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PapgvauunoHHbI 6anaHc 3KOCUCTEM
AyooBbix necoB KpbIMCKOro nosiyocrtpoBa

P.B. 'op6ynos=, T.JO. I'op6ynosa, B.A. Ta6ynmuk, A.B. JIpeireain

Hncmumym buonocuu 1sicnvlx mopeu umenu A.O. Kosanescxkoeo PAH,
Poccuiickas @edepayus, 299011, Cesacmonons, np-km Haxumosa, 0. 2

P karadag_station@mail.ru

AHHoOTanus. I3ydeHue peakiiuy JIECHBIX SKOCUCTEM Ha KJIMMATHYECKUE U3MEHEHUS SIB-
JsleTCs OJHOM U3 aKTyalbHBIX 33[a4 COBPEMEHHOMN 3KOJIOrHU. PernonanbHble NpOsBIEHUS T710-
OanbHBIX KIMMAaTUYECKUX U3MEHEHUH MPUBOIAT K OCOOBIM PEAKLUsIM JIECHBIX 3KkocucTeM. Oc-
HOBHBIM HCTOYHMKOM 3HEPIMU BCEX IIPOLIECCOB B 3KOCUCTEMAX SBIISIETCSI COJIHEUHAs! pajualysl.
ViMeHHO OHa 3aIycKaeT BCe MPOIECcCH TPaHC(OPMAINK BELIECTBA, SHEPTUHN M MH(POPMAIUU B
sKkocucTeMe. M3MeHeHue ee MOCTYIUICHUs! IPUBOJUT K MEPEeCTPOMKe CUCTEMBbI (PYyHKLIMOHHUPO-
BaHMA KkocucteM. s KpelMckoro nomyocTpoBa Ha CErOJHSIIHMN J€Hb BOIPOCHl PEAKIUU
JIECHBIX 9KOCHCTEM Ha KIMMATHYECKUE U3MEHEHHS OCTAIOTCS MaJIO M3yYEHHBIMH. JTO OIpeie-
JSeT aKTyaJlbHOCTh W LeJb JaHHOH paboTel. Ha ocHOBe maHMmadTHO-THITOIOTMYECKOH KapThl
KpbIMcKkoro mosryocTpoBa, OTKPHITEIX 0a3 TaHHBIX PEAHAIN30B, a TAKKE TeOMH(OPMAIIMOHHOTO
MOJIENIIPOBAHMS POM3BE/ICHA OIEHKA 3JIEMEHTOB PaIMallHOHHOTO OanaHca TyOOBBIX JECHBIX
sKocucTeM KpbIMCKOro MOIyoCTpOBa B YCIOBHUSIX COBPEMEHHBIX KIMMATUYECKHX W3MEHEHUIL.
IlokazaHbl OCHOBHBIE 3aKOHOMEPHOCTH (DOPMUPOBAHMS PAAUALMOHHOrO OanaHca IyOOBBIX
JIECHBIX 9KOCHUCTEM U OCOOEHHOCTH €r0 MEKT0JOBOM THHAMUKH.

KiroueBble c10Ba: pagualiioHHbIN OanaHc, ec, TyOoBbIi Jec, FKocucTeMa yOoBOro
neca, KpsiMckuii nonyoctpos, Kpbim

BeBepneHue

COBpeMeHHOG HN3MCHCHHUEC KIIMMAaTa OKa3bIBaACT BO3ﬂ€ﬁCTBHH Ha BCC MMPOLECCCHI,
IIPOTCKAOIMIUE B DKOCUCTEMAX, KaK IIPHUPOAHBIX, TaAK U aHTPOIIOI'CHHBIX. B sToMm
ACIICKTC MOKHO I'OBOPUTH 00 YA3BUMOCTHU DKOCHUCTEM, UX yCTOI\/'I‘-II/IBOCTI/I n ajaari-
Talluu K KIMMAaTHYCCKUM U3MCHCHUAM. Bce 3t HaITpaBJICHUA YCTOfIqHBO BOIIJTH
B COBpGMGHHBIfI Hay‘-IHHﬁ OGI/IXOI[ U aKTUBHO M3YYarOTCsA UCCICHOBATCIIAMU MH-

© T'opbynos P.B., 'opoynosa T.10., Tabyamuk B.A., /Ipeirsans A.B., 2020

This work is licensed under a Creative Commons Attribution 4.0 International License

v https://creativecommons.org/licenses/by/4.0/

I'EO3KOJIOTUA 201



Gorbunov R.V. et al. RUDN Journal of Ecology and Life Safety. 2020;28(3):201-212

poBoro coo0mectBa. COBOKYNHOCTb BCEX ITHX MOHATHH M MPOLECCOB, CTOSLINX
3a HUMH, — 3TO peaKlMs 3KOCUCTEM Ha KJIIMMaTudeckue n3MeHeHus. ['oBops o pe-
aKIUSIX, MOKHO CY/UTh O TOM, YTO OHU HAOJIOAIOTCS KaK Ha YPOBHE CTPYKTYPbI
9KOCUCTEM — M3MEHEHHE €€ KOMIIOHEHTHOr0 COCTaBa, MOP(OJIIOTHYECKON CTPYK-
TYphbl JaHAdTOB, HAPUMEP O] IEHCTBHEM CKJIOHOBBIX MPOLECCOB, TaK U Ha
ypoBHE (DYHKIIMOHHPOBaHUs. M3MEeHeHHsT KIMMaTa MPUBOJT K U3MEHEHUIO CTPYK-
TYpbl paAMallMOHHOIO, TEIJIOBOIO, BOJHOIO M BEIIECTBEHHOIO COCTaBa JKOCH-
creM, GopMHUpYs TAKUM 00pa3oM TpaHC(HOPMAIIUIO TOTOKOB BEIIECTBA, YHEPTUU U
uHpopmanuu B 3kocucteme. [Ipuuem 3Tu u3MeHeHus: GopMHUPYIOT Lielb COOBITUH,
MIPH Pa3BUTUH KOTOPBIX (YHKIMOHAIBHBIE U3MEHEHHUS PUBOJAT K CTPYKTYpPHBIM
TpaHchopmanusaM B skocucteme [1].

OCHOBHBIM HCTOYHUKOM DHEPIHM BCEX IMPOLIECCOB B AIKOCUCTEME SBIISETCS
coJHeuHas paguanus. IMeHHO mo3ToMy ¢ U3MEHEHHEM paJMalliOHHOro OanaHca
HKOCHUCTEM 3aITyCKAeTCs BCA LI COOBITUH, CBA3aHHBIX C peaKIMel Ha KIMMaTH-
YEeCKUe U3MEHEHUS.

KpbiMckue neca, HaxoasCh Ha TPaHMIIE CBOETro apeana [2] u mo cBoeu cyTu
SBJISAICH TEO3KOTOHOM PErnoHaJbHOrO MaciTtaba [3], B cuity cBoelt c1aboil ycToi-
YMBOCTH HanOoJjee MOABEPKEHbI KIMMaTHYeCKUM U3MeHeHUsIM. CTpyKTypa JIeCOB
KpbeiMckoro momyocTpoBa XopoIio omucaHa B padorax [4—6]. B Hux mokasano,
YTO 3HAYUTENIbHYIO IUIomaab KpeIMCKUX rop 3aHUMalOT TyOOBBIE Jieca, pacipo-
CTpaHUBIIME CBOM apeaj Kak Ha CEBEPHOM, TaK M Ha I0HOM MAaKpOCKJIOHAaX
KpeiMckux rop. Kpome Toro, ny0oBble Jieca 3aHMMAarOT BCE BBICOTHBIE YPOBHU
I'oproro Kpbima, 4To fenaeT uX HHTEPECHBIM M aKTYaJIbHBIM 0OBEKTOM HCCIIE0-
BaHUA C TOUKH 3pEHUS U3YUEHHUS UX PEAKIMU Ha pErHOHaIbHbIE MIPOSBIICHUS IJI0-
OaNbHBIX KIIMMATUYECKUX U3MEHEHUI.

Takum 00Opa3oM, LEIbI0 TaHHOW pabOTHl SBWJIOCH W3YYEHUE MEXKIOJI0OBOU
JTMHAMUKH PaTUallMOHHOTO OanaHca JyOoBBIX JiecoB KpbIMCKOro moiayocTpoBa Ha
(oHE perMoHaIbHBIX NPOSBICHUN U3MEHEHUS KIMMaTa.

MeToabl U maTepuansl

B kadecTBe onepanmoOHHO-TEPPUTOPHATLHON STUHUIIBI UCCIICIOBAHUS OBLIH
BBIOpaHBI JaHIIAPTHBIE KOHTYPBI, IPEACTaBlIeHHbIE Ha JaHAIAa(THO-TUIIOIOTH-
yeckoi kapre Kpoima I'.E. I'pumankosa [7]. Ha ocHOBe maHHOW KapThl U KapThl
necHo pacturenbHOCcTH ['opHOTO KphiMa [2] ObUTHM BEIOpaHBI HarboJiee THITMIHBIC
nasamadTHRIE KOHTYpHI ¢ ay0oBbiMu jecamu. CormacHo FO.B. Ilmyraraps [6],
JIECHBIE DKOCHCTEMBI C JyOOM MYIIUCTHIM SIBIISIFOTCS TPEOOIATArONIMMHU T10 TUIO-
manu B 'opaom Kpeimy. mu 3ansto noutu 142 Tteic. ra, uto coctasisier 54,7 %.
[Ipu 3TOM 1y0 CKanbHBIA U Ty0 MyIIMCTHINA SBISIOTCS HanOoJiee pacpoCTpaHEeH-
HBIMU I10 3aHMMaeMoH miomanau — 78,3 u 21,5 % coorBercTBeHHO. VIMEHHO I10-
3TOMY B Ka4€CTBE MOJICTBHBIX TEPPUTOPHUI HAMH ObUTH BHIOpAHBI ATH THIIBI JIEC-
HBIX 3KOcHCcTeM. BMmecTe ¢ TeMm, yuuThIBasi 3HaUUTEIbHbIE IKOJIOTUYECKUE pasIiu-
gt GOPMHUPOBAHUS JIECHBIX 3KOCHUCTEM HA IOKHOM U CEBEPHOM MAaKpPOCKJIOHAX
KpbiMckux rop, a Takxe B YCJIOBUSX BHICOTHOW MOSICHOCTH, HAMU ObUTH BBIOpAHBI
JUISL pacCMOTpEeHus JaH adTHbIE KOHTYPBI, PACIIONIOAKEHHBIE B PA3IMUHBIX BBICOT-
HBIX TOsICaX HA FO)KHOM U CeBEpHOM MakpockioHax ['oproro Kpsima. B Tabm. 1
MIPUBOIUTCS XapaKTEPUCTHUKA BEIOPAHHBIX KOHTYPOB.

202 GEOECOLOGY



T'op6yros P.B. u dp. Bectauk PYJTH. Cepust: Dxosorust u 6e30macHocTs xusHenestensHoctd. 2020. T. 28. Ne 3. C. 201-212

Pacuer paguanmonnoro 6ananca (B) ocymectsisics o ¢popmye [8]:
B = (Q - R) - Eea

rae Q — cyMMapHasl COJIHEUHas paguanysi; R — oTpakeHHasl COJIHEYHAsl paJAuallns;
Ee — 3] dexTuBHOE H3TyUEHUE.

Tabnuua 1
XapakTtepucTuka BbiGpaHHbIX aHALWadTHLIX KOHTYPOB
ANS U3yYyeHus AUHaAMUKN paavuaumMoHHOro 6anaHca ay60BbIX 3KOCUCTEM
MakpocknoH NanpwadTHbIN Twvn NnecHom 3KOCUCTEeMbI
ypoBeHb CxanbHody608ble Mywucmody6oskie

54. HN3koropHble KyacToBble CUib-  46. MenkoropHoO-KyacToBble
HO pPacCY/IEHEHHbIE BO3BbILIEHHO-  BO3BbILIEHHOCTU C 3apocC-

Hwnakoropbe
CTU ¢ Ay60oBbIMUK lecamu naMm Tuna «ayoku» n pas-
. HOTPaBHbIMMW CTENSIMU
CeBepHblii
71. CTPyKTYpHbIE HAKJIOHHBIE CNAb0o
CoEaHErODbE pacyneHeHHble paBHUHbI C Ay60- _
pen P BbIMW M CMELLUAHHBIMU LUMPOKO-
JINCTBEHHBIMUW flecamm
120. OpO3MOHHOE OBPAXHO-
6anoyHoe CTyneH4YaTo-CKIo-
Huakoropbe - HOBOE HMU3KOropbe ¢ Ay6o-
BbIMW flecaMun 1 Lnbnako-
. BbIMW 3apOCNsSiMU
HOXHbBIN .
92. CpefHeropHbli CTyneH4yaro-
CKJIOHOBBI C BbIXOAAMW KOPEHHbIX
CpenHeropbe nopog B Buae ckan ¢ AyboBbimMu, -
rpaboBo-ayboBbLIMIM NleCamm U IECO-
KYCTapHUKOBBLIMW 3apOCAsSiMU
Table 1
Characteristic of selected landscape contours
for studying dynamics of oak ecosystems radiation balance
Macroslope Landscape level Forest ecosystem type
Quercus petraea forests Quercus pubescens forests
. 54. Low-mountain, cuesta, strongly 46. Small-mountain, cuesta
Low-mountain . ; : «
relief dissected elevations under oak elevations under “dubki” skrubs
North forests type and forb steppe
orthern
. . 71. Structural, inclined, slightly
Middle-mountain . h
relief dlfssected plains under oak and -
mixed broad-leaved forests
Low-mountain 120. Eroded, ravme_-bea_\m step-
relief - sloped low-mountain relief under
oak forests and sheblyak scrubs
Southern 92. Middle-mountain, step-sloped
Middle-mountain  relief with rock outcrop in the form _
relief of cliff under oak, hornbeam-oak

forests and forest-shrub thicket

Pacuetsl mocTymnaromiel COMHEYHOH paJualiy BHIIIOJHEHb! HA OCHOBE JIaH-
HBIX peaHaiu3a o MarepranaM EBponeinckoi opraHu3anuu CIlyTHUKOBOM METEO-
ponoruu (European Organisation for the Exploitation of Meteorological Satellites,
EUMETSAT) [9]. Habop nmannbix mpencraBieH Qaiimamu B popmate netCDF,
UCTIONb3YEMOM /ISl XpaHEHHsI MHOTOCIIEKTPAJIbHBIX JaHHBIX. M3 06a3bl JaHHBIX ObLIN
B3SITHI CPEHEMECSYHBIE [TOKA3aTeI! 10 CYMMapHOM U NIPSMOM COJIHEYHOH paJraliii
¢ 1983 mo 2015 r. lanusle 6butn mpeoOpa3oBansl B hopmat geotiff ¢ n3BieueHrem
uHpopMauK 1Mo TeppuTOprH KpHIMCKOTO MOIYyOCTpOBAa W TPENCTABICHBI B BHIIC
CJIOEB 3a KaXIbpld MecAl Kaxjaoro rona. B mporpamme ArcGIS 10.2 mpu nomorm
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¢ynkuum Raster Calculator ObuUTM paccUMTaHbl 3HAUEHUsI MOCTYIUIEHHS CyMMapHOU
conmHeuHou paguaiu B Kpeimy B cymme 3a roa. Ha oCHOBE MOJTy4YEHHBIX PacTpoB C
nomoreto pynkimu Raster to Point B ArcGIS 10.2 Gbu1 mosmyueH cioit peryssipHoi
CeTH TOUeK ¢ paccrosiuueM Meny Humu 0,05°. Jlasee mo Toukam, KOTOpbIE TIOMAIatoT B
IpeJiesibl pacCMaTpUBaeMbIX KOHTYPOB (Tabi. 1), U3 MOMy4YEeHHBIX paHee KapT MOCTYII-
JIeHHUsI CYMMapHOW COJTHEYHOM paJifialiiy ObUTH U3BJICUCHBI 3HAYCHHUS BEJIMYMHBI CyM-
MapHOU CONTHEUHOH paguanuu. B pesynbrare Ui Kax10ro KoHTypa Obuia chopMHUpo-
BaHa aTpUOYTHBHAs TaOJHWIlA, COZEp)KaIas CBENCHUS O IMOCTYIUICHUH CyMMAapHOW
COJIHEYHOM paJIMaliiy B KaXJ0 TOuKe B Mpejesax paccMaTpuBaeMoro KoHrypa. Ilo-
JTydeHHas Tabnuia Obiia SKcriopTipoBaHa B MS Excel st mocne iy ommx pacyeTos.
OTtpakeHHas paJvalus pacCUUThIBANAch Mo Gpopmye [8]

R=A4-Q,

rae A — anp0e0 3eMHON TTOBEPXHOCTH.

Anp0e0 onpeaesnsioch Mo JaHHBIM, MpuBeaeHHBIM B [10].

Pa3zHoCcTh MeXIy CyMMapHOU U OTpaKeHHOU pajualyei JaeT BeIUYUHY I0-
TJIOIICHHON KOPOTKOBOJIHOBOW paJIMallii, WIH KOPOTKOBOJTHOBOTO PaIHAIlMOHHO-
ro Oananca (Bs).

Db heKTUBHOE U3ITyUCHUE 3¢MHON IOBEPXHOCTH OIPEACISIOCH 10 (hopmyie [§]

E, = E, — 8E,,

rae Es — MOTOK TEIUIOBOTO M3IYUYEHHUs MOJICTUJIAIONIEN TOBEPXHOCTH, HAIIpaBJIeH-
HBIA B CTOpOHY aTtMmoc(epsl; Eqs — MPOTUBOU3IYUYeHHE aTMoc(hepsl; & — OTHOCH-
TeJbHAs U3JTydaTeabHasi ClIOCOOHOCTh MOBEPXHOCTH.

[ToTok TernoBOro MU3aydeHHs MOACTUIAIOIIEH TOBEPXHOCTH, HAIIPABICHHBIN
B CTOpPOHY aTMocdepsl, onpenensics no Gopmyie [8]

E, = 8oT*,

rze ¢ — nocrosiHast Creana — bonbimana; 7 — TeMieparypa Bo3ayxa.

JlanHble MO TemrnepaType Bo3/1yXa ObUIM CT€HEpUPOBAHbI C IOMOIIbIO MPO-
rpammHoro naketa ClimateEU v4.63, noctynHoro no azapecy http://tinyurl.com/
ClimateEU [11], Ha ocHOBE METOI0JIOTHH, ONUCAaHHOU B [12].

Jlnis moMy4eHus: JaHHBIX peaHanan3a ¢ noMousio nporpamMmMel ClimateEU B
nporpamMme ArcGIS 10.2 Ha Tepputoputo KpeiMckoro nomyoctpoBa Obul cO37aH
cioif Touek ¢ paccrostHueM Mexay HuMH 0,01°. C nomomrsio Gpynkuuun X, Y Co-
ordinate JuIst KaKAOH TOYKH OBLIM M3BJICYEHBI KOOPAWHATHI IUPOTHI M TOJTOTHI.
N3 xocmuueckoro caumMka SRTM ObutH mostydeHsl 3Hau€HHsI aOCOIOTHON BBICO-
TBI JUTSI KQKJIOW M3 3aJaHHBIX TOUYeK. JTa 0a3a B TaOIMYHOM BapuaHTe ObLIA Tie-
penecena B MS Exel u noarpyxena B nporpammy ClimateEU, rae ans kaxaoi u3
3aJJaHHBIX TOYEK ObUIa TOydeHa 0a3a MaHHBIX, COAepKaiias MHPOPMAIHUIO O
TEMIIEpAType BO3yXa M0 Mecsiuam 3a nepuon ¢ 1983 mo 2013 r.

Ha ocnoBanmnn momyuensnoro ¢aitna MS Exel B mporpamme Arc GIS 10.2
ObUI TIOCTPOEH TOYEUHBIN wIein-¢pail, copepkamuii aTpuOyTUBHYIO TaOJIUIy C
MOJIyYEHHBIMH 3HAYEHUSIMU CPEIHEMECSUHBIX TEMIIEpaTyp 3a KaKIbld Toj yKa-
3aHHOTO nepuona. MHTepnonsnus noaydyeHHbIX 3HAYEHUH NO03BOJINJIA TOCTPOUTH
CepHUI0 KapT, KOTOpBIe B JajbHeWeM mnpu nomomu ¢yakmun Raster Calculator
YCPEOHSUIACH IO CPEIHETOJJOBbIX.
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Jlanee s KaXJ0ro U3 pacCMaTPUBAEMBIX KOHTYPOB OBUIM TOJYYEHBI aT-
pI/I6YTI/IBHI>Ie Ta6J'II/IHI)I, COACPpIKAIMEC OAaHHBIC IO TEMIICpATypaM B TOYKaAx, I1OIa-
JAIOMINX B TIPEENbl paCCMaTPUBAEMbIX JaHAMA(THBIX KOHTYPOB.

[IpoTuBouznyuenue arMmocdeps! onpeaesiocs mo Gopmyne /. bpenra:

E, = 8cT*(a’ + b/e),

rae a' =1 —a; an b —s3MnupuyYecKre KOHCTAHTBI; € — MapluaibHOE JTaBICHUE BO-
JSTHOTO T1apa.

Cornacno M.E. bepnsan u T.I'. bepnsuna [8], a = 0,39; b =0,058.

C uenblo onpezeneHus BeIMYNH NaplUuaJbHOrO 1aBJI€HUS BOASHOIO mapa
ucnosib3oBajgachk 0aza qaHHbIX peaHann3a MERRA-2, kotopas mo3Bosser nmomy-
YUTh JaHHbIE 110 BHIOPAHHOM TOYKE B MPOCTpAHCTBE. J[aHHbIE T€HEPUPYIOTCS CH-
creMoil cpa3y B (aiin MS Excel. Ha ocHOBe MOTy4eHHBIX JaHHBIX O CpeaHEMe-
CSIYHBIX 3HAYCHUSX OTHOCHUTEIBHOW BIIAXXHOCTH BO3/yXa U aTMoc(hepHOro nasie-
HUS B Npejesax paccMaTpUBaeMbIX KOHTYPOB OBbUIM pacCUMTaHbl 3HaYEHUs Map-
LHAAJIBHOTO JAaBJIEHUS BOASHOIO Mapa.

Pe3ynbTaTbl UCCNIeA0BaHNI N X 00cyXXaeHue

CrtpyKTypa paJIualMOHHOT0 OajlaHca pacCMAaTPUBAEMBIX JIECHBIX IKOCHCTEM
npeacTasieHa B Tabi. 2. J[s BceX paccMaTpUBAaEMBIX JIECHBIX 9KOCHCTEM Xapak-
TEPEH IMOJIOKUTEIFHBINA paJINallIOHHBIN OalaHC, KOTOPBIN CHIDKAETCS C yBEeJInde-
HUEM BBICOTHOTO PACIIONIOXKEHMS JIECOB HA CEBEPHOM MaKpOCKIIOHE. {7151 0’KHOTO
MaKpOCKJIOHA HaOIronaeTcst oOpaTHas KapTHHA — F0KHOOEPEKHbIE HU3KOTOPHBIE
MYIIACTOyOOBBIE JIECHBIE IKOCUCTEMBI XapaKTepU3YIOTCsS 3HAYMTENIBHO OoJiee HU3-
KHMU 3HAUYCHHUSMU BEJIMYUH PaJUallMOHHOrO OanaHca, M0 CPaBHEHUIO C OCTAJIbHBIMU
paccMaTprUBaeMbIMU KOHTYypaMH. DTO 00bscHseTcs psigoM pakTopoB. OCHOBHOM
Cpeau HUX — MPOCTPAHCTBEHHAS TU(PepeHIanus NojIeid CyMMapHOH COTHEYHON
pagvauuy HaJ TeppuTopuedl KppIMCKOro moiayocTpoBa — MakCHMaJbHBIE 3HAYe-
HUS TIOCTYIUIEHUsI cofHEeYHOM paguanuu B Kpbimy xapakrepHbl He ans FOxHOro
6epera Kpbima, a /i 3amaiHOro nodepexbs. 30Ha paclpoCTpaHEHHs! MyIIUCTO-
TyOOBBIX COOOIIECTB, XapaKTEPU3YIOIIASICS MAKCHMATLHOMN TIIOIMIAIBI0 0e3 nedpar-
MEHTAlLMK B ITpocTpaHcTBe XapakrepHa ais KOro-Bocrounoro Kpeima, rae u pac-
roJlaraeTcsi BRIOpaHHbIH B paboTe anamadTHbI KoHTYp. Kpome Toro, mis FOro-
Boctounoro Kpeima cymiectByer 3¢ ¢eKT 3aTeHEHHUs] COJIHEYHOM paauarnuen ot
I'maBHOM rpsasl KpbIMCKHMX TOp, 4TO TaKKe CHUXKAET KOJIMYECTBO MOCTYIIAOIIECH
COJIHEYHOM paJivallii U, COOTBETCTBEHHO, BEJIMYUHBI PAJAHALMOHHOTO OanaHca.

Tabnuuya 2

PaguaumnoHHbiii 6anaHc akocuctem ay6oBbix niecos Kpbimckoro nonyoctposa, MIx/m>rop,
[Table 2. Radiation balance of oak forest ecosystems of the Crimean peninsula, MJ/m*year]

Ne KopoTkoBonHoBas pagnauus ANMHHOBONHOBAasA pagnauns
Korﬂgpa [Shortwave radiation] [Longwave radiation] B

cor[Itours] Q R Bs Es Ea E.
46 5095,0 917,1 4177,9 11586,2 9135,7 2450,5 1727,4
54 5061,2 911,0 4140,9 11475,6 9021,2 24544 1686,5
71 4711,3 848,0 3863,3 11308,8 8805,3 2503,3 1359,7
92 5227,2 940,9 4286,3 11385,6 8922,7 2462,9 1823,5
120 4979,8 896,4 4083,4 11559,1 9120,2 2438,9 1644,6
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MakcumanbHble 3HAYeHHs JIEMEHTOB paJUalliOHHOTO OanaHca XapakTep-
HBI JUIsSl CPETHETOPHBIX CKaJIbHOAYOOBBIX JIECOB I0KHOTO MAaKpOCKJIOHA, YTO 00b-
SCHSIETCS BBICOKMMHU 3HAYEHUSIMU KPYTHU3HBI penbeda B 30HE UX MPOU3pacTaHMUs,
OTpeAeNsIoNIeH BRICOKME 3HAUeHUsI CYMMAapHOW COJTHEYHON pajualvu U MpaKTH-
YECKH MOJTHOTO OTCYTCTBUS d(h(heKTa 3aTCHEHUS M 3aKPBITOCTH CKIOHOB.

Jls Bcex paccMaTprBaeMbIX JIECHBIX HKOCHCTEM XapaKTepHbI BHICOKHE 3Ha-
YeHHs] BEJIMYMH IOTOKA TEIUIOBOTO W3IMY4YEHUsS MOJACTUIIAIONICH MOBEPXHOCTH,
HaTpPaBJICHHOTO B CTOPOHY arMocdepsl, 9To OOBICHSETCS ero (OpMHUPOBAHHEM
HE CTOJIBKO 3a CYET MPUXOAsield KOPOTKOBOJIHOBOM pagualvy, CKOJIbKO IIUPKY-
JSIME BO3YIIHBIX Macc HaJl KpBIMCKUM MOITYOCTPOBOM.

SBnstsAchk GyHKIMEH OT MPUXOISAIIEH CyMMapHOM COTHEUHOH paIfalliy, a TAKKe
LUUPKYJSIUHA BO3AYIIHBIX MAacC Ha PErMOHAIBHOM M JIOKAJIbHOM YPOBHSX, TEILUIOBOI
MOTOK OT 3€MHOI MOBEPXHOCTH KOMIIEHCUPYETCSI MPOTHBOMIITYUYECHUEM aTMOCHEpHI,
BBIPaBHUBAs 3HaYCHUs d(PEKTUBHOTO M3MydeHus. B pesynbrate 3HaueHus 3¢ ¢ex-
TUBHOTO M3ITyYEHHSI 3aKOHOMEPHO BO3PACTAIOT C MOBBIIICHUEM BBICOTHOTO YPOBHS
KaK Ha CEBEpHOM, TaK U Ha F0)KHOM MaKpockJoHax KpbIMckux rop.

BrlisiBneHHbIE 3aKOHOMEPHOCTH OTPa)Kat0T CPEAHEMHOT0JIETHEE YCPEIHEHNE
3HAYeHUN 3JIEMEHTOB paJuallMOHHOIo OajlaHca 3a paccCMaTPUBAEMBIX MEPHUO.
Bwmecte ¢ TeM ¢ TOUKH 3peHUs] U3yUEHUs! PEaKIUU JIECHBIX YKOCHCTEM Ha KIMMa-
TUYECKHE MU3MEHEHMs] UHTEPECHBIM SIBIISIETCS aHAIM3 MEXKI0JI0OBOW JUHAMHKHU Be-
JUYMH paguanMoHHOro OanaHca A KaXJ0ro pacCMaTpUBAEMOro THIA JECHBIX
IKOCHUCTEM.

I'pacdmaeckn n3meHeHne paMaMoOHHOTO OajaHca Ha pacCMaTPUBAEMBIX KITFO-
YEeBBIX YYacTKax Moka3zaHo Ha puc. 1 u 2. 3a nepuox ¢ 1983 mo 2013 r. paguarmon-
HBIA OanaHC MyIIMCTOTYOOBBIX JIECOB HU3KOTOPBS CEBEPHOTO MaKpockioHa KpbiM-
ckux rop mamensuics ot 1401,1 mo 2020,2 M JIx/M% Tox. Cpennee 3HaYeHHUE CO-
crasuino 1727,4 MJIx/m?-Toa. Bo BpeMEHHOM psjie OTUETIMBO TPOCIEKHBAIOTCS
nBa neproga — ¢ 1983 mo 1997 r. u ¢ 1998 no 2013 r., YTO COOTBETCTBYET IPaHULIC
LUPKYJSILUOHHBIX [IEPUOJIOB B MPEENIaX MEPUANOHATIBHON FOKHON UPKYJIIMOHHON
snoxu CeepHoro nosymiapus [ 13]. Ilpu aTom, ecnu cpaBHUBAThH NIEPBBINA MEPUOJT CO
BTOPBIM, HaOIIOAAETCsl pOCT paJuallMoHHOrO OanaHca. B mepBbIil mepuoa cpeaHee
3HaueHue coctasnser 1621,8 MJlx/mM* oz, a Bo BTopoit — 1826,4 Mlx/m?* rox. O6-
UM TpeH I paJualiOHHOro OajaHca HalpaBlieH Ha MOBBIIICHUE, IPUYEM B TIEPBOM
MIEPUOJIE CPETHETOA0BbIC KONeOaH s paiallMOHHOTrO OanaHca 3HAaUUTEIbHBIE U MO-
I'yT JOCTUTATh OT Tofa K roay 350-400 M/Ix/M? To/, B TO BpeMs Kak BO BTOPOM
nepuojie HabmomaeTcs Oosee TUIAaBHBIM X0 paJUallMOHHOTO OajaHca W M3MEHe-
HUA OT ToJa K roay coctasisitorT 200-250 MJIx/M? Tox 6€3 3HAUUTETbHBIX pe3KUX
kosebanmii. Ecni paccMatpuBath TiepBBIi Tiepro, To K 1997 1. HabmomaeTcst TpeH |
Ha HE3HAYUTEJIbHOE YMEHbBIICHNE PaIualliOHHOTO OallaHca, a BO BTOPOM MEPHO/e
TPEH]I Ha €T0 3HAUUTEIbHBIN POCT.

Paguanuonsslii OanaHc mymmcToyOOBbIX JECOB HU3KOTOPhS 0KHOTO MaKpo-
ckioHa KpsiMckux rop 3a nepuofn ¢ 1983 no 2013 r. usmensics ot 1310,6 no
1923.4 M]lx/m> ron. Cpenuee 3HaueHue coctaBuino 1644,6 MJx/m>-rox. Bo Bpe-
MEHHOM psiJie paJualiOHHOro OallaHca MyIIMCTOTYOOBBIX JIECOB FKHOTO MaKpo-
ckioHa KpbIMCKHX rop, Tak e KaK U CEBEpHOTO MaKpOCKJIOHA, IPOCIC)KUBAETCS
JIBa BPEMEHHBIX Neproga. OTrnpaBHOW TOUKON paszaena ciyxut 1998 r. Eciu o

206 GEOECOLOGY



T'opoynos P.B. u dp. Becrank PYJTH. Ceprst: Dxonorus u 6e3omacHocTs sxu3HenesTensHocty. 2020. T. 28. Ne 3. C. 201-212

1998 r. pagnanroHHBINH 6aNaHC U3MEHSUICS 3HAYUTEIHHO C OONBIINMHU Tepernaa-
MU 3HAYCHHIA, TO TIOCJIE XOJ[ KPHBOW PaTUAIMOHHOTO OajaHca CTaHOBHTCS OoJjee
CTJIaXEHHBIM U HAOMIOIaeTCsl TEHACHIMS K €0 YBeITMUeHHIO (TIPeo0IaialoT CpeiHe-
rojioBsie 3HaueHus 6omnee 1600 MJIx/m? rox). IIpu aToM mymucToay60BEIE Jeca
HU3KOTOPbS FOKHOTO MakpockioHa KpbeIMCKMX rop MMEIOT pagualuoOHHBINA Oa-
JIAaHC, KOTOPBIM BBINIE PAJUAIMOHHOTO OajaHca MyIIMCTOAYOOBBIX JIECOB CEBEP-

HOro MakpockioHa KpeiMckux rop B cpeaneM Ha 100 MJIx/m? rog.
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Puc. 1. PacnpeneneHve rogoBbix nokasaTtenein pagualnoHHoro 6anaHca
Ha TeppuUTOpPUM KJItoUEBbLIX y4acTkoB 3a nepuog ¢ 1983 no 2013 r.
[Figure 1. Distribution of annual indicators of radiation balance
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3a mepuon ¢ 1983 mo 2013 r. panuanroHHbIi O6amaHC CKATbHOTYOOBBIX JIECOB
HU3KOTOphsl CEBEPHOro MakpockioHa Kpeimckux rop msmensuics ot 1417,5 no
1981,5 MJI:x/m?-Ton. CpenHee 3HadeHHe cocTaBuio 1686,5 MJIx/mM? roa. Aranus
BPEMEHHOTO psiia TAK)KE MOKa3bIBAET HAJIMUME ABYX NeprooB. B nepuon ¢ 1983 no
1997 r. cpenHee 3HaYEHHE PaMALMOHHOTO OanaHca coctapisier 1574,2 MJx/M> rox,
a B nepuona ¢ 1998 mo 2013 r. — 1791,8 MH)K/Mz'FO,Z[, YTO NMPaKTHUYECKU Ha
200 MJTx/m*Tox Gonbiue. IIpu 5TOM, €l paccMaTpHMBaTh MEPBIA MEPHOJ, TO
JUTSL KITFOYEBOTO yYacTKa HauOOJIbIIee KOJWYECTBO 3HAYCHUH paJuallioOHHOro Oa-
JIaHCA MPUXOAUIIOCH Ha AWana3oH 3HadeHuit ot 1450 mo 1500 MIL}K/MZTOIL (pu
CpelHeM 3HaY€HHUH 3a NepBbIii mepuona 1574,2 MJx/M? Tox), a BO BTOPOM MEPHOJ
Ha uana3oH 3HaueHuit ot 1850 10 1900 MJIx/M? ros (Ipy cpeiHeM 3HAYEHUH 32
BTOpoit meprox 1791,3 MJx/m? rox).

PanunanmonHslif 6ananc ckaabHOIYOOBBIX JIECOB CPEAHETOPhS CEBEPHOTO
Makpockiiona Kpeimckux rop 3a nepuop ¢ 1983 no 2013 r. uzmensuics ot 1011,1
1o 1594,3 MJIx/m>-ron. CpenHee 3HadeHue coctaBmio 1359,7 MJ[x/M> Toz.
Ha nannom kitoyeBOM yuyacTke 3a)UKCHPOBAHBI CaMble HU3KHE 3HAUCHUS pajua-
nuoHHOTO Oananca. HauOosnbiiee KoMuecTBO 3HAYCHUHN MPUXOIUTCS Ha JUara-
30H 3HaueHuil ot 1450 no 1500 M,H)K/Mz'l“o,[[. [Ipu 3TOM Takke BBIIEIAIOTCS JBA
Meproja ¢ pa3TUYHBIMU XapaKTePUCTUKAMH 3HAYCHUN paJdalliOHHOTO OaliaHca.
Cpennue 3HaueHUE paJuallMOHHOTO OanaHca i KIF0YEBOr0 y4acTKa 3a MepBbIN
nepuoa coctasiuser 1254,5 MJIx/m?-rox, a 1s Broporo — 1458,4 MJIx/M? Tof.

3a mepuox ¢ 1983 mo 2013 r. paguanMoHHBIN OalaHC CKaIbHOAYOOBBIX Jie-
COB CPEIHETrOpbsl I0’KHOT0 MakpockiioHa KpeiMckux rop usmensuicsa ot 1502,6 no
2115,5 MJIx/m* ron. Cpennee 3Hauenue coctasuno 1823,5 MJIx/m>-roa. B ot-
JMYKe OT BCEX BHIIIEPACCMOTPEHHBIX KITFOUEBBIX YYACTKOB CKAIbHOIYOOBBIE Jeca
CPEIHETOPhs F0KHOTO MaKpOCKJIOHA KpBIMCKHUX TOp XapakTepu3yrTCs HauOOJb-
TUMHU 3HAaYEHUSMH pauallmOHHOro OajaHca, KOTOphIe 3a paccMaTpUBaEeMBbIi Tie-
puon npesbimaroT 1500 MJIx/M? Toa. 3a paccMaTpUBaeMBblii TIEPUO.] TPEHL PajIu-
aIlMOHHOTO OaslaHca HaIpaBJieH Ha YBEJIMUCHHUE.

