPOHOCTI
U ¢ UX TIOMOTIILIO BLIOMPATh ONITUMAJIBHOE KOJIH-
4eCTBO KJIaCTepPOB:

K n n P %
100 ZZZ Z(X;p _xjp)z Lyl g
k=1 j=1 i=l | p=l
A= 7 )

max

P

2
Z(Xfp_xjp
i=1 p=1
k=t .t +1,...t

~ "min > “min max

)
K n n P A
2
1009 (x, =, | Ll
k=1 j=1 i=1 | p=l
O = (6)
k ’
Ingy 2 n | P %
2
22 20, - x, 1y
i=l j=1 i=1| p=1

Peskoe Bospacranue snauenmii A unun O,
[PU YMEHBITEHUN YUCAA BBIJIEIAEMbIX KIacTe-
poOB cBUETEJIbCTBYET O IMOBbINIEHUN HEeOdHO-
POAHOCTU BHYTPU BblIeJIEHHBIX KJIACTEpPOB, U,
HAIIPOTUR, IIJIABHOE Bo3pacTaHue KoauiineH-
TOB — IPU3HAK PABHOMEPHOTO €€ YBeJIMYeHMUs.
[Topor, 3a KoTOpBIM ClieIyeT pe3aroe TMOBBITIIeH e
HEOAHOPOMHOCTI, ONMTUMATLHO MPUHIMATE 32
OKOHYATeIbHOe YMCJI0 KiacTepoB. B kauecrse
OKOHYATEJHHOTO BapuaHTa M3 BCETO CIIEKTPa
BBIOMPAIOTCS «HAWTYUIINE CO CTATHCTUYECKOT
TOUKM 3peHusi» Bapuantbl tunogorun [11].
B panmowm coryuae aiie Bcero 91o ObII1 BAPUaHTLI
C TATHIO TAKCOHAMMU.

Pesyabrarel n o0cy:knenme

B pesyabrare pacuéroB 3HaueHmii NHIEKCOB
AQI n USA momyderia Mmarpuia pasmMepHocThio
93 x 14, copepsramias B cebe 3HaAUCHUST KAk
AQI, rag m 3A 1o 3arpA3HuTeIAM IJIA TOPO-
noB EBporbl, 13 pacecMoOTpeHUsT MCKIIOYEHbBI
ropojia, B KOTOPBIX HAOIIOAANNCh TPOOETbI 110
PM, . — xiaouesomy mokasaTesio JIIsi pacyéra
nrgerca AQI (13 196 roponoB, st KOTOPHIX ObLI
paccunrtan nugerc AQI, ronbro ans 60 makeun-
MaJibHOe 3HaueHne Ob110 focturayTo He 1o AQI
mis PM, ., a B cBoto ouepesh n3 atux 60 Tonbko
y 9 ne 6b110 podesion no PM,, ). Ananus eqnnoii
MaTpHIhI [TOKa3aTe el KauecTBa BO3/LyXa MojiTBep-
AT BHAYUTEJIbHOE Pa3jinyne B OIeHKe KauyecTBa
armocdepnoro sozayxa 1o AQI n U3A, (puc. 1).

Roadppunment napuoit Koppensium panron
ropostos o M3A. u AQI cocrasaser 32,1%,
a cpejiHee 3Ha4YeHNEe B3aUMHOTO OTKJIOHEHW;sI
panroB cocrasysier 14,2,

ITo AQI 57% ropooB MOKHO OXapaKkTepu-
30BaTh HU3KUM YPOBHEM BO3JIENCTBUS 3arpss3-
nuresieil na spoposbe (0-50), npuuém 3,5%
TOPOJIOB YRJIABIBAIOTCS B MOJIOBUHY HEOOXOJI1-
MOTO Jijist aToro 3HaveHus nugerca AQI (0-29).
43% TOPOJIOB sKe OTHOCATCS K CPejIHeMy YPOBHIO
Bozpeiicteust (50—100), u3 nux 32% naxoasrcs
B MEPBOW MOJOBUHE YKA3AHHOTO MWHTEPBaJa
(50-75), a mmmb 11% — Bo Bropoii (75-100).
Takum 06paszom, HIT OJNH N3 pacCcMaTPUBAEMbIX
rOpOJIOB He XapaKTepu3yercsi He3[0POBbIM JIJIs
JenoBeKa. SHAYNTENLHYI0 nuddepeHiinanmnio
snavennit AQI mo 3arpA3HUTeNIM MOMKHO Ha-
Omonath, B 0CHOBHOM B oTHOIeHnn PM, n PM,
(cpefiHee KBajpaTH4ecKoe OTKIOHEHWE COCTaB-
nser 6,6 u 17,1 coorBercrBenno). 3unavenns AQI
110 OCTATTLHBIM 3arPA3HUTESISIM 00JIee OIHOPOJIH b
(cperee KBapaTHUeCROE OTKIOHEHIE MeHee D).

B pesynbrare pacuéToB mponsBeeHa MHOTO-
napamerpudeckast Kaaccu@uraus ropojoB mo
obmemy yposuio AQI n mpmopureTHBIM 3arps3-
Huresassm. OnrumMaibHOe KOJIMYecTBO KIACCOB — 9,
MOCKOJIBKY 11PN YBeJINYeHN Y X KOJMYeCcTBa J10
6 TporcXoUT pe3Koe MOBbIIIeHe HeOHOPOJL-
HocTH BHYTpU KiaaccoB. Ha pucynke 1 nmorasa-
HO paciipejiejieHne TOpojlOB MO Bbi/[eJeHHBIM
RJIaccaM.

Rnace Ne 1 — HeMHOrOUMCI@HHBIN 1 BRITIO-
qaer B cebs 8 TopojoB (IIPEuMYIIeCTBEHHO Ha
CeBEPHBIX TEPPUTOPUAX, a Takke B VMemanmm,
Opanrnuu u HIBeliapun). 91u ropoga xapak-
repusytoress Huzknumn 3unadenunsamu AQI rar
110 OT/IEJILHBIM 3aTPABHUTENIAM, TaK U B 00IIEM.
XapaxkTepHol 4epToil ropoioB, OTHOCATINXCS
K IIepBOMY KJaccy, siBJASIOTCS caMbie HU3KNe
snavenns AQI PM ju PM, .. Topona ns knacca
No 1 aastiorest Hanbosree 6e30TTACHBIMI JIJIS TTPO-
JKUBAHIS 4eJTOBEKA ¢ TOYKM 3PEHUsT KavuecTBa
arMocepHOTO BO3yXa.

Rnace Ne 2 cocront ns oioro ropoja — Tys-
bl (Bocausa n leprieroBuna), oTandaionierocs
soicoknm snavennem AQI PM, . n AQI SO,.
[Tpuuém nMeHHO BbICOKAs KOHIEHTPAINS 110
TUOKCHUY Cepbl, COBEPIIEHHO HeXapaKTepHas
ngist roposioB EBporibl, 1aéT ocHOBAHUS BBITIEJIUTD
HTOT TOPOJL B OTAEAbHBIN KIACC. JKOTOTUUECKAS
CUTyalus 37ech, B 0011eM, He camasi OJarompiu-
ATHAs!, OJ[HAKO He SIBJISIeTCs He3I0POBOI COTTIACHO
rkiaaccudurau AQI.

Knace No 3 Britouaer B cebst 49 ropojios
(BocHoBHOM Ha Tepputopun Bocrounoii EBporibt
u Wramun). [IpuopurerHblie 3arpssnnresin 37iech —
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PM, ., PM,, O,. Atmochepnniii Bo3ayx sTux
ropojloB Ha 0OIIEeeBPOIIEHCKOM (DoHe XapaKre-
pusyercsi noBbiieHHbIMU 3HaveHusiMu AQI 1o
BCEM 3arpsA3HUTEAM, OTHAKO K€ ¢ TOURN 3PeHUS
00ITEeMIPOBOI KITACCHMPUKATINY ABJISCTCS TOCTA-
TOYHO OJTATOTTPUATHBIM [IJTS 3[IOPOBHA YEITOBCKA.

Knace No 4 1o cTpykType npuopuTeTHbIX
3arpsisHUTeiell coOTBeTCTRYeT Kiuaccy N 3, ofi-
naro snauenust AQI B ropopax kinacca No 4 Huske
TakoBLIX 1 kiIacca No 3. Kiaace No 4 apasercs
caMbIM MHOTOUYMCJICHHBIM 1 BRJIOYAeT B ceds
78 TOPOIOB, PABHOMEPHO PaCIPOCTPAHEHHBIX
o reppuropun Esporsi. menno ropoja aroro
RJIACCA MOYKHO CUNTATH THITUYHBIMU Jiist KBpOTIHI
€ TOUKM 3PEHIA KAUecTBA aTMOC(epHOTro BO3/IyXa
o orenke AQI.

Rmace Ne 5 Bo MHOTOM HATTOMUHAET KJace
Ne 4 ¢ Tem oTsmumeM, 4To 3jech HAOIIOLAIOTCH
noseimmentinie Rourentpannun CO m meMmoro
MEHBITNEe KOHIEHTPAITNT PMz.a’ 4T0, BIIPOUEM,
He CUILHO BIAMSACT Ha OOIYI0 OIMeHKY KauecTBa
armocdeproro Bozmayxa B ropojgax (16 ropogon
B KJIacce, He MMEIOINX XapaKTepHOTO TPeHa
B IIPOCTPAHCTBEHHOM PacIpeeieHnn).

Omnenka kadectBa arMocepHOTO BO3yXa
no M3A,, Kak ObLIO HOKa3aHo BbllIe, 1aéT pe-
3YJBTATHI, B 3HAUUTEIHHOI MEPe OTJI MY ATOTIeCS

or onenkn no AQI. Mugexe U3A, paccunran
st 84 ropoos EBporibi, 8% 13 KOTOPBIX 1M0-
MaJialoT B KaTeropuio 3arpsisHenms arMmocdepbl
«un3roe», 13% — B KaTeropuio «ImoBbIIIEHHOEY,
b 2% — B KATeropuio «BHICOKOE» 1 «0UeHb
BbicOKOe». [Ipu arom HaubosbIillee 3HaUeHNE B
urorosom nnziekce MBA,, B orinuue o nHjekca
AQI, mmeroT KOHIEHTPAINT 030HA T IMOKCH/IA
asora (ane PM ju PM,.).

Kpome riaccupurammm mo cyMmmMapHoMy
spavennio VI3A, rakske nmposejena MHOTOTA-
paMerpudecKas Raaccu@uRAIs ropopLoB 1Mo
BRJIQ/LY PA3JIMUYHBIX 3arpsisHuUTeN el B JaHHbII
nnnexre. Boigeaeno 9 kiaccos ropojos, obJia-
MAIONINX CXOKUMHI Xapakrepuctukamu 1mo N3A
sarpsizauTesneii (puc. 2).

Rmnace No 1 xapakrepusyercst cpeiHUME
3HaueHusMu nujekca IBA, npu makcumanbHoii
poJim 030HA B €T0 (DOPMUPOBAHNE. SHAYCHUS
CPeIHEeroJ0OBbIX KOHIIEHTPAIIMI IPYTUX 3arpsi3-
HUTeJel HAXO/ATCS HA HU3KOM YPOBHE (B CyMMe —
menee 1/3 or UBA,). B kmace No 1 Bxomur
23 ropopia, pacrionoskennuix B CeBeproii EBporte,
n pparMeHTapHO B 0OCTAJILHOT €6 4acTh.

Riace Ne 2 nipepcrasien gBymsi ropopamu
B Ilonbiie — Kpakosoim 1 BporutaBom. Xapak-
TepHas yepra arMoc@epHOro BO3YyXa JAaHHBIX
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Puc. 1. Knaccudgpuranus ropopos Esporibl o snavennio AQI
Fig. 1. Classification of European cities by AQI value
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Puc. 2. Knaccnpukanus ropogos Esporint 110 snavennio N3A,
Fig. 2. Classification of European cities by IZA, value

rOpPoOlOB — O4YeHb OOJbINTNE KOHICHTPAI[UH
Oens|a]mmpena, KOTOPHIl SABJIACTCS BEIECTBOM
HaUOOJIBINEro KIacca OTacHOCTH, YTO OOYCIOBIN -
BaeT BLICOKUE U oueHb Bhicokue snavenns M3A..

(10,10 ans Bporgrasa u 20,56 pns HpaHOBa)

ArmocdepHBIT BO3YX B ATUX TOPOMAX CUIBHO
3arps3HEeH.

Knace No 3 Briouaer B cedst 11 ropojios
¢ HAMIYUIIUMI TTOKA3aTeIAMN 3aTPA3HEHN
armocdeproro Bozmyxa. I[Ipaktnueckn mo Becem
3aTPSIBHUTENSIM B TOPOJIaX, BXOMAINX B JIAHHBII
KJIacC, OTMEUYAI0TCS HAMMEeHbIITe NX KOHIeHTpa-
1, a ocobenno — 1o ozony u PM, .. 91u ropoga
HaXOJATCs TTpenMyIecTBeHHo Ha banrkanckom
noayoctpose u B Bocrounoit Esporie, B To Bpems
Rak cornacuo kiaaccuduranuu no AQI 3pech na-
OJITOJIATCH TIOBBITIIEHHBIC 3HAUCHIA WHIeKCA.

Rrace Ne 4 mpeperasasier coboit mabop
ropojioB ¢ HopblmieHHbIM 3Hauenuem W3A..
[Tpuuém sT0o mocrTuraercsi paBHOMEPHO 3a CUET
TPaKTUIECKN BeeX HaOJIOTaeMbIX 3aTpA3HuTe-
Jeit (32 MCKRITI0YEeHWEM 030HA). SHAYNTETbHBIE
MPEeBBINEHNST HAJ[ CPeJIHIUME 3HAUCHUSIMU KOH-
IEeHTPAIIT MOYKHO HAOIIO/ATD 110 B3BEIeHHBIM
yactuam PM, jn PM, .. B nannbiin knace sxopur
12 roponios, pacnonoskenubix B Typrmn, [omnbire,

Wranun n Beabrum, 4o vacTuaHo cOOTBETCTBYET
raaccudpuranum mo AQI.

KHrace No 5 aBisiercst 9TaJlOHHBIM JIJIsI TO-
ponos Espornbl. Ciofra Bxout 36 ropojios, pac-
MpeIesIEHHBIX 110 Beell eé Teppuropun. Bo Beex
13 HUX oOmuil ypoenb sarpssnenns no M3A,
OIEHNBAETCS KAK HU3KUII, HET XapaKTepPHBIX
UMEHHO JIJISI 9TOT0 KJIacca TUIIOB 3arpsi3HUTe e,

OueBujno, uTo chOPMUPOBAHHBIE KITACCHI HE
BIIOJIHE COOTBETCTBYIOT JIPYT APYTY. ITO 00CTOS-
TEJILCTBO XOTh M YCJIOKHSIET OIEHKY KavdecTBa
arMocdepHoro BO3JyXa TOPOJIOB, HO B TO sKe
BpeMsI MO3BOJIsIeT POU3BecTn 0oJiee MOJTHYIO
1 BCECTOPOHHION OT[EHKY B CHJTY METOIMYCCKIX
pasimunii B HOAX0/aX K PAcUéTy lAHHbIX NHJeK-
coB. [loaromy Oblia 1ipoBesieHa MHOTrOapamer-
puueckas Kiaccu@urarms 03 roponos EBporrsr,
I KOTOPBIX paccunmTan kar mnaexc AQI, rak
n M3A,. B nannoii knaccuduranum npuHaThl
BO BHUMaHWe COBIAJAIONIe YacTHbIe M0 3a-
IPSIBHUTENIAM 1 MHTerpaibibie mokazarean AQI
u U3A. TTogobHo mpebiy M Kiaccuurari-
SIM BBIJIEJIEHO D RIACCOB TOPOMIOB (puc. 3).

Riace Ne 1 mpepcrasasier o ropoj us
[Tosbiim — Kpakos. 910 euHCTBEHHbBIN TOPOI
10 00enM TepBOHAYATHLHBIM KIACCUUKATIIAM,
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B KOTOPOM KadecTBO arMocepHOro BO3yxa
OTIEHTMBACTCA KaK TOTPAHTYHOE ¢ He3TOPOBBIM,
anbo kar mesmoponoe. Ocobenmyio mpobaemy
BBI3LIBATOT CTAOMILHO TIOBBITIIEHHLIE KOHIIeHTPA -
UK MaJILIX 3arpsi3HuTesieil, Takux Kax oens|[a]-
NUPeH, a TakyKe 3HAUNTEIbHbIEe KOHTIEHTPAIT
PM, .. Iloaromy B 00begunénnoil knaccudu-
Raluy KauecTBO BO3JLYXa JII TOPOJIOB TAHHOTO
RJIAcCa MOMKHO IPEJICTABUTH KAK MOHUIKEHHOE,
C YBEJMUEHHBIM BJIVSHIEM MaJbIX 3aTps3HUTe-
Jiell BBICOKOTO KJIacca OMacHOCTH.

Rnace No 2 — myummii ¢ TOURYM 3peHUs DKO-
JOTHYecKOl 6e30MacHOCTH 110 000UM TepBOHA-
YaJbHBIM BapHaHTaM Kiaccu@uKaIm, TAToTeer
® Tepputopusim Cepepuoit Espomnsl. I'oposa,
BXOMAIINE B HEro, XapaKTepPu3yloTcsas MUHNI-
MaJTbHBIMU 3HadennaMu mnpekcos AQIu N3A..
B obbepnnénnoit kinaccnuranum 9sToMy Kiac-
Cy MpUCBaMBaeTCs 3HAUYCHME KauecTBa BO3IyXa
BBICOKOE.

Rnace No 3 nipepcranisier codboii ropojia,
nMerorue B 00IeM HeIJIOX0i YPoBeHb KaK 110
N3A,, rak u 1o AQI, orHako 3HAUNTETHHO 3a-
rpasuénnbie PM, . (ror Bocrounoit Esporst u
banramcrkuit moryocrpos). Ilo U3A sroro me
BUJIHO, B CUTY HEMOJHOTH MCXOANBIX TaMHBIX,
onamaro orenka AQI 4érko yrassiBaer Ha mpo-
O6IeMHYI0 00JaCTh B OKOJOTHUECCKON Hezomac-
HOCTHU JIAHHBIX TOPoioB. B o0beqnuéHHol Kiac-
cnUKANNN KadecTBO aTMOC(EpPHOro BO3yXa

MAHHOTO KJIACCA MOYKHO 0XapaKTepr30BaTh Kak
HOPMAJIbHOE, C YBEJAUUEHHBIM BIAUSHUEM B3Be-
menubix yacrui PM, ..

Fopopma wkmacca Ne 4 maxomsarcs B BepxHei
JACTH KIACCHPUKATII CPEIF PACCMAaTPIBACMBIX
roponios (ropoja Samammoit Esponsr n [lupe-
HeICKOro M0JIyOCTPOBa). ¥YPOBEHb 3arpsi3HEeH IS
BO3IyXa 37[eCh TOCTATOUHO HEBBICOKMIT, PaBHO-
MEePHBI, HeT OJHOTO APKO BHIPAKEHHOTO 3a-
rpsisauTesisa. B oobeuHEHHOI RIaccnURaAnm
KavyecTBO BO3JYXa NAHHOIO KJIacca MOMKHO IIpU-
HATH TOBBIIIEHHBIM.

Rnace Ne 5, naobopor, mpejcrasisier codoi
COBOKYITHOCTH TOPOJIOB 13 HUKHEN 4acTu KJIac-
cuduramnun (Bocrounas Espona u Nranmus),
I7le KOHT[eHTPATTIN 3HAUYNTeTLHOI YaCTH 3arpsa3-
Hureseii, ocobenno ozona u PM, ., npesbimaior
cpejtHee 3HaueHue 1o ropojiam EBporsl. OnHako,
001IIi1 ypOBEeHbB 3arpsi3HeHnst aTMOCepPHOTO BO3-
AyXa B 9THUX TOPOIAX 1O OOMeMIPOBBIM MEePKaM
ocraérest HeBbICOKMM. [Toaromy B 0ObeinHEHHOT
RIaccnPUKATINNT KadyecTBO aTMOC(epHoro Bo3-
JyXa TOPOI0B JaHHOr0 KIacca Xapakrepusyercs
RaK HOPMAaJbHOE, ¢ YBEJIWYEHHBIM BIWSHUEM
B3BemennbX yactun PM, . 1 o3ona.

Rapra obbepuuénnoil knaccu@urammm ro-
ponos Esporibt no AQIu IBA, (puc. 4) mokaspl-
BAeT, 4TO TOPOJIA OJIHOTO KIACCA ABHBIM 00pasoM
00pas3yIoT TePPUTOPUATBHBIC KIACTePHI, 4eTO HE
HaO0JTI0/Ia/I0Ch TIPH TIePBOHAYAJIBHBIX KIaccuiu-

U3A
w

- 70

- 50

AQl

- 10

co NO2 a3 PM10 PM2.5 502

= = = W3A Knacc Nel

M3A Knacc No2 = = = A3A Knacc Ne3

M3A Knacc Ned

M3A5

M3A Knacc Ne5

------ AQI KnaccNol e AQIKnaccNo2 eseses AQIKnaccNO3 e A KnaccNod = = AQI Knacc Ne5

Puc. 3. Ycepeauénnnre smavenns U3A. n AQI s kraccoB ropojios

Fig. 3. Average AQl and IZA, values for city classes
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Fig. 4. United classification of European cities by AQI and IZA value

Kanuax. Xapakrep IpoCTPaHCTBEHHOTIO paclpe-
feJIeHUs HTUX KJIACTePOB B 3HAUMTEbHOI crerie-
HII KOPPEJINPYeT ¢ IKOHOMUKO-Teorpaduieckum
paitonupoBanueMm EBponbl u 00bscHsETCS
YPOBHEM 9KOHOMIYECKOTO PA3BUTHSA, CTPYKTYPOIl
HKOHOMWKHI 1 0COOEHHOCTAME HKOJOTNUYECKOT
OJIUTUKN FOCYAPCTB.

3araoueHue

SHAUNTETbHBIC PABJIUYUS B UCITONb3YEMbIX
MOKA3aTeAX U METONKAX UX WHTETPUPOBAHNSA
B UTOTOBBIN MHJEKC MPHU OIEHKE CTETIeHN 3a-
rpsasuénnoct armocdepsl 110 M3A, n AQI BbI-
3BIBACT METOJIMUCCKITE CJTOKHOCTI TIPI TTOTIHITKE
COBMECTHOIT OTIEHKI Ka¥ecTBAa BO3/LyXa B TOPOJIax.
Ho Bmecre ¢ mem, 5710 jKe 1M03BOJIsIET TOYHEe U
ToJTHee OTeHMBATh KaYecTBO BO3yXa B TOPOJIAX,
Ijle BO3MOsKeH pacuér Kak muexca M3A,, rak n
nnpexca AQIL.

UccrenoBanne mokasaio, 4to npuMeHemne
MHOTOTIApaMeTPUUYECKNX KIaccupurammii mo
OTJIEJILHOCTH JIJIST KAYRIIOTO U3 JIAHHBIX UHIEKCOB
He T03BOJISIeT Y6TKO U OJTHO3HAYHO BBIIETATH
TUTIOJIOTHYCCKIE 0CODCHHOCTH KIACCOB B CUITY
mpoOesoB B MCXOMHBIX JAHHBIX U creruduie-

CKUX TIPO0GJIeM, Onpeie/sieMbIX MeTONnYeCKIMI
ocobeHHOCTAMI pacuéra MHAeKCOB. B 10 Ke
BpeMs TaKkas Kiaccu@UKAINA, YUUTHIBATOIAS
00a MHEKCA ¢ UX COCTABHLIMU YACTSAMU 110 OT-
NeJTbHBIM 3aTPA3BHUTENAM, IaeT YETKYI0 KapTUHY
KavecTBa aTMOCHePHOTo BO3yXa B TOPOIaX KaK
€ TOYKI 3PEHUS NX THIIOJOTIHICCKOTO OTIMCAHIIS,
TaAK ¥ ¢ TOYKI 3PEHTSA MPOCTPAHCTBEHHOTO Pac-
TpefeTetnsa MOTYIeHHBIX KIaCCOB TOPOLOB 0
reppuropun EBporibi.

[To pesymbratramM MHoTOmapaMeTpHUECKOM
riaaccnduranum snavennii mujgercos AQIl n
N3A, Briteneno o kraccos ropogos Esponbr,
OTHOCHUTENHHO OJHOPOJAHBIX 110 CTPYKTYpe n
YPOBHIO 3arpsisHeHuss arMocGepHoro BO3Y-
xa. Jlanubie graccol Ha Kapre oOpasyioT yéTKO
ompejieigeMbie TePPUTOPUATBLHBIE KIACTEPHI,
B 3HAYNTETHLHON CTEMeHN KOPPeTnPYyIonime ¢
YCTOSIBITUMUCS 9KOHOMUKO-Teorpaduieckumm
paiionamu [EBpoTIbI.

Pesynnrarsr neciemoBanms ABIAIOTCS BasK-
HBIM ITaTOM K PeIIeHuio 3aJa4l COBMECTHOTO
amaIm3a KauecTBa Bosgyxa ropogos Poccnn m
APYIUX cTpaH MuUpa, B ToM umcie EBpomnr, B
YCJOBHSAX HEOCTATOUYHOCTH JAHHBIX OJarogaps
BBISIBJICHUIO 3aKOHOMEPHOCTEl B BO3MOYKHBIX
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snavenuax unpexcos AQI n MBA, nis kasio-
ro KJacca ropojioB Mo KavuecTBy atMocepHoro
BOBJIyXA.

Cmamuvs nodzomosiena npu noddepiucke
Poccuiickoeo nayunozo gionda (npoekm Ne 20-47-
01001).
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BhisiBiieHBl 0COGEHHOCTI CE30HHOTO M3MEHEHUs aKTHBHOCTI TOYBEHHBIX (DEPMEHTOB (KaTajiasbl, IerHjiporeHassbl,
MHBEPTa3bl) B OPraHOTEHHBIX I BEDXHUX MUHEPA/IbHbBIX TOPU30HTAX [T0YB KOPEHHOTO eJIbHNKA YePHIUHO-36JeHOMOIITHOTO
1 er0 Pa3HOBO3PACTHBIX JTMCTBEHHO-XBOHBIX TPON3BOJIHBIX. Y CTAHOBJIEHO, 4TO (DepMEHTHI KJlacca OKCU0pejlyKTas (Kara-
Ja3a, Jiernjiporetasa) NMeIoT TeHIeHINIO K YBeJNYeHNI0 aKTUBHOCTI K KOHILY BereTalimonHoro nepuoja. B mpossiennu
MHBEPTA3HOI aKTHBHOCTU Ce30HHAS INHAMIKA BbIpaskeHa cjaabo. [IpuMeHeH e mmupoKroro ciiekTpa MeTojloB CTaTueTnie-
CKOTO aHaJIN3a 1T0KA3aJI0, YTO, HECMOTPS HA OTCYTCTBUE CYIIECTBEHHON PAa3HUIILI B TapaMeTpax akTUBHOCTH OT/[eJIbHBIX
(hepMeHTOB, IROTIOTHYECKIE YCTOBUsT (DOPMIPOBAHIIS TTOUBBI HA DAHHIX HTarax nocjaepybounoii cyrieccnn (yuacror 1T112)
OTIIMYAIOTCS 0T yuacTKOB KopeHHoro enbHura (I1T11) u cnesnoro Gepesusika paznorpasuoro (I1113). Pacuér unrerpasb-
ubix nokasareseit (MITBC u GMea) BoisiBun Bozpacraine OHOXUMIYECKUX TTAPAMETPOB B BEPXHEIT 4aCTH OPraHOreHHbIX
FOPUBOHTOB ITOYB BRIPYOOK 1 X CHUFKEHNE — B MITHEPATBHOI YaCTH MOYBBI 110 CPABHEHUIO € TOYBOIl KOPEHHOTO eJTbHIKA.
AHaJ13 0JyYeHHbBIX JAHHBIX METOJIOM IJIABHBIX KOMIIOHEHT [TOKa3aJl, YT0 (PUBNKO-XUMUYeCKe 1 GHOXUMIYecKIie CBOii-
CTBA TTOJ[30JIMCTHIX TT0YB B OMORIMMATHYECKIX YCJIOBUAX CPeJiHeil Taiiru, B IIepBYIo 0uepejib, OTPe/eisiores creru@uioii
(cTpoenmem, cOCTaBOM ¥ CBOIICTBAMI) TIOATOPNUBOHTOB JTECHOI MOJCTUIKN, & TAKIKe CTajnell mocaepybounoii cyRieccn
(i Bo3pacTom QPuToIeHo3a).

Karouesnle crosa: raésgunie ieca, BRIPYOKH, MOIB0ICTHIE TOYBBI, TOUBEHHbIe (DEPMEHTBI, HHTeTPaTbHBII OKA3aTe b,
cpejiHee reomerpiyeckoe gepmerraTuBHoil aktusHocTn (GMea).

Biochemical activity of podzolic soils at the cuttings
in middle taiga spruce forest

© 2023. E. M. Perminova .. o0 ces02500 N+ N. Bondarenko
T. N. Shchemelinina . ., 0000.0002-4052-6124> 1o+ Mo Lapteva e o000.0002-9396-79792
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: perminova@ib.komics.ru

ORCID: 0000-0001-5609-3283"

20

The features of seasonal changes in the activity of soil enzymes (catalase, dehydrogenase, invertase) in the organogenic and
upper mineral soil horizons of the bilberry spruce forest and its uneven-aged deciduous-coniferous derivatives were revealed. It
has been established that enzymes of the oxidoreductase class (catalase, dehydrogenase) tend to increase in activity by the end
of the growing season. No seasonal dynamics was revealed in the manifestation of invertase activity. The use of a wide range
of statistical analysis methods showed that, despite the absence of a significant difference in the parameters of the activity of
individual enzymes, the environmental conditions of soil formation at the early stages of post-cutting succession (S2) differ
from the areas of bilberry spruce forest (S1) and ripe birch forb forest (S3). The calculation of the integral indicators (11BS
and GMea) revealed an increase in biochemical parameters in the upper part of the organic horizons of the felled soils and their
decrease in the mineral part of the soil compared to the soil of the indigenous spruce forest. The analysis of the obtained data
using the principal component method showed that the physicochemical and biochemical properties of podzolic soils under the
bioclimatic conditions of the middle taiga are primarily determined by the specificity (structure, composition, and properties)
of the subhorizons of the forest litter, as well as the stage of post-cutting succession (or the age of the phytocenosis).

Keywords: middle taiga, cuttings, podzolic soils, soil enzymes, integral indicator, geometric mean of enzymatic
activity (GMea).
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OmenKka cOCTOSTHUS TIOYBBI KaK OMOKOCHOI
CHUCTeMbI, OTIpeJleJisioleli yeToitunBoe (pyHKIIo-
HUpOBaHMe OIOTEOIeH03a, CONPSIFKeHA ¢ TPY/IHO-
CTAMU B IIaHe BbIOOpa Hambosee nHGopMaTuB-
HBIX [IOKa3aresieil. K Takum rmoxkasaresisim OTHOCST
rnapamMeTpbl aKTHBHOCTU B 1MOYBAX Pas/JTMUHBIX
depmentos [1, 2]. DepmeHTH UTPAIOT BAKHYIO
POJIb B IIPoOIeccax mouyBooOpa3oBaHms, OHI He
TOJTHKO YUACTBYIOT B OMOXMMIYECKIUX ITPOTIeccax,
HO T OCYIIECTBISIOT B3ANMOCBS3b MEKITY BCeMNI
KOMIIOHeHTaMu dKocucTeMbl |3, 4 |. KomiuekcHblii
ananus pepmenrarnsaoii akrusroctn (DA) mous,
XapaKTepusylIolieincs, ¢ OHOI CTOPOHbL, BLICOKOI
YYBCTBUTETLHOCTHIO K BHEIITHUM BO3JEIICTBHSIM,
¢ IPYroil — IPOCTOTOI ompeeseHuss U HU3KOU
MOTPEITHOCTLIO METOJIOB, IAET MpeficTaBieHne 0o
DKOJIOTUYECKOM COCTOSTHUY TAKOT CJI0RHOI T1PH-
POMHOI cucTeMbl, Kak mousa |2, J].

B puarnocruueckux measix MA moun ax-
TUBHO MCIHOJAB3YIOT PN U3YUYEHUU BIUSAHUS
Pa3IMYHBIX BIUJIOB AHTPOITOTEHHOTO BO3/ICHCTRIS
Ha mouBHl. B macrosmiee BpeMsa paccMOTpeHbl
0cOOEHHOCTN OTBETHON peakiun ¢epMeHTHOTO
myJia MovB Ha WX 3arpssnenne HedTbio n Hed-
TerpojaykramMu [6, 7], TAKEABIMU MeTallIaMu
(TM) u dpropom [8, 9], Ha paznuunble CIIOCOOBI
neconoab3oBanus [10, 11]. Ormeueno canzkenme
AKTUBHOCTH TaKUX (epMeHTOB, KaK Karaiasa,
uHBepTasa, jerujiporenasa, gocgarasa, aunasa
npu 3arpsa3Henun moys Hedrempopyrramm, TM
u propom. OaHAKO MaHHBIe, MOJyUYeHHbIE TTPU
OTIeHKe BAUANNA PyOok meca na WA mouB, HOCAT
BeCchbMa MPOTUBOPEUMBLIN XapaKTep.

W3BecTHo, 9T0 MATEHCUBHOCTH TPOSBICHS
aRTUBHOCTH ()ePMEHTOB B TOUBAX TECHO CBSI3aHa
¢ 0cOOeHHOCTAMNI (DYHRITMOHMPOBAHTIST PACTEHTT

1 NX KOPHEBBIX CHCTEM, KAYeCTBOM PaCTUTEIHhHO-
0 OT1a/Ia, BIASKHOCTHIO U TeMIIePaTypoil OUB, NX
ORUCIUTETbHO-BOCCTAHOBUTEIHHBIM PEsKIMOM.
ITH IapaMeTpbl MMeIT YETKO BbIPasKEHHYIO ce-
30HHYIO JITHAMUKY, uTo Tpedyer mpu ornenre MA
MOYB yu6Ta INHAMIYECKNX ACTIEKTOB M3MeHeH U s
namepsieMbIx moxasarenei [12, 13].

[Tess mannoit paborel — oreHKa pepmenTa-
TUBHOI aKTUBHOCTH IIOYB U €€ Ce30HHOI JUHa-
MUKH B XOJie CAMOBOCCTAHOBUTEILHOI CYRIECCHT
pacTuTeJIbHOTO MOKPOBA TOCTe MPOBEeHs
CIJIONTHOMECOCEUHBIX PYOOK HA TePPUTOPUH
cpepuedi rarirn Pecrryomnrn Romu.

MaTepI/IaJ[I)I N METOAbI UCCJAeJOBaAHMNA

Wceneposanus npoBojuian Ha 6ase mouBeH-
noro crartmonapa U @UITL Komu HIT YpO PAH
(Pecnybnura Komu, ¥Yerb-Rynomckuii p-H,
cpennsist Taiira). Ha cranmmonape mpoBojsrcs
JIOJITOBPEMEeHHbBIe MCCIeJOBAHNS 10 U3YUYeHU IO
BJMSTHUS TTPOMBITTITIEHHON 3aTOTOBKI JIPEBECUHbI
Ha asromopduble mopzosaucteie moussl. [logpoo-
HOE OTMCAHIE T'e0J0T0-TeoMOPEPOTOTHIECKINX
" RJIANMATHYECKUX YCJIOBUI, PACTUTEJHHOCTH,
CTPYKTYPBI MOYBEHHOTO MOKPOBA M3y4YaeMo-
ro paiiona gamo B paborax [14, 15]. Kparkoe
onncanne 00beKTOB NCCJIE0BAHNS — KOPEH-
noro exbanka yepuauunoro (I1111), monoporo
JUCTBEHHO-XBOWHOTO coobmiectBa (I1112) n
criesoro Oepesnssra pasunorpasuoro (I1113) —
npuseseHo B Tabsuie 1.

WcenemoBanis npoBoOii/in B ieTHe-0CeHHIT
Meprozt uepes 8 JTetT mocse MpoBeleHns pyoRnT Ha
yuactre 1112 n yepes 40 ner — na yuacrre [1113.
Ha raskmom yuacTie BbIToJIHEH 0TOOP 00pasios

Tadoauma 1 / Table 1

Kparras xapakrepucrinka 00beKTOB MCCICIOBAHI
Brief description of the objects of study

[Toxkaszarenn Oobekr uccaenopanust / Object of study
Indicator 111 / s1 1112 / S2 1113 / S3
eJIbHUK YePHUUHBIIT JIMCTBEHHO-XBOMHBI crieJiblil GepesHsIK
Pacturenbuocts g
mostopHAK I Knacca pasHoTpaBHBIN

Vegetation

BO3pacTa

Bpewms nposegenus pyoru
Culting time

He ITpoBOo/InJIaCh

3UMHUIT TePuo
2001-2002 rr.

3UMHUII TTePuoy
1969-1970 rr.

Cocras ipeBocTost 6E4llx+b ob4aETIx TB2E1TIx
Stand composition
Bospacr npeBocrost, et 60-230 7 36
Stand age

TOJ30TTCTAS TTOMT3OTICTAS TTOJIBOTICTAS
Twtr, TOATATT TTOUBHI
Soil type ¢ MIKPOTTPOMITIEM TTOI301a | ¢ MITKPOTTPOMIIeM TTOf[30J1a | TITy0OROoTIeeBaTast

rmyboRoTIeeBarast MTOBEPXHOCTHO-TIeeBATAS

Crpoenue podus O-ELJe-hf]-ELf-BEL- O-ELJe,hi-hf,g]-ELf- | O-EL(n,g)-ELf-BEL-
Soil profile BT-BCg-Cg BEL-BT-BC(g) BT-BCg-Cg
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OpPraHOTeHHBIX (¢ pasjiesneHeM Ha TOJTOPU30H-
o1 O, O,, O,) 1 MuHepaabHbIX (1OA30/UCThIX)
ropusonToB B 8—10 kparnoii nosropuoctu. 13
HUX FOTOBUJIM CMeTlIaHHble 00pasiibl 11 Pu3nUKO-
XUMUYCCKUX U OMOXUMUYCCKUX MCCICOBAHNI.

[ToneByto BAaKHOCTL TTOYB O PeEJsIN
BecosbiM Merojtom, pH Bognoit (pH, ) u coe-
soii (pH_ ) Borsskex — B coorsercrsum ¢ 'OCT
26423-85. Copepsranme B 06pa3uax MOYB 0011eT0
yraepopa (C o ) masora (N ) usmepsiii na sie-
MEHTHOM aHAJIN3aTope EA L5iMO (Carlo Erba),
yraepoga (C ) m asora (N ) Bogopacrsopu-
MbIX coefurennii — wa ananuzatope TOC-VCPN
(Anonus, Shimadzu) B ILRIT «Xpomarorpadus»
B ONIL Romu HIL YpO PAH. Aktusnocts gep-
meHTOB Karanasbl (KA), nerugporenasst ([[I'A)
n nnuseprasbl (MA) uccnegoBain B cCOOTBETCTBIN
¢ MeromuecknMm pyrosogctBavn [1, 16].

COBOKYITHOCTH MOJYUYEHHBIX MTOKa3aresei
OTIEHMBAJIN HA OCHOBE pacyéra MHTErpajibHOroO
moKasareJsisi O1oJOrMYeCKOTO COCTOSTHIS TTOYBbBI
(NTTBC) [1, 2], oTHOCHTETHLHOTO TIOKAZATE ST AK-
TUBHOCTH OT/Ie/IbHO B3ATOTO pepmenta — Cal [ 7]
1 cpejiHero reoMeTprueckoro snavenus — GMea
[2, 4, 7, 17, 18] B coorBercTBUU ¢ hopMyTIamMu
1,2n3:

b
HUIIBC = —2
px
rje B — CpeJiHUIT OIleHOUHbII OaJIJT U3yUeH-
HBIX HOK&%&TE‘JIGI/I B, — cpepnnii oneHovHbIi
GaJiT Beex mokazaTesen JIJIS1 [IOYBBI KOHTPOJILHOTO
yJacTra.

Cat(p 100
Cat ’ (2)

(1)

Cat =

K

rie Cat — OTHOCUTeILHBIT OT[@HOUHBI DAL
nokasaress, %; Cat — arTHUYeCKOe 3HAUYEHIIE
nokasarens; Cal — 3Haqeﬁme morasareJsist Jijist
ITOUBHI HOpeHHOFO eJbHUKA YePHUYHOTO.

GMea =7/ Cat - Deh - Inv, (3)

rne GMea — cpennee reomerpuueckoe gep-
MeHrtaTuBHON aktusHoctu, %; Cat — orHOCH-
TeJILHBIH TOKa3aTe/lb akTHBHOCTI KaTaiasbl, %;
Deh — perugporenassi, %; Inv — nnseprassi, %.

Cratncrnaeckyio 00pabOTRY JIAHHBIX IIPOBOJIH-
JI C TIPUMEHEHeM MaKkeTa MPUKIAHBIX TPOTPaMM
Microsoft Office Excel 2010 u cratucruueckoro
nakera R jyist o6padorku anubix B orkosorun [19].

Pesyabsrarel n o0cy:knenne

OcoGeHHOCTH CTPOCHNST M CBOCTB IOYB BbI-
pyook. B GuorkinmMarnieckux yciaoBusx cpeji-

Hell Taiiry B IiepBbie TOJIbI TIOCJIe TPOBeIeHUsT Py -
6ok (yuacrok I1112) mpoucxopur BpemenHoe te-
peyBinaskHenue nous |14, 15]. AkruBusaius B
ATUX YCJIOBUSAX POCTA MOJATOMOIIHBIX 1 ¢harHo-
BBIX MXOB B HAllOYBEHHOM IIOKpPOBE 00YCJIOBM-
Jla BO3pacTaHie MOI[HOCTH OPraHOTE@HHBIX I'0-
PUBOHTOB TO/I30JMCTHIX 1MOUB Ha ydactke 1112
1 COXPaHeHIe X CXO/[CTBA 110 KAYeCTBY OpraHuye-
CKOTO0 BelecTBa, MopQOoJIornieckoMy CTPOeHN IO
n QUBNKO-XUMUYECKIM IapaMerpaM ¢ aHajo-
IPUYHBIMU TOPUBOHTAMU HEJINHHBIX TOJI30JNCTHIX
mouB KOHTpoJbHOTO yuacTka [1T11 (trad. 2).
BoccranoBienue ipeBocTosi Ha BhIpyOKax
(yuacror I1113) Benér, ¢ ofHOIT cTOPOHBI, K 110-
CJIeJlOBATeIbHOMY BOCCTAHOBJIEHIIO TH/IPOJIO-
IMYECKOTO PesKIMa MOYB U CHIKEHUIO TT0BepX-
HOCTHOTO TUPOMOPPU3MA; ¢ PYTOii — K n3me-
HEHWI0 KAYeCTBEHHOIO COCTaBa MOCTYHAOIIEro
Ha MOBEPXHOCTh MOYB PACTUTEIHHOTO OTaJla,
MPEJICTABICHHOTO IPENMYIECTBEHHO JTUCTOBBIM
omnajioM 0epésbl U OCUHBI, a TAKKe OCTaTKAMU
TPaBSHUCTBIX PACTEHUIT HATIOUBEHHOTO TIOKPOBA
[14]. Hocaepnee ciocodbcTByer akTUBU3AIMN
(OYHKIIMOHMPOBAHS TIOYBEHHOIT OMOTHI 11 YMEHb-
MIEHU IO MOTIIHOCTH OPTaHOTEHHOTO TOPU30HTA 10
9,9£0,7 cm. Jlns cpaBuenus, na yuacrre [1111
MOIIHOCTh OPTaHOTeHHOTO TOPU30HTA COCTABMIIA
7,8+1,1 cm, na yuacrre 1112 =12, 1£2 3 cm.
CykiteccnoHHasi cMeHa PacTUTeNIbHOCTH Ha
BBIPYOKaX B IIOJI30HE CpeJiHel Talir 1 n3MeHeH e
KauecTBa PacTUTETBHOTO OIajia HaXo[sAT CBOE
OTpasKeHIe B CHUKeHIN Ha PAHHIX CTAJIUSAX CYK-
neccun (IT112) nonm azora kar B cocraBe mouBeH-
HOTO opranmueckoro Berectsa B mejgom (G/N =
29,3-31,9), rak u B cocraBe BOJOPACTBOPUMBIX
oprannveckux coepunennii (C/N = 35,4—46,3)
(rabs. 2). Ilo Mepe BoccTaHoOBIEHUS IPEBOCTOSA
Ha BeIpyORax (yuacrok [1113) na dpore cHmrenms
KUCJIOTHOCTH OPraHOT@HHBIX MOPU30HTOB MOYB
HabJfolaeTcss HEKOTOPOe Bozpacranime obectie-
YEHHOCTU a30TOM MOYBEHHOTO OPTaHMYeCKOTO
BEIIeCTBA 1 eT0 BOJOPACTBOPUMBIX KOMITOHEHTOB
(C/N coorBercrBerno 23,1-24,8 u 24,1-32,8).
AxTHBHOCTB (hepMenTa KaTasnasbl. OHIM 13
BHAYMMBIX TTAPAMETPOB [ ITaTHOCTUKI HKOJIO-
IUYEeCKOT0 COCTOSTHIS [TOYB SIBJISETCS AaKTHBHOCTh
(pepmenTa karanassl (KA), Koropblii mpuHIMaeT
ydactie B pasioKeHUN TepeKncH BOJOPOJA,
0o0pasylonieics B 1mpoiecce AbIXaHUS KUBBIX
OpPraHm3MoB, HA BOJLY I MOJIERYJISIPH I KICTIOPOT
[1, 16]. CorsrtacHo TMOTy4eHHBIM HAMU JIAHHBIM,
KA opranoreHHOTO ropr30HTa TTOYBbI KOPEHHOT'O
enxpruka (I1111) B cpenem cocrasmsier 4,2; moJio-
JIOTO JINCTBEHHO-XBOITHOTO coobiectsa (I1112) —
3,1; cmremoro 6epesmara pazmorpasnoro (11113) —
4,8 cm*O, /(1 * MIH), 9TO COOTBETCTBYET cpejiHeii

Teoperuueckast u npurnanuas sroaorust. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1



MOHUTOPHHI IIPUPOHBIX 1 AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPII

B Tabamna 2 / Table 2
XuMunvecke moKkasaTesn Mo UeCJaelyeMbIX yuacTRoB (X £A)*
Chemical values of soils the studied areas (x+A)*
FOpMSOHT pII o011, oo, C/N CB()B. NB()B. C/N
IIO['iZOﬂ ‘t()ta] tot WS0C WS0e
H0 | Ka % r/xr / g/kg
[T111 (ropenHoii enbHuKR yepuuunblii) / S1 (bilberry spruce forest)
0, 0,240,3 | 4,5£0,3 36,2+7,9 1,6+0,4 26,4 16,0£5,6 | 0,65+0,58 29,7
0, 4,6+0,6 | 3,6+0,6 39,4+4,8 1,7+0,4 27.0 11,4£1,3 | 0,43+0,19 31,2
0, 4,3+0,4 | 3,2+0,2 32,4%5,3 1,4+0,3 27,0 10,1£1,0 | 0,36+0,18 32,8
ELJe] 3,9+0,3 | 3,1%0,2 2,7+£0,5 0,2+0,04 15,8 1,2+£0,1 0,03+0,02 23,7
[T112 (monofoe MneTBeHHO-XBOITHOE COODITECTBO)
S2 (deciduous-spruce young growth)
0, 4,9+0,4 | 4,4+£0,7 | 32,6125 1,3+0,5 293 13,1£6,3 | 0,43+0,35 35,4
0, 4,0+0,3 | 3,6%0,5 40,2+1,0 1,5+0,1 31,3 8,0+2,0 | (,26+0,21 38,0
0, 4,0£0,3 | 3,0+0,2 32,8+5,3 1,2+0,2 31,9 9,8+1,8 0,25+0,15 46,3
EL[e],hi,g | 4,0+0,1 | 3,1£0,1 2,1+£0,5 0,1+0,01 24,5 1,240,3 | 0,02+0,02 27,1
[TI15 (cresniii 6epesusik pazuorpasubiii) / S3 (ripe birch forb forest)
0, 57:03 | 52408 | 365156 | 18+08 | 237 | 133424 | 0642051 | 24,1
0, 9,4+0,3 | 4,7+0,3 37,6+6,8 1,9+0,2 23,1 10,9£3,2 | 0,59+0,43 21,4
0, 4,7+0,2 | 3,7+0,2 | 25,5+11,0 1,2+0,3 24,8 8,8+2.7 0,31+0,28 32,8
EL 4,2+0,4 | 3,3+0,2 1,8+0,9 0,12+0,06 17,5 0,8+0,5 | 0,02+0,02 20,2

lpumewanue: * X - cpednee apugmemuueckoe; +4 — epanuyr dogepumenwvioeo unmepsara ois P> 0,95 (n =8-9).
Note: * X — arithmetical mean; +4 — the confidence limits for P> 0.95 (n =8-9).

cTernenn o0OraméHHoCTH MOYB KaTaaasoil 1o
[20]. dmoBuaibHbIe (O30T UCTBIE) TOPUBOHTH
MOYB BCEX YY4ACTKOB XapPaKTePU3YIOTCs OYeHbD
OCTHBIM 11 OEIHBIM YPOBHEM 000TaEHHOCTH (Dep-
MEHTOM KaTaJjia3oil — mapamerpbl KA Bapbupyior
B pasHble CPOKYM 0TOOPA OT HYJIeBBIX 3HAYEHITIT 10
2,6 cm® O,/ (r - Mun).

UccnenoBantbie HaMI TIOYBbI 3HAYUTE ] b-
HO pazimyatorcs 1mo napamerpam KA B nernuit
(MIOHb-MI0JTb) W OCEHHUI (CeHTAOPb-OKTAOPH)
nepuopbl (Taba. 3). K KoHIly BeretarmoHHOrO
ce30Ha OTMeuYeHO cylecTBeHHoe Bodpacranme KA
Ha Bcex yuacTrax. Taras quunamuka KA xapak-
TepHa JIJIsI TIOUB JIECHBIX AKOCHCTEM, 00YCIOBIeHA
MOCTYTIJIEHNEM CBEJKero pacTUTeTbHOTO oTaja
U CTUMYJISAIMEN B CBA3Y ¢ 9THM JKU3HElesATeh-
HOCTHU [OYBEHHBIX MUKpoopranusmon [21].
Makcumanbubivu 3HaueHnsiMu KA nipaktnueckn
BO BCE CPOKI 0TOOPA OTIANYAINCH OPTaHOTeHHbIe
POPUBOHTHI MOYBbI CIIEJOT0 OepesHsiKa pasHo-
TpaBHOTO. [J1s1 MIHEpaTHHBIX TOPU3OHTOB CYTIle-
CTBEHHON Pa3HUILbI, 3a UCKJIAIOYEHUEeM OT[eJIbHbIX
mat orbopa, B Benmunae KA Mesry yuactkaMm He
BRIABIECHO (TabII. 3).

AKTHBHOCTH hepMeHTa NeTruporeHasnbl.
JleruporeHasbl KaTaan3upyoT OKNCANTETHHO-
BOCCTAHOBUTEIbHBIE PEARIINT TTYTEM JIeTUPN-
poBaHmsI opraHnyecKux BemecTB. B moupax

00BEKTOM JIeTHAPUPOBAHIS MOTYT OBITH KaK
HecreruuyecKke Opranndeckne coenHeHms
(YrJIeBOJIbI, aMUHOKICTOTHI, CITUPTHI, KUPHI,
(enonnr u T. 1.), Tak n crernuduUecKue (Tymy-
cospie) BemiectBa [1]. MunumanbubiMn 3Ha-
genusimn [[I'A B paccMorpeHHOM Hamu psmy
MOYB XapaKTepU3yIOTCsi FOPU3OHTHI JIECHOI 1O
CTUJIKU TTOYBBI KOPEHHOTO eJbHUKA (Tadi. 3).
B cpennem 3a Bce cpokm orGopa BeJiMYMHA aK-
TUBHOCTHU IGTHPOTeHa3hbl COCTABUIA 3/iech 3,9;
BTO BpeMsi KaK Ha y4acTKAaX MOJIOJIOTO JINCTBEHHO-
XBOMHOTO cOODITECTBA M CTIETOTO Depesnsara —
6,0 n 4,6 MrTOD/(r *+ 24 4) coorBeTCTBEHHO.
Bonee poicokue snavenust [II'A na yuacrie I1113
o cpasaenuio ¢ [1111 oOycnoBiensr B mepByio
ovepe/b pasanusiIMI B KAUeCTBe OPraHmyecKoTo
MaTepuasia, oCTYHAIOIIero ¢ O1ajoM Ha OBepX-
HOCTH TTOYBBI I BRJIIOUAIOIIETOCS B TPOIECCHI
ero rpancdopmaruu [14], a na yuacrke 11112 —
npucyTcTBueM nopybouHbX ocratrkoB [22],
STBJISTIOTIIXCST JIOTTOJTHUTETbHBIM 1 JIOJITOBPeMeH-
HBIM UCTOYHIKOM MOCTYILJIEHUS OPTaHNYeCRIUX
BerecTs [10]. B MmuHepanbHOIl yacT TOUB Beex
paccMOTpeHHBIX ydacTkoB mapamerpbl [[I'A
PE3KO CHUJKAIOTCS M COCTABJSIOT HA y4acTKe
[1111 me 6omee 13% oT TAaKOBOW B JTECHON O -
crunke, Ha yaacrrax II112 w [1113 — e Gonee
7,6 m 4,2% coorBercrBenno (tabu. 3). Cremens

2Y
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_ Tadomuma 3 / Table 3
CesonHoe namMeHeHne mokasareyeil hepMeHTATUBHON akTUBHOCTH 110UB (X +06)* cresoro erbHIKA
yepauunoro (I1111), nucrsernno-enosoro mosopusika (I1T12) u cresoro 6epesusara pasznorpasuoro (11113)
Season changes in indicators of soil enzymatic activity: bilberry spruce forest (S1), deciduous-spruce
young growth (S2) and ripe birch forb forest (S3)

YuacTor Fopuzonr WMionn Mionn Cenrsbpb Oxrrs6pb
Site Horizon June July September October
Raramasa, em® O,/ (r - mun) / Catalase, O, cm*/(g - min)
0, 1,9+0,3 2,0+0,1 2,7£0,6 7,4+0,2
I 0, 2,3+0,3 2,3+0,4 6,0+0,3 5,1+0,4
S1 0, 3,1£0,4 2,2+0,8 5,3£0,3 5,9+0,3
ELJe] 0,6+0,2 0,1+0,0 1,8+0,1 1,6+0,2
0, 3,0+0,5 1,9+0,1 4,9+0,1 3,6+0,2
[112 0, 1,6+0,2 1,0+0,3 4,4+0,2 4,7+0,4
S2 0, 1,9+0,1 1,5+0,7 4,303 2,8+0,2
EL|e],hi,g 0,4+0,2 0,0+0,0 2,4+0,2 1,5+0,2
0, 4,7+0,1 3,8+0,3 6,9+0,2 3,4+1,1
11113 0, 4,0+0,2 3,0+0,7 6,2+0,2 4,3+0,4
S3 0, 1,7+0,3 4,1+0,1 6,4%0,2 7.020,4
EL 0,1+0,0 0,6+0,1 1,4+0,1 1,4+0,1
Jlerupporenasa, mr TO®D/ (v 24 a) / Dehydrogenase, mg TPP/(g - 24 h)
0, 5,09+0,25 4,87+0,24 2,05+0,28 4,51+0,23
I 0, 4,19+0,21 4,37+0,22 4,51+0,23 3,88+0,19
S1 0, 2,71+0,14 2,52+0,13 2,16+0,11 2,71+0,14
EL|e] 0,72+0,04 0,54+0,03 0,34+0,02 0,04+0,03
0, 5,19+0,26 9,90+0,28 3,16+0,16 6,90+0,35
1112 0, 9,82+0,29 9,95+0,30 7,89+0,39 7,71+0,39
S2 0, 4,55+0,23 2,68+0,28 8,03+0,40 4,82+0,24
EL[e],hi,g 0,45+0,02 0,59+0,03 0,49+0,02 0,41+0,02
0, 9,91+0,30 2,00+0,28 4,69+0,23 7,22+0,36
1113 0, 4,3320,22 2,09+0,25 4,15+0,21 4,42+0,22
S3 0, 4,15+0,21 3,79+0,19 4,55+0,23 1,44+0,07
EL 0,22+0,01 0,32+0,02 0,27+0,01 0,13+0,01
Museprasa, mr riioko3bi/ (1 * 24 1) / Invertase, mg glucose/(g * 24 h
0, 20,6+0,9 22,9+0,3 13,8+0,8 18,1+0,2
[ 0, 24,2+0,5 24,4417 13,3+0,7 23,1+1,0
S1 0, 25,2+1,6 21,3+1,6 20,4+2 2 20,2+1,7
ELJe] 2,4+0,3 2,8+0,6 3,7£0,4 2,1£0,5
0, 16,3+1,0 16,1+2,2 18,4+1,2 19,5+1,6
112 0, 20,8+0,5 18,1+£3,1 20,3£1,9 17,9+0,1
S2 0, 24,9+3,5 23,1+0,6 24,8+1,4 24,9+0,7
EL|e],hi,g 1,7+0,5 2,4+0,4 3,0£0,5 2,0+0,2
0, 26,6+4,8 27,7+0,9 25,7+0,6 22,8420
11113 0, 28,1+0,3 28,9+3,2 29,4+0,8 23,0+0,5
S3 0, 17,511 28,4+1,8 23,127 19,9+2,7
EL 1,5+0,9 2,0£0,04 2,2+0,2 2,1£0,7

Hpumewanue: ¥ x — cpednee apugmemuueckoe; £ — 2paniybl cmandapmiozo omkionenus; n =8-9.
Note: * x — arithmetical mean; o — the limits of the standard deviation; n = 8—9.
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000TaNEHHOCTH PACCMOTPEHHDBIX HAMU [TOYB
MerujiporeHasoil B MUHePaIbHBIX TOPU3OHTAX
COOTBETCTBYeT OeTHOMY MJIN CPeJTHEMY YPOBHIO
oboramnéHHOCT! (DePMEHTOM, B OPraHOTeHHOM —
ooraromy nin ouern boratomy [20].

B rewenme Bererarmmontoro cezona JI'A
B HOATIOPU30HTAX JiecHOU nopctuynru (rop. O)
nmouBbl Kopenuoro ejapanka (IT1111) Bapbupyer
He3HaYNTeILHO, OTMeUeH Y6TRUN TPEH]T CHIKE-
HUS IAHHOTO TTapaMeTpa BO Bee CPORM 0TOOpa OT
BEPXHUX TMOJATOPUBOHTOB MOACTUIIRI K HUFKHUM
(raba. 3). B mouBax BhIpYOOK BTa 3aKOHOMEp-
HOCTH HAPYIIIEHA 32 CUET BO3PACTAHUS BEJINUNHbI
JIT'A k HusKHET YacT OPraHoTeHHOTO TOPUBOHTA
(yuacror I1112) n ® roHIy Beretanuu (yuyactru
[TT12 w TT113).

AxrTuBHOCTH pepmeHrTa mHBepTa3wbl. [[posis-
nenue VA B mouBax tecHo c¢BsizaHo ¢ oOpasoBa-
HUeM 1 TpancopMariueii Jerko MoONIN3yeMbIX
oprannueckux coepuuennii. Ilog neiicreuem
MHBEPTA3bl OCYIECTBISETCS TTPOIECC paciie-
MJIGHUs caxXapoB Ha IIOK03y 1 Qpyrrosy [16,
20| — ocHOBY (DYHKIIMOHWPOBAHIS MUKPOOHOTO
coobmecTBa mous. OpranoreHHble TOPUBOHTHI
PacCMOTPEHHBIX HAMU MOYB XapaKTepU3yIoTCs
CPelHUM YPOBHEM 00OTAIEHHOCTH JlAHHBIM
epMeHTOM — B 3aBHCHMOCTH OT y4acTKa M OT
MOJIrOPU30OHTA TTocTHIKY Benmunia VA Bapbu-
pyeror 17,5+2,6 0 26+4 mr riioko3bi /(1 + 24 1),
MunepasibHble TOPUBOHTHI OTHOCSATCS K Kare-
ropuu oueHb OEIHOTO YPOBHS 0OraIéHHOCTU
nHBepTaszoii — B cpefgHem Bennunua A B nop-

30JTCTHIX TopuzonTax Bapbupyer or 2,0+0,6 o
2,8+1,1 mr rmoro3b1/ (1 * 24 ).

B orimune or KA n JIT'A, napamerpsr A
nanboee cTabUILHBI B TEUEHTIE Ce30HA B MTOUYBE
yuactra [1112 — 3pech ormeueno MuHnMaIbHOE
BapbhUpOBaHUE HTOTO TTOKA3aTeJisi 10 CPOKAM OT-
oopa (taba. 3). IT0 MOKeT OBITH OOYCIOBICHO
OTHOCHUTETLHO DOJiee CTaOUIbHBIMU YCIOBUSIMUI
MOBEPXHOCTHOTO TEPeYBIAKHEHUS TTOUBHI Ha
paHHUX dTarmax mocaepyoouHoii cyKieccun
B TeueHue BeretarmoHHoro nepuoja. Ha yuacr-
kax 1111 un 11113 mabarogaercsa TeHIeHIIUA
cumrenust senunnubl A B ocennnii mepmoj,
YTO MOJKET OBITH CBABAHO € €CTECTBEHHBIMU ITPO-
1eccamMmn BereTarmoHHOTO Pa3BUTUS pacTeHU
U CHUKEHUEeM ITOCTYIIJIeHUs B 9TOT epuoj] Kop-
HEBBIX BBIJICICHIH Ha (DOHE AKTUBMU3ATINN K3~
HEeATeTHHOCTI TOUBEHHOT MIUKPOOMOTH [23].

Cratnmermueckmit anmajms gannasix. Koacrep-
OB aHAIN3 MOTYUCHHLIX TAHHBIX O BeJUUNHEe
DA (4 cpora orbopa, 4 ropuzonTa/moATOPU30H-
Ta, KOANUYECTBO MmepeMeHHbIX — 12, RonudecTBo
HaOMOeHNIT — 72) TO3BOJINJ BBIJICJUTH TPU
raacrepa (puc. 1). Ilepsblii kiacrep o0beHII
Bee okasaresin MA nmousst yuacrra [T112 o Bcem
cporam 0tdopa. ITo CBUJETENLCTRYET O crieludum-
ke cesonnoil punamuiku MA mon30aucToil 10YBLI
Ha paHHUX CTaMAX TOCAEPYOOUHOIT CYKIeCCHn
(IT112).

Bropoit n tpernit ®racrepsr 00BHeaMHIIT
nanubie MDA, nosyuennbie s yaacrkos 1111
u 1113, coorBeTcTBEHHO B JIeTHUI (MIOHB, UTOJIb)
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Puc. 1. Jleniporpamma ¢xo/cTBA CE30HHON UHAMUKN (DEPMEHTATUBHOI AKTUBHOCTHU TIOUB:

[T — wkopennoit enbunk yeprnunanbiii; [IT12 — monopoe nucrento-xsoitnoe coodiecrso; [TT13 — cresbiit
OepesHsAK Pa3HOTPABHBIN (KJIacTepu3aliis MeTofloM Yopia, MeTpruKa paccrostaisa — Manxarrenckoe paccrosinme)
Fig. 1. Dendrogram of the similarity of the seasonal dynamics of the enzymatic activity of soils:

S1 — bilberry spruce forest; S2 — deciduous-spruce young growth; S3 — ripe birch forb forest
(Ward clustering, distance metric — Manhattan distance)
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Puc. 2. VlameHeHne mapaMeTpoB WHTErPaIbHOTO TTOKa3aTe st 6uosornyeckoro cocrosiaust mous (MITHBC)
U CPEIHero reoMeTpuaeckoro suavenust pepmentarnsuoit akrusuoctu (GMea) B uccaeOBAHHOM PSILY TOYB
Fig. 2. Change settings of Integral indicator of the biological state of the soil (IIBS) and Geometric mean
of enzymatic activity (GMea) in the studied soils

n oceHHMIT (ceHTadph, OKTAOPL) mepuosbl. [lo
BCell BUIIMMOCTH, TTOCJIe/I0BATeIbHBII POCT 1 pas-
BUTHE IPEBOCTOsT HA BHIPYOKAX, COTTPOBOKIATIO-
muecst Ha 6oJiee TIO3/[HNX ATaTiax MmocaepyoouHo
CYRIIECCUN BOCCTAHOBJIEHUEM TUIPOJIOTTYeCKOT0
peskMa mouB 1 PyHKITMOHMPOBAHMS TOYBEHHOT
OMOTHI, IPUBOJIAT U K TOCTEIIEHHOMY BOCCTaHOB-
JeHuno ocodennocreil cesonnoil gunamurun OA
noj3osneThiX mous. Hecmorpsi Ha coxpaunstionty -
10CST HA JIAHHOM JTale CyMeCTBeHHYI0 PasHuUIly
B Xapakrepe 1 ¢BOICTBaX OPraHOTEHHBIX IOPH-
30HTOB MOYB KOPEHHOTO eILHNKA YePHUIHOTO
(ITI11) n cnenoro 6epesnusiva (11113), popmu-
pyloIerocsi Ha BRIpyOKe, TnHAMIYeCKIe aCITeKThI
dyHRIIMOHMpPOBaHNST PePMEHTHOTO ITyJIa B TIOYBe
BBIPYOKU MPUOJIMKRATOTCS K TAKOBBIM ITOUBBI He-
HapyHIeHHOTO yyacTKa.

Pacuér norazareneit UIIBC n GMea, nc-
MOJTB3YEMBIX [T KOMTLTeKCHOM otierkn DA moun
[1,2,4,7,17,18], moraszan caemyioree. B mousax
BEIpYOOKR tapamerpbl UTTBC u GMea B Bepxueit
qacTn opranoreHunix ropusontos (I1112, IT113)
Boimie, a B ux nmkaein yactu (I1112) n mune-
panbubix ropusonrtax (1112, TIT13) — auke, mo
CpPaBHEHUIO ¢ TOUBOI KoperHoro enbHuRa (IT111)
(puc. 2). IT0 cBUMETEIBCTBYET O HAPYIICHUNT
eCTeCTBEHHBIX TTPOIeccOoB QYHRIMOHMPOBAHNS
MOJ30JMCTHIX ITOYB HA JTanax rmocjaepyoodHoi
cykieccuu. Vamenenune pu3anmKo-XuMuueCcKnx
1 OMOJIOrMYecKIX (OMOXMMUYECKIX ) CBOIICTB MOYB
BBIPYOOK aJIeKBATHO OTPayKAET ATN HAPYIITEeHHSI.

AHann3 MONyUYeHHBIX JTaHHBIX METOTOM
PJIABHBIX KOMITOHEHT TIO3BOJIMI OICHUTH BKJIAJ
Kaykioro hakTopa (cBOMCTBA) B pasanmume MesKILy
nu3yvdaeMbIMIT O0BEKTaAME I CTPYKTYPUPOBATD BCE
MHOTrooOpasue mojyueHHbIX fanabix. Ha pucyH-
Ke 3A moraszamo, KaKk Kaskmas n3 9 BeIOpaHHbIX
MepeMeHHbIX BOCIIPON3BOIUTCS TIABHBIMI KOM-
nonenramu 1 (ropuszonranbuas och, 31,48%)
n 2 (BepruranbHas och, 20,68%). Ha axrus-
HOCTH hepMeHTa KaTanasbl MPenMyIiecTBeHHOe
BJIMSTHIE OKa3bIBAIOT MMapamMeTpbl KUCJIOTHOCTH
MOYB, & TAKyKe CojlepsRanme yriaepoja i a3ora
BOJIOPACTBOPUMBIX OPTaHUYECKIX COCJIMHEHIL.
[Tapamerpbl erngporeHasHoil aKTUBHOCTH
B OOJTBITICN CTETIeH Y CBSI3AHBI ¢ OOTINM COflepsKa-
HIUEM OPTaHMYeCKOT0 YIeposia B oYBax u ypoB-
HeM BiaskHOCTH 10uB. HanMeHbItee BausHue Ha
pasjesieHne nceaeyeMblX 00beKTOB OKa3biBaer
KartaJuTniecKkas aKTUBHOCTh, 00YCJIOBIeHHAs
HaJMYIeM B [MOYBAX COCIMHEHUI HeopraHmde-
CKOU MPUPOJIBI, CITOCOOHBIX KATAJTM3NPOBATH
PearIuio paciieryieHus mepekncu Boopoia.

IpyrnmnpoBka pes3yabratoB 1o MOArOPU30H-
TaM JIeCHOW TOCTHIKY [T BCEX YYaCTKOB 110
BCeM jlataM 0Tbopa BHISABIIA CJCIYIONTYIO 3aKO0-
nomepHoctb. Makrop 1 (imHMA ¢ MAKCUMATBHOI
pucnepereii) Y6TKo OTIe T HIKHIEe TTOITOP-
30HTHI JIECHBIX MMOJ[CTUIOK BCEX HCCTET0BAHHBIX
nouB (puc. 3B, neBblil HUKHMIT KBaJpaHT),
a daxrop 2 (MUHUA ¢ MAKCUMATLHONI JICTIep-
cuell OCTaTOYHBIX JAHHBIX) — JaHHbIE 110 BCEM
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Pue. 3. Pesyibrars anaimsa JaHHBIX METOOM TJIABHBIX KOMIIOHEHT: IPOEKIIHA [NIABHBIX KOMITOHEHT
Ha parTopHyio miIockocTh (A) n npoernus nabmogennii Ha garropuyio miaockocts (B):

[T111 — ropennoit enpHNK vepamanbil, [IT112 — Momog0e MucTBEHHO-XBOTIHOE COOBTITECTBO,

[113 — cnenbiit Gepe3Hsik pazuorpaBHbiil. [larer orbopa: 1 — U0HB, 2 — UI0JIb, 3 — CEHTAOPD, 4 — OKTAOPD.

[Topropusonter mecnoii nopcrunkn: O,, O,, O,
Fig. 3. Results of data analysis by principal component analysis: projection of principal components onto
the factorial plane (A) and projection of observations onto the factorial plane (B):
S1 — bilberry spruce forest; S2 — deciduous-spruce young growth; S3 — ripe birch forb forest.

Dates: 1 — June, 2 — July, 3 — September, 4 — October. Forest litter subhorizons: O,, O,, O,
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b4

TOPM30HTAM 1 JlaTaM 0TOOPa JIJIs IIOYBbI yUYacTKa
[T112 (puc. 3B, BepxHuMe KBajpaHThl). ITO CBU-
[AeTeJILCTBYET 0 TOM, 4TO (PU3MKO-XuMHUYecKue
1 OMOXUMUYECKIe CBOMCTBA MOJ30IUCTHIX OB
B OMOKJIMMATUYECKUX YCJOBUSX CPeiHeil Tailru
B TIEPBYIO O4epe/ib ONPeiessiioTes creru@uKroil
(cTpoeHmeM, COCTABOM W CBOWCTBAMM) TOJITO-
PU30HTOB JECHON TOACTUAKN, a TARYRe cTaqnein
nocaepybouHoil cyrimeccnn (Bozpactom Guto-
1eHo3a).

3araoueHue

B pesynbrare mpoBeiéHHBIX MCCIeIOBAHTIT
YCTaHOBJIEHO, YTO JIJisi OPTaHOIeHHBIX TOPU3OH-
TOB aBTOMOP(HBIX MOJ30JUCTHIX TOYB €JTOBbIX
JIECOB U 10YB BBIPYOOK (MOJIOfI0€ JINCTBEHHO-
XBOWHOE COODIMECTBO, CTENbIiT OePesHAK pas-
HOTPaBHBII) XaparTepeH cpepHnii (KaTanasa,
WHBepTasza) u OoraTeiil (JlernjporeHasa) ypoBHu
oboraménnoctn Gepmenramn. MuuepanibHbie
TOPU3OHTHI IMOYB OTJIMYAIOTCH OYeHb OeHbIM/
Oe/lHBIM (Karanasa, MHBepTaza) mim Oe/iHbIM /
cpejiHUM (lerujiporeHasa) ypoBHeM 06oTaléH-
Hoctn pepmenrtamn. OTMedeHO BO3pacraHme
aRTUBHOCTI (JePMEHTOB KJIacca OKCHI0PeTyKTa3
(KaTasiazbl 1 eI poreHasbl) B NCCAEOBAHHOM
PAZLY T0YB K KOHITY BereTalrioHHOI0 1epuoja,
4TO0 0OYCJIOBJIEHO JIOTIOJHUTETIbHBIM OCTYILIe-
HIeM OPraHNYecKOro BeIecTBa ¢ PpacTUTEeTbHBIM
omnajiom. TenmeHMsa K CHUKEHNIO AKTUBHOCTU
MHBEPTa3bl K KOHILY BereTarin OTMe4eHa TOJTbKO
st kopernoro jeca (I1111) n mospneit cragun
nocaepydounoii cykmeccnn (I1113). Ha pannwnx
crapusx cyrieccnn (I11112) cesonnas punamunra
B @RTUBHOCTH NHBEPTa3bl OTCYTCTBYeET.

[Tpumenenme MUPOKOTO CIIEKTPA METO/IOB
CTATUCTUYECKROI 00pabOTKM JAHHBIX, & TAKKe
MUCII0JIb30BAHNE PACUYETHBIX [TOKa3aTeseil — MH-
TErpajibHOTO MOKa3saTesisi ONOJOrNYecKoTo cO-
crosinust nousbl (MITBC) u cpegnero reomerpu-
YeCKOTO 3HAYEH IS (DePMEHTATUBHOI aKTUBHOCTI
(GMea) — 103BOJIMIIN BBISIBUTH OCOOEHHOCTH B
MPOSIBJIGHU T OMOXUMIYECKOI aKTUBHOCTH TTOYB
BBIPYOOK. ¥ cTaHOBIEHO, UTO TTO MEPe BOCCTAHOB-
JIGHUSI IPeBOCTOsI Ha BRIPYOKaX OloXnMudecKast
AKTUBHOCTH BO3pacTaeT B OPraHOTeHHBIX TOPH-
30HTAX TIOYB W CHIRAETCS B MITHEPATbHBIX 110
CPaBHEHMIO C TIOJI30JIMCTON TIOYBOI KOPEHHOTO
esioBoro seca. MepmeHTHas cucreMa O30~
CTOTI TOUBHI HA PAHHUX CTANAX ITOCTePYyOOUHOT
CyRIleccHu (MOJIO/[0e JMCTBEHHO-XBOIHOE CO-
00II[eCTBO), HECMOTPS HA CXOICTBO MOPQOTIOTH-
YeCKOTO CTPOEHMA W CBOMCTB €é OpraHOTeHHOTO
TOPU30HTA € MOYBOIT KOPEHHOTO eJI0BOTO Jieca,
(pyHRIIMOHUPYET B 0COOBIX YCJIOBUSAX W OTJIYA-

eTcsl mapamMmerpamMmu 1 0COOEHHOCTSIMU Ce30HHOT
nUHAMIKE (DEPMEHTOB OT IMOYB KOPEHHOTO Jieca
u cuejoro depesnsika pasnorpasnoro. 06 srom
CBUJIETETHLCTBYIOT JIAHHbBIE KJIACTEPHOTO aHAN3a
W CTATUCTUUYECKOTO aHATN3a JAHHBIX METOJIOM
IJIABHBIX KOMIIOHEHT, KOTOPBIE BHIJIEJIAIOT TOUBY
JIUCTBEHHO-XBOMHOTO HACAIKIICHUS B OT/CILHYIO
rpymiy. Takum oOpaszom, B OMOKRINMATHIECKIX
YCJIOBUAX cpefiHell Tailtu PU3NRO-XUMUYECKIEe
n 6I/IOXI/IMI/ILIGCKI/IG CBOﬁCTBa IIOA30JINCTHIX II0OYB,
B TIEPBYIO OUepelh, ONPEJIeJISIIOTCs CrerupuKoit
(cTpoeHmeM, cOCTaBOM M CBOMCTBAMU) TTOJTOPH-
30HTOB JICCHOI IIOJICTUJIKI, & TAKKe CTaj[ueil 110-
CJIePYOOTHOIT CYKITeCCHH (BO3PACTOM (DUTOTIEHO34 ).

Paboma evinoanena 6 pamrax zocydapcmaeen-
noeo 3adanus Ub OUI] Komu HI] ¥YpO PAH (peeu-
cmpayuonnstit nomep: 122040600023-8).
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Janacsel yriiepojga B mouBax jecoB RpacHosipckoro kpast:
aHAJIN3 POJIM THIIA IIOYBBI U JIPEBECHOI ITOPOJIbI
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[TouBLI ABAATOTCS KPYTHEHATITIM Pe3epBYyapoM OPTaHMIECKOTO YIIIePoja Ha3eMHbBIX oKocIeTeM. OTHaKo CYIecTBYIONTIe
OIEHKI 3a11aCOB OPraHnMyecKoro yriaepoja MmoyBbl (CW) xapaxrepusayiorcsi Gosabmumu pazdpocamu, 4To Tpedyer
COBEPIICHCTBOBAHIS MeTO/L0B pacuéroB €, K KOTOPBIM MOZKHO OTHECTH BhIUNC/IeHIE cpefiHero sanaca G Jist OTjlelbHbIX
THIIOB [OYB 10/ pasHoil pacturenboctsio. Llens nacrosmeii paborsr — onennts cpepnne sanace C B saBuCHMOCTH
OT THTIA TTOYBBI U TIPeodIagaionieil IpeBectoil ToPobl TSl JecHbIX darocnereM Kpacrosiperoro Kpaﬂ Pacuérer 6oumm
nposefiernt st caoéB 0—30, 0-50 u 0—100 cm MuHepabHOIT YacTu TOYBHI 1 He BKJITOYATN YIJIEPOJ] B JIECHOI MOJCTHIIKE.
OIeHKn yCpeHEHHbIX 3a1TaCOB BLITTOIHEHDI IT0 TAHHBIM COOCTBEHHBIX MCCIEOBAHMIT I OTIICAHIAM TIOUB, TPUBEEHHBIM B
mureparype s ecos Kpacnosipekoro kpas. Bosee Boicokas (246 kr/m?) konmentpaiys yriepoa Habmioianach B Cephix
MovBax, HAMMEHbINass — B mojzonax (6,2+0,7 kr/m?). YeraHoBIeHO, YTO TPUHAICIKHOCTH K OMPEIEJCHHOMY THITY TIOYBLI
OKA3bIBAJIA CTATMCTHICCKN JOCTOBEPHOE BIMSHIIE HA 3aMaChl YIMIEPOIa BO BCEX aHATIMBMPYEMbIX ¢I0sX. Bomrbimas qacTb
C“p. rourenrpupyercs B cioe 0—50 ¢, B KOTOpOM cocpejioTouera oCHOBHAsI Macca Kopueil pacrernnii. T mpeobiagaiorieit
/IPEBECHOII TIOPOJIBI HE SIBJISAETCS CTaTHCTHYeCKH 3HaUMbIM (hakropom, onpepensionnm G . Paccunrannbie HaMu BeImnHbI
C,,, MOKHO pPaccMaTpUBaTh KaK OCHOBY JUIA CO3JJAHIsA 6asbl JAHHBIX 110 OLEHKE 3aI1acOB IOUBEHHOIO OPraHnIeckoro
yrieposia B iecax Kpacmosipcroro kpast.

Kuouessie crosa: yriepos noussl, 6opeanbHble jeca, RpacHosipekuii Kpaii.

Carbon stocks in forest soils of the Krasnoyarsk Region:
analysis of soil and tree species role
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Soils are the largest reservoir of organic carbon in terrestrial ecosystems. However, current estimates of pools
of soil organic carbon (SOC) are characterized by the wide variations of obtained values. So, there is a requirement for
upgrading of SOC calculation techniques. One of the ways is an evaluation of mean SOC for separate soil group or type of
vegetation. The aim of this work is to determine mean SOC dependence on soil group and dominant tree species for forest
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ecosystems of Krasnoyarsk Region. Calculations were carried out for next layers of mineral soil: 0—30 cm (reference layer
FAO), 0-50 ¢cm (root zone) and 0—100 cm (concentrates the most SOC of soil profile) that didn’t include carbon stocks
in forest litter. Estimates of the mean SOC were made according to our own research data obtained near ZOTTO (Zotino
Tall Tower Observatory) and the results of soil descriptions given in the literature for the forests of the Krasnoyarsk
Region. Higher concentration of carbon (24+6 kg/m?) was observed in Phaeozems but Albic Podzols contained the low-
est stock of SOC (6.2+0.7 kg/m?). It was found that belonging to a certain soil group had a statistically significant effect
on carbon stocks in all analyzed layers. Most of the SOC is concentrated in the 0—50 c¢m layer, which contains the bulk
of plant roots. The type of dominant tree species is not a statistically significant factor in determining SOC. The values
we have calculated can be considered as the basis for creating a database for subsequent estimates of SOC in the forests
of the Krasnoyarsk Region.

Keywords: soil carbon, boreal forests, Krasnoyarsk Region.

Hawxonmenne B armocdepe mapHUKOBBIX
ra3oB, BeAYINX K M3MEHEHUIO Kanmara, o0y-
CJIOBJIMBAET HEOOXONMOCTD OTIeHKI YTII€POJIHOTO
IITKJIA JIECHBIX HKOCUCTeM TIITAHeTHI [T paspa-
OOTRI MepOTIPUATHUI ITO CHIKEeHITIO HeTaTHBHBIX
aderron yriaeposcosepsramiux razos [1]. Jleca
O6opeasibHOTO Tosica SIBISIOTCS 3HAYNMMBIM pe-
3epPBYapoM OpraHMYecKoro yriaepoja IiaHeThl,
Gostbiiast yactb Koroporo (okoso 70%) couep-
smuTcess B ux nousax [2]. [Hosromy yrounenue
3aI1acOB OPTAaHMYECKOTO YIJIePOoa MTOUBLI (Copr')
BaYKHO JIJIs1 pa3pabOTKU cTpaTernii yeroiunBoro
PasBUTHS U TIPOTHO3A U3MEHeHUs Rianmara [3].

RpacHosipckuii kpaii — ofjuH n3 KpyrHeii-
mux pernonos Pocenn, rje mecmerocts cocras-
nsier 45% [4]. IlpeobramarommMu mopogamn
nepeBbeB sABJsTIOTCA JuctBenuuta (Larix sp.)
(44%) u cocna (Pinus sylvestris 1..) (14%). Tem-
HOXBOTIHBIE Jieca, chopMupoBaHHbIe enbio (Picea
obovata Ledeb.), nuxroii (Abies sibirica Ledeb.)
n rejpom (Pinus sibirica Du Tour) 3anumaior
okoso 23%, Gepesusku n ocuuaukn — 19%.

B nacrosiiiiee Bpemsi cBejeHus 0 3aracax Copr_
JJIST OTAETbHBIX DKOCHCTEM PErvmoHa MpuBejieHbl
B psze pador [5—7], B KOTOPBIX OTMEUeH 3HAY M-
TeJTLHBII Pazdpoc BeJTNINH Copn B 3aBUCHMOCTH
ot yeaoBuit (popmupoBanust skocucTeMbl. Moo
MPETONIOKUTE, YTO OHUM U3 ITyTell CHUKeH NS
pasbpoca BeJTMINH PN OTleHKaX Com_ ISt peTnoHa
B I[€JIOM MOJKeT ObITh PACUET CPeJHUX 3HAUYCHUT
B BaBUCMMOCTH OT THUTIA TTOUBBI WM JIECOPACTH -
TeJBHBIX YCIOBUI ¢ TOCTEYIONIeH alpoKcuMa-
el Ha 3aHMMaeMyio UM TLIOTanL [8].

[lenn macrostmeinn paboThl — OMEHNTL CPef-
HUe 3HAYEHUs 3a11acOB OPraHUuYeCcKOro yriaepo-
A B BEPXHUX CJOSX CE30HHO-TTPOMEP3aIonX
rmouB MorHocThbio 30, 50 u 100 cM 1oj, pasHbIMK
JPeBECHBIMU MTOPOJIAMU B JIECHBIX DKOCUCTEMAX
Rpacrosipckoro kpasi.

