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Mo pe3ynbraram otbopa MuHOOpHayKK Poccim yyacT-
HKaMy nporpammbl < Tproputet 2030» ctanm 106 By-
30B, U3 HMX cBbille 60% pervioHanbHble. Llenk npo-
rpamMmbl — cchopmMmpOoBaTb GOMBLLIYIO YNy BY30B MO
BCei Poccum, KOTopble CTaHyT nuaepaMy B CO3LaHuM
Pa3pabOTOK ¥ TEXHONOMW 1A BHEAPEHNA B 9KOHOMU-
Ky W coumaribHyto cdepy, HarpasrieHHbIX Ha MoBbILLIe-
HWe NPUBIIEKATENBHOCTY KU3HW 1 PaboTbl B PErvioHax.
— Ilpoepamma dbecnpeyedenmia no mHo2um no-
razamenam. Ilo kaxcdomy eysy pewenue npu-
HUMAL0CH CAMBLM MU ANEABHBIM 00PA3OM, KO-
Muccuell 0blau 0moodpasl 8Y3vl, KOMopsle 20-
mosst k mpancgopmayuu. Umenrno onu nped-
cmasuiu npoeKmul, Haubosee uHmepecHsvle U
Ppeanvio 6ocmpedosanible 00ULecmeom, pecuo-
Hamu, CMPanoll — 3aa6ul MUHUCMP HAYKW U
svicwezo oopasosanus PO Basepuii Panvkos.
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MPOrPAMMA
BWTUS YHUBEPCUTETOB

Cpean KoHKypcaHTOB-nobegmtenen — Batckui
rocyapCTBEHHbIN YHUBEPCUTET, KPYMHENLLNI
By3 KupoBckon obnactn. B cBoen nporpam-
me pa3sutna BatlyY cpenan CTaBKy Ha CO3-
[aHne «pOJHOMONMCa» Kak ONTUManbHOW MO-
LOenn pasBUTUA PervoHa, WaeanbHoOro mecrta
ONsA camopeann3aumn rapMoHUYHOM IMYHOCTH,
npeobpaxatoLen mup.

B ocHoBy pa3Butua BatlyY go 2030 r. 3ano-
XeHo opmupoBaHne Jkocuctembl CyacT-
nuBoro Yenoseka Cc KOMMNIIEKCOM Hanpaene-
HWI: MMPOBO33pEHYECKasn KapTuHa Mupa, ca-
MOpa3BUTME W [ONrorneTne YenoBeka, ero oT-
HOLLEHWs ¢ camum coboin 1 oOLLEeCTBOM, Npu-
poOoN, TEXHOCEPON N OKPYKatoLLLEN CPpeaon.
Hawm uenn wn ctpaterna oTtpaxeHbl B [lpo-
rpamme passutua BatlyY po 2030 r.

SIAPO NMPOrPAMMbI COCTABJISIIOT TPU CTPATETUYECKUX NMPOEKTA

Cmpamezuueckuii npoekm N 1 «Cpeda obumanus»

Jlannwlit npoekm nayenen Ha cHWJICEHUE He2AMUBH020 AHMPONOZEHH020 8030ell-
cmeus Ha oEpyxcarwyo cpedy. laouesslmn 6eKkmopom npoeKkma A8.4saemces cCHuice-
HUe IMUCCUU RAPHUKOBLLY 2a308 (npedicde 6ce2o duokcuda yeaepoda) , npuodauyux
K uamenenuio kaumnama. Haubosee 3nauumsvim ucmouHukom napHUKo8suLY 2a308
ABASEMC IHEP2EMUUECKULL CEKIMOp, 4YMb MeHee cyuiecmeenoe 803delicmeue oka-
3618a10mM 000bLILA UCKONRAEMBLY PECYPCO8, RPOMBLULLEHHOCIb U CMPOUIMEALCINGO.

Cmpamezuueckuit npoexm Ne 2 « Texnonozuu 30oposos»

YHueepcumem KoHyenmpupyemcs Ha peweHun 08Yx npodLem, BAULIOUUX Ha 300-
PO6be Uea08eKa: NePEoll — COBPEMEHHOI MeJUKO-coOYUalbrOl npodaeme — «3dopo-
80e numanue» u 6MOpPoil — OMCYMCmeue mexHoL02Ull U CReYUaLUCMos 04 mac-
wmaodupo8anus nPouU3co0cmea coOBPeMeHHbLY duogapmayesmuieckux npenapa-
mog — «/lekapcmea 6ydyuyezo»

Cmpamezuueckuit npoekm Ne 3 «l apmonuunas auunocmov»

Cmpamezuueckuil npoekm cocmoum u3 mpéx pasHosnawnvlx 6a0k08: «Mupono-
numanue», «llomenyuan auunocmu» u «Kommynurayuu». Peatusayus npoer-
ma cogepurerncmayem e3aumodeticmaue mencdy 00y aruuMUct, padbomHuEamL i
napmuépamu Baml'yY, pazeusaem ux suunocmubsle u npogeccuonatbHble Xapar-
Mmepucmuku npu ROMOWU CepPeucos8, 00pPa308amesbHblx RAAMPOPM, MeXHoL02UlL
u pecypcos ynusepcumemada.

Peanuzauma Tpéx cTpaTernyeckux npoekToB obecneunt co3paHve Jkocuctembl Cyactnu-
Boro YenoBeka. YOnNMHMBLLAACA XM3Hb NOAEN M cam xapaktep rnobanbHbix 3aga4y copmu-
pyeT KynbTypy OCO3HAHHOCTW, CaMOpPa3BUTWA, KW3HEHHON FApPMOHWMU W aKTUBHOMO OONroneTus.

Baml'y yeepenno 3anumaem nosuyuio eedyuieco 8y3a 6 pecuone 64a2o0apsa umMernuumcs pe-
cypcam: KOALeKmuey compyonuKos no WwupoKomy cnekmpy Hayunovlx ompacaiell; 3Ha1umens-
HOMY KOHIMUH2EHINY o6yluuou;uxwz no YpoeHAM U HANPABACHUIM 00PA30BAHUL U C PASHBIMU
ycmpemaeHuamu; napmuépam ynugepcumema a meppumopuu Poccuu; sxcnepmuomy cooouye-
cmey, 606.1eKAeMOMY 8 NPOUEcchbl YayuuleHus 0esmesbHOCImu YHusepcumema uepe3 Hayumsle u
AUUHBLE NAPMHEPCMEA.

Pexmop Baml'yY B.H. Ilyzau
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PeprosemebHble DIeMEHTHI B OKPY;Kalomieil cpeje:
KOHIEHTPAIHN, 0CO0CHHOCTH TeOXHMHYEeCKOI MUTPAIINT
1 MeTojibl onpenenenus (0030p)
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[MTocrosinno pacryiiie Macirabbl HCIOTB30BAHNS PEIKO3EMeTbHBIX ajieMeHToB (P39) B Merasryprum, HponsBojcTee
CTERJTA, ABTOMOOTIBLHBIX KATAMINTIICCKIX HeHTPATN3aTOPOB, B HAYKOEMKITX OTPAC/ISX MPOMBITILICHHOCTI M MHOTTX IPYTHX
00TACTAX MPIBOJAT K POCTY X KOHTIEHTPATIII B OCAIRAX, TPUPOIBIX BOIAX, TOYBAX, PACTEHISX, aTMOCHEPHOM BO3TyXe,
JRUBbLIX OpraHusmax. B DTOII CBSI3U ROHIleHTpanunun P33 B IIPUPOJHBIX O6’bel(TaX CTAHOBATCA BaAYKHBIM 9ROJIOMMYECKNM MH]IN-
KATOPOM AHTPOTIOTEHHBIX M3MEHEH I OKpyRalomieil cpefpl. B macrosimeil pabore 0606IIeHbI JAHHBIC TI0 KOHTIEHTPATIHSIM,
reoxnMmdecKM ocodbentoctsam n merogam onpejerernus P39. [losenerne P39 B npupopibix mporeccax KOHTPOJINPYeETest
PacTBOPUMOCTHIO UX COJIMHEHMIT, CHOCOOHOCTHIO K KOMILIEKCO0Opa3oBaHmo, rerpajHbiM 3 herToM hpariimoHpoBaHIs
u jip. OGCYsRICHBI TPUPOJIIBIE T AHTPOTOTeHITbIe (haKTOPLI, OMpeesione murpannio P39 B okpyskaiotieit cpeme. K v
OTHOCATCS ORMCIITETBHO-BOCCTANOBUTEIBITBIE YCIOBIST, KOHIEHTPAITNN KOMILTIEKCO00PA3YIONIX JTUTAHI0B, MITKPOOPTa-
HU3MbI, CIIOCOOHDBIC K oroneHno P39, Bujosbie 0c00CHHOCTI pacTeHnil, BHECEHIE MITHEPAJIbHbBIX Y00PeHUil, KOPMOBbIE
MO0ABKM, TPOMBITILICHTBIC BRIOPOCH! 1 T. 1. Omnpepesernue cofepsRanus P39 B mpupogibIx cpeiaX 0CI05KHeHO MX HU3KIMI
KOHTEHTPATISIMIT 1T TPEOYeT MCIOTh30BANNST BEICOKOUYBCTBUTEILHBIX METOIOB XITMITYECKOTO AHAIN3A, BAKHEHTITIMI 113
KOTOPbIX ABJIAIOTCA METO/bL aTOMHOM CIIEKRTPOCKOIINN. HOMMMO TpAJUIIMOHHBIX METO/IOB aHa/Jln3a Ha cerouuamumﬁ JleHb
MIIITPOKO M YCIETITHO TIPIMEHSIOTCS METOBI TOKATBIOT0 OMPeeIeH s ROHTeHTpannii P39, rakie Kak Macc-CIeKTpOMeTpust
¢ MHYRTUBHO CBA3AMHON MIA3MOTH ¢ Ta3ePHBIM HCTTAPEHNEM T MACC-CITeKTPOMETPIST BTOPIIHBIX OHOB.

Kuouesoie crosa: pejirozeMesibHbIe HIIEMEHTHI, TEOXUMUYECKUIT MK, METOJbl OTIPeJleIeH s, BOJIa, TI04Ba, aTMOC-
(epHbIil BO3YX, pacTeHus.

Rare earth elements in the environment: concentrations,
migration characteristics and methods of determination (review)
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K. G. Erofeeva'

The growing use of rare earth elements (REEs) in metallurgy, glass production, automotive catalytic converters
and high-tech industries, and many other areas leads to increased concentrations in soils, water, plants, and other en-
vironmental objects. Thus, the REE abundances in sediments, sedimentary rocks, soil, water, and organic residues are
becoming critical ecological indicators of anthropogenic environmental change. This work summarizes the data on the
concentrations, geochemical features, and methods for REE determination. The primary attention is paid to the analysis
of the last 15 years’ publications.

The features of REEs that control their distribution in various natural environments are solubility of lanthanide
compounds, ability to complex formation, tetrad double-double effect chemical composition, and environmental conditions
(pH, Eh, concentrations of inorganic and organic ligands). The oxidation state of +3 is most typical for REEs; Ce and Eu
can change their oxidation states by +4 and +2 under oxidizing and reducing conditions, respectively, and are separated
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from the other REEs. The geochemical cycle of REEs is considered, natural and anthropogenic factors determining the
migration of elements between environmental components are discussed. Their low concentrations complicate the deter-
mination of REE concentrations in natural environments. It requires the use of sensitive methods of chemical analysis,
the most important of which are atomic spectroscopy. In addition to traditional methods of analysis, local methods for
determining the concentrations of REEs, such as inductively coupled plasma mass spectrometry with laser ablation and
mass spectrometry of secondary ions, are widely and successfully used today.

Keywords: rare earth elements, geochemical cycle, methods of determination, water, soil, atmospheric air, plants.

B nocaieime fecsarunerist 06bEMbI 100LIYM,
rnepepaboTKI 1 TTOTPEBICHUS PEKO3EMeTbHBIX
aneMeHTOR (P39) HEYRIOHHO PacTyT, 4TO CBAZAHO
¢ yBeJM4YeHNeM 1X NCII0Ab30BaAHUs B TTPON3BOJL-
CTBE HAYKOEMKOTO 0DOPY/IOBaHUsI, KaTaan3aTo-
POB, CTeKJIa, MEJIUIUHCKIX TIPerapaToB u B ipy-
rux oTpacssax mpombiiienaoctu. [Tocrosiaio pa-
cryiue Maciiradbl uciosb3oBanust P39, B cBoio
odepe/ib, MPUBOJAT K POCTY UX KOHIEHTPATINIT
B ITOYBAX, BOJIAX, PACTEHUSX U JPYTUX 00HeKTaX
oxpyskaiorieit cpepl (OC). ObbéM mHGopMaTnn
B oOJIacTi dROJOTHYecKOT reoxumun P39 B ipu-
POJIHBIX CPejlaX BO3PACTaeT 4pe3Bbluaiiio ObICTPO.
[TosiBnstionuecst HOBbIE IAHHBIE CYIIECTBEHHO N3~
MEH;STIOT ITPeJICTABIEH ST O POJTU AHTPOTIOTEHHOTO
BMeIllaTeibcTBa B MUTparnonHeie motrokun P39
n 00 WX BAUAHNYT HA KOMIIOHEHTHI Omoc(ephl.
Hecwmorps ma 1o, uto B mocaemimne TobI OBIIO
ony0JMKOBAHO MHOKECTBO 0030pHBIX pador,
MOCBSIIEHHBIX MCCICIOBAHIIO TEOXUMIYECKOTO
noseferns P39 B nousax n pacrenusx [1-3], ux
ROHTIEHTPAINIT B BOfIaX M aTMOc(epHBIX ocaikax
[4—8], caepyer orMeTuTh IPAKTUYCCKU T10JHOE
orcyreTBre paboT 000OIIA0Iero Xapakrepa 1mo
reoxumMuveckomy muray P39 B cucreme smro-
cpepa—obuochepa—armocdepa—Hnoocdepa.
Wwmerommecst paboThl KacalTcs, Kak MpaBuio,
OJTHOTO-JIBYX KOMIIOHEHTOB HKOCUCTEM — TOJIb-
KO TI0YBBI, CHCTEMBbI [TOYBa—pacTeHue u T. .,
TOT/|a KaK JIJIsl BBIMOJHEHUS HKOJOTUYECKUX
nccJjelOBaHnii COBPeMEeHHOT0 YPOBHS Tpedy-
eTcsl paccMOTpeHue MUPOKOTO CIIeKTpa 00b-
@KTOB — BOJIBI, TOYBBI, MTPOIYKTOB MUTAHSI,
armocdeproro Bozmayxa. B aroil ¢cBA3M 1€JBI0
Hacrosiero oo3opa sipisercs 0600eHIe JaH-
HBIX 3a rocyenne 15 jer mo KOHIeHTPaTnsM,
0COOEHHOCTAM IMeOXHUMUYECKOTO TTOBeJeHUS
1 MeToJlaM OIpefiesieH s PeiKO3eMeTbHBIX dJe-
MEHTOB B 00'bEKTaX OKPYJKAIOIIEI CPeibl, B TOM
ypciie, B 0M0JOTMYeCKIX 00beKTaX.

O0BbeKTHI 1 MEeTOBI NCCIACOBAHS

DakTnyecKIM MaTePUATIOM JIJIST HACTOSIIETO
ob3opa sBuIach moxbopka mz 80 MyONMRAIIIIT,
MOCBAMEHHBIX TEOXUMUIECKON MUTPAIUNT
un nosegenuo P39 B oonerrax OC 1 momekcn-
pyembix B cucremax PUHIL, Web of Science n

Scopus. [lys moncka crateil NCMONIb30BAIN TIepe-
KPECTHBIE CCBLIKM, a TAKMKE MOUCKOBBIE CEPBU-
cel caiitos ResearchGate.net n Elsevier.com
10 KJIIOYEeBLIM CJAOBAM U CJOBOCOYCTAHUSIM:
«rare earth elements», «geochemical cycle»,
«methods of determination REE», «water»,
«soil», «<atmospheric air», «plants». Ocmosnoe
BHUMAHMIE OBLTO yaeaero paboraM, BBITITCAITIM
3a nmocJenue 15 ger. Paborbl, onydJnKoBaHHbIE
pamee yKasamHOTO CPOKa, 0OCYKIAIOTCS B TeX
CayUasixX, KOTa OHI NMeIOT 0CHOBOTIOIAaTAIO T
xapakrep. Ha ocnoBe cucremarnsarmm mosryyen-
HO¥ mHE OPMAIIH cocTaBIeHa cXeMa TeOXMITde-
croro nmuraa P39, obeyskienne KOTopoii crano
PeIMeToM HACTOSATIeTo 0030pa.

O01ast xapaKkrepucTuKa
peIKo3eMeIbHBIX DIIEMEHTOB

ITo Homenrunarype IUPAC k P39 orHocsit
crauauil, mrTpwit m nanranousns [9]. Jlanra-
HOUJIBI — 2JI@MEHTLI ¢ 3apsiioM sipa orT +97 10
+71, KoTOpbIE HAXOUATCS B 1I0O0UHOII HIOATPYIILIe
3 TPy 6-10 IepUoia ePUOMYeCKOM CHCTEMbI
xumnueckux saementon [[. M. Mengeneena. [lo-
BeJleHMe CKAH/ISA B IIPUPOJIHBIX U aHTPOIIOTeH-
HBIX TTPOTIECCAX CYIEeCTBEHHO OTIIHUYALTCS OT 1M0-
BefieHus ipyrux P39, mostoMy B reOXuMIIeCKIX
1 9KOJOTUYECKUX paboTax ero, Kak HmpaBuio,
He paccMaTpuBaloT COBMeCTHO ¢ ipyrumu P39.
B nanuoii pabore TepMUHBI «JTaHTAHOW]BI»
U «PEIKO3eMeIbHBIe JJIeMEeHThI» OYIYT NCIOJIb-
3o0BaTheA Kak cuuonnMel. [laa P39 manbomee
XaparTepHa crernedb okucaenus +3. Kpome roro,
B IIPUPOHBIX YCTOBUAX TEPUil CocodeH nMerh
cTerenb OKMCJCHNS +4, a eBPOTnii — +2, 1109T0-
MY B OKUCJUTEJLHBIX W BOCCTAHOBHUTEIbHHBIX
YCTOBUAX UX FEOXUMUYECKOE TTOBEJIeHNE MOKET
ormyarhes ot apyrux P39.

Nomnnnie pajimycbl TaHTAHOUIOB TOCTETTEHHO
YMEHBIIAKTCS 110 Mepe YBeJU4YeHusi aTOMHOTO
HoMepa (JaHTAHOUJHOEe CyKaTue) OT JaHTaHA
(1,04 A) x moremuio (0,86 A), uro npusogur
K MeJJIeHHOMY M3MEHEHUIO X CBOICTB, Ha-
puMep, PAaCTBOPUMOCTH COJIeH 1 THPOKCHUJIOB,
YCTOMUMBOCTI KOMILIEKCHBIX coefiuHernuil. bians-
RUe PaJinyChl 1 OJ[NHAROBbIE CTEIIeH OKUCICH S
P39 mossossiior um cBobGOIHO 3aMeraTh Jpyr
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APyra B PasHbiX COGIMHEHUAX, YTO 00bACHSIET
npucyrersue Beelt rpyiibl P39 Bo Bcex KomIo-
HEHTaX MPUPOHOT cpeJibl.

ITo aromuOIl Macce JaHTaHOUBI pasje-
JISIIOTCS HA JIErkue (0T JlaHTaHa JI0 eBPOoIs),
cpejiHue (OT caMapust 10 TOJbMUST) U TSREIbIe
(or ragonuHus 10 Jiorenus). Beaepcrsue jgan-
TAHOUTHOTO CIKATUS MTOCJE/[HITE DJIEMEHThI PSIjia
NpUOIMKAIOTCS 110 pasMepy aToMOB U Tpéxaa-
PAMHBIX HOHOB K UTTPUTO, KOTOPBII paccMaTpu-
BaeTCs KAk OJIMKRANIINT aHAIOT JAHTAHOW/OB
[10]. Tarum obpaszom, urrpuii, Oyayun Gomee
pacipocTpaHéHHBIM B IIPUPOJIE, YaCTO 3aMera-
ercst TsRETBIMU P39,

YérHble TaHTAHOU/IBI NMEIOT OOJThITIee KOJI-
4ecTBO M30TOIOB, YeM HeuéTHble (Tadua. 1), uro
obOycyoBanBaeT ux 0oJjiee BbICOKHNE KIAPKOBbIe
COJIePKAHTIIS B TEOJIOTMYECKIX 00beRTax (Tadi. 2),
MO3TOMY TIPU M3YYEHUH TPUPOIHBIX MPOIECCOB
VIS MCKIIOMeHU ST BIUSIHIS PA3HOI pacipocTpa-
HénuocTn P39 mnosydenHble KOHI[GHTPATIIMK
JAHTAHOUIOB YaCTO HOPMUPYIOT HA CPeHIE CO-
nepskanus P39 B xonapure (poTonaiaHeTHOM
BerecTBe) unm caante (puc. 1, radm. 2). Xouapur
C1 [12, 13] 06bIYHO MCTIONMB3YIOT 71T HOPMUPO-
BaHUs KoHIeHTparuii P39 B ropHbIX mopojax,

chopMUPOBAHHBIX B pe3ysbTaTe dHOTeHHBIX
npoiteccos, a cianer (PAAS, NASC [14-16]) —
sl 00HEKTOB 9K30T€HHOTO TTPONCXOFKIEHNS.

PenkosemenbHble dJeMeHTHI SIBIASIOTCS
JerKOTUIPOJIM3YEeMbIMI 3JIeMEHTaMI, KOHIIeH-
Tpanyun UX MOHOB B BOJHBIX PACTBOPAX OUeHb
YYBCTBUTEJbHBI K U3MEHEHUIO (DUBNYECKUX
un xumnueckux yeaosuii OC, rakux rak pH, Eh,
BCJIGJICTBIE COPOTIMOHHBIX MPOTIECCOB HA MITHE-
paTbHBIX (Da3ax, TaKNX KaK, HATIPUMep, OKCUJIbI
(rupporcusbl) Fe u/mam Mn [17].

YuaurbiBasi Hu3roe copepskanne P39 B mo-
pojax m MpUpPOHBIX BOAAX, MOABMKHOCTL P39
B HIPUPOJIHBIX ITPOIECCAX KOHTPOTIPYETCsI PACTBO-
PUMOCTHIO NX COCIITHEH NI, 1, B OOJIBINICIT CTETIeH,
CMIOCOOHOCTRIO K KOMIIIEKCOOOPA3OBAHUIO ¢ HEOP-
raHUYeCKUMI U /U1 OPraHnYeCKUMU JINTaHIaAM I
[10], komTIEHTPATIMAMI AHWTOHOB-TATAH/OB (Ha-
npumMep, TUAPOKCIIA, XJaopuja, propuma, kapoo-
Hara, cyiabdara) 1 cTabMIBHOCTHIO KOMILIEKCOB
P39 ¢ srumu auranpmamu [21]. B nacrosiee
BpeMs pparmuonuposanne P39 uzyueno s
PasHLIX reOXuMmuIecKux cpey, [22—25].

Emé ognoit xapakrepHoil 0c06eHHOCTHIO
JAHTAHOMIOB, KOHTPOJIMPYIOIeil NX moBe/eHne
B Pas3JNYHbIX TEOXUMIYECKUX MTPOIeccax i pac-

Ta6aumna 1 / Table 1

Nzoronbt P39 u ux pacnpocrpanéunocts Ha Semie 1o [11]
Isotopes of REE and their abundance on Earth by [11]

dnement | Mzoron | Pacnpocrpa- | dnement | M3oron | Pacnpocrpa- | nement | Mzoron | Paciipocrpa-
Element | Isotope | uénnocrs, % | Element | Isotope | nénnocrs, % | Element | Isotope | nénnocrs, %
Abundance, % Abundance, % Abundance, %
5 SC 45 100,00 149 13,80 163 24,90
WY 89 100,00 - 150 7,40 DY 164 28,20
L 189 99,91 " 152 26,60 JHo | 165 100,00
" 138 0,09 154 22,60 162 0,14
136 0,19 Eu 153 52,20 164 1,61
Co 138 0,25 63 151 47,80 . 166 33,6
o8 140 88,48 152 0,20 o5l 167 22,95
142 11,08 154 2,18 168 26,80
soPr 141 100,00 155 14,80 170 14,90
142 2713 4,Gd 156 20,47 go I 169 100,00
143 12,18 157 15,65 168 0,13
144 23,80 158 24,84 170 3,05
soNd 145 8,30 160 21,86 171 14,30
146 17,19 eI 159 100,00 0 Yb 172 21,90
148 2,76 156 0,06 173 16,12
150 9,64 158 0,10 174 31,80
144 3,10 DY 160 2,34 176 12,70
oM 147 15,00 161 18,90 Lu 175 97,41
148 11,30 162 25,50 ! 176 2,59
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Ta6amma 2 / Table 2
Cpennue copepsranusi P39 B reosiornuecknx o0beKrax, MKr/r
Average content of REE in natural objects, pg/g

daeaent 1 ACC uce NASC PAAS

Element
Sc 9,81 14 7 15 16
Y 1,46 21 20,7 39 27
La 0,24 20 32,3 32 38,2
Ce 0,62 43 65,7 73 79,6
Pr 0,09 4,9 6,3 7,9 8,83
Nd 0,47 20 25,9 33 33,9
Sm 0,15 3.9 4.7 2,7 9,99
Eu 0,06 1,1 0,95 1,24 1,08
Gd 0,21 3,7 2,8 9,2 4,66
Tb 0,04 0,6 0,5 0,85 0,774
Dy 0,26 3,6 2,9 9,2 4,68
Ho 0,06 0,77 0,62 1,04 0,991
Er 0,17 2,1 - 3,4 2,85
Tm 0,03 0,28 - 0,5 0,405
Yb 0,17 1,9 1,5 3,1 2,82
Lu 0,03 0,3 0,27 0,48 0,433

Hpumewanue: C1 — xondpum [20]; ACC — cpednuii cocmag konmunenmanvhoil kopot [26]; UCC — cpednui
cocmag eepxrell konmunenmanviol koput [27 [; NASC — cesepoamepurancruii caaney [ 14]; PAAS — ascmpanuiickui
nocmapxetickuil caaney [15]; npouepk — nem dannvix.

Note: C1 — chondrite [20]; ACC — average composition of the continental crust [26]; UCC — average composi-
tion of the upper continental crust [27]; NASC — North American shale composite [14]; PAAS — Post-Archean
average Australian shale [15]; dash — no dala.

100

Zinnwald granite/C1

Eu anomaly Zinnwald granite

0.1

Ce anomaly
7.E-07 i Sea water/PAAS
7.E-08 -
Ce anomaly
7.E-09 -~

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYh Lu

Puc. 1. Criekrpsi pactpepenennst P39 B MopcKoil 1 pedHOIl BOflaX, HOPMUPOBAHHBIX
o orrommennio K caanny PAAS [18] n ansbuToBoMy rpanuty Mmecroposgaenus Zinnwald (FepMdIII/IH) [19],
HopMupoBanHbX Ha XouApuT G1 [20] 1 HEHOPMUPOBAHHBIX HCXOAHBIX KOHIEHTPAILHIL
Fig. 1. REE distribution spectra in sea and river waters, normalized to PAAS [18] shale
and albite granite from the Zinnwald deposit (Germany) [19], normalized to C1 [20] chondrite
and unnormalized initial concentrations
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npejiesieHne B Te0JIOTHYeCKIX CpeJiax, siBJIseTcs
«rterpanublii 9pderr> GpakIMOHUPOBAHNUS.
«Terpagubrit apherT» (B AHTITOSA3BIYHOI JTUTEPA-
type — «double-double effect», «kinked effect»,
«zigzag effect») — 910 OTRIOHEHUS OT TJIABHOTO
N3MEHeHUsI XUMUYeCKIX CBOICTB B PSY JaH-
TAHOW/IOB B 3aBUCHMOCTH OT ATOMHOTO HOMepa.
JdPdert nposiisgercs B HapymeHun Qopmbl
CIIERTPa HOPMUPOBAHHBIX cojiepsRannii P39,
BBIPQJKEHHOM B €ro pasfeennn Ha 4 TeTpajibl
(rpymmbl) ¢ obOpa3oBaHueM 3UI3aroodpaszHoil
rpunoii: La—Nd, Sm—-Gd, Gd—Ho n Er—Lu
(puc. 1). B nacrosiiiee Bpems apert «rerpajib»
SIBJISIETCST XOPOIITO N3YYEeHHBIM, er0 TTPOSBIEHU s
MOKHO YBHJIeTh B XapaKrepe 3aBUCUMOCTEIl OT
aTOMHOT'O HOMepa JaHTaHouI0B KoadpuimeHTon
paciipejieieH st B cUcTeMaX RUJKOCTh /FKUITKOCTh
" KOHCTAHT YCTOMYMBOCTU KOMILTIEKCOB ¢ opra-
Hudeckumu jguraugamu [28]. Irum sdderrom
O00BSICHSIOT AHOMAJIMN CIIEKTPOB paciipejieie-
nust P39 B mpupoHbIx cpefax — MOPCKOIl Bojie,
merMaTnuTax m JJeHKOoTpanuTax Mo3aHel cTaann
KPUCTANIN3ANNT PACIJaBOB, B HEKOTOPHIX
0CAJIOYHBIX MOPOJIaX M MUHepasax (ypaHwHNT
(UO,) n kumypanur (CGa(Y,Nd),(CO,), - 6H,0))
[28]. BosuuruoBenme storo agerra cBsI3bi-
BAIOT C MEePHOIMYHOCTHIO N3MEHeHWsI KOHCTaHT
YCTOMUMBOCTH KOMIIJIEKCHBIX coefinHernii P39
MpyU 3aM0JHEHUU JJIEKTPOHAME Ha YeTBEPTh
snexrponrnoit f-obomourn [28-30].
PenrosemesnbHbie 3ieMeHTHI SIBJISIIOTCS JTN-
TOPUABHBIMI, TTOITOMY OHU 3aMEHSIOT J[pyTue

KaTHOHBI ¢ COIIOCTABUMBIM PAIIYCOM I 3aPsA0M
B MUHEPAIHHBIX CTPYKTYPAX CUIHKATOB (OKOJIO
43% Beex munepasio P39), kapbonaros (23%),
okcugos (14%), pocdharoB u poacTBEHHBIX
rugporcocosein (14%). Huskas moaBuskHOCTH
P39 B Mmunepasax o0ycaoBiInBaeT ux mupoKroe
pacrpocTpaHenne B TOPHBIX MOPOJIAX, UTO, B CBOIO
ouepenb, HPUBOJAUT K UX BLICOKMM KOHIEHTpPA-
nuAM B 3eMHOI Rope (Tadu. 2). EcrecrBennbie
mporecehl (HampuMep, paspynierne TOPHBIX
MOPOJL), MPOMCXOAMBINIE Ha 3emMie B Tede-
HITe MUIJIINAP/OB JIeT, TTPUBeIN K HOABICHIIO
n pacipocrpanennio P39 Bo Beex npupomHbix
cucreMax — MOPCKUX W PEYHBIX BOJAX, MMOUYBe,
armMocdepe 1 OpraHmuecKOM BeIecTBe.

IIpnmenenne
peiKo3eMeTbHBIX 3JIeMeHTOB

[Tocne orkpwuituss P39 B 1790-x rr. cripoc
Ha HUX MejiyienHo Bodpacran. Ha cerogusimamit
nerb P39 u Y ipuMeHsioTest BO MHOIMIX OTPACJISX
MTPOMBITIIJIEHHOCTH: B IPON3BOJICTBE METAJITY Pril-
YeCKIX I0OABOK 1 CIIITABOB, TOOABOK JIJIS CTEKIA,
MOCTOSTHHBIX MATHNTOB, KEPAMIKI, CBEPXITPOBO-
JTHUKOB, MUTMEHTOB, aBTOMOOMIBHBIX KaTaJM-
TUYECKIX HEUTPATN3aTOPOB, aKKYMYJISATOPHBIX
Garapeii, DJIEKTPOHHBIX TEPMOMETPOB, IBETHBIX
TEJIEBU30POB, IJIOCKUX [IUCIIeeB, MOOUIbHBIX
tTeseOHOB, cUCTEM BOOPY/REHUs, BeTPSHBIX
TYypOMH, BOCCTAHABAMBAWIINXC TOPMO30OB
B TUOPUJIHBIX aBTOMOOWJISIX, OTITOBOJIOKHA, DHEP-

Tadoauma 3 / Table 3

[Tpumenerne P39 B paznuaHbIx 06JaCTSAX TPOMBIIIIEHHOCTH W TPON3BOJCTBA [32]
The use of REE in different areas of industry and in the manufacture [32]

O6macth npuMeHeHust

dnementol / Elements

Application Sc|Y|La|Ce| Pr|Nd|Sm|Eu|Gd|Th|Dy|Ho|Er| Tm | Yb| Lu
AsporocMuueckasi MHILYCTPHs
P Ayerp + |+ + | + +
Aerospace
Aromobuin/ Automobile |+ + |+ O+ + |+ |+
Barapeitkn / Battery o A I S + | + + | + +
[TpousBoscTBO cTeRIa
. + + |+ + |+ + |+ |+ + |+ + |+
Glass production
Jlamrmibr / Lamp + |+ |+ ]+ + + 1+ + + |+ |+
Maruutst / Magnet + 4+ |+ ]+ + + | +
Mepuiuua / Medical + |+ + ] + + |+ |+ + |+ + + |+
AToMHast TPOMBIIITIEHHOCTD
. + + |+ |+ + +
Nuclear industry
[lepepadorka nepru / Oil refining + +| + | +] + +
[Tonynposopnuku / Semiconductors | + + |+ | + |+ + + | + +
[ludpossie srpanst / Flat display + ]+ | + + +
Jlazepst / Laser ]+ ]+ ++ |+ |+ |+ |+

Ilpumevanue: + — npumenenie 0anino2o dLeMenma 8 yrasaniioil 06.iacmu npoussodcmaea.
Note: + — applications for element in the specified area of production.
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Puc. 2. Cxema reoxumunuecrkoro nuriaa P339 / Fig. 2. The geochemical cycle of REE

rocoeperanmx KOMITAKTHBIX JTIOMIHECIeHTHBIX
JIAMIT 1 BO MHOTUX JIpYTuX oosactsx [31] (radu. 3).
Jloist ymoBieTBOpeHUsi BO3pacTaioniero cripoca
¢ KayRJIBIM TOJIOM YBeJIMUMBACTCA 00HEM [100bIY N,
nepepaboOTKM 1 MPOU3BOJCTBA, YTO IIPUBOJUT
K efiBUTY cotepskannit P39 B rmobannmom baran-
ce arocucrem. Takum oOpa3om, KOHIEHTPAIIH
P39 B ocamkax, ocajouHbIX TOPHBIX 1OPOJAX,
MOYBe, BOJIE 1 OPTaHMYECKIX OCTaTKAX CTAHOBSIT-
Cs1 BaGKHBIMU DKOJOTHYCCKIUMI MHNKATOPAMUI
usmenennii OC ¢ reueHneM BpeMeH.

l'eoxnMuueckuii MUK
PeKo3eMeJIbHBIX 9JIeMEeHTOB

CxeMa reoXuMUYCCKOTO I[IKIA, BKIIOYALO-
Mero TMPUPOHBIC 1 AHTPOTIOTEHHBIC (PAKTOPHI
murparnn P39, npusepena na pucynke 2. Bpu-
Iy HU3KOI moAaBmskimocTn P39 B 3eMmon Kope
B MOPOMAX Pa3HBIX TEOJOTHUYCCKIX MEPUOIOB
Bapuanuy NX KOHIEHTPAINil He3HaYnTe bHbI
[16]. Ocapmounbie TopHbBIe MOPOMLI W OCA KN,
obpaszoBaBIImecs B pe3yabrare XHMITICCKOTO
" (QUBMYECKOTO BBIBETPUBAHIS TOPHBIX MOPO/,
MOKPBIBAIOT DOJIBINTYIO 4aCTh OKeAHNYeCKOTO
nua. Rounenrpanuu P39 B Hux cyniectBeHHo
HIKE, UeM B UX MaTepuHCKNX mopojax. Brico-
Kue koHrentpamnun P39 B crammax, mecuanmrax
U TpayBaKKaX OTPasKAIOT MPUCYTCTBIE BYJIKA-
HOKJIACTUYECKOTO/BYJIKAHOT@HHOTO MaTepuaJa
(MarMaTuUYecKue MUHepPaabl) B UX COCTaBe,
B TO BpeMs Kak HU3Kue KoHIeHTparuun P39

B XeMOTeHHBIX TIOpPOJiaxX (Harpumep, kapooHaTax)
SBISIIOTCS PE3YJIbTaTOM HUBKOTO COJlePsRaHU S
P39 B mopcroii Bojte.

Ronmenrpanun P39 B mousax 3asucsar ot
COCTaBa MOYBOOOPABYIOIIIX TOPOJ, CTEIIeHH Bbi-
BETPEJIOCTU TIOUYBBI, COJlePKAHUS OPTaHNYeCKITX
BeIEeCTB W TIMHICTHIX MITHEPAToB 1 T. . [33].
BoiBerpuBanme m nocreneHHoe BhIMbIBAHUE
P39 wactnuno ROHTPOIUPYIOTCH MOYBEHHBIMHI
MUKPOOpPraHu3MamMu, a Takyke obpasoBaHmem
coegunenuii P39 ¢ opranmvyeckumu BelecTBaMu
MOYBBI, UX PACTBOPEHNEM, MITPATIeN I 0CasK/e-
nreM. Pasindanbie MUKpoOOpranuaMbl 00/1a1aio0T
BBICOKOIT CITOCOOHOCTHIO K OMOTOTTIOICHIIO
nouoB P39, nanpuwmep, Gd** [34]. AnomanbHO
BBICOKMeE cojiepskanmsi P39 B mouBax siBASIOTCS
pe3yJibTatoM a’pajibHbIX BHIOPOCOB TEIJIOBBIX
CTAHINT, CYRUTAIONITNX YTOJIb, U 3aBO/IOB YEPHON
merasryprun. [loBbimmenabie KOHIEHTPAT[IT
P39 ormeuennl B aa0BIAILHLIX TOUYBAX, MMOJ-
BEePsKEHHBIX THIPOTeHHOMY 3arpsi3sHeHn o TPu
cOpoce CTOYHBIX BOJ TPOMBIIIIEHHBIX TTPeJi-
upusituii [1, 2, 35].

Criocobnocth pacrennii moromarh P39 n3
MTOUYBBI OTTPEJIEISATCS KOHTIEHTPATIIAMI TOYBEH-
HBIX XeJaToB M BHECEHUEeM MUHePAJTbHBIX Y/10-
opennii (Hanpumep, GocHOpHBIX, coepIRATIIX
noBbIIeHHbIe Koumenrpanun P339), a Takxe
BUIOBBIME OcobenHocTaMu pacrennii. Hekoro-
phle TATOPOTHIKE, TPON3PACTAst HA TEPPUTOPHSIX
¢ bonpmuMm copepskanmem P39, makamanBaior
1o 3000 mr/Kr 1aHTaHa, B TO BpeMs KaK B XBOe

1
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enn odbnapyskusaercst mernee 0,01 mr/Kr aroro
anementa. Cpejiu cesibCKOX03511CTBEHHBIX BUIOB
HanboJsee BHICOKasi HAROITMTeIbHAs CIIOCOOHOCTh
oTMevaeTcs y mieHunIn [36].

MakcumanbHO OITyCTUMbIE KOHII@HTPATINN
P39 B ipecHbIX MOBePXHOCTHBIX BOJIAX 11 B 03€-
HBIX OTIOKEHMAX oTeHensl ma yposmue ot 1,8 o
22 mrr/amor 1,8 1o 18,8 Mr/Kr cooTBeTCTBEHHO
[37]. OcHoBHBIME HIpOIIECCAMY, BIUSIONIMI HA
copepskame P39 B IpupoaHbIiX BOAAX, SBJISIOTCS
XUMHUYECKOEe BHIBETPUBAHIE TOPHBIX TOPOJ 1 BbI-
mesaunBanne mous. Od6a 9TUX mporecca MOTYT
B 3HAYUTEJILHON CTEIeHn KOHTPOJMPOBATHCS
OMOJOTHYECKUME U MUKPOOUOJOTNYECKUMI
darropamu [38]. [lomunupytonumn darropa-
MU, OTIPeleSIAIONUMEI pacipocrpanenne P39
B OTKPBITOM OKeaHe, sIBJISIIOTCS GOKOBAsT JIBERIU5T
riyborkoBofHbIMI Maccamu |39, 40], Bausaune
OMOreoOXNMNYeCKIX TTPOIECCOB HA BePTHKAJb-
upie poduin P39 (pemunepanusarnus u/mian
copbrusi /mecopoims uactutr) [41], armocdeproe
OCasKIeHIe BN 1 a9PO30J1eil, MarMaTnaecKme
u TugporepMasbibie mnpoiecchl. CyriecTBeHHoe
3HAUYEHIe MMeI0T MPOIecehl, MPOTeKAOIIe Ha
rpanuie KOHTHHEHT — OKeaH, Gjarogaps Ko-
TOPBIM B MOPCKYIO BOJIY HOCTYIAIOT BEIecTBa,
BJIMSIIONTIE HA PEAKIIMOHHYIO0 CIIOCOOHOCTH 1,
caeoBaTesibio, Gpakinmonnposanne P39, na-
npuMep, opraHunveckue perecrsa [42, 43].
AmTpormorernnoe BAWAHME Ha cofepsranme P39
B TIPUPOJIHBIX BOJIaX CBSI3AHO B OCHOBHOM C JI0-
Oblueil MUHEPAILHBIX PY/, & TAKKe ¢ [TPOMBIII-
JeHHBIMI 1 OLITOBBIMI CTOUHBIMT BofaMu [38].

bBuodocdarsr (Roctr 1 3yObl MCKOTTAEMbIX
U COBPEMEHHBIX TUAPOOUOHTORB) SIBJISIOTCS
mHANKaTopamn cofepskanns P39 B cpeje ocaj-
KOHAKOILJICHWS B BOIHON TOJIIIE, OTPAKATONIEro
OKMCJINTeIbHO-BOCCTAHOBUTEIBHBIC, H30TOMHO-
reoXnMmuyecKie u rujpoTepMaibHbie YCJIOBUS.
ITO 0OYCTOBIEHO TEM, UTO CTICKTPHI pacirpesiese-
anst P39 B coBpeMenHBIX MOPCKNX OGrodocdarax
" MOPCKOIi BOJie aHATOTMYHBI, OJTHAKO B 6o oc-
darax korrentpanuu P39 B 105—107 pas Boime,
4eM B MOPCKOI Bojie [44, 49]. B 1o ske Bpemst st
ncKomnaemMbix onodocdaroB 0codyio posb B cojiep-
sgannn P39 urpaior reoxuMmiecKkue mporeccehl,
MPOMCXOJIATIIE BO BPeMsI HAKOTLICHISI OTMEPIITIAX
0CTATROB 1 inarenesa [46—49].

B macrosiiiee BpeMs MpoOMCXoanT akTUB-
HOe HaKOIJIeHNe JaHHbIX 00 aKKyMYJsIun
P39 B opranmamax ;KMBOTHBIX, YTO CBSI3aHO
¢ BBeJleHNeM B BeTepUHAPHYI IPAKTUKY HO-
BbIX KOPMOBBIX J00ABOK HA OCHOBE JIAHTaHA,
1epusi U APYrux JaHTAHOUIOB JIJIsI yJaydlie-
HUS TPOJYKTUBHOCTH U COCTOSHUS 310POBbsI
sKUBOTHBIX. HopMoBbIe obaBKu, cojiepsraiime

P39, criocobeTByI0OT yBESTMUEHIIO TPOUBBOJICTBA
MOJIOKa, stuil n Msica [d0].

CpaBHUTEJIBHO HEABHO WCCae0BaATEN
Havaan yhaeasaTh BHUMaHue cojepskannio P39
B aTmMocdepHbIX a9po3oJisix. MuHepajibHast 1bLIb
MOKeT OKazbIBaTh BodmericTere na OC, mampn-
Mep, Ha XUMUYECKUI COCTaB MOPCKOI BOJbI 1
cHera, B pe3yJsbrate aTMOc@epHOTO IepeHoca Ha
ooaibiine paccrosinus [8, 91-97]. B nacrosiiee
BpeMmsi cofepsranus P39 B pasandnbix o0beKkTax
MCITOJNB3YIOT KaK MHNKATOP aHTPOIMOTeHHOIO
3arpsI3HEeHNsI, BBI3BAHHOTO MMIPOKNUM Pa3BUTH-
eM TPOMBIIILIEHHOCTH 1 Y4eJT0BeYeCKOIl jKI3He-
NeATeJbHOCTBIO: BHIXJIOMAMK OT aBTOMOOUIIeI
(BHeZpeHMe aBTOMOOMIBHBIX KaTaTNTHYeCKIX
HeliTpanu3aTopos [d8]), BeIOpocaMu rpu cyrura-
nun Hedru n Hedrermepepaborre |59, 96, 59, 60]
u npu paboTe yroJbHbIX U [IN3eJbHBIX DJIeRTPO-
cranmuit |29, 61], mpoussogcTBOM 1 TpPUMeTe-
Huem ypoopennii [62] u np.

Metronpt onipenesenns
peKo3eMelbHbIX 3JIeMeHTOB

Jlns onpepenenns rournenrpanuiic P39
B IPUPOIHBIX 00BEKTAX UCITONB3YIOT Pa3JIMyHble
(pMBMKO-XMMUYECKIe MeTOJbl: aTOMHAs CIleK-
TPOCKOINNA, MHCTPYMEHTAAbHBII HEITPOHHO-
akruBainmonubiii (INAA) u penrrenodryopec-
neutubiii (XRF) ananusei. Bnarogaps mupo-
KOMY Pas3BUTHIO METOI0B MacC-CIIeKTPOMEeTPUH
YQJI0Ch CYIECTBEHHO MOBBICUTH YyBCTBUTE/b-
HOCTH omrpefiesennst P39 Bo MHOTHX TPUPOHBIX
00beRTaX, KOTOPBIe XapaKTepnu3yIoTcs NX Hu3-
RUMU KOHTIeHTpanusamMu (Hr/ma, ur/kr). B eBssn
¢ ITUM 3a mocaeamne 15 Jer 3HAUNTETHHO BO3-
pocaio RosimuecTBO onipesienennii P39 B ooberTax
0C [4, 8, 63-67]. O630p myOnmKaIuii 1o ornpee-
nennto P39 pasamyHbiMu MeTojlaMu B PasHbIX
MPUPORHBIX 00berTax npuseacn B [68-70].

[ToMmumoO TPajiMIIMOHHBIX aHATUTHYECKIX
METO/[0B, MINPOKO U YCIENIHO NCHOJIb3YIOTCH
JIORATbHBIE METOJIbI OTIpeJle/IeH s KOHIeHTPAT!il
P39. K num orHOCATCST Macc-CIIERTPOMETPHS
¢ MHAYKTUBHO CBA3AHHON TIAa3MOil ¢ Jasep-
neim ucernapenunem (LA-TICP-MS) m macc-
CIIEKTPOMETPHs BTOPUYHBIX NOHOB (MOHHO-
3oHA0BLIH ananus, SIMS), mosBonsomnme
onpesenuth cojepskanne P39 na yposue Mrr/r
B Ie0JIOTMYeCKIX, OMOJOTMYecKIX 1 IPYTHX TBEP-
neix obpasiax [71-80].

3ariaoueHue

Conepsanme P39 m cooTHOMEHNS MERITY
X ROHIOEHTpAanuAMM B IIPUPOHBIX O6'LOKTHX
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ABJAAIOTCS WHAMKATOPAMU TEOXUMUYCCKUX
MPOIECCOB M MO3BOJAIOT PEKOHCTPYNPOBATH
OKUCJIMTeIbHO-BOCCTAHOBUTEbHbIE yeaoBus, pH
cpepibl, m3MeHenne (PazoBoOro cocTaBa BEIECTB
U ipyrue XapakTepuCcTUKU IPUPOJAHBIX CUCTEM.
Pacrymmue mactrradbnr ncnonnzosanme P39
Pa3IMYHBIX 00JacTAX TPOMBIIIICHHOCTH MTPH-
BOJIAT K POCTY MX KoHTeHTparnuii B oobextax OC
N M3MEeHEeHUAM X ﬂprOHHBIX COOTHOHTQHT/Iﬁ,
XapakTep KOTOPBIX MO3BOJAET IeJaTh BLIBOILI
06 merounmkax osmelictsus. Heemorps ma
3HAYNTEJLHBI 00BEM MCCaeoBANMIT, BLITIOJ-
HEeHHBIX B IMOCJeHIEe TO/bI, PAJ 3aja4 B 00-
aacru nosefenus P39 B OC emé ouennb janék
or periienus. B wactHocTn, He BITOJIHE MOHATHBI
ocobennocTu gparimonuposanus P39 pac-
TeHUAMW 1 BIUAHUE OMOTOTHUCCKIX (DAKTOPOB
ma Murpanmio P39 MeRy KOMITOHeHTaMI WX
OMOTEOXMMIICCKOTO IIITKJIIA.

Paboma evinoanena 6 pamrax 6vtnoiHeHUs
2oczadanus 'HMH PAH.
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B 0630pe paccMoTpeHbl cOBpeMeHHbIe MpeicTaBieHnst 06 ORUCINTENbHO-BOCCTAHOBUTEbHOM MeTab0IM3Me KIeTOK
aspobHBIX oprann3moB. Jlana xapakTepncTuKka KUCJTOPOHBIX PALUKATIOB, MTPEICTABICHBI CBEJCHUS 0 MEeXaHn3Max 1X
rerepanuu. [Ipoanamusmposansl gannbie 0 GyHRIUAX aRTHBHBIX OPM KUCIOPOJia, NX POJIHN B KICTOUHOM CHUTHAJIHTE
U UHYKIUU OKUCTUTEILHOTO CTPecca Y pacTeHuil i skuBoTHbIX. OTMeueHa ¢BsA3b OKUCIUTEIBHOIO CTPEcca ¢ Pa3BUTHEeM
maroqoruil u crapenneMm. O600IeHbl cBefiennsi 00 OCHOBHLIX HU3KOMOJCKYISPHBIX AHTHOKCUIAHTAX U aHTHOKCH/AHT-
HBIX hepMeHTaX, POJIH AHTHOKCUIAHTHON CUCTeMbI B TIOJJIePsRAHNN OKUCIUTETHHO-BOCCTAHOBUTEILHOTO Dajiatca JKIBLIX
rierok. IToguépruyra nH@opMaTuBHOCTH OKa3areeil 1po-/aHTHOKCUIAHTHOTO MeTa00I1M3Ma /ISl BhISIBIEHUSI 1 OI€HKI
YPOBHSI OKUCJIUTEIHLHOTO CTPEcca B sKUBBIX OPTAHM3MAX PN HeOJIaronpusATHBIX Bo3aeiictBusax. B sarmouenn o6o3ma-
4YeHbl TeOPeTHUYeCKNe U MTPUKIAJHbIe ACITEeKTH JATLHENIIero n3yuennsi KUCJIOPOHBIX PAINKAIOB 1 PYHKITNOHIPOBAHTIS
AHTHOKCUJIAHTHOI CHCTEeMbl B JKUBBIX KJIETKAX, BOBMOMKHOCTh MCIIOJIb30BaHIS HOKa3aTe/ el 1mpo-/aHTHOKCUAHTHOTO
MeTaboan3Ma B IeJs1X ONOMOHUTOPIHTA.

Harueeole crosa: akrusrbie (I)OprI Rucaopoja, ORMCJUTETbHBII cTpece, aHTUORCUJaHTHas cucrema, aapoﬁHme
OpraHn3MblI.

Reactive oxygen species and antioxidants in living systems:
an integrated overview
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The brief overview is dedicated to the current understanding of the redox metabolism in the aerobic cells. The
characteristic of oxygen radicals and information about the mechanisms of their generation are presented. The data on
the role of reactive oxygen species (ROS) in the cellular signaling and the induction of oxidative stress were analyzed.
The excessive ROS accumulation is dangerous for the cells, as oxygen radicals are able to interact with the biologically
important molecules (DNA, proteins, lipids, etc.) and damage the cellular structures. The redox balance violation can
be caused by negative effects of factors of various nature (abiotic, biotic, anthropogenic), but ultimately their effects are
reduced to the occurrence of oxidative stress. In humans, oxidative stress provokes the development of various diseases,
causes a decrease in performance, early aging, ete. This is opposed by the antioxidant system, which detoxifies oxygen
radicals and suppresses the processes of the macromolecules oxidation. The article summarizes information about the
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main low molecular weight antioxidants and antioxidant enzymes, and role of the antioxidant system in maintaining the
redox balance of the living cells. In conclusion, topical issues for further study and their importance for solving practical

problems of ecology are noted.

Keywords: oxidative stress, reactive oxygen species, oxygen radicals, antioxidant system, aerobic organisms.

Copepsanune kucaopozna (0,) B armocgepe
paHHeii [JIaHeThl SeMJIsI He TIPeBbIIIAJI0 JI0JI1 [1PO-
nenra [1]. Banaunmeix kommuecrsax O, cras noss-
JIATHLCS TPUMEPHO 2,2 MIIPJL JTeT HasaJ B pesyrsrare
MeSATebHOCTH TNAaHOOAKTePUil, NCIOJb3YIOTIIX
DHEPTUIO COJTHEUHOTO cBeTa /st (POTOPABTIOKEH ST
Bogbl 1 Bocctanopenus CO,. Oxcnrenmbrii horo-
CUHTe3 TMaHo0aKTepuii, BOAOPOCTeil N BHICIIINX
pacTeHuii TPUBEN K 3HAYNTETHHOMY MOBBITTTEHIIO
cotepsranus O, armocdepe [2], u B nacrosiee
Bpewmsi ono cocrasisier 21%. [opasasionias yacts
1oTpedJIsIeMOoro KieTRaMu adpoOHBIX OPraHN3MOB
0, ucnonbzyercsa B MHTOXOHJPUAX B KauecTse
TEPMUHATLHOTO AKIIeIITOPA 3JIeKTPOHOB. JHEPriust
MEePEHOCUMBIX 110 3JEKTPOH-TPAHCIIOPTHOI TeTTn
(ITLL) snexrporOB TpanchopMupyercs: n sara-
caercsi B popme ATD; ripm 910M YacTh dHEPru
nuccutmpyer B Buje terna. AT® norpebasiercs
RJIETRAMH B PA3INUHBIX TIporeccax (OMocmures,
TPAHCIIOPT BEIeCTB, TOfijiepKaHe CTPYRTYPHOI
n (pyHRIMOHATBLHOI TesocTHOCTN). Rucmopon
UCITOJIB3YETCsT TaKKe KICTOUHBIMI OKCHIa3aMu
1 OKCHTeHAa3aMu, OKUCISIONIMI MHOKECTBO cy0-
CTPaTOB, B TOM 4mcJe, KceHoonornku. Rucmopon
xopotno aud@yHanpyer yepes KIeTouHble MeM-
Opanbl, HO BbICOKOE I1apiuaibHoe fAasnenue O,
B Cpejie MOKeT OKa3biBaTh OTPUIATE/IbHOE Jeli-
crue. OCHOBHON MPUYNHON MTOBPEIKIATONIETO
neiicteust O, Ha JKUBBIC KICTKU M UX CTPYKTYPbI
SBJISIETCS €70 CIIOCOOHOCTH 00PA30BBIBATH AKTIB-
mbie popmbl Kucaopopa (ADR).

B nanmnom o630pe MBI He CTPeMUINCh OXBa-
TUTH Bech 00EM CBeeHNIT 0 MPO-/aHTHOKCH-
nanrtanom merabonusme (ITAM) skuBbix cucrem,
Hallla 1eJib — IMPUBJIeYbh BHUMaHUE K OMOJIOrH-
YeCKOMY 3HAYeHW0 TeHeparum u yTuin3arnnn
KUCJOPOIHBIX PANKAIOB JIJIsI JKIUZHU a9 POOHBIX
OpPraHmM3MOB, UX UBYUYEHUIO JIJisi BbISABICHIUS
HapylieHus OagaHca MeRILYy POU3BOICTBOM
n obesspeskuBanuem ADK, omenkn yposus
OKUCJIUTEIHHOTO CTPECea 1 IONCKA Iy Tell IpejioT-
Bparenus ero pazsutusa. Ocobo MOTIEPKHYTHI
BO3MOJKHOCTH MCITOJL30BANNA MOKRa3aTeaeil
ITAM B nessx 6uoMOHUTOPUHTA.

Rucaopopnbie pagukasnst,
X o0paszoBaHue u PyHKIUH

ADHK — cOBOKYINHOCTh KOPOTKOKUBYIIUX,
peaKoHHOCIOCOOHBIX (popm O,, BOSHUKAIOMIIX

B pe3yJibrare ero sJeKTPOHHOTO BO30Y:KIeHU s
W ORUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX T1pPe-
spaiennii [3]. AOK nocrosinHo renepupytorcs B
ITI MuTOXOHIPMIT 1 XTOPOIIIACTOB, 00PABYIOTCS
B COJlePIRAIMX PEIOKC-CUCTeMbl MeMOpaHax
U Pa3HBIX KOMITAPTMEHTAX KJIETKI KaK IT000YHbII
MPOAYKT MeTaboJImuecKuX imyreil. Paszinunnie me-
Oaaronpusitibie PAKTOPHI BHEITHE! 1 BHYTPeH-
Hell cpeJibl, BO3/IeICTBYS HA JKUBHE/es TebHOCTh
KJIETKU, WHAYIHPYIOT OKUCIUTENbHBIN CTPeCC
(OC) — cocrosinme, Ipu KOTOPOM TreHeparus
A®R npeBbiniaer nx 0Opa3oBaHiie B HOpMaJIbHOM
meraboausme. Bzanmoneiictsne ADK ¢ opranm-
YECKUMU MOJIEKYJIaMU U KJIETOYHBIMU CTPYK-
TypaMu TPUBOJUT K TTOBPEIKCHUIO JTUTTH[OB,
OEIIROB, MeMOpAH 1 IYKJICMHOBBIX KICIOT [3—6].
ADR c1ocoOHbI OKUCATH 1e30KCUPUO03Y, BbI-
3BIBATH yHaJeHme OT/eJbHBIX HYKJICOTU/ 0B,
nenpasmibnyio cinusry nenun [IHK, spisiores
MOIIHBIMI MYTAT€HHBIMI ar€HTaMU 1 TPUBOJISAT
K yckopeHHOMY ctapetnio. OcHOBHBIM cyOcTpa-
TOM OKUCJIeHUsT B OMOJOTMYECKIX MeMOpaHaXx siB-
JISTIOTCST TOJIMTHEHACITIIeHHbIe JKUPHbIe KICJIOThI,
BXoJsAIMe B cocTaB nunnios [7]. ITporece mepe-
rkucuoro orucaenus aunuaos ([10J) Braouaer
AKTUBAIMIO U JIerpajlalinio JUIUIHBIX pajiinKa-
JIOB, peopranmn3alrnio ABONHBIX CBA3eH 1, Kak
CJIeICTBIE, eCTPYKITNI0 MEMOPAHHBIX JTUTTHIOB
7 TIOBPESKICHIE CAMITX OMOMeMOpaH, uTo ITPIBO-
AUT K HapymieHuto nX Gyaxnuii. B pesynsrare
ITOJI obpasyercs 1eblii CIIEKTP COCIMHEHNII,
BRJTIOYAsI CIIUPTHI, KETOHBI, JIbJETU/bI 1 (DU PHI.
Muorue u3 Hux obaa1at10T BICOKOIT O1oI0THYe-
CKOIl aKTHUBHOCTBIO, CITOCOOHBI BBI3IBATH MYTa-
uu 1 6JIOKUPOBaTh feserne Kietok. [lomyueno
MHOKECTBO JIAHHBIX O TOBBITIIEHNN aKTUBHOCTI
JUTONEPORCUIATIINI 1 HAKOIJIEHUH TTPOJIYKTOB
[TOJI B pacrenusix rnpu reiicTBuM HEOJIATOIIPUSAT-
HBIX TTPUPOJIHBIX M AHTPOITOTeHHBIX (DAKTOPOB [,
8, 9]. Yeunenue [M1OJI ormeuanu mpu pazsutun
IEJIOT0 PsIjla MaToJOTUYeCKUX TIPOIECCOB 1 3a00-
nesannii uenosera [10]. Cremyer moguepKuyThH,
yro ITOJI mporekaer u B Hopme, a ero mpopyKThl
Y JKUBOTHBIX CY3KAT [IPEJIIeCTBEHHUKAMU [1PO-
cTariaHnHOB, TPOMOOKCAHOB, TTPOCTAIMKIIHA,
JNeROTpUeHoB u qunokeunos |7, 11].