3aknyeHue

B pe3ynbpTrare npoBeeHHBIX UCCIEAOBAHHM MOIyUYeHbl CPETHEMHOTOJIETHHE
BEJIMYMHBI PaJMallIOHHOr0 OanaHca yOOBBIX JIECHBIX 3KocHcTeM KpbIMckoro momy-
OCTpoBa. BhIsIBIEHBI OCOOEHHOCTH MPOCTPAHCTBEHHOM MuddepeHnmanum paauam-
OHHOTO OajyaHca JyOOBBIX JIECHBIX SKOCHCTEM B 3aBUCHMOCTH OT MX HMPHYpPOYEHHO-
CTU K JaHAA(THOMY YPOBHIO — CHIDKEHHE 3HAUEHHH DJIEMEHTOB PaJHalliOHHOTO
OaylaHca ¢ yBEIMUCHHEM BBICOTHI Ha CEBEPHOM MAaKpOCKIOHe KpbIMCKHX rop n 00-
patHbIi 2P deKxT Ha I0KHOM MAKPOCKIIOHE, 00YCIIOBICHHBII POCTPAHCTBEHHOM U -
(dhepeHnmaryel moiei cyMMapHoOn COTHEYHOH paguarmu B KpeiMy. YkazaHHBIH d¢-
(bexT dhopmupyeT Oosiee HU3KHE 3HAYCHUS PAIMALIMOHHOTO OajlaHca y HU3KOTOPHBIX
MYIIHCTOAYOOBBIX COOOIIECTB IO’KHOTO MAaKPOCKJIOHA, 10 CPABHEHUIO C aHAIOTUYHBI-
MH SKOCHCTEMaMHU CEBEPHOIO MaKpOCKJIOHA, Teorpadusi pacipocTpaHeHUs] KOTOPBIX
npHypoYeHa K 3amagHoMmy cekropy [Ipenropbs, nomamaromemMy B 30Hy MaKCHMalb-
HBIX CPEJHEMHOTOJIETHUX 3HAYEHUM CyMMapHOH COJTHEYHOH paauanuu B Kpbimy.

BrIBI€HO, YTO MAaKCMMAaJIbHBIMU BETMUYMHAMH 3JIEMEHTOB PaJHalliOHHOTO
Oanmanca o0JIATaI0T CPEeTHETOPHBIE CKATLHOYOOBBIE YKOCHCTEMBI F0KHOTO MaKpO-
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CKJIOHA, 4TO 00YCIIOBJICHO BBICOKMMM 3HAUYEHUSIMH KPYTU3HBI peibeda B 30HE UX
(GhOopMHUpPOBaHUS M TPAKTUYECKU IIOJHBIM OTCYTCTBHEM 3(P(EKTOB 3aTeHEHHs U
3aKpBITOCTU CKJIOHOB.

B MexronoBoit TuHaMMKe BEIMYUH paJuallMOHHOro OanaHca BO BCEX pac-
CMAaTpUBAeMbIX PKOCHCTEMAaxX YyCTAHOBJIEHBI JBa Mepuoja: 10 koHua 1997 r. u c
Hayana 1998 1., 4To corjacyeTcsi CoO CMEHOW MUPKYJSAIUOHHBIX ieprooB Ceep-
HoOro nosymapus. [t kax10il U3 paccMaTpuBaeMbIX SKOCHCTEM BBISIBIIEHBI OCO-
OCHHOCTH M3MEHEHUS BEJIMYUH PaJlaIlliOHHOTrO OaraHca MpH CMEHE IUPKYJISALHU-
OHHBIX Nepuo0B. OnpeneneHo, yTo B nepBblil nepuox — ¢ 1983 o 1997 r. — 3na-
YEHUs paJuallMOHHOTO OajaHca HAMHOTO HUYXKE, YeM BO BTOpOU mepuoa — ¢ 1998
1o 2013 r. Kpome Toro, BTopoii neproj XapakTepu3yeTcs 3HaUUTEIbHBIM POCTOM
BEJIMYUHBI PAJAMAIMOHHOTO OajlaHCca BO BCEX PACCMaTPUBAEMBIX SKOCHCTEMAX.

Baaropapnoctu u ¢puHaHcupoBanue. Pabora Beimonnena B pamkax HUP ©UL] MHbIOM
(perucrpanuonnsbiii HoMep: AAAA-A19-119061-190081-9).
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The radiation balance of
oak forest ecosystems of the Crimean Peninsula

Roman V. GorbunovZ, Tatyana Yu. Gorbunova,
Vladimir A. Tabunshchik, Anna V. Drygval

A.O. Kovalevsky Institute of Biology of the Southern Seas of RAS,
2 Prospekt Nakhimova, Sevastopol, 299011, Russian Federation

PN karadag_station@mail.ru

Abstract. Studying the response of forest ecosystems to climate change is one of the
urgent tasks of modern ecology. Regional manifestations of global climate change lead to
special reactions of forest ecosystems. The main source of energy for all processes in ecosys-
tems is solar radiation. It starts all the processes of transformation of matter, energy and in-
formation in the ecosystem. A change in its income leads to a restructuring of the ecosystem
functioning system. For the Crimean Peninsula today the response of forest ecosystems to
climate change remains poorly studied. This determines the relevance and purpose of this
work. On the base of the landscape-typological map of the Crimean Peninsula, open reanaly-
sis databases, and GIS modeling, the elements of the radiation balance of the oak forest eco-
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systems of the Crimean peninsula are estimated under the conditions of modern climate
changes. The basic laws of the radiation balance formation of oak forest ecosystems and the
features of its interannual dynamics are shown.

Keywords: radiation balance, forest, oak forest, oak forest ecosystem, Crimean Penin-

sula, Crimea
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OCc006eHHOCTU HAaKOMJIeHNS TAXe biX MeTaJlJIOB U MbiLLbsAKa
B JIEKAPCTBEHHOM PaCcTUTEJIbHOM CbIpbe
TbICS4E€JINCTHUKA OObIKHOBEHHOro, COOpaHHOro
B yp00- u arpoououeHo3ax BopoHeXckon oonactu

H.A. IbsikoBa

Bopoueoicckutl cocyoapcmeenmbiii ynugepcumem,
Poccutickas @edepayus, 394018, Bopoueoc, Yuusepcumemckas ni., 0. 1
P Ninochka V89@mail.ru

AnHoTanmst. BopoHexckast 001acTh — OJIMH U3 BOKHEUIIMX PETHOHOB 3eMIICCITHS U PacTe-
HHeBOICTBA. LIeNbio MCCenoBaHus aHAIN3 3arPSI3HEHHUS] TSDKEIIBIME META/UTAMU U MBIIIBIKOM Jie-
KapCTBEHHOTO PACTHTENBHOTO CHIPBSI Ha TIPUMEPE TPABBI THICSISIMCTHUKA OOBIKHOBEHHOTO, 3ar0-
TOBJICHHOHM B Pa3M4HBIX ypOO- U arpodkocucreMax Boponexckoir oonactu. HccnemnoBanue ocy-
IIECTBIUIOCH 110 (PapMaKOIMEHHBIM METOIHKAM C HCIIOJIb30BAaHUEM aTOMHO-a0COPOIIMOHHOTO CIIeK-
tpomerpa MI'A-915M/I. Onpenensiin KOHIIGHTPAIIMN CBUHIIA, PTYTH, MBIIBSIKA, HUKEIS, Ka MU,
Meqr, KoOanbTa, IHKA, XpoMa B 51 o0pasne pacTHTENBHOro ChIpbs. CpaBHEHHE JaHHBIX O CO-
ACPIKaHNTIO N3Yy4Ya€MbIX 3JIEMEHTOB B IIOYBaX PETUOHA U KOHIEHTPAIMX UX B TPABC ThICAYCIIMCTHUKA
OOBIKHOBEHHOTO ITO3BOJISICT YTBEP)KAATh O HAMYHMH (DHBHOJIOTHYSCKUX 0aphepoB, MPENSTCTBYIO-
[IMX HAKOIUICHUIO TOKCUYHBIX BEIIECTB B PACTECHUH, YTO OCOOCHHO 3aMETHO JUIS CBHHIIA, KaJIMUS,
PTYTH, MBIIIBSIKA, KOOATbTa U XpoMa. ThICSUETMCTHUK OOBIKHOBEHHBIN H30MPATEbHO aKKyMYJIH-
PYET Melb U IMHK, €CITH UX COJCPXKAaHHUE B OKPYXKAoIIeH cpelie HIKe JKU3HEHHO HEOOXOIMMOro
ypoBHs. Ha ocHOBaHWMH TPOBEICHHBIX MCCICAOBAHMN MOYKHO IPEIIIONAraTh, YTO B YCJIOBUSX aH-
TPOMOI€HHOTO BO3/ICWCTBUS HA CpEly OOWTAHHS THICSYCITUCTHUKA OOBIKHOBEHHOTO B PE3YJIBTAaTe
JeiicTBIS 0TOOpa B YCIIOBUSIX TEXHOTCHHOTO 3arps3HEHNUSI BHEIITHEH cpelibl M MPOSIBICHUS a/jalTa-
MM K STHM YCJIOBHSIM IIPOMCXOANT (hopMHUpOBaHKe ero sxadorrma. PesynsraTsl nccienoBaHmii
TaKKE MOKA3AIM, YTO UMEET MECTO 3HAYUTENBHOE 3arpPS3HEHUE TPABbI THICSYCITUCTHUKA OOBIKHO-
BEHHOTO a3pO30JILHBIM ITyTeM (B YaCTHOCTH, CBHHIIOM, KaJIMUEM, HHKEIIEM, XPOMOM, KOOAITBTOM),
YTO HEOOXOAMMO YUUTHIBATH TIPH OLICHKE KadeCcTBa JAHHOTO BHJIA JIEKAPCTBEHHOIO PACTHTEIHHOTO
CBIPBS ¥ TUTAHUPOBAHUH MECT €TI0 3aTOTOBKH.

Ki1ioueBble cj10Ba: THICSYEIMCTHUK OOBIKHOBEHHBIM, CBUHELI, MBIIIbSK, HUKEIb, IIMHK, ME/Ib

BeBeneHue

JlexapcTBeHHBIE TIpenapaTbl Ha OCHOBE JICKAPCTBEHHOTO PACTUTEIILHOTO CHIPhS,
HACUUTHIBAOIINE HA CETOHSAIIHUM IeHb Ooree 6,5 ThIC. HAMMEHOBAHUH, MONIB3YIOT-
Csl BBICOKUM CIIPOCOM B CHITy OTHOCUTEIIbHOM O€3BPEIHOCTH M XOPOIIETO TePareB-
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THYeckoro 3Qpdekra. bompbias q0ms 3aroTOBOK PaCTUTENBHOTO ChIPhs pacIoioKeHa
B €BpoIercKoi yactu Poccnu, JUisi KOTOpOH XapaKTEpHbI 3HAYUTEIIbHASI ITIOTHOCTh
HACEJICHNs, BBICOKAs! aKTMBHOCTD XO3MCTBEHHOM JIESITENIbHOCTH, Pa3BUTHE TPAHCIIOPT-
HBIX MarucTpajiei, B CBSI3M C YEM YBEIWYMBAETCS Yrpo3a cOOpa pacTUTENLHOIO Chl-
Pbsl B SKOJIOTMYECKU HEOIAronpusITHBIX paiioHaX U BO3PAcTaeT aKTyaJbHOCTh BBISB-
JICHUS! BIIMSIHUSI aHTPOTIOTEHHOTO 3aTrPsI3HEHUS HA XMMUYECKUH cocTaB pacTeHui [1].

TricIuenucTHUK OOBIKHOBEHHBIN (Achilléa millefolium 1L.) — MHOTONETHEE
TPABSIHACTOE PACTEHHE, OKA3BIBAOIIEE BBIPAKEHHOE KPOBOOCTAHABIMBAKOILIEE, ITPO-
TUBOBOCIIAJINTEIIBHOE M aHTUCENTUYECKOE NCUCTBHE. SIBIISETCSI CHHAHTPOIHBIM BH-
JIOM, ChIpb€ KOTOPOIO 3arOTaBIMBAETCS U3 AUKOPACTYILUX 0cOOeH. ThICAUETMCTHUK
OOBIKHOBEHHBIH, Oarofapst XOpoIo pa3BUTON pa3BETBICHHON KOPHEBOH cucTeMe,
Xopomio HakarBaeT (ochop, Menp, UHK, TTO3TOMY 4acTO HCIOJIB3yeTcs B Kaue-
CTBE CBIPbS JJIs1 BBICOKOITUTATENBHOTO yA00peHus B cafgoBoacTse. [1o 3Toii e npu-
YHMHE JAHHOE PACTEHUE UCIIOJIB3YIOT AJIsl OUMCTKHU II0YB OT TSHKEIIBIX METAIIOB [2—4].

Llenpro uccienoBanys sABISIOCH U3YUYECHUE 3arPA3HEHUS MBIIIBSIKOM U TSKE-
JBIMU METaJUIaMU JIEKAPCTBEHHOT'O PAaCTUTENBHOIO Chipbs BopoHexckoi obmactu
Ha MpHMEpEe TPaBbl THICSYEIUCTHUKA OOBIKHOBEHHOI0, COOpPaHHOH B pa3iIMYHbIX
yp0o- 1 arposKocucTemMax.

MaTtepuanbl u meToabl

Br100op nccnemyemMbIx pailoHOB 00YCIIOBIICH XapaKTEpOM CIEeI(UIECKOTo aH-
TPOMOTEHHOTO BO3/ICHCTBUS Ha HUX (PUCYHOK M TaOJIHIIA).

Amnanu3 00pas1oB TPaBbI THICSUEIUCTHIKA OOBIKHOBEHHOT'O OCYIIECTBIISIICS
no (hapmakoneitHbIM MEeTOIMKaM Ha 0a3e aTOMHO-a0COPOLMOHHOTO CIIEKTPOMET-
pa MI'A-915M/] [2]. Onpenensnu coaepxaHue HanOoIee TOKCUYHBIX 3JIEMEHTOB:
KaJMusl, PTYTH, CBUHIIA, MBIIIbSIKA, HUKEJ, KOOAIbTa, IIMHKA, XpOMa U MEJIH.

Pe3ynbTaTbl M 06CYyXAEHUE

ConeprkaHue TSHKEIBIX METAJUIOB M MBIIIbSKA B 00pas3iiax TPaBbl THICSUEITUCT-
HUKa OOBIKHOBEHHOTO, COOPAHHBIX Ha W3Y4YaeMbIX TEPPUTOPHSIX (PUCYHOK), MPe/-
CTaBJIEHO B Ta0OJIHIE.

ConeprxaHre CBUHIIA BO BCEX OTOOPAHHBIX 00pasliaX TPaBbl THICSYECTHCTHUKA
OOBIKHOBEHHOT'O HE IMpEBBIIIaia yCTAHOBJICHHBIH (hapMaKoNeiHol cTaTbel Yrcio-
BOI1 mokazarenb B 6 Mr/kr [2]. KoHIeHTpaIysi JaHHOTO 2JIEMEHTa B CBIPhE, COOpaH-
HOM Ha KOHTPOJIBHBIX TePPUTOpHsX, BappupoBasia oT 0,22 mo 0,32 Mr/kr, mpu 3TOM
B CHIPbE U3 OCTAJILHBIX PAlOHOB, MOABEP>KEHHBIX aHTPOTIOTEHHOMY BO3ACHCTBHUIO,
cozepxkaHue Metauia konebanoch ot 0,25 1o 2,37 mr/kr. KoHueHTpamus si1eMeH-
Ta B [0YBAaX PallOHOB, B KOTOPHIX MPOU3BOAWICA cOOp 00pa3LoB, OTMEUEHA Ha
ypoBHe oT 1,71 mo 34,57 mr/kr [5]. CBsi3aTh JOCTaTOYHO HHU3KOE HAKOIUICHHE
CBUHIIA B HA/JI3€MHOW YaCTH THICSYETUCTHUKA OOBIKHOBEHHOTO MOYKHO C TE€M, YTO
COGZIMHEHUSI €r0 MaJlopaCTBOPUMBI, COOTBETCTBEHHO, €ro OMOJOCTYHNHOCTH JJIs
pacteHusi orpanndeHa. Kpome Toro, BO3MOXXHO MPEIOI0KHATh HAINYHE (HU3HO-
JIOTHYECKOro Oapbepa B paCTeHHH, MPEMSITCTBYIOLIETO HAKOIUICHUIO JAHHOTO (PUTO-
TOKCHKAHTA, BBI3BIBAIOIIETO B OOJIBIIIOM KOJMYECTBE BBIPAXKEHHOE MHTHOMpOBa-
HUE TPOIIECCOB POCTa U pa3BUTH pacTeHus [6—8]. I arpoOHOIIeHO30B OTMeUe-
HBI MEHEE 3HAYHUTENbHBIC KOHIIEHTPAIIMHA CBUHIIA B TPABE THICSYEINCTHUKA OOBIK-
HoBeHHoro (0,25-0,39 mr/kr), ans yp6oOuoieHo30B — 0ojiee 3HAYUTEIbHBIC.
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[Ipu sToM HambonbpmIve KOHIEHTpanuu Meramia (6onee 1,0 MI/Kr) oTMEUeHBI
Ut 00pas3ioB, coOpaHHBIX BOMM3HM xumudeckux npeanpusatuii (000 «Cubypy,
OAO «Munynobpenus», OO0 «bopMaiy), B ropogax ¢ pa3BUTONH HHPPACTPYK-
typoit (Kanau, bopucornedek, Boponex), BOaM3u a’ponopra, BI0JIb U Ha yjane-
Huu 100-200 M oT aBTOTpacc, BAOJIb KEJIE3HOW AOPOrd. B CBS3M C 3TUM MOYKHO
MPETOI0KHUTh 3HAYUTEIFHOE adPO30JIbHOE 3arpsi3HEHUE CBUHIIOM TPaBBI THICS-
YEMMCTHUKA OOBIKHOBEHHOT'0, COOpaHHOTO B ypOOOMOIIeH03ax (BEPOSTHO, OT BbI-
XJIOMTHBIX TA30B TPAHCIIOPTA, BBIOPOCOB MPOMBIIIIIEHHBIX TPEANpUiTuii) [9].
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Puc. Kapta ot60pa 06pa3uos:
1-3 — 3anoBefHblEe TEPPUTOPUN (KOHTPOJSIb AJ1S1 CPABHEHWS); 4 — 30HA 3HAYUTENIbHOrO MECTOPOXAEHUSI HUKENEBBIX Py,
5-7 — paiioHbl, HAXoAALMECS B 30HE PAAMOAKTUBHOIO 3arpsi3HeHMs Nnocne aBapumn Ha YepHoGbinbekoii ASC;

8 — atomHas anekTpocTaHuust (ASC) B HOBOBOpOHEXE; 9 — BbICOKOBOJILTHLIE NIMHUM anekTponepeaay (BJ13);
10—22 — painoHbl aKTUBHOIO BEAEHWUS CENTbCKOr0 XO3ANCTBA; 23, 24, 28 — XMMUYECKNE NMPOMBbILLIEHHbIE NPEONPUATUS;
25, 26 — manble ropoga (Bopucorne6ek n Kanay cooTBETCTBEHHO); 27 — TennoanekTpoueHTpanb (TOLL);

29 — BopoHexckoe BogoxpaHunuiie; 30— MexayHapoaHblii asponopT umenn Metpa |; 37 — ynnua OumuTpoBsa (BopoHex);
32 - Tpacca M4 «[loH» (necHas 30Ha); 33 — Tpacca A144 «Kypck — CapaTtoB» (necocTenHas 30Ha);

34 — Tpacca M4 «[JoH» (cTenHas 3oHa); 35 — npocenoyHas aBToOMOOUIbHasA A,0porasi Manol 3arpy>XeHHOCTw;

36 — xenesHas gopora
Figure. Sampling card:

1-3 — protected areas (control for comparison); 4 — zone of a significant deposit of nickel ores;

5-7 — areas in the zone of radioactive contamination after the Chernobyl accident;

8 - nuclear power plant (NPP) in Novovoronezh; 9 — high-voltage power transmission lines (VLE);

10-22 - areas of active agriculture; 23, 24, 28 - chemical industrial enterprises;

25, 26 — small towns (Borisoglebsk and Kalach respectively); 27 - combined heat and power plant (CHP);

29 — Voronezh Reservoir; 30 — Voronezh Peter the Great Airport; 37 — Dimitrova Street (Voronezh);

32 - highway M4 “Don” (forest zone); 33 — highway A144 “Kursk — Saratov” (forest-steppe zone);

34 — M4 highway “Don” (steppe zone); 35 — country road of low traffic; 36 — railway
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Tabnuuya

KoHueHTpaums TsXenbix MEeTa/IoB U MbilLbsika B 00pa3Ljax TPaBbl ThICA4EJIMCTHMKA OObIKHOBEHHOIO
(Achillea millefolium L.)
[Table. Heavy metal and arsenic content of plain thousand-year-old grass (Achillea millefoliumL.)]

BanoBoe cogepxaHue 3neMeHTa, Mr/kr

I::"_I PaiioH c6opa [Gross element content, mg/kg]
[No.] [Area of collecting] Pb Hg Cd As N Cr Co Cu zn
1 BopoHexckuii GrocdepHsblin 3anoBeaHnK

0,26 0,003 0,02 0,24 0,78 0,30 0,21 6,69 19,63
[Voronezh biosphere reserve]

2 Xonepckuii 3anoeegHuk [Khopyor reserve] 0,32 0,003 0,03 0,18 1,08 0,32 0,18 7,62 21,86

3 Bopucorne6ekunin paioH [Borisoglebsk district] 0,22 0,002 0,01 0,19 056 0,19 0,16 8,26 26,17
4 c. EnaHb-KoneHo [Village of Elan-Koleno] 0,27 0,004 0,02 020 1,45 0,37 0,19 947 2563
5 c. HuxHepesuuk [Village of Nizhnedevitsk] 0,42 0,002 0,04 0,17 0,67 042 0,49 10,84 19,09
6 r. Octporoxck [City of Ostrogozhsk] 0,58 0,003 0,038 0,26 2,85 0,50 0,51 12,47 38,53
7 r. Cemunykn [City of Semiluki] 0,61 0,004 0,08 0,28 261 062 0,58 16,91 37,95
8 r. HoBoBopoHex [City of Novovoronezh] 0,28 0,002 0,02 020 095 0,37 023 7,48 27,59
9 BJ13 (HOBOBOPOHEXCKMIA FOPOLACKON OKPYT)

[High-voltage power transmission lines 0,36 0,003 0,04 0,30 1,53 0,69 050 8,52 25,75

(Novovoronezhsky city district)]

10 JNuckuHekuii p-H [Liskinsky district] 0,39 0,004 0,02 0,21 0,77 0,40 0,38 14,83 22,65
11 OnbxoBaTckuii p-H [Olkhovatsky district] 0,28 0,003 0,02 0,25 206 0,71 0,18 11,17 23,89

12 MoparopeHckuii p-H [Podgorensky district] 0,36 0,004 0,03 0,24 3,57 0,18 0,27 12,63 24,01

13 Metponasnosckuit p-H [Petropavlovsky district] 0,28 0,003 0,01 0,21 0,59 0,60 0,47 14,15 26,30

14 pnbaHosckuit p-H [Gribanovsky district] 0,33 0,003 0,02 029 160 0,23 0,16 11,92 18,83

15 Xoxonbckuii p-H [Hokholsky district] 0,30 0,003 0,03 0,23 249 042 052 13,07 25,62

16 HoBoxonepckuii p-H [Novokhopyorsky district] 0,25 0,004 0,02 0,25 1,78 0,16 0,20 9,38 19,86

17 Penbesckuit p-H [Repyevsky district] 0,32 0,003 0,02 029 1,56 0,37 062 17,52 26,85
18 Bopobbesckuii p-H [Vorobyevsky district] 0,26 0,003 0,02 0,17 2,10 0,25 0,35 14,28 24,84
19 MaHnHckuin p-H [Paninsky district] 0,34 0,003 0,04 022 1,89 059 0,52 13,53 18,37

20  BepxHexaBckuii p-H [Verkhnekhavsky district] 0,27 0,004 0,05 0,23 0,94 0,61 0,40 18,19 27,47

21 r. Optuns [City of Ertil] 0,48 0,004 0,04 0,19 1,30 0,58 0,26 16,31 19,53

22 PoccowwaHckunin paioH [Rossoshansky district] 0,42 0,003 0,04 0,25 2,12 0,53 0,61 15,85 27,52

23 B6aun3un OAO «MuHynobpeHusi» (r. Poccolub)
. . ) 1,27 0,003 0,09 0,61 3,56 2,57 1,27 2595 48,98
[Near OJSC “Minudobreniya” (city of Rossoch)]

24 B6an3n OO0 «Bopmalu» (r. MoBopuHO)
. . 2,00 0,004 0,11 0,78 4,85 1,89 1,02 34,71 42,50

[Near LLC “Bormash” (city of Povorino)]
25 r. bopucorne6ck [City of Borisoglebsk] 1,41 0,004 0,07 031 160 0,87 0,86 17,85 36,96
26 r. Kanau [City of Kalach] 1,08 0,002 0,05 0,30 2,84 1,16 0,92 28,48 37,70

27 B6nu13un T3L, «<BOMP3C» (r. BopoHex)
[Near “VOGRES” Thermal Power Plant 0,83 0,004 0,04 0,77 2,13 2,39 1,03 19,10 46,15

(city of Voronezh)]
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lpodomkeHue mabnuusi / Table, continuation

BanoBoe coaep)xaHue anemMeHTa, Mr/Kr

n/n PaiioH cGopa [Gross element content, mg/kg]
[Area of collecting] .
[No.] Pb Hg Cd As N C Co Cu 2n
28 B6513n OO0 «Cnbyp» (r. BopoHex)
) ) 1,13 0,004 0,05 045 1,04 1,90 0,83 20,80 49,05
[Near LLC “Sibur” (city of Voronezh)]
29 Boonb BogoxpaHunuwia (r. BopoHex
A AOXPpAHMNNLLA (T BOpOHexX) 028 0002 003 038 256 052 032 961 2737
[Along the reservoir (city of Voronezh)]
30 B6aun3au asponopta [Near the airport] 1,72 0,005 0,04 0,39 240 047 029 17,31 2527
31 Ynuua JleHnHrpaackas (BopoHex)
. . 1,80 0,003 0,08 043 4,20 231 1,62 27,38 55,85
[Leningradskaya St (city of Voronezh)]
32 Bponb Tpaccel M4 (PamMoHCKMIA p-H)
L 2,08 0,005 0,06 047 465 1,86 0,75 31,49 50,38
[Along the M4 route (Ramon district)]
33 100 m oT Tpaccel M4 (PamMoHCKMIA palioH)
o 1,33 0,005 0,04 043 329 1,67 0,53 19,64 39,65
[100 m from M4 Route (Ramon district)]
34 200 m oT Tpacchkl M4 (PamoHckuiA panoH)
o 0,69 0,004 0,02 030 276 093 042 17,53 27,51
[200 m from M4 Route (Ramon district)]
35 300 m oT Tpacckl M4 (PaMOHCKWIA paroH)
o 0,30 0,004 0,02 0,30 2,12 091 0,28 14,97 26,37
[300 m from M4 Route (Ramon district)]
36 Bpoonb Tpacchl A144 (AHHUHCKWUIA p-H)
. . 2,37 0,005 0,07 040 453 163 0,65 26,91 48,04
[Along the A144 route (Anninsky district)]
37 100 m ot Tpacchl A144 (AHHUHCKWUIA P-H)
. o 1,85 0,005 0,04 0,33 4,10 1,16 0,56 19,20 45,03
[100 m from the route A144 (Anninsky district)]
38 200 m oT Tpacchl A144 (AHHUHCKNIA P-H)
) o 1,26 0,004 0,04 0,27 327 085 041 17,33 35,61
[200 m from the route A144 (Anninsky district)]
39 300 m ot Tpacchl A144 (AHHUHCKWUIA P-H)
. L 0,49 0,003 0,02 0,20 221 062 0,30 1542 28,44
[300 m from the route A144 (Anninsky district)]
40 Bponb Tpaccel M4 (MaBnosckuii p-H)
L 1,86 0,005 0,08 0,27 4,93 0,87 0,79 28,92 46,03
[Along the M4 route (Pavlovsky district)]
41 100 m oT Tpaccel M4 (MaBnoBckuiA paioH)
o 1,50 0,005 0,06 025 4,36 0,76 0,72 21,57 43,74
[100 m from the M4 route (Pavlovsky district)]
42 200 m oT Tpacckl M4 (MaBnoBckwuiA panoH)
o 1,18 0,004 0,02 0,17 352 059 0,53 15,63 37,63
[200 m from the M4 route (Pavlovsky district)]
43 300 m ot Tpaccel M4 (MaBnoBCKuMiA paioH)
o 0,70 0,004 0,01 0,17 290 048 0,37 12,74 29,81
[300 m from the M4 route (Pavlovsky district)]
44  Bponb HECKOPOCTHOW goporu (Boryvapckuii p-H)
[Along the non-high-speed road 0,76 0,003 0,03 0,30 1,54 054 045 12,75 29,30
(Bogucharsky district)]
45 100 M OT HeckopoCTHOW aoporu (Borydapckuin p-H)
[100 m from non-high-speed road 0,42 0,004 0,02 030 1,65 0,35 0,38 14,25 23,28
(Bogucharsky district)]
46 200 m OT HeckopoCTHOW aoporu (Borydapckuii p-H)
[200 m from non-high-speed road 0,31 0,004 0,02 0,27 1,12 041 0,40 13,72 17,10
(Bogucharsky district)]
47 300 m HeckopoCTHOM aoporu (Boryyapckuii p-H)
[300 m from non-high-speed road 0,37 0,004 0,02 0,20 0,78 042 0,31 10,10 22,39
(Bogucharsky district)]
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OkoH4yaHue mabnuusi / Table, ending

Ne BanoBoe cogep)xaHue anemeHTa, Mr/Kr

PaiioH c6opa [Gross element content, mg/kg]

n/n [Area of collecting]

[No.] Pb Hg Cd As N Cr Co Cu 2n
48 Bnonb xenesHoi goporu [Along the railroad] 1,71 0,004 0,10 0,48 434 1,04 0,69 30,51 49,90
49 100 M OT xene3Hom ooporu

. 0,88 0,004 0,08 041 362 0,85 0,34 23,04 41,92
[100 m from the railroad]
50 200 M OT xxenesHoi Aoporu
) 0,45 0,004 0,05 035 229 0,53 0,38 16,53 28,64
[200 m from the railroad]
51 300 M OT Xene3Howm goporu

. 0,35 0,004 0,02 035 1,96 0,61 0,29 12,08 15,82
[800 m from the railroad]

CpenHee cogepxaHue afieMeHTa B Cbipbe
) 0,79 0,004 0,04 031 236 080 050 16,60 31,46
[Average element content of raw material]

MpenenbHO JonycTumas KOHUEeHTpaums
pest Homy . HenTPan 6,0 0,11 1,0 05 - - - - _
[Threshold limit value]

Copaepxanue pTyTd B o0pasiax TpaBbl ThHICAYETUCTHUKA OOBIKHOBEHHOTO
BapbupoBaino ot 0,002 no 0,005 mr/kr. IlpexensHO gomycTUMasi KOHIEHTpALUU
MeTajjla B JIEKAPCTBEHHOM pPACTUTENBHOM cbipbe 0,1 MI/KI, 4TO B JECSATKU pa3
Oosnblie onpeaeneHHbIX 3HaueHuH [2]. ComepikaHue pTYTH B MMOYBAX M3y4aeMBIX
TEPPUTOPHUI XapaKkTepu3yercs uncioBsiMu 3HaueHMsiMH 0T 0,01 1o 0,24 mr/kr [5].
B nouBe pTyTh 00pa3yeT ManopacTBOPHMbIE COECAMHEHUs, KOTOPhIE TOCTATOYHO
MIPOYHO YJIEP’KUBAIOTCSI MOUYBEHHBIMH KOJUIOMAAMHU. Taxke HU3KOe COoIeprKaHue
(DUTOTOKCUYHON PTYTH MOKHO CBS3aTh C HAJIMYMEM B PACTEHHSIX CHCTEMbI MHAK-
THUBAIIUHX TTOJUTIOTAaHTOB [6—8].

KoHuenTpamus kaaMus B TpaBe THICSYENHCTHUKA OOBIKHOBEHHOT'O BapbU-
poBaiia ot 0,01 no 0,11 Mr/kr mpu cpeHEeM 3HAYCHHUH JIJIST BCEX 00pa3IoB peruo-
Ha 0,04 mr/kr, 4to B 25 pa3 MeHblIE yCTaHOBIEHHOH (hapmakomneilHON craTtbeit
MpeieabHO OMYCTUMOM KOHIIEHTPAMU KaJMUsl B JIEKAPCTBEHHOM PaCTUTEIbHOM
ceipbe (1,0 Mr/kr [2]) u 3HAUUTENHHO MEHBIIE COJEP)KaHUs METasllla B BEPXHHUX
CJIOSX TIOYB U3ydaeMbix Tepputopuit (ot 0,02 mo 0,71 mr/kr) [5]. OOBSICHUTE HU3-
KUH ypOBEHb HAKOIUIEHUS KaJIMHUsl, SIBIISIOLIETOCs IJIaBHBIM OJOKaTOPOM OCHOB-
HBIX ()EPMEHTHBIX U aHTHOKCHUAAHTHBIX CHCTEM B PACTEHHH, MOKHO TEM, UTO, BE-
POSATHO, y THICSUEIUCTHUKA OOBIKHOBEHHOT'O B IPOLIECCE HBOIIOIMU BhIpaboTaICs
MeXaHU3M (PU3HOJIOTUIECKOH OJOKMPOBKH BCACHIBAHUS COCTUHEHUN JAHHOTO Me-
tamna [6; 10-12]. IIpu sToM Oomee BbICOKHE KOHIIEHTpAIlMM BHOBb OTMEUYEHBI B
ypOorieHo3ax — BONM3H KpymHBIX XuMudeckux npeanpustuii (OAO «Munymno6-
perus», OO0 «bopMar»), BoJb U BOJU3U aBTOTPACC, BIOJIb KEJIE3HONU JJOPOTH,
YTO MOKHO CBSI3aTh C a3PO30JIbHBIM 3arps3HEHUEM Ha/I3€MHOM yacTu pacteHus [9].

KoHIIeHTpaluio MBIIIbSKA B TPaBe THICAYEITUCTHUKA OOBIKHOBEHHOIO MOYKHO
OLICHUTPH KaK BBICOKYIO. Tak, B Tpex oOpa3max (coopannbix BOmm3u TOL] «BOI'POCy,
OAO «Munynobpenus», OO0 «bopMai») npeBbllieHa NpeAeabHO JOITycTUMas
KOHIICHTpAITHS JJIEMEHTa, YCTaHOBJICHHAs (hapMakoreidHoi crarbeit B 0,5 mr/kr [2].
CpenHss ke KOHLEHTpalMs 3JIEMEHTa B TPaBe ThICAYETUCTHUKA OOBIKHOBEHHOTO
cocraBmia 0,31 mr/kr u BapeupoBana ot 0,17 mo 0,78 mr/kr. KoHIleHTpamusi MbI-
IIbsIKa B BEPXHUX CIOSIX MOYB ropasno 3HauutensHee — ot 0,55 no 3,81 mr/kr [5].
W3BecTHO, YTO COeIMHEHHS MBIIIbsIKA 00a1al0T HU3KOH PacTBOPUMOCTBIO M TIO-
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JBI)KHOCTBIO B TOYBE, YTO CBA3aHO C MX cOpOLMEl Ha MOBEPXHOCTU OpraHuye-
CKMMHU U MHUHEpaJIbHBIMU KoJutonaaMu. Taxke, ¢ yBEIMYEHUEM COJEPIKAHUS €ro
COEJIMHEHUI B MOYBE BO3MOXKHO DPa3BUTHE TOKCHUYECKOTO AEUCTBHUS Ha pacTu-
TENbHBIE OPraHM3MBI: YBSIAHHWE JIHCTHEB, 3aME/JIEHHE TEeMIIOB pocTa. MoKHO
NPENOI0KUTh MPEUMYIIECTBEHHOE 3arps3HeHue «3a0pakoOBaHHBIX» O00pa3loB
TpaBbl THICAYEIUCTHUKA OOBIKHOBEHHOT'O a3p030IbHBIM IyTeM [11; 13; 14].

Cpennuil ypoBeHb CoJiepKaHHUsl HUKENS B TPaBEe THICSUEIUCTHUKA OOBIKHO-
BEHHOTO OIleHHWBaeTcst B 2,36 Mr/kr mpu konebanuu ero ot 0,56 go 4,85 mr/kr.
[IpenensHOrO AOMyCTUMAasi KOHIIGHTPAIMS HUKENS, a TAK)Ke XpoMa, KoOanbTa, Mean
U LIMHKA, ONPENENIIEMBIX HAMH, B JIEKADCTBEHHOM PAaCTUTEIBHOM ChIPbE B HACTOS-
uiee Bpemst He Hopmupyetes [2]. KoHueHTpaiust HUKems B oYBaxX U3y4aeMbIX Tep-
puTOpHiA pUHUMaa 3HaueHus ot 2,23 mo 98,25 mr/kr [S5]. [laHHBIH 2J€eMeHT He-
3HAYUTENbHO HAKAIUIMBAETCS B HA/I36MHOM 4aCTH THICAYETMCTHUKA OOBIKHOBEHHO-
IO, XOTS COJIM HUKEJNs HaXOJATCs MPEHMYIIECTBEHHO B PACTBOPEHHOM COCTOSTHUM
B IIOYBEHHOM pacTBope. V3BeCTHO, UTO B 3HAUMTEIbHBIX KOHLEHTPALUSIX HUKEIb
OKa3bIBa€T TOKCHYECKOE JEHCTBHE HAa PACTUTENIbHBIM OpraHu3M, CIOCOOCTBYET
YTHETEHMIO MpoleccoB GOTOCHHTE3a U TpaHcnupauu [4; 6; 8; 13; 15]. BepositHo,
y THICSIYENTUCTHUKA OOBIKHOBEHHOTO BBIpaOOTAJICS (PU3HOIOTHUECKH Oapbep K Ha-
KOIJICHUIO HUKEJIS B BBICOKUX KOHLIEHTparusax. [IIsi HUKeIs Takke OTMeUeHo Ooiee
BBICOKOE coJiep)KaHie B 00pasliax, COOpaHHBIX B ypOOOHMOIIEHO3aX C aKTHBHOM XO-
3AUCTBEHHOHN JEATENbHOCTBIO YeNIOBEKa — BOIM3U KPYIHBIX XMMUYECKUX MPEATPH-
ATUH, Ha ynuie BopoHeka, BIOIb M BOIHM3H aBTOTPACC, BAOJb KEJIE3HOW JOPOTH,
YTO MOJATBEPKAAET MPENIONOKEHHE O 3HAUUTEIFHON J10JI€ apO30JIbHOIO IyTH 3a-
IPSA3HEHUS JIEKaPCTBEHHOI'O PaCTUTEIBHOTO ChIpbs [9].