O0BbeKTBHI 1 METOJbI HCCJIEI0BAHIS

ITo ananoruu ¢ [8] B arHoii pabore npume-
HAJICA KOMIIJIEKCHBII TIOJIXOJL, TPeJICTaBIIAIOINIT

Tadauma 1 / Table 1

Vetounmky famieiX 1 pactpeieeHne KoJInIecTBa MOUBeHHBIX OMICAHIH 110 THITAM TIOTR 1 IPEBECHBIM
nopopiam / Literature sources and distribution of soil descriptions on soil groups and tree species

Werounnk sureparypbl Ronuuecrso pazpezos / Number of soil pits
Literature source ob1ee pactpenenenne / distribution
total TUII TOYBBI ApeBecHast 1opoja
soil group tree species
10 1 D (1) C(1)
1 18 D(8), Gr(8), P(2) Dc(1), L(2), Dre(2),G(13)
12 1 Gr Dc (1)
13 1 P(1) Dre (1)
14 1 P(1) De (1)
15 7 D(2), P(5) Dec (1), Dre (6)
16 3 D (3) De (1), Dre (2)
17 1 Gr(1), De (1)
Cobersennbie ganmbie / Own data 6 Pz (3), P (3) G (3), Dre (3)

Ipunewanue. Tun nousvr: Pz — nodsoast, P — nodsoaucmoie, D — deproso-nodzorucmoie nousot, Gr — cepwie. llopodut
depesves: De — aucmeennvie (6epésa, ocuna), L — aucmeennuya, Dre — memnoxsotinete (eav, nuxrma, kedp), C — cocna.

B crobkax npusedero koaurwecmso paspesos.

Note. Soil groups: Pz — Albic Podzols, P — Haplic Retisols, D — Umbric Retisols, Gr — Phaeozems. Dc — deciduous (Betula
sp., Populus tremula L.) tree species; L— Larix sibirica Ledeb., Drc — dark coniferous forest (Picea obovata Ledeb., Abies
sibirica Ledeb., Pinus sibirica Du Tour), C — Pinus sylvestris L. The number of soil profiles is given in brackets.
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co0oil coueranme cOOCTBEHHBIX MCCACIOBAHMIT
1 JINTePaTyPHBIX JJAHHBIX, COIePsKaINX OIica-
HIST TOYBEHHBIX Pa3pe30B HA TEPPUTOPUN CPe]l-
Hell n 1o3RHO1 Taiirn KpacHosipeckoro kpas. Beuiu
MpoaHaJIM3uPOBaAHbBI IAHHbBIE 110 33 paszpesam
Ce30HHO-TTPOMEP3a0INX 1T0YB, BRIIOYAIOIINE
nHMOPMAIIIIO 0 MOIITHOCTH U COJIePyRAHUI IyMYyca
B OTAle/IbHBIX Topr3oHTax (Tadm. 1). CoberBennbie
MCCTeIOBAHUS TTPOBONIIN HA MIECTH Pa3pesax
MO/[30JI0B 1 TOJ30JNCTBIX MOUYB, 3aJI0/KEeHHBIX
B oKpecTHOCTsIX Oas3bl CpejHeeHnceiickoro cra-
nunonapa Mucruryra neca nm. B.H. Cyrauéna
CO PAH (o6cepsaropus ZOTTO, 60°43'-60°51"
c. 1., 88°57'— 89°34’ B. 1.). Ha nmogzonax mpous-
pacTaJii COCHOBBIE Jieca, 8 Ha O30T UCThIX T10Y -
Bax — temuoxsoiinnie. CiregoBaresabiio, ooliee
KOJINYECTBO Pas3pesos, 10 KOTOPLIM [IPOBOIUIN
pacuér, cocraBmio 39.

B coorBercrBum ¢ [9] Obln BhijieeHbI Clie-
JLYIOIIIe TUITBI ITOYB: TO/[301bI (3 paspesa), moj-
soqcThie (12 pazpe3os), epHOBO-IIOJ30JIUCThIE
(14 paspeson) u cepoie (10 pazpesos). Ilo spe-
BECHBIM ITOPOJIaM Y4aCTKU ObLJIN paciipe/ieseHbl
caepytomum obpaszom: cocusiku — 17, remnuo-
XBOITHBIE Jieca (¢ npeobiafanmeM e, Keapa
nnuxrtol) — 14, nucrBennbie (¢ npeodaaganuem
0epé3bl 1 OCMHBI) — 6, TMCTBEHHUYHIKI — 2.

Onwucanme pazpesos, otOOP MPod HA 00D-
E€MHBII BeC 1 XUMWYEeCKUe aHaJIM3bl BBITTOJTH AN
cTaHjaapTHbiMu Metofamu. B cBs3u ¢ rem, uto jiu-
TeparypHbie ONMICAHUS He COlePsKaji CBeeHnil
00 oobémuOM Bece (OB) orienbHBIX TOPUBOHTOB,
OH PaCCUYNTBIBAJICA TI0 YPABHEHUSIM 3aBUCHTMOCTHI
OB ot kounenrpanuu rymyca u rayounHbl 3a-
JeTaHusi TOPUBOHTA JIJIsT OT/IeTbHbBIX TTOYBEHHbIX
rpynn [18], Kotopbie aiT 1OCTATOUYHO TOCTO-
BepHble Bennunubl [3]. Pacuér 3amacos yriuepoja
BhITTOJTHSLIN 110 (hopmyiie [19]:

C,. =01-0B-C-H, (1)

e COBF’ — 3arac yriaeposa B cioe, kr/m% OB —
00BéMHBIN Bec ropusonTta, v/cm?; C — KoHIeH-
Tparus yriaepoaa, %; H — momngnoers ropuszonra,
em; 0,1 — koapputment st mepeBojia B Kr/ M2,

Pacuéror sammacos Copn BLITIOJITICTILI [IJIST CJIOCB
0-30, 0-50 1 0—100 cM 1 He BRIIOYAIKM MACCy
yraepoja B JiecHON mojcTiike. Beibop riybnn
cBsasal ¢ reM, uro c1oit 0—30 eM aBisgerces dTaIon-
HBIM CJIOCM JIJisl OICHKU 3a11aCOB Com B TIO/Ipas-
nesnenusix [[pogoBo/IbCTBEHHOI 1 CEJIBCROXO03 51~
creennoit Opranmsanun Oonepmnénnnix Harmit
[3, 20]. Cioit 0—50 cm yacTo uCIONb3YeTCsl pK
OlleHKaX Copr_ Ha PernoHaIbLHOM YPOBHE, TOCKOh-
Ky B 9TOIl TOJIIE TPOUCXOAUT TpaHcdopMarms
OPrammIecKoro BeIecTBa MMOYB MOCTe M3MeHeH IS

peskuMa 3emsernonab3oBanus. Muorma sror cioit
Ha3bIBAIOT «pu30chepoii» n3-3a pacioJoKeHmst
37ech OOJIbINeil MacCchl KOPHEll pacTeHuil 1 CBsi-
BAHHBIX ¢ HUMU TTOUYBEHHBIX MUKPOOPTAHN3MOB,
BbIJIeJICHISI KOTOPBIX HEIIOCPECTBEHHO BJIUSIIOT
ma cBoitetBa moussl. Ha rryoume 0—100 cm co-
cpeoTovera DOMbITas 9acTh Copu B IIOYBEHHOM
npoduie, U HTOT CJIOT OOBIYHO YIUTHIBACTCS IPU
CO3TAHMN TTOUBEHHBIX KapPT.

OmmcarenbHast cTaTHCTRA HAOOPOB JIAHHBIX
Copn BRJITOUAJIA cpejiHee 3HAUYEHIE, er0 CTaH/apT-
HYIO OIMMORY, MUHUMAaJTbHbIe/MaKCUMaJIbHBIE
snauenus. Hopmanbnocrs pacipeaenenus Ha-
OOpOB JIAHHBIX TPOBEPSIN TIPU IIOMOIIH TECTa
[MManupo-Yunka. [1yis oreHKM pazmmyuii 3a11acos
Com, B OTIEJIBHBIX CJTOAX MEKY TUTIAMU TTOUB 1
npesecubpiMu nopogamu mpumersan ANOVA
I eTo HeTlapaMeTpuuecKnii anaior (Rpurepuii
Rpackena-Younuca) npu pacipejieieHim OT/Imd-
HOM OT HOpMaJsibHOTO. [lommapubie cpaBHeHMsI BbI-
TOTHeHBI TPH ToMortn (-kpurepns Crhiogenra.
CratuermaecKuii anains BLITOTHEH PN yPOBHE
spauanmoct 95% c mcnonbzosanmem Microsoft
Excel n R 4.03.

Pesyuabrarsl n odcysknenne

CoracHo moTyqeHHbIM HAMU JJAHHBIM, 3a11a-
Chl Copr‘ B BEPXHEM MeTPOBOM I1pouJie 1oji30/10B
B YCTOBUAX cpemreit Taitru Kpacrnoapceroro kpas
U3MEeHINCH 0T 4,9 110 7,0 KT/M?, & B TO/[30/IMCTHIX
mouBax — o1 9,6 0 11,4 kr/m? (puc.). B mopgzomrax
na caoin 0-30 em B epeprem npuxogures 97% or
Copn, COJIePSRATIIETOCS B METPOBOM CJIO€, TOTTA Kak
B ITO30JMMCTHIX MOYBAX B HEM CKOHIICHTPIPOBA-
1o oxosio 00% samacos yriuepona. B pusocdepe
(0—50 em) moposos cocpeoroderio 77% or Copn
B caoe 0—100 cM, a B TIOJ30AMCTHIX TTOUYBAX —
64%. Bostee smaunmast 07151 BEPXHUX TOPUBOHTOB
B 00IIIeM 3a11ace Copr' MOJI30JI0B 0OYCJIOBIIGHA OT-
HOCUTETHHO BBICOKON KOHIICHTPAIIAe OpraHmye-
CKOTO YIJIePOJia B BEPXHUX CJOAX MecUaHbIX MOYB.
B 1sméanix Mo TpamysoMeTpuaeckoMy COCTaBy
MOB30JMCTBIX ITOYBAX 3HAUNTEALHOC CHUMKCHIE
COMIePsRAHMS yTaepoaa B HIGKHUX TOPM30HTAX
e COMPOBOKIACTCS COOTBETCTBYIONINMM YMEHT-
MIeHNeM eT0 3aIlacoB BCIACNCTBIC YBeANUCHUS
00BEMHOTO BeCa MOYBDI.

3amacel yriepoja B ouBax BapbUpyIloT B 3a-
BUCHMOCTH OT TWTIA TTOYBHI. B Tabauie 2 mpef-
CTaBJICHBI PE3YJBTAThl PACYETOB YCPeIHEHHBIX
3HAYEHUIT 3a11aCOB YIJIepojia B pasJmuHbIX CJI0-
AX MOYB ¢ YYETOM MX HPUHAIEKHOCTH K 110Y-
BEHHOMY THUITY W B 3aBUCHMOCTH OT J[PEBECHOI
TTOPOJBI B JIGCHBIX dKOcTcTeMax KpacHosaperoro
Kpast. YCTaHOBJIEHO, UTO 3a11aChl Cupn METPOBOIO
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Pue. Banace! yriepoja B ectoii mojicTHAKe 1 B BEPXHEM METPOBOM CJI0€ MOfI30JI0B
U TUITMYHBIX TOB0JUCTHIX TOUB (puMcKUe nudpbl — HOMepa pPaszpeson)
Fig. Carbon stocks in forest floor and upper 1-meter layer in Albic Podzols
and Haplic Retisols. Roman numerals are numbers of soil profiles

npouias B pasHbIX TUMAX MOYB U3MEHSIOTCS
or 6,2 10 24,3 kr/m?, ¢ 6osiee BLICOKMME 3Ha4e-
HUSIMI B CePHIX TTOYBAX, HU3KUMI — B ITO/[30J1aX.
Pesynbrarsl (hakTOpHONO anaansa mokasasim, 41o
THUII TOYBHI OKA3bIBAeT JIOCTOBEPHOE BIMSHIE Ha
COpn B ciioe 0—100 cm (p = 0,006). Opraro He BbI-
ABJICHDBI 3HAUNMBIC PA3TUYISA B TAPax «/[ePHOBO-
nojizonucthie — nojzonuctoies (p=0,120) u «ep-
HOBO-TIOJIB0JIMCTHIE — cephbie MouBhl» (p = 0,173).
3amacnt Copn METPOBOTO MTPOMUIIS JIJIsT OCTATbHBIX
nap oTmuaioTes Mesrmy coooii (p < 0,09).
Cornacuo [21-23] cpennue 3HaueHus Copl__
B csioe 0—100 cm, 110 KOTOPBIM B [laJibHEeIIIeM Bbi-
MOJIHSIIOTCS OIIeHKH 3211aCOB YIJIePOJia B TOUBEH-
HOM OJIOKe KPYIHBIX TePPUTOPUI, N3MEHIOTCS
or 9,6 10 34,3 kr/m% Panee 6bL10 yecTaHoBIeHO
[8], uro cpepHue 3anachl yriaepopa B 1Moj30aax
Pecrrybnukn Romu cocrasunn 3,80 kr/m?, B 1mopi-
30JTUCTHIX TTOYBaX — 7,69 Kr/mM?, 4ro HUzKe 10Ty -
YeHHBIX HaMU pe3yabratos. [lo-sugmmomy, 6osree
BBICOKIE 3HAYCHIA Copn B mojzosiax Kpacwosip-
CKOTO Kpas 1mo cpasmennio ¢ Pecrybimroit Romn
MOYKHO OOBSACHUTH 00Jiee YaCThIMU MORapamu
[24]. B o sike BpeMst laHHbIe TS TIOI30JI0B MCCIIe-
JIyeMOTO pernoHa OKasaJnch HECKOJIBKO HUKe,
4eM CpejHIie BeJIMYNHbL, [IPUBOAUMbIe B [21-23],
4T0, BEPOSATHO, 00YCTOBICHO HEOOTIBITTNM KOJII-
YeCTBOM TTOYBEHHBIX OMUCAHNI, BRAIOYEHHBIX B
pacuér, u JErKUM rpaHyJoOMeTPUYeCKIM cOCTa-
BOM 104B. OHAKO IS OCTAIBHBIX TTOYBEHHBIX

TUIIOB PACCUNTAHHDbIC CPEJHIEe BeJMYMHBI Ha-
XO[ISITCSL B IMANIA30HE CYIECTBYIOMINX OICHOK.
B paborax [3, 8, 25] nokaszano, 410 TUIT TTOUBKI
ABJISETCS OCHOBHBIM (DAKTOPOM, OTIPEJIeJISIOITIM
sanacel G Ha pernonanbaom yposhe. Crezosa-
TeJABbHO, HOMyueHHble cpeue onenkn G s
OT/IeJIbHBIX THIIOB IMOYB MOJKHO MCII0JIb30BATh
1pu pacyérax 3arnacoB yrjiepojia B MOYBEHHOM
OJI0Ke JIeCHBIX BKROcHcTeM KpacHosipcKoTO Kpas.

3amacnr yraepona B Bepxunx 30 M mouseri-
HOTO MPO(usi XapakTepusyorest JOCTaTOUHO
BBICOKOI BapmabenbHocThio. Tar, MeHbIINI
pasbpoc (pasauna B 1,8 pasza) snauenuii ormeuen
IS TIO/I30JI0B, Hostee BeicOKMiT (B 9,0 pas) — s
cepuixX 1MoYB. B epHOBO-TIO30JMCTHIX U TTOJI-
30JIMCTBIX TTOYBAX HTA BEJNYMHA M3MEHIAChH
B 3,0—4,4 pasa coorBercTBernHO. BhisiBNeHo, uro
aTOT Ca10il KoHnentpupyer 48-59% or G we-
TPOBOTO CJIOST, C MEHbBITIeTl J10JIell B CephIX MOUBax.
Tum moussl okaswsiBaer sHaunmoe (p = 0,002)
BIWAHME Ha 3amachl yraepopa B caoe 0-30 cm,
JIOCTOBEPHBIX PA3JIMUNIT MEKITY O30 IUCTHIMI
1 JIEPHOBO-TIO/I30JINCTHIMU TOYBAMI HE OTMEYEHO
(p=0,776).

3armacsl Cupn B cioe 0—50 cm ucciemgyeMbix
THIIOB TIOYB U3MEHSI0TCs 0T 4,8 710 15,6 Kr/m?, uro
cocrasisier 6oabiryio (64—77%) gacthb or caost
0—100 cm. Pesynprarol pakTopHoro ananmnsa
nokaswiBaloT ocroepuoe (p = 0,002) Biausinne
THUIIA TIOYBBI HA Maccy yriaepoja B aTom cioe. Op-

Teoperuueckast u npurnauas sroaorust. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1



XUMUA MPUPOJAHBIX CPE/L 1 OB'bERTOB

HAaKO, KaK 1 B ¢Jydae ¢ BHIIIEJEKAINIM CJI0eM,
He BBISBICHO PA3JINUMil MEFKILY HOA30JHUCTHIMI
u iepHOBO-TIOfBoaMCTHIMEI TouBamMu (p =0,069).
Panee O6b110 mokazauo [26], 4TO OCHOBHBIM
(baxkTOpoM, OrpeieasIONINM 3HAYNMOe yuyacTue
pusocdeps B Com MeTpoBOTO TIPOUIs, SABIIS-
I0TCS TIOJI3eMHbBIe Opranbl pacrennii. Bo MHOrOM
ATO CBA3AHO ¢ MUKPOOPTaHM3MaMM, acCOIMIM-
POBAHHBIMU C KOPHAMU, BHITOJTHSIONIMHI POJTH
CBABYIONIIX areHTOB IIPH CO3IaHNN arperaTtoB 1
OpraHOMUHEPATHHBIX KOMILICKCOB, YTO CII0CO0-
CTBYET 3aKPeIIeHNI0 OPTaHmYecKOTO BeIecTBa
B BEPXHUX ropusoHTax mousbl [27, 28].
Basknyio posib B mporeccax mouBooopaso-
BaHUS UTPAET PACTUTETbHBIIT OTIAT, PA3/I0sKeHe
KOTOPOTO TTPONCXO/IUT Ha TOBEPXHOCTH MTOUBBI 1
B JIECHOII TIOJICTUJIKE, B pe3yJibraTe 4yero moroJ-
HAOTCS 3a1achl OPraHnvYeckoro BemecTBa. Kar
CJIe[ICTBYE, BaYKHBIM ITYJIOM YIJIepojia B JIeCHBIX
HROCUCTeMAaXx SIBJSIIOTCS JIeCHbIe ToAcTuIKY [23].

B nccneoBanibix HaMu MOI30J1aX OHI KOHIEH-
rpupyior 0,7—3,0 kr/M> yriaepoja, B O30 MCTHIX
nouBax — 1,0—1,8 kr/m? (puc.), 4T0 cocraBisier
10-44 u 15-27% or G Bepxnero MerpoBoro
npoduist coorserctBerto. B padore [17] yera-
HOBJICHO, UTO B 10:KHOI Taiire Kpacnosipcroro
Kpasi B 3aBUCHMOCTH OT YCJOBUII Mpouspacta-
HUsI JIeCHBIE MOACTUIRKI cocpepoTaunBaior 0,4—
1,7 xr/m? yramepoaa. o nannsim [4] B opramo-
TeHHOM TOPU30HTEe Ha MOBEPXHOCTH TTOYBHI 3a-
nacel yriaepoja sapbupyior or 0,5 o 0,9 kr/m>.
CrrefroBaTtesibHO, HAPSY ¢ MMOMOJTHEHIEM 0asbl
pannplx 10 samacam G- MIHepanbHOIl yacTu
MOUYBbI, HEOOXO/UM TaKke cOOpP cBejleHnin 00
YUYACTUN JIECHBIX TTOJICTUIOK B AKKYMYJISAIIN OP-
raHuYecKoTOo yIaepoa ¢ Y4€ToM YCJIOBUI ITPOU3-
pacTaHus pacTeHnil n (PyHKITMOHIPOBAHIS TIOYB.

3amachel yriepoja B MOYBAX BapbuUpyioT
B 3aBUCUMOCTI OT TTPeoOIaalonieil IpeBecoil
nopojbl. B yenosusix KpacHosipckoro kpast or-

Tabsuma 2 / Table 2

Cpejiaite 3amiachl yriaepoja B 3aBUCHMOCTH OT THITA TIOYBbI I JTeC000pasyoleil Hopojibl, Kr/m?
Dependence of average carbon stocks on the group of soils and tree species, kg/m?

Tur mouBsl/ApeBecHO [Tousennsiii ciioii / Soil layer
1IOpOJbL 0-30 cm / em 0-50 cm / em 0-100 cm / cm
Type of soil /tree species |  M+SE! ‘ min—max M+SE ‘ min—max M+SE ‘ min—max
Tunet our / Soil groups
[opzomnwr (3)2 3,6+0,6 2,45-4,51 4,8+0,5 3,73-5,37 | 6,2+0,7 4,87-6,96
Albic Podzols (3)?
[Monzonucteie (12) 7,1+0,7 2,44-10,77 9,0+£0,9 | 3,37-14,60 | 11,1£1,0 | 5,64—-16,65
Haplic Retisols (12)
JleproBo-toji3osucTbie 7,4+0,7 4,18-12,56 9,7+1,0 | 4,95-16,85 | 14,6+1,9 | 7,16-26,83
14
ghn)bric Retisols (14)
Cepsre (10) 11,8+1,5 | 3,83-19,08 | 15,720 | 3,95-21,87 24+6 7,07-41,86
Phaeozems (10)
Bausgnue tuna noussr® F=06,21, F=06,05, F=25,25,
Influence of soil group® | p=0,002 p=0,002 p=0,006
Ilpesecubie mopopnt / Tree species
Cocna (17) 7,2+1,0 2,12-17,03 | 9,914 | 3,14-21,87 16+5 4,62-41,86
Pinus sylvestris 1. (17)
Temmoxsoitabie (14) 7,3+0,8 2,44-12,56 9,4+1,0 | 3,37-16,85 | 11,3£1,0 | 5,54—-16,91
Dark coniferous forest
(14)
Jlucreennbre (6) 10,1£2,1 | 3,83-19,08 | 12,0£2,5 | 3,95-21,49 | 16,3+3,4 | 7,07-29,70
Small-leaved (6)
JlucrBennuma (2) 13,0£1,0 | 12,04-13,96 | 17,3+0,9 16,45— 20,9+1,0 1 19,90-21,94
Larix sibirica Ledeb 18,22
Brustnue npesecuoii F=245, =167, x2=3,19,
OPOJIbI p=0,098 p=0,190 p=10,360
Influence of tree specie
Ipumevanue: ' — cpednee + cmandapmias owubka, > — 6 CKOOKAL KOAULECMEO PA3PE306, * — Oyenka pasaudui neicdy

epynnam munos nous/nopodamnu no dannvim Parmoprnoeo anausa (0ra ANOVA npusedero snauwenue F, Oaa kpumepus

Kpacrkeaa-Yonruca — snavenue y°).

Note: ' — Mean + standard error; * — The number of soil profiles is given in brackels; * — Estimalion of differences between
soil groups / tree species according to factorial analysis (F are given for ANOVA and y* for Kruskal-Wallis H test).
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HOCHTEJIBHO BBICOKIE 3aTlachl YIJIepojia BO Beex
nCCJIelyeMbIX CJ0SIX MOYBbI OTMEYeHbl B JIN-
cTrBeHHMYHWKaX. OHAKO BTU pa3inmuus cTaTh-
crueckn e 3naunmbl (p > 0,05). Bmecte ¢ Tem,
HabJ0/[aeMoe yBeJmueHne cpelHuX BeJudiH
C,,.. B PSILY «COCHSIRM — TEMHOXBOITHBIE Jleca —
JIUCTBEHHBIE Jleca — JNCTBeHHUUHUKI» YRIIAIIhI-
BAeTCsI B CYIIECTBYIOIIIE TIPEJICTABICHIS O 3ala-
cax ymiepoja B MmouBax JiecoB, c(DOPMUPOBAHHBIX
PasHbBIMI APeBecHBIMI TopofiamMi. Tak, cocHAKM,
MPeNMYIIeCTBeHHO 3aHNMAIOIIe HU3KOTIPOIYK-
TUBHBIE TTeCYaHble TOYBbI, OOBITHO XapaKTepn3y-
forcst Menbinyi 3anacamu G110 cpaBHeHHIO
¢ JlecaMu, MpeJcTaBIeHHbIMI JIPYTIUMI TOPOJIaMiI
JIepeBbEB, PON3pacTaloNM Ha 60J1ee TII0I0POJI-
HBIX IJITHUCTBIX 1 CYTVIMHUCTBIX I0uBax. Paznmunst
B 3anacax G JMCTBeHHUYHUKOB, TEMHOXBOHHBIX
U JTUCTBEHHBIX JIECOB, BEPOSTHO, 00YCJIOBICHbI
KavyeCTBEHHBIM COCTABOM PACTUTETLHOTO OTafa.
Tax, omnajy 6epé3bl, OCUHBI 1 JIICTBEHHUIIBI HMeeT
Oosee y3Kkoe OTHOTIEHUE YTaepoia K a3oTy, 4ro
CBUJIETEJLCTBYET O er0 OTHOCUTENBHO BBICOKOT
CKOPOCTH JIeCTPYKRITAM 1, CITEI0BATETHHO, CKOPOCTI
00pa3oBaHMsI TYMYCOBBIX BEITIECTB 110 CPaBHEHIIO
¢ OTIaJIOM TEMHOXBOIHBIX TIOpOJT, [4]. B peaynbrare
MTPONCXONT GOJIee MHTEHCUBHOE HAKOTLIIEHNEe Op-
raHMYecKOTO BEITIECTBA B TI0UBAX, PA3BUBAIOIIIXCS
TI0JI TUMI JIPeBECHBIMU MTOPOJIAMM.

3araoueHune

Paccunranst 3amacor Copn B PA3JIMIHBIX CTIOSX
mouB KpacHnosperoro kpas ¢ yaérom THTIA TOYB
1 npeodJagaolieil apesecuoi mopoubi. Ilogzo-
JIbI XapaKTepu30BaJINCh MEHBIITUME (B CpeJIHEM
6,22 kr/m?) 3amacamu yriepojia B BepXHEM Me-
TPOBOM CJIO€, HAUOOJIBIIINE €10 3aachl (B CpesiHeM
24,32 kr/m?) ormMedasiuch B cepbix nousax. B mop-
30JIMCTHIX TIouBax cocpeporouerno 11,1+1,0 kr/m?,
B JlepHoBO-moj3oancTeix — 14,6+1,9 kr/m? Cnpn.
Brissieno, uro kopueoduraemsiit cioit (0—50 cwm)
ARKYMYIUPYeT OOJBITYIO 4acTh YIIepoia B 1mMo-
YBeHHOM OJIOKE. Y ¢TaHOBJICHO, YTO THUII MOYBLI
OKA3LIBACT CTATUCTUUYCCKU 3HAUMMOE BJIUSHIC
Ha 3amachl yraepoja B mouserHom mpoguie. [lo-
CTOBEPHOTO BJIMSHUS TUIIA [IPEBECHON IOPOIbI,
SABJISIONIENCS DAMMPUKATOPOM JeCHOIT DKOCHCTe-
MBI, Ha Copn He YCTAaHOBJICHO.

Paboma svtnoanena npu giunarcosoii noddepoic-
ke epanma POOU Né 19-29- 05111-mk.
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AKKYMYJAHSA OJUAPEHOB B BBICIINX PACTEHUAX OYIPUCTHIX 00JI0T
I03KHOM 1 ceBePHON TYH/IPbI

© 2023. E. B. flxkoBaesa, k. 0. H., . c., Jl. H. I'adbos, k. 0. u., c. H. c.,
Wucruryr 6uonorun Komu naydunoro menrtpa

Ypanbckoro otienenns Poccuiickoit arajeMmnu HayKg,

167982, Poccus, 1. CoigrhiBRap, ya. Rommynuncrnuecras, ji. 28,
e-mail: kaleeva@ib.komisc.ru

[TpoBeme b MCCACTOBATIIS COMEPRATIS TTOMMIIKIMICCKIX apoMarmaeckux yraesomopoaos (ITAY) B Bercmmx pac-
TeHUsAX POHOBBIX OYTPUCTHIX OOJIOT I0KHOI 1 CeBEePHOT TYH/Ipbl. BhIsIBIIeHO TOMUHIPOBAaHIE JETKIX MOJINAPEHOB B CO-
craBe [TAY Bcex ncciefloBaHHBIX pacTeHUIl. Y CTaHOBIEHO, 4TO HANOOABITNM coftepskanneM [TAY ommuanuck pacreHus
I03KHOT TYH/IPBI B 28 KM K ceBepo-3amajy or . Boprammop, nanmennium — cesepuoit Tyuapsl B 100 kM Kk ceBepo-samay
OT JIAHHOTO TT0CEIKA. B 60JOTHBIX PACTEHUAX I05KHOT TYHJIPbHI OBIJIO BHISIBICGHO HOBBIIIEHHOE COflepyRaHne 2—3-s/[epHbIX
MOJINAPeHOB, 00YCJIOBIEHHOE IA/IbHUM TTepeHOcOM 0T BOpKYTHHCKOIT TpoMBITIIIeHHOIT arsioMepatiii. B pacrenusx 6omor
mobepesinbsa Bapeniesa Mopst 00HAPYIKEHO TTOBBITIICHIE MACCOBOT M0 TsRETBIX [TAY GromeioreHHOr0 MPOMCX0KICHNIS,
KOTOPbIE AKKYMYJIMPOBAJIMCH PACTEHUSME 113 G0JIOTHBIX BOJL. [171s1 0COK 11 1Ty mini| 60J10T BHISIBJICHO TIOBBITTIEHHOE COJIepIRaHe
Gens|k|dayopanrena u 6ens|alnupeHa, cBsi3aHHOE ¢ AKTUBHBIM KOPHEBBIM TOTIOIIEHITEM TTOJIMaPeHOB, XapaKTePHbIM JI/Is1
TPaBAHICTHIX pactennii. Comepsranme TOIMapeHoB B PACTEHIX OMPEIENIIOCH KAK MX BIUIOBLIMI 0COOEHHOCTAMI, TAK I
reorpaduueckM mojozkeHneM 60a01. Ha ocHOBaHMI MPOBEIEHHBIX CCTEOBAHNIT TTPELIIOKEH b (DOHOBBIE KOHIIEHTPATIIH
ITAY B paszubIx Bujax 60JOTHBIX PACTEHUIT, KOTOPbIe MOTYT ObITh HCIIOJIB30BAHBI B IEJISIX MOHUTOPIHTA 3arpssnenns [TAY
GOTOTHBIX DKOCTICTEM CeBepa.

Kaiouegote croea: monunuriInueckue apoMaTHyeckie yraeBOJOPObL, 103KHAs TYH/IPA, ceBepPHAs TYH/Ipa, PACTEHIS,
Oyrpucrbie Gomora.

Accumulation of polyarenes in higher plants of hummock peatlands
in the southern and northern tundra

© 2023' E' V' YakOVleVa ORCID: 0000-0003-0793-1468 D' N' GabOV ORCID: 0000-0002-3786-9872°
Institute of Biology of the Komi Science Centre of the Ural Branch

of the Russian Academy of Sciences,

28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

e-mail: kaleeva@ib.komisc.ru

We studied the content of polycyclic aromatic hydrocarbons (PAHs) in plants of the background hummock peatlands
in the southern (Vorkuta district, Komi Republic) and northern (Nenets Autonomous District) tundra. PAHs in plants
were determined by high-performance liquid chromatography. We used ASE-350 Accelerated Solvent Extraction System
(Dionex Corporation, USA) to extract PAHs from samples. Totally, 11 individual PAH structures were found in the plant
samples studied. Low molecular weight PAHs were prevalentin all studied plants. The highest content of PAHs was found
in plants at southern tundra (28 km northwest of the Vorgashor village); the lowest — at site in northern tundra (100 km
northwest of the Vorgashor village). In the plants of the southern tundra, an increased content of 2—3-ring polyarenes
was detected, that was possibly caused by long-distance transport from the Vorkuta industrial agglomeration. In plants
from the Barents Sea coast, we revealed an increase in mass fraction of high molecular PAHs of biopedogenic origin,
which were accumulated by plants from the peat waters. For sedges and cotton grasses, an increased content of benz[k]-
fluoranthene and benz[a]pyrene has been detected. This fact may be associated with the active root uptake of polyarenes
characteristic of herbaceous plants. The results of the cluster analysis showed that the polyarenes content of the plants
was determined both by their species composition and by the geographical location of the study sites. The clustering of
different plant species from different sites indicates the background concentrations of PAHs, which are maintained by
plants under natural conditions without anthropogenic impact. Based on these studies, background concentrations of
PAHs in different species of peatland plants have been proposed, which can be used for monitoring PAHs pollution in
mire ecosystems of the north.

Keywords: polycyclic aromatic hydrocarbons, southern tundra, northern tundra, plants, hummock peatlands.
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[Tommnmukanyeckme apoMaTnyecKkme yrie-
Bojopobl (ITAY) — TorcnvHbIe opranmyecKkme
coefiHeHMsT GEH30JIBHOTO PsiZia, KOTOPbIe MOTYT
UMeTh Kak OMoTeHHoe, TaK 1 AHTPOIIOTEeHHOe TTPOo-
nexospenne. [TAY npunsaro gennTsh Ha J6TKIE
2—4-spepubie (Hadranun, payopen, penan-
TpeH, aHTpaieH, GyopaHnTeH, NUpeH, Xpu3eH,
Oens|alanTparen) u TsEnbie O—6-AnepHBIC
(6enso[b]payopanren, 6enso[k]payopanren,
Oens|a|mupen). B macrosiiee BpeMs nayueHnio
copepskanust [TAY B pacrenHusix ecrecTBeHHBIX
(hOHOBBIX MecTOOOMTAaHW y/esseTcss HelocTa-
TouHOe BHUMaHme. VccmemoBanms mocBsIIeHbI
BJIMSIHIIO PA3HOTO POjia AHTPOTIOTEHHbBIX NCTOY-
nukoB Ha Harotenne [IAY pacrenusmn [1-6].
JlokymeHTanbHO HE ycTaHOBIEHBI (POHOBBIE
U IpeJieibHO onycTiMblie KoutieHTpamnun [TAY
B PaCTeHMSIX.

TyHuppoBbie sKOCUCTEMbI, HJIATO/IAPS CBOUM
CYPOBBIM YCJOBUSIM, SIBJSIOTCS HAUMEHee 1Moji-
BEePIKEHHBIMI aHTPOTIOTEHHOMY BO3/IeHCTBUIO.
Passurne mpoMbITIennocTn, ompesessionee
JORAIBHOE aHTPOTOTeHHOE BO3/leiiCTBIE Ha
TYHJPOBBIe OoJ0Ta, B M3ydaeMOM peTrmoHe
nauaigoch B 1930-1940-¢ rr. UccaemoBanus
3arpssHenus [IAY apkruvyeckux pernoHos
[7-9] morazanu, uro [TAY moryr nepenocurhes
¢ arMocepHBIMU OCaJIKaMU Jlaske B OTHaIEH-
Hble PAilOHbI, HO X COJlePKAHNE MUHUMAJIbHO
1 cOOTBETCTBYET (POHOBBIM YypoBHSM. [lanHble
(harTHI TO3BOJISIOT CUUTATH TYH/IPOBBIE 00JI0TA,
yiaJaéHHbBIe OT TPOMBIIITIEHHBIX 00BEKTOB, ecTe-
CTBEHHBIMU (DOHOBBIMY yUaCTKaMU, a TaHHbIe
1o cojepskanuio [TAY B 60J0THBIX pacTeHUIX
MOJKHO MCIOJIB30BaTh B KauecTBe (POHOBBIX
3HAYeHNII.

B BeIicokuX mmporax 6Gyrpucrsie 6010Ta
3aHNMAIOT 3HAYMTENHHYIO YacTh MOBEPXHOCTHU
CYIIN M CJYKAT OCHOBHBIMU pe3epByapaMu
yraepona [10], mosromy siBisitoTcsi Haubosee
UHTEPECHBIMU 00'beKTaMU JIJIsI UCCJIe0BAHNUS.
OcuoBubiMu ncrounnkamu [TAY B TyHIpPOBBIX
OOJIOTHBIX PACTEHUSX MOTYT ObITh BHYTPHUKJIE-
rounblil cuaTes [11], akkymynsius ua 607a0T-
HeIX BOJ, (Tak Kak [TAY B ropde ManoocTy b
IS pactennit) m armocepHbIX Buimagennii [ 1,
2]. ¥Yeranosneno, uro [TAY naccusno norsora-
I0TCST PACTeHWSIMU BMecTe ¢ BOJION 1 MTUTaTelNb-
HeiMu BetecTsamu [12].

Ilenbto manuoOil paboThl OBITO BBHISBUTH
ocobennoctn Harormiaenus [IAY B pacrenn-
X ecTecTBEHHBIX OHOBBIX 00JOT CeBepPHOI
" H0KHOU TYHJPbl U TIPEJOKUTH POHOBbIE
sHauenus copepsranus [TAY B 6omoTHbBIX pac-
TeHUAX JIJIsl TPOBEeHIsI MOHUTOPUHTOBBIX
HCCJaeOBAHMIA.

O0BbeKTHI 1 METOJbI NCCIE[0OBAHIS

[TpoBenenbl nccaeoBaHNs COePRAHUS
ITAY B 60710THBIX pacTeHUSAX €CTEeCTBEHHBIX
Oyrpuctbix 6OJIOT 03KHOII 1 CeBEPHON TYHJIPHI.
Jloist kask01i 30HBI pacTeHus OTOMpPAIN Ha IBYX
ydacTrax. Ydactok ouou tyHapel 1 (1o11)
PACIIONOKEH B 4,0 KM K 10Ty OT 03. JIeRBAMOOTEI
B IIPUO3EPHOI JIeTTPECCU Ha BOIOPA3eTe MATbIX
pex JlexkbsamborbiBrc n Hsacruimop, kKoopauHaro:
67°42' c. 1., 63°24' B. 1. YUaCcTOK I03KHOI TYHIPHI
2 (1012) pacnionosken B 28 kM ® C3 or 1. Bop-
ramop, 3,9 KM K 3amnajy ot o3. JlekbamoboThl,
B Oacceiine p. Jlekbsim60-Thi- Buc, kooppuuars:
67°45" ¢. 1., 63°17' B. 1. YUacToK ceBepHOIl TyH-
npot 1 (c11) Haxopurest Ha mobepeskbe Bapeniena
mopst (Henerruit AO), koopaunarsi: 68°35' ¢. 1.,
990’09 B. 1. YUacToK ceBepHOil TYHIPHI 2 JIO-
rkanunzosan B HAO, k Bocrory or 03. [lyHnorst,
B 100 km K ceBepo-3anajny or 1. Bopraiop, ero
koopauuare: 68°17' ¢. ., 62°23" B. 1. C no-
BEPXHOCTH OOJIOT OTOMPATIN JOMUHAHTHBIE BUJIHI
pacTeHmii B TPEXKPATHOM MTOBTOPHOCTI ¢ YUaCT-
roB 1 x 1 m. Ha yuacrre 1011 orobpanbl BUjib:
Sphagnum riparium Angstr., Sphagnum russowii
Warnst., Eriophorum scheuchzeri Hoppe, Rubus
chamaemorus L., Vaccinium uliginosum L., Betu-
la nana .. Ha yuacrre 1012: Sphagnum riparium,
Eriophorum russeolum Fries, Carex aquatilis 1.,
Ledum palustre 1., Rubus chamaemorus, Betula
nana. Ha yuactre crl: Sphagnum lindbergii
Schimp., Eriophorum russeolum, Carex aquali-
lis, Ledum decumbens (Aiton) Lodd. ex Steud.,
Rubus chamaemorus, Betula nana. Ha yuacrie
c12: Sphagnum fuscum (Schimp.) H. Klinggr.,
Carex aquatilis, Ledum decumbens, Rubus
chamaemorus, Vaccinium uliginosum, Betula
nana.y MX0B M TPaBSIHUCTHIX pacTeHNIT 0TOMpA-
JIN Ha3eMHYIO 1 TTI0/I3eMHYI0 4aCTh, Y KyCTapHIY -
KOB — JINCThsI, BETBU 1 KOPHU, Y KYCTAPHUKOB —
JUCThsI, BETBM, KOpHU U ctebin. Pesynbrars
YCPEIHSIIN ¢ Y46TOM MaCChl OTeJIbHBIX OPTaHOB
U IPUMEHSIJIN Ha 11eJI0e PacTeHe.

XUMHUKO-aHATUTHYCCKIE HCCAe0Ba-
nust Beimonusaan B I[RIT «Xpomarorpadus»
B ®OUIL KHIT ¥YpO PAH. Oupenenenne [TAY
B paCTeHUSIX IPOBOJIIIII METOJIOM BBICOKODP K-
TUBHOW JKUIKOCTHOI Xpomarorpagnm Ha K-
KocTHOM Xpomartorpade «JTromaxpom». Meropnka
onpeaenenns [TAY B pacrenusx onncana pamnee
[4]. [lns mceaenoBaHHBIX BBIGOPOK ¢ TIOMOTITHIO
tecra Kommoroposa-CMupHoBa yeTaHoBIEHO
HOpMaJsibHOE paciipesiesiennie. CTaTucTUUYeCKYIO
00paboOTKY MPOBOIIIN ¢ TTOMOTIBHIO [-KPUTEPUS
Croiopenra ipu P=0,95. Ha pucynrax 1 u 3 npu-
BejleHbl cpejHue 3HaveHus: copepskanust [TAY
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B PACTeHUAX, B KAYECTBE [IJIAHOK TIOIPeIHocTe i
MCITOTBL30BAIN CTAHMAPTHBIC OTKIOHEHUS eJi-
Huanoro suavenus. /s pucynra 1 yepenuenne
MPOBOJIUJIN 110 30HAM, JIJISI PUCYHKA 3 YCPEIHAIN
BCe TOJIYyUeHHBIE JJaHHBIE /I KasKI0r0 BUJA
pacrenus. /s mpoBeeHns KIacTepHOTO aHa-
JAM3a MCIMOJL30BANN mporpamMmy Statistica-6.
[Tpu mocTpoermy IeHAPOTPAMMBI CXOCTBA /IS
o0beIMHeH NS TaHHbIX TpuMeHsu Metos Bappa,
B KauecTBe crocoda ormpejesiens CXOcTBa nc-
noab3oBann EBRINIOBO paccrosimime.

Pesyabrarsl u 006cyskienne

B pacrenusix 60J10T 103KHOIT 1 cCeéBEPHOTI TYH-
npbl oonapyskeno 11 ecrpyrryp ITAY: napranun,
(ayopen, penanrpen, anTpaiieH, QayopaHTeH,
nupen, xpusen, oens|alanrparen, 6enso|b]-
dayopanren, 6enso|k|dayopanren, Gens|a]-
nupen. B pacrenusax noMuHUPOBAIN JTETKIE
2-4 apepubie [TAY, nx nosst o1 001Iell CyMMBbI
[TAY Bapsuposana or 95 10 99% (puc. 1). [Ipe-
obJafaHme HI3KOMOJICKYJISAPHBIX cTPYRTYp ITAY
B pacTeHmsaX ObLIO OTMEYeHO MHOTHMU aBTOpa-
mu [3, 13-15]. Kak npasunio, orcyrersue o- u
6-rosbiessix ITAY B pacruresbHOM OKpPOBE
yYKasblBaeT Ha OTCYTCTBUE KaKMX-JI100 perno-
HaJIbHbIX AHTPOTIOTeHHbIX NCTOYHUKOB BHIOPOCOB
atnx coepnnennit [13].

Cremyer ormeTuTh, uto copepsranue [TAY
B pacTeHUsIX OJITHOTO POJIA HA BCEX UCCTEyeMbIX
yYacTKax I03KHOI 1 cCeBePHOIT TYHIPbI OBLTO 01113~
kum. [l GonbImuHeTBa pacTeHMil, 38 MCKITTOUe-
HIIeM MX0B poioB Sphagnum, Eriophorum n Carex
aqualilis pa3Juuus B HAKOTIJIEHUN TSFKETBIX
9—0 SI/IePHBIX CTPYKTYP JIJIsI PA3HBIX 30H He 3Ha-
yumbl. Takske MUHUMAIbHBIMI OBIIN PA3JIMYIS
Mesy Harormennem [TAY pacrernsamn pasabix
BUJIOB OJTHOTO POJia.

st popa Sphagnum, npencraBieHHOTO B Ha-
eM NCCIelOBAHNT HECKOJIbLKIUMI BUIAMU, BbI-
ABJEHBI MAKCUMAJTbHbBIE PABJIMYNSA B HAKOTLIEHU I
[TAY. ITpu sarom mesxmy Sphagnum riparium na
pa3HBIX YYaCTKAX CeBEPHON TYH/Pbl 3HAUMMBbIX
pasinunii B HAKOTJeHUN MHIUBUILYATbHbBIX
CTPYKTYP BBIABICHO He ObLT0. BeposTHo, pasan-
a B Harorenun HTAY s nccieoBaHHbIX MXOB
BO MHOTOM CBSI3aHA C BUIOBBIMU 0COOEHHOCTSI-
mu. Ha Hakorienue mojmapeHoB MOTJIO BJIUSITh
MecroobuTanme MXOB: S. fuscum mpenmodnTaeT
ommrorpodubie MectroodbuTanus [16], mosromy
narorienne [TAY B HéM Ob1710 MUHUMATBHBIM 13
BCEX TIPEJICTABIEHHBIX BUOB. S. russowii TakKe
sigyisiercst onurorpodom [17], Ho HaromeHne
ITAY B Hém Obl10 MarcuMasabho. Taroit gakrr
MOT OBITH 00YCJIOBIEH TEM, YTO B OJIUTOTPOPHBIX
YCJIOBUSIX OCHOBHBIM uctounukom [TAY s
MXOB CJYRUJI0 aTMOc(epHoe TocTyIlIeH1e, KO-

200 - B nérxme ITAY / light PAH  Otaxénsie [TAY / heavy PAH
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Plant species of the studied areas

Puc. 1. Comepsranne ITAY B 60JI0THBIX pacTeHUSIX F03KHOI 1 CeBEPHOIT TYHJIPBI (HT/T),
rjie 1om — I03KHAS TYHIPA, ¢ — ceBepHas TYHApa, 1, & — HoMep yuyacTkra
Fig. 1. PAH content in bog plants of the southern and northern tundra (ng/g),

where rom — southern tundra, cm —

northern tundra, 7, 2 — site number
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TOpOe OBLIO HOJIBITIE B YCJOBUAX I03KHOT TYHJPBI,
Hanboee NpUOAMKEHHON K TTPOMBITIIIEHHBIM
00'beKTaM, TI0 CPAaBHEHUTO ¢ CEBEPHON TYHJPOIA.
Bo mxax 60J10T 10KHOI TYHIPBI BBISIBJIEHO T10-
BBIIIIEHHOE coflepraHue Jérkux jgeryunx [TAY
nadranmia u geHaHTpeHa, 1Mo cpaBHEHNIO ¢ ce-
Bepuoit. Mxu Sphagnum riparium un S. lindbergii,
MPOM3PACTATOTIIE BO BIAKHBIX YCIOBUSAX, MOTJIN
axTuBHO ToryTorarh ITAY 13 6010THBEIX BOJT, 4TO
OPUBOANIIO K UX CXOJHOMY HAKOTIIEHWIO, JIJIs
OOJBITMHCTBA MHUBUYATbHBIX CTPYKTYP pas-
nmuunst B Harorenun ITAY panabivMu Bugammn
B Pa3HbIX 30HAX OB HE 3HAUNMBI.

Ilnst BunoB popa Eriophorum takske MOMKHO
MPOCTe/INTh pa3Hble 0COOEHHOCTN HAKOIIJIEHWS
[TAY. Axxymynsimus nonnapenos E. russeolum
B I0JKHOW U CeBEPHO TYHIPe MPOUCXOIUIA
CXO/IHBIM 00pa30M, Pa3Juuus B HAROIJIEHUN
OBLIN BBISIBJI@HBI TOJBKO JIJIST TSMKEJIBIX CTPYK-
TYp, KOTOPbIe aKTUBHO HARATIINBAJINCH pacre-
nusmMu cepepuoit TyHjpsbl (crl). I[loBbimennoe
narorierne TsREAbIX [TAY ObL10 XaparkTepHo
u st S. lindbergii pannoro yuacrka. OHo MOTJIO
OBITH CBA3BAHO ¢ 0OCOOCHHOCTAMU PACITOTOKEHIS
yuacTra Ha nobepesknbe bapentiea mops. Pamee
HaMu OBLIO BBISIBJIIEHO ITOBBITIIEHHOE COJlepsRaHme
9—6 smepubix [TAY B BepXHUX ropu3oHTax TOP-
(psmmkoB mobepesknbsa baperesa mops mo cpan-
HEHUIO ¢ JAHHBIMU CIOSIMU TOPQSIHUKOB I03KHOI
ryuapel [15]. Eriophorum scheuchzeri ornnva-
nach nu3knM Harorrermem [TAY, mo-sunmmomy,
B cuJly BHJIOBBIX ocobenHocreii. Copepsranue
naanBuayanbubix [TAY B Heil 3nHaunmo orin-
qajioch ot K. russeolum cesepuoii tyumpnl. s
ABYX YYACTKOB I03KHOU TYHJIPBI pas3imuus Bbi-
SIBJIGHBI TN JITS JIGTKUX CTPYKRTYP HaTagimHa
u (pryopeHa, KOTOpbIX ObLTO HECKOJILKO OOJIbIITe
Ha yyacTke 1012

O6pasibl Carex aquatilis 6b111 0TOOpaHBI HA
yuacTKax 00JI0T I0;KHO 1 ceBePHON TYH/PLI. [l s
OOJIBIIIMHCTBA [TOJINAPEHOB Pa3JIMyunsl B HAROILIe-
nuu [TAY B pasubix 30HaxX ObLIN HE3HAYNMBI.
Jlas ocor Gomora mobepeskna bapermesa mops
BBISIBJIGHBI 3HAUMMBbIE ITPEBBIIIEHNS COlepIKa-
st perantpena, 6ens|alanrparena, oens| k|-
(ryopanrena m Gensz|[a|nupeHa mo cpaBHEHUIO
¢ YUaCTKOM 103KHOI TYHJpbI. [loBbiTieHHbIEe CO-
nepsrarus TsyREnbIX [TAY rakske 611 BBIsIBIIC-
ubl st Kriophorum w Sphagnum.

Ha 6osrorax 103#HO0IT TYHPbI ObLI TPOAHAI N -
suposan Ledum palustre, Ha yuacTkax ceBepHOil
Tyuapel — L. decumbens. Paznnuns B Hagorie-
HUM UHJMBUYJIbHbIX HOJinapeHoB L. palustre
un L. decumbens BBIABICHBI JUIIL IS JETKUX
cTpyKTYyp Hadranuna, gayopena u antpareHa.
Jlanubrit part MosKeT OBITH CBA3AH ¢ BUOBBIMUI

ocobennoctsimu L. palustre, xaparrepusayiorie-
rocst 00JIbIINell CIIOCOOHOCTBI0 K aKKYMY AN
I[TAY. Mopdonornueckn L. decumbens oran-
yaercst o1 L. palustre oueHb Y3KUMU JUCThAMI
U CTEJIONINMCS PACIoosKeHneM 1100eros, 4To
MOTJIO OTPAHUYMBATH ATMOCHEPHYI0 aRKYMYJIsI-
nuio [TAY. Kpome Toro, na nagorienne [TAY
MOTJIO TIOBJIUSITH PACIIOIOKEHIE YIaCTKOB.

Rubus chamaemorus Obl1a orodpana Ha Beex
UCCIeyeMbIX YUacTRaX, HO TIPU DTOM CXOJ[HBIC
3aronomepHocTr HarRoTLTeHUst [TAY B pacrenmsix
MAHHOTO BU/A BBIABJICHBI JUIIH I/ QyopeHa,
nupeHa, XxpuseHa m o—6 silepHbIX CTPYKTYP.
Pacrenns yyacTKOB 103KHOI TYHJpPbI OTJIYa-
JIUCH TOBBIIIEHHBIM COflepskaHieM HaTanimHa
u penanrpena. Rubus chamaemorus nodepesbs
Bapemnrena mops (erl) comepsxana smaumTeNnh-
Hble KoJimuecTBa QPayopaHTeHa M0 CPaBHEHUIO
C APYTUMU YUaCTKAMHU.

Tarske 77151 BCeX MCCTEIOBAHHBIX YUACTKOB
ObLJI0 TpoaHanu3upoBano copepskanue ITAY
B Belula nana. 3naunmMbie pasindns MeKLY Ky-
CTAaPHUKAMU PA3HBIX YUYACTKOB BBISBIEHBI TOJTHKO
st Hadranuua, Xpusena n d6ens[alanrparena.
Jlns 0HO0M TYHAPHI OBIIN BBISBJIEHBI MOBbI-
IMeHHble cofepRanmns HadraanHa u Xpu3eHa.
Jlns yuactra ceBepHoit TyHapsl (c12) Gens|a]-
aHTpaleHa.

Rycrapunarn Vaccinium uliginosum owianm
oToOpaHbl TOJNBKO Ha yuactkax orl u cr2.
B nenom akkymyasmus ITAY kycrapHuurom
B pasHbBIX 30HAX ObLIa CXONHON, Pa3JIudus JIJis
oosbinHeTBa MHABUAYaIbHbIX [TAY He 3mHa-
quMbl. B 105KHOW TYHpe OTMEUEHbBI TTOBBITIEH-
HBIe ROHTleHTparun GenanTpena (25 ur/r iorl,
npotus 16 ur/r c¢r2), B ceBepHoit — Hadranmnna
(95 ur/r past cr2 nporus S8 Hr/T1o11) 1 Gens|a]-
anrparena (0,3 ur/r mist cr2 mporus 0 vr/T1011).
Tar rak mjist Apyrux 6OJOTHBIX PACTeHUIT 30HbBI
CeBEPHOI TYHJIPbl HE XapaKTepHBbI BbICOKIE
KOHIeHTpaIny HaranmHa, 3HaYnTebHOe Ha-
RoTITeHne ero B BeTBsix V. uliginosum, RoTropbiMu
OTIPEJIeJISIICS TIPUPOCT HaTasnHa, MOTJIO OBIThH
00YCJIOBIIEHO AKKYMYJISIINEN B TeUeHUe [ITTUTe T h-
Horo Bpemenu. Tak Kak MPOXOIRUTETILHOCTD
sz V. uliginosum po 90 jer, B 105KHOI TyH-
Iipe, BePOsITHO, OB 0TOOPaHbI HoJiee MOJIOJbIe
pacteHus, akRyMYyJATUsA HADTAIMHA B KOTOPBIX
npoucxojniaa 6ojee KOPOTKOe BpeMsi.

s Carex aquatilis w Eriophorum sp. BbI-
SBJEHO TOBBIIIEHHOE comeps:kanue Oens|k]-
(pryopanrena n 6ens|a|mmpera. ITo MOKeET OBITH
CBSA3AHO C AKTUBHBIM KOPHEBBLIM TIOTJIONIEHNEM
MOJINAPEHOB XapPAKTePHBIM JIJIsi TPABSIHUCTHIX
pacrenuit [1, 2, 18]. Ocobentio HarkomIenme
MAHHBIX TOJNAPEHOB XapaKTepHO /IS y4acTKa
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nobepeskba bapenmesa mopst. Panee B Bepxuux
caoaxX Topda MCCaeJOBAHHBIX YUYACTKOB 1M00Oe-
pesknsa BapeniieBa Mops ObLTN BHISABJIEHDBI 110-
BBITIIeHHBIe coftepskanus Oens[k]|dayopanrena
n OeH3|a]upenHa, KOTOpbie MOTJIU OTIONIATHCS
TPaBAHUCTBIMU pacTeHuAMN 13 6OJIOTHBIX BO/.
Tssénavie ITAY B Topde yuacrra crl umenn
Ouorie/loreHHOe IPONCXOKIeHIe, 1 00Pa30Bbi-
BaJINCH B MTPOTIECCe TTOMMKOHICHCATINN MOJTEKYJT
JUTHUHA W JEeCTPYKINT TYMUHOBBIX KUCTOT
1 JIPYTUX BHICOKOMOJIERYJISTPHBIX OPraHMdeCKIX
coepmuennii topga [15, 19].

BrisiBiena tenjentiusi 601ee BHICOKOTO CO-
nepskanust HaprasmHa n heHaHTPeHA B PACTEHUSIX
10KHOTI TYHJIPBI 110 CPABHEHWIO ¢ CeBEPHOIL, uTo,
BEPOSITHO, CBSI3AHO € OJIM30CTHIO IIPOMBITILIEHHbIX
00beKTOB. B 10kHOIT TyH/Ipe Hoslee BepOATHO aT-
mocdeproe moctyrmaene gérknx [TAY or Bopky-
THHCKOTO TPOMBITIIJIEHHOTO KJIacTepa HaXoJisIie-
cst B 20 (1or1) m 30 kKM (1012) OT MCCTeOBAHHBIX
yuacTikoB B fo:kuON TyHApe 1 B 100 ®m (cT12)
u 6onee (crl) B ceBepuoii rynjpe. Mccnenoanms
JIbjIa ¥ cHesRHOTo TToKkpoBa BapeniieBa mopst ycra-
HOBWJIN OTCYTCTBIE a9POTEXHOTEHHOTO TPUBHOCA
[TAY na panunsie reppuropun [ 7]. Cornacrho pamnee
MOJIYYeHHBIM JJAHHBIM UK Haroraenus [TAY
B IM0YBAX 1 PACTEHUSIX B 30HE JIeIICTBUS YTOJIb-

HOTI IaxThl BopKyTHHCRas MPUXOANICS HA pac-
crostiue 000 M, B 30He JieiicTBust BopryTnHckoit
TIC 1000 M [3, 4]. [lanubie moaTBep;KAAIOTCS
U IPYTUMU aBTOPaMI — MOKa3aHo, 4TO cyMMap-
Hoe costepskanue [TAY B mouBax Ha paccrosiHun
okoso 1000 M OT TpeAITPUATIIT DTEKTPOCTAH TN
CHIZRANMChL B 2 pasa, HamdoJbIen Jaabio-
CTHIO PACIPOCTPAHEHUS XapaKTepu3oBaInCh
2—-3 sinepubie [TAY [5, 6]. [Tosbitenne maccoBoii
JTOJIV TAHHBIX TOJINAaPeHoB MBI HAaOJII0/1aIn B psjie
pacTeHmil yIacTKOB I0;KHOM TYH/IPBI. ¥ CTAHOBJIe-
HO, uTo 3arpsisHenuio TsyréabiMu [TAY (6ens|a]-
peHoM) HanboJsiee TIOBEPREHbBI TOUBLI 1 TPa-
BSIHMCThHIE PACTEHISI O KM 30HBI Ha CeBEPO-3aria/|
OT rOCY/IAPCTBEHHON PailOHHON AJIeKTPOCTAHIIN,
nepeMelreHne Ha lajibHue PAcCTOSHIS JAHHOTO
coejiitHeHUsI He BbisiBIeHO |1, 2], uto Takske noj-
TBEPIRIAeT MoJIydeHHbIe HaMu laHnHbie. B enom
60Jiee BBICOKIM YCPEITHEHHBIM COJIePKaHIeM 110~
JINAPEHOB OTIMYATOTCS PACTeHUS I03KHOM TYHIPHI
yuyactia 2, HAaMMEHBITNM — PacTeHUsI CeBePHOH
TYHJPbI yuacTKa 2.

Rnacrepnblii ananms He morkasas ofHO3HAY -
HBIX pe3ysabratoB (puc. 2), pacTeHusi rpymm-
poBajnch Kak MO TPUHAMJIEKHOCTH K OJTHOMY
yuactry orbopa, Kar Betula nana n Rubus
chamaemorus, Ledum decumbens w Sphagnum
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Puc. 2. Kracreprsiit ananus copepsranust [IAY B pacteHUsX pasHbIX 30H
Fig. 2. Cluster analysis of PAH content in plants from different zones
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Fig. 3. Average values of PAH content in bog plants, ng/g

lindbergii yuacrra ctl; Belula nana, Rubus
chamaemorus, Eriophorum russeolum, Carex
aquatilis yaacTra 10T2; TaKk W O CXOKECTH 3a-
KoHoMmepHocTeit Harotienust [TAY pacrenusivu
Pas3HbBIX 30M. B oTaennbuyto rpymnimy BeIIeanInch
mxu yuactkoB forl, or2 u crl. CxopHas akry-
MYJISIIMS XapakrepHa st BugoB popa Ledum
pasubix yuacrkon. Pacrenusi R. chamaemorus
yuacTtikos ot 1, 101 2 1 ¢r 2 Tarske ObLIn 00be -
HEHbI B OJ{UH KJIacTep.

Obbeauuenne B OJJMH KaacTep pacTeHui
OJTHOTO BUJIA ¢ PA3HBIX YUYACTKOB TaKKe CBUE-
TEJILCTBYET O CYIIECTBOBAHIN (DOHOBBIX KOHTICH-
rparnuii [TAY, KoTopbie ojIepPKUBAIOTCS pacTe-
HISMU B €CTECTBEHHBIX YCJIOBUAX B OTCYTCTBIN
MCTOYHMKOB aHTPOITOTCHHOTO BO3ICHCTRIS.

R macrosamemy BpeMenn me CymiecTByer
arTecToBaHHONI MeTouKn ompepenenus [TAY
B pacrenusnx. Jljus MetogumKku ompejesieHus
ITAY B mouse 1IH]l ® 16.1:2.2:2.3:3.62-09
B UCCJEOBAHHOM HAMU JIAla30He KOHI[eHTPa-
I yeTaHoBJIeHbBI morpermuoctu 0koyo 00%.
Pacrenns sisnsgiores 6oiiee ClIOsKHBIM 00EbEKTOM
JJIS aHajin3a, modToMy HOTPeIHOCTh oTipese-
JICHUs JJISI HUX He MOYKeT ObITh 3HAYUTEIbLHO
Hike. B marmem cayvae craHmgapTHOe OTKIO-
HeHMe eITNHNYHOTO 3HAUCHISA TP YCPOTHeHIT
MAHHBIX BCEX MCCICTOBAHHBIX YUACTKOB JLJIs
RaKIIOTO M3 MCCAeTOBAHHBIX BUOB PacTeHU
He npesbimaer 24% ot cpemnero 3HaueHUS
(puc. 3).

MNexopst 13 91010, MBI IIpEJIIogaraeM, 4ro
IS 1eJ1eil MOHUTOPUHTA MOYKHO YCPeIHUTH 110-

JydeHHbIe HAMU aHHbIe 10 coftepskanuio [TAY
IJI51 KQKIIOTO 13 UCCeIOBAHHBIX BUIIOB PACTCHU I
U UCIOJIL30BATDH MOJIyUeHHbIe 3HAYCHUS B Kaue-
cTBe (DOHOBBIX JIJISI TIEPEUKCJIeHHBIX BUJIOB pac-
TEHUIT JIPYTUX TYHJIPOBBIX OOJIOT.

3ariaouenue

UccrenoBanns HaKOMIeHWs TOAMAPEHOB
pacTeHus MU TYHAPOBBIX 6OJOT, B TOM UHCJIe
¢ UCIOJIb30BAHNEM CTATHCTUYCCKIUX METO/IOB,
nmorasaan, uro akkymyssiist [TAY pacrenns-
MU OINpeieJsieTcss Kak BUOBBIMU 0COOEHHO-
CTAMMU, TaK U reorpauueckuM (30HaJIbHbIM)
pacrmoioKeHneM y4acTKOB TTPOU3PACTAHIIA.
ObmapyskeHo MOBBITIIEHHOE COlePsRATIE JTIET-
Kux 2-3-sapepubix crpykryp [TAY B pacre-
HUAX 6OTOT 105KHON TYHIPDHI, UTO MOSKET OBIThH
obycaoBIeHO aJibHUM HepeHocom ot Bop-
KYTHHCKOW TMPOMBITIIJIEHHONW arJoMeparinmn.
B neiom cocras [TAY nceaenoBannbix pacre-
HUIT 630K, OTKIOHEHUS B COJEPIRAHUT IS
pacTeHuii OJJHOTO pojila Ha Pas3HbIX MCCJeM0-
BaHHBIX yuacTKax He sHaunMbl. Ha ocnoBannm
MPOBEMEHHBIX MCCTCOBAHMI TTPEJTOKEHbI
yepeaHéHHubie POHOBBIE BHAUCHIA CYMMapHO-
ro cotepskanmsa [TAY B Oo0THRIX pacTeHMAX
Pa3HBIX BUAOB, KOTOPHIE MOTYT OBITH MCTIOb-
30BAHDBI B IMEJAX MOHUTOPHWHTA 3arpsA3HeHIA
orpyskaotieit cpefbl [TAY.

Paboma evinoanena npu gunancosoit nod-
depoicke 2ocorodncemmoii memot N 122040600023 -8.
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CraTncrnyecknii aHaan3 B3aNMOCBA3H HAKOTLIEHUS TSLREJIBIX METAIOB
" OMOXMMUYECKUX PeaKIuil PACTEHUIT B YCJIOBUAX FOPOJICKOIT cpe/ibl
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Pabora nocssimena nzyuenuio Buusiams akkymyssann TspREapix Meramios (TM) (Cu, Zn, Fe, Mn, Pb, Cd, Ni, Co,
Cr) B 110YBax 1 JIMCTHSAX MaTh-N-Mauexu u3 TeXHOTeHHbIX 30H . TioMern Ha GuoxumMmnueckue nmokasaresn pacrenuii. Pe-
IPecCHOHHBIN 1 (haKTOPHBIIT aHATN3 POBEJIEH HA MAcCCHBe IAHHBIX 110 cofiepskario TM B pacTeHusiX MaTh-1-Mavyexu, B
MOYBe, & TAK;Ke ONMOXNMIYECKITM ITOKa3aTesIsIM PACTeHNI (cofiepsRanme TUrMeHToB (POTOCHHTe3a, ITPOJYKTOB IIePEKNCHOTO
ORMCIeHUs TUTTI0B, PeHos0B, PIaBOHOU/I0B, AKTHBHOCTH KaTajasbl, lIepokcu/iasbl). Marepuas jiist necieoBanmii oto-
opan B 2017-2020 rr. B 1. TioMeHn B paiioHax ¢ pasiamyHOil aHTPOIIOTeHHOIT HArpy3Koii (n = 28). Perpeccuonnblit ananns
MTO3BOJINJI BBIABUTH YPABHEHUsI, CBA3BIBAIOIINE COJlep:KkaHiie TUTMeHTOB horocuuTesa B pactenusx ¢ yposuem Cu, Fe, Mn
1 7n B 1oyBax. Y cTaHoBACHbI PErpeccuoHHbie 3aBUCHMOCT Mesky cojep:kanneM Fe, Zn u Cu B pactenusix n 1movnax.
ObnapyskeHa obpaTHas B3alMOCBSI3b MeJKILY YPOBHEM (DEHOJBHBIX aHTHOKCHAAHTOB 1 cojtepskanuem Cu u Mn B pac-
rennsix. Copepskanue nurMeHToB POTOCHHTE3a ORA3AI0CH HANbOoIee B KHBIM ONOXUMIYECKIM TTOKa3aTeaeM ajlantarum
pacrennii kK nakorernio TM, uto, BeposiTHO, 00YCJI0BICHO MOBLIIEHHON TOTPEOHOCTHIO PACTEHIT B 9HEPTUN B YCJIOBUSIX
sarpsisaenns. Hakorenne Pb pacrennsimu okasano HanGosibiiiee BIMsIHIE Ha N3MeHeHNe OMOXNMIYeCKOTO CTaTyca Cpejin
Beex mzyuentnix TM. Copepsranme Cd u Pb B mouse B naubospiiei cremenn 00yCI0BINBACT CTPECC PACTEHITH, BHI3BAHHBIIT
zarpsisHeruem moussl TM.

Karouesoie caosa: tsxénnie MeTaJIJIbI, TOYBbI, pacTeHNA, (b()TOCI/IHTeS, AHTUORCUJIAHTHBI, TOPOJICKAs cpefa.

Statistical analysis of the relationship between
heavy metal accumulation and plants biochemical responses
in the urban area
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This study is devoted to heavy metal accumulation (Cu, Zn, Fe, Mn, Pb, Cd, Ni, Co, Cr) in soils and coltsfoot leaves
from the industrial area of Tyumen impact on biochemical parameters of plants. Regression and factor analysis were
conducted using data of heavy metal concentration in coltsfoot, heavy metals mobile and acid-soluble fraction in soils,
and biochemical parameters (concentration of photosynthetic pigments, lipid peroxidation products, phenols, flavonoids,
activity of catalase and peroxidase). Samples were collected during 2017-2020 in Tyumen at areas with different pol-
lution level (n = 28). Regression analysis established equations linking photosynthetic pigments content with Cu, Fe,
Mn, and Zn concentration in soils and coltsfoot. Phenolic antioxidants negatively correlate with Cu and Mn content in
plants. Regression equations allow predicting Fe, Zn, and Cu concentration in coltsfoot by its content in the soil. Factor
analysis revealed photosynthetic pigments to be the most important biochemical parameter in plants adaption to heavy
metal accumulation. Probably, this is due to plants’ elevated need in energy in polluted conditions. According to factor
analysis, Pb accumulation in plants contributes the most to the biochemical change. Cd and Pb concentration in soil
mostly conditions plants stress from heavy metal soil pollution.

Keywords: heavy metals, soils, plants, photosynthesis, antioxidants, urban area.
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3arpssHeHne OKPYJKalOIel cpebl Ts-
meénapimn Merassnamu (TM) sBasiercs octpoit
aroaornyeckoii npodsemoii [1]. Tlocrymienne
TM u3 3arpsA3HEHHON MOYBHI B pacTeHUs 10-
JlaBiasger UX POCT M pa3BuUTHe, OrpaHUYNBAET
UCI0JIL30BAHIE TePPUTOPUN JIJisi BhIpaInBa-
A CeTbCKOX03AMCTBOHNHLIX KYAbTYp [2]. AK-
rymysinust TM B pacreHusix conpoBozKiaeTcs
psiiom Onoxumuueckux mamenennii. Cu, 7Zn,
Fe, Mn yuacrByior B mporeccax gorocunresa
7 IBIXaHUsT, BXOJIAIT B COCTAB AKTUBHBIX TIEHTPOB
MHOTUX epMeHTOB, PeTyJANpyoT 0eJTKOBBII
n yriaeBojbit oomen [3]. B 1o ske Bpems, n36bi-
trouHoe costepskanme TM nopasisier akTuBHOCTD
(boToCMHTETNYECKOIT CICTeMbI, BHI3BIBAET OKIC-
JIUTebHbBIE TTPOIECChl B KIeTKaX, HapyIaer mpo-
HUIAeMOCTD RIETOUHBIX MeMOpaH [4]. Cpomerso
TM ® pasnuuuabiM QYHKIMOHATBHBIM IPYIITIAM
B OMOMOJIERYJIaX TPUBOJIAT K CHIKEHN IO aKTHB-
HOCTU (DEPMEHTOB U TIOBPERCHIIO CTPYRTYPHI
AHTUOKCUAHTOB [D].

Buoxumuveckuii craryc pacTeHumii B yeJI0BuI-
AX 3arpsI3HeHns ropojckoii cpeisbl TM ocraéres
MasiondyueHubiM [6—8]. Cucrema «mouBa—pac-
TeHNe» SABJSETCS CITOKHON 1 3aBUCHT OT MHOTHX
BHENTHNX 1 BHyTpeHHUX (harropos. Crarucriu-
YecKie MeTOJ/Ibl aHAJ3a TT03BOJISIIOT BBISIBJIATH
3aKOHOMEPHOCTH B U3MEeHeHN U OMOXUMIYECKOT0
cTaTyca pacTeHuil 1Mol BO3JleiicTBIeM HaKOILIe-
nusg TM B mouse n pacrenun. MccnenoBanne
M3MeHeHN OMOXMMUUeCKNX MoKasaTeseil pac-
reHuil ipu arkymysssian TM mo3BosuT ¢ oiHOM
CTOPOHBI YCTAHOBUTH METAJIJIbI, BAUSIONIE Ha
JKUBHEIeATeJbHOCTL PaCTeHnil B OoJblell cTe-
MeHM, a ¢ JIPyToil — BBIABUTH HanboIee BaKHBIO
OMoXMMUYecKNe MOKa3aTean sl BEIRIBAHMS
7 aJIalTaIni pacTeH!il B YCJIOBUSAX 3arPs3HEHIS.

Tiomens siBssieTcst oM 13 ropojioB Pocenn
¢ HamboIbIell 06ecTIe4eHHOCThI0O HACeJTeH s
aBTOMOOMJIBHBIM TpanciopromM. Kpome Toro, Ha
TEPPUTOPUN TOPOJIA HAXOATCS aKKYMYJIATOP-
HBIIT, MOTOPOCTPOUTEIbHBII, HepTernepepadaThi-
BAIOMINII, METAJITYPruvYecKie 3aBOjibl U JpyTue
MPEINPUSITUS, 4TO TAKKe CO3/aéT MOTeHI[Nalb-
HYIO OTIACHOCTH JIJIsI 3arPA3HEHNsT TTOYB TSAMKE-
apiMu metaiiaamu. Copepskanne TM B mouBax
r. Tiomenn n Tiomernckoro paiiona ObLIO paHee
MpoaHaTN3NPoOBaHO B Jipyrux paborax [9—12].
Tem ne menee ocobennoctu argymy s TM
B pacrenusix 1. TiomeHn He nccaeoBaHbl.

Matb-1-mauexa siByisieTcsi pacTeHmneM ¢ -
POKO TPUBHAHHBIMU JT€KAPCTBEHHBIMU CBOII-
crBamu. Jluerbst MaTb-u-mauexu o0JamaoT
OTXapPKUBAIOIIM, TPOTUBOBOCTIATUTETbHBIM,
ne3nH@UIMPYOIIM 1 TTOTOTOHHBIM JIeiICTBIeM
[13]. MaTb-n-mauexa BrItoueHa B hapMaKroren

15 erpan [14]. B 1o ke Bpems usyuenne ocoben-
HOCTEN XUMHUYECKOTO COCTABA ITOTO PACTCHUS,
B TOM uuciie copep:ranus TM, sinsercs Hefo-
crarounbim [13].

[leanio paboThl ¢cTago yeTaHOBIACHWE BIU-
HUSA aRKYMYIATN TREnnrx metasnos (Cu, 7Zn,
Fe, Mn, Pb, Cd, Ni, Co, Cr) B mouBax u pactreHusix
MaTh-M-Ma4yexu U3 TeXHOTeHHbIX 30 I. TioMenn
Ha OMOXMMIMUYeCKITe TTOKA3aTea PACTeHN ¢ TTO-
MOII[bI0O MHOTOME@PHBIX CTATUCTUYECKIIX METO0B.

O0beKThI 1 METO/Ibl NCCJACIOBAHUA

Marepuasiom jiJist IpOBeeHNUsT CTaTUCTUYE-
CKOTO aHaJIM3a CTaJIN Pe3yJIbTaThl XUMIUYeCKOTO
anasmsa cofepskanus TM B mouBax m B pac-
TEHUSAX MaTh-N-Mauexu, a TaK:Ke JlaHHbIe 110
OMOXUMHWYECKUM I[OKa3aTeJNssM pacTeHUIl,
nosgydenubie B 2017-2020 rr. Pesynbrars
XUMUYECKOTO aHajin3a Oblin omyOanKOBaHbBI
B psijie pabor aBropckoro rosutexkTuna [19—17].
Marepuana ajis mccaegoBanus ObLI oTOOpan
B I. TioMeHn B paitoHax ¢ pasanaHOl aHTPOIIOTEH-
Hoit Harpyskoit (puc.): 1. Kourpons — yuacror
Ha yJAaJIeHnm O KM OT aHTPOITOTeHHBIX HCTOUHT -
KoB. 2. Asrorpacca Tiomenb — Omck — 30 KM ot
r. Tiomenn, ynanenue or aBrorpacchl He OoJiee
30 M. 3. Tromenckue MoropocTpourenu —
r. Tiomenn, yuacrok na ypanennn 200 m. 4. HI13 —
r. Tiomenn, yuacror na ygamernnn 200 m ot ArTm-
MITHCKOTO HedTenepepadaThiBAIONIEr0 3aBOjia.
9. Paiion AKKyMYJIsITOpHOTO 3aBojia, I. TroMeHb,
yuacrok va yganennu 200 m. 6. YI'MR (Ypaib-
CKas TOPHO-MeTaLTyprudecKass KOMIaHUs) —
r. Tiomensb, yuacrok na ypanenun 200 m K iory,
BOM3n aBrorpacenl. 7. YI'MK 2 — yuacroxr
na ypanenun d0 m. 8. YVI'MHK 3 — yuacrok na
yaaaeHun 2 KM K BOCTOKY, BOJIN3U aBTOTPACCHI.
9. YI'MK 4 — yuacror na yganennn 000 m
K ceBepy.

[Tpo6wr Ha yuactre Ne 7 orbupanu B 2017—
2018 rr., a na yuacrrax — Ne 8—9 B 2018 r.

B marpuity miis npoBefieHus ananmnsa Oblin
BKJIIOUEHBI J[AHHBIE 110 COJEPsKAHUIO B ITOYBE
MOJABVMIKHBIX W KUCJOTOPACTBOPUMBIX (DOPM
TM, pesyabrarsl orpegeaenus cofepskanus TM
B HaJ[3eMHON YacTn (MUCThs W cTe0JIN) MaTh-M-
Mavyexu 1 OMOXMMUYECKNe TTOKa3aTesn: cojep-
jRafnme murMenToB gorocuuresa (Xaopoduiia
@, b, KApOTHUHOW/IbL), POAYKTOB TEPEKUCHOTO
okucyenust unuaos (ocaHoBanus ludda,
MMEHOBBIe ROHBIOTATHI ), (PEHOIOB, (PITaBOHONUOB,
AKTUBHOCTH KaTajiasbl 1 meporcujiasbl. B cBsasn
¢ rem, uto copepskarme Pb u Cd B 2017-2019 rr.
B HEKOTOPHIX MPoHaxX MOYB U pacTeHuii ObLIO
HIZKe TIPejiesia Olpeie/ieHusl, Pe3y/IbTaThl 38 ATOT
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Puc. Rapra paitona or6opa npo6 mous u pacrennii B T. TioMmenn
Fig. Sampling map of soils and plants in Tyumen

nepwuop ne yuntwisasan. Copepsxanue Ni, Co, Crn
AKTUBHOCTH MTEPOKCUIA3HI UCCACIOBANIN TOJHKO
B arcrnepumente 2020 r. Beero st cocraBiienms
MaTpuIlbl NCII0JIb30BaHo 0osee 30 mokaszareseii
It 28 pod 1ouB 1 pacTeHMI.

Awnamus conepsranus meraninos (Cu, Zn, Fe,
Mn, Pb, Cd, Ni, Co, Cr) mpoBoguiu Ha 060py-
noBanun [leHTpa ROJJIEKTUBHOTO TIOJAb30BaHIMS
TiomI'Y «PanmonalibHOe MMPUPOAOTIOJIL30BA-
HUe U PUBNKO-XUMHUYECKNe NCCTeIOBAHNS»
na aromuo-abcoponmornom ContrAA 700 n
ATOMHO-3MUCCUOHHOM cIleKTpooTomMeTpe ¢
MHIYKTUBHO-CBsA3aHHO ma3moit PlasmaQuant
PQ 9000. Uccaegosanme comepsRaHmmA MUTMEH-
T0B (porocuntesa [ 18], MPOAYKTOB MePERNCHOTO
oxkucaenns nunuaos [19], paasonounmon [20],
aKTUBHOCTH Katasasbl [21] m meporkcugasni
[20] mpoBopmin criekrpodoromerpuuecku. Co-
flepsRaHme pacTUTeTbHBIX (DEHOTOB OTIpe/esIsIn
TUTPOBAHUEM COTIACHO 00111eiT (hapMaROTIeTHO
crarbe 1.5.3.0008.15.

JIuneiinblii perpeccnoHHbI 1 (DARTOPHBIT
aHaJn3 MOJYYEeHHBIX Pe3yJabTaToOB IPOBEJEH
B riporpamme Statistica 12. B pakropnom anasiu-
3€ ST RaGKI0TO MTOKa3aTe st ObLI TPOCYMMIPO-
BaHbBI TOJIbKO craTrcTudecku snaunmbie (p <0,05)
3HaveHns PaKTOPHBIX HATPY30K (), B3ATHIE 110

MOJYJIIO, T ¢ YIETOM JOJU OT 00Tl INCIepCeu,

o0bsAcHAeMOIl lanibiM pakropom (S./S,). Cymma
MOJIYYeHHBIX KOA(DPUINEHTOB OblIa OTHeCeHA K
TEOPeTHYECKI MAKCUMAJIbHO BOBMOKHOI CyMMe
(N), Ha OCHOBAHUM HTOTO BCE MBYUYEHHBIE TTOKA-
3aresin ObLIN PAHKIPOBAHBI 110 CTATHCTHYECKOI
3HAYNMOCTH:

i X,

p=
N

-100%,

rje z, — cratuctudeckas snaunmas (p<0,09)
Harpyska i-ro gaxropa, S, — npouent obuieii
nuctiepenn, o0bsicHseMoil (parropom, [N — Makcu-
MaJTbHasl TEOPETHIeCKI BOBMOKHASI cyMMa (11pn
yeaosuu x,= 11 S /S =1), P — crarucrnueckas
3HAUMMOCTH [TOKa3aTeJsisi Mo pesyjibrataM (ak-
TOPHOTO aHAJIN3A.

B ypasnenuu cumsosiom S, obo3nauensl ase
PA3HBIX BEJIMUNHBI — OOIIAs UCHEPCUs U JINC-
nepcus 1-ro gparropa.