B opranmusmax cyimecTByIoT pasanyHbie Me-
xanusMbl akrusanun O,, ocpecTBOM KOTOPhIX
obpasyercs reTeporeHHblil mo ¢cBOUM (PUBMKO-
xumnyeckum cpoiicream kiaace AOK [3]. Boi-
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JIeJISTIOT IPOM3BO/IHbBIE KUCJOPOJIA PAIKAIBHOI
MPUPOJBI — CYIEPOKCUIHBII aHMOH-pagnKal
(0,77), rupponepokcun papukan (HO,™), ru-
nporcus paguran (HO®) u mpousBojmbie He-
pajiMiKaAbHOIl TPUPOJIBI — MEPOKCH]] BOILOPOJLA
(H,0,), cunraerusiii kucioposn ('0,).
Cnnraernsiii kmeaopon ('0,) mpegcrasaser
€000 DIEKTPOHHO-BO3OYRIEHHOE COCTOAHNIE
mosiekyasipaoro O, u ABIATCS MOMIHBIM OKNIC-
JuTesieM, ObICTPO PeaTnpYIOTINM ¢ MAaKPOMOJIEKY -
nami. Beicoko peakrusnas npupoya 'O, B RUBBIX
KJIeTKAaX 00YCJOBJIeHA TIePUOJIOM MOJIypaciiajia,
or 0,2 o 3,9 mke. Paguyc ero pacripocrpanenus
Bapbupyer B npezenax 30-190 um [3, 12]. 10,
reHepupyercsi B peakijusx ceHCcHuOuam3anmnm
NP OCBEIeHNN ONpPe/IeJIEHHBIX MOJEKYJ CBe-
toM. CeHCMOMIM3NPYIOTIIe CBONCTRA TPOSABIIAIOT
HpUpPOJIHbIe BelllecTBa, HalpuMmep, sutaMmun B,
(pubonaBuH) 1 €ro MPON3BOHBIE, XJTOPOPUILIHI,
nopdupuHbl, OUANPYONH, MTCOJaPeH, PeTHHAD.
Heroropsie porocencndbmimsaTopbl HaILIN mpi-
MeHeHue B (PoTonHaMIYecKO Tepalni KOyKHbIX
3aboseBaHmii, JlereHepaTuBHBIX 3a601eBaHMIT
MaRYJIbl WM $KEJATOTO NATHA (IEHTP CeTYaTKN
r7a3a, MecTo KOHIeHTpaIuu (PoToperenTopos),
ISl BO3JleilcTBUS HA parkoBbie KieTrku [11].
B pacrennsax 'O, BoipabarbiBaercs, MIaBHBIM 00-
pasoMm, XJ0poPUIIOM 1 eTo TeTparuppoJbHbBIMI
merabosiutaMu B ipucyrerBun crera [12].
Cynepoxengusiii annon paguran (0,77) —
HPOYKT OJIHODJIEKTPOHHOTO BoccTanoaenns O,.
Bpewms ero sknsanm 3—4 MK, pajityc pacipocTpa-
HeHus 0k010 30 HM Tpu HeNlTPaTbHBIX 3HAUYCHN -
ax pH [7, 13]. O,” npaktnuecku e poHuKaer
yepes buomemoOpanbl |7, 14]. B kierkax sxuBor-
HBIX OCHOBHBIM MCTOUHUKOM obpasosanus O,
sasiiores T muroxonnpuii, a y pacrenmii —
ITL xnoponnacros. Caiiter renepanuu 0,7
obnapyskenbl B niepokcucomax [19]. Morubim
upopyuenrom O, apnsercs HAJIOH-okeunasa
nnasmaneMmbl Kiaerok [3]. O, obpasyercs
TaksKe 1pu Bzaumozpeiictsun O, ¢ BoccTanOB-
JeHHbIMU (DJIABMHAMU, XUHOHAMM, THOJAMI 1 B
PearImsiX, KaTaan3npyeMbIX KCAaHTHHOKCU/IA301.
Y sKUBOTHBIX HaMOOJIee AKTUBHO TTPOYTINPYIOT
0, daronnrupyromue krerku [4]. Onm moryT
napabarbisath 0,7 co ckopocThio 10 10 Hmosn /v
na 10" krerok. DubpobdracThl Ye0BEKA TeHe P -
pytor O, co ckopoctbio 0,05-0,3 nmonn/u Ha
10" kneror. [logcunrano, yro B opranusme ue-
JI0BeKa 3a roji oopasyercs npumepno 2 kr 0,7,
Ilepoxeny sogopona (H,0,) — nanbonee
crabunbHas fopMa aKTUBUPOBAHHOTO KICJIOPO-
Jia, 4T0 0OYCJIOBIEHO eT0 HUBKOU PeaKriimoHHOI
CIIO0COOHOCTRIO 1 OTCYTCTBIEM 3apsija. Moseryibt
H,0, ormmyaiores npoposKnTeIbHBIM BpeMeHeM

susHm (1 Me) 1 crmocoOHbI pACTIPOCTPAHATLCS HA
3HAYNTebHbIE paccTosHUs (110 1 MKM) B BOTHBIX
pacrBopax [7]. B Hu3KuX KoHIeHTpaIUAX MOJIe-
ryapt H,0, Beinonnsior Basknbie (pyHKIum, 4To
1103BOJISIET PACCMaTPUBATh X KAK BHYTPUK/IETOY -
HbIE MECCeHJIZKePhl, B BHICOKNX KOHIEHTPAIIMX
(1-50 MM) ToKCHUYHBI 117151 OOTBITMHCTBA JKIUBBIX
rieror [10].

H,0, obpasyercsa B pesysbraTe Hpucoesn-
Henus K Moseryne O,”” mpoToHa u BIeKTPOHA,
a TaKyKe B PeaKIMsAX ¢ yu4acTueM psijia OKCH/as
(L- m D-aMWHOKHCJIOTHBIX, KCAHTUH-, JTU3UJI-,
MJIIOKO- ¥ MOHOAMUHOBBIX) [3]. ¥V sRUBOTHBIX
3HAYNTEJbHBII BRI/ B RIETOUYHYIO reHepalnio
H, 0, sBuocst muroxonppun. Ronuenrpauus H,0,
B uX Kjaerkax cocrasiser or 1 mo 500-700 uM.
Y pacreHunii OCHOBHBIM HCTOYHNUKOM TeHeparnn
H,0, ssnsiorea ITL xnoponiactos u nepokcn-
comnt [12, 14, 15]. B 6orateix tumimmamn cemMenax
H,0, obpasyercsi npn B-okucieHnn 3RUPHLIX
kucygor [16]. Copmepsanne H,O, B opramax
pacrennii apbupyer or 60 mxM no 7 MM [17].
Ilo namnm panueiv [18], copepsanme H,0O, B
mucrbax Hylotelephium triphyllum (ounTHUR
TPEXJAMCTHBIIN) MOBBIMIANOCH MIPU TTepexoje Ha
CAM-dorocunTes 1moj; Bo3jeiicTBueM BOIHOTO
crpecca 10 90—-100 mrM /r cyxoii Mmacewbl, 4To CBU-
[leTeTbCTBYeT 00 y4acTuu JaHHOTO MeTabonTa
B unpykiun CAM.

Inpporeun pagukan (HO®) — nauboinee
arpeccusnas gopma O,, obpasyercsi B pesyibrare
s3anmoptericrsus O,”" u H,O, mpn nannunnm mo-
HoB ykesesa (Fe?*, Fe**) nan mepn (Cu**). Nwe-
forest eseienust o reneparun HO™ npu B3anmo-
neiicrsun H,O, ¢ peppepokcunom n yonxmnonom.
JleiicTBue paguarniy B 6U0JOTMYECKIX CHCTeMax
obycaonierno oopazosarnnem HO® ipu pajnonu3ze
Bojibl |3, 12]. BenenerBue BbICOKOI peakIimoHHOI
criocoornoctt HO® MraoBeHHO B3ANMMOJIEHICTRYET
¢ Om3JIesRAIUMEI MOJIEKYJIaMU, OJHAKO MMeer
oueHb Koporkoe Bpems skusan (1079 ¢) u ne
nud@yHaUpyer aneko ot Mecta oOpa3oBaHMs
[7]. HO" moBpesxmaer aunmmmnl, ORI, HyRICH-
HOBbIE KUCJOTHI 1 OKA3bIBAET IIUTOTOKCUYCCKOE
nelicTRme.

K cBobOopubiM pajmKaiaM OTHOCAT TaK:Ke
peakTUBHbBIC BULI azora, xJjgopa u opoma [3].
Boabmoit narepec BuizviBaer okeup azora (11)
(NO). Iror GecrBeTHBIN a3 XOPOIIIO PACTBOPSIET-
51 B OPTaHMYECKUX PACTBOPUTEIISIX, XYHKe B BOJle.
NO nudpdyHnanpyer uepes MeMOpaHbl 13 KITKH
B kiaetky. Bzaumopeiicrsue NO ¢ O, nporexaer
B ru/{pOOOHBIX YCJIOBUSX, BHYTPU MeMOpaH WJjin
autnoniporenios. NO mposBiaser MUKpoOOTIIHOE
U [POTUBOOITYXO0JIeBOE JIeiiCcTBIe, BIUsIeT Ha aK-
TUBHOCTH psijia pepmenton [11].
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Boicorasi peakiimonnast crocoOHOCTh N Ma-
JI0€e BpeMsi JKI3HU B OMOJOTHYECKUX CUCTeMax
nozpoJsisier ADK yuyacTBoBaTh B KJI€TOYHOM CHUT-
HaJIMHTe — Tepefiave NHGOpPMAIIT HA KOPOTKIE
paccrostaus |3, 7, 19-21]. Pagnyc nuddysnn
0,” u '0, (0,3 MEM) comocTaBUM ¢ pazMepom
raetkn, a HO® (< 0,01 mxm) ¢ pasmepom cpef-
Heil opranyeckoin mosterybl. H,O, m mpogy o
ITOJT obmarator 6OABLITNM JaTLHOACHCTBIEM, UTO
CTABUT NX B PSAJT 9BOJTONIONHO HanboIee panHnx
MePBUYHBIX MeinaTopoB crpecca. CurHanbHas
pynrnms AOK Mosker ocyecTBIATHCS ¢ TTOMO-
BI0 PEJIOKC-YYBCTBUTEIHHBIX OTKOB (TTyTaTH-
OH, TUPUOJOKCIH), ITyTEéM MOOUIM3AIINN MOHOB
Kaabius, peryasinnu gocdopuanpoBanus/
nedochopunupoBannsa CUTHATLHBIX OEJNKOB,
yepes peryJisiiiuio YPOBHSI TOPMOHOB, PeJlOKC-
COCTOSTHUSA RJICTRI W IPYrUe MeXauusmol [2, 3,
7,22, 23].

ObnapyreHo MHOKECTBO (DU3MOTOTHIECKIX
apderros AOK [3, 7, 10, 11, 13, 14, 20, 21].
ADK nupgynupyor TpaHCKPUITINIO PA3INIHBIX
reHoB u/uau GakTopoOB TPAHCKPUTIINH, Y4aCTBY-
10T B TTpOsTHpeparinm KIeToK, BHYTPUKIETOUHOT
KOMMYHURAINN W MeRRIETOYHON CUTHAIN3a-
. Tag, narrpumep, NO yuacTByer B peryssiiun
KPOBSIHOTO JIaBJIeHWsI, TOHYCA KPOBEHOCHBIX
COCYJIOB, pejaKcamumu MyCKYyJIaTypbl, KJIeTou-
Horo Merabonuama u ummynurera |7, 11, 24].
TepareBruueckoe feiicTBne HEKOTOPBIX JIEKAPCTB
MOJIHOCTHIO MJIM YACTUYHO CBA3AHO ¢ X BJIUs-
HUeM Ha TOT Ke BHYTPURIETOYHBIT CUTHAIBHBII
KacKajl, Ha KOTOPBII BJIMSET 9HIOTeHHBITT OKCH/T
asora. B nacrosiiee Bpemst 001enpu3Hano, uro
NO — s10 MHOTOpYHRIMOHATBHAS CUTHATbHAS
MOJIeKYJIa, aKTUBHAS BO BCeX OpraHm3Max — OT
Gaxrepuii 0 JKIMBOTHBIX 1 pacrennii. Pacrenns,
110 CPAaBHEHMIO ¢ JKIMBOTHBIMU, 00Ja1al0T 60JIb-
mum yncaom NO-renepupyrormux peariuii. NO
y4acTBYeT B PeryJisiiiii MHOKeCTBA IPOTeCCOB
pacreHuii (TPONM3MBbI, IIBeTeHUE, YCThUUYHbBIE
NBUKeHUs1, 00pasoBaHue KecujieMbl, hopMupoBa-
HIle KOPHEeIl, alalTuBHbIe peariun u 1p.) [25].

AODOHK yuacTByioT B TPAHCAYKITNN CUTHAJIOB,
MHUTITHPYIOTIIX TPOTPAMMIPYEMYTO KIeTOUHYIO
cmeptnh (ITKC). Cunraercs, uro curnan 1[TKC
mepeaéTess B MUTOXOHIPUH 1 BHI3BIBAET MOBHI-
menne rerepanu AOK [26]. AOK napymaior
IeJOCTHOCTH MeMOpaH, TpoBOIMPYIOT 06paszo-
BaHWe B HUX TI0P, 4Yepe3 KOTOpble B IINTO30.Jh
BBIXOJAT PAKTOPHI, AaKTHBUPYIOIIIE TTPOTeas3bl
(Kacmasznl), pazpyraoniue MUTO30IbHBIe OCTKH,
7 OHIOHYRJIeasbl, pazpytaioriie saepuyio [|HH.
C momorpio [THC MuOTORIETOUTHBIC OPTaHI3MBI
u30aBJISAIOTCS OT HEeIReJTATeTbHBIX W JTUITHIX
KJIETOK, (DYHKITMU KOTOPBIX SBJISIOTCS BPeMeH-

weiMu [27]. Opna s gpopm [TKC — amonros —
yaazsier ocaabaeHHbIe, TOBPeKRIEHHBIE 1T HEHY K-
Hble KIeTKN. B oprannsme uejoBeka anonrosy
esKeIHeBHO rmojBepraores o—7% kierok [3, 4].
Cniocobnoctb kietok renepuposarb ADK B 3ua-
YUTEJIbHBIX KOJNYECTBAX MI'PAeT BAKHYIO POJIb
B 3aluTe oT DAKTepuanbHON U BUPYCHON MH-
dermun [10]. Kar n y skuBorubix, Boiopoc AOK
Y pacTeHunii (peariius CBepPXUyBCTBUTETLHOCTH )
omocpenyercs HAJIDH-oxkcumaszoit m mpuBogmT
K rubeJin KIeTKu BMecte ¢ maroredamu [28].

AHTHOKCUAHTHASA cHCTEeMAa
JKUBbBIX RJICTOR

B xojie sBosonum aspobHbie OpraHu3Mbl
cosnanu anTuokcupantayio cucremy (AOC),
obecreunsaroryto yruansarmio ADK u zamury
or nx n3bprtka [29]. B mmpokom monumamnnn
AHTHOKCH/IAHTHI — BEIecTBa, ClIOCOOHbBIE 3aTOP-
MO3UTh WK TTOJHOCTHIO TTPEOTBPATHTH OKMCJIe-
H1e MOJIEKYJ OPTaHmdecKoi 1 HeOPranndecKon
pupopbl [30]. Crparerust aHTHOKCUIAHTHOM 3a-
AT BRITOYAET MHOKECTBO MeXaHu3MoB |3, 11].
R sum orHocsT karanurnueckoe ypanenne AOK
€ TIOMOTIBI0 epPMEHTOB (CYIIePOKCHUIINCMYTa3a,
Karajasa M Jip.), npejoTBpaiieHne mepeBoc-
cranoyenus nepenocunkos B T ¢ momoribio
pazobmaiommnx 0eJIKOB U /WM BOBJICUCHUSA
aJbTePHATUBHBIX ITyTell TPAHCIIOPTA DJIIEKTPOHOB,
a Taryke OEJIKOB, CBSI3BIBAIOTIIX MOHBI METAJLIOR
(TparcdeppuHbl, aTbOYMIH, METATIOTHOHNHbBI
ujip.). Basgmyio posib urpaer aaiura OnoMoIeRy.1
OT OKMCJICH NS ITYTEM CBSI3BIBAHUS MX ¢ OeITKAMI-
manepounamu. llomoskurenbuoe peiicreue
okasbiBaer pusnueckoe rymenne ADK, nampu-
mep, Tymenne 'O, KapoTHHOMIAMI. SaIITHYIO
(OYHKI[MIO BBITIOJHAIOT TaKWe BelecTBa, Kak
acropbar, rayratnoH, Tokogepos, arbOyMuHbI.
Pearupys ¢ KucjopogHbiMu pajinkagiaMu, OHE
npeporsparniaior arary ADK KU3HEHHO BasKHBIX
ouomomeryn. [lomomuTebHYIO POJIb UTPaET
KJIeTOYHAST KOMITAPTMEHTATST, CIIOCOOCTBYIOTIAS
pasnenennio ADOK u npookcuanTos, Harpumenp,
nonos skenesa n H,0,. K antnokcngantioii 3a-
IIUTE TAKKE MOYKHO OTHECTH CUCTeMbI perraparini
KJIETOYHBIX CTPYKTYP M OMOMOJICKYJI, MO/Bepr-
muxess okucJanTeNbHoMy nospesaennio ADK.
Mexanusmbl, KOINYECTBEHHBIIT I KAYECTBEHH I
€OCTaB KOMITOHEHTOB aHTHOKCUIAHTHOM 3ATIIUTHI
3aBHCST OT TUTIA TKAHEN M KIeTOK, BHYTPEHHIX
1 BHEMTHUX (PAKTOPOB.

Boicorkomoaeryasipubie (pepmenTabie)
AHTHOKCHIAHTHI XapPaKTePU3ylTCsi BICOKOT
crenu@UUIHOCTHI0O K (DOpMe aRTUBUPOBAHHOTO
RHUCIOPOfia M CTPOTOI JIOKAIM3armell B KIeTKe.
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K unm otHocsT cynepokcuyieMyrasy, Karaaasy,
nepokcugasbl, Bce epMeHTH ackopbar-
IJIyTaTHOHOBOIO IUKJIA, & TAKKe TpaHcdepasbl.

Cynepoxcumnuemyraza (SOD; KD 1.15.1.1)
neiirpanusyer O, B peakiuu qucemyranu jo O,
1 H,0,. Depment KOHTPOINPYeT KOHIIEHTPATINIO
0,”" u H,0,, apnsionuxcs cydberpatom obpasosa-
nust HO®. 9ro pestaer SOD 1ieHTpaibHbIM 3BEHOM
3ATATH KICTOK JKIBOTHBIX 1 pacternii or ADKR
[11, 31]. O zammrHoit poaun SOD cBupmerenn-
CTBYIOT MHOTOUMCJICHHBIC JIAHHBIC, TTOJTy4eHHbIe
Ha CTPeCCUPOBAHHBIX pacteHnsaX [32—34] u wu-
BotHbIX [3, 11]. B mocnepnmee Bpems ormevaercs
GOJIBIIOI MHTEPeC K M3YYEHUI0 MOJEKYJISPHBIX
MEeXaHM3MOB peryasinu n QyHKIMOHAIbHOI
B3aMMOCBS3M aKTUBHOCTI (DepMeHTa ¢ IPyrumMu
rommorenTamMmu AOC. Hamun Ob1iin BuISBICHBI
CUHXPOHHBIE M3MEHEHIsI IKCIIPECCUN MeHOB
U aKTUBHOCTU aHTUOKCHUIAAHTHBIX ()ePMEHTOR
(CYHepoOKCUINCMYTa3bl, IEPOKRCUIA3HI, KaTaia-
361, PePMEHTOB AaCKOPOAT-TIIYTATHOBOTO TINKJIIA ),
HarpasjieHHbie Ha KOHTpob yposis 0,7 B kier-
Kax 3eJeHCeIOLMX [IPOPOCTKOB IIIeHuIbl [3D].

B ssomonnonnom nnane SOD — koncep-
BATUBHBIN OEJOK, IPUCYTCTBYIONUI TOYTH Y
Bcex aspoOHbIX oprannsmoB. Mzopopmer SOD
pPasaNYaloTCsl 10 METAJLTY B €10 aKTUBHOM I1eH-
Tpe, MOJIEKYJISIPHOIT Macce U MecTy JIOKaIu3alInm
B kaerke. Cu/Zn-SOD cocrour u3 nByx cyonb-
eMMHUIL ¢ MOJTERYIAPHOT Macconn 32—34 r]l,
Kasgmas comeps:kur no ogaomy aromy Cu?*
n Zn*. MepMeHT TMPUCYTCTBYET BO BCEX dyKa-
PUOTHYECKIX KJIETKAX M HEKOTOPHIX DAKTePUSIX.
B skuBOTHBIX KiIeTKax OH JOKAJIM30BaH B I[UTO-
30J1e, MUTOXOHJIPHSX, IN30COMAX, MePOKCUCOMAaX
usizpe |3, 9], B pacTuTeIbHBIX — B XJIOPOILIACTAX,
IUTO30Jie, TTePOKCHCOMAX, MeRMeMOpaHHOM
MpocTpaHcTBe MUTOXOHAPUIl 1 anormiacre [31].
Mn-SOD snorkanusyercs npenMyiiecTBeHHO
B MUTOXOHJIPUSIX, Y HEKOTOPBIX 36JIEHBIX BOJOPOC-
neit (Chlamydomonas sp.) depmMerT odHAPYIKEH
TaK)Ke B IUTO30Je, TIEPOKCUCOMAX U XJIOPOILIa-
crax. Mn-SOD 6axrepnii mpecraBiena roMoIn-
MepOM, PaCTeHU I 1 }KUBOTHBIX — T€TPAMMEPOM
¢ MoJieRyJisipHOT Maccoit 46 k/la n 92 k/la coor-
BercrBenno. Fe-SOD — romonumep ¢ MoJieRyJIsIp-
Hoil Maccoil 36—46 r/la, kasknas cyobeguHuIa
coftepskuT atom skesesa. MepMent npucyrTcryer
y ITPOKAPHUOT, BOLOPOCJICIT 1 BLICIIINX PACTEHMIA,
HO He 00HAPYsKeH Y JKUBOTHBIX. Y pacTeHunii o
JOKAJIN30BaH B CTPOME XJIOPOIJIACTOB M 3aTli-
mfaer ayraeoruasl ot ADOK,

Raramaza (CAT; KD.1.11.1.6) — remcopep-
JRATNIT PePMEHT, IPUCYTCTBYET HPAKTUYECKIT BO
BCEX KJIeTKaX adpoOHbIX opraHn3mMoB. Mexanmuam
merictBust CAT cocrout B pasiioseHnn JByX

moseryn H,O, ¢ soigenenuem O, u H,O [36].
B skmBoTHBIX 1 pactutesbHbiX KiaeTkax CAT
JIOKAJIN3YeTcsi TPenMYyIecTBEHHO B TIEPOKCH -
comax, renepupylomux H,0, [3]. Cogepsanne
(epmeHTa B MUTOXOHIIPUSIX, XJIOPOILIACTAX, DH-
MIOTJIA3MATIHYECKOM PETHKY/TyMe He3HAUNTeTbHO.

Ileporeunaser (PX; KO 1.11.1.7) — rpyn-
na ¢epmentos, Boccranasansaomunx H,0, no
Bojibl [30]. OHM BRITIONHSIOT TAKKe PAJ| JIPYTUX
BaykRHBIX pyHrImii. Hampumep, tupoupnas me-
POKCHIa3a sKUBOTHBIX YYACTBYET B 00pazoBaHUN
TUPOUIHBIX TOPMOHOB, & MUEJOMEPOKCH/a3a
ABJISIOTCS 4acThio aHTHOAKTePUAIbLHOTO MeXa-
nuama paroruros [11]. [iryratnonnepokcngasa
(GP) xoportiio obe3BpeskBaeT JTUTTHHBIE TTepe-
Kucw, nperpamias reMm cambimM peariuio [TOJ.
Pasnaras H,0,, GP 3amuiaer spurponurst
ot 0Opas3oBaHusi HECITOCOOHOTO TepeHocuth O
MeTreMOr100nHa.

B pacrurenbHbIX KIeTKaX MPUCYTCTBYET
MHOsKecTBO neporengas [30]. Ounm yuactByior B
nosimMepusaini GeHoa0B, 00pasoBaAHNN JTUTHI-
Ha, CO3PeBaHNN IJI0/[0B, MeTabosn3mMe Gurorop-
MOHOB, 3aIIUTHBIX PEAKIMAX [IPOTHUB ITATOTCHOB.
Opmako nanbosiee BayKHON PYHKITIOIT pACTUTOTh-
HBIX TIePOKCH/Ia3 SIBISETCS KOHTPOJIb 1 PeryJisi-
nust yposus ADHK. B kavectse oHOpoB diiek-
TPOHOB OHU WCIOJIL3YIOT pa3Hbie cyOCTpaThl —
ACKOPOMHOBYIO KUCJOTY, TJIyTaTHOH, (DEHOJIbI,
apoMarndyecKkue KicaoTbl. AcKopOariepoKcniasa
(APX) cunraercs ofHUM 13 Hambosee MIPOKO
pacipocTpaHéHHBIX AHTHOKCHAHTHBIX (DepMeH-
TOB PACTUTEbHBIX KICTOK, SIBJISETCS OCHOBHBIM
depmenrom, yrunnsupyomum H,0, B xm0po-
mwiracrax [12, 36]. I'BasgkoaoBbie HEePOKCUIA3DI,
HCIOJIB3YIOIIe B KauecTBe cyberpara heHob-
HbIe COeMHEH NS, YIaCTBYIOT B TUTHU(PUKAIIT
KJIETOYHOI CTeHKN, OMocuHTe3e dTUjIeHa, 3a-
JRIBJIEHNN PaH. Y CUIeHne epoKCUIa3Hoil aKk-
TUBHOCTU OTMeYaJIi MPU JIefiCTBUN MHOJKECTBA
crpecc-parropon |30, 36—38].

HuskomosneKkyasipHbie aHTHOKCHUIAHTHI.
Rnerkn copepskar BerectBa, criocoOHbIe WHTH-
OupoBaTh MPoIecchl CBOOOIHO pPajlKaibHOTO
OKMCJICHIST MAKPOMOJIEKYJT ¢ 00pazoBaHeM Me-
Hee TOKCHYHOTO TPoyKTa. K HuM oTHOCAT acKkop-
OMHOBYIO KUCJIOTY, KAPOTHHOUBI, O-TOKOMepoI,
DJIYTATHOH, MPOJINH, caxapa, coeinHenus ge-
HOJNBHOW TIPUPOLI, ToanaMuubl u ap. |3, 11,
30, 39].

Acropbar (Asc) — ackopOuHOBasi KucJa0Ta
(Buramun C), sABasercs nandosee pacpocrpa-
HEHHbIM aHTHOKcupanToM. OH Jerko oTgaér
DIIEKTPOHBI B psifie hepMeHTATUBHBIX 1 Hedep-
MEeHTaTUBHBIX peariuii. O0pasywomuiics mpu
ORUCICHUN ASC MOHOJIEIMIPOACKOPOAT pajinKai,
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obJsrajiaeT HU3KOM PearIMmOHHON ¢IT0COOHOCThLIO
[40]. Pacrenust m MHOTHE 3KUBOTHBIE MOTYT CHUH-
Te3npPoBaTh ASC 13 TJIIOKO3bI, HO Y€JOBEK 1 TP -
MAaThl TIOTEPSIN TY CIIOCOOHOCTh U HYJKIAIOTCS
B ero mmoayuernn us nutn |3, 40]. Asc asasercs
Roarropom psmga GepMeHTOB, YUacTBYIOTINX
B O1MOCHHTe3e KoJjlareHa, HopajpeHaanta, Kap-
HUTHHA U JPYTUX BayKHBIX IS YeJ0BeKa MeTa-
oonuros [11].

B pacrurenbubix kierkax Asc cayskut cyo-
crparom mist APX. Crocoben BAuMATL HA CUT-
HaJbHbIE ITYTH Ba;KHENTIIX MOJLYJISITOPOB CTPECC-
curnanioB u guroropmonos (ABK, stusen, skac-
MOHOBasi KNCJIOTa, '1OOePeJITTNHbI, CATNIIIOBas
RUCTIOTA), PETyJINPOBATHL CHHTE3 aHTOIMAaHOB |41,
42]. O6opoT Asc B pacTuTe/IbHbIX KIeTKaX OUeHb
BBICOKMII 1 cocTaBister nopsaka 2% B uac [43].

Fnyrarnon (GSH) — nebosbmioit Tpumner-
TU, COCTOSIINI N3 aMUHOKKICIOT IJIyTaMara,
muerenHa u raniuHa. fIBassach qoHopom diek-
TPOHOB 1 atoMoB Bojopoja, GSH ueiirpanusyer
A®DRK, paspymaer mepexkncHbie COeIUHOHNA,
cTabmim3npyer MeMOpaHHble CTPYKTYPBI, yua-
CTBYET B ITPOIECCaXx, CBA3AHHBIX C POCTOM 1 pa3-
BUTHEM pacTuTeTbHbIX opranuamon [44]. GSH
peryiampyer nepenady CUTHAJIOB, DKCIIPECCHIO
MHOJKeCTBA YYBCTBUTEJIbHBIX K CTPECCY I'eHOB,
KOH'BIOTAIINI0 MeTab0IUTOR, IETOKCUKAIIIO KCe-
HOOMOTUROB. MI3MeHeHe COOTHOTIIeHU ST MEsKTY
BOCCTAHOBJEHHOI U OKUCAeHHOU dopmoii
DIIYTATHOHA CJYKUT XapPaKTePUCTUKOM PelOKC-
cocrosaus Kietku. [ledpunur royrarnona y ye-
JIOBeKa — JIOBOJIbHO pejikoe sijieHue [3]. Bos-
HITKaeT B pe3yabraTe HOKAYTa TeHOB, TPOTYKTHI
KOTOPBIX YUACTBYIOT B cIHTe3e 1 MeTaboan3mMe
GSH. C nepuniurom riryratnoHa accornmumpyercs
psf naroaornii (MMMyHOIeUINAT, IITPPO3 TTeve-
Hu, musodpennst) [10].

Buramun E (B-rokodepon) — rpynna jan-
NoPUIbHBIX AHTHOKCHUIAHTOB, SBJISIONIXCS
spdpertuabivMu TytuTessamn AD K u tummgabx
pagnkanon |3, 30, 45]. Torodeponan mupokro
MpecTaBieHbl B PACTUTEILHOM U 3KUBOTHOM
Mupe, OJJHAKO CUHTE3UPYITCS TOJIbKO $OTO-
CUHTETHKAMU U ITOMAJAl0T B OPraHN3M Ye0BeKa
u sxuBoTHLIX ¢ nuiiei [30]. Haubosee 6oraTo
Torodeposamu HepadUHIPOBAHHbBIE PACTUTETh-
Hble Macaa. Torodeposrsl MposBASIOT MeMOpaHo-
TPOTHOE ieficTBIE 1 CTa0MITN3NPYIOT KIeTOUHbIe
memOpanbl. VIx 3anmurHbiii adperr nokazan npn
PABIMYHBIX TATOJTOTMYECKUX COCTOSTHISX, COTTPO-
Bosgnatoruxcs pazsurem OC [11]. Buramun E
CJIY}KUT OCHOBHBIM aHTUOKCUIAHTOM JIMIIOIIPO-
renHoB HU3KOI mioTHOcTH (JITIT), okmciennbie
(hopmMBbI KOTOPBIX y4acTBYIOT B (DOPMUPOBAHIT
arepocriepornueckux oasmer [7, 10].

Raporunonner (K) — rpynma okparmenabIx
JINTOPUILHBIX TUTMEHTOB, T POKO PACIIPOCTPa-
HEHHBIX B TIpUpojie [46, 47]. Onu tokanmnzoBaHbl
B XJIOPOILJIACTaX M XPOMOTLIAcTaX pacTeHuil, mpu-
CYTCTBYIOT Y HEKOTOPbIX OaKTepuii, rpuboB, pbio,
nrutt. YemoBer nm smBoTHBIE TOTPedstioT K ¢ pac-
TuTebHON tuteil. VX KoHieHTpaius B opraHax
U IJ1a3Me 3aBUCHT OT COCTABA ITHIIH, CIIOCOOHOCTI
opranmnsma azcopbuposars K, cpejbl oburamms
[3, 11, 46]. OcnoBnast yacrs K maxopurcest B 3ku-
posoii Tkanu. Hampumep, KpacHoBaTo-KeEjThblii
OTTEHOK KU PA ARYTCKOI JIOIaj 1, 100bIBAIOIIE
KOpPM Ha XBOIIEBBIX TacTOUIAX, 00yCA0BIEH
HaKOTIJIeHIeM POJOKCAHTUHA — BTOPUYHOTO
RapotuHonsa pacrenunii Fquisetum variegatum
[48]. Raporuronp Ti0TEMH 1 3eaKCAHTIH TTPH-
CYTCTBYIOT B MaKyJIe I71a3, 3aIUIIast €6 0T BO3Jieii-
CTBUSI O11acHOTO yibrpaduoneroporo (YD) uzmy-
YeHUA 1 JIydell CHHel 4acTh COTHeTHOTO CTIeKTpa
[49]. B-kaporun siBsieTcs TpeIIecTBEHHUKOM
BUTaMuHa A (peTnHosa), BXOAUT B 3PUTETHHBII
MUTMEHT — POJIOTICHH, HEeOOXO[MUM JIJIsi pocTa 1
nuddepennuarnun kierok [H0, d1]. Buramun
A nposiBJisieT aHTHOKCUIAHTHBIE CBOICTRBA, HO
B BBICOKMX KOHIIEHTPAIMAX MOYKET BHI3bIBATH
oopazosanne AOK [3, 52]. Ilposisienne mnpo-/
AHTUOKCUIAHTHBIX CBOICTB KapOTUHOWUIOB in
vitro sasucut or kounenrpanun O, B cpese.

CrrocobHOCTh KapOTHHOWIOB B3aMMOJICT -
CTBOBATH 11 00€3BPEsKNBATH AKTUBHBIE PaJIITKAJIbI
oTmpefiesigeTcss HATUINeM JABOWHDBIX CBsA3eil B
MmoJsieryie [46]. B pacreHusix aHTHOKCH@HTHbBI I
appert K cazan ¢ ramennemM TPUILIETHOTO
xnopopura u '0, [53]. Kapormnoumsr Mmoryr
BJUATH HA CUTHATbHBIE MyTi. OHU TIOJ@BISIOT
MPOBOCTIANIMTENILHBII OTBET KJICTKU, CHUKAS
WHAKTUBAIUIO TPAHCKPUIIIIMOHHOTO (ParTopa
NF-kKB 1 MuToreH-aktuBupyeMbIX MpoTenHKM-
Ha3, YTO MPUBOJUT K YMEHbIIIEHNIO BbIPaOOTKNI
psifia IMTOKNHOB 1 Mefimaropa Boctasienust — NO
[54, 55]. llokaszano MOMOKUTETLHOE BIANAHIC
R ¢pyrokcanTinHa Ha MPOOIIKUTETLHOCTD FKIT3-
HU P30 Ui, MI0LOBUTOCTH MOJOJBIX CAMOK
U CIIOHTAHHYIO JIOKOMOTOPHYI0 aKTUBHOCTH CaM-
OB, & TAKIKE DKCIIPECCHUIO PSJIa TeHOB, YIaCTBYIO-
LIUX B CTPecc-oTBeTe KieTku [d6].

®enoabubie coegunenns (OC) — obmmp-
Hast IPYITa BemecTB apoMaTuaecKoi mpupojibl
¢ BBICOKOTI OKUCNUTETHHO-BOCCTAHOBUTEILHOI
ARTUBHOCTHIO. AHTHOKCcHaHTHBIE cBoticTBA DC
00YCJIOBJIEHBI HAJTMYMEM COeITHEHHBIX ¢ apoMa-
TUYECKUM SIZIPOM TUIPOKCHIIBHBIX IPYIIII, JIETKO
OTJIAIOTIIX ATOM BOJIOPO/IA IIPU B3AMMOJIeIiCTBI I
co ceobompivMu pagnramamu [30]. CraTesnpo-
BaTh apOMAaTUYECKIE KOJIbIIA CIIOCOOHBI PACTEH S
" MUKPOOPTaHu3Mbl. fHUBOTHBIE MOTYT TOJIHKO
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1peodpa3oBbIBATH Pa3Hble apOMaTHYeCKIe coe-
JMHEHNUsI, 32 UCKJIIOYeHneM YOUXUHOHOB U HC-
tporenoB [11]. B pacrenusx PC conepsrarcs
B 0OJBIMNX KoauvecTnax, 70 2% OuoMacesl, u
4acTo 00PasyoT KOH'bIOTaThl ¢ caxapamiu, KOTo-
pbie OBICTPO PACHICIISIOTCS B KUIEYHUKE de-
JoBeKa 10 Hernnkro3minposanubix opm. K OC
OTHOCSITCS (DIIABOHOU]IBI, IyOUJIbHBIE BEIIECTRA,
CJI03KHBIEe PN PBI THAPOKCUTITHHAMATA U JINTHIH.
Umerorest pannbie 06 nHAYKIUT HEHOIBHOTO
MeTabosIM3Ma y pacTeHnil B OTBET Ha MHOKECTBO
CTPeCcCOB, 0CO0EHHO M30BITOUHYIO MHCOJSTINIO
n YD-papnanuio [57, 58]. B onbitax ¢ rerinaHoi
KYJIbTYpOIl JINCTOBOTO cajiaTa HaMM TTOKa3aHa
BO3MOJKHOCTH yipaBienusi Harotiennem OC
n K myrém kparkospementoro (o 10 mum/cyr)
obnyuenus pacrennii YD-pagmanmein (280—
315 um) B reuenme 10 gredn [99].

DraBoHOU/BI CIIOCOOHBI BIAUATH HA TPAHC-
MYKIMIO CUTHAJIA, aKTUBHOCTh OEJIKOB CHUPTYH-
HOB, KOTOPbIE YYACTBYIOT B PEryJIsiiiiii 9HePreTi-
yecKkoro Mmerabosnama kierku u samuaior [[HK
or nospesgaennii. [lokasano, uro gaaBoHouIbI
AKTUBUPYIOT TPAHCKPUIIIMOHHBIE (DaKTOPBI
(FoxO u Nrf2), yuacrsytoniue B peryasmun
CTpecc-oTBeTa KJIETKU, HMPOABIASIOT Mepo- u
pajioIpoTeKTOpHY0 aktuBHocTh [60-62]. On-
HAKO IPU ONPeJeJEHHBIX YCJIOBUAX OHU (KaK
U JIpyrue HU3KOMOJIERYJIsIPHbIE aHTHOKCHU/IAHTHI )
MOTYT BecTu ce0st KaK HPOOKCH/AHTHI.

3ariaouenue

ADR, obpasyronimecs B pesyabrate dIek-
TPOHHOTO BO3OYKIAEHUS WU OKUCIUTE]bHO-
BOCCTAHOBUTENBHBIX TpeBpartenuit O, saBis-
10TCSL HeOOXOAMMOTl I HeOTheMIeMOi 4acThio
MeTaboau3Ma KUBbIX KJIETOK BCEX adpoOHBIX
oprannamoB. ADK xapakrepusyorcsi BBICOKOI
PearIMOHHOI CII0OCOOHOCTBIO I KOPOTKUM Bpe-
MEeHeM JKU3HMU, YTO 1103BOJISIET UM Y4acTBOBATH
B nepejiaue nH@OpPMAINN HA KOPOTKUE pac-
CTOSTHUS 1 PEryJTHPOBATh PA3JINYHbIe KJIeTOUHBIe
Gyuriun u mporeccbl. OgHAKO N3OBITOUHOE
nakommenne AOK omacno mas KiIeTku, Tak
Kak OIN CIIOCOOHBI B3aMMOIeICTBOBATL ¢ OMO-
MOJIERYJIaMU M WHYIIUPOBATH Pa3BUTHE OKUC-
auTeabHoro crpecca. llpuunnoii crpecca Moryr
ObITH HEOJATOTPUATHBIE (DAKTOPBI PA3ANUYHOT
npupobl (abuoTnveckme, GUOTHYECKNE, AHTPO-
MOTeHHbIe), HO B KOHEUHOM HTOTe KX JieiicTBIe
CBOJINTCA K HAPYIIEHUIO PeIOKC-0alaHca KIeTRI
U, KaK CJeJ[CTBUE, BCErO YHEPTO-TIacTHYeCKOro
merabonuszma. ¥ uvenoseka OC mpoBomupyer
pas3BuTne pasJanvYHbIX HaTOJIOI‘I/IfI, BbBI3bIBaAeET
cHIKeHne paboTococoOHOCTH, paHHee cTape-

uue u 1. 1. ¥ pacrennit OC napyimaer mporeccbt
pocTa u pasBUTHs, CHUMKAET TPOJYKTUBHOCTH
1 JRUBHECITOCOOHOCT. JTOMY ITPOTHBOCTONT AHTH -
OKCUJIAHTHASI CUCTeMA, TTO/IaBJISIONIAS TPOIECCh
¢BODOJIHO PaJINKATLHOTO OKUCJIEH U] MAKPOMOJIe-
KYJI U TIOBpesR/IeHIe KIeTOYHbIX cTPYRTYp. Hom-
norenThl AOC MHOTOUYNC/IEHHBI 1 PAa3HOOOPA3HHI,
BRJITOYAIOT (hePMEHTHI U HU3KOMOJIEKYJIsIPHbIE
BelmecTBa. SHAUNTEIHHYIO 9aCTh AHTITOKCITANT-
HBIX BEIIECTB YeJT0BEK MOTPedIIsIer ¢ MnIeil.

B nacrostiiee Bpemst horyc mo3HaHUs poin
AD®R Bcé bogbie cMeraercss B 001acTh pac-
Mu@GPOBKU MOJEKYJIAPHBIX MEXaHN3MOB UX
YUaCTus B TPAHCAYKIMY CUTHAIOB B FEHOM K-
BBIX RIETOR. MHOKATCS MTOTIBITKY TeHETHYECKIX
WHTEPBEHIINH 1 MAHUITYJIAINI ¢ KOMITOHeHTaM I
OKUCJUTEIbHO-BOCCTAHOBUTEIbHOI CHCTEM bl
RJICTOK JIJIS TOBBITMEHNSA YCTOMUMBOCTH OpTa-
HU3MOB K cTpeccam [63]. Oxmaro ermé ocraiores
HEIOCTATOUHO N3YICHHBIMI BOIMTPOCH KICTOUHOM
ROMTIAPTMEHTATINH W KOHIICHTPATINN PA3TMIHBIX
ADK, ux B3amMoieiicTBISA, BANAHIA TPOTYKTOB
peakiyun paznunuabix ADK ¢ buomosexkyramu na
merabosmam un orger AOC wierku. Baumanus
TpeOyIOT BOTIPOCHI, CBSAZAHHbBIC ¢ ITPOSBICHIEM
MPOOKCUAHTHBIX CBOICTB aHTHOKCU/AHTOB,
" PSAJL JIPYTUX ACTTEKTOB JIEHCTBUSA KUCTOPOHBIX
papnkasios, narrpumep, criocodroctn ADK, obpa-
30BAHHBIX B OJ[HON KJICTKE, OKA3BIBATEH BANAHIE
Ha cocefHme Kiaetku u tkann. [lonnmanne hyni-
nmonaanroi porn ADK, myreit mx odpasoBamnns
U YTHJIN3ATNN, BAUSAHIS HA COCTOSTHIE PelOKC-
Oasanca nmeer 6OJIbIOE MTPUKIAHOE 3HAYCHIE
Jist pazpaborku cioco0OB IPegoTBpaleH s
passutust OC B 3KUBBIX CHCTEMAX, OBBITICHUST X
YCTOMUMBOCTI K HEOJATOTPUSATHBIM BO3/ICHCTBI -
SIM CPeJIbl B YCJOBUAX YCUTCHUS DKOJTOTTUCCKOTO
npecca Ha OUOTY, BRIIOUAS YEJTOBEKA.

[Ipn coBpemMeHHBIX TeMIIaX PAa3BUTUSA TJIO-
6aJbHOTO HKOJOTMUYECKOT0 Kpuanuca ocoboe
3HaueHue npuodperaerT paHHsMSA JUATHOCTUKA
MOSIBJCHIST HAPYIIIeHNIT 9ROCUCTeM W X KOM-
nonenToB. [lo Hamemy MHEHNTO, OCHOBAHHOMY
Ha JuuHoM oribite [18, 35, 64—66] n ananuse
JUTePATYPHBIX JAHHBIX, COIePRAHE TPOTYKTOB
11OJI'm H,0,, aktusnocts SOD moryt npepcras-
JIATH OTPEeJEHHBIN NHTepec s O10TeCTHpo-
BAHUS COCTOSHUSA JKIBBIX O0HEKTOB (pacTeHwuil,
JUITANHUKOB, BOMLOPOCICIl, adpOOHBIX MIUKPO-
OpranusmMoB, 0ECII03BOHOYHbBIX JKIMBOTHBIX) TIPU
M3MEHEHWH CPEJIbl X OOMTaHWA. ITH TOKA3aTe 1
ABJATOTCA YHUBEPCATHHBIMI, & METOIBI OTIPefie-
JICHVIST XOPOITTO OTPAOOTAHBI M BITOJTHE [TOCTYITHBI.

Qunancuposanue padomsl 0cyuLecmMEALLOCH
yacmuuno 3a cuém cpedcme npoexma «Pomo-
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cunme3, dvlxanue u GuodInepzeMuKEa pacmenuil
u iomompogrolx opeanu3mnos (ghusuonozo-ouo-

rUMULECKUE, MOAECKYAAPHO-2CHEMULECKUE U KO-
aozuueckue acnekmst)» (pee. N 10210623 11434-4-
1.6.11;1.6.19).
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Industrial and transport emissions are the main sources of air pollution in large cities, causing significant risks to human
health. Minimizing risks requires information on the distribution and physico-chemical characteristics of emissions. Spatial and
temporal detailed data are required because the intensity and composition of emissions varies greatly with time of day and local
variations in wind, traffic composition and flow. There are modern mathematical models that simulate the behavior of emissions
from industrial plants and traffic flows with a high degree of resolution. The chemistry of the simulated emissions has also heen
largely resolved by taking into account photochemical reactions as well as dry and wet deposition processes. This review presents
concepls of urban air pollution monitoring, and analyses and summarizes new insights of real-time air pollutants concentrations.
This research is expected to open a door for creating smart cities and digital twins for effective management of environmental
risks in an urbanized area. The reviewed studies were classified by various modeling approaches such as statistical and analytical
models which give the best prediction results. We find that air pollution monitoring and assessment techniques for calculating air
concentrations were successfully used to study temporal and spatial changes in pollutant concentrations. In the same time, it is
impossible to create a universal analytical model for predicting the concentrations of pollutants anywhere and for any condition.
The outcome of this study will help engineers and researchers develop air pollution forecasts concept.
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ﬂpOM BIIIIJICHHOCTH 1 aBTOTPAHCIIOPT ABJAIOTCA OCHOBHBIMI NCTOYHUKAMM 3arpA3HCHUA BO3JIyXa B KPYIHbIX ropojax,
BbI3bIBasi 3HAUNTE/IbHBIE PUCKH JITISI 3[0POBbs yejoBera. MuHumusamus puckos trpedyer nHGopmMari o pacipejeseHnn
1 PUBNKO-XMMIUECKIX XapaKTepneTnkax Bpiopocos. Tpedylorces mopobHbie pocTpaHcTBeHHbIE I BPeMeHHbIe JJaHHble, 110-
CKOJIbRY MHTCHCUBHOCTb 1 COCTaB Hbl6pOCOB CUJIbHO BaPbUPYIOTCA B 3aBUCUMOCTN OT BpeMeHIN CYTOR 1 MECTHbIX M3MCHEHUI
cocTaBa JBMKeHMs 1 10ToKa Berpa. CyIecTBYIOT COBpeMeHHbIe MaTeMaTiniecKie MoJe/Ii, MOJIeTIPYIOIIIe [0BeJieHIe BIOPOCOB
HPOMBITIJIEHHBIX MTPEJIITPUATII U TPAHCIIOPTA € BBICOKOI CTEIIeHBIO pasperienst. XUMI4ecKnil cCocTaB CMOJIeIMPOBAHHBIX BbI-
OPOCOB TAKIKE B BHAYNTELHOII CTEIIeHN PeriéH 3a cuér yuéra JoToXnMUUeCKUX PeaAKIINil, & TAKKE [TPOIECCOB CYXO0ro U BJIAKHOTO
ocasxeHnst. B oGaope 1pejicraBieHbl KOHIENINN MOHUTOPUHTA 3arPSI3HEHST BO3/LyXa B TOPOJIAX, & TAKIKe TPOAHATIN3IPOBAHBI
1 000011IeHBI HOBBIE JIAHHbBIE 0 KOHTEHTPAIIAX 3arpsA3HNTe el BO3yXa, MoTydeHHbIe B pesRIMe peanbHoro Bpemenin. Oskujiaercs,
YTO HTO UCCICOBAHIE OTKPOCT JIBEPh JIJIs CO3[4aHNsA YMHBIX TOPO/0B 11 lLI/ICI)pOBbIX JIBOMTHIKOB JIJIsI E)Cl)(i)(‘,l{TIAHHOl‘O yipaBJjaeHud
AROJIOMMYECKIMI pUCKaMi B ypbaHusupoBanHoii 30He. [Ipoanainznpoantble HayuHbie paboThl ObLIN KIaccuOUInpoBaHbl Ha
OCHOBAHNT PA3TITIHEIX TOXO0B K MOJIETNPOBANNIO, TAKNX KAK CTATHCTIICCKIE T AHATNTIYECKITe MOJIENT, IATOTIIe HALTy -
IIre pe3yabraTbl IIPOrHO3NPOBAHUA. O’I‘MO‘{(‘,HO, 4yTOo pa(‘/‘léTH bl METO/Ibl OLICHKN 1 MOHUTOPUHTA KOHICHTPALINN 3arPA3HAIOIINX
BeIrecTs B arMocd)epHOM BO3J[yXe MOTYT YCIICITHO NCIIOTB30BATLCS /TSI BHISIBICHIS IIPOCTPAHCTBEHHBIX I BPeMEHHBIX 3aKOHOMep-
HOCTeI ITHAMITKI 3arpsi3HeHNsI TOPOACKOT atMocdepbl. B 1o jke BpeMst HeBO3MOKHO CO3[aTh YHIBEPCATLHYIO aHATUTHUECKYIO
MOJIeJIb A ITPOTHO3MPOBAHNA KOHIICHTPAlU i 3arpA3HAIOIINX BellecTB B JI IO6OM Mecre 1 i1 J I06th y(’,JlOBl/lfl. P(‘/Sleb’TaThl
ATOTO UCCJIEIOBAHIS TIOMOTYT WHKEHEPAM 1 NCCJIe[IoBATE/ISIM Pa3padoTaTh KOHIENIINIO ITPOTHO30B 3arpsi3HEH NS BO3JyXa.

Katouesobie crosa: maremarTnueckue MO, 3arpsA3HeHne BO3yXa, TUIILI 3arPA3HAIONIIX BEIECTB, METO/bl HKOJIO0-
UYECKOr0 MOHUTOPUHTA, KAUeCTBO BO3/LyXa.

27

Teopernueckas u npuriaagaas srogorusi. 2022. No 1 / Theoretical and Applied Ecology. 2022. No. 1




METO/10JIOTHISI 1 METO/bI UCCJIEJOBAHIIL. MOJIEJIN I ITIPOTHO3bI

28

The state of the surface layer of atmospheric
airis of great importance for the flora and fauna,
as well as for human health [1]. The deteriorat-
ing air quality in large cities is of particular
concern. Changes in the chemical and aerosol
composition of urban air occur due to anthro-
pogenic impact: emissions from industrial en-
terprises and exhaust gases from vehicles. Air
quality monitoring in an urban environment
can be estimated from air monitoring stations.
However, these point measurements may be in-
sufficient due to their low spatial representative-
ness. Tomonitor and predict the ecological state
of the city atmosphere, along with instrumental
studies, methods of mathematical modeling can
be successfully applied.

This review was prompted by the need to
better understand the main sources of air pol-
lution in large cities, especially at the scale of
individual streets. This is true for typical Rus-
sian large cities, which are characterized by the
location of large industrial enterprises in close
proximity to residential buildings, as well as
increased traffic density, for which the exist-
ing highways were not designed. Though in
many large cities there is a state air monitoring
network, but it is not sufficiently well distrib-
uted. Another serious problem is the inability
to determine the source of pollution leading to
exceeding the maximum permissible concentra-
tion (MPC). For example, Chelyabinsk showed
heavy air pollution, having about 30% of pollu-
tion days in the whole year when there are the
excesses of the established MPCs of air pollut-
ants [2]. The sources of pollution are not always
clear, but it is very important to know them for
making decisions to reduce the amount of days.
One solution could be to expand the monitoring
network by using low cost wireless sensors for
real-time air quality monitoring system [3, 4].
But currently there are only very few pollutants
that can be measured well without expensive
equipment [5]. In most cases, complex and
expensive physicochemical methods of analysis
are required. Therefore, modern scientific mod-
eling of emissions from industrial plants and
vehicles makes it possible to assess air pollution
in real time [5]. Air pollution models make it
possible to predict the situation through the
implementation of a scenario approach saving
the considerable expense of monitoring equip-
ment [6].

The aim of the present review was to focus on
the state of the science of modelling air pollutant
concentration from a large number of sources in
the urban environments.

Statistical air pollution models

The mathematical models can be generally
classified into statistical and analytical. Statisti-
cal models are a simplified mathematical repre-
sentation of the process leading to the generation
of the observed values of the variable of interest.
A statistical model can be used for simulation
that simulates the operation of a simulated
process. This allows you to artificially generate
new values of the studied variable, which have
the properties of real data.

In the literature, among numerous statisti-
cal approaches, there are two that are most useful
and often used to assess air pollution:

— simplified dispersion models, in which
the dynamic transfer equations are reduced to a
series of formulas;

— models based on GIS technologies.

Simplified dispersion models. Simplified
dispersion models (SDMs)represent an attempt
to reduce the complex dynamic equations inher-
ent in a true variance model to a simpler and
generally static form. Simplification is achieved
mainly by ignoring local, time-varying processes
that affect short-term concentrations of air pol-
lutants (for example, associated with changes
in meteorology), and instead models average
long-term patterns.

Among numerous examples of statistical
models, two are the most widely used in Europe:
the Calculation of Air pollution from Road (CAR)
traffic model [ 7] and the Design Manual for Roads
and Bridges (DMRB) model. However, they are
inevitably limited so that they are not designed to
deal with non-transport emissions, and in terms of
the number of sources and the ability to simulate
long-range transport of pollutants.

GIS-based models. Geographic informa-
tion systems (GIS) are important tools for air
pollution modeling. They are characterized by
the ability to extract and process spatial data
required as input to air pollution models and
then display the results of the models.

However, in recent years, GIS technology
has also been used to independently develop air
pollution models. One of such approachesisland
use regression (LUR) [8]. Itis based on empiri-
cally derived regression equations linking land
cover to measured air pollutant concentrations
at a number of monitoring sites.

Recently, an alternative to LUR modeling
has been developed using focusing techniques
in GIS [9].

In general, it should be noted that a dense
air quality monitoring network is required to
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develop a statistical model. These models find the
greatest application for the analysis of relatively
long-term (e. g., seasonal, annual) concentra-
tions of local pollutants. The main limitation
is that the models do not directly represent the
processes that determine air pollution.

Analytical models

Analytical models are functional relation-
ships: systems of algebraic, differential, inte-
gro-differential equations, logical conditions.
The construction of an analytical model for the
dispersion of pollutants in the atmospheric air of
cities is associated with certain difficulties. The
main problems of modeling the state of atmo-
spheric air are due to the complexity and inter-
connectedness of the processes of propagation,
dispersion and chemical transformation of the
components of impurities. The urban environ-
ment induces a complex flow field, which gen-
erates heterogeneity of pollutant concentration
fields and very strong concentration gradients
in certain streets or squares [10].

All scientific analytical models have limita-
tions of applicability due to different conditions.
The following types of analytical models can be
distinguished below.

Computational Fluid Dynamics (CFD)
models are able to explicitly resolve complex
air currents and dispersions induced by urban
obstacles. Computling domains range from a
fraction to one or two square kilomelers.

Analytical models provide better calcula-
tion results than statistical models. Let us
consider each type of analytical models in more
detail.

Mesoscale models. Mesoscale models are
mainly used in forecasting weather and other
climatic phenomena. The same can be used to
model air quality in cities.

By integrating the numerical mesoscale
modeling of the Weather Research and Fore-
casting (WRF) model and the parameteriza-
tion of information on urban development,
a large number of atmospheric air pollution
models have been proposed, such as the WRF/
LSM/ Urban modeling system [11], NU-WRF
model [12] and others. Also, the mesoscale ap-
proach included the formation of atmospheric
aerosols and chemical transformations with
their participation, which was implemented in
the WRF/ Chem—NCSU [13, 14] and WRF/
Chem—-ROMS [14] models. An example of the
use of mesoscale modeling taking into account
chemical transformations and aerosols is to

simulate atmospheric air pollution in Sydney
[15] within the framework of the Australian
government-funded project The Clean Air and
Urban Landscapes Hub.

Empirical models. Empirical models in-
clude the composition of regulated methods
and regulations, such as standard models de-
veloped at the Main Geophysical Observatory by
A.I. Voeikov. In Russia, to calculate the disper-
sion of pollutants , the OND-86 [16] method was
used (until January 1, 2018), and the MM P-2017
[17] method is used at present. Empirical mod-
els can bhe successfully used to analyze quasi-
stationary processes when the time of emissions
of substances exceeds the time of movement of
air masses in the analyzed area of space. These
models make it possible to calculate the field of
impurity concentrations for a given direction
and wind speed and a combination of meteoro-
logical parameters that is most unfavorable for
dispersion of impurities. But the models have low
accuracy due to too “rigid” structure and a large
number of accepted simplifications.