Coneprkanue XpoMa B U3y4aeMbIX 00pa3iiax TpaBbl THICSYEIIUCTHUKA OOBIK-
HOBEHHOTO BapbHpoBaiio ot 0,16 no 2,39 mr/kr npu cpeanem 3Hadenun 0,80 MI/kT.
KoHueHTpamy xpoMa B BEpXHUX CJIOSIX ITOYB PACCMATPUBAEMBIX TEPPUTOPUI TpH-
HUMaJIa 3Ha4ueHus ot 2,53 1o 45,16 mMr/kr [S]. PUTOTOKCHUHOCTH XpOMa MPOSIBIISIETCS
B IIOBPEXK/ICHUH KOPHEH pacTeHusl, a TakKe YBSJaHUU €r0 Ha/I3eMHOM 4acTH, XJIOpo3e
MOJIOJZIBIX JIUCTBEB [4; 6; 15]. O4ueBUAHO, YTO HAKOIUICHHWE JTAHHOTO MeTajuia 0J1o-
KHUPYEeTCsl paCTeHHEM Ha OMOXMMUYECKOM YpPOBHE, UTO SIBIISIETCS €TO 3BOJIIOLIUOH-
HO BBIPa0OTaHHBIM MPHUCIIOCOOJIEHUEM K JKU3HU B YCJIOBUSX 3arps3HEHUs CPEIbl
oburanus. [Ipy aHanu3e NOTy4YEeHHBIX PE3YJIBTATOB TAK)KE OTMEUCHBI 3HAUUTEIIHHO
OoJiee HU3KHE KOHIIEHTPAIMK XpOMa B 00pa3lax TpaBbl ThICAYETHCTHUKA OOBIKHO-
BEHHOT'0, COOpaHHBIX Ha KOHTPOJBHBIX TEPPUTOPHSIX U B arpoOuoleHo3ax. 3/1ech
coziepkanue Metauia He npessimaio 0,71 mr/kr. B ypboOuorieHo3ax KOHIICHTpa-
L1l XpOMa B HaJJ3€MHOM YacTH THICSYEITUCTHUKA OOBIKHOBEHHOI'O 3HAUUTEIIbHEE.

Cpenssisi KOHLEHTpalus KobajlbTa U €ro YpOBeHb HAKOIUIEHUS B TPaBE Thl-
CSIYEIMCTHUKA OOBIKHOBEHHOIO elle Oosee HU3KUe, yeM Juid xpoma. Tak, comep-
KaHue KoOanbTa B M3yyaeMbIX oOpasnax BapbupoBaio ot 0,16 go 1,62 mr/kr mpu
CpeIHEM YpPOBHE HaKOIUIeHUS B Chipbe Boponexckon odmactu 0,50 mr/kr. Kon-
LEHTpalMs €ro B BEPXHHUX CJIOAX MOYB XapaKTepu3yeTrcs 3HaYeHusMHU oT 1,84 no
21,78 mr/kr [5], 4TO CBUAETEIBCTBYET O HU3KOM YPOBHE HAKOIUIEHHs KOOayibTa
TPaBO#l THICSUEIUCTHUKA OOBIKHOBEHHOro. B 00pa3iax KOHTPOJIBHBIX TEPPUTO-
pHil 1 arpoOHMOIICHO30B TaK)Xe OTMEUeHBbl 0ojiee HU3KHUE YPOBHU KOHIICHTpalUn
JAHHOTO MeTalljia, YyeM JUIs 0o0pa3loB ypOaHU3MPOBAHHBIX TEPPUTOPHI, YTO MO-
YKET J0Ka3bIBaTh JOMOJHUTEIHHOE a3P030JIbHOE 3arpsi3HEHUE ChIphs [4; 6; 8].
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[TpoBeneHHbIe aHATN3bI OKA3AJIM, YTO TPaBa THICSUYEINUCTHUKA OOBIKHOBEH-
HOTO B 3HAUMTEJIHHOW CTENEHU HAKAIUIMBAET MEJb U IIMHK. TakK, KOHLEHTpalus
Meau BapbupoBana ot 6,69 no 34,71 MI/Kr npu cpeHEM COJEpKaHUU B PETHOHE
16,60 mr/kr. ComepskaHue MEAW B BEPXHUX CJIOSX MOYB M3y4aeMbIX TEPPUTOPUIA
n3MeHsuoch ot 3,30 mo 65,38 mr/kr nipu cpeadem 23,25 mr/kr [S]. [Ipu aToM [uist
psga oOpasloB OTMEYeHa Oojiee BBICOKAs KOHIIGHTpAIHMsl MEOU B ChIpbe, YeM B
MOYBE, HA KOTOPOW OHO MpOHM3pacTaio (Hampumep, JUisl Bcex o0pasioB, coOpaH-
HBIX B 3alIOBEJIHBIX 30HaX, B PenbeBckom, OnbxoBarckom, [laHuHCKOM paiioHax U
Ip.). DTO yKa3plBaeT HA 3HAYUTEIBHYIO KOHIEHTPUPYIOIIYIO CIOCOOHOCTH Hal-
36MHON YacTHU THICSUYETUCTHUKA OOBIKHOBEHHOTO B OTHOIIEHHWU M, KOTOpas
y4acTBYeT B Iporecce (poTOoCHHTE3a, aKTUBU3UPYET YIIEBOAHBIN U a30THBIN 00-
MEHBI, TIOBBIIIAET COMPOTUBISEMOCTh PACTUTEIHLHOTO OpraHu3Ma K WH(EKINOH-
HBIM 3a00JIEBaHMAM, YBEIMYUBACT 3aCyX0yCTOMUMBOCTH [3; 6; 7; 12]. OnHako Ha
BBICOKOM COJIEpP’)KaHUU MEIU B MOYBAX HEKOTOPBIX YpOAHU3UPOBAHHBIX TEPPUTO-
puii (BOMM3H KPYIHBIX XUMUYECKUX MPEANPUATHH, Ha ynuie Boponexa, BIOIb U
BOJIM3H KPYITHBIX aBTOMOOWMIIBHBIX JTIOPOT, BIIOJIb JKEJIE3HON JTOPOTH) COJEPIKaHHE
3JIEMEHTa B PacTEHHUU ropas3/io HUXKE, YTO FOBOPUT O HAKOIUIEHWU TAHHOTO Me-
TaJJia B THICSYENMCTHIUKE OOBIKHOBEHHOM /10 KaKOTO-TO (PU3HOTIOTHYECKH BasKHO-
rO YpOBHS, a Jjajiee ero KOHIIEHTPUPOBAaHUE PaCTEHUEM OJIOKUPYETCs.

KonuenTpanums nyHka B u3yyaeMbIx 00pasliax TpaBbl THICSYETUCTHUKA OOBIK-
HOBEHHOTO IIpUHKMaJa 3HaueHus ot 18,83 mo 55,85 Mr/kr u B cpefHEM cocTaBUIa
31,36 mr/kr. ConocTaBiisisi IOJyYeHHBIC PE3YJIBTAThl C IAHHBIMU TIO IMOYBaM (Co-
JepKaHue IMHKa BapbUpoBasio oT 9,58 no 154,45 mr/kr npu cpeHEM 3HAYCHUHU
o peruony 52,69 mr/kr [5]), MOKHO OTMETUTh 3HAYUTEIbHOE HAKOILJICHHE dJie-
MEHTa B ChIphe. J1jiss 00pa3ioB TpaBbl THICAYETUCTHUKA OOBIKHOBEHHOTO, COOpaH-
HOTO Ha 3alOBEIHBIX Teppuropwsx, B Hmxnenesnukom, JIuckuuckom, Pocco-
IIAHCKOM pailoHax OTMEYEHO COJEep>KaHUE IIMHKA B PACTUTEIBHOM CHIPHE BBIIIE,
YeM B MOYBE, Ha KOTOPOM OHO BBIPOCTIO. DTO CBSA3aHO CO 3HAUYUTEIHHOUN (HHU3HOIIO-
TMYECKON MOTPEOHOCTHIO PAaCTeHMsI B JAHHOM 3JIeMEHTE. Tak, HUHK aKTUBUPYET
6onee 300 depmeHTOB, yyacTByeT B 0Opa3oBaHUU XJOpoduilia, SBISETCS CO-
cTaBHOM yacThio Oonee 40 (hepMEHTOB, aKTUBHU3HPYET META0O0JIM3M YTJIEBOIOB,
MIPOTEUHOB, (pochaToB, MOBHIIAET YCTOMUYMBOCTh K MAaTOr€HaM, XKapo- U 3acyXo-
ycroiuuBocTh [6; 8; 12]. Ho npu 3HaUMTENBHOM COJEp/KaHUU LIMHKA B BEPXHUX
CJIOSIX TTOYB YpOOIIEHO30B (Ha YJIHUIaX KPYMHBIX FOPOJIOB, BOJIM3U KPYIHBIX aBTO-
U JKEJIE3HBIX JOPOT, MPOMBINIJIEHHBIX MPEANPHUATHI) B pACTEHUHU METAJIJT HaKal-
JUBaeTCsl B MeHbIleH crerneHu (Ha ypoBHe 40—-55 MI/KT), 4TO, BEpOSITHO, CBSI3aHO
C TOKCUYECKUM JEMCTBHEM €ro N30bITKAa B PACTUTEIILHOM OpraHU3Me.

3aknyeHue

B xonme uccnenoBanus Obl1 m3ydeH 51 oOpaserr TpaBbl THICAYETUCTHUKA
OOBIKHOBEHHOI'0, COOPAHHOH B PAa3IMYHBIX 110 XapPAKTEpPy aHTPOIIOIEHHOIO BO3JEH-
cTBUS paiioHax BopoHexckoil o0macTi, Ha MpeaMeT CoAep KaHusl CBUHIA, PTYTH,
KaJaMUsl, MbILIbsIKA, HUKENs, MEU, IMHKa, KoOanpTa, XxpoMa. CpaBHUBas 1aHHbIE
M0 COAEPIKAaHUIO YKa3aHHBIX 3JIEMEHTOB B NOYBAX PETMOHA U KOHIEHTPAIMU UX B
TpaBe THICSYETUCTHUKA OOBIKHOBEHHOTI'O, MPEJICTABIIAETCS BOSMOXKHBIM CYIUTh O
HAIMYUU (PU3HONOTUYECKUX OaphepoB, MPEMATCTBYIOMUX HAKOIUIEHUIO M30BITKA
TOKCUYHBIX 3JIEMEHTOB B PACTEHUHU, YTO OCOOEHHO XapaKTEpHO JJIsl CBUHIA, PTY-
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TH, MBIIIbAKA, KaaMus, KoO6ansTa U xpoMa. [Ipu 3TOM THICSYETUCTHUK OOBIKHO-
BEHHBIN CMIOCOOEH KOHIIEHTPUPOBATh MEIb M IIMHK B TOM CIIy4ae, €CJIM UX COoJiep-
YKaHUE B OKPYXAIOLLEH cpeie HUKE HEKOTOPOIO JKU3HEHHO BaKHOTO YPOBHS; IPU
BBICOKOM COJIEpKaHUH B MOYBAX JAHHBIX METAJUIOB pacTeHHUE TaKxke (PU3HUOIIOTH-
YecKu OJIOKMpYET MOCTYIUICHHE AJIIEMEHTOB B €0 HaJA3eMHYI0 4acTh. Ha ocHoBa-
HUU TIPOBEICHHBIX MCCIIEOBAHUN MOYKHO MPEIoiarath, 4YTo B YCIOBUSAX aHTPO-
MOTEHHOTO BO3JICHCTBUS HA Cpely OOUTAHUS THICSYETUCTHIUKA OOBIKHOBEHHOTO B
pe3yabpTaTe NeUCTBUS OTOOpa B YCIOBHUSAX TEXHOTCHHOT'O 3arpsS3HEHUS] BHEITHEH
CpeIbl U MPOSBICHUS aAaNTallii K 3TUM YCJIOBHSIM MPOUCXOIUT (OPMUPOBAHUE
ero spadorumna. Pe3ympTaThl MCCIETOBAHUI TaKXKe BBISBIUIM 3HAYUTEIBHOE 3arpsi3-
HEHHE TPaBbl THICAYEITMCTHUKA OOBIKHOBEHHOTO a’pO30JIbHBIM MyTeM (B 4acTHO-
CTH, CBHHIIOM, KaJIMHEM, HUKEJIEM, XpOMOM, KOOAILTOM), YTO HEOOXOIUMO yIH-
THIBaTh MPU OLIEHKE KauecTBa JAHHOTO BHJIA JIEKAPCTBEHHOT'O PACTUTEIBHOTO ChI-
pbA U TJITAHUPOBAHUU MECT €T0 3arOTOBKHU.
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Abstract. The Voronezh region is traditionally the most important area of crop produc-
tion and farming. The purpose of the study was to study contamination by heavy metals and
arsenic of medicinal vegetable raw materials of the Voronezh region on the example of plain
thousand-year-old grass collected in urban and agro-ecological systems with different anthro-
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pogenic effects. The study was carried out by atomic absorption spectrometry on the basis of
atomic absorption spectrometer MGA-915MD pharmacopoeia methods, accumulation of
heavy metals (lead, mercury, cadmium, nickel, copper, zinc, cobalt, chromium) and arsenic
was studied in 51 samples of large planter leaves. Comparing the data on heavy metal content
in the upper soil layers of the region and the content of these elements in the grass of the
common thousand, it can be argued that there are significant physiological barriers to the ac-
cumulation of ecotoxicants in the plant, which is particularly noticeable for elements such as
lead, mercury, arsenic, cadmium, cobalt and chromium. The thousand-year-old is able to se-
lectively concentrate some heavy metals entering the active centers of enzyme systems (such
as copper and zinc, for example) if their environmental content is below some vital level,;
With significant content of these elements in soils, the plant also physiologically blocked their
entry into the above-ground part of the plant. The results of studies have shown that plain
thousand grass is able to accumulate toxic elements from soils in a significant amount, which
is important in planning the places of production of medicinal vegetable raw materials and
assessing its quality.

Keywords: ordinary yarrow, lead, arsenic, nickel, zinc, copper
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MOHI/ITOpVIHF SPO3NOHHbLIX NMPpOoLEeCcCOB N COCTOAHMNA
pacTUTeJibHONo NOKpoBa peKyJbTuBMpoBaHHOINo noJIMroHa
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AnHoTanms. J[enoHUpoOBaHUE TBEPIBIX KOMMYHAIBHBIX OTXOJIOB Ha CBaJKaX, HE IMpe-
JyCMaTpUBAIOLINX KOMIUIEKC MEp I10 3alllUTe OKPY>KarOLEH cpeibl OT HEraTUBHOIO BO3EHCTBY,
MPUBOJUT K CYLIECTBEHHOMY 3arps3HEHUI0 KOMIIOHEHTOB 3KOCHCTEM: IIOYBEHHOT'O ITOKPOBA,
MOBEPXHOCTHBIX M MOA3EMHBIX BOJI, PACTUTEIBHOTO U XKHUBOTHOro Mupa. OHUM 13 Haubosee
OTIACHBIX KOMIIOHEHTOB IIPH 3aXOPOHEHHM OTXOMAOB SIBISICTCS (HIBTPAT, B COCTAB KOTOPOTO
BXOJIIT HUTPAT- U HUTPUT-UOHBI, a TAK)KE MHOTHE TsDKeJble MeTaslibl. V3yueHne XuMU4ecKo-
ro aHajusa (GUIbTpaTa MHOXKECTBEHHBIX CBAaJIOK M MOJUTOHOB MOKA3bIBAET, YTO B MECTaX JIe-
HOHUPOBAHUS OTXOJ0B MPUCYTCTBYIOT OMOJIOTHYECKH OIaCHBIC OPraHUYEeCKHE BEIIEeCTBa,
pa3NuYHBIe COSAWHEHUS (OPM a30Ta M CePHl, HOHBI TSDKENBIX METAJUIOB, TATOTEHHAS CPeja,
IPEBBILIAIONINE IPEAENbHO JOMYCTUMbIe KOHIEHTpanuu. OTclofa cleayer, 4To peanu3arus
3¢ GEKTUBHBIX NPUPOAOOXPAHHBIX MEPONPHUITHI, HEOOXOAUMBIX B IIEISIX KOHTPOJISI COCTOSI-
HUS KOMIIOHEHTOB JXMBOM IPUPOZABI B MECTAaX 3aXOPOHEHMS TBEPIbIX KOMMYHAJIBHBIX OTXO-
JIOB, CHIDKAIOIINX HEOIaronpusTHOS BO3ACHCTBUE Ha OKPYKAIOIIYIO CpeNy, SBISIETCS Hanbo-
Jee aKkTyalbHOM npobnemoil. B xozne uccnenoBanus ObUT IPOBEJEH MOHUTOPUHT 3PO3UOHHBIX
IIPOLIECCOB M COCTOSIHUS PaCTUTEJILHOTO MOKPOBa peKyJbTuBUpoBaHHOro nosnuroda TKO mo
CapanynbckoMy TpakTy. BBISBIEHBI €r0 YPOBHU 3KOJOTHUECKOH OMAcCHOCTH.

KaroueBble ciioBa: TBEPABIC KOMMYHAJIbHBIE OTXO/IbI, SPO3HOHHBIC TTPOLICCChI, PEKYJIb-
TUBAaLUsA, MOHUTOPHUHT, BOSZ[CI‘/’ICTBI/IC Ha OKPYXAroIlyro Cpeay

BeepgeHue

[Tpobnema 00e3BpexMBaHUS TBEPABIX OTXOAOB SBJISIETCS Hanbojee ocTpoi
sKosiornueckoi npodnemoit Y amyptuu. [lo nanaeiM Munnpupoast YP, exeron-
HO 1O pecny0iuke o0pa3yercst 0kojo 445 ThIC. T TBEPIBIX KOMMYHAIbHBIX OTXO-
noB B roj. Ha ceronnsiinaumii n1eHp 3adukcupoBano yxe 6osee 480 HeCaHKITMOHU-
POBaHHBIX CBAJIOK, HA KOTOpPbIE BHIBO3UTCS CTPOUTEIbHBIN MyCOp U TBEp/ble KOM-
MyHaJIbHble OTXO0Jbl [1; 2]. OnHOM W3 OCHOBHBIX NMPUYUH BO3HUKHOBEHHS He-
CaHKIIMOHMPOBAHHBIX CBaJOK B YIMYpPTUHU SBISETCS OTCYTCTBUE OpIaHU3aLlUU
CHUCTEMHOI'0 BbIBO3a MyCOpa U cJIa0blil KOHTPOJIb 33 JBUKEHUEM OTXO/0B.
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Takum 00pazoMm, eNb JaHHOTO MCCIIEAOBaHUS — MPOBEIEHHE MOHUTOPUHTA
9PO3UOHHBIX MPOLIECCOB U COCTOSIHUS PACTUTENHHOrO NokpoBa nosuroHa ThO 1o
CaparryJIbCKOMY TPaKTy, a TAKKE BBIIBIICHAE YPOBHSI €10 3KOJIOTHYECKOM OMACHOCTH.

MaTtepuan n metoabl uccnenoBaHus

OKOJIOTMYECKHHA KOHTPOJIb (MOHUTOPUHT) 3PO3HOHHBIX MPOLIECCOB MPOBOIMII-
cs Ha Tene peKyyibTuBupoBaHHOro noiauroHa TKO mo CapamyinbCkOMy Tpakrty,
COIJIACHO KOTOPOMY OCYILECTBIISUIOCH BBISBICHHE BHOBb 00Pa30BaBIINXCS IPO3U-
OHHBIX (GopM [3; 4], mpeacTaBIeHHBIX HA PUCYHKE (YCIOBHBIE 0003HAUCHHUS BBI-
notHeHbI B cootBeTcTBUM ¢ [TOCT 21.302-2013 [5]).

Pa3duBo4Hbid nnaH HaozopHol kawaBel. M 1:1 000
i P i 0

T

S

B

e

Yenobrere odozHavenus:
<5 - NpoMOUNG (LUPPOU BICIHANAEMCS 2AYBUHG, M)

Puc. Cxema 06pa30BaBLUNXCH 3PO3UOHHBIX HOPM
Ha pekynbTuBmMpoBaHHomM nonuroHe TKO no CapanynbckomMy TpakTy (YomMypTus)
[Figure. Diagram of the formed erosion forms at the reclaimed municipal waste landfill
along the Sarapulsky tract (Udmurtia)]

[Ipy oneHKEe COCTOSHUS PACTUTENBHOCTH HCIIOIB30BAJICS MapIIPyTHBIA Me-
TOJ U NOJPOOHOE ONMHCaHHE YUYETHBIX IIoManokK (He MeHee 10 ITyK MIomaabo
33%33 cm, pacnonararouiuxcs Ha Mapuipyte) [6]. Takxke 371ech yUUTHIBAIUCH Y-
JiepabHble BUJBI U BUJIbI, HE BXO/ISIME B COCTAB TPABOCMECH, UCTIONB3yEMON MpU
OMOJIOTHYECKOM dTare PeKyIbTHBALINH.
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Janee Ha y4eTHOW IUIOUIaAKE MPOBOAMIIOCH OMMCAHUE PACTUTEIBHOTO IO-
KpoBa (IIPOEKTUBHOE MOKPHITHE PACTCHUH, TUIOIAIb MPOIJICIINH, COCTOSHUE Tpa-
BSHUCTOTO MOKpoBa) [7]. OmnpeneneHue MpOSKTUBHOTO MOKPBITUS MPOBOAUIOCH
Ha npoOHbIX miomaakax pasmepom 100x100 M, Ha KaxA0W MPOOHON IJIOLIAAKE
OBLII0 3a7105KeHO TpH yueTHble momanaku 100x100 cm [8].

Takxe TPOBEICH XUMUYECKUM aHalu3 MOYBEHHBIX 00pa3llOB HAa TEPPUTO-
puu nonuroHa. B Toukax or6opa ykazaHHBIX 00pa3lioB MPOU3BEACH 3a00p pacTu-
TEJIBHBIX MPOO METOJOM YKOCOB (DMTOMACCHI C YUETHBIX IUIOMIATO0K pPa3MepoM
50x50 cMm [9] nns ompeneneHuss B HUX TKEIbIX MeTauioB. IlepeueHp BewiecTs
AQHAJIOTUYEH TIEPEUHIO BEIECTB, ONPEACIIEMbIX B MOYBE (ME/b, HUKEIb, MBIIIbSIK,
KOOaJIbT, pTYTh). XUMUYECKUI aHAIN3 MPOBEACH aKKPEAUTOBAHHOW J1abopaTopu-
eit AO ArpoxuMmieHTp «YaMypTckuit». OnpeneseHne MaccoBOW 10N KOOAIb-
Ta, HUKeJs 1 Meau npoBoauiock cornacHo 'OCT 32343-2013 [10]. MaccoByto
nomto prytu ompenensau mo MU 2878-2004 [11], conepkaHue MBIIIbsIKA IO
I'OCT 26930-86 [12].

Pe3y.l1bTaTbl nccnepoBaHvii n nx oﬁcyx(p,eHMe

Llenn MoHHuTOpUHTa — cOOp MHpOPMAIMU 00 UHTEHCUBHOCTH TIPOSIBIICHUS 3PO-
3MOHHBIX TIPOIIECCOB Ha dTare OMOJIOTWYECKOW PEeKyJIbTUBALMU W TIPEIOTBpAICHIE
BO3MOXKHBIX Pa3MBIBOB IPYHTOB BOJIM3U IPaHUL] peKyIbTHBUpYemoro noiurona ThO.

MOHUTOPHHT BKIIFOYAE€T MApIIPYTHBIC BU3YyaIbHbIC HAOIIOIEHNS, BBISIBIICH-
HbIE Ha SPO3MOHHO-0MACHBIX ydyacTkaxX. K HuM otHocarcs [13]:

— BBISIBJICHHE BHOBb 00Pa30BaBILIMXCS 3PO3UOHHBIX (HOPM;

— U3MEpEHHEe TapaMeTPOB IPO3UOHHBIX POpM (TITyOHHA U IIUPUHA).

KonTponupyembie napaMmeTpsbl:

— KOJIMYECTBO BO3HHUKAIOIIMX MPOMOMH H 00Jiee KPYITHBIX 3PO3HOHHBIX (hOpPM;

— CTETIeHb MOKPBITUSI PACTUTENBHOTO OKpoBa (%);

— MPOIEHT (TIJIOMIA/IN) TTOPAKEHHSI TEPPUTOPHH (POpMaMu TPOSIBIICHUS DPO-
3MOHHBIX TPOIIECCOB.

N3mepenne napameTpoB 3po3UOHHBIX (popM (TiTyOrHa, [UIMHA, ITUPHHA) pei-
CTaBJIeHbI B Ta0I. 1.

W3 nansbIx Tabn. 1 BUAHO, 4TO HAa OTKOCAX Tesa PeKYJIbTUBUPOBAHHOIO IO-
murona TBO mo CaparmynbckoMy TpakTy OTMEUEHBI SPO3HOHHBIE ()OPMBI B KOJIU-
yecTBe 98 mTyK, 4TO cocTaBigeT 1 % oT Bcel IIoniaau moJIuroxa.

OreHKa COCTOSTHHSI PaCTUTENIBHOCTH M PACTUTENBHBIX COOOIIECTB C IIETBI0
YCTQHOBJICHHSI CTETIEHW TOKCHMYHOCTH M TIPOIIeCCa BOCCTAHOBIICHHS MTOYBEHHOTO
MIOKpOBa B X0Ji¢ OMOJOIMYECKOro 3Tana PeKyJIbTUBALMM YKa3aHHOI'O MOJIMIOHA
MIPOBOJIMIIACH B paMKax «PexoMeHaaluii Mo opranu3anuy 3K0JI0rHYECKOro MOHH-
TOPHUHTA W MPOU3BOICTBEHHOTO KOHTPOJIS ITOJIMTOHOB 3aXOPOHEHUS TBEPIBIX ObI-
TOBBIX U MIPOMBIIUIEHHBIX OTXOI0BY.

Ha nccrenyeMoii TeppuTOpUU BBISIBICHO OTCYTCTBHE OMOJIOTHYECKOTO dTa-
na peKyJbTHBALMH (TIOCEB PACTEHUI MEIMOPAHTOB), TIOATOMY Ha Telle PeKYJIbTH-
BHPOBAHHOTO TMMOJUTOHA OOHapy)keHa C(hOPMUPOBAHHAS €CTECTBEHHBIM 00pa3oM
pactutenbHOCTh. CpefHsis IUIOIIANb MPOEKTHUBHOIO MOKPBITUS PACTUTEIHHOTO
MIOKPOBA, COTJIaCHO MapLIPYTHBIM HaOMI0AeHUAM, cocTaBisieT 43,6 %. [lanHble o
MIPOEKTUBHOMY MOKPBITHIO ITPEJCTABICHBI B Ta0I. 2.
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Tabnuya 1
MapameTpbl 3p03UOHHbIX GOPM Ha peKyIbTUBUPOBAHHOM nonuroHe TBO
[Table 1. Parameters of erosion forms at a recultivated landfill]
Homep 3po3uoHHOn  [OnuHa, m LWvpuHa, m Fny6uHa, m PacctosiHne mexay
dopmbl [Length, m] [Width, m] [Depth, m] 3pPO3NOHHBIMU hopMamMU, M
[Number of [Distance between
the erosion form] erosional forms, m]
1 13,3 0,22 0,04 8,1
2 11,3 0,15 0,07 3,2
3 11,5 0,18 0,13 10,0
4 21,1 0,20 0,09 8,0
5 15,3 0,13 0,14 4,3
6 30,3 0,12 0,11 4,3
7 61,2 0,38 0,26 4,2
8 36,9 0,24 0,14 3,4
9 60,0 0,90 0,26 5,0
10 54,0 0,60 0,22 4.8
11 42,5 0,41 0,22 5,0
12 51,6 0,37 0,07 5,9
13 50,0 0,32 0,27 4,76
14 19,5 0,29 0,14 1,5
15 45,0 0,20 0,10 3,6
16 35,0 0,25 0,30 29,5
17 35,0 0,20 0,17 19,5
18 45,0 1,00 0,60 10,0
19 25,0 1,70 1,00 9,6
20 28,5 0,19 0,16 2,5
21 50,0 0,22 0,19 15,7
22 53,0 0,14 0,11 1,6
23 39,1 0,19 0,16 3,1
24 12,0 0,21 0,05 2,3
25 75,5 0,20 0,04 8,1
26 15,0 0,20 0,05 4,7
27 30,0 0,19 0,10 8,3
28 64,8 0,12 0,12 11,7
29 23,2 0,20 0,05 2,8
30 45,0 0,16 0,11 10,0
31 71,5 0,34 0,17 13,3
32 60,0 0,15 0,10 7,9
33 85,0 0,44 0,20 4.5
34 20,0 0,38 0,17 7,0
35 30,0 0,20 0,13 3,0
36 15,0 0,20 0,11 9,0
37 45,5 0,48 0,28 14,9
38 25,0 0,20 0,15 150,0
39 40,0 0,13 0,09 7,0
40 44,0 0,10 0,16 4,2
41 22,0 0,18 0,14 8,0
42 31,4 0,21 0,23 26,0
43 32,4 0,55 0,34 9,5
44 17,0 0,39 0,38 3,9
45 16,4 0,12 0,14 12,8
46 39,0 0,37 0,21 11,0
47 38,2 0,30 0,14 26,0
48 37,4 0,69 0,35 7,4

228 GEOECOLOGY



Kpacroneposa C.A., Fopucoea E.A. Bectavik PYTH. Cepuist: Dxonorust v 6e30rmacHOCTb sxu3HeesrenbHocTd. 2020. T. 28, Ne 3. C. 225-236

OkoHyaHue mabn. 1/ Table 1, ending

Homep 3po3uoHHOn  [AnuHa, m LvpuHa, m rny6uHa, m PacctosiHne mexay
dbopmbl [Length, m] [Width, m] [Depth, m] 3pPO3NOHHbIMU hopMamMU, M

[Number of [Distance between

the erosion form] erosional forms, m]
49 36,9 0,37 0,33 7,2
50 39,5 0,15 0,17 5,0
51 38,0 0,66 0,30 6,0
52 41,4 0,23 0,15 3,6
53 39,8 0,32 0,41 11,4
54 38,3 0,60 0,40 6,1
55 38,6 0,37 0,23 3,7
56 39,2 0,29 0,25 7,3
57 38,0 0,43 0,25 4,0
58 7,9 5,90 0,90 15,0
59 41,0 0,34 0,23 3,0
60 41,0 0,62 0,70 10,0
61 40,0 0,24 0,42 8,4
62 40,0 0,27 0,36 6,0
63 40,0 0,20 0,35 15,0
64 44,0 0,50 0,54 6,7
65 40,6 0,27 0,36 11,0
66 6,7 9,10 1,10 15,0
67 42,0 0,37 0,42 4,7
68 41,4 0,29 0,38 4,3
69 35,9 0,32 0,27 2,4
70 38,9 0,64 0,23 9,5
71 21,0 0,52 0,29 14,0
72 12,3 4,00 1,40 5,0
73 23,6 0,47 0,42 19,3
74 23,6 0,32 0,45 2,5
75 32,5 0,22 0,19 10,2
76 32,5 1,30 1,20 2,5
7 19,0 0,29 0,18 44,2
78 14,9 0,32 0,17 11,4
79 35,1 0,13 0,29 17,3
80 741 0,34 0,30 3,0
81 72,8 0,27 0,12 7,4
82 13,0 0,80 0,46 9,5
83 7,5 0,17 0,24 3,4
84 8,2 0,47 0,47 7,2
85 9,5 0,51 0,47 18,5
86 9,0 0,49 0,44 1,9
87 12,5 0,75 0,32 6,6
88 8,8 0,21 0,23 8,8
89 10,8 0,13 0,25 3,2
90 71,9 0,19 0,10 7,2
91 61,5 0,32 0,13 14,0
92 64,0 0,17 0,07 15,8
93 41,8 0,18 0,06 27,8
94 23,3 0,20 0,07 10,2
95 39,7 0,25 0,11 7,4
96 33,9 0,33 0,20 11,7
97 17,4 0,35 0,14 5,0
98 51,3 0,22 0,15 2,0
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Tabnuya 2

MpoekTUBHOE NOKPbITUE PACTUTENbLHOIO MOKPOBA Ha TEPPUTOPUU PEKYSIbTUBUPOBAHHOIO NOJIUFTOHA
[Table 2. Projective cover of vegetation on the territory of a reclaimed landfill]

Homep MpoekTuBHOE NOKPbLITUE PACTUTEJNIbHOrO MNOKPOBA HAa YYETHbIX MNJIOLLLAAKAX,
npoOHoi Nnowaaku cornacHo metoguke B.C. Hukonaesckoro, % [9]
[Number [Projective vegetation cover on the accounting sites,
of the test area] according to the method of V.S. Nikolaevsky, % [9]]
YyemHsbie nnow,adku [Accounting sites]

1 15 27 25

2 32 30 40

3 47 70 75

4 32 35 40

5 30 45 37

6 40 50 55

7 94 67 80

8 10 15 5

9 21 17 20

10 38 48 49

11 34 25 70

12 57 90 76

B npenenax xaxx10if CKBaKUHBI IPOBEICHO OMMCAHUE PACTUTEILHOTO IMOKPOBA
Ha y4eTHOH mromaake pazmepoM 1x1 M. Ha kaxxmoil yueTHOM TUIOIIAIKE Onpeie-
JsICsl BUZIOBOM cocTaB. OmnpesienieHre MpOBOUIOCH KaK MO KUBBIM IK3EMIUISIpaM
(B GOJBIIMHCTBE CITyYaeB), TaK M IO COOpaHHBIM (JIJIs1 pacTEHU, HE NMEIOIIUX TIep-
BbII cTaryc) onpenenutesiM. [IpoeKTHBHOE MOKPHITHE OLEHUBAJIOCH B MPOLIEHTAX.
Kpowme Toro, myst Kaka0ro BUAa pacTeHU onpeaessuics OnoMopHbIA COCTaB U TIPU-
HAJ/IJIEKHOCTh K IKOJIOro-LieHoTH4YecKoi rpymne [14]. Beero onmcano miects y4er-
HBIX TUIOMAI0K. biianku reo00TaHNYeCKUX ONMMCAHWH MpeICcTaBiIeHbl B Ta0. 3—8.

Ha uccnenyeMbIx miomaakax JOMUHUPYIOT JIyTOBBIE U PyAEpaIbHbBIE 3KOJIOT0-
LIEHOTUYEeCKHE Tpymnibl. Hy)KHO OTMETHUTB, YTO Ha MOJIUIOHE MPOU3PACTAET UHTPO-
IYLIIUPOBAHHOE PACTEHUE — KJICH SICCHEIMCTHBIN (aMepuKaHCKuii) (Acer negundo),
TO €CTh pacTeHHe, ePeceIeHHOE B MECTHOCTb, TJIe OHO paHbllle He CYyIeCTBOBA-
70. JlaHHOE pacTeHHE OTMEYEHO Ha JIByX YUYETHBIX IIOLIa/IKaX — CKBaXHHBI | U 2,
MMPOEKTUBHOE MTOKPHITHE 2 U 5 COOTBETCTBEHHO. ITO 0OCTOSTEIHCTBO MOKET OBITH
MPUYMHON UHBA3UU arpeCCUBHOTO UHTPOIYIIEHTAa B IPUPOAHYIO SKOCUCTEMY.

Tabnuua 3
OnucaHne cKkBaXuHbl 1
[Table 3. Description of well 1]
Ha3eaHue pacteHus Jkonoro-ueHoTnyeckas BuomopdHbIn MpoekTnBHoOE
[The name of the plant] rpynna cocTaB nokpbiTue, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]

KneH amepukaHckuii (Acer negundo) py MH 2
JNebepa ctpenosuaHas (Atriplex sagittata) py Ma 2
MsTnuk nyrosow (Poa praténsis) ny MH 60
duanka TpexugetHas (Viola tricolor) py ma 6
Knesep rubpwvanbliii (Trifolium hybridum) py MH 15

YcrosHble 0603Ha4YeHUS: /1y — NNYrOBbIE; Py — PyAEPaSIbHbIE; MH — MHOFOJIETHUKMW; M@ — MaNIONIETHUKN.
Legend: ny — meadow; py — ruderal; MH — perennials; mMa — juvenile.
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Tabnuya 4
OnucaHne CKBaXXwHbl 2
[Table 4. Description of well 2]
Ha3saHune pacteHus Jkonoro-ueHotuyeckass BuomopdHbIn NMpoekTneHoe

[The name of the plant] rpynna cocTaB nokpbitTne, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]

Meipen nonsyunin (Elymus repens) py MH 50
KneH amepukaHckuii (Acer negundo) py MH 5
JNebepna ctpenosuaHasn (Atriplex sagittata) py ma 14
®duanka TpexuseTHas (Viola tricolor) py ma 4
OpnyBaHYMK NEKAPCTBEHHbIN
(Taraxacum officinale) Py MH 20
ThICH4ENNCTHNK 0ObIKHOBEHHBI

py MH 7

(Achillea millefolium)

YcnogHble 0603HaYeHUs: Py — pyoepanbHble; MH — MHOTONETHUKU; Ma — ManoJIeTHUKN.

Legend: py — ruderal; MH — perennials; ma — juvenile.

Tabnuua 5
OnucaHme CKBaXuHbl 3
[Table 5. Description of well 3]
Ha3BaHue pacteHus Jkonoro-ueHotuyeckas BuomopdHbIn MpoekTneHoe

[The name of the plant] rpynna cocTaB nokpbitTue, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]
Jebepa ctpenosuaHas (Atriplex sagittata) py Ma 2
MsTnuk nyrosoii (Poa praténsis) ny MH 83
BbloHok nonesow (Convolvulus arvensis) py MH 10
KneBep nawienHblti (Trifolium arvense) py ma 5

YcroeHble 0603HaqYeHUsI: 1y — NYroBble; py — pyAepasibHbie; MH — MHOTONETHUKM; Ma — ManoneTHUKK.