Pesyabrarel n o6cysknenmne

Pesynprarst XuMuaeckoro anaamsa cogepsRa-
uust TM B mouBax i B pacTeHusIX MaTh-n-Mavuexu,
a TaKyKe PesyJabTaThl amajim3a OMOXMMUIUeCKITX
nmokasareJsiell ObLJIN panee ONMyOJMKOBAHBI B
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paborax [15-17]. Haronnenne TM B mounax
r. TioMeH1 OTHOCUTEIbHO KOHTPOJIBHOTO YYacTKa
yosiBasio B psimy: Pb > Cu > Zn > Ni > Cr > Fe >
Co > Mn > Cd. Akrymysitus ndyudenubix TM B
pacrenusix . TioMeHI OTHOCUTENbHO KOHTPOJIb-
HOTO y4acTKa yowbiBasia B psany Fe > 7Zn = Mn >
Pb > Cu > Cr > Co > Ni > Cd. Ognaro Tparmcio-
rarmust TM (ortHOIIEHME COflepyRaHMS B PACTEHIT
K COJIePsKaHIIo B MMOYBE) YMEHbBIIATACH B PSALY:
Cu>Z7Zn>Cd>Pb>Ni>Mn>Cr>Co > Fe.
[Tonyuennblii pesyibrat 00yCa0BAEH PA3INYHOI
nopsuzkuocThio TM B mouBax m norpeGHOCTHIO
pacTeHuil B MOTIOMIEHNN 9JIeMEHTOB 13 TTOYBBI.
Copnepskanue nurMmeHtToB GOTOCHHTE3A B
JUCTHSIX MaTh-N-Mayexm U3 ropojCKOI Cpeibl
CHUKAJIOCH 110 CPABHEHNIO ¢ KOHTPOJIbHBIM Paiio-
HOM BO BC€ TOJIbl NCCJI/IOBAHNSI, 38 UCK/IIOUEHEeM
2019 1. Comepsranme MPOXYKTOB TTEPEKICHOTO
orucaenust nunuaos (1TOJI), xaparrepusyrormmx
YPOBEHb CTPecca OPraHn3Ma, ObLI0 CHUKEHO WIn
ocraBasioch Ha ypoHe KouTposisi. Comepsrannme
(DeHONBHBIX AHTHOKCHAHTOB (PacTUTETbHBIX
deHosoB u PIABOHONIOB) B MaTh-U-Mayexe 13
roposickoii cpejibl B 2017 1. Ob110 BBITIIE 110 cpaB-
vernio ¢ kourponem. Onnaxo B 2018-2020 rr.
cojlepsRaHme ITUX AHTUOKCUIAHTOB ObLIO HUKE
B 1,1-6,5 pasa. B 2020 r. akTuBHOCTD TTEPOKCH-
1a3bl B MaTh-1-Mavexe 13 TOPOJICKOT cpejibl Obliia
cumskena na 10-50% na Beex mecaeoBanHbIX
ydacTkax. Xapakrep M3MeHeHUs akKTUBHOCTH
Karajnasbl B JUCThAX MaTh-U-Mayexu ObLI He-
OJITHO3HAYEH, B 3aBUCHUMOCTHU OT TOjla U paiioHa
nccJaeloBaHNsA HAOTIOMATNCH KaK aKTHBATII
(depmeHTa, TaK M TMOABJIEHIE er0 aKTUBHOCTH.
BhisiBiieHne B3aMOCBSI3U MEJKILY COJlePRaHIeM
TM B 1ouBe u pacTeHUsIX MPOCTHIM 0030PHBIM
AHAJIM30M HEBO3MOKHO, TEH/€HI[NN MOTYT ObITh
o0ycJioBJIeHbl pasHbIMU (paKkTOpaMm u 3ava-
CTYI0 TIpOTHBOpeUYnBHI. MeTos perpeccimoHHOro
aHaaM3a MO3BOJIsIeT CPABHUTH ATU TEHJEHI[IN
U BISIBUTH HauboJ/iee 3HaYNMble 1 [[OCTOBEPHbIE.
Pesynibrarhl perpeccioHHOTO aHAT3A TTPEJICTaB-
JeHbl B rabsutie 1 B Busie ypaBHeHMIl, CBA3bIBAIO-
IUX Tapbl: COMepsKaHie MeTajia B IOYBe WJIN
pacreHnn — OMOXUMUYECKUI TTOKas3aresb. Pe-
3YJIBTaThl PETPECCHOHHOT0 aHAJIN3a TTO3BOININ
PaHRMPOBATHL HTYU CBSI3NU 110 YPOBHIO 3HAYNMOCTI
7 ROA(DOUIMEeHTY ROPPeTAIIN.
Perpeccuonubiii anaans BuISABUI Psiji 3a-
BrcuMocTeil Mesky cofepskanunem TM B mouBax
n KOHIeHTpalneil TuTMeHTOB (GOTOCUHTe3a
B TKaHsx pacrenunii (ypasuenus Ne 1, 3-8, 10,
16). Copmepskanme xaopodpuiaia a, b m KapoTu-
HOUJIOB HAXOJMJIOCH B IIPSIMOI B3aMMOCBSI3H ¢
coflepkanmeM noaBmskuoil gopmel Fe B mouse
(R =0,51; 0,54; 0,43; p < 0,01). Henezo samus-

eTcsi HeOOXOMMBIM DJIeMEeHTOM JIJIsI TPOTeKAH U I
dorocunresa. Cunraercs, uro 90% skenesa
B PacTUTEJbHBIX KJIETKaX HAXOINTCS B XJIOPO-
naacrax [22], a uTOXpoMbl Y4acTBYIOT B Iiepe-
HOCe 3JIeKTPOHOB 11pu (porocuutese. Kpome toro,
cojiepsRaHme XJ0poPuIIoB a u b HAXOIUIOCH
B MPSIMOI B3aUMOCBSA3M ¢ TOJBWKHONI HOPMOIT
Cu B mouse (ypasuenus Ne 3,7, R =0,52; 0,47).
[Topsmsrnas dpopma TM B mouBe cumraercs
nHanboJiee JOCTYIHON JIJisi pacTeHuil, a Mefb
BXO/IUT B COCTAB MJIACTONMAHNHOB — OEJIKOB-
TePeHOCUYMKOB 3IeKTPOHOB OT porocucTemsbr 11
K porocucreme | [23].

Copnepsranue nurMeHToB POTOCMHTE3A HAXO-
IUJIOCH B 00pPaTHOI B3anMOCBsi31 ¢ ypoBHeMm Mn
B ouse (ypasuernus Ne d, 8, 10, R =-0,50; -0,46;
-0,45), uT0 MOKET OBITH CBABZAHO € MOABACHITEM
ARTUBHOCTH OWocmHTe3a Xaopoduira B ¢CBA3N
€O cTpeccoMm ot 3arpsisueHusi. Perpeccuonmbie
3aBUCHMOCTH MKy COJePyRaHIeM TTUIMEeHTOB
(porocunresa nyposaem TM B mouBax mo3BoJstior
KOCBEHHO TTPOTHO3MPOBATH CTeleHb IpeBpare-
s GO, B 6umomaccy B yCJIOBUAX 3arps3HeHns
ropojickoit cpenbr TM.

Copepsranne KapoOTHWHOUIOB B JINCThAX Ha-
XOJIMJIOCH B TIPSIMOTT B3auMocBsi3u ¢ yposHem CGu
B pacrenusx (ypasuenne No 16, R =0,38). Kpome
TOTO, KOHIIeHTPAIsI XJI0pouiia b B pacTeHusIX
HaXOJIMJI0Ch B 00paTHOIl B3aMMOCBS3U C cOJep-
mannem 7Zn (ypasmenue Ne 12, R = -0,44), urto
MOsKeT ObITh 00ycI0BIeHO BhiTecHeHeM Mg n3
moppupMHOBOrO KOMILIEKCA 32 ¢U6T OJUB0CTH
nonHbIX pagmycos Mg (0,72 A) u Zn* (0,74 A)
[24].

Conmepsranne eHOTLHBIX aHTHOKCUIAHOB
HaXOJMI0Ch B 00paTHOI B3aMMOCBS3M ¢ COep-
srannem Cu n Mn B pacrenusx (R =-0,53; -0,40;
p<0,03). Bepositho, 910 00'bsicHSIETCS pacX00Ba-
HIeM PacTUTeThHBIX (DEHOJIOB Ha XeJTaTHpoBaHIe
TM B rierkax [9]. Comepsranue @aaBOHOUIOB
TaKyKe HAXO/MJI0Ch B OTPHUIATEIbLHON KOppe-
JSANUN ¢ COflepyRaHieM KUCJI0TOPACTBOPUMOIl
dopmbt Cu B mouse (ypasuenne Ne 9, R =-0,49).

[Tosryuenubie ypaBHeHUst TUHEIHOT perpec-
CUT TI03BOJISTIOT TPOTHO3WPOBATH cofiepskanue Fe,
Cu, Zn B pacteHHAX MaTh--Ma4yeXu 110 ROHI[GH-
TPAINN MOABIKRHON (DOPMBI HTIX METAJITIOB B TT0U -
Bax (ypasuenust No 11, 13, 14). Kosppurment
HaKJIOHA PerpeccnoHHON (DYHKITNN TOKAa3bIBaeT
CRJIOHHOCTh PACTeHUSI K aKKYMYJISITINN MeTaJjlia
MpY BO3PACTAHUM €0 COJIePsKaHNs B TIOUBe (MaK-
cumasen st Fe u munumanen st Zn).

Baaropapst pakropHomy aHanusy cocrasjieH
Psiji MBYUEHHBIX OMOXMUMUYECKUX TTOKazaresei
pacTeHMii M0 3HAYNMOCTH X M3MEHEHHs B
yenosusix 3arpsisuenusi TM (rabn. 2, 3). ITony-
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Tadmuma 1 / Table

Pesynbrather anainsa TIMHEITHOTO PerpecCnOHHOT0 ananuaa st marb-u-mauexu, 2017-2020 rr. (n = 28)

The results of linear regression analysis for coltsfoot, 2017-2020 (n = 28)

No [Torazarenn (z —y) YpaBHeHMe TUHEHHO Roadpduimenr Yposenb
Parameters (x — y) perpeccun Koppessitiuu R CTATUYCCKOI
Linear regression Correlation 3HAUITMOCTH P
equation coefficient R p-value

1 | Fe nops. — Xaopodumun b y=0,52x + 271 0,536 0,003
Fe mobile — Chlorophyll b

2 | Cu — ®enount y=-029+120 -0,033 0,003
Cu — Phenols

3 | Cunops. — Xaopodunt a y=9742+ 174 0,518 0,005
Cu mobile —Chlorophyll a

4 | Fe nops. — Xaopodunt a y=0,43x + 192 0,509 0,006
Fe mobile — Chlorophyll a

9 | Mn guca. — Xnopodun b y=-017x+ 371 -0,496 0,007
Mn acid — Chlorophyll b

6 | Fenous. — Raporuronibt y=0,35x + 162 0,494 0,008
Fe mobile — Carotenoids

7 | Cunons. — Xaopodun b y=102x + 256 0,474 0,01
Cu mobile —Chlorophyll b

8 | Mn kuca. — Xaopodunr a y=-014x + 274 -0,462 0,01
Mn acid — Chlorophyll a

9 | Cu knea. — Drasononsinl y =-0,069x + 3,27 -0,451 0,02
Cu acid — Flavonoids

10 | Mn kuca. — Raporunouibt y=-011x+ 227 -0,450 0,02
Mn acid — Carotenoids

11 | Fenous. — Fe y=19,8x + 685 0,441 0,02
Fe mobile — Fe

12 | Zn — Xnopoduun b y=-0,78x + 334 -0,436 0,02
7Zn — Chlorophyll b

13 | Cu mops. — Cu y=9,69x + 8,42 0,430 0,02
Cu mobile — Cu

14 | Zn nops. — 7Zn y=0,042x + 2,16 0,405 0,03
7n mobile — Zn

15 | Mn — @enounnt y=-0,020x + 9,54 -0,403 0,03
Mn — Phenols

16 | Cu — Raporunoujbt y=2061x+ 149 0,376 0,05
Cu — Carotenoids

YeH caeayomuin psa: xaopodpuast b = genosnt
> XJ0POPUIAT @ = KapOTHHOUJILI > JINeHOBBIE
KoHbioratel > ocnoBanus [Mudda > dpaasonon-
Iibl > KaTajiaza > meporcuasa.

Haubonee sHaunMbiM 1mTOKa3aTesaeMm, m3-
MEHSIOIUMCsI TIpU 3arpsisHeHun mouBbl TM,
0KAa3aJIoch CofiepsRanme MUrMeHTOB (hoToCHTE3a
(xropo U @, KapOTUHOW/BI, XJa0poduia b).
@orocuHTeTHUECKAS CHCTEMA PACTeHUIT MOKeT
ABJIATLCS Mutiienbio st TM. Tsrénbie Meranibt
cTI0COOHBI HAPYTITATh IeMb TPAHCIIOPTA DIERTPO-
HOB npu (oTocuHTE3e, CBA3BIBATHCA ¢ HO-
TOCUHTETHYECKIMI MeMOpaHaMu u (pepMeHTamu,
Hapymas nx GyHrimnonnposanme [4]. Can-
JKeHMe T0JIy4aeMoil pacTeHusiMU B pe3ysbrare
dorocuHTe3a dHEPTUN OCaAA0IIET UX CIIOCOD-

HOCTH CUHTE3UPOBATH OPTAHUYECKIE BEIECTRA,
AKTUBUPOBATH AHTUOKCHAHTHBIE CHCTEMbI
n pUTOXETATUHHI.

C npyroit ¢cTOpOHBI, METAJICOIePIRATIINE
KoMIiekewl (mmacrormanuubl (Cu), uroxpo-
mbi (Fe)) criocobeTBytor mepeHocy 31eKTPOHOB
B xojie porocunresa |22, 23]. Crumynupyioiiee
BozjeiictBue TM ma mporece gorocnnaTesa mo-
3BOJISIET PACTEHUAM CIIPABIATHCS CO CTPECCOM
npu HAKOTJIeHNN G0Jee TOKCUYHBIX METaJJIOB
(Pb, Cd), uro, BeposaTHO, siBJisieTcss Hanbomee
3HAUUMBIM (DarTopoM rpu akrymyasmuun TM
B RJIETKAX.

Cperiu n3yueHHBIX aHTHOKCUIAHTOB M3MEHe-
Hue cofiepranuss GeHoI0B OKazaaoch Hanboiee
3HaunMbIM. BeposiTHO, 3T0 00yCI0BII€HO IBOITHOT
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Ta6amma 2 / Table 2
Pesynbrarer parroproro ananusa skcriepumentos 2017-2019 rr.
The results of factor analysis in 2017-2019
[Torazarenn 2017 2018 2019
Parameter dawrrop 1|parrop 2|parrop 3|parrop 1|parrop 2|daxrop 3 |parrop 1|darrop 2| paxrop 3
factor 1 | factor 2 | factor 3 | factor 1 | factor 2 | factor 3 | factor 1 | factor 2 | factor 3
Cu 0,86 0,06 -0,46 -0,02 -0,49 -0,26 0,35 -0,56 -0,69
Mn -0,50 0,37 -0,50 -0,41 -0,09 -0,53 0,76 0,55 -0,31
Fe -0,83 0,36 0,08 -0,36 0,72 -0,46 0,70 0,64 -0,25
Zn 0,32 -0,40 -0,62 -0,68 0,38 -0,38 -0,15 0,38 -0,82
Cu mousa 0,01 -0,64 -0,71 0,52 -0,46 0,53 -0,25 0,73 0,51
Cu soil -0,69 -0,64 0,14 0,58 0,70 -0,01 0,77 -0,57 0,15
Mn nousa -0,54 -0,36 0,75 -0,14 0,76 -0,34 0,88 -0,12 -0,36
Mn soil -0,80 -0,48 0,10 0,37 0,26 -0,35 0,83 0,02 0,23
Fe nousa 0,81 0,24 0,42 0,55 0,07 -0,60 -0,32 0,64 -0,31
Fe soil -0,81 -0,39 0,12 0,13 0,72 0,30 0,72 -0,56 0,40
7Zn nousa -0,20 -0,63 -0,07 0,42 0,87 -0,44 0,81 0,40 -0,37
Zn soil -0,69 -0,71 0,09 0,57 0,77 -0,25 0,90 -0,40 0,08
Raopoguaa | g5 |47 | 020 | 0,83 | 037 | 008 | 092 | 032 | 005
Chlorophyll a
Xaopouan b g5 1009 | 042 | 0,87 | -0.14 | 0,00 0,98 0,16 -0,04
Chlorophyll b
Raporunonaet |6 g9 1 19 | 024 | 0.84 | -032 | -007 | 0,93 0,28 0,11
Carotenoids
OcnoBanus
MIugda 0,68 -0,54 0,30 0,73 0,07 -0,26 0,69 0,52 0,12
Schiff bases
Ilnenosnie
ROTBIOTATE! 0,76 | -0,06 | 016 | 0,70 0,04 0,02 0,31 0,66 0,47
Conjugated
dienes
Perom 0,87 | 042 | 021 | 021 | 0,73 | -030 | -0,90 | -0,14 | -0,31
Phenols
Daasonomart o6 | g8 | 034 | -046 | 038 029 | -0,67 | 0,64 -0,34
Flavonoids
Raranasa 0,30 | 0,61 060 | 038 | -028 | -026 | -052 | 044 0,67
Catalase
O6bscusiemast
pucnepens, % |- o 22 15 29 26 16 51 23 15
Dispersion
explained, %

Ipunewanue: gacuprvin wpugmom sorderenvt cmamucmudecku snavumste (p <0,05) snavenus armoprolr Hazpysok.
Jlas codepacanus mancéavix memantios 6 nouear npusedensvl @armoprvle Hazpysku no codepucaniiio no0suxcHol fopmvl
(8epxuss cmpora) w KUcLomopacmeopumoil Popmuvt (HUNCHAL CMPOKA).

Note: statistically significant (p <0.05) factor loadings are in bold. Factor loadings for heavy metals in soils are separale

Jor mobile form (first line) and acid-soluble form (second line).

(yHKITME STIX coeMHeHIT: 00PHIB TIeTIell CBO-
OO/IHOPA/IMKAJIBHOTO ORUCIEHUS 1 XeJaTupoBa-
Hue noHOB MeTaoB [25]. Hanmenee 3HaunMbim
moRasaTesieM OKazajlach aKTUBHOCTH TTEPOKCH -
nasel. [Tepokcumaza yruansaupyer TOKCUYHYIO
TMePeRNCh BOMOPOJA B RIeTKAX 1 oOamaer boyree
BBICOKIM CPOJICTBOM K CyOCTpaTy 10 CPaBHEHUTO
¢ raranasoii [26]. [To pesyabraram gaxroproro
anann3a n3MeHeHne aKTHBHOCTH KaTaaas3bl OBLITO

0oJee 3HAUMMBIM, TIO CPABHEHWIO ¢ MTePOKCU LA -
301, 4TO, BEPOATHO, CBUJETEILCTBYET O DoJiee
BBICOKMX KOHT[EHTPAIIAX MEPERNCH B KIETKAX.

@arTopHBII aHAIN3 MTO3BOJUI PAHKIPO-
BaTh METAJIBI B PACTCHUAX 10 WX 3HAUMMOCTI
BIUSAHNUA HA OMOXUMUYeCKre mokasareian. bl
noayuen ciaenyiomuii psit: Cd > Pb > Fe > Ni >
Co>Cr> Mn > Cu>Zn. Cpenu Bcex n3y4eHHbIX
MertasioB Cd orasniBaer mamboabIiee BINANIE
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Ha M3MeHeHne OMOXNUMUYECKOTO CTaTyca pac-
trernii. Hecmorpst Ha HuU3KoOe, 110 cpaBHEHUIO C
APYTUMU MeTajiaMu, cofiepskanne B OoYBax n
pacrenusax, Pb u Cd obmamator nanbosee BHI-
COKOIl TOKcuuHOCTHIO [2]. B nepByio ouepesb,
3TO JIOCTUTAETCS 32 CUET BHICOKOTO cpojicTBa Ph
m Cd & S- m N-comep:rarnum auranmgam [24].
HRexeso obragaer BLICOKOT OKMCINTEILHO-
BOCCTAHOBUTEJLHON MOABUKHOCTLIO, TIOITOMY
MOJKeT HATPAMYIO YIaCTBOBATH B Pa3aMUMBIX
OMOXIMUYECKIX MTPOIleccax: B e BIXaHSI,
dorocunTesa, KaTaau3npoBaTh GYHKIMOHIPO-

BaHue pepMeHTHBIX 1porteccoB [22, 27]. Kpome
Toro, cpefan Becex TM pacrenus marhb-u-mavexn
akrymynuposasu Fe B naubosnbiieit crernenn,
4TO 0OYCJOBANBAET €TI0 BBHICOKOE TOJIOMKeHNe B
MOJIY4eHHOM PSJLY.

BaskHo yuurhiBaTh He TOJBKO CTPECC OT Ha-
rortennst TM HenocpeyicTBeHHO B pacTeHUsIX,
HO ¥ OT HAXOKCHUs TOJJIIOTAHTOB B MOYBE 1
puzocdepe. CBUHEI 1 KaJIMUIT BaHIMAIOT TIePBOE
MeCTO 10 aHATOTHYHOMY psijty coptepsranms TM B
nousax: Cd > Pb > Co >Zn > Mn > Ni > Fe > Cr
> Cu. B orinuane or npuBeiéHHOTO panee psijia 1o

Taommma 3 / Table 3
Pesynbrars (pakroproro anasiusa B sxcrepumente 2020 .
The results of factor analysis in 2020
[Torasarenn 2020
Parameter dakrop 1 daxrop 2 dakrop 3
factor 1 factor 2 factor 3

Cu 0,10 -0,15 0,69
Mn 0,02 0,29 0,83
Fe 0,04 -0,06 0,91
7n -0,42 -0,13 0,86
Pb 0,74 0,29 0,50
Cd 0,93 0,25 0,01
Ni 0,09 -0,89 -0,16
Co 0,06 -0,81 0,33
Cr 0,02 -0,22 0,87
Cu mousa / Cu soil 0,24/0,92 -0,65/-0,15 0,67/0,25
Mn mousa / Mn soil 0,25/0,81 -0,72/0,44 0,29/0,31
Fe nousa / Fe soil -0,40/0,84 0,27/0,34 0,66/0,33
7Zn mousa / 7Zn soil 0,26/0,90 -0,89/-0,31 0,21/0,32
Pb nousa / Ph soil 0,86,/0,88 0,30/0,29 -0,38/-0,35
Cd mousa / Cd soil 0,97/0,88 -0,14/0,23 0,05/0,32
Ni mousa / Ni soil -0,28/0,56 -0,88/-0,76 0,10/0,09
Co mousa / Co soil -0,48/0,88 -0,84/0,28 -0,10/0,21
Cr mousa / Cr soil 0,05/0,69 -0,99/-0,62 0,07/0,25
Xnopoduin a / Chlorophyll a -0,46 0,95 0,56
Xaopodun b / Chlorophyll b -0,39 0,70 0,47
Raporunoupsr / Carotenoids -0,46 0,59 0,52
Ocuosanus [Hudda / Schiff bases -0,75 0,59 0,05
gme§03ble KOHBIOTATHI 0,79 0.15 0.40
Conjugated dienes
®enosbt / Phenols -0,75 -0,18 -0,39
®Orasonounn / Flavonoids -0,89 -0,32 0,12
Rararaza / Catalase 0,87 0,03 -0,06
[Teporcupasa / Peroxidase -0,23 0,16 0,26
Ob0bsacuaemas quctepenst, % .
Dispersion explainedlj % 39 26 19

Hpumewarnue: scuprovim wpugmom svidenensvt cmamucmuuecku snavunsie (p < 0,05) snawenus garmopnole nazpysok.
Jlas codepacanus majcéivir memannos 6 nousax npueedervt fakmopruvie Hazpysku no coO0ePICanuo nodBUICHOL Hopubl
(wucaumens) u KUCAOMOPACMEOPUMOLL fopMbL (3HAMCHAMEND).

Note: statistically significant (p <0.05) factor loadings are in bold. Factor loadings for heavy metals in soils are separate
Jor mobile form (numerator) and acid-soluble form (denominator).
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copepskanmio TM B pacrenusix, riae Co 3aHumaer
1sAT0e MecTo, B psy 1o copepskanuio TM B rou-
Bax oH HaxouuTest Ha TperbeM Mecre. Bansiaue Co
Ha pacTeHus MeHee BhIPayKeHo, Tak Kak OH o0J1a-
JlaeT HU3KOI ¢I1I0COOHOCTBIO K TpaHcaoKkarun. B o
ske BpeMsi, BiyIaj Fe okazascs Meree 3HAUIMBIM
B CBABY ¢ €70 HUBKOIT MOJ[BIUYKHOCTHIO B TIOYBE.

3arioueHue

[Tosryuensr perpeccuoHmbie ypaBHEHNA,
CBSI3BIBAIOIIIE COflePsKaHe MUTMEeHTOB (oTo-
CUHTEe3a B JNCTHAX MAThL-M-Madexm ¢ YPOBHEM
Cu, Fe, Mn u Zn Kaxk B caMuX pacreHusx, Tak
n B ouax. Comepskanme GeHONBLHBIX aHTH-
OKCUJIAHTOB HAXOJMJIOCH B OOPATHOI B3aUMO-
cBsi3n ¢ KourenTparueit Cu m Mn B pacrenusx.
Conepsranne nopsusruoit popmbr Fe, Zn u Cu
B IIOYBAX TTO3BOJISET IPOTHO3UPOBATH COJlePIKa-
HIE DTUX METAJIJIOB B PACTEHUAX MaTh-N-Ma4exI.
CocraByier psg OMOXTMUYECKIX TTOKA3aTe el 1Mo
3HAUYMMOCTI MX M3MEHeHW B YCJIOBHUAX 3arpss-
nenust TM: xsiopoduii a > xnopoduin b > kapo-
TrHONB! > henonsl = ocnoBanus HIndda > daa-
BOHMOMLI > KaTajasa > INeHoBhIe KOMBIOTaThl >
nepokcupasa. Copep:ranne TM B pacteHusix 110
3HAUYMMOCTH BJIWSHWSA HA OMOXUMUYECKNE T10-
rasaresan usmensaockh B psany: Cd > Pb > Fe >
Ni> Co > Cr > Mn > Cu > Zn. Kagmuii u csumner
3aHUMATOT [TEPBOE MECTO 110 AHATOTUYHOMY PSALY
copepskanus TM B mousax: Cd > Pb > Co > Zn >
Mn > Ni > Fe > Cr > Cu.

Paboma evinoanena npu noddepicke epanma
PODU u Tromencroit ooaacmu Ne 20-45-720011.
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IIpumenenne yoopuTebHBIX cMeceii HA OCHOBE 0CAJIKOB CTOYHBIX BOJI
U [IEOJINTA B arpoIeH03aX MAaCIHUYHBIX KYJIbTYpP
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B crarbe nipejcraBiaenbl pesysbraThl HCCAeMOBAHMIT, TOCBAIEHHBIX H3YYCHNIO IeCTBIA YIOOPHUTEIbHBIX cMeceil
Ha octose ocajika crounbix Boj (OCB) u meosnra B arporenos3ax MacJmaHbIX KyJIbTyp (spoBoro parca copra Parank
u nopconneunmnia copra [loceiimon 625). [Ipumenenne ymoopurensnnix cmeceit ma ocinose OCB n meonnra arTusmusm-
pPOBAJIO Pa3BUTHE JIMCTOBOTO allliapara n reHepaTuBHLIX Opranos. B arpormenosax spoBoro parca KoJndecTBO CTPYYKOB
Ha oiHOM pacrennn yBeaunamioch ¢ 16,9 no 22,4 u konmaecrso cemsn ¢ 196 go 326. B Bapuanrax ¢ yjpobpuresbubiMn
CMeCsMY yposKaii ssposoro parca cocrasisa 1,31-1,49 v/ra ¢ npubasroii &k kourposio 17,1-41,9%. [Tpu ncrnonnzosamn
YI00PUTENBHBIX cMecell B arpoIeHo3ax MmojcoJHeYHNKA ¢ OfHOi Kop3uHKkN 66110 noayuero 1194—1247 cemsn, uro ma
17,6—22,9% Goapire, weM B ROHTPOJIC. YPOsKATHOCTL MacaoceMsH cocraBmaa 2,37—2,68 v/ra. Haubobimas mpoykTius -
HOCTH MACJHMYHBIX KYJBTYp orMedastach B Bapuante npu suecennu OCB u meonnra B coornomrernn 1 : 0,75, Basibim
arpodKOJOrHUCCKIM ITPUEMOM, CHUZKAIONINM HeraTuBHOE BO3JleilcTBIe TAMKENBIX MeTasioB, cofgepsramuxcs 8 OCB,
SIBJISICTCS TIPUMEHeH e Te0JIuTa — IMPUPOHOTo copoeHTa, 001a1aloero BHICOKON 6MKOCTHIO KaTHoHHOTo oOMena. [1pu-
Merente yaoopureabinix cmMeceil na ocnose OCB u meonnrta mpuBeso K yMeHbITEH IO HAKOTIICH IS TAKEIBIX METAIJI0B
B pacturenbHoil mpoaykinuu. Cymmapusiii kosduiment sarpssnenns ymenbmumiacs na 0,11-0,41 ex. B Bapuanrax
¢ sipobim parcom, Ha 0,10—0,47 eq. — B Bapuanrax ¢ mojicOJTHEUHUKOM.

Kaouesote caosa: sspoBoii paric, MOHACONHEUHNK, OCA0K CTOUYHBIX BOJI, EOJINT.

The use of fertilizer mixtures based on sewage sludge
and zeolite in oilseed agrocenoses
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The article presents the results of research devoted to the study of the effect of fertilizer mixtures based on sewage
sludge and zeolite in agrocenoses of oil crops (spring rapeseed variety Ratnik and sunflower variety Poseidon 625).
The use of fertilizer mixtures based on sewage sludge and zeolite has intensified the development of the leaf apparatus
and generative organs. In spring rape agrocenoses, the number of pods per plant increased from 16.9 to 22.4 and the
number of seeds from 196 to 326. In variants with fertilizer mixtures, the productivity of agrocenoses of spring rapeseed
was 1.31-1.49 t/ha (plus 17.1-41.9% of the control).When using fertilizer mixtures in sunflower agrocenoses,
1194-1247 seeds were obtained from one basket, which is 17.6-22.9% more than in the control. The yield of oilseeds
was 2.37-2.68 t/ha. The highest productivity of oilseeds was noted in the variant with the introduction of sewage sludge
and zeolite in a ratio of 1:0.75. An important agroecological technique that reduces the negative impact of heavy metals
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contained in sewage sludge is the use of zeolite, a natural sorbent with a high cation exchange capacity. The use of fertil-
izer mixtures based on sewage sludge and zeolite led to a decrease in the accumulation of heavy metals in plant products.
The total pollution factor decreased by 0.11-0.41 units in variants with spring rape, by 0.10—0.47 units in variants with
sunflower. As a result of the studies, conclusions were drawn about the possibility of using fertilizer mixtures consist-
ing of sewage sludge and zeolite in agrocenoses of oilseeds (spring rapeseed and sunflower), provided that the obtained

seeds are used for technical purposes.

Keywords: spring rapeseed, sunflower, sewage sludge, zeolite.

Bompocsr yrunuzamnnu ocajkoB ObITOBbIX
U IIPOMBIINIJIEHHBIX CTOYHBIX BOJl B HACTOsIIEE
BpeMs aKkTyaJbHbI JI/isi BceX pernonos Poccun.
Xpanenne ocajiroB crounbix Boj (OCB) na nno-
BBIX IJIOTIAJIKAX TPUBOAUT K (POPMUPOBAHUIO
KPYITHBIX 04aTOB 3aTpsA3HeHNs Ha TePPUTOPUAX,
HMPUJIETAIONNX K OUMCTHBIM COOPYKEHTAM, 9TO
SIBJISICTCSI CePhE3HOI DKOJIOIMUeCKOI IIPODIeMOii
[1-3]. OreuecrBernbie n 3apybdesHbie aBTOPbHI
OTMEYaloT, YTo PN YCJOBUN HE3HAYNTETHLHOTO
conepskanns B OCB coepnnenuii Ta:RE7TbIX
metasioB (TM) nepcrnerTuBHBIM cl10cO6OM X
YTUJIN3AINN SBJISIETCS NCIOJIb30BaHE B Kaye-
CTBE OpTaHOMUHePANbHBIX yrobperni [4—8].
B nacrosiinee spemsi B Poccun B kKauecrBe yj0-
OpeHuii NCmoabL3yI0T TOILKO 4—6% oOpasyro-
HUXCst 0caiKoB. [|1st onTumMusaiunm mapameTpos
npumerernusi OCB B cellbCKOX03511iCTBEHHOM
MPOM3BOJICTBE HEOOXONMO TTPOBEJIeHTe MHOTO-
CTOPOHHEN OleHKN dPPEeRTUBHOCTN W IKOJIO-
rMYecKoil 6e301macHoCTH JIeCTBIS Ocajika Ha
KOMTIOHEHTBI arporeHo308B.

OnHuM 13 arposKoJIOrnyecKuX MpuéMos,
nozossonux npumensts OCB B Kauecrtse
yo0peHmii, SIBJIsIeTCA NX COBMECTHOE MCII0Th30-
BaHUe C IPUPOJHBIM MEJTMOPAHTOM — I[EOJUTOM,
00J1a/1a0IIUM BBICOKOI ITOPUCTOCTHIO 1 EMKOCTbHIO
KaTmoHHoro odmMena |4, 9].

C1es1b1o CHIBREH TS COJIePYRAHTS PA3JTMUHBIX
HOJITIOTAHTOB, MOCTYHAIOIINX B TOUYBY B Pe3YJIh-
TaTe aHTPOIIOTEHHOTO 3arpsA3HeHNs, BCE vare
MCITONB3YIOT MeTo/ibl hurTopeMenaniin — BbI-
paIMBaloT crernaibHble pacTeH s, TTOTIOTA0-
mue n argymysupyotiue nonbl TM. Tak raw
ypoBetb Harormienuss TM B penpopyKTHBHBIX
opraHax pacTeHUil HUJKe, 4eM B BeretaTuBHBIX,
NCIO0Jb30BaHNe B uTOpeMeinainm ceabcKro-
XO03SIHICTBEHHBIX KYJIBTYP CIIOCOOCTBYET OTUYK-
NEeHUIO 3arPSA3HAIONINX DJIEMEHTOB ¢ ypOosKaeM
1 CHUKEHUIO COJIePIRAHNS X MAJIOTOIBUKHBIX
dopm B ouBe [10-14].

B c¢BA3M ¢ BO3MOMKHOCTHIO IPON3BOJICTBA
pacTuTeNbHBIX MaceJ Ha TeXHWYECKUe Iesn
BBIpAIIBAHIE MACANYHBIX KYJIbTYDP B KauecTBe
duroMenmopaHTa NMeeT BajKHOEe MPAKTHYeCKoe
3HAvYeHNe.

[lens mccnemoBanmii 3aK0vYasach B ONeH-
Ke BIUSHUS YI0OpUTeIbHBIX CMecell Ha OCHOBe
0CaJIKa CTOYHBIX BOJ| 1 11e0TnTa Ha (DOTOCHHTeTH -

yecKue mapamMeTpbl, TPOAYKTUBHOCTD 1 3JIeMEHThI
CTPYKTYPbL yPOKRad MACAUUYHBIX KYJIBTYP, & TAK-
JKe YPOBEHDb XUMHYECKOTO 3arpsA3HeHNs MOYB
7 TOJYyYaeMOU TPOTYKITIN.

O0BEeKTHI 1 METOIbI MCCHAETOBAHMIT

Necceneposanus nposopuin B 2008—2018 rr.
Ha arpoTexXHOJOTMYeCKON OMBITHON CTaAHTINT
OI'BOY BO PI'ATY, pacnonoskennoii B Psizan-
CKOM paiioHe Pszanckoii obmact, B arporeHnosax
sipoBoro parnica (Brassica napus) copra PatHuk
n nopconHevnnka (Helianthus annuus) copra
[Moceiinon 625 [15]. [Lnomaab onbITHOM ensH-
kn — D0 M?, yuérnas maomaab — 42 M2, MOBTOP-
HOCTb — YeThIPEXKpaTHA.

ArpoxumMuveckie ¢BOMCTBA OB OTIBITHOTO
yuactra: cofepskanme rymyca (mo Toopuny) —
3,6—3,8%, moasmkmoro ¢gocdopa (mo Rupea-
HOBY) — 169—-174 mr/kr noussl, kaaus — 132—
138 Mr/KT 1OUBbHI, 0OMEHHAasT KNCIOTHOCTH (BbI-
msyrka KCl) — 5,7-5,8.

B kavectBe OCHOBBI [l yIOOpHUTENIbHBIX
cmeceit menonbzopaan OCB ¢ ouncTHBIX coopy-
JReHUI T. Psi3anu, COOTBETCTBYIOTIIIE 110 arpoXH -
MUYECKUM, TOKCUKOJOTUYECKUM, CAHUTAPHbBIM
mapamerpam 'OCT P 17.4.3.07-2001, u eonn
XOTBIHETIKOTO MecToposkaenus OproBeroit 06-
JIACTH, XapaKTepU3yIuics MeJouH0il peak-
nueit cpeapl (pH 8,3), BeIcORNM cofiepskannem
docdopa (1,93%) n kanus (4,32%) (rab. 1)
[16].

Bapuanrer onwita: 1 — ®RouTpoan (6e3
ynoopennii); 2 — OCB (B moze 9 1/r1a);
3 — ypoopenne-1 (1 OCB : 0,25 meonur);
4 — ynoopenune-2 (1 OCB : 0,5 meonur);
9 —ynoopenne-3 (1 OCB: 0,75 meosnnr); 6 — ymo-
openue-4 (1 OCB : 1 nieonur).

ArporexHuueckue paboThl OCYIIECTBIISIN
B COOTBETCTBUU € 30HAJbHBIMI PEKOMEH]IA-
nusimu aas Hedeproszémuoii 3oubl Poccnn.
B ormrbiTe 6B TpOBEI@HBI MCCIEIOBAHUST MOP-
osorngeckux n arpodMoJTOTNIeCKNX 0co0eH-
HOCTEH pocTa W Pa3BUTHSA PACTeHUN sAPOBOTO
pamca u nogcoaneununka o [17]. Ilmnomann
JVMCTOBOT MOBEPXHOCTH OTIPEIeJISIIN MeTOOM
otnieuatroB B hazy nserenus [18, 19]. Mare-
MaTH4YecKy o6paboTRY TaHHBIX OCYIeCTBIIS-

au o [20].
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Ta6auma 1 / Table 1

Arpoxnmmueckas XapaKTepucTHKa 0CAJIKOB CTOYHBIX BOJL
Agrochemical charactlerization of sewage sludge

ITorasarenn Copepsranne B ocajikax I'OCT P 17.4.3.07-2001
Indicator CTOYHBIX BOJ GOST R 17.4.3.07-2001
Content in sewage sludge
Brasknocrs, % / Humidity, % 68,0+0,5 <82,0
pH, /pH_, 8,2+0,1 9,00-8,50
Copl_‘, % ma cyxoe BerecTBo 74,0+0,8 >20,0
Cor'g,’% dry matter
Asor obmuii, % Ha cyxoe BerecTBo 1,74+0,10 >0,6
Nitrogen total,% dry matter
Dochop obmmit, % Ha cyxoe BeIecTBo 1,60+0,10 >1,5
Phosphorus total,% dry matter
Kannii o6mnmii, % na cyxoe BemiecTBo 0,330,095 H/u
Potassium total,% dry matter n/n

Ilpumevwarnue: n/n — norasamenv e nopmuposan 'OCT P 17.4.3.07-2001.
Note: n/n — indicator is not standardized by GOST R 17.4.3.07-2001.

Pesyabrarel n o6cy:kneHue

B pesyabrate nmpoBeiéHHBIX UCCIe0BAHMI
OBIJIO YCTAHOBICHO, ITO TIPUMEHEHTTE M3YIAeMbIX
yinoopurenbHbix cmeceit, a rakske OCB B uncrom
BUIe B arporeno3ax MacJTMUHBIX KYJIBTYP CITO-
cobcTBOBaJIO GoJiee MHTEHCUBHOMY Pa3BUTHIO
JMCTOBOTO ammapatra (puc.).

Habmopenus 3a puHaMukoii obpasoBamus
JUCTOBOM TTOBEPXHOCTH PACTEHUI MaCAUUHbBIX
RYJIBTYP MOKA3aJI1 MeJITIEHHBII TeMIT ATOTO 1TPO-
mecca B Hauase pereranuu (4—5%). B dasy
UBETCHUs ILIOMIAAb JIUCTLEB HOCTUIIA MAKCU-
MaJlbHBIX 3HaveHnit. Ha mocnenyromux sramax
Pa3BUTHSA 32 CUET MOCHIXAHUA HIKHUX JINCTHEB
TAHHBIT TTOKA3aTeJIh TIOCTEITCHHO YMEHbITATCS.

Tax, B asy nBereHnsi MaRcuMalbHas
TIOIAAhL ACCUMUIIATIMONHON MTOBEPXHOCTH T0-
cTurjia B arpoieHosax siposoro pamca — 10,4—
22,1 teic. M?/ra, B arporenosax mojcoJTHed -
ka — 15,6-31,5 toic. M?/ra. B 3aBucumoctun or
NpuUMeHsIeMoro yjooperust npubaBKa K KOH-
Tpoaio cocrasuaa 96,7-112,5 n 48,1-101,9%
COOTBETCTBEHHO.

O6obmaromum mokasarejemM (OTOCUHTETH -
YeCKOU HMeATeNbLHOCTH pacTeHUl, Ompeesisaio-
muM 2PPEeKTUBHOCTh TPUMEHAeMbIX y00pe-
HUIA, SIBJsIeTCs POTOCMHTETHYeCKU T TOTeHTnal.
Y apoBoro parmca oM M3MEHAICS B 3aBUCHTMOCTI
OT IPUMEHSIeMbIX YIOOPUTENLHBIX CMecel OT
0,92 o 2,19 mun M%- cyr/ra, y MOACOTHEUH-
ka — or 0,96 o 1,47 murer Mm% - cyr/Ta.

[Tockonbry TIPOAOIKUTENHHOCTH (DOTOCHH-
Te3a 'y JINCTHEB 1 BeJTMYIHA UX ACCUMIIATIMOHHOT
MMOBEPXHOCTH OTIPEIeNSIIoT (POPMUPOBAHIE FeHe-
PATUBHBIX OPTAHOB, &, CJIEIOBATEIBLHO, ¥ YPOsKAI,
B OTIBITE OBLIO U3YUCHO BAUSHUE TPUMEHIEMbIX

yY0OpeHMii Ha 3JIeMeHThl CTPYKTYPbI ypOsKkas
1 TIPOLYRTUBHOCTH pacTenuii (tadu. 2).

Tak, B arporieHo3ax sipoBOro parca B Bapu-
aHTe ¢ YUCTBIM OCAJIKOM ObLIO cHOPMUPOBAHO
17,8 NpomyKTUBHBIX CTPYUYKOB Ha OJ[HOM pacTe-
HIM, B BAPUAHTAX C YOO PUTETILHBIMU CMECSIMIT —
o 18,5-22,4 cTpydkoB, 4T0 COCTaBUIO YBEJM-
yenne #Ha 9,9-38,3% & wourposio. B onbirHbIX
Bapuanrax o110 mosryueno ot 260 cemsiH ¢ 0fHOTO
pacrenusi npu Buecenun OCB B uncrom Buje
1o 326 cemMsAH TPU BHECEHWN OCAKa 1 TOJNTa
B cootnomenuu 1:0,75. Macca 1000 cemsau co-
crasuia 3,35-3,98 1.

B arporienosax sipoBoro parca B KOHTPOJIb-
HOM BapuaHTe ObLJIa MOJydeHa CPeJHsIs yposKaii-
noctb 1,05 v/ra. [lpumenenue ynodpurenbHbIX
cmeceit ma ocriose OCB u meoanra cmocobeTBo-
BAJIO MOBBIMIEHNIO MPOYKTUBHOCTH PACTeHUI
sipoBoro parica na 17,1-41,9%.

B Bapmanrtax ¢ mcnosbzoBanmem ymnoopu-
TeJTbHBIX CMECeil T0J] MOICOJHEeYHNK CpejiHee
KOJIMYEeCTBO CeMSTH C OJ[HOTI KOP3MHKI COCTABUIIO
1194—1247 mryk, npeBbicuB KOHTPOJb Ha 17,6—
22,9%. Macca 1000 cemMsiH B OIBITHBIX BapHaHTaX
cocramia 49,9-52,0 r. HauGonprmit yposkait
macsoceMstH 2,68 T/ra ObLI TIOJyYeH pu BHece-
Hum ocagra n reoanTa B coorrnomennn 1 :0,795.

[Tpumenenne OCB B uncrom Bue npuseso
K HEe3HAYNTeTbHOMY YBeJMUCHUTO COMePIRaAHMS
TM B nouBe onbiTHOrO yuactra (1adi. 3).

KoaddurmernTsl KOHIEHTPATINE TOJIIIO-
TAHTOB, TPEACTABIAONINE cO00T OTHOIIeHNE
COJIepKAHUS XUMIYECKOTO 3JIeMeHTa B OITBITHOM
BapHaHTe K ero cojlepKaHnio B KOHTPOJIe, COOT-
BETCTBOBAJIN MUHUMATLHOMY YPOBHIO 3arpsi3He-
uus (6osbie 1,0, Ho menbine 2,0). CymmapHbiit
RoapuImentT 3arpsa3HeHns B BApUAHTaX ¢ Y-
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El Paric siporoii / Spring rape ElToacomrearwmk /Sunflower
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BapmanTs! onkrra / Experiment options

Puc. Baustnue ypoopurensubix emeceil Ha ocioe OCB u meosnra ma miomajh accuMUIAInOHHOT
[MOBEPXHOCTU PACTEHUI MACTUUHBIX KYJIbTYp. ¥YcaoBHbIe 0003Hauenus: 1 — kourposn (6e3 ypodbpenuii),
2 - 0CB (B mose 9 1/ra), 3 — ymobpenmne-1 (1 OCB : 0,25 meonnr), 4 — ynoopenne-2 (1 OCB : 0,5 meonur),
o — ypoopenue-3 (1 OCB : 0,75 neonur), 6 — ynoopenue-4 (1 OCB : 1 meosur)

Fig. Influence of fertilizer mixtures based on sewage sludge and zeolite on the area of the assimilation sur-

face of oilseed plants. Legend: 1 — control (no fertilizer), 2 — sewage sludge (at a dose of 9 t/ha),

3 — fertilizer-1 (1 sewage sludge : 0.25 zeolite), 4 — fertilizer-2 (1 sewage sludge : 0.5 zeolite),
o — fertilizer-3 (1 sewage sludge : 0.75 zeolite), 6 — fertilizer-4 (1 sewage sludge : 1 zeolite)

Ta6amnma 2 / Table 2
Baunsame ymoopurensieix cmeceii ma ocrnose OCB 1 mieomTa ma aeMeHnTh CTPYKTYPH YPOsKast
7 TTPOYKTUBHOCTH MacanaHbiX Ky aeryp / Influence of fertilizer mixtures based on sewage sludge
and zeolite on the elements of the crop structure and the productivity of oilseeds

Bapuanr RonuuecrBo cemsiH, Macca 1000 CpefiHsisi YpOrKaiiHOCTh,
Option mT./pacrexue CeMsIH, I T/ra
Number of seeds The mass of 1000 | Average productivity,
on 1 plant, pieces seeds, g t/ha
Paric sipoBoii / Spring rape
Kourposn / Control 200+40 3,35+0,29 1,05+0,12
OCB / Sewage sludge 260+31 3,43+0,25 1,23+0,07
Ynobpenne-1 / Fertilizer-1 277+36 3,46+0,23 1,31+0,11
Ynobpenne-2 / Fertilizer-2 290+40 3,01+0,26 1,39+0,15
Vnoopeune-3 / Fertilizer-3 330+40 3,98+0,24 1,49+0,10
Ynobpenne-4 / Fertilizer-4 285+36 3,08+0,23 1,41+0,08
[Tonconneunur / Sunflower
Kownrpoas / Control 1015+13 45,2+0,23 2,16+0,06
OCB / Sewage sludge 1194+13 49,9+0,21 2,31+£0,10
Ynoopeune-1 / Fertilizer-1 1209+11 51,4+0,18 2,37+0,08
Ynobpenmne-2 / Fertilizer-2 1224413 51,6+0,12 2,48+0,06
Ynobpenne-3 / Fertilizer-3 124748 52,0+0,20 2,68+0,07
Vnobpeuune-4 / Fertilizer-4 1238+8 51,8+0,21 2,50+0,05
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Tadomuma 3 / Table 3

Bnustaue ypoopuresnbabix cmeceii Ha ocHoBe OCB u 11eonTa Ha YpoBeHb 3arpsi3HEH IS IO BB
onpitHoro yuacrka / Influence of fertilizer mixtures based on sewage sludge and zeolite
on the level of soil contamination in the experimental area

Bapuanr YA Cu Pb Cd Cr Ni Rospdpunmnent Z,
Option Coefficient Z,
fIposoii paric / Spring rapeseed
Ronrponn 259 16.4 10.1 0.25 16.3 71 1.00
Control 1,00 1,00 1,00 1,00 1,00 1,00 ’
0CB 34.3 22,5 1.3 0.32 254 9.4 997
Sewage sludge 1,32 1,37 1,12 1,28 1,56 1,32 ’
Vnobpenue-1 33.0 219 111 0.31 249 9.2 978
Fertilizer-1 1,27 1,34 1,10 1,24 1,53 1,30 ’
Ynobpenne-2 31.7 20.7 11.0 0.30 240 8.8 9 48
Fertilizer-2 1,22 1,26 1,09 1,20 1,47 1,24 ’
Ynobpenue-3 30.9 19.5 10.8 0.28 22,7 8.0 216
Fertilizer-3 1,19 1,19 1,07 1,12 1,39 1,20 ’
Vaopenite-4 295 | 190 | 110 | 029 | 225 8.4 511
Fertilizer-4 1,14 1,16 1,09 1,16 1,38 1,18 ’
[Togpcommeannk / Sunflower
Rourposin 25.4 16.6 10.1 0.25 16.3 7.2 1.00
Control 1,00 1,00 1,00 1,00 1,00 1,00 ’
0CB 35.0 20.0 10.9 0.30 25.1 9.6 230
Sewage sludge 1,38 1,23 1,08 1,20 1,58 1,33 ’
Ynobpenue-1 34.1 19.9 10.6 0.28 241 9.0 9255
Fertilizer-1 1,34 1,20 1,05 1,12 1,52 1,32 ’
Vnobpenue-2 33.7 18.7 10.5 0.28 24,1 8.8 236
Fertilizer-2 1,33 1,13 1,04 1,12 1,52 1,22 ’
Ynobpenne-3 329 175 10.4 0.26 22,7 8.5 199
Fertilizer-3 1,30 1,05 1,03 1,04 1,39 1,18 ’
Ynobpenne-4 30.9 16.9 10.3 0.26 22,5 8.4 183
Fertilizer-4 1,20 1,02 1,02 1,04 1,38 1,17 ’

Hpumewanue: 6 wuciumene — 6a.iosoe codepicanue, me/ke; 6 snanenamene — kosfuyuenm ronyenmpayuu (I).
Note: the numeralor is gross conlent, mg/kg; the denominaltor is concentration factor (K ).

CTBIM OCAITKOM cocTaBm 2,97 efi. B arporiernosax
sipoBoro parica u 2,80 efi. B arpoiieHo3ax mojcoJi-
veunnka. [ Ipu BHecennn yodpnTebHBIX cMeceil
3HaUeHe JAHHOTO MOKA3aTessi CHUBUIOCH JIO
2,11-2,78 exg. m 1,83—2,55 ef. cOOTBETCTBCIIIO
B ceNbCKOXO03sicTBeHHON Kyabrype. Cienyer
OTMETHUTD, YTO COJlePIKAHIE B IIOUBE COCIUHEH I
TM HaxoauI0ch B IIPSAMOI BaBUCUMOCTH OT {03 bl
MeJIMOpaHTa B YIOOpUTEIhHOI CMecH.
[TpoBepéHubIil XUMIUYECKIIT aHATN3 MACJO-
CeMsIH SIPOBOTO palica oKasaji, 4To jodaBieHmne
K OCaJIKy 11e0JINTa CIIoCOOCTBOBAJIO CHUMKEHUIO
COMIePRAHIS IIMHKA 1 HUKeJst Ha 8,8 %, mein — Ha
11,5%, xpoma — 10 yposHs KouTposis. Roadpdu-
nueHTel RouTenTpanun TM cocraBuinm B Bapu-
anTax ¢ ygoopureabubiMu cmecsimu 1,00—1,30,
B Bapuanre ¢ OCB — 1,05—-1,35 (rabx. 4).
Hawbonnmue snavenus roaddunmenta
ROHIIEHTPAINK B MacJoceMeHax sipoBOTo parca
OTMEUAJIN 110 MeJ(, CBUHILY, IIMHRY U HUKEJIO.

B cpepmem mo manmoMy morasaresio pm mpu-
venennn OCB B uncTom Buje ObLI BLIEJICH
craemyforuit yonisatormmit psaa: Cu > Zn, Ni >
Pb > Cd > Cr, npu npuMeneHnu yaoo puTes b HbIX
cmeceit ma ocnose OCB u meomura: Cu > Pb >
Zn, Ni, Gd > Cr. RKoappunuent Z ymenbinmi-
cst ¢ 1,89 ef1. B BapuanTe ¢ YMCTBIM OCAJIKOM J10
1,48 ej1. B BapuanTe ¢ MAaKCUMaJILHOT 10301 11€0-
JIUTA B yIOOPUTETLHOI CMECH.

YpoBeHb 3arpA3HEHUS CEMAH MOCOTHEY-
HUKa OBIJI HECKOJBKO BBITIIE, YeM CeMSH spO-
Boro parca — koappunuent Z_ cocrasun 1,99
B Bapmamnre ¢ OCB, 1,52—-1,89 — B Bapmamnrax
¢ YIOOPUTENLHBIMI CMECAMM.

3araueHue
B pa60Te N3y4YeHo BJAnUAHNE y,[LO6pI/ITBJ'IbeIX

cmeceit, cocroamux n3 OCB u meosura, ma 6mo-
MeTpudecKkre 1 OTOCUHTETHYECKIE TTOKA3aTe/ 1
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Ta6amnma 4 / Table 4

Bnustnue ypoopuresnbabix cmeceii Ha ocHoBe OCB u 11eo/iTa Ha ypoBeHb 3arpsi3HeHMs
cemsin MacanunbiX Kyapryp / Influence of fertilizer mixtures based on sewage sludge
and zeolite on the level of contamination of oilseeds

Bapuanr Roopdunment konnenrpanun (K) Roopdpunment Z
Option Concentration factor (K ) Coefficient Z_
Zon | Cu | Pb | ¢ | ¢ | Ni
fAposoii paric / Spring rapeseed
K ;
fonrpoatn 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Control
OCB 115 1.35 112 1,07 1,05 115 1,89
Sewage sludge
Ynobpenne-1 1,12 1,30 1,12 1,07 1,05 1,12 1,78
Fertilizer-1
YaoGpenie-2 1,08 1,25 1,12 1,07 1,02 1,10 1,64
Fertilizer-2
Ynobpere-3 1,05 122 | 142 1,07 1,00 1,05 151
Fertilizer-3
Ynobpenue-4 1,05 1.19 112 1,07 1,00 1,05 148
Fertilizer-4
[Togcomreunnk / Sunflower
Ronrpoa, 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Control
OCB 1,08 1,47 1,24 1,05 1,03 1,12 1,99
Sewage sludge
Ynobpenne-1 1,07 1,45 1,22 1,02 1,02 111 1.89
Fertilizer-1
Yaobpenue-2 1,05 1,41 1,20 1,02 1,01 1,08 1,77
Fertilizer-2
YaoGpenie-3 1,03 1,35 1,17 1,02 1,00 1,06 1,63
Fertilizer-3
Ynobpenue-4 1,02 1,31 1,15 1,01 1,00 1,03 1,52
Fertilizer-4

pacTeHmnii Hanbosiee pacipocTpaHéHHbIX B Psi-
3AHCKOI 00TACTH MACTUIHBIX KYJTBTYP: APOBOTO
parmca m TMOACOMHeUHNKA. Y CTAHOBICHO, UTO
npuMeHeHue yoOpuTeJIbHBIX CMecell TPUBeo K
YBEIMUCHTIO TIOTIAIN JJUCTOBOTO arrapara, uro
TOJTOKRUTEIHITO OTPA3MIOCT Ha MPOTYKTUBHOCTI
arporeHo30B MACJIUYHbIX KYJILTYP. ¥ POKANHOCTh
MacJoceMsiH sSIPOBOrO palica IpeBbicujia KOH-
tpoab Ha 0,26—0,44 v/ra, mopconneynnKka — Ha
0,21-0,52 v/ra. HanbGonpiiee mogoskurebHoe
nelicTBie okasasna yroopurenbias cmech OCB n
eosimra B coornornennn 1:0,75.

[Tpu ucnonwszosanun OCB B rauecrtBe
KOMITOHEHTA YOOPHUTETLHBIX CMECeH B arporie-
HO3aX MACTUYHBIX KYJIBTYP BaXKHBIM arpOdKO-
JOTHYCCKIM TPUEMOM, CHIZKAIONIM TOKCH-
yeckuii agpderr TM, conepsramuxca 8 OCB,
ABJACTCS TPUMeHeHne TPIPOIHOTO copberTa
— I[eoanTa, 00JaatoIero BLICOKON éMKOCTLIO
RrarnorHoro oomMerna. CymmapHbliii RoadduiimenTt
sarpasnenns Z ymenbmmicsa na 0,11-0,41 e,

B BapmanTax ¢ sposwiM pamcom, ma 0,10-0,47 e,
B BapmamnTax ¢ mopconneannwkom. IIpmsrom max-
cuMasbHas 1032 MeJaropaHTa Oblia Hambosee
aPeRTUBHOT.

Tarum obpaszom, suecenne OCB coBmectHo
¢ TIOJUTOM TO3BOJMIO MCIIOAB30BATH OTXOJIHI,
cojtepsrariue 6oJabIT0e KOJMYeCTBO OMOTeHHBIX
DJIEMEHTOB, B CeTLCKOX03AMCTBEHHOM MTPON3BOJI-
crie. [1pn yrunuzarun OCB B kauectBe anbrep-
HATUBHOTO TIPUEMa (PUTOPEMENAIIIT BO3MOKHO
BBIPANIBAHNE MACTUUHBIX KYJILTYDP (SAPOBOTO
parica, MoICOMHEUHIKA ) TIPY YCTOBUT HCITOTH30-
BAHIS MACJOCCMAH HA TEXHIUCCKIE TICJII.
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Rommoer 13 RypmHOTO TOMETa KaK HCTOYHUK YCTOYNBOCTH
MOYBEHHBIX AKTHHOMUIIETOB K AaHTHOHMOTHKAM
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Pazputne nrtuieBojicTBa COIPOBOKIALTCS CYIIECTBEHHBIM YBeINYeHneM 00bEMOB ITPOU3BOIIMOTO KYPHHOTO TIOMETA
7 ero KOHIEHTpaIeil B MecTaX XpaHeHusi, 4T0 TPUBOJUT K 3aTPsi3HEHNI0 ORpYsKalotiei cpefnt. Tpaguimonoii popmoit
YTUIM3AINN TOMETA ABJIAETCA er0 NCII0Ib30BaAHNe B KaYecTBe OPraHnuecKkoro yjpobpenus. Beicokoe cojiepskaniie opraHnKku
1 3JIeMeHTOB MUHEePATbHOTO MUTAHS B KOMIIOCTAX, HPUTOTOBIEHHBIX HA OCHOBE KIBOTHOBOJIYECKUX OTXO/IOB, YIyUIIaer
CTPYKTYPY MOUYBbI 1 CIIOCOOCTBYET MOYBEHHOMY 11710/,0pojnio. OjHaKo, BBULY IINPOKOrO HPUMEHEHNs B HTHIEBOJCTBE
AHTUOMOTITKOB, Y/0OPEH IS HA OCHOBE IITHYbEro MOMETa MOTYT HOBJIUATh HA AHTUOMOTUYeCKIIT Pe3ICTOM ITOUYBHI 11, B ITOTE,
CIO0COOCTBOBATH PACIIPOCTPAHEHIIO YCTONYMBOCTH K aHTHOMOTHKAM CpPefyl KIMHIUYECKN 3HAYNMBIX MUKPOOPTaHU3MOB.
B aroii ¢Bsasn akryanbnoii ABjisgercs oneHKa BIUAHUA ¢BeyKero n (hepMeHTHPOBAHHOIO KYPUHOTrO MOMETA Ha aHTHOMO-
THYECKITT Pe3ancTOM MOYBBI, HCIIOIH3YeMOil B CeJTbCKOXO035IICTBEHHOM TIPON3BOJICTBe. B anHoil padore 1pejcraBieHb!
pes3yJbTaThl CPABHUTEILHOTO UCCAEOBAHIS CIIEKTPOB YCTOUMBOCTHI K ONIPeIeIEHHOMY HA00PY aHTHOMOTIKOB 1 4aCTOTHI
BCTPEUAEMOCTH PE3UCTEHTHBIX K aHTHOMOTHKAM ITAMMOB CPeJiM TUITMUHBIX HOYBEHHBIX OaKTepnii — aKTHHOMUIETOR.
Rysibrypbl akTHHOMUTIETOB BBIJIEJIEHBI 13 KOMITOCTa HA OCHOBE KYPIUHOTO TOMETA 1 JIePHOBO-TTO/I30JINCTOIl TOUYBBI: MTOCTe
YIOOPeHUsT KOMIIOCTOM, B ITPOIecce ero XpaneHus (1o 6yprom) 1 (POHOBOIL, He KOHTAKTIPOBABIIIElT ¢ ITHYBUM TOMETOM
nian KomioctoM. Oripesiesierbl rpyIibl aHTHONOTHKOB, YCTONUNBOCTL K KOTOPBIM CTATHCTUYECKN 3HAUNMO YBEJINYNIach B
pesyJibraTe NCIOIb30BAHNSI KOMITOCTA HA OCHOBE KYPUHOTO MOMETA — TeTPANMKINHBL, pUaMINIIITHLI 1 XUHOJTOHbI.

Karouegote caosa: Kypunniii moMeT, KOMIOCT, JePHOBO-TIO30INCTAs T10UBA, aHTHOAKTepHaIbLHbIe TIPpenaparhb,
Streptomyces, aHTHONOTUYECKUIT PE3UCTOM.

Compost from chicken manure as a source
of antibiotic resistance of soil actinomycetes
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The development of poultry farming is accompanied by a significant increase in the volume of chicken manure
produced and its concentration in storage areas, which leads to environmental pollution. The traditional form of manure
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disposal isits use as an organic fertilizer. The high content of organic matter and mineral nutrition elements in compost
prepared on the basis of chicken manure improves the soil structure and promotes soil fertility. However, due to the
widespread use of antibiotics in poultry farming, fertilizers based on bird droppings can affect the antibiotic resistance
of the soil and, as a result, contribute to the spread of antibiotic resistance among clinically significant microorganisms.
In this regard, it is relevant to assess the effect of fresh and fermented chicken manure on the antibiotic resistance of the
soil used in agricultural production. This paper presents the results of a comparative study of the spectra of resistance to
a certain set of antibiotics and the frequency of occurrence of antibiotic-resistant strains among typical soil bacteria —
actinomycetes. Actinomycete cultures were isolated from compost based on chicken manure and sod-podzolic soil: after
fertilization with compost, during its storage (under the burt) and background, not in contact with bird droppings or
compost. Groups of antibiotics have been identified, the resistance to which has increased statistically significantly as a
result of using compost based on chicken manure — tetracyclines, rifampicins and quinolones.

Keywords: chicken manure, compost, sod-podzolic soil, antibacterial drugs, Streptomyces, antibiotic resistome.

[ItuneBoncTBO 3aHMMaeT B HacTosIee
BpeMs JHUANPYOIine TO3UIIN B CeJThCKOXO0-
3AMCTBEHHOM CETMEHTe HIKOHOMUKU M0 BCEMY
Mupy. YRpyIHeHe TTHIeBOUeCKINX KOMIIIICK-
COB TIPUBOANT K CYIECTBEHHOMY YBeJINYEHNIO
00HEMOB TIPOM3BOJMMOTO MTOMETA U €TO KOH-
IeHTpanum B MecTax XpaHeHus, 4T0 ¢10co0-
cTRYeT 3arpsasHenunio okpy:ratotieit cpesb (OC)
" HAPYIITeHN O 9ROJIOTTYeCKOT0 COCTOSTHUS Tep-
PUTOPUIL, MIPUMbIKAIOIINX K ITUIEBOUECKIM
npepnpustusm [1]. Muposas u oreuecTBeHHast
MPAKTUKA MOKA3bIBAIOT, YTO HanOoJIee TpajiuIm-
OHHOIT GOopMOTT yTHIM3ATIUET TTUYbETO TTOMETA
SABJISIOTCS UCIIOJBb30BAHIE eT0 B Ka4ecTBe opra-
Huaeckoro ynoopenus. Comepsrarimecst B 1mo-
METe BeIecTBa yaydIaioT CTPYKTYPY MOUYBEI
7 CIOCOOCTBYIOT YBEJMUEHNTO €6 TIIOMOPOJINS
7 YPOsKAWHOCTH CeJTHCKOX03AMCTBEHHBIX RYTh-
Typ. Coepsranme OCHOBHBIX DJIIEMEHTOB MNTA-
HUS JIJIsT pacTeHnii B TTOMETe 3HAYNTEeNHHO Ba-
pPBUPYET B 3aBIUCUMOCTHI OT €0 B/ (HATUBHBII
U TOJCTUJIOUHBIIT), CTETIeHN ero pasJyioKeHus
" BUJIA ITUIBL. YI00OpuTeIbHas EHHOCTh KYpu-
HOTO TIOMETA MPeJIBAPUTEIHLHO O PeIe/ISIeTCs Cie-
AYIOIUMU JIAHHBIMU 110 COJIePRAHUIO BJIEMEHTOB
MUHEPAALHOrO NMUTAHKA: a30T o0 — 6,2%,
docdop (P,0.) — 3,5%, kamnii (K,0) - 2,1%
oT Macchl cBeskero moméra (cornacuo PJI-ATIR
1.10.15.02-17). Opnako cuIpoit ITUUNI TOMET
ABISACTCS He TOTBKO OBICTPOIeIICTBYIOTIM -
(heKTUBHBIM OpraHmvYecKNM yjo0peHneM, HO 1
OTIACHBIM MCTOYHIKOM 3aTPsI3HEHIS 1 3apaske-
nust OC. K coskanennio, o pasubIiM MpUUnHaMm,
cBoinie 40 MJIH T HaBO3a U NTHUYbETO MOMETA
cOpachiBaeTcs eRerolHO B BOMOEMBI, OaIKu,
JI03KROMHBI, BBI3bIBASI 3aTPSI3HEHNE [TOUBBI, TPYH-
TOBBIX U MTOBEPXHOCTHHIX BOJ [2].

C 11o6OYHBIMI TTPOYKTAMHI TITHI[@BOICTBA
7 SKITBOTHOBOJICTBA CBA3AH TAKON YPE3BHIUATIHO
BasKHBII aciekT, kKak pacipocrpatnerue B OC re-
HOB Pe3ncTeHTHOCTH K anTnonornkam (antibiotic
resistance genes — ARGs), 0marogaps copocy
B OC 0TXO0/10B ;RU3HEIEATENBHOCTH CeThCKOXO0-
3SITCTBEHHBIX JKITBOTHBIX, TTOJTY4aBITNX aHTHOMO-

TURY JJIs1 JTedeHust, TpoduaakTiHKy 3a00eBaHMil
1 B KA4ecTBe CTUMYJATOPOB pocta |3, 4].

Pesynbprarel MHOTHX MCCIeOBAHMIT YKa-
3BIBAIOT HA CYIIECTBOBAHNE CBA3U MEJRILY MMpPH-
MeHeHIeM aHTUOMOTHUKOB B JKUBOTHOBOJICTRE
" pacrpocTpaHeHneM YCTOMYUBOCTH K ITPOTHUBO-
MUKPOOHBIM ITpernaparam y jtofeii [, 6]. ¥Ycroii-
YIBOCTH K AHTUOMOTIKAM YTPOKAET CAMIM OCHO-
BaM COBPEMEHHOI MeIUIUHbBI, 1 B OnKaiinime
MeCATUIeTHs AHTUONOTUKOPE3UCTEHTHOCTh MO-
JKeT cTaTh OoJIee YacToll MpUIMHON cMepTeli, ueM
OoHKoJiorusi. dra mpodjaema 0cobo odbocTpusiach
B cBsi3u ¢ nangemueil koponasupyca SARS-CoV-2
1 ycKOpeHreM 00pa3oBaHis aHTuOMOTHKOPe3 -
CTEHTHBIX MOCHUTAIBHBIX IITaMMOB [7—9].

Bammueiinryto ponb B popMupoBaHnm u pac-
MPOCTPAHEHUN CPei MUKPOOHBIX TOMYIAINI
AHTUONMOTUKOPE3UCTEHTHOCTH UTPAIOT YHUBEP-
caJbHbIe JJIs1 OaKTepuil mporecchl 0OMeHa reHe-
TUYecKoil nHQopMalreil — KOHBIOTAIUS, TPAHC-
opmarus, TpaHCAYRIUA U PEKOMOMHAT M.
B pesynwprare mepemaunm B coctaBe MOOMIBHBIX
9JIEMEHTOB TeHOMa (TPAHCIIO30HbI, MHTETPOHBDI,
[S-snementor, naasmuas) ARG moryT cBobojHO
nupryJanposaTh B ipupoje [10, 11].

[TouBa, Kak ecrecTBeHHass cpefa OOMTAHUS
MUKPOOPTAHNU3MOB, MpeJicTaBiasger coboil pe-
3epByap ycromumpbuix OPM U COJEPIRUT COOT-
BETCTBYIOIIYIO MeHeTHYecKYI0 nHopMarmuio od
yeroitunBocTr K antuonornkam [ 11-13]. Ognaro
pacrpocTpaHeHne YCTOWYNBOCTH K aHTUOMOTH -
KaM B II0YBaX pa3Horo reesuca i, reM 6oJiee, npm
PaBINYHOM CeJIbCKOX035111CTBEHHOM HCIT0JIb30Ba -
HIH, I3YYeHO TOBOJILHO (pparmenrtaprio [14—16].
Bricokme ypoBHU yCTONYNBOCTHU, KAK CPECTBO
CaMO3aIUThl OT pa3pyieHus coOCTBEHHBIMU
AHTHOMOTURKAMM, XapaKTePHBI JIJIsI MUTIeI A h-
HBIX MPOKAPUOT — AKTHHOMUIETOB, KOTOpbHIE
JUUPYIOT CPeJiN U3BECTHBIX B HACTOSIIIEE BPEMsI
MPOMBITIIJIEHHBIX TIPOJIYIEHTOB aHTHOMOTUROB.
SHAUUTENbHBIT BRJIAJ aKTUHOMUIETOB B op-
MUPOBAHUE MOYBEHHOTO aHTUOMOTUYECKOTO
pesucromMa ObLT OTMeYeH HeotHORpaTHO [ 12, 17].
Bposnénnas anTnOnoTNKOYCTOIYNBOCTD MTNPO-
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KO paciipocTpanena cpefn mpejicraBuresneii poja
Streptomyces n obycioBIeHa 0COOEHHOCTSIMUI
CTPOEHVSI BHEITHNX KJIETOUYHBIX TTIOKPOBOB, TIpe-
MATCTBYIONUX TPOHUKHOBEHUIO aHTHONOTHKA
B KJIETRY, U HAJIMYUeM pas3/JindHbIX Hecrenungu-
qecKux apdaore-cucrem, odecrednBaroNnx
yialeHne 13 KIeTKN TOKCHYHBIX JJIs Heé BeIecTn
[17, 18].

[Tenns paborel — cpaBHEHWE aHTUOMOTHYE-
CKOIl Pe3rCcTeHTHOCTH TTOYBEHHBIX CTPEIITOMM-
I[ETOB PN MCIIOJIH30BAHNN KOMIIOCTA HA OCHOBE
KYPUHOTO TIOMETa B KayecTBe OPraHm4ecKoro
yA00peHus Ha IePHOBO-TIO30JUCTOI TTOUBE.

MarepuaJibl 1 METO/IbI HCCACTOBAHUSA

OO6pasiibl JI1s1 BBIJIEJIEHUs YNCTBIX KYJIBTYP
AKTUHOMWIETOB B pabore OBIIN TTPECTABICHDI
CJIeLYIOTIIME cyOcTpaTaMu: MHTaKTHAS [IePHOBO-
MOI30JICTast MOYBA; 0YBA, OTOOpaHHAS O]
OypTOM KOMIIOCTA; KOMITOCT Ha OCHOBE KYPUHOTO
nmoMéra; movBa mnocjie BHeceHus: Komrocra. M3
KasK/0T0 00pasiia npu MUKPOOMOJIOrnYecKoM
moceBe Ha Ka3eMH-TJNIEePUHOBLII arap ObLIO
BbIJIeIeHO He MeHee 1D mTaMMoB ¢ THITHYHBIMI
st pojia Streptomyces KyJAbTypaabHBIMI U MOP-
domormuecknmu mpuzuarkamu [19]. Beibopouno
IMTaMMBbI UIeHTHEUIIPOBAJIN ¢ TOMOIIBIO METO/A
MosteRyIsspHOTl dustorernn. [lepsuunbiii cpas-
HUTEJbHBIIT AHAJII3 TOJYYeHHBIX HYRJIEOTHTHBIX
nocaepoBarenbrocreii pparmenra 16S pPHR
(OO0 «Cunros», 1. MockBa) ¢ nocJjepoBaresib-
nocTsimu 13 6asel farabix Gen Bank mposounm
¢ nomortpio mporpammbl NCBI BLAST (http://
www.ncbi.nlm. nih.gov/blast). Ilapaoe Bripas-
HUBAHUE TOCTE0BATEIHBHOCTEN OCYIIeCTBISIN
¢ omotibio mporpamMmmbel LALIGN (https://emb-
net.vital-it.ch/software/ LALIGN_form.html).

Jloist orrpesiesieH st 9yBCTBUTETLHOCTH BhIJIE-
JIEHHBIX KYJIBTYP K QHTUOMOTIKAM UCITOJIb30BAJII
nuckn nupukaropueie [[U-11J1C-50-01 o TV
9398-001-39484474-2000 (HUID, Poccus,
CII6) ¢ anTudnoTMKaAMM B CJICAYIONNX KOHIIeH-
rparusx: 30 mrr kanamuiuma (KAH); 20 mkr
amorcnmmmna (AKK); 30 Mmrr namuankcoBas
kucaora (HR); 1,25/23,75 mir tpumerornpum/
cysibpamerorcazon (TC); 30 MKr TerpanuriInH
(TET); 30 mrr crpenromunma (CTP), 5 mir
pudpamnumnun (POM); 300 EJ| nonmumukcun
(ITM); 15 mrr muaromutina (JIHR), 15 Mmkr azu-
rpomutinn (APH), 30 mxr negrpuakcon (1[PO).
Tectuposasnn ne meree 15 TpUPOXHBIX M30JTATOB
u3 Kaporo oopasma. OukcupoBain Beandnny
IMaMeTpoB 30H MHIMOMPOBAHNS pocTa M30-
JATOB KaKIBIM aHTHOMOTHKOM B COOTBETCTBUU
C MHCTPYRINEH K TeCT-cucTeMe.

Ha ocHoBe raiibix o Beindnie 300 WHIOM-
pOBaHUs AHTUOMOTUKAMI POCTA CTPEHTOMUIIETOB
OblJIa TIOCTpOEHA TeryioBasi Kapra aHTUOMOTH -
YeCKIX Pe3rcTOMOB B Pa3HbIX cybcTparax ¢ me-
MOTb30BAHUEM DJIIEKTPOHHOTO ceppuca https://
build.ngchm.net/NGCHM-web-builder/# [20].

B Boiboprax n3onsToB paBHOro 00bEéma, 1mo-
JYUYeHHBIX 13 PA3HBIX cyOCTPATOB, ONPE/eIsIn
Takske J0J10/BeTpedaeMocth (%) pesmcrent-
HBIX K KayKIoMy aHTuOmotury mrammon. O0-
paboOTKY pe3yabTaToB OCYIECTBIISIIN METOaMI
HermapaMeTpuyecKkoil CTaTuCTHKN ¢ TTOMOIIHIO
OHJIANH-KaJIbRYIATOpPA cratuctukm Statistics
Kingdom (http://www.statskingdom.com). [{ns
MOTIAPHOTO CPABHEH ST BADUAHTOB NCTIOTh30BATN
U-xpurepuit Manua-Yuruu.

Pesyabrarel n o0cy:kuenme

B obmieit cinomuocTn U3 MECaeAyeMbIX
cyOoCcTpaToB OBIIO BBIEACHO B YMCTYIO KYJb-
Typy 64 OarrTepun ¢ XapakTepHLIMU [IJIsS Poja
Streptomyces MUKPOMOP(OTOTHUCCKUME TIPH-
3HaKammn: HehparMeHTHPOBAHHBIN CyOCTPATHBII
7 BOBJLYIITHBIT MUTIEJINI, IJTNHHBIE TIeTIOYKI CITOP
Ha BO3JLYITHOM MUIEJANNI U OTCYTCTBUE CIIOP Ha
cyoerparnom mutiesiin [19]. Beibopounbriii ana-
nu3 pparmenton rena 16S pPHKR y usonsrtos
[AHHOTO MOP(OTHIIA TOJITBEP/III, YTO BbIJIeJIEH-
HbIE RYJIBTYPbI SIBISIIOTCS TTPEJICTABUTESIMEI PO
Streptomyces, cemenictsa Streptomycetaceae, mo-
psiiika Strepltomycetales, kiacca Actinobacteria.

Hlanee nucro-nudHy3mMOHHBIM METOOM
OTIPEJIeJISIIN Y W30JSATOB YYBCTBUTEIBHOCTD/
PEe3UCTeHOCTh K aHTHOMOTHKAM M3 Pa3JmYHbIX
KJTACCOB M PA3HBIX MEXaHN3MOB JIeiCTBYS, Per-
CTPUPYS BEANUYNHBI 30H MHIHOUPOBAHUS POCTA
KasKI01 KYJbTYPbI OT/eJIbHBIMI aHTHOAKTe P -
aJTbHBIMI TTperiapataMi, B3sITBIMU B RJANHUYE-
CKU 3HAYMMBIX KOHIleHTparusaX. COBORYITHOCTh
MOJIYYeHHBIX JIAHHBIX BU3YaJIM3UPOBAJIN B BUJIE
TeTJIOBOI KapThl, HA KOTOPOW TTPUHAJTIEKHOCTh
OT/IeJIbHBIX N30JISATOB K CCJIelyeMbIM cybeTpaTam
orobpaskerna cJIeyIoNmM 00pasoM: KOMITOCT Ha
ocnoBe wypuuoro nomera (I111), marakruas
mousa (I113), ynobpenuas KOMIIOCTOM MMOYBA
(I114), mouBa moj 6YPTOM KypHHOTO MOMETA
(I115) (puc. 1, em. uB. Braaary 11).

Ananus mepapxmyecKoil KiacTepusarun
64-X MB0JATOB M3 PA3HBIX CyOCTPATOB BBLISABUII
cpen HUX Hajmume TpEX 060cO0TeHHbBIX IPYIIIIL.
[TepBas rpynma oobeaunmia 17 mrammos, mosy-
YeHHBIX KaK 13 NHTAKTHOIT ouBbl (23,4%), Tak
7 3 cyOCTpaToB, B PA3HON CTETIeHN COMPKEH-
HBIX ¢ RypuHbIM momérom. Haubonbiryio posio
(35,4%) cocraBmim M3O0JATHI U3 IIOUYBBI, OTO-
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Opannoii oy Oyprom kypunoro nmoméra (1115).
RonmvecTBo mraMMoB, OJIy4€HHbIX 13 KOMIIOCTA
(IT11) m ynoopennoii kommocrom roussr (1114),
cocTaBuyio B mepBoM Kiacrepe 1mo 17,6%. Pocr
OOJIBITMHCTBA KYJBTYP HTOTO KJIAcTepa B CHIbHOT
cTerneHn NHrIOMPOBAIN AHTUOMOTIKI 13 TPYIIITHI
aMUHOTIMRO3UA0B meporo mokomenns (CTP
u KAH), [1PO, PU® u APH. Beanunna 30u mo-
MaBJAEHUS POCTA CTPEIITOMUIETOB KOJTebamach or
20 10 60 MM B 3aBUCHMOCTI OT TeCT-IIperapara.
Heckonbko peske oTMeueHbI ITAMMBI ¢ BBICOKOIT
gysersutenbHoctbio kK TET, ARIL n TC. Cpenn
KYJIBTYP HepBOTO KJIacTepa B OCHOBHOM ObLIN
HpeJicTaBAeHbl MITAMMBI ¢ YCTOMUMBOCTHIO HE
Oostee ueM K 2—4 aHTHOMOTURAM OJ[HOBPEMEHHO,
auib opuH mramm ([115-2) obnaman ycroitunm-
BOCTBIO K AT aHTUOAKTePUATBLHBIM ITperaparam
OJTHOBPEMEHHO.

Bropyio rpynmy cocrasunm 23 KyJILTYpHI,
M30TMPOBAHHbBIE TIpenMyTecTBeHHO (69,5%) 13
natakTHol moussl ([113) m moussr, oToOpannoit
oy, 6yprom rypunoro nmoméra (1115). Ha oo
MITAMMOB, U30JIMPOBAHHBIX 13 KomIiocta (1111)
u TouBHI, yoopenHoit kommoctom (1114), B atom
rkaacrepe npuxonures 30,0%. Boabmuncrso
KYJbTYP BTOPOTO KJacTepa Tak;Kke IPOsSBUIN
BBICOKYI0 uyBcTBUTETbHOCTHL K CTP, HO cpenn
HIX MPUCYTCTBOBAJIM M YCTOWYMBBIE K aMUHO-
raurosugam popmbl (1114-7). Cyns o menbimm
B CPaBHEHUU C MEPBHIM KJIACTEPOM JuamMerpam
30H nofasienus pocta (or 10 1o 40 Mm), Kyabry-
PBI BTOPOT TPYIIIBI MTPOSBUIIN HOJIBITYIO YCTOT -
qusocth K [[PO, TC, ARIl, PUD® u TET. Cpean
IITAMMOB BTOPOTO KJIacTepa OTMeUYeHbI N30JIATHI,
YCTOIUMBBIE OJITHOBPEMEHHO K IIecTu u Hosee
AHTUMUKPOOHBIM TIperaparaM, XOoTs UX 10Js
B gannoit Beibopke nesbicorkas (13%). [pnu-
MeHeHIe B IITUIeBOJ[CTBE aHTUMIKPOOHBIX Ipe-
MapaToB BeJIET K PacIMpeHno CIieKTpa yCTonum-
BOCTH K aHTUOMOTUKAM Y KUIITEYHbIX OAKTePHIi.
B nonynsuusx Escherichia coli, naosimpoBaHHbIX
OT TBILIAT-0pPOiliepoB, B KOPMOBOI parjimoH
KOTOPBIX M00ABJSIN TPOTUBOMUKPOOHBIE TIpe-
naparsl, 88% uzosnsaToB obsagann, Mo KpaitHei
mepe, ogaum ARG, a y 42% wusonaros Oblia
oOHapysKeHa MHOKECTBEHHAs JIeKapCTBeHHAs
yeroiranBoers (MJIY) [21]. Hammm pesysbrare
COTJIACYIOTCS ¢ OTUMU JTAHHbIM.

B rtpermit knacrep Bomn 24 mramma,
BbIJleJIeHHBIe TTpenmMyinecTBenno (87,0%) ns
cyberpaToB, Hanbogee TECHO COMPAKEHHBIX
¢ KypunbiM omérom: kommocra (1111) u moussr,
ynoopennoit kommoctom (1114). [lons nzonsron
n3 warakTHoi mounsl (I1113) B aTom ®iTacrepe
obLta Hebosbinoil (12,5%). 3ousl nHTHONpPOBa-
HUs pocTa OONLITUHCTBOM TECT-aHTHOMOTIRKOB

Yy HITAMMOB DTOTO KJacTepa OTCYTCTBYIOT WJIN
He rpesbimaiot 10 My, uTo cBUETENBCTRYET 00
YCTOMUYMBOCTH RYJIBTYP K J@HHBIM aHTHOAKTe-
puaabHBIM TIpernaparaM. BbICORYO 4yBCTBU-
TeJILHOCTH (30HBI MHTHOUpOBaHus — 20 Mm) Bee
MITAMMBbI ATOTO KJIacTepa mpojeMOHCTPIPOBATI T
TOJBKO K aHTUOMOTUKAM U3 I'PYIITIbI aMUHOTJIN -
ro3uyoB (CTPu KRAH), a otyieibHble RKYJIBTYPbI —
R APH, TC u I1PO. [lItammbr TpeThero kiracre-
pa ormyaia MeHbImasi (30HBI MHTHOMPOBAH IS
<10 MM), yeM B MepBBIX JIBYX KJIacrepax, 4yB-
CTBUTEJILHOCTH K aHTHOMOTHKAM W3 TPYIII Te-
rpamuraunon (TET), B-nakramos (ARIL) u pu-
damvnumuua (PU®). Kpome Toro, mosst KyJabsTyp
€ YCTOMUYMBOCTHIO K IIeCTN 1 Hosiee rpernaparam
oguoBpemento (37,5%) B TperbeM Kiacrepe
oKazaJsach 110YTH BTPoe H0JIibIIe, 4eM BO BTOPOM
(13%). O6 yBennueHU OTHOCHTETBLHON JIOJIH
oarrepuii ¢ MJIY B ynoOpsieMbIX KypuHBIM 10-
METOM ITOUYBAX cOOOIANN 1 ApyTrue aBTophl. Taxk,
B pesyJsibrare yao0peHns miaHTammii caxapHoro
TPOCTHUKA KypuHBIM momérom 67,7% (88/130)
MOYBEHHBIX UBOJATOB Oarrepuii pona Enlero-
coccus spp. npuodopesn MJLY, rorma kar o ero
BHeceHus B nmouBy MJIY xapawkrepmszoBaniuch
maunib 10% (13/130) nousenHbix uzoasTos [22].