The numerous correction factors [18] do not
lead to an increase in accuracy. In addition, the
model is not applicable for forecasting in specific
weather conditions.

Parameterized semi-empirical models.
Micro-scale semi-empirical models, which are
currently considered as the most accurate ones
among those reflecting the situation of atmo-
spheric air pollution in the urban environment,
have been independently developed. Gaussian
models assume a normal distribution of impu-
rities along three axes. They have found great
practical application for local problems. Gif-
ford [19] proposed a scheme for determining
the variances of the Gaussians Diffusion Model
(GDM) in accordance with the Pasquill stabil-
ity classes. The model based on this scheme is
called the Pasquill-Gifford model. This model
was recommended in 1986 as the basis for the
creation of national local models in the TAEA
member countries [20]. On its basis, the NPO
Typhoon [21, 22] models have been developed for
radionuclides in our country. The disadvantage
of the GDM in comparison with the OND-86 is
the lack of a rigorous algorithm for selecting
meteorological conditions for normalizing one-
time concentrations to the maximum ones. The
advantage is the possibility of calculating under
actual weather conditions and calculating long-
term concentrations, including average annual
[23]. Basic equation of GDM composed of two
probability density functions of the normal dis-
tribution law:
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In world practice, the Gaussian model AER-
MOD is widely used [25], it is recommended by
the American Environmental Protection Agency
(EPA). Itis suitable for solving local problems at
adistance of nomore than 50 km from the source.
The model is successfully used to simulate at-
mospheric air pollution [24, 25] and has not lost
its relevance to this day. Currently, the model is
being supplemented with new approaches. The
hybrid model AERMOD LUR was also developed
[26]. A meaningful solution was obtained for the
emissions from the Pittsburgh steel mill. The
railroad was considered as an additional source
of pollution.

The EPA recommends the CALPUFF
computational complex for modeling the
distribution of impurities on a regional scale
[27]. Tt is based on Lagrangian—Gaussian

model (LGM):
oxp -2 ]
B 2|0,

1(z-0\ 1(z+HY
2{ o, 2\ o,

This model takes into account the height of
the source (H) and the average wind speed (u)
in the direction of the x axis, which leads to ob-
taining more reliable results in comparison with
GDM. The main disadvantages of the LGM is the
complexity of determining 6,0 , 0.

The model is widely used in Europe and Asia
[28, 29].

The Air Pollution Model (TAPM) [30, 31]
was proposed and developed in Australia. The
mean wind is determined for horizontal com-
ponents u and v (m s') from the momentum
equation and the terrain following vertical
velocity 0 (m s!) from the continuity equation.

The model is based on the solution of the
Euler and Lagrange equations for different
cases.

The Eulerian Grid Module (EGM) consists
of nested grid-based solutions of the prognostic
equation for concentration ¥, and is similar to
that for the potential virtual temperature and
specific humidity variables, and includes advec-
tion, diffusion, and terms to represent pollutant
emission S and chemical reaction R :

g(x, y,z)=

Clx,y,2)= 905 n2),
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The Lagrangian Particle Module (LPM)
can be used on the innermost nest for selected
point sources to allow a more detailed account
of near-source effects, including gradual plume
rise and near-source dispersion.

In the vertical direction, particle position is
updated using:

’ ’

o ficle . . .
pariicl —6°"+6" 40 5
dt
where 0 is the particle position in terrain

particle

following coordinate 0°, is the mean ambient
vertical velocity, 0*” is perturbation of vertical
velocity due to ambient turbulence, 6*7 is per-
turbation of vertical velocity due to plume rise
effects.

In order to calculate total pollutant con-
centration for use in chemistry calculation
and time-averaging, particles are converted to
concentration at grid points of the EMG using
the equation for concentration increment of a
particle at a grid point:

A rl
Ay = exp| — 2).
x 21‘[1_6_‘3 Az p[ 20 f ] (2)

The model takes into account photochemical
reactions, dry and wet deposition, urban develop-
ment, terrain and can be adapted for real-time
modeling.

In the technical description of the model
[31],itis noted that the model consists of plug-
ins, each of which is responsible for the influence
of certain parameters. There is also a fairly de-
tailed block diagram describing the connection
sequence for each of the modules, as well as a list
of numerical methods used to perform calcula-
tions on the model.

This approach to identify the source of pollu-
tion was used in Karabash, Chelyabinsk region,
Russia [32].

Most of the TAPM publications were used for
Southeast Asia and Australia regions [33-36].
The calculation accuracy has been improved
using TAMP with the chemical transport model
(CTM) [35].

The first serious attempts to account urban
building were made in parametrized semi-
empirical models developed since 2000, such as
OSPM [37], SIRANE [38] or ADMS-URBAN
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[39]. Street-scale systems were applied in Ma-
drid [40].

Computational Fluid Dynamics models.
Computational Fluid Dynamics (CFD) mo-
dels are able to explicitly resolve complex air
currents and dispersions induced by urban
obstacles using this resolution over compulta-
tional domains that range from a fraction to one
or two square kilometers [41-44]. CFD—based
models use high-resolution emission estimates
from microscale emission models. However,
for real applications (air quality assessment,
network design, micro-level air pollution abate-
ment strategies, etc.) they lack the computing
power. It is impossible to use them to simulate
long periods.

In a number of studies by Russian scholar
[45], the Navier-Stokes equation was used for
mathematical modeling of atmospheric aero-
dynamics and the propagation of pollutants over
acomplex underlying surface, the Poisson equa-
tion was used to take into account the pressure,
and the pollutant was described by the diffusion
equation, the source was taken to be linear (Kar-
madon Gorge).

Conclusion

Analysis of mathematical models of atmo-
spheric dispersion showed that the most known
modern models are designed to solve narrow
problems. To improve the accuracy of calcula-
tions, models often include several submodels
and form complex systems of software com-
plexes. Many modern models contain elements
of various previously studied models. They are
hybrid varieties of existing ones. The complica-
tion of models by introducing a large number of
variable factors and requires significant software
resources and training of highly qualified spe-
cialists. Thus, new universal software complexes
are greatly needed.
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The development of new technologies and improvement of existing ones for the restoration of oil-contaminated lands,
the neutralization and disposal of oil drilling waste are important measures to solve environmental problems. Bioassay is
successfully used to determine the danger of pollution of environmental objects by oil and oil industry wastes. With the
help of biotests, it is possible to assess the state of contaminated objects, which is not always possible to do by chemical-
analytical methods, considering the complex chemical composition of petroleum hydrocarbons. An analytical review
confirms the need to develop a biotesting system to assess the state of ecosystem components in the event of oil pollution
and to determine the effectiveness of measures to restore them. Taking into account the nature of the pollution, presented
in the article by a number of provisions on the chemical characteristics of petroleum hydrocarbons and the duration of the
recovery processes, bioassay should be carried out at each stage of the reclamation process, in dynamics. Determination
of the degree of neutralization of contaminated objects consists in a step-by-step transfer of the hazard level from a higher
class to a lower one. Bioassay, in this case, remains a mandatory method for determining the total toxicity. In the course of
sample preparation for biotesting, it is advisable to consider the possibility of increasing the bioavailability of hydrocarbon
components. A prerequisite for the use of biotesting is the use of eluate and contact approaches. The main methods that
can be included in the abbreviated scheme for determining the efficiency of remediation of oil-contaminated objects can
be considered the method of biotesting using hydrobionts in the eluate (water extract) and phytotesting performed using
the contact and eluate approaches. The battery of biological tests included in the extended scheme should be developed
taking into account the specific case, taking into account the specifics of the ecosystem components, soil and climatic
conditions, the methods of reclamation used, etc. The strategy for the development of biotesting is closely related to the
solution of issues on the assessment of the real danger of oil pollution and the neutralization of oil drilling waste, which
are among the priority ones.

Keywords: bioassay, phytoassay, drilling slurries, reclamation, hazard class.
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34

Paspaborka HOBBIX 1 COBEPIIEHCTBOBaHIE CYIECTBYIONUX TeXHOJIOIHIT 110 BOCCTAHOBIEGHIIO HeTe3arpss3sHEHHbIX
3eMelib, 00e3BpeskuBanne 1 yrunnsanns HedredbypoBbIX OTX0J0B — BayKHbIE MEPBI 110 PEHICHNIO HYKOJOTMYECKNX PobIIeM.
Buorecrnposanue ycremno IpuMeHseTcs JJisl OIPee/eHIs OIIACHOCTH 3arPsI3HeHIs 00LEeKTOB OKPYIKAIOIIEI Cpejibl
HedThIO 1 oTXOAaMU HeTAHOI 1poMbinTeHHOCTH. C TOMOIIBI0 OHOTECTOB MOYKHO OIEHUTH COCTOSIHUE 3arps3HEHHBIX
00HEKTOB, UTO He BCerjia BOBMOKHO CleJaTh XHMUKO-aHAJINTHYECKIMI METOJLaM I, YUNTBIBAS CITOMHBIIT XUMIUUECKNIT cOCTaB
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HeTAHBIX YITIEBOOPOIOB. AHAINTHYECKUIT 0030 MOATBEPIKAALT HeOOXOAUMOCTH pa3paboTKi clCTeMbl O110TeCTH POBAH IS
TS OIeHKI COCTOSTHIS KOMIIOHEHTOB KOCHCTEMBI B ciiydae Hepresarpsasnents n onpepenerns s3p@erTuBHocTn Mep 1o
ux BoccTanoBiennio. llpunnmas Bo BHUMaHMe XapakTep 3arpsA3HeHns, PeJICTaBIeHHbBII B CTaThe PAIOM MOJOKEHUIT 110
XUMUYECKOI XapakrepucTuke HeTsHbIX YIJIEBOAOPOIOB I JTTUTEILHOCTD IIPOIeCCOB BOCCTAHOBICHMSI, GnoTecTupoBaHue
cJlejlyer TpOBOJIUTL HA KayKJOM ATalle Mpolecca peryJabruBaiii, B AuHamuke. OnpejeseHne crerieHn 00e3BpeskiBaHmsl
3arpsASHEHHBIX 00BEKTOB 3aKII0UALTCS B MOITATTHOM MepPeBOjie YPOBHs OTMACHOCTH 113 Gojiee BHICOKOTO Kaacca B Golee
Hu3Kuii. Bruorecruposanue, B JaHHOM caydae, 0cTaéTest 00513aTesIbHLIM METOJIOM OTIpejie/ieHIsi CyMMapHOI TORCUYHOCTH.
B xope npo6omoproroskn obpasia st 6u0TecTHPOBAHUS 11e1ec000Pa3HO PACCMOTPETh BO3MOMKHOCTL YBeJMYeHUsI
OMOJOCTYITHOCTH YTITeBOJOPOIHBIX KOMIOHEHTOB. O0s13aTe/IbHBIM YCJIOBIEM HPUMeHeH!si OMOTeCTHPOBAHNS SBIISETCH
MCII0JIb30BAHUE DJTI0ATHOTO 1 KOHTAKTHOT'O 110/1X0/10B. OCHOBHBIMY METOfIaM U, KOTOPbIE MOT'YT BXOJIUTH B COKPAIIGHHYIO CXEMY
onpesenerust 3OeKTUBHOCTH peRyIbTHBAIINN Hehre3arpss3HEHHBIX 00'bEKTOB, MOKHO CUNTATHL METOJi GIOTECTHPOBAH ST
¢ MCMOJIb30BAHIEM TUAPOOMOHTOB B djfoate (BOJHAA BBHITSAMKKA) 1 (PUTOTECTHPOBAHNE, BHITOJHEHHOE ¢ PUMEHeHNeM
KOHTAKTHOTO 1 HJI0AaTHOTO 110/1X0/toB. barapest 61osornyeckix TecToB, BXOJSAINIUX B PACIINPEHHYIO CXEMY, 0JI3KHA ObITH
paspaborana ¢ yaéToM KOHKPETHOTO CJIydast, yYuThiBast el uKky KOMIIOHEHTOB SKOCHCTEMbI, [I04BEHHO-KIMMATHYECKIX
YCJIOBUIL, NCTOTB3YEMBIX CI10C000B perynbTuBar n ap. Crparerns pasBuTus 0OMOTECTHPOBAHUS TeCHE M 00pazom
CBsI3aHA C PEIIeHIEM BOIIPOCOB 110 OI[eHKEe PeaIbHOIl oracHOCTH HeTAHBIX 3arpsi3HeHn il 1 06e3BpesRuBanmnio HedTedypoBbIX

OTXO/IOB, OTHOCAIINXCA K YUC/TY HPUOPUTETHBIX.

Karouesste crosa: Guorectupopaniie, GUTOTECTUPOBaHIE, OTXO/bI HedTe0ObIBAIOIIEIl TPOMBIILIEHHOCTH, PEKYJIb-

TUBaIMsA, RJIacC OIacHOCTU, D9KOTOKCUKOJIOIMA.

According to the official statistics of the
Ministry of Energy of Russia, the level of oil
production in 2020 amounted to 512.8 million
tons [1]. The process of self-cleaning of natural
objects takes quite a long time, especially in
extreme climatic conditions [2]. In this case, a
special protective function is assigned to soils,
in connection with which the use of biotesting
methods for assessing the integral toxicity of soil
samples is an urgent issue.

Monitoring and control of the remediation
process is important at all stages, and assess-
ment of the state of oil-contaminated soils is
possible using biological methods. When car-
rying out biotesting, it is necessary to take
into account specific methodological nuances,
which are not always clearly spelled out in the
methodological recommendations. For example,
the death of Daphnia in a water extract from the
waste, established within 48 hours, may not ex-
ceed 10%, but the morphological state of the test
object indicates a significant negative impact:
individuals of Daphnia are smaller than in the
control test, their trophic activity is minimal,
and only with a longer exposure (96 h) leads to
the death of the test organism [3].

The system of biotesting methods for assess-
ing the effectiveness of methods for reclamation
of soil contaminated with oil and waste from the
oil industry, first of all, includes a set of biotests
recommended by the regulatory document for
determining the hazard class of waste (SanPiN
2.1.7.1386-03), but even for them there are nu-
ances that associated with the specificity of the
pollutant, which should be paid attention to.

The toxicity of soils, determined by the phy-
totesting method, directly in the soil is higher
than the toxicity of aqueous extracts from the

same soils [4]. The purpose of the review is to
summarize the available experimental data on
the effectiveness of using biotesting methods
to establish toxicity in environmental objects
during the remediation of oil-contaminated
ecosystem components.

Objects and research methods

This review uses publications of both domes-
tic and foreign authors (57 sources), covering
the time period from 2000 to 2021. Relevance
ininformation search was obtained by accessing
the following scientific search engines: Russian
scientific electronic library eLIBRARY.RU,
Google scholar, Scopus/ScienceDirect. Foreign
scientific electronic resources: Elsevier, Spring-
er, ResearchGate, PubMed, Mendeley were
searched by keywords and phrases: “bioassay”,
“drilling slurries”, “reclamation”, “pollution
of oil products”, “bioassay of oil-contaminated
soils”.

Chemical components of oil affecting the
toxicity of oil-contaminated samples

Petroleum hydrocarbons, represented by
persistent organic pollutants (POPs) and poly-
cyclic aromatic hydrocarbons (PAHs), have a
serious impact on the environment, polluting
soil and water, and pose a threat to both humans
and ecosystem components as a whole [5]. Of
the entire list of PAHs, as a rule, only benzo|a]
pyrene is standardized, which is a carcinogen and
belongs o the 1st hazard class. However, this
PAH has poor solubility, and chemically more
active and readily soluble PAHs are not taken
into account in Russian regulatory documents
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[6]. Thus, the toxicity of petroleum products is
determined by the hydrocarbon composition,
and the toxicity of a mixture of hydrocarbons is
higher than that of its individual components
[7]. On the one hand, these provisions force the
development of biotesting methods that allow
determining possible toxic effects [8] and, on the
other hand, resort to the use of sample prepara-
tion techniques for biotesting with possible pre-
liminary dissolution of the organic compounds
present, thereby increasing the toxicity index of
the sample [9].

Alkanes, naphthenes and aromatic compo-
nents can be processed by microorganisms, and
the lighter fractions of these compounds can be
completely degraded. Cyclic hydrocarbons are
heavier fractions that are resistant to bacterial
attack [10]. In connection with these provisions
on the characterization of hydrocarbon pollution,
the battery of biotests is expanding, bacterial
test systems are widely used [11]. In addition
to hydrocarbon pollution, during accidental oil
spills, readily soluble mineral salts are often
supplied to the soil, which are present in crude
oil in the composition of formation waters and
can also have anegative impact on biogeocenoses
[12,13].

The study of the composition of organic
compounds contained in oil sludge, which is nec-
essary to determine the toxicity of these samples
[13], can be performed at the final stage, based
on the results of biotesting, which will signifi-
cantly reduce the time and financial costs for the
chemical analysis of hydrocarbons.

Bioassay as a stage of control of efficiency
of recultivation of oil-contaminated areas

In soil remediation, the following methods
are used: mechanical, physicochemical, agro-
technical, microbiological, phytomeliorative
[14]. The goal of reclamation is to reduce the
oil content in soil and water to safe concentra-
tions. Land reclamation should be carried outin
accordance with Russian State Standard GOST
R 57447-2017 in two main stages: technical and
biological [15]. This indicator acts as the main
and fundamental criterion after reclamation and
other restoration work [16]. Determination of
the mass fraction of petroleum products in soils
according to the regulatory document PND F
16.1:2.2.22-98 is relevant, but the expediency
of referring to this indicatoris justified provided
that the main volumes of the liquid fraction of
petroleum products are removed, in cases of
monitoring the effectiveness of reclamation, de-

termining further stages of disposal of contami-
nated samples or the way of operation contami-
nated object. When quantitatively assessing the
level of oil pollution, the fluorimetric method is
widely used using the Fluorat-02 liquid analyzer
(PND F16.1: 2.21-98), as well as the methods of
gas and gas-liquid chromatography [17].

Another widespread and promising reclama-
tion technology is bioremediation. It is a process
in which bacteria, fungi and plants decompose,
transform and help remove pollutants while
maintaining the integrity of the ecosystem. An
increase in microbial density through the intro-
duction of organic substances (compost, sewage
sludge, etc.), promotes the acceleration of the
decomposition of pollutants. Bioremediation can
be carried out using biostimulation of aboriginal
microflora or by introducing specialized micro-
bial preparations designed to cleanse polluted
ecosyslems [18]. Preparations, ameliorants and
materials used in this technology are prelimi-
narily evaluated in laboratory conditions using
biotest cultures [19].

Not all chemically hazardous compounds
can be known, and their metabolites can be
formed during biogeochemical processes [20].
At present, biotesting is widely used to con-
trol natural environments when justifying the
permissible exposure to pollutants [21]. De-
termination of the degree of neutralization of
contaminated objects consists in a step-by-step
transfer of the hazard level from a higher class
Lo a lower one [22]. Obviously, to determine the
dynamics of the hazard level of oil pollution of
ecosysltem components, one can use biological
tests included in the scheme for the experimen-
tal determination of the hazard class of waste
(methods of biotesting on hydrobionts and in
phytotest mentioned in the regulatory document
SP 2.1.7.1386-03). According [23], most of the
names of drill cuttings generated during oil
production belong to the fourth class of hazard
to the environment, and waste from the produc-
tion of petroleum products belongs to the third
class. This paradoxical information on individual
components is in no way consistent with serious
environmental disturbances, which once again
emphasizes the relevance of choosing additional
biotesting methods and revising the criteria for
an adequate assessment of the state of the pol-
luted environment (water, soil) with their help.
It seems possible to use a reduced and extended
biotesting scheme for an integrated assessment
of the remediation of ecosystem components.
The abbreviated scheme has a strictly limited
number of tests (2—3 biotests). Taking into ac-
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count the specifics of oil pollution, itis important
that this limited set of tests be performed taking
into account the necessary sample preparation
and/or methodological approach: in an aqueous
medium using a water extract — eluate approach;
in a solid sample (for example, oil-contaminated
soil) — the contact approach.

The expediency of a combination
of eluate and contact biotesting

Itisimportant to take into account that bio-
testing in an aqueous extract can be accompanied
by significantly underestimated results in deter-
mining the degree of toxicity, while substrate
biotesting allows a more complete assessment
of the level of contamination. The main advan-
tage of direct contact is that there is an interac-
tion between the soil and the experimental test
organisms, which increases the bioavailability
of the contaminant. It is the use of the contact
approach in biotesting increases the probability
of accounting for presence of heavy metals in oil
sludge increasing its toxicity. In this connec-
tion, the comparative analysis of phytotoxicity
established using different approaches (eluate
and applicate) differs significantly [24].

A comparative analysis of the sensitivity of
two approaches (contact and eluate) in deter-
mining the toxicity of excess activated sludge
of biological treatment of oily wastewater is
presented [25]. Biotesting using radish (Ra-
phanes sativus 1..) and watercress (Lepidium
sativum L.) seeds showed that aqueous sludge
extracts at concentrations of 100, 50, and 25%
were non-toxic. During testing by the contact
method, directly on the sludge, a suppression
of seed germination (100% phytotoxicity) was
observed.

Contact tests, in contrast to eluate tests, can
increase the bioavailability of pollutants and,
thus, increase the toxicity index. The use of sub-
strate bioassay, which provides direct contact of
the tested organism with the test sample, allows
one to establish the level of cumulative exposure
from pollutants present in solid substrates [26].

The use of aquatic organisms to assess
the toxicity of oil-contaminated objects

The essence of the biotesting method is to
determine the effect of toxicants on specially
selected test organisms with a sensitivity es-
tablished under standard conditions with the
registration of various behavioral, physiological,
or biochemical parameters (test reactions) [27].

Although biotests fail to identify specific toxic
compounds, the combination of various test sys-
tems used is indicative to determine the ecotoxicity
of soils, both contaminated with oil hydrocarbons
and those that have been reclaimed [9].

There is evidence that the biotesting method
makes it possible to record the toxic effect of aque-
ous filtrates of oil-contaminated peal, even in cases
where the oil contentis not detected by instrumen-
tal methods (IR spectrophotometry) [28].

In cases where there is a danger of oily prod-
ucls entering water bhodies, the use of aquatic
organisms in biotesting is justified. Moreover,
it should be borne in mind that along with the
risk of migration of pollutants into groundwater,
lateral washout into water bodies can also occur.

One of the most common test cultures used
in ecoltoxicological research is Daphnia magna
Straus. It is a sensitive test organism that re-
acls sensitively to the presence of oil products
of various fractions and mass concentrations in
water [29]. The test response was observed in
the range of concentrations of oil products from
0.012 to 200 mg/dm? [30]. D. magna was most
affected by the heaviest oil fractions of petro-
leum products. 100% reaction to the effects of a
toxicant during the first hour from the moment
of the experiment was observed at a kerosene
concentration of 20 mg/dm?, oily waste —
0.45 mg/dm?. Biotesting of drill cuttings and drill-
ing mud using daphnia showed that both toxicants
in the concentration range of 1.0-2.0 g/L are
toxic, and only the content of 0.5 g/L in water
did not have a negative effect on the vital activ-
ity of crustaceans. An increase in exposure (0
25 days (chronic experiment) increased the
negative effect of drill cuttings on daphnia, and
at the maximum concentration for 10 days, all
individuals died. By the end of the experiment,
the death of daphnia at a concentration of 1.0
and 0.5 g/L was 50 and 10%, respectively [31].

The death of 50% daphnia was observed
at a concentration of 0.25 mL/L of heating oil,
1.3 mL/Lofdiesel fuel and 5.5 mL/L of aviation
gasoline. Oil was characterized by a sufficiently
high toxicity for cladocerans; the death of 50%
of test objects was recorded al a concentration
of 0.86 mL/L. The minimum inoperative were
6.1 - 102 mL/L of fuel oil, 3.7 - 10 mL/L of
diesel fuel, 0.53 mL/L of aviation gasoline and
1.8 - 103 mL/L of oil [32].

In an experiment with the removal of oil-
contaminated soil from lakes, an improvementin
the ecological state of water bodies was observed,
which affected the life of D. magna. After clean-
ing the lake, neither acute nor chronic lethal ef-
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fect on D. magna was observed, the survival rate
of crustaceans in an acute experiment (4 days)
was 100%, in a chronic one (30 days) — slightly
(by 10%) below the control or at the control
level [33].

Based on the results of biotesting on the
D. magna test culture, it was found that the ac-
tual level of harmless concentrations of oil prod-
ucts dissolved and dispersed in natural water at
sampling points within the oil pollution spot on
the Serebryanaya Volozhka channel (Astrakhan,
Russia) is 1.4—1.5 times lower than the MPC for
oil products for fishery water bodies [34].

Paramecium caudatum Ehrenbergis another
crop used in the experimental determination
of the hazard class of waste and for biotesting
samples contaminated with oil and oil products.
In a series of experiments on the impact of crude
oil from the Luginetskoye field, the number of
freshwalter ciliates of the P. caudalum species
was determined in laboratory conditions for
18 days until 50% mortality was established
[35]. These changes in the number of ciliates
show that all the concentrations of crude oil
used in the experiment (50, 100 and 200 mg/L)
cause an increase in the number of parame-
cia on certain days of observation and reduce
their number. For ciliates at a concentration of
50 mg/L, the mortality rate of 50% of individuals
was established on 18 days of observation, at a
concentration of 75 mg/L —on 12 days, with the
introduction of 100 mg/L and 200 mL/L of oil —
on 6 and 5 days, respectively. Due to the high
sensilivity, this test culture and the possibility
of automatic fixation of the death of P. caudatum
[36], the reproducibility of the results signifi-
cantly increases, which makes this method very
promising.Another indicator of toxicity when
using the biotesting method with a culture of
Paramecia can be the chemotaxis reaction based
on the ability of ciliates to move in the direction
or from the source of chemical exposure. Intact
paramecium was placed in a clean drop of water
connected to the second drop of a suspension of
oil-contaminated soils. On day 1, the control in-
dividuals were almost evenly distributed in both
drops of water; later they were concentrated in
one of the drops of pure water [37].

The problem of secondary pollution often
arises after the remediation of oil spill lands. The
obtained results of secondary pollution showed
that the adsorptive preservation of oil in the soil
increases ils toxicily, and this has a detrimental
effect on living organisms and on the state of the
soil as a whole. Changes in the survival rate of
P. caudatum ciliates were studied at different

periods of storage of samples of extracts from
soils with different periods of oil pollution. It
was found that with prolonged conservation of
oil-contaminated soils (up to 6 months), the sur-
vival rate of ciliates decreased, and the toxicity
of aqueous extracts increased [38].

Itis known that one of the regularities of the
toxic effect of oil pollution on protozoa is the al-
ternation of suppression and stimulation of their
biological functions. The stimulating effect of a
potentially toxic substance is provided due to the
mobilization of the body’s reserve resources, and
if the negative effect does not exceed this adap-
tive resource, then the stimulation can persist
for a long time [39].

The test using a representative of the sim-
plest — ciliary ciliates tetrahymen (Tetrahymena
pyriformis Ehrenberg) is now widespread and
generally accepted, convenient in cultivation and
testing. Due to the fact that the ciliate is both a
cell and an organism, it is possible to assess the
effect of toxicants both at the cellular level and
al the highest level of organization [40].

Thus, among the considered tests using
aquatic organisms, especially in cases associated
with oil pollution and potentially possible migra-
tion pollution of waters, cultures of D. magna,
P. caudatum, T. pyriformis can be recommended
for assessing toxicity at all stages of work on
recultivation of oil-contaminated areas.

Use of higher plants for toxicity
assessment of oil-contaminated facilities

One of the available methods of biolesting
contaminated soils is phytotesting — diagnostics
using plantorganisms [41]. Phytotesting makes
it possible to assess the total pollution, i. e., not
only oil, but also from other by-substances that
pollute the soil during oil production [42]. An
express phytotest was proposed to measure the
germination of seeds of white clover (Trifolium
repens L..) [43]. The phytotest was developed on
the example of a gray forest soil contaminated
with diesel fuel or copper(1I), and tested in the
course of many years of experiments on the
adsorption bioremediation of oil-contaminated
soils. The sensitivity of the proposed method is
quite high, since it can record a 10% increase
in phytotoxicity of oil-contaminated soil at a
concentration of the total amount of petroleum
hydrocarbons of 1-5 g/kg, which is close to their
MPC (1 g/kg) for reclaimed technogenic soils.

Considering that the germination of plant
seeds in oil-contaminated soil is mainly deter-
mined by the availability of water and oxygen for
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them, and not by the toxicity of oil [44], plants
that are sensitive to this pollution are used as test
cultures. Foroil products and PAHs, these can be
seeds of Lactuca sativa L., Sorghum saccharatum
L., and Sinapis alba 1. [27]. It was found that the
rate of decrease in the content of petroleum hy-
drocarbons at subsequent stages of the recovery
process correlates with the level of phylotoxicity,
and therefore, these crops can be used to assess
toxicity at all stages of bioremediation of soil
contaminated with diesel fuel [21, 45].

The effect of oil on plants during soil con-
tamination can be divided into direct toxic
(stimulating) effect of hydrocarbons and other
substances contained in oil, and indirect, in
which changes in soil properties and transforma-
tion of the soil microbial community are possible
[46]. Therefore, to assess the toxicity of samples
with oil pollution, itis advisable to include in the
phytotesting scheme, in addition to laboratory
express methods, long-term chronic (vegeta-
tion) experiments.

In long-term experiments, when determin-
ing the degree of pollution impact on plants, a
combination of factors influencing the bioavail-
ability of pollutants is reflected. For example, as
the concentration of oil increases, as well as in
soil without plants, the number of saprotrophic
micromycetes increases in the rhizosphere and
on the surface of plant roots (rhizoplane); howev-
er, in the zone of the rhizosphere and rhizoplana
this increase is more significant [47].

The discrepancies in the results of assessing
the toxicity of oil by the phytotesting method can
be dictated by the lack of a unified control, i. e.,
the changes are associated with the activity of
the substrate into which this pollutant enters.
Evaluation criteria should be at least two indi-
cators: seed germination and plant growth at
the juvenile stage. Germination depends on the
internal energy of the plant’s seed. Phytotesting
methods based on the response of plants to the
negative impact of pollutants are capable of pro-
viding reliable information about the quality of
soils, have high sensitivity, versatility, integrity,
and simplicity [41, 48].

Phytotesting carried oul using the test
of the culture of cress (Lepidium sativum 1..)
made it possible to establish patterns in the
change in the level of pollution and the state of
oil-contaminated substrate during reclamation
work using sorbents [49]. Oil was added to the
soil at concentrationsof 1, 5, and 10% of its mass.
During the entire study period, in variants with
the use of sorbents, a tendency to an increase in
the biometric parameters of watercress seedlings

was observed. A vivid example of the effective
use of phytotesting in the recovery of highly
oil-contaminated soils is the results of studies of
samples taken from lagoons-settling tanks us-
ing six species of higher plants: Secale cereal L.,
Lactuca sativa 1., Zea mays L., Lepidium sali-
vum L., Triticum vulgare 1., and Brassica olera-
cea L. [9]. In the ecotoxicological analysis, two
lest paramelers were investigated: seed germi-
nation and root length. The phytotesting results
were compared with the results for acute toxicity
according to other biotests: with luminescent
bacteria Vibrio fischeri, ciliated protozoa Spiro-
stomum ambiguum Ehrenberg, with newborn
freshwater crustaceans ostracods Heterocypris
incongruens Ramdohr. The comparability of the
results, emphasize that during biogeochemical
processes in the soil, more toxic metabolites or
compounds can be formed.

Analysis of literature data confirms that
phytotesting can be successfully used to detect
oil pollution. It is important to use test cultures
that are most sensitive to this type of contami-
nation.

Use of additional analyzes to assess the
toxicity of oil-contaminated objects

There is growing interest in the inclusion of
several toxicily tests during remediation at the
same time (with a battery of different analyzes),
for a more complete ecotoxicological assessment
of contaminated soils.

Such a search was carried out in an ex-
perimental work on the screening of the toxic
hazard of oil-contaminated bottom sediments,
in which the authors used the eluate test for
P. caudatum in conjunction with the contact test
for crustaceans Ceriodaphnia affinis Lilljeborg
and Hyalella azteca Saussure [90]. A group of
authors has developed a test system consisting
of the microbial strain Pseudomonas putida [51].
In another work [52], it is proposed to use the
gram-positive bacterium Bacillus pumilus KM-
21 as a test culture to determine the toxicity of
HM and the possibility of this method for assess-
ing the toxicity of oil waste. The authors of [53]
propose to use three test objects for ecotoxico-
logical assessment: hydrobionts (D. magna), soil
microorganisms (soil respiration), and higher
plants (Avena sativa). In world practice, an in-
tegral estimate is widely used, calculated taking
into account the results of a set of methods used —
the Triad approach [54]. This approach, along
with biotesting, which reflects the ecotoxicologi-
cal characteristics, includes methods of chemical
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analysis and bioindication parameters taking
into account the biological activity and response
of microbial communities.

The promising application of biotesting soils
and water bodies contaminated with oil and oil
products not only with the help of higher plants,
but also with the help of a bioluminescent test
for photobacteria [55]. The use of these meth-
ods, which determine the reducing activity of
microorganisms in conjunction with growth
tests on bacleria and microalgae, reflects the
pollution of water and soil with oil products.
The sensitivity of contact and eluate tests using
microbial test organisms V. fischeri (biolumi-
nescence inhibition test) and Azomonas agilis
Beijerinck (dehydrogenase activity test) has also
been reported [56].

The toxicity found in tests based on the use
of direct contact with the sample (applicate test-
ing methods) correlates more closely with the
results of physicochemical analyzes. Currently,
itis the “tests of direct contact” with the soil, for
example, with the earthworms FEisenia foetida
Michaelsen, the standard test GOST 33036
2014, in which bioindicators are in close contact
with toxic substances adsorbed on soil particles,
that are quite promising. Soil pollution with oil
has a long-term negative effect on soil animals,
causing their almost complete elimination in the
obligate zone of pollution and a sharp decline in
numbers even with weak pollution. The toxic
effect of oil on earthworms is determined not
only by the intensity of pollution, but also by
the morpho-ecological characteristics of certain
species and their belonging to different natural
and climatic zones [57].

Bioassaying aquatic organisms and higher
plants to assess oil pollution are well-studied, but
not the only methods. The use of bacteria as test
organisms is currently being actively studied due
to the fact that these test organisms are highly
sensitive to the pollutants under study and grow
well in laboratory conditions. These data can be
used to create mandatory methods for biotesting
oil-contaminated objects and are included in the
biotest system, in which the presence of repre-
sentatives of all the main kingdoms of the living
isimportant: bacteria, fungi, plants and animals.

Conclusions

Despite the fact that there is no universal
test system for the determination of all existing
toxicants, biotesting as a method of integral
assessment is successfully used as a tool for
environmental monitoring. Biolesting has a

good potential for evaluating the effectiveness
of technologies for cleaning and restoring oil-
contaminated components of the ecosystem,
which is advisable to carry out in dynamics.

Taking into account the low bioavailability
of pollutants (hydrophobic organic toxicants), it
is advisable to use eluate and contact biotesting
approaches as complementary to each other. To
improve the accuracy of biotesting results in
the course of determining the toxicity of hetero-
geneous oily components in combination with
other toxicants, the possibility of using sample
preparation reagents for dissolving/leaching
poorly soluble organic compounds should be
considered.

The biotesting system can be represented by
reduced (basic version) and extended schemes.
To select the battery of biotests used in the
abbreviated scheme, it is possible to propose
methods using aquatic organisms and plants,
which are recommended in environmental and
hygienic legislation. Hydrobionts D. magna
Straus or P. caudalum Ehrenberg are sensitive
test organisms and are able to diagnose both
acute and chronic toxicity of aqueous extracts
of oil-contaminated objects. Higher plants
L. sativa L., S. saccharatum L., A. sativa L., and
S. alba 1. are widely tested and are used as a test
culture for phytotesting oil-contaminated soils.
These biotesting methods comply with Russian
state standards and methodological recommen-
dations, have a clear execution protocol and are
used to assess the effectiveness of reclamation
techniques.

The extended research scheme is carried
out taking into account the specifics of the
contaminated objects, reclamation measures
and according to the results obtained in the ab-
breviated scheme. The extended scheme covers
awide range of tested organisms and their reac-
tion levels: higher plants, soil biota, protozoa,
hydrobionts, microorganisms, luminescent
bacterial tests, biochemical enzymatic meth-
ods, elc. Selection of a complex of sensitive and
physiologically different test cultures, determi-
nation of informative test indicators, the choice
of highly reproducible methods, a summary
approach to effective assessment, processing of
results, automation of methods are the necessary
conditions for the biotesting system to assess the
effectiveness of reclamation measures.

To develop a unified strategy for classifying
oil pollutants and determining their real hazard,
scientific institutions need to establish commu-
nication with regulatory organs that are involved
in the prevention of environmental hazards.
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CpaBHuTeIbHas OTEHKA MATATEJIbHBIX CPeJ|
1A RYJITHBUPOBaHUA MUKpoMutieToB poaa Trichoderma
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pu6si pona Trichoderma sigistiorest ofHUM 13 HanGoJee NCIOJIb3YeMbIX U HEPCIEKTHBHBIX 00HEKTOB OMOTeXHOIOT .
[Tosromy K umcsTy 3aj1a4 B HPAKTHYECKOM ITPUMEHEHUN JIAHHOTO MIKPOMUIETA B JlAbHEIIIIeM OTHOCUTCS BhIjleIeH e 13
ORPYJRAIOIIeil Cpefibl HOBBIX AKTHBHBIX HITAMMOB U PACHIMPEHNE CIIEKTPA ITUTATeTbHBIX CPel, NCIOTb3YeMbIX [T KYJ/Ib-
TUBUPOBAHUS TPUXoepMbl. B mannoii pabore mccsieoBanm JuHAMIKY BeretaTuBHOTO pocta rpubos poaa Trichoderma,
MB0JINPOBAHHBIX 13 PA3INYHBIX 9ROTOTIOB. VCI10Ib30BaIN N30T, BhIeJeHHbIe ¢ TOBEPXHOCTH Pasjaraloleics apese-
CUHBI, TJIOJIOBBIX TeJl TPYTOBMKOB, & TAKKe 1TaMM 13 ypOaHoszéma, Kotopblil B reveniie 10 et Ryn1bTHBUpOBaiN Ha cpejie
C IMoJINMEepoOM CIBUJIEHOM. Hle bTUBUPOBAHME ITPOBOJAMJIN HA 5 Arapus30BaHHBIX IMUTATEJIbHBIX Cpe/laX Ipun TeMiieparype
23 °C. MakcumasibHble TeMITBI POCTA 1 00pa3oBaHUsI KOHUMIT HAOMIO/AJIH IPU TTOBEPXHOCTHOM KYJIBTHBIPOBAHIY TAHHBIX
MUKpOMUIeToB mHa 6060BoM arape n Kaprodenabno-caxaposmoit cpefe. Ha atux ske cpepax Trichoderma sp., nectpyxrop
CHBUJIEHA ITOKA3AJ 3HAUNTEThHOE OTCTABAHIE 110 CKOPOCTH JIMHEIHOTO pocta (7,6—8,3 MM/CyTKIT) B CpaBHEHUI ¢ OCTAIb-
HBIMI HccaeoBaHHbIME itammamu (19,7-24,3 mm/cyTkn).

Kuoueswie crosa: Trichoderma, MURPOMUTIETBI, KYJIBTHBIPOBAILE, TITATEILHLIE CPEJIBI, CKOPOCTL POCTA, CIIOPOHOIIICHITE.

Comparative evaluation of nutrient media for the cultivation
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Fungi of the genus Trichoderma are one of the most used and promising objects of biotechnology. Therefore, among
the tasks in the practical application of this micromycete in the future is the isolation of new active strains from the
environment and the expansion of the range of culture media used for trichoderma. In this work, we studied the dynam-
ics of vegetative growth of fungi of the genus Trichoderma from various ecotopes. We used isolates from the surface of
decaying wood, fruiting bodies of polypores, as well as a strain from urban soil, which was cultivated for 10 years on
a medium with sevilen polymer. Cultivation was carried out at 23 °C on 5 agar nutrient media, namely, on bean agar,
potato and potato-sucrose medium (20 g of sucrose per 1 liter), on the classical Czapek medium, and also on decoction of
Fomitopsis pinicola (200 g of fruiting bodies per 1 liter of broth). The maximum rates of growth and formation of conidia
were observed during surface cultivation of these micromycetes on bean agar and potato-sucrose medium. On the same
media of Trichoderma sp., sevilen destructor showed a significant lag in the rate of linear growth (7.6-8.3 mm/day) in
comparison with the other studied strains (19.7-24.3 mm/day) which may be explained by profound metabolic changes
during long-term cultivation on media where the only source of carbon is a synthetic polymer. The least suitable substrate
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for cultivation of all studied isolates of Trichoderma spp. turned out to be an agar decoction of polypore, the growth rate
on which was 3.6-12.1 mm/day. In all variants of the cultivation of fungi of the genus Trichoderma, the linear growth
rate was constant throughout the entire process of cultivation.

Keywords: Trichoderma, micromycetes, cultivation, culture media, growth rate, sporulation.

Fpudst p. Trichoderma otHocsTes K ducay
JIOMUHATOB B (DOHOBBIX M @HTPOTIOTEHHO TIpe-
00pa3oBaHHBIX MOUBAX, BRIOYAsT YPOAHO3EMBI,
3arpA3HEHHbBIE TAKEIBIMI MeTaJIaMu, KIUCIOT-
HBIMI OCAJIKAMU, BBHIXJOMHBIMI Ta3aMu, aHTH-
TOJONEHBIMI cMecsMN, HeTeITPOAyKTaM M, TTe-
crunupaamu u gpyrumu nojunoranramu [1]. Hpu
ATOM JIOKA3aHO, 4TO IPUObLI HTOTO pojia 00 aioT
BHAYUTENLHON DKOJIOTMYECKOI IIaCTHIHOCTRIO,
pasyimyasich 1Mo CKOPOCTH W ONTHMAaJIbHON TeM-
neparype pocta, 10 CIIOCOOHOCTN K CHHTe3Y
BHEKJIETOUHBIX TUIPOIUTHYECKIX (ePMEHTOR,
110 COCTaBY 1 O1OJIOTMYECKOMY JIeCTBIIO IPYTIHX
pK3oMeTadbomToB |2].

Cpepint MHOTOUMCIEHHBIX, OMOCHepPHO 3HAYI-
MbIX DYHKI[UT TPUXOJIEPMbI, 0COOEHHO BaKHOI
VIS TTofiiepskanms Oasanca MoYBeHHbBIX DKOCH -
CTeM, SIBJISIETCS CTIOCOOHOCTD K IeCTPYKITHOHHBIM
nporeccam osarojiapst CHHTe3y pasHooOpa3HbIX
pk3ogepmentoB. [lpu sarom Tpuxogepma Kak
MUKOJIECTPYKTOP OTHOCHUTCS K YMCJTy Hecterudu-
yecKux camporpodos, obaajgaer monaudarmeii,
BCTpeyasich Ha pazanyHbix cyocrparax [3]. Boi-
MOJTHSAS THPOJUTUYECKOe pacIlieleHne aTuxX
cybeTparoB, TpuxoaepmMa obeciieunBaer 1mocTo-
sSIHHOe BOBJIeYeHNEe B OMOTEeHHBIT KPYyroBOPOT
DJIEMEHTOB, HEOOXOMMBIX JIJisi MUHEPaJTbHOTO
MUTAHUS pacreHuii [4].

B uwmene papyrux Basgaeimux QyHKINII,
BblmosinsieMbiX rpudamu p. Trichoderma, Bbi-
[eJISIeTCST UX CIOCOOHOCTH K 00€3BPeKIMBAHMIO
TOKCUKAHTOB, HAIIPUMEp, TAKNUX KaK TeCTHIin-
nel, Hepth 1 HedrenpoaykTol [1, 5]. Jlokazams
copbimonHbie criocodHoctn rpudos p. Tricho-
derma, obuTamNNX B 3aTPsI3BHEHHBIX 110UBAX,
MO OTHOIIEHNIO K TSKEILIM MetajaMm [6—8].
[TpoBejienbi HKRCIIEpUMEHTATLHBIE NCCIEOBAH NS,
mokasbiBalolme crocobnocTs ouonénok 7. lon-
gibrachiantum cranoButhes 6modaphLepoOM s
yAQdeHIsT TOJUIUKINYECKIX apOMaTHYeCKIX
yriesojioposios [9]. B reuenne 14 iaeii ormeueno
yranenne 90% (emanTpena u3 BOIHOTO PACTBO-
pa, a B IoUYBe CHIZKeHNe coflepsranust heHaHTpe-
na pocrurasno 70% uepes 28 fueii.

[IpoBepernsl MHOTOIETHIE ONBITHI, B XO/1e
KOTOPBIX ObITO TOKaszano, uro 1. lignorum
cI10cOOHa BBI3BIBATH JIECTPYKINIO Pa3Ho006-
Pa3HBIX IJacTMAcCC (CIBUIEH, MOJUCTUPOT,
MOJUDTUICH, TOJIMAMUL, ToJnKkapbonar, gro-
pomract-4) [10].

B npaktukre cesbcKoro xo3siictBa HanOob-
muil MHTEpec BbI3bIBAET CIIOCOOHOCTH TPUXO-
JIepMbl K CHHTE3y COeIHeHII, TIOaBIsIIONInX
pazButne (UTONATOTeHHBIX ODaKTepHii 1 TPUOOB
[5, 11]. Ha sT70M 0CHOBaHO IPUTOTOBJIEHUE
OuoIpenaparoB, NCIOIL3YeMbIX B 3alUTe pac-
renunit or na@ernuii. CanuTaior, 410 B JaHHOM
HaTpaBIeHN T 0COOCHHO TTEPCTIERTUBHO UCITOJb-
30BaHIe KOMOMHUPOBAHHBIX KYJIBTYP MUKPOOORB-
AHTArOHUCTOB, HATIPUMEP, ¢ 'PAMITOTIOKUTEIHHOI
barrepueii Bacillus subtilis [ 12], mukpomuiierom
Talaromyces sp. [13], MukopusubiMu rpudamu
Funneliformis mosseae n Acaulospora laevis
[15]. ITokazano, 4uTO CMelIaHHbBIIT MHOKYJIIOM He
TOJILKO TIOfIaBJIsIeT pa3BuTue (PuTornaroreHon, HO
U YBeJIMUMBAET BHICOTY PACTeHUII, X OuomMaccy,
ycuanpaet pOTOCHHTE3, TOBBITIIAET COJePsRaHITe
B JINCThAX XJT0poduia.

B ni060m OmoTexHOMOTHUECKOM IIPOM3-
BOJICTBE OMOMAacca, mojrydaeMast JIlisi CO3[aHus
rnpenapaTnBHBIX GOPM WHORYJISIHTOR, IOJIFKHA He
TOJIBKO COOTBETCTBOBATH ITOKABZATE/ISIM KAUeCTBA,
HO U 110 BO3MOKHOCTH ObITH Hefoporoii. [loaromy
OTHUM W3 KJIFOUEBBIX ATATIOB pa3paboTRM HOBBIX
MUKPOOHBIX OMOTIPETIapaToB SIBJISACTCS ONTIMM-
3aI(Msi COCTaBA MUTATENbHBIX CPeJ| JIJIsl KYJIbTH-
BUpoBaHUs rpoayrenTa [15].

Taxum obpasom, A7 NCTTOTHL30BATNA TPIOOB
p. Trichoderma B KoMMepUYeCKNX IEJIsIX HEOOXO0-
MO JOOUTHCS TPON3BOICTBA MAKCHMATBHOTO
ROJTMYECTBA OMOMACCHl ¢ HAMMEHBITUME KO-
nommueckumu 3arparamu. Ilopromy Baskno 3a-
HUMATHCS TONCKOM MOJIXOJATIIX JETTEBBIX CPe;l
IJIST BBIpAIUBAHUSA dTUX MUKpoMmuiieros [16],
YUUTBIBasI P 9TOM BO3MOJKHOCTH COBMECTHOTO
KYJBTUBUPOBAHNUS TPUXOEPMBI C IPYTUMI TTap-
THEpaAMU BO3MOKHON Kosmabopamun. Hampu-
Mep, SIBJISIETCs JIOCTATOUHO aKTyaIbHBIM BOIIPOC
cOBMeIleHNsI B OMomnpernaparax Tpuxojepmbl
¢ baxrepuavu p. Rhizobium. 910 oTKpLIBaeT
MepCHeKTUBY HPUMEHeHNs arapu3oBaHHO
0000BOTI Cpejibl [IJIsT KCCACOBAHNS in Vilro cOB-
MECTUMOCTH TPHUXOJEPMbl U TIpejicTaBuTe el
Rhizobium spp. ¢ nexablo moucka naumboJsiee
3(POERTUBHBIX MUKPOOHBIX KOHCOPTMYMOB JIJISI
WHORYJIATNYU ceMsiH 0000BBIX.

Onpepiesienne morasareseii JMHENHON CKO-
POCTH POCTA U ITPOYKINI KOHUNIT Ha 6000BOM
arape HeOOXOJUMO JIJisi CPABHEHUS TUHAMUKY
BereratuBHOTO pocta Trichoderma spp. Ha 3TOi
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cpeie ¢ TPAAUIINOHHBIMI TTUTATEIHHBIMI CYO-
cTparamMu, HalpuMmep, TAaKMMHU Kak Kaprodeb-
HBIIT arap u cpefa Yanexa.

[lens paboThl — TIpoBecTH CpaBHUTENBHYIO
OIEHKY TTOKa3areiell IMHEHHOTO pOCTa U Xapak-
Tepa criopoHotnienusi rpudon pojpa Trichoderma
PU RYJbTUBUPOBAHNN HA PAa3JINYHBIX ITUTATE/Ib-
HBIX CpeJiax.

OO0 BEeKTBHI 1 METOIbI MCCIETOBAHS

B kauectBe 00HEKTOB MCCIEOBAHUS Bbi-
CTYHAJHM TP M30JITa MUKPOMUIIETOB, 110 KYJIb-
TYpaJbHO-MOP(OJIOTHYECKIM CBOICTBAM CO-
orercrBytomiue p. Trichoderma [16]. N3omusit
K-01T orobpan ¢ m1010BOTO TeIa TPYTOBUKA Ha
repputopun KupoBeKOTO JIEHIPOIOTHYECKOTO
mapka. Trichoderma sp. K-01D Briesen ¢ Ropw
Oepésbl Ha Teppuropun OpuvueBCKOTO paiioHa
Rupogcroii odsnacri. Kpome toro, nsyvasim juHa-
MuRY pocra mramma Trichoderma sp., KoTopblii
B Teuenue 10 jer skcmonupoBasicsi B BOAHOI
cpejie B BAMKHYTOI cucTeme, Tjie e[uHCTBeH-
HbIM HCTOYHUKOM YTIJIepojia sIBJISIICS MOJuMep
cousen [10]. B rauecrBe sramona cpaBuenus
ucnonbzoBasu mramm 1. lignorum T13-82 u3

KoMMepuecKoro onornpenapara « Tpuxopepmun-
BJI» (IR «Buorens»).

Jlst TOBepPXHOCTHOTO KYJIHTUBUPOBAHUS
TPUXOJlePMbI KCIIOJb30BaMN cpey Yamnera,
raprodesbublil arap, kaprodeabHbIil arap ¢
nobasiaennem 20 r/i caxaposbl n 6000BBII arap
[17]. Takske mpoBes TOTBITKY KYJIbTHBHPOBA-
HISI MUKPOMUIIETOB Ha arapu3oBaHHOM OTBape
TpyToBUKA oKaiMiéHHoTO (Fomitopsis pinicola)
(200 r mmopoBbIx Tes orBapuan B 11 Bojbn). [1o-
CeB TPUXOJEPMbI TIPOMBBOIUIN YKOJIOM B IEHTP
MOBEPXHOCTHU CPeJibl HEMHOTOUMCIEHHBIM UHO-
KYyJIOMOM (B 3-X moBroproctsax). Yanrku [lerpn
uaryouposasiu npu ¢ = 23 °C. B panbueiitem
U3MepsI uaMeTpbl KOJTOHUN MUKPOMUIETORB
110 BHEIITHEMY Kpato depe3 olpejie/iéHHbIe 11POo-
MesryTRE Bpemenn (21, 44, 68 1 92 ) ¢ momenTa
nocesa. Onpeessiyin MoOKa3aTeJn TUNHAMUKI
pocTa MccaelyeMbiX HITaMMOB — CKOPOCTH Bere-
TATUBHOTO pocTa (MM/CYTKN) W Bpemsi Havasa
CTIOPYJISITINN.

Jluneiinyio ckopocrn pocta Trichoderma spp.
BbIUKCsIN 110 hopmyJie:

_ Dz _Dl
AT

.24,

Tadauma / Table

Pocr n mauarmo ciopysasimn mrraMMoB Trichoderma spp. Ha pasimaubIX arapu30BATHBIX MTHTATETLHBIX
cpenax (1 — 6oboswiil arap, 2 — kaprodenbhblii arap, 3 — KapToesbHbII arap ¢ caxaposoii,
4 — cpefa Yareka, O — arapusoBaHHbBIil OTBAP TPYTOBUKA)
Growth and onset of sporulation of Trichoderma spp strains. on various agarized
nutrient media (1 — bean agar, 2 — potato agar, 3 is potato agar with sucrose,
4 — Chapek medium, 5 — agarized broth of polypore)

[Hramwm [lurarensuas cpena | Ckopocth pocTa, MM /CYTEN Hauaso ciopyasinm
Strain Culture medium Growth rate, mm/day The beginning of sporulation
TrLchod’?qrg(_%lngnorum i éi’gfg’gg Ha 6-pie cyrku / on the 6" day
3 19,72+0,39 Ha d-bie cyriu / on the 5" day
4 15,7+0,7
5 120(;6+0}20 Ha 6-pie cyrku / on the 6" day
Trichod sp. 1 24,68+0,34
e 12_872[1‘& °P 5 1:5 9+076 Ha 5-bie cyrku / on the 5" day
3 21,41+0,20 na 6-wie cyrkn / on the 6" day
4 26,1+0,9
5 10,14+0,34
Trichoderma sp 1 2’,3 ‘3J_r0’6 Ha d-pie cyriu / on the 5" day
K-01D 2 15,9+0,6
3 21,1+1,0 Ha 6-bie cyrku / on the 6" day
4 23,0+0,6
5 9,58+0,20
Trichoderma sp., 1 7,55+0,20
AeCTPYKTOP CaBUIEH 2 9,92+0,24 ma d-wie cyTem / on the " day
Trichoderma sp., 3 8,28+0,24
sevilen destructor 4 7394010
5 3,99+0,17
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Puc. 1. [lunamuka pocra Trichoderma spp. Ha pasandnbIX HuTaTeIbHbIX cpefgax: 1 — 6060oBbIil arap, 2 — Kap-
ToesibHbII arap, 3 — kaprodesbHbII arap ¢ caxaposoii, 4 — cpefa Yareka, d — arapusoBaHHBIIl OTBAp TPYTOBUKA
Fig. 1. Growth dynamics of Trichoderma spp. on various culture media: 1 — bean agar, 2 — potato agar,

3 — potato agar with sucrose, 4 — Chapek medium, 5 — agarized broth of polypore

rjie V — JImHelHas CKOPOCTh POcTa, MM /CyTK;
D, — nnamerp KOJIOHUN IIPU EPBOM U3MEPEeHII
(21 u ¢ momenra nocesa), Mmm; [, — nquamerp
KOJIOHUU TIpU Tocaeytoniem nameperun (92
¢ MmomeHTa rmoceBa), mm; AT — 1ipomMes;RyTOR Bpe-
MeHU Mesiy namepenusavu D on D, q.

Cratncrnmaeckyio 06paboOTKY TPOBOAMIN €
ncIoJib3oBaHneM nakera nporpammbl Excel.

Pesyabrarel n o6cysknenne

BonbimmuerBo 6monpenapatoB Ha OCHO-
Be TPUXOMEePMbI COJlepPKaT MPOYIeHT B BUJIE
CIIOPOBOI MACChI, IIPUTOAHON JIJIS JJIUTEILHOTO
xpanenus. [Toaromy, Hapsay ¢ BBICOKOI CKO-
POCTHIO poCTa, HEMAJOBAMKHBIM aCIIEKTOM ITPO-
rmecca KyJapTuBupoBanus rpubos p. Trichoderma

ABISIOTCS TOCTUKEHe MAKCUMaJIbHOTO CIIOPO-
obpasoBanus [18].

[Tpu HOBEPXHOCTHOM KYJIBTHBUPOBAHUN TP -
XOJIePMBI YCTAHOBILIN, UTO /TSI BCEX MCITBITAHHBIX
MTaMMOB HanboJ/iee BhICOKIE TeMIIbl INHEITHOTO
pocTa M MPOAYKIINY KOHUAUT HAOTIOTAI0TCS
Ha 60060BOM arape n KapToeabHO-caxapo3Hoi
cpene (taba., puc. 1).

Cpena Yameka crocoberByer OblcTpOMY
BereratuBuomy pocry Trichoderma spp., Ho B 10
ke BpeMst, obecrieunBaet cinaboe obpazoBanue
CIOP Y WCCJAEOBAHHBIX MITAMMOB B cpaBHe-
HUU ¢ Apyrumu cyocrparamu (puc. 2, cM. IIB.
BRIAARY ).

Camyio HUBKYIO IUHAMIKY POCTa BCe MIUKPO-
MUIETHI TOKA3aJIU IIPU BHIPATIINBAHIN HA OTBape
TPYTOBHMKA OKAMIEHHOTO (TabI.).

A7
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M. A. Crapukos, J1. U. Qompauesa, C. I. Ckyropesa
«CpaBHUTeNbHAS OLleHKA NUTATEesIbHbIX cpen
ANg KyNnbTUBUPOBAaHNSa mukpomuuetoB poaa Trichodermay. C. 44.

Trichoderma sp.,

Trichoderma lignorum Trichoderma sp. Trichoderma sp. AECTPYKTOP C3aBUNEHA
K-01T K-01D sevilen destructor

et

Puc. 2. Pocr Trichoderma spp. Ha pa3inyHBIX TTUTATEIHHBIX cpefax crycrs 163 u
¢ MoMeHTa MHORYJstnu: 1 — 6060BbIIl arap, 2 — kaprodeabHbIil arap,
3 — raprodesbHO-caxapos3Hbiii arap, 4 — cpeja Yarera, D — arapusoBanHblil OTBAp TPYTOBUKA
Fig. 2. Growth of Trichoderma spp. on various nutrient media after 163 hours
from the moment of inoculation: 1 — bean agar, 2 — potato agar, 3 — potato-sucrose agar,
4 — Chapek medium, 5 — agarized broth of polypore
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M. A. Crapukos, J1. U. QompaueBa, C. I. Ckyropesa

«CpaBHUTeNbHAS OLLleHKA NUTATeNIbHbIX cpen
ANS KyNnbTUBMPOBAHUS MukpomuuetoB poaa Trichodermax. C. 44.