Legend: ny — meadow; py - ruderal; MH — perennials; ma — juvenile.

Tabnuua 6
OnucaHune CKBaXwHbl 5
[Table 6. Description of well 5]
Ha3eaHue pacteHus Jkonoro-ueHoTnyeckaa BuomopodHbin MpoekTunesHoe

[The name of the plant] rpynna cocTaB nokpbiTHe, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]

Jebepa ctpenosupHas (Atriplex sagittata) py ma 7
OpyBaHYMK NEKAPCTBEHHbIN

(Taraxacum officinale) Py MH 10
Pomaluka nekapctBeHHas va 30
(Matricaria chamomilla) Py

JNiouepHa noceBHas (Medicago sativa) py MH 23
BeckunbHuLa paccTaBneHHas Dy MH 30

(Puccinellia distans)

YcnogHble 0603HaYeHUs: Py — pyoepanbHble; MH — MHOTONIETHUKU; Ma — ManoJIeTHUKN.

Legend: py — ruderal; MH — perennials; ma — juvenile.
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Tabnuya 7
OnucaHune CKBaXuHbl 6
[Table 7. Description of well 6]
Ha3eaHue pacteHus Jkonoro-ueHotnyeckas BuomopdHbIn MpoekTnBHOE
[The name of the plant] rpynna cocTaB nokpbiTue, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]
MonblHb 06bIKHOBEHHAS MH 15
(Artemisia vulgaris) Py
Pomallka nekapcteeHHas va 20
(Matricaria chamomilla) Py
Mebipen nonadyumin (Elymus repens) py MH 25
MyKyNbHMK 06bIKHOBEHHbIN (MEA0BUK)
(Galeopsis tetrahi) Py ma 4
JiouepHa noceBHas (Medicago sativa) py MH 13
Knesep nyrosow (Trifolium praténse) py ma 7
lopev, nTnunin (Polygonum aviculare) py mMa 10
BepoHuka aybpaBHas
(Veronica chamaedrys) Py MH 6
YcrogHble 0603Ha4YeHUsI: py — pyaepasnbHble; MH — MHOTOJIETHUKW; M@ — ManONeTHUKN.
Legend: py — ruderal; MH — perennials; ma — juvenile.
Tabnuua 8
OnucaHue ckBaXuHbl 11
[Table 8. Description of well 11]
Ha3eaHue pacteHus Jkonoro-ueHotnyeckaas BuomopdHbIn MpoekTnBHOE
[The name of the plant] rpynna cocTaB nokpbiTue, %
[Ecological-coenotic [Biomorphic [Projective
group] composition] cover, %]

Msarnuk nyrosow (Poa praténsis) ny Ma 30
MonbiHb 06bIKHOBEHHas (Arfemisia vulgaris py MH 5
JMouepHa nocesHast (Medicago sativa) py MH 30
Knesep rubpuaHeii (Trifolium hybridum) py MH 20
LLlaBenb manbin (Rumex acetosélla) py ma 5
Exa c6opHas (Dactylis glomerata) py MH 10

YcnosHble 0603Ha4YeHuUs1: /iy — NYroBble; py — PyAepasibHble; MH — MHOIONIETHUKU; M@ — MasIONIETHUKN.
Legend: ny — meadow; py — ruderal; MH — perennials; mMa — juvenile.

[To pe3ynbTaraM XUMHUYECKOT0 aHAJIN3a TIOYBEHHBIX 00Pa3LoB U YKOCOB (DUTO-
Macchl Ha COZIEpPYKaHME B HUX TSOKEJBIX METAJUIOB (Me/lb, HUKEITb, MBIIIBSK, KOOAIIBT,
pTyTh) ciydaeB npeBbimenus [1JIK He oOHapykeHo. O06 3TOM CBUACTEIBCTBYIOT
JaHHBIE TIPOTOKOJIOB MCIBITAHUN aKKpeAUTOBaHHOU jaboparopun AO Arpoxum-
LEHTP «Y IMYPTCKUI».

3aknouyeHue

Ha ocHoBaHuu mpoBeIeHHOTO MOHUTOPUHTAa MOXKHO CJI€JIaTh BBIBOJ, YTO Ha
OTKOCax Teja peKynbTuBHpoBaHHOro nosurona ThO no CapanyinbckoMy TpakTy
OTMEYEHBI FPO3HOHHBIE (POpMBI B KoJnuecTBe 98 mTyK, uTo cocTtaBiuser 1 % oT
BCEH IUIOIIAH MOJIUIOHA. AHATU3 COCTaBa dKOJIOTO-LIEHOTHYECKUX TPYII U OHO-
Mop¢dHOro cocrara, copMHpPOBAaHHOIO Ha IOJUIOHE PACTUTENBHOTO MOKPOBA,
MOKAa3aJ, 4YTO PaCTUTEIBHOCTh MPE/ICTABIICHA €CTECTBEHHO CPOPMUPOBAHHBIM PACTH-
TEJILHBIM TIOKPOBOM: B OCHOBHOM JIYyTOBBIMH U COPHO-PYAEpaIbHBIMU BHIAMH pac-
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TEHW, CIy’KallMMHA MHAMKATOPAMH MOBBIIIEHHONW aHTPONOT€HHOM HAarpy3kH HC-
CIEIyEMON TEPPUTOPHUH MOJIUTOHA.

B nenom oboramenue ¢uopsl qanHoro nonurona TKO no Capanyiabckomy
TPAKTy MPOUCXOMUT Oyiarogaps mporeccaM anoQpuTH3AIUN, TPEICTABISIONAM
HWHTEpEeC B IKOJOT0-00TaHUYECKHX HMCCIENOBAHUAX U TpeOyromuMm Oosee Tia-
TCJIBHOTO M3YUCHUA B JAHHOM HAITPaBJICHWUH.
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Monitoring of the erosion processes and the vegetation cover
of the reclaimed landfill solid municipal waste

Svetlana A. Krasnoperova™, Elena A. Borisova
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1 Universitetskaya St, Izhevsk, 426000, Russian Federation
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Abstract. Depositing of the solid municipal waste in landfills that do not provide for
a set of measures to protect the environment from negative impacts leads to significant pol-
lution of ecosystem components: soil cover, surface and underground water, plant and ani-
mal life. One of the most dangerous components in waste disposal is filtrate, which includes
nitrate and nitrite ions, as well as many heavy metals. The study of chemical analysis of the
filtrate of multiple landfills and landfills shows that there are biologically dangerous organ-
ic substances, various compounds of nitrogen and sulfur forms, heavy metal ions, and path-
ogenic media that exceed the maximum permissible concentrations in the places where
waste is deposited. It follows that the implementation of effective environmental measures
necessary to control the state of wildlife components in places where solid municipal waste
is buried, which reduces the adverse impact on the environment, is the most urgent prob-
lem. In the course of the study, erosion processes and the state of vegetation cover of the
reclaimed SMW landfill along the Sarapulsky tract were monitored. Its levels of environ-
mental hazard were identified.

Keywords: solid municipal waste, erosion processes, remediation, monitoring, envi-
ronmental impact
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Factors influencing to formation of
geosystems of southern slope of the Greater Caucasus
in the Republic of Azerbaijan
and assessment of landscape-environmental capacity
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Abstract. The Azerbaijani part of the Greater Caucasus consists of mountain ranges,
mountainous depressions and sloppy plains. Different types of relief forms and landscapes have
been formed during the repetition of endogenous and exogenous processes that have emerged as
a result of the mutual influence of internal and external forces on the relief. The factors which
influence the southern slope geosystems of the Greater Caucasus were first studied by us. Land-
scape-ecological assessment of the area was carried out using suitable, satisfactory, tense, crisis-
critical and standard criteria, and a landscape map was compiled on its basis. The materials in-
clude the steppe expedition data. The applied methods are landscape-geomorphological, histori-
cal, comparative, mathematical-statistical, cartographic. Resistance of natural landscapes to an-
thropogenic influences is determined.

Keywords: Azerbaijan, Greater Caucasus, mountain geosystems, ecological potential,
ecological assessment, landscape-ecological assessment, mudflow, landslide

Introduction

Within the territory of Azerbaijan, on the southern slope of the Greater
Caucasus natural landscapes have been changed and replaced by modern forms
where the population is densely populated, economic areas, as well as the transport
network developed, the rapid growth of anthropogenic factors, and natural disasters,
such as active floods, landslide, avalanche, etc., occur intensively. The components
and features of geosystems in the area, and environmental instability of natural
environment are associated with anthropogenic impacts which is constantly becoming
strong. From this point of view, the assessment of mountain geosystems and their
landscape-ecological capacity has become one of the actual problems of geography
in modern age.

© Mammadova J.S., 2020
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The object of research

The southern slope of the Greater Caucasus extends to the east (Girdmanchay
basin) from the west (Georgian border) at 220 km within the territory of Azerbaijan.
The northern part of the area passes through Greater Caucasus watershed,
the southern one passes through the north part of Ganikh-Eyrichay depression.

The southern slope of the Greater Caucasus does not create a zone with
the same width and has a wide variety of sizes along the slope. The largest parts
of the southern slope are in the east and west, and they are 25-30 km length.
The narrowest part of the slope is approximately in its central part — Dashagilchay
basin and it is up to 10 km width. In the southern slope of Caucasus ranges
the watershed part consists of narrow, high-prone peaks. The relief of the slope
starts from 500-600 m from absolute height and rises up to 4466 m (the Bazar-
duzu peak). The southern slope of the Greater Caucasus is bordered by the Main
Watershed in the north from orographic point of view, and in the southwest by
Ganikh-Eyrichay sloppy plain.

Modern scientific-theoretical and methodological bases of research

N.A. Qvodzetski, A.Q. Isachenko, V.S. Preobrojenski, N.L. Beruchash-
vili, V.I. Bulatova, .M. Mamay, A.V. Melnik, B.A. Budagov [1-3], A.A. Mi-
kayilov, M.A. Museyibov, E.K. Alizade [1; 4] and other scientists have made great
contributions to the research of mountainous lands landscape.

The main purpose of the research

It is the evaluation of modern geosystems of southern slope of the Greater
Caucasus and their landscape-ecological potential.

To achieve the goal, the following tasks have been proposed:

— comparative analysis of modern scientific-theoretical and methodological
problems of complex landscape researches in mountain geosystems;

— studying the impact of economic landscapes and settlements on natural
landscape complexes;

— assessment of landscape-ecological potential in mountain geosystems.

Analysis

One of the important tasks of modern landscape science is to achieve sustain-
able development of natural geosystems, at the same time to prepare the scientific
foundations of creating ecologically safe, highly productive agrolandscapes.
Solution of this problem is also depending on efficient use of existing geosystems,
the study of exodynamic processes occurring in them, and preparation of scientific
bases of environmental problems of landscape complexes, as the landscape feature
is formed under the complex interactions of its natural components. Therefore,
the deterioration caused by any anthropogenic impact in a particular landscape
structure necessarily leads to the change of lithogenic, hydrochloric bases of its
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natural potential and biotic change. Ecological deterioration to any part of the natural
complex will necessarily lead to the ecological change of geosystem structure.

The factors influencing to formation of modern landscape. Geological
and geomorphological conditions of southern slope of the Greater Caucasus,
can be attributed by neotectonic movements observed intensively, its climate,
morphometric indicators, flood accidents, economic activity of people, etc.

1. Geological and geomorphological conditions of the area. The southern
slope of the Greater Caucasus has a rather complicated geological structure.
The Mesozoic and Cenozoic sediments which spreads widely in the Alpine Zone
form large tectonic structures (anticlinal, synclinal, isoclinal, overthrust, in the west
horst-synclinal, horst-anticlinal ridges, graben-synclinal depressions). Especially,
Zagatala-Govdagh synclinorium which consists of the Cretaceous period rocks
lies to a big area and combines numerous ranges, ridges, intermountainous depres-
sions in itself. Its northern part covers the Tinov-Rosso-Garagaya district [1].
The highest peaks are Tinov-Rosso, Kuton, Garagaya, Tufan, Babadag, Bazarduzu
and others, it covers the areas which are up to 34004466 m high.

From Demiraparanchay to the East, morphostructures split more sharply, chalk
sediments increase, there are Babadagh horst-anticlinorium, Govdagh horst-syn-
clinorium, Guzduchay-Alatash horst-anticlinorium ranges. From the Demiraparan-
chay to the West, the relief is very steep, the main reason for it is that Southern
microplate and Skif microplate has been exposed to folding in the collision zone.

The upstream part of the river consists of narrow streams and extends in
the middle and lower parts. In the middle and highland zone the river valleys are
700-900 m, and 250-300 m in the lower zone [2].

The alluvial-proluvial sediments observed in the river valleys cover large
areas such as Demiraparanchay, Balakenchay, Vandamchay and Mazimchay.
At the same time, Balakenchay and Kishchay have moraine sediments at the depths
of 30-100 m. On top of the highland, jurassic sandstone and limestone rocks are
commonly encountered [3]. From a geological point of view, from the east to
the west the sediments on the southern slope are superior, while the traces of
the lower jurassic period are observed in the Alpine zone. In general, we can say
that as a result of interaction of geomorphological features of the relief with one
another, the altitude landscapes are violated, and their horizontal structure be-
comes complicated [4].

2. Intensively observed neotectonic movements. One of the factors that play
an important role in formation of mountainous landscapes is neotectonic move-
ments. The impacts of neotectonic movements on the southern slope landscape of
the Greater Caucasus have been studied. Intensive repetition of natural destructive
processes leads to disintegration of relief, transformation of landscape complexes,
replacement of natural landscapes to anthropogenic landscapes.

Development of landscape and its morphological parts on the southern slope
of the Greater Caucasus has a gradual character, and the change term of its
structure depends on taxonomic level of natural terrain complexes, and only facies
are exposed to the most rapid and short-term changes. It takes a long time to re-
place the landscape structure with a completely new one. As a result of devas-
tating natural phenomena, the structure of the landscape and its morphological
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sections is changed relatively quickly. In landscape complexes consistently new
elements, new facies emerge, and it shows the changes to the appearance of new
landscapes in the place of old landscapes.

3. The climate conditions of the area. The total solar radiation in the southern
slope of the Greater Caucasus changes between 125-145 kcal cm?/year. The active
temperature more than 10 °C is 450-800 °C in total. Humidification index (Md) in
the research area varies from 0.15 to 0.60 [5].

Table 1
Evaluation of climate indicators on the landscape zone of the South Caucasus
along the territory of Azerbaijan
Names of Amount of Total of Average Average Number of Number of
landscape zones precipita- average temperature temperature days below days with
tion, mm daily tem- of July, °C of January, 0o°C snow cover
perature, °C
aday
The forestand forest- 454 59 390-330 24-26 1,2 40-55 20-40
bushes of foothills
The forests of the low i
highland 600-1000 250-300 22-24 0;1 60-75 50-80
The forests of the mid- .
dle highland 1000-1200 200-250 20-22 0;-2,5 80-120 100-130
Subalpine meadows 1200-1400 200-150 15-20 -2,5; -5 130-145 140-160
Alpine meadows 1000-1200 130-100 10-15 -5;-10 150-170 160-180
Subnival 600-800 80-50 5-10 -10; -12 180-200 190-200
Nival-rocks 600 50 5 -12 200 220
and less and less and less and less and more and more

Strong rains on the southern slope of the Greater Caucasus are observed in
May and July, the precipitation with average intensity <0.1 mm/min is very
frequent (52%), the precipitation with 0.31-0.50 and 0.51-1 mm/min is 7.7 and
1.8% respectively. However, the precipitation with up to 0.1 mm/min is more
likely to occur in April and October. The precipitation with more than 0.25 mm/min
is mainly recorded in June. All data is summarized in Table 1.

Lo

1:100 000

Hypsometric map Inclination map

Figure 1. Hypsometric and inclination maps of the southern slope of
the Greater Caucasus within the territory of Azerbaijan

4. Morphometric indicators of the area. It is very important to consider
the hypsometric indicators of the area during the assessment of the landscape-
ecological potential of the southern slope in modern age. For this purpose, digital
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models of terrain relief have been established by us based on aerospace images of
the surveyed area, with the help of ArcGIS 10.1 software in the GIS environment.

The morphometric parameters were used to study relief forms using the soft-
ware described above. So, firstly taking into consideration the altitude parameter,
hypsometric and inclination maps of the southern slope of the Greater Caucasus
have been compiled by us (Figure 1).

5. Flood accidents repeating in the area frequently. Flood accidents are one
of the factors that play a special role in the formation of modern landscapes on
the southern slope of the Greater Caucasus. The geological-tectonic conditions,
the amount of precipitation, as well as the crumbles, placers, avalanches, landslide,
etc., play a great role in the development and distribution of floods that are effective
in the formation of existing landscapes in the study area. Floods of natural origin
are formed as a result of erosion, landslide, crumble and avalanche, and floods of
anthropogenic origin, as well as agricultural and technogenic processes.

Development of floodplains in the study area is evident in the basins which
refer to upper branches of Saribash village and in the basins of the Kurmuk river,
between Mukhakhchay and Filfilchay rivers [6]. Along with them, Akvaychay (source
of the Bulanigsu river), Garagayachay (source of Shinchay), Malukudchay (source
of Filfilchay) and others, nival-subnival in mountainous region, Garaguzeychay
(source of Gaynarchay), the source of Sari Guneydere river (Kishchay basin),
mountain-meadow in mountainous region of Koshanchay (Kuncutchay Basin),
on the left eastern slope of Kishchay valley in Kishchay region, Enischay basin,
on the northern slope of Yarpizbazar mountain near Ilisu village and other areas
of the mountain-forest landscape flood accidents form. The intensification of
flood accidents plays important role in the formation of the relief, landscape and
so on [7]. Such cases, flood and its destructive power that is effective on the dy-
namics, formation, transformation of the landscape are determined by the volume
of'its suspended materials.

6. Anthropogenic activity. One of the factors influencing to formation of
modern landscape are anthropogenic effects. As a result of population impact on
the mountainous and foothill areas of Azerbaijan, landscape differentiation has
happened. The devastating flood accidents observed in the highland geosystems
have great economic damage to the region, and natural landscape complexes are
exposed to change.

Structural features of landscapes are changing due to economic activity of
people. Due to the fact that the foothill zones are adopted more, here distortions
emerge in the landscape complexes, and the first significant change takes place in
the vegetation and fauna of that area. As a result of anthropogenic impact, new
features appear in the ground cover [8].

In some regions where irrigation agriculture is developing, some features of
the soil humidification regime are subject to change, the level of groundwater is
rising — microclimate conditions vary considerably. As a result of increasing
impact of people on the southern slopes landscape complexes in the Greater
Caucasus, expansion of the area appropriation more than normal and growing of
human impact on natural territorial complexes lead to negative ecogenic relief
forms. As a result, the balance of landscapes is sharply distorted. To reveal such
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problems in time, investigating mountain landscapes and compiling the landscape
map of the area are of great importance.

The landscape map of the southern slope of the Greater Caucasus.
It is important to determine the natural potential and differential properties of moun-
tain geosystems on altitude zones during the research. Depending on the litho-
logical content of rocks, fragmentation and density of the relief, slopes inclination,
the climatic conditions of the area, its soil and vegetation, population settlement,
as well as their economic activity the differential features of modern landscape
can be determined. The assessment of natural resources in mountain geosystems
should be primarily carried out on the components [9]. So, depending on the al-
titude, development process of differentiation on the main indicators of natural
resource potential in geosystems should be calculated. For this purpose, the degree
of adopting high, middle and low highlands on the main components of landscape,
and development directions of planting areas and livestock should be determined.
To define landscape and ecological potential, firstly, the landscape map of the area
should be developed. For this pupose, the landscape map of the southern slope of
the Greater Caucasus (Figure 2) have been compiled by us using landscape map
of Azerbaijan compiled by A.A. Mikayilov, E.K. Alizade, M.C. Ismayilov and
others on the landscape map of Azerbaijan, as well as all actual materials obtained
during the research, applying modern GIS technologies on images taken on aero-
space monitoring systems (using the ArcGIS 10.1 software).

Landscape types:

A. HiGH MOUNTAIN LANDSCAPES WiTH COLD, HUMID CLIMATE:

I Nival landscapes:

1. Nival-rocky landscapes deprived of soil-vegetation cover in medium and
partly dissected slopes of high mountain.

2. The slopes deprived of the soil-vegetation cover in the intensive dissected gla-
cial slopes of high mountain and slopes where crumble-placers develop dynamically.

1I. Subnival landscapes:

3. The soil-vegetation cover of the middle and weakly dissected slopes of high
mountain and its bedrocks on the surface.

4. Alpine lowlands in the shape of stains on weathering materials in weakly
developed mountain-lowland soils of medium and intensive dissected steep slopes
of high mountain.

5. Steep stingy slopes, deprived of intensive dissected soil-vegetation of high
mountains.

B. MOUNTAIN-LOWLAND LANDSCAPES WiTH HUMID AND MILD-HUMID CLIMATE:

111. Alpine lowlands:

6. The plants such as bromus, triple clover, meadow fescue, poaceae in
the rewashing mountain-lowland lands at a low-density of intensively dissected,
very steep, partly steep and stingy mountain slopes.

7. The plants such as lowland fescue, thyme, triple clover and bromus in
the rewashing mountain-lowland lands at a low-density of steep mountain slope
which is intensively dissected and exposed to erosion.

8. Island-shaped mountain meadows in the mountain-lowland lands that
devoloped weakly of the rock juts of intensive dissected (bare), steep rocky-
stingy slopes.
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9. The plants such as buttercup, thyme and clover in the erosional mountain-
meadow lands of mid-dissected, steep (stingy) mountain slopes.

1V. Subalpine lowlands:
10. The plants such as foxtail grass, triple clover, lowland fescue and dif-

ferent grasses in the dense mountain-lowland lands of synclinal intermountain
depressions and undissected valley bottoms of high mountains.
11. The plants such as triple clover, fescue, poaceae in the mountain-lowland

lands of weakly-dissected landslide slope sod.
12. The plants such as lowland fescue and bromus in the soddy mountain-

meadow lands of mid-dissected landslide slopes.

13. The plants such as thyme, clover, triple clover and different herbs in
the soddy mountain-lowland lands of mid-dissected, mid-inclined mountain slopes.

14. Subalpine lowlands after the forest (thyme, triple clover) in the less-
inclined, gravely lands of intensive dissected, steep mountain slopes.

15. The plants such as triple clover and different herbs in the soddy mountain-

lowland lands of mid-dissected, mid-inclined landslide slopes.
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Figure 2. Landscape map of the southern slope of the Greater Caucasus within the territory of Azerbaijan

C. MILD-HUMID MOUNTAIN-FOREST LANDSCAPES:
V. Beech-hornbeam and oak-hornbeam forests of middle mountain and partly

high mountain:
16. Beech-oak-hornbeam forests in the brown mountain-forest lands of in-

tensive dissected high mountain slopes.
17. Beech-hornbeam and oak-hornbeam forests in the brown mountain-
forest lands of mid-dissected, mid-inclined low and middle mountain slopes.
18. Beech-hornbeam-oak forests in the brown mountain-forest lands of mid-

dissected, mid-inclined low and middle mountain slopes.
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D. LANDSCAPE OF MIDDLE AND LOW MOUNTAINS WiTH HUMID CLIMATE:

VI. Forest-steppe, steppe and mountain-lowland landscapes of low and
middle mountains:

19. Paliurus, dog rose bushes and with wormwood-different herbs meadow-
steppes aftr the forest in the brown lands of mid-dissected landslide slopes of in-
termontane depressions.

20. Oak-hornbeam forests and bushes after the forest, the lowlands with
different herbs in the brown lands of weakly dissected landslide slopes.

21. Barberry, dog rose, blackberry bushes and the lowland-steppes with
different herbs after the forest in the brown and mountain-lowland lands of mid-
dissected landslide slopes.

22. Hornbeam-oak and oak-hornbeam forest bushes, thin lowland-steppes in
the mountain-brown lands of intensive dissected slopes.

E. LANDSCAPES OF ACCUMULATIVE PLAINS WITH MILD-HUMID CLIMATE:

VII. Forest, bush-meadow and forest-steppe landscapes of accumulative plains:

23. Oak-hornbeam forests which were replaced with seliteb area — orchards and
plantation agrolandscapes in the brown lands of weakly dissected inclined plains.

24. Bushy steppes after the forest which were replaced with seliteb area —
orchard and plantation agrolandscapes in the brown lands of undissected, less-
inclined, terraced plains.

25. Meadow-bushy steppes after the forest were replaced with orchard-plantation
agrolandscapes in the brown lands of undissected, less-inclined, terraced, alluvial-
proluvial plains.

26. Bushes (paliurus, dog rose, blackberry) and wormwoods and different herbs
after the forest in the brown lands of weakly dissected, high proluvial plains.

27. Seliteb-plantation landscapes and white-grassed steppes with wormwood
in the brown lands of weakly dissected, smooth plains.

28. The bushes and steppes with different herbs which are used as a pasture
in the brown lands of undissected, inclined proluvial-stoned plains.

29. Oak-hornbeam forests in the brown lands of mid-dissected, less-inclined,
alluvial-proluvial plains.

30. Oak-hornbeam forest bushes and lowland-steppes which were changed into
agrolandscapes in the brown lands of weakly dissected, alluvial-proluvial plains.

31. Oak-hornbeam forests and bushes in the alluvial-lowland lands of intensive
dissected, terraced plains.

32. After the forest, the forest bushes along the river and white-grassed worm-
wood plants which are changed into orchard-plantation landscapes in the alluvial-
lowland lands of weakly dissected, less-inclined, smooth plains.

VIII. The landscapes of arid-denudation low mountains and depressions:

33. Paliurus, blackflower, pomegranate and wormwood-white grassed steppes
in the dark-chestnut (grey-brown) and brown lands of undissected, less-inclined
low-mountains.

ILX. Dry steppe and xerophyte-steppe landscapes of denudation-accumulative
plains:

34. The plants with wormwoods-white grass, wormwood-ephemerial plants
in the chestnut (grey-brown) lands of wekly dissected, less-inclined, flat plains.
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X. Intrazonal landscapes of accumulative plains:
35. Lowland-steppe, lowland-bog and lowland-bush in the alluvial lowlands
of mid-dissected river valleys.

The assessment model of landscape-ecological capacity

The perspectives of solving the ecological problems of the southern slope of
the Greater Caucasus is related to the continuation of landscape-ecological
researches. The studies in the research area which were carried out by us once
again prove that the ecological balance of the landscape depends on ecological
approach to the studying geosystems and their components and properties and it
depends on the current level of ecological stability degradation in the natural
environment which is the result of constantly-increasing anthropogenic impact.

Environmental aspects of landscape surveys are related to the deterioration of
the environment in which people pay for daily activity and material assurance. One
of the most important issues of landscape-ecological researches is the assessment of
landscape complexes, their natural potential, the degree of anthropogenic change,
the environmental risk and the state of the geosystems as a whole.

Landscape-ecological capacity assessment model

Defining Investigation of Assessment of Assessment of Assessment of
the main directions | | landscape-ecological environmental the ecological ecological capacity
of natural capacity of modern| | capacity of rock- capacity of of mountain-forest
landscapes use geosystems nival and subnival | | mountain-meadow landscapes
landscapes landscapes

Figure 3. The assessment model of landscape-ecological capacity of modern geosystems

Taking into account the factors we have mentioned, we have prepared model
for the assessment of the landscape-ecological potential of modern geosystems in
order to assess the modern geosystems of the Greater Caucasus and their landscape-
ecological capacity (Figure 3).

The assessment of landscape-ecological capacity

While determining the main directions of natural landscape use in southern
slope of Greater Caucasus, assessing the landscape-ecological potential of the modern
geosystems, we have prioritized the results of researches in the area, as well as
traditional methods, however we preferred using the most modern approaches and
methods [10]. The reason is that research techniques and geographical maps based
on them before us were of a general nature and reminded a collection of laconic
information for a particular area. Relief digital models were previously obtained
by vectorization of topographic maps or using topographical shooting materials.
At present, this method is not considered as effective because it is a time con-
suming process for a large area. From this point of view, such investigations have
been carried out in recent years with the distance probe method. It should be noted
that the maps compiled by modern Geographic Information Systems play a role
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as a numerous data collection for the research area, as well as, an updated multi-
stage database, which further enriched by adding new information.

In the modern geosystems, as a result of the various ecological processes
affecting the ecological capacity of landscapes, as well as the decoding of aero-
cosmic images we have determined that mountain-forest and mountain-meadow
landscapes are expanding, and water-erosion processes are developing on inclined
slopes. Taking these into account, we have compiled an environmental potential
map of the southern slope landscapes of the Greater Caucasus and combined
the ecological capacity of landscapes in five groups — extreme, low, medium, re-
latively high, high (Figure 4).
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Figure 4. The ecological-capacity map of the southern slope landscape of the Greater Caucasus
within the territory of Azerbaijan

It should be noted that the nival-subnival landscapes are distinguished by
their ecological stability in the region. Of course, this is due to the difficult ap-
propriation of the area. This includes erosion, denudation, high-intensity, mixed-
rocky mountains. Nival-glacial and erosion-glacial mountains are characteristic
for this area and are covered by the Main Caucasus, Yan, Shahdagh ranges.
As a result of intensive denudation processes, dissected rocks from rocky areas
are collected into the slopes of the peaks, as well as in kars and cirques. In these
zones, there are nival and subnival landscapes on the ancient glacier relief and
relief. Almost, nival-subnival landscape has mainly developed in Akhvay, Seyi-
dyurd, Chagil and other mountainous regions.

Intensive development areas of floodplain landscapes are mainly nival-subnival
and mountain-lowland zones, where there are the most appropriate physical-geo-
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graphical features for their formation. In nival-subnival and mountain-meadow
landscapes, gravitational, infiltrational and glacial floodplains are mainly dominant,
however, in mountain-forest landscape zone fluvial and gravitational-infiltrational
floodplains are dominant [11]. In the large area within the altitude landscape zone,
continental facies of the 4™ century are widely spread and they (glaciers, alluvial-
proluvials, alluvial-delluvial and other origin rocks) are involved as the main
source of flood and erosion materials [12].

Mid-powerful floods has been happening for the last 15 years in which in
the middle and low-mountains bushes, steppes, forest-steppes, and arid sparse forests
are dominant, population settlement is dense, transport networks are growing
rapidly, dryland farming spreads widely, in the areas where anthropogenic factors
are strong. In the areas where intense flooding is repeated, forest cover is sparse,
high inclination of the middle mountainous region (relatively low mountains),
mainly due to the anthropogenic factor, rapid decomposition of forests, small
mountain bushes is observed.

The landscape ecological assessment has been conducted taking into con-
sideration the impact of the economic areas on the separate landscape types of
the research area, appropriation degree of the area, and its durability degree against
natural and anthropogenic factors. As you can see from Table 2, high mountain
landscapes are considered unfit for farming. Mountain-meadow landscapes are
used as grazing and grassland, and the degree of appropriation is seasonal.
In mountain-forest landscapes, seliteb, seliteb-orchard plantations are widely
spread and the degree of their appropriation has been highly appreciated.

Table 2

Ecological assessment of the landscape of the southern slope of the Greater Caucasus
within the territory of Azerbaijan

No. Landscape types Area, With Farm use Appropriation  Ecological
km? percent, degree assessment
% of the
landscape
1 High mountain landscapes o
with cold, humid climate 5694 51 - - Crisis
2 Mountain-lowland landscapes Grassland
with humid and mild-humid  1260,5 16,8 summer Seasonal Critic
climate pastures
3 Mountain-forest landscapes Seliteb,
with mild-humid climate 2466,2 32,9 seliteb-orchard Seasonal Tense
plantations
4 Middle and low mountain Seliteb-orchard,
landscape with mild-humid 123,3 1,6 vegetable sown High Satisfactory
climate areas
5 Accumulative plains land- .
scape with mild-humid 32532 436 Se"tleb'or?hard High Convenient
climate plantation

In order to achieve the goal, we have used scientific works and obtained
innovations of the scientists who researched in this field historically and we can
come to such a conclusion that in the research area steppe and distance probe
work were conducted before and the obtained data was studied with the in-
terpolation method. At this time landscape ecological capacity was also taken into
consideration [13].
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Figure 5. Landscape-ecological assessment map of the southern slope of the Greater Caucasus
within the territory of Azerbaijan

Also, all obtained data was analyzed mutually and general results were pre-
pared and the landscape-ecological assessment map of the research area was com-
piled by us (Figure 5). Thus, from landscape-ecological point of view, the southern
slopes of the Greater Caucasus are divided into five groups: convenient, satisfac-
tory, tense, crisis and standard.

Conclusion

Connected with the dynamics of population growth in Azerbaijan, global
changes in climate, regular natural processes in relief, etc., there is always
a change in the structure of the landscape. The self-development of the landscape
is relatively slow. However, the mutual influence of external factors and internal
processes accelerates the process of its formation, and thus, one landscape type is
replaced by another one with certain changes.

The upper border of the forest areas on the southern slope of the Greater
Caucasus is regularly exposed to anthropogenic impacts. That is, as a result of
anthropogenic impact of the forest strip, the boundaries of the forests in the study
area have gone down several hundred meters and are currently on the average
1800-2000 m above the sea level. Anthropogenic impacts, along with its trans-
formations created at the lower and upper boundaries of the forest, also change
the species of the forest content.
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Subnival landscapes of the high mountain in the southern slopes of the Greater
Caucasus, which are distinguished by their intensive fragmented relief, lead to
the collection of a large number of detrital materials on mountain slopes, flood-
plains as relief formation factor. The Jurassic clay shists, which can be easily
weathered in the mountainous areas, collected in floodplains as detrital materials,
and it creates a condition for destructive flood accidents in those areas.

The activity of the floodplains, which play a special role in the differen-
tiation of landscape, is related to the composition of the rocks in the basins.
The frequency of formation and repetition of the floods in the research area
depends on the landscape zone. The power source of the floods consists of
the landslide and landslide masses on the sandy-clay rocks of the paleogene-
neogene. The dynamic development of the floodplain in the river basins, where
the Jurassic clay shists are widespread, accelerates the denudation processes here.
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AnHoTamus. AzepbOaiimkanckas yactb bonbmoro KaBkasa cocTouT U3 TOpHBIX Xpeb-
TOB M BIAJWH U HAaKJIOHHBIX paBHUH. Pa3nuunble TUNBI peibedHbIX GopM U JaHamadToB
Bonbmoro KaBkasza chopmupoBanuce B pe3ysibTaTe MOBTOPEHUS SHIAOTCHHBIX M HK30T€HHBIX
MPOLIECCOB, BO3HUKIIMX B XOJI€ B3aUMHOTO BO3CHCTBUS BHYTPEHHHUX W BHEUIHMX CHJI Ha pe-
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nped. BriepBble n3ydeHB! (akTOpPHI, BIMSIONIME HAa T€OCHCTEMBI I0KHOTO CKIOHA bonbmoro
Kagkaza. IIpoBeeHa oleHKa JaHAMA(QTHO-3KOJIOTHUECKOr0 MOTEHIMANa pailoHa C UCIOJIb-
30BaHUEM TOAXOMASIINX, YAOBIETBOPUTEIbHBIX, HAMPSKECHHBIX, KPU3UCHO-KPUTHUECKUX U
CTaHAAPTHBIX KPUTEPHEB, HA €€ OCHOBE COCTaBJIEHA JaHAmAapTHas KapTa. Mcrnoab3oBaHbI
MaTepraIbl CTCITHOM SKCIEINNINH, JaHAmIAa(THO-TeOMOP(HOJIOTHIECKIE, HCTOPUIECKUE, CPAB-
HHUTENbHBIC, MATeMaTHUECKU-CTATUCTHIECKUE, KapTorpaduaeckue MeTosl. OmnpeneneHa ycToi-
YUBOCTh NMPUPOAHBIX JIAHAMA(PTOB K aHTPOIIOTCHHBIM BO3JICHCTBHSIM.

KiroueBsbie cnoBa: AzepOaiimkan, bonbmoii KaBka3s, ropHble T€OCHCTEMBI, KOJIOTH-
YeCKHU MMOTEHIHAI, SKOJIOTHYECKasl OICHKa, JaHAMAPTHO-IKOJIOTHIECKasl OLCHKA, CEIEBOH
MTOTOK, OIIOJI3¢Hb

Hcropus crarbu:
Hara noctymienus B penakiuto: 18.03.2020
Hara npunsartus x neuatu: 24.04.2020

Jdas umTupoBaHusa:

Mammadova J.S. Factors influencing to formation of geosystems of southern slope of
the Greater Caucasus in the Republic of Azerbaijan and assessment of landscape-environ-
mental capacity / Bectauk Poccuiickoro yauBepcuTera Apyx061 HapomoB. Cepust: DKoI0-
rus U Oe3onacHOCTh xu3HenestensHoctu. 2020, T. 28. Ne 3. C. 237-251. http://dx.doi.org/
10.22363/2313-2310-2020-28-3-237-251

Caenenus 00 aBTOpE:

Mameoosa [caxan Cupadc, KaHIUIAT Teorpa@uUecKuX HayK, CTapIIMi Mperno/aBa-
Teh Kadeaphl oo1ei reorpadum A3epOaliKaHCKOTO TOCYIapCTBEHHOTO TIEIarornIecKoro
yHuBepcurera. E-mail: sirac.memmedov54@mail.ru

I'EO3KOJIOTUA 251



§ RUDN Journal of Ecology and Life Safety 2020 Vol. 28 No. 3 252—262
% http://journals.rudn.ru/ecology

BecTHuk PYOH. Cepusi: konorus u 6e30MnacHOCTb XU3HeAeaTeNlbHOCTN

DOI 10.22363/2313-2310-2020-28-3-252-262

VJIK 504.53:581.5(045) Hayswan CraTes

3arpasHeHue atmocodepbl UpKyTCckon obnactu
B pe3ysibTaTe NPUPOAHbIX NOXXapoB
M OLLleHKa pPUCKa 34,0pPOBbI0 HacesieHns

T.B. Bamanosa'®, B.B. M'apmbimen?