Tarkum obpazom, M3OJATH U3 CyOCTPATOR
[TM11 u [114, Tecro cONPsKEHHBIX ¢ KYPUHBIM
MOMETOM, OBLIIN COCPEIOTOYEHBI B TPETheM KJia-
crepe (21 mramwm), 3 cyberpara 1115, memee
TECHO COMPSIKEHHOTO ¢ KYPUHBIM TTOMETOM,
pacipejiesieHbl MesKIY HepBbiM (6 KyJabTyp)
1 BTOPBIM (8 KYJIBTYP), & UBOJATHI, aCCOIMNPO-
BaHHbBIe ¢ WATAKTHOW TouBoii [113 (16 kynwTyD),
OBLIN TIPEeJICTABICHBI BO BCEX TPEX RJacrepax
B coorromenun o : 8 : 3. M3 sroro caemyer, uro
RYJBTYPbHI CTPENTOMUIETOB, BhIleIeHHbIC U3
cyocerparon 1111 u 1114, obnaganu cxopHbIMI
XapakTepuCTURAMI aHTUOMOTHUECKONI YCTOM -
YUBOCTHU, PE3KO OTJANYAIONINUMU UX OT U30JISITOB
uHTakTHOIT 110uBbl (1113) n moussl noj 6yprom
KYPUHOTO 1ToMéTa, PepMEeHTHPYEMOro B KOMITOCT
(I115). Xorsa B mociexHem ciaydae MexaHmyde-
CKOTO TIepeMeIinBanus KOMIIOCTa ¢ TIOYBOIl He
MPON3BONIOCH, HENIb3sI NCKIOUYNTH BEPOST-
HOCTH TIPOCAYMBAHNA BJIArU CKBO3b cyberpar,
o0orauéHHbIl OAKTePUAMM, YCTOUYUBLIMI
R AHTUMUKPOOHBIM ITperaparam, u mocaeayio-
MUIT TOPUBOHTAIBHBIN MePeHOC TeHOB aHTH-
ouornkopesucrenTuoctn (ARG) B kaeTkn nou-
BEHHBIX MITKPOOPTAHN3MOB.

Hapsity ¢ anaim3om n3MeHYNBOCTH 30H MH-
ruOupoBaHMsE POCTA UBOJSATOB OIIHUM 1 TeM jKe
HAabOPOM TeCT-aHTUOMOTUKOB, OTIPEesIsIN Ya-
CTOTY BCTPEYAEMOCTHU U30JISATOB € YCTONYHBOCTHIO
K aHTuOaKrepuaabHbIM IIperapaTam B BLIDOpKax
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Puc. 2. AHTuOMOTHROrpaMMBI H30JISITOB CTPEIITOMUIETOB 113 pasdHbIX cyocrparos: 1 — kanamyecin,
2 — rifampicin, 3 — trimethoprim/sulfamethoxazole, 4 — tetracycline, 5 — nalidixic acid, 6 — lincomyein,
7 — polymyxin, 8 — amoxicillin, 9 — azithromycin, 10 — ceftriaxon, 11 — streptomycin
Fig. 2. Antibioticograms of streptomyces isolates from different substrates: 1 — kanamyecin,
2 — rifampicin, 3 — trimethoprim/sulfamethoxazole, 4 — tetracycline, 5 — nalidixic acid, 6 — lincomyein,
7 — polymyxin, 8 — amoxicillin, 9 — azithromycin, 10 — ceftriaxon, 11 — streptomycin
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paBHOTO 00'bEMA, TOJYUEHHBIX M3 KaMKI0TO MC-
caemyemoro cyocerpaTa. B pesucrome mHTaKTHOT
MTOYBBI BCTPEUYAEMOCTh YCTONYMBBIX B CPEJIHEM 110
AHTHOMOTHRAM KYJIBTYP cocraBmia 30% (puc. 2).

B paspese oriesibHbIX TPYIIT AHTUOMOTHKOB
¢ HanOOJIbINell YaCTOTOI B BHIOOPKE OTMEUYeHbI
M30JISITH ¢ YCTOMUMBOCTHIO K CyTb(annmaMuam
(84,6%) m xunononam (76,9%). Nsonsrer, pesu-
crentnbie K ammaorankosugam (KAH n CTP),
B WHTAKTHOI MTOYBe He BRIABICHBI. AHTHONOTH-
YeCKII pe3ncToM B 00pasiie mouBbl, 0TOOPaHHOM
1071 6ypToM hepMeHTHPYeMOT0 KyPITHOTO TTOMETA,
OTJIMYAJICA B CPABHEHWN € MCXOAHON TTOUBOI
He3HAYNTeJIbHO: BCTPEYAEMOCTh YCTONUMBBIX
K aHTHOMOTHKAM U30JATOB Bo3pocaa o 41,5%,
B BBIOOPKE OTMeUeHbl OT/[eJbHbIe YCTOUNBbHIe
Kk CTP mrammbr (7,7%).

Bosee cymecTBeHHBIC OIS OT PE3NCTOMA
MHTAKTHOI TTOYBbHI BHISIBJICHBI [IPU OTIPeJleIeH I N
AHTUOMOTUYECKON YCTONYMBOCTU CTPEIITOMU -
MeTORB, ACCOTMMUPOBAHHBIX ¢ CAMUM KOMIIOCTOM.
BerpeuaemocTh yeTONMUMBBIX K aHTUOAKTE-
pUaIbHBIM TIpernapaTaM M30JATOB COCTaBMIA
B cpefaeM 1o antnonornkam 61,5%, 1. e. Oblaa
MarcuMaabHoil. [lomaproe cpaBHenne anTnomo-
TUYECKIX PE3NCTOMOB NCCIe/yeMbIX CyOCTPATOB ¢
nomoribio U-kpurepust Manna- Yutau nokasaio,
4TO YacToTa BeTpeuaeMoctu yeroitunpbix K PUD,
TET n HK ¢opm B KoMIIOCTE 113 KypUHOTO TIOMETA
CTaTUCTUYECKI 3HAYNMO BhITIIe, 4eM B MHTARTHOI
mnouBe. IMmnupuyeckue suavenus U-gpurepus
Manna-Yurun (U ) cocrasuin aias PUO, TET

n HK COOTBeTCTBémHHO 47, 65 u 87,5, nupu Kpu-
Tndecknx 3navennsax U ((JKP), COOTBETCTBEHHO
pasubix 71,71 (p=0,01) u 89 (p = 0,05).
JlocroBepHas pazuutia 1o yacrore Berpeuae-
MOCTH YCTOWYMBBIX MITAMMOB K HEKOTOPBIM 13
UCTBITAHHBIX aHTUOMOTUROB Obla 00HApYsKe-
Ha TaKyKe MeyKIYy MCXOJHON ITOYBOIl U MOYBOM,
YIOOPEHHOT KOMIIOCTOM Ha OCHOBE (hePMEHTH-
poBammoro Kypuroro noméra. Cratucrnaeckn
3HAYNMOC YBEJTNUEHNEe BCTPEUACMOCTH YCTOM-
YUBLIX M30JATOB B YOOPEHHON TTOUBE OTMEUETTO
B OTHOTIICHIN TEX Ke aHTHOMOTHICCKIX TTperapa-
ros: TET (U, =53,5;p>0,01), PUD (U =62;
p=0,01)n HR (U, =76,5;p>0,05). B cpennem
110 IIperaparam BCTPeuyaeMOCTh YCTOMUMBBIX N30-
JIATOB cOCTaBMIA B yIoOpeHHo mouse 53,0%.

3axioueHue

Takum obpazom, aHTUONOTUYECKIE PE3N-
CTOMBI KOMITOCTA W3 KYPUHOTO TTOMETA W yJI0-
OPEHHON MM TTOUBHI TTPOABIIN MEKTY 00O TT0
PacCMOTPEHHBIM XapaKTePUCTHRAM BBICOKOE
CXOJICTBO, TOT/IA KAaK PE3MCTOM TTOUBLI, OTOOpam-

HOTI TI0J1 Oy PTOM KYPUHOTO TTOMETA, 3HAYNTEIHHO
OTJIMYAJICH OT HUX U ObLT OJIUKE K Pe3sucToMy
WHTAKTHOW MOYBHI.

Coueranme B OlleHKe aHTUOMOTHYECKUX
pPe3ncTOMOB JIBYX KpPUTEpHEeB — M3MEHUYUBOCTU
30H MHTUOMPOBAHMUS POCTA M3OJATOB aHTHOAK-
TepUATbHBIMI TIperiapaTaMu i 4YacTOThl BCTpe-
4aeMOCTH B BLIDOPKAX paBHOTO 00'bEMa M30JISTOR
¢ YCTOWYMBOCTHIO K ATHM 3Ke Tperaparam, mo-
3BOJINJIO BBISIBUTH aHTHOMOTUKE, YCTOWYNBOCTD
K KOTOPBIM CpeJiu MOYBEHHBIX OaKTepuii poja
Streptomyces cTaTHCTUYECKNA OCTOBEPHO BO3-
pocsia B CBSA3H ¢ MCIOTH30BAHNEM KOMIIOCTA 13
RYPUHOTO 1MOMETA. ITO — TETPAIMKIAUHBI, PU-
baMnuIHBL 1 HATUAMKCOBAsT KICJI0TA (TPyTIITa
XUHOJOHOB). B nureparype panee oTMeuaioch,
4TO IPUMEHEeHMe NMTHYheTo MOMETa B KayecTne
OpraHMYecKoro yjloopeHusi puBOJUT K yBeJ-
YEHUTI0 YaCTOThl BCTPEUAEMOCTH B MOYBE T€HOB
YCTOMYMBOCTH K TeTPAIMKJINHAM U B-TakTaMam
[23]. Hamm pe3ynbraThl COBITAIAIOT ¢ TPEJbITY -
MUMI TaHHBIME B OTHOIIEHUN TeTPAIMKINHA,
Kak rnpernapara u3 Hanbosjee MMPOKO MCIOJb-
3yeMoro Kjacca aHTHOMOTHKOB B BeTepUHAPUH
n Mepuinie. Pasnuansa B oTHOMIEHUY JPYTHX
RJIACCOB aHTUOMOTHKORB, CROPEe BCEro, 00yCI0B-
JIeHbI CIIEKTPOM KOHKPETHBIX TTperapaToB, pu-
MeHsIeMbIX Ha TOM WU WHOM TTHIEBOYECKOM
HpeIIPUsITUN.

NaBecTHO, 4TO aHTUOMOTU KN UCITONB3YIOTCS
IS JIedeH st Win mpouiIakTuKy 3a00aeBaHmil
y 60-80% momamuero ckora B CIIA [24].
B Rurae cenbcroe X03581CTBO 1 A KUBOTHOBOICTBO
norpedsstior He meree 100,8 Toic. T aHTHOMOTHKOB
eskeronto [25]. B Poccun sxuBoTHbIC €3KeroiHo
YIOTPeOJISTOT OKOJIO 3, THIC. T AHTHOMOTHRORB, 13
uux 23% — st nevervist u npodunarturu, 19% —
B KayecTBe CTUMYJATOPOB pocta, 36% — Kak
poTHBONapasuTapubie mpemnaparsl, 22% — Kar
npodunarruieckne cpefacrsa [26]. ITpemaparst
AHTUOMOTUKOB, BBEJIGHHbIE B PAIlUOH NTHIHI,
OKa3bIBAIOT CTUMYJIMpYIOIee JelicTBIe Ha eé
pocT, SITATIEHOCKOCTH 1 3PEPERTHBHOE NCITOJIH30Ba -
Hue kopma [27]. Bmecre ¢ Tem, BHeceHUe B IOUBY
YIOOPUTETHHBIX KOMITOCTOB, TPUTOTOBICHHBIX
Ha OCHOBE OTXOJ[0B MTHUIEBOICTBA M JKUBOTHO-
BOJICTBA, MOKET CII0COOCTBOBATH 00OTAICHIIO
MOYBEHHOTO MIUKPOOMOMa GaKkTepusiMu, yeroii-
YUBBIMI K aHTHOMOTHKAM, IITITPOKO NCITOTh3Ye-
MbIM B BETEpUHAPUH, CO3/IABAs DROJOIMUCCKIUIT
pesepByap ycToHunBOCTH K TPOTUBOMUKPOOHBIM
nperaparaMm ¢ HOTEeHIMATbLHBIMI PUCKAMU JIJIs
310poBbs uenosera n OC.

B cBs13u ¢ aTum 1es1ecoobpasHo B parmoHax
KOPMJICHUST JKUBOTHBIX 3aMEHSATH, 10 BO3MOJK-
HOCTH, aHTUOMOTURN HA POCTCTUMYJIUPYIOTITE
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ROpMOBbBIe o0aBKU, GUTOOMOTUKHU, TTPOOIO-
THYeCKMe 1 npeduoTnmueckue npemaparsl |28,
29]. Beszomacubie 106aBKM HA OCHOBE TTOJIE3HBIX
MUKPOOPTAHN3MOB 1 OMOJTOTHUYCCKN aKTHUBHBIX
BEINECTB PACTUTENIHHOTO TTPONCXOMKCHIST OKA3bI-
BAIOT MOJOKNTENIHHOE BO3ICHCTBIE HA 3[IOPOBHE
7T COXPATHOCTD MOTOJOBDS, TOKABATETN TPOTYK-
TUBHOCTU 1 KA4ecTBO mpojyKiuu [27].

Rpowme Toro, ipm nemonb3oBannm MTHULETO
MOMETa 11 YOO PeH s CeJIbCKOX035ICTBeHHbIX
MOYB HEOOXOMMMO MPUIePIKIBATHCS OTIPE/eJICH -
HBIX [TpaBIJI oprannsariy arposan/madra. Tax,
MPU UCITOTBL30BAHNY JIJIST YIOOPEH S TOACTUIKI
c nruredepm B HerlaBHeil padbore OblIa MoKazaHa
BBICOKASA d(PPEKTUBHOCTH B CHUKEHWN PUCKOB
murparnun ARG B ¢cTOUHBIX BOJIaX Pas3aeanTesh-
HBIX OYyPepHBIX MOJ0C ¢ MOJCEBOM MECTHBIX
crenubix tpas [30]. Hannume amamormamnix
oydepoB u3 tpassl Panicum virgatum L. cau-
skagio copepskanne ARG B crouHbIX Bojlax 1mocJie
BHeceHns ceuHoro Hasosa [31]. Takmm obpazom,
cO3/laHne Y3KNX M0JIOC 13 MECTHBIX TPaB 1 pas-
HOTpaBbs B 00bEMe D—25% or ob1ell momam
moJjiell ceJqbCKOX03AMCTBEHHOTO HAa3HAYCH U S
MOKHO paccMarpuBaTh KaK HPUPOLOOXPAHHYIO
MPAKTUKY U PeajibHYIO MePCIeKTHRY B yIydIie-
nun kavectBa OC B arposrocmereMax B CBSA3N
€ UCTTOTb30BAHIEM OPTAHUYCCKIX YIOOPeHHT Ha
OCHOBE sKMBOTHOBOUECKIX OTXOJIOB.

Paboma evinoanena 6 pamrax zocydapcmeen-
noeo 3adanus Ub OUI] Komu HI] YpO PAH no
meme «Cmpykmypa u cocmosanue KOMROHEHINOG
MEXHOEHHBLY IKOCUCTNEM NOO3OHBL I0JICHOIL Maileiy,
nomep 2ocydapcmeennoi pezucmpayuu ¢ EI'UCY
Ne 1220401000325.
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OrneHKa 3aCOPEHHOCTH MOCEBOB MIITEHUIBI 110 T€000TAHNYECKIM,
HA3€MHBIM CIIEKTPOMETPUYECKUM M CITYTHHKOBBIM JIAHHBIM
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B pabore orncana BO3MOKHOCTD HCIIOTB30BAH NS JAHHBIX HA36MHOTO CIIEKTPOMETPUPOBAHNUS 1 CITYTHUKOBBIX CHUMKOB
rpynmnuposkn PlanetScope BbICOKOTO ITpOCTPaHCTBEHHOTO Pa3PeIeH st JI7Isl OIleHKN 3aCOPEHHOCTI TOCEBOB 3ePHOBBIX KYJIb-
typ. Jlist gerudpupoBaniist KOCMIYeCKIX CHUMKOB 1cnofb3oBasn Beretarnonubiii magerc NDVI (Normalized Difference
Vegetation Index). Buosornueckast orenka crermernn 3acopeéHHOCTH TOCEBOB OMPEJIEIISIIACD 10 YeThIPeX0aILHOM IITKaJe.
B pesynbrate MmoHutopunra noceBos mniieHuis Ha reppuropnn Kpacuosipeckoro HUMCX GOUIL KHIL CO PAH s6sman
1. Mununo (Cpeprsisi Cubups, KpacHosipekuii Kpail) BbIsIBI€HO BIUsIHIE COPHOIT pacturtesbHocTn Ha Beananay NDVI
CeIBCKOXO03ANCTBeHHBIX TToceBoB. ¥Yepenuénnniii NDVI s moceBoB nimenunist ¢ HU3KOM CTENeHbio 3aCOPEHHOCTH BLITITE
NDVI noceBoB mmenniisl ¢ BLICOKOI crenenbio 3acopénuoctn. Ha ocnoBannm cryTHHKOBBIX JIAHHBIX TOCTPOEHBI KAPTHI
npocrpaHcTBeHHOTO pactipenenenust nnperca NDVI B pasnoe Bpems nepnopa ererarun (09.07.2019 u 02.08.2019).
Ha Hux 110cToBepHO BBISBIEHbBI YUACTKI [TOCEBOB IINEHWUIIbI ¢ PA3HBIM KOJNYeCTBOM COPHAKOB. [lokazana BO3MOKHOCTD
netndprupoBaHUs TOCEBOB MITIEHUIIBI ¢ PA3HOT CTeTeHbIO 3aCOPEHHOCTH 110 HA3EMHBIM CIIEKTPOMETPUYECKIM 1 CITYTHH -
KOBBIM JIAHHBIM.

Karouesste crosa: nimennia, sacopéunocts, PlanetScope, NDVI, nazemuoe crierrpomerpupopanie, koadguiiment
CHEKTPATLHOI IPKOCTH.

Wheat crops weediness assessment based on geobotanical,
ground and satellite spectral data
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The paper describes the possibility of using land spectrometry data and high-resolution satellite images of the
PlanetScope grouping to assess weediness of cereal crops. The objects of monitoring were on the territory of the Kras-
noyarsk Agricultural Research Institute of Federal Research Center “Krasnoyarsk Science Center of SB RAS” (Middle
Siberia, Krasnoyarsk region). For interpretation satellite images, the NDVI (Normalized Difference Vegetation Index)
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vegetation index was used. Biological assessment of the degree of crops weediness was determined on a four-level scale.
As the result of monitoring wheat crops the influence of weed vegetation on the value of NDVI of agricultural crops
was revealed. The average NDVI for wheat planting with a low degree of weediness is higher than the NDVI of wheat
plantings with a high degree of weediness. As the result of the analysis of the spectra of cultural and weed vegetation on
July 09, 2019, a difference in the value of the spectral brightness coefficient in the near-infrared region was noted, which
is mainly connected with different structure of plants. For wheat planting with a strong degree of weediness (3 level) in
the near-infrared region, the spectral brightness coefficient reaches 50%), while with a weak degree of weediness (1 level)
below 40%. The NDVI analysis of wheat plantings with different levels of weediness during the whole vegetation period
showed the same dynamics. However, for fields with a low degree of weediness, the NDVI value reaches 0.5 in the middle
of the growing season, while for fields with a high degree of weediness, the NDVI value reaches only 0.35. According to
the satellite data, spatial distribution maps of NDVI were constructed in different time of growing season (July 09, 2019
and August 02, 2019). The areas of wheat plantings with different degrees of weediness are reliably revealed on them.

Keywords: wheat, weediness, PlanetScope, NDVI, land spectral measurement, spectral brightness coefficient.

Bricokast kyabrypa 3emiesnennsi — HeoO-
XOJINMOE YCJIOBUE MOBBIIIEHWS YPOKANHOCTI
TOOBIX CeTLCKOXO03STCTBEHHBIX KYJIBTYP. OiHITM
13 BaJKHENNINX Pe3epPBOB MOBBIIIEHUS TIPO-
AYKTHBHOCTHU CEJIHLCKOXO3SHCTBEHHBIX KYJIBTYP
SIBJISIETCST OT[EHRA CAHUTAPHOTO COCTOSHIS TTOJTei
1 OUHIeHNe UX OT COPHLIX pactenuii [1].

3acopEHHOCTH TTOCEBOB — 0OJIBIIAS MPO-
OseMa, 0COOEHHO TIPU HUBKOM YPOBHE arpo-
TEeXHUKI 1 HeJocTaTKe cpeficTB y pepMepoB Ha
npuobperenue repouruaos. Tum 3acopénnoctu,
pacrpocTpaHEHHOCTh COPHSIKOB B TIOCEBAX, MX
(eHoIOTHS NMEIOT 3HAYNTENbHYI0 Ce30HHYIO
N3MEHUYMBOCTh 13-32 0COOEHHOCTEN TOJ0BBIX
MEeTeOPOJIOTNYeCcKNX YCJA0BUIT, CeBOOOOPOTOB
BOB/IEJIBIBAEMBIX KYJIBTY P, TOUBEHHBIX YCJIOBMIA,
ocobenHocTH arporexHukn [2].

[Tpw perternyn mogoOHBIX BOMPOCOB HAM-
oosee d3PHeRTUBHBIM cpeicTBOM (0COOEHHO Ha
YPOBHE OT/I@IbHBIX PETUOHOB 1 CTPAH) CHYHKUT
MCITONB30OBAHME TEXHOJOTHIT CIIYTHUKOBOTO
MouuTOpUHTa |3, 4]. B GoabimmHCcTBE Ccoryuyaen
CITYTHUKOBBIE JIJAHHBIE HCIIOAb3YIOTCS JIJIsI MO-
HUTOPUHTA CEJNbCKOXO3AICTBEHHBIX YTOMIA,
JULSL OLIeHKU IJIOIa/leil [I0CeBOB CeJIbCKOX03ii-
CTBEHHBIX KYJIBTYP 1 KX COCTOSTHUS, & TAKKE J1JI51
IPOrHO3UPOBAHMS UX YposKaiiHoCTH [J].

Cpeii 3a71a4 TeKYIIET0 KOHTPOJISI COCTOSTHIIST
MOCEBOB CEIbCKOXO03STICTBEHHBIX RYJIBTYP IO
MAHHBIM IMCTAHTMOHHOTO 30H/NUPOBAHIS 3eMITI
(J133) ocoboe mecTo 3annmMaet oreHKa cCAaHuTap-
HOTO COCTOSTHUSI TOCEBOB, T. €. BbIsiB/IeH e (haKTa
3aCOPEHHOCTH KYJIBTYPbI COPHSIKAMMT.

Rax npasuiio, st 911X 3a1a4 npuMeHsIeTCst
METOJIKA OTIpeieJIeHNsI Pa3Inynil B CIIEKTPa/Ib-
Ho¥t orHoceTn sneprernveckoit sprocti (CIIIS)
pacTUTeILHOCTY B TeUEHIe BETeTallmiOHHOTO [epi-
onan nzoopazkenuii nujgexcos NDVI (Normalized
Difference Vegetation Index) moseit, 1o KoTopbiM
MOSKITO CYIUTH 00 mx cocrosnmu |6, 7]. Unmexe
NDVTI mupoko ucriosib3yercst st aHajlmsa co-
cTostHus pacturesbHoctn [8, 9], BRIouast moceBbl
CeJIbLCKOXO03sTcTBeHHBIX KYIbTyp [10].

[lenbio paboTbl sABIsETCS OMEHKA 3aC0-
PEHHOCTH TTOCEBOB TMIEHUIBI 110 HA3EMHBIM
CITEKTPOMETPUYECKUM U CITYyTHUKOBBIM JJAHHBIM
PlanetScope B reuenne BeretarimoHHOIO CE30HA.

O0BbeKTHI 1 MEeTOJbI NCCIACOBAHS

O0BeRTOM MCCIeIOBAHNS SIBJISTIOTCS TOCEBBI
CeNIbCKOXO03SMCTBEHHBIX KYJIBTYP HA TePPUTOPIH
Rpacmosperoro HUMCX ®OUILL KHILI CO PAH
BOman . Mununo (Cpemgass Cubupn, Kpacro-
sApcruil Kpait). UccnepoBansl moceBbl APOBOIi
nerutsl Ceupens (Triticum vulgare) ¢ pazuoii
CTeTNeHbi0 3acOPEHHOCTN Ha yuacTkax No 22 n
Ne 23 (pue. 1) 3a Bererarmonnsiii mepuos 2019 1.
Jlyist oneHKM cTereHn 3aCOPEHHOCTH NCITOJIb30-
BaHbI re00OTaHMYECKIEe, HA3eMHbBIE CIIEKTPOMe-
TpUYecKie u CIIyTHUKOBBIE lanubie PlanetScope.

Jliist Guosiormueckoii ONeHKN CTerneHn 3aco-
PEHVSI TOCEBOB 36PHOBBIX KYJBTYP NCITOIb3YeTCs
BUBYaJIbHBIIT MeTOJ yuéra cCOpHAROB. OH 3aRTIO-
4aercs B TOM, 4TO UCCJIe/yeMOoe [10JIe TTPOXOJISAT 110
JMATOHAJIN 1 Yepe3 PaBHbIE TIPOMEKYTKI Pern-
CTPUPYIOT COPHSIKU BeeX BUOB. [lantbie Hab10-
JIeHITIT OI[eHMBATOT 110 YeThIPeXOAITbHOI ITKAJIe:
1 6ann — cnabast crerneHb 3aCOPEHUs, COPHAKN
BeTpevatores euHndHo (10 0% ot uncaa Kyib-
TYPHBIX pacteHnii); 2 6aana — cpejHss cTeleHb
3acOpeHNsI, COPHSIKN 3aMeTHBI CPeJN KYJIBTYPHBIX
pacrennii (1o 25%); 3 6anma — cuaLHAS CTETeHD
3aCOPeH s, KOJTNYeCTBO COPHSIKOB OJIM3KO K YnC-
Jy KyabrypHbIX pacreruii (o 50%); 4 6amma —
OYeHb CUJIhHAS CTeTIeHb 3aCOPEHIIsT, KOJTUYeCTBO
COPHSTKOB TAKOE 3Ke NI DOJIbITIe, YeM KYJIBTYPHBIX
pacTeHmii, 1 POCT MOCJIETHNX CUIBHO TIO/IABIEH.

OrpaskaresbHble ClIEKTPAJIbHbIE CBOICTBA
HPUPOHBIX OOBEKTOB PUHSTO BbIpaskaTh KOAP-
punmenrtom criekrpanbhoii sproctn (KCH). Ha-
3eMHble n3MepeHns Kod UIMeHToB CIeRTpaIb-
HOTI SIPROCTHU TIPOBOJIMJIN OJITHOBPEMEHHO C I'eo-
ooraunueckumu uccaegosaunuamu 09.07.2019.
Jlnst mpoBeieH s Ha3eMHON CIIEKTPOMETPUN
MCITOJIL30BAIN MTOJEBOI CIIEKTPOMETPUYCCKI T

111

Teopernueckas u npuriaagaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




ATPOIROJIOINA

112

KOMILJIEKC, COCTOAIMI M3 TOJIeBOTO MTOPTATUB-
HOTO criekTpopagnomerpa Spectral Evolution
PSR-1100F, nmopratusroro kommnsiorepa PDA
GETAC, kannbpoBOoUHOTO OTPAKATOIIETO HTATOHA
(Spectral Evolution), mudgposoro goroanmapara
1 COOTBETCTBYIOIIETO ITPOTPAMMHOT0 0OeCTIedeH s
[11,12]. C momMonbio JaHmOT0 KOMILIEKCA TTPOBO-
nuan uaMepenusi Rodp@uimenta crnekTpaIbHOM
aprocTn oobekra B gramasone oT 320 mo 1100 mm.
[Torygenmbie crieRTPHI TMEIOT TPUBSA3KY K KOOP-
numaraMm Mecrroetu mo GPS, Boicore MecToctn,
obecriedeHbl COOTBETCTBYIONEN HOTOCHEMKOT
n ronocoBbiMu 3amerkamu. Mamepenus KRGS
ITOCeBOB MIeHunIbl Bhimoansaau ¢ 11 go 15 vacos
MeCTHOTO BPeMeHU, YTO Ha ITNPOTe TPOBOINMBIX
padboT obecTieumBaIIO TOCTATOUHBIE YCIOBUS OCBE-
HeHIs 00BEKTOB.

Jlinst peminpupoBaHusi CeJibCKOX03sTCT-
BEHHBIX MTOCEBOB € PA3JIMYHON CTEIEeHBIO 3aCO-
PEHHOCTH MCITOTB30BANIN CITYTHUKOBbIE JTAHHBIE
PlanetScope. Rpynueiimas rpynnupoBra
cinyrHukoB Komnanuu PlanetScope mocrasJsier
JAHHBIE BBICOKOTO TIPOCTPAHCTBEHHOTO pasperie-
HIST (3 M) HA e3KeJTHEBHOI OCHOBE CO CITYTHUKOB
Dove [13]. CriekTpaibHbie KaHAI TPEJICTABICHbI
yeThlpbMs iuanazonamu: 430—9515, 500-590,
2990-670, 780-860 Hwm.

Jlns pacuéra NDVI mo ciyTHUKOBBIM JTaH-
ueiM PlanetScope mposeneno ¢opmupoBanme
Habopa oprorpaHcdOpPpMUPOBAHHBIX CHUMKOB
B Onnaiia-cepsuce Planet Explorer 3a Bereraru-
onnnrit mepmop 2019 1., Boiompann «b6e3odmaunbie
maHubie». B Ram0M MOTydeHHOM CHUMKe BCe
CIIEKTPAJILHBIE RaHAJIBI WMEIOT ¢BOW (WH/UBI-
IyaJbHbIe) KaauOpoBOUHBIE KODDOUITHEHTHI.
B mporpamme I'MC QGIS wepes Moy « Rannb-
KYJISITOP PACTPOB» JIJIST KAKIOT0 CHIUMKA Paccum-
ThiBaIM ciieKTpasibibiil nHgaeke NDVI ¢ yuérom

WHANBUYILHBIX Ko duimenton. Ecam Tep-
PUTOPUS COCTOUT U3 HECROJBKNUX CHUMKOB, TO
CHUMKI CITUBAJIN B «GJIUHBIT» PacTp.

[Mudpopas kapra ceJbCKOXO3SATICTBEHHBIX
nosnent m nabop NDVI-caumron 3a 2019 1. mo-
3BOJINJIN TTOJYYUTh CTATUCTUYECKIE 3HAYEHU S
NDVI miisa ®asgmoro mojs B TedeHne BCero Bere-
raruonHoro nepuopa [14].

[To HazeMHBIM CHIEKTPOMETPUYCCKUM U
CITYTHWKOBBIM JJAHHBIM PacCUMTan HOPMAasN30-
BAHHBIN Pa3HOCTHBIN MHJEKC PACTUTEIHLHOCTHI
(Normalized Difference Vegetation Index —
NDVI). Suauenus NDVI paccunrtniBanm 1o

popmyme (1):
NDVI= (NIR-RED) / (NIR + RED), (1)

rie RED — KRCH B kpacHoii vactn Bu-
pumoro gumanasona, NIR — KCfl 6aukiero
NK-usnyuenusi. [{st 3enéH0i pacTuTe/ibHOCTH
nHgexke NDVI o0biuro npuHuMaeT 3HaueHust ot
0,2 o 0,8.

PeByJIbTaTbI n O6cy}l€}1€HI/Ie

CopHbie pacTeHUs WM COPHSIKU — TUKO-
pacryiue pacteHus, oouTaimoIine Ha 3eMJX,
UCITOJIb3YEMBIX B KAUECTBE CeJTbCKOX03SICTBeH-
HBIX yrojiuii. Bpej, KOTOPBI HAHOCAT COPHSKMN,
CBS3aH KaK CO CHUYKEHNEeM YPOKalHOCTH, TaK 1
¢ YXYAIIeHneM Ka9ecTBa CeIbCKOX03AMCTBeHHON
npoaykinu. KynbrypHbie u copHbie pacTeHust
KOHKYPHUPYIOT JIPYT € IPYTOM 3a BOJLY, CBET, IH-
TaTeJbHbIe BEIecTBa 1 T. JI.

Hapucynke 1 (em. 1. srinajry 1) npemcras-
JIeHa KapTa paciosiosKeH s y9acTKOB ITOCeBOB SIPO-
BOI IIITIEHUIIBI ¥ YYACTKOB 0e3 IoceBa ¢ pasjimaHoi
CTeIeHbI0 3aCOPEHHOCTN Ha yuacTrax 22 m 23,

Tadmmuma / Table

Bujibl cOpHSIROB, BeTpevaromimecs Ha MoJisiX ¢ pa3Hoil CTelleHbI0 3aCOPEHHOCTH
Weed species found in fields with different degrees of weediness

Bujbr coprsikos Yucno yuacTkoB, B KOTOPHIX
Weed species BCTPEUAETCST COPHSIK
The number of points at

which weed occurs
[Tpoco coprononeroe / Millet weed (Panicum capillare 1..) 15
Ocor posossiii / Canada Thistle (Cirsium arvense 1..) 16
Mapsb 6enast / White goosefool (Chenopodium album 1..) )
Ocor skénrerit / Thistle common sow (Sonchus arvensis 1..) 9
Jlumyuka orronieipennast / Two-row Stickseed (Lappula myosotis Moench.) 4
Ronomst coprasi / Hemp ruderal (Cannabis ruderalis Janisch.) 7
[Hupnma samporumyras / Red-root amaranth (Amaranthus retroflexus 1..) 4
Oscror oosikaOBeHHbIH / Wild oat (Avena fatua 1..) 4
Onypanunk 00bikHOBeHHbII / Dandelion (Taraxacum vulgare (1..) Webbex F.Y. Wigg.) 1
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T. U. Mucbman, M. 10. boteuy, M. T. EpyHoBa, A1. B. EmMenbsaHOB,
H. A. Oroponos, A. A. LLinexar, A. IN. LLleBbipHOros
«OLeHKa 3aCOPEHHOCTU MNOCEBOR MLUEHULbI MO re060TAHUYECKUM,
HA3EeMHbIM CNEKTPOMETPUYECKMM M CMYTHUKOBbIM AaHHbIM». C. 110.

1 Bamn/ Level
2 bawna/ Level
3 bamra/ Level
4 Bamna/ Level
Tlozne / Field

-1.0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0

§E = I

Puc. 4. Rapra npocrpancrsennoro pacipesenenuss NDVI noceBos mimenuigbt
¢ pasnoii crerenbio 3acopénroctu 3a 09.07.2019 no cnyrankosbiM ganabiM PlanetScope
Fig. 4. Map of the spatial distribution of NDVI wheat crops with different degrees
of weediness for 07.09.2019 according to satellite data from PlanetScope

1 Bamw/ Level
2 baa/ Level
3 Baia/ Level
4 Bamra / Level
Ilone / Field

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Puec. 5. Kapra npocrpancrsennoro pacupesesneruss NDVI moceBos rimesunibi
¢ pasuoii crerienbio 3acopéunoctu 3a 02.08.2019 o cnyranrosbim ganubivM PlanetScope
Fig. 5. Map of the spatial distribution of NDVI wheat crops with varying degrees
of weediness for 08.02.2019 according to satellite data from PlanetScope
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Pue. 2. Criekrpsl oTpasikeHusi IOCeBOB MIMEHIIIH B 3aBUCIMOCTH OT CTEIIEHI 3aCOPEHHOCTN:
No 33 — cmabas creriern (1 6am), Ne 36 — cusrbHast crerensb (3 Gasia)
Fig. 2. The reflection spectra of wheat crops depending on the degree of weediness:
No. 33 — a weak degree of weediness (1 level), No. 36 — a strong degree of weediness (3 level)

B RoTOpBIX oftHoBpeMenHo (09.07.2019) ipoBosn-
JI1 Te000TaHNYeCKIe I Ha3eMHbIe CIIEKTPOMETPI -
yeckne nccaenoanmst. Toukn 1-10 1 41-45 pac-
TOJIO}KEeH bl HA He3acesTHHBIX yuacTKax, Toukn 11—
40 pacrosioKeHbl Ha y4acTKaX ¢ I0CeBaMI sIpOBOIt
MIIEHUIbL. Y4aCTKHU ITOCEBOB HITEHUIIbI ¢ PA3HBIM
KOJINYEeCTBOM COPHSAKOB 0003HAUEHBI CJISTYIOIIIM
00pa3oM: KpacHBIMI M CUHUMUI KPYRKAMU —
¢ HUBKOII crenieHbio 3acopérnoctu (1 m 2 6anna),
JRETTBIMI 1T 3€TIEHBIMI KPY/KRAMI — € BBICOROM
crernenbio 3acopénnoctn (3 m 4 danna). B pe-
3yJIbTaTe UCCIEOBAHBI YIACTKI € 3aCOPEHHOCTHIO
1 6amn — B 9 rourax, 2 6amaa — B 13 Tourax,
3 6asna — B 10 Tourax u 4 6anna — B 8 TOURAX.

C moMonibio reobOTaHMYECKUX MCCIe/0-
BaHMIT oTIpe/ieieHbl OCHOBHBIE BUJIBI COPHAKOB
(rabi.).

[Ipumenenue pe3ynbraToB Ha3eMHBIX O]~
CITYTHURKOBBIX MCCJIEIOBAHIIT HEOOXOMMMO JIJTs
MOBBIIEH ST TOYHOCTH et npUpoBaHUs KOCMU-
4ecKuX cHUMKOB [19, 16]. Opun u3 pe3yibratos
Ha3eMHBIX CIIEKTPOMETPUYECKIX HCCAeIOBAHII
MTOCEBOB MITTEHUTHI co ¢J1adoit (1 6amn) u cruibHoi
(3 basra) crerneHpbio 3acCOPEHHOCTH KOHOTLIEN
copuoit (Cannabis ruderalis Janisch.) mpep-
craBiieH Ha pucyHke 2. VIamepeHus 1poBejieHbl
09.07.2019 B pazy Oyronmsanum — 1BeTeHUs.
XapaKkTepHbIM MPU3HAKOM PacTUTeJIbHOCTI
n eé COCTOSHUSA ABJIACTCA CIeKTpaslbHas oTpa-
JRATEJIbHAS CIIOCOOHOCTD, BEIPAKAIOIASACH Yepes
koappunument siproctu. OrMedeHo pasanune
B BeJanunHe KodunmenTa crnekTpaabHo Ap-

KOCTH KYJBTYPHON W COPHON PacTUTETbHOCTH
B OnmskHell nH@parpacHoii obmacT, Kotopoe,
B OCHOBHOM, CBSI3aHO ¢ PAa3JNIHON CTPYKTY PO
pacrennii. [lyist MoCeBOB MITEHUTIBI ¢ CHILHOM
cTerneHblo 3acopénnoctu (3 d6asna) B OMMKHEN
nndparpacuoit odmactu KCH gocruraer 50%,
TOTrJla Kak co cjaaboil cTerneHblo 3aCOPEHHOCTI
(1 6amn) mske 40%. VisBecTHo, uTo Ha 3HAYCHIS
MHJIEKCA BJIHSIET BUIOBOI COCTAB PACTUTEIbHO-
CTH, €6 COMKHYTOCTh, COCTOSIHIE U THIT TIOUBbI 1TO]]
paspeskerHon pactureabHocthio [17].

Ha pucynke 3 ipejicraBienbl yepeHEHHbIE
snadenust NDVI ioceBoB 1ieHUIbI ¢ pasjinuHO
CTeTeHBIO 3aCOPEHHOCTH, pACCUNTAHHbBIE TT0 JIaH-
HbBIM HA3eMHOTO clieKTpoMerpupoBanms. Tak kak
Ha3eMHbIe CIIeKTPBI CIeJaHbl B HECKOJBKIX 110~
BTOPHOCTAX (HaTIOCEBAX ¢ 3acOPEHHOCTHIO 1 Hatm —
B 9 tourax, 2 6amna — B 13 Tourax, 3 Gamna —
B 10 Toukax u 4 6anna — B 8 rourax) (puc. 1), To
yepennerne NDVI moceBoB mimeHuIbl ¢ pazHoil
CTeIeHbI0 3aCOPEHHOCTH TTO3BOJINIO MOBBICUTH
TOYHOCTH letndpupoBanus. B pesynbrare Bbi-
sABJIeHO, uTo yepepuénubiii NDVI moceBos mime-
HUTHI ¢ HU3KOH CTeTeHbI0 3aCOPEHHOCTI BBITITE
NDVI moceBoB mImeHnbl ¢ BLICOKOM CTEIICHBIO
sacopénnoctu. Beanunna NDVI nocesos mie-
HUIBI 6e3 COPHAKOB 1 ¢ copusikamu B 1 1 2 bajiia
nocruraer sunauenuii (0,75—-0,79), rorga kak
¢ 3aCOPEHHOCTBIO B 3 1 4 Gasia npubiamkaercs
& suavennsam (0,68-0,69).

Ha pucynkax 4 u 5 (cm. 1. Braajary V)
MpeICTaBIeHbl KaPThl TPOCTPAHCTBEHHOTO Pac-
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Puc. 3. Cpennee snauene NDVI 1ioceBoB nimeHuIis ¢ pa3Holl cTerenbio 3acOpEHHOCTH
10 JIAHHBIM HA36MHOTO CIIEKTPOMETPIPOBAHMSA
Fig. 3. The average NDVI value of wheat crops with different degrees of weediness according
to ground-based spectrometry

npepenerns NDVI moceBoB mimeHuIs ¢ pas-
HOIl cTenienblo 3acopénnoctu 3a 09.07.2019 r.
n 02.08.2019 1. B reuenne BererarinoHHOTO Ie-
puojia pacteHus mpoXosAT ornpejienéHubie (e-
Honorndeckue gaswl passurus. [Tpoucxopsime
MpU HTOM M3MEHEHU s OTPAKAIOTCS HA Ce30HHOT
AMHAMUKe X BereTalmoHHbIX nHpeKkcos [18].
Bennunna NDVI saBnsercs mokasaresiem ¢oro-
CUHTETHUYECKN AaKTUBHON OMOMAaCChI: 4eM TeMHee
uset, reM polrie peanunna NDVI i rem 6oanime
ROJIMYECTBO CHIPON HAA3EMHON HUTOMACCH
RYJIBTYPHOU 11 COPHOI pacTutenbuocT. tReéarsim
1 3eJEHBIM [BETOM MTOMEUEHbI TOUKHN ¢ CHUTBLHOI
1 OYeHB CHJILHON CTENEeHBIO 3BACOPEHHOCTH, CH-
HUM W KPACHBIM — TOYKHU cO ¢Jaboil 1 cpeHeit
CTeleHbI0 3aCOPEHHOCTU (PUC. 4, CM. I1B. BRJIAJI-
ry IV). Beicorasi Betmunna NDVI coorsercrByer
OOTLITeMY KOJTMUECTBY CHIPOH Haa3eMHoi 6110-
Macchl KYJIBTYPHBIX pacTeHuil (MIIeHnTbl) Tpn
HU3KOII creriern 3acopéunoctu. Huskas Beanun-
na NDVI coorBercrByer HeGobITOMY KOJIUYe-
CTBY CHIPOIT HANBEMHOI OMOMACCHI KYJIBTYPHBIX
pacTeHuii Ipu BLICOKOIL ¢cTelleHn 3aCOPEHHOCTH.

B aBrycre naumnaercst oduibHOE IBETEHIE
copubIx pacrernii. COOTBETCTBEHHO yMeHbIIa-
eTcsi KOJAM4YecTBO XJ0poduiiia, B CBSA3U ¢ 3TUM
yMmenbIinaercs 3nauenune NDVI coproit pac-
tureanbrocTn. OcoOeHHO HTO XOPOITO BUHO Ha
rapre pacupepeneruss NDVI pacrurenbHocru
3acesIHHBIX 1 He 3acestHHbIX moJei 3a 02.08.2019
(pue. 9, eM. 1B. BRIAARY V).

HRénTbiil HpssMOyroibHUK 0003HaUaeT He3a-
cesTHHOe TI0Jie ¢ COPHBIMU pacterusmu. Ha srom

ydacTKe npeodaaiaiorT TOURN ¢ CUJIBHOM 1 OYeHb
CUJNBHOW CTEMEeHBIO 3ACOPEHHOCTH, KOTOPHIE
0003HAUEHBI KPY;RKAMU JKEITOTO W 3€JEHOTO
nseta. C Ipyroil CTOPOHBI, Ha 3aCeAHHDBIX MOJAX
02.08.2019 mimenna HaXOAUTCS B ¢TI KOHILA
nBererns. Ha lanHblit MOMEHT B Hell COfle PyRUTCST
00JBIITOe KOJANYECTBO XJA0poduiia n, B ¢BA3N
C 9TUM BBIsIBJIEHO BbhicOKoe 3Hauenue NDVI
noceBoB. Orcioia BUHA BO3MOYKHOCTH eTnd-
PUPOBAHUS IO ¢ COPHLIMI PACTCHUSIMU 110
CIYyTHUKOBBIM lanHbiM PlanetScope B teuenune
eprojia BereTaruin.

3arioueHue

JInst o1leHKU 3aCOPEHHOCTU CEJIbCKOXO03511i-
CTBEHHBIX TIOCEBOB MPOBEIEHO Te0OOTAHNICCKOEC
nccyelopanne, Ha3eMHOe CIIeKTPOMEeTPUpoBa-
Hite U Jemu@pupoBane cepunm KOCMUYECKIX
cuumroB PlanetScope B teuenne 2019 ropa na
reppuropun Kpacmosapexoro HUNCX OUI]
RHIL CO PAH Bomusu . Mununo (Cpepmsis
Cubupsn, Kpacnosipcruii kpaii). Ilo pesynbsraram
paccunranbl 3HaveHnst NDVI1oceBOB mmmeHUTIBI
€ pa3Hoii cTereHblo 3aCOPEHHOCTN.

B pesynbrare MOHUTOPUHTA TTOCEBOB 36PHO-
BBIX KYJIBTYD 110 HA3EeMHBIM CTIEKTPOMETPUUCCKITM
1 CIIyTHUROBBIM laHHbiM PlanetScope BoisiBieHo
BIVSHIE COPHOT PACTUTESHLHOCTH HA BEJININHY
NDVI cenbcroxo3s1iicTBEHHBIX TTOCEBOB.

Yepennénuniii NDVI, paccunrannblii mo na-
3eMHBIM CIIEKTPaM, TTOCEBOB MITEHUTILI ¢ HUBROT
crenenbio 3acopénnoctu Boie NDVI mocesos
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HITEeHNUTIBI ¢ BBICOKON CTeNeHbI0 3aCOPEHHOCT.
Bennunna NDVI moceBos nimmenutis 6e3 copHsi-
KOB U ¢ 3acopénnocthio B 1 n 2 6asna pocruraer
snauenuit (0,75—0,79), Torna Kak ¢ 3acopéHHoO-
CThIO B 3 11 4 Gajina npubimnKRaercs K 3HaUeHUsIM
(0,68-0,69).

Ha OCHOBaHUN CITYTHUKOBBIX JTaHHBIX I10-
CTPOEHBI KAPTHI MTPOCTPAHCTBEHHOTO pacipese-
nenust uupexca NDVI B pazHoe Bpems niepuojia
sereranuu (09.07.2019 n 02.08.2019). Ha nnx
JOCTOBEPHO BBIABJIEHbBI YYaCTKU ITOCEBOB IIIIe-
HUIHI ¢ PA3HON CTEMeHbI0 3aCOPEHHOCT.

[Torazana BO3MOKHOCTD TetnnPUPOBAHIS
MOCEBOB 3EPHOBBIX KYJIBTYP ¢ Pa3HbIM KOJUYe-
CTBOM COPHSIKOB 110 HA3€MHbBIM CIIEKTPOMETPH -
YECKUM U CITYTHUKOBBIM JIAHHBIM.
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Size-age and histomorphological indicators of the Arctic grayling
(Thymallus arcticus) of Putorana Nature Reserve
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In waterbodies of high latitudes, ichthyofauna of the boreal foothill complex is highly sensitive to unfavorable fac-
tors. Poorly studied and extremely vulnerable freshwater ecosystems of the Subarctic require an especially close atten-
tion, considering conditions of global climate changes and increasing anthropogenic impact. An important method of
their protection is creation of Specially Protected Natural Areas (SPNA) with purpose of preserving natural ecosystems
in their intact state. However, territories that are not subjects of anthropogenic influence are extremely rare presently.
While studying the Arctic grayling (Thymallus arcticus) of the Irkinda River (the Putorana Plateau), flowing through
the territory of Putorana Reserve, some histopathologies pointing on an unstable ecological situation in this region were
revealed. The noted initial stages of pathological process in branchial apparatus, namely — hyperplasia, aneurysms, fu-
sion of respiratory lamellae, and an increase of cells layers in intercalary epithelium — indicate suppression of respiratory
function. The reproductive system is less affected, but abnormalities are also found in it. Resorption of vitellogenic oocytes
was revealed in 83% of individuals. Moreover, all the males of the Arctic grayling took part in the past spawning, while
the number of spawned females was not more than 67%.

Keywords: histological analysis, Arctic grayling, gonads, gills, Irkinda River, Putorana Plateau.
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Pasmepno-Bo3pacrabie 1 rucroMop@oaornyecKine noKasarean
cudbupcroro xapuyca (Thymallus arcticus)
Ilyropanckoro 3anoBeHuka

© 2023. . C. Hexpacos, K. 0. H., TOI[eHT,

A. T'. Cenroxos, 11. 0. H., Ipoeccop,

Tiomenckruii rocyrapeTBeHHbITT YHUBEPCUTET,
625003, Poccus, r. Tiomens, yn. Borogaperoro, 1. 6,
e-mail: nekrasov.i.s@mail.ru

B Bogoémax BeicOKUX mupor uxruodayHa 60peaqbHOTO HPEJTOPHOTO KOMILIEKCA BEChMa YYBCTBUTEIbHA K
HeOIArompuATHBIM (hakropam. B yeaoBusx rimo6arbnoro m3Menennst KInMara it BO3pacTaioero aHTpomoTeHHoTO BO3IeCTBIS
MaJion3ydyeHHbie n Kpafme YA3BUMbIE ﬂpOCHOBOI[HBIO JKOCUCTEMBbI CyGameKw HYRAI0TCA B l'lpHCTaJTBHOM BHUMAaHNN.
BaskHbIM BIIOM OXPaHBI SIBJSETCS CO3/[aHIe 0000 OXpaHAEMbIX HPUPOJIHBIX TePPUTOPHIL ¢ IeJIbI0 COXPAHEH IS IIPUPOTHBIX
HKOCUCTEM B HETPOHYTOM coctosrimi. ONHako B HACTOSIIEE BPEMs TEPPUTOPH, He MOABEPKEHHbIe aHTPOTIOTeHHOMY
BIUSHIIO, BeTpevyaioTes Kpaiine peiko. [Ipn nceneposann cudupceroro xapuyca (Thymallus arcticus) p. pkuupa (nmaro
[Tyropana), nporerartieii mo reppuropuu [IyropaHCKOro 3amoBe/lHUKA, BbISBIEHBI THCTOTATOJOTUN, YKAa3bIBAIOIIIE
Ha HecTabMIALHYTI0 HKOJOTHICCKYIO CUTYAINIO JAHHOTO pernofa. OTMedeHbie Ha9aabable CTAIII TaTOTOTTIeCKOTO
nporecca B yRabepHOM arapare — THHEPIIa3is, aHeBPU3MbI, CJUSHIE PECIITPATOPHBIX JaMeJJl U YBeJTHUeHne CI0ER
KJIETOK BCTABOYHOTO AIUTENNS — CBUJIETEIBCTBYIOT 00 yrHeTeHNnN pecriupatopHoil hyHKimn. PenpoyrTuBHas crucreMa
Memee Topasykena, Ho 1 B Hell obHapyskennl oTkaomennst. B smunnkax y 83% ocobeit orMedera pesopotiis BUTEITOTeHIBIX
OOIIMTOB 1, €CJIN B ]TpOIHOI[]ﬂOM HOpCCTO npvmmwanm ydyacTue Bce caMIibl CVI6HI)CKOT‘O Xapnyca, TO 1O0JIA OTHC‘I)OCTHRIHVIXCH
caMok He nipesbimaia 67%.

Raiouegote caosa: rucronornyeckuii anains, cuONpermii xapuyc, ronajinl, skadpoi, peka Uprnnpaa, naaro [lyropamna.

117

Teopernueckas u npuriaagaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




MOIIYJIAINOHHAA 9ROJIOT' A

118

Environment stability determines normal
functioning of vulnerable northern ecosystems.
However, climate changes together with
intensifying multi-factor anthropogenic pressure
of recent decades are leading to degradation of
the ecosystems, as well as decrease of biological
diversity and number of species [1]. In this
regard, along with inventory of the key nature
communities in Arctic latitudes, il is necessary
to determine their current morphological and
functional status. In order to establish a full
picture of the ongoing changes, their initial
state should be identified — the “zero point” of
the reference. Specially Protected Natural Areas
(SPNA) are becoming the standard of certain
natural zones, a reserve for subsequent dispersal
of species in impact areas.

Due to native accumulation entity of natural
reservoirs, aquatic organisms are the most
important indicators of environment state. Fish
represent the highest trophic level of freshwater
ecosystems. In terms of the volume of fresh
water, lakes of the Putorana Plateau rank second
after Lake Baikal. They are characterized by a
complexly formed hydro system and a unique
variety of salmonid fish [2]. In northern
waterbodies, salmonids are represented by
arctic freshwater (salmon, whitefish) and boreal
foothill (grayling) faunistic complexes are the
most sensitive to ecological regime changes. As
a result of a long life cycle, certain age-related
changesoccurin structure of theirinternal organs
and tissues. In conditions of environmental
pollution, various types of pathologies are being
accumulated. For the accurate description of
long-term dynamics of ichthyocenosis, a detailed
histomorphological analysis makes it possible
to assess the ontogenetic history of studied
individuals [3-7], and identify the incipient
degenerative changes in organs and tissues.

As we know, graylings are freshwater fish
that inhabit small fast rivers and cold lakes
of Europe, Asia, and North America. The
Arctic grayling Thymallus arcticus is a highly
polymorphic species. It forms a large number of
subspecies and other forms of a lower systematic
level in the basin of the Arctic Ocean, from Kara to
Chukotka and North America [8—11]. However,
there are no histological studies of internal
organs and their possible pathomorphological
changes in this species carried out in high-
latitude waterbodies of Eastern Siberia.

The purpose of the present study was to
characterize the size-age composition and
describe histomorphological state of vital organs
of the Arctic grayling in a mountain river of

the Putorana plateau in conditions of minimal
anthropogenic load.

Material and Methods of the Research

The Irkinda mountain river flows through
the territory of Putorana State Nature Reserve
located in the northwestern part of the Putorana
Plateau. The length of the watercourse is
66 km, the catchment area is 990 km?. The water
temperature varied from 8.5 to 11.9 °C during
the study period. Collection of the material
was implemented upstream of one of the most
beautiful waterfalls of the plateau — the 27-meter
Kitabo-Oron (Big Irkindinsky waterfall).

The Arctic graylings were caughtin August
2016. 33 individuals of different ages of both
sexes were examined and 80 histological
preparations were made to assess the size-age
composition, gonads histomorphology, and
branchial apparatus.

Age was detected by studying the fish
scales. In implementation of the work, we were
guided by standard ichthyological methods
[12] and histological methods [13]. Clinical
and pathological examination of the fish was
carried out [14, 15]. The prepared parts of
the organs were fixed in Brodsky’s mixture.
Histological sections of gills, ovaries, and
testes were stained with Heidenhain’s iron
hematoxylin and Heidenhain’s azan method,
after that they were placed under a cover slip
in BioMount medium.

Histological and cytological measurements
were made using an AxioCam MRc¢d video
camera on an Axiolmager A1 microscope at
magnification 40 to 1000. Using licensed
software AxioVision Release 4.7.1, resorbing
oocyles and empty follicles were noled on ovarian
cuts, diameter of oocytes and their nuclei was
measured. Three cuts of the preparations of
the testes were randomly selected from each
individual. In each of them 5 fields with an area
of 200 wum? were selected. The number of cells of
different generations was counted in these fields.

In branchial apparatus of each fish, 5 fields
of filaments were selected on one cut. The
following measurements were taken on them:
the width of respiratory lamellae (proximal,
medial, and distal sides) in pm, the number of
mucous cells in 1 mm?, the number of layers
of intercalated epithelium cells. Proportion
of branchial pathologies of various types was
measured on the histological cut. Then, index
of organ pathology was calculated according to
the formula, the essense of which is summing of
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Fig. 1. Ovary of the Arctic grayling, stage 111 of maturity, the Irkinda river
a — the older generation is represented by vitellogenic oocytes in the yolk accumulation phase
(the arrows); b — numerous previtellogenic oocytes (the arrows). Dye: Heidenhain iron hematoxylin

Fig. 2. Vitellogenic oocytes of the Arctic grayling of the Putorana plateau
a — traces of the past spawning in the form of empty follicles (the arrows);
b — multiple atresia of vitellogenic oocytes (the arrows). Dye: Heidenhain iron hematoxylin
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Fig. 3. Typical testes state of the Arctic grayling of the Putorana plateau
a — a testis section of a sexually mature male; there are order I spermatocyte cysts among numerous
spermatozoa and spermatids; b — the bulk of germ cells is represented by A- and B-type spermatogonia
in an immature male; there are some single spermatids in the lumen of the seminiferous tubules.
Dye: Heidenhain iron hematoxylin
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Fig. 5. Gill apparatus of the Arctic grayling of the Irkinda river of the Putorana plateau:
a — normal state of the branchial apparatus; b — normal state at higher magnification;
¢ — hyperplasia, hemolysis of erythrocytes (the arrows); d — also at a higher magnification,
fusion and increase in intercalary epithelium (the arrows); e — numerous aneurysms (the arrows);
f — hemostasis of respiratory lamellae (the arrows). Dye: adhan according to Heidenhain
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the shares of each pathology, multiplied by the
significance coefficient [16]:

pati S
_ pati
Ipat - Z S ) Csign:
patl org

where I~ — index of gill pathology; S = —
pat pati
area of the pathology; Sorg — area of the studied

zone; C . — significance coefficient 1 <C. <3,
sign sign
Results and Discussion

Fish of older age groups predominated in the
catches (Table 1), among which males predomi-
nated (sex ratio 1.8 : 1). The oldest age group
was fish of eight years age. Their gonadosomatic
index (GSI) was increasing with age. This in-
dicator reflected a relatively large ovarian mass.
Most of the fish were sexually mature and had
been preparing for the next spawning season.
According to results of the histological analysis,
Arctic graylings of both sexes in the Irkinda
river sexually mature at the age of 6. The largest
proportion of females ready for spawning was
noted at the age of seven (6+).

Gonads. The ovaries in the majority of sexu-
ally mature individuals of the Arctic grayling of
the Irkinda river were at maturity stage III, in
which vitellogenic oocytes in the yolk accumula-
tion phase were the oldest generation of germ cells

(Fig. 1a, see colorinsert V). The next generation
of germ cells is represented by vitellogenic oocyles
in cytoplasm vacuolization phase. The next gen-
eration was numerous previtellogenic oocytes of
different size groups (Fig. 1b, see colorinsert V).

According to the histological analysis
results, ovaries of the majority (67%) of fe-
males had traces of the past spawning in the
form of degenerating empty follicles among
vitellogenic oocytes (Fig. 2a, see color insert V).
However, in 83% of females, most of vitello-
genic oocytes in cytoplasm vacuolization phase
were in the process of resorption (Fig. 2b, see
color insert V).

Analysis of the germ cells at different stages
of oogenesis showed (Table 2) that in females
of different ages, the sizes of oocytes at similar
phases veraciously did not differ (p > 0.05) or
varied insignificantly.

Tesles of the most of males were al maturity
stage IlI. Spermatids and sperm were accu-
mulated in seminiferous tubules. Spermatids,
sperm, and spermatocytes of the order I were
present in the greatest amount in almost all
the individuals (Fig. 3a, see color insert V).
In immature fish in 3+— 4+, the bulk of germ
cells was represented by spermatogonia and
spermatocytes (Fig. 3b, see color insert V).

All the types of cells were present in testes
of most of the males, but the amount of sperm

Table 1
Biological parameters of the Arctic grayling of the Irkinda river
of the Putorana plateau
Parameters Sex Age, years
3+ — 4+ o+ 6+ T+
318.7+1.3 341.8+3.0 35048
Q - 316-320 333-350 334-359
) (n=3) (n=6) (n=3)
Smith length, mm 285.6+3.4 32544 36445 370+4
d 276-295 315-332 348-379 362-386
(n=29) (n=4%) (n=17) (n=29)
349+12 4217 454+21
Q - 333-373 393-438 418-492
(n=23) (n="6) (n=3)
Body mass, g 23247 36920 497418 53812
3 208-249 314-409 424-548 514-579
(n=9) (n=4) (n=17) (n=9)
0.84+0.15 1.99+0.12 2.51+0.20
Q - 0.61-1.13 1.51-2.31 2.16-2.84
QT o (n=3) (n=6) (n=3)
GSL, % 0.17£0.01 0.79+0.26 1.44+0.09 1.35+0.07
d 0.14-0.19 0.32-1.31 1.10-1.89 1.18-1.60
(n=9) (n=4) (n=17) (n=9)

Note. In this table and in the tables 2, 3 the following legend is used: above the line — the average value and its error,
below the line — min—max, n — the number of studied fish, “—" — lack of data.
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Table 2

Generative indicators of different age groups of the Arctic grayling

Parameters Oocyte diameter, wm Nuclei diameter, um
Previtellogenic oocytes et 128.320.9
54 vieros Ve 283-311 126129
(n=3) Vitellogenic oocytes of the 020+40 187416
cytoplasm vacuolization phase 459-599 167-218
Provitell . ¢ 298+4 130.1£2.5
revitellogenic oocytes 987-315 199137
6+ acuolization 48748 1916
Age (n=6) | Vitellogenic phase 468-513 168-202
’ oocytes . .
years yolk accumulation 926+20 23546
phase 861-986 211-251
Previtellozenic oocvies 299+5 123.8+2.2
revitellogenic oocytes 938305 119-126
7 v;:cngﬁlz?tﬁn 522:21 173.7+3.2
(n — 3) Vitellogenic phase 493-563 168—-179
00¥teS | yolk accumulation 94536 235.623.8
phase 874-987 229-242

was increasing with age due to entry of young
generations into meiosis (Fig. 4).

Branchial apparatus. Comparing to the
other organs, gills (Fig. 5 a, b, see color insert
VI) are highly reactive. This is why even a
slight change in hydrochemical regime of the
waterbody can cause an adaptive-compensatory
restructuring in a very short period of time,
which leads to violation of the structure and
functioning of the whole organ. Most of the

studied fish were diagnosed with pathologies
of various nature and depth. The most common
ones are cytolysis and thickening of respira-
tory lamellae (Fig. 5 ¢, d, see color insert VI).
Number of pathologies and their proportion
increase with age. In seven years age fish, pa-
thologies such as aneurysms and fusion of the
respiratory lamellae appear clearly in addition
to the aforementioned deviations ( Fig. 5 e, f,
see color insert VI).
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Fig. 4. Ratio (%) of reproductive cells in testes of the Arctic grayling
of different age groups (the Irkinda river)
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Table 3
The main cytometric characteristics of the branchial epithelium
of the Arctic grayling of the Irkinda river of the Putorana plateau (August, 2016)
Age, years Parameters
(n, copies) number of layers respiratory lamella | number of mucous cells index of
intercalary epithelium width, pm per 1 mm? pathology, %
cells
4+ 8.5£0.8 15.7+0.2 266102 0.07+0.01
(n=4) 6.9-9.7 15.4-16.1 157.1-468.9 0.06-0.10
o+ 7.9£0.6 16.0+£1.1 252423 0.10+0.02
(n=06) 6.9-10.1 14.0-21.5 176.4-322.1 0.06-0.16
6+ 10.8+2.1 16.8+1.9 233+20 0.05+0.02
(n="7) 7.8-15.0 14.7-20.8 212.6-271.9 0.03-0.10
7+ 9.4+0.6 18.0+£0.9 240+16 0.19+0.05
(n=29) 8.0-10.9 15.8-20.2 207.4-272.1 0.07-0.31

Frequency of occurrence and variety of
disorders of the branchial epithelium increased
with age, which is reflected in the index of pa-
thology (Table 3). This trend is also true for such
cytometric indicators as thickness of respira-
tory lamellae and number of layers intercalary
epithelium cells.

6-7-year-old individuals of both sexes
were dominated in the catches. According to
the study, the size-mass indicators of the Arctic
grayling of the Irkinda River are comparable
with the literature data for other waterbodies
of Siberia [17-20], which indicates a sufficient
food base of the waterbody, despite the extreme
living conditions.

According to results of the histological
analysis, the Arctic grayling of the Irkinda River
sexually matures at the age of 5+, but seven years
age individuals made up the majority of sexually
mature fish. The oldest generation of germ cells
in the ovaries were vitellogenic oocytes in yolk
accumulation phase. The reproductive potential
is represented by numerous previtellogenic oo-
cytes of different size groups, which indicates a
high reproductive potential of the fish [4, 5, 21].
Though, resorption of vitellogenic oocytes in the
phase of cytoplasm vacuolization was noticed in the
majority of females (83%). With an insignificant
proportion of resorbed oocytes in cytoplasm vacu-
olization phase, such processes can be considered
as anorm [22, 23]. This is the phenomenon that
was noted in 67% of females of the Arctic grayling
of the Irkinda river, which had spawned this year
and had been preparing for spawning next year.

We assume that the noted phenomenon
reflects an insufficient level of hormones respon-
sible for full-fledged vitellogenesis of all the sex
cells entered the hormone-dependent period.
The older generations of oocytes intercept es-
trogens, hereby preventing their entry into the

oocyte follicles in the cytoplasm vacuolization
phase. Nevertheless, state of the ovaries allows
to consider that these females were able to take
part in the upcoming spawning.

Testes of the most sexually mature individu-
als were at maturity stage I11. Based on results
of the histological analysis, we can confidently
state that all the males took part in the past
spawning. Reproductive dysfunctions were not
found in males. According to the obtained data,
individuals of the Arctic grayling had a high level
of reproductive activity in the post-spawning pe-
riod, in spite of low average annual temperatures
in the subarctic region.

The branchial apparatus, along with gas
exchange and water-salt metabolism, performs
a barrier function in the fish organism and has
the highest reactivity comparing with other or-
gans, forit responds the most quickly to changes
of the hydrochemical regime [24, 25]. Analysis
of the gill apparatus state is often used to as-
sess the morphofunctional status of fish [6, 7,
26—-29] as the highest trophic link of freshwater
ecosystems. Based on the obtained data, it can
be claimed that the identified deviations of the
branchial apparatus state in the Arctic grayling
of the Irkinda river are caused by influence of
some kind of unfavorable factor(s). At the same
time, no sex specificity in the manifestation of
these pathologies was found.

Conclusion

In general, according to the results of the
study of the Arclic grayling of the Irkinda River,
some deviations in the gonads of females were
noticed. At the same time, significant anoma-
lies were revealed in individuals of both sexes
in the functioning of their respiratory system.
Consequently, aerotechnogenic pollution and
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pollutant deposits from industrial enterprises of
Norilsk city occur even in a mountainous, hard-
to-reach protected area [30]. In addition, Ershov
[31] described an increased content of lead in
soils of Kutaramakan Lake area, where this
river eventually flows into. This phenomenon
is caused not by technogenic reasons, but by the
parent (ore-producing) metallogenic rock. Thus,
the revealed pathological changes are the result
of both natural and anthropogenic influences.

This research was funded by the Tyumen Oblast
Government, as part of the West-Siberian Interre-
gional Science and Educalion Center’s project No. 89-
DON (2). The authors are grateful to V.I. Romanov
and 0.A. Begletsov for the opportunity to conduct
the field work.
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(Actinopterygii, Gobiidae) from the Black Sea
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The article is focused on the morphological variation in the round goby, Neogobius melanostomus (Pallas, 1814) from the
western coast of the Crimean Peninsula (Black Sea). A total of thirty-five plastic and seven meristic characters were measured
in similar-sized males of the round goby. On average, gobies from the eastern part of the Karkinitsky Bay (the water area of
the Bakalskaya Spit and the Samarchik Bay) were larger than those from the other two areas (SL, = 109.2£0.9 mm and
SL,. = 111.0+1.9 mm, respectively), which probably indicates the best trophic conditions in these areas. Gobies from the
Donuzlav Lyman were smaller by the average values of the standard length (SL, =87.6+1.3 mm). The differences between
average values of the quantitative characteristics of compared samples were statistically significant. It was found that the
heterogeneity of the ecological conditions of the habitats made it possible to form various variations of characters in the
round goby. It was revealed that at least three population groups of round goby were formed near the western coast of Crimea:
one of them was formed by fish from the Donuzlav estuary, the second — by gobies from the Samarchik Bay, the third — by
a group of fish from the water area of the Bakalskaya Spit and Yarylgachskaya Bay. As the analysis of the correlations be-
tween the plastic characters and the values of the coordinates of the two canonical variables has shown, practically all the
studied measurements ensure the discrimination of the samples of the round goby, however, the best discrimination along
the first canonical axis (correlation coefficients more than 0.5) is provided by measurements on the body associated with
the location of the pectoral, pelvic and anal fins, as well as the parameters of the jaw (length of the upper and lower jaws,
distance between the eye and the angle of the mouth, and the width of the mouth). Such differences in the structure of the
species population are associated, among other things, with the transformations of the fish population in the eastern part
of the Karkinitsky Bay and the Donuzlav Lyman, caused by human economic activity.

Keywords: Round goby, Black Sea, plastic and meristic characters, variability, population.

VIIK 597.556.333.1:591.4(262.5)

Mopdoaornueckoe paznoodopasue MOMyJISIAN ObIYKA-KPYIVISTKA
Neogobius melanostomus (Actinopterygii, Gobiidae) Yépuoro mops
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PaccmarpuBaercst crpyKTypa mory s OblaRa-KpyIisika 3a1ajiHoro modepesxbs KppiMekoro rmoayocrposa. Msyueno
3D TJIACTHYECKNX 1 7 MEPUCTHYECKIX TPU3HAKOB Y CAMIIOB OblUKa-KPYTIVISKA CXOHBIX PA3MePOB. BBIABIEHBI CTaTHCTHYECKI
3HAUNMBIE OTJINYIS B CPEJIHIX 3HAUCHUSX TPU3HAKOB MKy BRIOOPKaMI b0 113 Tpéx paitonoB KapruHUTCKOTO 3a/11Ba 1
numana [lonysnas. B epenem 6b1ukn n3 pocrounoii yacrn Rapkunurckoro 3annpa (akBatopust BakanibCKoil KOChI 1 3T B
CamMapunir) OKasaanch KpyIrHee, 4eM Ha IBYX JPYTUX 00CTeOBAHHBIX YIaCTKAX (SL{W =109,2+0,9mmu SL,_ = 111,0+1,9 MM
COOTBETCTBEHHO), YTO, BEPOSATHO, CBUIETETHLCTBYET O JIYUITNX TPOPUUECKIX YCIOBUAX B YKA3aHHBIX paioHax. PeiObl 13
numana [loHys/iaB okazanmck Mo cpefiHnM 3HAYEHISAM CTaHAPTHO JTNHBI MeTh4e (SL(W =87,6+1,3 mm). Ycramosieno,
YTO HEOJHOPOJIHOCTH HKOJOTHUECKNX YCJIOBIIT MecT 0OnTanus no3Boamin ¢hopMupoBarh y ObluKa-KpPYIIsKa pasindHble
Bapualiy Npu3HakoB. BrisiBIeHO, uT0 y 3amajiHoro nodepeskbs KpbiMa chopMupoBaIinch mo MeHblneil Mepe Tpu momyJis-
[MOHHbBIE TPYIITNPOBKI OblYKA-KPYIJISKA: OfiHA U3 HIX 0Opa3oBaHa peibamu 13 tumana Jlonysnas, Bropas — Obl4KaMu us
saimBa CamMapuni, TpeThs — TpyInoil peid m3 aksatopun barkarnekoit kocsl n fppurravckonn 6yxror. Rak morkasam ananns
KOPPEJIATIIOHHBIX CBA3€T MeKLY IIaCTUUeCKUMI TPU3HAKAMI 1 3HAYEHUSIMI KOOP/IMHAT IBYX KAHOHUUECKIX [TePeMEeHHbIX,
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MPAKTHYECKN BCE M3yUaeMble TPOMephl 00eCeunBatoT JUCKPUMITHATIIIO BBIOOPOK ObIUKA-KPYIJISKA, OJfHAKO HAMIIYUIITYIO
JUCKPUMMIHAIINIO 110 1ePBOil KaHOHMYecKoil ocu (Koaduimentsr koppessiiun 6osee 0,5) obeciiednBaOT poMephbl Ha
Tese, CBSA3AHHBIE ¢ PACTIONIOKEHIEM IPYIHOTO, OPIOIITHOTO I AHAJIBHOTO TJIABHITKOB, & TAKIKE MapaMeTpbl 4eTiocTi (JI7TNHA
BepXHeIl 11 HUKHEe 4eII0cTell, pacCTOsIHIIe MesK/Y TIa30M 1 yriioM pra u mupnna pra). [logobubie pazanyus B cTpyKType
HOTYJISINN BUJIA CBSI3AHBI B TOM YKCJIe ¢ 1PeodpasoBaHUsIMI PHIOHOTO HACeTeHIsI B BOCTOUHOIT yactn KapruHutcroro
sanmBa n aumana [lonysnas, BHI3BBAHHBIMI X035 CTBEHHOT JIEATEILHOCTBIO YeTOBEKA.

Kuouesoie crosa: 6p190k-kpyrisik, Rapkuunurcknii 3anus, iuman [lonysnas, YépHoe Mope, 1iactuyeckne n Mepu-

CTUYeCKMe MpU3HaKm, NSMeHUYNBOCTD, TIOITYJTATINA.

The round goby Neogobius melanostomus
(Pallas, 1814) is a Ponto-Caspian endemic
species; its range includes the basins of the
Black, Marmara, Caspian and Azov seas. The
round goby is an important commercial species
throughout its entire range [1-5]. The round
gobies are demersal that prefers brackish coastal
waters of seas and estuaries. The species is one of
the most common goby species off the coast of the
Crimean Peninsula [4, 5]. The high ecological
plasticity and invasive potential are character-
istic of the species, which actively occupies new
habitats. Thus, the round goby has distributed
upstream of large European rivers and has es-
tablished stable populations in new reservoirs;
it was also accidentally introduced with ballast
waters into the Baltic Sea basin and the Great
Lakes in North America [6—12].

Gobiidae are predominantly non-migratory
or short-distance migratory fishes that form lo-
cal morphologically distinct groups [4]. Previ-
ously, several studies investigated the population
structure of the round goby in both native and
introduced habitats [1, 6, 9—12]. For example,
the length of the pectoral and pelvic fins, as well
as the height of the anal fin are greater in the
population of the round goby from the Sea of
Azov in comparison with population from the
Black Sea, while the height and thickness of
the body show the opposite relationship. This
is attributable to the nature of nutrition and
movement [1]. The caudal peduncle length and
the interorbital distance are greater in the round
goby from the Dnieper population which indi-
cates rheophily of these fish [1]. The round goby
from the Kakhovka Reservoir of the Dnieper has
a greater height of the dorsal fins and reduced
length and width of the pelvic fin as well as the
reduced length of the pectoral, anal and caudal
fins in comparison with individuals from the Sea
of Azov bays; this difference is associated with
the hydrological conditions of the reservoirs
[10]. The reduction of the number of fin rays
and vertebrae in compare with gobies from the
native range was found in the population of the
round goby in the Southeast Baltic [12]. At the
same time, the reduction of the number of rays

in the dorsal and caudal fins was also found in
the round goby from the Great Lakes of North
America [6].

At the same time, the specific characteristics
of the round goby population structure in the
Black Sea coast of Crimean Peninsula, especially
in the Karkinitsky Gulf and Donuzlav Lyman
that have been subjected to an intense anthro-
pogenic stress for more than 50 years, are still
poorly known.

The Karkinitsky Gulf is the largest in the
Black Sea and the Sea of Azov and has unique
hydrochemical and morphological characteris-
tics. The Karkinitsky Gulf is partitioned by the
Bakal sandy spit and Bakal shoal into two parts,
the eastern shallow part and the deep western
part |5, 13]. During the function of the North
Crimean Canal until 2014 the eastern part of
the gulf was influenced by freshwater discharge,
resulting in the reduced salinity in some of its
smaller bays (Samarchik and Chatyrlytsky) [5].

As for Donuzlav Lyman, it stands out among
the other Black Sea lymans because of its size,
configuration and geomorphology. The lyman
is separated from the Black Sea by the Belyaus
sandy spit. Previously, it was the second largest
salt lake in the Crimea, its salinity reaches up
to 95%o. However, in 1961, the navigable chan-
nel was open in the spit; as a result the salinity
of Donuzlav Lyman has substantially dropped.
Thus, the modern fish fauna in the Lyman has
been formed over the past few decades [14].

Hence, taking into account the high eco-
logical plasticity of the round goby, as well as its
ability to form morphologically distinct groups
depending on the environmental conditions
against the backgrounds of the anthropogenic
changes in above mentioned water areas, the goal
of this study is to evaluate the morphological
variability of the species from different locali-
ties of the Crimean coast of the Black Sea using
plastic and meristic characters.

Material and Methods

Ninety-eight males of the round goby were
collected in November 2015 and July 2017 dur-
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ing the expedition of the A.O. Kovalevsky In-
stitute of Biology of the Southern Seas of RAS
in the Karkinitsky Gulf (3 samples) and the
Donuzlav Lyman (1 sample) (Fig. 1).

In the Karkinitsky Gulf samples were col-
lected in the Samarchik Bay, the water area of
the Bakalskaya spit (the region of the settle-
ment of Aurora — the eastern shallow part of
the Karkinitsky Gulf) and in the Yarylgach Bay
(the western deepwater part of the Karkinitsky
Gulf) (Fig. 1). The ichthyological material was
collected using shrimp trap “Venter” with a mesh
size of 6.0—7.5 mm, where round goby is one of
the most common by-catch species [15].

The mature males of similar age (2+ and
3+4) and similar size were selected for the mor-
phometric studies to exclude a possible factor
of sexual and age variation. All samples of the
round goby were fixed with 4% formaldehyde
solution until further morphological analysis.
In addition, the material (deposit No. AB-1248)
from the Center of joint usage “The Collection
of Hydrobionts of the Oceans” of the A.O. Kova-
levsky Institute of Biology of the Southern Seas
of RAS, was used.

A total of 35 plastic and seven meristic
characters of N. melanostomus were measured.
The round goby body measurements (Fig. 2)
were evaluated using the callipers with an er-
ror of +0.1 mm [11, 16]. Rations relative to the
standard length (SL) and head length (HL) were
also calculated.

The statistical analysis was performed with
STATISTICA 10.0 software packages. The
normality of the sample’s distribution was veri-
fied using the Shapiro-Wilk criterion [17]. The
differences were supposed to be reliable at the

Jfﬁ“’sz

Karkinitsky

Gulf

Crimean
peninsula

peninsuit poniay

Fig. 1. Map of the studied area

confidence level of 5% (p < 0.05). The basic and
multivariate statistical methods such as correla-
tion analysis, discriminant and cluster analyses
were performed. The significance of the differ-
ences between the means was evaluated using
Student’s test [18]. To assess the diversity in the
complexes of characters the gobies from differ-
entregions, the Kullback-Leibler’s information
criterion (D) was used [19].

Results and Discussion

According to the obtained data, gobies from
the eastern part of Karkinitsky Gulf (the Bakals-
kaya spitand Samarchik Bay) were larger than go-
bies from two otherregions (SL, =109.2+0.9 mm
and SL, = 111.0+1.9 mm respectively), which
could indicate better feeding conditions in these
areas. The difference is provided at ¢ > 2.677 be-
tween standard length of gobies from the studied
areas. The standard length of the fishes from the
Donuzlav Lyman was smaller (SL, =87.6+1.3mm)
than the standard lengths of the gobies collected
in the Karkinitsky Gulf.

The measurements of the fish in the samples
varied insignificantly. The highest variability
(Cv>10) was noted for (percentage of SL) ih for
the round goby from the Samarchik Bay and the
Yarylgach Bay and pl for the round goby from the
Bakalskaya Spit. The head parameter (percent-
age of L) io was the most variable (Cv > 10)
among the samples from three studied regions,
excluding Samarchik Bay. The most variability
among meristic characters (Cv > 5) was noted
for the round goby from the Bakalskaya Spit.

The differences between several characters
of the round goby from four regions of the Black
Sea coast of Crimea are statistically significant
resulting according to the Student’s test. In
such a manner, the significant differences in
most of characters (at £ > 2.677) were observed
between samples from Karkinitsky Gulf and
Donuzlav Lyman. Hence, the samples of round
goby from geographically distant Samarchik
Bay and Donuzlav have significant differences
in 25 plastic and four meristic characters. The
samples from the Bakalskaya spit and the Donu-
zlav Lyman had differences in 22 plastic and two
meristic parameters. In turn, the round goby
from the Yarylgach Bay and Donuzlav Lyman
had significant differences in 19 plastic and one
meristic character.

The geographical distance between the
Donuzlav Lyman and three other studied water
areas, feeding conditions and the history of the
formation of the round goby population in these
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Fig. 2. Scheme of the round goby measurements [11, with additions]
Morphometric measurements of body: TL — total length; SL — standard length; [/ — maximum body depth;
h — caudal peduncle depth; il — maximum body width; i~ — caudal peduncle width;
aD — predorsal distance; pD — postdorsal distance; aP — prepectoral distance; aV — prepelvic distance;
aA — preanal distance; V-4 — pelvic-anal distance; p/ — caudal peduncle length; (D1 — length of first dorsal
fin base; hD1 — first dorsal fin depth; [D2 — length of second dorsal fin base;
hD2 — second dorsal fin depth; [A — length of anal fin base; A — anal fin depth;
[P — pectoral fin length; iP — width of pectoral fin base; [V — pelvic fin length;
iV — width of pelvic fin base; [C — caudal fin length; HL — head length.
Morphomeltric measurements of head: ic —head width; ao — preorbital distance;
o — horizontal eye diameter; op — postorbital distance; io — interorbital distance;
Im — upper jaw length; Imd — lower jaw length; or — distance between eye and corner of mouth;
hop — cheek depth; ir — mouth width; ~co — head depth through middle of eye.
Meristic characters: DI — number of first dorsal fin spines; DZ — number of second dorsal fin rays;
A — number of anal fin rays; P — number of pectoral fin rays; C — number of caudal fin rays;
squ — number of transverse rows of scales

water areas could be a reason for identified dif-
ferences. As shown in [20], the formation of the
round goby population in the Karkinitsky Gulf
was significantly affected by the invasion of fish
fauna from the Dnieper River faunistic complex
during the functioning of the North Crimean Ca-
nal, while in the Donuzlav Lyman the Black Sea
group of the round goby was historically formed.

The pairwise comparison of round goby from
the water area of Bakalskaya spit, Samarchik
Bay and Yarylgach Bay showed reliable differ-
ences between the first and second regions and
between the first and third regions by 10 plastic
characters. At the same time, the gobies from
distant regions of Karkinit Gulf, Yarylgach Bay
and Samarchik Bay differ reliably only by five

plastic and four meristic characters. The nature
of the latter differences requires further research.

The degrees of similarity between regions
were estimated using a cluster analysis based
on the Kullback-Leibler divergence index (D).

Asshownin Figure 3, the round gobies from
the Samarchik Bay and the Yarylgach Bay are
united by both plastic and meristic characters at
the lowest level of divergence and are clustered
with gobies from the Bakalskaya Spit. In turn,
the gobies from the Donuzlav Lyman form a
cluster separate from three water regions of the
Karkinitsky Bay.