Bapu-
AHT
Variant
1

Puc. 3. [lunamura pocra rpuxojiepmbl Ha 6000BOM arape 1mocje 3-X CyTOK
¢ momenTa nnoryssiiuu (91, 114, 138 u 163 u) B paznuunbIX BapuaHTax:

1) Trichoderma lignorum T13-82 u3 6uonpernapara « Tpuxogepmun-bJl»; 2) nzonsr
Trichoderma sp. K-01T; 3) usonsit Trichoderma sp. K-01D; 4) Trichoderma sp., jectpykrop caBuyiena
Fig. 3. Trichoderma growth dynamics on bean agar after 3 days from the moment of inoculation
(91,114, 138 and 163 hours) in different variants: 1) Trichoderma lignorum T13-82 from
the biopreparation “Trichodermin-BL”; 2) isolate Trichoderma sp. K-01T; 3) isolate
of Trichoderma sp. K-01D; 4) Trichoderma sp., savilen destructor
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3aMeTHOe OTCTaBaHWe B JIMHEHHOM POCTe
Trichoderma sp., BeposiTHO, MOKHO OO'bSICHUTD
teMm, uto nipu 10-yeTHemM pocrte Ha caBuUIeHe
MPOMBOTILIN TIyOOKMEe n3MeHeHusi MeTaboanye-
CKUX BO3MOMKHOCTEI 9TOr0 11ITaMMa, CBsI3aHHbIE
C MCIIOTb30BAHEM B KaUeCTBe MCTOUHMKA yTIe-
POAHOTO MUTAHWS MCKIOYUTETLHO TPYLHOYC-
BOSIEMOTO CUHTETHYECKOTO [0JINMepa.

[Tpu s10M BO BCex BapmaHTax KyJIBTHBHPOBA-
nust rpubos p. Trichoderma ormeuasioch 1mocro-
STHCTBO TTOKa3aTeJist IMHEeITHOI CKOPOCTH pocTa Ha
MPOTSREHNT BCETO MpoTiecca Ky TbTHBUPOBAHNS
MUKPOMUTIETOB (puc. 3, cM. 1B. BRIAAKY 1).

[Tosryuennble sreIIeprMEHTaIbHbIE TAHHBIE 110
CKOPOCTH pOcTa I MOMEHTY Havajia ClIOPOHOTIIeH 5T
117151 GOJIBITTTHCTBA NCTTBITAHHBIX IIITAMMOB COTTIACY -
I0TCSI ¢ pesyJibrataMu ipyrux uceiaenosanuii [19].

3araoueHue

N3zyuyanm xapakrep pocra Ha pasJuuHbBIX
MATATeTLHBIX cpefiax 4-X MTaMMOB MUKPOMI-
ueros p. Trichoderma: uzonsr K-01T orodopan
¢ TIOMOBOTO Tejia TpyToBUKa, Trichoderma sp.
K-01D Boifienen ¢ kopoi 6epéani, Trichoderma sp.,
B Teyenne 10 jer HKCIOHMPOBAJICS B BOJHO
cpefie B 3aAMKHYTOI CHCTeMe, TJIe e[INHCTBeHHBIM
UCTOYHUKOM YIJIepojia sIBJSJICS OJUMep CIBU-
nen, n T. lignorum T13-82 u3 kKommepueckoro
ouonpenapara «Tpuxomepmun-BJl». Rynbrn-
BUPOBAaHME IAHHBIX MITAMMOB TIPOBOJIMIN HA
D MUTaTeNbHBIX cpefax: 6060BOM, KapTodeb-
HOM ¥ KapTodenbHO-caxapo3HoM arape, cpeje
Yamera m arapm3oBanioM OTBape TPYTOBMKA
ORAMIEHHOTO.

[Torazano, uTo /7151 BCeX MTaMMOB TPUXOJeP-
MBI, KPOMe PACTYIIETo Ha CHOBIJIEHe, MAaKCIMAThHAsT
CKOPOCTB pocTa Had oaeTcst Ha 6060BOM (B IIpejie-
nax 23—24 mm/cyr) u KaprodeabHO-caxapo3HOM
arape (20—21 mm/cyr). Ha kmaccudeckoii cpeje
Yarleka BbICOKasi CKOPOCTb POCTa OTMeueHa JiJist
BHOBb BBIJIEJIEHHBIX IITAMMOB, HO MUHUMaJIh-
Ha — JI/Is1 9TaoHHOT0. B 10 ske Bpems Ha arapu-
30BAHHOM OTBape TPYTOBUKA OTMEYAJIaCh MIi-
HIUMaJIbHAST CKOPOCTHh POCTA BCEX MCCICYeMbIX
murpomutieron (10—12 mm/cyr).

Nenpiranne cpepbl 6000BbII arap moxasa-
710, 94TO B TATbHENTITeM €6 MOKHO YCTIeINTHO MC-
MOJIB30BATH JIIsI KYJIBTUBUPOBAHUS TPUXOIEPMbBI
MpU U3rOTOBJIEHUN MHOTOKOMITOHEHTHBIX OMO-
npenaparos, ¢ napraépersom Trichoderma sp.
u Rhizobium sp.

Ocoboe noBefeHne 3aperucTpupoBaHO
y Trichoderma sp., necTpyKTOpa caBuUjIeHa, KO-
TOpast CyIeCTBEHHO OTCTaBaJa B POCTE HA BCeX
MUTATeHHBIX CPEIax OT OCTATbHBIX ITAMMOB.

Takum 06paszom, MCMONL3YS PasJIUdHbIe
BHOBb BbIJIeJIEHHbBIE IITAMMbI MIUKPOMUI[ETORB
p. Trichoderma n KoMOMHUPYs MUTaTeIbHbBIE
cpefibl JIJisi €€ BhIpaluBaHus, B TajJbHeiinem
Oomomaccy rpuda MOsKHO TPUMEHATH B HECKOJb-
KUX HarpasiaeHusx. B yacruocrn, s co3panus
KOMOWHUPOBAHHBIX OMOTIPETiapaToB ¢ DakTepusi-
M1 p. Rhizobium miist mpenmoceBHoi 06paboTkm
ceMsiH 6000BBIX. Ritaccmieckoe nemoib3oBanme —
co3Jlafne HOBBIX IpernapaToB ¢ abopureHHbIMI
ITaMMaMi TPUXOIePMbI TTPOTUB (DPUTOTIATOTEHOB.
Bosmoskio ncnpitanme TpuxopepmMbl Kak Je-
CTPYKTOPA IIacT™Mace. BuisiBiiene Tpuxoiepmbl
B umcse du@UuTHON MUKPOOMOTHL HAa Kope Oe-
PE3BI OTKPHIBAET BO3MOKHOCTD €€ [aTbHeilTero
TECTUPOBAHIS B KAUYeCTBE AHTUCEIITHYeCKOT 00-
pabOTKM JIJI51 3AIUTHI JIPEBECUHbBI OT MUKPOOHOTO
MTOBPERIICHS.

Paboma evinoanena 6 pamrax zocydapcmeen-
noeo 3adanus Ub OUI| Komu HI] YpO PAH no
meme «Cmpykmypa u cocmoanue KOMROHEHIMOE
MeXHO2EHHbLL IKOCUCIEM ROD3OHbL I0JICHOLL maileu»
pee. Ne 1021051202042-2-1.6.19.

References

1. Kireeva N.A., Kuzyakhmetov G.G., Miphtakho-
va A.M., Vodopyanov V.V. Phytotoxicity of antropo-
genic polluted soil. Ufa: Publishing house “Hilem”, 2003.
266 p. (in Russian).

2. Marphenina O.E. The antropogenic ecology of soil
fungi. Moskva: Medicine for everyone, 2005. 196 p. (in
Russian).

3. Gromovykh T.I., Sadykova V.S., Alimova F.K.
Micromycetes of the genus Trichoderma Pers.: Scientific
rationale for use in agro-industrial complex technologies.
Moskva: MSUFP, 2014. 189 p. (in Russian).

4. Domracheva L.I., Ashikhmina T.Y., Kondako-
va L.V., Berezin G.I. Reaction of soil microbiota to pesti-
cides (review) // Theoretical and Applied Ecology. 2012.
No. 3. P. 4-18 (in Russian). doi: 10.25750,/1995-4301-
2012-3-004-018

9. Svistova [.D. Chernozem micromycetes are produ-
cers of cellulolytic enzymes. Voronezh: izdatelstvo Vorone-
zhskogo gosudarstvennogo universiteta, 2003. 152 p. (in
Russian).

6. Ashikmina T.Ya., Kolupayev A.V., Shirokikh A.A.
Pesticides biotransformation in ground ecosystems (book
review) // Theoretical and Applied Ecology. 2010. No. 2.
P. 4—12 (in Russian). doi: 10.25750/1995-4301-2010-2-
004-012

7. Domracheva L.l. Territory remediation with the
help of organisms and biosystems // Theoretical and
Applied Ecology. 2009. No. 4. P. 4-16 (in Russian). doi:
10.25750,/1995-4301-2009-4-004-016

Teoperuueckast u npurnanuas sroaorust. 2022. Ne 1 / Theoretical and Applied Ecology. 2022. No. 1



METO/10J10T U1 U METO/Ibl UCCJEOBAHMIA. MOJIEJIA W IIPOTI'HO3bI

8. Shirokikh A.A., Shirokikh [.G., Ustyuzhanin 1.A.,
Kolupayev A.V. Microscope fungi in city soils polluted with
heavy metals // Theoretical and Applied Ecology. 2009. No. 4.
P.39—-44 (in Russian). doi: 10.25750,/1995-4301-2009-4-039-044

9. Cobas M., Ferreira L., Tavares T., Sanroman M.A.,
Pazos M. Development of permeable reactive biobarrier for
the removal of PAHs by Trichoderma longibrachiatum //
Chemosphere. 2013. V. 91. No. 5. P. 711-716. doi:
10.1016/j.chemosphere.2013.01.028

10. Skugoreva S.G., Gornostaeva E.A., Burkov A.A.,
Kutyavina T.I., Yuzhanin K.I., Domracheva L.1., Ashikmi-
na T.Y. Possibility of disposed of plastic waste using mi-
cromycetes Fusarium solani and Trichoderma lignorum /]
Theoretical and Applied Ecology. 2021. No. 4. P. 193-202
(in Russian). doi: 10.25750/1995-4301-2021-4-193-202

11. Woo S.L., Ruocco M., Vinale F., Nigro M., Marra R.,
Lombardi N., Pascale A., Lanzuise S., Manganiello G., Lori-
to M. Trichoderma-hased products and their widespread use
in agriculture // The Open Mycology Journal. 2014. V. 8.
No. 18. P. 71-126. doi: 10.2174/1874437001408010071

12. Pavlyushin V.A., Tyuterev S.L., Popova E.V.,
Novikova I.1., Bykova G.A., Domnina N.S. New complex
biopreparations for the protection of vegetable crops from
fungal and bacterial diseases // Biotechnology. 2010.
No. 4. P. 69-80 (in Russian).

13. Kakvan N., Heydari A., Zamanizadeh H.R., Rezaee S.,
Naraghi L. Development of new bioformulations using Tricho-
derma and Talaromyces fungal for biological control of sugar
beet damping-off disease // Crop. Prot. 2013. V. 53. P. 80-84.

14. Tanwar A., Aggarwal A., Panwar V. Arbuscular my-
corrhizal fungi and Trichoderma viride mediated Fusarium wilt
control in tomato // Biocontr. Sci. and Technol. 2013. V. 23.
No. 5-6. P. 485-498. doi: 10.1080,/09583157.2013.772561

15. Jahan N., Sultana S., Adhikary S.K., Rahman S.,
Yasmin S. Evaluation of the growth performance of Tricho-
derma harzianum (Rifai.) on different culture media //
IOSR Journal of Agriculture and Veterinary Science. 2013.
V. 3. No. 4. P. 44-50. doi: 10.9790/2380-0344450

16. Sutton D., Fothergill A., Rinaldi M. The deter-
minant of pathogenic and conditionally pathogenic fungi.
Moskva: Mir, 2001. 468 p. (in Russian).

17. Netrusov A.l., Egorov M.A., Zakharchuk L.M.
Workshop on microbiology. Moskva: Academy, 2005.
608 p. (in Russian).

18. Ziganshin D.D., Sirotkin A.S. Features of deep
and surface cultivation of Trichoderma fungi to obtain
biological products based on fungal cells // Bulletin of
the Kazan Technological University. 2017. V. 20. No. 10.
P. 155-158 (in Russian).

19. Voitka D.V., Yuzefovich E.K. Biotechnological
aspects of the development of a microbial preparation based
on the antagonist fungus Trichoderma sp. IZR D-11 BIM
F-457 D // Biotechnology: achievements and develop-
ment prospects: sbornik materialov I mezhdunarodnoy
nauchno-prakticheskoy konferentsii / Eds.: K.K. Shebeko,
A.A. Volotovich, A.l. Kozlov, O.N. Zhuk, A.G. Chernets-
kaya, O.V. Nilova, V.O. Lemeshevskiy, E.O. Yurchenko.
Pinsk: PolesGU, 2014. P. 114—116 (in Russian).

49

Teopernueckas u npuriaagaas srogorusi. 2022. No 1 / Theoretical and Applied Ecology. 2022. No. 1




METO/10JIOTHISI 1 METO/bI UCCJIEJOBAHIIL. MOJIEJIN I ITIPOTHO3bI

YR 502.51(282.02):556.3 doi: 10.25750/1995-4301-2022-1-050-055

I'mrnennueckas onmeHKka KayecTBa POJTHUKOBOIT BOJIBI
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B pa6ore paccmarpusaercs rnpobaema 6e301acHOro ncnoab3oBanus pogukos CapaTtoBekoll obracT B KadecTse
JBTePHATIBHBIX HCTOUHIKOB BojlocHa0kennst. Buin necaenosan 31 pojanik. B ¢Bsi3u ¢ MOBBIIIEHHOI aHTPOIIOTeHHOTT Ha-
rpysKoit ocoboe BuuManue 66110 yaesaeno 11 pogrukam na reppuropun r. Caparosa. Meeseosanus mpoBouIn B TeueHmne
2011-2018 rr. mo 25 xumuyeckum nokasareasam B coorserersun ¢ CanlluH 1.2.3685-21.

Rauecrso Bojibt 65% 06c/e/[0BaHHBIX POIHIKOR 110 XUMUYCCKIM TTOKA3aTe/ISIM COOTBETCTBYET CAHNTAPHBIM HOPMaM,
st 35% WMecaeoBaHHBIX POJHUKOB OTMEUCHO MTPeBbilieHne HOPMaTUBOB XOTs OBl 110 OIHOMY TIoKazare/ o, Ais 23% — 1o
HeCKOJbLKIM rokaszaressivm. Haubosee uacto npeBbleH s yeTaHOBICHHBIX HOPMATHBOB OTMEUAIOTCS 110 00ITeil skECTROCTI
(31%), comepskanmio mapranma (31%), murparos (23%), skenesa obmero (8%). B 3aBucnmoctin or BRIaga B BeTUIIHY
pucka onbdarropro-pedaeKTopHbix 3P@EKTOB TMoKa3aTe/n Ka4ecTBA BOLI MOJKHO PACIOIOKUTEL B MOPALKE YOLIBAHIA:
MapraHer, 3ECTKOCTh, XJTOPUIbI, HUTPATHI, jke/e30. 3arpsasHerie pogHuKoBoil Bojbl B CapatoBcKoil 001acTi MOsKeT ObITh
00YCJIOBICHO 0COBEHHOCTAMEI OCAIOYHBIX TOPOJL BOJLOHOCHBIX TOPU3OHTOB, & TAKIKE CITHCKOXO03CTBEHHO IS TeITHHOCTHIO.

HKarouessie ciosa: ponuKm, CAHUTAPHO-XUMITYCCKIE TTOKA3ATEIN KAYeCTBA BOJbI, OPTaHOJCITUICCKUIT PUCK, Map-
ramertt, yKeJae30, HUTPAThHI.
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The work considers the safety of the use of springs in the Saratov region as alternative sources of water supply. The
objects of the study were 31 springs. Due to the increased anthropogenic load, special attention was paid to 11 springs
in the city of Saratov. Studies were conducted during 2018 for 25 chemical indicators, according to Sanitary Regulation
SanPiN 1.2.3685-21.
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The water quality of 65% of the springs surveyed by chemical indicators corresponds to sanitary standards, 35%
of the springs studied exceed the MAC at least one indicator, the percentage of samples with excesses on several indica-
tors was 23. Most often, the excess of the established standards is noted for the sanitary and chemical indicators of arid
territories: total hardness (31%), the content of manganese (31%), nitrates (23%), total iron (8%). According to the
contribution to the risk of olfactory-reflex effects, the priority pollutants of the springs of the Saratov region can be ar-
ranged in descending order: manganese, hardness, chlorides, nitrates, iron. Spring water pollution in the Saratov region
is associated with the interaction of stratal waters with sedimentary rocks of aquifers, as well as agricultural activities.

Keywords: springs, sanitary and chemical indicators of water quality, organoleptic risk, manganese, iron, nitrates.

OreHKRa pUCKOB 3[I0POBHIO, 0OYCTOBIEHHBIX
yrorpebdaeHneM pojiHUKOBON BOJIbI, SIBJISETCS
B HacTOsAITIeE BPEMsI AKTYaTbHOIT 3a/1aueii Turme-
HBI OKpYsKatonieit cpeast [1, 2].

CaparoBcrast 0b1acTh HAXOJUTCS B cemMua-
PUAHON M apUHOI KIMMATHYeCKNX 30HaX. Xa-
PAKTePHBIMU OCOOCHHOCTAMI TMOA3EMHBIX BOJ
CaparoBckoii 0obJacTu, TUTAIONUX POMHIKMN,
ABIIAIOTCS TPEBBITITOH S HOPMATUBHBIX 3HAUCH I
0 3KECTROCTH, COMEPIRAHUIO sReTe3a U Mapram-
na B Bope [3]. IlockosbKy Boma pojHUKOB MC-
MOTb3YeTCs HaceJeHneM B KauecTBe NCTOUHMRA
NUTHEBOTO BOJOCHAOKEHUS, 0cOD0e 3HAUEHIE
npuodperTaer conmuaTbHO-TUTMeHNYEeCKUI MO-
HUTOPUHT POJIHUKOB, KOTOPbII BKJIOUAET B ceOs
MPOBEPKY CAHUTAPHO-XUMUUYECKOI 0e301TacHOCTH
n HaEKHOCTH UX PYHKITMOHUPOBAHUA |4, d].
Jlns mpoBeie A MePOTIPUATHI 110 00eCTTeUeHITIO
TUTHEHIYCCKOT 6€30MaCHOCTH POTHITKOBOT BOJHT
HeOoOXOo/(MMa KOMILJIEKCHAs OI[eHKa e6 KauecTBa
[6—8]. BaskHnoii xapakTtepucTuKoil KauecTBa -
THEBOIT BOJIBI SIBJISIETCST PUCK 3I0POBHIO, 00YCIOB-
JIEHHBIIT ITPEeBLITIIEHTEeM HOPMATHBHBIX 3HAYCH T
o TTOKa3aTe siM, 00JalalonuM 0JILHaRTOPHO-
pediekTopHBIM JleficTBUEM (MYTHOCTD, $KECT-
ROCTH, MUHEPATU3AIU 1 T. JI.).

[lennio HacrTosteir paboThl ABAAIACH
HKOJIOTO-TUTUEHITUECKAS OTEHKA KAYeCTBA BOJIbI
ponuukos B CapatoBeKoii 006J1acTI KAK MCTOUHI -
KOB IIUTLEBOrO BOLOCHADMKCH A,

OO0 BeKTBI 1 MeTO/IbI MCCICTTOBAHNS

O0berrom uccseroBanms obi1a Bofa s 31 poji-
nura B CaparoBcKoii 001acTu, IUTaeMbIX TPYH-
TOBLIMU BojaMu. B manmom mcceaemoBannm
OBlIa MCIOAb30BaHa mporpaMMa 06CIeIoBaHs
Karrazka pojnnka, npepcrasientas B CanlluH
2.1.4.1175-02 [9]. YUucnennocts skuresieil B Ha-
CeJEHHBIX MYHKTAX, UCIMOJIL3YIONNX POJHUKO-
BYIO BOJIY JI/Ii XO3AHCTBEHHO-IIUTHEBBIX HYHK/,
cocrasisia or 100 no 2500 uenosex.

B mepsyio ouepenn orenmBaiu cannuTapHoe
COCTOSTHTIEC POITHIKOB, KOTOPBIC, COTTACHO OITPOCY
cemneKIX srmTesed, mposeénmomy B 2013-2018 rr,
n nadopmManum Ha Topoackom moprasie [1],
[10JIb30BAJMNCH HAOOJIBIIIUM CIIpOcOM. AHKeTH-

poBaiie, B KOTOPOM y4acTBOBAIO SO8 UeslOBeK,
BRJIIOYAJIO BOIIPOCHI 0 KAYECTBE BOJbI I@HTPAJIH-
30BAHHOTO M HEIEeHTPATN30BAHHOTO BOIOCHAD-
JReHUs B HacenéuupixX mynkrax. [lo pesyabraram
AHKETUPOBAHUS ObLTN BHIOPAHBI POJHUKN IS
MOCTEYIONero 0Tbopa mpod BOJIBI.

[Tpo6ooTbop POIHNKOBOW BOMBI TTPOBOMIIN
OJIMH Pa3 B KBapTaJ, Ce30HHAas M3MEHUYNBOCTh
cOCTaBa POJIHMKOBON BOJIbI ObLTA HE3HAUNTEh-
ma. B coorserctme ¢ [9] B mpobax ompemesnsaan
MYTHOCTb, JKECTKOCTD, OOIIYI0 MIUHEPAIN3AINIo,
coflepsRafme HUTPAT-, XJI0PHJI-, Cyab(ar-noHoB,
sKeJ1e3a 0011ero 1 Mapramia oomero. X uMuyecKii
aHaan3 1mpod BOJBI ITPOBOMIIIN OOIIEPUHATHIMI
meropamu [10—14]. Ha ocHoBe laHHBIX MOHUTO-
pUHTA BOJIBI OBIIN TTPOMBBEIEHBI PACUETH PUCKA
3[I0POBbBIO 110 OJTb(DAKTOPHO-PePIEKTOPHBIM 110-
Ka3areJsiM CTaTUCTHYECKIM METOJIOM 110 MeTOJy
npobur-ananunsa B coorsercrun ¢ [15]. Pacuér
PUCKA OCYIIECTBIIsIN 110 (DOpMYyIaMm:

a) mpoouT-QYHKINS [T OTTpeJieTeH s PIC-
KOB 3JI0POBBHIO 10 TOKA3ATENI0 MYTHOCTH BOJIBI:

Prob,, = -3+ 0,25 M, (1)

e M — mokasaresb MyTHOCTH (MT/1M?);

0) TpoOUT-PYHKIUS JIISI ONpeiesieHus pr-
CKOB 3JI0POBBIO T10 ITPEBBITIIeHIAM KOHTIEHTPATII I
sarpsisuuresneit suauenuii [1J1H:

Prob, =Y’ —2+3,321gﬁ : (2)

i

[Tpobur-pyuriusa ABasgercs BepXHUM
npejesoM NHTeTrpadbHO BEeJINYMHBI PHCKA
onbharropHo-pederropubix adderron (Risk):

1 Prob .
Risk = j ey

N2

-

(3)

OrpuriaresibHoe 3HaYeHMe TPOOUT-OYHRITAM
OTBEYAET MPeHeOPEIRMMO MAJION, OJIM3KOM K HYJITO
BEpPOATHOCTHON BeJmunue pucka. Bejqnunna
npoouT-PyHKIMN JIJIsi PUCROB 0Jib(PaKkTOPHO-
pediieRTOpHBIX 3POERTOB TP IOTTYCTHUMBIX 3HA-
YeHUSIX CAHNTAPHO-XIMITYECKITX TTOKa3aTes el He
[pesbiiaer mnpepeabaoro snavenus 0,1.
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J2

Pesyabrarsl u 0b6cyskienne

[TpoBenéunbIil aHaaM3 BOJBI N3 PONHNKOB
B CaparoBCKOI 00JTACTH CBUIETELCTBYOT O TOM,
4TO KauecTBO BOJbI OTHOCUTEJIbHO ¢TabUIbLHO
n B 65% ciaydaeB cOOTBETCTBYeT TpeOOBAHMAM
[9]. B rabmauie mpuBeensl mokazaTean KauecTBa
POIHUKOBOI BOJIBI, 110 KOTOPBIM HAOIIO[ATNCH
MPEeBBINEHNST YCTAHOBICHHBIX HOPMATUBOB JIJIs
popuukos B 2018 1.

RadecTBO BOJBI pOJIHIKA BABUCHT OT 0COOECH-
HOCTEH XUMUYECKOTO COCTaBa TPYHTOB, a TaKKe
0T 3alUIIEHHOCTH BOJIOHOCHOTO TopusonTa. [l s
OOJILIITMHCTBA POTHIKOB, ITPeJICTaBIeHHBIX B Ta0-
JINIe, YCTAHOBIIEHO TTPEBITIIeHe HOPMaTHBHBIX
3HaveHmnii mo sxécrroctu. [Tpmannamu moswimnen-
HOTI 00TIeil sKECTKOCTI, MYTHOCTH BOJIBI, & TAKIKE
BBICOKMX KOHII@HTPAINII OTIpeJie/isieMbIX BeIecTB
1 MOHOB MOTYT ObITh (DAKTOPBI TPUPOTHOTO XapaK-
Tepa, CBI3AHHBIC C XUMUYECKUM COCTABOM TIOPO]I,
MPOTECCAMI NX BHIBETPUBAHUS, KITMMATHUCCKIMI
ocobennoctsiMu MmectrocTin. Kpome Toro, BeicoKme
3HAUCHU S OTIPEJIETISIeMbIX IIOKa3aTeeii MOTyT 00h-
SICHATHCS UBMEHEHUEeM COCTaBa TPYHTOB BCJIe]|-
CTBUE TOPOJICKOTO CTPOUTENHLETBA, MTPORIATKN
MOJIBEMHBIX KOMMYHUKAIUHI, nHOUIbTpaInei
3arPsABHAIONINX BEIeCTB ¢ ITOBEPXHOCTH 1 JIP.

[TpeBbilienne HOPMATUBOB 11O MYTHOCTHU
OBLJIO OTMEUYEHO B BOJle POIHUKA, PACIIOIOMKEH-
noroy Kpaesegueckoro mysest (Bomxexuit p-m)
u poruuka «bepryroscknii». C 2011 mo 2018 rr.
MPEeBbIIIeHNsT HOPMATUBOB 110 MYTHOCTH COCTA-
B 20-40%. Ilpeswimmenme obieii MmuHepa-
MU3aNUN W RECTROCTH, OTMEUYeHHOe B BOJie W3
HECKOJTbKUX POJHUKOB, MOKET ObITH CBS3AHO
€ COCTABOM OCAJIOYHBIX MeJIOBBIX Topoji. B [len-
3eHcKol 1 BopoHeskeKo 00acTsaX XUMIIeCKIit
COCTaB POJTHMKOBOIT BOjibl corocraBum ¢ Capa-
tToBckuM pernonom [16, 17], uro oObscusercs
AHAJTOIMYHBIMU KINMATUYECKUMU YCJIOBUSMU,
COCTABOM IOJICTUJIAIOIMX TTOPOJ U CTEIeHbIO
AHTPOIOTeHHOI Harpy3Ku B pernonax. B apuj-
HOIl 30He OTMeYaeTcs TMOBBINIEHHAS KECTROCTD
" MUHEePATN3AINS TOI3eMHbBIX BOJI, B TOM YHCJIe
ponHuKoB. Bejnunnua nanHbIX morasaresiei
YBeJIMUNBACTCS B HATIPABIEHUT ¢ ceBepa Ha Ior.

[TpeBbimiernsi HOPpMATUBHBIX 3HAYECHU I
10 JKeJie3y U COMYTCTRYIONEMY eMy MapraHily
B BOjle popHnKoB ¢. CoBerckoe (ApKagarcKuit
p-H), «Tapacoscknii», y KpaeBegueckoro mysest
n B 'neGyueBom oBpare MoryT ObITH CBSI3aHBI
cIIporeccaM MeXaHnqecKoro pa3pyieHus u pac-
TBOPEHMUSI 3KeJIe30Co/epPiRAINX MUHEPAJIOB 1pu
U3MEeHeHU I OKUCIUTeThbHO-BOCCTAHOBUTEIHBHBIX
yeaosuit. 3a mepmop ¢ 2011 mo 2018 rr. penbite-
HUsI HOPMATHBOB 110 sKes1e3y coctasuiau 17—28%,

a mo mapranny — 31-45% or cpeguemHoro-
neTHuX 3Hauvenuii. lloBbimennoe conepsranme
HUTPATOB, 110-BUINMOMY, CBA3AHO C aKTUBHOI
CeJIBCKOXO03ACTBEHHO JIeATeIbHOCTBIO B paiioHe
pacrojoskenusi porHukos c. [lluporuii yeryn
(Ranuuuncknmii p-u) n [lerrsipubiii (ATkaperuit
p-u). IlpeBbiiennss HOPMATUBOB 10 HUTpPATaAM
coctaBmio 26—43% 0T CpeIHEMHOTOTCTHNX
suadennii. [ [peBbinene copepranms Xa0puion
n cynbdaroB B pogHUKROBOW Bosie ¢. BaBumnos
JTOJT MOKeT OBITh CBSAZAHO ¢ PACIPOCTPAHEHN-
eM COJIOHIIeBATHIX JIYTOBO-UYePHO3EMHBIX TTOUYB
B llBanteeBcKroM paiione.

[To pesynbraTam orpoca HaceseHusi BoJa 13
BCeX POJIHIKOB 00J/1a/1a/1a YI0BJAETBOPUTETbHBIMI
BKYCOBBIMI KauecTBaMu, OTCYTCTBIEM 3araxa u
npumeceii. Bosee 80% orporiieHHOTO HaCeTeHIIS
UCIT0JIb30BAJIN POJTHUKOBYIO BOJLY JIJIsl TUThEBbIX
nysKiL, 63% mosbzoBaTeseil yoTpes s Takyio
BOy Ges npepBapureabHoil ouncrin, 17% nog-
Beprajin eé kursiuenunio. Ilo ganubiv onpoca
7 HaOII0/IeHNIl yCTaHoOBIIeHO, YTO B CPefiHeM Ha
HeOOABINNX 000PYAOBAHHBIX KalTayKaMu POJi-
nukax Bopy wadoupawotr or 100 mo 200 uenoser
B cyTKH, Ha Hosee KpyrnHbiX — ot 200 10 H00 ue-
JIOBEK B CYTKIU.

PykoBojicTBysich pesyibratammu cob6CcTBeH-
HBIX UCCJIeJ0OBAHNIT 1 nMerolelicss mHpopMalueit
[18—21], Oblin onpesiesieHbl MOKa3aTe M /s
pacuéra prcka 1o oJbLMarTopHO-pedIeRTOPHBIM
MOKa3aTeasiM: MYTHOCTh, 00111as JKECTROCTD,
o0Iasi MUHepaan3aius, cofepsRanme yKeaesa,
Mapramiia, HUTPaToB, XJOPU0B 1 CYab(aros.
Pesyabrarer pacuéra npodout-gyHKimii, orpa-
FRATONNX 0J1b(hakTOpHO-pedIeKTOPHBIe XapaKTe-
PUCTIKI KavyecTBA BOJIbI N3YUYEHHBIX POJHIKOB,
TpeJicTaBIeHbl B TabJInTIe.

Ponunku, B Bojie KOTOPBIX 0OHAPYKEeHbI
NPeBBINIEHIsI HOPMAaTUBa 10 OJTHOMY WJIN He-
CROJIBKUM TUTHEHWYECKUM MOKa3aTessiM, OT-
JIMYAI0TCS MOBBIIIIEHHBIM YPOBHEM PUCKA 3]10PO-
BBLIO UeJIOBEKA 110 BesnunHe skécrrocrn or 0,14
(p. Bepryrosckuii) no 0,38 (p. BaBumaon
mon), mo cojpepsranuio mapranima — or 0,12
(p- Benwrit knou) mo 1,26 (c. Coercroe),
senesa — 0,15 (p. TapacoBekmil), HUTPATOB — OT
0,17 m0 0,24 (c. lllupoxuii yerym, yi. [lenarpasin-
Has 1 BurniaeBast COOTBETCTBEHHO), XJTOPUIOB —
0,19 (Basunos mousr) (tadsa.). [lpuopurernnie
rmoKasarejim KauecTBa BoJbl poprHnKkos Caparos-
CKOIT 00JTACT MOKHO PaCIOJIORUThL B TIOPSIJIKE
yObIBaHUs MX BRJIAJIA B BEJIMYNHY PHCKA: Map-
raHely, JKECTKOCTb, XJIOPUJIbI, HUTPATHI, #KeJe30.
[To ocranbHBIM TOKA3ATEISIM MOFKHO TTPOCIEIUTh
3aKOHOMEPHOCTh: ¢ YBeJMUYeHueM KPaTHOC-
it nipeBbiiennst [TJIIN Bo3dpacraer Bennunna
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o4

pHCKa 3[0POBBIO, 00YCIOBICHHOTO 0H(AKTOPHO-
pedIeKTOPHBIMI XapaKTepUCTHKaMI KayecTBa
BOJIbI.

Jlns 6esomacmoro yrnorpedieHns BOBI 13
poaankos CaparoBckoil obaacTu HEOOXOMMA
npenBapuTeabHas obpadorra Bojel. Hampumep,
MOJKHO PEKOMEH/I0BATH NCTIOIB30BATH (DUIBTPHI
Ha OCHOBE MOHOOOMEHHBIX CMOJI.

3ariaoueHue

[Tpounssenena oleHKa prcKa 3710pOBbIO Ha-
cesterust CapaToBCKOT 001acT, 00yCAOBIEHHOTO
[peBbIIIeHIeM B POJHUKOBOII BOJle HOPMATUB-
HBIX 3HAYEHNIT TOKa3aTeieil KayecTBa, 00Jaja-
X 0JabMAKTOPHO-PedIEKTOPHBIM JIeTICTBHEM.
O1eHKa BBITIOJIHEHA 110 pe3yJbTataM OIpoca
HaceJeHUsl U CAHUTAPHO-XUMUYECKOTO UCCTe-
JIOBAHUS BOJbI, HAIIPABJIEHHOTO HA BbIsBICHIE
COOTBETCTBIS BOJ[bI 13 POTHUKOB IMTHEHUYECKIM
nopmatuBam. Haubosee yacro npesbiinenus
YCTAHOBJIEHHBIX HOPMATUBOB OTMEYAIOTCS 110
CAHUTAPHO-XUMUYECKUM TTOKa3aTesIM, Xapak-
TePHBIM JIJIsi APUJIHBIX TEPPUTOPHIL: 00111eiT KECT-
rkoctu (73%), comepsranuio mapranna (40%),
nurparos (27%), skesnesa ooiero (18%). Ipuo-
puUTeTHbIE TTOKa3aTesi KauecTBa BOJIbl POJTHUKOB
B CapaToBcKoil 06/acT MOJKHO PaCIIOJIOKUTH
B [HOPsi/IKe YObIBAHUS NX BRJIA/IA B BEJINYNHY PU-
CKa: Mapramery, JKECTKOCTb, XJIOPUJIbI, HUTPATHI,
sene30. B nanbospiieii crenieHn riTneH I ecKuM
HOpPMATHBaM KauecTBa He YIOBIETBOPSET BOJA
p- Basusos non (MBanTeeBckmii paiion), 4To cBsi-
3aHO ¢ 0COOEHHOCTAMUI TIOYB (COJOHIEBATOCTD)
u 1opoJ; (MeJoBBIe OTIOKEHMsI) CyOapuHBIX
" apujHbIX JaHAma@roB pernoHa. JKOJIOT0-
rUTHeHNYecKast OleHKa KavuecTBA POIHUKOBOI
Bojibl CapaToBCROI 06J1acTH 32 MCCIel0BAHHbII
1epuoj moKasasa, uro jijisi 6e301acHOTo yrorpe-
OJieHUS BOJBI HEOOXO0MMa eé mpeiBapuTehbHas
obpaboTKa, HATTPUMEP, ¢ TTOMOTIHI0 MOHOOOMEH-
HBIX (PUABTPOB, AKTHUBHBIX B OTHOIIEHUN PaC-
CMOTPEHHBIX 3aTPSA3HSAIONNX BEIECTB.
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Cocrosinue 1ecHOro puroreHo3a mocjie pyoxku yxoaa
¢ HapylIeHneM TeXHOJOTH NI

© 2022. E. B. Jlexexosa, K. 0. H., pyKOBOJUTE/Ib I[EHTPA KOMIIETEHIIHIi,
. A. RonosBanosa, M. H. c.,

Bsirekuii rocyrapeTBeHHbBIN YHUBEPCUTET,

610000, Poccus, . Rupos, yi. MockoBekast, 1. 36,

e-mail: bioket24@mail.ru

B pabore mpuseenbl famHbie NCCACIOBAHIS JIECHOTO HACAIKICHIS OCTEe PYORM MTPOPEKIUBAHIS ¢ HAPYIICHUSIMI
TEeXHOJIOTUM. 3"[‘0 I(OHTpOJl bHBIE ITOKa3aTeJin COCTOAHUSA Cbl’lTOllC‘HOS& B COpl/] njraJgt hHC[';] IINX MOH MTOpl/I HIOBbLIX p36OT, HI(Ty‘
AJLHBIX B HACTOSAIIEE BPEMsI B CBS3HU € YUaCTUBITIMIECS CIYyYassMU He3aKOHHOT JIeCO3aTOTOBKM. Y CTAHOBJIEHO YXY/IIIIeHIe
TAKCAIMOHHBIX XapaKkrepucTik pesocrost. [Tonnora ero B 60% coryuaes cHusniach 1o Kpurunaeckn HU3Koii: 0,4 T et HA I,
[TopopHbIil cocTaB OCTABIIETOCS [IPEBOCTOSI HEOJHOPOHBII, HEPABHOMEPHO PACITPE/eJIEHHbII, ¢ OOTLITIM ITPOIEHTOM BbI-
OOPKI 11eJIeBOI (COCHDI) U cCOXpaHeHueM BpeMeHHo 1ejieBoil (6epésnr) mopojt. O61as JKU3HEHHOCTh OCTABIIIETOCS JIPEBOCTOS
mocsie pyokn yxopa ociabaennas (0,7 or euHUIlL): KPOHA paspeskeHHasi, Tof0Bbie MPUPOCThl YMEHDITEHbI, UMEIOTCS
orgennnbie cyxue sersi. Ha 309 npoOHBIX III0IAI0K TOCTe TPoBeeHs pyOKky yXo/a raBHas mopoja B peBocToe OT-
cyreryer. KerecrBerinoe B0300HOBIICHIE IPEICTABICHO TOJPOCTOM XBOUHDIX (€Jib, ITNXTA, COCHA) U JIUCTBEHHLIX (Gepésa,
auta) nopog. [logpocer enn ormeden Ha Beex obeseoBanibiX mionagkax. Kro uncaennocrs cocrasisier 1110 mrr. /ra, uro
coorBercTByeT Kareropuu pejroro. [pu srom Mosopbie ocodu raasHoii mopopbl pouszpacraior auiib Ha 20% miomaaok
B KosmuecTBe 40 1mit. /ra. B Gyayniem Ha gaHHOM yyacTke PUTOIEHO3a TPOTHOBUPYETCS CMeHa MOPOJHOTO cOCTaBa Jpe-
BOCTOSI ¢ COCHOBO- HA €I0BO-0epPE30BbII.

Katouessie crosa: py6Ha yXo/a, nmpope;ruBanune, JIpeBOCTOfI, TOJMHOTA JIPeBOCTOA, JKU3HEeHHOe coCToAHNe IPEeBOCTO,
ecTecTBeHHOe BOBOGHOBJIGHH@, TTOPOCT.

The state of forest phytocenosis after
thinning in violation of technology
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Vyatka State University,

36, Moskovskaya St., Kirov, Russia, 610000,
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20

The article presents the data of a study of forest stands after thinning with violations of technology. These are the
control indicators of the state of the phytocenosis in a series of further monitoring works that are currently relevant due
to the increased cases of illegal logging. In the course of the work, the authors found a deterioration in the tree stand
characteristics. This contradicts the very essence of the ongoing forestry activity. The trees left behind should be the best
growing. It is for them that the optimal conditions for development and growth are created. Instead, the completeness
in 60% of cases decreased to a critical minimum: 0.4 units. The species composition of the remaining stand is heteroge-
neous, unevenly distributed, with a large percentage of selection of the target (Pinus sylvestris 1..) and the preservation
of temporarily target (Betula pendula Roth) species. Instead of weakened and sick trees, healthy individuals were cut
down. The overall viability of the remaining stand after care is weakened: the crown is sparse, the annual growth is
reduced, there are separate dry branches. At 30% of the test sites, the main species is absent. Natural renewal is mainly
represented by reliable young individuals of spruce, fir, birch and linden. Non-viable young individuals of these species
were not found in the study area. The growing individuals of spruce were recorded in all the surveyed areas. Their num-
ber is 1110 units/ha. Other species grow in groups and are also reliable in terms of development. Young individuals of
P. sylvestris L. in the amount of 40 pes/ha were recorded on 20% of the plots; Abies sibirica Ledeb. — 180 pes/ha on 10%;
B. pendula — 160 pcs/ha on 20%; Tilia cordata Mill. — 120 pcs/ha on 10% of the plots. Taking into account the growth
rate and the number of spruce undergrowth, in the future, a change in the species composition of the mother stand from
pine-birch to spruce-birch is predicted in this area.

Keywords: thinning of plantings, thinning out, tree stand, fullness of the stand, vital state of the stand, natural
renewal, undergrowth.
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PyOru secupix Hacaskuennii ¢ HapyiieHmem
TeXHOJIOTHH, & TaK/Ke He3aKOHHbIe PYOKN Hens-
MEHHO ObIJIN 1 OCTAIOTCST 00'bEKTOM MTPUCTATBHOTO
BHUMAHUSA TPKAH 1 opranoB [ocymapcTBeHHOi
Baactu. B Hacrositiiee Bpemsi, B ¢BSI3U ¢ y4acTHB-
MUMUCS CAYUIasiMI XUIIEHUS JTeCHBIX PecypcoB
7 BRIOOPROT HamboIee TeHHbIX TOPOJT, TIpobIeMa
OIIeHKM yI1epOa cTaHoBUTCS BCE akTyaibHee [1-7].
MHuorme actiekTs, CBSI3aHHBIE ¢ PETyJINPOBAHIEM
JIECOTIOJIb30BAHTIIS, TPOBEICHITEM FOCY/IaPCTBEHHOI
MHBEHTAPU3AINN JIECOB, a TAK:Ke OIpe/leJeHIeM
Mep OTBeTCTBEHHOCTH 32 He3aKOHHbIE JIec03aro-
TOBUTEJIHLHBIC MEPOIPUATIS, 3aKPEILICHBI COOT-
BETCTBYIONIMMI HOPMATUBHBIMU JIOKYMEHTaMU
Ha 3aKOHOJIaTeTLHOM YpoBHe. TaKkoBbIMU SIBJIsI-
ores: Defepanbipiii 3akoH «O0 HROTOTTUCCKOI
srcrepruse» or 23 Hosaopa 1995 r. Ne 174-D3
(¢ mamernenmsavn na 31 wionsa 2020 r.); [lpasnna
JIECOBOCCTAHOBJICHNSI, YTBEPYKIEHHBIC TTPIKA30M
MunucrepeTBa HpUpPOIHBIX PECYPCOB 1 HKOJIOTHH
Poccuiickoit @eneparun (PD) or 25 mapra 2019 1.
No 188 (¢ mamenenussvu na 14 asrycra 2019 r.);
[Tocranosienue Ilpasurenscrsa PO «O6 ucuncie-
HIU pazmMepa Bpefa, TpUInHEHHOTO JlecaM BeJiel-
CTBUE HAPYIIEeHUs JeCHOTO 3aKOHOATeThCTBA»
or 08.05.2007 r. No 273 (B pepn. IlocranoBienus
[TpaBurenscrra P® or 26.11.2007 1. Ne 806) u sip.

Bwmecre ¢ Tem, cBOeBpeMeHHBIE U TPAMOTHO
IIPOBO/IUMbIE JIECOXO35IIICTBEHHbBIE MEPOIIPUSITIS
M03BOJIAIOT ¢HOPMUPOBATH HACAIKIEHUS C BBICO-
KUM HHIEKCOM sKU3HEHHOTO COCTOSTHIS J[PeBOCTO-
eB, 0c00M KOTOPHIX PAa3BUBAIOTCS B JIYUIIINX WUJIN
ontuMaTbHBIX yesoBusax [8—10]. Chopmmposarh
TAKOBBIC TIPU3BAHBI PYOKN YXO/1a, B X0/ KOTOPBIX,
cornacuo IIpaBut yxosa 3a jsjecamu, yrBeps;/eH-
wbivu [pukazom Munmnipuponsr PO or 30.07.2020
No 534, u3 HacAKIEHUA YAATSAIOTCS HesKeIaTeh-
HbIe JIePeBbsI, He OTBEUAIOINEe XO3SAHCTBeHHBIM
IeJsM 1 OTPUIlATeJbHO BJIUSIONINE HA POCT
U COCTOSTHIIE JIYUIITUX U BCIIOMOTATeThHBIX 0CO0€I.

Pybra yxona Oblia mipoBefieHa B OTHOM 13
JecHbIxX Hacaygaennit Kuposcroit obmacti. Oma
N0JI3KHA OblIa ¢II0COOCTBOBATHL CO3/aHMI0 OJa-
FONPUATHBIX YCJOBUI JIJIsI IPaBUIBHOTO HOp-
MUPOBAHMWS CTBOJIOB 1 KPOH JIYUIINX [IePEBHEB.
Jlammbie o cocTosTHITY JIeCHOTO (hUTOTIEHO3a TTOCIe
pPyOKU yXoia npuBOIATCS B HacTosiIein pabore.

[lenn: onpegesuTh cocTosiHMe APEBOCTOSN
B JIeCHOM OmoIenose mocje pyoku mpopeski-
BaHWs ¢ HAPYIIEHUEM TeXHOJOIUN 1 OIeHUTH
ecTeCTBEHHOe BO30OHOBIIEHIIE.

O0BbeKTHI 1 METO/bI NCCACTOBAHS

B xopie pabotsl orpejessiin TakcanuoHHble
mapaMeTpbl PeBOCTOsT Tocsie pyORH (MOTHOTY,

MOPOJHBII cocTan, pacipejenerne ocobeil 1mo
JleJISTHKE), a TaKyKe aHAJIN3MpPoOBAIN Xapakrep
paciipejiesieHusi, 3KU3HEHHOTO COCTOSIHUS U 110-
POJIHOTO cocTaBa IMOPOCTa B HACAMK/@H U,

B nawane mosabopsa 2020 r. 66110 obeme-
moBamo 20 ra Jecocerm IRCIIIYATATMOHHBIX
mecon memsankm No 1 Boimena 19 ksaprama 106
Hemcroro yuacrrkoBoro gecandectsa Hemcroro
JIeCHUYECTBA, PACIIOJNOKEHHOTO HA TePPUTOPUN
Ruposcroit obmactu. Tun mpoBenéHHbIX J1€CO-
XO03SMCTBEHHBIX MEPOIPUATHIl — pyOKa yxoja
(TTpopeskuBanme) ¢ MHTeHCUBHOCTHIO yXxoa 30%
B a3umuuii mepuop 2016 r. Criocob pyoru: cpesme-
MaceYHbIN ¢ PACCTOSTHUEM MERILY TeXHOJIOTnYe-
ckuMu Kopugopamu 30 M 1 mupUHOIl aceUHbIX
U MarucTpaJabHbIX TEXHOJOTUYCCKRUX ROPUTOPOB,
PaCIOJIOREHHBIX IPAMOJUHEITHO, 4—5 M.

COFJIaCHO NAHHbBIX TaKCAIIMOHHBIX OIINCA-
HIT, TUII JIeca Ha MCCJIelyeMOM YUacTKe HaCasK-
TMeHNs — COCHIK MAaMHUKOBO-UePHUIHBIN; THUII
JIeCOPACTUTETLHBIX YCJOBIH — BIayKHAs CyOOPb.
[lesieBoii opomoii B MOXOOHBIX JIECOPACTUTEIb-
HBIX YCJOBUSAX MPU3HAHA COCHA, BPEMEHHO
nesieBoit — 6epésa. Ilo rexuonornueckoit kapre
necoceunbix pabor or 05.08.2016 1, moposHbIii
COCTaB KOPEHHOTO Jeca /1o pyOKHN Ha JIaHHOM
yuactke — 6B10c2C1E (cocHoBO-0epé3oBbiit
JIeC ¢ eJIBIO U OCIHOT), BO3PACT 3D JIeT, MOJTHOTA
0,9. Penbed poBHBII, pasMerreHne IepeBbes mo
IJIOTIA/[M PABHOMEPHOE.

O1eHRY 9KOJOTUYECKOT0 COCTOSTHMS Ha-
CaKIeHMS MTPOBOAMJIN ITYTEM 3aKAAKN Ha
necoceke 10 npo6ubix miaonagok mo 100 m2.
B cBsi3u ¢ mposepennem pador 1o3[Hell 0CeHBIO
BU/IOBOE Pa3HOOOpasne n KIU3HeHHOe COCTOSTHIEe
TpaBoCcTOs He yunThiBasu. B coorBercrBumn
¢ HacraBienuem 1mo oTBOJY W TaKcaluum Jie-
cocek B yiecax PD, yrBepskAEHHBIM TPUKAZOM
DepepasnbHoil CyROBI JlecHoOro Xo3siictea PO
or 15 wionst 1993 r. No 155, K jiepeBbsAM OTHO-
CUJIN PACTEHUSs ¢ IMaMeTPOM CTBOJIA CO CTYIIe-
HU TOJIMUHBL 8 ¢M Ha BuIcoTe 1,3 M OoT KOMUJIA.
Ilmamerp cTBONA ONpeeNANN MEePHON BUJIKOI
mapru «Haglog» 65 cm Ha ypoBHE TPy/N B IBYX
B3aMHO MepHneHaAnRKRyJAPHBIX HallpaBJIeHMUAX.
CyMmMmy 1jorniajieii cedeHunii CTBOJIOB B JPeBO-
CTOE YCTaHABINBAIN ¢ TIOMOIIIBIO TIOJTHOTOMEpa
bBurrepnnxa.

Kareropunu cocrosinms gepeBbeB orpeje-
nsu, pyrososietsysich Ilocranosnennem Ilpa-
ButenbcTBa PO «O mpaBmimax canmrapHoit
6e3omacHoctu B ecax» o1 20 mast 2017 . Ne 607
U MEeTOJMYECKUMU TIPEJJIOKEeHISIMU 110 cO3/1a-
HUIO CUCTeMbl ITOCTOAHHBIX HpO6HbIX IJjaoIia-
meit [11]. Memoan3ys mpemioskeninyio mKRary
COBOKYITHOCTH TIPU3HAKOB: ajKYPHOCTH, (hopma

7
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U IEJIOCTHOCTH KOPbI, TOMYHBIN TPUPOCT 110 BbI-
coTe, COCTOSIHIE 1 PACIIOIOMKEeH e BeTBell, CTBO-
Jla n KOpHeﬂ, HaJ/myue ipeBeCHbIX CTBOJIOBbIX Bpe-
nuTesiell u iepeBopaspyianinx rpudos, odcie-
moBaHHBIE 0coOM pactiperenuan na (tadm. 1):
3popoBbie (rareropusi 1), ociabienubie (2),
cuJIbHO ocaabnenubie (3), yewixawoiiue (4),
CBEIKMIT cyXOocTol (D) m crapbiii cyxoctoii (6).
Nnmekesl sJKU3HEHHOTO COCTOSAHUS OMEeHUBAJN
JIIST IPEBOCTOEB B T[€JIOM I 110 TIOPOJIAM B OT/IeJIb-
Hoctu. [lepeBbsiM 110 Kateropuu KU3HEHHOCTN
MPUCBANBAJIN ONPeleJEéHHBI Oasl: 3[[0pOBbIe
(1,0), ocnabsennnie (0,7), cuabho ocnabiaennbie
(0,4), yewixatomue (0,1), cBeskuii u crapbiii
cyxocroit (0). Pacuér mupgerca sKM3HEHHOTO
cocrosanus apesocrod (/) no umcnay gepesbes
[12] npousBopuan o gpopmyie 1:

=Mt 0,7n, +0,4n, +0,1n, (1)

H

Ijie 72, — YMCJI0 3[I0POBBIX, 72, — OCIa0IeHHbIX,
n, — CUILHO 0CAABIeHHBIX, 1, — YCBIXAIOIIX
JlepeBbeB Ha MCCJeyeMOll IIoTajin; n — odiee
YUCI0 IePeBbeB (BKJITOYAs CYXOCTOI) Ha I1JI0-
majiu.

[Tpu nnpexrce 1,7—0,8 sgkuszHenHOE COCTOSAHIE
IIPEBOCTOS OTEHMBAJIN KAK «37[0poBoex, ipn 0,79—
0,5 — «ocnabaennoe», mpu 0,49-0,2 — «cunbHO
ociabnaenHoe». VIHIEKCOB cO 3HAYEHUSIME HUFKE
YKa3aHHBIX B UCCJIEIOBAHIN HE BBISIBJICHO.

Pacnipepenienue mogpocra 1mo BbicoTe 1mpo-
BOJIMJIN B COOTBETCTBUM ¢ KaTeropueil KpymnHo-
cru: Mearuit — 1o 0,9 m, cpepuuit — 0,6—1,5 M,
Rpynubiil — 6osee 1,5 M (K 91001 sKe RaTeropun
OTHOCHJI MOJIOJTHSTK C JIHAMETPOM CTBOJIA MeHee
8 cm). [Ipm orenke yenenuocT 1ecOBO300HOB-
JICHUS ITPUMEH T KoY UIMEeHTDL: 1715 MeJTKOTO
nosipocra 0,9, st eperero — 0,8, st KpynHO-
ro — 1,0. Urorosoe uncio nogpocra (2N), ¢ yué-
TOM I1epecuyéra MeJIKOTO 1 CPeJHEero B KPYITHBbIIi,
paccuuThiBaan 1o popmysie 2 u 1mepeBo N
Ha Tra:

2N=(0,52N,) + (0,8 ZNW) + (ZNKP‘), (2)

rae N, ]ch_ " Nm — KOJIMYECTBO DK3EeMILISIPOB
MEJIKOTO, CPeIHer0 M KPYITHOTO TOPOCcTa COOT-
BETCTBEHHO.

[To pesysabraram onpejessiin Kareropuio
MOJIPOCTA: PeJIKMii — 10 2 ThIC./Ta, CpeHeil Ty-
CTOTHI — 2—8 ThIC./Ta, IycTOIl — HoJiee 8 ThIC. /Ta.

ITo rareropusiMm }KU3HECTIOCOOHOCTU T1O]I-
pasfeisiyin ero Ha OJ1aroHaIéKHbIT (310POBbIIT),
COMHUTEIbHBIN (YTHeTEHHBII, TOBPE;KICHHBII ),
yebIxaroruii (otMupaionuii) u cyxoii. Pactpene-

JIeHe TOIPOCTa 10 TIOIIAH XapaKTepu30BaIn
B 3aBUCUMOCTH OT BCTPEUAEMOCTU (OTHOIIEHUS
KOJINYeCcTBa YUETHBIX IIJIOMIA/OK ¢ pACTeHUsIMUI
K 00I[eMy KOJMYeCTBY YUYETHBIX TJIOMAMIOK,
3aJI03KEHHBIX HA JIECOCEKe, BhIPAYKEHHOE B 11PO-
IEHTaX): PABHOMEPHBIII — BCTPEYAEMOCTh CBBIIIIE
65%, nepasnomepnslii — 40—65% u TpynIOBOIL:
e Mmenee 10 MeTKUX WM O CpelHUX W KPYITHBIX
IKBEMILIAPOB JKI3HECTToco0HoTo ofpocra [13].
Nnnexc sKu3uneHHoro cOCTOSTHUS MOJTOBIX
ocobeli (L) paccunrsiBasu mo popmysie 3 [14]:

_100n, +70n, +10n, (3)
N

e n,, iy, N, — 4nc10 61aroHaIEKHbIX, CO-
MHUTEJILHBIX 1 YChIXalomux ocobeii Ha 1 ra co-
orBeTcTBeHHO; [V — 00IIee 41ea0 IK3EMILIAPOB
(BRytouasi cyxue) Ha 1 ra.

yRusnennoe cocrosgnme mojpocra oneHmn-
Baau 310poBbiM 1pu 3navenun L = 80—100%;
ociabrenubim (00-79%); crabHO OCTABTCHHBIM
(20-49%) n HeRMBHECTTIOCOOHBIM — TTPN 3HaYe-
nnn noxasaresneit or 0 1o 19%. 3axmamaéaHocTh
BBIPYOOK [19] orenuBaiv Kark ouennb caadyio (J10
20%), caabyio (21-50%), cpexpnioo (91-70%)
n cuabnyio (71-100%).

L

Pesyabrarel n 00cy:knenne

Pyb6ra yxoma ¢ mapyrienmemM TeXHOJTOTHN
nposeferia B 2016 . Hacrosmas padora — mepsas
73 3AILTAHMPOBATHON CePUN MOHUTOPHHTOBLIX
nccaenoBannii Hacaykaenusa. Ké manmoie mo3Bo-
JIAT OTEHNTDH JMHAMIUKY Pa3BUTHS COODIECTBA
" HAMETHTD JJbHEeIIIIe JeCOBOCCTAHOBUTEb-
HbIe MEPOTIPUSITHUS.