'"Mockosckuii 2ocyoapcmeennviii ynusepcumem umenu M.B. Jlomonocoea,
Poccuiickaa @edepayus, 119991, Mocksa, Jlenunckue eopul, 0. 1
2Upkymckuii HayUOHATbHYII UCCTE006aAMENbCKUL MEXHUYeCKULl YHugepcumen,
Poccuiickas @edepayus, 664074, Upxymcxk, ya. Jlepmoumosa, 0. 83

B VTV _53@mail.ru

AHHOTanus. 3arps3HEHNE BEIIECTBAMH, OCTYHAONIMMHU B atMoc(epy B pe3yibTaTe
IPUPOAHBIX MOXKApOB, JOCTOBEPHO BIMSET HAa ypOBEHb 3a0osieBaeMOcTH HaceneHus MpkyT-
ckoi obactu. PazpaboTka Mep IO ero CHIXEHHUIO TpeOyeT OIEHKH YPOBHS PHUCKa M aHAIN3a
MIPOCTPAHCTBEHHBIX Pa3JIMUMil COCTaBa M KOJIMYECTBA OCHOBHBIX AMHTEHTOB. VcciemoBanue
OCHOBAHO Ha CTaTUCTMYECKOM MaTepualie 0 MPUPOAHBIX Moxkapax B oomactu B 2014-2019 rr.
BrImonHeH cpaBHUTEIBHBIM aHATU3 COCTaBa M MAacChl BEUIECTB OT MPUPOAHBIX MOXKapOB HA
3eMJIIX TpeX KaTeropuhil: 3eMid JIecHOro (oHIa; CeMUTeOHBIe, IPUTOPOAHBIE, PEKpearnoH-
HbIE 3eMJIH; Topd U Topdonoussl. 1o Becy 1 cocTaBy MOUTIOTAHTOB HaHOOJIEE ONACHBIMU JIs
3/I0POBBSl TIPEICTABIIIOTCS TOP(SHBIE MOXaphl. YPOBEHb PUCKA 3IOPOBBI0 B pE3yJbTaTe
MIPUPOAHBIX TOKAaPOB BapBUPYET 110 palioHaM O0JNacTH B Mpeaeiax ABYyX mopsakoB. Ha Hero
BIIHSIOT: JOJSI TUIOMIAH 3aJbIMJIICHHS OT OOIIel IUIOIAAn paiioHa; HEpaBHOMEPHOCTH pac-
IpeJIeNIeHUs] HACENIEHUs B TpejiesiaX paiioHa; MaJIOHACEICHHOCTh U TPYAHOAOCTYITHOCTD; 9KO-
HOMMYECKas CHEIHAIN3AINS U IPyTHE.

KiroueBble ci10Ba: MpHUPOIHBIC MOXKAPHI, 3arps3HeHne aTMoc(epsl, 3a00IeBaEMOCTb,
puck, MpkyTckas obnactb

BeBeneHue

[Tpupoaabie (0cOOEHHO JIECHBIE) MOKAPHI HAPAIY C TEXHOC(HEPHBIM BBIOPO-
camu — Han0OoJjee 3HaYuMble HCTOYHHUKH 3arpsi3HEHUS] aTMOC(EpPhl Ha PEerHOHAb-
HOM H JIOKQJIbHOM ypOBHsIX. OTHUM U3 WX BaKHBIX HETATHBHBIX BO3JICHCTBUN 5B-
JSIeTCsl YXYIIIIeHHEe CaMOYYBCTBHSI, POCT OCTPOM U XpOHUYECKOH 3a00J1€Ba€MOCTH
HaCeJICHHSI — MPEXKIE BCEro OPTraHOB JBIXaHUSI.

HpxyTckas o6nacTh — OJIMH U3 CaMbIX OOTaThIX JIeCOM pernoHoB Poccum.
[To maHHBIM TOCYIapCTBEHHOTO JIECHOTO peectpa Ha 1 sHBaps 2018 r., necomno-
KpbIThIe 3eMJn 3aHUMaiu 82,6 % TeppUTOpUHM 00JIacTU. 31ech cocpedoTOUeHa
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BOCBhMasi 4acTh 3allaCOB POCCUICKOM IpeBECHHBI. A J10JI1 0CO0O0 IIEHHBIX XBOMHBIX
nopo/ (Hanbosee rTOpUMBbIX ) 3HAYUTENNbHA 1a)Ke B MaciiTadax riaHets [1].

HpkyTtckast 0051acTh — KPYIHbBIN MPOMBIIUIEHHBIA PETHOH, B KOTOPOM TPEICTaB-
JIeHBI BCE€ OCHOBHBIE OTPACIH, AIOIINE BHICOKYIO TEXHOT€HHYIO Harpy3Ky Ha aTMo-
chepy. JlecHast u nepeBooOpadaThIBaroIas MPOMBIIUIEHHOCTh OTHOCUTCS K BETYIINM,
YTO OnpesenseT OonbIIol 00beM J1eCO3aroTOBOK U MEPBUYHON 00pabOTKH B pa3HBIX
paitonax obnactu. Ha teppuropusix Upkyrckoro, Taimerckoro, Ycomabckoro u AH-
rapcKoro paiioOHOB PacIIPOCTPaHEHb! TOPPSIHUKH, YACTHYHO pa3padaThIBaeMbIE.

[TockonbKy cpenu MPUYUH JIECHBIX MOKapOB JTUAUPYET HEOCTOPOIKHOE 00-
pamienue moaeit ¢ orueM (60 % B cpeanem 3a 2014-2019 rr.), BaXKHO OTMETHUT,
YTO JOCTYIHOCTH JIECHBIX MAaCCHUBOB JOCTATOYHO BBICOKA KaK I 3aTOTOBHUTENEH,
TaK M JUIsl HAcCeJNeHUs B 1enoM. [t o0nacTu xapakTepHbl TaKKe MPUPOIHbBIE TO-
JKapbl U3-3a TPO30BBIX paszpsAaoB (B cpeaHeM 29 %), uTo sBisieTcs OCHOBHOW MpH-
YMHOW MacIITaOHBIX BBITOPAHUIl Jieca B TPYIHOJOCTYIIHBIX M HEOOECTIeUYeHHBIX
Ha3¢MHOM OXpaHOU TEPPUTOPUSIX.

C KaXxJbIM TOZIOM BCE OOJBIIYIO TPEBOTY BBI3BIBAET YBEIMUEHUE IUIOMIAIEH
TOPEHUS TOPIOYUX pacTUTENbHBIX MaTtepraiioB (I'PM) B cenuteOHOM, nanamadTHO-
PEKpeaIroHHOM, TeCOMapKOBOM 30HaX HACENIEHHBIX MyHKTOB. [Inmomans mocien-
HUX coctaBisieT 12 % oT o0mel TeppuTOpUU peruoHa, u exerogHo Ha 10-15
JTHEW OHa Mmorpysaercs B 1M [ 1; 2].

VYcnoBusMH, 0Ka3bIBAOIIUMH MPSIMOE UM OMOCPEIOBaHHOE BIUSHHUE Ha
KOJIMYECTBO M TUIOIIAIH MPHUPOJHBIX MOKAPOB, MOTYT OBITh: a) IUNIOTHOCTH Hace-
neHust; 0) BeIMYMHA JICCOMOKPHITON TUTOMIAIH; B) XapakTep BEAYIIECH OTpaciu XO-
3sicTBa paiioHa; T') XapakTep M IUIOTHOCTh TPAHCIOPTHOW MHQPPACTPYKTYPHI,
1) OKpanHHO-TIeprudepuitHOe TOJI0KEHUE palioHa; €) peKpeallnoOHHas Harpy3Ka.

[To naHHBIM 0OJIACTHOTO KOMUTETA IO CTATUCTHKE, Ha MPOTSHKEHUH PsAa JIET B
MePHO]] JIECHBIX MOXKapoB B 00J1aCTH HAOIIOJAIMCh JOCTOBEPHbIE MPU3HAKH YXY/I-
IICHUS 30POBBS JIIOJCH, HAXOJUBIIUXCS B 3aIbIMJICHHON 30HE. DTO JIEMOHCTPH-
pyeT IPHUPOCT 3HAUYCHUN CIICAYIONIUX MOKa3aTeel: YUCIo OOpalleHnii 3a MeIu-
IIMHCKOM TOMOIIBIO B CBSI3M C 3a00JIEBaHUSAMU OpPraHOB JbIXaHUs — Ha 6,5 %);
9HCII0 000CTPEHHI XPOHUIECKIX OpOHXHUTOB — Ha 4,2 % 1 OpOHXUAITBHOW aCTMBI —
Ha 5,2 %. Panee Obu1o moka3aHo [3], 4TO PUCK CTOJIKHYTHCS C MPUPOIHBIM OXKa-
poM Ha Tepputopun MpkyTckoil obnactu cymectByeT s 6 u3 kaxapix 10 000
YeJIOBEK HACEJICHNUS.

Cka3aHHO€ CBUJETENBCTBYET 00 aKTyaJIbHOCTH MPOOJIEMbI 3arpsi3HEHHUs aT-
Mocdepbl B pe3ylbTaTe MPUPOAHBIX IM0XKAPOB, €€ CE30HHOTO M OTCPOUEHHOTO
HETaTUBHOTO BIIMSHUS Ha 370pOBbe HaceneHus Mpkyrtckoil obmactu. OqHuM U3
HEO0OXOUMBIX YCIOBUN pa3pabOTKU Mep MO CHIKEHHUIO 3TOTO BIUSHUS SBISETCS
OIIEHKa pUCKa 3a00JIeBa€MOCTH MO JAHHOW MPUUYWHE MO paiioHaM O0JIaCTH, YeMY
Y TIOCBSIIIICHA HACTOSIIAS CTAThsI.

MaTtepuanbi u meToAbl

OreHKa BETHMYUHBI 3aJTIOBBIX BHIOPOCOB TOKCUYHBIX MPOIYKTOB TOPEHHS U
IIomaaun 3aabIMIJICHUS BBIIIOJIHSACTCA HAa OCHOBEC HHq)OpMaHHH O IIomaau BBITO-
paHusi, Macce CropeBIIMX MaTepuaiioB [1; 2] U y1eIbHOM 3HAYEHUU SMHUCCUN UMU
Pa3IMYHBIX BELIECTB U COEAMHEHUH.
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Macca cropesiiero MaTepyasia 1 CBONCTBEHHAs! €My SMUCCHUS MOJUTIOTAaHTOB
M3YYaIHCh ISl TPEX pa3IMYHbIX KaTeropuid 3eMenb: 1) 3emiu jiecHoro ¢oHma —
JI€CHbIE U HeJIeCHBIE; 2) 3eMJIM CeIUTEOHbIe, MPUTOPOJHbIE, PEKPEALlMOHHBIE U
T. 1.; 3) Topd u TOpPOIOUBHI HA 3eMJITX Pa3HBIX Kateropwii. [lanee pacTuremns-
HBIM MaTepHall, CCOPEBIINNA Ha 36MJISX IBYX NEPBBIX KaTErOpHil, COKpalIEHHO
o0o3Hauaercs «['PM» — roproumii pactutenbHblii Mmatepuan. OH BKJIIOYAET Jipe-
BOCTOM, KyCTapHHUKH, OMaJ], TPaBbl, MXH U JIMIIAHHUKHU, BAJICKHUK U T. II.

Onenka pucka 3a00J1€Ba€MOCTH JA€TCsl Ha OCHOBE MH(OPMAIMK O MIOTHO-
CTH HaceJIeHHUs B 30HE BO3JEHCTBHs IMokapa (10 MaTepuanaM 00JIACTHOIO KOMU-
TeTa MO CTaTUCTHKE). Bce ncxoHble pacueTHble aHHbIE OCPEIHEHBI 3a MEPHOJ
2014-2019 rr.

MHoroJieTHIE HAaTYpHbIE HCCIIEA0BaHUS MOCIEACTBUM MPUPOJHBIX MOXKa-
poB [3; 4] mo3BosnIM anpoOUPOBaTh U MOATBEPANUTH JOCTOBEPHOCTH OLIEHOK Mac-
ChI pa3uuHbIX cropeBmux ['PM u Topda mo crneayromum dpopmyiam.

s nepesbeB u Apyrux I'PM Ha 3emisix necHoro ¢oHpa:

m” =§s“~ a’ Ky, (1)
mP" = (s" - s#) - a"™ Kk, ()

rae s" — mIomaab, MPONAEHHAs MOXKApOM, Ta; s* — IJIoIIadb, 3aHUMAaEeMasl 1€PEBb-
samu, Ta; a", a®" — macca npeecunsl u [ PM, cocpenoToueHHas Ha eAMHULIC JIeC-
HOW TEPPUTOPUH, T/Ta; Kn — KOOPPHUIUEHT HEAOKOTA.

Jns T'PM, cropeBmux Ha 3eMJISIX HEMOKPBITHIX JECOM B MpeaenaX 3eMelb
necHoro (hOH/a, Ha HEJECHBIX 3eMJISIX (B TOM YHCIIE — JICCOCTEIHBIX), a TAKXKE B
CeNUTEeOHOU, PeKpeallnOHHOM, JIeCONapKOBOM, MPUTOPOIHON 30HaX TOPOJIOB, Ha-

CCJICHHBIX ITYHKTOB!:

mPM =gt g™PM-g | (3)
rae a™™ — macca ['PM, cocpenoTouenHas Ha eIMHULIE TUIOIIAINA MOJOOHBIX TEpPH-
TOpHIA, T/Ta.

st cropesmiero Topda u TOpoIoyB:

m'=s" pp hnpor' Ky~ 10%, 4)

rjie Py — MIOTHOCTh Topda, T/M; Anpor — ITyOMHA mporopanus topda, m; 10% —
k03 QHUIMEHT TIepeBoIa U3 M B Ta.

VYcpennenHas Macca JUisl APEBECHHBI Ha JIECHBIX TEPPUTOPHSIX COCTABIISIET
20 1/ra, aya uaelx ['PM — 2,5 T/ra, a nius ['PM Ha 3eMisx, HEOKPBITHIX JIECOM,
HEJIECHBIX (B TOM YHCJIE JECOCTEIHBIX), a TaKKe B JaHIIa(QTHO-peKpearimOHHON
U MPUTOPOJHON 30HaX IOPOAOB M HACEJEHHBIX IIyHKTOB YCpPEIHEHHas Macca Co-
craBiser 0,8 T/ra, rimybuna mporopanusi Topgomnous — 0,25 M, TOpPsHBIX 3aie-
xei — 1,5 m (B MecTax TopdopazpaboTok).

[Ipu necHbIX MOXKapax, Kak MpaBmiIo, BeITopaeT 1/3 Macchl ApeBocTos (KpoHa,
KOopa, CTBOJIbI JepeBbeB). KoaddurmeHnt Hempoxora NMpuHUMAETCS IS JCPEBHEB
pasubiM 0,7; 1t Topda — 0,5; ast uasix ['PM Ha Beex tunax teppurtopuit — 0,9.

[TpoayKkThl XUMHUYECKHUX NTPe0oOpa30BaHUM TPYyNI OPraHMYECKUX BELIECTB,
BXOJAIIMX B COCTaB APEBOCTOS M MHBIX ['PM, mipu ropeHuu, TIEHUU U IPYTUX
TEPMUYECKHUX BO3ICUCTBUAX B LIE€JIOM M3BeCTHBI. Ha MpoTsKeHnu nociepHux ae-
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CATWIETUH HEOTHOKPATHO MPOBOAMUIUCH MPSMBIE 3aMepbl YMUCCHUHM Pa3HBIX Be-
LIECTB IpU NPUPOAHBIX MOXKapax (Kak Ha 3emile, TaKk U B BO3AyX€), a Takxke jabo-
paTopHbIe SKCIIEPUMEHTHI. bl pa3paboTaHbl METOIMKH ONPEIEICHUS U pacueTa
BBIOPOCOB 3arps3HSIOIINX BELIECTB OT JIECHBIX M0KAapOB, B TOM YKCJIE HOPMATHUB-
HbIE T0KyMeHTHI [5—10].

B nacrosimeit pabote MCHOIB30BaHbI YCPEIHEHHBIE JTaHHBIC YACIBHON AIMHC-
CHH TOKCUKAHTOB, 00pa3yIONINXCs MpH MokKapax Ha 0003HAYEHHBIX BBIIIE THUMAX
TeppuTopuil. Benmunna koapduimenTa JbIM000pa30BaHUs ONPE/IeIICHa dKCIIePH-
MEHTaNbHO [4]. ABTOPBI OCO3HAIOT, UTO COCTAB MPOYKTOB TOPEHHS 3HAYUTEIHHO
mpe [8], oJHaKO HE MO BCEM MOKa MMEIOTCS KOJIMYECTBEHHBIE XapaKTEPUCTUKHU
smuccuu. TeM He MeHee ceNlaHHas HIDKE OLIEHKAa PUCKa 3I0POBBIO MPEICTaBIs-
eTcsl OObEKTUBHOM, TOCKOJIbKY B HEE BOILLIM BEIIECTBA, COCTABIISIONINE OCHOBHOM
00BEM 3arps3HEHUS aTMOC(EPHI PU TPUPOTHBIX TOKAPAX.

OneHka roniaay 3arpsi3HEeHUs B pe3yJibTaTe IPUPOIHOTO MoXkKapa U pacuer
pucka 3a00J1eBa€MOCTH MPU HAPYIICHUH YCIOBUN KUZHECATEIILHOCTH OKPECTHO-
r0 HACeJICHUsI BBIMIOJHEHHI (TI0 METOy, anmpodupoBaHHoMy B padote [10]) ¢ uc-
MOJIb30BAHUEM CIIEYIOMIHNX (HOPMYIIL:

S3arp = 5, - 10, (5)
R = Ssarp = 0,9 [y, (6)

A€ Ssarp — IUIONIAAb 3arPSA3HEHUS B ra; Sn —BBIFOpEBIIAs IUIONIAb, Ta; R — pUCK
3200JIeBa€MOCTH B YCIIOBHSIX HapYLICHUS YCIOBHUH KU3HENEATEITBHOCTH; [Ilnac —
IUIOTHOCTb HACEJICHUS, Yell./KM>.

Pe3ynbTaTbl n 06CyXaeHune

O060011eHre JaHHBIX YJEIbHON AIMUCCHH PA3TUYHbBIX BEIIECTB MPU TOPEHUN
I'PM pa3HbIX KaTeropuil OKa3ajo CIEAYyIOLIEe.

W3 Gonee yeM copoka SMUTEHTOB B KOJIMYECTBaX, MPEBBIIIAIOMINX | KT Ha
TOHHY CTOpEBIIEro MaTepHaia, Bo Bcex kaTeropusx I'PM BeiOpachiBaeTcs OKOJIO
necsatu. K auM otHOcsaTes okucibl yriiepoaa (CO u CO2) u kxpemHus (ApIM), Me-
TaH, METaHOJI, METWJI XJIOpUJ, TBEPJBIE a’3pO30JId (B TOM YMCIE ca)a), alleTOH,
yKCycHast KuciioTa, ajgkeHsl (1o CsHio). OctanbHble mpencTaBieHbl HOYTH UCKITIO-
YUTEJIBHO PAa3JINYHBIMU apOMaTHYECKHMMH YIVIEBOAOPOJIaMHU (IPEUMYILECTBEHHO
MOJIMIUKITNYECKIMH) a TaKXKe aJKaHaMU.

B BenmumMHax sMucCHU BeIylled TPYNIbI 3arps3HUTENe HaOMI0qatoTCs pas-
JWYMSL, TI0T4ac BEChMa OLIyTUMBIE, MEXIy TpeMsl U3y4eHHBIMU KaTerOpHsIMU 3EMeEb.
Tak, B mpuropoHoii, cenuTeOHoH, TanamadTHO-pEeKPEallnOHHOM, JIeCOapKOBOM
30HAX W 30HaX HACEJICHHBIX IyHKTOB, B OTJIMYUE OT 3eMellb JIECHOrO (pOHMa, HE OT-
MEUEHO 3HAUYMMBIX BEIOPOCOB METaHA U METAHOJIA, TBEP/IBIE a3PO30JIH IPUCYTCTBYIOT
B CJIEJIOBBIX KOJIMYECTBAX, B 5 pa3 0oJbllle OKCHAA yriepojia U B 2 pa3a MEHbIIIe
MeTu xyopusa (tadsm. 1).

VY nenpHast SMHUCCHUS JIMAUPYIONIEH TPYIIBI BEIECTB, 00pa3yoMuUXcs Mpu
cropanuu Topda u Top(hornous, IO HOMEHKJIAType BO MHOTOM COBIIQJA€T C TaKO-
BOH JBYX JPYTUX KaTeropuil 3eMeib, HO UMEET CYIECTBEHHbIE Pa3INyus 10 BeCy
JUIsL HEKOTOPBIX coeauHeHuil. [Ipexae Bce 3To KacaeTcsl OKMCIIOB yIiiepoaa, A0
KOTOpBIX B 001Iel cymme BbIOpocoB u3MeHnsiercs oT 30 % B mecax, 1o 50 % B
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npuropoaHoit 3ove u 80 % mnpu ropenun topda. Ilpu sToM smuccus nuokcuia
yTiepojaa BO3pacTaeT Ha MOPSAOK, a OKCHJA — Ha JIBa MPHU NEpexojie OT MepBOM
KaTeropuu 3emenb K Tperbel. ComepikaHMe YKCYCHOM KHUCIIOTBI YMEHBIIAETCS
BJIBOE, a JIbIMa — Bo3pacTaeT Ha 60 %. CHuxaeTcs Ha MOPSAJIOK SMUCCHUS alleTOHA
U METWJ XJIOpHJa, HO B TOW K€ MPOMOPLHUHU BO3PACTAIOT BBIOPOCHI aKpOJIEHHA.
[Tpu ropenun Topda B armMochepy MOCTYNAIOT Pa3IuIHbIE apOMATHYECKUE yTIe-
BOZOPOBI B KOJIMYECTBAX NEPBBIE KMJIOIPaMMbI Ha TOHHY CTOPEBLIETO MaTepHa-
J1a, KOTOPbIE HE3HAYUTEJIBHO MPEICTABICHBI cpear NOoJUTFOTaHTOB ['PM HHBIX TH-
[I0B TEPPUTOPUHL.

BrimonHeHHbIe pacdeTsl MoKa3aiu, YTO PUCK 3a00JieBaHUM (CpeaHUil 3a Te-
puoza 2014-2019 rr.), cBsI3aHHBIX ¢ HETaTUBHBIMU 3((PeKTaMu 3abIMIICHUS aTMO-
cdepsl B pe3ysibTaTe MPUPOAHBIX MOKAPOB MO pailoHaM 00JIaCTH U3MEHSIETCS B
npenenax aByx mopsakos: or 1-107° B Hykyrckom paiione mo 2,4-107' B Anrap-
CKOM paiione (Tabi. 2).

B rpyrmme ¢ MUHUMaIBHBIM 3HAYEHUEM YPOBHs prcka (11:107°) ero abcomoTHbIe
3HaYeHHs Pa3IMYAIOTCS MOYTH HA TOPSIOK: 1o cpaBHeHmIo ¢ Hykytckum (1:1073) —
B Yerb-MnumckoM — 9,310, B Bpatckom — 9,2:107°. Ananoruunas kapTuHa B
npomeskyTouHoii (n-107?), Haubonee mpeacTaBUTeNbHOM Tpymme: ot 1,2:1072 B
KyiityHckoM paiione 10 9,7-10% B Karanrckom paiione. Cpemu Haubonee HeGnaro-
MOJTY4YHBIX Takke 3anapuHckuii, Kazaunncko-Jlenckuit u Huwxue-Unumckuit paii-
oHBL. B rpynne makcumanbHoro pucka (n:107") mo cpaBHeHHIo ¢ ImaepoM, AH-
rapCcKUM paiilOHOM, YPOBEHb PUCKA B OCTaJbHBIX pailOHaX TPYIIbI CHHUXKAETCS B
1,5-2 pa3za.

Tabnuya 1
AMUcCcUs TOKCUYHBIX MPOAYKTOB NPU CropaHumn passnnyHbIX NPUPOSHbLIX MaTepuanos

BewecTBO Bua cropeBlInX NpUpOoAHbIX MaTepuanoB, Kr/T
Hepesbs, [PM Ha 3emnsx 'PM e cenumebHol Topgh u mopghorioyss!
1ecHo2o ¢hoHOa raHOwaghmHo-peKpeayuUoHHol  Ha 3eMrisiX pa3HbIX
1ecornapkosoU, Mpu2opooHoU Kameezopuli
30Hax HacerneHHbIX MyHKMos
Anokeuna yrnepoaa 90 90 810
Okcup yrnepoga 1,8 9,45 171
Okenp, KpeMHUS 33,8 33,8 54
Okcup asoTa <1 <1 1,13
TBepable aspo30un 14 <1 10,8
MeTtaH 72 - 72
YKkcycHas kncnota 31,5 31,5 18
AueToH 19,8 19,8 1,35
AnkeHsbl (no CsHs) 12,2 12,2 10,8
MeTtaHon 9,45 - 1,35
MeTun xnopup, 2,21 1,17 <1
AkponeuvH <1 <1 4,95
O30H <1 <1 1,26
LinaHnctbin BOQOPOA, - - 1,49
HadTtanmH - - 2,52
AKPUNOHUTPUN - - 2,97
AueToHuTpUn - - 1,49
STunexH - - 13,5
[pyrne apomatumyeckmne _ _ 30,5
yrneBoAopOoAb!
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Table 1
Toxic products emission during combustion of various natural materials
Substance Type of burnt natural materials, kg/t
Trees, combustible Combustible plant material Peat and peat
plant material on in residential, recreational, soils on different
the lands of forest fund and suburban areas of types of land
localities
Carbon dioxide 90 90 810
Carbon oxide 1.8 9.45 171
Silicon oxide 33.8 33.8 54
Nitrogen oxide <1 <1 1.13
Solid aerosols 14 <1 10.8
Methane 72 - 72
Acetic acid 31.5 31.5 18
Acetone 19.8 19.8 1.35
Alkenes (on C;Hs) 12.2 12.2 10.8
Methanol 9.45 - 1.35
Methyl chloride 2.21 1.17 <1
Akrolein <1 <1 4.95
Ozone <1 <1 1.26
Hydrogen cyanide - - 1.49
Naphthalene - - 2.52
Acrylonitrile - - 2.97
Acetonitrile - - 1.49
Ethylene - - 13.5
Other aromatic hydrocarbons - - 30.5
Tabnuua 2
XapaktepucTtuka painoHoB UpKyTcKoit 0651acTi No yCcnoBUSM BO3HUKHOBEHUS
1 YPOBHIO pUcka 3a605eBaeMoCTU B pe3ysibTaTe NPUPOAHbIX MOXapoB
PaiioHbl Mnowapb Mnowapb 3aabimneHuve MnotHoCcTL Puck
paiioHa, KM*  MPUPOAHbIX Tepputopumn HaceneHus, 3aboneeBaHus,
noXxapos, Km> paitoHa, % yen./km> yen.
Anapckuii 2651 10,4 3,9 7,74 3,510
AHrapckmi 1150 31,6 27,4 207,4 2,410
BanaraHckui 6347 9,8 1,5 1,36 1,3-10?
BasHpaesckuit 3756 13,3 3,5 2,93 3,110
BopanbuHcknin 91987 56,2 0,6 0,21 5,410
BoxaHckuin 3668 41,8 11,4 6,79 1.10™
BpaTtckuit 33024 184,9 5,5 1,58 9,2.10°®
Xuranosckui 22 822 101,3 11,9 0,37 2,510
3anapuHckuia 7617 65,6 8,6 3,67 7,710
SUMUHCKMI 7019 14,3 2 1,88 2,9-10°°
VpkyTcKkmin 11672 135,6 11,4 10,22 1,6:10°
Kasaumrcko- 33276 276 7,1 0,51 6,3-10°
JNeHckuni
KataHrckuii 139 264 1965,1 14,3 0,02 9,710
Kauyrckuii 31395 397,2 12,6 0,54 1,110
KupeHcknin 43 905 108,7 2,6 0,41 2,2.10?
KynTyHCKNiA 11147 68,5 6,1 2,56 1,2.107
Mamcko-Yyricknit 43 362 21,4 0,5 0,09 4,210
HwxHennnmckuin 36 823 226,3 11,9 1,33 5,510
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OKoHYyaHue mabrn. 2

PaiioHbl Mnowapb Mnowapb 3aabimnexnve MnoTtHocTbL Puck
paiioHa, KM*  MPUPOAHbIX Tepputopumn HaceneHus, 3aboneBaHus,

noXxapoe, Km? paioHa, % yen./km? yen.
HuxHeyamHcknia 49 977 80 1,6 1,28 1,410
HykyTckunn 2473 2,7 1,1 6,35 1,0.10°®
OnbXxoHCKM 13651 65,4 4,8 0,71 4,310
OcCuHCKMI 1542 49,7 11,3 4,83 4,510
CrioasHCKui 6301 5,9 0,9 6,26 8,4:10°
TainweTckuin 27725 119,5 4,3 2,68 3,810
TynyHckuia 13 561 80,3 5,9 1,88 2,0-102
Yconbckun 6261 76,3 12 8,08 4,3.107°
YcTtb-Unumcknin 36 596 242.8 6,6 0,42 9,3.10°
YcTb-KyTCckuia 34 599 536,7 15,5 1,44 1,3-10"
YCTb-YONHCKMIA 8281 145,9 7,2 1,64 1,510
YyHckni 25757 127,7 4,9 1,29 4,410
YepeMxoBCKUit 9887 28,1 2,8 2,9 7,810°
LLlenexoBckuit 1969 6,9 3,4 33,22 3,1:10°
By?:l:grglgmﬁ 5153 13,9 2,7 5,73 2,410

Table 2
The occurrence conditions and the disease risk level as a result of natural fires.
Characteristics of the Irkutsk region districts

Districts Area of Area of natural Smoke Population Risk of
the district, fires, km? in the district, % density, disease,
km? person/km? person
Alarskii 2651 10.4 3.9 7.74 3.510?
Angarskii 1150 31.6 27.4 207.4 2.410™
Balaganskii 6347 9.8 1.5 1.36 1.3:10?
Bayandaevskii 3756 13.3 3.5 2.93 3.1.10°?
Bodaibinskii 91987 56.2 0.6 0.21 5.410°

Bokhanskii 3668 41.8 11.4 6.79 110"
Bratskii 33024 184.9 5.5 1.58 9.2.10°®
Zhigalovskii 22822 101.3 11.9 0.37 2.5.10?
Zalarinskii 7617 65.6 8.6 3.67 7.7107?
Ziminskii 7019 14.3 2 1.88 2.9-10°
Irkutskii 11672 135.6 11.4 10.22 1.6-10?
Kazachinsko-Lenskii 33276 276 71 0.51 6.3:107
Katangskii 139 264 1965.1 14.3 0.02 9.7-10°?
Kachugskii 31395 397.2 12.6 0.54 1.1.10?
Kirenskii 43 905 108.7 2.6 0.41 2.2.10?
Kuitunskii 11147 68.5 6.1 2.56 1.2.10?
Mamsko-Chuiskii 43 362 21.4 0.5 0.09 4.210°°
Nizhneilimskii 36 823 226.3 11.9 1.33 5.5:10*
Nizhneudinskii 49977 80 1.6 1.28 1.4-10?
Nukutskii 2473 2.7 1.1 6.35 1.0-10°°
Ol'khonskii 13 651 65.4 4.8 0.71 4.3-10?
Osinskii 1542 49.7 11.3 4.83 4.5107?
Slyudyanskii 6301 5.9 0.9 6.26 8.4-10°°
Taishetskii 27725 119.5 4.3 2.68 3.8:10?
Tulunskii 13561 80.3 5.9 1.88 2.0-10?
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Table 2, ending

Districts Area of Area of natural Smoke Population Risk of
the district, fires, km? in the district, % density, disease,

km? person/km? person

Usol'skii 6261 76.3 12 8.08 4.3-10?
Ust'-llimskii 36 596 242.8 6.6 0.42 9.3.10°®
Ust'-Kutskii 34 599 536.7 15.5 1.44 1.3.10"
Ust'-Udinskii 8281 145.9 7.2 1.64 1.5-10"
Chunskii 25757 127.7 4.9 1.29 4.410°
Cheremkhovskii 9887 28.1 2.8 2.9 7.8-10°
Shelekhovskii 1969 6.9 3.4 33.22 3.1.10°?
Ehkhirit-Bulagatskii 5153 13.9 2.7 5.73 2.410?

Ha BennunHy ypoBHSI puCKa O YCJIOBHUSM pacyeTa OYeBHIHBIM 00pa3oM
BIIUSIET TUTONIAb nokapa (» = 0,77) u mmoTHOCTh Hacenenus (r = 0,66). Eme 6onee
TECHas CBSA3b C TOU J0JIEeH, KOTOPYIO TUIOIIAAb 3aJbIMJICHUSI COCTABIIAET OT OOIIeH
momaay paiona (» = 0,81). 1ot hakTop 0COOEHHO CKa3hIBAECTCS B aIMUHUCTpa-
TUBHBIX €IMHULIAX MAJION IUIOIIAIN, TAKUX Kak, Hampumep, AHrapckuii u boxan-
CKHUU parOHBI.

Jlns MaccrBa JaHHBIX, OXBATHIBAIOIINX BCE pailoHbl o0nacT, kpome UpkyT-
ckoro, Anarapckoro u lllenexoBckoro (Hanbosee MIOTHO 3aCEICHHBIX ), OTMEYAETCS
cnabas (r = —0,35) oOpaTHasi KOpPEAIMOHHAS CBSA3b MEXKIY IUIOTHOCTBIO Hace-
JICHHSI U TJIOLIA/IbI0 MOKapoB. DTO MOXKET 03HAYaTh, UTO OOJBIINE TUIOIIATU BbI-
TOpaHusl B ONPEAETICHHON CTENEeHH CBS3aHbI C MO3THUM OOHapyXEHHEM IoXxapa
W/WIN CIOXHOCTSMU B €r0 JUKBHUJAIMU B MaJOHACEIECHHBIX TPYAHOAOCTYIHBIX
paifonax, Hanpumep B KaTaHrckom, pacrnosioXeHHOM Ha KpaiiHeM ceBepe obia-
CTH, K TOMY € 1 CaMbIM OOJIBIIIOM 10 TTOIIAIH.

CpaBHUTENBHO BBICOKUI YPOBEHb PHCKA B paiioHaX HEBBICOKOW CpEIHEH IUIOT-
HOCTH HACEJICHUsS] U aHAJIOTMYHBIX CPEAHMX IUIOIIAJCi BHITOPAHUSI MOXKET 00BsiC-
HATBHCS BBICOKON KOHIIEHTpALMEil HaceIeH!sl B OAHOM-ABYX FOpOJax WK MOCE-
kax (Hanpumep, B Kauyrckom, ¥Ycrb-KyTckoM, YeTh-Y AMHCKOM U HEKOTOPBIX APYTHX
paiionax). Cpenu MHOXeCTBA PallOHOB B CPEHEN IO YPOBHIO PUCKA IPYIIE €CTh
MIPEUMYIIIECTBEHHO CEITLCKOXO3SHCTBEHHBIE CPEIHE HACENICHHbBIE PaliOHBI (AJIapCKH,
basinnaeBckuit, Ocunckuii, Oxuput-bynararckuii, ¥ consckuii, KyHTyHCKUI) 1 IIIOTHO
HaceneHHble npoMbiiuieHHble (MpkyTckui, [llenexoBckuii). B rpymnme ¢ BbICOKUM
YpOBHEM pHCKa 4deThipe pailoHa (AHrapckuli, boxanckuii, ¥Ycrb-Kyrckuii, ¥YcTh-
Y AuHCKUI), CYIIECTBEHHO Pa3IMUYAIONINXCS M0 PSITy XapaKTepUCTHK, CO3A0IHX,
0-BUMMOMY, B KaK0M CJIy4ae CBOM YHUKAJIbHBIE I 3TOT0 [IOKA3aTellsl COUETaHNUsI.

3aknuyeHue

3arpsisHeHre atMoc(hepbl IPOAYKTaMH, 0Opa3yIOIIMMUCS B pe3ysbTaTe MpH-
POAHBIX MOXKAPOB, OKA3bIBAET OLUIYTUMOE BIMSHHUE Ha 310pPOBBE B CPEHEM OKOJIO
10 % nHacenenus 0061acTH.

Oco6oe 3HaueHue 711 POCTa PECTTMPATOPHOM 3a00JIeBaEMOCTH (B CHUITy CBO-
€ro oOWIMs) UMEIT OKHCIBI yriaepoaa. Mx mons Boszpactaet ot 30 no 80 % mpu
Nepexoie OT FOPEHNUs JIECHOTO APeBOCTOsI K Topdy U TopdornouBaMm. B nocneanem
cilydae oTMeuaeTcs 3aMeTHbBIN BeIOpoc [TAY, 4to mo3BonseT cuutarh TOpQsHbIE
MOKapbl HanOOoJIEee ONMACHBIMU JUIS 3I0POBbSL.
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Paitonsr MpkyTckoil 061acTi BecbMa CYIIIECTBEHHO Pa3jIMyaroTCs MO pAdy Xa-
PaKTEPUCTHUK, PSMO WM KOCBEHHO BIIMSIONIMX HA TOJBEPKEHHOCTH CPeIbl 00H-
TaHM JIOJeH BO3AEHCTBUAM MPUPOIHBIX MoxkapoB. Hanbosnee 3HaunMbl cpean HUX
pa3Mepbl U pacIpeielieHue B MPOCTPAHCTBE paiioHa IUIOMAAEH BBITOPAHUS U IUIOT-
HOCTH HaCeJICHHUS.

s HaMMEeHBIMX MO IUIOLAAN PAaHOHOB, UMEIOIIMX, KaK IPABUIIO, BBICO-
KYIO WJIM OY€Hb BBICOKYIO (IJ1s1 3TOro cyobekra PD) mioTHOCTH HAaceneHus, ompe-
JEJNIFIONLYI0 posib OyJIeT UrpaTh A0S 3aJAbIMICHHON TEPPUTOPUN IO OTHOIICHUIO
KO BCEH IUIOIIaAu pailoHa.