The discriminant canonical analysis was
carried out to compare round gobies from 4 above
mentioned regions. The distribution of individu-
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Fig. 3. The results of a cluster analysis based on a complex of all studied characters of the samples
of the round goby from 4 regions of the Black Sea: Dnz — Donuzlav Lyman, Sam — Samarchik Bay,
Yarlg — Yarylgach Bay, Aur — Bakalskaya Spit
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Fig. 4. Scatterplot of canonical scores for body dimensions of round goby from 4 regions
of the Black Sea (results of discriminant analysis): Dnz — Donuzlav Lyman,
Sam — Samarchik Bay, Yarlg — Yarylgach Bay, Aur — Bakalskaya Spit

als within the two canonical axes according to
the plastic characters is shown on Figure 4. As
illustrated (Fig. 4) the studied individuals are
distributed among three groups along the Root 2:
gobies from the Samarchik Bay; gobies from
the Donuzlav Lyman; and the third group com-

bine into one the gobies from the Bakalskaya
spit and the Yarylgach Bay. In turn along the
Root 1 the individuals from the Donuzlav Ly-
man, the Bakalskaya spit and the Yarylgach
bay are united, while the goby individuals from
the Samarchik Bay form a separate group. The
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largest value of the square Mahalanobis distance
of (58.6) was obtained for Samarchik Bay and
Donuzav Lyman, and the smallest (27.7) for the
Bakalskaya Spit and the Yarygach Bay.

A region-based discrimination is provided
by both canonical axes for almost all mea-
surements. However, the best discrimination
along the first canonical variable (correlation
coefficients more than 0.50) is provided by the
parameters such as TL, SL, aP, aV, ad, iP, iV,
HL, ic, Im, lmd, or, ir and hco. Discrimination
along the second canonical variable is ensured
by characters as TL, SL, I, ill ih, aD pD, aP,
aV, aA, VA, ID1, hD1, D2, hD2, hA, P, iP, LV,
iV, IC, HL, hez, ic, ao, o, op, io, lm, Imd, or, hop,
ir and hco.

In this case, the noted differences between
the round goby from the studied areas are associ-
ated with body sizes (T, SL) and with characters
correlate with size. As a result, the gobies from
Samarchik Bay are discriminated along both
canonical axes.

It is known that variation of morphologi-
cal characters in fish can be connected to the
peculiarities of nutrition, movement and repro-
duction [21]. The observed differences between
round goby samples from the 4 areas of the Black
Sea may also be connected with the specific habi-
tat conditions. So, the increasing of the anterior
partof the body (H, iH, H, aD, H), as well as the
caudal peduncle width (i2) and depth (&) of the
round goby from the the Bakalskaya spit might
be linked to the overall larger fish size from this
area. It is also possible that the gobies from the
walter area of the Bakalskaya spit have increased
load on the anterior part of the body and the
caudal fin due to the greater water flow rate in
the area. In addition, gobies from the Bakalskaya
spit had larger head length (/L) and characters
expressed inpercentage of /L (head width (ic),
preorbital distance (ao), postorbital distance
(op), and interorbital distance (io) in comparison
with gobies from other water areas.

The caudal peduncle was longerin the round
goby from the Donuzlav Lyman than in gobies
from three other areas (characters p/ and pD was
increased), which also indicates a greater load
on this part of the body, for example, during
foraging movement.

The values of aP, aV, ad and V-A in the
round gobies from Samarchik Bay are larger
thanin gobies from other localities. According to
[21], the values of mentioned characters can con-
siderably vary during the formation of gonads.

The increased values of the depth of the first
and second dorsal fins (hD1 and RD2), as well

as the length of the pelvic fin (/V) and pectoral
fin (LP) were recorded in the round gobies from
the Donuzlav Lyman in comparison with other
localities. However, the increase of these mea-
surements may be associated with the spawning
changes in goby males, because the material was
collected in the summer [1].

Measurements that centre around the size of
the mouth (the upper (Im) and lower (Imd) jaws
length, mouth width (ir) and distance between
eye and corner of mouth (or)) were larger in the
gobies from Samarchik Bay, and were the small-
estin the gobies from the Donuzlav Lyman. This
is possibly connected with the overall larger size
and greater food availability for round gobies in
the Samarchik Bay.

Conclusions

Thus, at least three distinct intrapopulation
groups of the round goby were identified at the
western coast of the Crimean Peninsula: first
includes the gobies from the Donuzlav Lyman;
second incudes the gobies from Samarchik Bay,
whereas third incudes fishes from the Bakal-
skaya Spit and the Yarylgach Bay. Almost all
studied measurements (with exception of ik
along the first canonical axis) had significant
role in discrimination among the groups, as it
was shown by the result of our investigation.

It is our point that two major reasons may
be responsible for the observed differences. The
round gobies from different habitats may have
differences in average body sizes under various
trophic conditions in diverse water areas, as well
as under different stoking densities of individu-
als. In such an event, the observed differences in
size of the gobies from different habitats repre-
sent the modification variability.

However, it seems (o be more likely that such
differences may be associated with the history
of the fish population forming in the studied
areas. So, the Black Sea group of round gobies
was historically formed in the Donuzlav Llyman,
while in the Karkinitsky Bay, the formation of
the round goby populations was influenced by
the invasion of the species representatives of
the Dnieper faunistic complex during the func-
tioning of the North Crimean Canal. Thus, the
observed differences may be related to the fact
that at least two populations of round goby exist
in these regions.

This study was carried out as part of the state
assignment of the A.O. Kovalevsky Institute of Biol-
ogy of the Southern Seas of RAS on the topics “Fun-
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damental studies of the population biology of marine
animals, their morphological and genetic diversity”
No. 121040500247-0. Author is also grateful to
Dr. I. Dovgal, Professor at the A.O. Kovalevsky In-
stitute of Biology of the Southern Seas of RAS, for
translaling the manuscripl inlo English.
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Mugrpockonmyeckne rpudbl B IOYBAX JIECHBIX HKOCHCTEM
Bopone:kckoro rocyjapeTBeHHOTO IIPHPOTHOTO
OunocdepHoOro 3anoBeIHNKA
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Jlana orenka BuloBOro pa3Hoo0pasusi i BbISIBJIEH COCTAB IIOYBEHHBIX MUKPOCKOIIITYCCKUX TPUOOB (MIUKPOMUIIETORB),
XapaKkTePHBIX JIJIS JICCHBIX 9KOCHCTEM MOJ30HbI TUIITYHOT jiecocTeri. V3yduernne MukoGuoThl GbLI0 MPOBEEHO B PA3HBIX
OIOTOTIAX CMETMAHHBIX I ITHPOKOINCTBEHHBIX JIECOB, PACIIOIOKEHHBIX Ha Tepputopun BopomeskeKkoro rocyrapcTBenoro
npupoaHoro o6nochepuoro zanosepuura (Poccust). V3 mecHbix mous BbIjieIeHo n UAeHTUOUINPOBAHO 43 BUA MIKPO-
muteroB u3 20 pojioB, OTHOCAIINXCS K 6 cemeiicTBaM 1 3 Kaccam.

B kommmeke THINYHBIX TTOYBEHHBIX MUKPOMUIETOB 3aMOBeHIKA BXOAAT 19 Bumos. 10 HeToKcUrenmbie, MEIJICHHO
pacryiiue ouroTpoHbie, Me3oMuabHbie 1 HcnXpoduiabHbie Bijbl. CocTaB cIydailHbIX BRIOUAT 24 BUJIA, B OCHOBHOM, 3TO
OBICTPO pacryiiue carpoTpodbl, CPEIE KOTOPBIX MPUCYTCTBYIOT U MOTEHITHATLHO (DUTOTIATOTEHHbIE U TOKCUTeHHBIC BUJIBI.
Cocrostine KOMITIIeKca MIKPOMUTIETOB MOUYB 3AIMTOBEIHITKA XaPAKTePU3YeTcsT BLICOKIME TOKa3aTeIsiMu 61mopasmnoodbpasms
1 HUBKUM HHIEKCOM loMIHIpoBaHus. [lo IpUHATOI B MIKOJIOTIHY TPAIAIIH, 9TO COOTBETCTBYET a/[alITIHBHOI 30HE «TOMEO-
crazar. [loryuentnie pesyibrarbl MOTYT ObITH HCITOJB30BAHDI [IJIs1 ONEHKN U MTPOTHO3UPOBAHUS KOOI TYECKOTO COCTOSHUS
MOYB ¢ MOMOIHI0 MITKOUHAMKAINN B JAHHON TTPUPOHO-KINMATHIECKOT 301e.

Katouessie crosa: ecubie YKOCUCTEMBL, IIOUBEHHBIC MIKPOMULETHL, OHOPa3HO00pa3ie, TAKCOHOMIYCCKAS CTPYKTYpA.

Microscopic fungi in the soils of forest ecosystems
of the Voronezh State Natural Biosphere Reserve

© 2023. N. N. Nazarenko!
L. D. Svistova® ;.. 0000.0003-0275-5615°

'Voronezh State Agrarian University,

1, Michurina St., Voronezh, Russia, 394087,
*Voronezh State Pedagogical University,
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The species diversity is estimated and the composition of soil microscopic fungi (micromycetes) characteristic of for-
est ecosystems of the typical forest-steppe subzone is revealed. The study of mycobiota was carried out in various biotopes
of mixed and broad-leaved forests located on the territory of the Voronezh State Natural Biosphere Reserve (Russia). 43
species of micromycetes from 20 genera belonging to 6 families and 3 classes were isolated and identified from forest soils.

The complex of typical soil micromycetes of the reserve includes 19 species. These are nontoxigenic, slow-growing
oligotrophic, mesophilic, and psychrophilic species. The composition of the group included 24 species, mainly fast-growing
saprotrophs, among which there are potentially phytopathogenic and toxigenic species. The state of the complex of mi-
cromycetes of the reserve’s soils is characterized by high indicators of biodiversity and equalization, and a low index of
dominance. According to the gradation accepted in mycology, this corresponds to the adaptive zone of “homeostasis . The
results obtained can be used to assess and predict the ecological state of the soils of forest ecosystems using mycoindica-
tion in this natural and climatic zone.

Keywords: forest ecosystems, soil micromycetes, biodiversity, taxonomic structure.
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B nacrosiniee Bpemst yuesasieTcs mpucTaib-
HOE BHUMaHUe 0c000 0OXPAHSIEMbIM TTPUPOJIHBIM
reppuropusim (OOIIT), nmeromum orpomuoe
3HaveHme B cOXpaHeHnu Omopaszmoodbpasus
U TOJijlepRaHu eCTeCTBeHHBIX JaHIadTos.
B ycroBusx saauntesbHOI aHTPOIIOTEHHOI TPaHC-
bopmarum oKkpysKaroiei cpeibl 0c0OeHHO BayKHbBI
tTakue paboOThl JIJIsI 3AMIOBEIHUKOB, T BeeTCs
MHBEHTAPM3AIs BUJOBOTO COCTaBA BCEX TPYIII
OpPraHu3MOB I aHAJIN3 UX COCTOSTHIUS B OY/LYIIIeM.

B iecubix srocucTeMax MUKPOCKOTINYCCKITE
rpuOBl (MUKPOMUTIETHI) SIBJISIIOTCS HEOTHEMJIe-
MBIM TeTepOTPOPHBIM KOMITOHEHTOM, Y4aCTBYIOT
B JIECTPYKI[MU OPraHMUYECKUX BEIEeCTB, TyMY-
c000pa3oBaHNN 1 TMOJIJIePKAHIT KPYTOBOPOTA
ouorennbix piuemenToB [1]. Mukpomutiersr ak-
TUBHBI B IMINPOKOM MHTEPBaJie dKOJOTUYECKIX
darkropos; obsama0T GOABIION TeHETUYeCKOT
U3MEHYIBOCTHIO; CITOCOOHBI OBICTPO PearnpoBarth
Ha fieficTBIe HeOIATOTPUATHBIX (PARTOPOB CPEJIbI
[2, 3]. MHOTrTE aBTOPHI YRA3BIBAIOT HA BHICORYIO
nHGOPMATUBHOCTH TTOKa3aTeJ el CTPYKTYPHI
MUKOOMOMA TP OMOMOHUTOPUHTE TTPUPOHBIX
n AHTPONOTeHHBIX dROcUcTeM [4—6]. Tem He
MerHee, Ha CeroJHsANIHUI IeHb CBeIeHII O BH-
JIOBOM pa3Ho0Opa3nu 1mouyBOOOUTAIONINX TPNOOB
pPa3JIMYHBIX PETMOHOB KaK HaIleil cTpaHbl, TaK 1
Mupa, HeocTatouno [J, 7].

[Tpuponubiii Komiieke Boponeskekoro rocy-
JIAPCTBEHHOTO TTPUPOHOTO 61OCHEePHOTO 3aTTOBE]-
nuraum. B. M. ITeckosa (Boponeskckuii 3arosey-
HUK) SIBJISIETCST ATAIOHOM OMOTEOIeHOTHYeCKOTO
roxkposa. B 1923 r. BriepBbIe 101y 411 IPIPOI00X-
PAHHBII CTATYC TEPPUTOPHH, TTIe BCE KOMIIOHEHTHI
OB U3BATHI U3 XO3SMCTBEHHOI JIeATeIbHOCTH,
a B 1985 r. 3amoBeqHNK OBLI BRJIIOUGH B CIIICOK
IOHECKO. Muxonornueckue mccieoBanns ma
OOIIT kpaitrne HeOOXOAUMBI JIJIsI TTOHUMAH U
MeXaHN3MOB YCTONYMBOTO (DYHRITMOHNPOBAHNS
JiecHbIX drocucreM. CBefennii o coctaBe MUKOOU1O-
Thl BopoHesKkCcKOro 3a110BeJIHITKA COBCEM HEMHOTO.
B Gompimieit wactin oHm Racarores m3ydeHns 6mo-
pasmoobpasmsa MaKPOMUIETOR. JROJOTHICCKAS
IpyIia MOYBEHHBIX MIUKPOMUIIETOB OCTABATACH
JTO TTOCJIe/THET0 BPeMeHI HenCCIe[OBAaHHOI.

B c¢Bsizu ¢ atuM nenn Hacrosinein padorhl —
nu3ydeHue BUAOBOIO COCTABA U CTPYKTYPbI 11O~
BEHHBIX MUKPOCKOTIMUYECKNX IPUOOB B JIeCHOM
arocucreMe BopomesKcKoOro rocynapeTBeHHOTo
NPUPOHOTO O1OCHEPHOTO BATIOBE/HUKA.

OO0BEeKTHI 1 METOJbI MCCIAETOBAHUS
UccnepoBanust MUKOOMOTHI TPOBONIIN B Be-

rerarmonnbiii ceaon 2015—-2017 rr. na reppuropun
Boponeskckoro 3aroBejiHKa, paciiososKeHHOTO B

TOJI30He THITIYHOI JIECOCTEIN TeHTPATBLHON YacTh
Esponeiickoit Poccun. Teppuropus 3anosennka —
ATO TOKPBITAsl JJ€COM PAaBHMHA HAJ[ITOMEHHO-
treppacoBoro tuna. O6pasibl MOYB 0TOMpPATN
B CJIGTYIOTITNX JIGCHBIX AROCHCTeMax (Onoronax):
[ magmoiimennas reppaca peku Boponesk (cocHsi-
R, 0coOKOBBIe urtorenosnn); I magmoiimenmas
teppaca p. Boponesk (cocHsiku, TyOHSKI 11 OCUH-
HIKW, TyToBO-HeMopasbubie); [T mapmoiimennas
Teppaca p. Boponesk (JyOHSKM, COCHARN 1 OCHH-
HUKH, paznorpasbe); [V Hajimoiimennas reppaca
p. Boponesx (Oepe3HsKM 1 OCUHHUKN, JIYTOBO-
6oposbie hpurorenossl). Beero 3a nepnop necie-
noBanusi 061710 0T00pano 60 mouBeHHbIX 06Pa3IOB
13 BEPXHUX OPraHOTeHHBIX TOPU3OHTOB MOUB,
XapaKTepHbIX s IaHHbIX OnoTornoB. Ha Huskmx
(I'm IT) Teppacax moy cMentaHHBIME Jiecamu cop-
MUPOBAJTNCH J[EPHOBO-JIECHBIE TTOUBbI JIETKOTO
IPaHyJIOMeTPHUYEeCKOTO COCTaBa, & HA BBICOKMX
(ITI m IV) reppacax mof IMUPOROJIMCTBEHHBIMT
JecaMi — cepbie MOYBbI TTecUuaH0-CyImecuyaHoro
cocraBa ¢ IMOICTUIAIONUM CyTaAnHKoM [8].

MukpoMuIeTB BBIIEJATN OOeTTPUHATHIM
METOJIOM CepHIHBIX pasBeleHNil ¢ MocaeyTo-
MM BBICEBOM TIOUYBEHHOI CYCIIeH3WN Ha ara-
pusoBaunyio cpeny Yanera [9]. Ananus 6mo-
JIOTMYeCKOT0 PA3HOOOPa3 st MUKPOCKOTTMYECKITX
rpubOB BBITIOJIHEH HA OCHOBE KYJIbTYpajabHO-
MOPMOTOrmUecKNX IPU3HAKOB ¢ UCITOJIb30BAHN-
eM RJIACCUYeCKUX OIpeJiesnTe el /s KOHKpeT-
HOI TaKCOHOMUYecKoT Tpyibl. Hammenosanme
BU/IOB I CHCTEMATHYECKOE MOJIOKeHIe JJAHO 110
6aze fanueix «Index Fungorum» (2017).

Jlns xapakrepucTuku pazHoodpasus KOM-
MJIEKCOB MUKPOMUIIETOB MCIOJAB30BAIN P
CTPYKTYPHBIX ToRazaresneii. [IpegcraBmennoctn
BBIJIEJIEHHBIX BUJIOB B CTPYKTYpe MIKOOMOMa Xa-
PaKTEpPU30BAJIN 110 KPUTEPUSIM ITPOCTPAHCTBEHHOT
" BPEMEHHOIl 4acTOThl BCTPEUAEMOCTH W TLJIOT-
noctu BujoB [10]. TunuunpiMu cumranm BujbI
rpuboB ¢ yacroramu Berpedaemoctu Goaee 30%,
ocTasbHbIe BUIIBI — caydaiinbie. K panry fommnan-
TOB OTHOCUJIN BUJIbI C 4aCTOTAME BCTPEYAEMOCTI
6osee 60%; K paHry 4acro BCTPEYAIOMIMXCH —
¢ BpeMeHHoi BeTpedaemMocthio 6oree 60%, a
[POCTPAHCTBEHHOI BeTpedaeMocThio 6oaee 30%;
K paHry pejknx — ¢ Berpedaemoctbio ot 30 mo
60%. [ly1s1 o1ieHKI pazHOOOpas st MUKOOMOMa pac-
cunThiBasn paznnuibie napercor: Hlennona (H),
Cummncona (C), I[ueny (U). O6paboTry anHBIX
nposoamn B iporpammax Excel n Statistica.

Pesyabrarel n 00cy:knenne

TakcoHomuuyecknii cocras HOYBEHHBIX MU -
KpoMuIeroB jecHoro maccua Boponeskckoro
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3anoBejHUKA. Boiieseno 43 Buja MURPOMUTIE-
toB 13 20 postoB, oTHOCAMXCSA K 6 cemeiicTBaM
n 3 Kraccam, a TaKkyKe CTePUJTIbHBII MU
(rabs. 1). CambiMu GoraThbIiMu 110 YKCIY 0OHAPY-
sKeHHBbIX BUJIOB B JIECHBIX OKOCHUCTEMAX 3allOBe/] -
HIUKa ObLIN TIpefcTaBuTenu popos Penicillium
(11 Bupon) u Aspergillus (7 Bugon). Tarue pojbt
rpubos, kak Mucor, Trichoderma n Fusarium,
OBLJIN TIpecTaBIeHbl 3—4 BUaMK, & OCTaJbHbIe
15 pomos — mo 1 Bumy, uro cocrasmiao 75% po-
OBOTO Pa3HOOOPa3Nsl BHIABICHHON MUKOOMOTDI.

[To coBpeMeHHBIM TIpEJICTABICHUAM CYK-
neccuss MUKPOMUIIETOB TIPHU PA3JIOKEHUN OP-
raHN4YecKON MOPTMACChl B IIOYBE MPOTERAET
B HalpaBIeHNN: TUIPOJUTURI — KOTMOTPO-
e — omurorpods [12]. Cpenu BbIieTeHHBIX
HaMUu BUJIOB MUKRPOMUIIETOB 6LIJII/I BCe Iepevunc-
JIeHHbIE DKOJIOTNYECKITe TPYIIITbI, OTIIHYA0INeCs
M0 MCTOYHMKAM MUTAHUS W CTPATErHsIM POCTa
[13]. Hanbosiee MHOTOUMCTCHHBI cATPOTPOd-
Hble MUKPOMMIIETHI, pasBUBaloInecda B 1I1ouYBe
W HA PACTUTEJNHLHBIX OCTATKAX. JTO, B MEPBYIO
ouepeib, nipefcraBurenu pojpos Talaromyces,
Trichoderma, Acremonium v ¢BA3aHHBIX ¢ HUMU
anamMopdHBIX pojoB Aspergillus n Penicillium.
SHAUUTEBLHBIM YHCJIOM BUIOB IpeCTaBIE-
HBI aryIbTaTUBHO-(PUTONATOreHHBIE TPHOBI:
Cladosporium, Fusarium, Rhizoctonia, Botrytis.
MHOI‘I/Ie BblJleJICHHbIE BUJIbI I‘pI/I6OB ABJAIOTCA
TOKCUTEHHbIMU, TTPOAYHUPYIOT MUKOTORCUHDBL
PasIMIHOTO CTIEKTPA I CTBIA.

Runace Zygomycetes mpejcraBjieH campo-
TPOPHBIMI BUJIAMU IBYX POJIOB, OTHOCSTIXCS K
TpytIie KOmmoTpooB ¢ BEICOKOT TMHENHON CKO-
poctbio pocra mutiesus. Kinace Ascomycetes —
caIrpoTpPORPBI TPYIITLI THPOJUTHKORB, YCTYAIOT
B CKOPOCTH IMHEIHOTO POCTA TIPEJbILY e TpyTi-
ne. [logasasionias yacTb BbIICTEHHBIX BUOB
MUKPOMHUIIETOB — 3TO TUTIMYHBIE CATIPOTPOPbHI
n3 kracca Deuteromycetes (HecoBepiieHHble
rpudbl). B rakcoHoMuueckoM ke Kiaace mpeji-
crasien 15 popamun u 36 Bugamu. Ito cbopHas
rpynmna rpuboB, pasamvaiomniascs mo d3Rodu-
3uosiorndeckum crparerusim. Cpejii Bbiie e HHBIX
BumoB cemeiicrBa Moniliaceae (OeciiBeTHBIi
MHUTEJNT) ecTh TPeICTaBUTe I OJTUTOTPOPHOI
IPYIIBI ¢ HU3KOW CKOPOCTHIO POCTA MUTIETUS
(Penicillium tardum, P. daleae, Paecilomyces li-
lacinum, Acremonium alternatum, Cephalospori-
um acremonium), NPeIIOUNTAIONIE MIUKPO3OH b
¢ MaJIoll KOHIIeHTpAI[eil TITaTeIbHBIX BEIecTB.
W3 51010 1€ cemericTBa MHOTHE BUJIBI OTHOCSITCSI
R TUNWYHBIM THjapoauturam: P. funiculosum,
P. notatum, Aspergillus ustus, A. wentii, A. niger,
A. alliaceus. Muorue rmpejcraBuTesin ceMeiicTs
Dematiaceae (TémMHOmBeTHBIC THHOMUIICTHI)

u Tuberculariaceae, a Tarske mpepcraBuTenn
rpynnsl Mycelia sterilia sisnsiiores darynbra-
TUBHBIMU Tapasutamu pacrennii. Hanpuwmep,
obnapyskennbie HaMu BB poja Cladosporium,
BBI3BIBAIOT JIMCTOCTEOCIBHBIC DOJNIE3HN pacTe-
HUIi, a Busbl popta Fusarium, Rhizoctonia solani
u Drechslera sorokiniana BXOEAT B KOMILICKC BO3-
Oynureneii kopHeBbIX THIel [15]. Yrazanubie
BULI TPUOOB COXPAHAIOTCA Ha PACTHTENHHBIX
ocrarkax, obecreunBas MHPEKIMOHHBIN TTO-
TeHT[MAT TTOUYBbI. BbIsABIeHHOE paciipefiesierHmne
BUJIOBOTO COCTaABA MHUKPOMUIIETOB XapaKTepu-
3yer UTOCAHUTAPHOE COCTOSAHUE M3YYEHHBIX
uronenosos.

Buposas crpykTypa mouBooduTaiommx
MUKPOMUIIETOB HCCJIEyeMbIX OMOTOTIOB 3a-
mosemunka. HavMu Obiim BhIesieHsl B 00TIeM
KOMILTeKce MuKkobumoma samosegnura 19 tu-
MUUYHLIX BUOB MUKPOMUIETOB. SUTOMUICTHI
rpejcTaBieHbl ofHUM Bujgom Rhizopus stolonifer,
cymuareie rpubsl — Bugom Chaetomium pilu-
liferum. HecoBepienmbie rpubbl mpeodaagaior
u npepcrasiaennsl 17 sugamu. Cpenu mnpejcrani-
Teseil JAHHOTO Kjacca HamboJsiee pacripocTpa-
HeHbI Bujibl cemetictBa Moniliaceae: Aspergillus
(A. alliaceus, A. candidum, A. ustus, A. wenlii),
Penicillium (P. expansum, P. funiculosum,
P. simplicissimus, P. tardum), Paecilomyces
lilacinum, Acremonium alternatum, Cephalospo-
rium acremonium, Botrytis cinerea, Sporotrichum
piluliferum, Trichoderma koningii, Gliocladium
virens. CemeiictBo Dematiaceae npepicraBieno
onauMm Bugom Humicola grisea. CemeiictBo Tu-
berculariaceae — rpub0OB ¢ MHOTOKJIETOUYHBIM I
ROHUJIMSAMU — TIpeJicTaBIeHO BUmpoM Fusarium
solani.

[To proMOTMUECKOTI BATEHTHOCTI KOMILIEKC
TUTIMYHBIX MUKPOMUIIETOB JIECHBIX dKOCHCTEM
3aMOBEJHIKA BRJIOYAET B ceOs DBPUTONMHBIE
Bujibl: Penicillium tardum, P. expansum, P. sim-
plicissimus, ROTOPbIE BCTPEUAOTCS TAKIKE B JIeC-
ueix mouBax Poccuiickoit Mepepanunm [10, 16],
BryTiouas Pecrryonmry Bypstus [17]. K erenoror-
HBIM BUJAM — MHANKATOPAM TOYB JICCOCTOITHOM
3oHbI oTHOCSITCs Paecilomyces lilacinum, Aspergillus
candidum, Acremonium alternatum, Cephaloispo-
rium acremonium, 3Tu MUKPOMUIIETHI SBISIOTCS
repmoduibHbIMI 1 Kcepoduababivu [ 13, 18].

CocraB cyuyailHbIX BUIOB MUKPOMUIIETOR
B IIOUYBAX 3aMOBEIHNKA ObLT JOCTATOUHO MHOIO-
urcaeHHbIM (24 Buna). Kiace Zygomycetes mpen-
crapiyied Tpemst Bupamu pona Mucor: M. hiemalis,
M. michei, M. ramosissimus. Knacc Ascomycetes —
supom Talaromyces flavus, KoTopwiil OTHOCUTCS
R onroTpodam, HO 00J1ajjaeT BLICOKOT yeToim-
BOCTLIO B HEOIATOTPUATHBIX YCIOBUAX CPEJIBI.
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Ta6auma 1 / Table 1

TakconoMnueckuil cocTas HoUBeHHOI MIKOOMOTE BopoHeskcKoro 3amoBejjHIKa
Taxonomic composition of the soil mycobiota of the Voronezh Nature Reserve

Kuace CemelicTBO Pop Bun
Class Family Genus Species
Zygomycetes Mucoraceae Mucor hiemalis Wehmer
miehei Cooney et Emerson
ramosissimus Samulsevitsch
Rhizopus stolonifer (Ehrenb. Ex Link) L.
Ascomycetes Trichocomataceae Talaromyces Sflavus* (Klocker) Stolk et Sams
Chaetomiaceae Chaetomium piluliferum Daniels
Deuteromycetes Moniliaceae Acremonium alternatum Lk. ex Fries
Aspergillus candidus Link
clavatus™ Desmaz.
alliaceus Thom. et Church.
niger* V. Tiegh.
ustus™ (Bain) Thom. et Church.
terreus*® Thom.
wentii* Wehmer
Boltrylis cinerea*® Persoon ex Fries
Cephalosporium acremonium Corda
Gliocladium virens Miller, Giddens et Fost
Paecilomyces lilacinum Thom.
Penicillium simplicissimus (Oud.) Thom.
daleae Zaleski
restrictum® Gilb. et Abb.
tardum* Thom.
canescens Sopp.
lanosum Westling
Juniculosum® Thom.
expansum Link.
rubrum* Stoll.
janthinellum Biourge
notatum* West.
Trichoderma koningii* Oudem
viride* Pers.
harzianum* Rifai
Sporotrichum piluliferum Link et Fries
Dematiaceae Botryotrichum piluliferum™® Sacc. et March.
Drechslera sorokiniana Sacc. Subram
Humicola grisea™® Traaen
Stachybotrys chartarum® (Ehrenb.) Hugnes
Cladosporium herbarum (Pers.) Link
Tuberculariaceae Fusarium solani* (Mart) Appl.
oxysporum* Snyd et Hans
nivale (Fr) Ces.
sumbucinum* Fuckel
I'pynmnia Mycelia sterilia Rhizoctonia solani* Kuhn.

Hpumewanue: * — morcuzennoie udol [11].
Note: * — toxigenic species [11].
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Ta6amma 2 / Table 2

BI/IﬂOBOG 60raTcTBO 1 pa3H006pa3He MMOYBEHHBIX MUKPOMUIIETOB B JIECHBIX 9KOCHUCTEMAX

Bopomeskcekoro samoBepnmka (cpefuie 3HaUCHNS 10 M3YICHHBIM OMOTOTaM)
Species richness and diversity of soil micromycetes in forest ecosystems
of the Voronezh Nature Reserve (average values for the studied biotopes)

[Torkazarenu / Indicators Suauenus / Values
Bceero soiienennnix sujios / Total number of species 43
Ronmmuecrso tummmansix Buos / Number of typical species 11
V3 HUX IOMUHAHTOB M 4aCTO BCTPEUYAKOIIUXCS 8
Of these, the dominant and frequent
Cymmapmas mIoTHOCTs THITNIHBIX BULOB, % 20-55
Percentage of typical species, %
CymmapHast mIoTHOCTh CIydailHbIX BUOB, %0 45-50
Total density of random species, %
WNupnere paznoobpasus [Hlennona (H) / Shannon diversity index 3,10-3,32
Nupnexce nomuuanposanus Cumicona (C) / Simpson's dominance index 0,09-0,12
Wnpere suiposuennoctu [uexy (U) / Pielu alignment index 0,72-0,78

Cpenn coryuailibIx Tak:Ke mMpeodramaer KIace
Deuteromycetes (19 Bumos). IlpepcraBurenn
cemeiicra Moniliaceae — Buubl pojoB Aspergil-
lus (A. terreus, A. clavatus, A. niger), Penicillium
(P. daleae, P. janthinellum, P. notatum, P. rubrum,
P. canescens, P. lanosum, P. estrictum), Trichoder-
ma (T. viride, T. harzianum). Bonee paznoobpasHbl
npejgcraputesn cemeiicrea Dematiaceae, oHu
npeficTaBaeHsl Bujamu us 4 pogos — Cladosporium
herbarum, Drechslera sorokiniana, Botryotrichum
piluliferum, Stachybotrys chartarum. CemeiicTBo
Tuberculariaceae — 1pejcraBieHo BUgaMu poja
Fusarium (F. oxysporum, F. sumbucinum, F. ni-
vale). Haiin fanuble cOBIIAIAIOT ¢ pe3yJibraTaMiu
apyrux asropos [19, 20] B Tom, uto rpudbl posa
Fusarium B 0cCHOBHOM BCTPedYaloTcs B MOYBaX
CMEIIAHHBIX JIECOB YMEPEHHBIX KANMATHUYECKUX
30H, MOKPBITBIX TPABAHUCTON PACTUTETHHOCTRIO,
1 BeChMa OeJIHO TIPeJICTaBIeHbI B TIOUBAX XBOMHBIX
necoB. Cpefu corydaiiHbIX BUioB oOHapysreHa fRhi-
zoctonia solani — npencrasurens Mycelia sterilia.

BugoBas cTpykTypa KOMIIEKCA TUITIHYHBIX
BUJOB TPUOOB B Jiecax 3amoBeTHIKA BITOJHE
COOTBETCTBOBATA YCTAHOBICHHON MJIA TMOUYB 1
TOACTUIOK XBOWUHLIX W MINPOKOIMCTBEHHBIX
jgecos ymepennoit 3oubl [10, 18, 20]. K nomu-
HUPYIOTNUM BHJIAM, 110 Pe3yJIbrataM NcCIeoBa-
HUSA, OTHOCHJIUCH P. lardum — DBPUTOITHBINA BUJL
u crerororabie Bujibl Ceph. acremonium n Acr.
alternatum. Tuninanble YacThie U PeJKIe BUJIHI
B ¢TPYKType Murobmoma mpesanupyior. Tak, B
paHTe YacTo BCTPEUAOTIMXCS BUIOB 00HAPYHKI-
mu P. simplicissimus, P. lilacinum, P. expan-
sum, P. janthinellum. B ucciepyeMbix mouBax
HACBITIEHHOCTH TTPEACTABUTEIAMEI DTOTO PO
mocturana 30-40%. [Togo6roe pacnpejese-
e o YNCIy BUIOB U 4YaCTOTe BCTPEUAeMOCTI

pona Penicillium ormevajin u Apyrue aBTOpPLI
B MUKPOMUIETHBIX COOOMECTBAX CeBEPHBIX
Taé;KHLIX 30H U yMepeHHbix mupor [20, 21].
Rpowme sroro, wacro BeTpevaromuMucs ObIIN
BhIlesieHbl BUBI poja Aspergillus (A. ustus,
A. wentlii, A. candidus), ocobenno B Guorornax ce-
PBIX MOYB IIMPOKOJMCTBEHHOTO Jieca 3alloBeji-
Huka. Hamm annbie coracyiorcst ¢ JaHHbIMT
npyrux asropos [17, 21], cormacHo KoTopbiM
rpubnI poma Aspergillus ABIAIOTCA XapaKTePHBIMI
ISt JIeCHBIX 1T0YB. B panre THINYHBIX 4acThIX
BU/IOB OOHAPYIKIJIN 1 XapaKTepHbIe sl 4epHO-
3émHuoil noussl Pae. lilacinum, H. grisea, T. konin-
gii. B panre peiRo BCTpeYAONNXCs BBIESATN
S. piluliferum, M. miehei n ormeuasu pocr u-
TOTIATOTeHHBIX BUNOB [. oxysporum, F. solani,
Cl. herbarum, Ho nX cymMMapHas MJOTHOCTL He
npesbimana 20%.

Ecnu paccmarpuBarh mokasaresan B 0BO-
ro 6oraTcTBa, MOMUHUPOBAHUS U BbIPpAaBHEH -
HOCTU KOMIIJIEKCA MHUKPOMUIIETOB, TO MOYKHO
CJleJ1aTh BIBOJIBI O HAIIPABIEHHOCTH CYKIIeCCH T
B MOYBAX JIECHON 9KOCUCTEMbI 3alI0BEIHNKA
(Tadm. 2).

B 1tesmom, 601b110€ KOIMUCCTBO BLILEICHIBIX
BUJIOB, BeicORMT mufeKe (H), kotopslit orpaskaer
He TOJTLKO BUI0BOE pazHooOpasme, HO W PaBHO-
MEpPHOCTH MPEeCTaBIeHHOCTH dTUX BUJOB, CO-
OTBETCTBEHHO BhicoKMe 3Hauenns nugerca (U)
n nuskue 3unavenns nujgerca (C) cumerTenn-
CTBYIOT 0 OoratcTBe TeHOPOH/[a MUKPOMUIIETOR
JecHBIX TOuB BopoHeskckoro zamoBeiHUKA.
[TpumepHo paBHOE KOJIMYECTBO U IJIOTHOCTH KaK
TUHNYHBIX, TAK U CJIYYAITHBIX BUJIOB 0OecIieunBa-
10T QYHKITNOHATBHYIO CTA0MIBHOCTE MUKPOOHOTO
KOMIIJIEKCA, YTO COOTBETCTBYET Al THBHON 30He
«romeocraza» [22].

137

Teopernueckas u npuriaagaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




MOIIYJIAINOHHAA 9ROJIOT' A

138

3axioueHue

N3zydeno BupmoBoe 60TaTCTBO TMOUYBEHHBIX
MUKPOCKOTIMYECKNX MPUOOB YHUKAIHHOTO TTPH-
pojtHOro KomIiljiekca BopoHeskckoro sarose/-
HUKA, He IMOJ[BePTaBIIerocss aHTPOIOreHHOMY
Bo3jelicTBUI0. BriepBbie BoisiBIieHO 43 BuHja
MEUKpocKonnueckux rpudos us 20 popon, 0THO-
csamuxcst K 6 cemeiicrBam n 3 kiaaccam. [1peoo6-
Jaaloreil ABIAIach TPYINa HecoOBePIIeHHbIX
rpuboB knacca Deuteromycetes (36 Bujon).
OrmeueHo BBICOKOE POJIOBOE pazHoobpasme rpu-
OO0B P MAJIOI BUIOBOI HACHITIIEHHOCTH POJIOB.
CewmeiictBo Moniliaceae npepicrasieno 9 popamu,
cemelicTBo Dematiaceae — 5 pojlamMu, a ceMeicTRo
Tuberculariaceae — 1 pomom. Boabimas wactn
BbIJIeJIEHHBIX M30JISTOB OTHECeHA K pojam Peni-
cillium w Aspergillus.

Muko6moTa JeCHBIX MOYB 3ATOBEINTKA
rnpejcraBjieHa He TOJbKO pPasHbIMU YKOJIOIN-
YECKUMU IPYIITaMU 110 HCTOUHUKAM ITUTAHUS 1
CTpaTernsiM pocTa, BUAAMU XapaKTePHBIMU JIJIs
YMEPEHHBIX U CeBEPHBIX PETMOHOB, HO W I'pu-
OaMu, TPUYPOUYEHHBIMI UMEHHO K TPUPOJIHO-
RINMATUUYECKON 30He pernona. B cocrase
ROMIIJIEKCA TPpubOB 1peodaaiaioT THINYHbBIE
IMOYBEHHBIE CAITPOTPOMBI 1 BHAUNTETBHBIM YN C-
JIOM TIpeJICTaBJIeHbI ITOTEHIINAIBHO [TATOTeHHbIe
Bujibl. [ToaTOMYy 3HAHUS O BUJOBOM COCTaBe
rpubOB HEOOXOANMBI JIJIA PENTeHns BOTIPOCOB
3aIUTH PACTEHNI.

N3yuenune MuKoOMOTHI [1OUYB 3AIOBEJHII-
Ka TTOKA3aJ70 BBHICOKOE BUIOBOE pasmoodpasme
MUKPOMUTIETOB. BujoBast cTpyRTypa ROMILIEKCA
TUIMTMYHBIX BUJIOB IPUOOB B PA3JIMYHLIX OMOTOMAX
3AMOBEJIHIKA TTPeJICTaBIeHA BHAUNTETHHBIM KO-
JUYECTBOM TUITMYHBIX YaCTHIX U PEJIKUX BUJIOB.
Ppynny roMmuHaHTOB cocTaBUIN 3 BUjia MUKPO-
muteros: P. tardum, C. acremonium, Acr. alter-
natum. [lTuporuii crieKTp 3KOPU3NOTOTUYECKUX
cTpaTeruii BbIjleJIeHHbIX BUJIOB MUKPOMUIIETOR 13
JIECHBIX TIOYB TIPUPOJIHOTO 3aTI0BEJIHUKA CBUJIe-
TETLCTBYET 0 ¢cDOPMUPOBAHHBLIX MTOTHOIEHHBIX
CYKIIeCCUSIX, KOTOpPbIe cOAJIAHCUPOBAHO U aK-
THUBHO OCYIIECTBJISIOT TPOIECChl PA3JIOKEeHs
pPacTUTENLHBIX OCTATKOB.

Hammu gansbie mo paznoodpasmio MUKPO-
MUTIETOB, HAPSMLY € AHATOTUYHBIMYU O JIPYTUM
OpraHu3MaM, MOKHO OyJ/leT BRIIOYATH B PEECTp
OTIEHKI COCTOSIHUST AHTPOIIOTeHHO-HAPYITIEHHbIX
HKOCHCTEM TIPU OpraHu3arn OMOMOHUTOPUHTA
B JIAHHO IPUPOJHO-KRINMaTu4ecKoii 3oue. He-
3aTPOHYThIe AHTPOIIOTEHHBIM BMeEIIaTeIbCTBOM
JlecHble MOYBbl BOPOHEMKCKOTO 3am0oBe/iHIKA
MOJKHO paccMaTprBaTh 9TAJIOHHBIMU B KauecTBe
permoHaTbHOrO hoHA.
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Paspadorka cucreMbl 9KOJ0THYECKUX UHMKATOPOB,
OTPaAKATONINX BOIOXO0351IICTBEHHbIE ACTIEKThI TIPeIIPuATH
B CBeTe YCTOIYMBOTO PA3BUTHS
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[TponsBopicTBeHHAS IeATENHHOCTD TIPETIPUATHI B COBPEMEHHBIX YCJIOBUSIX OKA3bIBACT 3HAUNTEILHOE HeraTHBHOE BO3-
JeiicTBIe Ha COCTOSTHIIE OKPYSKATOIIEeH Cpefibl, B TOM UIc/Ie Ha BOiHEIE pecypehl. B mociennme aecarnierns Beé vate gediu-
IUT TIPECHOIT BOJIbI TOBCEMECTHO YCUIIMBAETCS 1 BOSHITKAET B PErHOHAX, I7ie ero panbiiie He Ob110. [Ipnunna — paciupenne
BOJIOTIOTPEOIeH ST KaK HAaceJIeHNeM, Tak 1 pactyieil skonoMnkoii. CyrecTsyer Be NpUUNHBI BOSHNKHOBeH NS ledpuiinra
BOJIbI: YMEHbIIIeHIIe KOJTIMYeCTBA BOJHBIX PECYPCOB M3-3a MOTPeOIeHNsT BOJIbI TPOMBIIILTIEHHOCTBIO, CEIbCKUM XO35ICTBOM
M JHOJIbMIT; KOCBEHHBIE TI0TePH BOJbI B pe3yJibrate BbIPYOKIT JIECOB, OCYIIEH IS BOJIOEMOB 11 HOJIOT, @ TaKKe 3arpsi3HeH e BOJIbI,
IIPUYEM OHO 110 Pe3yJIbTaTy paBHO3HAYHO IIOTEpe 3a11acoB IIPECHOI BOJIbL; 3aTrPsA3HEHIE BOJ[bI MOFKET CYIIeCTBEHHO I1PeBOC-
XOAUTh 00'bEM BOJIBI, HEITOCPEJICTBEHHO MCIIONB3YEMOIl B TIPOU3BOJICTBe 1 ObITY. HaMu mpejioskeHa MeTOIKA OIEHKI BO-
JIHOTO lepuInTa, OCHOBaHHAS HA pacyére MHTErPATLHOTO MHEKCA BOHBIX pecypcoB. OH I103BOJISAET cjiesiaTh BHIBOJL 0 BRIAJe
13y4aeMoro mpefnpusaTis B popmuposane (nian e hopmuponanme) BojHoro gedurnra reppuropun. Munexe mpepcrasisier
CPeJTHEreOMeTPUYeCKYI0 BeJINYITHY 13 IBYX MHAMKATOPOB. VIHNKATOp cOPOCOB CTOYHBIX BOJL XapaKTepu3yeT KauecTBO BO-
JIHBIX PECYPCOB, & MHIIMKATOP BOJOTIONB30BaHUS — UX KoJauuecTso. [IpepiesibHble 3HaueHNs HHANKATOPOB 1 MHTEIPAJILHOTO
ITH/EKCA PABHBI e[[NHNIIIE, €6 TTPeBbIITIeH e CBU/ETeIbCTBYET 0 BO3SHUKHOBeHn1 BojHoro iedpurinra. [Tpennaraemast meroimka
HCIOIB30BAHA IPH OIeHKEe BO3MOKHOTO BOSHIKHOBEHIS KOJTMIECTBEHHOTO I KAYeCTBEHHOTO Ie(DUITINTa BOTHBIX PECYPCOB
Ha TePPUTOPUN BIMSAHIA KPYITHOTO JIOOBIBAIOIIETO MPEJITPUATHS, PACIIONIOKEHHOTO Ha ceBepo-BocToKe llepmckoro Kpas.
YeTanoBIeHo, 4To i NCCJAe/yeMOoro pernota XapakTepHo OTCYTCTBIE BOJHOTO AeMITNTA 110 ROJIMYECTBY BOJIHBIX PECYpPCOB
JIasKe B HKCTPeMalIbHO MaJIOBOJIHBIE TOJIbL. Y/IelbHasI BOJI00OECIIEYEHHOCTh HA OJTHOTO FRUTEISI XaPAKTePH3YETCs KaK «CPeJHSIS».
Eé snavenne He yMeHbBITUTCS 1 TP TTAHUPYEMOM YBeJMUeHUN Bojlo3abopa Ha HYKbI pefnpusaTus Ha nepuog 10 2030 .
Onraro cymectByer 1e@uiinT 10 Ka4ecTBY BOHBIX 00beKTOB. BLIsSIBIICHBI BBITYCKI CTOUHBIX BOJI, /IIsI KOTOPBIX XapaKTepHO
[IPeBbIIIIeHIe THANKATOPA cOPOca 10 BCeM JIeMeHTaM 1 [TOKa3aTessiM B TeueHIe paceMaTpiBaeMoro mepuoyja. Jto rpedyer
HPUHATUS MEP 110 CHUMKeHNI0 KOHIIeHTPAIIIIT 3arpsA3HAIONINX BellecTB B cOpachiBaeMbiX Bofax. [Ipepnaraembrii nurerpasn-
HBIIT TOKa3aTeIb MOKeT MCII0Jb30BaThCA IIPH IJIAHNPOBAHNIN JIEATEILHOCTH IPEJIIIPUATIA B CBeTe YCTOIYNBOTO PA3BUTHSA.

Kuouesste croga: yeroitunpoe pazsurie, HpeiipusTue, BOJHbIe PeCYPChl, MHINKATOD, MHTErPasbHbIIl NHIEKC, BOJIO-
XO3sICTBeHHBIIT GaaHe, BOJ0O0OECTIEYeHHOCTh, CTOYHBIe BOJIbI, eUITNT, KAYECTBO BOJIHI.

Developing a system of environmental indicators reflecting
the water management aspects of an enterprise in the light
of sustainable development
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The negative consequences of the enterprise production activities in the current conditions have a significant de-
structive effect on the state of the environment, including water resources. In recent decades, the shortage of fresh water
is increasing everywhere and occurs in regions where it has not existed before. The reason is the expansion of water con-
sumption by both the population and the growing economy. There are two reasons for water scarcity. First, the decrease
in the amount of water resources due to the consumption of water by industry, agriculture and people; indirect water
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losses as a result of deforestation, drainage of reservoirs and swamps. Secondly, water pollution, which is equivalent to
the loss of fresh water reserves; in terms of volume, water pollution can significantly exceed the volume of water directly
used in production and everyday life. We have proposed a method for assessing the water deficit based on the calculation
of the integral index of water resources. It allows us to draw a conclusion about the contribution of the enterprise under
study to the formation (or the absence of formation) of the water deficit of the territory. The index is the geometric mean
of the two indicators. The wastewater discharge indicator characterizes the quality of water resources, and the water use
indicator characterizes their quantity. The limit values of the indicators and the integral index are equal to one, its excess
indicates the occurrence of water shortage. The proposed methodology was used in assessing the possible occurrence of a
quantitative and qualitative shortage of water resources in the territory of influence of a large mining enterprise located
in the northeast of the Perm Krai. It has been established that the region under study is characterized by the absence of a
walter deficitin terms of the number of water resources even in extremely dry years. Specific water supply per 1 inhabitant
is characterized as “average”. Its value will not decrease even with the planned increase in water intake for the needs of
the enterprise for the period up to 2030. However, there is a shortage in the quality of water bodies. We've identified the
waslewaler outlets, which are characterized by an excess of the discharge indicator for all elements during the period
under review. This requires taking measures to reduce the concentrations of pollutants in the discharged waters. The pro-
posed integral indicator can be used when planning the activities of an enterprise in the light of sustainable development.

Keywords: sustainable development, enterprise, water resources, indicator, integral index, water management
balance, water supply, wastewater, scarcity, water quality.

B nacrosiiee Bpemsi akTuBHO paszpabdarbi-
BAIOTCsI KPUTEPUU U MHAMKATOPHI YCTOMYNBOTO
passuTisi. O0bSCHICTCS 9TO TeM, YT, 10 MHEHITO
pyKoBoiuTE e KOMITAHUI — y4acTHUKOB ['J10-
dannroro gorosopa OOH, knoueBsiM pakTOpOM
YCTHenHoro 6u3Heca Ha CETOMHATIHAN IeHb
SABJISIETCS KOHIIEIIIUS YCTOMYNBOTO Pa3BUTHUS
(YP), koropast Hepe/iKO UMEHYeTCs1 «BCeMUPHOI
MOJIesThI0 OyrryTiero musmansaruns |1, 2]. 9romy
BOIIPOCY TOCBSATIEHO OOJIBIITOE KOJTNIECTBO pa-
601. Hambosee m3BecTHLIMI SIBJISIOTCS MHICKC
pKoJIOTIUeCKOT yeroiumBoctn (Environmental
Sustainability Index), pazpaboranubiii yuéHbIMI
Konym6uiickoro u Menbckoro yuusepcureron
[3]; arpernpoBaHHbBII NHACKC «FKIBOIT JIAHETHI»
(MRIT) (Living Planet Index) [4]; nokasaresnn
«arosornvecknii caen» (IC) (the Ecological
Footprint) [5]; cuctema mHTETPUPOBAHHBIX 9KO-
JOTUYECKUX M DKOHOMMYECKUX HAIMOHAJIbHBIX
cueroB (a System for Integrated Environmental
and Economic Accounting), mpemnosennas
Cratucrunueckum orpenom OOH [6].

B Poccun rarske cyuiectByer psij IpOeKTOB,
MOCBATIEHHBIX WHMKATOPAM YCTOHYMBOTO pas-
BuTusi. 1o poekThl Beemuproro Bamka n Mum-
sronompassutus Poccuiickoit Mepeparun (PO)
«YUéT HKOJIOTHIeCKOTO (haKTOpa B CHCTEMe NHH-
KaTOPOB COTNATHHO-9KOHOMITYECKOTO PA3BUTHIST»
(2001); nornan «Harnumonanbuas onenka mpo-
rpecca tipu nepexojie Poccuiickoit Meneparimn
K ycroitunBomy pazsutuio» (2002) u gp. Ouenn
MHTEPECHbIIT OTBIT 110 pa3paboTKe MHNKATOPOB
yeroitunBoro pazsurust B 2002-2007 rr. naro-
mied B Tomckoii, Boponeskcroii, KemepoBckoii
un Camapckoii odsactsx, r. Mockse, UyBarickoii
Pecniyonuke [2, 7, 8].

Hecmorpst Ha 60s1b110€ KOJTMYECTBO Pa3HbIX
CUCTEM DKOJIOTHMYCCKUX MHICKCOB M MHIMKATO-
poB, pazpaboTaHHBIX HA ITOOATLHOM ypoBHe [9]

uB PO [2,10], equnoro ompeaesenst MHINKATO-
pa He cymiectryer. Vcnonbayembie moxkaszaresn,
Kar TPaBuUJIo, Jal0T XapaKkTepucTury 0JOKOB
(nrmercon) Y P (cormanbHbIi, SKOHOMUYECKNIT,
DKOJIOTUYECKNUIT) U UX vacTeil (MHIAMKATOPORB),
a He HUBIIeN CTYIeHN COCTaBSIONINX Ha YPOBHE
otneabHOro npemmpusitust. Hamu nipepiosken moj-
X0/l K OIleHKe 1oKasareJieil, XapaKkTrepusayrommnx
BJMSTHIE TTPOMBITIIJIEHHOTO TTPEIPUsATHS HA BO-
mabie pecypebl ¢ iosutun ¥ P (popmuposanms na-
JTUYUS Wi oTeyTeTBUS BotHOro flepunmra) [11].

Coryacuo [12], «<uHguKaTop ycToiumBoro
pPa3BUTUS — DTO MOKABZATENb, MTO3BOJATONHI
CYUTH O COCTOSTHUM WJIM U3MEHEHUU DKOHO-
MUYECKNX, COTUATBHBIX WU DKOJOTUUYECKINX
nmepeMeHHBIX». B laHHOM mccJaeOBaHUN TI0]
MHMKATOPOM TTOHUMAaeM I0Ka3aTesb, 103BO-
JSIONINI CY/IUTh O COCTOSHUYM WJIM M3MEeHEeHU !
XapaKTepuCTNK dKOJOTHUECKOI COCTABIAIONIEH
(KOMMUecTBO 1 Ka4ecTBO BOJIHBIX pecypcoB) Y P
npepnpusitus [13, 14].

B 2016 r. 'enepanbuas Accambiaes OOH
rnpoposraacuia nepuop 2018—2028 rr. Mesxny-
HAPOMHBIM JlecATuIeTreM feiicTBuil « Boja st
YCTOMUYUBOTO Pa3BUTHI». ITO 00bACHICTCS
MOCTOSIHHO YCHJIUBAIOIIUMCS leUIuToM Tpe-
cHOI BOJIbI. MOYKHO BBIJIETNTD JIBE TPUYUHBI €T0
BO3HUKHOBeHUs. Bo-miepBbIX, HT0 yMeHbIIeHe
KOJIMYECTBA BOJIHBIX PECYpPCOB 13-3a pacrylie-
ro moTpedJeHusT BOJABl U KOCBEHHBIX MOTEPH
B pe3yJibrare BRIPYOKI JIECOB I OCYIITeHIsi DOJIOT.
Bo-Bropsix, 910 3arpsi3aHeHue BOJbI, KOTOPOE 110
00bEMaM MOJKET CYITIECTBEHHO TPEBOCXOINTH 00h-
€M BOJIbI, CIIOJIH3YeMOTl B TTPOU3BOJICTRE U OBITY.
I1o GoJiee OLACHBII 1 MeHee KOHTPOJIUPYeMblii
Ipoliecc, uem eé rpsiMoe ucioyb3opanue [15].

Wemonbayemblie jijisi BOJHBIX PECYPCOB HH-
AMRATOPBI IOJKHBI OTBEYATH PsLy TpeboBaHMIA,
cpeji KOTOPHIX: PeJIeBAHTHOCTh, TO €CTh COOT-
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BETCTBME 3ajlauaM, KOTOpbIe MPU3BaH perrarh
ONIPeJIeIEHHBIN TOKA3ATeb; JIOCTYIHOCTh JIIs
BOCITPUATHST; 000CHOBAHHOCTH 1 JIETROCTH MHTEP-
MpeTaruit; IPpoCTPAHCTBEHHO-BpeMeHHast I3MeH-
YUBOCTD; JIOCTOBEPHOCTH (MHMKATOPHI [OJIHKHbI
OBITH OCHOBAHBI Ha pealbHbIX (parrax) [14].

Ilna sddertuBHOTO yIpaBIeHUs COCTOS-
HIUEM BCell CrcTeMbl HeOOXO[MMbI HEe TOJbHKO
OT/IebHBIC TTOKA3ATE N, HO 1 OTIeHKIN B3aMMHBIX
cBsizell Mesrry HuMm. PoJib TakMX OIEHOK BBITION -
HSTOT MHTETPAJIbHBIE TTOKA3ATeNH, CoflepsRalie
00600IIatoIIe XapaKTePUCTHKI COCTOSTHIS BCEIT
cucreMbl — uHjeKRcbl. OCHOBHO 110 BBeJe-
HUS WHJEKCOB SIBJISIETCS OIEHKA CUTYAI[UW UIN
cOOBITHUS JIJIsT TTPOTHO3a 1 Pa3padOTKU pereHuit
cytectByionux mpoosem [ 13]. M3 aroro caemyer,
4TO MHIEKCHI MOYKHO MCIIOJIb30BaTh JIJIs XapaK-
TePUCTURU BOIOTIOTPEOJIeH S B TTpejiesiax Jto0oii
n3y4aeMoii TeppuTopun (B TOM YMCIIe M TePPUTO-
pun esiTeIbHOCTH JII000TO PeIIPUsATHS), ¢ UX
MTOMOIIBI0 MOJKHO JIaBATh KaK KOJTNYeCTBeHHYIO,
TAK U RAYECTBEHHYIO OIEHKY BOJIHBIX PECYPCOB,
4TO SBJIAETCS HEOOXOMMMOI OCHOBOI JIJIsI TIPO-
IHO3A.

B c¢Bs13u ¢ oTMM 11€1b MCCTe0OBAHTIT — OTleH-
Ka BO3MOKHOCTH BO3HUKHOBeHUs meduiiura
BOJJHBIX PECYPCOB HA TEPPUTOPUU BIMSHUS
KPYITHOTO JIOOBIBAIOIIETO TPeAIPUsATUs C UC-
110JIb30BaHNEM pa3paboTaHHbIX NHIMKATOPOB.

OO0 BbeKTHI 1 METOBI MCCICOBAHIS

[Tpuponuoil equHmMIeil ¢ TOUKU 3PEHUS
yIpaBJieHus BOJHBIMU PecypcamMm SBJISAETCS
peudnoii BogocOop, B pefesax KoToporo (hopmiu-
pytorest Bojiabie pecypcebl. [Ipn pacuére BogHOTO
nedunura Bogocbopa (TeppuTOpuUM) Craepyer
YUUTBIBaTH CyMMapHOe BojlonoTped/ieHie Beex
MPeJINPUATII, HAXOSAIINXCS B €T0 Mpejiesiax, a
3aTeM CY/IUTh O BRJIAJIe M3y4aeMOro IpeiipusiTis
B ¢popmupoBanue (nam He popmMupoBanue)
BoztHOTO fedpunura reppuropun [11, 14]. Mbr
NCXO/UM U3 TOTO, YTO, ecan 00bEM cToKa, (op-
MUPYIOLUIICS B IIpe/iesiax n3yuaeMoro Bojocoopa
(W), moaHoCcThIO TPATUTCS HA XO3SHCTBEHHBIE
7 TIPOMBITIITIEHHBIe HY:RIBI (1), To nMeercs Ha-
MPSKEHHASA CUTYaTNsA, 0JIM3Kas K BOOfleUInTy:

W=R, +R, (1)

rne W — o0béM BOIHBIX pecypcoB, hopmi-
PYIOIIKXCsI B TeUeHNe OJ[HOTO MaJIOBOJHOTO TOJIa
B IIpejiesiax u3yuaeMoro sogocoopa; R, — 00bém
BOJIHBIX PECYpCOB, MOTPeOJIsieMbIX PacuETHBIM
npepnpustuem, R, — 00bEéM BOIHBIX pecypcos,
MOTPedIsIeMBbIX OCTATbHBIMU TIPEITPUSTUSMI

B npejenax Bogocobopa. EcrecrBenno, ecin
OoJbIIIasl YaCTh BOJHBIX PECYPCOB ITOTPeOIsIeTcs
usydaeMbiM npepupustuem (1), To nocaenuee
ABJSIETCS MIPUUNHOIT BojiHoro nedutura. O ero
BKJaje B popmMupoBanue (uam e opMupo-
BaHMe) BOJHOTO lepUIMTa TTO3BOJSET CYIUThH

WHJINKATOP BOJIOIIOJIb30BAHUSI (]BOA):
Il = R 9

BO, .

T W R, (2)

Hpu [, = 1 nabmopaercs kpusucuoe co-
CcTOsIHUE, BOJHBIN medunur, o0yCa0BIeHHBII
U3Yy4aeMbIM TPeIIIPUATIEM.

CocTosiHne BOJIHBIX PECypCOB 3aBUCUT He
TOJBKO OT KOJTMYeCcTBA 3a01paeMoi pejipusITi-
€M BOJIBI, HO 1 OT ¢OPOCOB cTOUHBIX BOJI. [ToaTomy
npejicTaBsgercs DoIee HaTTIAHBIM UCTIOB30BAThH
B KavecTBe MHMKATOPA MOKA3ATETh «00HEM
cOpoca 3arpA3HENHLIX CTOUYHBIX BOM B TMOBEPX-

HOCTHBLE BOLOGMBDY — [ o (M?):

C
la=0 " (3)
Hegp

e Cgﬁcﬁpf (parTnueckmnit 00 bLEM coOpachiBae-
MBIX TPEJIITPUATHEM CTOYHBIX BOJI, M?; Clie, — HOD-
MATUBHOE KOJINYeCTBO 00BEMOB COPOCOB CTOUHBIX
BOJI, M.

Ecnn ske HY»RHO yUnTBIBATh HE TOJBKO 00BEM
cOpachiBaeMbIX CTOUHBIX BOJI, HO 11 COJIepKaHme B
HUX 3aTPSA3HSAIONINX BEIeCTB, TO TIpeJjiaraeM nce-
M0JIb30BATh B KAYECTBE MHMKATOPA TOKA3ATe b
«cOpoca 3arpsisHEHHBIX CTOYHBIX BOJ| B TIOBEPX-
HOCTHBIE BOJTOEMBI» — [ct’)pi:

C(i)i ;o Cyi
i Legpi = , (4)
CHi

e C,, — parTiyeckoe KOIMIECTBO COpach-
BAEMbIX [IPEJIIIPUATHEM i-3arPSI3HSIONINX BEIECTB,
MT/JT WJIN T/TOJ. ITN JIAHHBIE TIPUBOJISTCS 110 Kask-
JIOMY 3arpsi3HAIONIEMY (HOPMIPYEMOMY ) BEIIIeCTBY
B COOTBETCTBUU C HIPOIPAMMOIL 9KOJOIMYECKOr0
MoHuTOpUHTa TipefnpusaTs; C . — HOpMaTHBHOE
KOJIMYeCTBO cOPOCOB 3arpsI3HIONNX BEIeCTR
HPeANPUsATIHEM B BOJHBIE 00BEKTHI (COIIACHO
HJ1C), mr/n nm t/ropr. OHO ompefiesisiercs B CooT-
BercrBun ¢ Meroruroi pazpadborku HIC Berecrs
" MUKPOOPTAaHN3MOB B BOJIHBIC OO'bEKTBI JIJI51 BOIO-
nosabzosaresieit. [Ipn C - C semnunna [ = 1, 10
JIOTTYCTUMBIIT TIPeJiesT 3HAYCH IS MHIMKATOPA.

RomiiekcHast XapakTepueTuKa COCTOsHUs
BOJIHBIX PECYPCOB MOKeT ObITh JlaHA HA OCHOBE
MHTerpajbHOro nHaeKca [ Kak cpejiHereoMerpi-
YeCKON BeJIMYNHBL 13 UHANKATOPOB ROJIMYeCcTBa
1 Ka4ecTBa BOJIHBIX PECYPCOB:

=11 (5)

p BOA .

Ic6pi - F

Hi
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Ha ocnose npemyioske ol METOIMKN [1PO-
BeJI6H aHaan3 BO3MOKHOTO BO3BHUKHOBEHU S
ROJIMYECTBEHHOTO M KAauyeCTBEHHOTO feduinra
BOJIHBIX PECYPCOB HA TePPUTOPHUN BIUSAHUS
KPYITHOTO J0OBIBAIOIIETO IPeiIpusTus (f1aiee —
MPefpusATHs), PACIIONOKEHHOTO HA CeBepo-
Bocrtore ITepMckoro kpast.

Pesyabrarel n o6cysknenne

Rak ormeuasioch BbIlie, BOAHBIN gedurur
MOYKHO OXapaKkTepu3oBaTh JBYMs TPYyIIIaMu
MoKaszareseil: KOJIMYeCTBeHHBIMI 1 KauecTBeH-
HbiMu. KojnvyecTBeHHbBIe TTOKa3aTe Il BRIOYA-
10T B cebsi: 00béM PeYyHOro cTOKa (MpupojiHas
cocramisonias) n o0bémMbl 3ab6opa u copoca
UCIOJIB30BAHHON BOJIbI (TeXHOTEHHAs COCTaB-
JISTIONIAST) , KAYeCTBEHHBIE — 00'HEM TOCTYTIIIEHTIST
SHI‘pHSHéHHBIX CTOYHBLIX BOJI 1 3arpA3HeHne BOJI -
HBIX 00'BEKTOB.

[Tpw omenre KoIMUecTBEHHOTO JlepUINTA
BOJIHBIX PECYPCOB HYKHO NCXOAUTH M3 HANXY/I-
HIUX YCa0Buii GOPMUPOBAHMS TTOBEPXHOCTHOTO
CTOKA 1 OTMPAThCsI HA BOAOXO3ACTBEHHBIIT Oa-
JAHC TPeIPUsATHI, HAXOJAIIMXCS B IIpejesax
BojIOCOOpA:

W-R=AWunm W- (R + R, =AW, (6)

rne W — cymmapuas npuxojHas dyactb Oa-
Janca, R — cymMmapHasi pacxojjHas yacTh Oajiamca,
BRJIIOUAIONIAst 00'bEM BOJIHBIX PECYpPCOB, MOTpe-
OIeMBIX paCYCTHRIM TIpeinpuATiHeM R, n 00hém
BOJIHBIX PECYPCOB, TOTPEOISAEMbIX OCTATHLHBIMI
HpPeJNpUATUAME B IIpefiesnax Bogocoopa f2,; AW
— pesyabTupyfoinas danamca.

WNexopupiMn MaTepuaiaMu s pacuaéra
NPUXOJHOT cOCTaBJIAONEN DananHca Mocay-
JKUJIV JITAHHBIE MHOTOJEOTHUX HAOMIOeHNT Ha

BojloMepHBIX Ttoctax Ypasiabekoro ¥ 'MC Pocrug-
pomera. Pacuérbl BLITIOJHAIN B COOTBETCTBUN
¢ CIT 33-101-2003. B ravecrBe pacuérHoll xa-
pPaKTepUCTUKN BHIOPAH MUHUMAIBHBI MOIY/hH
rojgoBoro croka 95% obecneuennoctu. Cpeuss
MOTPEITHOCTH OTIPeleIeH A XapaKTePuCTK
croka He mpesbimaer 10%, aro coorBercTByer
rpedoBanusiv CIT 33-101-2003.

MexoprbiMu MaTepuajiamu st pacuéra pac-
XOJHOI COCTaBJSIONIEN BOMLOXO3AMCTBEHHOTO
Oanamnca MoCTyRIIN Jlanubie o gopme dese-
pajibHOTO crarnctnueckoro Habmomxenns 2-TI1
(Bopnxo3): «Creprerinst 00 MCIOAB30BAHUN BOJ[BI»
3a nepuoj 20162020 rr.

Rak ormeuero BbIlIe, 0 BRIaJe N3y4aeMOTO
npeanpusTusa B gopmupoBanme (nnm me Qop-
MUpOBaHMe) BOJHOTO leuIiiuTa TeppuTOpun
MTO3BOJIACT CYIUTH MHIMKATOP BOLOMOTH30BAH IS
[M. Yewm ero BesimunHa MeHbIIIe, TeM BePOSITHOCTh
BOJIHOTO fiepurinta Mmerbiie. Kputnueckoe snaue-
e MHNKATOpa pasno egmantie. B orom cayuaae
Oymer HAOIIOaTHCsT BOJHBIN leuiuT, 06ycaon-
JIGHHBII N3y4aeMbIM HpeipusaTiuem. Pesyibrarb
pacuéra [ upusenenst B rabauie 1. Pacuérsl
MOKA3aJIM, 4YTO UHUKATOP BOAOTOIH30BAHUS
MasKe JUIST YCIOBUET MaJIOBOJTHOTO TO/la HAMHOTO
MEHBITEe eJIMHUIBI, YTO CBUIETETHCTBYET O TOM,
YTO JIEATETHLHOCTD MPEATTPUATHS He CITOCOOCTBYET
BO3HUKHOBEHUIO BOJIHOTO flepuiinTa.

Jlns amanmmsa m3MeHIMBOCTH XapPaKTePUCTIK
CTOKA TIOCTPOEHBI XPOHOJOTHYeCKne rpaduim
CPeHUX TOMOBBIX PACXOOB BOMABI TTO TOCTAM,
TPOBEeHbl JJUHUN TPEHIOB PACUSTHHIX XapaK-
repuctuk. VX anmaans moxasaj, u4ro [Jist TOPHOI
[1OJIOCHI U3Yy4aeMOil TePPUTOPUN CICIYeT O3KI-
MaTh YBEJTMYEHUS CPEJIHNX TOJIOBBIX PACXO/[0B HA
1-2% waskpsie 10 Jer, Ay paBHUHHON YacTH —
na 3—4% sa kamuanie 10 ger. Cuegosaresnbio,
MOJKHO OKUJIATh, 4TO 00BEMBI BOJIHBIX PECyp-

Tadauma 1 / Table 1

Pesynwrarsr pacuéra mHpmKaropa BOOTOIb30BAHTS Im
Results of calculating the water use indicator

lon O6b6M BOJHBIX PECYPCOB, THIC. M? Nunnkarop
Year Volume of water resources, thousand cubic meters BOJIOTIONIH3OBAH IS
bopmupyromuxcs noTpedIsieMbiX noTpedIsieMbiX Water use indicator
B TeUeHIe MaJTOBOTHOTO MpepusTHeM OCTATTHHBIMI R
roma 95% obecr. consumed by eI PUATASIMI [BOH =—1
formed during a dry year the settlement consumed by the rest W—R,
95% of supply Enterprise of the enterprises
w R, R,
2016 6948,89 125289,79 0,003
2017 6758,14 114876,2 0,003
2018 24244743 18348,88 110016,3 0,008
2019 16341,18 108935,4 0,007
2020 17889,52 115419,6 0,007
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COB (CpejiHuil TOIOBOIT, MUHUMAILHBIN 3UMHUIT
" JIeTHEe-0CEHH U MesKeHHbIe ), (POPMUPYIOTecs
B TIpejiesiax m3ydaeMoil TeppuTopuu, Kaygjbie
10 ser 6yayr pactu. Takum obpasom, faske mpn
yCJOBUHM coxpaHnenuss oobéma sabopa BObI,
paBHOMY 3a0paeMOMY B HACTOSATIIEE BPeMS TTPeT-
HMPUATHEM JIJIsI CBOUX HYIRJI, JeUINTa BOIHBIX
pecypcoB He Oyier (1pu yCJI0BUHT, 4TO OCTAIbHBIE
MOTPEeOMTENIN PE3RO He yBeJInuar 00'béM BOJlo3a-
Oopa). ITo MOATBEPsKIALTCS 00eCTIeUeHHOCTHIO
HaceJeHUs BOJIHBIMU PECYPCaM.

OcraBmuiicst 066M BOJIBI TTOCTe 3a00pa
BOJIHBIX PECYPCOB HA HYRIILI TPEITIPUATUIN UC-
MOJIb3YETCs HAceJeHUeM. YIOBJIETBOPSET I OH
HopmartuBam Boptoriorpebaennsa? [lyis oreera Ha
HTOT BOIMIPOC OTIpejiesieHa yueabHas Bojoodectie-
YeHHOCTH (Tadu. 2).

[To manuwim OOH kpuTHYeckuii ypoBeHb
YAeTLHOW BOXOOOECTIEYCHHOCT COCTABIACT
1,7 Teic. M*/TOoJ Ha wesoBeKa MpU cpejHe-
MHOTOJIeTHEeM ToKasaresie 7,4 Thic. M°/To[ Ha
1 venoBera. [1j1s1 cpaBHeHust: yueabHast Bopoodec-
MEYEeHHOCTDh 34 CYET CTOKA MECTHOTO (POPMUPO-
Barus jist lepmeroro kpas na korer 2010-x Tr.
cocrasisiia 18,9 teic. M?/rop na 1 yenoBexa; s
[Tpusomnsrekoro defrepanbHOTO OKPYTa HTa BeJIny -
Ha 3HaUnNTeIbHO Menbirne — 5,0—11,0 Teic. M3/rop
na 1 uesnonera.

Pacuérbr mokasanm, 4To fayke B MepPHoOJI
HKCTPEMATHHON MATOBOHOCTH N3ydaeMast Tep-
PUTOPUSA TTO BeAWYNHE YALTLHON Bomoodecte-
YEeHHOCTH OTHOCHUTCSI K KATerOPUN «CPEJIHSIS».
Permon pacmonosxenus mpegnpuaTus obecie-
4eH BOJOI B JJOCTATOYHOM KoJnmdecTBe. Kenn
Y4ecTh TPOTHO3 YMEHbITCHU ST YHCJTCHHOCTH Ha -
ceJIeHns M3ydaeMoil reppuTopun mourn wa 7%
K 2025 1., TO MOM¥KHO TOBOPUTH O TEHJEHI[UN
K YBEJIMUEHUIO BEJTMUMHBI Y/IeJIbHOIT BO000ec-
MeYeHHOCTH.

Bropoii xapakrepuctnkoii BO{HOTO e urinra
SIBJISIETCST MHIMRATOP ¢OPOCa 3arps3HEHHBIX CTOU -
HBIX BOJ[, XapaKTepU3YOIHl KaueCTBO BOJIbI —
I, (ypasuenms 3, 4). Pacuér mapuraropa Iy,
MPOU3BOAMICS 110 (PAKTUUYECKOMY KOJIUYECTBY
cOpachiBaeMbIX TIPEJIIPUSTHEM 3aTPSA3HAIONIIX
semects: SO,*, CI, K*, Ca**, Mg**, Na*, NO,,
NO,, NH,*, Bsemennbie Bemectsa, Herenpo-
nykTel, cyxoii octatok, BITH,, XTIK, CITAB. [l
pacuéra MCIoJb30BaHBI IAHHBIe KOHIIEHTPATIIIT
(t/rof  MT/aM?®) B KOHTPOIBHBIX CTBOPAX, pac-
nooskeHHbIX Ha paccrosaun D00 M HUKe 110 Te-
YEHUIO OT MecTa cOPoca CTOUHBIX BOJ IO KaFKIOMY
13 IeCTU BBIIYCKOB MPEIPUATAS 34 MTePUOJ]
¢ 2016 10 2020 rr. [Tsrunernuit nepmno 00ycioB-
nen TpedboBanmem [Ipukaza Munucrepcrsa rpn-
ponubix pecypceos Pocenn ot 17 nexadps 2007 ro-
na No 333 «Meronnka pazpaboTkit HOpMaTNBOB
JIOITYCTUMBIX COPOCOB BEIIEeCTB 1 MITKPOOPTaH3-
MOB B BOJ[HbIe 00'BEKThI JIJIsI BOJLOTI0/Ib30BATE eI »,
ROTOPBIN TTACUT, YTO JIA PacyéTa HOPMAaTHBOB
AOIYCTHUMBIX cOPOCOB HEOOXOoAUM psij| HabJI0-
NeHuil He MeHee O Jer OesaBapuiiHoil padoThl
npepmpusitusa. [Ipumep pacuéra mo ogmnomy n3
BBIITYCKOB CTOYHBIX BOJ IIPUBEEH B Tabmnie 3.

Pacuérpl mokasasm, 4To 110 HEKOTOPBIM BbI-
mycKkam HaOJroaeTcs 3HaYnTe/IbHOe TpeBbIIe-
HIle MHINKATopa cOpoca MPaKTHYeCKU 10 BCeM
KOHTPOJIMPYeMbIM djeMeHTam. Vx makcumasib-
mueie 3Havennsa namersanmcenh ¢ 2016 mo 2020 rr.
¢ 102,0 mo 600,0. Cpegrme morazaTesm WHII-
Katopa cOpoca 3a 9TOT jKe Teproj; BapbUpPOBAIN
B ripesiesiax ot 4,71 o 12,90 (radu. 4). Taknum 06-
Pa3oM, BBIAIBJICHBI BBITTYCKH ¢ HAND0JIee BHICOKOT
DKOJOTUYCCKON HArPY3KOIl, KOTOpbie TPedyioT
MPUHATHS Mep K CHIKeHNT0 KOHTIeHTPaTnil 3a-
IPABHAIONINX BEIecTB I KauyecTBy cOpachiBae-
MBIX BOJI. K KOMITOHEHTaM XUMIYEeCKOTO COCTaBA,
ROHI[EHTPAIMN KOTOPBIX B BOJHBIX 00bEKTaX

Tadauna 2 / Table 2

Pacuér ypenbHoil BojroobeciedeHHOCTI IUIst YCJI0BIIT MaIoBojHOTO Tofia 95% obecriedeHHoCTH
Calculation of specific water availability for dry year conditions (95% probability of exceeding)

Top KoamuecrBo swureseit,
Year MOTPeOJIAIONUX BOLY U3 PEK
n3yvaemMoro Bogocoopa, ues.
The number of inhabitants
consuming water from the rivers
of the studied catchment area,

O0bEM BOJIBI, KOTOPBIN MOFKET
OBITH TOTPAYEH HA HYHKIbI
HACEJCHS, ThIC. M’
The volume of water which can
be spent on the needs of the
population, thousand cubic meters

Yieabuas
BOJI000ECTIEYeHHOCTD,
Teic. M3 /Toj Ha 1 wer.
Specific water supply,

thousand cubic meters/
year per person

3

people
2016 271411 2449001,6 9,02
2017 270296 2452049,9 9,07
2018 260974 2438859,2 9,17
2019 264618 24484177 9,25
2020 261675 2436095,1 9,31
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Taomuma 3 / Table3

Pacuér mapuraropa copoca Iﬂ,}pi BBITTycKa Boj B p. JIénsa 3a 2020 1.
Calculation of the discharge indicator of release in the Lenva for 2020

HaumenoBanue HopmartusHOe KosrmuecTBo DarTyeckoe KOJINIECTBO Nunnrarop copoca
BeIlecTBa cOpachiBaeMbIX cOpachiBaeMbIX Discharge indicator
Name of 3arpSA3HSAIONIINX BEIecTB 3arpSIBHAONINX BEIeCTB
substance Standard amount Actual amount of discharged
of discharged pollutants pollutants
mr/pm? T/T0]1 mr/pm? T/T0]1 mr/pm? /101
mg/dm? tons/year mg/dm? tons/year mg/dm?® | tons/year
Hedrernpogyrrst
Petroleum 0,032 0,014 0,034 0,002 1,06 0,14
products
SO,* 100,0 44,28 71,0 6,30 0,71 0,14
Cl 300,0 132,82 490,0 32,86 1,63 0,25
K* 90,0 22,14 140,0 2,17 2,80 0,10
Ca* 180,0 79,70 101,0 10,84 0,56 0,14
Mg? 40,0 17,71 26,0 1,81 0,65 0,10
Na* 120,0 93,13 189,0 13,25 1,58 0,25

HpLL.M(?lLdHLL(?.' HCUPHOBLM wpug‘imo.m ebLdeneHO npesovluleHue KPUMu4eckozeo sSHaYeHs.

Note: the excess of the critical value is highlighted in bold.

Tabmuma 4 / Table 4

SHaueHMsI MAKCHMAJILHOTO 1 CPeJiHero MHMKaTopa cbpoca 1o rojam
Values of the maximum and average discharge indicator by years

lox SHaueHme [('6[) Beimrycek crounbix Bopi / Waste water outlet
Year Indicator value No 1 Ne 2 Ne 3 Ne 4 No 5 Ne 6
2016 cpejiiee / average 1,24 0,90 7,64 21,40 0,70 0,71
Makce / maximum 6,95 1,93 22,94 125,87 1,29 1,27
5017 cpejiiee / average 1,21 0,89 1,94 19,15 0,62 0,80
Make / maximum 3,90 3,62 3,81 102,03 1,20 2,00
cpejiHee / average 2,02 1,57 2,30 82,42 0,67 0,80
2018 MaKe / maximum 6,07 3,64 6,72 436,36 1,60 2,03
2019 cpemHee / average 2,37 10,30 1,12 38,06 0,89 0,72
Makc / maximum 12,67 81,58 2,90 208,33 3,97 2,15
9020 cpemHee / average 0,66 1,84 1,15 74,90 0,07 0,86
Makc / maximum 3,77 5,60 2,80 600,00 2,05 2,43
cpemHee / average 1,38 2,74 1,8 29,49 0,80 0,65
2016-2020 .
MaKe / maximum 12,67 81,58 22,94 600,00 13,05 3,06

pernoHa pacoJiosReHus MpenpusiTus Tpedyior
NPUCTAJIBbHOTO BHUMAaHMNA, MOKHO OTHECTU B3Be-
MITeHHBIE BEIECTBA, CYXOM 0CTATOK, MOMBI KAJIIS,
HATPUsI, XJTOPU/-MOHBI, HePTeTPOLYKTHI.

Jlast opdperTuBHOTO yIIpaBIeHUS COCTOS-
HEEM BCell CHeTeMbl HeOOXOMMMBI He TOJLKO
OTJIeJIbHBIC TOKA3ATE N, HO 1 OTeHKN B3aMMHBIX
cBsizell Mesriy HuMu. PoJib TaKMX OIEHOK BBITIOJ -
HATOT MHTerpabHble Tokazarean. Pacuér nnre-
IPaIbHOTO NHJIEKCA COCTOSIHISI BOJHBIX PECYPCOB
TEPPUTOPUN PACIIOJNOREHUS TP PUATUS T1PO-
Bostuicst o hopmyiie (9), Kak cpeHereoMeTpu-

YeCKON BeIMINHBI M3 WHIMKATOPOB KOJTMIECTBA 1
KAvecTBA BOAHLIX PECYPCOB. AHATN3 TOTYICHHBIX
Pe3yaLTaTOB MO3BOJIIT CALIATH CACAYTOTINe BhI-
Bojibl. [leduiur BOAHBIX pecypcoB pernoH pacio-
Jokenust npeppusTist ucibitai B 2018—2020 rr.,
Korja Benmumnna /[ m3aMeHsiach B Hpeenax
1,87-2,05 coorsercrBenno. [To makcumanbuomy
3HAYEHWIO NHJIEKCA BBIJIEJICHA TEPPUTOPUS, TTPH-
JIeralonas K BeIITYCKAM CTOYHBIX BOJ| B Dacceiin
p. JIéHBa, 1y1e HA CETOHATITHNII JIeHb COXPAHSIeTCS
BOIOEUINAT 110 KAYCCTBY TTOBEPXHOCTHBIX BO-
mHBIX 00herToB. [Ipormosnpyembie naTerpaih-
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uble wHpeKeol 1o 2030 1. npu cymecTByommux
00BEMAX TIPOUBBOJICTBA U BOJOTOTPEOICHS,
OUMCTRU CTOYHBIX BOJ| TIPEJIITPUATIS, OCTAHYTCS
Ha TOM JKe YPOBHeE.