B xome paboTsl BBIABIEHO, YTO ITPeBbIIIe-
Hue o0’bEMa 3aroTOBJIEHHON JIPEBECUHBI COCHBI
MPUBEJIO K PE3KOMY CHUKEHUTO TOJHOTHI Ha-
CasKJIeHMsT HA HEKOTOPBIX YYaCTKaX JeJIsHKM,
YTO TPOTUBOPEUNT 3ATJIAHNPOBAHHON B TEXHO-
nornueckoit kapre (0,6): B 60% obGeaegosan-
HBIX TLTOMAI0K ona cocrasmia 0,4 (rromaakm
NeNe 3-8); 820% — 0,5 (NeNe 2, 10) w8 20% —
0,7 (NeNa 1, 9). IroT TIpoTeHT B HACTOATIMIA
MOMEHT CJIaraeTcst B OCHOBHOM JIMCTBEHHBIMI
nopogamu. Ilpu srom pybra ¢ 60JbIIOI BbI-
OOPROIT XO3ATCTBEHHO-TIEHHOT MTOPOJILI cTaTa
He TOJABKO HAapyIIeHneM TeXHOJOTHYeCKOTO
MpoIecca JjiecoceuHbix padbor (M3MeHeHUs 3a-
SABJIGHHOTO HATTPABICHUS U MIUPUHBI BOJTIOKOB),
HO ¥ IpUBeJja K BOBHUKHOBEHUIO Oypesoma
u BerpoBaja. llosTromy or/iesibHbIe yuyacTKU Ha-
CAIKIEHUS CTATN MAJTOTPOXOMMBIME U TPY/[HO-
JIOCTYITHBIMI, HECMOTPS HA TO, YTO BhIsIBJICHHAS
CTeNeHb 3aXJaMJIGHHOCTU HACAMKICHUS MOCTIe
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pyorn — cnabas (B 80% mpoOHBIX TIIONAIOK)
n ouenb caabas (B 20%), 410 cBUETENBCTBYET
0 KauecTBeHHOI yOOpKe MOPYyOOUHBIX OCTATKOB.
Ouncrra Jecoceku MponsBeeHa OHOBPEMEeHHO
¢ 3arOTOBKOII: TOPYOOUHbBIE OCTATKI COOpPaHBI B
BaJIbI ¥ OCTABJICHbI Ha MeCTe JIJIs TIePerHiuBaHs 1
MOJIKOPMKY JINKNX KUBOTHBIX B 3MMHUT TIe PO/,

[Tpu pybrax yxoja Ha gopaiuBaHie ocTaB-
JISAI0T 0COOM 1eJIeBOIT TTOPOJIbI, HETTOBPEKEHHBIE
OmoleCcTPYKTOPaMu, ¢ X0potrno ¢chopMupoBat-
HOW KPOHOI; W BCIIOMOTATeJNbHBIE, CTIOCO0-
CTBYIOIINE POCTY JIEPEBHEB TEJTEBOT TTOPOJIHI.
B coorsercrBun ¢ TexHomornueckoit KapToil Ha
mpoBeeHne PyOOK yXo/a 3a JIecOM, B JaHHOM
HACAKIEHNN MOJKHBI OBIIN OBITHL OCTABIEHBI:
JAyUIIne JepeBbs COCHBI, HEMOBPEeKAEHHbIC
rpUOHBIMI OOJIE3HAME 1 HACEKOMBIMHE, € XOPOIIIO
chopMrpoBaHHON KPOHOI, 1 BCTIOMOTaTeIhHbIe —
Oepésbl. 3ariaHnpoBaHHbIe K PyOKe JlepeBbst (He-
JKEJIATeJbHBIC) — DTO MEIIAIOIIe POCTY JIYUITIX
1 BCIIOMOTATeJILHBIX JIepeBheB, 00JbHbIe, (ayT-
HBIe, MTOBPEKEHHBIC BPEUTEIAME 1 00JIe3HAMN
0001, 3—6 KaTeropmii ;KN3HEHHOTO COCTOSTHISA,
Bwmecre ¢ Tem, obcrieoBanusa pasubix YIaCTKOB
MEJISHKI, B KOTOPHIX OBLIN 3aJ0KEHBI ITPOOTHLIE
TTOTIAJIN, TTOKA3ATN HEOAHOPOIHOCTh COCTaBa
TPEBOCTOS 1 €T0 HepaBHOMEePHOe pacipeeere.
Tak, na 30% n3 HuX rIaBHass HOpPoa BEIPyOIeHa
nonHocThio (tmormapku NaNe 1, 5, 6, rabn. 1).
Ha 10% ocrasiena Toabko ogna 0codb COCHBI
¢ ocnadsiennoii skuznennoctbio (Ne 9); na 20%
IJIOTIA/IOK M3 D-TU OCTaBJICHHbIX HA JlopalinBa-
Hue ocobeit 3nopossl autib e (NeNe 4, 8). Ha
20% troraor (NeNe 2, 10) wmesio ocraBieHHBIX
37I0OPOBBIX 0COOET TIEEBON MOPOIHI BHAUNTETHHO
MEHBIITe OCTABICHHBIX U CYXOCTOMHBIX. JI1TITh Ha
20% obcereloBaHHbIX TLTOA0K YHCII0 3[I0POBBIX
0cobeil TeaeBOT MOPOIBI PABHO OCTABICHHIBIM
(No 7) mim mpeBBITIIAGT YHMCTO OCTA0TeHHBIX
7 CYXOCTOMHBIX (N 3).

Bcé aro orpasuioch Ha cHUKeHN I 3HAYCH Ui
MHJeKCA JKUBHEHHOTO COCTOSIHS IePeBheB COC-
ubl. [lpeBocToit cocHbl TTpU3HaH 3J0POBLIM Ha
29% nuomagok ¢ sroii oposoit (1 * or 0,8 10
1,0; mnomaakm NeNe 3, 7 rabu. 1); na 42% on
ocnabmen (1 *0,7; mnomankun NeNe 2, 8, 9); na
29% 1IoImamoK APeBOCTON COCHbI CUJILHO OcJIa-
omen (1 *0,4; nnomankn NeNe 4 1 10): obiiee
3HAUenye MOKAa3aTe s CHIKACT HATNIme ocaa-
OJICHHBIX ICPEBDLEB, a TAK/KE OCTABJICHHBIX 0CO-
Oeil 13 KaTeropuili CBeKero m cTaporo cyXocTosl.
BBusy 3nauntenbHoil MOTePU COCHBI MAHHbBII
JeCHON OMOTIEHO03 YaCTUYHO yTPaTHJ XO03sii-
CTBEHHYIO IeHHOoCTh. Ha Kaskmoil n3 mionamox
OTMEUEHBI TTHH OT JIePeBLeB HTOI MOPOILI (10
7 mryk Ha 100 M?).

YuursiBasg snadenns WHICKCOB KayKaoN 13
TOPOJL JIEPEBHER, YCTAHOBIEHO 00111ee 3 KUBHEHHOE
COCTOSTHUE JIPEBOCTOER Ha ToTaKkax. B remom,
0HO oleHeno kak ocnabdnaennoe (1 0,7, rabm. 1).
3noposblii gpesocToil BuisiBiaeH Ha 40% momma-
nok (I 0,8-1,0; mmomanku NeNe 5, 7, 8, 10);
ocnabaennsiii — na 50% (1 0,5-0,7; nmomanku
NeNe 1-4, 9); cunbno ocnabnennwrii — na 10%
(1,0,4, nnomanka Na 6).

Beé oro eBumerennbeTByeT 0 HECOOTBETCTBIIN
MTPOBEAEHHBIX MEPOITPUATHI I[e U PYOKI TIPO-
peskuBanus. O0 5TOM TaKksKe CBUETEIHCTBYET
Hajnume ocrapmuxcs nueii. [lpusmaku mx
paspyuieHuss COOTBETCTBYIOT BpeMeHU, MPo-
HIeIeMy mocye pyoKu,  sKIU3HEeHHOMY COCTOS -
HUTO lepeBa Ha MOMEHT PYyOKN: HauaBIIeeCs
OTCJIOCHTE KOPBI, TIIOOBBIE Teja rpuboB, cie-
Ibl JKUBHEICATeAbHOCT HaceKoMbIX. Ha Beex
00CIe0BAHHDIX IJIOMIAKAX OTMEUCHLL ITHI OT
cocHbl ¢ fuamerpamu 24—42 cm. Tar, na Tpéx
n3 HIAX, T7[e cocHa He oTMeuera B JpeBocToe,
nMeeTcs OT ABYX M0 MATH TMHeN 3TOH MOPOIHI.
Ha mmomanxax NeNe 4 10, roe skumsmenmoe
COCTOSTHME OCTABJEHHOTO J{PEBOCTOS COCHBI
CUJIBHO ocJiabjeno, n3baro o—7 ocobeii. [lpn
DTOM B YHCJO OCTABJEHHBIX Ha J0paliBaHie
0cobeili rTaBHOI TOPOJBI BXOAT OCTa0IeHHbBIE,
a TaKyKe OCTOJIOTIBI T CYXOCTOH, KOTOPBIE TOJHK-
HbI ObLI ObITH yiaaeHnbl B 2016 1.

Takmm 06paszom, B Xofie JAHHOTO JIeCO3aro0-
TOBUTENLHOTO MEPOTIPUATHA OJTATOMPUATHHIC
yCJI0BUST (DOPMUPOBAHIIS CTBOJIOB 11 KPOH JIYUTITHX
IepeBLeB MIaBHOI TTOPOJIBI He COOTTOeH Bl M3Ha-
JAJILIO, U COCHA M3HATA B 00bEMe, 3HAUNTEILITO
MIPeBHITIAIOINIeM 3aIeKIAPUPOBAHHDIIL.

BosoOnosienne gpeBocTost mpepcraBieHo
MOJIPOCTOM XBOIHBIX I JTUCTBEHHBIX TOPoj1. B ra-
OsuIe 2 TPUBEEH COCTAB BCEX MOJIOJIBIX 0cobeil
Ha MPOOHBIX MJIOIAJIKAX, ¢ YKA3AHITEeM KaTeropuit
KPYIHOCTH U JKU3HEHHOTO cocrosuus. Tar, ma
60% T1IoIAIo0K MOAPOCT MOHOIIOPOMHBI (eJ0-
BhIiT); Ha ocrasimxes 40% — aByx- (momamKm
NoNo S 1 9) m rpéxriopoubiit (trormaarm NeNe 7,
8). HemusnecrmocoOHOTO TI0/pocTa HA UCCIEI0-
BAHHOT TePPUTOPUN HE OOHAPYHKEHO.

Enosrrit mogpoeT orMeden Ha Beex mMecTe-
npyembix mromankax: 8 90% cayuaes ocodu ero
smoposbie u guinb B 10% — ocaabaennsie (1io-
majara Ne 7, rabn. 2). Bee mosiopibie pacrenns,
38 CAUHMYHBLIM HCKIIOYCHUEM, 0JIaroHa e Kbl
B TIJIAHe JlasibHeiitnero pazsurus. Ynciennocrs
eJI0BOTO TIOJIPOCTa oTipesiesieHa 1mo gopmyne 2,
€ MCIIOJIb30BAHMEM JIAHHBIX Ta0aNIbl 2, 1 COCTAB-
asier 1110 1mir. /ra, 9T0 COOTBETCTBYET KaTeropun
PEIKOTO ¢ paBHOMEPHLIM pacmpesenennem. Mo-
JIO7IbIe 0COOM OCTATBLHBIX MTOPOJ, PACIIPEIEeTCHDI

2Y
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PeJIKo, IPYIIIaMI i KMEIOT 3/[0POBOE JKI3HEHHOe
cocrosinue (I or 86 no 100%).

[Togpoct cocrbl ormeuen siutib Ha 20% 11po6-
ueIxX mrotaok (NeNe 7, 8, raba. 2). Yuenennoctn
ero cocrasssier 40 mr./ra. Ha 10% momnamok
(No 9) ormeuen TOAPOCT TMUXTHI YNCACHHOCTHIO
180 mr./ra. BozobHnosienne J1ncTBeHHBIX TOPOJT
npescrasiaero 6epézoseiM (Ha 20% tTomaoK:
NeNe 7, 8) m mumiosbim (ra 10% mrormagor: Ne )
nozpocrom. bepészonwbiii HacuntbiBaer 160 ocodeii
na 1 ra. Jlunossrit nogpoct, B uncsae 120 mir. /Ta,
XOTsI ¥ BereTaTuBHOTO MPONCXOZKICH IS, HO TAKIKe
OJIaTOHAJIGHKEH: [TPEJICTAaBJICH He MHEBOW OPOC-
JIBIO, 8 0CO0SAMU, BO3HUKIITUME 13 TOYEeK Ha JI/TNH-
HBIX KOPHEBUITAX (KCUJIOPU30MaX) MaTePUHCKIX
pacrenwuii. B Oyayriem mpn 6;1aronpusATHBIX
YCJIOBUSIX U3 HUX CDOPMUPYIOTCS MOJHOTEHHbIE
OJIHO- 1 HEMHOTOCTBOJIbHBIE JIePEBbsI ¢ BHICOKUM U
TOBAPHBIMU Ka4ecTBAMI JIPEBECUHBI: N3MEeHeHIe
CBETOBOTO pPeKMMa HEKOTOPBHIX YY4aCTKOB Ha-
CAKJICHMST CIIOCOOCTBOBAJIO YIYUIICHUIO YCI0-
BUIl Pa3BUTHS TOHKOCTBOJILHBIX MOJIOJBIX JIHII.
B nopobnoii curyaim 1yroodpaznoro u3arudaHms
CTBOJIOB OOBIYHO HE TPOMCXOJNT: PACTEHIS Pas-
BUBAIOTCS COOTBETCTBEHHO BO3PACTY 1 TIEPeXO/IAT
B FeHEPATUBHOE OHTOICHETHYECKOE COCTOSTHIE,

Takum 0bOpazom, B eCTECTBEHHOM BO300OHOB-
JIEHUN N3YYeHHOTO COODIecTBA KIUEBYIO POJIb
urpaer HeresieBasi nopopa. Ilogpocr kasmoit us
MOPOJ| MMeeT KaTeropuio pejikoro; B odIemM co-
craBe rpeodsajaer eyb. OcraabHble TOPOJbI 110
YUCACHHOCTU 3HAYNTEILHO el yCTYIaloT, pac-
npejiesieHbl HepaBHoMepHo u rpynnamu. Orenka
JRIBHEHHOTO COCTOSTHUST JIPEBOCTOST COODIeCTRA
Kak 0cJiabIeHHoro, HAPSAY ¢ HU3KOI DHepruei
BO30OHOBJICHNSI, YKa3blBaeT Ha HEOOXOUMOCTh
MTPOBEJIeH ST OTMOTHUTETHHBIX BCIIOMOTATeIbHbIX
MEPONPUATHIL 110 YIYUIICHNIO BO30OHOBICHUS
IJIABHOIT MTOPOJIbI 1 BOCCTAHOBJIEHISI JIPEBOCTOS
ucxopnoro tuna. [Ipu cBoeBpemennom yxoje 3a
MOJIPOCTOM TJIABHOI 1MOPOJbl (yladeHuu 3are-
HSIOIINX er0 MOJIOIbIX eJieii 1 BhIOOPKe CIIebiX
U TIePECTOMHBIX JIePeBbeB MeTKOJIMCTBeHHBIX 110~
POJi) BOCCTAHOBJIEHME MCXOHOTO TUIIA Jieca Ha
AHHOM Y4YacTKe BO3MOYKHO. ITOMY Oyier ¢roco0-
CTBOBATDH U YJIyYIIeHIe CBETOBOTO PEKIMA, KOTO-
PBIi cTast O1aropUsTHBIM JJIsT PA3BUTHS TOIPOCTA
cocHbl. B ciryuae nenajyieskarero yxoya i ocrapie-
HUW TTOJ[POCTa eJTH B TIOJTHOM 00'hEMe, B OYIyIIem Ha
JIAHHOM Y4acTKe BO3MOJKHA CMEHA TOPOJHOTO CO-
cTaBa JPeBOCTOSI ¢ COCHOBO- Ha eJI0BO-0ePE30BbIil.

3arioueHue

B xope nccsegoBanmnii BLIABICHO U3MEHeHIIe
TaKCAlMOHHBIX XapakTepucrtuk japesocrosi. Kro

MOJIHOTA, B CPEIHEM 110 HACAKICH IO, COCTaBIIsIeT
0,5 or euHUTBI (¢ MUHUMAJIBHBIM 3HAUCHUEM
0,4 n makcumanbubivm — 0,7). 9t anubie He
COOTBETCTBYIOT TTokazarenio 0,6, 3asgaBIeHHOMY
B TexHoJ0rnuecKkoil Kapre JiecOCEUHbBIX padoT.
[Topogmbrit cocTas IPeBOCTOST HA MOMEHT DKC-
TMePTU3HI — HEOMHOPOHDIN, HepaBHOMEPHO pac-
MPeIeAEHHBIN, ¢ OOTLITIM ITPOIEHTOM BBIOOPKI
TITABHON 1 COXPAHeHTeM BTOPOCTEITeHHO TTOPOI.
Ero susnennocts na 40% nuomanor onenena
Kak spoposas, Ha 00% — ociabaennas, na 10% —
cuibro ocstabmennas. Ha 30% momanor rias-
Hast opojia B cOCTaBe JPEBOCTOSI OTCYTCTBYeT
(ITpM HAJTMY WY [THElT ), 4TO TOBOPUT 0 TpyOeiiriem
HapyIIeHn TeXHOJOTUY TPOBEIEHHOI PyOKHI
yxoja. rfhusnennocrs cocnbl Ha 42% IIomaoK
¢ 910il mopopoii ocaabiena; Ha 29% — cuiabHO
ociabaena. Ocobu npu3HaHbI 30POBBIMU JIUIIThH
B 29% ciyuaes.

EcrectBennoe BozoOmoBIeHIe TpeAcTaBIC-
1O, B OCHOBHOM, OJIATOHAGKHBIM, pABHOMEPHO
pacipeenéHHbIM, Pa3HOBO3PACTHBIM TOPOCTOM
equ ¢ yncaennocrbio 1110 . /ra. Ocranbhbie
MOPOJIBI PACTIPE/ICICHBI 110 HACAMKICHIIO TPYII-
maMu 1 Takke OJaroHaEKHDI B IJIaHe Pa3Bu-
tust. [logpocr rmaBHOil MOPOABI B YNCACHHOCTI
40 1rr. /ra ormeden Ha 20% 1I0MAI0K; TTUXTHL —
180 mrr. /ra ma 10%; 6epésnt — 160 1. /ra na 20%;
aunbl — 120 . /ra wHa 10% mromaox.

Herarusmoe Bimsnme mapymenmss TeXHO-
JOTHU PYORM TIPOPE;RMBAHUA ¢ TIPEBLITIICHITEM
HOPMbI BBIOOPKHU 0cO0el 11eJIeBOI ITOPOJIbI Bbi-
pasmioch B mMoTepe JYUIINX JePeBheB remepa-
TUBHOTO OHTOT@HETHYECKOTO COCTOSTHIS HAPSLY
¢ coXpaHeHUeM ocaabJIeHHBIX U CUIBHO OcJia-
OaernbIX. CuTyanmio yxy/imaoT mepuonieckme
CIOHTAHHbIE BETPOBAJBI, BO3HUKAIOIIIE N3-3a
PE3KOTO CHUKEHUsT TTOJHOTHI JIPEBOCTOSI, B pe-
3yJbTaTe KOTOPBIX TUOHYT 1 JIePEBbS MeJeBOI
nopofiel. B Oymytiem aTo MosKeT ctath OJfHIM 3
(paKkTOPOB CMEHBI TTOPOJTHOTO COCTABA JIPEBOCTOSI.

[TorobHbBIe pabOTHI TTEPCITEKTUBHBI B TIIaHe
HAyJIHOTO MCCIETOBATNA €CTeCTBOHHOTO XO/Ia
BOCCTAMOBICHIA HAPYIICHHBIX OMOTEHO30B, CO-
CTABJICHNS TTPOTHO3a PA3BUTHS HACAKICHNIT B
TUMUYHBIX YCJOBUSAX TP CXOKNX HAPYIITCHUSX
JIeCO3arOTOBKI, & TAKIKE COCTABJICHUS PEKOMEH-
A M0 HeOOXOAMMBIM JIeCOXO03SCTBEHHBIM
MEepPOIPHUATHAM, CITOCOOCTBYIOIIIM COXPAHEHNIO
1 PUYMHOKEHIIO HCXOHOTO 610pasHoodpasms
B 1eqoM. fIBasgsach BO30OOHOBIAsIEMBIM pecyp-
COM, Jiec, TeM He MeHee, Tpedyer mpucTaabHoTo
BHUMAHUSA YUCHBIX W OCPEIKHOTO0 OTHOIICHUS
JecOToNb30BaTeNCH, TYPUCTOB W JTIOOMTETe
npuponsl. ROMIITeKCHbBIN TOAXOJT T KOJTeKTIB-
HOe yJacTrne — 3aJI0T 0CO3HAHHOTO OTHOTIEHS

Teoperuueckast u npurnanuas sroaorust. 2022. Ne 1 / Theoretical and Applied Ecology. 2022. No. 1



MOHUTOPUHI ITIPUPOJIHBIX 1 AHTPOIIOI'EHHO HAPYIIEHHBIX TEPPUTOPUIT

K IIPUPOJie 1 epexojia OT apajurMbl morpediie-
HUA K IIapajiurMe yCTOHUNBOTIO pa3BUTHs, KOT7a
YeJl0OBeK CBOeIl JleATe/lbHOCTbIO He Hapyllaer
MPUPOHBIT GasaHe, a JUIb IIPUYMHOKaeT 60-
raTeTBA MPUPOJIBI.
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Bausinue coBpeMenHoOro noreneHus Ha BOHbBIN
n noHHbIi cTok CeBepHoii [[BUHBI
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Cospemennoe 1100ajbHOe TOTEITeHe TTPUBET0 K MBMEHEeHNI0 CTOKA BOJbI B 0acceiiHax apKTHUeCKNX peK, 4To Mpo-
SIBJISIETCS B 4EPelOBAHUN OTHOCUTEIHHO JITTUTEIbHBIX (a3 MOBBIIIIEHHON 1 ITOHUFKEHHOI BOJIHOCTH U 3TO, B CBOIO 0OYEPe/b,
MOIJIO MBMEHWTh CTOK IVIABHBIX HOHOB peK pernona. B ¢Bsi3u ¢ 5TuM 1es1b10 paboThl crasia KoJmdecTBeHHast OIeHKa BJIuSsi-
HUS COBPEMEHHOTO TTOTeIIeHIA Ha TOJI0BOIl 1 ce30HHbII BOHbII 1 nonubi crok CeBeproii [Isutnt 8 crBope ¢. ¥Yer-1Tnnera 3a
ripoptoszRuTebHBIN epuof 1947—-2016 rr. ¢ yuérom pasjeneHist 9Toro mepruoja Ha OTHOCHTeIbHO XonofHblil (1947—1988 rr.)
u ornocureabno témaniit (19892016 rr.). Onpegesnenne rpanuibl MEKY KANMATHYCCKUMU MEPUOJAMU BBITTOJTHEHO
METOJIOM PA3HOCTHO-MHTETPATLHBIX KPUBBIX. CTOK INMIABHBIX HOHOB BBIYICAEH KOPPEJIATNOHHO-PErpecCuOHHBIM METOJLOM
C MCIOJIb30BAHNEM TECHBIX CTATHCTHYECKN 3HAYNMBIX CBSA3€il N3MEPEeHHbBIX KOHIEHTPAINIL 11 CPEeJIHECYTOUHBIX PACXOJIOB
Bojinl C' = f(Q). llokasarmo, 4ro B epuoj COBPEMEHHOTO MOTeIJICHUsT KINMaTa TO0BON U Ce30HHBII BOJHBIN CTOK YBEJI-
yuiest na 3—15%. HanbGosee 3aMeTHbIil pocT cTOKA MPONCXOI 31Moit. Maciimab naMeHeHnii ¢croka MOHOB MeHee 3aMeTeH.
CratineTnyeckit 3HaYMMOe ero YBeJIMUeH e BbISIBJIEHO TaKFKe TOJbKO B 3UMHIIT IEPUOJI, YTO CBSA3AHO ¢ YBEJIMUYEHNEM CTOKA
CPaBHUTEILHO DOJIee MIHEPAIN30BAHHBIX BOJ. B 11e/10M inHaMu4ecKoe OCTOsIHCTBO TeOXNMINYeCKOI Harpysku Ha Beroe
mope Bofamu p. Cesepnoii [lBnnbl Hesasncnmo or Kojnebanmii €€ BOJIHOCTH OTpeflesisieTcss 0OpaTHBIM XapaKTepoM CBA3Y
MEsK/Ty PACXOJI0M BOJIbI M KOHII@HTPAI[Mell XUMITYECKOTO BEIeCTRA.

Kuaouesste crosa: p. Cesepras [[Buna, BoHbBII CTOK, MOHHBII CTOK, TOTEILTEHITE KINMAaTa.

The influence of modern climate warming on the water flow
and major ion flux of the Northern Dvina
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b4

Modern global warming has changed the water flow in the basins of the Arctic rivers. [t's manifested in the alterna-
tion of relatively long phases of increased and decreased water flow. In turn, water runoff variations could change the
major ions flux of rivers of this region. In this regard, the goal of the work was a quantitative assessment of the modern
warming impact on the annual and seasonal water flow and ion flux of the Northern Dvina river at Ust’-Pinega vlg.
during 1947-2016 years considering the separation of this period into relatively cold (1947—1988) and relatively warm
(1989-2016). Climatic periods were determined by the cumulative deviation curves of annual and winter air temperature
in basin. The ions flux was calculated using close statistically significant relationships between observed concentration
and daily water discharges. It was shown that modern climate warming increased the annual and seasonal water flow
by 3—15%. The most noticeable increase of major ions flux was observed in winter. The scale of ion flux changes is less
noticeable than water flow changes. Statistically significant increase of ion flux was also revealed only in the winter,
which is associated with growth of the flow of relatively more mineralized waters. In general, the homeostasis of the
geochemical load on the White Sea by the Northern Dvina regardless of its water flow fluctuations, is determined by the
inverse relationship between water flow and chemical concentration.

Keywords: the Northern Dvina river, water flow, ion flux, climate warming.
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CoBpemenHoe Ti00anbHOE TTOTETIIEHTE,
nauasireecss B 1970-1980 rr., oxBaruno pas-
JMYHbIE PErMOHBI 3eMJII, HO 0COOEHHO 3aMeTHO
OHO TPOsIBUJIOCH B HacceiiHaX apKTHYECKUX
pexr, Braouas Cesepryio [suny [1, 2]. [lna
HEro XapakTepHO OILYTUMOe IOBbIIIIeHNe TeM-
mepaTypbl BO3/lyXa Py MEHBIINX 10 Maciitady
n3MeHeHusiX arMmocepHbIX ocaakoB. Ilpu srom
MPOUCXOJUBINNE U3MEHEHWST PACIPeIeNISINCH
BechMa HepaBHoMepHo 1o teppuropuu. [lore-
neHne KiIMMaTa MpUBeJIo K N3MeHeHWI0 CTOKa
BOJIbI, KOTOPOE TPOSIBJISAJIOCH B YepeoBaHIN
OTHOCHUTEJIbHO JIINTENbLHBIX mepnomaoB (das)
MOBBINIIEHHOT 1 TTOHWKEeHHOI BojHOCTH [3—-9].
B cBoto ouepenb, 9T M3MEHEHUS MOTJIN CY-
IMEeCTBEHHO MOBJIUATHL HA TUAPOXUMUYECKUIT
PesRUM PeK permoHa, XMMU4YecKuii CTOK B I[eJI0M
U MOHHBIIT CTOK B 4aCTHOCTH, 0COOEHHO ecJin hop-
MUpOBaHIe HOHHOTO COCTaBA BOJ 00YCIOBJIEHO
MPEeNMYIIEeCTBEHHO eCTecTBeHHbIMI (haKkTopa-
mu. Hanbonee 3amMeTHbIX M3MEHEHUIT cJeiyer
OKMJIaTh OT PeK €O CPABHUTEIHHO BHICOKNMUI
3HAYeHU MU MOJLYJIsI HOHHOTO CTOKA, K KOTOPBIM
ornocurest Cesepras [IBuna. Mojuyiib eé monno-
ro croka cocrasisier okoso 40 T/km? B Toj, 4To
CBS3aHO C €6 3HAYNTEJIHLHOIT BOTOHOCHOCTBIO, OT-
CyTCTBUEM B OacceilHe BEUHOI Mep3JIOThI, a TaKKe
¢ TeM, 4TO caM DacceiH B 3HAUYUTENHHON Mepe
CJIO3KEeH JIEI'KO BhIIeJaunBaeMbIMI TIOPOJIAM U
(ruric, uaBectHsiK) [6].

K macrosiiiieMy BpeMeHU 1MOJIy4eHbI OTIEHKN
OT/IeJIbHBIX KOMIIOHEHTOB XUMHUYECKOTO CTOKA
Cesepnoit [IBuHbI, ycpeiHEHHOTO 3a pasJinyHbIe
nmepuoibl Habdgogennii, Hanpumep, 3a 1955—
1980 rr., 1948-2000 rr., 1980-2006 rT. 1 Gomee
roporkne 10—20-yeTHre BpeMeHHbIE MHTEPBAJTbI
[7—11]. Opnako manboJsiee MOJHBIE CBEEHUS
110 MOHHOMY CTOKY, IPUBEJEHHbBIE JIJIs Tepuojia
no Havana 2000-X rr., He yUYNTHIBAIOT BIAUsHIE
N3MEHUYMBOCTU KJINMaTUYEeCKUX (PaKTOPOB,
ocobenno B nocaepnune 1,9-2 necaruiaerns,
U TTOJIy4eHbl PA3HBIMU METOJ[aMI PACYEéTa CTOKA
noHoB. B ¢Bs3u ¢ a11M, 11€J1bI0 TaHHOT paboThI
crajia KOJIMYeCTBeHHAsT OIeHKA BIAUSHUS CO-
BPEMEHHOTO MOTeIJIeHNsT KINMaTa Ha TO0BOI
7 Ce30HHBII CTOR TTTABHBIX NOHOB B 3aMBIKAIOIIEM
crBope CeBepHoii [|BUHBI 1 cTOKA BOJBI 32 TIepH-
Ofl PeRMUMHBIX THAPOXMMIYECKNX HAOTIOeHITI
¢ 1947 o 2016 rr.

O0beKTBHI 1 METOJbI HCCJIEI0BAHIS

B kauecrBe oObeKrra nuccyienoBaHus BbiOpaH
bacceitin Cesepront [IBUHBI B cTBOpe ¢. YCTh-
[Tunera, pacronokeHHOM HA BXOJe B YCThEBYIO
o01acth B 137 KM 0T MOPCKOTO Kpast [IeJIbThl HUZKe

pruagenns p. [lunern. Ou 3aMpIKaer maoamh
Bojiochopa, pasuyio 348000 km? (97,5% Bceit
motragn Botocoopa) [12]. Hauamo nadmonernii
3a XUMHUYECKIM COCTaBOM BOJIbI B 3TOM CTBOpE
natupyercsi 1947 1., B To BpeMsi Kark psifibl Ha-
OJIIOJIeHITTI 32 PACXOJIOM BOJIbI IMEIOT 3HAUMTE h-
0 OOMBITYIO TPOTOKITENHHOCTL — ¢ 1882 1.
Cpegnuii 3a Bech mepmof, HabIofeHni TOTOBOT
pacxoj Bojtel cocrasiser 3305 m?/c. Becbhma
onmsor &k memy (3247 m3/c) cpeanuii MHOTO-
JIETHWIT TOOBOIM PacXojl BOMBI, PACCUNTAHHBINA
VIS TIePUOJIA, B TedeHne KOTOPOTro IPOBOIMINCH
MHPOXUMIYECKIe HAOTIOeH .

ITo knacendpuranuu O.A. Anekuna Bosa
CeBepHoii [|BuHBI B 3aMbIKaIOIIEM CTBOpE OT-
HOCHUTCS K I'MJIPOKapOOHATHOMY KJIaccy, rpyliie
kagprus, [Ltun (C,"). Fenernuecku Bojibt 91010
TUIIA CBSI3aHBI ¢ PA3JNYHBIMU OCA/[OYHBIMU T10-
POJIaMil U TTPOJLYKTaM U BHIBETPUBAHUS KOPEHHBIX
MTOPOJI, SIBJISISICH TTPEMMYIIECTBEHHO CMeIaHHbI-
mu [13].

Jlitst oreHKM M3MeHeH!iT ¢TOKA BOJIBI 1 MOH-
HOTO CTOKA B YCJOBUSIX MEHSIONEr0Cs KANMara
MCIOJTBb30BAHBI PeIKUMHbBIC THPOMETPUYCCKIE
u rujipoxuMmndeckne gannsie ocymaperennoit
HaboatesibHON cetn Pocrujipomera 3a rnepuoyi
¢ 1947 o 2016 rr.

Merop, onpenenenns rpaHuIlbl HAYajaa coO-
BPEMEHHOT0 NMOTEeIICHUsI KJINMaTa OCHOBaH
HA WCIOJIb30BAHNN PA3HOCTHO-MHTEIPAJTbHBIX
kpusuix (PUR) [3], mo3Boastomux BLIABUTD
TOMBI CMEHBI NINTEIBHBIX TTePIONOB TOHMKEH-
HBIX /TIOBBIINEHHBIX 3HAYCHUI CPEIHEr00BON
7 cpefiHe3snMHell TeMIiepaTypbl Bo3ayxa (puc. 1,
cM. 1B. BRAaARY [11). Bpemennyio rpanunity
CMEHBI JIOJATOBPeMeHHBIX )a3 MOBBIIEHHbIX/
MOHMKeHHBIX 3HAYCHII TeMIIepaTypbl BO3IyXa
OTIPEJIeIsIN HA OCHOBE BBIABJICHUA MUHUMAb-
HBIX U MAKCUMaJIbHBIX 3HaueHuii opauuar PUR
B RoMOuUHaImuu ¢ kpurepuem CrbiofieHTa 1 TeCTOM
Maun-Yuruu-Ilern [2]. Ananus PUR nokasbi-
BaeT, 4TO HAYaJ0 MHTEHCUBHOTO TOTETJIeHU S
B ATOM pernoHe Mo;kHO otHecTn K 1988 1.

Pasuumna ycpepnénnnix jiis daccetina Ce-
BepHO¥l [IBUHBI cpeiHuX MHOTOJIeTHNX 3HAUCH U I
KINMATHYECKIX XapaKTePUCTUK OTHOCUTEIbHO
6oJiee XOJOHOTO TIePHOJIA, TPOLOJKABIIIETOC C
1930-1940-x rr. mo komra 1980-x rr. 1 mocaeno-
BaBIIEro 3a HIM OoJiee TETIOro Teprojia 10BOJb-
HO 3amerHa. Tak, cOOTBETCTBYIOIE 3HAUCHUS
CpelHerooBOI TeMIepaTypbl BO3yXa paBHBI
0,8 u 1,9 °C, a rojoBoii cyMmMbl arMOCHepHBIX
ocajikoB — D81 u 628 mm.

W3menenust ctoka BOJbl 1 CTOKA TTABHBIX MO-
HOB, 00YCJIOBJIEHHbBIE COBPEMEHHbIM [TOTeIJIeHITeM
KJIMMara, OIeHNBAJIICh HA OCHOBE CPABHEHIISI CPe]l-
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«BnusHne coBpeMeHHOro norenJsieHnus Ha BOAHbIN
M MOHHBbIM cTok CeBepHo [IBuHbI». C. 64.
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Puec. 1. Muoronernune uamenenus cpejinerofoBoii (a) u cpepueit sumueit (b)
TeMIepaTypbl Bo3jiyxa, yepeauénnoii mo 6acceitny Ceseproit [|BuHbBI, BbIpayKeHHbIC
B KOOpJIMHATAX MHTETPATbHO-PA3HOCTHBIX KPUBBIX
Fig. 1. Long-term changes of the average annual (a) and average winter (b) air temperatures
in the Northern Dvina basin, expressed in the coordinates of the integral-difference curves
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HUX FOJIOBBIX M Ce30HHbIX 3HAYCHII [T IePUOIOB
OoJiee TEIIOrO 1 HoJee XOJMOIHOTO KIIMMara.
Meron pacuéra croka riaBHBIX MOHOB.
OueBunno, uro naumbojiee Tounoe 3HAUYCHUE
MOHHOTO CTOKA MOJKHO IOJIYYUTh PN HATUYUN
esKeJIHeBHBIX JJAHHBIX 110 CPEIHECYTOUHOMY pac-
XOJLY BOJIbI I KOHIIEHTPAIIISIM BeIecTBa, OJ{HAKO
HAOJOJIeH IS 38 XUMUYECKUM COCTaBOM, KaK Ipa-
BWJIO, OTPAHWYEHBI 1 HEOJHOPOHBI 10 YacTOTe
1 cpokam o16opoB. B ¢Bs31 ¢ 5TUM MOHHBIN CTOK
PacCUYNTHIBAIN HA OCHOBE CTATUCTIYCCKON CBSA3H
MERITY CPeHECYTOUHBIM PacxXoioM Bojbl (Q)
" M3MepeHHbIMI 3HaueHusaMu Kortentparnmii (C).
CBsI3b TUJIPOXUMHYECKOTO PEIRUMA C BO-
JTHBIM BBIPAsKAETCS B CUHXPOHHOM, HO 0OpaTHO
MPOTUBOIIOIOKHOM N3MeHEeHN N KPUBBIX PacXojia
u MuHepanusaiuu | 13], 4To mo3BoJIseT MoIyYnTh
YCTOUNBbBIE 3BaBUCUMOCTU MEKIY PACX0/0M
BOJIbI ¥ KOHIEHTPAIMAMU TJIABHBIX NOHOB Ha
OCHOBE KOPPEeJSIIMOHHO-PErPeccCnOHHOTO aHa-
nauza (raba. 1). Tar pys 3aMbIKaioNero cTBopa
p. CeBepuoit [IBuHbI XapakTepHo HapacTaHme
MUHEePaJN3aIil B MEKITABOJIKOBBIN TEPHOJT
n ObICTpOe TMajieHne — B BECEHHMIT 38 CU6T cMe-
menust 6ojiee MIUHEPATN30BAHHBIX TPYHTOBBIX
BOJI C MeHEee MUHEePAJIN30BAHHBIMY, CTEKAIOTITUM I
C TIOBEPXHOCTH TI0YB BO BpeMsi cHeroTasinums. ['pa-
(uveckn 510 BhIpaskaeTcsi KPpUBBIMU MUTIePOOJII -
YeCKOro TUIIA, BETBY KOTOPHIX aCUMIITOTUYECKI
NpUOIMKAIOTCS K KOOP/IMHATHBIM OCSM.
CorniacHo 1oJIy4eHHBIM YPaBHEHUSM, OITN0-
Ka almpoKCuMalnm CTeleHHbIX GYHRIUNT KO-
nebaercst or 14 1o 27% s TUTOTeHHBIX MOHOB
UAPOKAPOOHATOB, KAJILIMA U MATHUS 1 OT 24 J10
97% past MoHOB, GOJIee UYBCTBUTEALHBIX K aH-
TPOMIOTEHHOMY BO3JICHCTBIIO — OJHOBATCHTHBIX
KaTmoHOB METAJIJIOB, XJOPUIOB 1 CYJIb(arTos.
Bonbiioe 3nauenue omubKU ammpoKCuMarmm
(OYHKITNT 3aBUCUMOCTI CYMMBbI HATPUS W KaJIUs
OT pacxojia BOJbl BHI3BAHO ITPUPOOTT aHAIM3M-

pPYeMBbIX JaHHBIX. B oTam4me o ocTaJbHBIX T10-
KazareJieii, KOJIM4ecTBeHHO N3MepsieMbIX B J1a00-
PaTOpPHBIX YCJIOBUAX, CYMMa MOHOB HATPUS 1 Ka-
JIUs SIBJISIETCS BeJIMUYMHON pacyérHoii. OHa BbI-
YUCTAETCS 110 PASHUILE MEKILY MUHepaausanmei
1 COJIepyRaHeM OCTAIHBHBIX MAKPOKOMITOHEHTOB,
B CBSA3M ¢ 4eM Ha Heé TaiaeT BCs cyMMa oTpert-
HocTell ompejiesieHs HOHOB. B ¢BsA3u ¢ pTUM
BBIBOJIBI, CHleJIAHHBIE OTHOCUTEJIbHO MOHHOTO
CTOKA OJTHOBAJIEHTHHIX KAaTHOHOB, He SBIAIOTCS
MIOCTaTOYHO HAJIEKHBIMI. TeM He MeHee, 3HAYN-
TeJTbHBIe BeJTNYMHBI NHAEKCOB JleTepMUHAINN
(%) pist GOBINMHCTBA APYTUX HOHOB 1 0COOCHHO
JUISI MHTErPaJbHOTO TOKA3aTe sl MITHepaan3arum
PeuHOI BOJIbI KOCBEHHO CBUJIETETLCTBYIOT O HEHA -
PYIIEHHOCTH TPUPOJIHBLIX MTPOIeccoB (hopMmpo-
BaHUs rUipoXuMmnyeckoro peskuma p. CeBepHoii
JIBUHBI B 3aMBIKAIOIIEM CTBOPE.

Pacuér cyrounoro nontnoro croxa () u ero
OTHETbHBIX KOMIIOHEHTOB MTPOBOAMIN 10 dhop-
myae [14]:

n

G= Z w.-C,

i=]

rie W, — BopuBIl cTOK 3a CyTRU (KM?),
C, — cpepHecyTouHas KOHIeHTPaLlUs BellecTBa
(T/KM?), n. — ROJUYECTBO CYTOK B TOAY, i — I10-
PAIKOBBIIT HOMEP CYTOK.

Jlns pacuéra MOHHOTO CTOKA 3a roji U 3a
Ce30H CYMMWPOBAJIM 3HAUYEHUST CYTOUHOTO XU-
MUYECROTO CTOKA B COOTBETCTBYIONIIE PACYETHRIC
nieprojibl. Ce30HHBII HOHHBIT CTOK PACCUNTAH € OK-
pyTJIeHUEeM JIo Mecsia: BeCeHHe-JTeTHU mepu-
Ofl ¢ ampeJisi 0 MIOJh, JeTHe-0CeHHNI MTepuof
¢ aBIYCTa 110 HOSOPb 1 3MMHUIT TePHOJI ¢ leKadpst
o mapr. [losryuernbie MHOTOTETHIIE PSAIBI TOSI0-
BBIX 1 CE30HHBIX 3HAYEHIT MOHHOTO CTOKA OBLITN
CTPYIIINPOBAHBI 10 KINMATHYECKUM ITepruoaM:
nepnoy; 6oJiee X0JOJHOTO KJAMMara 0XBaThIBaeT
roziet ¢ 1947 o 1988 rr., a mepuoy Goee TémI0-

Ta6auma 1 / Table 1

CraTucTryeckue XapakTepUCTHRE 3aBUCHMOCTEN KOHIIEHTPAIINIT TTIABHBIX MOHOB OT PACXO/a BOJIbI
B 3ambIkaioreM crBope Ceseproit [lsmunr / Statistical characteristics of the bonds between
the main ions concentrations and the water discharge in the Northern Dvina outlet

I'nmaBubiii momn YpaBHeHUe CBA3U WMupexe nerepmuHaiinm Omubra anmporcuMaIum
Major ion Regression equation Determination index Approximation error

C=f(0) R A, %

Ca* C=27328- Q0% 0,88 15,7
Mg?* C=646,7 Q0% 0,73 27,2
Na*®+ K* C=151,7- Q06 0,25 97,4
HCO, C'=17839,3 - Q02 0,89 14,2
SO, C=6298,4- Q065 0,77 24,8
Cl C=529,9- Q0 0,66 30,2
sonon 7 Zione C=15112,0 - Q08 0,89 15,1
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Ta6amma 2 / Table 2
TomoBoii u cesonnblii ctok Bopibl p. CeBeproii [lBunbl (c. Yerb-Ilunera)

B Hepuojibl XoJ0/H0T0 1 Téroro kianmara / The annual and seasonal water flow

of the Northern Dvina river (Ust-Pinega vlg.) during the cold and warm climatic periods

Knnmarnueckne Cpepnnii pacxon Boasl (Q, m?/c¢) 3a: / Average discharge in:
nepnojbl OJIOBOJI b€ JIeTHEe-OCeHHUIT [IePUofI, 3UMHIOI MeKeHb roj
Climatic periods | snow melt flood | summer and autumn period winter low water year
(IV-VII) (VIII-XT) (XTI-11T) (I-X11)
Xonopubiii / Cold 6366 2217 968 3188
Témnwiit / Warm 6538 2157 1112 3268
AQ, % 2,7 -2,7 14,9 2,5

Tadnauma 3 / Table 3
lFonoBoit n cezonnplit nounsiit crok p. Cesepuoit [Isunnt (¢. Yern-Ilunera)

B TIeprojibl X010/iHOTO 1 Térioro kanmara / The annual and seasonal ions flux

of the Northern Dvina river (Ust-Pinega vlg.) during the cold and warm climatic periods

Pnppostormieckue | RinMarnieckne | x okt crok (G +0), man 1 / Tons flux (G _+6), million tons
Ce30HbBI MePUOJbI o o
Hydrological Clin.latic Ca2 Mg* | Na+K*| HCO, | SO2 cl- /5
seasons periods ' N Honon £ lons
XOJOTHBIIT 2,73+ 0,63+ 0,72+ 7,9+ 3,30+ | 0,456+ 16,0+
Lot cold 0,19 0,040 0,05 0,6 0,23 0,030 1.1
Year TEILIBIIT 2,79+ 0,64+ 0,74+ 8,1+ 3,44+ | 0,481+ 16,5+
(I-X1T) warm 0,24 0,04 0,05 0,9 0,21 0,028 1.1
Ach,’ % +2,1 +2,6 +2.9 +2,7 +2.8 +9,9 +3,1
[TonoBojne XOJIOLHBITT 1,19+ | 0,264+ | 0,308+ | 3,41+ 1,43+ | 0,193+ 6,9+
Snow melt flood |cold 0,009 0,017 0,021 0,24 0,10 0,013 0,5
(IV-VII) TEILIBII 1,22+ | 0,268+ | 0,315+ | 3,49+ 1,47+ | 0,197+ 7,0+
warm 0,11 0,024 0,027 0,30 0,12 0,016 0,6
AG(.,,,, % +2,4 +1,5 +2,3 +2,3 +2,4 +2,1 +2,7
Jlerme-ocennuit  |X0JI01HBIIT 0,81+ | 0,187+ | 0,212+ | 2,36+ 0,99+ | 0,136+ 4,8+
nepuoj, / Summer |cold 0,12 0,025 0,030 0,38 0,14 0,019 0,7
and autumn TEILIBIIT 0,80+ | 0,185+ | 0,210+ | 2,32+ 0,98+ | 0,134+ 4,7+
period warm 0,10 0,021 0,025 0,29 0,12 0,015 0,6
(VHI=XI) — AG , % 1,1 1.1 -0,9 1,5 -1,0 1,5 -0,8
SUMHIOI0 MesKeHb | XOJIOIHbIIT 0,74+ | 0,175+ | 0,196+ | 2,15+ 0,92+ | 0,127+ 4,4+
Winter low water |cold 0,07 0,015 0,018 0,20 0,08 0,011 0,4
(XTI-11T) TEILIBII 0,780+ | 0,186+ | 0,211+ | 2,32+ | 0,99+ | 0,136+ 4,7+
warm 0,07 0,016 0,019 0,21 0,09 0,016 0,4
AG % +8,1% | +6,3% | +7. 7% | +7.4% | +7.8% | +71% +8,1%

HpLL.M(?lLdHLLe.' * — ommeuenvl Cmamucmuiecki 3HaLUMble OMAULL npup < 0,05

Note: * — statistically significant differences at p < 0.05.

ro — ¢ 1989 1o 2016 rr. Paznuiia cpejieroioBbix
U CpeJlHeCe30HHbBIX 3HAYEHWI MOHHOTO CTOKA
MERLY dTUMH Tepuogamn ( ch') BBIUMCJIEHA B
MPOIEHTAX [10 OTHOIIEHN IO K HA30BOMY T1ePHOJLY
xoqroptoro kiammara. Hpupoer G Xapakrepusy-
eT yBeJndeHne NOHHOTO CTOKA B TI@PHUOJL TEILIIOT0
KIIMATa, 8 OTpuiareabHble Berndnnbl G, Ha-
MIPOTUB, CBUETETHLCTBYIOT O €70 CHIREH.
Crarnyeckue omeHKN MTPOBOJNIN ¢ MCTIOJb-
3oBanumeM mporpamm Statistica u MS Excel.
Bri6opku 3HaueH I MOHHOTO CTOKA CpaBHMBAJIN
MesRILY cOOO0T ¢ MCITOJIb30BAHNEM TTapaMeTpuye-
croro (-kpurepusi CTbiojieHTa J1ijis1 He3aBUCUMbIX

BBIOOPOK, TAK KaK B IOJYUYCHHBIX IPyIIiax Ha-
OJITO/IATIOCH CUMMETPUYHOE paciipejiesieHne 3Ha-
YeHWI BOKPYT BEIOOPOTHOTO CpPEeJIHETO.

Pesyabrarsl u 0b6cyskienne

N3menenus rogoBoro u ¢e3onnoro ¢Toka
BO/JIbl 11 I'V1aBHBIX NOHOB B uepmou COBpeMeHHOFO
[MOTeIIeHN ST KANMATa OLleHeHbl KOJINUeCTBeHHO
u pefcrasaensl B Tabautiax 2, 3. Hanbomee 3a-
METHBIII POCT BOLHOTO CTOKA ITPOMCXO/ I 3IMOII.
Onnako Ha M3MEHEHUN TOJOBOTO CTOKA BOJIBI
9TO OTPA3MIOCH ¢J1abo, Tak Kak 00bEM cToKa Be-

67
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CeHHero MOJIOBOJbs 1 B JIETHE-OCCHHUI Tepuo
CYIIEeCTBEHHO HPEeBLIIIAI0T 00bEMbBI CTOKA B 3UM-
HIOI0 MesReHb. Habmomaemblit xapakrep pazanyanit
B peYHOM CTOKe [IJId PAa3HbIX RIANUMATUYECKRUX
MepruoioB 00YCIOBICH 0COOCHHOCTAMNI Yepe-
MOBAHUA MOJTOBPEMEHHBIX KOHTPACTHRIX (has
TOOBOTO W ce30HHOr0 cToka |2, 15].

B mepmon coBpeMeHnoro moTernienns momH-
HBIT cTOK B 3aMbikatorem ctsope Cesephoii /1u-
HbI YBEJUYHJICS B TIEPUOJ] TIOJTOBO/bsI, 3UMHIOIO
MeJKeHb ¥ TOJl B I[eJI0OM, TOT/Ia KaK CTOK MOHOB
BJIETHE-OCEHHU TIePHoJ He3HAYNTeIbHO CHUBII-
cs1 (Tadu. 3). [Tpu arom MaciTad nsmMeHeHmii CToKa
MOHOB MeHee 3aMeTeH, YeM M3MEeHeHUs CTOKa
BOJIbI, YTO OOYCJOBJICHO OOPATHBIM XapaKkTepoM
CBSABM MEJKTY PACXOIOM BOJIBI M ROHI[EHTPAT[Ie
XUMIUUYeCKOTo Berectsa. bosee Toro, cratmern-
YeCKN 3HATNMBI TeHICHI[NI POCTA MOHHOTO CTOKA
TOTBLRO B 3UMHNH TIEPHOJT, UYTO CBA3AO ¢ YBEJ-
YeHmeM CTOKA CPaBHUTEILHO DoIee MITHePATI-
30BaHHBIX 'PYHTOBBIX BOJI, COCTABJIAIONNX B OTOT
MePUOJL OCHOBY IMUTAHUS PEKI.

JlmHaMirKa MOHHOTO CTOKA CBUIETEJILCTBYET,
YT0 B 3UMHIOI0 MEKeHb B TIeproj; 6osiee T611oro
KJIMMara yBeJndniach THTeHCUBHOCTDL paspyiiie-
HUS 1 BBIHOCA 32 TTpejiesibl ganjmadra B 6acceiin
Benoro mopst THTICOBBIX U THAPOKAPOOHATHBIX
Mopoj (XuMuUecKas leHyarus jJauamadra).

CMena RIMMATHYCCKIX YCJTOBIIT C1a00 OTpa-
3MJTACh 1 Ha BHYTPUTOMOBOM PACTIPEICTICHUT OH-
moro croka. IIpesagupyrommit ero 06HEM TPUXO-
IUTCS HA TTePUOJ] BECEHHEr0 TIOT0BOMIH HECMOTPS
Ha TO, UTO B 9TO BPEMsI TTPOMCXONT MAKCITMATLHOE
pasbaBjienne pevYHBIX BOJ, U KOHIEHTPAINH
PJIABHBIX MOHOB CHUZKAIOTCS 10 MUHUMAJIbHBIX
IPaHuI] eCTeCTBEHHBIX MHTEPBATOB KOJeOaHNIL.
B niepuosi xosmoiioro KanmmMaTa Ha moJoBojbe mpi-
XOIUI0Ch 42—44% T00BOTO MOHHOIO CTOKA, a B
epuoj| TEIIOTO KIMMaTa pazdopoc cras 6oabiine —
41-45%. Meskenubie mepuobl OJIN3KI MEKLY
€000I1 110 00’bEMaM MOHHOI0 CTOKA, OJ[HAKO B I1e-
PTOJT XOJOHOTO KANMAaTa PasHUIa My HUMI
OblIa OoJee 3amMeTHa: Ha CTOK B JIETHE-0CeHHIO0
MesKeHb HpUXoamiIoch 0koso 30% rogosoro cro-
Ka, a B 3UMHIOI0 HEMHOTrO MeHble — 27—-28%.
B nepuos coBpeMeHHOTO TOTEIIIEHNS KIMMaTa
CTOK MOHOB MEKEHHbIX Ce30HOB CPABHSICS 1 CO-
crasui 28—29% romosoro croka.

3axioueHue

Takum 06pazom, B epuoj; COBPEMEHHOTO 110-
TerieH st HabJI0/1aeTcst yBeJndeHne CTOKa BOJibl
N CTOKRA NOHOB B SUMHIOIO MejKeHb, YTO BbI3BAHO
0COOEHHOCTAMU YepeJOBAHIS I0JITOBPeMEeHHBIX
KOHTPACTHBIX )a3 TO0BOTO 1 CE30HHOTO CTOKA.

Bosiee wyBcTBUTENIOH K M3MEHEHUSAM KJIM-
Mara CTOK MOHOB KaJbIMs, TOCTYAIOIIEro B
peuHoe pycJio pu JpeHNPOBAHIY TTO/I3€MHbIMUI
BOlaMU KapOOHATHBIX U CYJIb(aTHLIX TOPO/,
CPABHUTEJIHLHO JIETKO MO/[BEPTraOIIIXCsI XUMuye-
croti genymanunm [16]. AT KATHOHBI B MECTHBIX
MOBEPXHOCTHBIX BOJAX SIBJIAIOTCS JJOMUHUPYIO-
MUMI HECMOTPST HA TO, 4TO HU30Bbst CeBepHOI
JIBUHBI pacTioNiosReHbl B 3aMaTHO-TAaEKHBIX JIAH]T -
madrax 6e3 MHOTOJeTHEH Mep3J0Thl ¢ XOPOTITOo
MIPOMBITHIMI, 00eTHEHHBIMI KaTbI[IeM T0UYBaMn
n noBepxHocTHbIMU TpyHTamu [17]. [laske nipn
OTCYTCTBUI MHOTOJETHeMEP3JIBIX TTOpoj| B Hac-
ceitre GeBepHoii J|BuHbBI 001U TPEH| TTOTETLIE-
HUSI TPUBEIT K MEHBITIEMY BBIXOJIQ3KIBAHIIO TIOYB
B X0JIOfHBIH TIepuojt rofia [ 18], u, kax ciencraue,
K X 60Jiee MHT@HCUBHOMY yuacTuio B GOpMupo-
BaHUU NOHHO-COJIEBOTO COCTABA TTOBEPXHOCTHBIX
soj. Corsacno nabuoaeMoil Ce30HHOI JIMHA-
MUKEe, OCHOBHBIM MCTOYHUKOM TJIABHBIX MOHOB
SIBJISTIOTCST €CTECTBEHHDBIE TTPOT[ECCHI.

B esom cieyer oTMeTHTD, 9TO KIAMMATHYE-
CKUe N3MeHeH s, 3aMeTHO TpaHcMOpMUpYIolne
BOJIHBII CTOR, cJabee CKazbIBAIOTCS Ha CTOKE
noHOB. /[[MHaMIYecKoe TTOCTOSHCTBO TeOXMMI-
YecKoil Harpy3kn Ha besoe mope HezaBucHMO
or KRosebanmii BogHocTn CeBepHoii [[BuHB
onpejesisieTcss 0OpaTHbBIM XapaKTepoM CBs3U
MEJKJTY PacXojloM BOJbI 1 KOHIEHTpaIeil pac-
TBOPEHHBIX XuMn4yeckux serects. Kpome roro,
AHTPOIOTeHHOE BAUsHIE HA NOHHBIN COCTAaB Ha
BOJIOCOOPE PeKN He3HAUYNTEIbHO, YTO 1T03BOJIsIeT
MOJJIePKIBATH YCTAHOBUBITINECS CBS3HM B YCJIO-
BUAX MEHATONIET0Cs RANMara.

Ce3onnas CTPyKTypa XUMHYECKOTO CTOKA
B MePHOJI OTHOCUTEIbHO TETIIOTO RIANMAaTa m3-
MeHIJIach CpaBHUTENbHO ciaado. B mepuon or-
HOCUTEJbHO XOJIO/HOTO KINMaTa 3UMHsISI Me;ReHb
XapakTepru3oBasach HAMMEHBIITIM CTOKOM NOHOB
B TOOBOM T[MKJe, OJHAKO TIPU COBPEMEHHOM
MOTeIJIeHN Y KINMaTa OH CPABHSJICSA CO CTOKOM
JeTHe-OCeHHEeTO ce30Ha 3a CUET yBeJIMYeHUs
1oJin 6osiee MITHEPAJTM30BAHHBIX «3MMHUX» BOJT
B 00II[EM PEUHOM CTOKE.

Hceaedosanus evinoarenst 6 pamkax memot 20-
cydapcmeennozo sadanus Hnecmumyma 2eoepaduu
PAH AAAA-A19-119021990093-8 (FMGE-2019-
0007). Anaau3 sauanus cospemenozo nomendse-
HUS KEAUMAmMa Ha workbtit cmok noddepican PODU,
epanm Ne 18-05-60240.
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WcenenoBana posrb GYPBIX JIECHBIX TTOYB KaK BO3MOKHBIX aKKYMYJATOPOB TSIREIBIX METAJJIOB, CRIOHHBIX K Mac-
comepeHocy B okpyskaomieit cpege Azoso-Yepruomopcekoro Gacceiina u 6acceitna Banruiickoro mopsi. Ompejesenst
(QUBNKO-XNMHYeCKNe CBOIMCTBA MMOUB, cOflepKRaHme 1 0COOEHHOCTI paciipejie/ieHis B MOYBaX XUMIYECKIX DJIeMEeHTOB
B yeaosusix roporo (Raprasckuii sanosenuk) n pagauttoro (ITonucroBekuii sanoseiHuk) mouoobpazopanus. [is
TOPHOIT TEPPUTOPUN YCTaHOBIEHbI BbicOKOe cofepskaniie Pb, As, Cu, Co, Zn, V, MaKkposieMeHToB, 0COOEHHO B TEKCTYPHOM
TOPMBOHTE 1 T0YBO0OPA3YIOILeil mopoje. BoigBiieno Biansnmne mouBoodpasyoneii mopojibl, rpanyJI0MeTpIIeckoro cocTana,
a JI/Ist [T0YB TOPHOI Tepputopun — n pejbeda Ha ARKYMYJISIIIO 1 paciipejiejieHne 3aeMeHToB B npoduie nous. OrMedyena
HEOJIHOPOJIHOCTh ITOYBOOOPA3YIOIIeil 1 OJCTUIIAIOIIEI TOPOJ| PABHUHHOTO Y4acTKa, BO3pacTaHe CojlepRaHnil o1eMeHTOB
B ITOJICTUIIAIONNX OTIOKeHMAX. B OyphIX JTeCHBIX MOYBaX ropHoil Tepputopnn Hosiee BEIPazKeHo npeobpaszoBamme mepBmy-
HbIX MUHEPAJIOB, PABHUHHOII — [lepeMeleHne NIncThiX Yactull 6e3 rpancdopmalinn MuHepaibHoii maccol. [Tonyuentbie
sunauenus 1o copepskannio Ni, Cu, Zn, As, Ph, Cr, Mn, Co, Sr, V B mouBax MOryT ObITb UCIIOTB30BAHDI JIJIsT OTIPEIeICH U
pernoHaIbHBIX (POHOBBIX 3HAYCH T HTUX NHIPEJIHEHTOB 1 PaciéTa nxX moToroB, JOPMUPYIONINXCS B pe3ysbrare BOJIHOI 1 BeT-
poBoii oposnu. Paccunranbl KIapKky KOHIEHTPAINN 1 PACCESHIS DJIEMEHTOB, IOCTPOEHBI X FeOXMMHUYECKIE CIIeKTPHI.