Jnst pailoHOB CO CpeHEN MIIOTHOCTHIO HACEIEHUS U IJIOIIAIbI0 TOKAPOB aAK-
TyaJlbHa CTENeHb KOHIIEHTPAIUU MEPBOrO B OJHOM-ABYX MYHHUIIUNAIBHBIX 00pa3o-
BaHUSAX. DTO 3HAYUMO TaKK€ M JJIsl KPYIHBIX PailOHOB ¢ MUHUMAJILHOW cpenHei
IUIOTHOCTBIO HaceneHus. Ha poct pucka 3a001eBaeMOCTH B MOCIEIHUX Yepe3 IUIo-
11a/lb BBITOPAHUs BIMSAET UX OOraTcTBO JIECHBIMU PECypcaMH IpPU OTPAHUYEHHBIX
(B cuITy TPYTHOAOCTYITHOCTH ) BO3MOXKHOCTSIX BBISIBIICHHS U [10JIaBJICHHS TIOKAPOB.

Bnusaue Takux (hakTOpOB, KaK XO3AWCTBEHHAs CIIENMAIU3alMs paifoHa,
IUIOTHOCTb, XapakTep TPAHCIOPTHON MH(PACTPYKTYphl U pEKpeallMOHHAs Harpys3-
Ka, MOTYT OBITh IIPEIMETOM JlaIbHEUILIEr0 N3yUEHUSI.

BaaromapHocTu u puHancupoBanme. Paborta BrImonHeHa Ha reorpadudeckoro ¢a-
kyibereta MI'Y mo teme 1.7 AAAA-A16-116032810093-2 (I'3) u B pkyTCcKOM HalMOHalb-
HOM TEXHHYECKOM YHUBEpCHTETE 10 3axaHuio Ne 66-37-2336/15.
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Abstract. Pollution of substances entering the atmosphere as a result of natural fires signif-
icantly affects the morbidity level of the Irkutsk region population. The development of measures
to reduce it requires an assessment of the risk level and analysis of spatial differences in the com-
position and number of major issuers. The study is based on statistical data on natural fires in the
region in 2014-2019. The comparative analysis of the composition and mass of substances from
natural fires on three categories of land have done. These are: forest lands; residential, suburban,
recreational lands; peat and peat soils. Peat fires are the most dangerous for health according to the
weight and composition of pollutants. The level of health risk as a result of natural fires varies by
region within two orders of magnitude. It is affected by the proportion of the area of smoke from
the total area of the district, nonuniform distribution of the population within the district, sparsely
populated and difficult to access, economic specialization, and others.
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AVNCTaHUNOHHbIN MOHUTOPUHI 3eNieHbIX HacaxaeHun Yool
3a 1988-2018 roabl

H.P. Paxmaryaummna'™, 3.3, Paxmaryamn?, AJO. Kyaarnn'-

'Bawxupcruii 2ocyoapcmeennviii nedazozuueckuii yuusepcumem umenu M. Axmyinol,
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2Bawkupckuii 20cyoapcmeennblil azpapHblil yHugepcumen,
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3 Vepumckuii gpedepanvuuiii uccnedosamenvcexuii yenmp PAH,
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AHHoOTanusl. 3eJICHbIC HACAKICHUS TOpO/ia — HEOTheMJIeMast 9acTh €ro HKOJIOTHYECKOTO
kapkaca. [Ipy TiaHMpOBaHUK TOPOCKOTO MPOCTPAHCTBA HEOOXOMMBI CBeJIeHHs 00 MX (hakThue-
CKOM DPacHpeieNieHHH, COCTOSIHUY M JUHAMUKHY. J{JIs1 3TOro 1enecoo0pa3Ho UCHONb30BaTh CITyTHU-
KOBBIC CHUMKH. Llenb paboThl — IPOBECTH AMCTAHIIIOHHBIA MOHUTOPHHT 3ETICHBIX HACAKICHNH Y (b
o KocMu4ecknM cHrMKaM Landsat 3a mociiemame 30 srer. O6paboTKa CHUIMKOB, BKITFOUAROIIAs pa-
JIMOMETPUYIECKYIO KaTHOPOBKY, YMEHBIIICHHE 00heMa TAHHBIX C IIECTH KAHAJIOB JI0 TPEX OCHOBHBIX
KOMIIOHEHTOB, HEYTIpapJisieMas KiacCHU(hUKaIMs CHUIMKOB, TPYIIMPOBKA KJIACCOB JI0 TISITH THIIOB MO~
CTHJIAIOMIEH IMOBEPXHOCTH (OTKpBITasi MOYBA, 0€3 PACTUTEIBHOCTH, TPABSIHUCTAS PACTUTEIb-
HOCTb, JPEBECHO-KYCTApPHUKOBAsI PaCTUTENBHOCTb, IO/ BOJOI), MOCTPOEHHE MaTpPHULIbl M3MEHEHHUN
MIPOU3BOAMIIKCH C TMOMOIIBI HHCTPYMEHTOB mporpamMmuoro mnpoaykra SAGA GIS. B pesynberate
HIOCTpPOEHA KapTa, TIOKa3bIBAIOIIAs IPOCTPAHCTBEHHbBIC H3MEHEHHSI TUIIA «IPEBECHO-KYCTapHUKOBAsI
pactuTenbHOCTEY 3a 30 JieT. Y4acTKu, Ha KOTOPBIX 3TOT THIT COXpaHMIICS, COCTaBIsIOT 16 073 Ta,
Ha KOTOPBIX CMEHWJICS JPYTUM TUIIOM MoAcTHiaromen nosepxnoctu — 3700 ra. YuacTku, xa-
pakrepusoBaBuuecs B 1988 r. qpyrumu tunamu, a B 2018 r. nepemeamme B TUI «JPEBECHO-
KYCTapHUKOBAasi PAaCTUTEIBHOCTB», 3aHMMAlOT 8665 ra. HabOmomaercs mosjoKuTenbHas TUHAMHKA
COXpaHEHHUs ¥ YBEJIMYEHUs IUIOLIAM APEBECHO-KYCTapHUKOBBIX HacaxaeHui. Ho 3o xapakrepHO
HE JUTS BCETO TOPOJICKOTO OKPYTa, a MPEUMYIIECTBEHHO JUIS JIeCOB Y (PMMCKOTO TOPOJICKOTO JIECHH-
YeCTBa, KOTOPBIE PACIIONOKEHBI B OCHOBHOM I10 OKpauHE, BOKPYT LIEHTPAJIbHOW 4acTu ropoja.
Jns «BHYTPUTOPOACKUX» JIPEBECHO-KYCTAPHUKOBBIX HACAXKICHHH, HE OTHOCAIIMXCA K JIECHOMY
(hoHIly ¥ pacnioNioKEHHBIX B 3aCTPOSHHOM YacTH ropojia, XapaKTepHa yCTOWYMBAsL OTpUIIaTeIbHAS
JMHAMHKa U CMEHA IPYTMMHU THUIIaMU OZCTUJIAOIIEH TOBEPXHOCTH.

KiroueBble c10Ba: 3ej€HbIe HACAXKIEHUS, JPEBECHO-KYCTAPHUKOBAs PACTUTENBHOCTb,
KOCMHUYecKue CHUMKH Landsat, THITBI oAcTHIIAIONMIEH TOBEPXHOCTH

© Paxmarynnuna U.P., Paxmatynnun 3.3., Kynarun A 1O., 2020
This work is licensed under a Creative Commons Attribution 4.0 International License
5 https://creativecommons.org/licenses/by/4.0/
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BeBeneHue

PoJb 3eneHpIX HacaXIeHHUH B BBIOIHEHHH SKOCHCTEMHBIX, CPEI000Pa3yIOIIHNX,
0apbepHO-3alUTHBIX, PEKPEAlIMOHHBIX (YHKLUH, a TAaKXKe B CYILIECTBEHHOM CHU-
YKEHUN TEXHOTE€HHOM IOPOJCKON HAarpy3Ky O4E€BUAHA U HEOCIIOPUMA.

3enenble HacaxaeHUus Yol — ctonuusl PecnyOonuku bamxoproctan —
Ba)KHEHIIIas 4acTh 3KOJOTMYECKOro KapKaca U HeOTheMJIEMasl 4acTh IpajoCTPOu-
TENBHON CTPYKTYpbl. OHU NpEACTaBIEHBl IUKOPACTYIIMMH M UCKYCCTBEHHO II0-
Ca)XKCHHBIMU JIEPEBBSMU U KyCTAPHUKAMHU, TPABSIHBIM CJIO€M, Ta30HAMU U IBETAMU
Ha BCEHW TEPPUTOPUM T'OPOJCKOIO OKpYra, a TaKXKe JECAMH T'OPOACKOro OKpyra,
KOTOpbIe 00pa3yloT 3e1eHbld Gpouy [1].

Pacnpenenenuie necHbIX HaCAXIEHUH Ha TEPpUTOPUH Topoaa Y Gpbl HepaBHO-
MepHoe. B 0cHOBHOM Jieca mpejcTaBieHbl HEOOIBIIMMH U KPYTTHBIMH MacCHBaMH,
KOTOpPBIE PAcCIOJIOXKEHbI 110 OKpanHaM ropoza. [IpuponHsie ycioBus pa3BUTHSA TO-
poJia Ha CPaBHUTENILHO Y3KOM BOZOPA3/eibHOM IUIaTo MeXAy p. benoit u p. Yoit
00yClIaBIMBaIOT TaKXKe 0COO0YIO IPOTUBOAPO3HUOHHYIO 3HAUUMOCTh ITHUX JIECOB.

B nenTpanpHoii yacT roposia CoCpeioTOUEHb! B OCHOBHOM ITapKH, CKBEPDI, OYJIb-
Baphbl, BHYTPUKBAPTAIBHBIE HACAKACHNS, NIPE/ICTABICHHBIE O3€JICHEHUEM JETCKUX Ca-
JIOB, I1IKOJI, MUKPOPAiOHOB, KYJIbTYPHO-OBITOBBIX YUPEKACHUNA U KUIIBIX TEPPUTOPHIA.

N3ydeHuto 3eieHbIX HacakAeHUH Y (bl MOCBALIEHO 3HAYUTEIBHOE YUCIIO
Hay4YHBIX paboT. B HUX IaeTcs HKOJIOro-OMoNoTHYecKas XapakTepucTuka (Ghaops
U PACTUTEIBHOCTH TOPOJa, MPUBOJIATCS KIacCU(UKAIUS 3KOJIOr0-IIEHOTUYECKHX
IPYII BUJIOB U UX CTPYKTypa [2], I€COBOICTBEHHO-TAKCAMOHHbIE ITOKA3aTENH
JPEBOCTOEB U UX MOAPOCTa, OCOOCHHOCTU UX POCTa U (HOpMUPOBaHHSL, 00OCHOBBI-
BAIOTCS JIECOXO3SIUCTBEHHBIE MEpONpUsATHS [3—5], paccMaTpuBarOTCS BOMPOCHI
YCTOMUMBOCTH, BO30OHOBIICHHS APEBECHBIX MOPOJ B YCIOBUSIX TEXHOIC€HHOTO 3a-
IpA3HEHMs], alallTUBHBIE PEAKIMH, HAIPABJICHHbIE HA CHW)KEHUE HEraTUBHOIO BO3-
JEUCTBUS 3arPSI3HEHMS U CIIOCOOCTBYIOIINE MPOJI0JDKUTEIBHOMY CYIIECTBOBAHUIO
HacaxaeHui [6—8]. Psyg paboT HampaBiieH Ha OIEHKY TOPOJCKHX JIECOHACAXKIE-
HUM II0 NOKA3aTeNsIM DKOJOTMYECKOW MPOAYKTUBHOCTH [9] M OTHOCHTENBHOMY
KU3HEHHOMY COCTOSIHUIO JIECHBIX Hacaxkaenuit [10]. bonsmmHCTBO HccnenoBaTe-
JI€¥ IPU3HAIOT, YTO FOPOJCKHE JIECHBIE HACAXKACHUS 10 CPAaBHEHUIO C JPYTUMH
J€COHACAXKIECHUSIMU MOJBEPKEHBI BIMSHUIO Pa3IUYHBIX (AKTOPOB, TAaKUX KakK
MOBBIIIEHHAs KOHLEHTPALXs 3arpsA3HAIOLNINX BELIECTB, YIIOTHEHUE M0YB, Orpa-
HUYEHHOE MPOCTPAHCTBO JI POCTAa, OTPULIATENILHO CKa3bIBAIOUIMXCSA Ha UX CO-
CTOSSHUM U CIOCOOCTBYIOUIME MOBBIIIEHUIO BOCIIPUUMYMBOCTH K BPEAUTENISAM U
00JIe3HAM, a pacIIupEeHUe TOPOACKON 3aCTPOMKH W TPAHCIOPTHON WHQPACTPYyK-
Typbl BEJIET K COKpalIeHUIo ux ruomazaeit [11-13].

Taxum 00pa3zom, akTyasnbHas Ha CETOIHSIIHUN JIeHb 3a7a4a — KOHTPOIIb CO-
CTOSIHUS 3€JIEHBIX HacaxaeHuil. /s npoBeneHns MpoeKTHBIX paboT MO CTpaTeru-
YECKOMY IJIAHUPOBAHUIO M ONTHUMHU3ALUU CUCTEMBI JIPEBECHO-KYCTAPHUKOBBIX
HacaXICHUH ropoja HeoOXO0AUMO MMETh JAETalbHOE Mpe/cTaBleHue O (hakTuye-
CKOM pacCIpeieICHUH PaCTUTEIbHOCTH, €€ COCTOSIHUU U AMHaMuKe. [[1s mpoBene-
HUS Ha3eMHBIX IOJIEBBIX UCCIEOBaHUN TpeOyIOTCs 3HAUNTENIbHbIE BPEMEHHbIE U
¢uHaHCOBBIE 3aTpaThl. [109TOMY Ha MEPBOHAYATLHOM ATAIle TAKUX UCCIIEOBAHUI
11eJ1ec000pa3HO MOJIb30BaThCSl TAaHHBIMU JAUCTAaHIIMOHHOTO 30HIUPOBaHMS 3eMIIU
¢ 00pabOTKOM NX MHCTPYMEHTaMH Teorpaduyeckux HHOOPMAIMOHHBIX cucTeM [ 14; 15].
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Ilens — ompenenuTh AMHAMUKY IUIOLIa/ed APEBECHO-KYCTApHUKOBBIX Ha-
caxxaeHni Y (bl 0 MyJIBTHCTIEKTPAIEHBIM KOCMHYECKAM CHHUMKaM 3a MOCTIeTHUE
30 net. Ans peanu3anuy 3TON LENU pelIagnch CIeayoue 3a1auu:

1) non6op n o6paboTKa MyJIBTUCTIEKTPATIBHBIX KOCMHYECKUX CHUMKOB Landsat,
MOKpBIBAIOIUX TeppuTOpuio Y Yol 3a nepuox ¢ 1988 mo 2018 r.;

2) mpoBeJieHUE HEYIpaBiIsieMON KJIacCHU(PHUKAIMU CHUMKOB C BBIJEICHHUEM
ISTH TUIIOB MOJICTUIIAIOIIEH TTOBEPXHOCTH;

3) KoNMYEeCTBEHHAs OIICHKA TpaHCPOPMAIIUK THUTIOB TIOACTHIAONIEH MOBEPX-
HoctH 3a 30 Jer.

MaTepuansi n MeToAbl UCCNIef0BaHUS

B xaudectBe nH(pOpMATMOHHON 0a3bl MOCTYKHUIH KOCMUUYECKre CHUMKH Land-
sat (https://earthexplorer.usgs.gov/), mOKpbIBarOIe TEPPUTOPHUIO Y (bI, BBITIOJ-
HEHHBIE B JIETHEE BpeMsi, ¢ 001agyHoCThio MeHee 10 %.

IepBoiit cHuMOK ObLT TiporsBerieH 24.08.1988 1. (crieHa LT51660221988237KIS00),
BTrOpoit — 26.07.2018 1. (cuena LC81660222018207LGNO00), mpoekiusi CHUMKOB
WGS84/UTM, 3ona 40N. Ha o6onx cHMMKax ObLTa BBIZICIICHA COBPEMEHHAs Tpa-
Huna Y QoI 1o gaHHBIM MyOnuaHol kagactpoBoi kapThl (https://pkkS.rosreestr.ru).
Taxkum oOpaszom, BeIIeNeHHas Toiomanas Y ¢ur cocraBuia 70 790 ra, 4To cOOTBET-
cTByeT coctosiHuio Ha 01.01.2019 r.

O6paboTKy CHUMKOB ITPOBOAMIIU C MIOMOIIBbIO HHCTPYMEHTOB MPOTrpaMMHO-
ro npoxykra SAGA GIS — System for Automated Geoscientific Analyses, ver. 7.3.0
(http://www.saga-gis.org) [16]. [lepBonadasibHas 00pabOTKa CIIEKTPAIbHBIX Ka-
HAJIOB CHUMKOB BKJIFOYAJia IMEepecueT BCeX MHUKCeNel 3 0e3pa3MepHBbIX HOpMaIu-
3oBaHHBIX 3HaueHni (Digital Number, DN) B oTpakaTrenbHyt0 CriocOOHOCTH (re-
flectance) ¢ momomrsio uHCTpYyMeHTa Top of Atmosphere Reflectance.

YMenblieHne oobeMa JaHHBIX C IIECTH MYJIbTHCIEKTPAIbHBIX KAaHAJIOB 0
TPEX OCHOBHBIX KOMIIOHEHTOB — SIPKOCTh, YPOBEHB 3€JICHOTO M BIIAXXHOCTh — BhI-
MOJTHIIIN ¢ TTomotnbio nHcTpyMeHTa Tasseled Cap Transformation [17].

HeympasisieMyro kiaccu(uKauio CHUIMKOB TIPOU3BEIH C TIOMOIIBIO HHCTPY-
MenTa K-Means Clustering for Grids ¢ BeimeneHueM 1Baanatu KiaccoB. Metogom
AKCIIEPTHOTO aHAJIN3a, UCTIONB3YS TOMOTpaduIecKue KapThl, TaHHBIC TTOJIEBbIX Ha-
OsroIeHn i, N300pakeHHs KapTorpaduIecKuX HHTEPHET-PECYPCOB, KAKIIBIA Ki1ace
HMHTEPIPETUPOBAIH C TPYNIUPOBKON WX B CIIEAYIOIINE TUIIBI MTOICTUIAOIIEH T10-
BEPXHOCTH: OTKpHITas M0YBa, 0€3 paCTUTEIHHOCTH, TPABIHUCTAS! PACTUTEIBHOCTD,
JPEBECHO-KYCTapHUKOBAsI PACTUTENBHOCTD, 11O BOJIOM (puc. 1).

Tun «oTKpbITask Mo4Ba» BKIIOYAET B ce0s y4acTKM OOHAKEHHOT'O MOYBEH-
HOTO TIOKPOBA, NMPEUMYIIECTBEHHO CBEKEBCIIAXaHHBIC IOJISI, JUIICHHBIE PaBHO-
MEPHOI'0 PACTUTEIHHOTIO TOKPOBA;

Tun «06e3 pacTUTETHHOCTHY BKIFOYAET B ceOsi OONBIIYIO Ipynny ypOaHU3H-
POBaHHBIX TEPPUTOPUN — 3eMJIU TIOJ 3aCTPOHKAMHU, 3MaHUSMH U COOPY>KEHUSIMU,
MO/l JOpOTaMu, TPOTyapaMH U T. M., a TaKKe MPHUPOJIHBIC YYACTKH, JTUIICHHBIC
PacTUTENBHOCTH, HO 0€3 0OHa)KEHHOW MOYBbI — CKaJIbHbIE BBIXObI, IECKH, OBpPa-
T'Yl, HEBCIIaXaHHBIE TIOJS U T. 1.

Tun «TpaBsiHUCTas PaCTUTEIHLHOCTHY» BKJIIOYAET ra30HbI, [IBETHUKH, MOJIS C
CEJIbCKOXO3SUCTBEHHBIMU KYJIBTYPaMH, MOXET BKJIIOYATh CIUHUYHBIC ACPEBbSI U
KYCTapHHUKH.
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Kilometers
|
0 2 4 6 8 1012

Puc. 1. Tunbl noactunaioLweit nosepxHoctn Yol o1 24.08.1988 r. (a) 1 26.07.2018 r. (6):
1- OTKpPbITaA NO4Ba; 2-06e3 PacCTUTENbHOCTH; 3- TPaBAHUCTAA PACTUTEJIbHOCTb;
4- ApPeBECHO-KYCTapHMUKOBaaA paCTUTENIbHOCTb; 5- nog BO,EI,OI7I
[Figure 1. Types of underlying surface of Ufa 24.08.1988 (a) and 26.07.2018 (6):
1 - soil; 2 - without vegetation; 3 — grass; 4 — trees and shrubs; 5 — under water]

Tun «IpeBecHO-KYyCTapHUKOBAsI PACTUTEIBHOCTDY BKJIIOUAET JIPEBECHYIO U
KYCTapHUKOBYIO PaCTUTEIbHOCTb.

Ty «moJ; BOIOI» BKITOYAET TUAPOrpadUIecKyIO CeTh: PeKH, 03epa, a TaKKe
pa3nuYHble 0OBOTHEHHBIC YUACTKHU.

Pazanuns Ha cHumiax 1998 u 2018 rr. mo TMmam IMOACTHIIAIONIEH IIO-
BEPXHOCTH BBISIBUIIA C MTOMOIIBI0 MHCTpyMEHTa MaTpuilsl u3meHenunit Confusion
Matrix (Two Grids).

PeSVHbTaTbI nccnenoBaHNd u ux 06cy)|(n.eHV|e

Pacripenenenue 3eMens Mo TUMaM MOJCTHIIAIONIEH TOBEPXHOCTH MOKa3bIBa-
eT mpeoliafaHre TPaBsIHUCTON PaCTUTENBHOCTH, HA O KOTOPOM MPUXOAUTCS
48-52 %, u IpeBECHO-KYCTapHUKOBOH pacTUTebHOCTH (28—35 %). Tum «be3 pacTu-
TEJIBHOCTIY 3aHUMaeT OKoJIo 10 %, «OTKpbITasi MOYBa» — CUIIBHO BapbUPYET MO roJIamMm
¢ 10 no 0,1 %. Ha mosto BOAHBIX Y4aCTKOB MPUXOIUTCA OKOJI0 3,5 % (Tadm. 1).

[IpocTpancTBeHHbIE U KONIUYECTBEHHBIE M3MeHeHHs 3a 30 eT HaOIIoAar0T-
Csl BO BCEX THIAxX MOACTUiIAroIIed nmoBepxHocTu. [lnomany 3emens, xapakrepu-
3YIOIUXCS TUTIOM «OTKpBITas mo4Bay, cokparunack ¢ 10 % (7205 ra) B 1988 r. no
0,1 % (54 ra) B 2018 r. bonbmas yacts 3TUX 3eMenb (5982 ra) mepenuia B TUI
«TPaBSHUCTAs] PACTUTEIBHOCTHY. DTO MOKHO OOBSCHUTH HECKOIBKHUMH MPUYH-
HaMmu. Bo-miepBBIX, pa3HUIEH B MecsIax CHUMKa: rmepBbiii cCHUMOK (1988 r.) mpo-
W3BEJICH B KOHIIE aBTyCTe, KOT/Ia Ha MaXOTHBIX YTOAbSX U B CaJOBO-IauHbIX TOBa-
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puliecTBax OoOHa)kaeTcsl TIOYBA IMPH Pa3NUYHBIX padoTax (yOopka ypoxkasi, ceB
O3UMBIX KyJIbTYyp U T. 1.). Torga xak BTopoil cHUMOK (2018 r.) mpousBeneH B
KOHIIE MIOJSI — B pasrap BEreTallMOHHOTO nepuojia. Bo-BTOPHIX, H3MEHEHUEM To-
poackoit ueptel: 30 JieT Ha3aa 4acTh 3eMeNlb ¢ OOHAXKEHHOM MOYBOM — 3TO IMOJIS,
KOTOpBIE €llle He OTHOCHJIMCH K TOPOJLy, a MO3TOMY HCIIOJIb30BAINCH ISl CEIbCKO-
X035MCTBEHHOTO MPOU3BOJICTBA.

Tabnuuya 1
PacnpepeneHue 3emenb No Tunam noacTunaiowein NoBepxHocTu, %
[Table 1. The distribution of types of the underlying surface, %]
Tunbl noacTUnaioLwen NOBepxXHOCTU PacnpepeneHune semenb, %
[Types of underlying surface] [Land distribution, %]
24.08.1988r. 26.07.2018 .
OTkpbiTas noysa [Soil] 10,2 0,1
Bes pactutenbHocTtu [Without vegetation] 10,6 9,8
TpaBsHMUCTasa pacTUTeNbHOCTb [Grass] 48,1 51,6
JlpeBecHO-KyCTapHUKOBas pacTUTenbHOCTb [Trees and shrubs] 27,9 34,9
Mop Bopoii [Under water] 3,2 3,6
Wtoro 2018 r. [Total 2018] 100 100
Tabnuya 2
MaTpuua usmeHeHunii B Tunax noacruiaioLle noBepxHocTu, ra
[Table 2. Changes in the types of the underlying surface, ha]
Twun noacTunaiowen OTtkpbiTas bBespactu- Tpass- ApeBecHo- Mop UToro
NMOBEPXHOCTU noysa TeNbHOCTHN HUCTas KycTapHukoBas Bopgoi B 1988r.
[Types of underlying [Soil] [Without pactu- pactutenbHoctb [Under [Total
surface] vegetation] TenbHOCTb [Trees water] in 1988]
[Grass] and shrubs]

OTkpblTas noysa [Soil] 15 864 5982 323 21 7205
be3 pactutenbHoCcTU
[Without vegetation] 20 3142 3399 641 300 7502
TpaBsHucTasa
PACTUTENLHOCTb [Grass] 17 2172 24077 7627 143 34 036
JpeBecHO-KyCTapHMKOBas
pPacTUTENbHOCTb 2 613 3005 16 073 80 19773
[Trees and shrubs]
Mop Bopon [Under water] 0 159 42 74 1999 2274
Wtoro 2018 r. [Total 2018] 54 6950 36 505 24738 2543 70790

I[Tnomap 3eMernb, XapaKTepU3YIOLUXCS TUTIOM «0€3 pacTUTENBLHOCTI, 3a 30 jer
cokpatmiack Ha 0,8 % (¢ 7502 mo 6950 ra). OgHako B MPOCTPAHCTBEHHOM OTHOIIIE-
HUM HaOJII0JAI0TCsl 3HAUUTENbHbIE nepeMenieHus. Tak, He TpaHc(hopMUpOBaBIIN-
ecsl y4acTKu 0e3 pacTUTENbHOCTH cocTaBwin Bcero 3142 ra. bonbimas dactb
(3399 ra) — nepenutu B TUN «TPABSIHUCTAsI PACTUTEIBHOCTH». IIpn 3TOM B Ipyrux
MeCTax, HAa00OPOT, YYaCTKH 3€MEJb THUIA «TPABSIHUCTAs PACTHUTEIBHOCTHY» ILIO-
maaeo 2172 ra TpaHCGOPMHUPOBAIKMCH B TUI «O€3 pacTUTENBHOCTH» (Tabi. 2).
Taxue u3MeHeHNsT XapaKTEePHBI U PACTYIINX TOPOJIOB, KOTJa TPABSIHOW MOKPOB
CHayaJla YHUYTOXKAETCsI Ha CTPOUTEJIbHBIX IUIOLIA/IKAX, a MOCje cAauyu 0ObEeKTOB
TEPPUTOPHS OJIArOyCTPANBACTCS M O3EIICHSAETCS.

[Tnomanp 3emenb, KiaccU(UIMPOBAHHBIX KaK «IPEBECHO-KYyCTapHHMKOBas
pacTuTenbHOCTHY yBenudmiach Ha 7 % ¢ 19 773 no 24 738 ra.

ITo nanubM YripaBnenus PenepanabHON CITy»KObl TOCYAapCTBEHHOM perucrpa-
UM, Kagactpa 1 kaprorpaduu no Pecry6muke bamkoprocran Ha 01.01.2019 1. [18]
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nof necamu 3ansATo 20 820 ra, moj gecamu, He BXOISAIIUMU B JiecHOH (oHm, — 689 ra.
Ecnmu yuuteiBaTh, 9TO TpU KiIacCU(UKAIMN CHUMKA B JAPEBECHO-KYCTApPHUKOBBIE
HACAXIECHHS BXOIAT TaKKe MHOTOJIeTHUE HacaxkaeHus (3674 ra), To u¢psl CIyTHU-
KOBOTo cHuMKa 2018 T. COmocTaBUMBI C TAaHHBIMU TOCYIAPCTBEHHOTO yUeTa 3eMeb.

Paccmotpum 6osee mogpo6HO TpaHChHOPMALMIO 3€MeNb, OTHOCALIUXCS K
TUIY «JIPEBECHO-KYCTapHUKOBAasl PaCTUTEIbHOCTHY» (puc. 2). Ilnomanes yyacTkos,
Ha KOTOPBIX THIl MOJACTHJIAIOLIEH MOBEPXHOCTH 3a 30 JIET HE CMEHWJICSA IPYTMM
TUnoM, coctasisieT 16 073 ra. Oto paBHseTcs 65 % OT COBpEMEHHON UX IIOIAIN
(3eneHblil LIBET Ha puc. 2).

3emuu, xapakTepusoBasiuecs B 1988 r. npyrumu tunamu, a B 2018 r. ne-
pelIeqIIe B TUIl «IPEBECHO-KYCTaPHUKOBBIE HACAKICHUS», 3aHUMaloT 8665 ra.
Oto coctapuseT 35 % coBpeMeHHOU MX Iiomaau (3kenThlil uBeT Ha puc. 2). Cpeau
HUX TPEBATUPYIOT 3eMIIM, TpaHC(HOPMHUPOBABLIMECS U3 TUIA «TPaBSHHUCTAas pac-
TUTEIIBHOCTHY.

3eMiH, xapakTtepusyromuecs B 1988 r. kak 1peBeCHO-KYCTapHUKOBBIE HACAXK-
nenus, a B 2018 r. — apyrumu Thnamu, 3anumarot 3700 ra (KpacHblii LIBET Ha puc. 2).

Takum o0pa3zom, HaOIOAAETCS MOJOXKHUTENbHAs AMHAMUKA COXPAaHEHHS U
YBEJIMUYEHUS IJIOLIAJN IPEBECHO-KYCTApHUKOBBIX HacaxxiaeHuil. Ho, ecnu B3rmus-
HYTb Ha KapTy, BUJIHO, YTO 3TO XapaKTEpPHO HE AJI BCEro rOpOACKOr0 OKpyra,
a MPEUMYIIECTBEHHO JJIs JIECOB Y (PMMCKOTO TOPOJICKOTO JIECCHUYECTBA, KOTOpPbIE
pacroaoKeHbl B OCHOBHOM IO OKpanWHE, BOKPYI LIEHTPaJIbHOM 4YacTH ropoja.
Takas tuHaMuKa 00BSICHIETCA PAIOM NpUUYUH. Bo-TIepBBIX, €CIM YUYUTHIBATh, YTO
TUI «TPABSHUCTAs PACTUTEIBHOCTHY» MOKET BKJIIOUaTh OJIMHOYHBIE, pEAKUE Aepe-
BbsI MJIM MOJIO/IbIE HECOMKHYBIIHMECS JIECHBIE KYJIbTYpHI, KoTOpbie 3a 30 jeT noa-
pOCIU, KPOHBI IEPEBHEB COMKHYJIMCh M HACAX/IEHUS MPEBPATUIIMCh B HACTOSIINE
JieCHbIE MacCUBBI. BO-BTOPBIX, OJOKUTENbHAS AUHAMUKA B YBEJIMUEHUH IJIOIIA-
I J1ecOB Y PMMCKOTO TOPOJICKOTO JIECCHUYECTBA, OTHOCALIMXCS K 3aIlIUTHBIM JIe-
caM, K KaTeropuu 3alUTHOCTU «TOPOJICKHE Jieca» — ATO Pe3ylbTaT MpPU3HAHUS
0CcOo00H IEHHOCTH ATHX JIECOB, YCTAaHOBJIEHHE OCOOOT0 MPABOBOTO pexUMa HC-
10JIb30BAHHUS, OXpaHbl, 3aLIUTHl ¥ BOCIIPOM3BOJICTBA JIECOB, BBEICHUE Psijia 3arpe-
TOB (Ha MCIIOJIb30BAaHME TOKCUYHBIX XMUMUYECKUX MPENapaToB, BEAEHUE OXOTHU-
YbEro, CEeIbCKOTO XO3scTBa, pa3pabOTKy MECTOPOKICHUH MOJE3HBIX HCKOIae-
MBIX, pa3MeIIeHHe 00BEKTOB KAMTAILHOTO CTPOUTEIHCTBA).

Tak, coxpaHeHue JecoB HaOII0IaeTCsl HA BOCTOYHOM CKIIOHE P. Y (PbI ¢ Tipeod-
JajiaHueM 1y0a, JIUMbBI, OCHHBI M JIECHBIX KYJIBbTypax COCHBI; Ha ocTpoBe Koszapes —
B OKPY>KEHHH CTapHIIBI p. benoil, B HacaKIeHUAX ay0a U Bs3a; B CEBEPO-BOCTOYHOM
gactu Y Pl — B ypouwrie MakCUMOBCKOE O0JIOTO, B HACAKICHHUSX OJIbXH U O€PE3bl.

K HUM OTHOCHUTCS M IEHAPOIOTHUECKUIN MaMSITHUK MPUPOIbI PErHOHAIEHOTO
3Ha4yeHus1 HeneiueBckuil neHponapk. 9T0 OUH U3 CTapeHINX ASHIPONApKOB B
Pecriy6nuke bamikoprocTtaH, 3a710)kK€HHBIN elle B IOPEBOIIOLMOHHOE BPEMs U MMe-
IOIIMI 0c000€ MPUPOAOOXPAHHOE, HAYUHOE, KYJIbTYPHOE, 03I0POBUTEIIEHOE 3HAUECHHE.
Opnnako Ha nepudepuun ASHIPOIapKa, TpaHIYaIIe ¢ MHOTOATaXKHOM 3aCTPOIKOM,
BCE K€ HAOJIOJAeTCsl yMEHBILICHHUE JIONHU JPEBECHO-KYCTAPHUKOBBIX HACAKICHHUIH.

OpnHako pocT ropojia HE MOXKET HE CKa3aThCs Ha TOPOACKHUX JiecaX: Ha OT-
JIEJIbHBIX y4acTKax HaOJI0JaeTcsl COKpallleHHe JIECHBIX HAaCa)XJIEeHUH, KaK MpaBu-
710, CBSI3aHHOE CO CTPOMTEIHCTBOM HIIM PACIIMPEHHEM HH(PACTPYKTYPHBIX 00b-
€KTOB, HaIpuMep, aBTOMOOMIBHBIX nopor (Kamennas nepenpasa, Jlémckoe moc-
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ce, ceBepHBIN 00xo7 3aToHa). CyIIeCTBEHHOE CHIKEHHUE 0NN JIECHBIX HacaxKie-
HUIl HaOnrogaeTcsl B MOWMEHHBIX Jiecax U3 1y0a M OJIbXM Ha 3amagHoM Oepery
p. benoii, mexny ozepamu OnbxoBoe, bepe3oBoe u [lyxoBoe, B OBpaXHBIX JIMIIO-
BbIX HacaxxaeHusix Haraesckoro xopioHa.

Puc. 2. TpaHchopmaums ApeBECHO-KYCTapPHUKOBLIX HacaxaeHnin 3a 1988-2018 rr.:

1 — 3eM51, Ha KOTOPbIX APEBECHO-KYCTaPHUKOBAsSi PACTUTESNIBHOCTb COXPaHUACh; 2 — 3eMJTW, Ha KOTOPbIX JPEBECHO-KYCTapHNKOBas
PacTUTENBLHOCTb CMEHMIACh Ha APYrve TUMbl MOACTUNAIOLLEN MOBEPXHOCTU; 3 — 3eMU, Ha KOTOPbIX APYrve TMbl NOACTUNAtOLLIEN
MOBEPXHOCTV CMEHWIIUCH HA APEBECHO-KYCTAPHMKOBYIO PACTUTENIbHOCTb; 4 — 3eMJIN, XapakTepu3yoLLMecs ApYrumMy TunaMmm
noacTunaloLLeli NOBEPXHOCTM Ha 060MX CHUMKaX; 5 — y4acTkm nog Bogow (2018 r.); 6 — kBapTanbHas CeTb JIeCOB
Y$1MCKOro ropockoro necHm4ecTsa
[Figure 2. Changes in the “Trees and shrubs” type for 1988-2018:

1 —the “Trees and shrubs” type has been preserved; 2 — the “Trees and shrubs” type was transformed into other types;

3 - other types were transformed into the “Trees and shrubs” type”; 4 — other types have survived; 5 — under water;

6 — forest quarters of the Ufa city forestry]
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Jl1 «BHYTPUTOPOJCKUX» IPEBECHO-KYCTAPHUKOBBIX HACAXICHUM, HE OTHO-
CAIMUXCA K JIecHOMY (DOHIY U PACIIOIOKEHHBIX B 3aCTPOCHHOW YacTH ropoja, Xa-
pakTepHa ycTONYMBasl OTpULATENIbHAS IMHAMUKA U CMEHA IPYTMMH THUIIAMH MOI-
cTriaromeit moBepxHoctu. OcoOEHHO 3TO HAOIOIAaeTCs B FOXKHOM, 3amafHON U TICH-
TpasibHOM vacTsax ([lemckuii paiioH, 3atoH, 3eneHas poma, Huxeroposaka, L{BeTs
bamkupun, KooneparruBHas mosisiHa), a Takke B CEBEPHBIX paiioHax ropoja (Yep-
HuKoBKa, MHopc). Cpenu KpyHHBIX MapKOB, JIECONApKOB M CaJOB YMEHBIIECHUE
JPEBECHO-KYCTapHUKOBOM PacTUTEIBbHOCTU HAOMIOJAeTCsl Kak MO0 OKpauHaMm pe-
KpealnoHHbIX 00BbeKTOB (JleMckuii mapk KyJabTypbl U OoTAbIXa, Caj KyJIbTypsl U
oraeixa umern C. KOmaesa), Tak u BHyTpu 00bekTOB (JIeconapk mMenu JlecoBo-
noB bamkupuu, [Tapk kyasTypsl u otasixa umenu M.U. Kanuauna, mapk umeHu
I'acrenno, [lapk KyapTyphl U OTAbIXa HEPTeXMMUKOB, [1apKk KyIbTyphl U OTABIXA
umenu M. IN'adypu, Cax kynbtypsl u otasixa umenu C.T. Akcakosa).