3araouyenne

Paspaborannast MeTo/iKa OIEHKN BOJHOTO
mnedpurura ompoboBaHa HA ITpUMepe OJHOTO 13
npepmnpustuii [lepmckoro kpast. ¥YceramnosieHo,
YTO IS PETMOHA PACIIONOKEHTLA TTPE/ITPIATIS
XapakTepHo OTCYTCTBUE BOMHOTO jeduiura mo
KOJINYECTBY BOMHBIX PECYPCOB JlasKe B MaJjo-
BOJHBIE TOJIbI (00ectedenHocThIO 99%). Vieis-
Hast BojooOectieveHHoOCThL Ha 1 3RuTENS Xapak-
Tepuayercsa Kak «cpefssg». Ké smauenue me
yMeHbH_II/ITCH n HpI/I HJIaHI/IpyeMOM yBeJII/ILIeHI/II/I
BOTO3a00pa Ha HYKIIBI MPEATPUATHA Ha Tepn-
ort 1o 2030 1. OpHaro cymiecTByer aeduIuT 1Mo
KauecTBy BOtHbIX 00beKToB. Hanbosiee BbICOKYIO
DKOJOTIMUCCKYIO HATPY3KY HECYT BBIMTYCKN CTOU-
HBIX BOJ B p. JIénsa. BeiecrBa u nonbl, KOHIEH-
TpaIuym KOTOPLIX B BOAHBIX 00HLEKTAaX permoHa
PACIIONIOKEeHTISI TPEITPUSATHS TPEOYIOT TPUCTATh-
HOTO BHUMANWsA, — MOHLI AMMOHSA, B3BEIICHILIC
BEIIECTBA, CYXOIl OCTATOK, MOHbI KaJIWs1, HATPUS,
XJOPUJ-MOHBI, HeTempoyKThl. VHTerpanbublii
NHIOEKRC CBI/I]:LeTeJIbCTByeT O HaJ/In4Yyumm| BOAHOTIO Je-
urTa B pernoHe pacioIoMKeHI TPEAITPUATHS,
KOTOPBII He ABIACTCS TTOCTOAHHBIM, & M3MEHACTCS
BO BPEMEI 1T TPOCTPATCTBE, UTO He YIOBICTBOPS-
eT TpebOBAHTIAM YCTOMUMBOTO PA3BUTHSL.
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N3Baeuenne noHoB Meau M MNHKA U3 CTOYHBIX BOJ]
COpOEHTOM HA OCHOBE XNTO3aHA
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[Tesibto rarHOIl paboTHI ABNIOCH TTOJIyUYeHIe COPOIMOHHBIX MATHUTHBIX MATEPUATOB Ha OCHOBE (DepPPUTHENPOBAHHO-
IO TaTbBAHOIILIAMA, TEPMOPACITNPEHHOTO OKCHjla rpadpeHa 1 XUTO3aHA JJIsl YATeHUsI U3 BOJHBIX CPeJi MOHOB TSKEIbIX
merasio (Cu®', Zn"). Paccmorpensl MeTojibl JOPMOBAHNS MATHUTHOTO KOMITO3UIIMOHHONO COPOCHTA ITyTéM BBEJICH NS
(heppnTH3NPOBAHHOTO raJIbBAHOIIIIAMA OJTHOBPEMEHHO ¢ TepMOopaciinpeHnbM okenom rpadena. [lana xapakrepucrnka
cocTaBa MoJY4eHHOr0 cOPOIMOHHOT0 MaTepuaia ¢ momoinbio Meroga MH-cnexrpockonun. Onpeesnersl QyHKIIMOHATbHbBIE
TPYIIG! (TTePBUYHBIC AMIHO- 1 THAPOKCOTPYTITIHL ) , KOTOPHIE CITOCOOTHI K KOOPAMHATII ¢ PA3TITYHBIMIT TOHAMT METAJTOB
WM K yuacTiio B nonuom obmene. MccnenoBanus copoinn 1o oraomennio Kk nonam rimaka u meju (I1) mposopman B cra-
THUECKUX YCJIOBUSAX MPYU UX U3BIEUEHNN U3 MOJIIBHBIX PACTBOPOB CTOUHBIX Bojl. MakcuMambHast copOInOHHAs EMKOCTh
copbemra 1o oraonrennio K monam Cu?* cocrasmia 6,9+0,1 mmonn /1, kK monam Zn* — 2 6+0,1 mmosn/r copbenra.

HKatouessie crosa: copbenTnl, OUMCTRA BOJBI, MOHBI TAKEIBIX METAJLIOB, OKCH rpad)era, MarHUTOCOPOEHTDI, OTXO/[bI
MTPOMBITTIIIEHHOCTH.
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by a sorbent based on chitosan
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The aim of this work was to obtain sorption magnetic materials based on ferritized galvanic sludge, thermally ex-
panded graphene oxide, and chitosan for the removal of heavy metal ions (Cu**, Zn®*) from aqueous media. Thermally
expanded graphene oxide was obtained by electrochemical oxidation of graphite followed by hydrolysis and heat treatment
at 900 °C. Ferritized iron-containing galvanic sludge was obtained by deposition by successive acid-base treatment from
an aqueous suspension of galvanic sludge followed by heat treatment at 900 °C for 1.5 h. Methods for forming a magnetic
composite sorbent by introducing ferritized galvanic sludge simultaneously with thermally expanded graphene oxide are
considered. The resulting sorbent has the form of grains with a particle size of 2-=3 mm, which have magnetic proper-
ties (= 0.02 T). The composition of the resulting sorption material is characterized using the IR spectroscopy method.
Functional groups (primary amino and hydroxyl groups), that are capable of coordinating with various metal ions or
participating in ion exchange have been determined. Studies of sorption with respect to zinc and copper(II) ions were
carried out under static conditions during their extraction from model wastewater solutions. The maximum sorption
capacity of the sorbent for Cu?* ions was 6.9+0.1 mmol/g, for Zn* ions — 2.6+0.01 mmol/g. Sorption isotherms of Cu?*
and Zn*"ions by the developed sorption material belong to type I according to the TUPAC classification, which is com-
piled on the basis of the classical classification of adsorption—desorption isotherms of Brunauer, Deming, Deming and
Teller (BDDT classification), this type is typical for adsorption with the formation of a monolayer on a porous solid body.

Keywords: sorbents, water purification, heavy metal ions, graphene oxide, magnetosorbents, industrial waste.
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Jlnsg MmunuMu3au oTpUIATeIbHOTO BO3-
[eTICTBYS TS3KRENBIX METAJJIOB Ha OKPYKAIOTITYTO
cpeny B Poccum m 3a pyGeskom MCHoIb3yIOTCS
pa3zHooOpasHble METObl OUMCTKU CTOYHBIX BOJ
(CB). BonbiimHCETBO 113 HUX SIBJSIIOTCS I0POTO-
CTOSIIIIUMU ¥ CJIOKHBIME B nctiosinenun. [Toaromy
aKkTyaJIeH MONCK 1 pa3paboTKka MeTo/[0B, TT03BO-
JISTIOTINX N3BJIEKATH YKOTOKCUKAHTHI 03 101101~
HUTETLHOT TeXHOTeHHOT HATPY3KN Ha OKPYIRATO-
myio cpeay. Jlist CHUReHT s BBICOKOTORCMYHBIX
ROHTIEHTPAINIT PEKOMEH/IYeTCs MCIOTb30BaThH
s perTIBHBIE /ICOPOITMOHHBIE METOJ[bI OUMCTKI.
[TepcrierTBHBIE 1 9KOHOMUYECKH BBITO/[HBIE aJ1-
CcOPOEHTBI MOJKHO U3TOTABJINBATH U3 BTOPUUHOTO
ChIPbsI, YTO TTO3BOJIUT OJTHOBPEMEHHO PeIiuTh
cpasy JiBe 1podJeMbl: OUYNCTKY BOJIBI U YTHJIN-
zarnmio orxonoB [1-4]. Ognako npuMeHeHme
MCXOJHBIX MAaTepPUaoB B KauecTBe ajilcopoeHTOB
Mas109PPERTUBHO 1 TEXHIUUECKI CIOYKHO, TIOITO-
My paboThl, HAITPaBJIEHHbIE HA CO3/[aHIe HOBBIX,
MeTEBBIX, 00TaIaTONIIX BHICOKOI aficoOpOInoH-
HOIT 6MKOCTHIO, MaTepnasoB Tpn MopgnpuKamumn
OTXOJIOB, BEChMa aKTyaJbHBI U UMEIOT OOJIBITI0e
HAy4HOE U TTPaARTHYeCKoe 3HAUeHWE.

[TpoBenénubIil aHaIM3 HAYYHO-TEXHITYECKOI
W TMATEHTHO JUTePATYPhl TO3BOJUJ YCTAHO-
BUTh, YTO MMEETCs HOCTATOYHOe KOJMYeCTBO
nHOpMAIIN 0 BOBMOYKHOCTH MCIIOJIH30BAHUS
XHUTO3aHa B KauecTBe COPOIIMOHHOTO MaTepuaJa,
Oyrarojiapsi TAKMM €ro KauecTBaM, Kak XOopornas
copOImoHHast EMKOCTD 110 OTHOIIEHIUIO K MOHAM
TAKEIBIX METATIToB [9, 6] 1 BeIcORME (IORY-
JISIIMOHHBIe cBoticTBa [7]. Xurtoszan nmeer psij
MEeHHBIX CBOWCTB: TIJIOXO PACTBOPSETCS B BOJie,
JIETKO TOMJIaéTCsl XUMUYeCKONW 1 PU3MIecKOi
mojnuranun [8], pactBopsieTcs B MaJo KOH-
MEeHTPUPOBAHHBIX OPTAHUYECKIX KUCTOTAX, UTO
JieJIaeT ero MmepereRTUBHBIM ONOTIONNMEePOM JIJIst
MCTIONb30BAHNS B KauecTBe CBA3YIONIEro 1Mpn
MOJIYy4eHU Y OPraHOMUHEePATbHBIX KOMITO3UITH-
OHHBIX COPOEHTOB.

[lesbio HACTOsIIIIET pabOTHI sIBIIACH paspa-
OoTKA cTT0coba TOTYUeH s COPOITIMONTOTO MarTe-
puajia Ha OCHOBe TePMOPACITNPEHHOTO ORCH/A
rpadera u GeppuTH3NPOBAHHOTO FKETE30CO/ep-

JRAIMETo TaJibBAHOIIIAMA, MMMOOMIM30BAHHBIX
B XHTO3aHOBYIO MaTpUILy, W HCCIeOBaAHME aji-
COPOLMOHHBIX CBOIICTB COPOEHTA 110 OTHOIICHU IO
K MOHAM MEJiM U IIMHKA TTPU U3BJACUYCHUN UX U3
MOJIeJIBHBIX PACTBOPOB.

O0BbeKTBHI 1 METO/bI HCCJIEI0BAH IS

B maunnoit pabore B KauecTBe HAIOJIHU-
TeJiell IS HOJUMEPHOI MaTpuUIlhl XUTO3aHA
MCIOMB30BaN (ePPUTUZUPOBAHHBII TaJb-
Banontaam (PI'HI) u repmopaciiupeHHbIit
oxkcup rpagena (OI'). JlobaBnenue namo-
HUTEJeH MO3BOJsIeT YAYUIIUTH He TOJbKO
MexXaHuvYecKue u cOpoIMOHHbIe CBOMCTBA, HO
u npujgaTh COpOIMMOHHOMY MaTepuany mar-
HUTHBIE CBOMCTBA, 4TO 0OJieryaer n3BjeveHne
MaTepuasa n3 pasanvaHbIX cpejl (Boja, MoYBa)
nocsie copouuu. TepmopacuimpeHHbITT OKCH/T
rpaeHa moJydain MeToJJOM JIeKTPOXUMIie-
CKOT'0 ORUMCJAeHUS Tpadura ¢ mocaeyoinnmu
TUPOJTM3OM W TEPMHUUYCCKOIT 00paboTKON mpn
900 °C. Meppuru3npoBaHHBIN FKEIE30COEP-
JRAIUI TaJbBAHOIIIAM TOJYYaJul METOLOM
OCAKJI@H S IIPU TTOCJE/[0BATE/IbHON KICJIOTHO-
MeJ0YHO 00paboTKe M3 BOJHON CYCTeH3UN
rajJbBaHoOIIIaMa ¢ IMocJaeyIomeii TepMmooopa-
6orroit mpu 900 °C B reuenme 1,5 u.

B kaudecrBe ¢BA3YOIETr0 MCMOJB30BATN
XHUTO3aH, 00JIaJAI0IIiT BBICOKNMI XeMOCOPOIH-
OHHBIMU CBOMCTBAMME 110 OTHOIICHUIO K MOHAM
TAKETBIX MeTa/TORB [9].

Du3nKo-XxuMUIECKIe ¢CBOMCTBA XUTO3aHA
MO3BOJIAIOT MCIOJB30BATH €r0 JIJIS OUUCTKI
Bojibl. Vlcmiomb30BaHme XuTo3ana B KauecTe cop-
OeHTa YKOHOMUYECKN Helesrecoodpasfno BBULY
ero BBICOKOI CTOMMOCTH, TOITOMY TOJydeHUe
KOMITO3UTIMOHHBIX MarepuajioB Ha ero 0CHOBe,
(beppuTH3NPOBAHHOTO TATHLBAHOIIIIAMA T OKCHTA
rpadena, sBISETCS aKTyaTbHBIM 1 MeeT TpaK-
THYeCKOe 3HAYeH e,

Bgepenne OI' B cocras copOerTa mpoBoii/In
C TeJIBI0 YBeJMYCHUSA Y/eJbHOI ITOBEPXHOCTI Ma-
Tepuasia u nopbieHus d3OeKTUBHOCTH OUNCTKI
OT MOHOB TSIZKENBIX METAJIJIOB, TAK KaK BCe KOM-

Tadauma / Table

Caoiicra nexopnoro ('L ) n peppurnsuposannoro ranssanouiama (O
Properties of the original (GS ) and ferritized galvanic sludge (FGS)

CroiictBa / Properties rar, /GS,, OI'lr / FGS
Wernrnast mmorrnocets, v/em® / True density, g/cm? 4,0+0,4 5,0+0,5
Hacwinnas miaornocrs, r/cv?® / Bulk density, g/cm? 1,6+0,1 2,0+0,1
YpeabHast oBepXHOCTh, cM?/1 / Specific surface, cm?/g — 1805+180
pH 6,5+0,5 5,0+£0,5
Knacce onmacuocrn / Hazard Class 3 4
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MMOHEHTBI B OTJIeTHLHOCTH SIBJISTOTCS NX XOPOIITUMI
MOTTIOTUTE/ISIMU.

C momombio UR-Dypre-cnekrpomerpa
OCM 1201 canmanan MR-criekTpst moayuenmoro
copbeHTa Jijisi yCTAaHOBJIEHUSI B €10 cocTaBe PyHK-
IUOHATHHBIX TPYTII.

[Tosryuenubrii cOpOIMOHHBITT MaTepHas MC-
MOJABL30OBAJIN s OuncTRU Mojenabubix CB or
Cu?" u Zn** B crarmueckom pesgmme. Mzorepmor
coOpOIIY MOHOB OTIPEJIe/sIN B MHTepPBaie 1c-
xofubIX Kounenrpanuii (C;) no 0,5-5 mr/am’.
Takne mMasbie KOHIEHTPAIINN MOHOB TSIKETBIX
MeTaJIJIOB XapaKkTepHbl JIJIsI CTOYHBIX BOJ, TOJI-
BEPTIINXCs peareHTHO ouncrre. [ist moryaenmst
n30TepM copOInI HaBeCKN copOeHTa Maccoii (m)
0,5 r 3ammuBanu 50 ma pactBopa (V) ¢ paznuunoit
HaualbHOI KoHleHnTpanueil (C)) agcopbaros.
[Tpu pocrmsxennn copOIMOHHOTO PABHOBECH S
qepes CyTKU PacTBOP OTEJsIN OT copOeHTa
nearpudyrupoanuem mnpu 10000 06./mMun
7 OTpPeesI PABHOBECHBIE KOHIEHTPAT[IN
ajcopbaron (Cp). Suauenne pH pacrsopa cocran-
151710 6,0+0,2 11 pK 110CTOSIHHOM IIepeMelinBaH K
" TePMOCTATHPOBAHNN B MHTEPBAJIe TeMITepaTyp
293+0,2 K na Bojisinoii 6ame co BerpsaxuBareniem
Julabo SW23. PasHoBecHY0 KOHTIEHTPAITNIO NO-
HOB TsyRENBIX MeTasoB (Cu®, Zn?*) oneHuBain
METO/IOM MHBEPCUOHHOI BOJIBTaMIIEPOMETPIN
na anasnuzarope TA-4. [TorpentHocTs MeToKN
nsmepenns cocrasisser < 25%, MPoOBOAMIN 110
TPU TapaIe bHBIX onbita. [lo Hava bHBIM 1
KOHEUHBIM KOHIICHTPATNAM, OBLITH PACCUUTAHBI

crerieHb OUNCTKE (o, %) MOJIeTBHBIX BOJ| OT HO-
HOB MeJiil 11 IIMHKA 1 cOPOIMOHHast EMKOCTh (A,
MMOJIb/T).

Pesyabrarel n o0cy:knenme

Brira paspaborana TeXHOTOTUA TOTYUCHTIS
copbeHTa, BRIOUYAIOIIAs CJACIYIONINe CTaflii: K
pactBopy xurozana B 3%-HOI YKCYCHOI KICJIOTe
nobasisn coorsercrytone mapeckn MU n
Or. [Tonyuennyio rejieriofo0HyIo cMeCh TPaHyJIn-
POBAJIH, TO3MPYsT HEOOMBITNMI KarissMu eé B 5%
pacrBop NaOH, BoiiepskuBain B Tederme CyToK,
3aTeM IPOMbIBaJIM BOJLO¥ 110 3Hauenuii pH 7,0-7,5
U CYTITUJTN TTPU KOMHATHON TeMrieparype (puc. 1).

Matrepuan nmeer popmy 3épeH ¢ pazamMepom
qacTUI| 2—3 MM, KOTOPBIe 00J1a/[ai0T MAaTHUTHBIM I
csoitcrBamn (= 0,02 Tir). Yeramonaeno (pue. 2),
YTO aMUHO- W THAPOKCUILHBIC TPYIIILI, XapaK-
TePHBIE [T XUTO3aHA, ABIATIOTCS TTOTCHIMATLHBI -
MU (DYHKITMOHATHLHBIMU IPYTIITaAME, KOTOPBIe 00-
PasyioT KOMILIEKC ¢ HOHAMU METAJIJIOB B ITPOIECCe
xemocopoiuu. Habionaemble KN B iaasoHe
1300-1400 cm™' moryr ykasbsiBaTh HA HaJUUNe
NH-rpymmbl, cooTBeTcTBYIONe aMUHOTPYIITTe
XUTO3aHAa, APKO BhipaskeHubiii nuk 1640 cm!
coorsercryer rpymmne HC=N.

Hlupoxuii mux npu 1000-1100 e npu-
xopurest Ha C—0O pacrsiyReHne pasanyHbIX KUC-
Jopojcoaepskamux coepunennii. [losisienne
nosiockl B obsact 610 em™! morsonenus ooy-
ca0BJeHO (POPMUPOBAHUEM KPHUCTATINIECKOT

4% 3% 3% 0.7
Xmaw CH,COOH O FGS Oxcnp r\pac];e_ua
Chitosan Graphene oxide

I I

: I

Cuecrrens | Mixer

Cwecnrens / Mixer
T=4-59/4-5h

T=15 pmun/ 15 min

Pactsop
XHTO3aHa
Chitosan J’
I'pauyasrop / Granulator
NaOH (5%)
1=244/24h
HO
L Tposuiearens / Washer
> pH=7-7,5
! Torormrii
el
Ready sorbent

Puc. 1. Biok-cxema monydenns copOIIMOHHOTO MaTepraia
Fig. 1. Block diagram for obtaining sorption material

Teoperuueckast u npurnauas sroaorust. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1



JROJIOTUSANMNA ITPOU3BO/ICTBA

P
/ “
llln'l e )
y \
I."f\"\ J \\ [ o
{ o o .
- W \
/ \, JII II\ & i
/ \ J,' 1300-1400 Y | \\ 7 e
.*'I L x;‘ NI lﬁuﬁ N . /'
f L
/ 1610 S /
|'I 1160 C-0-H o \ \\ {
II \‘ ||I|
" |

|Il \\ IJ.'
Ill \\\ |
| 3450-3500
| L |

K""\_a' \_‘—01-1 /

610 FeOy R

Se Lr i M i

Puc. 2. UR-cmextp copbenra / Fig. 2. IR spectrum of the sorbent

A, mons/T / A, mmol/g

0 ‘ ‘
0 2 4

Cp, mmons/am® / C, mmol/dm?

A, mons/T / A, mmol/g
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Pue. 3. Uzorepmsr copbrnm Cu*? (a) u Zn*2 (b)
Fig. 3. Sorption isotherms for Cu*? (a) and Zn*? (b)

dazn Fez()g, npunageskarenn G Banentinre
ronebanus npn 34050—3500 e xapakTepHbI 115t
rpyrmst OH .

Hanuuwe orputiareibHo 3apsiyKeHHBIX (DYHK-
nmonanbubix rpynn OH™ B cocraBe copbenra

MO3BOJISIET MPEIIOJOKUTH XeMOCOPOITIMOHHbII
MeXaHW3M N3BJIeYeHN s MOHOB TSAKEIBIX METAIITIOB
13 pacTBOPOB. Pe3yrurarhl HecaeoBanmsi copoIm-
OHHOI eMKOCTH MaTepuaJa 1o OTHOIITeH IO K MOHaM
TSZREIBIX METAJLTIOB ITPEJICTABICHBI HA PUCYHEKE 3.
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Puc. 4. Crenenn ouncrin mopiesibibix pactsopos or Cu®' u Zn*
Fig. 4. Purification degree of model solutions from Cu*" and Zn*

Cremenb OUMCTKI MOJIETBHBIX PACTBOPOB OT
nonos Cu® u Zn?" npusejeHa Ha pucyHke 4.

Makcumanbrast copoIMOHHAsT EMKOCTh COP-
oenra 1o ornomrennio K wonam Cu®* cocrasmia
6,9+0,1 Mmmomb/T, & moram Zn?* — 2,6£0,1 Mmo/b /T,
TIPI HAYATHHON KOHTIeHTparym 78,6 1 76,4 MMouts/ivm?
coorBercTBeHHO (puc. 4). [lpu nzyuennm pac-
HpejieJieHust MOHOB METAJLJIOB MEKY COPOCHTOM
W pacTBOPOM B COCTOSHUN PaBHOBECHUS OBIIO
YCTAHOBJIOHO, YTO HA HAYAJBHBIX YUaCTKAX
uzorepmbl coporuu (ydactor 'enpu) Benmun-
Ha COPOTMN TPAKTUUECKN TTPOTIOPITMOHATLHA
KOHI[EHTPAINT WOHOB METAJJIOB B PacTBOPe.
[1pn BHICOKMX KOHTIEHTPAT[MAX MOHOB N30TEPMbI
MOCTUTAIOT MAKCTMYMa W BBIXOAT Ha HACHITITC-
nne. Jlns copbenra mzorepma coporun nonos Cu®
pacIioo;keHa BbIIlie, 4eM JIist HOHOB Zn>* (puc. 4).
CremoBaresibHO, CPOICTBO TAHHOTO copOeHTa
Kk monam Cu?' Boimre, uem K mouam 7Zn>", 4ro
MO3KeT ObITh 00YCJIOBICHO pasjandneM GU3nKo-
XUMUYECKUX 1 DJIeKTPOXUMUYECKIX CBOWCTB
MOHOB copOupyembIx MetasioB. Tak, narnpumep,
nonHblil pajguyc nonos meau r(Cu*) = 0,73 uwm;
LISt IMHKa oH coctasiser r(Zn*") = 0,83 nwm. Ilo
BCeH BUMMOCTI, MEHBIITIE TTO PA3MepPy KaTHOHBI
Meiim MOTyT 6osee TTybOKO TTPOHMKATH B TTOPHI
7 MesKR36PeHHBIe MMPOCTPAHCTBA COPOITMOHTOTO
Martepmaia m mpouiee VIepKNBATLCA B HUX.
Kpome Toro, B orimumne or mMuHKa, Meib NMeeT
HaMHOTO 6oJiee TMOJOKUTeIHLHBIN CTaHaPTHIIT
anerrponmbiil morennuan (£°(Cu*) = +0,337 B;
E°(Zn*) =-0,76 B). [lonosurensroe 3Havenme
CTaHaPTHOTO TMOTEHIMaTa MeN YKazbiBaeT Ha
BO3MOYKHOCTH CAMOITPON3BOJIHLHOTO OCAYKIEHUS
MeJIN U Ha HeBO3MOJKHOCTH PACTBOPEHUS MEJ[i

B PacTBOpPax ¢ KOHI[EHTpPAI[Hel MOHOB BOJO-
poxa 1 mosb/am?. OXHOBPEMEHHO ¢ HTUM CBSI3h
B Tape: moJosKuTeIbHo 3apsykennbie Cu®® ¢
OoJiee BHICOKMM PaBHOBECHBIM MOTEHI[NATIOM
" OTPUIATEIbHO 3apsizKeHHble PYHKITNOHAb-
neie rpynnsl OH™, Takske gosskia ObITh OoJsee
MPOYHON MO CPABHEHWIO ¢ MapPOil KATHOHbI
Zn*" ¢ oTpuIareJbHbLIM PAaBHOBECHBIM IIOTEH-
IMAJI0M U OTPUTIATETLHO 3apsiskeHubie PyHK-
nuonaiabubie Tpynnsl OH™. 910, BeposiTHee
Bcero, u obyciaoBianBaer 6ojee BbICOKYIO aji-
COPOTIMOHHYIO EMKOCTL COPOEHTA TT0 OTHOTITIEHITO
Kk wonam Cu®* [10, 11].

Nzorepmbr coporun nonos Cu®* u Zn?* pas-
paboTaHHLIM COPOITMOHHBIM MaTePHATIOM OTHO-
carcs ®k I tumry o wnacendgpuramun MIOTTAR,
KOTOpasi cOCTaBIeHa HA OCHOBE KJIACCUYCCKOI
Kaaccnpuramum n3orepmM agcopormmn—mecopo-
uun bpynayapa, [lemunra, [lemunra u Temwrepa
(rnaccuuranms BJ//IT), rakoit Buj xapakrepen
Mpu poTeRannm agcopormm ¢ obpasoBanmem
MOHOCJIOSI Ha TOPUCTOM TBEPOM Tese [12].

3ariaoueHue

Takum o6pasom, B pesyJsibrare IpojiesaH-
HOIl paboThl cO3JlaHa TeXHOJOTUS TTOJTYYeH s
copbenra Ha ocHoBe eppPUTH3MPOBAHHOTO
raJibBaHOIIIIAMA, TePMOPACIITUPEHHOTO OKCHUJIA
rpaderHa m XuTO3aHa IS YAAJICHUS N3 BOXHBIX
cpe monon Tsuxéapx Meramtos (Cu?’, Zn?*).
MoskHo ciieniath BHIBOJT 0 60Jiee BICOKOIT CTereH M
ounctkn Bojbl o1 monoB Menu (90-98%), yem
or muaka (30-70%) mosydenuniM copoOIIOH-
HBIM MaTepUajioM, 4To 0OYCJIOBICHO PA3TNUNECM
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PMBUKO-XUMUYCCKUX U DJIEKTPOXUMUYCCKIX
CBOTICTB (pasMephl, BeC M CTAHAAPTHDHIN TOTeH-
nuaju) copoupyemnix meraynion. Vzsneuenne
MOHOB METAJIOB UIET 10 XeMOCOPOIMOHHOMY
MEeXaHU3MYy, 4TO MOATBEPIKAAETCS HATMIHMEM
Ha MOBEPXHOCTH Marepuasia (GPyHKIMOHATbHBIX
aMUHO- U I'HJIPOKCUILHBIX rpyin. [Tokazano, uto
uszorepmbl coporuu nowos Cu?* u Zn?* paszpabo-
TAHHBIM COPOIMOHHBIM MATEPUATIOM OTHOCATCS K
[ty o knacenurammu BT, aro xapakrep-
HO JIJIS1 TTPOTeRAHYS aicopOInm ¢ 0OpasoBaHmeM
MOHOCJIOST Ha TIOPUCTOM TBEPOM TeJie.
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DurodKCeTpPaKINA CBUHIA W Ka{MIs N3 MOYBOTPYHTOB IOJINTOHOB OTXO/0B
HEKOTOPbIMU CEJIbCKOX03AMCTBEHHBIMU KYJIbTYypaMu
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[TpencraBiensr pesynbrarsl nccaegoBanust akrymyssiiun Ph n Cd pasnunuHbiMu cebCKOX035iCTBEHHBIMEI KYJIBTY-
paMmi, BbIPAIIEHHBIMI HA TI0YBOTPYHTAX, 0TOOpaHHbIX ¢ rayoutbl 0—10 ¢m nosmnrona TBEPIBIX KOMMYHATbHBIX OTXOJ[OB
«CanapneBo». B rayecrBe pacrennii-(OuToIRCTPARTOPOB NCIIOJIH30BAIN MATIANR JyroBoii (Poa pratensis), e;ry cbopryio
(Dactylis glomerala), ropunity 6enyto (Sinapis alba), nogconneunnr oguoneruuii (Helianthus annus), Topox moceBHOI
(Pisum sativum), Ryrypysy oObIRHOBEHHYIO (Zea mays).

YeranoBieHo, 4TO TPH BLIPATINBAHNUI HA TTOYBOTPYHTE ITOJTUTOHA CeILCKOX03SHICTBEHHBIC KYJIBTYPhl AaKKYMYJIHPYIOT
HpUMepHO BBoe Oouibiie TsyRénbix Meraanos (TM) o cpaBHeHnio ¢ KOHTpoeM. BoisiB/ieHa pasiuHasi KOJTMYecTBeHHasI
HKCTPATUPYIONIAS CIIOCOOHOCTH pasubix pacrenuii o ornonrernnio k Ph u Cd. Paj mo yBeanvenuio skerparnpyoriei ¢io-
cobrocTu pacrernuii st Ph nmeer Buji; ropox moceBHot — eska cOopHast — MOCOMHEUHNK OHOJICTHIIT — MSATIUK JIyTOBOIT —
ropunita 6enast — KyKypysa o0bikHOBeHHast. Psijy st Cd: ropox nmoceBHoil — ropuuiia Gesiasi — MATIHK TYTOBOI — KYKYypy3a
00BIKHOBEHHAs! — MOJICOJTHEUHNK OJIHOIeTHIT — eska cbopHast. Takum 00pasom, ropox moceBHOIl 00s1ataeT MUHUMAJIbHOT
argymyanpyiotieit criocobrocthio kK Phu Cd. ITo orHommenmio k kagmnio Hanbosiee ONTHMaibHbIM (PUTOIKCTPAKTOPOM SIB-
JsteTcs eska cOoOpHast, KOTOPasi XapakTepuayeTcs elé u BhICOKOI CTeHeHbI0 YCTOMYNBOCTH K IAHHOMY djieMeHTy. BbicoKoil
OYUINAIONIEI CIIOCOOHOCTHIO TAKKE XaPAKTePUBYIOTCS KYJIBTYPbI ITOJICOTHEUHNKA OJLHOJIETHETO 1 KYRYPY3bl 00bIKHOBEHHOI.
Jltst purosKeTpaRIMN CBIHILA 13 3aTPA3HEHHBIX TIOYB MOJKHO PEKOMEH/I0BATH KYRYPY3y 0ObIKHOBEHHYIO.

HKarouessie ciosa: GuoakKyMyIsusi, HOJNTOH TBEPIBIX KOMMYHAJIBHBIX OTXO0B, TSHKEIBIC METAIILI, YCTOMYIBOCTD,
uropemenarins, YKOJIOrNYLCKOE COCTOSTHIE OKPYFRAIOIEH cpejibl.

Phytoextraction of lead and cadmium from soils
of landfills by some agricultural crops
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The results of the study of the accumulation of heavy metals (Pb and Cd) by various agricultural crops
grown on soils selected from a depth of 0—10 cm of the landfill of municipal solid waste (MSW) “Salar’evo’ in
comparison with the control sod-podzolic soil, as well as their stability within 30 days from the moment of emer-
gence are presented.
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The studied phytoextractor plants were meadow bluegrass (Poa pratensis), cocksfoot (Dactylis glomerata), white

mustard (Sinapis alba), annual sunflower (Helianthus annus), seed peas (Pisum sativum), common corn (Zea mays).

It was found that when grown on the soil of the landfill, agricultural crops accumulate about twice as much heavy metals
as compared to the control soil. A series to increase the extracting ability of plants for Pb has the form: seed peas — cocksfoot —
sunflower annual — meadow bluegrass — white mustard — common corn. Row for Cd is seed peas — white mustard —
meadow bluegrass — common corn — annual sunflower — cocksfoot. With regard to the extracting ability of the studied
heavy metals, the minimum accumulating ability of the pea culture is common. The rest of the cultures exhibit different
extractive ability, which does not fit into the general series. In relation to cadmium, the cocksfoot is the best phytoextrac-
tor, which is also characterized by a high degree of stability. The crops of annual sunflower and common corn are also

characterized by a high cleaning ability. Common corn is also recommended for phytoextraction of lead.

Keywords: bioaccumulation, municipal solid waste landfills, heavy metals, sustainability, phytoremediation, eco-

logical state of the environment.

Pasmerierne TBEPIBIX KOMMYHAJIbHBIX OT-
xonoB (TRO) na cBankax/monnronax BeyiéT K oT-
TYRAEHUTO CBOOOTHBIX TEPPUTOPHIL B TPUTOPOJI-
HBIX PailoHAX 1 OPAHUYHBACT UX NCIIOTH30BAHIE
TSI CTPOUTETLCTBA FKIIBIX 3tannii. CoBMecTHOe
3aXOpOHeHIe Pa3JINnYHbIX BUIOB OTXO/[0B MOKET
BECTH K 00pa3oBaHMIO OMACHBIX COCIUHCHU 1
HeYTPaBIsgeMOil X MUTPATINN B OKPYKAIOIILYIO
cpeny (OC). B pesynbrare BOKPYT HOJUTOHOB
GopMUPYIOTCSI B0HBI MHOTOKOMIIOHEHTHOTO 3a-
IpsI3HEHUS TTOYBBI, AaTMOC(EPHOTO BO3JIyXa, 110-
BEPXHOCTHBIX 1 TTOI3eMHBIX BOJ [1].

MocroBekast o61acTb — KpyIHeH it mwHyy-
crpuasbHbiii entp Pocenn ¢ nacesenmem okoso
8 MJTH 4esloBeK, MPUHUMAIOINIT 3HAYNTeTHHYIO
yacth THO r. Mocksbl (Hacenenue 12,5 miiH Ha
2022 1.). B 2020 1. na reppuropun MocroBcRroii
obsactu o110 pasmerteno 4,07 mun t THO. Crout
3aj1aua CHIKeHIs1 00bEMOB 3aX0OPOHEH ST OTXOJI0B
ra 0% 3a cuér cosanisi COBpeMeHHbIX KOMILIeK-
coB 110 nx nepepaborke [2]. OgHaro nmeronecs
nosuronsl TRO mpeacraBisior cymecTBeHHYIO
yrpo3y juist OC u 3[10poBbsi HACETEHUSI.

[To mamnpim ma 2021 1. B MockoBckoil 00-
JMACTH YMCJIATCA 49 TMOJTNTOHOB: 32 M3 HUX YiKe
3aKkpHIThI, 12 pexynpruBupytores u 1 naxomgures
B cTajiun crpouresibetBa. Cpemnn peryJIbTHBIpye-
MBIX MTOJIITOHOB HANOOJIBIITYIO TLIOIMIA/h NMEIOT
XumerbeBo (79,4 ra), [ImurpoBeruii (Miima-2)
(63,2 ra), Ryunno (59 ra), Canapweso (99 ra),
Hexpacoska (17,5 ra), [lonrorpyaustit (13,9 ra);
cpeqn 3akpbiThix — Illepounra (123,5 ra), Tu-
moxoBo (108,6 ra), Cocenkn (40 ra) u Jlecrnas
(32,9 ra) [3].

HecmoTpsi Ha 3arpbiTHE psifia MOJUTOHOB,
OTIACHOCTh 3aTrPSI3HEHISI TEPPUTOPUN, B YACTHO-
cru, TsipkéabiMu Metasiamu (TM), ocraérest, uro
CBSABAHO ¢ JVINTeTLHOCTHIO TPeObIBAH NS IAHHBIX
MOJUTIOTAHTORB B 9TOU Cpefie M TPYAHOCTHIO NX
uspieuenust. Tar, nepuoy moayypanenus: TM
13 TIOYBHI B YCJIOBUSX JTU3MMETPOB Bapbupyer B
3aBICUMOCTH OT BHIA MeTauia: ajs Zn — ot 70
10 010; mirsr Cd — ot 13 mo 1100; gaast Cu — or 310
no 1500; nyist Ph — or 740 o 5900 ner [4].

Bricoruii ypoBeHb 3arpsi3aHeHUs OJUTOHOB
TRO dopmupyer HeOJATOMPUATHBII DKOJTOTH-
qeckmnit hOH, CBSZAHHBIN, HATIpUMeEp, ¢ HAKO-
IUIeHeM MUKOTOKCUHOB [D], uro emié OoJibiie
yBeJMUYnBaeT oMacHocTh QYHKIMOHNPOBAHNS
MOJINTOHA.

OpanM 13 TPUEMOB CHUMKEHNST HKOJIOTIYe-
CKOIl HANIPAKEHHOCTH TePPUTOPUIl TTOJUTOHOB
THRO siBnsiercsi puropemenmanys ¢ mpuBJede-
Huem pacrenuii-purosrerpaxkropos. o gocru-
JReHun onpepenénnoil penodasnl, B KOTOpPOil
MHTeHCUBHAs aKRYMYJSINs TOJIIOTAHTOB 3a-
KaHYNBACTCS, PACT@HUST CKAIITNBAIOTCS, BHIHOCS
B CBOeIl OroMacce 3arpsisHsIONIEe BEeIecTBa.
IdpderTuBHOCTL hUTOpEMEIMATINT 3aBUCUT OT
1eJI0To psijia haKkTopoB, cpen KOTOPHIX CIIOC00-
HOCTh PAa3JIUYHBIX PACTeHNI K aKKyMYJAINN
MeTaJJI0B, TOJePAaHTHOCTh K X BBICOKOMY CO-
nepskanuio [6]. Msyuenuio namnoii mpodiemMbl
nocBséH psi pador [7—13]. B nureparypubix
MCTOUYHITKAX OTMEYaeTcsT HeBbICOKIT Koa(dutin-
et onostornueckoro morotenus TM, mossicurh
KOTOPBIIl BO3MOJKHO Ha OCHOBE COBPEMEHHBIX
rexwogoruii [14, 15]. OgHako m3y4eHHoCTh HTOTO
Bonipoca st nosinronos THO kpaiine ciaboii.

[Tosromy menpio Hameir paboTbl ABUIOCH
BBIsABICHTE HanOosee HPeKTNBHBIX pacTeHni-
(PUTOOKRCTPAKTOPOB TAKETBIX METATTOB LTS
000CHOBAHUS 11€J1ecO00PAZHBIX TTyTell 0OUYNCTRI
MTOJINTOHOB TBEPBIX KOMMYHATbHBIX OTXOJIOB.

O0BbeKTBHI 1 METO/bI HCCJIEI0BAHIS

OO BEeKTOM MCCAeIOBANN ABUJICA OLUI U3
gpynaeimux noanrono THO B MocrkoBckom
pernone — rnmosiuron THO «CanapweBo». [lannbrit
MOJIMTOH pactosozken Ha reppuropun Hosoit Mo-
ckBbl (Jlenmuckuil paiton Ha oro-zamnage Moc-
KB, ¢ 1 mions 2013 r. — reppuropusi MockBbI).
[Lromaan momrorna — 09 ra, Buicora — 0ko0J10 80 M,
kpyrusna ckiaona — 30-35°, gauna ckaona —
okos0 100 m. ITouron pacrmosoken BOAM3N
HaceJMéHHBIX MYHKTOB: nocéaka Mocpenrren,
nepesenb [lynkuno, Pymsnmeso, Raprmasoso.
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Ha Mmunumaibiom ymgaaeHuu ot moanrona (or
H0JKHOIT DKCITO3UIIMK CKJIOHA MOJIUTOHA — BCETO
orosio 30 M) Haxonurest nepeHst CanapbeBo, Ha
pPacCTOSTHUM OKOJIO 8 KM HaXO[UTCS asponopt
«BHYKOBO».

B kauectBe pacrenuii-huTOIKCTPAKTOPOB
UCII0JIb30BaJIN MATAUR JIyroBoil (Poa pratensis),
esry coopnyio (Dactylis glomerata), ropunity 6e-
nyio (Sinapis alba), TONCONTHEUHNK OTHOTCTHI T
(Helianthus annus), ropox nocesnoii (Pisum
sativum), RyRypysy 0ObIKHOBEHHYIO (Zea mays).

UccenemoBanmst poBOAIIN B YCJIOBUSX JTab0-
PaToOpPHOTO BereTarmoHHoro ommbita. Pacrenns Boi-
paIBaI B cocyax 00bEMOM 3 JI, KOTOPbIe OblIN
3arnoyiHeHbl oroOpanubiMu ¢ TryouHbl 0—-10 cm
n 0—50 cm obpasiamMu MOYBOIPYHTOR TIOJUTOHA.
[TpomosmrurenbHOCTh TIEeproOIa HAOI IO @HITT CO-
cransizia 30 cyT ¢ MOMeHTA OSIBJIEHUST BCXOJI0B,
M0 MCTEYeHUN KOTOPBIX OIPeessiaiin BhICOTY
pacrennii u copepskanue B Hux TM. B kauecrse
KOHTPOJISI MCITOJH30BAIN 30HATBHYIO JIETKO-
CYTJIMHUCTYIO IePHOBO-TOA30AMCTYIO MOUYBY
(JUIT mousa), koropas cayskuia pornooii. [Tou-
By orOupann wa Teppuropun JlumcrBeHHNIHON
amnen PIAY-MCXA nmenn KA. Tumupszena
¢ ryounb Bepxuero 0—10 em rymycoBoro ropu-
30HTA. 3a TTOKa3aTe b yCTONYMBOCTH ITPIUHUMAJITH
pa3HUILy OTMETOK BBICOT pacTeHMil, Mpouspac-
TAIONNX HA TOYBOIPYHTAX HOJUTOHA U KOH-
TPOJILHOI 1TouBe, BeipaskeHuyio B %. Yem Boite
pa3inyus WHTEHCUBHOCTH POCTA PACTEHUIT HA
KOHTPOJIbHOI ITOYBE 1 TTOYBOTPYHTAX ITOJTUTOHA,
TeM HIKe NX YCTOHYNBOCTD. J[[anubIil Kpurepnii
npejiaraeTcs apropaMu, Kak 0oJsiee mpocToit
B IPUMEHECHW.

Ilns onpemenenust comepskannuss TM pac-
TeHUs cpesasin, BeicymnBaan, napecky 10 r
CYXOil pacTUTEIbHOI MacChl cyRUTaNN B Mydese
B reuernne 8 4 npu remueparype 000 °C. 3oxry
CMAYUBAIN OUNCTIILISTOM, PACTBOPSIIN B 2,0 MJT
20% HCI, oxnaspanu. Ilonyuenuniii pactsop,
He QUIBTPYS, MEPEHOCHJIN Yepe3 BOPOHKY
B MepHyio Kooy ma 50 M, JOBOAMIN PACTBOP
B KOJIOE 0 MOTKI OUNCTIIINPOBAHHON BOIO,
COZIePIRMMOE KOJIOBI TePeMeInBasIi u OCTaBISIIN
10 OCBETJIEHUS U TOCJIeAYIONero OnpeieeHis
CBUHIIA M KaJMUs HA aTOMHO-abcopOIImOHHOM
criekrpodoromerpe «Perkin-Elmer-503» B mra-
MeHn areruien-so3ayx. Ilapamrensno ompee-
nsin coptepsranme TM B mouyBorpyHTaX MOJIMTrOHA
motrHocThio 0—10 em, 0—50 ¢m 11 B KOHTPOTBLHOIT
mouse 1o odtenpuaAToi Merognke [16]. Onpe-
nenenne Koadduigmenta OMOJTOTUICCKOTO M0-
rrnotmerns (KBI1) mpoBognnm myrém otnormenns
conepsranus TM B pacrenusix (307e pacrenuii) K
ero cojilepyRaHmIo B mouse/mouorpynre. Bee mce-

CJIeIOBAH NS BLITIOJIHSIN B TPEXKPATHOI TOBTOP-
HOCTH, JJOCTOBEPHOCTH PA3JIMUMil B COJ[ePIRAHIN
TM piiist pasHbIX KYJBTYP ¥ TOUB OTIPEJIeISIIN 110
kpurepuio CTbiofieHTa, B 00CYRIEHNN UCITONIb3Y -
I0TCS IaHHbIe, TOATBEPKACHHBIC CTATUCTIYECKOT
006paboTKOT ¢ TocToBepHOCTRIO TipT P > 0,95,

Pesyabrarel n o6cys;rnenne

Rak ob1as 3aKoHOMEpPHOCTH OTMEYaeTCst
bosiee BhIcOKOE cofiepskanne TM B pacreHusX, BbI-
paIeHHBIX HA IPYHTAX MTOBEPXHOCTHOTO CJIOS T10-
JIUTOHA, UTO, BEPOATHO, 0OYCJOBICHO adPabHbIM
XapaKTepoM 3arpsisHeHNsI, CBA3aHHOIO ¢ TOCTY-
TIJTEHeM 3arPsI3HSTIONINX BEITIeCTB ¢ BBO3UMBIM I'0-
poncrum mycopom. Copepsrarnne Pbu Cd B Bepx-
mem 0—10 em cioe mouBOTPYHTA MOJTUTOHA COOT-
BETCTBEHHO cocTaBmio 07+4 u 3,51+0,28 mr/kr;
B caoe 0-50 em — 42,9+3,8 1 2,52+0,19, uro 3na-
YUTEJIbHO BBITIIE 110 CPABHEHUIO ¢ KOHTPOJIbHOI
JIIT mouBoii, B koTOpOT cofepskanne Pb Obrmo
23,2+1.,8, a Cd — 0,49+0,04 mr/kr. J[lannbie
XapaKTePUCTURN TTPEBHIIAIOT 3HAYCHUA HOPMa-
tusoB (IIJIKwu OJIK), ocobernno mo coptepranmio
Cd. Ero copepskanue B ouBOTPyHTE IMOJUTOHA
(3,51+0,28 mr/Kr) B 7 pa3 BbIllIe 110 CPaBHEHNIO
¢ kourposem (0,49 mr/wr) m OJ/IK (0,5 mr/xr).
Yeranosnennt rarske mpesbimennst [IJ1R s Ph,
HO OHM MeHee BbipajkeHbl. Habstonaercst mpe-
BBITIIeHIE KoHTenTpanun gannoro TM B 2,5 pa-
3a B IMOYBOTPYHTAX MOJUTOHA (D7+4 Mr/Kr) 110
cpaBHeHMI0 ¢ KoHTposeM (23,2+1,8 mr/Kr) u
noutn AByKparHoe rpesbimierne [T (32 mr/kr).
[Tpu arom B KOHTpOTE cofiepsranne Ph He mpeBb-
maer snavenue [TJ1RK.

Pacrenus, mponspacraroiime Ha KOHTPOJIb-
HOIl ITOUBe, AKKYMYJIUPYIOT 3HAUUTETHHO MEHb-
mee rosmyecTBo TM (raba. 1).

Comepsranne TM B nccieyeMbIx KyJabTy-
pax, To ecTh NX AaKKYMYJINPYIOTIasl ClI0COOHOCTD,
KoJie0JieTcsi B 3aBUCHMOCTU OT BUJa PACTeHUI
u rIyOMHBI 0TOOpA MOYBOTPYHTOB 13 Teja Mo-
JUTOHA, UCTOAb3YEMBIX JIJIsI BhIpaIiuBaHs.
Makcumanbhoe conepsranune Ph — 23,6£2,1 mr/kr
BBISIBJIEHO JIJIsT KYKYPY3bl OOBIKHOBEHHOI 1PN
puipamuBannn Ha sepxaem 0—10 cm cioe mo-
YBOTPYHTA MOJUTOHA. BHICOKON aRRyMYy/H-
pylomed ¢crmocobHOCTHI0 006aaKan TOPUNILA
oenast (11,4£1,0), marnur ayrosoit (10,3£0,9),
nopconueunnr oguonernuit (9,43+£0,8 mr/Kkr).
AKKyMyJIpytoIas criocoOHOCTh 10 OTHOIIEH IO
K Pb y nu3yuennbIx RyJIbTyp, TPpOU3pacTaioninx Ha
Bepxuem 0—10 ¢M citoe TOYBOIPYHTOB TTOJIMTOHA,
MO’KeT ObITh ITPeJiCTaBIeHa CJACYIONIUM PSIOM
(B mopsAKe BO3pacTaHus): TOPOX MOCEBHOI
(1,09+0,09) — eska coopuas (2,20+0,19) — nog-
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Ta6aunma 1 / Table 1

Copepsranne Pb n Cd B 30-cyTouHBIX CeJIbCROX03SIICTBEHHBIX KYJIbTYPaX, BbIPAIeHHbIX
na nousorpynrax noiaurona THO «CanapbeBo» (Mr/Kr cyxoil Macchl)
Pb and Cd content in agricultural culture grown during 30 days of growth
on soils of the landfill of MSW “Salar’evo” (mg/kg dry masses)

CellbcROXO- Copepsratie OJTFOTAHTOB B PACTEHUAX, MI'/KT' CYX0il Macchl
3sTicTBEHHAS The content of pollutants in plants, mg/kg dry masses
KYJIBTYpa Pb Cd Pb ‘ Cd
Agricultural crop | (0-10 cm 0-50 cm 0-10 cm 0-50 cm JIIT mouBa (KOHTPOJI)
0-10cm | 0-50 cm 0-10 cm 0-50 cm Sod-podzolic soil (control)

Msraug ayrosoit | 10,3+0,9% | 8,7+0,7* | 2,15+0,2*%0 | 1,200+0,010%* 4,4+0,4 0,310+0,027
Poa pratensis
Esxa coopras 2,2+0,19% | 1,01£0,09% |  4,2+0,37* 0,85+0,07* 0,85+0,07 | 0,360+0,029
Dactylis glomerata
Fopuwuiia Genas 11,4+1,0% | 9,6+0,8% 1,75+0,15% 1,50+0,13%* 6,2+0,5 0,280+0,024
Sinapis alba
[Nopcommeunnk 10,1+£0,9% | 9,4+0,8% 3,2+0,28% 1,19£0,10%* 1,03+£0,09 | 0,320+0,027
OIHOJICTHM T
Helianthus annus
lFopox mocesroit  [1,09+0,09%| 0,85+£0,07* | 0,158+0,010* | 0,102+0,010 | 0,102+0,010 | 0,100+0,009
Pisum sativum
Rykypysa 23,6£2,1% | 21,5+1,9% | 2,9+0,26%* 2,40+0,21* 16,2+1,4 0,330+0,028
OOBIKHOBEHHasI
Zea mays

IHpumewanue: ¥ — cmamucmuuecku snawumolie pasiuius npu p < 0,05.

Note: * — statistically significant differences at p < 0.05.

conmeunnr opronernanii (10,1£0,9) — marnuk ry-
rosoii (10,3£0,9) — ropunma 6enas (11,4£1,2) —
KyKypy3a oobikHOBeHHas (23,6+1,2 mr/kr). Ha
rourposbtoit [I11 mouse psapg akkymyssinuu Pb
B I1eJIOM coXpaHnsiercst. Bbicokas akRyMYJInpyio-
masi ¢ciocoOHOCTh TOPUUIBI OO 1 RyKYpy3bl
O0OBIKHOBEHHOIT 110 oTHOMIeHnI0 K Ph, ycranos-
JeHHAasl B JJAHHOM MCCJelOBaHINU, COBIIajiaer
C JIAHHBIMU, ITOJIyYeHHbIMU paHee B pabore [17].

[To oraomenunio ®k Cd akkymyaupytorias
CIIOCOOHOCTh MBYUEHHBIX KYJBTYD IIPeJICTaBIsier
CTENYIONII psif (B MOPsJIKe BO3PACTAHNS): TO-
pox nocesnoii (0,158+0,010) — ropunta Genas
(1,75+0,15) — marnuk ayrosoii (2,15£0,20) —
Rykrypysa oobikHoBenrast (2,90+0,26) — nopgcon-
neurnk opposerauil (3,20£0,28) — esxa coopuas
(4,20£0,37 mr/kr). B orHOIIEHUN HKRCTPArNpyio-
teii criocodoroctn Cd HanbobIneit akKyMyJInpyio-
1Teil cIIOCOOHOCTHIO XapaKkTepI3yeTcs eska cOoOpHas,
a KYJIBTYPbI TOPOXa [IOCEBHOTO, KYKYPY3bl 00bIKHO-
BEHHOI HAKAIIJINBAIOT €r0 3HAYNTEe]TbHO MEeHbIIIe.
Wwmerorimecs: paznndusi B 9KCTPArupyrolieil ¢io-
COOHOCTI M3y4aeMbIX PACTEHUII TOJITBEPHKIATOTCS
nureparypabivu raunabivn | 18—-20].

B yerosuax npouspacranus na /111 mouse
psaj akrymysasinn Cd m3ydeHHBIMU pacTeHUA -
MU TaKKe NMeeT aHATOTHIHBI BUT (B TIOPSIRE
Bospacranusi): ropox mocesuoii (0,100+0,009) —
ropuntia 6enas (0,280+£0,024) — MaTiuk 1yrosoii

(0,310+0,027) — nojicoNHOUHUK OJHOJIETHI I
(0,320+£0,027) — kyrypysa oObIKHOBEHHAs
(0,330£0,028) — esxa coopnas (0,360+0,029 mr/xkr).
Nermouernme cocTaBasioT TOTBKO KYJIBTYPHI
MOJICOMTHOUHIKA 1 KYRYPY3bl. OnHako Oan3Kme
BHAUEHUS AaKKYMYJIUPYIOIeil ¢cnocoOHOCTH
atnx pacrennit — coorsercreerino 0,320+0,027
n 0,330+£0,028 mr/Kr Moryr ypaBHUBaTH X
crmocobnocTL K moraomnienuio ganmoro TM m3
KOHTPOJHHON TTOUYBHI.

[To cpaBHeHMI0O ¢ KOHTPOJALHON MOUYBOIL
DTH Pa3INuus CJeAYIOINe: MAaKCUMaIbHbIe Y
eskn coopuoit (4,20£0,37 u 0,320£0,027), uro
cocrapysier 6ojiee YeM JIecATHKPATHOe MPeBbi-
mneHne, MUHUMAJIbLHbBIE — Y TOPOXa MOCEBHOTO
(0,158+0,010 u 0,100+0,009). Esxa cbopuas
MaKCUMaJIbHO M3BJIEKAET U3 BEPXHETO CJIOs 110-
aurora Cd, cmocobeTBYSA ero ounIneHnio, Topox
MOCEBHOI MPAKTUYECKN HEe pearnpyer Ha Kave-
CTBO MOYBOTPYHTOB TIOJUTOHA.

Uccaemyempie KyJbTYypbl XapaKTepu3yoOTCs
pPa3anUYHBIMEI (PU3NOJTOTO-OMOXUMUYECKIUM I
CBOIICTBAMU, YTO O0YCJIOBIMBACT HEOTHO3HATHYTO
ounoarkkymyssiuio Pb u Cd. Kpome Toro, y pac-
TeHMIT OTMevaeTcs 60JbIIas aKKyMYJTUPYOTias
crocobrocTh o ornorrernio ¥k Cd, wem mo or-
nomennio ¥ Ph.

Pesynbrarer oripenienenust copepsranust Pbu Cd
B pacrenusx ro3osun paccuntars KBIT (Tadu. 2).
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Ta6amma 2 / Table 2

Roapdurnment 6uonornueckoro noroienust Pb u Cd 30-cyrounbiMu pacteHusiMu, BbIpaiieHHbIMI
na sepxaem 0—10 cm coe ousorpynTos nosurona u gonosoii mouse / The coefficient of biological absorption
of Pband Cd by plants grown during 30 days of growth on the upper 0—10 cm layer of landfill soils
and background sod-podzolic soil

CellbCROXO3sITICTBEHHAS [Tousorpynr, 0—10 cm ®onosas nmousa (KoHTpoJib), 0-10 cm
KyJIBTYpa Soil-ground, 0—10 cm Sod-podzolic soil (control), 0—10 cm
Agricultural crop Pb Cd Pb Cd
Msmink yroBoii 0,18 0,61 0,2 4,7
Poa pratensis
Eska coopnas 0,04 1,19 0,1 4.3
Dactylis glomerata
Fopunna 6enas 0,20 0,50 0,35 1,42
Sinapis alba
ITopconmeurnnk ogHOMETHII 0,18 0,91 0,44 2,7
Helianthus annus
Fopox mocesmnoi 0,02 0,42 0,004 0,3
Pisum sativum
Ryxypysa o0bikHOBeHHaSs 0,42 0,83 0,97 3,7
Zea mays
Tadauma 3 / Table 3

Boicora 30-cyTouHbix pacTeHuil, BhIpanieHHbIX B yesaoBusix nousorpyHnra noianrona THO «Canapbeo»

n (pOHOBOTI TOYBLL /

The height of 30-days-old plants growing in the soil-ground

of the landfill MSW “Salar’evo” and sod-podzolic (SP) soil

CenbcKOX03ATCTBeHHAS [Tousorpynr Momnosast mouBa Crmykenme BEICOTHI
KYJIBTYpa Soil-ground SP soil (control) Lowering the height
Agricultural crop eM / cm %
Mtk ayrosoii 10,0+0,9 17,01,5 7,0 70
Poa pratensis
Esxa coopmas 27,0+2.4 32,2+2 8 9,2 19
Dactylis glomerata
Fopunma Genas 20,0+£1,8 22,8421 2.8 14
Sinapis alba
[logconueunuk ogHoeTHIIT 22,0+1,9 28,4425 6,4 29
Helianthus annus
IlNopox noceBHoOI 15,0+£1,4 17,0£1,5 2,0 13,3
Pisum sativum
Ryxypysa oObikHOBeHHAS 23,0+2.1 51,0+4,5 28,0 122
Zea mays

@uropeMennamoHHas cmOocOOHOCTH 110
ornomiennio kK TM onpefensercs He ToJIbKO cre-
MeHbI0 NX aKKYMYJANNNA, HO B 3HAUNTEJbHOI
cTelleHMW 3aBUCUT OT YCTOMUYMBOCTH pacTeHMil
R 3arpsisasioniuM Beriecrsam. IIpu sTom 3a mmo-
Kazaresb YCTOMUYNBOCTA TTPUHUMAJIN PA3HUILY
OTMETOR BBICOTHI KYJILTYP, MTPOM3PACTATOTINX
Ha MOYBOIPYHTaX MOJUToHA 1 (JOHOBOI MOUYBeE.
[Tpn Gobiedt pazamiie OTMETOR BBHICOTHI YCTO -
YUBOCTbH IIpU3HABAIACH MeHee BbIPayKeHHOI,
n Hao0OPOT, MeHbINNAsA aMILINTY/la Pa3Jandnii
XapakTepnsoBasa 0ojee yCTOWUNBBIE pACTeHTS.

Rar mowrazanu mccneqoBanus, HapsAAy ¢
pasHoii OMOAKKYMYJINPYIOIIeil clI0COOHOCThIO
M3MEHAJACh U YCTOMUMBOCTh PACTeHUI, YTO BbI-
paskanoch B pasJMYHOI NHTEHCUBHOCTU POCTA

B ONBITHBIX BapuaHTax Mo CPaBHEHWIO ¢ KOH-
TponeMm. Pasubie KyJIBTYpBI 1T0-Pa3HOMY peari-
PYIOT Ha CBOWCTBA MOYBOTPYHTOB, T. €. KAUECTBO
cyberpara. Paznwuns mpu aToM cOCTaBIATOT
or 13,3 1o 122% pnsa 30-cyTounbIX pacreHuii,
MPOM3PACTAIONINX B YCAOBUAX MOUBOTPYHTA, TI0
cpaBHEHUIO ¢ (DOHOBOIT TTOUBOIT (TAdI. 3).
Bricora m3yuaeMbIx pacTennit 3aunTeabo
pasamuaercs B 3aBUCHMOCTH OT BHULA KYJILTY]D
7 VCIOBUWIH MPOM3PACTAHUS M COCTABISICT OT
10,0+0,9 no 27,0+2,4 cm 1pu BoIpaliuBaHum
Ha 0TOOPAHHOM Ha MOJUTOHE IIOYBOTPYHTE U OT
17,0£1,5 em 10 51,0+£4,5 cm Ha dhoHOBOII TIOUBeE.
Paznuiia orMeToKk BBICOT 110 BapuaHTaM OTbITA
cocrasiser or 13,3 o 122%. Koppensimornbiit
aHaJM3 TOKA3AJ YCTOMINBYIO OTPUTATEIHHYIO
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cBsi3b Mesrny copepskanuem Pb u Cd B ouse/
MOYBOIPYHTE U BBICOTOI PACTeHUIT IS MATIHKA
ayrosoro (-0,915 u -0,935 coorBercTBeHHO),
RYRypyssl oobikHoBenuoi (-0,946 u -0,962
COOTBETCTBEHHO). AHaJIOTUYHAS KOPPeJsIus
BhisiB/IeHA Mesky copepsrannem Pb u Cd B fpu-
TOMacCe 1 BHICOTON T0OET0B pacTeHMIL: [IJIsT MSIT-
nuka ryrosoro (-0,899 n -0,930 coorBercTBEHHO)
n RyRypy3bl oobikHoBernol (-0,849 n -0,961
COOTBETCTBEHHO).

Pasnuunas MHTeHCUBHOCTH POCTA MCCTE-
JIYeMBIX KYJBTYP B OMBITHBIX BapuaHTax Imo
cpaBHEHUIO ¢ KOHTPOJeM, IpUHIMaeMas 3a
YCTOIYMBOCTH M3Yy4aeMbIX PACTeHUI, TIPeJICTaB-
JsIeT CJAeYIONnii BUJL (B TIOPSIKe CHUKEHNS):
TOPOX TIOCEBHOT, Topuntia Hemas > esra cobopHas
> MOJICOMHEUHUK OTHOJICTHUI > MATIUK JTYTOBOT
> KYRypy3a OObIKHOBEHHasI.

MI/IHI/IM&JIBHBIQ pasaniymd B UHTeHCUBHOCTI
pocTa B 9TOT TEPHOJ, OTMEYEHBI Y TOPOXa MOCEB-
HOTO M TOPUMILbl Oestoii — coorBercTBerHHo 13,3
n 14,0%. Marcumanbroe pasmmane (122%) —
y pacteHunii KyKypysbl 00bIKHOBEHHOTI.

Y KyKypy3bl OTMeUeHA YETKAS CBSI3H MEsKILY
crernenpbio yeroiunpocTu n copepskanumem Pb
B (puromacce. MakcumanibHoe cpey MCHbITaH-
HBIX KYJBTYp CHUKEHIE POCTOBOTO ITOKa3aTesi
122% conpoBoskaeTcs MaKCHMaJIbHBIM Ha-
rormenunem Pb (23,6+2,1 mr/kr cyxoit Macchl)
B huTOMacce JJAHHOI KYJIBTYPHI.

Taxnm 06pazom, MAKCTMATILHON ¢TTOCO0-
HOCTBIO OUUIIATH OT 3aTPSA3HEHUST CBUHIIOM
BEPXHUIT CJIOT MOJUTOHA 00JaaioT pacTeHus
KYKYPY3bl OOBIKHOBEHHOW 1 TOPUYMIILI 0eJoii,
4TO JIeJIaeT X HPeMOUTUTeTbHBIMI JIUIs TieJIeil
uropememaIny 3arpA3HEHHBIX TOYBOTPYHTOB
MOJINTOHOB.

[To orHOMIEHWIO K 3arPSAZHEHUIO KajMUEM
Ha MepBBIX TArax pasBuUTHsA HambOJIee ONTH-
MaabHON BBICTYMAET eKa cOOpHasi, BBICOKOI
OUNIIA0IIel CIIOCOOHOCTHIO TAKIKE XapaKTepi-
BYIOTCSI pacTeH sl MOJ[COMHEeTHNKA OJIHOJIETHETO,
KYKYPY3bI OOBIKHOBEHHOM.

HpI/IHI/IMaH BO BHIMaHME JOCTATOYHO BBICO-
KYI0 OMOaKKYMYJIMPYIONIYIO CITOCOOHOCTH €K1
coopmnoii B oraotennu Cd 1 BO3Mo3KHOCTH cOXpa-
HATH TP HTOM POCTOBOI TOKa3aTes b (CHIMKeHe
BBICOTHI PacTeHUs TOJ BO3/ielicTBIeM (pakTopa
auiib 0kos0 19%), MOMKHO peKOMEHI0BaThH HTY
RYJIBTYPY JUIsA 1iesieii (puropeMenaum 3arpss-
HEHHOTO MOYBOTPYHTA MOJIUTOHA.

Orobpanmbie s puropeMeuanunm pac-
TEHUsI PEKOMEHJIYeTCsl BhICAJKIBATh HA T10YBO-
TpyHTax IMOJUTOHOB, BbIpalliluBaTh B TeueHne He
mertee 30 et cKammmBaTh Ha3eMHYI0 O1TOMACCy
1 BBIBO3UTD [IJIA YTUJIN3AIlNN.

BoiBojbi

1. Jlns meseit puropememani moYBOrpyH-
TOB, 33I‘pH3HéHHbIX coeJuHeHnAMN CBUHILA, B yC-
nosusix noiaurona THO «CanapbeBo» MOKHO
ncnosib3oBarh 30-1HEeBHBIE pACTeHNUs KYKYPY3bl
OOLIKHOBEHTON W TOPUMIIHI OeT0i. ARKYMY-
JIIpyloiasi ¢iocodHoCThb 110 oTHomeHno K Pb
Y U3YUEHHBIX KYJIBTYP, BbIPAIIlEHHBIX HA BEPXHEM
10-cM cjioe HoUBOrPYHTOB HOJIUTOHA, MOFKET ObITh
npejicTaBieHa CAefyomumM psaaoM (B mopsjiKe
BO3pacTanms): e;ka cOOpHasT — TOPOX MOCEBHOI —
MOJICOTHEYHITK OJ{HOJIETHIIT — MATINK JIyTOBOIT —
ropuniia 6esasi — KyKypysa oObIKHOBEHHas.

2. I1o oTHOIIIEHNIO K KaJIMIIO BBICOKOIT aKKY-
MYJHPYIOIIENl ClOCOOHOCTHIO XapaKTepu3yeTcs
eska cOopHas, KoTopast 00J1a/1aet eré  BHICOKOI
cTereHblo yeroitunBocTi. Beicokast ouniaoias
CIOCOOHOCTH OTMEYAETCsT TAKKe JIJIs1 TO[COTHe -
HITKA OJTHOJIETHETO 1 KYKYPY3bl 0ObIKHOBEHHOII.
ARRyMyJIHUpyiomas cimocoOHOCTh N3YUeHHBIX
KYJBTYP BO3pacraer B CJeYIOIMeM PSIy: TOPOX
MOCEeBHOI — ropumIa Oesass — MATINK JTYTOBOI —
KYKYpy3a 00bIKHOBEHHAST — TOJICOTHEUHIUK OJIHO-
JIeTHUI — esKa cOopHast.

3. YeroitunBocts pacrennii K TM B ycimoBusix
OTTbITa BO3pacTasa B pAY: KYRypy3a OObIKHO-
BeHHas < MATJIUK JYTOBOIl < TOJCOTHEYHUK
OJIHOJIETHUIT < eyKa cOOpPHAst < TOPOX MOCEBHOI,
ropuniia oesasi.
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DuropemMeananmOHHBIN TOTEHIINAT NBAH-YasA Y3KOJIUCTHOTO
1 KaHapeeYHNKa TPOCTHUKOBUHOTO B YCJIOBUX
MOJU3JIEMEeHTHOTO 3arpsA3HeH sl
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167982, Poccus, 1. CoikroiBRap, ya. Rommynncrnuecras, ji. 28,
e-mail: shaposhnikova.l. m@ib.komisc.ru

Nceneposano copiepsanue 6oee 20 XUMIICCKIX DIGMEHTOB, BRIIOYast ecrectBenibie pagnonykannt (U, 2Ra), a rakske
HEKOTOPbIE DCCEHIIMATLHBIC I [TOTEHITNATHHO TOKCUTHBIE DJIEMEHTHI B /UTIOBUATIHHO-JCPHOBOIT HOYBE HA TePPUTOPUN OLIBITIETO
pajmenoro pombicaa (Pecrrybnmra Homm), 3arpssnéinmnoii B pesyabraTe pasanBa Ha TOBEPXHOCTH TTOUBBI OTPAOOTAHHBIX BhI-
COKROMU HepaJl N30BAHHBIX IIJIACTOBBLIX BO/I. Ha llpM Mepe |4‘aHapeeq HUKa TpOCTH NKOBUJIHOTO 11 MBAaH-4Yasd ySKOJI NCTHOTO MSylleHO
HAKOILICHUE DTHX XUMUYCCKUX 9IeMeHToB B pacrenusx. Llorsepskierio, uro nux cojiepsKanie B oUBe MOBBIMIEHO 110 CPaBHe-
HITIO ¢ COOTBETCTBYIOMUMI (DOHOBLIMIT YPOBHSIMNI, & NHTEHCUBHBIM TTEPEXOIOM N3 KOPHEBOI YaCTH PACTEHHI B HAI3eMHYIO
Oouomaccy ornyatTes accerimanbabie snementsl K, P, Mg Ca. B 3HaumMbIX KOJIMYecTBaX 1 B HAJ[3eMHOI, 11 B ITO/[36MHBIX
yacrsax pacreruii onpesesstiores Zn, Mn u Cu. Tokcnumbie 1 MOTeHITHATBHO TOKCHYHBIC XUMUYECKIE 2JIeMEHTHI TPeNMYIIie-
CTBEHHO aKKYMYJINPOBAHDI B KOPHEBOIT CICTEME, UTO SBISIOTCS MEXaHN3MOM CIePyRUBAHIIS TSI TOCTYILICHIST TOJITIOTAHTOR
B HaJ/l3eM Hyl'O qyacThb paC'reH n b)1 n CllOCOGCTByeT C'Fa6l/IJI n3anunum ux COCTOAHNA B I1IOYBe l’lCCJle[LyeMOﬁ 30HBLI 3a|‘pH3HeH nsl.

Kawuegsie crosa: nnactoBbie BHICOKOMIHEPAIN30BAHHbBIE BOJIBI, TIOUBA, YpaH, pajiiii, sleMeHTHbIil cocras, Phalaris
arundinacea, Chamaenerion angustifolium, puropemepnarius.

Phytoremediation potential of willow herb
and reed canary grass under conditions of polyelemental pollution
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We investigated elemental composition of alluvial-sod soil, which was polluted by spilling radium enriched highly
mineralized ground waters (Komi Republic) in 1930—1950s. It was revealed that content of more than 20 chemical elements,
including U and *Ra, some essential and potentially toxic elements, was higher compared to uncontaminated background.
Accumulation of these elements in canary grass (Phalaris arundinacea 1..) and willow herb (Chamaenerion angustifolium
(L.) Scop.) was estimated by bioconcentration factor (BCF) equal to the ratio of the concentrations of chemical elements
in the aboveground parts of plants and soils, as well as root barrier factor (RBF), equal to the ratio of the concentration of
elements in the underground and aboveground parts of plants. The highest BCFs were more than 11 for potassium in both
species and 3.7 and 10.5 for phosphorus in canary grass and willow herb, respectively. BCF for copper in both cases were
close to 1. BCFs for Mg, Ca, Zn, Na, Mn and Sr ranged from 0.06 to 0.37. The minimal BCFs (< 0.03) were observed in the
case of *Ra for canary grass and U, Fe, Ba, V, Al, and Pb for both plant species. Transfer from roots to aboveground parts
of plants was highest for essential elements K, P, Mg, and Ca (RBF < 1). RBFs of Zn and Cu were < 1 in case of willow
herb and > 1 for canary grass. Roots of both plant species accumulated U, >Ra, Pb, V, As, Al, Fe, Na, Ba, and Srin higher
concentrations than aboveground parts. The obtained data suggests that both plants contribute to decrease in bioavailabil-
ity of pollutants due to root barrier that reduces the migration of potentially toxic elements from soil to plants and can be
potential phytostabilizers for these pollutants. In the case of canary grass, root barrier function observed to greater extent.

Keywords: highly mineralized ground water, uranium, radium, soil, elemental composition, Phalaris arundinacea,
Chamaenerion angustifolium, phytoremediation.
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[LracToBBIE BHICOKOMITHEPATN30BAHHBIE BOJbI
SIBJISIIOTCA MCTOUHIKOM 3arpsisHEHUS ORPYsKAI0-
el cpejibl, CIIoCOOHBIM BBIHOCUTH HA MOBEPX-
HOCTD TIOYBHI MHOJKECTBO XUMIUYECKIX DIIEMEHTOB,
B UMCJI0 KOTOPBIX BXOMAT IOTEHIMATBHO OMTACHBIC
TSKREIbIe MeTAJIbl U PAJMOHYKINIBI B KOJTYe-
CTBAX, Fe XapPaKTePHLIX [T TTOBEPXHOCTHLIX CTOGB
noussl [1, 2]. B Pecriybnuke Romu mopobubie 3a-
rpsizaenust nosiusnch B 1930—1950 rr. B pesyiib-
TaTe eSATeJHbHOCTH PAMOXUMIYECKIX 3aBOJIOB
110 TIPOUBBOJICTBY PaJiiisi, KOTOPBIil 0OBIBAIN 113
MOJI3eMHBIX BRICOKOMITHEPAIN30BaHHbIX BOJ. 1o
XUMIYECKOMY COCTaBy OHU OTHOCHJINCH K Oec-
cynbMaTHBIM XJIOPUHO-HATPUEBO-KAJIBI[UNEBHIM
pacconam, borareim Na, K, Li, Ca, Ba, Mg, Sr,
Fe, Al, Mn, Cl [3]. Benegcrsue pasnuBa ma
MOBEPXHOCTU TOYBHI OTPADOTAHHBIX HA MTPOM3-
BOJICTBE TIJIACTOBBIX BOJ| 00Pa30BaINCh YUaCTKI
C TOJIMAIEMEHTHBIM 3arpsi3HeHNeM, Ha KOTOPbIX
PaInoaKTNBHBII (DOH OBLT MOBBITIICH.

Co BpememneMm TIOTaBIIe Ha TTOBEPXHOCTE XTi-
MUYEeCKIe DJIeMeHTB BOBJICKAINCH B OMOTeHHbITT
obmen [4—T7]. Pacrenusm B HEM IIpUHAJJICHKUT
BayKHAS POJTH, TAK KAK OHU SIBJISATOTCS KII0OUEBBIM
3BEHOM MUIIEBLIX [ereil. Ita poJib 0c000 3HauM-
Ma B YCJOBUSX, KOITIA B KPYTOBOPOT BRIIOUALTCS
n30BITOUHOE KOJTUIECTBO TOKCUKAHTOB 11 OTIPeJie-
Js1eTcst TakUMU PaKTOpaMi, Kak KOHIeHTpaInm
DIIEMEHTOB B HAJ[3EMHBIX ¥ TIO/[3EMHBIX OpraHax
pacTteHmii, KOJANYEeCTBO OMOMACCHl 1 CKOPOCTh
eé mumepanamzarnunu [4]. Tawse 6maromaps
AKKYMYJUPYIOIUM CBOMCTBAM pacTeHUS
MOTYT CITOCOOCTBOBATH OUMIIEHNIO TTOUYB, UTO
ABUIOCH OCHOBAHUEM JIJI51 pa3padoOTKM pas -
HBIX PUTOPEMeNAIMOHHBIX TeXHOJOTHI BOC-
CTAHOBJICHUS 3arpsA3HEHHBIX W HAPYITCHHBIX
teppurtopuii [8].

[lenns nateii paboThl cocTosiia B U3yU4eHU N
DJeMEeHTHOTO cOCTaBa MOYBbBI, 3aTPA3ZHEHHOI
BCJIEJICTBIE pa3jinBa 0TPabOTAHHBIX BHICOKO-
MUHEPAJM30BAHHBIX BOJl ¢ TOBBIIMCHHBIM CO-
flepsRaHmeM pajiis, a TakyKe aKKYMYJIUPYoIeil
CIOCOOHOCTN HEKOTOPHIX BUIOB pacTeHUI
B OTHOIICHNN HTUX XUMIUCCKIX DICMEHTOB JIJIS
OTIeHKY MX (PUTOpPEeMeInaimoHHOT0 TOTeHI[NAIA.

O0beKThI 1 MeETO/AbI NCCJaeJOBaHNA

Pa6orer nposopuin B 20182019 rr. Ue-
clleJlyeMblil y4acTOK pacioJioKeH B MMoiiMe
p. ¥YXTa Ha aJTOBUAJIbLHO-IePHOBOI TTOYBe.
Ero pacrurenbubiii mokpos chopMupoBan
pPasHOTPABHO-3JTAKOBBIM COODIECTBOM. 3a-
rpsisHeHIe ydyacTka 00yCJOBIGHO cOPOCOM Ha
ITOBEPXHOCTH ITOYBbLI OTpa6OTaHHLIX IIJIACTOBBIX
BOJ| 11ocJie Jo0biun 13 HuX pagus. B rauecrse

KOHTPOJILHOT TITOMIA/IKN ObLT BRIOPAH YYACTOK,
pacIoosKeHHblil B 1D KM BbIIIE 110 TeUYeHU IO
p. ¥YXTa OT 3arpsi3HEHHOTO, CO CXOAHBIM THIIOM
MOYBBI U (DIIOPUCTUUECKUM COCTABOM.

Jliist ompefiesieH st 3;1eMEHTHOTO COCTaBa OTO-
oupann obpasipl moussl u3 Bepxuero (0—20 cm)
cios. Beero orobpano 27 oO6pasiioB mouBbl Ha
3arpAsHEHHOM ydacTke m 9 oOpasmnos Ha KOH-
TPOJIbHOM yuacTtre. [|7is1 uayuenusi akkymyJin-
pytoteii criocodHocTn 1 (huTopeMeinanmoHHOTO
MOTeHIIaIa OBLTN BHIOPAHBI [IBA BUIA KPYITHBIX
MHOTOJIETHUX JIMKOPACTYIINX PACTEHUs ¢ pas-
BUTOH KOPHEBOW CMCTEMOI, MPOM3PacTaronimx
B 30HE 3arpsi3HEHUs. JTO MPeCTaBUTeNb Ce-
MmetictBa Kunpeinbix (Onargaceae) nBan-uaii
yaronuctubiii Chamaenerion angustifolium (1..)
Scop. 1 3J1aK KaHapeeuHNK TPOCTHUKOBUJIHBII
Phalaris arundinacea L. Ilocaenuunii yacro
UCIIOJIb3YeTCsl B UCCTIeJOBAHUSAX 110 OMOMH/ -
rkanun n gurogesaktuBarun mnous [9, 10]. Ilo
Tpu 00pasia KayKIoro BIja pacTeHusl BbIKaIlbl-
BaJIM BMECTe ¢ KOPHSIMM, OTJeJIS/IN HAI3eMHYIO
4acTh, MOA3EMHYIO YaCTh OUMIIAIN OT MOYBBI
n npombiBain Bojoii. [lepen xumnyecknm ana-
an3omM obe 4acTH pacTeHWil BRICYIINBAIN HA
BO3/lyXe U maMesjbyain Ha MenabHuie. [Tpo6ni
MOYBbI BHICYIINBAJIM U IIPOCEUBAJII Yepe3 CUTO
1 MM. ARKYMYJIUPYIOITYTO CITOCOOHOCTH PacTeH M it
B OTHOIIEHUN XUMUYECKNUX DJIEMEHTOB OTeHN-
BaJM 110 IBYM IOKazarejsiMm — Koddpuimenry
naroryierns (KH), paBHoMy oTHOTIIEHITIO KOH-
IEeHTpAIMil XUMUYeCKIX 3JIeMeHTOB B HaJ[3eM-
HOIl 4acTu pacTeHus u moune, 1 KodQuigmenTy
ROPHEBOTO 63[356})& (K ), paBHOMY OTHOIICHIIO
KOHTIEHTPAT[NII XUMIYECKIX DJIeMEHTOB B KOpHe-
BOTl 1 HAJ[3eMHOIT YacTN pacTeHMid.

MaccoByto 107110 HepaImOAKTUBHBIX XM~
YeCKUX DJIEeMEHTOB B 00beKTaX MCCAeloBAHNUS
OTIpeJleJisi/iin Ha aTOMHO-DMUCCHOHHOM CIIeK-
TPOMeTpe ¢ MHYKTHUBHO-CBS3aHHON MJ1a3MOIt
(ICP-MS, Spectro Ciros““?, Germany) B skoaHa-
aurndeckoit madboparopun B OUITL Romun HIJ
¥YpO PAH. Copepsxanue pagmonyranmos **Ra
n U aHanmuaupoBaiau pauoXuMnIecKuMm MeTO-
JlaMu 13 mpeaBapuTesibio 030a6HHBIX 11pu 400 °C
obpastos B Jlaboparopum Murpanum pagmo-
nyraugos u pagunoxumnn UB OUITL Komu HIJ
¥YpO PAH na nputopax «Anbga-1» n «JTHOD-57»
COOTBETCTBeHHO. Bee m3mepenust nmpoBojuin
B TPEXKpATHOI moBropHocT. Paznuaus mesrmy
PpyHiamMm JaHHBIX OMEeHUBAIMN C ITOMOIIbIO
0HOMAKTOPHOTO ANCITEPCUOHHOTO aHaIM3a
(ANOVA). SaBucumoctnn MesRy cofiepsRaHmemM
XUMUYECKUX DJIEMEHTOB B 110YBaX OI€HUBAJIN
¢ TTOMOTITHIO KOPPETATIMOHHOTO anann3a (Statis-
tica, version 13.3).
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Pesyabrarsl u 0b6cyskienne

Ronrmenrpanun **Ra B 03016HHBIX 06pas-
1ax MoYB 3arpsA3HEHHON0 y4acTKa COCTaBUIIN
1,36—74,5 Br/r. 910 nipeBbIiano moKasaresn,
COOTBETCTBYIOITIE TIOYBe KOHTPOJTLHOTO YYACTKA,
B KOTOPOT cpefiiee CofepsRamme pagnmomyRIma
orseuasio ypostio 40,6+10,8 mbk /1. Konnenrpa-
U7 ypana B 3aTPA3HEHHON MOUYBe HAXOAMINCH
B mpepenax auamnazona 0,86—3,69 mrr/r npun
cpenrem ponosom copepsranni 1,01£0,03 mrr/T.
Rowmrmenrparum ipyrnX XuMndecKnx 3J1eMeHTOB
B 00pasmax 3arpsA3HEHHbIX TOYB, B CPABHEHNH C
KOHTPOJILHBIM YYaCTKOM, OBLIN TAK:Ke 0CTOBEp-
no Boime (ANOVA, p <0,05) (tabm. 1).

Hawubombiiee npesbinierne GOHOBBIX TTOKA-
3aTeseil OBIIO0 XapaKTePHO JIJISA COMEePsRAHIS TI1e-
JIouHo3eMeJbHbIX eMentos Ca, Bau Sr — oko10
12, 50 1 88 kpar coorBerctrerniio, mo Mg — B J pas.
Tak sre kKak 1 B ciryuae ¢ 22°Ra, 11151 9THX DJIeMeHTOB
OBLT XapaKTepeH MIUPOKIIT IMaa3oH Bapbupo-

Bamus. fIBIsAsACH XUMIYECKNMI aHaaoraMu, OHI
CXOJIHBI 110 MHTEHCUBHOCTH MUTPATINN B BOJHBIX
cpefiax, m 310 00yCJIOBINBAET BRITOUEHIE PAJIS
B IIPOIleCChl paciipejiesieHnsi MaKpOdJIeMeHTOB
B a0MOTHUCCKUX W OMOTHUYCCKUX KOMITOHCHTAX
[11, 12]. Tar, madaogansach KOPPEIATIIT MY
COMlePsKAHMSAMI B MOYBEHHBIX oOpasiax **Ra n
Ba (r=0,59,p<0,05),*Rau Sr (0,74, p<0,05).
JlocToBepHOI KOPPESAIINT MRy COflepyRaHneM
226Ran Ca, ?*Ra u Mg nioayueno ne ObL710, HO B TO
sKe BpeMs Mesriy cofepskannem Ca m Mg koppe-
nsst Opr1a recrott (0,82, p <0,05).