Karouessie cuosa: Gypoie jecHble TTOUBBI, TPAHYITOMETPUYECKIIT COCTaB, MUKPO- N MaKPODJIEMEHTHI, cojlepsRanne,
pacrpejesneHue.
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The role of Cambisol soil microparticles as possible storage of heavy metals able to mass-transfer in the Azov Sea — Black
Sea basin and the Baltic Sea basin environments was studied. The physical and chemical properties of soils, content and
distribution features of elements in soil profiles have been defined. The studied soils are in the mountain (Caucasian Natural
Reserve) and plain (Polistovsky Natural Reserve) soil-forming conditions. In mountainous territory the higher content of
trace elements Pb, As, Cu, Co, Zn, V and macroelements were set up, and enhanced microelemental values in textural horizon
and parent rock were defined. The influence of parent rock and particle size distribution on elemental accumulation and allo-
cation within the profiles of studied soils has been observed. In soils of the plain territory the lithological heterogeneity of soil
profiles with the elemental value increasing in underlying deposits were indicated. In the mountain area the significance of the
relief for the character of profile distribution of elements was set up. It was diagnosed more marked transformation of primary
minerals in the brown forest soils of the mountainous territory, and the movement of silty particles without the mineral mass
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changing in ones of the plain. The obtained content of Ni, Cu, Zn, As, Ph, Cr, Mn, Co, Sr, V in the studied soil could be used
to define these ingredients regional background values and levels of their emission as a result of the water and wind erosion.
The clarks of concentration and clarks of dispersion of elements were calculated and the geochemical spectra were constructed.

Keywords: camisoles, particle size, micro- and macroelements, content, distribution.

Copepsraniie MUKPOdJIEMEHTOB B TI0YBaX ¢o-
HOBBIX TEPPUTOPUIT — TOUKA OTCUETA IIPU OI[EHKE
3arpsisHEHUs TOYB TsRETbIME MeTasiamu. [Tpu
HOPMUPOBAHIY HATPY3KU Ha TTOYBEHHBIH ITOKPOB
BayKHO YCTAHOBJICHIE PErHOHATBHBIX (DOHOBBIX
COMIePsKAHMIT XUMUYECKITX DJIEMEHTOB B TTOYBaX
Kak KOMITOHeHTax Janammadra B 3aBIUCIMOCTH OT
YCJOBUT aKKYMYJIATNN W MUTPAINN BeIecTB B
Hux. Bypsie JecHbie TOUBBI (OYPO3EMBI) pacipo-
crpanensl B KBpote, crpanax banrtun. B Poccnn
paHee MX BBIJEJSIN TOJBKO B IPUMOPCKUX 1
TOPHBIX pailoHax, mosske — B JleHMHTpaICKOII,
Cmomnenckoit, [lekoneroit m Hosropojckoit 00-
nactsax. Pa3zBuBaioTCes 9TU MOYBBI HA IJIOTHBIX
0CaJIOYHBIX, METAMOP(MOUUECKIX, N3BEPIKEHHBIX
MOPOMIax, KPacHo-OyPhIX CYIIMHKAX, KEITHIX
IJINHAX, JII0BO-/IeJTI0BUY OCHOBHBIX, MOPEH-
HBIX KapOOHaTHLIX, 6ecKapOOMATHLIX TTOPOT,
0CTATOYHO-KaPOOHATHBIX KAMOBBIX 1 BATYHHBIX
neckax [1]. CBoeobpasue Oypo3émMoB BlepBbie
ormerusn P. Pusnonoskencruii (1892), H.M. Cu-
ouptes (1900), K.JI. 'munka (1914), C.B. Sonn
n A.®. Heranos (1938); Ha ypoBHe TH11a NX BbI-
penna J. Pamann (1905). OdyngamenTanbHbIMI
CUMTAIOTCS TPYJLI 110 MouBaM EBpormeiicKoi
Poccun JI.U. Ilpaconosa (1947), JI.I'. Bunen-
crkoro (1947), B.M. ®pupnanna (1950, 1953,
1983), N.I1. T'epacumosa (1959), C.B. Sonna
(1952, 1966, 1974), C.A. Saxaposa (1966); 1o
nousam Rpeima — E. 1. CoromoBoii (1947); Rap-
mar — E.H. Pynuesoii (1957); CeBepo-3anamnoro
Rasraza — B.®. Banbrosa (1967), C.H. Anéxuna
(1980). Hepmaume padorsl [2—9] mocBsimeHb
oyposémam, B Tom uncie [10—14] — nux snement-
Homy cocraBy. CpaBHenust Oypo3éMOB pazHbIX
paitonos egumanYHEL [ 10], TosTOMY M3yUYeHME NX
MaKpO- 1 MUKPODJIEMEHTHOTO COCTaBa HA Pa3HbIX
TEPPUTOPUSX BeChMa aKTyaIbHO.

[lean paboThl — BRIABUTL OCOOCHHOCTI XW-
MUYECKOTO COCTaBa M CBOWCTB OYPBIX JECHBIX
MOYB JIBYX KJIOUEBbIX YUYaCTKOB PAaBHUH TaésK-
HOTI 30HBI I TOPHBIX ObJaacTell. 3ajaunm padoTh:
n3yunth GUINKO-XUMUYECKHIE CBOHCTBA 110YB,
UX DJIEMEHTHBII cocTaB 1 PaKTOPHI HAKOTIIIEH IS
7 pacipesiesIeH st DIIeMeHTOB B ITOUBaX.

O0beKTBHI 1 METO/bI HCCJIEI0BAHIS

Yuactru [ToameToBeKOro rocynapeTBeHHOTO
npupojnoro 3amnopegnukra (IIT'T13) n Kapkas-

CKOT0 TOCY/IaPCTBEHHOTO MPUPOIHOTo Guocdep-
noro 3anosepunka (RI'IIB3) orimuatores mo
(pmsnKo-reorpaMUCKNUM XapakTePHCTURAM.
[TepBolii yuacTok ¢ pacuJieHEHHBIM TOPHBIM pe-
nbedom pacrioosked B oxpannoii 3one KI'TTH3
psnowm ¢ 6azoit mpakTnky IODY «bBemas peura»
(Pectrybmka Anpires, puc. 1). Cpenssis temmepa-
typa stuBapst +4,2 °C, nonsi—asrycra +20—+21C.
N3 roposwix ocajgkos (700—-1200 mwm) monoBn-
Ha BBINAJaeT BecHOil 1 panuum jerom. Cpeman
MOYB HINPOKO PACIIPOCTPAHEHBI OypbIe JieCHbIE.
Ha reppuropun 3amnoBefnmnka ObLI0 3a705KeHO
2 nmouBeHHbIX paspesa. Paszpes No 1 3anumaer
HIKHIOI 9aCTh CKJIOHA B OYKOBO-TPabOBOM Jiecy
¢ TIOICTUIKOM 13 cab0PA3IOKUBIIETOCS OTajia
aucthes. [lousa — Oypast JecHast ciadoHeHaCh-
MeHHass MaJTOryMycHasi MaJIOMOIIHAS CpejiHe-
CYTJIMHUCTAs HA JAI0BUKN apruainToB. Paspes
No 2 Ha BHIDOBHEHHOM y4YacTKe CKJIOHA IO Pas-
PEKEHHBIM TPABSTHBIM TIOKPOBOM BCKPBLI OYPYIO
JIECHYIO CJIA00HEHACHITIEHHYIO CPeIHeIYMYCHYTO
CPETHEMOIIIHYIO TSKeJIOCYIJIMHICTYIO0 TOYBY Ha
FKEITO-OYPHIX TJIMHAX.

Bropoii yuacror naxopures B [II'T3 TTekos-
croit oostactu (puc. 1). Knumar [1TT13 — ywme-
pernbiit. Cpepnss remmeparypa siusaps —8,1 °C,
mioss +17,2 °C. Bosee mooBuHBI TOLOBOI CyM-
MBI ocafikoB (685—700 mm) BbITIaaer mo3He
BECHOIT 1 JIeTOM. 30HaJIbHbIE TIOUBbI — JIEPHOBO-
O[30/ CThIE, HA TOPPSTHBIX 00JI0TAX PA3BUTHI TOP-
(dstabie 6oT0THBIE 1 TOPTHO-TIIeeBbIe, HA MOPEH-
HBIX XOJIMaxX (MUHEPAJILHBIX OCTPOBAX) — Oypbie
JiecHbIe, IePHOBO-KapOoHaTHBIE 1 JIp. TouBHI. Pa3-
pe3 No 3 B BepxHeii 4acTii MUHEPATHLHOTO OCTPOBA
Rpumat o1 iy00BBIM ¢ TPUMECHIO JTUTIBI, Oepésnl,
OCHHBI JIECOM C PA3PEIKEHHBIM TPABSTHBIM TOKPOBOM
7 XOPOIIIO PasI0KeHHBIM OTIaJI0M, BCKPbLI Oypyio
JIeCHYIO CJIa00HEHACHITIEHHYI0 MAJTOTyMYCHYIO
MaJOMOIHYTO JIeTKOCYTJINHUCTYIO Ha CPeHecy-
IIMHUCTBIX MOPEHHBIX OTI03KeHUsX ouBy. Paszpes
Ne 4 3aJ103K€H HA TI0JIOTOM CRJIIOHE MUHEPAJIbHOTO
octpoBa TéMHBI 110]] €ILHUKOM Pa3HOTPABHO-
KYCTAPHUYKOBBIM ¢ OPYCHIKOI, OCOKaMM, 3J1aKa-
MU, KYKYIIKUHBIM JIbHOM ¢ MAQJOMOIIHOI JIECHOT
noptctiaikoii. IlouBa — nopzonucero-6ypast necuast
rjeeBaras MaJoryMycHas MaJOMOIIHAS JIeTKO-
CYIJIMHUCTas HA MOPEHHBIX CyrIMHKax. B mecrax
3aJI03KEHIIST PA3Pe3oB MOJCTUIAIONIAs MOPEHHbIe
OTJIOFKEH NS TOPOfia (TIePMCKIe IINHbI) HAXOUTCS
Ha riyoune 60 cm.
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Puc. 1. TTonoskenne yqacTroB nccae/oBaHms 1 MOUYBEHHbBIX pa3pe3on (1-4) na kapre:
A — Tlonucrosekuii 3anosennk, B — Rasrasckuii sanosepnur, C — rugporpadus,
D — nacenéumpie mynkrer, K — rpanuib 0060 0XpaHseMbIX ITPUPOIHLIX TePPUTOPHIL,
F — nonoskenne nousennnix pazpeson, G — uzosmunun vepes 1000 m, H — aBrogoporn
Fig. 1. Location of investigated area and soil pits (1—-4) on the map:

A — Polistovsky Natural Reserve, B — Caucasian Natural Reserve, C — hydrography,
D — localities, E — boundaries of specially protected natural territories,

F — position of soil pits, G — isolines through 1000 m, H — auto roads

WNcenenyembie mouBbl GOPMUPYIOTCS TTOJT
CMEIIaHHBIMI JIeCaMU B YCJOBUSX KaK PaBHUH-
HOTO, Tak 1 TopHOTO penibeda. [Tomorenne mous
1a BO3BBLIMIEHHBIX 2JIeMeHTax perabeda, BEIcOKas
30TbHOCTD OTajia 0JIaTOPUATCTBYIOT PA3BUTHIO
MOYB ¢ OTCYTCTBIEM WJIN CJIa0BIM TTPOSBIEHEM
MTOJ[30JTCTOTO TIPOTIecca.

O6pasiibl 0TOOpaHBI 10 TeHETHYeCKIM TOPH-
30HTaM. JJIeMeHTHBIIl COCTaB MOYB MCCIeI0BAH
peHTreH-QayopecieHTHBIM MeTOI0M Ha CIleK-
tpockane « MAKC-GV», rpanymomMerpuaeckmnii
cOCTaB — MUIIETOYHBIM MeTosioM (nmpodocdar-
nas nogroroska mo NOCT 12536-2014), Copl_' -
turpumerpudeckn (no M.B. Topuny), norio-
MEHHBIC OCHOBAHST — KOMIIJIEKCOHOMETPUUYECK,
pH Boamoil BHITAKKN — MOTEHIIMOMETPUYECK,
émrocTh Katnonnoro oomena (ERO) — o Booko-
Ackunasu. [loproprnocts namepenuii Tpéxrpar-
Hast. Paccunranb ROAUITIEHTHI OTITMHUBAHWS
(K,) mo Kpyneunukony, crpykrypuocru (K))
no Bamionunoii, seinoca—naromnaenus (K) mo
Rospe, murpanun (K ) nmo meropuram [15-16]
n ornomenus: CIA = ALO, - 100/ (AL O, +

(CaO-P,0,-10/3)+Na,0+K,0) [16], TiO,/ALO,,
(CaO+MgO)/AL,0,, (Fe,0,+Mn0O)/Al0O,,
Si0,/R,0, no [17]. PaccunrniBain KIapKku KoH-
nenrpamun (KR) kax orHoteHus copepranms
AJIeMEeHTa B TI0UBe K KIaPKY B 3eMHOI Kope 1 00-
paTHble UM BenmdnHbl — Kaapru paccesaust (KP);
CTPOMJIN TEOXUMUUYCCKITE CIIEKTPbI DJIEMEHTOB.

Pesyabrarel n o0cyskneHne

Pacnpenenenne C 1o npoduao nous
pr.

perpeccuBHO-aKKyMmyJasituBaoe (tabda. 1), 4ro
CBOMCTBEHHO famHoMy Tuiry mous |1]. Peaximsa
pH BapnmpoBasa or KUCa0M B BePXHUX TOPH-
3oHTax paspeson NoeNe 1, 3, 4 mo HeliTpasibHOI
B HIDKHIX ropusontax paspesa Ne 2. Emrocts
KaTHOHHOTO 0OMeHa YBeJINYNBAIach B BEPXHIX
TOPUB0HTAX B CBSA3M C BBHICOKUM COJlePKAHIEM
C,,., HecMoTpst Ha Huskue snauenus pH u cre-
MeHn HacwienuocTn ocHopanusmu. Ilo rpamy-
JIOMeTPIYECKOMY COCTaBY Oypble JIeCHbIe TOYBbI
[IT1I3 nerkocyrnuuaucreie. ATy 0COOEHHOCTH
OYpO3EMOB TOBOMMCTON 30HBI OTMEUAJ eIé
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B.M. ®pupnang (1953). [oussr KI'TTES (Tadun. 2)
cpefHe- U TayKeJ0oCyrauHucTbie. BoisiBieno
yBeJImueHe cojiepRanms uia (4actuil MeHee
0,001 MM) B Cpe[IMHHBIX U HUMKHUX TOPU3OHTAX
110U B; OIIECYAHEHHOCTh 11 HEBBICOKAS J10JI5I MEJTKO-
36Ma 11 1J1a B BEPXHUX FOPU30HTAX TIOYB Pa3pes3on
NeNo 1, 3, 4 (raba. 2). OrmedeHa BbICOKast 10-
TeHIUAIbHAs CIIOCOOHOCTH K OCTPYKTYPUBAHUTO
" MHT@HCUBHOE OIJIMHNBAHNE, 0COOEHHO B TIOUYBE
paspesa Ne 2 na sREaTO-OYPHIX TJIMHAX.

Beicokue 3nauennst KoaPuImeHToB CTpyK-
typrocri (K )) wormmumnsanusa (K ) B ropusonrax
B(Bt) u BC (rabxa. 2) noarsepskiaorcs Ha ma-
KpOYPOBHE B Bujie cJ1a00il JTAKUPOBKIM 110 TPAHAM
nepos. Ormansanue nous [IT'T13 cinabee ns-3a
TeMIIePaTyPHBIX YCJIOBUIT M MOJIOOCTH CyOCTpa-
ta. OrjieeHue 1Mo rpaHsM IeI0B B rOPM3OHTAX
BC, C paspesa No 4 BHI3BAHO TIePUOATUCCKIM
Ce30HHBIM 32CTOEM BJIATH.

Haxomnenne SiO, n seinoc R,0, B HuzkHIe
ropusonTsl (tabur. 3) B mousax [T'T13 obycnoBnennst
TaK;Ke ONIMHUBAHNEM U JeccuBazkeM. Boicokme
conepsanmsa CaO, MgO, K,0 B nousax KI'I1E3

CBSIBAHBI ¢ UX OMOTEHHBIM HAROTIIEHUEM, & TAKIKe
¢ 060TraIEHHOCTHI0 MATEPUHCKIX TIOPOJL DJIeMEeH-
Tamu. ¥Yskuii quanason ornomennii Si0,/R,0,
nist paspeson NoeNo 1-2 (3,6— 391/122 34)
o cpapuenuio ¢ NeNe 3—4 (3,6—7,2 n 3,3-7,2)
o0bsicHsieTcsi 0OJIbINell OTJIMHEHHOCThIO TTOYB
Rasrasckoro 3amnoBeHuKa.

Rosddunments Boinoca-naxonmnenns R,0,,
rRoappunmentsr Mmurpanun (Tabdna. 3) yKasbi-
Balor na obegnenne Fe, Al ropusonrton A, A,
Harormierne ux B ropusonre BC, kKpome mouBb
pazpesa Ne 1, koropslii He uddepeHTnpoBaH 110
copepsranuio Fe u Al. ¥V3kuii uanason 3Haue-
nuii Ti0, /AL O, B nousax RI'IIB3 (0,07-0,10)
YKa3bIBaeT Ha OJ{THOPOHBIN MITHEPAJTIOTHYeCKI Il
cocraB orHocuresibHo mous I3 (0,08-0,15)
(rabu. 3). [Tosbinenubie KO3PUIMEHTH OKIC-
nenns (Fe,0,+MnO)/ALO, u CIA B nousax
paspeson .N?),NB 1-2 (85,2— 89 ,0) oTHOCHTEBHO
paspeson NeNe 3—-4 (73,3—-86,8) nuarnocru-
PYIOT BBICOKYIO OMOJOTHUYECKYIO aKTHBHOCTD,
WHTEHCHBHYIO TpaHCHOPMATMIO MTePBUYHBIX
MUHEPAJIOB B TOPHBIX YCJIOBUAX 10 CPABHEHUTO

Ta6anma 1 / Table 1

DusuKo-xuMnuecKkne cpoiicrea 6ypoix jsecHbix nmous Haskasckoro u IlomueroBeckoro 3aoBeHUKOB
Physical and chemical properties of brown forest soils of Caucasian and soils of Polistovsky Reserves

No Fopuszonrn opr? % pHHZ() ERO, Obmennbie ocnoBanust / KExchangeable bases
paspesa o4B, CM org.s /0 CMOJTB (+) /Kr cymMMma, ¢TereHb HaChIeHHocT, %
Pit No | Soil horizons, CEC, eMOJIb(+) /Kr base saturation, %
cm cmol(+)/kg | sum, emol (+) /kg
A 4-31 2,6+0,2 |4,5£0,1 22,9+1,5 18,1£2,1 49,8+0,4
AB 31-50 1,7+0,1 15,6+0,1 14,3+1,3 11,9+3,4 48,7+0,3
1 B 50-64 0,5+0,1 |5,7+0,1 19,2+1,4 10,6+1,8 49,3+0,4
BC 64-80 0,4+0,1 |5,8+0,1 17,9+1,1 11,2+1,0 95,0+0,3
G 80-102 0,1£0,1 |5,7+0,1 19,7+0,3 12,9+0,3 62,0+0,3
A 52 - 6,2+0,1 43,8+0,4 42.,0+0,5 64,3+0,3
A, 20-39 3,8+0,2 16,6=0,1 29,9+0,7 28,0+1,4 78,9+0,4
9 AB 39-55 2,4%0,1 |16,3+0,1 27,1+0,2 26,3+0,9 74,7+0,2
B 55-77 0,7+0,1 16,6=0,1 23,5+0,4 22,8+1,1 70,0+0,4
BC 77-100 0,5+0,1 |7,0£0,1 36,5+0,4 26,0+1,2 79,2+0,2
C100-128 0,1£0,1 |7,0£0,1 36,3+0,6 39,3+1,3 81,2+0,2
A, 0-2 - 9,0+0,1 22,7+0,9 15,6+2,3 22, 1+1,1
A 2-13 0,7£0,1 |5,1£0,1 13,9+0,3 7,5+2,1 41,9+2,0
3 AB 13-20(22) | 0,7+0,1 |5,7+0,1 10,1+0,2 9,0+1,9 39,8+2,0
B20(22)- 0,2+0,1 |5,3+0,1 12,8+0,2 8,1+1,8 42,923
38(40)
C > 38(40) 0,2+0,1 |5,8+0,1 15,1+1,0 11,9+1,1 65,6+3,5
A 1,5(2)-12 ] 1,0+0,2 4,6+0,1 21,8+0,5 10,0+3,0 44,1+4,0
A, 12-19 0,5£0,1 |4,7+0,1 18,6+1,3 12,0+0,9 92,6+4,2
4 |Bt19-34 0,3£0,1 |4,8+0,1 19,2+1,3 15,4+2,1 60,5+1,7
BC 34-44 0,2+0,1 15,0=0,1 21,8+0,9 15,0+22 68,3+£1,4
C>44 0,2+0,1 |5,0+0,1 22,8+0,1 16,2+0,1 65,0+3,1

Hpumevarnue: Q — codeparearie opearunecrozo eewjecmea, pH,,

pH of walter extract, CEC — cation exchange capacily.

Note: C

org.

— organic matter content, pH,, —

— pH 6o0noti simsicku, ERO — émkocms kamuoniozo obmena.
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T4

Ta6amma 2 / Table 2

I'panynomerpuyeckiii cocTaB rOpu3oHTOB OYPHIX JIECHBIX 1104B HaBKa3cKoro
u [Honueroseroro 3anosepuuros / Particle size distribution of horizons
of brown forest soils of Caucasian and Polistovsky Reserves

Ne Coprepskanne rpanyioMeTpudeckux Qpaximii, Mm
FopusonTs | . .
paspesal | o Content of fractions, mm K, K,
Pit No 1-0,25/0,25-0,05/0,05-0,01/0,01-0,005]0,005-0,001 < 0,001 < 0,01
A, 0,6 66,1 6,4 8,9 15,1 3,3 1269051 11,0
AB 0,4 93,9 16,4 8,6 16,0 477 12931 0,67 10,5
1 B 0,7 00,4 14,5 9,4 16,1 8,9 |34,4 | 1,08 | 25,3
BC 0,3 47,9 8,9 13,5 17,5 12,3 | 43,3 | 1,19 | 31,1
C 0,6 49,1 11,3 14,2 15,5 9,3 ]39,0] 1,00 | 22,7
A, 0,3 8,9 49,2 6,2 8,0 31,4 1456 1,16 | 52,9
AB 1,0 9,0 39,3 4,5 11,1 35,1 50,7 1,16 | 63,9
2 B 0,0 7,9 42,9 6,4 11,0 32,2 1496 | 1,09 | 53,4
BC 0,2 3,2 38,1 10,2 9,2 37,1 56,5 | 1,10 | 64,5
C 0,0 0,9 43,1 13,7 9,0 33,3 | 96,0 | 1,00 | 50,6
A, 21,9 33,2 19,8 11,5 6,1 75 12511053 20,1
3 AB 8,9 41,0 29,5 7,4 6,6 7,0 |21,0]0,59 | 16,1
B 6,9 18,5 29,5 8,9 9,8 26,8 | 45,1 | 1,13 | 62,9
C 6,3 32,9 20,7 6,0 11,4 227 140,11 1,00 | 59,6
A, 4,8 44,8 30,2 6,1 9,2 4,9 1202 0,47 | 10,8
A, 10,4 40,2 22,8 9,1 8,7 8,8 126,61 0,65| 21,7
4 Bt 6,8 38,0 227 9 4,8 18,7 1 32,5 ] 1,12 | 51,2
BC B) 20,3 33,9 11,4 2,6 23,8 140,8 | 1,14 | 46,8
C 2,2 18,9 38,8 10,5 7,6 19 37,11 1,00 | 33,4

llpumevwanue: K, — roofpuyuenm cmpyrmyprocmu (no Badwnunoil); K — rosiuyuenm ozaunusanus (no

Rpynennurosy).

Note: K, — structural coefficient (by Vadyunina); K — coefficient of argillization (by Krupennikouv).

¢ papuuaubiMu. Yeejuuenne CIA o npoduiio
mous I1I'T13 moszer ObITE ciepcTBIEeM Ce30HHOTIO
nepeyBJIasKHeHUs TPU HAJWYNK BOJOYIIOpPA,
KOTOPBIM SIBJSETCS TSAMKEJTOCYTTINHUCTAS MO]L-
CTHJIAIOTIAS TOPOJIA.

Copepsranusi GOJBINMTHCTBA MUKPOAJIEMEH -
to B nousax KI'TIB3 suime, a K,0, P,O, (2,4 n
0,11%) 6nuskn & 3uavenusiv past T3 (2,0 n
0,13%). ¥Ycranossemnst psst KR KP. [l Gypoix
JecHbIX MouB ropabixX yesaosuii: KK Ph (3,8) > As
(3,0) = Cu (3,0) > Co (2,3) >Zn (1,7) >V (1,6)
> Fe (1,2) = Mn (1,2) = Ni (1,2); RP Sr (2,1) >
Cr (1,7); n pasuurnoi reppuropun: KK As (2,2)
> Co (1,7) > Pb (1,4) > Cu (1,1); KP Sr (2,7) =
Cr (2,7) > Ni (1,7) > Fe (1,4) > Zn (1,1) = Mn
(1,1) =V (1,1). CiiekTpbl IOKa3bIBAIOT, 4TO OYpbIe
JecHble mouBbl KaBkasckoro sanosejHnKka 060-
ramensl Pb, As, Cu, Co, Zn, V n obesinenn Cr, Sr
OTHOCUTETLHO KIAPROB B TouBax (1mo A.I1. Buno-
rpajtoBy). B iouBax [TosnmcroBekoro 3amoseiHmnka
BbIsIBJIeHBI BhicoKue cofepskanust As, Co, Pb n
nuskme — Sr, Cr, Ni, Fe. B 1,5—-2 pasa 6oibiiee co-
nepskanue As, Cu, Zn, Pb, Co, V B nousax RI'TIE3
no cpasaennio ¢ nousamu [IT'TI3 eBsazano ¢ 60-

raTcTBOM HTUMU dJIeMeHTaM I TTI0YBO0OPAZYIOTIIX
OpOoJL 1 oTyinHeHHOCTHIO0 TTpoduiist. Ha neBbicokoe
cojiepsRaHme MUKPOJIEMEHTOB B CYTJIMHUCTHIX
mMopeHHBIX omnoskenunsnx Cesepo-3amana Poccun
U IPUJIeraioluX TepPUTOPIIL yKa3biBAJIN 1 Py
aropel [19-20]; BapuadebHOCTH XUMUYECKOTO
coctaBa MmOYBOOOPAZYIONINX TTOPOJ YIIOMSHYTA
B TpyHe [21].

Crabas nuddepentinanys mpoduiis 1o co-
nepskanmnio Mukpossiementos B 0yposémax KI'TTHB3
cBSI3aHa ¢ WX OIHOPOJIHBIM IPAHYJIOMETPIYECKIM
coctaBoM (B HanOosiee ornmuennoM ropusonte BC
cofiepsranus Mmakcumaabior). B mousax [1T'T13
BBIPA}KEHO BO3pacTaHue BeJMYMH ¢ IIYOUHOII,
0COOEHHO B MOJI30JIICTO-0YPOIi JIECHOIT TyIeeBaToi
MOYBe 1M3-3a BAUSHUS HEOTHOPOIHOCTU TIOYBO-
obpasyrorei n mopcTuaaoneil mopox. B mousax
¢ MOTITHOI T TIepepaboTarmHON TeCHOT TTONCTILIRON
Bospacraer OuorenHoe HarorieHue Mn, As, Ni.

Yumenbienne cofepsrannst Ni, Mn B ropuson-
tax A, AB moussi pazpesa No 2 (puc. 2), sannmaro-
el TPAH3UTHOe TTOJIOKeHTTe B pesrbede, CBA3aHO ¢
BBIHOCOM 2JIEMEHTOB ¢ MEJTKO3EMOM, JIaTePATHLHBIM
MePeHOCOM, KaueCTBEHHBIM COCTaBOM PACTHTENh-
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noctu. Typbaiuss BepXHUX TOPU3OHTOB (paspes
Ne 3), HeomHOpOIHOCTH OTNosKeHNT (paspes No 4)
0O'bSICHSTIOT HU3KIE KOA(PPUTTIEeHTI BBIHOCA—HAKO-
mienust (ta6or. 4). Ha mpodunbhoe paciipenenenne
5JIEMEHTOB B TOPHBIX YCIOBUSIX BJUSIET OJIOKEHIEe
Ha CKJIOHE, XapaKTep pacTUTeJIbHOCTH, a B PaB-
HUHHBIX — CBONCTBA, TEKCTYPHBbIE 0COOEHHOCTI
1 HEOJIHOPOJHOCTD TOYBOOOPABYIONNX 1 HOJICTH-
JIATOTINX KOPEHHBIX TIOPO]I.

Or conepsranust Gu3NIecKOl TANHBI CUTHHO
3apucAT yposnu Hakomnenus Fe,0O,, ALO,, CaO,
MgO B ioune (r=0,78-0,99, p < 0,05). B nounax
RT'TIB3 60abInHCTBO 97IeMEHTOB AKKYMYJIHPYeT-
cst B ropusonte BC (puc. 2), a B mousax [11'T13 —
B BCu C, uTo cBsi3aHO ¢ HATIMYMeM NOJCTUIIAIOTIel
nopojbl. Copepsranne OOTBITUHCTBA MUKPODJIe-
MEHTOB KOpPpeJIupyeT ¢ MPOoieHTOM (pusmueckoit
rnmae: Zn (r= 0,84, p < 0,05), Ni, Cu (r=0,77-
0,84, p < 0,05), 3a mermouerimem Mn, Bemamina
KOTOPOTO KOpPPeJNpyer ¢ OpraHmuecKkuM Bele-
ctBoM (r = 0,68, p < 0,05). [Ins ocranbHBIX diie-
MEHTOB O0Hapy;KeHa caadast Wi OTpuIiaTeIbHast

CBA3D C COJepPIRAHeM COPF B CIJIY 0COOeHHOCTell
MPOQUILHOTO PACIIPEITICHIS OPraHN4ecKoTo Be-
mecrBa. BoisiBiiena mojaoykureibHas Koppessiis
conepsranns Fe, Ni, Gu, Mn, Pb co crememnio Ha-
cormerroctn ocnoBanmsamn (r=0,68-0,84), Bcex
paccMarpuBaeMbIX MITKPOIJIEMEHTOB — ¢ BeJINY -
noii pH (r=0,67-0,84, p < 0,05), ocobernto B Oy-
PBIX JIecHBIX TouBaxX HaBKazcKoro samoBeHuKa.

BriBojbr

1. Bypble necHbie TOUBBI TOPHBIX JaH/TTAD-
toB (KI'TIB3) ornmuanuch BHICOKMMU KOHIIEH-
rpanusvu Ph, As, Cu, Co, Zn, V, a paBHUHHBIX
(IT113) — As, Co, Pb. Comepsanne 60aBITHH-
CTBA HJIEMEHTOB 1 COpr B TOPHBIX OYPBIX JIECHBIX
1OYBAX 110 CPABHEHU IO ¢ PABHUHHbBIMU OBLIN 110~
BRITMIEHHBIMI, & Kaansa n pocgopa — OMM3KITM.

2. llpopunbuas puddepeniuarus coaep-
JKAHUs DIIEMEHTOB BhIpaskeHa cjadbee B Oyposé-
max RI'TIBE3, wem B mounax IIT'TI3. Xapakrep
pacrpejeseHus dIeMeHTOB B MOYBAX TOPHOI

Tadomuma 3 / Table 3

Copepsranue MarposaeMenToB (%) u oTHOMIEHUS COJePRaHNil OKCHIOB B Oy PbIX JIECHBIX TI0UBAX
Kasrascroro n [lommeroseroro samosegnnkos / Content of macroelements (%) and coefficients
of oxide ratios in brown forest soils of Caucasian and Polistovsky reserves

Paspespr, | SiO, | ALO,|Fe,0,|TiO, CaO|MgO|K,O0|P,0,| K | K | TiO, |CIA|CaO+MgO |Fe,0,+MnO| SiO,
mpg?to:ul ALO, ALO, ALO, 1RO,
horizons
LA 168,36/12,25] 5,00 {1,09/0,82/0,86 |1,87/0,17/0,83/1,28| 0,10 [85,2| 0,14 0,52 3,96
AB ]70,08]13,01] 4,77 |1,19/0,58] 0,93 11,90]0,15]0,83]1,09 0,11 |86,7| 0,12 0,43 3,94
B ]70,91]13,41] 5,04 |1,18]0,61]0,93|1,85/0,12/0,85/1,08| 0,10 |86,6| 0,11 0,46 3,84
BC 70,57|14,28] 5,17 [1,2310,53/0,95/1,96/0,11]0,90/0,97| 0,10 |87,0] 0,1 0,43 3,63
C  165,00/14,80| 5,07 |1,09]0,68] 0,90 | 1,90/0,15/1,00/1,00| 0,09 |87,6| 0,11 0,40 3,27
20 A, 73,59]12,44] 5,63 0,90]0,55)0,81]1,800,14]0,55 0,96 0,10 |86,8| 0,11 0,53 4,07
A, 166,83/16,07] 6,40 [0,860,64| 1,07 |2,06/0,12]0,76/0,93| 0,08 |87,4| 0,11 0,49 2,97
AB ]70,97]13,71| 7,30 [0,70/0,59| 0,90 | 1,85]0,12/0,67/0,95| 0,08 |87,0| 0,11 0,62 3,38
B 163,59/16,72]10,70/0,88]0,63| 1,12]2,080,13/0,97/0,92] 0,08 |88,0] 0,11 0,77 2,32
BC  160,72{17,91|10,30|0,860,76| 1,29 12,26 0,12/ 1,05|1,00| 0,07 |87,2| 0,1 0,72 2,15
C  161,00/18,06| 9,00 |0,84]0,79]/ 1,27 12,26 0,12/1,00/1,00| 0,07 |87,2| 0,11 0,56 2,25
31A, [75,39] 6,44 | 2,10 10,63/0,61)0,42 (2,13 /0,12/0,39(1,76| 0,15 |73,3| 0,16 0,47 8,83
A, 78,84 8,51 | 2,46 10,83/0,39]0,47|2,19/0,08/0,48|1,11| 0,14 |78,5| 0,10 0,40 7,19
AB ]78,48] 9,26 | 2,48 10,82]0,36| 0,54 | 2,33/0,07]0,52/1,07| 0,13 |79,0| 0,10 0,33 6,68
B ]69,6714,13] 4,47 |0,86]0,29]0,91]2,90/0,09/0,92/0,93| 0,09 |83,0| 0,08 0,35 3,75
C  |67,72/14,64) 4,98 10,86|0,36] 0,97 | 3,02/0,10/1,00|1,00| 0,09 |82,3| 0,09 0,37 3,49
41 A, |78,19] 8,61 | 2,03 10,89]0,67]0,48 | 2,0 [0,09/0,53/1,55| 0,15 |78,8| 0,13 0,29 7,35
A, 179,97 9,0 |2,06|0,86|0,42| 0,46 |2,26|0,080,54|1,13| 0,14 |78,8| 0,10 0,29 7,23
Bt ]77,86/10,18| 2,60 |0,88]0,53| 0,60 | 2,36 10,14/0,641,29| 0,13 |80,7| 0,11 0,31 6,09
BC 166,48]14,95] 5,43 10,86/0,43| 1,01 2,95/0,17|1,20|1,12| 0,09 |84,1| 0,10 0,39 3,26
C  176,10/15,20| 4,20 |0,86|0,42] 0,89 | 2,35|0,14|1,00|1,00| 0,08 |86,8| 0,09 0,30 3,92

Hpumewanue: K — woafipuyuenm evunoca-naronienus, I, — kosffuyuenm muepayuu (no Kosde), CIA — underc

ceoxumMuveckozo npeo6pa3oeanuﬂ.

Note: K —removal-accumulation factor, K —migration factor (accordingto Kovda), CIA — geochemical transformation indez.
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Puec. 2. Pacnipepenienne mukpossiemenToB 1o rpoduiito mous. RaBkasckuii 3amoBe/iHIK:

1 — Oypas necmas cradbonenacoinentas, 2 — Oypas nsecnas macoinenuas; [lomncrosekmit 3amo-
BeANNK: 3 — Oypas jgectas caadomeHachIentast, 4 — Mo30ancTo-0ypast JecHas Taeenaras
Fig. 2. Distribution of microelements in soil profiles. Caucasian Natural Reserve:

1 — Haplic Cambisol, 2 — Haplic Cambisol Calcaric; Polistovsky Natural Reserve:

3 — Haplic Cambisol, 4 — Haplic Luvisol

Tadauma 4 / Table 4
CopepsRaumst MITKPO3TIEMEHTOB (MT/KT) B Oypbhix JecHbIX mouBax [lommcerosekoro m KaBkascroro
3anoseuukoB / Microelemental content in Cambisols of Polistovsky and Caucasian reserves

dneMeHThl | KaBKascKuMil 3a110BeJIHIK [Monucrosekmii Knapk B nousax | Kiapk B opojax
Elements Caucasian Reserve 3aT0BEJHIK Clark of soil Clark of rock
Polistovsky Reserve
IaTason Memana MATa3on Memana
variation median variation median o Bunorpamosy (1962)
by Vinogradov (1962)
Cr 94,1-158,5 117,6 92,2—111,2 65,6 200 83
Ni 36,9-68,3 48,0 8,0-49,3 21,6 40 o8
Cu 40,6—86,8 99,9 9,0-48,3 21,2 20 47
Zn 70,3-111,9 85,6 25,9-76,8 49,6 20 85
As 6,7-9,2 8,4 9,6—9,5 7,8 ) 1,7
Pb 22,2-39,1 29,8 2,3-29,9 9,9 10 16
Sr 133,8-155,5 1420 68,3-149,2 99,5 300 340
Co 12,0-29,5 18,2 2,4-22.3 12,3 10 18
\ 140,5-178,3 160,7 72,8-170,0 97,5 100 90
76 Mn 681,8-1326,9| 1020,6 | 284,8-744,5 4278 850 1000
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TepPUTOPUN OOYCTOBJICH BIAUSHIEM penbeda,
B PAaBHUHHBIX YCJIOBUAX — HEOJJHOPOIHOCTHIO 1N
cBOIICTBAMM 11OYBOOOPA3YIOLIell 11 HMOACTHIA0-
el mopo.

3. BoisiByiena mososkuTesbHas KOppessi-
OHHAS CBSI3H COJlEPIKAHUS DJIEMEHTOR ¢ BEJIMYN -
HOIT UBNYECKOIT TMHBI KaK JOMUHUPYIONIEil
(paszoii-nocurenem (r = 0,77-0,84, p < 0,05),
CO CTETeHBIO HACBHINMEHHOCTH OCHOBAHUAMMN
(r=0,60-0,84), a Mn — ¢ oprannvecKnM BeIre-
creom (r = 0,68, p < 0,05). CBsizb cofepsranms
anementoB ¢ Beqnunuoin pH (r = 0,67-0,84,
p < 0,05) nanbosee BbipaskeHa B OYpbIX JECHBIX
nmouBax HaBkasckoro 3amoBeiHmKa.

4. YceranoBieno, uTo npeodpasoBaHue
MePBUYHBIX MIUHEPATOB BHIPAKEHO B IMOYBAX
RaBraszckoro 3anoBeiHITKa, a iepeMerieHne -
CTBIX yacTui| 6e3 rpancdopManm MuHepaaIbHON
Maccehl — B OypbIX JiecHbIX ouBax llomucroBekoro
3aTIOBeTHIKA.

Paboma evinoanena 6 pamrax epanma PHO
Ne 16-17-10170-11 (srcneduyuonnsie uccaedo-
eanusn) u I'3 Munucmepcmea nayku u vicutezo
oopazosanus PO N 0852-2020-0029 (anaaus
fusuro-rumuueckux cgolicme noug) u npu unan-
coeoii noddepicke PODU, npoexm N 19-05-50097
(anaaus codepircanus MaKpo- u MUKPOILEMEHMO0E).
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Onenka 3arpsisHeHIsI CHETOBOT'O IIOKPOBA YPOOIKoCHCTeM
Roabckoro CeBepa B 30He BIMAHWS sKeJIE3HOTOPO;KHBIX OTBOIOB

© 2022. H. B. Caxramn, K. 0. 1., c. H. C.,
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um. H. A. Aspopuna KHI1 PAH,

184209, Poccus, r. Anarursl, AKageMropojox, i. 15a,
e-mail: saltan.natalya@mail.ru

Briepsoie uzyuen xumunueckuii cocras (pH, copepskanue rnasubix Heopranndeckux nonos, Ni, Cu, Ph, Fe) cuesioro
MMOKPOBA HA TePPUTOPUN 3KEJTe3HO0POKHBIX BOK3aI0B ropojioB Mypmanckoii obnacrn (Mypmanek, Oneneropek, Anaturhl,
[Honstpubie 3opu, Ranpganakma) n wa yceaosuo-gorosom yuacrke. CHerossie mpoObl 0TOOpAHBI Ha PAcCTOSHIN 3—6 M 0T
JKEJIe3HO0OPOHOTO TI0JI0THA B KOoHIe Mapra — Haudase anpens 2019 r. Boisisaeno, uro rtanasi Bojja nMeer peakijnio oT
HeliTpaxbHOI 10 cnabokncnoii. Rornenrpanun nonos Na*, Ca**, HCO, , Cl npessimaior yenoBHbLil (poH, 0c0GeHHO
BT. Mypmaricke u r. Onerieropeke. [poananmanmposariint aBe hasnl HaXOKIEHMST HIICMEHTOB (PacTBOPEHHAS 1 TBEP/IAs) B CHeTe.
YCTaHoBIeHO, YTO BHIIACHIE COCINHEHNIT METAIIOB B 3UMHUIT TIEPUOJL TPONCXOJIT MIPENMYIIECTBeHHO B TBEPIOQasHOIT
(opme, 4TO CBUIETEIHCTBYET O TEXHOTEHHOM TTPOMCXOKEHNN NCTOUHNKOB 1tocTyierist. Camast BBICOKast JI0JIst TOCTYTLIe-
st TéPIoi asnt xapaxrepra misa Fe (> 98%). PaceMoTpennr 9K0IOT0-reOXNMMITeCKIe TOKA3ATeIN 3arPSI3Hen sl CHera.
O6napysreno, uro obrie KoHerTpaiun snementos 1 u 2 kiaaccos onacuoctn B 3—28 pas npesbiinaior QOHOBLIE 3HAYCHUS.
[To cymmapromy nokasaTesio Harpys3iu npusoksaibubie reppuropun rr. Honspusie Sopn (Z, = 19), Anarurel (Z, = 25),
Ranpanarkma (Z = 28) ornecensl kK Huskomy yposmio sarpssuenus, r. Mypmanck (Z, = 77) — cpepnemy, r. Oneneropck

¢

(Z =183) — BoicoroMY (3a cuér QyHKIIMOHNPOBAHIS KOMOMHATA 110 TIPOU3BOJICTRY KeJIe30pyAHOTO KoHIeHTpara). [loka-

¢
3aHO, YTO SRCILIyaTUPOBAHUE KREJC3HbIX [IOPOT [IPUBOJIUT K YBEeJIMYEHUIO IOCTYIJIEHUA B aTMocd)epy HEepacTBOPUMbIX (1)0pM
TSREBIX MeTaJlJIOB, TJIaBHBIM ()61)33()1\/{ Fe.

Haroueswie cnosa: 3arpsasHeHue CHeroBoro roKpoBa, yp603KOCI/ICTeMLL H{GJIGBHOI.LODOH(HLHVI TPAHCIIOPT, Konbermit CeBep.

Assessment of snow cover pollution in urban ecosystems
of the Kola North in the zone of influence of railway branches
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The chemical composition (pH, the content of the principal cations and anions, Ni, Cu, Pb, Fe) of snow cover on
the territory of railway stations in the cities of the Murmansk region (Murmansk, Olenegorsk, Apatity, Polyarnye Zori,
Kandalaksha) and in the background area was first studied. The snow sampling was carried out from late March to ear-
ly April 2019 at a distance of 3—6 m from the railway track. It has been revealed that the acidity of urban melt water
corresponded to weakly acidic and neutral values. Compared to the melt water of background territories, the concentra-
tions of ions such as Na*, Ca**, HCO, , CI" were significantly increased, especially in Murmansk and Olenegorsk. Two
forms of the presence of heavy metal (dissolved and solid) in the snow were analyzed. It has been established that metals
during the winter period were received to the atmosphere mainly in solid form, which indicates the technogenic origin
of their sources of supply. The highest proportion of solid phase is typical for Fe (> 98%). Ecological and geochemical
indicators (values of the concentration coefficients, the total contamination index Z ) of snow pollution were considered.
It has been found that the total concentrations of elements of hazard classes 1 (Pb) and 2 (Ni, Cu) are 3—28 times higher
than background values. According to the total contamination index, railway station territories of the cities Polyarnye Zori
(Z,=19), Apatity (Z = 25), Kandalaksha (Z = 28) were characterized by a low level of pollution, Murmansk (Z =77) —
medium, Olenegorsk (Z, = 183) — high (due to the functioning of the iron ore concentrate production plant). It has been
shown that railway transport contributes to the entry into the atmosphere of insoluble forms of heavy metals, mainly Fe.

Keywords: snow cover pollution, urban ecosystem, railway transport, Kola North.
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Omnenka cocrossnusi arMmocepnl 1o cTere-
HU 3arpsA3HEHUS CHErOBOIO MOKPOBA SABJSETCS
TPAJUIMOHHBIM METOIOM Te03KOJOTUYeCKOTro
uzydenust ropojckux srocucrem [1-7]. Cue-
rOBOI IMOKPOB, KaK MH(OpPMaIMOHHBIIT HOCH-
TeJib aTMOC(EePHBIX BBITIAJIEHITI XapakTepusyer
YPOBeHb 3arpsisHeHust Bo3ayxa. B MomeHThl 0T-
Termesel M BECHON MTPM MacCOBOM CHETOTasSHUN
Ha TOPOJICKUX TePPUTOPUSIX U 34 UX TpejeamMmn
pa3auvHbIle TOKCUYHBIE BelecTBa (TAKETbIe
MeTaJJIbl, MOJUTUKRINYECKITe apoMaTnIecKue
YIJIEBOJIOPOJIBI) TTOMAIAIOT B IPUPOJIHBIE CPETTbI
(OTKPBITHIE BOJIOEMBI 11 TIOJI3€MHbBIE BOJIbI ), BHI3bI-
Bast 3arpsi3HeHUe, MPeJCTaBJIAIONee OMacHOCTh
IS JKUBBIX oprannaMos [8—12].

Mypmanckas o6macTh — BajyKRHEU N
cTpaTerunyeckuii pernoH ApKTUKHI, B KOTOPOM
TPAHCIOPTHPOBKA JJ0OBIBAEMOTI0 MUHEPAJIHHOTO
CHIPHS U TPOYKTORB ero nepepadbotru (docdop-
Hble YI0OpeHUsl, YEPHBIT MeTaIINndYeCcKnii Hil-
ReJIb W 1TP.) OCYIIECTBIAETCS ReJe3HOLOPOIK-
HBIM TPAHCTIOPTOM. JKCIIIyaTaIus KeJTe3HbIX
MOPOT ORA3bIBAET BJIWAHIE HA OKPYKAIONYIO
cpeny [13]. CambpiMu pacmpocTpaHEHHBIMN
MOJIOTAHTAMU TIPU JLAHHOM TUTIE BO3JIEHCTBIS
SIBJISIIOTCA OPraHnyecKiue BeIecTBa, POy KTh
nx cropanus u Tskénnie Mmerasinl [14]. Heco-
MHEHHBIII MHTEPeC IMpecTaBasieT XUMUYec R
cOCTaB CHera B TOPOJICKUX arjoMepanusx,
B TOM 4HiCJie B 30He BJIMSHUS FKeJIe3HOT0POIK-
HBIX 00BEKTOB.

[{esibto paboThI sIBJISIETCSI OIEHKA 3arpsi3He-
HUST CHETOBOTO MOKPOBA HA YPOAHM3MPOBAHHBIX
reppurtopusx Mypmarckoii odjiacti B 30He BO3-
MEHCTBYS FKEeJIe3HOMOPOHKHOTO TPAHCIIOPTA.

O0BbeKTHI 1 METOJbI HCCIE[0OBAHS

HRenesnomoposkusit Tpancnopr B Myp-
MaHcKoii obnactu passusaercsi ¢ 1917 r. Kpyn-
HBIMU KeJIe3HOOPOKHBIMI Y3JIaMU SIBJISIOTCS
r. Mypmamck (ToKOMOTHBHOE emo, Ooree
15 Kee3HOOPOsKHBIX TTyTel 1 1p.) u . Anarn-
Tl (DoJstee 13 1wyTeit; cOpTUPOBOUHBII, TPY30BOIA,
MPUEMOOTITPABOYHBIN TMAPKM). Y3JTOBBIE CTaH-
AT ¢ TOCTAaTOYHON TPAHCTOPTHON HATPY3KOI
npeacrasiasior . Oneneroper (17 myreit) n
r. Kanpanakma (rokomorusroe fero u 10 myreii).
Fopoy [ossiprbie 3opu — naccaskupeKas cram-
nus (7 myTeii), XapakTepusyeTcs MUHUMAIbHBIM
AHTPOTIOTEHHBIM BO3/IEHICTBUEM.

WN3BectHo, uTo npeobiagaoiinas 4yacTh
MOJIIIOTAHTOR, MOCTYHAIONINX OT MOJABUMHOIO
JKETTe3HOIOPOKHOTO cocTaBa, ocemaer B 10 m
ot mosoraa [15]. Ilpo6wr ciera orbupanu ma
paccTosiHum 3—6 M OT 3KeJe3HOM0POKHOIO I10-

JOTHA B ROHIle Mapra — Hauase ampesis 2019 r.
Ha IPUBOR3AJIBHBIX TEPPUTOPUSX (110 00€ CTOPOo-
HBI OT Bok3asa) rr. Mypmanck (ygacror No 1),
Ouseneroper (yuacror No 2), Amarutsbl (y4acTor
N 3), [Monsipabie Sopu (yuacror No 4) m Ran-
panakia (yuactor No D), a TakyKe B IUTOMHIKE
[TonsipHo-anbnmiickoro 60TaHMYECKOTO cajia-
nucruryra (I[TABCHW), mpunsaToro 3a ycioBHo-
onosbiit yuactor (N 6).

Ha Beibpannbix miromaasax (10 m x 10 m)
flesiajiv 3aMepbl BBICOTHI 1 OMICAHIE CHEeRHO-
IO MOKPOBA, CPeHsIs MOIHOCTH KOTOPOTO Ha
MOMeHT othopa mpob cocraBmiaa B Mypmarcke
un Oseneropere 91-52 cm, Anaturax — 77 cm,
[Tonsipubix Sopsix — 86 cm, Ranpanaxie — 39 cm;
Ha ycaosao-gouosoii reppuropun — 110 cm.
[Tpo6sr oroupanu cornacuo meropnke [16] ¢ ne-
MOJIL30BAHNEM ILIACTUKOBOI TpyObI stiinHoil 140 em
n puamerpom 10 em. B cpemnem onna cHeroas
npoba cocrosizia U3 4—9 KepHOB (IOJTHAsE MOTII-
HOCTH CHEera, KpoMe HIKHUX 3 M) 00IIM BeCOM
9—6 k1. [I[poObI cHera XpaHuanm B 3aMOPOKEHHOM
COCTOSTHUI JI0 MOMEHTA JIOCTaBKH B JTaO0OpaTOpMio,
I7ie UX OTTarBaJIN [P KOMHATHOI TeMieparype
n punsTpoBasn Yepes GUALTP cpejiHell MI0THO-
CTH («CUHSSA JIEHTA»).

B rasioii Bosie onpepensiin pH u copepsranne
BayKHeiimux neoprannveckunx nounos (HCO,,
S0O,*, ClI-, NO,, Ca*, Mg*, K*, Na*, NH,")
cornacuo [ocyapcrBeHHOMY peecTpy MeTONK
KOJINYECTBEHHOTO0 XMMUYECKOT0 aHaIn3a s
OTIeHKM COCTOSTHIST 00'beKTOB OKPYKatoIIeii cpe-
JibI, IOTTYIIIEHHbIX JIJI5l TOCY/IaPCTBEHHOTO AKOJI0-
rudeckoro KouTposisi u monuropunra (ITHJ[ @
14.1:2:4121-97, [TH]1 D 14.1:2:4.157-99, ITH]]
D 14.1:2:4.138-98, ITH]1 D 14.1:2:3.1-95).

[Tonyuennblii ocasok Ha UIBTPE MUHEPAJIN-
30BaJIH ITyTEM 00pabOTKI (PUITHTPA KOHIEHTPHPO-
BaHHOIT A30THOI KICJIOTOI ¢ 00aBJIeHIeM IepIi-
JIPOJISI IO MCYE3HOBEHISI TEMHBIX YaCTUIL OCAJ[KA
n ocBemyieHusi pactBopa. PactBop nepenocusin
B MepHYIO KO0y Ha 0 MJI 1 JJOBOJIMIIN 10 METKI
IMCTITMPOBAHHOT Bojioli. B punbrparax n pacr-
BOpax, MOJYYeHHBIX OT Pa3JIOKeHUs TBEPILOTO
ocTaTra Ha (UIIBTpe, O pe/esisiin TPUOPUTETHBIe
meramnei-zarpssanresin (Ni, Cu, Pb, Fe) arommo-
abCcoOPOIMOHHBIM METOJIOM Ha clieKTpooToMeTpe
Shimadzu AA-6800.

J11s1 IpsIMOTO COTIOCTABICH IS SKRUIIKOT 1 TBEP-
o (a3 HaXOKIEHUsI METAJJIOB, Pe3yJIbTaThl
AHAJIN30B 0CAJKA HA (DUIBTPE MepecunThIBAIN
Ha MT/JI, 3Hast 00BEM OTOUIBTPOBAHHON BOJIbI,
BeC 0cajIKa Ha (PUIIBTPe 1 KOHIEHTPAIIIIO MeTaJ -
Ja B pacTBOpe, MOJYUeHHOM HPHU PA3I0KeHUN
TBEPAOTO ocTaTKA. [|7151 pacyéToB Ipn 3HAYEHUSIX
KOHTIEHTPAIINN dJIeMeHTa HIKe TTpefiesia ooHa-

79

Teopernueckas u npuriaagaas sxogorusi. 2022. No 1 / Theoretical and Applied Ecology. 2022. No. 1




MOHUTOPUHT IIPMPOJTHBIX 1 AHTPOIIOTEHHO HAPYIIIEHHBIX TEPPUTOPIIT

pysKeHust npudopa MCIHoAb30BaAIN Y2 JaHHON
BEJIMUMHBI.

Omenry 3arpsA3Henus CHEroBOTO TTOKPOBA
TSHREIBIMI MeT/IJIaM I TTPOBOIVJIN 110 pacyéram
kopPunmentos Konuentpanuu (K ) ncymmap-
HOro HmoKasarteJs 3arpssHenus (Z ) cornacHo
meropuke [17]. Iocnepuuii mokasaresnb paBeH
cymMe KodPUIMeHToB KOHIIEHTPAITNN XUMIYe-
CKUX 3JIeMeHTOB:

Z=K +..+K —(n-1),

Ie 7 — KOJMYeCTBO YUNTHIBACMBIX XIMI-
YEeCKMX DIEeMeHTOB; KGi — KoD(PUIMEHT KOH-
MeHTpanul i-T0 KOMIIOHeHTa 3arPA3Henns,
HpeBBIIIAIOMNI efuHuIy. S3Hadenns Z or 32
110 64 COOTBECTBYIOT HUBKOMY YPOBHIO 3arpsi3-
Henus cuera, 64—128 — cpegnemy, 128—-256 —
BBICOROMY; Gosiee 256 — ouenb Bbicokomy. Cra-
THCTUUECKYIO 00paboTKy JJaHHBIX OCYIECT-

BJSJIN ¢ TTOMOIILIO MPOTPAMMHOTIO TaKera
Microsoft Excel 2007.

OrnocuresbHas MOTPENTHOCTH U3MePeH il
(%) mpu P = 0,95 pist o7ieMeHToB OTeHnBaIach
11-23%, 1o BojgopopgHOMY MMOKasaTesto abeo-
JIIOTHASI TOTPeINHOCTh cocTaBmia He 6osiee +£0,06.

Pesyabrarel n o6cys;rnenne

PesynbraTsl XUMH4ecKOro aHaan3a TajabixX
BOJI cBUjieTesbeTBOBaM 00 u3menernu pH n non-
HOTO COCTaBA 110 CPABHEHMIO ¢ YCITOBHO-(OHOBOTT
reppuropueii (tadu. 1). Benuunns pH cuerosoii
BOJIbl BAPbUPOBAJIM B lHATIA30HE CJAAOO0KUCTBIX
7 OJTMBKNX K HENTpaTbHbIM 3HAYEHIAM OT 6,4 110
6,9. Boicokme KoHIeHTpATINN THAPOKAPOOHATOB
B cHere oOHapysReHbl B I'T. Mypmanck u [Tossip-
uwie 3opu. [loBBITIIeHIRIC KOHTIEHTPATNT MOHOB
Na* u Cl 3a cuér nmpuMeHeHuUs aHTUTOJIOJE]-
HBIX peareHToB (COJIsTHASI CMeCh) OTpeieseHbl

Ta6auma 1 / Table 1

Xumnueckuii cocras cuera (mMr/a) / Snow chemical composition (mg/L)

[Tokasarenn (Dasa N yuacrra / Site number
Indicators Phase 1 2 3 4 ) 6
pH, en. Mw 6,7 6,6 6,4 6,9 6,7 6,0
SO > Mw 4,02 2,82 2,01 0,92 1,61 0,77
HCO, Mw 11,59 4,27 2,44 7,32 4,88 2,44
Cl- Mw 6,28 9,70 2,41 1,52 0,94 1,22
NO, Mw 0,77 1,12 0,82 1,11 0,61 0,65
Ca®* Mw 9,39 1,81 1,10 2,25 1,77 0,40
Mg? Mw 1,12 < 1,00 < 1,00 < 1,00 < 1,00 < 1,00
Na* Mw 2,73 2,37 < 1,00 < 1,00 < 1,00 < 1,00
R Mw <1,00 < 1,00 < 1,00 < 1,00 < 1,00 < 1,00
NH,* Mw 0,930 0,64 0,55 0,12 0,23 0,20
Mw 0,026 0,012 0,003 <0,001 0,005 0,002
Ni Fr 0,172 0,066 0,006 0,006 0,021 0,005
> 0,198 0,078 0,009 0,006 0,026 0,007
Mw 0,003 0,017 0,005 0,003 < 0,001 0,001
Cu Fr 0,080 0,149 0,043 0,029 0,021 0,006
> 0,083 0,166 0,048 0,032 0,021 0,007
Mw < 0,001 < 0,001 < 0,001 < 0,001 < 0,001 < 0,001
Pb Fr 0,005 0,004 0,002 0,001 0,002 0,0002
> 0,005 0,004 0,002 0,001 0,002 0,0002
Mw 0,060 0,080 0,050 < 0,05 < 0,05 < 0,05
Fe Fr 17,98 165,74 14,89 15,08 17,63 1,27
Y 18,04 165,82 14,94 15,08 17,63 1,27

80

IHpunewanue: Mw — cuezosan manas 6oda (pacmeopénnasn gasa); Fr — ocadok na gurvmpe (meépdas gasa);

> — cYMMaApHan KOHYEHMPAYU.