3aknoyeHue

3a 30 neT B KOJIMYECTBEHHOM OTHOILLIEHHUH IUIOLIA/b IPEBECHO-KYCTAPHUKOBBIX
HacaxaeHud Yol yBennumiachk. OJHAKO B MPOCTPAHCTBEHHOM OTHOILLIEHUU Ha-
OmrofaeTcsi 3HaAUMTENbHOE BapbupoBaHHE. Tak, MOJOXKHUTEIbHAs AMHAMHUKA YBe-
JIMYEHUS JOJIA IPEBECHO-KYCTAPHUKOBON PACTUTEIBHOCTH XapaKTEpHa ISl JIECOB
VY $uMCcKOro ropoAcKoro JeCHHYECTBA KaK CIEACTBHE HAKIAIAbIBAEMbIX OTPAHU-
YEHHU LIeJIEBBIM Ha3HAYEHUEM U KaTErOopueH 3aliuTHOCTHU JecoB. Bo BHyTpuro-
POJCKUX HacaXJeHUsX, HA000pOT, HAOJII0JaeTCs YMEHbIIEHUE JECHBIX Hacax/e-
HUW, KaK IPABWIO, CBSI3aHHOE C POCTOM M PACIIMPEHUEM TOpOJa, YBEIUYEHHEM
3aCTPOCHHBIX IUIOMIAAEeH M CTPOUTEIBCTBOM HH(PACTPYKTYPHBIX OOBEKTOB.

OMNBIT UCTIONB30BAHMS APXUBHBIX CHUMKOB Landsat mpu orieHke JpeBecHOM
PacCTUTEIBHOCTH MO3BOJIIET COCTABUTh KapTHHY AMHAMHYECKUX MU3MEHEHMH ILIO-
11a/I JIECOB C BBICOKOM CTENEHBIO JOCTOBEPHOCTH M PEaIU30BBIBATh JaHAIIA(T-
HO-9KOJIOTHUECKUH MOAXO0/ IPH BEICHUM X034HCTBa B Jecax Y (bl.
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Abstract. Green spaces of the city are an integral part of its ecological framework. When
planning urban space, information is needed on their actual distribution, condition and dynamics.
To do this, it is advisable to use satellite images. The purpose of the work is to conduct remote
monitoring of green spaces of Ufa using Landsat satellite images over the past 30 years. Image
processing, including radiometric calibration, reducing the amount of data from 6 channels to
3 main components, uncontrolled classification of images, grouping classes to 5 types of under-
lying surface (open soil, no vegetation, grassy vegetation, tree and shrub vegetation, underwater),
matrix construction changes were made using the tools of the SAGA GIS software product.
As a result, a map was constructed showing spatial changes of the “tree-shrub vegetation” type over
30 years. The plots on which this type is preserved make up 16 073 ha, on which it was replaced
by another type of underlying surface — 3700 ha. Plots characterized in 1988 by other types, and
in 2018 converted to the “tree-shrub vegetation” type, occupy 8665 ha. On the one hand, there is
a positive trend in the conservation and increase in the area of tree-shrub plantings. But this is
not characteristic of the entire urban district, but mainly of the forests of the Ufa urban forestry,
which are located mainly on the outskirts, around the central part of the city. For intracity tree-
shrub plantings that are not related to the forest fund and located in the built-up part of the city,
stable negative dynamics and a change in other types of underlying surface are characteristic.

Keywords: green spaces, tree-shrub vegetation, Landsat satellite images, types of un-
derlying surface

References

[1]  Pravila okhrany, zashchity i vosproizvodstva lesov i soderzhaniya zelenykh nasazhde-
nii v gorodskom okruge g. Ufa Respubliki Bashkortostan (v redaktsii reshenii Soveta
gorodskogo okruga g. Ufa Respubliki Bashkortostan ot 30.12.2015 Ne 55/3) [Rules of
protection, protection and reproduction of forests and maintenance of green spaces in

272 ECOLOGY



Paxmamynnuna U.P. u dp. Bectiuk PYTH. Cepust: Dxororust u 6e30macHoCTb xu3Henestensrocta. 2020. T. 28. Ne 3. C. 263-274

[2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

the city district of Ufa of the Republic of Bashkortostan (as amended by the decisions of
the Council of the City District of Ufa of the Republic of Bashkortostan 30.12.2015, 55.3].
(In Russ.) Available from: http://docs.cntd.ru/document/438917053 (accessed: 15.01.2020).
Ishbirdina LM. Ekologo-biologicheskaya kharakteristika flory i rastitel'nosti goroda
Ufy i ee dinamika za 60-80 let [Ecological and biological characteristics of the flora
and vegetation of the city of Ufa and its dynamics over 60-80 years] (abstract of the
dissertation for the degree of Candidate of Biological Sciences). Dnepropetrovsk; 1992.
(In Russ.)

Konashova SI, Sultanova RR, Abdulov TKh, Khanov DA. Management of the urban
forests. Agrarian Bulletin of the Urals. 2010;3(69):93-95. (In Russ.)

Khayretdinov AF, Baranov SV. Priroda i nasazhdeniya zelenoi zony g. Ufy [Nature
and plantings of the green zone of Ufa]. Ufa: BSAU; 2007. (In Russ.)

Gabdelkhakov AK, Sabirova GV, Fazlutdinov II. The state of small-leaved linden plan-
tations in the green zone of Ufa. Forest ecosystems in the context of climate change:
biological productivity and remote monitoring. Y oshkar-Ola: VSUT; 2017. p. 84-93.
(In Russ.)

Gatin IM, Muzafarova AA, Kulagin AA. Characteristics of the renewable potential of
woody plants in technogenic territories. Bulletin of Bashkir University. 2006;(4):46—47.
(In Russ.)

Zaitsev GA, Kulagin AY. Sosna obyknovennaya i neftekhimicheskoe zagryaznenie:
dendroekologicheskaya kharakteristika, adaptivnyi potentsial i ispolzovanie [Scotch
pine and petrochemical pollution: dendroecological characteristics, adaptive potential
and use]. Moscow: Nauka Publ.; 2006. (In Russ.)

Kulagin AA, Rybakova EA. Features of the water regime of the warty birch (Betula
pendula Roth) during the growing season in the city of Ufa, Bashkortostan. /zvestia of
Samara Scientific Center of the Russian Academy of Sciences. 2015;(5):193-196. (In Russ.)
Isangulova RR, Gabdrahimov KM, Ramazanov FF. Fkologicheskaya produktivnost'
nasazhdenii g. Ufy [Ecological productivity of plantations of Ufa]. Ufa: Bashkir State
Agrarian University; 2011. (In Russ.)

Kulagin AYu, Tagirova OV. Lesnye nasazhdeniya Ufimskogo promyshlennogo tsentra:
sovremennoe sostoyanie v usloviyakh antropogennykh vozdeistvii [Forest plantings of
the Ufa industrial center: the current state in the conditions of anthropogenic impacts].
Ufa: Gilem Publ.; 2015. (In Russ.)

Flint HL. Plants showing tolerance of urban stress. Journal of Environmental Horticul-
ture. 1985;(3):85-89.

Metzger JM, Oren R. The effect of crown dimensions on transparency and the assess-
ment of tree health. Ecological Applications. 2001;(11):1634—-1640.

Rakhmatullina IR, Rakhmatullin ZZ, Iskhakov FF, Serova OV. Dynamics of the NDVI
vegetation index of pine forest plantations (Pinus Sylvestris L.) under pollution in in-
dustrial center of Ufa. Bulletin of Perm National Research Polytechnic University. Ap-
plied Ecology. Urban Studies. 2019;2(34):116—117. (In Russ.)

Vorobev ON, Kurbanov EA, Gubaev AV, Polevshchikova YuA, Demisheva EN,
Koptelov VO. Remote monitoring of urban forests. Vestnik of Volga State University of
Technology. Series: Forest. Ecology. Nature Management. 2015;1(25):5-21. (In Russ.)
Pogorelov AV, Lipilin DA. Green plantings of the city of Krasnodar. Evaluation and
multi-year changes. Bulletin of Perm National Research Polytechnic University. Ap-
plied Ecology. Urban Studies. 2017;(3):192-205. (In Russ.)

Conrad O, Bechtel B, Bock M, Dietrich H, Fischer E, Gerlitz L, Wehberg J, Wich-
mann V, Bohner J. System for Automated Geoscientific Analyses (SAGA) V. 2.1.4.
Geosci. Model Dev. 2015;8:1991-2007. DOI: 10.5194/gmd-8-1991-2015.

Healey SP, Cohen WB, Zhiqgiang Y, Krankina O. Comparison of Tasseled Cap Based
Landsat Data Structures for Use in Forest Disturbance Detection. Remote Sensing of
Environment. 2005;(97):301-310.

OKOJIOI'UA 273



Rakhmatullina L.R. et al. RUDN Journal of Ecology and Life Safety. 2020;28(3):263-274

[18] Department of the Federal Service for State Registration, Cadastre and Cartography in
the Republic of Bashkortostan. Gosudarstvennyi (natsional'nyi) doklad o sostoyanii i
ispol’zovanii zemel' v Respublike Bashkortostan v 2018 godu [State (national) report
on the state and use of land in the Republic of Bashkortostan in 2018]. Ufa; 2019.
(In Russ.)

Article history:
Received: 02.02.2020
Revised: 21.02.2020

For citation:

Rakhmatullina IR, Rakhmatullin ZZ, Kulagin AYu. Remote monitoring of green plants
of Ufa in 1988-2018. RUDN Journal of Ecology and Life Safety. 2020;28(3):263-274.
(In Russ.) http://dx.doi.org/10.22363/2313-2310-2020-28-3-263-274

Bio notes:

Irina R. Rakhmatullina, Candidate of Biological Sciences, Associate Professor of the De-
partment of Ecology, Geography and Nature Management of the Bashkir State Pedagogical
University named after M. Akmulla. eLIBRARY SPIN-code: 5798-0502. E-mail: rahmat
irina@mail.ru

Zagir Z. Rakhmatullin, Candidate of Agricultural Sciences, Associate Professor of the
Department of Forestry and Landscape Design of the Bashkir State Agrarian University.
eLIBRARY SPIN-code: 3321-2007. E-mail: zagir1983@mail.ru

Alexey Yu. Kulagin, Doctor of Biological Sciences, Professor, Head of the Laboratory of
Forest Science of the Ufa Institute of Biology of the Ufa Federal Research Centre of
the Russian Academy of Sciences. eLIBRARY SPIN-code: 2468-8394; ORCID iD:
https://orcid.org/0000-0001-7574-4547. E-mail: coolagin@list.ru

274 ECOLOGY



§ RUDN Journal of Ecology and Life Safety 2020 Vol. 28 No. 3 275-284
% http://journals.rudn.ru/ecology

BecTHuk PYOH. Cepusi: konorus u 6e30MnacHOCTb XU3HeAeaTeNlbHOCTN

DOI 10.22363/2313-2310-2020-28-3-275-284

VK 598.2
HayuyHas ctaTtbs

PacnpepeneHue GoOTOCUHTE3NPYIOLLNX BUAOB
B newjepax rpoToBOro Tuna pasHbiX permoHoOB
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AHHoTanus. B cratee oOcykmaercst SKoNOrHYecKas 3HAUUMOCTh coobiecTB ¢oro-
Tpo(OB BXOJHOW 30HBI MELIep I'POTOBOTO THIA Kak AKOTOHOB U pedyruymoB. PaccmarpuBa-
€TCs BOTIPOC MHTPA30HAIBHOCTH BUJIOB B COCTAaBE TAKMX COOOIIECTB M 3aBUCHMOCTH BUJIOBOTO
cocTaBa OT reorpadu4ecKoro MoJoKeHus remepsl. Llenbio nanHoi paboTsl OBUTO BEISBICHHE
CXOJIHBIX IelIep Pa3IMYHBIX PETHMOHOB Ha OCHOBE BHJIOBOT'O COCTaBa coo0IIecTB (GOTOTPOhOB
Ha OCHOBE COOCTBEHHBIX JAHHBIX M JAHHBIX W3 HCTOYHHKOB JHUTEpaTypsl. IIpoanammsupoBa-
HBI CIIUCKY BUJIOB COOCTBEHHBIX MCCIIEJOBaHMUH, MPOBECHHBIX MO CTAHAAPTHBIM METOIUKAM
BBISIBJICHHS] BUJIOBOTO COCTaBa ajbrouiopsl 1 OpuoguIOpkl, a TakKe CIIHCKU BHJIOB U3 UCTOY-
HUKOB JINTEPATYPHI. Ha ocHOBaHMM TaKCOHOMMYECKOI'O aHaan3a YCTaHOBJICHBI BHU/IbI, BCTPE-
Yarommecs BO BCEX HCCIeNOBaHHBIX nemepax: Chroococcus minutus v Chlorella vulgaris.
Takum 00pa3oM, OTYACTH MOATBEPIKAACTCS HMHTPA3OHANBHBIA XapakTep (Iopel BXOIHBIX
YYacTKOB IEIIEP-TPOTOB. BRIABICHO YeTHIpEe KilacTepa: MeJIOBBIe neniepsl BopoHnexckoi 00-
JIACTH; M3BECTHAKOBBIE TPOTHl YKpauHsl 1 Abxazum; kembu Ctaporo Opxest  kenbn bakor-
CKOTO MOHACTHIps; neniepsl Utanun u Benrpun. YcranosieHa 3aBHCUMOCTh OMOpa3HOOOpa-
3us (OTOTPO(OB OT COCTaBa MOPOA, TeorpapHIECKOTo MOJOKECHUS U TeHE3HCa TTOJIOCTEH.

KiroueBble cioBa: I_II/IaH06aKTepI/II/I, BOOOPOCIIH, TOA3EMHBIC MCCTOO6I/IT8.HI/IH, TPOThI

BBepeHue

BxoaHble y4acTKH NOA3EMHBIX MOJOCTEN paccMaTpuBalOT Kak 0COObIE MECTO-
OGI/ITaHI/ISI, NEPEXOAHBIC MCKAY TOBECPXHOCTHLIMU U MMOA3CMHBIMU 3KOCUCTEMAMU, —
30HBI 9KOTOHOB [1-3]. DKOTOHBI XapaKTEPU3YIOTCS HATMYMEM a0MOTUYECKHUX Ipa-
AUCHTOB, Ui BXOAHBIX 30H NCHICP OCHOBHBLIMU SBJIAIOTCA I'PaAUCHTBI OCBCIICH-
HOCTH, BJIQXXHOCTH M TemriepaTypsl. [Ipu crabunuzanuu napameTpoB MUKPOKIIH-
MaTa OOHApYKUBAIOTCA (IIYKTYaIlH, 3HAUUMOCTh KOTOPBIX JUIS BUIOBOTO COCTa-
Ba M (YHKUIMOHHPOBAHUS COOOIIECTB He uccienoBaHa. CpaBHUTENbHBIN aHAIIN3
coobuiecTB (HoTOTPo(POB BXOAHBIX 30H IEIIEP C PA3INIHON MOpdosiorueit BXo10B

© Maswuna C.E., [Tonkosa A.B., 2020
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yKa3bIBaeT Ha BIHSHHUE HA BUIOBON COCTaB U CTPYKTYPY COOOIIECTB TaKHX IMapa-
METpPOB BXOJa, KaK €ro pa3Mep, HaKJIOH U MPOTSHKEHHOCTh PUBXO/I0BOI 30HBI [4].
Ha ocHoBanum uccrienoBaHus MaHOOAKTEpUN U BOAOPOCIEH COOOIIECTB BXOJ-
HBIX 30H TIEIIEep BBICKA3BIBACTCS MPEATIONOKEHHE 00 MHTPA30HATBLHOM XapaKTepe
anbproIoOphsl ATUX YYacTKOB memiep [S].

[Nenrepb! NpUHSTO paccMaTPUBATh KaK cpemy ¢ OoJiee cTaOMITBHBIMU, TI0 CPaB-
HEHHIO C MOBEPXHOCTHIO, KIIMMATHUYECKUMH yCIOBUSMHU, & OCBEIIEHHYIO 30HY, TIE,
Kak MpaBUJIO, CTAOWIIbHA TeMIIepaTypa U MOBBIIICHA BIAXKHOCTh, ONIPEAETISIOT Kak
pedyruym Ui BIaroitoOUBBIX M TEHEBBIHOCIUBBIX BUIOB, OCOOCHHO yUWTHIBAs
M30JIMPOBAaHHOCTh BXOJla OT JIEUCTBHS CHEXHO-JIEAOBBIX MAcC B TE€UEHUE BCETO
roJia UM Ce30HHO. B cilydae BX0J10B memiep B BUJI€ KOJOALEB, T/1€ CKalUIMBAIOTCS
CHeT | Jie, GOPMHUPYETCsT 0COOBII MUKPOKIUMAT TEIIepPhl, KOTOPBIA MOXKET 3Ha-
YUTENBHO OTJIMYAThCSA OT perHOHaIbHOro TpeHAa. MHas cutyarus HabmogaeTcs
MPU HAJIMYUU B TEMIepax UCKYCCTBEHHOTO HJIM €CTECTBEHHOT'O MPOUCXOXKICHUS
BXOJIOB B BHJIE TpoTOB. Takas nanmmadrras Gpopma Hanbosee OnaronpusiTHa AJis
MOJIJICPKAaHUST YCIIOBUH ONTHMAILHOW TIOBBIIICHHON BIIQYKHOCTH W CTAOMIILHOM
MOJIOKUTETIFHON TeMIiepaTypsl B TedeHHue Bcero roga [4]. B ycrmoBusix cpemneit
TIOJIOCHI M B CpeHErophe (POTOTPO(MBI HE UCIBITHIBAIOT CTPECCA OT 3aMEpP3aHHUs, a
B 0oJlee I0’KHBIX PErHOHAaX HE BBICHIXAIOT B JICTHUH Mepuoj. Ecnu mpuHsTH 32 0T-
MPaBHYIO TOYKY YTBEPXKACHHE, YTO COOOIECTBA BXOJOB IEIIEP UMEIOT B CBOEM
COCTaBE PENUKTOBBIE W MHTPA3OHAIBHBIE BHJbI, TO MOXKHO MPEANOJIOKHUTH, YTO
MMEHHO B Telepax rpOTOBOTO THIMA, KaK UCKYCCTBEHHOTO, TaK U €CTECTBEHHOTO
MIPOUCXOXKACHUS, MOKHO OOHAPY>KUTh HAaUBBICIIIEE CXOJCTBO CTPYKTYPHI M COCTa-
Ba BHJIOB B COOOIIECTBAX.

[lenpto maHHO# pabOTHI OBLIO BBISBICHUE CXOIHBIX MELIEP Pa3IHUYHbIX pe-
TMOHOB Ha OCHOBE JaHHBIX BHJIOBOTO COCTaBa cooOmiecTB GoTorpodoB MeTo10M
KJIACTEPHOTO aHalln3a ¢ MpUMEHEeHHEM MeTpuku EBKIINI0BA paccTOsSHUS.

MaTtepuanbl u meToAabl

B kadecTBe 00BEKTOB MCCIEIOBAaHUI BBIOpAHBI MEIIEPhl TPOTOBOTO THIA pa3-
JMYHOTO TeHE3Hca U reorpaduieckoro moioxeHus. [IpoanannsupoBaHa TaKCOHO-
MUYecKasi CTPYKTypa (DOTOCHHTE3UPYIOIIUX BHUIOB OCBEIICHHBIX YYacCTKOB psia
nemep. Ilemepsr Jluckunckoro paitona BopoHekckoi 001acTH UCKYCCTBEHHOTO
MIPOUCXOKICHHS, BEIPYOJICHHBIE B MEIOBBIX OTIOkKeHusX. [lemepst xyTopa JluBHO-
ropse — 1epkoBb Cunmnniickoil konsl boxkueit Martepu (bonbmme luBsl) u ne-
miepHbiii Xxpam PoxxnectBa Moanna Ipenreun (Manbie [ussi). [lemepsr B cene
Kocromaposo: Ne 3, rae pacnonoxkensl xpam Crnaca HepykoTrBopHoro u xpam Be-
pe1, Hanexnpl, JIroO6Bu u matepu ux Codun; Ne 4, 5 u 6 — nemepbl-kenbu; No 7 —
xpam npenogobroro Cepaduma CapoBckoro; Ne 8 — [TokasiHHasi. I3BecTHAKOBBIE
MO/I3eMHBIE KEJIbH CKaJIbHOTO MOHACTHIpA «Ycrenue boxbelr Marepu» pacmosno-
JKEHBbI B UCTOPUKO-apxeosorudeckom komiiekce «Crapeiii Opxeit» (MomnmgaBus).
I'por Cumona KananuTa (3a/10:keH B U3BECTHAKAX), HaxoAuTcs B T. HoBblil AdoH
B PecriyOnuke A6xazus.

Hcnonb3oBanel ganuele uccaenosanuii 2016—-2018 rogos.

Nnentndukaiuio BUI0B cOOOIIECTB 00pacTaHUd TIPOBOIWIN C HCIIOIH30Ba-
HUEM KYJIbTYPaJTbHBIX U MUKPOCKOIIMYECKUX METOJ0B. METOAMKH OMHUCaHBI B [6].
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Cuctematuka Moxoo0Opa3HbIX MpHuBeaeHa 1o [7; 8], unaHobakTepuil 1 BogopocC-
new o [9].

Jlns aHanu3a cxozcTBa coo01mecTB GoToTpo(oB Pa3INUYHBIX PETHOHOB IPO-
BEJICH KJIACTEPHBIN aHAIM3 ¢ MPUMEHEHHEM MeTpHKH EBKIMmIoBa paccTosHHUA Ha
OCHOBE 3HaUY€HUI BCTpeyaeMocTH BUI0B. KpoMe TOro, ocyuiecTBieHo CpaBHEHUE
¢dororpodoB MCcIETOBAaHHBIX MEIIEP CO CIUCKAaMH BHIIOB (OTOTPOOB psiaa me-
1iep rpOTOBOTO THIIA, ONIMCAHHBIX B tuteparype [10—-12]:

1) nemepsr Benepuu: Kis Vizes-barlang, Nagy Vizes-barlang, Beremendi-
ordoglyuk [10];

2) newmepsl Yxkpaunwr: rpoThl 3amydanckuil 1 bakorckuit, ToBTpa «Ilepmaxy,
00pa30BaHHbIE CKOIUICHHEM KPYIHBIX 00JOMKOB M3BECTHSAKA; KelbU bakoTckoro
CKaJIbHOTO MOHACTBIPSI, BRIOWTHIC B M3BECTHIKOBOM ckaire [11];

3) nemepsl Amanuu: Sybil’s Cave u Piscina Mirabilis, BeIpyOsieHHBIE B ByJIKa-
HUYECKOM HEaroJINTaHCKOM kelToM Tyde [12].

PesynbTaTbl U UX 00CYXAEeHne

CpaBHeHHE TaKCOHOMUYECKOTO COCTaBa MCCIICOBAHHBIX MOJOCTEH BBISBHIIO
npeoOnasanue npeacraButeneil Bryophyta B u3BecTHAKOBBIX newiepax u Chlorophyta
B HEKOTOPbIX MeoBbIX (bonbmme Jusel, nemepst Ne 3 u 7) (puc. 1). Ananoruu-
HO€ SIBJICHHE HEOJHOKPATHO ONMCAHO Ul MEUIep Pa3IMYHbIX peruoHoB [13—-17].
YcTaHOBIIEHHOE TIpeobiIaanie IMaHOOAKTEPHA B COOOIIECTBAX OCBEIIEHHOM 30-
HBI CBSI3bIBAIOT C MX afanTalusMM K HexocTaTKy ocBeuleHus [18]. JlomuHupona-
HUE 3€JICHBIX BOJIOPOCTICH B MEJIOBBIX TEIIepaX MOXXHO OOBSICHATH MOBBIIICHHBIM
anbbezo cyoOcTpara.

Bryophyta H Cyanobacteria ® Bacillariophyta H Chlorophyta
70

60

50

40

30 A

20 -

KouuuecrBo BuoB [Number of species], %

10 +

Mansie  Bormbumie  Ne 3 Ne 4 Ne 5 N6 N7 Ne8  Crapsiii  TI'por Cumona

JluBbI JluBbI Opxeit Kananura
[Lesser  [Greater [Old  [The Grotto of Simon
Divy] - Divy] Orhei] the Canaanite]

Puc. 1. CpaBHeHMe TakCOHOMMYECKOM CTPYKTYPbI NeLLLEep rpOTOBOro TMna
[Figure 1. The taxonomic structure comparison of grotto type caves]
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Tabnuuya
TakcoHoMUu4eckoe pacnpeaeneHue Bupos ¢potoTpodos
[Table. Taxonomic distribution of phototropic species]
Knacc Mopsapok CemeiicTBO MO | BA [ Ne3 | Ne4 | Ne5 | Ne6 | Ne7 | Ne8| CO | CK
[Class] [Order] [Family] [MD] | [BD] [SO] | [SK]
Yucno Bupos [Species number]
BRYOPHYTA
Grimmiales Seligeriaceae 2 2 2 2 2 2 2 1 0 0
Bryales Bartramiaceae 1 1 0 0 0 0 0 0 0 0
Bryopsida Hypnales Brachytheciaceae | 1 0 0 0 0 0 0 0 1 2
Timmiales Timmiaceae 0 0 0 0 0 0 0 0 1 0
Pottiales Pottiaceae 0 0 0 0 0 0 0 0 0 1
CHLOROPHYTA
Chlarmydo- tlol 1|1 ] 1]olol1]o]o
monadaceae
Chlamydo- | Chiorococcaceae | 2 1 2 1 1 1 2 2 0 1
monadales
Chloro- Coccomyxaceae 0 1 1 0 0 0 0 0 0 0
phyceae Chlorosarcinaceae | 0 1 0 0 0 0 0 0 0 2
Mychonastaceae 1 1 1 0 0 0 0 0 0 0
Sphaeropleales | Bracteacoccaceae | 1 0 1 1 1 1 0 0 0 1
Radiococcaceae 1 1 2 0 0 0 0 0 0 0
Trebouxio-|  Chlorellales Chlorellaceae 2 2 3 1 1 1 2 2 1 1
phyceae Prasiolales Prasiolaceae 1 1 1 1 0 0 2 1 0 0
CYANOBACTERIA
Chroococcaceae 1 1 1 1 1 1 1 1 1 2
Chroococcales | Microcystaceae 2 2 2 1 1 1 0 1 1 4
Aphanothecaceae | 0 0 0 0 0 0 0 0 0 1
poeudana: tlol 1|11 1]o]1]2]o0
Synecho- aenaceae
coccales Merismopediaceae | 0O 0 0 0 0 0 0 0 2 1
Cyano-
phyceae Leptolyngbyaceae | 3 2 2 2 2 2 2 2 0 4
Nostocaceae 2 2 2 2 1 1 1 2 1 2
Nostocales izo-
Aphanizo ololo|lolo|o|o|ol|1]o
menonaceae
Coleofasciculaceae | 0 0 0 0 0 0 0 0 1 1
Oscillatoriales Oscillatoriaceae 0 0 0 0 0 0 0 0 1 1
Cyanothecceae 0 0 0 0 0 0 0 0 0 1
BACILLARIOPHYTA
Bacillariales Bacillariaceae 1 0 1 0 0 0 0 1 1 0
Bacillario- ) Diadesmidaceae 1 0 1 0 0 0 0 1 0 1
Naviculales -
phyceae Naviculaceae 0 0 0 0 0 0 0 0 1 0
Tabellariales Tabellariaceae 1 0 0 0 0 0 0 0 0 0
Coscino-
disco- Melosirales Melosiraceae 0 0 0 0 0 0 0 0 0 1
phyceae
Medio- Stephano- S?ephano— 0 0 0 0 0 0 0 0 0 1
phyceae discales discaceae

lNpumeyaHue: M, — Manble Ouebl; B, — Bonbwwne Auebl; CO — kenbn Ctaporo Opxes; CK — rpot
CumoHa KaHaHuTa.

Note: M1 — Lesser Divy; Bl — Greater Divy; CO — monastic cells of Old Orhei; CK — the grotto of
Simon the Canaanite.
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[TpoBeneHo cpaBHEHNE TAKCOHOMUYECKOH CTPYKTYPhI BUJIOB BHYTPH OT/AEJIOB
Bryophyta, Chlorophyta, Bacillariophyta v Cyanobacteria (cM. Tabmuiy). B pe3ymnb-
TaTe CXOJACTBO Ha YPOBHE OT/EJIOB HE YCTAHOBJIEHO, HO OHO MPOSIBIISICTCS HA YPOBHE
nopsakoB u cemeiictB. Bunpl nopsakoB Chlorellales (cemetictBo Chlorellaceae),
Chroococcales (cemeiictBo Chroococcaceae) u Nostocales (cemeiictBo Nostocaceae)
BCTPEUAIMCh BO BCEX HCCIICNOBAHHBIX IMOJOCTSX, B TO BpeMs Kak IMPEACTABUTEIH
Oscillatoriales Tompko B kenbsix Ctaporo Opxest u rpote Cumona Kananura.

[IpencraButenu nopsiaka Synechococcales paznnyainch Ha perioHATIbLHOM
YpOBHE: BUIBI ceMeUCTB Pseudanabaenaceae n Leptolyngbyaceae oTmedeHsl B
nemepax BopoHexxckoit obmactu u AGXa3uu, HO OTCYTCTBYIOT B Kelbsix Moda-
BUH, a BUJIBI cemeiicTBa Merismopediaceae 0OHapyKE€HBI B TIOJ3EMHBIX MOJIOCTSIX
MonnaBuu u AGxa3uu, HO He OOHapy>KeHHI B Meliepax BopoHexckoi obnacTu.
[IpencraBurenu nopsakos Melosirales (cemeiictBo Melosiraceae) n Stephanodis-
cales (cemeiicTBo Stephanodiscaceae) Buinenensl u3 nemep Aodxasun u Momnga-
BUH, HO OTCYTCTBYIOT B BopoHexckoit o6macTu.

Bo Bcex nccnenoBaHHbIX Meniepax BCTpeyanuch nuanodaxrepust Chroococcus
minutus (Kiitzing) Nageli u 3enenas Bogopocib Chlorella vulgaris Beyerinck.

B pesynbraTte cpaBHEHMs COOCTBEHHBIX JAHHBIX U JAHHBIX JIUTeparypsl [10—12]
YCTaHOBJIEHBI BUJIbI, XapaKTEPHBIE JJIs1 HECKOJIBKUX pernoHoB. [luanobakrepust Apha-
nocapsa muscicola (Meneghini) Wille oOnapy>xena B rpore Cumona Kananwura (A0-
xa3us), kenbsax Ctaporo Opxest (MonmaBus), a Takke TpoTax 3adydaHckuid, bakot-
ckuii 1 ToBTpe «llepmax» (Ykpauna). Bracteacoccus minor (Chodat) Petrova BbIsiB-
JIeH B METIOBBIX Merniepax BopoHexckoil obmactu u rporax Ykpaunsl. Chroococ-
cus minutus (Kiitzing) Négeli u Leptolyngbya foveolara (Gomont) Anagnostidis
& Komarek BcTpevanach B rporax Boponesxckoit oonactu, AGxa3zuu, Benrpun.

[TooOHast MHTPa30HANBHOCTD XapaKTepHa IS psiia BUAOB MEIep, pacro-
JOKEHHBIX B Pa3HBIX PErMoHax M Ha pa3HbIX KoHTUHeHTax: Chlorella vulgaris
Beyerinck [6; 11; 19; 20], Scytonema julianum Meneghini ex B.A. Whitton [4;
14; 21; 22], Stichococcus bacillaris Nageli [10; 11; 20; 23-25], Fissidens taxifo-
lius Hedw. [26; 27], Eucladium verticillatum [10; 26-28], Gloeocapsa punctata
Nageli [10; 11; 20; 29].

[TpoBenen ananu3 cxoacTBa GoTOTPO(dOB MO COOCTBEHHBIM JTAHHBIM (pHC. 2).
Brigenensl nBa kjactepa: B MEPBBIA BOIUTH Memniepbl BopoHekckoi oOnacTu,
a BTopoi oobenuuun keapu Craporo Opxest u rpot Cumona Kananura.

[Tpu cpaBHEeHMH (IIOPHI UCCIIEAOBAHHBIX TEIIEP C JAaHHBIMH, OOHAPYKEHHBI-
MU B TUTEpaType, MOTyUeHbl cleAyomure pe3ynbraTsl. [lemepsl Obutn 00bennHe-
HBI B YeThIpe OCHOBHBIX KiacTepa (puc. 3). IlepBblii kmacTep cocTos1 U3 Melep
Boponesxckoit obnactu; BTopoit Kinactep Bkitodan kenbu Crtaporo Opxes U Kellbu
BakoTckoro MOHacTBIps; TpeTHil kiactep oOpazoBanu mnemepsl Urammu u Ben-
I'pUH; B YETBEPTHIN KJIACTEep BOLUIM I'poThl YKpauHbl U AGxa3uu. OfHaKo, TpeTuit
KJIacTep MOYKHO pa3fesiTh Ha JIBa KJIacTepa MEHBILETO pa3Mepa: OJUH COACPIKUT
nieeps! Benrpuu, a BTopoit nemeps! Mranum.

OO0benuHeHNE B OOIIMIA KJIacTep Melep, 3aI0KEHHBIX B MeJlaX, 3aCTaBIIsSIeT
MIPENIOJIOKUTh 3HAYUMOCTh 3TOTO (paKTopa Il BHIOBOTO COCTaBa, OJTHAKO OT-
CYTCTBHE JAaHHBIX IO MEJOBBIM IElIepaM JPYrHX PETMOHOB HE JAeT BO3MOXKHO-
CTH TPOBEPUTH JAaHHOE Tpearnooxenue. O0beIMHEHUe Meep-Kenuil MOKET ObITh
CBSI3aHO C BJIMSHUEM Ha COCTaB OMOTHI aHTPOMOTEHHOW HATPy3KH.
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Tree Diagram for 10 Variables
Single Linkage
Euclidean distances
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Puc. 2. KnacTtepHbiii aHanmM3 newep rpoToBOro tmna
Ha OCHOBE COCTaBa Co00LEeCTB POTOCUHTESNPYIOLLMX OPraHU3MOB:
MD — Maneblie Anebl; BD — Bonblme Ouebl; SO — kenbu Ctaporo Opxest; SK — rpot CumoHa KanaHuta
[Figure 2. Cluster analysis of grotto type caves based on the composition of phototropic communities:
MD - Small Divas; BD - Large Divas; SO — monastic cells of Old Orhei; SK - the grotto of Simon the Canaanite]

Tree Diagram for 19 Variables
Single Linkage
Euclidean distances

No3

Per }Ji
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Linkage Distance

Puc. 3. KnacTtepHblii aHann3 neLep rpoToBOro Tmna
Ha OCHOBE COCTaBa co00LECTB POTOCUHTEINPYIOLLIMX OPraHU3MOB:
MD - Manble Auebl; BD — Bonblne Ouyebl; SO — kenbu Ctaporo Opxesi; BacMon — BakoTckuini MOHaCTbIPb;
SybC - Sybil’s Cave; PisM - Piscina Mirabilis; KV — Kis Vizes-barlang; NV — Nagy Vizes-barlang; BO — Beremendi-ordoglyuk;
SK - rpot CumoHa KaHaHuTa; Zal — rpoT 3anyvaHckuin; Per — ToBTpa «Meplak»; BacG — rpoT bakoTckuii
[Figure 3. Cluster analysis of grotto type caves based on the composition of phototropic communities:
MD - Small Divas; BD - Large Divas; SO — monastic cells of Old Orhei; BacMon — Bakotsky monastery; SybC — Sybil's Cave;
PisM - Piscina Mirabilis; KV — Kis Vizes-barlang; NV — Nagy Vizes-barlang; BO — Beremendi-ordoglyuk;
SK - the grotto of Simon the Canaanite; Zal - the grotto Zaluchansky; Per — tovira “Pershak”; BacG - the grotto Bakotsky]
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3aknyeHue

[TonydeHHble pe3ynbTaThl MOATBEPKIAIOT 3aBUCHMOCTH OHMOpa3HOOOpa3us

¢dororpodoB 0T reorpaduueckoil Jokanuu, a TaKkKe OT MOP(OIOrHU BXOAHOM
30HBI, IOPOJT ¥ TEHE3HCca MOJIOCTe. BrIABNIEH reorpadudeckuii TpeH | pacmpeae-
JeHus1 (POTOCUHTE3UPYIOIINX BUJOB B MEIEpPax TPOTOBOTO TUIIA.
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Distribution of photosynthetic species
in grotto type caves of different regions
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Abstract. The article discusses the ecological significance of the phototrophic commu-
nities developing in entrance zone of grotto type caves as ecotones and refugiums. Species
intrazonality and the dependence of cave species’ composition on geographic location were
considered. The aim of present study was to identify similar caves of different regions based
on the species composition of phototrophic communities using own data and data from litera-
ture. The empiric basis for investigation was present by phototropic species lists of own stud-
ies conducted by standard methods for phototropic species identification, as well as species
lists from literature. The most frequently encountered phototrophs were species Chroococcus
minutus and Chlorella vulgaris. Their occurrence in all the studied caves was revealed based
on the taxonomic analysis. Thus, the intrazonal nature of the flora developed in grotto type
caves is partially confirmed. Cluster analysis applying Euclidean distance was used to esti-
mate similarity of the phototrophic communities developed in grotto caves of various genesis.
Four clusters were identified: cretaceous caves of the Voronezh region; limestone grottoes of
Ukraine and Abkhazia; monastic cells of Moldova and Ukraine; caves of Italy and Hungary.
The dependence of the phototrophs biodiversity on the composition of the rocks and the gene-
sis of the cavities was established. The geographical trend of photosynthetic species distribu-
tion in the grotto type caves was revealed.