Kparnocts mpeBbiie st KOHIEHTPaTiim ipy-
IUX BJIEMEHTOB B 1I0UBE 3arPs3HEHHOTO yYaCTKa
110 OTHOTIIEHI0 K KOHTPOJII0 cocraBuia ot 1,5 o
9,9. MuHuManbHBIM cofiepsKaHneM B TOYBax NC-
cieryemMoii Teppuropun xapakrepusonasiuch Cd
u Se, XOTS IO CPAaBHEHMUIO ¢ KOHTPOJbHBIMU 3HA-
YeHUSAMI X KOHIEHTPATNN TaKkyKe OB BhITIIE.
Muorue MUKpPOaJIeMEHTbHI SIBJISIOTCS TTOT@HTIN -
ATBLHO TOKCHUYHBIMI JIJIST JKUBBIX OPTaHN3MOB,

Ta6auma 1 / Table 1

AIeMEHTHBII COCTaB MTOYB 3arPsA3HGHHOTO U KOHTPOJbHOTO YIaCTKOB
Elemental composition of soils of contaminated and control sites

XUMUIECKITH DITeMEeHT Copepsmanme (x+Sd), mr/ur / Content (z+5d), mg/kg
Chemical element 3arpsA3HEHHBIN yUaCTOK KOHTPOJBbHBIN yUaCTOK
contaminated site control site

Fe 25000+7000 8100+£2200
Ca 20000+6000 1700+£500
Al 11300+2900 65001700
Mg 6600+£2000 1300+400
Ba 2100+900 4112
K 2100+800 1100+£500
Mn 990+290 290+90
S 960+290 190+60
Sr 800+130 9,0+2,6
P 740+£220 510£150
Na 200+80 34+13
In 125+25 30+6

\ 50+12 15,5+3,8
Ni 2248 6,023
Cu 20+4 4,4+0,9
Cr 15,5+3,0 10,0+2,0
Pb 10,2+2.6 6,2+1,6
Co 8,2+3,2 3,4+1,4
As 6,6+3,3 1,7+0,9
Cd 0,77+0,37 0,15+0,08
Se 0,36+0,15 -

HpuMClt(lHu(f.' X — L])COHCC 3Haverue, Sd — (,‘m(]/H()(lpmH()L’ OMRJAOHECHUE, «—» — HeMm OaHHbLL.

Note: x — mean value, Sd — standart deviation,

«

—nodala.
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eCJIN UX KOHIIGHTPATIUSA B TIOUBE MTPEBBIIIAeT J10-
nycrumbie yposuu. K TakoBbIM OTHOCATCS Me-
rannel (Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb,
Sn, Vu Zn), Herkoropbie Merasnonsibl (As, Sb) u
memerasanl (Se) [13]. Bamosbie KonmerTpamnm
HEKOTOPBIX 13 HUX B UCCJIEIyeMOTl TT0YBe MpPeBb-
Maan yCTaHOBJAGHHbBIE TPeJeIbHO IOMYyCTUMbIe
rounenrparun (ITIJIK) [14]. Tar, kKonnenrpaius
As Bappuposasn B gnamasone or 1 o 4 MK, Cu —
3-13 1IJIK, Zn — 2—-12 TIJIK, Ni - 3-8 TIJ1K,
Co —1-3 IIJ1K, Cr — 1-5 I1J1K. B 1o e Bpems
ROHIEHTPATMY CBUHIIA, BAHAJUSA 1 MapraHiia He
MPeBBIIANY TTPEEJBHO IOMYCTUMBIX 3HAYEHUIT
n Haxopuauch B ripepenax 0,2—0,5 [1J1K, 0,2-0,6
MK wn0,2—1,2 T1J]1K coorsercrBerno. Takum 06-
pasoMm, TOoJyuYeHHbIe JJaHHbIe CBUJETeNIbCTBYIOT
00 M3MEHeHWNU COCTaBa TeOXMMUYECKOI CpeJibl
BCJIGJICTBIE TTOCTYTIJIEHNST OTPADOTAHHBIX MITHE-
pan30BaHHBIX BOJ HA IIOBEPXHOCTH MOYBBI. ITO
BBIPA}KEHO HE TOJHKO B TOBBIIIEHUN COJlePIKa-
HIUS B HEIl 1[eJI0T0 Psijia XUMHYECKNX 3JTeMeHTOR
10 CpaBHEHNTO ¢ DOHOBBIMY 3HAYEHUSIMU, HO W,
B HEROTOPBIX CJYYasiX, B TIPEBBIIICHUN X Tpe-
MEeJILHO JIOTTYCTUMBIX, YCTAHOBIEHHBIX HOPMATH -
Bamu, KoHIeHTparumii [14].

CoriacHo 1MOMYYeHHBIM JIAHHBIM, PACTOHUS
13 30HBI 3arpsI3HEHNsT B PA3HOI CTeIeHN HaKa-
TTABAIN W PAJIMOHYKJIHJBI, U HePATNOAKTHBHBIC
sieMeHThbl. MIBan-uail y3ROJIMCTHBIN, B cpaBHe-
HUM ¢ KAHAPEeYHKOM TPOCTHUKOBU/THBIM, OTJTH -
qasics 601ee BLICOKITM TTOTTIOTIeHneM paansa-226
(radm. 2, 3). Suavenus KH pys nBan-vas n kana-
peeunnka cocrasuin 0,22 1 0,02 coorBercTBeHHO.

Boiee BeicoKkoe TOTIIOIIEH e B CJIyvae nBaH-vast
HaBIIO/IAI0CH U JIJIS PYTUX IEJT0UHO3EMeJ bHbIX
anemenToB. Vcwrmouenne cocrasun 6apuit, KH
KOTOPOTO JJIST HTUX JIBYX BUIOB PACTEHU He OT-
auyanuch. B o ske Bpems, 1o ypaHy 3HAYNMbIX
pasnInynii 7 9TUX HoKasaresneil 3aduKcnposa-
1o ne 6110 (KH ;= 0,011 0,03 coorsercrsento).

B 1memom, 3akomoMepHoCcTn HAKOTIICHU
XIMUUECKIX DIEMEHTOB PACTeHUAMNI 000MX
pumoB Onan cxomgnnl. Cambie Boicokme HH Mot
nabmopanm s kanus u goedopa. Chepyioreit
B 9TOM psijty Obita Mejib, eé KH Obiim 6nmsknm & 1.
Tarwue anementor kak Mg, Ca, Zn, Na, Mn u Sr
HaKAIIMBAJILUCH B MeHblnell cremenn. Vx snaue-
nnst KH naxopmnues B ipepiesax or 0,06 o 0,37.
Munumanbasie KH (10 0,03) ormeuasu s Fe,
Ba, V, Al u Pb.

N3BecTHo, uto XUMIUYECKIE DJICMeHTELI HAKa -
MJINBATOTCA B BETETATHBHBIX OPTafax Mo-PasmnoMmy
[9, 10]. Herkoropbie 13 HUX aKKYMYJIUPYIOTCS
MPeNMYIITeCTBeHHO KOPHAMUI PACTeHUI, IPyTHe
mocTymnaioT B HajgzeMmuyio maccy [4, 19]. Ha
DTUX CBOMCTBAX PACTeHUIT OCHOBAHLI [BA pas-
HBIX MeTojia (puropeMeanani 3arpsa3HéHHbIX
treppuropuii. Pacrenns nmoreHmmaibHo MOryr
MUCIIOJB30BATHCSI B KAUECTBE (DPUTOIRCTPATCHTOB
A yoaJeHus 3arpsa3HuTeseil 13 MOUYBbI ITyTEM
X KOHIEHTPUPOBAHWUA B HA[3EeMHON Macce,
n16o huTocTadMINBATOPOB — JIJTA CTAOMIM3AT( T
COCTOAHMSA METAIJIOB B IMOYBAX TTOCPECTBOM
CcOpOTMM KOPHAMU, OCAKIEHUA, KOMILICKCO-
00pazoBaHMs MM CHIKCHIS UX TOABIKIOCTI B
pusocdepe [8]. CoracHo MoTydeHHBIM TAHHBIM,

% (a)
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Ra U CaMg Sr Ba K Na P Al Fe Mn Zn CuMo As V Pb

OHanazemuast gacts / Aboveground part
B Kopresast yacts / Root

% (b)

Ra U CaMg Sr Ba K Na P Al Fe Mn Zn Cu V Pb

[0 Hagsemnas gacts / Aboveground part
B Kopuesas gacts / Root

Puc. Oraocurenbroe cofiepskanme pagnoHYKINIOB U APYTUX XUMITECKUX 3JT6MEHTOB B TTOJ[36MHON
U HAJI36MHOI 4acTAX KaHAPeeUHNKA TPOCTHUKOBUHOTO (&) 1 uBan-das yarojaucruoro (b).
Copepsranne Pb B nopzemuoii vactu npunsiu 3a 100%), rak kak ero KOHIEHTPAILUST
B HaJ[3eMHOIT OroMacce Oblra HUZKe Tipejesia o0HapysKe st
Fig. The ratio of concentrations of radionuclides and microelements in the underground
and aboveground parts of the P. arundinacea (a) and C. angustifolium (b). Pb content in the roots was
taken as 100%, since its concentration in the aboveground biomass was below detection limit

165

Teopernueckas n npuriagnas sroaormst. 2023. Nk 1 / Theoretical and Applied Ecology. 2023. No. 1




PEME/IMAIINA N PERYJIbTUBAIINA

166

B pacripejleJIeHN pasanyHbIX DJIeMEHTOB MRy
HAJ[3EMHBIMU 1 TTOJI3EMHBIMI YaCTAMU PACTeH I
HAOJTIOMANNCH KAK CXOJHbIE MPU3HAKN, TaK 1
pazauuus (puc.).

MureHcuBHBIM 1TepexXojioM 13 KOPHEBOI va-
cri B HajBemMuyo (K < 1) ormraanmen RambII,
maruauii, pocdop n kasuii (tada. 2, 3). [Ipu arowm,
eCJIM pacTpefiesieHne Marunsa B KaHapeeuHmKe
ObLJIO PABHOMEPHBIM, TO B 3€JI6HOIT Macce MBaH-
qast ero cofeps:ramue oOo110 B 1,8 pas GoJibiiie, ueM B
RopHEeBoIT yacTi. RoHenrparms KaibIus B HaJ(-
3eMHOV yacTin WBaH-4yas Obina B 1,5 pasza Bwitie,
ueM B kKanapeeunuke. IIpu orom snavenue K s
WBAH-YasI TAKIKE TPEBBIIIATIO COOTBETCTBYIOIIEE
3HAUEHNE /I KaHapeeuHnKka. AHa N3 JaHHbIX
YKa3bIBACT HA TO, UTO KATBITHI COMEPsKNTCS B BbI-
COKMX KOHI[GHTPAIMAX 1 B MO3EMHOM, U B HaJ[-
3eMHON YacTAX MBAH-uas y3KoImeTHoro. B remom,
73 BCEX TeT0UM03eMeIbIBIX DJIeMEHTOB, KAThITIH
1 MarHNi HanboIee MHTEHCUBHO TIePexofiAT B (-
TOMACCY, UTO, 6e3YCIOBHO, CBAZAHO ¢ X AKTHBHOM
(pusmosornueckoil M GUOXUMHUUYECKON POJIBHIO
B opranusme pacrenus [16]. 3HaunTenbHbIl
epexoyt B HaJ[3eMHYIO YacTh pacTeHn il HadJIoa-
CS1 M JUISA JIPYTUX SKUBHEHHO BAJKHBIX DIIEMEHTOB.
B uwacrhnoctu, u3 Beex mccyeloBaHHBIX XUMIU-
yecknx syaementos K . kanns Oblin nanbonee

nuskumu — 0,34 n 0,28 naa ranapeeuHura
n mBaH-vas coorercTBeHHO (Tadm. 2). Docdop
B 00oMX Bujax pacrennii rarske nmen K o< 1.
Taxue sanementsl kak Cu, Fe, Mn, Mo, Ni
u 7N 1npu HU3KUX KOHIEHTPAIUsAX He3aMeH-
MbI, HO TIPU BBICOKHMX COEP/KAHUAX SBISIOTCS
TOTeHINATHLHO TOKCHUHBIME [T pacrennit |13,
17]. Hamu mcciemoBaHusi oKasaiu, 4To Kak
B TIO[3eMHOTI, TaK 1 B HAJI3eMHOI YaCTIX pAaCTeHUTIH
Zn, Mn u Cu o6HapyRUBAIOTCA B BHAYUMBIX KO-
nudectBax (puc.). OmHAKO UX TePexo/| B HAJ3eM-
HYIO 4acTh MBAH-Yasl Y3KOJMCTHOTO MPOUCXOJIUT
WHTeHCHBHEe, YeM Y Kanapeeununka (tadu. 2 u 3).
[TonyueHuble laHHble CBUIETEIbCTBYIOT,
YTO MHOTME XUMUYECKIe 3JIeMeHThI, TTOCTYyTast
B pacTeHusi, ClioCOOHbI KOHIIEHTPUPOBATHLCS B X
nojzeMHubIxX yacTsx. Tak, Bo Bcex ciyuasix copep-
sranme pagnonyrangos U n 2°Ra B KopHAX OBLIO
BoITIIE, YeM B magsemioin omomacce (ANOVA,
p<0,05). Cpesint HepaIMOAKTUBHBIX XUMITYECKIX
DIIEMEHTOB MPEeNMYIECTBEHHO KOPHEBOE HAKO-
mnenne umenn Pb, V, As, Al, Fe, Na, Ban Sr (1at6m. 2
un 3). Hanbosiee Boicokme KOdOEPUIMEHTH KOP-
HEeBOTro Oapbepa ObLIN XapaKTePHBI JJisT BAHAMS
(oromo 22), muitrbsaka (11), amomunus (23—-29).
Sunauenust K 6apus cocrasunu 4,12 B cayuae
nBan-uas u 23,7 — B cayuae kanapeeunnia. Jlis

Tadauna 2 / Table 2

AIeMeHTHLIT COCTaB W XapaKTepPUCTHKN OMOMOTIOICH T Y KaHapeednnka TPOCTHNKOBI/HOTO
Elemental composition and characteristics of bioabsorption in Phalaris arundinacea

XuMuveckui Copepskanne (z+5d) / Content (x+Sd) F P RH .
JIEMEeHT HaJI3eMHas 4acThb LOJI3eMHas 4aCcTh BCF | RBF
Chemical element aboveground part underground part
*Ra 0,04+0,02 0,19+0,01 41,1 0,003 0,02 | 4,75
U 0,020+0,007 0,06+0,01 33,3 0,004 0,01 | 3,00
Ca 7100+1700 3400+600 34,3 0,004 0,35 | 0,48
Mg 1400100 1300100 3,00 0,158 0,21 | 0,93
Sr 08+14 95+23 9,04 0,078 0,06 | 1,64
Ba 36+7 150+40 20,7 0,010 0,02 | 4,12
K 23700+£1200 8300600 407 | 0,00004 | 11,5 | 0,34
Na 61+24 200+£210 16,1 0,016 0,31 | 8,97
P 2700+100 2400+900 0,34 0,592 3,66 | 0,89
Al 220+130 5100+700 143,7 | 0,0003 | 0,02 | 23,2
Fe 470+290 6600500 377,8 | 0,00004 | 0,02 | 13,9
Mn 140+50 470+200 7,75 0,049 0,14 | 3,48
Zn 4615 95+12 20,1 0,011 0,37 | 2,09
Cu 20+9 32+12 1,16 0,342 0,99 | 1,63
As 0,17+0,08 1,90+0,26 74,2 0,003 0,03 | 11,2
\Y 0,95+0,36 21,3+3,2 17,0 | 0,0004 | 0,02 | 224

llpunevanue (30ecou ¢ maba. 3): codepacanue *** Ra npusedeno ¢ br/2, U — 6 mke/2, 0CMaibHblr I4eMEHINOE — 8 Me/Ke; «—» —
nem dannolr, r — cpednee snavenue, Sd — cmandapmmoe omrionenue, I'u p — kpumunecroe snauwenue kpumepus Puwepa
u yposens snauwumocmu (ANOVA), df = 1; KH — koadihuyuenm naronsenus, K — koafifuyuenm ropresozo b6apvepa.

Note (here and Table 3): content of **Ra is given in Bq/g, U — ug/g, other elements — mg/kg;

@

—no dala, x — mean

value, Sd — standart deviation, F and p — critical value of the Fisher criterion and significance level (ANOVA), df = 1; BCF —

bioconcentration factor, RBF — root barrier factor.
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Tadauma 3 / Table 3

AIeMeHTHDIR cOCTaB 1 XapaKTepUuCTUuKM 6I/IOHOI‘JIOH_IQIII/IH Y nBan-4asd y3KOJMCTHOTO

Elemental composition and characteristics of bioabsorption in Chamaenerion angustifolium

XUMUICCKITT Copepsranmne (x+Sd) / Content (x+5d) F p KH K
dJ1€MEHT Ha3eMHas 4acTh moj3eMHast yacThb BCF | RBF
Chemical element aboveground part underground part
226Ra 0,10+0,02 0,52+0,16 7,37 0,049 | 0,22 | 5,20
U 0,050+0,006 0,08+0,007 13,5 0,021 | 0,03 | 1,60
Ca 10300+1200 40000+15000 12,4 0,024 | 0,51 | 3,87
Mg 4300900 2500+500 9,99 0,034 | 0,66 | 0,57
Sr 111+£34 610+260 10,4 0,032 | 0,12 | 5,47
Ba 32+15 760+260 20,7 0,005 | 0,02 | 23,7
K 24000+6000 6800+2500 8,36 0,044 | 11,8 | 0,28
Na 65+31 150£26 13,2 0,022 | 0,33 | 2,31
P 77001700 24001240 9,98 0,032 | 10,5 | 0,31
Al 71+30 1770+250 131,0 | 0,0003 | 0,01 | 24,9
Fe 580+110 27001400 2,48 0,079 | 0,02 | 4,68
Mn 70+22 82+12 0,67 0,459 | 0,07 | 1,17
Zn 2T7+14 31,3+2.9 8,73 0,048 | 0,45 | 0,55
Cu 14,7£2,1 11,9+0,8 4,91 0,101 | 0,73 | 0,81
v 0,56£0,18 12,5+2,8 94,6 0,002 | 0,01 | 22,3

MHOTUX TTOTEHIMATBHO OTIACHBIX XUMUYECKUX
DJIEMEHTOB KOPHU BLICTYIIAIOT B KauecTBe Hapbepa
JIUIsT TIepexoyia B 3eJ1éHY0 Maccy pacrennii. Ocoboe
3HAUEHIe ATO MMeeT B cJIydae 3JIeMeHTOB, TAKNX
kak As n Pb, TOKCUYHEBIX asKe B CJIELOBBLIX KO-
anuectBax [13, 17]. Hakonmenme B KopHeBoi
YaCTH MO3BOJISIET CYIIECTBEHHO CHU3UTD UX IO/~
BIZKHOCTD 1 OMOJIOTHUECKYIO TOCTYITHOCTD. 3a-
METHUM, YTO CBUHEIL B 3BHAUYNTE/IbHBIX KOJINMYECTBAX
00HAPYKUBAJICSA TOJTBLKO B 9TOI YaCTU PaCTeHUI
(puc.), B TO BpeMsi Kak B HAJIBEMHBIX YaCTAX €10
ROHIEHTPATNY ObLITN HIZKe TIpejiea oOHapysKRe-
HUS. ITO COMTIACYETCA ¢ JIAHHBIMI JIUTEPATYPhI, Ka-
CAIOIUMUCS JIPYTOTO PACITPOCTPAHEHHOTO 3TTaAKA —
MOJIEBUTILI TOHKO (Argostis tenuis Sibtb.) [4].
Hecmorpst Ha obmiHOCTH NPUBHAKOB pac-
npejiesieHusi PajiMOHYKJANIOB 1 TOTEHIMATbHO
TORCUYHBIX XUMNYECKUX 3JIEMEHTOB B pPaCTeHUAX
oboux Bumon, copepskanue Cu, Al, Fe, Mn, Zn,
V, Pb B kopusx kanapeeunura ouiin B 1,7-5,7
pas BBITIIE B CPABHEHUN ¢ MBAH-UaeM, TIPI HTOM
repexon Cu, Mn, Zn 13 KopHeBOii B HaJ[3eMHYIO
4acTh WBAH-Yas IPOUCXOU NHTeHCUBHEN, Ha
urto ykasbisatoT ux K .. Takum obpaszom, kopuu
RaHapeeyHKa TPOCTHUROBUIHOTO Doiee dder-
TUBHO BBITIOJHSIN OapbepHble PYHKITUU B OT-
HOIIEeHWHU MOTEHIMATHEHO TOKCUUHBIX DJIEMEHTOB
110 cpaBHEHNIO ¢ KOPHEBOI crucTeMOil NBaH-vas.
B aureparype umetorcsi janHbie, 4TO B KOPHEBOI
4acTn KaHapeeuHKa TPOCTHUKOBHUTHOTO XOPOTITO
HAKAIJINBAIOTCS U IPYTHe MeTa lTbl, Takue Kak Co
1 Cd, B ¢BsI31 ¢ 4eM aBTOPHI JleJIaloT 3aKJII0UeH e

0 XopotmuX (PUTOCTAONIAN3NPYIONINX CBOITCTBAX
ATOTO pacTeHUsI B OTHONIEHWN HTUX METaJI0B
[9]. B nesom, ananna nosrydeHHbIX JJAHHBIX T10-
3BOJISIET TIPEJIIOJIOKITh, YT0 00a pacTeHuss — u
KaHapeeuHUK, I NBAH-4Yall BHOCST BRJIAJ| B CHUKe-
HUe TIOJ[BUKHOCTH 1 ONOJIOTYECKOI IOCTYITHOCTI
MOJNTOTAHTOB B MCCIEYeMOU 3aTpA3HEHHOIN
procucreme. OHAKO B ciydae KaHapeeyHHKa
TPOCTHUKOBUTHOTO MEXaHU3MBI ATHX ITPOTIECCOB
TecHee CBA3aHbI ¢ DapbepHoi PyHKI[Iel RopHel
pacTeHms.

3axioueHue

[IpemcraBiernbie pe3yabraThl CBUETENh-
CTBYIOT O CyHleCTBeHHOM BJIUAHNN 6BIBH_IGI‘O pa-
nuitnobbiBaiomero npefanpusatTus B Pecriydnnke
Romu Ha okpyskaoliyno O6MoreoXnMn4yecKyto
cpeny. JlorRagLHLIA pasanB oTpadoTaMHLIX Ha
MPOM3BOACTBE BHICOKOMUHEPATN30BAHHBIX
[JACTOBBIX BOJI, COMAEPIKAINMX PamoOHyKIIH,
COTTPOBORIAJICS He TOJIHKO YBEJTNUCHIIEM B TOUBE
UX COJlePsKAaHMUsI, HO 11 TIOBBIIIIeHITeM KOHI[eHTpa-
[T TIeT0TO0 PsI/Ia HePaInOaKTUBHBIX, B TOM YNCJIe
MOTEHINATBLHO TOKCHYHBIX, DJIEMEHTOB, BIIOCIE] -
CTBUM aKTUBHO BOBJCKAIOIIMXCA B OMOTeHHbII
obmen. Ha npumepe kaHapeeuHNKa TPOCTHIKO-
BHUJIHOTO U MBaH-4ast Y3KOJMCTHOTO MOKA3AHO,
YTO B BBICOKUX KOHHICHTPAIUAX B paCTeHUAX
HAKATJINBAIOTCA 3CCEHITNATbHBIC DJIeMEHTHI,
rakme Kak K, P, Mg, Ca. 9kcrepuMeHTaIbHO IO/ -
TBEPIKIICHO, UTO DOJBINAS YACTh HCCTCTOBAHHBIX
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xummuecknx snementos (U, ?Ra, Ph, V, As, Al,
Fe, Na, Ba, Sr) akkymynupyercsi B 03eMHOI
JacTn pacreHmnii. B ocHOBHOM, 3TO 3JIleMeHTHI,
KOTOpPBIE SIBJSIOTCS TOKCUYHBIMU UJIN TTOTEHTIN -
aJTbHO TORCUYHBIMHU Ji7isi pacTenuii. [Tomyuenubie
pe3ysibTaThl YKa3bIBAIOT, UTO NCCIELyeMble BUJIbI
pacTeHNuil ABAAIOTCA MOTeHINATBHBIMU (PUTOCTA-
OMIM3aTOPAMU IS MTOLOOHBIX TTONMDICMEHTHEBIX
3arpsA3HeHnI.

Paboma evinoanena npu gunaicosoit noddepiic-
Ke 20c0100acemnoil memost omdeaa paduodkoLozuu
Huemumyma ouonoeuuw OUI| Komu HI] YpO PAH
Ne 122040600024-5 npu wacmuunoii noddepocke
epanma PODOU u Ilpasumearvscmea Pecnybauru
Komu Ne 20-45-110009p_a.
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Binsinue npoMbIIeHHBIX BHIOPOCOB HIPEAIPHUATHII TETIJI0O3HEPreTHKI
Ha TOTJI0TIeHne COJTHEeYHOTO N3JTyYeHus1 B armocgepe

© 2023. B. A. Ryssmun, . 1. H., Ipoeccop, I. H. C.,
. A. 3arpaii, k. 1. H., C. H. C.,

H. A. IlImaxosa, cr. npenogaBarenp,

Bsitekuii rocylapeTBeHHbBII YHUBEPCUTET,

610000, Poccus, . Rupos, yi1. MockoBeras, 1. 36,
e-mail: ZagraylA@yandex.ru

B pa60're IpoBejieHa OleHRa BJANAHUA Bb|6pOCOB npearnpuaTin i TelJIOoHePreTn K Ha rorJioteHne n3jayudeHnAa B arMoc-
(epe gepes pacuér kKoahPuUIIeHTOB TOTTOMEHNS 1 (DYHKIII TOTTIOMEH TPOYKTOB CTOPAHNS ITPU (DAKETHHOM C;KUTAHUT
TBépALIX TorinB (yris u ropda) B romke naposoro koria bR3-210-140D. Ha ocroBanmu XuMim4eckoro cocraBa ra3oBoit
(azbr 1 yacTIl KOHIEHCHPOBAHHOIT (has3bl BHITIOJHEHbBI pacuérbl KoaduimenTor normoienns npu remieparype 300 K
B criekTpasibHOM mHTepBasie 0,4—14 MKM, a takske QyHRIMIT TorToteHns npu toamuHax caost o u 10 m. Hanmane vacrig
30JIbI BHOCUT CYIIECTBEHHbITT BRI B OTTIOIIEHIe COMTHEYHOTO UBTYYeHIA TPOJIYKTAMI CTOPAHIA B OKHAX PO3PAYHOCTH
razoBoii gaszel. [Ipu oreyreTBUN CUCTEMBI OUICTRI JIBIMOBBIX Ta30B Jijist ontudeckoro auamnasona (0,4—0,78 mrm) morsio-
MeHme MOYKeT cOCTaBIATh 10 20% mpu csruranun yriist u 1o 46% mpu cyruramnnn ropda. B mmporom okie mpo3pavHocTin
armocepnt 7,5—14 MEM (DYHKIUS TOTIIOTIEH NS IIPOLYKTOB cropanus npunanmaet snaderus ot 73 1o 100% npu cskuranmm
yris u or 64 1o 100% npn cskuranun ropdpa. HanGosmbinas onrnaeckas TosrmuHa mo Koa@duimentam moriomenns ra3o-
Boit hasbl ipuxoanTes na komnonentsl H,O n CO,, KoTopble BHOCAT 0CHOBHOI BK/IaJ| B cos/lanie apHuKkoBoro agdexra.

Karwuesste caosa: armocdepa, napankosbiii apderr, pareabHoe cikuranme yrias n ropda, TpOyKTh CTOPAHS,
razopast dhasza, 4acTUILhl 307161, ROAPOUIIEHT MOTTIONeH ST, PYHKIIUA TOTTOIIeHUS.
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on the absorption of solar radiation in the atmosphere
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The paper evaluates the effect of emissions from heat power engineering enterprises on the absorption of radiation
in the atmosphere through the calculation of absorption coefficients and absorption functions of combustion products
during flaring of solid fuels (coal and peat) in the furnace of BKZ-210-140F steam boiler. The chemical composition
of the gas phase and condensed phase particles were used to calculate the absorption coefficients at a temperature of
300 K and the spectral range of 0.4—14 pm, as well as the absorption functions at layer thicknesses of 5 and 10 m. The
presence of ash particles makes a significant contribution to the absorption of solar radiation by combustion products
in the transparency windows of the gas phase.In the absence of a flue gas purification system for the optical range
(0.4—0.78 wm), absorption can be up to 20% during flaring of coal and up to 46% during flaring of peat. For the atmo-
spheric transparency window of 7.5—14 um, the absorption function of combustion products takes values from 73 to
100% during flaring of coal and from 64 to 100% during flaring of peat. The largest optical thickness in terms of the
absorption coefficients of gas phase is accounted for the components H,0 and CO,, which make the main contribution
to the creation of the greenhouse effect.

Keywords: atmosphere, greenhouse effect, flaring of coal and peat, combustion products, gas phase, ash particles,
absorption coefficient, absorption function.
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AHTpoToreHHOe BO3/IeCTBIE HA OKPYKAIO-
TIYTO CPEJLY 3a IMOCJIe/Hee BPeMsi CTaI0 HaCTOJNIbKO
CYIIECTBEHHBIM, YTO JlasKe B IIpejiesiax OfHoTo
MOROJIEHU ST HAOJTIOJAIOTCS OTYTUMbIE M3MeHe-
HUS aTMOCHEPHBIX U RINMATHYECKUX YCIOBUI.
B powrnage MesknpaBuTe/ibCTBEHHOI I'PYIIITHI
DKCTIEPTOB TI0 M3MEeHeH o Kianmara [ 1] yreepsx-
Jlaercst, 9To ¢ BEPOATHOCTHIO 95% mesAresbHOCTD
YeJI0BeKA ABIAACTCA OCHOBHON IMTPUYNHON TTPONC-
XOJisTIero rodanbHoro morerenus. [lpucyr-
cTBIE B arMocdepe TazoB 1 adpo3oJieit (TBEP/bIX
" KUKIX YaCTUIL), CO3MAIONINX MapPHUKOBBII
aerT, BEIZBIBaET MOTIOIeHNe B aTtMocdepe
3eMJIn TeIrJIOBOTO M3JIYUYeHUs, UCITYCKAeMOTro
CyIIeil 1 OKeanoM, B pe3yJibrare 4ero KoJmdecTBo
YXOJIAIIEr0 B KOCMOC MBJIYUeHUsT OKa3bIBAGTCH
MEHBITINM, YeM OHO ObITO OBl B OTCYTCTBUE TI0-
rroruteseit B armocdepe. CormactHo paboram
[2, 3] uépHbiil yraepoy siBjisieTcsi OCHOBHBIM 110~
[JIOTUTENIeM COJTHEeUHOTO U3JIYYeHUsI B BUTUMOM
amanasone M MpecTaBaser codOM BTOPOI MO
snavennio gaxrop nocae CO,, okazpIBaIOINIL
BJIMSIHIE HA IVT00ATbHOE TOTeIIeHIIe.

[To ipoBeiéHHBIM OIleHKAM, Ha TePPUTOPUH
Poccnu morerienne kimmara niét co CKOPOCTHIO
0,51 °C 3a recsaruiierue, uto Hosiee ueM B 2,0 pasa
MPeBbBINTaeT CPeHIon CKOPOCTh II00aJIbHOTO
noreryienus [4, ]. B erpykrype BoIOpocoB map-
HIKOBBIX Ta30B B Poccniickoit Mepeparium fomu-
HUPYeT DHePreTuyecKuii CeKTop, 10751 KOTOPOTO
B coBokymHOM BBIOpoce B 2019 1. cocraBmsma
78,7%. Ilpu sTOM KOJMYECTBO BHIOPOCOB Tap-
HIKOBBIX ra3oB B oksusansente CO, cocraBuio
1,67 mapp 1, m3 koropeix na pomo CO, mpuxo-
nunock 89,3%, CH, — 10,3%, N,O — 0,3% [4].
Namenenne morpedIenust NCKOTAeMbIX BUIOB
roruBa (yrist, topda, Heru, TpupoiHOTo Tasa)
" MPOJYKTOB UX HepepaboTKN B 3aBUCHUMOCTI
OT ce30Ha, TeHACHI[NIT Pa3BUTHA YKOHOMUKN 1
napyrux GaKkTopoB OKa3bIBaeT BIMTHIE Ha BeJI-
YITHY TTPOMBITTIIEHHBIX BHIOPOCOB TIPEJIITPUATIIT
TEeTI0AHe PTeTH K.

Bopnba ¢ yemmernnem napankoBoro sdperra
MJIAHUPYETCS BCeMU CII0CODaMI: CHUKEHIE Bbl-
O6pocoB B arMocdepy IMyTéM yeTaHOBIEHU ST KBOT
1o seibopocam 1 yrunnsanus CO, kapdboHoBLIME
pepmamu 6, 7]. Onun rekrap Taroi hepmbl c1i0-
coben nornomark o1 30 10 60 T CO, 3a roxt. Oprm
u3 cpesiets 60puObI ¢ BeIGpocamu CO, ABasercs
YUET yraepogHoTro (KapOboHOBOTO) cJefia poun3-
BOMMMOII TTPOYKITHY, T. €. PACYET KOJMYeCTBA
Bpi6pocos CO, u pyrux napHUKOBBIX ra30B Ha
epuuauIy mpoaykinn [8]. Ha ouepennoii koudge-
permun OOH mo namenennio kiumara (KC-26),
npoxopustreit 8 2021 r. 8 1. ['masro, 6u110 OTMEUE-
HO, 4TO C}KUTAHIE YTIJIePOJIHOTO TOTLTNBA SIBJISIeT-

CS1 IVIABHON TPUYMHON HAKOTIJIEH ST ITAPHIKOBBIX
razoB B armocdepe, a pocT cpejiHeli TeMIeparyphbl
na mmanere k 2100 r. mosker octurHyTh 2,4—
2,7°C, 4T0 3HAUUTETLHO ITPEBBITIAeT YCTAHOBIIEH-
Hblii 6esonacubiii npegen s 1,0 °C [9].

OcHOBHBIE DKOHOMIKY MU pPa, BRItouas Poc-
CHUIO, YyKe HaMeTU/In TJIaH Ha yTH K 9KOJI0r3a-
IIE TTPOM3BOJICTBA MTYTEM Mepexoja Ha HU3KO-
YIJIepPOiHbIe 1 DHeprocheperaiorime TeXHoI0TH I
B CaMBIX Pa3HBIX OTPACIAX 9KOHOMIKI. B pamkax
roudepentun KC-26 muorne crpanst (Bbhernam,
[Mombma, Yunm v gp.) mpuHAIN 00653aT€THCTBO
OTRa3arhbcs OT mckomaemoro tomiansa. OgHako
CTPaHbl, JKOHOMUKA KOTOPBIX HATIPSIMYIO 3aBM1-
CUT OT MCIIOJb30BAHMS YIUisl, Takue Kar Kuraii,
CIITA, Ascrpanus, Unansa n Poccus, otkazannch
OT IIPUHSATHS TTOJI0OHBIX 00513aTE/IbCTB.

B Poccuu B nensix peanusanun Ykasa Ilpe-
sugenta o1 8 gespans 2021 r. Ne 76 «O mepax
10 peajusaiiuu rocygapcTBeHHON HAY4YHO-
TeXHUYECKOW MOTUTUKE B 00JaCTH DKOJTOTH-
qeckoro passutusa Poccuiickoit Memeparun
7 KINMAaTHYeCKUX M3MeHeHNi» pazpadborana
[Tporpamma B obsacTi HKOJTOTHUECKOTO Pas-
BUTUA U KAnMartnuyeckux nsmenennii o 2030 r.
[Tporpamma BRIIOUaeT B ceOst TpH HATIPaBJICHUS:
1) MOHUTOPUHT W TPOTHO3MPOBAHIE COCTOSHIIS
OKPY’RAIOIIeIl cpefibl 1 KINMaTa; 2) cMsrdeHme
AHTPOIOTEHHOTO BO3/IICTBIUSI HA OKPYRAIOITY IO
cpefy M RJIUMAT; 3) ajgantanus IpupOLHBIX
cucTeM, HACeJeHUsI U OTpacjieil 9KOHOMUKI K
U3MEHeHUSIM KJIIMaTa.

Peanuzarnus ITporpamMmbl nogpasymeBaer
MoJIydente 1 MCToAb30BaHme IOCTOBePHBIX Jlaf-
HBIX 00 OKpY/KaIoIel cpefie M KINMaTHIecKIX
N3MEHeHNAX, a TaKKe pa3paboTKy KOMIIJIeKca
TeXHOJOTHYECKUX pPellleHnil B HApaBIeHNN
CHIKEHUsT BLIOPOCOB 3arpsI3HAIONNX BeIeCTB
" TaPHWKOBBIX Fa30B 1 YBEJIMYEH S TOTeHITaIa
MOTJIOMIEH IS YTJIepo/ia 9KOCUCTeMaMIL.

[lesibto HacTOsIIIIEIT pADOTHI SIBJISIETCS OIIEHKA
BJIMSIHISI BBIOPOCOB TIPEJITPUSITUIT TETII0dHe pre-
TUKU HA TOTJIOIeHNe COJTHeUHOTO N3TyYeHus B
armocdepe depes pacuérT KodxpuimeHTos mo-
rIoTeH st U PYHKIMI TTOTIOTEeH ST TTPOJTYKTOR
cropanns npn (HakeIbHOM CRUTAHUN TBEPIBIX
TorauB (yrist u Topda) B TOITKe TapOBOTO KOTIa
BR3-210-1400.

O0beKTHI 1 METOJbI HCCJIEI0BAHIS

ObberTaMu nccaelOBAHNUS SBISIOTCA TeTe-
POTeHHBIE MPOYKTHI CropaHust npn GakeTbHOM
CIRUTAHUY TBEPALIX TOMNUB (yras u Topda).
MonenupoBanue ®oddPUIUMEHTOB MOTJIO-

171

Teopernueckas u npuriaagaas sxogorus. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1




IJROJIOI'A N RIIMMAT

MeHnst YncToit armocdepbl 1 razoBoil asnl
MPOYKTOB CrOPAHUs BBHITIOJHEHO ¢ TOMOTILIO
HEAOPMATMOHHO-BBIUNCJIUTETHHON CHCTEMBI
«CrnerTpockotust arMocepHbIX Ta30B», pacyér
KO3 PUITMEHTOB TIOTJIONEH ST KOHJIEHCHPOBaH-
HOTl a3bl MPOJYKTOB CrOpaHms TMPON3BEEH
¢ npuMeHeHHeM paszpadboTanHoro Ha Kadepe
nHskeHepHoi guanku Bsrckoro rocypaperBe-
HOTO YHHUBEPCUTETa MPOTPAMMHOIO KOMILIEKCA
10 OTIPEJIEJIEHUIO TEILTIOBOTO MBIYYeHUsT PabOTImX
Cpejl HePTeTHYeCKIX YCTAHOBOK. XUMUYCCKITT
COCTaB YaCTHUI KOHJIEHCHPOBaHHOW (Das3bl HalijleH
MeTOIOM PeHTreHOTyopeciieHTHoro anainsa. /s
WCCJICIOBAHMSA JIUCTIEPCHOCTI YACTUTL TPUMEHSLIIN
METOJT BTIEKTPOHHO-CRAHUPYTOTIE MUKPOCKOTIN,
Ilornonienune comHeYHOTO N3TyYEHNS YKC-
Toii armocdepoii. [TocpegcrBom 1nporeccon
paccesiHUsI 1 TOTNIOTeHsT atMocdepa KOHTPO-
JUPYeT KOJMYEeCTBO MOCTYHAIOIET0 Ha SeMII0
COJTHEUHOTO UBTYICeHIUS 1 KOJTUYECTBO COTHEUHOTO
M3JTYyYeHNsI, KOTOPOe BO3BPAIIAeTCs B KOCMOC.
Buaropaps onrnueckomy Bo30YKICHIIO aTMOC-
(bepHbIe Ta3bI TOTIONIAIOT COTHEUHOE U3TyUeH e
Ha OTpeleIEHHbIX iTTnHaxX BoJH. O30H, KUCTOPOJT
7 a30T MOTIOIAIOT TPEeNnMYIeCTBeHHO B Y/b-
Tpad)oJIeTOBOM JiMalia3oHe, a BOJSAHOI 1ap —
B OamKkHeM nH@pPaKpPacCHOM JiarnasoHe.
Bopsinoii nap npescrasisier coboit Hanbosee
MOIIHBII TOIJIOTUTE/Ib KOPOTKOBOJTHOBOTO 13-
ayderns B ommrinem M K-nnamaszone. OcnoBmbie
nonocel nornomenns H,O naxoparcs s6ansn
nann soan 1,1; 1,4; 1,9; 2,7; 6,3 mxMm. Boanmas
4acTh MOMIOMEHUsT aTMoc(epoii mponcxXoanT
Ga1aroiaps BOJSTHOMY TIapy, OH BHOCHT OCHOBHOTI
BRKJIAJ] B IPUPOJIHBIT TApHUKOBLIT adhpert [4].
Copepsranme CO, B cyxom armocdepHom Bo3-
nyxe meseanko (10 0,045 06. %), Ho ou siBjIsieTcst
BTOPBIM 110 3HAYUMOCTU MAPHUKOBBIM TazoM

B armocdepe, TTOCKOALKY MOTIONAeT U Mepens-
Jaydaer nH@pakpacHoe U3JTydeHue B Pa3JInaHbIX
moJiocax, meHTpaMn KotTopeix assiores 1,9; 2,7;
4,3; 10,6 m 14 mrwMm.

B manmoit pabore s pacyéToB MCIOIB30-
BaJim Mozienb armocdepbl Muetrnryra ontunkm
armocepsr CO AH CCCP [10] st cmecn Bo3-
mayxa B JIeTHUil ce30H Ha Bbhicore H = 0 M u s
yeaosuii cpepanx mupor. Cocras armocdepbt
npuHEMaIn caegyiomum (B 06. %): H,0 — 1,56,
CO, - 0,0333, O, - 0,000002, N,O - 0,000028,
CO-0,000047, CH, - 0,000148, O, - 20,7, SO, -
0,000008, NH,, - 0,000001, N, — 77,7.

C nomotbio HHGOPMAIMOHHO-BHIUNC-
nuresibHol cucreMbl «CIIEKTPOCKOTIVS aTMOC-
depupix razos» (SPECTRA) (http://spectra.
iao.ru), conepsramieit 6ankm ganubix HITRAN,
GEISA, HITEMP st ra30BbIX cOCTaBJISAIONINX,
MPOM3BEJIEH pacuér Rod UITMenTa Moo e H s
armocdepsl ipu remreparype T = 300 K, nan-
aennu p = 10° Ila B crekTpasbHOM MHTEpPBaJe
A=0,4—14mrMm (puc. 1a). Ha pucynre 16, c ipepi-
craByeHbl QYHKIUMU MOTJIOMEHIsT aTMocdepbl
npu roanrHax caost x = o u 10 M coorBeTCTBEH-
HO, KOTOPbIe TaKsKe NCITOTb30BAHDI IS pacuéra
(DyHKITUIT TOTTIONEH S TPOJIYKTOB CrOPaHUs PU
(hareTbHOM CRUTAHUN TBEPBIX TOTINB (YTIs
u Topda).

DOYHKITITO TTOTTIOTIEHM ATMOCQepPhl orrpejie-
nsm 1o opmyie:

A=1—-exp(—k * x),

e k — woapdpurment morsonenus, 1/m;
Z — TOJIIHA CJIOS, M.

Jlarnas popmyaa ciaemyer n3 3arona byrepa
W MIPUMEHUMA B CJydae OHOPOIHON aTMocde-
pbl U HEOOJBIIOW TOJIMHBI CJI0SI, B IIpejesax

KoathHumaHT nornomesHs, 1/
Absorption coefficient, 1/m
3l

L]

0?}*“‘ HAUWIL LK ST SV

Jabady

Oyuxmma noraomenn / Absorption function
o

04T
02+
0 i. d. | | i A Ly i L 4 i\!lﬂ.J\I

107 + + + + + + + + 4 + + + + i
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Jnuna sonser, MM / Wavelength, pm

o 1 2 3 4 S 6 7 8 9 10 11 12 13 14
Jnmuna sonssl, MM / Wavelength, pm
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Puc. 1. Rosppunment normonienns (a) u pyHrmmm normomnierus (b, ¢) armocdepsi
Fig. 1. Absorption coefficient (a) and absorption functions (b, ¢) of atmosphere

Teoperuueckast u npurnauas sroaorust. 2023. Ne 1 / Theoretical and Applied Ecology. 2023. No. 1



IJROJIOI'NA N RIINMAT

KOTOPOTO JlaBJeHNe 1 TeMIleparypa OCTaloTes
nocrostiabiMu. Koaddunment noraomnienns
oTTpejielisieTcsi CBOTICTBAMU BelllecTBa (B HaIeM
ciydae arMocepbl) 1 3aBUCHT OT TeMIIepaTyphl,
[laBJAEHUSI U JIVINHBI BOJTHBI TIOTIONAEMOI0 CBeTa.
B obrmmiem cayuae, KodOUIIMEHT TOTTOTIEHISA
paBen cymme Koa(pOUIMeHToB MOTTOMEeHNs OT-
[IeJIbHBIX KOMIOHEHTOB aTMOC(ephl, TAKNX KaK
MOJIERYJIBI Ta3a m aspososn. B pawnoii pabore
e pacCcMaTPNUBAIOTCS MPOTIeCCH TTOTIIOTIeH s Ha
a’PO30JIBHBIX YacTuiax n sp@erTel paccesHus
COJTHETHOTO M3JIYUeHNS.

Cornacno pucynry 1, armocdepnoe rmormo-
IeHne OTHOCUTEebHO HEBEJINKO B CJEYIONIX
CIIEKTPAJIbHBIX MHTEepPBAJIaX: B BUMMOIT 001acTn
0,4—0,78 mrm, B wHpaKkpacHoil obIacTin CreK-
tpa BOusu v Bosa 1,15 1,6; 2,2; 3,8; 4,6 mrwm,
a TaKyKe B IIMPOKOM OKHE ITPO3PAYHOCTU 7,0—
14 mrm [11]. VImerHO HA 3TO OKHO TPO3PAYHOCTHI
MPUXOJUTCS MAKCUMYM TEILJIOBOTO M3JTy4eHU s
[Py TeMIIepaTypax arMoc(epol 1 3eMHOI TOBePX-
noctu. OHO ¢I10COOCTBYET OTTOKY TEILIOBOTO H3JIY-
YeHIsi B MIPOBOE IIPOCTPAHCTBO I, KAK CJIEJICTBIIE,
YMEeHBITIeHWIO JIeNCTBYS MTapHIUKOBOTO P deKrTa.

Onpenenenne Kod3PUIUEHTOB MOTI0-
meHnA u QYHKIUNH TOTJIONeHUs ITPOJYKTOB
CrOpaHNsA NPHU CKUTAHUM TBEPABIX TOILINB.
MHorue RpyTiHbBIe [IPeJIPUsTUS IIPOMbITLIeHHO
TEIJI09HEPTeTUKU UCIIOJIb3YIOT TIPU BbIPpabOTKe
TeTJIOBON 1 HJIEKTPUUYECKON dHEPrum TBEPJbIe
TOIJINBA PA3JTUYHBIX MECTOPOIKICHUTT, OOBITHO
yroab u Topd. Ha Ruposckux TIII, nomumo
YIUIS PA3ANYHBIX MECTOPOFKICHNUI, NCITOJIh3YeT-
cst MecTHbIl Buj TorimBa — Topd. [Tocrosimmas
cMeHa TOTINB 00bACHAETCS NX CTOMMOCTBIO, JI0-
THCTUYeCKIMI 3aTpataMi 1 6J1M30CTHIO MECTHBIX
TOIJINBHBIX PECYPCOB. 3a c4éT MecTHOTO Topda
obecrieunBaeTcs cTadbmIbHOCTL PabOTHI ITpeJIpu-
ATUI TOTINBHO-YHEPTETUYECKOTO KOMILIeKCa,
opmupyercs TONIMBHAS HE3aBUCUMOCTb U DHEp-

reruveckas 0e301aCHOCTh PermoHa Ha cJaydait
ype3BbIYaliHON cuTyanun. B kavectBe npumepa
B Tabnutie 1 npuBoisATes XapaKTePUCTUKI YIS
Rysbaccroro bacceiima n Topa MecToposKeH I
Ruposcroii obnacru, ncronb3dyembix Ha Kupos-
cxnx T,

ITocTosimmas cMena BUMOB TOIJINBA Bbi-
HYJKJIaeT HacTpanBaTh padOTy KOTJIOArperaton
Ha ONTUMAaJNbHBI peskuM. VI3 mpemcraBieHHbIX
XapaKTepuCTHK yIJisi u Topda ciaeyer, 4uto yroab
obJsiagaer OOJbIIeNl 30JIbHOCTBIO, CO/lePRAHNEM
yriepojia u TernaoTBOPHOI CIOCOOHOCTBIO 10
cpaBuenuio ¢ roppom. M3-3a cpaBHUTEIHHO
HU3KOIl Kamopuiinoctn Topd nHa KupoBckoit
TOIl-4 csrmraercst B cMecH ¢ IPUPOIHBIM Ta30M
st obeciieyeHms: CTabMIBHOCTH PAbOThI KOT/IA
[13]. [Ipu paresbHOM c3ruranum yris u ropda
B rormkax KormoB BH3-210-140 Tomounnie raznt
MPeJICTaBJISAIOT cOD0Il reTeporeHHbIe TTPOIYKThI
cropanusi, cocrosiniue n3 razosoii gassl (I'D) n
qacTuI KoHpencuposannoii pasnr (KD) [13]. B
obmrem cayuae I'D cocToNT B OCHOBHOM 13 BYX-
u tpéxaromubix monexyn CO,, H,0, NO,, SO,,
CO, NO, N,, O,. Cocras IpopyKTOB CropaHus
npu cRuranum Topda u yris paccuuThiBAICH
10 TIPOJIYKTaM TIOJTHOTO CTOPAHMS 110 MEeTO/[MKe
[14]. Conepskanne kommionenToB I'D nipu cxm-
ranum yris u ropga mpusejeno B radsuie 2. V3
TAaOJIUIHT 2 CJCAYeT, YTO OTANYNe KOMITOHEHTOR
I'D nabmogaercs TOJILKO KOJMYeCTBeHHOe.

Roupnencuposannast pasa 1mpm c;Ruranmm
TBEP/BIX TOILINB MPEACTaBIsieT coO0 YacTu-
(Bl 30JIBI, COCTOSIIIINE M3 OKCUIOB Pa3TNUHBIX
anementon: Si0,, ALO,, Fe,0,, CaO, K,0, MgO
u 1. . [15]. KoauvecrBennbie moxkasaresin 06-
pPas3yoIUXcss OKCHOB PN CHRUTAHUN YIS 1
topda mpuBesiensl B radsuiie 3. V3 npencrasien-
HBIX JIAHHBIX CJe/[yeT KOJUYeCTBeHHOe OTIIYne
nokasareseii. B jannoii padore paccunThiBasIM

creRTpanbHble KO3MOUINEHTHI TOTJIONeH NS

Ta6auma 1 / Table 1

Xapaxrepucturu yriast u ropda [12] / Coal and peat characteristics [12]

Haumenosanue noxasaress / Parameter Yroab / Coal Topd / Peat

Copepswanme saarn W', % / MoistureW", % 12 51,8
Sosnbrocth AY, % / Ash content A, % 15 6,3
Copepsranme cepor S°, % / Sulfur S*, % 0,4 0,3
Copepsranue yriaepopa C', % / Carbon C, % 27,1 24,3
Copepsranue Bogopoua H', % / Hydrogen H', % 4,1 2,6
Copepsranme asora N, % / Nitrogen N', % 1,8 1,4
Copepsranue gucyiopopa O, % / Oxygen O, % 9,6 13,3
Husmas reriora cropanus Q°, kkan/kr (k[ /Kr) 3673 1933
Low combustion heat Q', kcal/kg (kJ/kg) (15378) (8093)
Buixop seryunx V&' % / Volatile matter content V&', % 42 50
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Ta6amma 2 / Table 2
Cocras (B 06. %) ra3oBoii ha3bl MPOLYKTOB CrOPAHILS
Composition of the gas phase (vol. %) in combustion products
Rommnonentnt / Composition Yroab / Coal Topd / Peat

€O, 14,074 11,55

H,0 9,158 16,192

SO, 0,034 0,045

N, 73,486 68,078

0, 3,249 3,634
Tadauma 3 / Table 3

Cocras komjencupoBannoil gasel (B %) npopykros cropanus [12]
Composition of the condensed phase (%) in combustion products [12]

Kowmmonentir / Composition Yroab / Coal Topg / Peat
Si0, 59,3 47,59
A1,0, 21 18,96
Fe,O, 5,7 20,84
CaO 9,3 4,88
K,0 3,8 1,22
MgO 2,2 0,62
P,0, 0,8 4,02
TiO, 0,9 0,45
Na,O - 0,38
SO, - 0,55

Hpumewanue: llpouwepr o3nawaem omcymemaeue Komnonenma.

Note: A dash means the absence of a component.

KoaddHimeHTs! NOTA0MEHHA IeTepOreHHEIX NPOAYKTOB CropaHHa
Absorption coefficients of heterogeneous combustion products

KoaddumenT nornomenns
rasoBoH dassl

Koa¢ et nornomerus
KOHIESHCHpOBaHHOH da3sl

Chemical composition

KoHlleHTpalHg KOMIIOHEHTOR
Concentration of components

—l Temmeparypa / Temperature

—| Jasnenue / Pressure

—| Jinuua BonHe! / Wavelength

Absorption coefficient of the Absorption coefficient of the
gas phase condensed phase
XHMHIeCKHH COCTAR XHMH9eCKHH cOCTaR

Chemical composition

—| Maccogas gons / Mass fraction

Pazmephl H QYHRIHEA
pacipeseneHHs JacTHII 1o
pasMepam
Sizes and particle size distribution

OITHIeCKHe KOHCTAHTEI FaCTHIl
Optical constants of particles

—| Temnepartypa / Temperature ‘

—| Jasnenne / Pressure ‘

-——| Jnuna BonHe / Wavelength J

Puec. 2. OcroBmbIe (hakTOPHI, OMPEISIONTIE KOA(MOUITIEHTHI TIOTIONEHTIST TeTePOTeHHBIX TTPOLYKTOR CTOPAHS
Fig. 2. The main factors determining absorption coefficient of heterogeneous combustion products
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komuoonentos I'D u KD gasa goIMOBLIX ra3os,
BHIOpachiBaeMbIX B arMocdepy mpu cyRuranmm
yruist u toppa B maposom korie BR3-210-1400.
B obrem ciryuae koaPuimenTsl morIoNeH s
I'®D n KO zasucsar or pasubix pakTopos (puc. 2).

Roappunuenter nornomenns I'd o, npn
CHRUTAHUU Y/ 1 Topda BHIYMCISAIN METOIOM
MOJIMHEHHOTO cu6Ta, I7e B KauecTBEe MCXOMHBIX
MAHHBIX MCIOJTH30BATN COCTAB TA30BOI CMECH,
TeMIeparypy, JaBieHne u JJIuHY BOJHBI U3JTY-
uvenns. Rooppunmenter mornomenusa KO o
OTTPEIeJISLTN Yepes YMCJ0BYI0 KOHIIEHTPAIIHIO 1
CeUCHWS TIOTJIOMIEH IS MOJUINCIIePCHBIX CHCTeM
chepuueckux yactut 1o reopun Mu [16].

Roaddurmentor oriote s rereporeHHbIX
MTPOJYKTOB CTOPAH S TIPU CYKUTAHITH TBEPIIBIX TOTI-
JIAB OTIpesiesisnn 1o popmyne: k = o,y + o, 1pu
T=300 K, p=10°1Ila B ciekrpaiabHOM WHTEpPBaJIE
A=0,4—14 MEM.

Oyurmun moraonienns A onpeaesaanch
npu tonmuuax cjaost x = 5 u 10 m, coorper-
creytonnx kKoumerTparmam 'O n KO B cayuae
0e3BeTPEHHOI 1OTO/bI BOJM3N [IBIMOBOI TPYOLI
TP PUATHS.

Pesyuabrarsl n o6cysknenne

Ha pucynkax 3 n 4 npejicraBieHbl 3HAYCHIS
Roa(pummenta nornomenus u GyHKINUKA 10-
IJIOTIeHUST TIPOJTYKTOB CTOPAHUS IIPU CHKUTAHUT
yrist u toppa. Hammane wacruy KO Brocur cy-
IMEeCTBEHHbIN BRJIAJ B TIOMIOIEHNE COTHEeTHOTO
M3JTYyYeHUs TPOYKTaMI CTOPAHIS B OKHAX TTPO-
spaumoctn ['D.

C MOMOIBI0 TEXHIYeCKIX YCTPOICTB ((Prib-
TPhI, CKPYOOEpHl 1 T. JI.) YHA6TCs OUYMCTUTH OT
OOJIBINTOTO YNMeaa 30JbHBIX YACTUT] IBIMOBbIE

rasbl, BeiOpacbhiBaeMbie B armocdepy. Ilpu
Hauxyjiem ciienapun (6e3 cucreMbl OUNCTKI
JILIMOBBIX T'a30B) BCe MPOAYKTHI CTOPaAHUS 13
TOTIKM KOTJIA MOMajaloT B aTMoc@epHbIil BO3-
ILYX, co3jiaBasi 00J1aK0 3arpsI3HAONNX BEIeCTB.
B arom cayuae [ onTuueckoro jguanazoHa
(0,4—0,78 MEM) TOTIOMIEHTe MOYKET COCTAB-
ash 10 20% npu cxxuranum yris u 10 46% tpn
cxruranmm Topda (x = 10 m). B muporom orue
npospavunoctu armocdepnt 7,0—14 MEM GyHKIIS
MONJIOIIeHUs MPUHUMAET 3HAYCHUSA OT 73 J10
100% nipu cyruranum yris u ot 64 1o 100% mpn
cxrurannu ropda (r =10 m).

Onrudeckast ToJiuHa 10 Koaduitmerram
HOTJIOMIeHUA T= 0O, * Z I/ PA3HBIX KOMIIOHEH-
toB I'D, BrIOpachiBaeMbIX B atMocdepy, pasHas.
Hawubosnbias Beanunua HaboaeTest 71t KOM-
nounentos H,0 n CO,. Vimenno stum Kommonen-
TaM COOTBETCTBYET HambOJIbIee MOTIOIeHne
COJIHEYHOIT DHEePIUH, KOTOPas 3aJlepsKIBaeTcst B
aTMoc(epe 1 KOTOPast SIBJIACTCS OJTHON M3 TPUYITH
MMapHUROBOTO d(peKTa.

Jlaske nipu HATMYMT OUNCTUTELHBIX CHCTEM
JIBIMOBBIX Ta30B, KOTOPHIE 3aBUCAT OT MCITOJb-
3yeMoro Tura TorjanBa, B armocdepy mormajaer
ropasjio 6ombiee konudectso CO, (10 14 06. %),
yeM copiepskuTess B uncroii armocdepe (0,03—
0,045 06. %). B ¢Bs3u ¢ aTuM ycuanBaercs mo-
mIoeHne BOJIN31M OCHOBHBIX [I0J0C B OJIMKHECM
n cpeanem MK-pmanasone (1,9; 2,7; 4,3; 10,6
n 14 mrm). B kavectBe mpumepa Ha pUCYHKEe D
npuBesieHb KodurmenT nornomenns n GyHK-
[T TTOTJIOTIeH IS YIJIEKMCJIOTO ra3a Mpu KOHIeH-
tparun CO, (14,074 06. %), coorBercTByToIIeil
cyruraHuio yris B ronke komia bR3-210-1400.

[ToMUMO OCHOBHBIX TPOAYKTOB MOJHOTO
CTOPAHUS TOTLINBA, TPEJCTaBICHHBIX B Ta0IIIe

Absorption coefficient, 1/m
=
1

Koaddmment nornomenmd, 1/m

-8 P S ST PO T T U S TR
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Jnuea Bonuel, MeM / Wavelength, pm

b
1
08 H 1
0.6
04 3
0.2 /
0 L h -

2

Dynxuma nornomenns / Absorption function

. B R | LA PN RPOSTONY 4
3 4 5 6 7 & 9 10 1 12 13 14

Jnuna ponusl, MesM [ Wavelength, pm

Puc. 3. Rosdppurment normonienus (a) u GYHRIUEI TOTJTOIIEHUS (b, ¢) MPOLYRTOB CrOpaHUsi
npu cxruranmy yrisi: 1 — rag + gyactuiisl, 2 — ra3, 3 — 4acTuIlhl
Fig. 3. Absorption coefficient (a) and absorption spectra (b, ¢) of combustion products
from peat combustion: 1 — gas + particles, 2 — gas, 3 — particles
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Koodduument nornomenma, 1/m
Absorption coefficient, 1/m
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Puc. 4. Kosppurment nornomenus (@) u pyuriuu noraotnenus (b, ¢) mpojyKToB cropatus

npu cyruranuu ropda: 1 — raz + vacrunpl, 2 — ras, 3 — 4acTUILbI
Fig. 4. Absorption coefficient (a) and absorption spectra (b, ¢) of combustion products
from peat combustion: 1 — gas + particles, 2 — gas, 3 — particles
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Puc. 5. Rosgpdpunuent norsomenns (a) n Gynriun noryaoienns (b, ¢) yrIeKncaIoro raza
Fig. 5. Absorption coefficient (a) and absorption functions (b, ¢) of carbon dioxide

2, B armocdepy monajialoT mpojlyKThl HEITOJTHOTO
cropanus: NO_(NO, NO,, N,0), CO, SO, n apy-
rie BpeJiHbie BeIecTBa.

Husxwmit seixon NO_jocruraerca npn
CIKNTAHNM TOIJINBA € BBICOKNM Ko Puim-
eHTOM M30BITKA BO3/IyXa 0, 9TO COOTBETCTBYET
CHUKEHUIO TeMIlepaTyphbl MJIaMeHM, a TakKe
yMenbiennio ckopoctn npespamienns CO B
CO,. C nopslenem TeMmepaTypbl HpOLYKTOB
cropaHus mopwimaercs 3hPeRTUBHOCTL padboThI
KOTJIa, HO YXYJIIIAIOTCS ero HKOJOTHYecKue mo-
rasaresu [12].

BribpacbiBaemble JibIMOBbIE I'a3bl, COEPsKa-
e 'O n gactuisr KD, mormormaior momyven-
HYIO COJTHEUHYIO DHEePTUI0, MEHSIOT TeMIepa-
TYpHBIE U aTMOC(epHbIe YeT0BUs (MapHUKOBBIH
apderr). A kommonents razosoit gaszer NO,,
NO, 50,, SO, B coegnnennn ¢ armochepmnoit
BJIATON COBJIAIOT «KUCJOTHBIE O/,

3ariaoueHue

B pa6ore npoussenén pacuér koapduim-
@HTOB TOTJIONIeHNsT U (DYHKITNI TOTJIONeHU S
yucroit armocdepsnl ipu remieparype 7'= 300 K,
pasaennn p = 10° [1a B ciekrpanbrHoM nnrepsage
A =0,4—14 mrM. Yraszanubol 0CHOBILIC ITOJJOCHI
MOMJIOMIEHUST aTMOC(EPHBIX Ta30B, CO3/IAIONINX
MPUPOHBIT TAPHUKOBLIT D PEKT, U CIIEKTPaTh-
Hble WHTEPBAJIBI (OKHA IMPO3PAUHOCTH), CIIO-
COOCTBYIOIIE OTTOKY TEILJIOBOTO UBJIYUEHUS OT
3eMHOT TTOBEPXHOCTI B MUPOBOE TTPOCTPAHCTRO.

[Ipepcrapnenmbie xapakrepucturn Kysmerr-
Koro yriisi u topha Mmecroposkaennii Kuposckoi
obJsiacTu, ncoyb3yemMbix Ha Kuposckux TIII,
MO3BOJUIN OMPENeJNTh COCTAB MPOAYKTOB
CrOpaHus MPHU CHRUTAHUYT TBEPJBIX TOILIUB B
rokax KormoB BKR3-210-140D. Ha ocrosanum
XUMHYECKOTO COCTaBa Ta30BOM (Pasbl M YACTUIL
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KOHJIeHCHPOBAHHON (Da3bl IPOBeJIeHbI PACUETHI
KOO PUIMEeHTOB MOMIONEeHNs U PYHKIMI 110-
TJIOTIeH WS ITPOJTYKTOB CTOPAHMS TIPH CHRUTAHWT
yrast u ropda. OyHKIUN TOTJIONEHUs Onpejie-
JUATU TIp! TosTImHax ciaost x = o u 10 m.

Hanuvme 30/ibHBIX YacTHI] BHOCUT CYIIe-
CTBEHHBIN BKJAJ B MOTJIONEHIe COTHEYHOTO
UBJIYYeHUsT TMPOAYKTAMU CTOPaHMs B OKHAX
npo3paunoctit razoBoii gaswl. [lpm oreyrerBunm
CUCTeMBI OUMCTRI ABIMOBBIX TA30B I OTITHYe-
croro auanazona (0,4—0,78 MmrMm) moryiomierne
MOZKeT cOCTaBIATE 10 20% Mpu CRUTAHIT YTIIsT
u 10 46% upn cxmuranuu Topda (r = 10 m).
B mmporkom okHe mpospadHocTH aTMOCdephl
7,9—14 MEM QYHKIUS TTOTJIONEHNST TPOJLYKTOB
cropanus npuauMaer saavuerus or 73 1o 100%
npu cirurauunm yris u ot 64 1o 100% npu csru-
ranuu ropda (r =10 m).

HaubGonbmias onTudeckass TOJIMMHA 110
Rod(ppumenram moryoneHns razopoii Gasw
npuxonntes na komnonenTel H,0n CO,, kotopbie
BHOCAT OCHOBHO BRJIAJ B CO3/[aHe TTAPHITKOBOTO
aperra.

BriopaceiBaembie JBIMOBBIE Ta3bl, COLep-
JRAIMIe TakKe MPOIYKTHI HETIOJTHOTO CTOPAHUS
ronusa (NO_, CO, SO, u ap.), nornomaior mo-
JYYEHHYI0 COTTHEUHYIO SHEPTUI0, MEHSTIOT TeMIIe-
parypHble 1 atMocepHbIe YCIOBUsI, & HEKOTOPbIe
13 HUX [IPU COeJIUHEHU N ¢ aTMOc(epHOii Bjiaroi
CO3JIAI0T «KUCJOTHBIE JTOMKN».
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3aiuTa oKpy;KawIeii cpeibl MPu J00bIUe M0Je3HbIX HCKOAEeMbIX
B APKTHKE: IPaBOBBIE ACTIEKTHI

© 2023. I1. II. barraxos, K. 10. H., BaM. 'eH. JITUPEKTOPA, C. H. C.,
Wucrnryr rocypapersa u npasa Poceuniickoii akajemMmnn HayK,
119019, Poccus, . Mocksa, yn. 3uamenka, ii. 10,

e-mail: battakhov@mail.ru

B crathe paceMaTpuBaioTes OCHOBHBIE ACIIEKTHI TPABOBOTO PEryJIMPOBAHIS OXPAHbI I 3aIUTHI OKPYKAOIIell cpe-
JIBI TIPU LOOBIUE MTOJIe3HBIX NCKOMAGMbIX HA aPKTHUYECKIUX TeppuTopusx Poccnnm B COOTBETCTBIN ¢ 3aKOHOJATEILCTBOM
Poccuiickoit Mepepanum n MesRIYHAPOXHBIMI KOHBeHIIUAME. [ToquépKriIyTa YHHKAIBHOCTH aPKTHYCCKOI TeppUTOpPIH
B IIPABOBOM, DKOHOMHUUYECKOM 1 DKOJOIHYecKoM aciiektax. OTMeueHo, 4ro MuHepaabHO-ChipheBas 0aza APKTUKI sBJIsI-
eTcst OCHOBOI POCCHIICKOI 9KOHOMUKI. BhIsABICHO, 4TO MOOBIBAIONINE TIPEJIIIPUATIS HEPEKO PUUIHSIOT BPeJ| OKPY-
skatotneil cpete Aprruki. [IpoaHann3mpoBanbl KPyIHbIe SKOJTOTHUYECKITe KATACTPOMBI, X MOCTECTBISA 1 BOBMOKHBIO
Mepbl [0 UX IIpeloTBpalieHnio. K HuM, B 4acTHOCTH, OTHOCUTCS BBEJIeHIe KPUTePHs COPaZMePHOCTH KOOBIUM TPUPOHBIX
pecypcoB, Tpo@uIaKTHIeCKIe MePOPUATHs, HKOJOTMUYCCKIUI MOHUTOPUHT, YCOBEPIIEHCTROBAHIE 3aKOHOATeTHHOI
6asnl 1 T. J1. [Ipemoskeno ysRecTounTh Mephl NUMYITECTBEHHOT OTBETCTBEHHOCTH /I TOOBIBATONNX KOMITAHII TIPH Ha-
PYUICHUH DKOJOTHUCCKIX 1 DKOHOMUYeCKIX TpeboBanii. [1pu srom Jo0BIBAIOIIITM KOMMEPUECKIM OPraHu3aIiisM P
MOJIYUCHUI JINTICH3UI HA TOJIH30BAHIE HEeJIPaMI HeOOXOMMO BhIJIaBaTh 6 B COOTBETCTBIN ¢ (heflepaibHbIM 3aKOHOM OT
21 gpespans 1992 r. No 2395-1 «O neppax». BaskHbiM a/1leMeHTOM TIPU OXpaHe 1 3aIUTe OKPYRAIOTIENH CPefibl SIBJISETCs
pasBUTIEe KOPeHHBIX MajounciaeHubix Haponos Cesepa kar xpanureneil Poccniickoit Apsruru. Cenan BEIBOJ O TOM,
470 HEOOXOMMO MTPEJIIOKUTH ITPUHATIHE KOMIIEKCHOTO0 3akoHa « 06 oXpare OKPY;KAIOINIeil CPejibl TP J00BIYE MOJe3HBIX
neromaeMuix ma reppuropun Aprrukn Poccuiickoit Megepanumy, ¢ yaérom JeficTBYONIX MEFKILYHAPOIHBIX KOHBEH I
u Roucrurynun Poccun.

Kaiouessie crosa: AprTuRa, TUIEH3IS HA IT0JIL30BAMHIE HEJIPAMIL, XO35ICTBEHHAS IeATeIbHOCTD, DKOJIOTHS, 3AIINTa,
CyOBeKTHI.

Environmental protection during mining
in the Arctic: legal aspects

© 2023. P. P. Battakhov .1, 000.0003.2251-43120

Institute of State and Law of the Russian Academy of Sciences,
10, Znamenka St., Moscow, Russia, 119019,

e-mail: battakhov@mail.ru

The article discusses the main aspects of environmental protection and legal regulation of mining operations in
the Russian Arctic regions, as required by Russian legislation and international conventions. The work highlights the
distinctive legal, economic and environmental aspects of the Arctic region. Moreover, it points out that the minerals
and raw materials base of the Arctic is the foundation of the Russian economy. The author focused on issues within
the Constitution of the Russian Federation, that officially authorizes ownership of the subsoil. It is found that extrac-
tive industries often cause damage to the Arctic environment. Major environmental disasters, their consequences and
possible measures to prevent them were also analyzed. For example, the criterion of proportionality in the extraction of
natural resources, preventive measures, environmental monitoring, improvement of the legal framework, etc. And the
special role of the increasing number of environmental disasters is also mentioned. We propose that property liability
measures for extractive companies in violating environmental and economic requirements should be stricter. However,
extractive commercial organizations must be granted a subsoil license in accordance with Federal Law No. 2395-1 of 21
February 1992 “On Subsoil”. Accordingly, it is necessary to replace the auction with a tender-based bidding process in
the above-mentioned law. The author has pointed out that an important element in the protection and conservation of the
environment is the development of the activities of native minorities of the North as custodians of the Russian Arctic. It
draws the conclusion stating the necessity of proposing the passage of a comprehensive law “On environmental protec-
tion in the extraction of mineral resources within the Arctic of the Russian Federation”, taking into account the existing
international conventions and the Russian Constitution, its structure is defined.

Keywords: Arctic, license for the use of mineral resources, economic activity, subsoil, ecology, subjects.
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ApKTHuRa npejcranisier co60M yHHKATLHYIO
TEPPUTOPUIO B CUTY UCTOPUUYECKUX, fieMorpadu-
YeCKIX, 9KOJTOTMYECKIX U JIPYTUX 0COOEHHOCTE .
[To morazaresio IIOTHOCTN HACETEH NS OJ[HITM 113
I'YCTOHACEJNEHHBIX TOCYIapCTB MUPA SIBJSIETCS
Poccniicras Mepeparns (PD). 1o mmenwio ske-
1epToB, ceBepHbie pernonbl Poccnn 3anmmaior
6osee 50% trotaay Beelt TeppUTOPUN HAIIIETO
rocypapcersa. B XX Bere Poccus mpuoOpena
HETIOBTOPUMBIIT OITBIT OCBOEHUST APKTUKY U ce-
BepHBIX Teppuropuii. [1pm arom poccusine ObLin
MePBBIMU, KTO HAYAJ OCYIECTBIATH KPYIHBIE
MPOEKTHI, CBA3AHHBIE ¢ UCCTaeloBaHUAMET B Ap-
KTHUKe.

Jlns Poccun Aprruueckast 30Ha urpaer
BaJKHYIO CTPATErnyecKy poJib, BO-TEPBBIX,
MOTOMY, UTO BMeEIaer B ceds HOJbIToe 4mciao
eé cyO'beKTORB, 1, BO-BTOPbIX, BBUJLY TOTO, 4TO B
HeIl TPeJICTaBIeHO MHOTO CAMOOBITHBIX KYJIBTY].
Taxmm obpazom, ApKTIKA — 2TO HETTOBTOPU MBI
snement Pocenn, paciupsiioniuii eé MHoroodpa-
31e BO Beex cepax sKu3HeeATeTbHOCTH,  TARIKe
dTHUYECKNI coctaB. Kpome Toro, Kak n3BeCTHO,
Aprrnueckas 3ona Poccnn Gorata meRomaeMbiM i
MUHepaIaMu.

[lesibio laHHOTO MCCACOBAHUS SABJISACTCS
MpaBoBOe peryJnpoBaHie OXpaHbl 1 3aTMUTHI
OKPYsRAIOIIeli cpe/ibl CTPAHbBI TP I0ObIYe T10J1e3-
HBIX HCKOIMaeMbIX B Apkruueckoii 3one Poccun.
Jloist aTOTO CIIeTyeT YHKeCTOUNTh UMY ITIeCTBeHHY IO
OTBETCTBEHHOCTD JIJIsI IOPUANYECKUX U OJIK-
HOCTHBIX Jinil. B mocienytoiiem npuHsaTh KoM-
TJIeKCHBIT (DeflepaTbHbIN 3aKOH JIJIsT COXPAHEHW ST
OKpYsKaloIell cpefibl M Pa3BUTHs APKTHUCCKON
3onbl Poccun.

O0beKTHI 1 METObI HCCJIETOBAHIS

O0berT nmecyaeoBannss — o0IeCTBeHHBIE
OTHOIIEHM S, KACAIOMNecs dKOTOTUYECKMX,
HPePUHUMATELCKUX U TPAMKIAHCKUX TTPaB
1 BO3HWKaloIee TPaBoOBOe peryanpoBaHme 3a-
IUTBI U OXPAHbI OKPYIKAIONIEH cpejibl Tpu 10-
Oblue MOJIe3HBIX HCKOTIAEMbIX MEKITY CYOheRTaM it
npasa. [Ipegmerom mcecaemoBanms sSBISETCS
COBOKYTTHOCTE TPABOBBIX HOPM, PETYINPYIOTIIX
nanneie oTHOmenns. Romerurynusa Poccun,
peryanpyiorias oo1e OTHOIEeHWS 110 HeipaM,
nmeeT OGOJBITYI0 3HAYNMOCTh. Marepuanamn
MCCIIeIOBAHMS SIBJISTIOTCS MRy HAPOIHbIe KOH -
BeHINN, hefiepasibHbIe 3aKOHbBI, 3aKOHBI CYO'beKR-
toB, YKasnol [Ipesunenra PO u mocranosnenus
[TpaBurenscrea PD B chepe 3amursbl u oxpanbl
OKPYJRAIOIIeNl cpeibl pu J00bIUe TMOJe3HbIX
HNCKOTIAeMBbIX, & TaK:Ke paboThl M3BECTHHIX 3aPy-
OERHBIX 1 OTeUEeCTBeHHBIX YUéHbIX. [Tpn ananuse

MaTepuasyioB B HCCJACTOBAHUN OBIIN TPUMEHEHbI
CIIPaBOUYHbBIC IPABOBbIE cucTeMbl « KoHCcyIbTanT-
[Tnioc» n «MapanTs. [Tonck mHayunoii surepaTyphbl
110 TeMe MCCAeJOBAHMS TTPOBOJIMIIN ¢ TTOMOTITLIO
aJeRTpoHHBIX Oubaunorer « Kudepllennnrar,
«Hanmmonannnas snexrpornnas 6ubimorexa PMO»
n «eLIBRARY.RU», araksie B ceru « THTEpHETY.

B pabore mcmonmb3oBaHbl CPaBHUTEILHO-
mpaBoBOil, GOpMATBbHO-TOTMATHICCKIIT, CO-
MIOJOTHIECKIH, MCTOPUUECKII, KOMIIJIEKCHO-
MPaBOBOI, JIOTMYECKUIT METOJIBI NCCAEIOBAHNS,
a TaKkyKe MeTOJbl CMCTEMHOTO TOJKOBAHUS
HOPMATHBHBIX TEKCTOB M aHAJIOTHU [TPABOBOTO
MOJICTTUPOBAH NS,

Pesyabrarel n 00cy:knenme

Beccriopabim siBjisiercst parT, uTo cucTeM-
Hoe passurue Poccun cBsizaHo ¢ 1mporpeccom
XO03AMCTBEHHO-PKOHOMUYCCKON NeATeJIbHOCTI
aprTuueckux teppuropuii. Kpome toro, Heoo-
XOMMO OTMETHTh, YTO TOJTHKO Y6TKAS MPaBOBast
crucTeMa M COTJIACOBAHHBIE CTPOTHE IOPHUTIe-
CRUe MPEMUCAHNS TS PA3IMUHBIX CYOHEKTOB
P® u kpynubixX oTpacieBbiX U MEKOTPACTEBBIX
ROpPIOpaIuil MOTyT yBsA3aTh 00beKTUBHYIO
TePPUTOPUATHHO-OTPACTEBYIO PA30OOIEHHOCTD
cTpaTerum TeppuToprabHoro pazsutus Pocenn.

Rax maBectHo, 0CHOBOT POCCUITCKON DKO-
HOMUKH ABJISAIOTCA MUHEPATLHO-ChIpheBas 6aza
7 DKCITOPT PECYPCOB MUHEPATHHOTO CHIPhs 1
9JIEMEHTOB eT0 TepepaboTKI, T MMEHTO B Hepax
P® naxogures 60abImas 4acth MOJE3HBIX HC-
romaembix Mupa. [To aroii npuunne Poccust Bxo-
JUT B IepedeHb TUAMPYIONIUX CTPAH 110 3a1iacam,
pazpaboTKe 1 HKCITOPTY TTPUPOJIHOTO Taza, Hedrn,
PyA (HUReJh, MeJih, FKeJie30), YIUis, 30J10Ta, oc-
(aros, nnarnnonaon. Takske, Apkrura dborara n
APYTUMU [EHHBIMU PECYPCaMU — HUKEJTEBBIMHU,
MeJIHBIMU, YPAHOBBIMH, BOJIL(OPAMOBLIMU U JIPY-
MU PYJIAMHT, 3]16CH PACITOTIATAIOTCS T OTPOMHBIC
samacer yros [1].

Kpowme Toro, HE0OX01MO 0000 MOTUePRHYTH
mpobsieMy HeraTuBHOTO BIANAHNSA Ha Hempa co
CTOPOHBI AHTPOTIOTeHHBIX (PAKTOPOB, TAK KaK PN
HTOM TTPOUCXOIUT HAPYTIIEHE MX XaPaKTePUCTHK.
Bripaskaercst 510 B TOM, 4TO B Tiporiecce pazpadbor-
RI MECTOPOFKIEHIH 4acTo He COOTIONAIOTCS HOp-
MbI, TipejlycMoTpentbie 3akonom. [locaencraus
MAHHBIX HAPYIIIEHUIT MEIOT HeTaTUBHbII XapaK-
Tep M CBUJETETHLCTRBYIOT O BayKHOCTH M3YYEHUS
BOIPOCOB, CBA3AHHBIX ¢ KOMITEHCAIINEN BPe/a,
HPUYMHEHHOTO 100bIYell 10JIe3HBIX HCKOTIAeMBbIX.
[Tpu 5T70M OCHOBBI BO3MEIIEH IS BPe/la ORPYFKAI0-
el cpejie oIpeesiioTCs Ha 3aKOHOIaTeIbHOM
YPOBHE: B COOTBETCTBIM o ¢T. 70 Pemepanbioro
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zakona Ne 7 «O06 oxpane OKpysKaloIeil ¢cpesbi»
or 10.01.2002 [3], nmoboe HapylieHne 3akoHa B
cepe 3aIUTHI OKPY;RAOIIEIT Cpeibl BIEUET 3a
€000l COOTBETCTBYIOI[YI0 OTBETCTBEHHOCTH —
YIOJIOBHYIO, UCIUTIIMHAPHYIO, & TAKKe ajiMu-
HUCTPATUBHYIO N UMYIIECTBeHHYIO [4].

Taxum obpaszom, 0co60 3HAYNMBIMI BO-
MPOCaMu MPABOBOIO PEryJIMpPOBAHUS SIBJISCTCS,
BO-TIEPBBIX, OXpaHa M 3aluTa OKPYKAOIIel
CpeJIbl, 1, BO-BTOPHIX, PA3BUTHE XO3SHCTBYIOTIIX
cyObeRTOB (KoMMepueckoe Hampasyienue). He-
00XO0INMO OTMETHTh, YTO TOJTHLRO TTPU YCJIOBUMH,
YTO IAHHbIE BOTTPOCHI TTPABOBOTO PETIYJINPOBAHMS
OY/LyT peliaThest Ha OJHKHOM YPOBHE, BO3HUK-
HYT YCJIOBUS JIJIsl PA3BUTHS AKOMPeAITPUHIMA-
resnberBa. [lpu aToM s coxpanenust gpayHbl u
ropbl APKTUKI B 11€7I0M BbIIIEIIePeuncIeHHbIe
HaIpaBJAeHUs JJOJHKHBI BhIPAsKATHCS HE TOJHKO
Ha 3aKOHOJIaTeJIbHOM, HO 1 HA MPABONPUMEH-
TeJILbHOM YPOBHeE.

Beccriopubim siBsisiercst hakt, 4TO JAHHBIIT
MOMEHT OPTaHU3AINH, CIeTuaTn3npyoNniics
Ha JI0ObIYe MOJTe3HbIX HCKOTIAeMbIX, TPUYIHSET
Bpeyt mpupojie Aprrndeckoit 3oubl. CireoBaTesnnb-
HO, B OTHOIIEHU N IAHHBIX OPraHu3aI(uii loJReH
OBITH HAJTAYKEH JKECTRUIT CUCTEMHbIN CAHKITNOH-
HBII TIOJIXOJ, CBA3AHHBIN ¢ YyKecTOUeHUueM Mep
OTBETCTBEHHOCTH OOBIBAIOIINX KOMITAHIMI.

B c¢Bsizu ¢ aTUM 0CTATOYHO BCIIOMHUTH
cepbé3HbIe DROJOTNYECKUE Ype3BbluaiiHbie
curyarun XXI BeKka, KOTOpble TTPOMCXOANIN B
Aryrun ns-3a xanarHoctn Kommanuu «Ajpocar,
3aHUMAaIoILelcs Jo0LIYeil aIMasoB.