Note: Mw — melt water (dissolved phase); Fr — filter cake (solid phase); y — total concentration.
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Puc. 1. Pacupepenenue kormentpaiuii pactBOpuMbIX QOPM KOMIIOHEHTOB B CHETOBOIT BOJIe
Fig. 1. Distribution of water-soluble components concentration in melt water

Tadmuma 2 / Table 2
3arpsisHeHUe CHeroBOTO TTOKPOBA MPUBOK3AIbHBIX TEPPUTOPHU I
Snow contamination of railway station territories
YuacTor K (Ni) K (Cu) K (Pb) K (Fe) A
Site Mw Fr > Mw Fr > Mw Fr > Mw Fr > >
1 13,0 | 34,4 | 28,3 | 3,0 | 13,3 | 11,9 - 25,5 | 25,5 | 2,4 | 14,2 14,2 | 77
2 6,0 | 13,2 | 11,1 | 17,0 | 24,8 | 23,7 - 20,9 | 20,9 | 3,2 | 130,5 | 130,6 | 183
3 1,5 1,2 1,3 | 5,0 7,2 6,9 - 7,8 7.8 | 20 | 11,7 11,8 | 25
4 0,3 1,2 10,9 | 3,0 4,8 4,6 - 4,1 4,1 - 11,9 11,9 19
) 2,5 42 | 3,7 | 05 3,9 3,0 - 10,6 | 10,6 | — 13,9 13,9 | 28

Ilpumenwarue: «<—» — KOHYermMpPayuu Huxce npedeia OOHAPYHCeHIUA.
Note: A strikethrough means concentration below instrument detection limit.

B . Mypmancke n 1. Oneneropcke. Hammune
a30TCOJIepPyRAIINX BellecTB B cHere (0cOOEHHO
noHoB ammonusi B Mypmancke n Oneneropcke)
00YCJIOBJIEHO aHTPOTIOT€HHBIM BO3/IeIICTBUEM, NC-
TOUHUKAMU UX [OSIBJICHUSI MOTYT ObITh TPOJLYKThI
CTOPAHMSA OPIraHIYECKOTO TOIJINBA TOPOJCKNX KO-
TeJIbHBIX, TBEPJIbIe (DPAKINT CTOPEBIIIETO TOTLIN -
Ba u ip. B 1ie;10M B cHEroBoil Bojie cpejin aHnoHOB
npeodIaianm ruporapboHaT- 1 XJIOPH/-NOHBI,
cpein KaTNOHOB — MOHBI KaAbNNA (TOIBKO
B 1. Onereropcere — narpuii) (puc. 1). Crerpudua-
HBIX 0COOEHHOCTET XIMMITIeCKOTO COCTaBa cHeTa
110 MAKPOKOMIIOHEHTAaM B 30He BJIMSTHUS jKeJe3-
HOJIOPOKHOTO TPAHCIIOPTA He BbISBIEHO.
N3BectHo, uTo pactBopuMbie (POPMBI THKE-
JIBIX METAJIJIOB 3HAYNTETIHHO ONacHee, YeM TBEP-

noasHbie BbINAEHMS, TOCKOJbKY OHI OBICTPO
BRITIOUATOTCS B OOMEHHBIE TTPOTIECCHI SKIMBBIX Op-
rar3MoB. RoadhpuimenTsl KOHIEHTPATIINT, pac-
CYNTAHHBIC [T FKUIKON (Dashl, TPOIEMOHCTPIPO-
BaJII, UTO HAMOOJBIITYIO OMACHOCTH ITPEICTABIISIOT
Ni (r. Mypmancr) u Cu (r. Oneneropek) (tada. 2).
Vx kouienrpanum Ha ycJaoBHO-QOHOBOI Tep-
PUTOPUU BHITIIE, YeM B HEKOTOPBIX TPUBOK-
3aTbHBIX 00Bexrax (tadm. 1). Bememersue toro,
4yro KoHIlleHTpanuu Pb B cHeroroii Bojie meHee
0,001 mr/n1, KOHTAMUHATIVS TAHHBIM METAJIJIOM JIJIsT
pacrBopénHoii paswi orcyrerByer. Conepsrannue Fe s
(uETpaTe TasI0ro cHera N3MEHsLI0Ch B TOPOJiax He-
3HaunTenbHo, B IT. [onsaprbie Sopn n Ranpanaxie
OHO B TIpesiesiax (hoHa, B OCTAIBHBIX TOPOJAX IMpe-
BBLICIJIO YCJIOBHO-(DOHOBYIO BeJIMUnHy B 2—3 pasa.
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C 9ROJIOTUYECKOI TOUKY 3PeHUS 3HAYNTE ] b-
HBIIT WHTEPeC TPeJCTaBjisieT aHaIn3 CoJepyKra-
HUS TSHRETBIX METAJIOB B TBEPMOI (pasde cHera,
Ijie, KaK MPaBUJIO, COePRUTCS OObITAsT 4acTh
METaJIJIOB TeXHOIeHHOTO MPOMCXOK/CHMS, 110~
crynaionux B caabopacrsopumoii popme [15,
18]. Onpenenenne cocraBa TBEPON (0caOK HA
duawrpe, Fr) n suproii (ranas Bopa, Mw) das
cHera JaéT BO3MOMKHOCTh OIEHUTh B HUX COOT-
Horenue KoumerTparuii (puc. 2). OrHoteHne
Fr/(Mw+Fr) nemoncrpupyer oTHOCUTEIbHYIO
moJtio TBépmoit popmur (Kr) B ob1em cocrase
Boinajennii [18]. Huskoe snauenue sroro noxa-
3aTesisi yKazblBaer Ha npeodJiajjanie pacTBOPEH-
HBIX 3JIEMEHTOB; BBICOKOE CBUETETLCTBYET, 4TO
TBEépas hasa (B3BEITeHHbIE YACTUTILI) SIBJISIETCS
JIOMUHUPYIOIIEll B CHEKHOM TTOKPOBE.

[Torkaszamno, 4ro Ha He3arpsI3HEHHBIX TEPPH-
TOPUAX OGOJNBINTMHCTBO dJeMeHTOB, BRIovas Ni,
Cu, Pb Beimagaer B pactBopénnoii gpopme, s Fe
COOTHOIIIeHNe JIBYX (ha3 OTeHNBAEeTCs B PaBHBIX
nossx [ 18]. B Hammx nccaeoBanmusax BHIABICHO,
uro Ni (70-92%), Cu (87-98%) u, B 6osbIteit
crerrenn, Fe (98,0-99,9%), Beimagann B TBEp-
noit gopme, B TOM dmcsie HA YCIOBHO-(POHOBOM
reppuropun. TBépmas popma Buimajenns Pb
B TOPOJICKIX YCJTOBUAX BapbupoBaia ot 62%
(r. Homsipusie 3opu) mo 99% (r. Mypmarnck),
1 TOJBKO B 30He ycaoBHOTO hoHa 1ipeodiiajaia

pacrBopénnast popma (6osee 99%, na pucyn-
Ke 2 st ynobeTBa oTobpaskeH s AT JlaHHbIe He
npuseenbl). Takum o6pazoM, MOKHO KOHCTA-
TUPOBATh, YTO OCHOBHOI BKJaji B BhINAJleHNE
coefiuHeHuil MeTaioB, ocobenno Fe, mpunan-
JIeRUT TeXHOTeHHBIM NCTOUHNKAM.

Copepsranue TARENIBIX METAJIOB B COCTaBe
MBIJIEBATBIX YACTUI], TOCTYMAKNMX B 3UMHUI
Meproji Ha TePPUTOPUN 3KEJTe3HOMLOPOIKRHBIX
BOK3AJI0B, 3HAYNTETHHO TTPEBBICUIIO NX YCIOBHO-
(ponosbie Bemmunnbl (tadu. 2). Makcumanbubie
ROD(PUIMEHTH KOHTIEHTPAI[NIl BceX MeTaJlioB
BhIsIBIIeHBI B cHere IT. Mypmancka n Oneneropcka
(ocobenno i, =130,5). Cymmapublii nokasare/b
sarpsiznenus (Z ) sapbupyer ot 19 (r. [Tonspubie
Sopu) o 183 (1. Onemeroper). Huskomy ypos-
HIO 3arpsi3HeHNsI COOTBETCTBYeT CHEroBoil 1o-
KpPOB IPUBOK3AJbHBIX TePPUTOPUIL I'T. ATTaTUTHI,
[Tonsipubie 3opu n Ranpanarima, cpegnemy —
r. Mypmanck, Beicokomy — 1. OJieHeropex.

Cpein aHTPOITOTeHHBIX NCTOYHIKOB HETaTHB-
HOTO BO3JIETICTBIS, TOMIMO KeJTe3HOOPOKHOTO
tpancropra B . Mypmamcke, Bbijie/ieHbl pasHbie
BUJIBI TTPOMBITIIZIEHHOCTHN (TIUTTeBast, CyJJOPEMOHT,
metasoobpaborka u p.). Br. Oneneropere pynk-
rmonnpyeT OieHeropeKuii ropHo-000raTUTe bHbII
KOMOMHAT ¢ TIPOM3BOJICTBOM FKeJIe30PY/THOTO KOH-
IeHTpara, 00yCcJIOBINBAIOINI BHICOKYIO JIOJTIO
tBéprodasnoro BeinajieHus Fe.

Pb _
@ | | (1)

g |
e N = |
m | Bl | @
E 1 | | |
S
§ Cu | — —
® () | 5) |
Fe ! ,_l

| | ® @

0,6 0,65 0,7 0,75 0,85 0,9 0,95 1

OTHOCUTENbHbI BKNaZ TBEPAOI (hasbl
The relative contribution of the solid phase

Puc. 2. Ornocurenbubiii Braaj (Ir/(Mw+Er)) tBépnoii ghasbr
B 0BIIY10 KOHIIEHTPAINIO MeTaJIoB. PamkupoBanue B mopsjiKe yBeandeHust
3HAYCHWS MEIIAHbI ROHTICHTPAINN, TINQPHI B CKOOKAX — HOMepa yIaCTKOB
Fig. 2. Relative contribution (Fr/(Mw+Fr)) of solid phase to total metal concentration.
Ranking in order of increasing median concentration, number in parentheses is the site number
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3axiouyeHue

XUMUYECKNIT MAaKPOKOMITOHEHTHBIIT COCTaB
TaJIBIX BOJ| IIPUBOK3AJIBHBIX TEPPUTOPUIl XapaK-
tepusoBasicsi usmenennem pH u monnoro cocrasa
1o cpaBHeHuIo ¢ yeaoBHbIM dorom. [Torkazarenn
KHUCJIOTHOCTH COOTBETCTBOBAJ CJIAOORUCIOT
u HelTpaabHOil 00sacTsiM. BeisiBaeHo, uto B
CHETOBOI Boje Hamboaee MpeBHIMAIOT GOH
ronrentpanun wonos Na*, Ca*", HCO, , Cl,
ocobento B rr. Mypmancke u Oaeneropceke. 1lo
CYMMapHOMY TIOKAa3aTesI0 3arpsi3HeHsi CHero-
BOTO MTOKPOBA TEPPUTOPUN FKETE3HOTOPOHKHBIX
Bok3a/10B I'T. Homsapusie Sopu (Z, = 19), Anarurst
(Z,=25), Ranpanaxina (Z = 28) oTHeceHbl K HI3-
KOMY YpoBHIO 3arpsisnenusi. CpeHsisi BeIMamHa
YPOBHsI 3arpsi3HeHUs BbisiBjieHa B I. MypmaHcke
(Z,=TT). Camplil BLICOKMII TOKazaTesb 3arpsizHe-
Hus ciera obnapysken B 1. Oneneropeke (7, = 183).

YcraHOBIEHO, YTO BhINAeHNE METAJJIOB
B 3UMHWI TTePUOJL ITPONCXOJNT B TBEPHOGaszHOIT
dopme, 4TO CBHUJIETETHCTBYET O TEXHOTEHHOM PO~
HCXOKIeHNN NCTOYHUKOB rtoctytienus. Camas
BBICOKasH J10Jis1 TBEPIOTl hasbl XapaKkTepHa JIJisl
Fe. IlbuteBatbie yacTuirsl, cojepsralnme BHICO-
KIie KOHIIeHTpPAIuy MeTaJlJioB T0cje CHeroras-
HIST AKKYMYJIUPYIOTCSI B TTOUBAX, 3aTPSA3HSA NX
1 OKa3bIBasi HEraTuBHOE BJUsIHIE HA OUOTY.

Hccaedosanus nposoduiice 8 pamkax Haywno-
uccaedosamenwvckoil pabomst «Koarekyuonnsie
gonder oaspro-asbnuiickozo 6omanuueckozo
cada—uncmumyma, KAk 0CHO8A COXPAHEHUL OUO-
Pasnoodpasus, pazsumust GUOmMexnoL02uil, onmiL-
MuU3ayuu Yycaosui 2opodckoii cpedst, iumopeadu-
Aaumayuu u IKoL02utecko2o oopasosanus» (Pee.
Ne 122011900097-6).
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MouuTopuHT aJIbro-1uaHOdAKTEPUATBHBIX COOOIIECTB
Ha TeXHOTeHHOW TEPPUTOPUHA
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e-mail: kondakova.alga@gmail.com

Nayuanuceh coobriecTBa mouBeHHBIX HOTOTPOPHBIX MUKPOOPTAaHU3MOB, Pa3BUBAIOIIMECS HA PA3HBIX 110 COCTABY
u cBoiicTBaM cybeTpaTax, Meioib30BaHHBIX JIJIsT 3aChITKI XPAHUINIIA JKUTKIX OTXOJI0B XUMUYECKOTo Ipon3BojcTea. Bu-
JIOBOIT cOCTaB abroNaHoMIOPHI 3aBUCUT OT pesibeda ydacTka, cBoiicTB (POPMUPYIONNXCH TOUYB, 3arpsa3HeHms cyberpara
¥ CTETIeHN Pa3BUTHSA BBICITNX pacreruii. Ha miomajikax MOHUTOpUHTA BRISIBIEHO 63 Bijia TOUBEHHBIX MIKPO(OTOTPOdOB,
[IPY ATOM 110 YCay BujioB npeobiajaior nnanodbakrepun (I1B), Bropoe Mecro 3anumaior 3enéubie Bojopocin. BoisiBieHo
MaJIO BUJIOB $KEITO3EIEHBIX 1 9YCTHTMATOPUTOBBIX Boflopocaeit. Ocoberno befiHoe BujoBoe paznoodpasne ambroinanoduropbt
OTMEeYaJIOCh Ha TUTICOBOI KOpKe. [To Mepe BBIBeTPUBaHIS THIICA KOJMYECTBO BUJIOB 3HAYHTEILHO YBEJINUNIOCH. 34 TPH rojia
HabMIO/IeHITT N3MEHIIOCHh BUJIOBOE pazHooOpasie ajbrornnanoduopbl Ha POBHOI IIOMAJKE ¢ CyecYaHbIM CyOCTPaToOM
7 HEBBICOKIM ITPOEKTUBHBIM MOKPBITHEM BHICIIEl pacTureabHOCTRIO — ¢ 17 10 32 Bunos. B monmxennn mukpopenbeda, nmpu
CXOJTHOM IPaHyJIOMETPIYECKOM COCTaBe MOYB, HO MEeHbIIET MET0THOCTH 11 GOJIBIIIeM KOJNYecTBe TPyboro OpraHnyeckoro
mMarepuasia, moj acconuaieii tpocrura (Phragmiles communis) BbisiBieHo 27 BUJ0B ¢ aDCOTIOTHBIM JJOMIUHIPOBAHIEM
sraromioonseix BuoB LI B. Ha nByx miomaarax monuroputra no mepe pazsurus 3aakoBoit accoruariun (Calamagrostis
epigeios (L..) Roth, Agropyron repens Beauv.) paznooGpasiie BU0B aabroiimaHoIopbl pe3ko cHU3MI0ch. B cocrase yio-
MUHUPYIOHINX BUIOB HA STUX IJIONAJIKAX OTMedYeHa JuaToMoBast Bojopocib Hantzschia amphioxys, npunypoueHHOCTH
KOTOPOIT K IEPHOBUHHBIM 3J1aKaM 00yCJIOBIeHA TTOTPEOHOCTRIO B IOCTATOUHOM KOJMYECTBE KPEMHIUS, BXOJSAIIEr0 B COCTAB
nx nanmupeii. Ciraboe 3arps3nenne GOPMUPYIONIIXCS HA HACBIITHBIX TPYHTAX [MOYB IIPOSIBISETCS B MAJIOM KOJIYECTBE
WM OTCYTCTBUY HA IJIOMIAJIKAX MOHUTOPUHIA YYBCTBUTE/IbHBIX K 3arPs3HEHIIO BUJIOB, B YaCTHOCTU OJIHOKJIETOYHBIX
SKENTO3ETEHBIX BOOPOCTENT.

Katouessie caosa: xpanminine 0TX010B, BOLOPOCIIH, UAHOOAKTE PN, TOYBBI, MOHUTOPIHT.

Monitoring of algocyanobacterial communities
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The paper considers soil phototrophic microorganisms communities which develop on substrates different in composi-
tion and properties and used for filling the pond of liquid chemical tailings. Algocyanofloral species composition depends
on the properties of soils, the site relief, the degree of substrate contamination, and the degree of higher plant development.
On the monitoring sites 63 species of soil microphototrophs were found; as for the number of species, cyanobacteria (CB)
prevail, green algae species are the second in number. Only a few species of yellow-green and eustigmatophyte algae were
found. Especially scarce species diversity is characteristic of gypsum scum. Gypsum weathering leads to growth of the
number of species. For three years algocyanofloral species diversity on the level ground with sandy-loam substrate and
short projective cover with higher vegetation has changed from 17 to 32 species. In micro-relief lowering with a similar
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granulometric soil composition, with lower alkalinity and a greater amount of coarse organic matter under the associa-
tion of reed (Phragmites communis) 27 species were found, with absolute dominance of hydrophilous CB species. On two
monitoring sites with gramineous association development (Calamagrostis epigeios (1..) Roth, Agropyron repens Beauv.)
species diversity has drastically reduced. The diatomic alga Hantzschia amphioxys was stated among the dominating spe-
cies, its adherence Lo sod grasses is conditioned by its need in the sufficient amount of silicon which is a constituent part
of diatom frustules. Mild contamination of soils which are being formed on fill-up grounds shows itself in either a small
amount or absence of species sensitive to contamination (in particular, of unicellular Xanthophyta) on the monitoring sites.

Keywords: tailings pond, algae, cyanobacteria, soils, monitoring.

[Tporece BoccranoBaeHns GMomeHo3a Ha
UCXO/HO HEOJIHOPOJHOM 110 COCTABY M TeHE3MCY
cybeTpare — HACHIITHOM TPYHTE U OTXOJIaX MPOn3-
BOJICTBA, He TIePERPHITHIX TIIIOIOPOJIHBIM CJI0eM,
MMeeT YepThl CXOJICTBA ¢ T0YBOOOPAZOBAHIEM Ha
OTBaJIaX BCKPBIIIHBIX TOPO]I.

Ha naceiimnom mMarepuaJie Tak e, KaK u Ha
orBasiax, GOPMUPYIOTCSI HEOTEHHbIE CPeJibl, Ha
KOTOPBIX O BpeMeHeM MPOMCXO/IUT CaMOBOCCTA-
HOBJIeHMe Onotiero3a. B mepsuunom 3apacrannn
IPYHTOB 0COOYI0 POJIb UTPAIOT MUKPOOPTAHU3MbI,
B YACTHOCTH, Bojtopocyn u rinanodbarrepun (1[B),
orT QYHKIIMOHUPOBAHWS KOTOPBIX 3aBUCUT CKO-
pocTh 1 HaTpaBJIeHUe TT0UYBOOOPA3OBATETbHBIX
nporeccoB Ha HapyeHubix 3emJsix [ 1]. Crapun
pa3BUTHs aTbronuanodIopbl HA TePPUTOPUSIX,
00pa30BaHHBIX PA3HBIMU 110 XUMITYECKOMY COCTA-
BY OTBaJIaMW, OBIJIIT OTIMCAHBI B psijie pador [2—5].

Ha reppuropusx FOHbsArmHCKOTO MECTOPOIK-
nenusi (BopKyTHHCKUI TPOMBIIIIJIEHHBIN paii-
OH) OblJIa M3yYeHa KOJMUYeCTBEHHAs] CTPYKTYpa
(horoTpoHBIX TPYHITIPOBOK MOPOHBIX OTBAJIOB
yroJbHOI maxrtel [6]. Ha cyrimmaucreix cyocrpa-
rax pomuanpoBanu 1B, uncrennocrts kIeTOK
ROTOPBIX locturana 1,2 Myia /T rpyHTa, BenmdamHa
onomaccol — 1,21 r/m2. Ha orBanax dpocorurmca
Fomenneroro xumnueckoro 3asosia (benapycn)
npeobyajanm 3eaéHbie BOJOPOCIN KOKKOUTHOT
MopdocTpykTyphl. C yBejnuyeHuneMm Bo3pacta
pocornmcoBuIx 0TBATOB BUOBOE ODOTATCTBO
3€JIEHBIX BOJIOPOC/Ieil YBeJIMunBajioch [7].

Ha pasnoBospacTHbIX O0TBajax MeIHO-
Kosrueflanuoro Mecroposkienust (Pecrmybnnka
Barmkoprocran) manbosbiiee 4incio BUmIOB OBLIO
oTMedeHo B ripobax 13 Mosiofibix orBasios (1-107er),
CHUKEeHMe BUIOBOTO pa3zHoobpasms Hadoja-
noch B cpepnnx (10-20 ner) n crapwix (6osee
30 71er) orBasiax. beino orMeueno HU3KOe BUIOBOE
paznoobpasue Bosopocseit u 1B o cpasuenuio
¢ B0HATLHBIME TOUBAMY, BHIABICHBI BUJBI J{Ha-
TOMOBBIX BOJIOPOC/Ieli, MAaKCUMAaJIbHO YCTOY M BbIe
K TeXHOTeHHOIT HarpysKke — Hantzschia abundans,
H. amphioxys, Pinnularia borealis [8]. B mecrax
pasyiBa MPOMBIIILIEHHBIX CTOKOB BCTPEYAJINCH
BUJIBI ¢ YPOITUBBIMEU hOPMAMIU.

Takum obpasom, Bogopocau u IIB obecrre-
YUBAIOT HAYAIbHBIE dTATIBI (JOPMUPOBAHWS TIOUB

[IPU 3apacTaHni OTBAJIOB, BELYIAs POJIb B 9TOM
nporecce Hepearo mpunajneskut 1b.

Ilens paboThl — MOHUTOPUHT PA3BUTHUS
JILro-NNanodaKkTepuaabHbBIX COOOIIECTB Ha
TEeXHOI'eHHOIl TeppUTOPUH.

O0BbeKTHI 1 MEeTOJbI NCCICOBAHS

WN3zyuaemasi TeppuTopusi pacrnooskeHa
B flonmHe pekn Barkum mna ceBepo-Bocroke EB-
porieiickoil yactu Poccumn B mojgsone aepHoBo-
MOJI30JINCTBIX MMOYB [OYKHON TAWTH, HAXOUTCH
B YCJOBUAX KOHTUHEHTAIHHOTO YMEPEHHOTO
RJIMMATA ¢ JIOCTaTOYHbIM yBaaskHeHueM. B 2012 1.
B okpecrrocTsax . Kuposo-Yemnerka Kuposekoit
obsracTi OBLIO JIMKBUAMPOBAHO OJHO M3 XpPaHM-
JIUTIT 3KUJIKUX OTXOJIOB ITPeJIITPUSTU I XUMUYeCROi
npomeitiiennocT. OcyraemMas Ta0TaIL ObIIA
3achlllaHa TPYHTOM U TBEP/BIMU OTXO[aMU TTPO-
U3BOJICTBA: TIECKOM, INIMHOI, THIICOM, H3BECThIO.
B nonoBojibe mojiiop rpyHTOBBIX BOJL U TasiHUe
cHera 00YyCJOBJIMBAIOT JJINTEILHOE CTOSHIIE
BOJIbI Ha nosinrone. Teppuropusi 3achbiaHHOTO
XBOCTOXPAHUINIIA MMeeT cJa0biil 00Tl YRIOH
Ha cepep K noiime p. Barku, kpome toro, B eé
HeHTpanbHON yacTu (Haubosee rrydoOKIe MecTa
OBIBINIETO BOJOEMA) HADJIONAETCS TOHWKEeHNE.
W3 sroii mempeccun ¢ 3anajia Ha BOCTOK TIPOTSI-
HYJIach JOKOMHA, 110 KOTOPOI OCYIIECTBIISIETCS
CTOK BOJIBI B OJIMRAIIIIYIO KAaHABY.

O6berkToM mMceaeoBaHnsA ObIIN ITOUBHI,
oToOpaHHBIE ¢ O MJIOINAJ0K MOHUTOPHUHTA,
4 M3 KOTOPBIX OBIJIN 3aJ03KeHbI HA TePPUTO-
puu OBIBIETO XPAHUJINIIA JKUAKUX OTXOMOB
XUMHUUYecKoro npoussopcrsa B uioae 2019 r.,
o-s momajka — B 2021 1. loussl, popmupyio-
muecs Ha IIOMAKaX MOHUTOPUHTA, OTJINYa-
JUCH 110 TPAHYJIOMETPUYCCKOMY COCTABY, MO-
CROJIbKY Ha 1-11 mtomajike cyoeTpat ObLI pej -
CTaBJIEH TIECKOM C IIPUMeChIO rajibKu, Ha 2-11 —
CYIVIMHKOM, Ha 3-1 meOHNCTO-CyTJIMHICTHIM
RapOOHATHBIM MaTEePUATOM, Ha 4-1 — TUTICOBOI
KOPKOI. J-51 IJIOIIAIKa HAXO[MUTCS B TTOHUKe-
HUK pesibeda B IeHTPaTbHOI YacTi TeppUTOpun,
MpPeJICTaBAeHA IETKOCYTTIIMHUCTBIM MaTepHasioM,
MEePEKPHITHIM CJI0eM ¢J1a00 Pa3IOKIBIITNXCS PaC-
TUTEJILHBIX OCTATKOB.
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[Tokazarenn cocraBa u CBOICTB MOYB:
sHavennsi pH B BojHoil M cOJIeBOIT BBITSKKAX,
OopraHmyYecKoe BeIecTBO, COJep:RaHme aMMo-
HUIHOTO M HUTPATHOTO a30Ta OMPEJesIsIn 110
obmerrpuaaTeiM Metopukam (FOCT 26213-91,
IF'OCT 26488-85, 'OCT 26489-85) B akkpe-
AUTOBATHON HKOAHAIUTHICCKON JTabopaTopmm
Bsitckoro rocypapctBeHHOTO YHUBEpPCHTETA.
AIeMeHTHBII COCTAB MTOYB OTIPEJIeTISIN MeTOIaM K
MacC-CIHeKTPOMETPUN 1 aTOMHO-IMUCCHOHHOTT
CHEKTPOMETPUN ¢ MHIYKTUBHO CBA3AHHOM I171a3-
MOil B AHATUTHYECKOM cepTudUKAIMOHHOM
uenbitareabuom menrpe Mucruryra npodiaem
TeXHOJIOTUN MUKPODJIEKTPOHIKI 11 0000 YHCTHIX
marepuasioB PAH (r. Yeproronoska).

Or160op 0OpasIoOB MOUYB OCYNIECTRIAICS
B 2019-2021 rr. ¢ tnyounsr 0—-5 cm, cpensas
1poba coCTaBIsANIaACh U3 MATH WHIMBUILYTIbHBIX
npo6 oonémom 125 em® kaskpas. Bugosoii co-
CTaB aJTbro-1MuaHo@IOpPbl OTPEIEISIN MeTOIOM
MPAMOTO MUKPOCKOTMPOBAHUS TTOUYBBI U T10-
CTAHOBKOM YaITeuYHBIX KYJbTYP CO CTERIAMU
obpacranus [9]. Unenrtudurarnmio pororpodon
MPOBOJIMJIN 110 CePUAM OTEUeCTBEHHBIX U 3a-
pybesknbix onpemesnanreneii. Hazpanus Bumos
npusesenbl B coorBerctBun ¢ [10]. CpaBuenne
ATbTO-TIMAHOMIOPHI TIOTMATOK TTPOBOJNIN
¢ ncnoanb3oBanneM kodduimenra Haxkkapa
Kj =c¢/(a+b-c), e ¢ — ancyao oOINX BUJOB; «,
b — 4ucsio BUIOB MePBOii 1 BTOPOIl (DIIOPHI.

Pesyabrarel n o6cys;rnenne

CBoiicTBa MOYB 11 0cOOEHHOCTH (PUTOTEHO3a
Ha 4 IJI0IAJIKaX MOHUTOPUHTA, 3aJ0KEHHBIX B
2019 ., moppobHo pacemarpuBasuch panee [11],
Ha 5-ii iotaike, 3asnokennoil B 2021 r., — ornpe-
jiesierbl BiiepBbie. [lJist Beex necieoBaHHbIX TOYB
XapaKTepHa IMeJ0YHast peaKIus CpeJibl 1 ciiadoe
nojkucaeHne sepxuero ciaos. Hanbonee Husxne
suavenusi pH BbIsABICHBI B OPraHOMUHEPATBHOI
macce (2—10 cm) Ha 5-1i nomajike (pH B BopHOI
BHITSZRKE 0,7). OTMeueHO HeBBICOKOE cojlepsKa-
HIe opraHnyeckoro Bemiecrsa. Vckiouenmem
SIBIISITOTCST TTOUBEI A 3-1 1 -1 MO KaX: KO-
JNYEeCTBO OPraHMYECKOTO BeIecTBa B BepXHeIl
HATHCAHTUMETPOBOI TOJIIIEe HA 3-ii IJIOIa/[Ke
nocturano 4,60%, B opraHoMnHEPaILHON Macce
Ha o-it miomanke — 9,39%. Ha 3-it muomayke
B IIOYBAX HA KAPOOHATHOM CYIVIMHKE BbIsSIBICHbBI
MOBBINTEHHbIE KOHI[EHTPAI[NI HUTPATHOTO a30Ta
(510 mr/xr) u crponnus (1150 mr/kr). B kophe-
obuTaeMoM clioe Ha 4-ii IIOTIaJIKe cofleprRaHme
crpontiust (379 Mr/Kr) Takske 6osiee, uem B 2 paza
npesbiinaer gouosbie mokasarenn (118 mr/kr).
B mouse ma 2-11 miaomajke, OTAMYATONCHC OT

nmpounx 6oJiee TAIKEIBIM TPAHYTIOMETPUYCCKIM
COCTaBOM, BBISIBJICHO TPEBBIIIAIOINEe OPUeHTH-
poBouHO fomycrumyto Koutenrpamnuio (OJ1R)
coptepskanue Mbimibsika (10,1 mr/Kr), ormeuenb
MOBBIIIIEHHbIE 110 CPABHEHUIO ¢ PETHOHATbHBIM
donom, vo He ipeswimnatoriue [IJIK (OJ[K) kon-
IEeHTPAINY MeJIH, IMHKA, HIKeJI.

B 2021 1. puronenos Ha Kaz01 MI0TIAIKE
cOXpaHsI cBon ocodernnocTn: Ha 1-1 nmormajike
nomunuposasin Calamagrostis epigeios, Melilotus
albus, na 2-it u 3-it — Agropyron repens, na 4-ii —
C. epigeios, Chamaenerion angustifolium, Cirsium
selosum, na d-it — Phragmiles communis.

3a nepuoy HaOMOMCHUIT HA y4acTKAX MOH -
TOPWHTA BRISBICHO 63 BUIA TTOUBEHHBIX MUKPO-
dororpodon, B Tom uncie: Cyanobacteria — 30;
Chlorophyta — 18; Xanthophyta — 5; Eustig-
matophyta — 3; Bacillariophyta — 7. Ilo uncnry
BuU0B Tipeodaamaior 1B, Bropoe mecro sanmmaior
3esiéHbIe Boflopoc/in. OTMedeHo MaJjio BULOB KEI -
TO3EJIGHBIX U 9YCTHTMATO(PUTOBHIX BOOPOCIIEIN.
Coryracio 30HATLHOMY pPaCHpeieIeHII0 albro-
(s1opBI B TIOUBAX JIECHOIT 30HBI 110 BUJIOBOMY pas3-
HOOOpa3MIo MPeodIaiaioT IMPeiCTaBUTe I OTIeTa
Chlorophyta. RonuuecrBo BugoB Bogopociei
n [1B #a miomagrax MOHUTOPUHTA TTPUBEEHO
B Tadsuie 1, muuHaMnKa mokasaTesist MpejicTan-
JieHa HA PUCYHKe.

Hawnbonniee BugoBoe paznoodpasue otMede-
HO Ha 1-1i yo1majiKe ¢ cyrnecyaHbIMU TOYBaAMU —
32 Bupa B 2021 1., a Bcero 3a 3 roja nabuioe-
HUI — 46 BumoB. 3acesienne JaHHOI TePPUTOPU T
UIET TOCTETIeHHO, 3a TIePIOoJ HAOTIO/IeHIIT YMCII0
BUIOB yBeJMYNI0CH B iBa pasa. Paznoobpasue
BHJIOBOTO cocTaBa MUKPOGOTOoTpodOB 3aBUCUT OT
COCTABA 1 CTPYKTYPBI PACTUTEIBHBIX COOOTIECTB,
(GopMUPYIONIX YCJOBUS JIJIsI PA3BUTHS TOUBEH-
HBIX BOJLOPOCJIeil. BaskHbI cTerens mpoekTHBHOTO
MOKPBITHS pacTeHmnii, Moposornieckme n 6mo-
XUMUYECKIe XapaKTepucTury JoMuHanToB [12].

Ha 1-ii ntoniajike poeKTUBHOE MOKPbITHE
BbICIIeil pacturesnbrocTn cocrasyser 60—70%,
rosromy Boptopociu u 1B paszsuBatorcst B ycjio-
BIHSIX XOPOIIIET0 OCBeIeH st 1 60Jee KOHTPACTHOT
BJIAKHOCTI TTOBEPXHOCTHOTO ¢JIosT TT0uBbI. [lo
quesry BUmoB MURPOPOTOTpod OB Mpeodrafaior
1B (47%). N3 rerepormernbix 1IB ormeueno
o BujioB (Calothrix elenkinii, Nostoc punctiforme,
N. paludosum, N. linckia . muscorum, Tolypothrix
tenuis) n 17 Buyon 6esrereporucrabix 1 B.

Roadppumnmenrt apuproctn (cooTHOIIEHIEe
npeacrasureneit Gyanobacteria/Chlorophyta)
Ha JIaHHON mmomajKe cocrasmser 1,6, aro mpu-
OJIMFKAeT YCJIOBUSI PA3BUTHS aTbroiano@Iopbt
K CTerHBIM pKRocuereMaM [ 13], 1. e. K a30HaabHbIM
YCJIOBHSIM.
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Ta6auma 1 / Table 1

RonuuectBo BujioB 1uanobakrepuii u Bogopocieit Ha miotagkax mouutropunra 8 2019-2021 rr.
The number of cyanobacteria and algae species on the monitoring sites in 2019-2021

Ipytmsr pororpodos Fopn Rosnmaecrso Buyios / The total number of species found
Phototroph group Year No TTO A KM MOHITOPIHTA Beero suson
Monitoring site No. The total number of species
1 2 3 4 5) el. / units %
Cyanobacteria 2019 12 7 8 4 - 16 44
2020 11 12 3 4 - 15 48
2021 15 4 1 2 14 30 47
Chlorophyta 2019 3 6 11 ) — 12 33
2020 ) ) ) 3 - 9 29
2021 9 3 4 10 4 18 28
Xanthophyta 2019 0 1 2 0 3 8
+ Eystigmatophyta 2020 1 1 0 0 2 6
2021 4 0 0 0 3 8 12
Bacillariophyta 2019 2 4 2 0 - b) 13
2020 4 ) 1 0 — 9 16
2021 4 3 2 0 6 7 11
Beero Bumos Ha mioiagke 2019 17 18 22 9 - 36 100
The total number 2020 21 23 9 7 - 31 100
of species on the site 2021 | 32 10 712 | 27 63 100
Ilpunewarue / Note: «<—» — omcymemeue dannorr / “—" — no dala.
35
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Puc. Vzmenenne BuioBoTo pasnoobpasus mouBenHoi anbromuano@aopsr B 2019-2021 rr.
Fig. The change in species diversity of soil algocyanoflora in 2019-2021

B nporecce cykieccnn Ha BU0BOI cocTaB
AJTbIOMMAHOIPYIIINPOBOK OKA3bIBACT BIMSIHIIE
sarpssHenne cyocrpara. B ornomenun pas-
JIMYHBIX TOKCUKAHTOB y Bogopocaei u 1B cy-
MECTBYeT WHNBUIYATbHAS TYBCTBUTETLHOCTD,
HE3aBUCHMO OT MX TAKCOHOMUYECKOI TTpUHAJl-
JIeKHOCTI: YyBCTBUTESIbHBIC, NHANP(epeHTHbie

nronepantubie [14]. YyBcTBuTeabHbie mornbaoT
PN HEBBICOKNX KOHI[EHTPAIMAX TOKCMKAHTa,
B JIAHHOM CJIydae 3T0 OJIHOKJIETOYHBIe 3KEIT03e-
Jénble Bojlopocyn. Yueno nx BU0B HEBEJIMKO HA
BCeX IIOTNAJIKAX, 32 TPH rojja HabJTIOJIeH i OHI He
OTMeueHbI Ha 4-11 1101 Ke, Ho Ha 1-11 onajke
nx KosmaectBo B 2021 1. yBemamiocs.
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Ha 2-# mnomajke ¢ ¢cyrmuHUCTBIMU T10-
yBaMM 3a repuoj HabaoeHnii pasnoodbpasue
BUJIOB aibroruanoJopbl cHavYamza BO3POCIO
¢ 18 o 23, a sarem ymenntuioch 1o 10 Buos.
B 2021 r. 6p110 BBRIABICHO TOABKO 4 Buma b
npotus 12 sumos B 2020 1., n3 3eTEHBIX 1 AMATO-
MOBBIX BOJIOPOCIIEH — 110 3 BIIa. ITO MOsKET OBIThH
CBSI3AHO €O CJAOBIM 3arpsisHEHEeM MOYBBI Ha
2-11 TIIIOTIAKe, HO, BEPOSITHEE BCETO, ¢ PA3BUTIEM
MJIOTHOI 3J1ak0BOM accotrmarun (Calamagrostis
epigeios, Agropyron repens), ORa3aBIiieil BIUsHIC
Ha YCJIOBUS CBETOBOTO PEKNMA U BJAMKHOCTH.
B 2019 r. na arom yuacrre nipeobdnagan Melilo-
tus albus, M. officinalis, 8 2020 r. — C. epigeios,
A. repens. JlommnanraMmn aibroinuanodaopb
B [1€PBBIIl 1 BTOPOTI TO/IbI HAOIO/I@HITT SIBJISITNCH
OB Phormidium aulumnale u nuatroMmoBbie
Bomopocan Nitzschia palea, 8 2021 v. — H. am-
phioxys u N. pelliculosa.

[Inoraas nepuuna A. repens orasana He-
raTuBHOE BJIVSTHIE HA PAa3BUTHE BOMOPOCTeH Ha

3-1 TIoIaKe, MpecTaBIeHHol cyechio, mojl-
CTUIAeMON KapOOHATHBIM CYTJIMHKOM, HA KOTO-
poii B 2021 1. GbIJIO BHISIBIEHO TOJBKO 7 BUOB
MukpodoroTpodoB. [loMUHAHTOM U3 BBICIINX
pacrenuii sipysiicst A. repens, U3 aabrocoooie-
crea — H. amphioxys. llpuypoueHHOCTh J1a-
TOMOBBIX BOJIOPOCJEN K J@ePHOBUHHBIM 3JaKaM
B3aMMHO 00YCJIOBJIEHA TIOTPEOHOCTHIO B IOCTATOY -
HOM KOJTIYecTBe KpeMHuusi. B imerbsax 31akos st
MeXaHIYeCKOT0 YKPeILJIeHUS INCTOBOI MJIaCTIH-
KU B HIZKHEM JUIePMICe TPUCYTCTBYIOT HAPHBIE
WM OJNHOYHbIe OKpPeMeHeJbie 00pa3oBaHms,
a MaHmuph KIETOK JHaTOMOBBIX BOLOPOCIeil 00-
paszoBan rujgpaTom okucu kpemuus [12].

Ha 4-ii nnomanke (rumcoBoil KOpkKe) Ha-
6JII0/1aJI0Ch MeJJIeHHOe yBeJnveHe BU0BOTO
pazunoobpasust mukpodororpodor. Busoroii co-
craB I|b B reuenne nByx jer HabaoeHmii ObLT
cTabMALHBIM, TipefcTaBien 4 sugavu. B 2021 .
BbIsIBIEHO ToJibKO 2 Busia 1B, opHako B fiBa pasa
BO3POCTO UMCIO BUOB 3€JEHBIX BOTOPOCTET.

Tabmuma 2 / Table 2

Jlomunupyioniue Bujibl anbronano@aopbl Ha TI0MAKAX MOHUTOPUHTA
Dominant species of algocyanoflora on the monitoring sites

N 110- Jlomuuupytornme Buibl asnbromuanodiaops / Dominant species of algocyanoflora
mangKu 2019 rox / year 2020 rop / year 2021 rop, / year
Site No.
1 Nostoc punctiforme, Microcoleus vaginalus Nostoc punctiforme,
Leptolyngbya foveolarum, | Phormidium autumnale, Leptolyngbya foveolarum,
L. angustissima, P. formosum, Leptolyngbya Phormidium autumnale,
Klebsormidium rivulare | foveolarum , Luticola mulica Luticola mutica
2 Phormidium autumnale, | Leptolyngbya angustissima, Hanlzschia amphioxys,
Nitzshia palea Nitzschia palea, Navicula pelliculosa
Navicula pelliculosa
3 Phormidium autumnale, | Hanlzschia amphioxys Hantzschia amphiozys
Chlorococcum infusionum,
Stichococcus minor,
Hantzschia amphioxys
4 Leptolyngbya Nostoc punctiforme, Leptolyngbya angustissima,
angustissima, Nostoc N. paludosum, Leptolyngbya Nostoc punctiforme,
punctiforme angustissima Klebsormidium rivulare
5} - - Phormidium uncinatum,
P. inundatum,
Leptolyngbya foveolarum

Ipumewanue / Note: «—» — omeymemeue dannorr / “—> — no data.

Tadauma 3 / Table 3
Roagpunumentrr fHarkkapa Ha nronagkax Mmonuropuara (8 %)
Jaccard coefficients at the monitoring sites (%)
Howmepa momasor / Site No. 1 2 3 4 )
1 48,1 41,2 36,2 31,4
2 46,2 32,4 20,9
3 41,9 14,6
4 14,7
)
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N3zBectHo, uto I[D ycrofiunBel K 3acoreHmnio
n runcopomy 3arpsisHennto [14]. 1o mepe BbI-
BeTPUBAHNS TUTICOBOTI KOPKM (pacTpecKBaHMs,
YBeJIMUEeH ST MEJIKO3EMA, a B €I0 COCTaBe CUJIIKAT-
HBIX IVIMHUCTHIX YaCTUIl, OPraHUYeCKOTO Bele-
cTBa) ymMenbIaercs konmuecto 1B, yBennmunpa-
eTCs BUIOBOE Pa3ioobpasie 3eI6HBIX BOTOPOCTe.

Ha 5-11 miomake, 3al0KeHHON B TOHN-
JKeHUN Ha 60TAaTOM OPTaHMYECKNM BelecTBOM
JETROM CYIIMHKE, HAOJTIOMeHWsT TPOBOJIUINCH
B 2021 1. 3pech chopmupoBaiach MAOTHAS ac-
conmanust rpoctaura (Phragmites communis).
Jlomunanramu coodtects siastiuch LB, mpen-
crasnerHbie OesrerepoructabiMu (P. inundalum,
P. uncinatum, P. autumnale, P. aerugineo-
coerulea, Leptolyngbya foveolarum, L. angustis-
sima) n rerepornueTHEIMU (popmamu (Anabaena
sphaerica, Calothrix elenkinii, Scytonema ocella-
tum). Bup P. inundatum siBnsiercst MHANKATOPOM
MOBBINEHHON BJIAKHOCTU MOYBbI, XapaKTepeH
st 6OJIOTHBIX 1 TONMeHHBIX 1T04B. [loBcemect-
HO PacIpoOCTPAHEHHBIM W OOMJIBLHBIM BUOM BO
BJIAJKHBIX TIouBax spJjsiercst P. uncinatum. U3
BUJIOB-WHIMKATOPOB TIOBBIIIIEHHON BJIAKHOCTI
ma d-1 miomagke ormeuensi: Oscillatoria li-
mosa, Gloeocapsa sp. (11B), Cosmarium cucumis,
Microthamnion kuetzingianum (Chlorophyta),
Nitzschia palea (Bacillariophyta).

B cocrase joMmuHIpY0ONUX BUIOB, KAK 1 B CO-
cTaBe BCell aibronaHoMI0pPhbl y4aCTKOB MOHUTO-
punra, npeodaaganu [16 (rabma. 3). [lomunupyio-
mmn Bupgamu LB Ha 1-3-m yyacTrax siBJsitorcst
OesreTeporncTHbIe POPMBI, TPEJICTABUTEN POJIOB
Phormidium n Leptolyngbya. Ha 1-m yuacrtie B co-
craB gomunanToB Bxoautr N. punctiforme. [luaro-
MoBast BoftopocJib [. amphioxys ormeuena B uncJie
MOMUHAHTOB HA 2-M 1 3-M y4acTKax.

Ha ocnoBanun ananunsa kodPuimeHTon
dropucraeckoit cBs3u fRakkapa ycraHoBIeHO
yMepeHHOe CXOJCTBO aabrodop 1mepBoro, BTO-
poro u tperbero yuacrkos (K = 40%), menbiuee
CXOJICTBO — ¢ aJbroopoii 4eTBEPTOr0 yvacTKa.
Haubosree 6m3kn 1o cocraBy Murpogororpodon
riepBast 1 BTOPast IJIOIIaJKK (Ki =48,1%). Anayo-
TIYHYI0 3akoHOMepHOCTH BhistBrm 11 B 2020 T, [11],
ONIITAKO Ki obL1 BBIIIE — 09,3%. Ilo-Bugumomy,
TaKoe CHITFKeHIIe TIOKA3aTesist 00y CIOBICHO CMEHOI
pacTUTeNbHBIX acCOTMATINI HA DTUX TLIOTIA/[KaX.
Anbronmano@ropa mouB Ha d-i MIOMIAJIKe CYIIe-
CTBEHHO OTIMYAETCS OT JIPYTUX MECTOOOUTAHNIA,
nmeer cinaboe cXoncTBo ¢ -1 oA KoT.

3ariaoueHue

YeraHoBaeHo, 4To Ha TEPPUTOPUN 3aCHITTAH-
HOTO XBOCTOXPAHUJIMINA KUJKIX OTXOOB TPO-

HCXOJIUT €CTeCTBeHHOe BOCCTAHOBICHIE alblo-
rmanodopsl. MlexopHast HeOHOPOHOCTH COCTaBA
” CBOICTB cyOcTpara, BhIpaKeHHBIT MUKpOpe-
Jabed, HeyCTOIYNBOE COCTOSIHIE PACTUTEbHBIX
€000111eCTB 00YCJAOBINBAIOT PA3JIMUNs BUIOBOIO
cocTaBa 1mouBeHHbIX Bojtopoceil n [ va momag -
Kax MOHUTOPWHTA U I3MEHEHUE eT0 CO BPeMEHEeM.

B nieniom BujtoBoii cocraB Mukpo@oToTpodon
XapaxkTepeH i mouB perumona. JlommHanTamMm
coobmects sBasiiorest IIB — oprammsmbr, 3a-
BepIiaioniue ce30HHY CYKIeCCUI0 MUKPO-
dororpooB U ABASAIONIECS TOTEPAHTHHIMH
K HeTaTUBHBIM (DAKTOPAM CPeJIbl.

[TnoTHOCTH THOPOABI (rUIIcOBas KOpPKa), eé
OeHBIII XUMUYECKUIT cOCTaB 00YCJIOBINBAOT
MaJjoe BH0BOe pazHooOpasme ajbronuaHo-
ropsl, HocTEIIEHHO BO3pacTatoliiee 1o Mepe Bbi-
BeTPUBAHUS TUIICA, 00OTAIeH sl cyOcTpaTa MeJi-
KO3EMOM 11 OPTaHMYECKUM BeIleCTBOM, IIPH TOM
COCTAB JIOMUHAHTOB B TeUeHUe TPEX JieT HabJTio-
meHmit ocraérest Hem3MeHHbIM. Ha BRIpoBHeHHBIX
YUaCTRAX, IPEICTABICHHBIX PHIXJIBIM, TETKUM 110
IPaHyJIOMeTPpUYeCKOMY COCTaBy CyOCTPATOM CO
MEJOYHON peakijneil 1 HU3KNM COJlepyRaHnemM
OpPraHmyecKoro BeMecTBa, mpu HeBLICOKOM ITPOo-
eKTUBHOM IOKPBITUH BBICIIICI PACTHTEIHBHOCTHIO,
BUJIOBOE paszHoobpasme anbronuanodiropsl 3a
3 rofa ysesmumioch ¢ 17 1o 32 sumos. Ananornu-
HOe BUOBOE pazrHoobpasne (27 BU0B) OTMEUEHO
" HAa TOHUKREHHOM YUaCTKe 6BIBH16TO XBOCTOXpa-
nunuiia. [ Tpu cirabom cxopcrse ambromuanodaop
Ha OTHX yyacTkax (K = 31,4) B nonmxennn abco-
JoTHo foMuaupyoT Buel LB, maanmupyronime
MOBBINIIEHHOE YBIaKHEeHNIE.

PaszBurie mioTHoi 31TaKOBOT accormanm
Ha OJATONMPUATHBIX O COCTABY U CBOMCTBAX
cyOcTparax mpuBesio K CHUKeHNIO BIUIOBOTO pas-
HOOOpa3us BCJIECTBIUE UBMEHEHUS CBETOBOTO
PesKIMa 1 BJIaRHOCTH, B COCTaBe IOMITHUPYOTIIIX
BUI0B oT™Meuena fuaromest H. amphioxys. Ciaboe
3arpsisHeHue QOPMUPYIOIIUXCS HA HACBITTHBIX
IPYHTaXx [MOYB MPOSIBISETCSA B MAJIOM KOJIMYECTBE
(nm oTCyTCTBMM) HA IJIOIIAJIKAX MOHUTOPUHTA
UYBCTBUTEJIbHBIX K 3arpA3HEeHNIO BUJ10B, B YaCTHO-
CTHU, OTHOKJIETOUHBIX JRETTO3ETIEHBIX BOOPOCTEN.

Paboma evinoanena 6 pamrax zocydapcmaeer-
nozo 3adanus U OUI[ Komu HI[ YpO PAH no
mene «Cmpykmypa w cocmosnue KoMROHLEHMO08
MEXHO2EHHBLY IKOCUCIEM ROJ30HBL I0HCHOU maileu»

pee. Ne 1021051202042-2-1.6.19.
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CrpyKTypa nn NpoyKTHBHOCTD
TPaBSIHUCTHIX PACTHTEIbHBIX COOOIIECTB
B yeaosusix RKpacHosipekoii necocrernn
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660036, Poccus, . Kpacnosipek, yi. AragemMropoior, ji. 90, crp. 50,
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Ha mpuMepe BTOPUYHBIX 110 MTPONCXOMKAEHIIO TPABIHUCTHIX PACTUTENBHBIX coobIecTs KpacHosapekoil gecocrenn
(tor Cpepneit Cubupu, nesodepeskne p. Ennceii, 56°35°12°N, 93°01°20"'E) nokasana ux ¢TpyKTypHas opranusarus u
AMHAMIKA HAKOTLTEHIST Ha/[3eMHOIl (DUTOMACCHI B TeUeHIe BereTal[MOHHOTO ce30Ha. Ha reppuropun ucesneopanus B Ka-
YecTBe BEJYIIEro PacTUTeIbHOTO COODIIECTBA BhIjleJeH 30HAIbHBII CYXO/[0JAbHbII OCTeNHEHHBII JIYT accoruanun Bromus
inermis (Leyss.) Holub + heteroherbae. Ha 1oscnbix ckionax ormeuena gyroBo-crertas accoruanus Stipa pennata L. +
heteroherbae. Vsyuentnbie coobiiectBa sBIsSOTCH ca1abOHAPYHIEHHBIMI ¢ HU3KOI CTeIIeHbI0 MAaCTOUIIHON JNTPecCui.
B nacrosiiiee Bpemsi TeppuTOpusi npeacTaBiser codoll 3aesKHble 3eMIII T03/[Hell CTajiiil BOCCTAHOBIEHUSI BO3PACTOM OKOJIO
15-20 ner. Buenpenue necuvix Bujos (Anemone sylvestris 1..) n kycrapuuros (Rosa acicularis Lindl.) cuperenncrsyer o
BOCCTAHOBJIEHIN 30HATBHOI pacTuTeibHOCTH. B Havaie ceHTsAOps 3a CUET AaKTUBHOTO PA3BUTHSI BBICOKOTO PA3HOTPABBS HA
CYXOJIOJLHOM JIYTY (DOPMUPYETCSs MAKCHUMAIbHAS POJIYKTUBHOCT 3€JI6HOIT 1 CYXO0Il MACChl 32 Ce30H, KOTOPAs COCTABIISAET
224,8 u 11,9 r/m?* coorsercrenio. B mepucToROBBIILHOI JIYTOBOM ¢TENN MAaKCHUMaTIbHAA MPOYKTUBHOCTH OTMEUYeHa
B miotie u cocrasiaser 338 r/m% Crpykrypa duromacest mpocras. [peobragaionmmm Xo3sMicTBEHHO-00TaHTTeCKITMI
IPYIIIAMU SBJISAIOTCS 31aKN 1 pasHoOTpaBbe. VsyueHHble pacTuTesibHble COO0IIECTBA ABAAIOTCH TPOAYKTUBHBIMU, MEIOT
CJIOYRHYIO CTPYKTYPY CI)HTOM&CCH n mMoryr 6hl’Th NCITOJIb30BAHbI B KaYeCTBE IeHHbIX KOPMOBbBIX yl‘O}LHf’I.

Kaouessie cosa: necocrenib, NPoLyKTUBHOCTD, PIOPUCTIHYECKIIT COCTAB, CTPYKTYPA (PUTOMACCHI.

Structure and productivity of herbaceous plant communities
of the Krasnoyarsk forest-steppe

© 2022' N' A' KOHOHOV& ORCID: 0000-0002-9253-2113"
Institute of biophysics SB RAS,
00/50, Akademgorodok, Krasnoyarsk, Russia, 660036,

e-mail: nata_slyusar@mail.ru

Forest-steppes zone was often regarded as a passing zone between the forest and steppe types. However, floristic
studies conducted in recent years made it possible to identify the forest-steppe as an independent type with character-
istic structural features of vegetation cover. On the example of secondary by origin herbaceous plant communities of
the Krasnoyarsk forest-steppe (the South of Middle Siberia, left bank of the Yenisei river, 56°3512"'N, 93°01°20"'E),
their structural organization and dynamics of accumulation of aboveground phytomass during the growing season are
shown. The formation of grass stand depends on the type and intensity of anthropogenic influence. On the territory of
the research, the zonal upland meadow of the Bromus inermis (Leyss) Holub + heteroherbae association was identified
as the leading plant community. On the southern slopes, the meadow-steppe Stipa pennata L. + heteroherbae associa-
tion is noted. The analysis of the species composition of the study area showed that almost the whole territory belongs to
long-fallow lands of the late recovery stage. It is indicated by the dominance of the terminal species of meadow steppes
Bromus inermis, as well as the absence of weed species among the dominants. At the beginning of September, due to ac-
tive development of high grasses in the upland meadow, the maximum productivity of green and dry mass for the season
is formed, which is 224.8 and 111.9 g/m?, respectively. In the feather grass meadow steppe, the maximum productivity
338 g/m? was recorded in June. The structure of phytomass is simple. The predominant botanical groups are cereals
and various grasses. Introduction of forest species (Anemone sylvestris 1..) and shrubs (Rosa acicularis Lindl.) indicates
the restoration of zonal vegetation, as by decrease of the anthropogenic pressure, conditions for formation of productive
meadow communities, and for further reforestation, occur.

Keywords: forest-steppe, productivity, species composition, phytomass structure.
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[Tpupopmnas 30Ha secocreneii oJaroe BpeMst
He Obl71a BbIjleJieHa B CAMOCTOSITeTbHbBII THII pac-
TUTEJTLHOCTI 1 329acTyi0 paciieHnBagach Kak
mepexojiHasi 30HA MEJKIY JIeCHBIM 1 CTEeITHBIM
tunom [1-3]. OnHako npoBejiéHHbIE B IOCJIe/[HITe
roJIbl (DJIOPUCTIYECKIE UCCIIeIOBAH NS TT03BOJIAIN
UAeHTU(PUIPOBATE JTECOCTeIIh KaK caMOCTOs -
TeJILHBIN THTT ¢ XapaKTePHBIMI CTPYKTYPHBIMU
0COOEHHOCTSIME PacTUTebHOTO TOKpoBa. Ciosk-
HOCTD BBIJIETeH IS XapaKTePHLIX YePT PaCTHTeh-
HOCTH JiecocTeriell 00yCI0BIeHa, TPesK/e Beero,
X M3MEeHUYNBOCTHIO B IMMMPOTHOM HaTlpaBJIeHN,
aTarkyKe aHTPOIIOTeHHON HapyIIeHHoCThIo. Rpome
TOTO, COCTaB M CTPYKTYPA JIECOCTEITHON pacTu-
resbHOCTH B EBporie cyiecTBeHHO oT/Imyaercs
or necocrerneit Azun [4]. [lnomopoptbie mouBbI
CIIOCOOCTBYIOT MHTEHCUBHOMY CeJIbCKOXO0351ii-
CTBEHHOMY OCBOEHUIO, & OTKPBITHIE IIPOCTPAHCTBA
1 OTHOCHTEeJIbHO PABHUHHBII pesibed) MHTePeCHbl
¢ TOYKU 3PEHUsI CTPOUTENHCTBA JIOPOT U Hace-
JEHHBIX ITYHKTOB, YTO TTPUBOJUT K M3MEHEHUTO
CTPYKTYPBI pacturejabHoct [D—6].

B nmreparype onmcanbl pasanmvyHbie Ba-
PHAHTHI JlecocTemHBIX coobIecTB Anras [7]
n llentpanbuo-ueprnoszémuoro paiiona [1]. Jle-
COCTEeITHbIe YYaCTKHU, KaK 3JeMeHThl BbICOTHOI
nosicioctn Ha xpedrax HOskmoit Cubupn, pac-
cmorpennl B pabore [8]. CrpykrypHas opranmsa-
st U JIOPA JIECHBIX U JIYTOBBIX PACTUTENbHBIX
coobtmects fora Gpegreint Cudupn nccmaeonana
muorumu aBropamu. B 1960-70-x rr. uzyvena
pacTuTeNbHOCTD IpaBodepeskHoil yactu EHuces
BI10JIb HIICEITCKOTO KPSIska 1 €10 10KHBIX OTPOTOB
[9]. B padore [10] gerasibio oxapakreprusoBaHbl
NCXOJHBIe TPaBsHbIe Jieca M BTOPUUYHBIE CYyXO-
mosbHBIe TyTa. Jlamamadrao-srom0rmIecKme 3a-
KOHOMEPHOCTH I1ePeX0JHOM 30HbI Me3K/LY TATOI
U CTeIbI0 PACCMOTPeHbI KosliektnBoM Muernryra
reorpapun CO PAH [11]. Tlocne yrazanubix
HKRCIeUTINI HA TPOTSIKEHUN MOCTeYIOINX
30 ner oOMIMPHBIX UCCAEIOBAHNIT BHYTPUKOH-
TUHEHTAJTbHBIX OCTPOBHBIX JiecocTenieit CpeHeit
Cubupu re npoBofnioch. Tem He Mmenee, barosa-
PS1 COBPEMEHHBIM KOMILTIEKCHBIM HCCJICIOBAHISIM
[12—13] momyden oOmMupHBI reoboOTaHITYCCKITT
n (pIopucTHUECKNI MaTtepual, BRIOTATOTII
MHBEHTAPU3AINIo BUIOBOTO COCTaBa PACTeHII 1
COO0DTIeCTB, TIEJIOCTHBIX 1 eJITHBIX B €CTeCTBEHHO-
NCTOPUYECKOM OTHOTIIEHN .

[Tpn n3yuennn pacTuTeIbHOCTH B JIeCOCTeI -
HOTI 30He 0c000e 3HaYeHe TTPodpeTaeT aHaIN3
(opMUpoOBaHUSs PACTUTETBHOCTI HA TEPPUTOPI -
51X, paHee 3aHsTHIX JlecHbIMU coobiectBamu. [Ipu
CHUKEHNN aHTPOTIOTEHHOTO TTPecca BO3HUKAIOT
yeaoBus st GOPMUPOBAHMS TTPOYKTHBHBIX
JIYrOBbIX coobuects [14], a B jasibHeiiiiem, Be-

positho, u iecooccranonienus [10, 15]. Kpome
TOTO, B pe3yJabTare mpeKkpareHns ceabCKOX035ii-
CTBEHHOTI IesITeIbHOCTY HA OPOTITeHHBIX 3€MJISIX
MPOUCXOUT OBICTPOE M3MEHEHUEe CTPYKTYPbI
pacTuTeIbHBIX cOO0IIeCTB 1 X rpaHuil. B cBsa3n
C 9TUM OIIpejie/ieHne TeKYIero COCTOsSTHMUST TP -
POJIHBIX CUCTEM ABJIAETCA BAKHON 3a/1aUeli ¢ TOu-
KU 3PEHIS OTIeHKH ePCIIeKTUB BOCCTAHOBICH IS
30HATBHON PACTATETHLHOCT.

[{ennio paboTbl sIBJsieTCs aHaJu3 COBpe-
MEHHOTO COCTOSTHUSA U TTPOJIYKTUBHOCTH TPaBsi-
HUCTBIX PACTUTENLHBIX COODINECTB Pa3JIMIHOTO
MPOUCXOMCHUSA B TTPUPOHO-KINMATHUECKIX
yeaoBusx KpacHosipekoii iecocreriu.

O0BbeKTBI 1 METOJbI HCCJIEI0BAHIS

Teppuropusi ncciegoBaHus OTHOCUTCS
K Hpacnosipcroii necocrenu (ior Cpemneit
Cubupu) n pacrosnoskena B 40 kKM Ha ceBep or
r. Kpacuosipcka B okpecrroctsx pepesnn Ilo-
ropenka EmenbsanoBckoro paiiona. TecrtoBblii
YUacTOK IpejcTaB/sier co00il BepXHIOW Teppa-
cy pexkn Cyxoit Bysum, 3ansaroii TpaBsHUCTON
pacturenbrocThio (56°35°12°°N, 93°01°20"'E).
Penbed yuactra paBHUHHBII ¢ yuacTHeM MUKPO-
nonmkennii. CeBepHasi n 03KHasi CTOPOHBI 3a-
HATHI JIECHBIMI YY4aCcTKaMU, PENMYIIeCTBEHHO
COCTOSATIMMU 13 COCHBI 00bIKHOBeHHOW (Pinus
sylvestris L. (teppurtopus lloropennckoro 6opa)
u Oepésoit moBucnoii (Betula pendula Roth) na
OKpamHax.

Teppuropus nceaeOBAHUIT OTHOCUTCS K Ty -
FOBOMY COOOIIECTBY, II09TOMY pasMep HPOOHbIX
MLIOTIA/ 1151 Te000TaHMYeCKUX ONMMCAHMIT BbI-
opan 100 m2. TLromaku 3akraapBaim B popme
rgBasipara 10 m x 10 m. Ilpu mposenennu reodo-
TAHUYECKUX ONMUCAHUIT OTIPEJIeJIeHbBI: CTPYRTYpa
(bUTO1IEHO30B, TPOERTIBHOE TOKPHITHE TPABOCTOS
(ob1tee M OTAEABHBIX BUOB), SKOJOTHUCCKAS
rpynna. Takske nposenén cOop BeTpevaroninx-
Cs1 HA yYacTKe MCCJIeJOBAHUs BUOB PACTeHUIT
¢ 1eJibio repOapusanum. JlaTnHcKue Ha3BaAHMS
rnpusejeHbl 1o [16].

B mpemenax rasmoit mpoOHoil TIONAgKN
ompejiesiena cyxas Hajazemuas puromacca. Jlis
oTIpeie/IeH s BeTNYNHbBI PUTOMACCHI ObLIN B35I-
Tl YKOCHI ¢ 1 M? (1 M X 1 M) B 4eTbIpEXKpaTHOI
nosropuoctu. [las yuéra Koamdecra obreit
CyX0ii Macchl poObl (YKOCHI) IPOCYIIUBATIN
10 BO3JYITHO-CYXOTO COCTOSTHUS, TIOCTe Yero
OBLIIO TIPOBEIeHO TTOBTOPHOE B3BeruBanue [17].
Bce nosyuennbie pesysibraThl 1epecuUuThiBaIN
B /Mm% llonyuentbie fanubie o6paboTanbl cra-
TUCTHYECKN ¢ ncIoyib3oBannem nakera MS Ex-
cel 2013. Jlannbie o puromacce mpecTaBIeHbl
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CpelHUM apuMeTHyecKuM ¢ JIOBePUTeIbHBIM
narepasom. Cremenb ¢XojicTBa BUIOBOIO CO-
craBa paccumtaHa ¢ rmoMorbio Koadduinenra
Yeranoncroro-Cnéperncena [18].

Pesyabrarel n o0cy:kuenme

WNsyuaembie pactutenbubie cO0OIeCTBA
ABJISIOTCS BTOPUYHBIMI IO TTPOUCXOIRIICHMIO,
00pasoBambl Ha yIacTKe, 3aHATOM panee JecHbIM
coob1ecTBOM. YéTKMe TpaHnIibl ceBepHOTT 1 105K -
HOTI yacreil repputopnn 00yCJIOBIEHBI BHIPYOKOIT
JeCHOI PACTUTETbHOCTH. YUaCTOK, BEPOSATHO,
MCITOJIB30BAJICS TIO]L CEITBCKOX035IIICTBEHHBIE 110~
CeBbI I B HACTOsITIIee BPeMsI ITpejicTaBisieT coboit
3aJiesKHbIe 3eMJIH TTO3[THel CTa/ i BOCCTaHOBJIe-
Hust Bozpacrom okosto 15—-20 mer [19, 20].

Ha reppuropuu uccienoBanus B Kauecrtse
BeJIYIIEro pacTuTeIbHOr0 COOOIIeCTBA Ha Bbi-
cokoil Teppace pekn Cyxoit Bysum Bbijiesnen
Pa3HOTPaBHO-KOCTPOBBINT OCTEITHEHHBIN JIYT, OT-
HOCATIHUICA R RIaccy opManuii cyXomoabHbIX
nyros (acconmarnusi Bromus inermis (Leyss.)
Holub + heteroherbae). Ha 1os&HBIX CKIIOHAX TEP-
packl OTMeuYeHa MeprucTOKOBBLIBHO-Pa3HOTPABHAS
JYTOBasl CTellb, OTHOCSTIAsICSA K hopMainm Ko-
BBLITHHOI (C KOBBIJIEM TIEPHCTBIM ) JIYTOBOIT CTeTTN
(accormarus Stipa pennata 1. + heteroherbae).

Jlns pasmorpasuo-rocrposoro (M.1) co-
obIecTBa XapaktepeH paBHOMEPHBIN pacTi-
TeJIbHBII TOKPOB € JTOKAJIbHBIMI N3MEHeHUsIMI
CTPYKRTYpPBI B MuKpomnoumkenusx. Oaopucru-
YeCKMI cOCTaB BRJIOYaeT 36 BUOB BHICIITUX
cocyaucThix pacrerunii. [Ipeodiagaior mpepcra-
puresn ceMmeiicTs Asteraceae, Poaceae, Fabaceae,
Rosaceae. [lo smuznenabiM hopMam JOMUHUPYIOT
MHOTOJIETHIe TPABSHUCTHIE CTeP;KHEeKOPHEeBhIe 1
KOpPHEBUIIHBIE BUJIBI, 13 KYCTAPHUKOB e[IITHIYHO
ormeueH Rosa acicularis Lindl.

IROJIOTHYECKITI COCTAB BUIOB XapaKTepeH
JUIs1 yMEPEeHHO BJIaKHBIX MecTooOuTanuit (Jyro-
Basi cTellh, ocTernHéHHbIH yT) [21] u nmpencras-
JeH TJaaBHBIM oOpasom meszoduramu (Festuca
pratensis Huds., Geranium pratense L., Bromus
inermis (Leyss.) Holub, Vicia cracca .. n np.)
n Mesokcepopuramu (Fragaria viridis (Duch-
esne) Weslon, Potentilla tanacetifolia Wild. Ex
Schltdl).

O6mee npoerrusroe morpeite (OIIIT)
TPABOCTOSI BAPbUPYET B TeUeH e BereTariioHHOTO
ceszona ot 30 1o 60%. OCHOBHBIM JOMUHAHTOM
ABJSETCS MHOTOJEOTHUN ATUHHOKOPHEBUIITHBII
3nar B. inermis, npoektusnoe noxkpoitue (I1111)
Kkoroporo cocrasisier 20—25%. BoGosbie BeTpe-
YAIOTCS eIMHUYHO U TPeJCTABIeHbI, TIABHBIM
00pa3oM, OCTPOJIOTOYHIUKOM IITHITKOBU/{HbBIM

(Ozxytropis strobilacea Bunge) u ropomrkom
MblmuHbIM (V. cracca). EIuHIYHO OTMeYeHbl
BBIpa)KeHHbIe MOHOJIOMUHAHTbHIE TIATHA, 3aHS-
Thie IEeHONONYIANUAMI BeTPEHHUIIbI JeCHOI
(Anemone sylvestris 1..). [lnameTp 1siteH 0KOJI0
2 m. B cocrase guronenosa Gonee 50% Bujos
MOTYT OBITH TIPUYPOUYEHBI K 3AJTEKHBIM 1 COP-
HBIM MeCTOOOMTAaHUSAM, YTO CBA3aHO ¢ aHTPO-
MMOTeHHOI HarPy3KOH B BHJIe BHITIaca KPYIHOTO
poraToro cKora. ¥Y4acToK nMeeT HI3KYIO cTeTieHb
MacTOMIIHON NTPEcCN, BHIONTHIe YHACTKI OT-
CYTCTBYIOT.

[TepucTokoBBIILHO-pa3HOTPABHOE COODIITE-
c1BO (M.2) mMeeT MOBOJBHO YETKYIO IPaAHUILY
¢ .1, uro cBA3AHO ¢ AHTPOTIOTEHHBIM TTPOWIC-
XOJKIeHUEeM IPaHUI] TOCJeIHeTr0 1 n3MeHeHueM
perbeda (KpyrnsHa criaoHa mop GUTOTEeHO30M
Bospacraer). CiefoB Bbiaca He ormevyeno. Bu-
JIOBOTI COCTAB MePUCTOKOBLLIHHO-PA3HOTPABHOTO
(urorenosa BriIoYaeT 27 BU0B BLICIIINX COCY-
JUCTBIX pacTeHIil, KOTopbie OTHOCATCS K 9 cemeii-
crBam. [Ipeobmasaror mpencraBuTesnn cemeincTs
Asteraceae, Rosaceae, FFabaceae, Poaceae. 11o
JRU3HEHHBIM (hopMaM TOMIUHUPYIOT MHOTOTIETHIe
TpaBsiHUCTBIE cTepskHeKopHeBbie (69% oT ob1ie-
TO YncJIa BUOB) M MHOTOJIETHIE KOPHEBUIIHBIE
Bujibl (27% ot o6Imero yncsia BUgOB).

ITo orHomIeHU0 K (paRTOPY yBJAKHEHUS
mpeodIaaoeil SKOTPYITON ABIATOTC Me-
sopursl (Artemisia vulgaris L., A. millefolium,
Geranium pratense 1..) u Mme3orcepoduTh
(S. pennata, Trifolium lupinaster 1..). 3ameTHo
yJacTtue Me30Turpodura madasnnKa BA30JIMCT-
noro Filipendula ulmaria (1..) Maxim.

Ob1iee MpoeKTMBHOE TTOKPHITHE TPABOCTOS
cocranisier 60-80%. [lomuaupytoiiee paznorpa-
Bbe ITPeJICTaBIeHO JIATTYATKOI PAOMHKOINCTHOII,
narmyarkoit Busibuaroii, 11 koropeix cocrasisier
10 u 5% coorBercrenno. PactipoctpanéHHbi-
MU SIBJISIIOTCS 000OBBIE: KJIeBep JIOIMUHOBBII
(ITIT2-3%), wnesep syrosoii (Trifolium praten-
se L..) (ITI15-7%), meimunsriii roporex (V. crac-
ca) (11 2-3%). Boicoras o5 6000BbIX CB-
nereabeTByeT 0 6osiee OJATOTIPUATHBIX dadu-
YeCKNX YCTOBUAX N O HU3KOM aHTPOIIOTeHHOM
BIMAHWIN. SJTAKOBYIO OCHOBY COCTABIISCT THITNY-
HBI JOMUHAHT JIYTOBOI CTETIN KOBBIIb e PUCTHIi
(S. pennata) [22] ¢ TIT1 no 25%, a rakske MATINK
ayrosoii (Poa pratensis 1..) n oBestHua ryropast
(Festuca pratensis Huds.) ¢ 1111 10 u 5% coor-
BETCTBEHHO.

BumoBoii coctaB BbileonncaHHbIX pac-
TUTEJILHBIX COOOIIECTB MMeeT 3HAUYNTeIbHYIO
crerienns exopersa. Coobiecrsa nmeror 20 001X
BUI0B, KOdpPuImerT cxoncrsa YekaHoBCKOTO-
Cnépencena cocrasiser 73%.
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C mesbio omenkn GyHKIMOHATBHOTO CO-
CTOSTHUSI PACTUTEIbHBIX COOOIECTB BBITTOJHEHA
OTleHKa MX OMOJOTHYECKON MPOXYKTUBHOCTI.
Bennunna cyxoii najgdeMHoll puToMacch
M3yyaeMbIX PACTUTEJIbLHbBIX COOOIIECTB COOTBET-
CTBYET 30He JTYTOBLIX cTereit Samaanoit Cnbupn
[23]. B nauasne Bererarmontoro cezona (29 mas)
B Pa3HOTPABHO-KOCTPOBOM €OO0IIECTBE OTME-
wqaercst GosrpIast gosst Beromn (06%), ato AB-
JAeTCs 3aKOHOMEPHBIM JIUIs c1ab0HapyIIeHHbIX
TPaBSAHMCTBIX COOOIIECTB ¢ IOMIHIPOBAHTEM
3naxkoB [20]. IlpogyrRTuBHOCTH CYXO0il Macchl
pasua 33,7 v/m? (puc. 1). OcHoBy TpaBocTos
COCTaBJIsIeT BereTaTMBHASI Macca JOMUHAHTA KO-
cTpa 6e3octoro. B eBsi31 ¢ 00MIBLHBIMI OCATKAMT
B Mae 1 TeMIlepaTypoii BO3/yxa B Iipejiesiax cpeji-
Hell MHOTOJIeTHeIl HOPMbI, B UIOHE OTMEYaeTCs
yBeJlmueHne 3eJIEHOI Macchl 3J1aKOB B 3 pasa.
B nauasie centsiopsi 3a 46T aKRTUBHOTO PA3BUTHS
BBICOKOTO PAa3HOTPaBbsi, a TAKIKE COXPAHEHUs
MoOeroB BTOPON reHeparun u TI0M0HOMeH U
B PazHOTPABHO-KOCTPOBOM c000TIecTBe hOpPMU-
pyeTcs MaKCHMaslbHas TPOAYRTUBHOCTD 3€7EHOI
7 CyXOil Macchl 3a Ce€30H, KOTOpas COCTaBJsIer
224,8 u 111,9 r/m? coorBercTBeHHO. YMepeHHas
AHTPOIOTeHHASI HATPY3KA He MPUBOJUT K U3hsI-

TUIO OPraHNYecKoro BeIlecTBa 13 coOBIecTBa,
4TO CHOCOOCTBYET HAKOILICHUIO MPOIILIOTOIHE
MOPTMACCHI (BETOTIIN) B HaYaJe BereTaiiioHHOTO
ce3oHa.

B 1nepucTokoBbLIBHO-pa3ZHOTPABHOM (DUTO-
nerose (M.2) ormeuaercs ypegmdenme ooOTeit
nponykrusHoctn 1o cpasiennio ¢ O.1. Cyre-
CTBEHHbBIE OTJINYMA 3aMeTHbI IIPU HAKOIIJIEHN N
CBIPOTT PUTOMACCH, MAKCIMAIhHAS BeJINUNHA
KOTOpO# hopMupyercss B nioHe u cOCTaBJsier
338 r/m

Wsmenenusi, Tponcxoysinme B pacTuTes b-
HBIX COOOIeCTBAX MO BAUSHIEM HPUPOILHO-
KJANMaTHYeCKIX M aHTPOIOTeHHBIX (DAKTOPOB,
OTpaskaTCsas Ha CTPYKTYype (puroMacch u
3aBUCAT OT AOJU ydaCTud BUAOB pa3JdUYHBbIX
foraHnmuecKux rpymi B TpaBocroe. CrpyKrypa
uromMacchl pasHOTPABHO-KOCTPOBOTO COOOITIE-
crBa ipoctast. [Ipeobragaonumu X035 iCTBeHHO-
OOTAHMYCCKUME TPYIIAMU SABISAIOTCS 3JTaKN
n paszaorpasbe (puc. 2). [lomuHaHT ROCTED
6e30CTBIi U IPyTHe 3JTaKN OTHOCSATCS K XOPOIIIO
mnmoejilaeMbpIM pacrenusiM. B cocraBe pasHoTpaBbs
ATOBUTBHIX BUIOB He OOHAPYIKEHO.

JInst mepucToKOBBIIBLHO-PA3HOTPABHOTO
durorenosa xapakrepHa 6ojiee BbICOKas Be-

400
1 338,0
350 ¢ ®.1/PC.1 i ®.2/PC.2
0 300 5
RS i 248,3
) : ,
) 2248 '
& 250 - 2124 |
E CH
8 i
> i
£ 200 - {‘ i 180,4
N\E i E 140,1
= 150 - 128,0 : ’ 1326 1285
S 111,9 i ?
§ 88,6 i
g 100 754 82,1 :
) i
(S i
50 - 33,7 E
0 % : 7]
3M CcM BCT 3M CM BET 3M CM BECT 3M CM BCT 3M CM BET i
wm dm dsm { wm dm dsm | wm dm dsm } wm dm dsm | wm dm  dsm |
i
Maii / May Wions / June ' CenTs10pb / September ; Wrons / June i Cents6ps / September |

Puc. 1. Hajzemnas puromacca coodiects (2017 r.): 3m — 3enénas macea;
€M — cyXas Macca; BeT — BeTollb. [lannbie npejicraBjieHbl B BUje cpejieii apudMerndeckoin
¢ oBepuTebHbIME nHTepBasiamMu (n = 4). Obo3navenus O.1 u O.2 npuBeneHbl B TeKeTe
Fig. 1. Above-ground phytomass of plant communities (2017): wm — wel mass; dm — dry mass;
dsm — dead standing phytomass. On the X-axis — season (month); on the Y-axis — above-ground phytomass, g/m?
Data is presents as mean with confidence interval (n =4). The designations PC.1 and PC.2 are given in the text
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Pue. 2. Crpyxrypa nagszemuoii puromacesi Tpassinucroit pacrurensioctu (2017 1.):
3M — 3eJiéHas Macca; cM — cyxas macca. Obosnauenuss M. 1 u D.2 mpusepenn B TeKcTe
Fig. 2. The structure of above-ground phytomass vegetation (2017):
wm — wet mass; dm — dry mass. The designations PC.1 and PC.2 are given in the text

andnHa GuToMacchl 3a CYET TOMUHUPYIOTIETO
pasHorpaBbs, a Takke Bbicokoro I1I1 3nakos-
cyonomuuanToB. CrpyrTypa guromaccs 6osee
cnokuas, yuem y M.1. Samerno yuacrtue 6060-
BbIX, cymmapuoe [T koropeix cocrasiser 11%.
XO03AMCTBEHHO-T[CHHBIMIA BULAMU SIBJISIOTCS
KJIeBEP JIYTOBOIL, KIeBep JIOMNHOBBII 1 TOPOTITEK
TTPUATHBI.
Jarmouenne

CoBpemMeHHOE COCTOsIHIE U CTPYKTYpa pac-
TUTEJIHLHOTO TTOKPOBA OTIPeJiesisieTcsi B 0O4eHb
6O0JIBINOT CTeNeHU TPUPOHO-KANMATIHYeCKIM I
yeaoBusimu reppuropun. Panee nmokaszano, uto
BJIMISTHUE MEJKTOOBBIX N3MEHEHNIT KOJIMYecTBa
0CaJIKOB B COBOKYITHOCTH C OTCYTCTBIEM JIpeBec-
HOTO SIpyCa B JIECOCTEIIHOI 30He TIPUBOUT K 60-
Jiee I0JTOCPOUHBIM 1T MEeKTOOBBIM U3MEHEeHISIM
B BUJIOBOM COCTaBe 1 CTPYKType TPaBSIHUCTBIX
coobmiects. Ocobast poab B GopMuUpoBaHum
TPABOCTOS TTPUHAJICKNAT BULY M MHTEHCHUBHOCTI
AHTPOIIOTeHHOTO BJANSHUS B HACTOSIIIEe BPeMsI 1
[pejiecTByomue rofabl [24]. Ananius BugoBoro
cocTaBa ydyacTKa JYroBO-CTEITHON pPacTuTeNb-
HoCTH B OKpecTHOCTAX 71. [loropenka morasad,
4TO TIOUYTH BCS TEPPUTOPUSL OTHOCUTCS K 3aJI€5K -
HBIM 3eMJISIM TIO3]THeIl CTaJIni BOCCTAHOBJIEHUS.
O6 sTOM CcBHIETEIHCTBYET TOMUHUPOBAHUE
TePMUHATBLHOIO BUJIA JIYTOBBIX cTelell KocTpa
6e30CTOT0, & TAKsKEe OTCYTCTBIE COPHBIX BUIOB B
yucie gomnnantos [20]. Ilossiaenne Bo Biask-
et 2017 r. IyroBBIX U JIECHBIX BUOB, TARMX

KaKk BeTpeHNIla JecHas, 3eMJISHIKa 3eJaénas,
a TaKkyKe KyCcTapHUKa IMUIIOBHUKA UIJIKCTOTO,
MO3BOJIAET TOBOPUTH 0 POPMUPOBAHUN 30-
HAJTBLHOTO coobIecTBa. Kpome toro, crnmkenne
AHTPOTIOTCHHON HATPY3KM, COTJIACHO JTUTEPaTyp-
HBIM TAHHBIM, Oy/eT c1TocoOCTBOBATE TadbHe-
MeMy BHEPEHUIO TYTOBHIX BUMOB ¢ MOCTEITEH-
HBIM ITPeodIaanmeM KycTapHIKOB 1 [PeBEeCHO
pacturenbroctu [15]. YBeanuenne [111 1ecHbix
BUIOB I KYCTAPHIKOB TO3BOJINT YBEJIMINTE O10-
pasmoobpasme coobIEeCTB M TOBBICUT MPOAYK-
TUBHOCTH HACTOMII €CTeCTBEHHBIM CII0c000M Oe3
yuacrtus uesoBeka [25, 26]. IlepucrokoBbiiabio-
pasHoTpaBHOe COOOIIECTBO, MPON3pacTaioiee
Ha T0KHOM CRJIOHEe PeuHOll Teppachl, ABJIAETCA
cI1aboOHAPYITEHHBIM W eCTeCTBEHHBIM 110 TIPO-
MCXOKICHUIO. 3Iech He 00HAPYIREHO BUIOB,
TUIUYHBIX /IS BOCCTAHOBUTEILHLIX CTAAUIl Ha
BANEIKIBIX 3eMJIAX, & TAK/Ke CJIe0B BHITTaca.
Ob6unme Beromu B HavYaJ e M KOHIE BereTar|m-
OHHOTO Ce30Ha CrocobcTBYeT (HOPMUPOBAHIIO
@CTeCTBEHHOTO TMPOAYKIIMOHHOTO MpoIecca Ha
yUacTKe.

[TpoBefénmblii anajins3 COBPeMeHHOT0 CO-
CTOSAHUSA PACTUTEIHHBIX COOOIIECTB JIYTO-
BBIX crereil, ¢hOpMUPOBAHHBIX B IIPUPOHO-
RANMATHYECKUX yeaoBusax KpacHosperoii je-
COCTeTN, TTOKA3AJ, YTO cOODIecTBA ABIATOTC
c1a00HAPYIIEHHBIMU, ¢ HU3KOW CTCTIEHBIO TIACT-
oumnHol qurpeccnn. Bruenpenne JecHbIx BUI0B
7 KYCTAPpHMKOB CBUICTEILCTBYET O BOCCTAHOB-
JeHUN 30HATLHON pactuTenbroctu. JIyrocrern-
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HBIe COOOIeCTBA SABIAIOTCS MPOJYKTUBHBIM,
UMEIOT CJIOKHYIO CTPYKTYPY UTOMACCHI, B CBSI-
31 ¢ YeM MOTYT ObITh NCITOJb30BAHbI B KAUECTRE
IeHHBIX KOPMOBBLIX YTO/IMIi.
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CoBepiiieHeTBOBaHIE METOIUKY ONPe/eIeHIs PACTBOPEHHOTO
OPraHuYecKoro yriepoja B MOPCKO Bojie

© 2022. A. C. llouroBasioBa, K. X. H., IOIEHT,

A. 10. RokeBHUKOB, K. X. H., 3aM. AuperTopa, /I. C. Rocsikos, K. X. H., IUPEKTOP,
Cesepubiii (Aprrnueckuii) pegepanbubiii yuusepceurer umenu M. B. Jlomonocosa,
163002, Poccus, 1. Apxanrennck, naod. Gesepuoii [lpunsr, j. 14,

e-mail: a.kozhevnikov@narfu.ru

B crarhe paccmorpena merofuKa ompeieseHus CofiepRansa pactBoOpEHHOT0 opranmdeckoro yriepoga (POY) B mop-
CKOTl BOJIe METOJIOM BBICOKOTEMIIepaTypHOTO KaTaJuTHIYecKoro okucaenust. ViceaeqoBamss MpoBOAMINCE TIPU TTOMOTILH
JieMeHTHOTO ananusaropa n nugparpacuoro aerekropa C-NDIR. B rauecrBe 06beKTOB nceaeoBaHmsT NCITOIb30BAIH
MOJIeJIbHBIC PACTBOPLI U IPOOBI BOjibI, oroOpanibie B bapennesom mope. Ilpu onpesiesierinm B MOPCKOit Bojie cojiepskanms
POV B nnanasone maccosbix koumenrparmii 10—250 mrC/am® B kKauecTBe X0T0CTOIN MPOOHI TIPEIIOKEHO NCITOTH30BATH
pactsop NaCl B Bojie co 3HaueHnem coJéHOCTH, COOTBETCTBYIONIEl aHaanzupyemoii mpode. [Ipepnoskeno nenonbzoBanme
CTAHAPTHBIX PACTBOPOB € 3aIaHHbIM 3HAYCHITEM COJIGHOCTH JIJIsI TOCTPOCHUSI IPALYUPOBOYHON 3aBUCUMOCTH JJIST OTIpeJie-
JIeHUsT pacTBOPEHHOTO yraeposa ¢ kourenrparueit o 10 mr/av?. Tlprnvenenne ranmoro mojaxo/a mo3BossierT CHU3UTh
norpentnocts onpefenenus POY B mopceroit Boze ¢ 20 go 7%. ITposenén ananus cepun npod Bojabl 13 Bapenmesa mops.
[Momyuenmbie swavens cogepskanuss POY cocrasuanm or 1,60 110 4,20 mr/nv?. Huskue kommentparmn POY mabmogaiores
Ha yUacTKax, COOTBETCTBYIOINX 3aJeraHmio MeHee TEIIBIX aTTaHTHIecKIX BOJHBIX MAce WM APKTHUCCKIX 1 Dapemtie-
HOMOpCKl/IX BO/I. B }O?I(HOﬁ qgacTtu BHpeHlLeBO[‘O MOpH MaKCUMaJbHbBIE l(OHlLeHTpaI[MI/I ymepoxl,a OGyCJ[OBJIeH bl B OCHOBHOM
BBICOKOI MPOAYKTHUBHOCTLIO MPUOPEKHBIX BOJ|, MOCTYIAIONIIX ¢ MATePUKOBBIM CTOKOM 1 Brekaonux n3 Hopseskckoro
MOpsI ¢ TTPHOPEsKHBIM TeuernneM B1osh oeperos Hopserumn.

Katouegovre coga: pactBOPEHHLINI OPraHMIeCKUil yIIepoJ, MOPCKas BOJA, DIEMEHTHDIN aHaln3, KaraJuTuIecKoe
OKICITeHme yraepoya.

The development of total organic carbon
determination method in the sea water

© 2022. A. S. Pochtovalova
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M. V. Lomonosov Northern (Arctic) Federal University,

Core Facility Center “Arktika”,
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ORCID: 0000-0001-8235-1581

The subject of the article is to improve the method for determining the content of dissolved organic carbon (DOC)
in seawater by high-temperature catalytic oxidation. The studies were carried out with the help of an elemental analyzer
with infrared C-NDIR detector. The model solutions and samples of Barents sea water were used as objects of study.
We proposed NaCl water solution as a blank sample in order to determine the dissolved organic carbon content in the
seawater with mass concentration range equal to 10—-250 mgC/dm?. The salinity of NaCl solution is equal to the salinity
of the analyzed sample. We proposed to use the standard solutions with fixed salinity in order to build the calibration
dependency for determination of dissolved carbon with concentration up to 10 mg/dm?®. The application of this approach
reduces the error of determination of dissolved carbon in seawater from 20 to 7%. The proposed modification of the
technique allows to determine the content of DOC with a salinity of 35 g/dm?® with a relative measurement error up to
7%. A series of seawater samples from the Barents Sea was analyzed. The obtained values of the organic carbon content
were from 1.60 to 4.20 mg/dm?. Low concentrations of dissolved organic carbon are observed in places corresponding
to the occurrence of less warm Atlantic water masses or Arctic and Barents Sea waters. In the southern part of Barents
Sea, the maximum carbon concentrations are mainly due to the high productivity of the coastal waters coming from the
continental drain and flowing from the Norwegian Sea with the coastal current along the coast of Norway.

Keywords: total organic carbon, sea water, elemental analysis, catalytic oxidation.

97

Teopernueckas u npuriaagaas sxogorusi. 2022. No 1 / Theoretical and Applied Ecology. 2022. No. 1




XuMuA nNMPNPOIHbLIX CPE/I 1 OB'BERTOB

98

Roumnentpamus pacTBOpEHHOTO OpraHmye-
ckoro yraepoga (POY) B mopckoii Boje 1moj-
BepsKeHa Ce30HHBIM KoJieDaHMAM, Xapakrep
KOTOPBIX OIIPEJesIsSIeTCs IUPOJIOTNYecKIM pe-
JKIIMOM BOJIHBIX 00'b@KTOB U CBSI3AHHBIMU ¢ HUM
Ce30HHBIMU BapUAIMSAMI XUMIYECKOTO COCTABA,
BPEeMEHHBIMI M3MEHEHUs MU WHTeHCHUBHOCTH
OMOJIOTIYECKIX ITPOTIECCOB, 1 SIBJISICTCST BAKHBIM
MOKa3aTejaeM COCTOSTHUS HKOCHCTeM, a TaKiKe
nporexaiomux B Hux mpoieccos [1]. Kpome
TOTO, TI0 3HAYEHUAM KOHTIEHTPATINI 1 fTHAMITKe
comepskanusa POY MoskHO cyimTh 0 mporieccax
ceITMeHTAIN 1 PACTBOPEHNSI OPraHNYecKoTo
Berecta (OB) [2], o nepenoce u pacipepenernnn
OB rak B TORaJIbHBIX, TAK 11 B TJI00ATBHBIX OKea-
HUYEeCKIX TIporieccax [2—3], a Takske O1eHBaTh
rIyOUHY aHTPOIIOTEHHOTO BJIMSHUS HA MOPCKIe
aROCHCTeMBI [6].

Mopcras Boja mpescrasisier coboil BechMma
CJIOKHYIO MATPUILY, BBICOKOE COJIepsRaHIie coJei
B KOTOPOI OKa3biBaeT 3HAYNTETHLHOE BIMSHIE
Ha omnpejerenne OOABIINHCTBA HTEMEHTOB 1
coefiTHeH NI 1 TpedyeTr creruaitbHbIX MOIXO0/I0B
K MPoOOTO/ITOTOBKE 1 TIPOBEJeHNTO aHaJm3a.
W3BecTHO G0BIITOE YMCTO MEKTYHAPOMHBIX 1
permnoHajbHbIX CTAHIAPTOB 110 OTIPeJIeJeHNTO
opranmyeckoro yriaepopa B Bojie [7—15]. B xone
MHOTOJIETHUX MCCIAeIOBAHNIT XUMIYECKOTO CO-
cTaBa BOJi MOpell 3a1ajiHOro ceKTopa ApKTURU
HaMM YCTAHOBJIEHO, YTO MMPU UCTOJIb30BAHUN
menicreyiontero B Poccum I'OCT 31958 mas
OTIpeie/IeHIs HU3KNX 3HAYCHUIT KOHI[@HTPAInn
PacTBOPEHHOTO yI/Iepojia BO3HWKAET 3HAYNMAas
CUCTeMaTNIecKast MOTPENTHOCTE, KOTOPAs MOKeT
OBITH cBsA3aHa ¢ MHTePHEPEHIIAMN CO CTOPOHBI
COJIeBOT MATPHUILHI.

B cBs3m ¢ »1UM 1esnbio HacTos el pabo-
ThI SIBJISIETCS COBEPIIEHCTBOBAHNE METOJMKN
oTIpejiesIeHNsi PacTBOPEHHOTO OPraHNUYeCKOTro
yriiepoja B MOPCKOI BOjie U OIIpejieieHIe ero
cojiepskanus B Bojie bapeniieBoro mopsi.

O0beKTh 1 MaTepUATbI HCCIET0OBAHMS

Jlnst mpuroToBIeHUS BCeX PacTBOPOB
NCTMONB30BAAN JeMOHN30BAHHYIO BOJY
(comepsranme 00IIETO OPTaHMYECKOTO YTJIeposa
MeHee D MT/M?) , IOy YeHHYI0 ¢ NCTIOIB30BAHIeM
cucrembl Milli-Q (Millipore, ®@pantmus). [lis
MPUTOTOBJIEHNS TPAyNPOBOYHBIX PACTBOPOB ¢
paznumunbiM cofiepskanmem POY wmcnonbzoBanm
rujgpodranar raaus, «puriss» (Sigma-Al-
drich, CIIA). Jlis mpurotoBieHns MOIEIbHBIX
00pasIoB MOPCKOIT BOJbI NCIIOTH30BAJIH XJIOPH/T
narpust kpanudnkanum «x. 4.» ([esa-peartus,
Poccust). Jlyist moprucaenus n KOHCEPBUPOBAHU S

npod MCHMOAHB30BAJU COOTBETCTBEHHO
KOHTIEHTPUPOBAHHBIE COJNSTHYIO KUCTOTY «X. U.»
(HeBa-peartus, Poccusi) u oprodocdopmyio
Rrucyory «oc. 4.» (HeBa-peakrus, Poccus).

Oo0mwextor ncenegoBanusi. Ordop npod mMop-
CKOTI BOJIBI OCYITIECTBIISIITN B CTERJISTHHbBIE EMKOCTHI
«IIOJ KPBITIIKY»; HETIOCPEICTBEHHO 10c/Ie 0TOopa
1poObI KOHCePBIPOBaIH OPTOPOoCcHOPHOIT KMCTIO-
toii B konuvectse 0,1 Mo wa 100 v Bojbr [14].
Xpauenue 11pob OCYIEeCTBISAIN P TeMIiepaType
4 °C me OoJtee MecsIIa.

Ha crajum mopaboTku MeTOINKN B Kade-
cTBe 00BEKTOB MCCACIOBAHNUS MCIIOIb30BAIN
MOJIeJIbHBIe PACTBOPBI MOPCKO¥ BOJIBI, KOTOPHIE
TTOJTYYaJTH ITYTEM BHECEH TS OTIPEJIeTEHHOTO KO-
YecTBA XJIOPHU/A HATPUS JI0 BETNIIMHBI COTEHOCTI
S, pasroit 35, 20 u 10 r/am?. Konmenrparmio
PacTBOPEHHOTO yTJIepoja co3/aBaan BHeCEHeM
HeOOXOJIMMOTO KOJTMYecTBa rujipodrasarta Kajms,
TPAJUTIINOHHO NCITOTH3YEeMOTO JIJIsi TPAyHPOBRI
1pu U3MepeHnu KOHIEeHTPAI[UI PACTBOPEHHOTO
yraepopa [13, 14].

IIpurorosienune pacrsopos. lloctpoenne
IPaypOBOYHBIX 3aBUCUMOCTEH OCYIeCTBIISIN
¢ MCIOJb30BAHNEM PAacTBOPOB ruppodramarTa
KaJaus B IBYX AManazoHax KOHIeHTPaT[ii:
1-10 mr/mm® (1, 2, 4, 5, 6, 8, 10 mr/nm?) u 10—
250 mr/nm? (10, 20, 40, 50, 100, 200, 250 mr/av?).
Jlnamazonbr KoHIEHTPATIT BEIOPAHBI COTTIACHO
[14]. Benencersue toro, uto copepskanue yrie-
pojia B MOPCKUX BOJIaX HEBEJINKO (MCKII0YeHIe
COCTABJISIOT TPNOPEKHbIe YUACTKI MOpeli 1 Ha-
XOJIAIIIECs M0/ BO3JEHCTBIEM aHTPOIIOIeHHBIX
HarpysoK), CTPeMUJINCh UCKIIOUNTH (PAKTOPBHI,
MPUBOJIATIIE K BOSHUKHOBEHUIO cUCTeMarnye-
CKOW M CIYYallHON TOTPENTHOCTN M3MepeHns.
Jlsist aTOTO TPOBOAMIN KOHTPOJb YHUCTOTHI T10-
CYJIbI: CYIITKY TOCY/IBI TTepei MCIOJIb30BaAHNEM
OCYIIeCTBIIAIN B CYITNALIOM MKady mpu remie-
parype 120 °C; KoHTpOIHpPOBAIN KAYeCTBO N0~
HIT30BAHHOIT BOJ(BI 1 MCITOJIB3YEeMbIX PeaKTHBOB.

Onpenesnenne pacTBOPEHHOTO opraHmnye-
croro yraepopaa. Conepsranne POY onpenensiin
¢ TIOMOTIIBI0 B7IeMeHTHOTo aHann3aropa MultiEA
9000 (Analytik Jena, I'epmanmus), cocrosero na
MOJLYJISI CFKUTAHUSI ¢ BEPTUKAIBHOI YHUBEPCATb-
HOIl KBapIeBoil TPyOKOil, MYJIbTUMATPUIHOTO
asrojo3zaropa MMS 5000, u nadpaxpactHoro
nerexrTopa st onpenenerus yriepopa C-NDIR.
YceaoBusi IpoBeeHNSI N3MEPeHIT: TeMIIepary-
pa okucaenust — 800 °C, raz-nocuresnb — BLICO-
KOUMCTBIN KucJa0pof (00bEMHAS IO KUCTO0-
poma e meree 99,999%), ckopocth mogaum —
90 Myt /My, O6BEM BBOIMUMOI TPOOBI COCTABIISI
900 MKJI, MaKCUMaTbHOE BpeMsi MHTerpupoBa-
nusg — 300 c. Ypasienue anaanzatropom, coop
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n 00paboOTKY JIAHHBIX TTPOBOMMIIN ¢ MCIIOIb30-
BaHUEM CHEIMATN3UPOBAHHOIO TPOrPaMMHOrO
obecievennsi multiWin (Analytik Jena AG,
Fepmanus). [Ipegapurenbuo mpody moaKMCIs-
I costHON Kuesoroit ¢ koutentparmeit 0,1; 0,9;
1,0; 2,0; 3,0 moss /v o pH 2 ¢ riesibio yasenms
HeOpPranmyeckoro yriaeposa imyTém mepeBojia ero B
rasosylo gasy B suse CO, n mocseyionei oTys-
KOIT BBICOKOUMCTBIM KUCJIOPOIOM, 1 iajiee Tojl-
Beprajim anajandy. JKCIepuMeHT ITPOBOIAIIN 110
MOJIYYEHHBIM TPAJyHPOBOUYHBIM 3aBUCUMOCTAM
B pranazonax 1-10 mr/am?® u 10-250 mr/pv.
[Tonryuernmbie rpalynpoBOYHbIEC 3aBUCHMOCTH JIJIsT
000MX Maa3onoB KOHIEHTPAIMI HOCUIN JIH-
HEeIHBII Xapakrep ¢ BLICOKUM Ko duiimentom
koppessinuu (me mernee R = 0,999). YVuér gpona
MPOUBBOMICA aBTOMATUYCCKN ITyTEM IIpejiBa-
PUTEILHOTO N3MEPeHsT COJepPsRaHms yriepoja
B XOJIOCTOM TTPo0e ¢ TIOCTeMYTOTIIM BEIAUTAHITeM
MOJYYEHHOTO 3HAYCHUSA U3 MOJy4aeMbIX [IPU
rpajyupoBKe JaHHbIX.

Pesyuabrarel n odcysknenne

[Tpu mpoBemernn anannaa Ha cTajun Moj-
RUCJICHUS AHAJTU3UPYEMOIi TTPOOBI IS TIepeBojia
HEOPraHMYecKoro yriepoya B INOKCH] yIIeposa
¢ TTOCTeAYIOIIell er0 OTIYBKOIM UCIIOTb3YeTCs BBe-
neHne PUKCHPOBAHHOTO 00bEMA KUCTOTHI, YUI-
TBIBAEMOTO 11PN 00PAbOTKE TTOTydaeMbIX TaHHbIX.
B cBs131 ¢ aTuM 11pu MCTIONB30BAHIY B KaUecTBe
nofkucsiontero arerra 0,1 moss/am® pactBopa
HCI B coorBercTBIM € [I@HCTBYIOIINM CTAHIAPTOM
[14] ne pocruraercs Tpedyemoe 3nauerue pH 2,
u TpauK BBIXOHOTO CUTHAJIA UMEeT JiBa IMHKa
orpejiesisieMoro Beriectsa. [[pu arom nepswrii ik
(B muanazone ot 30 o 50 ¢), orHOCUTCS K TTPU-
CYTCTBUIO B AHAJIUTUYECKON CUCTEME OCTATOUHOTO
HEOPTaHMYeCKOTO yTIyiepojia, He Meperieero
Brazoobpasnyio popmy. [Torperntnocts onpenene-
Hust cocrapuia 12% ¢ yuéroM nCKII0UeHIS [IBYX
OTJIMYATONINXCSI 3HAYEHW T M3 BapUAIMOHHOTO
psijia, KOTOpbie SBJIAANCH IPYObIM MTPOMaXOM.
Or1eHRY TTPOBOJINIIN, UCITOJB3YST CTATUCTUYCCKITT
rpurepnii [lukcona (Q-kpurepuii) [19].

B skcrepnmenTax mo yBemdaeHnio KOHIEHT-
paruy KUCJIOTbl HAMU YCTAHOBJICHO, YTO HAYN-
nas ¢ kounenrparmn HCl pasmoit 2 monn/mm?,
BBIXOJHON curnasn nmpuobperaer ¢gopmy uér-
KOO OJINHOYHOTO MUKA, YTO CBUJETEJLCTBYET
0 JIOCTHREH U TTOJTHOTO YIaJdeHnsi HeopraHmye-
CKOTO yriepoja ua pacrsopa. OrHocuresbHast
MOTPEeIIHOCTh B pe3yJjbraTax HapaJjiebHbiX
oTpeieJIeHNIl CHUBUIACH [0 BeJNUYNHbBI MeHee
9%, a rpy0Obie mpomaxu e nabmofganuch. Takum
00pas3om, HaM# YCTaHOBJICHO, UTO [IPU TIePBOHA-

YaJbHOM aBTOMATHYECKOM MTOJKICICHIH TPOODI
HEOOXOAMMO MCIOJIb30BATH PACTBOP COJISHOM
KUCJOTHI ¢ KoHIeHTparmeii 2,0 Mosrs/am?.

C 11eJ1b10 OTIeHKY BIIMSTHIS COJIEHOCTI TTPOBO-
nunm uamMepenne copep:rarus POY MomenbHbIX
pacTBOpoOB rupodrasaTa Kajaus B leNOHN30BaH-
Hoii Bojie. CosléHOCTH BapbUpoOBaJia B Ipejiesax
or 0 710 35 1/AM? ¢ 1eTBI0 KOPPEKTHOTO MCTIONTh-
30BaHUSI IAHHON METOJIMKI JITST JTIOOBIX MOPCKUX
BOJI, B TOM YHCJe B DCTyapusx, rje coJ6HOCTh
u3MeHsieTcs B MUPOKUX npepenax. s momy-
YeHHBIX JJAHHBIX CJIELYeT, 4T0 B 00JaCTH HIU3KIX
KOHTIeHTpAIuil rujipodraniara Kaams mpu cosé-
noctu 1o 20 r/pm® morpeniHocTs orpeeae s
[P MCITONH30BAHIT METOJA «BBEIeHO—HATIeHO»
ue npesbimana 8%. OgHOBpeMEHHO ¢ 9TUM 11PN
coEHOCTU 3D T/M? TIOTPEIITHOCTD OTIPe/eJIeHI s
Bapbuposazia or 17% o 109%. Takum o6pazom,
¢ yBeJIMUYEHNEM COJIEHOCTU PACTET OMIMOKA
onpesiesienust POY. 1o ¢Bsi3aHO ¢ 1OsIBJICHUEM
(akrTopa BIAMSHUS MATPUILl aHATNZUPYEMOT
poObI, T. €. HAJTNYNEM BBICOKOI KOHTIEHTPATIII
HEOPraHWYeCKUX COJIell, 4TO ITPUBONT K M3MeHe-
HITO COOTHOIIEH NS OTILYBAeMBIX 1 HEOTYBaeMbIX
dopm yraepopa. IlTpu srom, cymecrByromnnit
FOCT [14] npepycmaTpuBaer yuér 3HaYeHUSsI
POY xomocroii mpo0bI, moayuaemMoro npu aHa-
Jin3e eMOHU30BAHHON NN JUCTULINPOBAHHON
Bojibl. [ljist aHa/n3a MOPCKUX BOJ| HAMU TIPE]IJI0-
JKEHO MCII0Jb30BaTh B KAUECTBE X0JI0CTO TTPOOHI
BOJIY € 3aJlaHHBIM 3HauYeHuem conénocru. Ham-
Oosiee 3aMeTHOE BJIMSTHUE OKAa3bIiBaeT HAJMUNE
BBICOKO COMEHOCTN MPOOLI TIPH OMTPeeaeHnn
HUBKNX KOHIEHTPAI[II yTIJIepojia.

[Ipu ucrnonbpzoBanum B KauecTBe XOJOCTOI
MpoOBl pacTBOpa ¢ 3aJaHHbIM 3HAYEHEM CO-
némocTn morpemHocth onpepenenus POY B
puanaszone or 10 mrC/am? 1 BbiIIe cHUKACTCS
o npuemsemoro yposus. Ilpu ananuse Gosee
HU3KUX KOHIEHTPAINII HCIIOIb30BAHNE IAHHO-
ro 1puémMa oKasbiBaeTcs HepocTaTouHbIM. [liist
00pasioB BOJbI ¢ HU3BKUMU KOHIEHTPAT[MAMUI
yIJIepojia mpu COTEHOCTU 39 T/AM? TOTPEITHOCTI
nocruranu 6osee 100%.

B cBsism ¢ oTuM HaM¥ TIPEJIIOKEHO [T T10-
CTPOEHUS TPAJYUPOBOUHON 3aBUCHUMOCTH MC-
MOJTb30BATH PACTBOPBI THIpoTaiaTa Kajius B BOJIe
¢ nobaskoii NaCl ¢ konmenrpammeit 35 r/am?,
COOTBETCTBYIONIEH TUIUYHOMY YPOBHIO COJIE-
HOCTH MOPCKOT Bojbl. lloayuaembie ipm s10M
aHATUTUYECKNe CUTHAJIBI KOPPERTUPYIOTCS Ha
pesyJibraT aHaJm3a X0J0CTOl TpodbI, TpejicTan-
nstiormeit codoit pacteop NaCl B remonnsoBamHoi
Bojie Oe3 mobaBiaenus Tuapodramara Kaawms.
Suauenmsa POY, onpegenénmnie ¢ memoan3oBa-
HIeM TaKoi KaJnmOpPOBOUYHON 3aBUCUMOCTI JIJIS

0
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HCCIelyeMbIX PACTBOPOB € COIEHOCTBLIO 39 I/ M?,
MOKA3aJIM, YTO BeJIMYITHA TOTPEITHOCTH, PACCU-
TaHHAS 110 {-KPUTEPUIO JJIsl TOBEPUTEIHHOI Be-
posttrocTt 95% [15], cocraBmia st guamnazoHa
Husknx Kourenrpanuii (1—-10 mr C/nm?) ot 11 10
17%, a piist pranaszoHa BLICOKMX KOHIIEHTPATIIT
(10-250 mr C/mm?) — o1 3 1o 5%. Iro cBUIETETH-
CTBYET O KOPPEKTHOCTH MCIOJb30BAHMS TTPE]I-
JIO}KeHHBIX MOIXO0M0B JIJisi onpepenenuss POY
B MOPCKOT BOIE.

Ananus npod Boasl Bapenmesoro mops.
B Bapemnriesom Mope HabTI01a10TCs TTOBBITIIEHHbBIE
cpejiime KOHIEeHTPAINN KaKk PacTBOPEHHOTO, Tak
7 B3BEIIEHHOI0 OPraHMYecKoTo yriepojia OTHO-
CUTEJLHO IPYTUX apKTudecknx mopeii. Cornac-
Ho [16], ot 3navenus cocrasisior 2,2 mrC/mm?
n 87 MKr/am® COOTBETCTBEHHO. TO CBSIZAHO C TEM,
4yro B BapeniieBom Mope, HecMOTpsi HA KOPOTRUIi
BereTarmoHHbI TePuoj], CHHTe3NPYeTCs 3HAUN-
TesibHOe Kosimyecto OB, 1 cROpocTh ero TpaHc-
opmarn HUKe, YeM B OKPAMHHBIX U BHYTPeH-
HIUX MOPAX HU3KUX mupor. Vsmenernne Kunern-
ku Tparcdopmariun OB B aprTHYeCKNX MOpPSIX
00YCJIOBJIEHO B OCHOBHOM HUBKOTI TeMIiepaTypoit
BOJIbI, KOTOPAs CHIZKAET CyMMapHYT0 aKTUBHOCTD
OOJBITITHCTBA MITKPOOPTaHNBMOB, &, CJIeJl0BATe T h-
Ho, n nporiecc onoperpapanuu OB. Orbop 11pod
MOPCKOTI BOJIBI TPON3BOJNIICs Ha pa3pese « Kosrb-
CKUII MepUInaH» B 30He BJAUSTHUS GapeHIeBOMOp-
CKOIT BeTBU aTJaHTUYecKoil BOJHOI Macehl. Or-
OOp TTPOBOJMIICS KAK B IeATETLHOM (DOTHYECKOM
cnoe, Tak u vHa rayonnax 50, 100 u 150 m (puc. 1,
cM. TIB. BRIQJRY [V).

Coracno MopmuIMpoBaHHON HAMI METO-
JINKe, Mbl TIPOBEJIN OTIPeleJIeHIe COepPIRaHMs
POVY. Tlonyuenunie 3HaUeHUS COePIKAHUS
opranuvecroro yriaepopa cocrasuyiu ot 1,60 o
4,20 Mr/pM?, 4TO KOppesupyer ¢o CpejHuMu
3HAUYEHMSIMU, UMEIOINMICS B INTePaTYPHBIX NC-
rounuirax [17]. MakcumanbHbie KOHIIEHTPAT[NT
OpraHMYecKoro yriepojia OTMe4YeHbl B BEPXHUX
CJIOSIX BOJIBI B I03KHOIT 4aCTH pa3pesa Ha CTAHIIIX
39m 41 (3,80 m 4,20 mr/nm?®) u B ceBepHOI vacTn
Ha cranmun 99 (4,10 mr/am?). OrHOCHTEIBHO
nmskme xoumentparnm POY mabmaomatores ma
YUacTKaX, COOTBETCTBYIOIINX 3aJIeTaHnio0 MeHee
TEIJIBIX aTIAHTUYECKNX BOJHBIX MAcC WM ap-
KTHYECKNX 11 0apeHIeBOMOPCKNX BOJ. B 1oskHoI
JaCTH MaKCUMAJbHBIe KOHIIEHTPAINN YIIepojia
00yCJIOBJIEHBI B OCHOBHOM BBICOKOTI POy KTHB-
HOCTBIO ITPUOPEKHBIX BOJ, TIOCTYTAIOIITNX ¢ MaTe-
PUKOBBIM cTOKOM 1 BTeRatonnx n3 Hopeeskckroro
MOPS ¢ TPUOPEKHBIM TeUCHIEM BJ0JIH Oeperon
Hopserun (puc. 1, 2, em. 1. Braaary V).

Jlist Bcex ompepesieHuil moaydeH HU3RMII
ROOPPUIMEHT BapHaINU, 4TO CBUICTETHLCTBYET

0 HeaHAUYUTEJIHLHOM paszbpoce panubix. OTHOCH-
TeJIbHAS MOTPeITHOCTh He HpeBbicuaa 7%, uro
B 3 paza MeHbIIIe 110 CPABHEHMIO ¢ pe3yJbraTaMu
OTTPEJIeNICHIISA 10 JIeHCTRYIOTIeMy crargapry [14].

3araoueHue

CoseBast MaTpmIla MOPCKON BOMBI OKA3HI-
Baer cyIiecTBeHHOe BIAMAHNE Ha Pe3yabTa-
el onpenesernus POY mMerogoM BBICOKOTEM-
meparypHoro KaTaaluTHIeCKOTO OKMCJICHIS.
C 11es1h10 CHUFKEHUST TIOTPEITHOCTI OTIPe/esIeH s
POY B puanasone copepsranmii 10—-250 mrC/mm?
B Ka4ecTBe XOJ0CTOI ITPOOBI PEKOMEH]IYeTCs 1e-
nosb3oBaTh BofHBI pactBop NaCl ¢ konTenTpa-
11eii, COOTBETCTBYIOIIECI COTEHOCTU aHATTU3UPYe-
MOl MopcKoil Bojibl. [Ipu onipesesenun mMajbix
copepsranuit POY (1-10 mrC/nm?) rpamgymnpo-
BOUHYIO 3aBUCTMOCTDH HEOOXOMMO TTOTYIATH ¢ TC-
TOJIH30BAHIEM PACTBOPOB CO 3HAUCHITEM COJIEHO-
CTH, COOTBETCTBYIONINM aHaIN3upyeMoil mpobe.
[IpegmaraemMbIit HaMu MOAXOJ ITO3BOIMII CHUBUTD
OTHOCHUTEJILHYIO [IOIPeIIHOCTh otipepeaenus POY
¢ 22,7 1o 7,0%. C moMoIbio ycoBepIieHcTBO-
BAHHOTO MOJXO/a MPOBEAEH KOJMUECTBEHH I
XUMUYeCKI anaus mpod Mopcekoii Bopbl bapen-
nesa mopst. [losryuentbie 3HaUeHUS COMePsRAHTISA
opranmdeckoro yriepoja cocrasuan ot 1,60 o
4,20 mr/nv?. Huskue kounenrpamuu POY na-
OITOATOTCA Ha YIACTKAX, COOTBETCTBYIOTINX 3a-
JICTAHMIO MEHee TEILIBIX aTJIaHTHUYCCKIIX BOIHBIX
MAacCC W APKTHYECKITX 1 6aPeHIeBOMOPCKIAX BOJI.
B 1o:xmoit wactim BapemieBoro Mopst MaKkcIMaIh-
Hble KOHI[eHTPAINy yriaepoma o6ycaoBIeHbI
B OCHOBHOM BBICOKOH TPOAYKTUBHOCTLIO ITPH-
OPesRHBIX BOJI, TPUXOMAINX ¢ MATePUKOBHIM
cTokoM n Brekaomux n3 Hopsesckoro mops
¢ pubpesKHBIM TeuerHeM Biosib oeperos Hopserw.

Padoma evitnoanena ¢ ucnoavzosanuem oéopy-
dosanus I[KII HO «Apkmura» Cegeprozo «Apkmuue-
cKk020) ghedepanbiozo ynusepcumema npu noddepoic-
re Munucmepcmea nayku u oicutezo oopazosanus
P® ¢ panrax zocydapcmeenrnozo 3adanus (npoexm
Ne 0793-2020-0007).

Asmoput sbipascarom daazodaprocms npoexmy
«Apkmuueckuil naasyuuil ynugepcumem» 3a npedo-
CMABAEHHYIO 803MONHCHOCIL 0MMOOPA NPOD.
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