Taxr, B 2017 1. B 1. MupHblii Ipor30IILIa Ypes-
BblUaiiHAS CUTYATMSI: B IIIAXTY PE3KO HAUATIA 110-
CTYIIaTh BOJIA, KOTOpast TIOBJIERIA 32 cOO0I rndesnb
paboraukoB pyjannka « Mup» (mpousomnié mpo-
pBIB axTh). [[Ba rojia crrycrst BCeMUpPHO U3BeCT-
Hasi TOPHOJ00BIBAIOIIAST KOMTIAHST CHOBA HapY-
INJAa HKOJIOIMYeCKIe HOPMbI, TOCKOJIBKY 13-3a
MPOPbHIBA TOJTIOTAHTHI U3 JIOHHBIX OTJIOKEHUI
HavaJu mocrynarh B p. Bumioit, Upessix, Masnas
Boryobus [5]. 9ra raractpoda chirpaia poko-
BYIO POJib JIIsi peK HKyTun, a raksKke J/is1 JI0O/1€1,
MPOKMBAIONINX B rpynnax Bumoiicknx yaycos.
Tar, B mocaeHMe TOALI CPEJIN FRUTETCH YBEJI-
YUJIOCH YUCTI0 caydaen 3aboseBanus pakom. Ha
CeTOIHATITHI JIeHb PabOTHI TT0 OCYTIECTBIEHUTO
OUMCTHBIX MEPOIPUATHI He BHIMOJHAIOTCS, a
Bper ObLT BOBMEIEH HE TTOJTHOCTHIO.

B Kpacuosipckom kpae B 2020 r. mpon3sormia
AKOJIOTIYECKas KaTacTpoda 1o BUHe KOMITaH UK
«HopHuukenb», kotopasi ocyIiecTnisier 100bIuy
MoJIe3HBIX McKonaemMbix. B p. AmbapHas Bbi-
TeRJI0 0K0oJ0 20 THIC. T AM3EIHLHOTO TOPIOUETO,
" KOMITAHUS IO CUX TIOP HE MOJKET TMOJTHOCThIO

JUKBUAMPOBATH TTOCTECTBUS MTPOM3OIIEIIero
[6]. MacmTabbl pazpyrieHnii, 0 KOTOPbIX CTAJIO0
M3BECTHO OT He3aBMCHMBIX 9K0JI0TOB 13 Poccun
u APYTUX CTpaH, MPUBJIERJIN 00IeCTBEHHOe
BHUMAaHIe B CPeCTBAX MAaccOBOI nHgopmaimn
n aKTUYeCKN O3HAYATN YHUUTOMKEHUE 3KUBOT
MPUPOJIBL HA MecTe KaTacTpodbl.

Jlist ipeproTBpatienus moooHbIX KaTacTpod
HEOOXOJIIMO, BO-TIePBBIX, COOJTIOfIEHITE TTPABOBBIX
HOPM, TIPERIIe BCETO, DKOJOTHUECKOTO M TPask-
MAHCKOTO 3aKoHOfIaTeabeTBa. Peun Takke niér
0 HOpMax, ROTOpbie OBLIN TMPUHATH B paMKax
MeRIIYHAPOHBIX KOHBEHINH JIJIsT IOCTHREH TSI
1eJTN HROJIOTUYeCKOIl 6e301MacHOCTH.

Bo-Bropbix, rpobsiema cocTONT B TOM, UTO T10-
JIe3HbIe NCKOTIaeMble JOOBIBAIOTCS B APKTHUECKITX
CTpaHax ¢ HapylieHneM KoJIn4ecTBeHHOI copas-
MEPHOCTH. JTO 03HAYAET, UTO PEryJaupyroIiumMn
opraHaMi CTpPaH, Tjie aKTUBHO BeETCs M00bIUa,
MIOJI3KeH BBOJMTHCS KPUTEPUil COPAZMEPHOCTH
mOOBIYM MPUPOAHBIX pecypcoB. Kpome Toro,
JUIST TIPelOTBPATIIeH s N3MeHeH il KImMara B
APKTIYECKOM Permone, MpaBmiia JoOLIYN 0Je3-
HBIX MCKOTTaeMBIX IOJKHBI YCTaHABANBATHCS Ha
denepanbHOM ypoBHE.

Harownern, npouirakruueckas pabora B
AKOJIOTIYECKOIT chepe ToJIKHA TPOBOINTHCS HA
deeparibHOM YPOBHE, UTO SIBJISETCS BasKHBIM
YCJOBUEM JIJIsl IPeOTBpalieH s T00aibHbIX
sromoTnuecKknx karacrpod. ['ocyaperBo B iuie
(deepaabHBIX OPTaHOB JIOJKHO 00ecIeYnBaTh
COBEPIIEeHCTBOBAHIE JICHCTBYIOIEr0 3aK0HO/IA-
TesibeTBa B Poccn B 1e/10M ¢ 1ebio ajlantainm
K HBIHENTHIM peainsaM HKOHOMIYEeCKOTO 1 T0-
JUTIYECKOTO XapaKTepa, a TaKsKe KOMIIJIEKCHOTO
YCTOMYMBOTO PA3BUTHS aPKTHUECKNX TePPUTO-
puii.

Hecmorpst Ha BbIenepeuncientoe, Heob-
XOJIIIMO OTMETHUTh, 4To Osaroaps yeusausim [1pe-
sujenta PO npuHUMaoOTCs pas3inuyHbie MephI,
CIOCOOCTRYIOIIIE COXpaHeH! 0 (Popbl 1 hayHb
Aprrurn. Tax, B Yrase [Ipesugenrta PD No 645
«O Crparerun paszsutus Aprrnaeckoit 3onsr PO
un obecreyeHns HAlMOHAILHOI 6e3011aCHOCTH [10
2035 .» 01 26.10.2020, rocymaperBo 0bs13am0 0be-
CTIeYNBATD YAYyUIIeHne YCJIOBUN sKRU3HU JITOfEl,
poskuBalonux B Apkruueckoii sone Poceun [7].
B 1o sre Bpems BrITIeynioMsaAHYTHIT YKa3 [Ipesn-
nenta PD peryaupyer 601b1101 CIIEKTP Pa3BUTHS
3eMeJib POCCUIICKOIT APKTUKI HA IeCATUIeTH I
nmepuoj, n obecrieynBaeT coBepIIeHCTBOBaAHE
ApKTURM 1 cOXpaHeHIe eé HROJIOTUYecKoil 00-
CTAHOBKH.

Kpowme roro, cymiecrByer emnié onun gakx-
top [8], KOTOpPBIIT 1TpK 3aIUTe HKOJOTUUECKOI
0e3011aCHOCTN He NMPUHUMAeTCsi BO BHUMaHue.
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Peun upiér o rom, uro Pocceus ocratouno Bennka
110 CBOEI TEPPUTOPUE, HO TIPU HTOM CO CTOPO-
HBl deepanbHOl TOCylapeTBeHHON BJIACTH He
OCYIIIECTBIISETCS JIOJZKHOTO KOHTPOJIsE B cepe
HKOJIOTUYECKUX OTHONIEHNI B APRTHYECKOI
3ore. Uro racaercss MyHUTIUTIATBHBIX OPTaHOB
TOCYAAPCTBEHION BAACTH Ha Teppurtopmm Ap-
KTHKHU, HECMOTPSI HA JIOCTATOUYHYI0 aKTUBHOCTH
TpasKam, TPeCTaBUTeN N BIACTH HEKOTOPHIX
cyO'bEKTOB He OCYIIECTBISIOT TPOPUTAKTIHIE-
CKUe MePbI JITIS ITPEOTBPATIEHU S DKOJTOTHYECKITX
Ype3BBIYAITHBIX cuTyarnii. llak okazanoch, ata
npodaemMa pacrpocrpanena e ToibKko B Pocenn,
HO 1 B MUPE B IIEJIOM.

Ha ocHoBe BBITIIEN3I0KEHHOTO MOYKHO CJle-
nath caeyione BeiBojibl. Bo-tiepsorx, PO mpe-
cTaBjsier coOoil eIUHYI0 TePPUTOPUIO, KOTOpast
COCTOMT W3 BHYTPEHHNX BOJI, TEPPUTOPHATHHBIX
MOpeii, TeppUTOPHUil CyOHEKTOB CTPaHbl U BO3-
nytiHoro mpocrpanctsa. [lockonbry KitoueBbIMI
xapaxrepuctnramu Poccun sBAsIOTCA 1€7T0CT-
HOCTH W BEPXOBEHCTBO 3aKOHA, OTBETCTBEHHOCTD
32 HROJIOTHUYECKIE RATACTPOPbI JIONFKHO HECTH T'0-
CY/IAPCTRO, MOJMFKHOCTHBIE JINTA I KOMMepUecKue
opranusanuu. Peub ujiér o rom, uto ro0bIBaone
OPTaHUBAIMN 1 JIOJIKHOCTHBIE JINTIA, COBEPITNB-
e TMPecTyIIeHWs, OJKHBI TTPUBJIEKATHCA K
OTBETCTBEHHOCTH BILIOTH JI0 MAKCUMAJIHLHOTO
HaKa3aHusl, PeJLyCMOTPEHHOT0 KOAuUIinpo-
BAHHBIMI HOPMATHBHO-TTPABOBBIMI AKTAMW 110
YR PO, RoAIl PO, TH P® u I'K P®.

Bo-Bropbix, 4T0 Kacaercs 3KOHOMUYECKO-
ro [9] GamarococTosiHUsT KOPEHHBIX JKUTEJIeT
ApRTHYECKOW 30HBI, TO, COTJIACHO MPOTHO3AM,
poccuiickas 9KOHOMIKA 00JajlaeT pedepBamun
JJIST pOCTa B PA3HBIX HATIPABJIEHUSAX, CYIIECTBY-
eT M HEeKOTOPBII 3ajiesl Pa3BUTHS TOTEHINATA
rpaskpanuna PO, pu arom HEeoOXonMO, 4TOOBI
B apKTUUECKNX PETHOHAX CTPAHbI ObITa peainso-
BaHa BHYTPEHHSAA TOCYAPCTBEHHAS MOJTUTHKA,
KOTOpasi 3aKJI0YAETCs B TPYILOYCTPOIICTBE MECT-
HBIX KOPEHHBIX KaJ[POB B CHIPHEBHIX KOMITAHNAX,
3aHUMAIONNXCsT OObIYel TOMe3HbIX HCKOTae-
mbix. HazBannasi mepa mMosker criocodCTBOBATH
TaK/Ke PeTIeHio BLITemepeancIeHHbIX 3amad
10 DKOJIOTHYECKOM OesomacocTu. Ecan mammnnie
pereHus OyiyT aKTHBHO BHEIPSATLCS HA TPAKTH -
Ke, ¢ OJIHOI CTOPOHBI, TeMTT ypOAHU3AT[NI MOKET
3aMEJIIINTHCSA, &, ¢ JIPYTOil CTOPOHBI, MECTHBIE Chl-
pbeBbIe KOMITAHUY HEe OY/LYT OCYIIECTBIATH CBOIO
NeATeNbHOCTH B HAPYIIEHTE 3aKOHOATETHCTRA
CTPAHHI.

Ilpyroii BbIBOJI HOCUT JleMoTpauuecKkuii
XapakrTep U OTHOCUTCS TAK/Ke K MaJIOUMCIeHHBIM
KOPEHHBIM HapOJIaM, MPOKUBAIOIINM HA TepPPH-
TOPUSX, MPUPABHEHHBIX K APKTUYECKON 30HE.

YuurniBas Kak cOOCTBEHHBII POCCUTCKUI, TAR 1
MUPOBOIT OTTBIT, HEOOXOIMMO ITPU3HATD, YTO eJI1H-
CTBEHHBIM CITOCOOOM JIJIsT CO3JIaH NS TTPHeMJIeMbIX
YCJIOBIIT pabOThI YeJIOBEKA B CYPOBBIX YCJIOBUSIX
ApKTUKM SIBJISIETCS: cO3[laHue JIJisl Jitofiell, Bbi-
Pa3UBIINX JKeJAHUE TPYIUTHCS B APKTHUECKOT
3one Poccun, Gomee koM@OpPTHHIX yCJa0BUIT TPY-
na m ormbixa. [lpu arom cranmapThl ISt JKIIbS,
wopm iurannst [10], rpancmopra, MeUIITHCKOTO
00CTYRUBAHUS, CBA3N M MHPOPMATMOHHBIX
YCAYT HENpeMeHHO JOJRHBI ObITh BBITIIE, YeM
VTS IPYTHX, «HeceBepHBIX» Teppuropuii. Ha mamt
B3IJISI, 9T0 caMblil d9PheRTuBHBIN ¢110c00 JIITs
MpUBJIEYEHIST HOBBIX PaboumX PyK M OCTaHOB-
KI OTTORA JIIoflell ¢ apKTUYecKoil TeppuToOpum.
Tak, o laHHBIM TIepenucy HaceJeHus, o0Ias
YUCJIEHHOCTh KOPEHHOTO HACEJeHISI COCTABIsIeT
Bcero okosio D0 Teic. yenoBek. Pazymeercs, npu
ATOM He JIOJKHBI CTpajiaTh 1MPaBa HEKOPEHHBIX
HAIMOHATHLHOCTEN 1 IPUe3Kero HaceJ eHUSI.

Taxum 0O6pazom, B CIIORHENRTIINX TPUPOTHBIX
7 RINMaTHYeCKNX YCAOBUAX APRTUKI 4eJTOBER
MOJ;REH OTYIIATh CBOI BBICOKMIT cTaTyC, a 3a-
KOHOJIaTeThbHBIe TAPAHTIHN — PeaTn30BBIBATHCS.
Kpowme toro, Ha ceBepHBIX TePPUTOPUAX APRTHKI
BBeJleHIe PHIHOYHBIX MeXaHI3MOB X035IICTBeH-
HOTI IeATeIbHOCTH JIOJIZKHO ObITh TOCTETIeHHBIM
U B3BeIIeHHBIM 1 OCYIIECTBISATHCA TOJIBKO TM0-
cie nH@pacTpyKkTypHOTro o0ycrpoiicTBa, obe-
CIeUMBAIOIET0 KOM(MOPTHYIO Cpe/Ly JIisi paboThi
U TOJIHOTIEHHOTO OT/bIXa YeJ0BEeKa B KpaiiHe
CJIOFKHBIX KANMAaTHYECKUX YCTOBUSAX.

[Tepexonisi kK Bompocy 0 HEOOXOAMMBIX Me-
pax rocymapeTBeHHON MOAUTHKNA B obJacTn
obecriedeHNsT HROJOTHYECKOT Oe30macHoCcT
B ADKTHYECKOIl 30He, MOJKHO OTMETHTH, UTO
K HUM OTHOCSTCS CJeYIONie BUJbI lesTelb-
HOCTH: YCTAHOBJIEHNE CIEINaJbHBIX PEKIMOB
MPUPOIONIOIB30BAHNS U OXPAHbI OKPYsKAIOIIEl
TIPUPOJIHOI CpeJibl; peKYJIBTUBAINA HapPYIITeHHbIX
MPUPOHBIX JaH/IIa@TOB; mepepaboTKa 1 yTiu-
Jn3anunAad TORCUYHBIX IMTPOMBIIIIJICHHBIX OTXO/10B,
YTO TI03BOJIUT 0OECIIeUNTh [IOCTATOYHbIN YPOBEHb
xumnaeckoit 6esomacrocrn [11]. [Ipm srom moj-
XOJl K PeleHuio KII0UeBbIX MpodIeM ceBepHbIX
TEePPUTOPNUIT Ha HOPMATHBHO-TIPABOBOM YPOBHE
MOJREH OBITH TIIAHOBBIM, IUPEKTHBHBIM, CTPOTO
000CHOBAHHBIM ¢ HAYUYHBIX TO3UTINI N MHOTO-
KPaTHO BHIBEPEHHBIM.

Kpowme toro, B cdhepe promornueckoii 6e3-
OTacHOCT B APKTHKe BO3HUKAIOT Clelylolne
npobaembl [12]. [Mocaenuue 11 ger va depe-
paJibHOM YPOBHE CyO'beKTaM1 3aKOHOIATeIbHOT
MHUIIATIBbI ObLIIO pa3padoTaHo BOCeMb 3aKOHO-
MPOEKTOB O PeryJupOBaHUN MPABOOTHOIITEHMI
Ha apKTUYecKoii repputopuu crpanbt. [Ipu srom
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B COOTBETCTBUY ¢ 3aKOHOATEJHLCTBOM OTYET-
HOCTH JIOXO/IOB ¥ PACXOIOB JIAHHBIX OPTaHM3aI[Hil
noJKHA ObITh mpospaunoii. IIpobaema cocrour
B TOM, YTO 3aMHTEPECOBAHHBIC JINTA U CYOHEKThI
HpeNnPUHIMATeHLCTBA He TOJHOCTHI0O KOHTPO-
JUPYIOT IeSITeIbHOCTH ChIPheBbIX KOMMePUYeCKIX
opraHusanuii.

OpHIM 13 KITI0YeBbIX HOPMATHUBHO-TIPABOBBIX
AKTOB sIBJIsIeTcs1 (DejiepasibHbII 3aKOH OT 8 aBrycra
2001 r. Ne 129-D3 «O rocypaperBeHHOT peru-
CTPAIIY IOPUMYECKIX JINTL i WHIMBULYATbHBIX
peAnpuHNMAaTeNei», B KOTOPBIN CIelyeT BHeCTH
uamenernus [13]. Peub ujér o tom, uro Heodbxo-
IUMO 3aperncTPupoOBaTh CHIPhEBBHIe KOMIAHUN
Ha MecTax XO3SMCTBeHHO esTeTbHOCTH, TO
ecTh Ha apKTUYECKOI TePPUTOPUE CTPAHBI JIJIst
coxXpaHeHus Hajaora Ha IpuoObLTL Ha Mecrax. Ha
MepPCIeKTUBY 9TO caMblil 3(pHeRTUBHBIN cTI0C00
JIJIsT BOCCTAHOBJIEHSI DKOHOMUKN APKTHUYECKOIT
3oubl Poccnn.

B aprruueckux cyobeKkTax Ha CeroaHsIITHUI
MeHb TPeIPUHUMATETN CO3/AI0T TPOU3BOJI-
CTBEHHBIE MOIIHOCTU U BBICOKOOTIJIAYNBAEMbIe
paboune MecTa. B ¢BsA3U ¢ HTUM ITPEJICTABIISIOTCS
1es1eco00PasHbIM 00513aTh X03ANCTBYIOIIIE CY0h-
eKThI, TIOJIyUaloIe JUIEeH3NI0 Ha pa3padboTry
3HAYNTEIbHBIX MECTOPOJKCHUIT, HECTH OTBET-
CTBEHHOCTH 38 COCTOSTHIE OKPYSKATIOIIeIT Cpejibl Ha
KOHKpeTHoM yuactie. Koppexroe Boimosnernne
MPaBUJI IKOJOTUYECKOI 6e30TTaCHOCTI JIOJIKHO
obecrieunBaThCs OOHOBJIEHHBIM 3aKOHO/ATEb-
ctBoM P®, nomosiHeHHBIM 1 N3MEHEHHBIM 110
qacTu JI0ObIYM 10JIe3HbIX ncKomaeMbix. Caegyer
JINIEH3UPOBATH OTPACJIeBbIe KOMITAHUU COTTIACHO
D3 Ni 2395-1 o1 21 pespans 1992 r. «O neprpax»,
nepepaboraTh M BUTOU3MEHUTDH PerJiaMeHT KOH-
KypcHbIX Topros [14]. Couckaresnn jinieH3nii Ha
MOJIb30BaH e HeJIPAMU JIOJKHBI KOHKYPHUPOBAThH
Ha OOIMX KOHKYPCHBIX Havajax, a He B yCJO-
BUAX ayKIIMOHOB WJIN Pa3/iadn BeJOMCTBEHHBIX
npuraszos. Jleso B rom, 4o re-garro yacro mpo-
MCXOJUT TAK, YTO OTPACAEBUKN, BHIMTPABIITE
AyKIINOH, HAJIOJITO «3aMOPaRIBAIOT» BBEPEHHOE
uM mMectoposkjaerune. Kpome Toro, Bo3MoskHa
emié ojiHa HesKkeJaTeJbHas JIJIsI CTPAHbBI CUTYa-
st — 1modesa 3apyoesRHOTO TIPeJIpuHIMATe/ s
ma aykimore. CaemoBarenbio, HeoOXOANMO B
00s13aTeJILHOM TTOPS/IKe 0003HAYNTHL B IOTOBOPE
CIINCOK 00'LeKTOB 00I1eCTBEHHOIO Ha3HAYCH WS 1
cporm ux BBojia. K ipoBeennio KoHKypca ciaemyer
MIpUBJIeYb Opravbl hefleparbHON NCTIOTHUTETHHOI
BJIACTH, & TAK/Ke PerMOHATLHOI, B 3aBUCUMOCTH
OT Mecta pazpaboTKI MECTOPOKCHNST MOJIe3HBIX
ncromnaembeix. Heobxopumo ormernts [15], uro
BbIIIIeIIepeynceHHble HOPMATHUBHbIE aKThI JIOJIK-
HbI PeaTN30BbIBATHCS HA MPAKTHKE HA IOJFKHOM

yposie. B aprrimaeckom coobtectse Pocernio mosk-
HO Ha3BaTh MUPOBbHIM Jinjepom [16] u pecypcroii
CTPAHOI, KOTOPast I0JIFKHA COBTIONATH BCe MESKITY -
HapOJHbIe KOHBEHINN 1 IIPUHUMATH BHYTPEHHEe
3aKOHOJIATEILCTBO, COOTBETCTRYIOMIee M. OfHaKo
B HACTOsIIIIee BPeMs IMPaBOOTHOIIEHNUS B JIAHHON
cepe He yperyJnpoBaHbl HA JIOJZKHOM YPOBHE.
O6HoBIeHNE TPABOBOI HA3bI M TPUHATHE CIIETH-
AJIBHOTO KOAUPUITMPOBAHHOTO HOPMATHBHOTO
aKTa 1103BOJIUT PEINUTh ATY 11POdJIeMYy.

3araoueHue

Basxueiimum gakropom coxpanenust 61o-
JIOTHYECKOTO pa3Hoodpasns B YCJIOBUAX MHOTO-
JIeTHell Mep3JioThl B ApKrrueckoil 3oue [17] u
yIAydIeHneM YCJTOBUI jKU3HU JITOei, TTPOKRI-
BAIOINX HA ATUX TePPUTOPUSX, SIBISETCS CaMO-
sammra rpaskpan P® or napyiennii B odnactu
DKOHOMUKI 1 9KOJOTHM, & TAKKe yRecToueHune
OTBETCTBEHHOCTHU IOOBIBAIOTINX MPEIIPUATIHI
3a HapylleHue 3aKOHOAaTeIbcTBA 00 OXpaHe
OKRpysRatorIeii cpesibl. Ha fanabiii MOMEHT BasKHO
cos3nasarb Hourernimio pa3suTusi ApRTHUECKOI
30HBI HEITOCPEJICTBEHHO BHYTPH CTPAHBI 1 OOIIYIO
TPOTPaMMYy MeKTYHAPOITHOTO 3HAYEHU ST BO B3N -
MOJIeHICTBUN ¢ apPKTUYECKNMH TOCYapCTBAMM.
Jlois peasnmsanyy oToil Tesn caeyeT IpuBIeKaTh
YUEHBIX 1 MHBecTOpoB. Kpome TOro, co CTOPOHBI
APKTIYECKIX IOCY/IAPCTB JIOJIFKHA ITOCTYTIaTh He-
obxofmMas MarepuasibHasl TMOJJIePKKA YUEHBIX,
ROTOPBIE 3aHUMATOTCS COOTBETCTBYIOTITIMU TTPOCK-
TaMu. YOPsA0UeHHbII TTOIXO0 TOCYTapCTBeHHBIX
OPraHoOB 10 HKOJOTTYECKOMY 1 S KOHOMIYECKOMY
COBEPIIEHCTBOBAHNIO APRTUYECKIX TePPUTOPHUIl
BHECET 3HAUNTENHHBIN BRI/ B PA3BUTHIE POCCHIA-
croit Aprruru. Ha mpoMbBITITIeHHBIX TPeJIITPUSTH -
AX HEO0OXOMNMO TPOBONTEL TTPOPUIAKTHUCCKIE
MepOTPUATHSA [T TIPeIOTBPAITeH s SKOTOTIe-
CKUX KaracTpod B paiioHax, Ijie OCyIecTBIAeTCs
pazpaborka mecroposruennii. [lns peanusamun
BBITIIEHA3BaHHBIX 38124 JIOJIFKeH OBITH CO3/IaH He-
3aBUCUMbIIT OPraH MOHUTOPUHTA HKOJIOTUYECKIX
raractpod Ha denepanbnom yposHe. Heobxo-
MO, 4TOOBI TTPUHSATHIE Mepbl Oblin AP HerTIB-
HBIMU 1 IABAJIN [TOJIOKUTETbLHBIN Pe3yJbraT, 4rto
BO3MOJKHO, €CJIN KK cyObeRT OyjieT HecTn
OTBETCTBEHHOCTD 3a ITPABOHAPYIIIEHIe 1 [TPUYnHe-
Hie yObITKOB. TOTHLKO PN TPUHSATH I IAHHBIX Mep
MOKHO OCTAHOBUTH YXV/ITEHIE HKOTOTHIECKOI
curyanun B ApRTuKe.
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R onenke BepositHOCTH pocTa MEPBUYHOI 3a001€BA€MOCTI HACEIeHUS
B YCJIOBUSIX IPUPOHOI OMOreoXnMuIecKoil IPOBUHIINH,
He BbI3bIBaIOIE dHIeMHUIl

© 2023. E. A. Maakosa' 2, k. 0. H., H. C.,
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. A. Kimnsces!, k. 6. 0., c. H. .,

"Mucrnryr sromorun pacrennii n suBorabix YpO PAH,
620144, Poccus, 1. Exarepundypr, yi. 8 Mapra, 1. 202,
2VpalibCKuil TOCYaPCTBEHHBIN TOPHBIIT YHUBEPCHTET,
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Crarhst mMOCBsIIeHA N3YUYCHUIO IEePBUUHOI 3200/€BaeMOCTH B3POCJIOT0 HACEICHUs, KAK MapKepa MeUKO-
HKOJIOTMUECKOTO OJIATONOTY YIS, B YCJOBUSX TIPUPOIHOI ONOTEOXNMNYECKOT ITPOBUHITNN, HA TEPPUTOPHI KOTOPOIl KOH-
IEHTPAINN TAMKEIBIX METAIIOB He JJOCTUTAIOT TTOPOTOBBIX 3HAUEHNIT I/ BOSHIKHOBEHIA JHEMITYECKNX 3200 1eBaHMil.
[TokaszaHo, 4To MAHCH HEPBUYHOIO BOBHUKHOBEH s 3200JIeBAHIIT CHCTEMbl KDOBOOOPAIIEHIISI HA TePPUTOPUN TPOBUHIUI
B 3,44 pasa Belllie, 4eM B KpyIHoM Merarosnce (1. Ekarepunbypr) u B 2,57 pas Bbiiiie, 4eM B YCJIOBUSAX OMOT€OXMMHUYECKO-
ro bora co CXOHOI BO3PACTHOI CTPYKTYPOIl HCCIeyeMoro Hacenenns. BeposaTnocts Bo3HNKHOBeH s HoJe3neil opranos
JIBIXaHUsL B YCJIOBUSX HPOBIHILN BbIIIIE 110 CPABHEHIIO ¢ YCJI0BUsIMU ropojia n Gnoreoxumuueckoro gouna 8 1,49 1 1,85 pasa
COOTBETCTBEHHO. Bo/Ie3HI ROCTHO-MBIIIIEYHOI CICTeMbI MOTYT BOBHUKATh B paiioHe anomannu B 2,5 u 1,38 pasa uaiie, uem
Ha TOPOJCKOIT 11 OHOBOI TEPPUTOPUAX COOTBETCTBEHHO. MesKrooBbie Kosebanns nepsuyHoil 3a00aeBaeMoOCT BHYTPH
TepplATOpMﬁ He [IeperpPbIBAIOT MERIIOIYJIAINMOHHbBIC PA3JINYUA B N3y4YaeMbIX pai)ionax.

Karouesnle crosa: GroreoxnMmueckast HpOBUHINS, TePBIYHAS 3200JI@BAEMOCTH, TEOXUMITYECKAST AHOMAJIMST, TPYTITTHI
0oJie3Hell, MeraroJmc.

To estimation of the probability of human primary
incidence growth in the conditions of a natural biogeochemical
province without endemic diseases
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The article is dedicated to the human population primary morbidity in the natural biogeochemical province with
heavy metal abundance (nickel, cobalt, chromium). In the studied region the concentrations of chemical elements,
which form province, do not reach the endemic diseases limits. To investigate a five-year period human morbidity, the
retrospective method was used. To classify the studied diseases, the International Classification of Diseases of the tenth
revision was applied.

The primary morbidity investigations were carried through three territories: nickel-cobalt-chromium natural
biogeochemical province, the Ekaterinburg megapolis, the biogeochemical background region, that are situated in the
Sverdlovsk region of Russian Federation. The abnormal soil concentrations of heave metal are from natural ultrabasic
rocks chemistry origin. For morbidity odds analysis the generalized linear model was used; and canonical correspondence
analysis was used for the investigation of morbidity structure. Statistically significant differences in the structure of
primary morbidity of three investigated territories were found. The maximum level of primary morbidity odds was found
in the natural biogeochemical province.

The odds of the primary occurrence of the circulatory system diseases in the province are 3.44 times higher than in
megapolis (Ekaterinburg) and 2.57 times higher than in a biogeochemical background with a similar age structure of the
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studied population. The respiratory diseases odds in the provinces are 1.49 and 1.85 times higher than in the Ekaterinburg
and biogeochemical background respectively. The musculoskeletal system diseases risk in the biogeochemical province
is 2.5 and 1.38 times higher than in the Ekaterinburg and biogeochemical background respectively.

The differences between the populations of the natural biogeochemical province, megapolis, and geochemical back-
ground territory are more significant than interannual primary morbidity fluctuations in the each studied population.
This indicates a significant risk of non-endemic diseases caused by the natural geochemical factor.

Keywords: biogeochemical province, primary morbidity, geochemical anomaly, disease groups, megalopolis.

CriocoOHOCTH OTKJIOHSAIOMUXCA OT HOPMbI
reOXNMUYeCKIX YCJOBUI HEe TOJBKO BbI3bIBATh
pHJIEMITUECKIe 3a00JeBaHNsI, HO W OCJOMKHSATH
TeYeHIe MIUPOKO PACIIPOCTPAHEHHBIX OOJIe3HEIl,
n3BeCTHa 1 OollncaHa AJd pa3HbIX [MOYBEHHO-
KanMatndeckux 3ou [1-7]. Yuactru 3eMHoOl
KOPBI, JIJIsI KOTOPBIX XapaKkTepHO cofiepskaHie B
TpyHTax 1 1Mmo4YBe XMMMNYECKNX 3JIEMEHTOB, B TpU1
1 HoJiee pa3 MPeBBIIAIONINX pernoHaTbHBIe (O-
HOBbBIE 3HAUCHUsI [8], OTHOCAT K IOJIOKUTEIbHBIM
reoxXuMmudecKnM anomanusam. B ciaydae ecre-
CTBEHHBIX TEOXUMUYECKNX aHOMAJIWI BBICOKIE
MOYBEHHBIE KOHTIEHTPAIIY JIEMEHTOB 00YCJIOB-
JIeHBI UX [TOCTYIJIEHUEM 13 MOJICTUIAIONIEN Top-
Holi mopofiel. [Ipm aTom conepsranie XuMmaecKnx
HJIEMEHTOB YMEHbIIIAeTCsI OT HUMKHNX K BEPXHUM
ITOYBEHHbIM I'OPU30HTAM. TeXHOI‘eHHbIe reoxm-
MuvecKne aHoMaann GOPMUPYIOTCs B pe3ysibraTe
XO3AMCTBEHHON IeATeTHLHOCTN YeJT0BEeKA BOKPYT
KPYIHBIX TOPOJOB, MHYCTPUAIbHbIX [TPEJIIIPUS-
T, TOPOJICKUX CBAJIOK. [T HUX MakcuMaTbHbIe
ROHTIEHTPAINH 3aTPSA3HATEICH OTMEUATOT B TOUBE
na rayoune 0—10 em. Perucrpaius B paiione reo-
XUMUYECKOT aHOMAJIIH OMOJTIOTHIECKIX PeaKITnil
Ha U3OBITOR MM HEOCTATOK XUMUYECKUX DJie-
MEHTOB IT03BOJISIET XapaKTePU30BaTh TePPUTOPU IO
Kak OM0Te0XNMUYeCKY0 TPOBUHITIIO.

B ycioBusix npupomHo-TeXHOTeHHBIX O10-
reoxXxmmMmmnyeCcrux HpOBI/IH]_lI/II';I OTMEUYCHO yBeJin-
qeHme KOJIMIecTBa 3a00MeBaHMiT cepyira, JETKIX,
FREJTYMOUHO-KUTIIeTHOTO TPAKTA B pe3yJ/ibrare Ha-
KOILJIGHST CYPbMbI B CHICTEMe TT0YBa—PAaCTeH s —
qenmoBek mpu eé modourue [2]. B toro-zamagnoi
Amriu wactora 3a00/1eBaHNI OPTAHOB JIBIXAHU S
YBEJMYUBACTCS TTPU TTOBBIITTEHHOM COJIePRAHNT
matnHbl B okpyskaionieit cpene (OC). [lns mo-
cesiernii Ha Tubercrom mtato B Kurae mokasato,
4T0 pocT 3aboseBaeMoCTn DOJIE3HSAMU cepiiiia
U CYCTaBOB CBsi3aH ¢ n30bITKOM (propa m fnedu-
UTOM cejieHa. B ajMuHUCTPAaTUBHOM OKpYyTe
[TpueBupza nenrpanbuoii CiroBakum obHapy-
JKeHA CBSI3b PACIIPOCTPAHEHNST HEMeJaHOMHOTO
para wosku ¢ sarpssmenneM OC MBITILAKOM B
pesyJbraTe JesiTeIbHOCTH JJTeKTPOCTAHIIH, pa-
ooraroreii Ha yrie [7].

JInst JKUBOTHBIX B YCJOBUAX aHOMATbHBIX
ROHT[eHTpanuii xumndeckux sinemenrto B OC
(BCaeicTBIE TPUPOHBIX (DAKTOPOB MJIM TEXHO-

PeHHOTO 3arpsi3HeHNUs) ONMUCAHBI CJAEIYIOINe
0CODEHHOCTH: yBeJnYeHne CMepTHOCTH, COKpa-
IeH e TPOIOJIRNTETbHOCTI FJKIT3HI, I3MEeHeH s
PETPOLYKTUBHBIX N MMMYHOJIOTHYECKNX XapaK-
TePUCTUK, AHOMAJINHT PA3BUTHA |4, O]. 3avacTtyio
ATO CBSI3BIBAIOT C JIEHCTBUEM XPOHUYECKOTO OKNC-
JUTEJTBLHOTO CTPecca B YCJOBUSIX MOCTOSHHOTO
m30BITRA XuMIIecKx aneMenTos |9]. Hampumep,
B YCJOBUSAX IPUPOJTHOT OOTEOXTMITIECROT TIPO-
BUHIIUY ¢ U30BITOYHBIM COflepsKanmeM KodasnTa,
HUKeJsI 1 XPOMa HAMU [MOKA3aHO, 4TO Y PhIKeNl
nonéskn (Myodes glareolus) nadmopaercs cru-
MYJSIUsS TTIOKOKOPTUKOUIAHON (DYHKIUN HaJl-
MOYEUHIKA, CBUIETEJIbCTBYIOIIAS O TIOBBIITIEHU T
Hecnerugnyeckoii peaucrentnoctu [11]. Kpome
TOrO, HA TePPUTOPUY JIAHHOT TPOBUHINU OBIIO
OTMEUYEHO M3MeHeHUe CTPYKTYPbl CMEPTHOCTH 1
oO1rieit 3aboneBaemoctn uesosera [ 12]. [1pu srom
Ha M3y4aeMoil TeppUTOPUN OTCYTCTBYIOT DHJIE-
MuYecKkue 3ab0JeBaHIs JKUBOTHBIX 1 YeJI0OBEKA
(poroBast GMoreoXMMMUECKast TPOBUHIHS).

B o Bpemsi Kak MPUYMHBI, TeUYeHIe, Mepb
npoPUAAKTUKI 1 JeYeHUs dHIeMIUYeCKNX 3a-
00JIeBAHWI JIOCTATOYHO XOPOIIO U3BECTHBI [3],
BO3MOSKHBIE PUCKU JIJIS1 3[[0POBbsSI HACEJEHUS B
YCJOBUSAX OMOTEOXUMUYECKUX IPOBUHIINI, HE
BBI3BIBAOIINX DH/IEMUIT, KAK ITPaBUJI0, HAXOJISAT-
cst BHe chepbl HHTEPECOB MEINKOB 1 HKOJIOTOB.
[Toaromy uccrnenoBanus 3abojieBaeMOCT B J10-
MOPOTOBBIX JINATIA30HAX BO3JIEIICTBIS AHOMAJIHBHO
BBICOKUX TTPUPOHBIX KOHIEHTPAIMI XUMUYe-
CKUX DJIEMEHTOB SIBJIAIOTCS akTyanbabiMu. Hapsi-
I €O CMEPTHOCTHIO 1 001Ieil 3a00/1eBaeMOCThiO,
nepBuvHas 3a00J€BaeMOCTh YEJOBEKA MOJKET
cayskuth mapkepom kauecrsa OC u GJaroro-
JYUUs 4eJTOBEUeCKON MOMYAANun B MEJINKO-
DKOJIOTUUECKUX uccaefopanuax [13-17].

Llenbio HACTOAIIETO NCCAETOBAHUS SIBJSETCS
aHaJIM3 TepPBUYHOI 3a0071€BAEMOCTI YeJIOBeKa
Ha TePPUTOPUE TIPUPOHON OMOTEOXUMUYECKOT
MPOBUHIIMY ¢ M30BITOYHBIM CO/lePIRAHIEM HITKe-
Jist, ROOAJIbTa U XpoMa.

Marepuasisl 1 METOJbI MCCIETOBAHMS
WccenenoBanms mpoBejienbl B pailoHne mpu-

POJIHOV OMOTEOXUMUYECRKON MPOBUHITUN ¢ W3-
OBITOUHBIM COJlePRAHIEM HUKeJs, KobaIbTa,
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Ta6auma 1 / Table 1

Banobie kKoHIeHTpanuy (cpejiHee) TAHKEABIX METAJIJIOB B IOYBE M3Yy4aeMbIX PAlOHOB, MT/KI
Gross concentrations (mean and confidence interval) of heavy metals in the soil of the studied areas, mg/kg

AnemMeHT Cpepue- | Kinapk nous IR Paiion / Territory
Element | ypambcruii | HaceaEHHBIX MAC BIXII Exarepun0ypr BI'’Xad
RIapK ITyHKTOB BGCP (RammuroBexmit BGCB
Middle Settlements n=20 Jecorapk) n=19
Ural clarke clarke Ekaterinburg (Forest
park Kalinovskiy)
n=16
[MOYBEHHBIIT TOPUBOHT A HAJ| YePTOii,
MOYBEHHBII Topu3oHT B oy ueproii
soil horizon A above line,
soil horizon B under line
. = 412,59 119.38 28.20
Ni 30 33 00 849,65 290,53 42,19
\ 83.50 15.62 14.05
Co 10 1 o0 120,56 50,37 18.14
1781.50 45,72 39,96
cr 100 5 200 1722,78 617,28 50,60
= . 65.85 33.16 16.97
Pb 10 7 52 13,70 11,37 9,41

Ipunewarnue: BI'XD — 6uoeeoxumuueckuii fiorn; BIXI — buozeoxumuueckas nposuryus.
Note: BGCB — biogeochemical background, BGCP — biogeochemical province.

xpoma (1. ¥Ypasern CBepiioBcKkoii odmactu, Ypat,
Poccust) [11, 12]. Anomanbubie ROHIIEHTPATIAN
ATUX HJIEMEHTOB B TOYBE OOYCJOBICHDI YIbTpa-
OCHOBHBIMI TOPHBIMU ITOPOAAMU (CePIIeHTHHI-
TBI, TUPOKCEHUTHI, AYHUTHI ). [ljist cpaBHenms nc-
OJIB30BAJIN JIBE TEPPUTOPUI: HIOTCOXNMITYECKI
(poroseiit paiton ([Hanmmucknit paiton CBepiion-
crofi odbmactn, Ypan, Poccus), ans mous KoTo-
POro aHOMAJIBLHBIX KOHIEHTPAI[NiT XUMIYCCKITX
9JIEMEHTOB He YCTAHOBJIEHO; KPYITHBIIT METraroJimc
¢ BBICOKNM YPOBHEM TeXHOTEHHON HATrPy3KN
(1. Erarepunoypr, Cpepnuii Ypan, Poceus).

B 2016 r. aBTropamu ¢ 1je1b10 akTyaansamum
nHEMOPMATINN O COePRAHNN XIUMIYCCKIX DTe-
MEHTOB B [TOYBE N3Y4aeMbIX PailoHOB OBLIN ITPO-
BeJleH bl TeOXUMUYecKne ndbickanus. [louBenmbie
00pasIbl LI DIeMEHTOOTIPeleIeHITH ObLII 0TO-
OpaHbl MeTOOM «KOHBepTa» ¢ rayonn 0—10 cm
(ropusont A) n 30-40 cm (ropuszont B). Konren-
TpaIun BaJOBBIX OPM M3yUyaeMbIX DJIEMEHTOB
(Ni, Co, Cr, Pb) On11m omrpejiesieHbl ¢ ITOMOIIHIO
metosia aromuoii abcopoiun (tadir. 1). Beidop nan-
HBIX DJIEMEHTOB 00YCJIOBIIEH ITPEeJIITeCTBYIONMI
ncenepopanmsimu [12, 18]. PesynsraTs mo3Bosm-
JIN TIOJITBEPMTH HAJTNYNE eCTeCTBeHHON TeOXN-
MUYeCKOI aHOMAJINI B OKPECTHOCTSIX T1. YpaJier ¢
U30BITOUHBIM COJIePsKaHTeM HITKe s, Kobanabra i
xpoma. Cpejtine KOHIIeHTPAIIIHT DTUX DJIeMEHTOB
B ITOYBEHHOM TOpu30oHTe B BhIITe M paBHbI X
COfleP/KAHNIO0 B BEPXHEM OYBEHHOM TOPU30HTE

(A) u ITPeBBITIAIOT PerMOHABHBIN KIapK OoJiee,
yeMm B Tpu pasza. Habmiopaembie MakcuMaibHbIe
YPOBHU HAKOTLIEHUsT HUKEJST U XpoMa B MOYBe
1. ¥Ypadgen soire [TJTH B 8 u 6osiee pasz [19]. [l
KoOaJIbTa 0TMeYaercsi He3HAYNTeIbHOe MpPeBbl-
menne [IJIK B BepxHem 1mouBeHHOM rOpu3oHTe
u Oojiee ueM JBYKpaTHOe — B HUKeJeKAIeM
ropusonte. CpejiHee 3HaYeHIe KOHIIEHTPAI[IT
CBITHIA HA AHOMAJIBHOII TEPPUTOPU N TAKIKe TIpe-
soimraet [1J1K, mo comocraBumo ¢ Kaapkom mous
HaceJéHHBIX MyHKTOB [20].

Conepskanune TM B mouBax snecomnapkos
r. Exarepnmibypra, kak ma ocHOBAHNNT COOCTBETH -
HBIX JIAHHBIX, TAK U JUTEPATYPHBIX UCTOUHN -
KOB, CBHU/IETEJIHCTBYET O HAJWYNN TTPUPOILHO-
TeXHOTeHHOI aHOMAJMN ¢ HEPAaBHOMEPHBIM
pacupenenernneM Tsakeénux Meraninon (TM)
[12]. B wacraocrn, B KannnoBckom siecornapie
ormeuatorcst mpesbiinenust [IJIK qis nukens n
xpoma B 2 1 6oJiee pas, npu 5TOM KOHIeHTPaT{ s
9JIEMEeHTOB BO3pacraer ¢ TIyOMHOIT TTOYBEHHO-
ro npodusst. OqHAKO KOHIEHTPAIMY JAHHBIX
9JIEMEHTOB HIKE, YeM Ha y4acTKe eCTeCTBeHHOI
reoxumMmnueckoit anomanauu (tada. 1). B qpyrux
jJeconaprax Erarepunbypra ormeuaiorcs mpe-
Boienust ypopuein IIJIK nus mepn, nunka,
ceunta [18].

B ¢onosowm patione (lTanmncrom) Kom-
HEeHTpaIy Kodaabra, HUKeJsl 1 XpoMa B [0YBe
B 3—20 pa3 HusKe, ueM B paiioHe TPUPOJHOIN
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OMOreoXMMUYECKON MpoBUHIUY (1. Ypaerr).
[Ipesbitennii o gpyrum TM ne ormeueno [12].
Ha Bcex repputopusix mpoBeeHo MCCaeio-
BaHIe OTHOCHUTEJIbHOI TepBUYHOI 3aboseBae-
MOCTH 4eJIOBEKA PeTPOCIIEKTUBHBIM METOI0OM 32
NATHJIETHU T Tepuoj, Kiaccu@uKraims rpyri
Oostesneil mpuBesiena Ha ocHoBe MeskyHapoHoit
Kiaccuuraum 60e3Hell [ecsiToro mepecMoTpa.
Beero 6b110 ngyueno 19 rpynm 6onesneii [12].

Nexopmpie ganmunie mo 3aboleBaeMoCTn
7 4NCJIeHHOCTH HaceJeHus OBIIN MpPeaocTaB-
JeHBl cleylomnMu oprann3anuamm: MY 3
«Ypanbckas ydyactroBast OoabHHIAa» (1. Ypa-
nery Ceepyiosekoit odsactu); Megunuuckuii
nHGOPMANMOHHO-AHAJTUTUYECKNIT TeHTP
(r. Exarepunbypr); TeppuropuanbHubiii opran
depepasibHOIl Cay;KOBI TOCYIAPCTBEHHOI cTa-
ructukn o CGeepsoBekoit obmactu (1. Exa-
TepuHOYpPT). B cooTBETCTBUM ¢ TePBUYHBIMHI
MAaHHBIMEU B MCCAEOBaHIEe ObIIN BKIIOYEHbI
Habmonenus 3a o jer: 4302 cayuas BrepBbie
3aperncTpNpPoOBAHHBIX O0Je3Hell Ha TeppPUTOPuH
ouoreoxumuyeckoi nposuniyn, 24108 cayuas —
Ha TePPUTOPUT OMOTEOXMMUYECKN (DOHOBOTO
paitona ([Hanunckunii paion) n 2445446 — na
treppuropun r. Ekarepunoypra.

Ilns anomanbuoll 1 GOHOBOIT TeppuUTOPHMI
0 JIAHHBIM TOCY/IAPCTBEHHON CTaTUCTHKY yCTa-
HOBJIEHA TIPAKTUYECKU UJIEHTUYHAsI BO3pACTHAS
cTpykTypa. B wacrnoctn, s obenx reppuropmit
XapaKkTepHO MOBBITIIEHIE YICIeHHOCTH CTapIiei
BO3pacTHO Tpymibl. Kpome Toro, ceniberast Mect-
HOCTH XapaKkTepu3yercsi 1 OTHOCUTEIHHO DoJsee
HI3KNM Ka4ecTBOM MeIUITIMHCKOTO 00CTyRIBA-
nus. 'opon ExarepunOypr BoiOpan B Kauecrse
BTOPOIT TePPUTOPUT CPABHEHN S, JITISI TOTO, YTOOBI
OTIeHNTH KOHTPACTHOCTH MPosiBIeHMsT P PeKToB
feficTBusI reoxuMmueckoro gpaxropa [12].

Jlns onernkm mancoB 3aboneBanns ObI
MCIIOJb30BAH ammapaTr obImnxX perpeccuoHHbIX
MOJIeJICH, TIPU ATOM D JIeT OB PACCMOTPEHBI KaK
MOBTOPHOCTHU, 110 KOTOPBIM MOJKHO TTPOBOJINTH
yepenHenne. 3a060JieBaeMoCTh (B IOJT) 13 HTKAJTbI
OTHOIIEHUI 11Pe0dPa3oBHIBAIN B aJJIUTHBHYIO
MKy Jorapudma mancoB-JIOTUTOB:

N n _ P,
logit(y)=1In N —n) =In i-p)

rpe N — ducjaeHHocTh (B3pOCaOTO) Ha-
CeJIeHUs, a . — YUCJA0 TMePBUYHBIX Perumerpa-
it (m060it 6one3nn) B roj. [lyis BuisiBiaeHus
0COOCHHOCTEH CTPYRTYPBI 3a00JeBACMOCTI B
CyOTIOTTY AT 3200eBITNX MCITOTH30BATN Ka-
HOHWYCCKUI aHaan3 coorBerctBuii. [lockombry
st AByx u3 19 rpymnm 6osesneit GBI OTMEUCH DT

KpaiiHe HU3KWe YacTOThI WJIM TaKOBbIe BOOOIIE
He ObLIIN 3aPeTUCTPUPOBAHBI B OT/[IbHbIE TOJIbI,
nBe kareropun (17 n 18) ObIIM MCKITOUEHBI 13
ananusa. CrarucTuvyecKuili aHajimn3 u BU3yaJu-
3aIMsI IAHHBIX BHITTOJTHEHBI B cpefie «Statistica»
(StatSoft Inc.).

Pesyabrarel n o6cys;rnenne

UccnemoBanme mamcoB NepBUYHON 3a-
60JIeBaeMOCT HaceJaeHMs, TTPOKIBAIONIETO Ha
TeOXMMIYeCKI PA3HOPOIHBIX TePPUTOPHAX (BCe
IpyIIb 0sIe3Hell, BRIOYEHHbIe B aHAJIN3, 3a TI51-
TUJIETHUT TIePUOJT), ITPOJIeMOHCTPUPOBAJIO MaK-
cMMaTbHOE NX 3HAYeHWe B palioHe TPUPOJHOI
OMOreOXMMIYECKOT TTPOBUHIIMY ¢ M30BITOUYHBIM
cojiepsRaHneM HuKess, Kobaabra n xpoma. Ha
TePPUTOPUN MEramojmca MmaHchl MepBUYHOTO
BO3HUKHOBEeHUS 3a00eBaAHNUI CTATHCTUYECKH
3HAYNMO HUMKe, 4yeM B pailoHe MPUPOHOINM
ouroreoxmMuuecKoi npoBuHINN. B patione
O6moreoxnMmueckn (HoHOBOTO yUacTKa MIAHCH
nccaeyeMoii 3a0601eBaeMOCTH YeT0BeKa MMeIoT
MUHUMAJIbHBIE TOKA3ATeN 13 BCeX N3YUeHHBIX
nonyssiui (puc. 1).

Kpowme Toro, morasano, 4To u CTPyKTYypa 3a-
60JIeBaEMOCTH PA3INYHBIMI IPyHITIaMit O0JIe3Heit

4 F(2;12) = 20.63, p = 0.0001
1 Kruskal-Wallis, p = 0.004

Jlornr 3aboIeBAeMOCTH
Logit of incidence, Log(p/(1-p))

Puc. 1. Pesynvrarst ANOVA piist norapudmon
mancos (norutel, LogOdds 3aboseBanust B roj):

I — Exarepuntypr; II — 6uoreoxumuueckuii gow;
[IT — 6uoreoxummnueckast mposunis. He
cojlepsRalie o[MHAKOBBIX CMBOJIOB OIeHKHN (&, b,
¢) cratTucTrnyeckn sHaunmo paszaunuaiorcs, p < 0,05
Fig. 1. ANOVA results of logOdds of primary
morbidity (any diseases per year):

I — Ekaterinburg (megapolis); I1 — biogeochemi-
cal background; IIT — biogeochemical province. All
averages (a, b, ¢) are statistically different p < 0.05
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Puc. 2. ITpoeritust «paitoOHBI+TOIBI» B IIOCKOCTh IBYX TEPBBIX KAHOHUYECKUX OCEIi:

I — Exarepun6ypr; 11 — 6uoreoxnmmueckuit porm; 111 — 6roreoxmmmraeckass mpoBuHIAA. Danicul — 95%
noBepuresbhas Bepositnocthb. [lepsast och nporusonocrasisier r. Exarepunoypr 6unoreoxummnyeckomy Gouy
n 6M01‘60XMN11/1‘1€CKOEI IIpoOBUHIINN. BTOpHH RaHoHUYeCRasd OCb IIPOTUBOIIOCTABJIACT 6MOI“€OXMMM‘leCl(yIO
npoBUHIMIO I. KrarepuuOypry n 6moreoxuMmmyeckom GoHy
Fig. 2. Projection of the analyzed samples “areas+years” into the plane of first two canonical axes:

I — Ekaterinburg (megapolis); IT — biogeochemical background; ITT — biogeochemical province.
Ellipses — 95% confidence. The first axis polarized the Yekaterinburg to the biogeochemical background
and the biogeochemical province. The second canonical axis opposes the biogeochemical province to
Ekaterinburg and the biogeochemical background

Ha M3yv4aeMbIX Tepputopusax neognoposna. [pu
ATOM Pa3INUs MEsK/TY 3a00/1eBaeMOCTHIO Hace ie-
HIST pa3HbIX PailoHOB GoJiee CYIeCTBeHHbI, 4eM
MeJKTOJIOBbIe KoJebaHms TmoKasaTesneii BHYTpU
HOTYJISIUK OJ{HOT Tepputopuun (puc. 2).
CpaBHeHUst aHAIN3UPYEMbIX [TAPaMeTPOB Jie-
MOHCTPUPYIOT CTATUCTUYECKI 3HAUYMMbIE Pa3JIN-
YIS MESKITY M3YIeHHBIMI BHIOOpKamn (Tabi. 2).
Boicokne morasaresnn mnmepBuuHoii 3a60-
JIeBAeMOCTH B OMOTEOXUMUYECKO TTPOBUHIINN
c(hopMuUPOBAHBI B OCHOBHOM 3a CUET TPEX TPYIIIT
OoJesteii: 60Je3HN cUCTeMbl KpoBooOpaiie-
HISI, OPTAHOB JIBIXaHUSA 1 KOCTHO-MBITII@UHOT
cucrembl. [llanchl mepBUYHOrO BO3HMKHOBEH NS
3aboseBaHmMil cucTeMbl KPOBOOOpaIeHns Ha
TEPPUTOPUN IPOBUHINN B 3,44 pasa BhIIIIe, 4eM
B KPYITHOM MerarioJince, n B 2,07 pasa Bbiiiie, 4eMm
B YCJOBUAX OMOTEOXUMIYECKOro hoHa ¢ aHaIo-
TUYHOI BO3PACTHON CTPYKTYPOIl MCCIAETyeMOTOo
nacenenus. lllancer mosiBnenus 6onesueii opra-
HOB JIBIXaHUSI B €CTECTBEHHON TPOBUHIINN BHITITE
0 CPaBHEHUIO ¢ TOPOJACKUMU U TeOXUMUYCCKN
ponoswivMu yenosusivu B 1,49 u 1,85 pasa coor-

sercrsenno. [lanco BosnukHoBenms 6osesneit
KOCTHO-MBIIITEYHON CUCTeMbI B TeOXUMUYCCKN
anomanbHoM paitorne B 2,0 u 1,38 pasa Beiie,
4eM Ha TOPOJICKON 1 (POHOBOT TEPPUTOPUSIX CO-
OTBETCTBEHHO.

Ha reppuropuu nszyuaemoil ecrecTBeHHOI
OMOTCOXMTMIICCKOI TTPOBUHITNY ¢ BRICOKIM CO-
mepsRammeM HUKesA, KodaabTa, XpoMa He o0Ha-
PYIKEHO DHIEMIYeCKIX 3a00JeBAHNIT, KOTOPHIC
MOTYT BBI3BIBATH COCTABJSIONINE aHOMAJMIO
XuMuuecKkue sjieMeHThl. BodpacraoT maHcbl
HITPOKOTO PACIIPOCTPAHEHUS TAKNX TATOJOTUII,
Kak 0oJiesHu cucTeMbl KPOBOOOpaIeH s, opra-
HOB JILIXaHUS U KOCTHO-MBIITEYHON CHCTEeMBI.
Bepositrno, rounenrpanun TM, mocrymaromnx
B OPraHU3M € BOJOI U CeJIbCKOXO3SAUCTBEHHON
NPORYKITHEN MpuycajedHbIX yUacTKOB, HE J[0-
CTUTAIOT TOPOTOBBIX 3HAYCHWT JIJIS TIPOSABICHUSA
CTEeNMPUICCKNX CUHIPOMOB, XapaKTePHBIX
s uarTokenkanuu. Heratusnoe jeitcrsue Ha
3JI0POBbE HACEJIEHISI B 3TOM CJyvyae CBs3aHO C
(popmMmpoBaHeM XPOHIMYECKOTO OKUCTUTETHHOTO
crpecca. Tsrénble MeTaslibl 001a/[a10T BLICOKOI
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Ta6amma 2 / Table 2

Rourpactsl (cpaBHeHust ¢ monpasroit bondepporn) cpeHuX 3HAUEH T TOMUTOB TEPBUYHOI
3abosieBaeMoctn 3a nsarunaeTuuii nepuoj (Bece 6osesnu 3a royr) / Contrasts (p with Bonferroni correction)
of 5 years averages of LogOdds of primary morbidity (any diseases per year)

Ronrpacrst A* SE(A) p< 95% poBepuTebHbIN HHTePBaJI
Contrasts 95% confidence interval
BI'XII — ErarepunGypr . B
BGCP - Ekaterinburg 0,884 0,292 0,032 0,07-1,70
BI'XIl - BI'X® . .
BGCP - BGCR 1,875 0,292 0,0001 1,06-2,69
Exrarepuutypr — BI'X® o0 . B
Ekaterinburg - BGCB 0,990 0,292 0,016 0,18-1,80

Ipumenanue: * — ¢ noeum-wra.ie; nocie NONPABKU 1A MILOICCCMBEHILLLE CPAGHENUS HIL 00U KOLMPACM He mepaem
Popmarvryio «anawumocmor. BIXD — Guoeeoxrumuuecrkuii gon; BI'XII — buoeeorumunecrkas nposunyus.
Note: * —in the logit scale, after correcting for multiple comparisons, no contrasts loses it’s formal “significance”. BGCB —

biogeochemical background, BGCP — biogeochemical province.

a(pMHHOCTHIO K THOJOBBIM IpyniaM OeJKOB, KO-
TOpbIe OTBETCTBEHHBI 32 3alUTHbIE MeXaHU3Mbl
B KIeTKe. VIX muanrenbHoe BO3MEHCTBIE MOJKET
HPUBOJUTH K TOBPEKICHNI0 MeMOpPaH KIETOK
U MaKpPOMOJIEKY/JI, PaCCTPanuBaTh MeXaHU3MbI
KJIETOYHOTO TpPaHCIOPTa, HApyIIaTh KoMIap-
TMEHTATN3AINI0 U WHUIUHPOBATH MTPOIECCHI
armorTo3a B paMKaX KOMILIEKCHOTO Ipolecca
OKUCINTENLHOTrO cTpecca [9].

[Tpu cTpeccopHBIX pearInsAX akTHBHBIE (DOP-
MBI KICJIOPOJIA CIIOCOOCTBYIOT 3aITyCRY pPeaKIiii
aJlarTaniy OpraHn3Ma K 9KCTPeMalbHBIM YCJI0-
Busm |21, 22]. Bemymas posb B mojjiepsRanunm
romeocrasa 1mocpeicTBoM (OPMUPOBAHIS ajlall-
TAIUN 1PN BO3JIEICTBUN CTPECCOBBIX (PAaKTOPOB
HPUHAJIEKUAT TIIIOKOKOpTUKOuiam. Panee 1po-
BeJIEHHBLIMU uccaeioBanusimu Mopdodusunosio-
MIYeCKNX 0COOEHHOCTeIT JKUBOTHBIX B YCJIOBUSIX
M3y4aeMoii OoTeoXnMUYecKOi POBMHITIN yCTa-
HOBJIeHA TUTIepTpodus A/1ep N RIETOK IyYKOBOI
30HBI KOPBI HAJIMOYEUHNKA. JTO CBU/IETETHCTBYET
00 mHTeHCH(PUKATIIT BLIPAOOTKIT TOPMOHOB (TI10-
KOKOPTHROMIOB), 00eCIIeUnBAIOIIINX MOBBITIIEH e
Hecrenn@UIecKoil pe3snCTeHTHOCTH KINBOTHBIX
[11]. Anasormunble poOIeCChl, BO3MOKHO, Xa-
paKTepHbI 1 JIJIsSi OPraHU3Ma yesoBeKa.

Takum oOpa3oM, B yCJIOBUAX ITPUPOJHOTO
n36piTka TM jKUBOTHBIC W JTION, BEPOATHO,
MOJIBEPTralOTCsI XPOHUUECKOMY OKUCINTEIhbHOMY
cTpeccy, KOTOPBIH COMPOBOKIACTCS 3aIMTYCKOM
pearmuii HecrmemnpuIecKoil ajarmTarui mocpe-
CTBOM aKTHBAINH THIOTATIaMO-TH0dU3apHO-
HAIMOYeYHNKOBOW CHCTEMBI. JTO COCTOSHIE
MOJKHO XapaKTepm30oBaTh KaK XPOHWYECKUI
cTpecce, 00yCJIOBIHHBI CTUMYJIS Il KaTaToK-
CUYECKNX TTPOIPaMM aJlalTanii ¢ OnpeieseH-
HBIMI HEpPreTHYeCKUMU 3aTpaTamm u Mopgo-
dusunonornueckumn namenenusamu |21, 22].
B pesynbrare pesepBbl opraHusma m ero corpo-
TUBJISIEMOCTh PA3JIMYHBIM BHEITHUM (arTopam

CHUZKAIOTCS, & MMAHChl 3a00J1eBA@MOCTH MTIPOKO
pacrpocTpaHéHHbIMU TpyIaMmu 6oJie3Hell Bo3-
pacraior. [Ipu sToM oTBeTHAS PrdHoONOTHYECRAS
peaxrius opraHn3mMa deaoBera oOyjaer 1oH030J10-
IHYECKOIT B OTHOIICHIH HHIEMIYeCKIX 3a0071eBa-
Huit. IHTerpaabHbIM CJIeICTBIeM TAaKNX aanTiRB-
HBIX PeaKInil sABJSETCS N3MeHeHne CTPYKTYPhl
epBUYHOIT 3200J16BAEMOCTI HACETEHUS ITITPOKO
pacipocTpaHéHHBIMU TPyTITTaMu DOJTe3Hell.

3ariaoueHue

B namnnoii pabore Briepsbie pojieMOHCTPUPO-
BaHO, YTO IePBUYHOE BOSHUKHOBEHIE OoJIe3Hel
CUCTeMbI KPOBOOOPATIICH NS, OPTAHOB ABLIXaHNI 1
KOCTHO-MBITIIEUHON CHCTeMBI MOKET OBITE CBsI3a-
HO € YCJIOBUAMEI OMOTeOXNMIYeCKOil TPOBWHITNN,
NPUYPOUYEHHON K YJIBTPAOCHOBHBIM TOPHBIM
nmopojam, 060TamanIM T0YBY KOoOATbTOM,
HuKeseM 1 xpomoM. MeskroyoBbie KosebaHms
MepBUYHOIT 3a060J16BA6MOCTI BHYTPY T€PPUTOPUTT
He [IePeKPLIBAIOT MEeKITOIYJIANOHHbIE PA3INY NS
B M3yuaeMbIX pailoHax.

Bospacranue mancos Buepsbie 3a60seTh
NMEHHO HIMPOKO PacipocTpaHEéHHLIME 3aboJe-
BAHUSMMN TIOJITBEPK/AAET HPEJIIIOI0KeHne 0 He-
crieniupnuecKoOM Xapakrrepe (PU3NOTOTHYECROT
OTBETHOI PeaKINN OpTan3Ma yejoBeKa Ha rep-
puTopusIX (QOHOBBIX OMOTEOXNMIYECKIX ITPOBIH-
11T, B YCJIOBUAX KOTOPHIX He OCTHTHYT TOPOT
BO3HNUKHOBEHMS DHEMIYECKOT0 3a00TeBaHI.

Paboma wacmuuno gsinoanena 6 pamkax 20-
cydapcmeennozo 3adanus Hnecmumyma sxorozuu
pacmenui u ncusomnwvix YpO PAH.
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I06meit Bacunus AnexkceeBuua Coricyena

Rommerrus pemromnernn skypramia « Teope-
TUYeCKast U NPURIAIHAS DKOJOTHUS» CeplevuHo
nosapasJsier akagemuka PAH, mokropa rexaunye-
CcRUX HayR, npodeccopa Bacunus AnexceeBnua
Coicyesa ¢ O0uneem!

Bacunnii AnexceeBuy — BLILAIOIINIICS YUé-
HBIIT B 00J1aCTH MEXaHU3AIMHU CeJIbCKOTO XO3511i-
CTBA, aBTOP MHOJKECTBA HAYYHBIX TTYOIUKAIII
n uzobdperennii, unen OrmeseHus ceabLCKOXO0-
asiicrBenubiX Hayk PAH, ynocroen Ilouéraoro
3BAHUA «3ACTYIREHHBIH IeATENIb HAYKW 1 TeXHTI-
Ku P@®», Harpaskién cepedpssHbIMU MelasisiMil 1
munomamu BB, Tlouérnoit rpamoroii CoBera
Oepeparnn Degepannioro Cobpanns Pocenii-
crott Megeparnumn.

Bosraasus B ganéxom 1990 r. Somannuoli
HUUN cenncroro xossiicrea Cesepo-Bocroka
um. H.B. Pyguunkoro, Bacunnii AiexceeBuu
B KOPOTKUII CPOK ¢TaJT NPUBHAHHBIM JIHEPOM
arpapuoii naykn Espo-Cesepo-Bocrora. Emy
YAAT0Ch B HEJETKUE «IIePecTPOeUHbIe» TOJbI
PasBUTL HOBBIC HATIPABICHNS UCCJIEIOBAHNI,
CO3/1aTh CHJOYEHHBIN KOJTEKTUB YYEHBIX-
eIMHOMBITIICHHIKORB, TOONTHCA OTITYTUMBIX pe-
3YJIBTATOB B ICATEILHOCTI HAYIHBIX YUPCSRICH T
permona. Ilo ero munTmaTBe w0 P HETTOCPEST-
CTBEHHNOM YYACTHN OLIT YCIeITHO peagn3oBart
MHTerpanuoHHblil poexT codfnanus Degepain-
HOTO arpapHoro mayunoro meatpa Cesepo-
Bocroka umenn H.B. Pynuumkoro. B nacrosiiee

Bpemsi Bacuiuit AsiekceeB1Y siBJIsSIeTCS HAYUHBIM
PYKOBOJIUTENIeM 00be/INHEHHOI OpraHn3aIim.

Cdepy nayunnix narepecoB Bacunus Anexr-
ceeBmMYa OTJMYAET MIMPOTA U MHOTOTPAHHOCTD.
[Toy ero pyroBojicTBOM pa3paboTaHbl He TOTBLRO
pHeprocheperaiomme u BHICOKOIPPERTUB-
Hble TeXHOJOTHHN 1 TeXHUYecKne CpejicTBa, He
yeTymalornine JydimnM 3apy0esKHbIM aHaroram
(MepHWHHBIE CeSJIKNU, M3MeJbUYNTeNN TPYOBIX
KOPMOB, JIPOOMIIKHM, ITIONUJIKY 3epHA 1 J[PYToe
obopyjoBaHme), HO 1 TOJXO/bI K TTOBBITIIEHNTO
arpodmosHepreTnyeckoil 3PHeKTUBHOCTH pac-
TEHUEBOJICTBA, OCYIIECTBIISIOTCS UCCTe/OBAHIMS,
HalpaBieHHble HA oDecliedyeHne yCTOUUMBOTIO
MPOU3BOJICTBA N MHOTO(PYHRITMOHATBHOTO MC-
MOJIb30BaHMs 3epHA 03UMOIl pyku. Bacuuanii
AstekceeBrd BHEC CYIIECTBEHHBI BKJIAJ B pas-
BUTHE (DYHAAMEHTATLHBIX OCHOB MeXaHN3aIn
JRITBOTHOBOJICTBA 1 COBEPIIEHCTBOBAHIE METO/IOB
TEOpeTnYecKoil MeXaHMKM, B 000CHOBaHNMe TTPO-
1eCCOB PabOTHI CeJTbCKOX03SIIICTBEHHOI TEXHUK,
METOJI0JIOTH 0 PAa3PabOTKI TEOPU N CUCTEMbI CeJlb-
CKROXO3SITICTBEHHBIX MAIITITH.

Ocoboe BHUMaHMe Ha TIPOTSKEHU N BCOIT CBO-
eii lesitesibHOoCTU Bacunuii AnekceeBuy yjenser
MOJITOTOBKE MOJIOIBIX YUYEHBIX U acCIIMPAHTOR,
pykoBopuT paboroii [[uccepraimoHHOro coBera
npu OI'BHY ®AHIL Cesepo-Bocrora, sissi-
eTCs TJIABHBIM PEIAKTOPOM HAYTHOTO JKypHAJa
«Arpapnas nayka Espo-Cesepo-Bocroras, uie-
HOM peJIROJIIIeTnil sKypHasioB « Teoperndyeckas n
NpURIaHAs dRoJ0THs», «JlocTkennst HayKkn
n rexuurn AlTR», «Cenbcruii mexanuzarop».
Bacunus AnexkceeBnua 3Hat0T KaK TaTaHTINBOTIO
Y4EHOTO0, TPEKPACHOT0 OpPraHm3aTopa u Myiporo
PYROBOJIUTE/ISI He TOJILKO B Hallleil cTpaHe, HO 1 3a
py6eskom. Ero nayunbie Tpysbl n3fannl B Yexun,
[Tonwmre, Kurae, bonrapun, bensrun, Typrinm,
Erunre, Beurpun, Benapycu, Yipaune. B snar
MPU3HAHUS BHIIAIOIIETOCs BRJIAa B HPOIECE
mojepausanun Kuras m pasButne KUTaiicKo-
POCCMITCKOTO HAyIHOTO coTpyaHmyectsa Bacm-
auniit Anekceesuu ymocroen B gekabpe 2022 r.
Beicteil Harpaasl [IpaBurennscrBa Ruras pus
3apybesRubIX criernannctos — [Ipemun [py:x0br.

Mpur uckpenne skenaem Bacuimio Anek-
CeeBMYY KPEITKOTO 3[I0POBBSI, [IOJITUX JIeT 3KU3HM,
TBOPUYECKUX YCIIEXOB, OOJIBIIOT0 4eJI0BeYeCKOTO
cUacThsA 1 Oaromnoryuns!

Lasnwvii pedarmop T. A. Awwuxmuna
U pedroaseUs HCYPHAAA
«Teopemuueckasn u npurAIAOHAA IROAOULY
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sRypuany «Teopernueckasi m NPUKIATHAS IKOJTOTHS»
ucnoaumiaoch 195 ser

WNenonuunmnock 15 et co jiHs BHIXO/A TIEPBO-
ro HOMepa HayuHoro skypHasna « Teopernueckas
" IpURJIaHAs DKRoa0Tus». B eBsizu ¢ atnm 22 fie-
Kaopst 2022 1. KOJIJIERTUB PeJIKOJIIeT I 3Ky pHaJIa
B Obmacrroit oudnmorexe numenu A. V. I'epriena
MPOBEJI TBOPUECKYIO BCTPEUY ¢ aBTOPaMU U YN-
TaTeJISIMU JKYPHAJIA, HAYYHOI 00111eCTBEHHOCTBIO,
CTY/leHTaMU, MarncTpaHTaMu, aclupaHTaMu,
npernojaBareasiMu By30s 1. Kuposa.

O cranoBlieHum RypHasa, ero pojan B Ha-
yaHOl 1 MHPOPMATIMOHHON KN3HN peTmoHa
poicrynuiaa E.A. Uemoganosa — riaBubiii Ou-
OJimoTeKaph oTAeNa O0CTYKUBAHUSA, PYKOBO-
nurens [lentpa sromornyeckoit nugopmanun
1 RyJbTypbl. O HAYYHOM 1 TBOPYECKOM Pa3BUTU I
JKYpPHAJIa, JOCTUTHYTHIX ycllexax 1 pe3yJibra-
Tax, (popmupoBannm HayuHbIX cBszeil ¢ HUN
" By3aMU CTPaHbI, POJIA YJIEHOB PEIKOJIEeTNH,
OTPOMHOII TIOMOIIU PeIeH3eHTOB, AKTUBHOCTI
ABTOPCKOTO KOJJIEKTHBA paccKasaia TaaBHbII
peparrop skypHasia T.f. Ammxmunna.

YeranoBlieHbI 1 Pa3BUBAIOTCS TBOPUECKUE
cBsa3u sRypHaaa ¢ Muceruryrom 6uonorun n Nn-
cruryrom xumuu OUIL Komun HI[ ¥YpO PAH,
Bsarckum rocymapeTBeHHBIM YHUBEPCUTETOM,
@DesrepabHBIM arpapHbIM HAYYHBIM [EHTPOM
Cesepo-Bocrorka um. H.B. Pynnunkoro, Bsar-
CKUM IOCY/IapCTBEHHBIM arpOTeXHOJIOT MY eCKITM
yHupepcurerom, BeepoccuiickuM HaydyHO-
MCCIeIOBATEILCKIM UHCTUTYTOM OXOTHUYbETO
X03s11i¢TBA 1 3BePOBOJICTBA UMeHU Tpodeccopa
B.M. jRurrosa, MocKOBCKRIM ToCyiapcTBeHHBIM
yuausepcurerom nmenn M.B. JTomonocosa, Poc-
CUICKIM XUMUKO-TeXHOJTOTUYCCKUM YHUBEPCH -
terom umenu [I.1. Menpeneesa, MockoBckum
rOCYIapCTBEHHBIM YHUBEPCUTETOM TEOJ 3NN
n kaprorpadguu, Bamkupckum rocynapcerBeH-
HBIM yHUBepcuteroM, llepMeknum Hammonasnb-
HBIM NCCJeJ0BATeNLCKUM TTOJUTeXHNYECKIM
yaupepcurerom, CapaToBCKUM TOCYIapCTBeH-
HBIM TeXHUYECKUM YHUBEPCUTETOM HMeHU
larapuna 10.A. u muorumu apyrumu HUU
n By3amMu. YuéHble JAHHBIX YUPEIRICHWIT sIB-
JSIOTCST AaKTUBHBIMU aBTOPAMU, perieH3eHTaMu
MaTepuayioB, KOTOPbIe MOCTYIAIOT s Iy0JIm-
RaIuy B yRypHAJe.

Brito ormeueno, uro skypuan «Teoperu-
YecKas W MPURIAHAS DROJOTUS» BRIOUEH
B KOJIIEKITMIO JIYUITUX POCCUICKUX FKYPHATOB
(931 srypuan), BXOAANNX B 043y aKTyaJ bHOI
oubamomMerpuueckoil MHGOPMATUKT OT KPYTI-
HeNINX MeKIYHAPOIHBIX U OTeYeCTBEHHBIX

arperatopoB HayuHoii mHpopmarun Russian
Science Citation Index (RSCI) na nnardopme
Web of Science n emy npucoen kBapruib Q2.
Hapsiry ¢ aTum sy pHas BXOIUT B OT€YeCTBEHHYIO
0azy Hayunoro niutupoBanust PUHII u ero sijipo.
6 meradpsa 2022 r. BAR mpucsonma mypmany
rareropuio K2, Ho Ha ocHOBaHMN peROMEH AT NI
BAKR Mumo6puaykn Poccnm (ot 06.12.2022,
No 02-1198) srypHasibl, BXOAAIINE B Mes/yHA-
popiHbie 0a3bl JAHHBIX 1 B ITepeveHb KypHAJIOB
RSCI, mpupaBaMBaioTcs K M3IaHNAM KaTeTopun
R1, nybnukamms B ROTOPHIX peKOMeH/0BA-
HA TIpU 3amuTe KaHAUJAATCKIX U TOKTOPCKUX
nuccepranuii. B ¢BaA3m ¢ 9TuM Ha OCHOBaHWN
pexomennmanun BAK skypran «Teopernuecras
U HNPUKJIAHAS DKOJIOTHS» COOTBETCTBYET Kare-
roprm K1, tak Kar BXOAUT B MeMTYyHAPOHBIC
HayKkoMeTpuyeckue 6a3nl fanubix Scopus u Web
of Science Core Collection, Ulrinch’s Periodicals
Directory, Google Scholar m RSCI.

Boabmioit BRIam B 1eATeIbHOCTH PEIKOI -
Jerny sKypHaia BHOCAT 3aMeCTUTeN TJIaBHOTO
penarropa WN.I'. luporux, JI.V. Jlompauena,
C.B. Jlérresa, cexperapu skypuana C.I'. Cry-
ropesa, T.W. Ryrasuna, B.B. Pyrman, unenst
penromernn JI.B. Koupakosa, E.B. Jlabax,
I'.f1. Karrop, C.B. [lectoB. YHuKanbHBIM {3aii-
HOM 00JIOJKEK sKRypHAT 00513aH TTPOPECCHOHAT -
nomy macreperBy gororpada A.A. ITlupornx.

Y4acTHUKOB TBOPYECKOIl BCTpeYm 10-
MPUBETCTBOBAJIN U TMO3PABUIN PEIKOJIET IO
sgypuasia samecrutenn Ilpexpcemarens I[lpa-
BuresabcTBa Kuposckoii obmactu A.A. Maypu
u C.B. HlymaiiioBa, MuHucTp oXpaHbl OKpPY-
sratoredi cpeibl A.B. Anberosa, pekrop Barckoro
rocymapcerBerroro yausepcurera B.H. Ily-
rad, quperrop Mucruryra 6uonornn Komu HIJ
YpO PAH N.®. Yanun, 3amecturesib IUPEKTO-
pa O6nacruoit 6ubanorern nm. A. V. leprena
C.H. Bygamkguna, Bute-npesuget Barckon
toproBoii nipombiiienuoit [lamarer JI.U. Tlep-
MUHOB, pyKoBoputeab DeepasibHOTO arpapHOTO
nayunoro riearpa Cesepo-Bocrora nm. H.B. Pyp-
nunkoro M.A. YcrioskaHUHOB, PYKOBOUTEIH
[TenTpa mabopaTopHOTro aHAJM3a U TeXHIUYECKIX
usmepennii mo Kuposckoii obaacru B.IL. 1le-
pecTopoHNH, TeHepasbHbI fuperkTop AO «Kym-
pur» .M. I'm3aryinnn, reHepadbHbIl UPEK-
TOp co3/laBaeMoro JKorexnonapkra « MupHbiii»
A.T". CBupcruii, pyroBOUTEH TTYOINKRATINOH-
HOTO oTfiesia Bsirckoro rocynapcTBeHHOTO yHII-
Bepeurera JI.K. [larpyrmesa.
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C mérapiMu cioBaMu OJIarofapHoCTH Bhi-
CTYIUJIN OT aBTOPCKOTO KOJLICKTHBA JKypHAJa
yuénble BATcKOTO rocymapcTBeHHOTO arpoTexHo-
JIOTUYEeCKOTO YHUBEpPCcHUTeTa BO TJiaBe ¢ mpodec-
copom B.A. Jluxanoswim, [{entpa kommerenmit
«IROJIOTHUECKIE CHCTeMBI 11 TexHosorniy Barl'y
Bo tmase ¢ pyrkosomurenem A.B. CazamoBnim,
npodeccop HUM 3BepoBojicTBa 1 OXOTHUUYHETO
xossiiicrea B.B. [upsies, morent Kuposckoro
rOCYIapCTBEHHOTO MeJINITMHCKOTO YHUBEPCUTETa
E.11. RoneBarbix.

Bosbiiryio poib B sKU3HN jKypHAIa UTpaer
n3gaTesbcKass Opranmsarys, Koropas TOTOBUT
JRypHaAT K nevatu u nzgaér skypuasi. G mepsBoro
BBIITYCKA KYPHAJIA U JI0 CeTOHSTITHETO JIHs Oec-
CMeHHBIM m3fateneM skypuaia ssiasercs 000
«O-Kparkoe». [lupexrop Mspareancrsa OO0
«O-RKparroe» E.M. Jlporos u nupexrop Kupos-
croit udposoii tumorpadpun H.B. I[Tniocnnn mo-
OJarofapuii peIaKIliio 3 KypHaia 3a MHOTOJIeT-
Hee TBOPYECKOe COTPYTHIMUECTRO.

B ampec peparmunm skypHasa mocTymnmio
MHOTO IIPUBETCTBIIT 1 TIO3/[PABUTEIbHBIX /[PECcOB
or yupepuress skypHaia Msparenbckoro goma
«Ramepron» (B.A. Jloorosckuii, 5.1. Kouypos),

or Mucruryra xumun OUIT Komun HIT YpO PAH
(muperrop C.A. Pyb6ioBa), or 3aciayReHHOTO
npodeccopa MI'Y nmenn M.B. Jlomonocona
B.C. Ilerpocsna, mpogeccopa MI'Y nmenn
M.B. Jlomonocosa B.A. TepexoBoii, npopeKTo-
pa 1mo MeskayHapoaHbiM oTHOIeHussm PXTY
um. [[.1. Menpeneea N.B. Epémuna, npo-
(peccopa CapaToBCKOTO TOCYIAPCTBEHHOTO TEX-
nudyeckoro yuupepcurera um. H0.A. INarapuna
E.N. Tuxomuposoii, mpodeccopoB Bsarcroro
denonornueckoro mentpa A.H. ComosnéBa
u T.T". [lluxoBoii.

B xoje Betpeun ot pefrarinm OblIn BpyYeHbl
rpaMoThl, 6JaroflapcTBeHHbBIE MIChMa HanboIee
AKTUBHBIM YJieHAM PeJKOJJIernu, sKciuepram
n aBropam nybauranuii. [Ipomno obeysknenne
MaTbHENIIero pa3BuTHs KypHAJIA 10 TTOBBIIIe-
HITO €r0 PeiiTHHTa B HAYYHbIX Oa3ax, paciimpe-
HITTO ME@JRIYHAPOTHOTO COTPYHIYECTBA.

Thaenviit pedarmop acyprnara,
dormop mexnuweckux nayr, npogeccop
T. A. Awuxmuna

e XUMUSI 1 DKOJIOTHS I10YB

* JIKOJIOTUSI MIKPOOPTaHN3MOB

* Buosiorust n sRoI0THS pacTeHnii

* Buosiorust u 5KOJIOTHS FKUBOTHBIX

* [TudpoBbie TEXHOTOTUY B 9ROJIOTUN

* OTX0/1bl IPOMBBOJICTBA 1 TOTPEOIEHUS: IKOJOTUYECKIE ACTTeKThI
* JrRoJoTMYecKoe 0Opa3oBaHme, BOCIUTAHNE, TPOCBEIeHne

Ysakaembie kostern!

[Tpurmnamaem Bac npunsth yuacrue B pabore
XVIII Beepocceniickoii HAyYHO-TIPAKTHYECKO KOHPEpeHITnH
¢ MEKIYHAPO/IHBIM y4acTHeM
«IKOJIOTHS POJTHOTO KPasi: MPOOJIeMbI U ITYTH WX PelIeHMs»
r. Rupos, 24-25 anpensa 2023 r.

OcHoBHbIe HAIIPaBJACeHUA PAdOTHI KOH(EpeHIuM:
* JKRoJOTMYeCcKIe MPoOIeMbl pernona
* JKOJOTUYECKIIT MOHUTOPUHT COCTOSIHIST ORPYSRAIOIIEN CPeibl

B pamrax koudepeniuu 6yer HpoxonTh pernoHaIbHBIN MOJOJEKHBIIT KOHKYPC,
nocsaménnbiii 650-gernio r. Kuposa « Moit itob6uMbiii ropoji».

Opranusartopbl Koudepeniuu: Barckuii rocyapcTBeHHbBIIT YHUBEPCUTET,
WNueruryr 6nonornm Komu nayunoro mentpa
Ypajibckoro orjesierusi Poccuiickoil akajeMun HayK.

Ronrakrsi: hitp://envjournal.ru/ecolab/knf.php,
e-mail: confbioeco@gmail.com,
ren. 8(8332)37-02-77.
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