Keywords: cyanobacteria, algae, hypogean habitats, grottoes
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Diversity and abundance of copepods
on the north coast of Angola during hot season 2014-2016
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Abstract. The present work is aimed at discovering the diversity and abundance of co-
pepods in the zooplankton community on the north coast of Angola, during the hot season
2014-2016. The samples were collected during the research cruise on board the Norwegian
research ship “Dr. Fridtjof Nansen” in February — March on the Congo River and Luanda
monitoring lines. Zooplankton sampling was performed using a multinet net in an oblique
trawl (2014) and a WP2 net in a vertical trawl (2015 and 2016), both with 180 pm mesh.
The samples were fixed in 4% formaldehyde and analyzed in the oceanography laboratory of
the National Institute of Fisheries and Maritime Research in Angola. In the three years of
sampling, copepods were present in the zooplankton community. The diversity of copepods
on the northern Angolan coast, from 2014 to 2016 in the hot season, included 27 genera cor-
responding to 19 families. The Copepoda class was the most abundant group in the zooplank-
ton community, corresponding to more than 80% of the abundance, having been represented
by the orders Calanoida, Cyclopoida and Harpacticoida.

Keywords: zooplankton, north coast, Angola, copepods, zooplankton abundance, diversity

Introduction

Zooplankton corresponds to the set of heterotrophic planktonic organisms,
belonging to several groups in the animal kingdom, thus comprising an immensi-
ty of organisms of different shapes and dimensions, uni- and multicellular [1].
In general, zooplankton occupies a key position in the aquatic food chain, as it is
responsible for secondary productivity and for the transport and regeneration of
nutrients through its high metabolism [2; 3]. The main zooplanktonic groups in-
clude ciliates, cnidarians, ctenophores, pteropods, crustaceans, pelagic tunicates
(salps, doliolids, appendicularians), chaetognaths and fish larvae [3; 4].

Crustaceans are generally the dominant group in zooplankton communi-
ties [3—5], and among them copepods predominate. Copepoda is the most abun-

© Castro 1.J.S., Coelho P.A.S., Vanisova E.A., 2020
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dant member of the marine plankton [1; 6; 7], and consequently the dominant
holoplanktonic form corresponding to about 90-97% of zooplanktonic biomass.
Most copepods are marine, however, there are many freshwater species and others
in soil water films. There are also many parasitic species of various marine and
freshwater animals, particularly fish [8]. As most copepods feed on phytoplank-
ton, they are the main link between phytoplankton and the upper trophic levels of
the marine food chain and an important part of the diet of many marine animals is
composed of copepods [8; 9].

Knowing the diversity of copepods in zooplankton communities is relevant
due to the ecological importance of copepods, added to the fact that they are iden-
tified as the most abundant components of zooplankton. The northern region of
the Angolan coast is one of the two zones of high zooplankton concentration in
Angolan sea waters [10], and our study on the diversity of the Copepoda class
serves to complement this information.

The main purpose of the work was to study the composition of copepods
within the zooplankton community on the north coast of Angola during the hot
season (February — March) 2014-2016. The following specific objectives were
defined: to describe the diversity of copepods in the zooplankton community and
to determine dominance of orders; determine the abundance of copepods in the zoo-
plankton community during the study period.

Materials and methods

The study area corresponds to the northern part of the Angolan coast (5°S-9°S)
and includes the Congo River Monitoring Line (RCML) and the Luanda Monitoring
Line (LDML) (Figure 1). The zooplankton samples were collected during the cruises
exploring the marine resources of Angola, on board the Norwegian research ship
“Dr. Fridtjof Nansen”, in the 3 periods of the hot season: February 3 to March 5,
2014; February 14 to March 23, 2015; February 25 to March 26, 2016.

Depth

Angola

LDML

® o © 0 oof

11°E 12°E 13°E 14°E

Figure 1. Study area - northern coast of Angola. The dots indicate the sampling locations (stations):
RCML - Congo river monitoring line; LDML — Luanda monitoring line

Source: data of the National Institute for Fisheries and Marine Research.
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In each monitoring line the stations were approximately 10-30 km apart.
Zooplankton sampling was performed using a multinet net in an oblique trawl (2014)
and a WP2 net in a vertical trawl (2015 and 2016), both with 180 pm mesh.
The multinet contains 5 nets, and the samples were collected at five depth inter-
vals (0-25, 25-50, 50-75, 75-100 and 100-200 m), in contrast, WP2 corresponds
to a unique type of network sampling. In all, 83 samples were collected (Table 1).

Sample analysis included laboratory processing according to accepted me-
thods [6], and quantitative and qualitative data analysis. Abundance (No. org./m’)
was calculated using the formula [11]: N = n /v, where n — number of organisms
from each taxon in the sample, and v — volume of filtered water during drag.
Dominance was calculated according to the formula [12]: Ar = N x 100% / Na,
where N — number of organisms from each taxon in the sample, and Na — sum of
the total number of organisms in the sample. The zooplankton biomass was de-
termined using the gravimetric method of fresh weight [13].

Table 1
Number of stations and samples collected in the northern part of the Angolan coast
during the hot season, 2014-2016
Year 2014 2015 2016
Line
Stations Samples Stations Samples Stations Samples

RCML 8 30 6 6 7 11
LDML 7 23 7 7 6 6
Total 15 53 13 13 13 17

Results and discussion

Below, the diversity of copepods (systematic classification) of the zooplank-
ton community in the period under study, according to Boltovskoy [7], and Rup-
pert and Barnes [8], as well as the analysis of the dominance of orders are repre-
sented. None of the registered organisms have been identified to their species.
The symbols indicate the year in which the organization was registered, respec-
tively: * —2014; @ —2015; ¢ —2016.

Kingdom: Animalia Linnaeus, 1758
Phylum: Arthropoda
Subphylum: Crustacea
Class: Copepoda
Order: Calanoida Sars, 1903

Family: Calanidae Dana, 1849
Genus: Calanoides *o+#
Genus: Calanus *e ¢
Genus: Nannocalanus *e+4

Family: Paracalanidae Giesbrecht, 1892
Genus: Paracalanus e+
Genus: Calocalanus e+

Family: Eucalanidae Giesbrecht, 1892
Genus: Eucalanus *e ¢
Genus: Pareucalanus *e4
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Genus: Rhincalanus e+
Genus: Subeucalanus *e ¢
Family: Clausocalanidae Giesbrecht, 1892
Genus: Clausocalanus
Family: Aetideidae Giesbrecht, 1892
Genus: Aetideus *o ¢
Family: Euchaetidae Giesbrecht, 1892
Genus: Euchaeta e+
Genus: Paraeuchaeta ®
Family: Augaptilidae Sars, 1905
Genus: Haloptilus *e 4
Family: Metridinidae Sars, 1902
Genus: Metridia e ¢
Genus: Pleuromamma *e 4
Family: Centropagidae Giesbrecht, 1892
Genus: Centropages *o4
Family: Temoridae Giesbrecht, 1892
Genus: Temora *e+¢
Family: Candaciidae Giesbrecht, 1892
Genus: Candacia *e+
Family: Pontellidae Dana, 1953
Genus: Labidocera *
Family: Lucicutiidae Sars, 1902
Genus: Lucicutia ¢
Family: Acartiidae Sars, 1903
Genus: Acartia *e
Family: Scolecitrichidae
Genus: Scolecithrix o4
Order: Cyclopoida Burmeister, 1834
Family: Oithonidae Dana, 1853
Genus: Oithona Baird, 1843 *e+¢
Family: Oncaeidae Giesbrecht, 1892
Genus: Oncaea *e+¢
Family: Sapphirinidae Thorell, 1859
Genus: Sapphirina *
Family: Corycaeidae Dana, 1852
Genus: Corycaeus Dana, 1846 o4
Order: Harpacticoida Sars, 1903 e+

The diversity of copepods included 27 genera corresponding to 19 families.
Regarding the abundance, in three years sampling, both in the Congo monitoring
line and in the Luanda line, copepods were the most abundant organisms, corre-
sponding to more than 80% of the zooplankton community's abundance. Table 2
indicates the abundance of copepods within the zooplankton community in
the period under study.

The results obtained by us agree with the previously described results by
several authors about the great abundance of copepods in zooplanktonic sampling.

288 ECOLOGY



Kacmpo UIK.C. u op. Bectauk PYTH. Cepust: Dxonorust 1 6e30macHoCTh xu3HeaesrensHocti. 2020. T. 28. Ne 3. C. 285-292

Ruby [14], and André [15] obtained the same results in the study area of Angolan
coast. The Copepoda class was represented by the orders: Calanoida, Cyclopoida
and Harpacticoida. Figure 2 illustrates the dominance of Copepoda class orders in
the 2014-2016 period. The “NI” category corresponds to the larval stages (cope-
podites and nauplii).

Table 2
Copepods abundance (No. org./m®) in zooplankton community
on the north Angolan coast, 2014-2016

Year 2014 2015 2016
Monitoring line
RCML
Zooplankton community 83 091 7917 8743
Copepods 68 608,4 6884 8214
LDML
Zooplankton community 60 757 22843 17 856
Copepods 53378 19 354 15276
Zooplankton community 143 849 30760 26 600

(both lines included)

Source: data of the National Institute for Fisheries and Marine Research.

The order Calanoida was the dominant order on the north coast of Angola in
the period 2015-2016. The order includes the genera Calanus (genus dominant on
the Congo line in 2015 and Luanda line in 2016) and Calanoides (dominant genus
on the Luanda line in 2015). Free-living and predominantly planktonic copepods [8],
the order is the most successful of Copepoda's orders. Its success is due to the co-
lonization of the entire pelagic environment, both in marine and freshwater eco-
systems and saline lagoons [16]. They are rarely found in associations with other
animals. Many species consume phytoplankton, others, predators, feed on a wide
variety of prey [17].

RCML

A 4%
51% \ i 49

= A Calanoida

= B Cyclopoida

= C Harpacticoida
D NI

Figure 2. Dominance of orders in Copepoda class on the north coast of Angola, 2014-2016

Source: data of the National Institute for Fisheries and Marine Research.
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The order Cyclopoida was the second in terms of dominance. The order has
planktonic and benthic, marine, and freshwater representatives. It includes some
parasites [8]. Cyclopoida is the most abundant and successful order among cope-
pods in freshwater ecosystems [17]. The Oncaeidae family is considered one of
the most abundant in oceanic communities [17]. The genus Oncaea (dominant
genus in 2014 in both monitoring lines and in the Congo river line in 2016) be-
longs to this order.

The order Harpacticoida had a low representativeness in the study area. Mainly
constituted by benthic or epibentonic organisms with a pelagic minority [8; 9; 17],
harpaticoides are adapted to marine, freshwater, and even semi-terrestrial habitats
such as wet plants and decomposing leaves [18].

Conclusion

As previously described about the zooplankton community, the largest per-
centage of zooplankton abundance is attributed to copepods. In the northern part
of the Angolan coast, Copepoda class was represented by the orders Calanoida,
Cyclopoida and Harpacticoida.
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[IpoOb1 3001IIaHKTOHA OTOMPANN C HCIOJIB30BAHHEM MYJIBTHCETEBOH CHCTEMBI — HAKJIOHHBIH
Tpan (2014) u cetn WP2 — Beprukanbhsiii Tpai (2015, 2016), o6e ¢ pazmepom siuen 180 MKmM.
O6pasusl 3akpersuTa B 4%-M (opMambIernae U aHaIH3UPOBANIN B OKEaHOTpadHIeCcKOi Ja-
Goparopun HaroHaTbHOr0 MHCTUTYTa PHIOHOTO XO3SIMCTBAa U MOPCKHX uccienopanuid (INIPM)
B Anrone. Konenoaps! npucyTcTsoBaay B COOOIIECTBE 300IUIAHKTOHA BCE TPU Tofa HCCIEN0Ba-
HHH. BecioHorue pakooOpasHbIe y CEBEPHOTO OOEpexbsi AHIOJIBI B skapkuii ce30H 20142016 rr.
ObUTH TIpescTaBleHbl 27 poaaMu, oTHocsIUMuCS K 19 cemerictBam. Kiace Copepoda okazai-
Csl caMOii MHOTOYHCIICHHOHM IpYyNIOi 300MIaHKTOHA, cocTaBisis 6osiee 80 % oOmielt uyucieH-
HOCTH cOOONIeCTBa, U NpescTaBieH TpeMs orpsaamu: Calanoida, Cyclopoida u Harpacticoida.

KiroueBble ¢j10Ba: 300IUTAHKTOH, CEBEPHOE MOOEpekbe, AHroa, KOMEO Ibl, YHCIICH-
HOCTb 300IUIaHKTOHA, pa3HO00pasue
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AHHoTanus. B HacTosIee BpeMs MaTepuaibl, HOMyYeHHBIE C OECIMIOTHOTO JICTATellb-
Horo anmapata (bITJIA), ucrmonb3yIoTCs UIsl pEIIeHUs] MHOTHX 3a/1ad, B TOM YHCIe KPYITHO-
MacmTabHOTo KapTorpadupoBaHus 1 HAOIOACHHS 32 JIMHEHHBIMH OOBEKTaMH, BKJIIOYAs KO-
JOTUYECKYI0O 0OCTAaHOBKY M MOHMUTOPHHI aBApUHHBIX cUTyalwi. OnepaTnBHO MomydaeMsle (hoTo-
Marepuaibl NO3BOJISIOT BBIIBUTH MOCIEICTBUSL TEXHOTEHHOIO BO3/ICHCTBUSI YENOBEKA, CBA3aHHbIE
¢ Aerpajanyeil IOYBEHHOI'0 MOKPOBA, MOJITOIUIEHUEM 3€MEllb, 3aCOJICHUEM U 3arps3HEHHEM
MOYBEHHOT'O CJ0sl, U3MEHEHUEM PAcTUTENBHOTO MOKPOBa. B GONMBIIMHCTBE MPOEKTOB (hOTOrpam-
MeTpuUecKoif 06paboTku a3po(OTOCHUMKOB U CHUMKOB, NonyueHHbIX ¢ BIIJIA, nis reonesu-
YECKOT'0 OPUEHTUPOBAHUS CO3/1aBaEMbIX MOJEJIEH UCIIOIb3YIOTCA OIIOPHBIE TOUKU. B palioHax
C MaJIoil KOHTYpHOCTBIO TIepe]] MPOBEACHHEM JIETHO-ChEMOUYHBIX pab0oT MapKUPYIOT TOUKH B
HEOOXOAMMBIX 30HaX. MccaenoBanne MOCBSIIEHO U3YUCHHUIO BIMSHUS ()OPMBI HA3eMHBIX MapKe-
POB Ha TOYHOCTH (HOTOIPaMMETPHIECKUX MOCTPOEHMIL. PaccMaTpiBammch Tpu pasIdHBIX THIIA
HA3€MHBIX MapKepOB, PACIOIOKEHHBIX HA 36MHOM MOBEPXHOCTH BJOJb TPACChl CbEMKH Ha
paccTOsHUM, He NpeBbImIatonieM 1 M Ipyr oT apyra. MapkupoBaHHbIE TOUKH HCIOIb30BAIUCh
B Ka4yecTBE OIOPHBIX TOYEK MpH (oTorpamMMeTprudeckoil 00paboTke MaTepruaIoB MapIIpyTHOH
¢dotocremkn ¢ BITJIA. beumn BBIIOTHEHBI ABE TPEXMapUIPyTHBIE (POTOCHEMKH TPAacChl JUTHHOIO
900 m: ¢ BIUUIA DJI PHANTOM 4 PRO kamepoit FC6310 B maciirabe 1:3400 u pa3perieHu-
eMm Ha mectHocTH 1 cM u ¢ BIUUIA DJI Mavic PRO kamepoit FC220 B macmtabe 1:12 700 u
paspelIeHIeM Ha MECTHOCTH 2 cM. B 06oux cityuasx HampaieHHe I0JIeTa ceBep — 10T, B (hoTo-
rpaMMETPUYECKYI0 00pabOTKy BKIIIOUEHBI 36 MApKUPOBAHHBIX TOUEK. B mepBoM ciyuae B 06pa-
6oTtke ygactBoBany 502 CHUMKA, BO BTOPOM — 152. O6paboTKa (POTOCHUMKOB C IIEIBI0 CO3IaHHs
opToOoTOIUIaHA MPOM3BOAMIACE C HCIOIB30BAHHEM IpOrpaMMHOro obecredeHus Agisoft
Photo Scan Professional. Beimn BEIOpaHBI YeThIpe PA3IMYHBIX MO KOHTPACTHOCTH YYacTKa B
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paﬁOHe HCCIICOOBAaHUA: 3€JICHAA TpaBa, CyXas TpaBa, I'NIMHA U MECOK. OLICHKa TOYHOCTH IIPO-
BOAMJIACh IO ABYM KPUTCPUAM: 1) CTCIICHU BU3YyaIn3allun MapKHpOBaHHOﬁ TOYKH Ha CHUMKAax,
2) TOYHOCTH OpTO(i)OTOl'L]'IaHa, TIOCTPOCHHOTI'O C UCITOJIb30BAHUEM PA3JIMYHBIX MaPKUPOBAHHBIX TOYCK.

KaroueBble ciioBa: MapKUPOBAHHBIC TOYKH, OMIOPHBIC TOUYKH, PA3PCIICHUC HA MECTHO-
CTH, OCCIUIOTHBIN JIeTaTeIbHBIN arrmapar

BeBeneHue

Pa3BuThie CTpaHBI MOCTOSHHO CTAJTKUBAIOTCS C BBICOKOW CTOMMOCTBIO 00CHY-
KMBaHUS yCTApPEBILUX JIMHEMHBIX OOBEKTOB, TAKUX KaK TPAHCIIOPTHBIE MarucTpa-
71, TpyOOIIpoBObl. Pa3BuTHE aBTOMOOMIBHOM, HEDTSHOM M Ta30BOM MPOMBIIILICH-
HOCTH U COIYTCTBYIOIIUN 3KOHOMHYECKHH POCT MOPOAMIIM cIpoc Ha Oojee 0e3-
ornacHble U 3G EeKTUBHbIE U MEHee neperpykeHHble Maructpanu [1]. s Haumyd-
LIEr0 MPOEKTHUPOBAHUS TPacc aBTOMArucTpajel, TpyOOIpoBOOB, a TaKXkKe JUIs Mpo-
BEJICHUS SKOJIOTMYECKOTO MOHUTOPHUHIA MX COCTOSIHUS HEOOXOAMMBI BBICOKOTOY-
HBIE KaK B IUIaHE, TaK U 10 BbICOTE LU(POBbIE MOAETH MeCTHOCTH [2]. st momy-
YyeHus: Tonorpaduieckoil MHGOPMALIUHN UCTIONB3YIOTCS Pa3UUHbIE METOABI: (OTO-
rpamMMeTpHruecKkas 00paboTKa a3po- ¥ KOCMHYECKUX CHUMKOB, a TaK)K€ CHUMKOB C
BIIJIA, o6paboTka JaHHBIX pajlapHOW M JUAAPHOW CHEMOK, COBPEMEHHBIE U Tpa-
JMIIMOHHBIE METO/Ibl HA3€MHBIX TOMOTPa()UIECKIX CHEMOK.

OpxHuM u3 HanboJee BaKHBIX MTAPAMETPOB adPOCHEMKH SIBIISIETCS] IPOCTPAH-
ctBenHoe paspemnienue (GSD — Ground Sample Distance). OHo onpenensieTcs Kak
pa3Mep MPOEKIMU MUKCENIST CheMOYHONW CHCTEMBI HA 36MHOM MoBepXHOCTH. [Ipo-
cTpaHcTBeHHOE pazpemienre GSD 3aBUCHT OT paspemaromeid CriocOOHOCTH Che-
MOYHOU KaMepbl U MaciTada CbeMKHU.

CHHUMKH, TIOJTyYeHHbIE ¢ OECIMIIOTHBIX JieTaTesbHbIX anmnaparos (BIIJIA), nc-
MOJIB3YIOTCS ISl CO3/1aHusl (POTOTPaAMMETPUYECKON MPOAYKIUH: IIU(PPOBBIX MOJE-
neii penbeda Digital Terrain Models (DTMs), nudpoBbIx Mozeneil moBepXHOCTH
Digital Elevation Models (DEMs), 3D-mozeneit, opToOTOIIaHOB U T. 1.

[Ipu cozpanuu 3TOW MPOIYKIMHU IS T€0JIE3NIECKOr0 OPUEHTUPOBAaHUS (Ho-
TOTPaMMETPUIECKUX MOAeNe ucnonb3yoTes onopublie Toukn (GCP — Ground
Control Points), Hae:>KHO OTOXAECTBIsIEMbIE HA CHUMKaX U UMEIOIIUE U3BECTHBIC
MIPOCTPAHCTBEHHbIE KOOPAUHATHI (X, Y, Z).

B paiionax, rae He MOeT ObITh 00€CIIEYeHO HaIeKHOE OMO3HABaHUE HA adpo-
CHHUMKax TOYEK MECTHOCTH, UCIIOJb3YEMbIX B KaueCTBE ONOPHBIX, Nepes aspodoTo-
ChEMKOH JJOJDKHA OBITh BBIIOJIHEHA MAPKMPOBKA TOUEK IJIAHOBO-BBICOTHOIO OOOCHOBA-
Hus [3; 4]. MapkupoBoUHbIe 3HaKH JOJKHBI UMETh (DOpMY KpecTa, KBaJapara Win
kpyra. B unctpykumsix [3; 4] ykazaHo, 4To A5l MAapKUPOBKH CJIEyeT UCIOJIb30BaTh
MaTepuabl 0esoro 1BeTa, eciu (poH OKpy’KaroIIero JaHamadTa TeMHbIH, 3eJIeHbIH
nu cepslid. [Ipu cBetioMm ¢one nanamadTa npuMEHSIFOTCS YepHbIE MaTepUabl.

Pasmepsl MapKHpPOBOYHBIX 3HAKOB ONPEACISIOTCS B 3aBHCHUMOCTH OT Mac-
mraba ¢otorpadupoBaHus Tak, YTOOBI H300paxKeHHS Ha a9POHOTOCHUMKE 3HAKOB
Oernoro wiam xenroro 1pera Obun He MeHee 0,10 MM (CTOpoHa KBajpaTa WiId Aua-
MeTp Kpyra). ¥ 3HaKa TEMHOIO LBETa pa3Mmep JoJkeH ObITh B 1,5 pasa Oosblie,
4YeM y 3Haka 0esoro msera.

BuaumMele Ha n300pakeHUsIX MapKUPOBAaHHBIE TOYKH, UCIOIb3yEMbIE B Ka-
YeCcTBE ONOPHBIX, MO3BOJISIOT MPOU3BOAUTE 00Jiee TOUYHOE Ie0Ie3NUECKOe OPHEH-
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TUPOBaHUE M, KaK CIEACTBUE, MOMy4aTh GoTorpammeTpuueckyro npoaykimto (DTM,
DEM, 3D-monenu, oprodororuianbl) Oonblieil TOYHOCTH [5—7], eciiu TOJIbKO HE
UCHOJIb3YETCsl METOJI MPSAMOTO T'€ONO3ULMOHUPOBAHUS 0€3 KaKuX-T11M00 OMOPHBIX
Touek [7; 8].

B nannom mccnenoBaHuW AW3aiiH M pa3Mep MapKUPOBAaHHBIX TOUYEK paspa-
00TaHbl TaKUM 00pa3oM, YTOOBI OHU OBUIM HAJIEKHO OTOXKIACCTBIISIEMBI U JOCTa-
TOYHO KPYMHBIMH Ha M300pakeHusX. TakuM oOpa3oM, BBIOOP au3aifHa MapKHPO-
BaHHOM TOYKHM 3aBUCHUT OT MacIlTaba Mmoiy4aeMbIX CHUMKOB. Kpome Toro, mpu BbI-
0ope TOJI0KEHUSI MAPKUPOBAHHBIX TOUEK HA 36MHOM MOBEPXHOCTH CienyeT n3de-
raTh 3aT€HEHHBIX YYaCTKOB.

OmnpeneneHrie KOOPIMHAT MApKUPOBAHHBIX OMOPHBIX TOYEK OCYIIECTBIISIIOCH
¢ nomourpto GPS-anmaparypsl B peskume KMHEMaTuku B peaabHoM Bpemenu (RTK),
ONOPHBIE TOYKH PAaBHOMEPHO paclpeesiiich no Tpacce nosera [9; 10].

3anmaveil nccinenoBaHus SBISETCS OLIGHKA BIMSHUSA TUIMA MapKHUPOBAHHBIX
TOYEK Ha TOYHOCTH (DOTOrpaMMETPHUYECKUX MOCTPOSHH W B UTOTE Ha TOYHOCTh
(dboTorpamMmmeTpuueckoi mpoayKiuu. PaccmarpuBaioTcss Tpy THIa Ha3€MHBIX Map-
kepoB. [l ¢pororpammerpudeckoit 06paboTku MatepuanoB cbeMku ¢ BITJIA uc-
MOJIB30BAJIOCH CIIEMATM3UPOBAHHOE MporpamMmHoe obecrieueHune Agisoft Photo
Scan Professional.

MeToauka

HccnenoBanus mpoBoAMIINCh HA Hay4HO-yueOHOM 0aze «I'opHoe» ['ocymap-
CTBEHHOTO YHUBEPCUTETA MO 3€MJICYCTPONCTBY, PACIOIOKEHHON Ha rore MOCKOB-
ckoif obnactu. [Tnomans cremku 900%90 m.

AspocbeMka mpousBoAmiIach ¢ ucrnoiab3oBanuem bITJIA aByx tumos: DJI
PHANTOM 4 PRO u DJI Mavic PRO (puc. 1).

1;' | Fg ,}j '

]
@

e \

Puc. 1. DJI PHANTOM 4 PRO (cnega) n DJI Mavic PRO (cnpasa)
[Figure 1. DJI PHANTOM 4 PRO (left) n DJI Mavic PRO (right)]

B nepsom ciywae ¢ BITJIA DJI PHANTOM 4 PRO nposenena Tpexmapii-
pyTHas cbeMKa M noiydeHsl 502 uzobpaxenus. MapupyTsl 1uHoi 900 M npo-
JIOKEHBI C ceBepa Ha 1or. Bricota ororpaduposanus 30 m. Pazpenienne Ha MecT-
HOCTH COCTaBMIIO 1 cM.

Bo BTopoMm ciyuae cremka npousBoamiack ¢ BITJIA DJI Mavic PRO, Gbi10
nosrydeHo 152 m3obpaxkenus. Cpensis Beicota gororpadupoBanus 60 m. Pazpe-
II€HHE Ha MECTHOCTH COCTaBWJIO OKOJO 2 cM. B mccienoBaHMM HCIIOJIB30BAHbI
36 Ha3eMHBIX KOHTPOJIbHBIX TOUYEK, PABHOMEPHO paclpe/ielIeHHbIX M0 Bcel obua-
CTH UCCIIEI0BaHUS.
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9kcnepuMeHTanbHbie padboTbl U pe3yfbTaThl

MapkupoBaHHBIC TOUKH (MapKepbl) OBLTM M3TOTOBJICHBI U3 OEIIOTO IUIACTH-
ka B ¢opme kpyroB nuamerpom 20 cM. Ha puc. 2 uzoOpaxeHsl TpH pa3lIudHBIX
THIIA UCTIOJIH30BAHHBIX MAPKEPOB.

Tun A [Type A] Tun B [Type B] Tun C [Type C]

Puc. 2. PaznunyHble TUNbl Mapkepos
[Figure 2. Three different types of targets]

Moutn yepHasa rnvHa [Almost black clay] CeeTno-cepbliin necok [Light gray sand]

Puc. 3. "‘|6Tblpe Pa3nn4HbIX NO KOHTPACTHOCTK yHacCTKa 1 pacnoJJioXXeHne Ha HUX Mmapkepos
[Figure 3. The four different sites and distribution of GCPs]
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Tun A npeacrasisier cobo0il YepHOE MATHO AUAMETPOM 3 cM B LIEHTpe Oenoi
Kpyrioi mumend. Tun B — geTbipe 4epHO-0€JIbIX TPEeyroiabHUKA B KPYTJIOH MHIIIE-
Hu. Tun C — Genoe NATHO AMaMEeTPOM 3 CM B LIEHTPE YEPHOUN KPYTJION MUILICHH.

B uccnemxyemoii obnactu ObUTH BEIOpAHBI YETHIPE YYacTKa 3eMHOM MOBEPX-
HOCTH, OTJIMYAONINXCS M0 KOHTPACTHOCTH C MapKepaMu: 3eJIEeHbIN (3eneHas Tpa-
Ba), cepblil (Cyxas TpaBa), NMOYTH YEpHBIA (IJIMHA) M CBETJIO-CEPbI (MECOK).
['pynibl U3 Tpex pa3iaMYHbIX TUIIOB MapKEpPOB PacCHpeiessuIuCh Ha KaXI0M U3 Ye-
THIPEX Y4aCTKOB Ha PACCTOSHUM OKOJIO 2 M JAPYT OT Apyra. YeTsipe pa3audHbIX MO0
KOHTPACTHOCTH Y4YacTKa M PacCIoJIOKEHNE MAapKEepOB Ha KaXKJIOM M3 HHMX IOKa3a-
HBI Ha puc. 3.

JlononHuTeNbHBIE MapKePhI TOJNBKO TUTIA A (4epHOE MATHO AUaMETPOM 3 cM
B LIEHTpe Oeoro kpyra) OblIM pacnpeaeseHbl rpynnaMu o TpU MapKepa o Bceil
obnactu wccnenoBanus. ['pynmbsl Mo TpU MapKepa pacrlojOKEHbI Yepe3 KaskIable
60—70 M c ceBepa Ha IOT BJIOJIb HallpaBJIeHUs MapUIpyTOB 10 Bcel anune 900 M.
B kaxnoii rpynme 13 Tpex MapKepoB PACCTOSHUE MEXIY HUMHU COCTaBIsuIo 15-20 m
C BOCTOKA Ha 3amas.

HccnenoBanue BIusiHUS (GOPMBI HA3€MHBIX MapKepoOB Ha TOYHOCTH (POTO-
rPaMMETPUUECKUX TTOCTPOSHUHN COCTOSUIO U3 ABYX ITAMOB: OIEHKH BU3YyalU3aIHU
pa3IMYHBIX THUIOB MapKepPOB U OIEHKH TOYHOCTH (OTOTPAMMETPUUYECKUX TIO-
CTPOCHUI B 3aBUCUMOCTHU OT THIIA UCTIOIB3YEMbIX MAPKUPOBAHHBIX TOUEK.

BusyansHoe kKauecTBO Ha36MHOTO KOHTPOJBHOTO MyHKTa OyJeT UMETh pe-
1iaroniee 3HaueHue g 00ecrneyeHnss TOYHOCTH BCEero npoekTta. Mapkepbl JoxK-
HBI OBITH JOCTATOYHO OOJBIIMMH, BU3YaJdbHO KOHTPACTHBIMU U JOCTATOYHO TOY-
HBIMU, YTOOBI UX MOKHO OBLIO BHIETH C BRICOTHI ¢ OOJIBIION TOYHOCTHIO. IToaTO-
My a1 MapkepoB Thuna A u C auameTp MATHA COCTaBisieT 3 cM, 4yTO B 3 pasa
6ompiie cpeanero GSD Ha Beicote 30 M moseTa. B Tabnuile mokazaHa olleHKa BU-
JUMOCTHU LIEHTPa HAa3eMHOI'0 Mapkepa Ha u300paxkeHHsx (BbicoTa moineta 30 m).
KauecTBy BUAMMON LIEHTpaNbHOM TOYKM MapKepa Ha M300pakeHUAX ObLIO MpH-
CBOCHO 3HAYEHHE OT OJHOTO (I CaMOTO HU3KOTO 3HAYEHHs) 10 MATH (I JTyd-
1IEr0 3HAYCHHUS).

W3 Tabnuipl BUIHO, YTO AT MapKepoB Tuia A u B Hanmyuiias BU3yainsa-
LU TOCTUTAETCS, €CITM B KaU€CTBE IMOJICTUIIAIONIEH TTOBEPXHOCTH BBICTYIIAET CY-
xas cepas Tpasa. s MapkepoB Tuna C HawIydlled MOACTUIAIONIEH MOBEPXHO-
CTBIO SIBIIIETCS CyXasl cepasi TpaBa M MOYTH YepHas IVIMHA. B 1ieHTpanbHON YyacTu
CHUMKa JOCTUTAeTCsl HaWJy4lllas BU3yalu3alus [Js BCEX TUIIOB MAPKEPOB U HA
BCEX MOJCTUJIAIOLINX TOBEPXHOCTAX, KaK U CIIEJOBAJIO 0XKH/IATh.

CpenHue 3Ha4Y€HMs] KauyecTBa BUJAMMOCTU LIEHTPA HA3€MHBIX MapKepOB IS
TumoB A, B 1 C COOTBETCTBEHHO COCTABJISIFOT: HA 3€JIEHOM y4yacTKe (3ejeHas Tpa-
Ba) — 2,6; 4,6 u 4,6; Ha yyacTke cepoil cyxoit TpaBel — 3,2; 5,0 u 5,0; Ha mouTH
yepHoOM (rIuHa) yuactke — 2,4; 4,4 u 5,0; Ha ydacTKe CBETIIO-CEpOro mnecka — 2,2;
4,0 u 4,6. Kpome Toro, o01masi cpeHsisi OIIEHKa KayecTBa BUIUMOCTH IIEHTpa Ha-
3eMHBIX MapkepoB cocTtasisieT 2,6; 4,5 u 4,8 nns tunos A, B u C coorBeTcTBeH-
HOo. Takum oOpa3oM, mMapkep Tuma A SBISETCS HAUXYALIUM U3 TPEX UCIOJb3ye-
MBIX Ha YETHIPEX Pa3HBIX TUIAX TOBEPXHOCTH B PallOHE UCCIEIOBaHUSI.

Ecmu ¢on mpencraBnser cobol MOBEPXHOCTh C BBICOKOW OTpaKaTeIbHOM
CIOCOOHOCTBIO (CBETIIO-CEPBIN TECOK, 3eJieHasl TpaBa), TO KaUYeCTBO BUIUMOCTH
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BCEX TUIOB MapKepoB cHmKaeTcs. C Ipyroii CTOPOHBI, JTydiiii )oH 7Sl BCEX THUIIOB
MapKepoB — cepas (cyxasi) TpaBa. Kpome Toro, Mapkep Tura A sSIBIsS€TCS XYM
MapKepoM, MOCKOJbKY 3TO HEOOJNbIIOEe YepHOe MATHO B IIEHTpE OeNoro Kpyra B
otnnuue ot Mapkepa tumna C.

Tabnuua

OueHKa BU3yann3auum LeHTpa Ha3eMHOro Mapkepa Ha u306paXxeHus X,
MoJly4eHHbIX C BbICOTbI poTorpadpupoBaHmsa 30 m
[Table. The evaluation of seeing the center of ground target in images,
30 m flight altitude]

OueHka BU3yanusaumm LeHTpa Ha3eMHOro Mapkepa
no NaTMGannbHOM WKane
Bua NoBepXHOCTH Monoxeune [Quality of seeing the center of ground target
o Mapkepa Ha using a five-point scale]
Ha KoTopoi
ns3oobpaxeHnu
pacnosioXeH mapkep [Position Tun A [Type A] Tun B [Type B] Tun C [Type C]
[Color of ground of target YepHoe NsaTHO YepHo-6enbie Benoe nsTHO
around target] inimage] B 6e5om kpyre TPeyronbHUKN B YEPHOM Kpyre
[Black spot [Black and white [White spot
in white target] triangles target] in black target]
Bepx [Top] 3 5 5
Hwn3 [Bottom]

3
LlenTp [Center] 3
2
2

3eneHas Tpaea

[Green grass] Kpai [Edge]

Yron [Corner]

C

ey ™ 28

Bepx [Top] 3 5 5

Hwna [Bottom] 3 5 5

LleHnTp [Center] 4 5 5
3 5 5
3 5 5

Cepas cyxas TpaBa

[Gray dry grass] Kpai [Edge]

Yron [Corner]

CpenHss oueHka

[Average]

Bepx [Top] 2 4 5

Hun3 [Bottom] 3 4 5

LlenTp [Center] 3 5 5
2 5 5
2 4 5

MoyTn YepHas rnnHa

[Almost black clay] Kpait [Edge]

Yron [Corner]

CpepHsis oueHka

[Average]

Bepx [Top] 2 4 5

Hwns [Bottom] 2 4 4

LlenTp [Center] 3 5 5
2 4 5
2 3 4

CBeTno-cepbli Necok

[Light gray sand] Kpaii [Edge]

Yron [Corner]

CpepnHss oueHka

[Average] 2.2 4,0 4.6
O06Lwaa cpenHss oueHka
[Overall average score] 2,6 4.5 4.8

BugumocTs 1ieHTpa Ha3eMHOTO Mapkepa Ha M300pakeHHUsIX ¢ pa3peleHreM
Ha MECTHOCTH 2 CM HauXy/uias JUisl BCEX THUIIOB MapkepoB. B aTom ciyuae st
MapkepoB Tna A u C nuamerp IMsATHa paBeH MOIYTOPAKpPaTHOMY CPEJHEMY 3Ha-
yenuto GSD. Korna nns mapkepos tuna A u C quameTp nsTHa paBeH TPeXKpaT-
HOMY cpeaHeMy 3HaueHHI0 GSD, nieHTpanbHOe NATHO Ha/leXKHO OTOXKAECTBISIETCS
Ha U(POBBIX N300PAKCHUSAX.
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Mo:XHO c/ienaTh BBIBOA, UTO Bceraa Mapkeps! Tvna B u C BuiHbI jtyulle, yem
MapKepsl THUIa A, BO BCEX TeCTaX, KOTJa CpPaBHEHHE OTHOCUTCS K CPETHEMY YHUCITY
omnOok. bonee Toro, my4ymuMu SBISIOTCA MapKkepsl Tuna B, Xyamumu — tumna A.
Hawnyqmmm ¢oHoM, B oTirume oT Oiectsiero ¢poHa (CBETIIO-CephIii TIECOK U 3eJie-
Hasl TpaBa), SBJISAIOTCA HEOJUKYIOIIME TEMHbIE NMMOBEPXHOCTH (Cyxasl cepasi TpaBa
u yepHas riauHa). K Tomy ke MapKephl, KOTOpbIE HaXOJATCs B LIEHTpE H300paxe-
HUM, BUIHBI JIy4llle, YeM HaXOJAIIUeCs B yIiaxX WM Ha KpasX N300paKeHUH.

JInst O1IeHKH TOYHOCTH (POTOTpaMMETPHUYECKUX TIOCTPOCHHH OBLIO MPOBEICHO
HECKOJIbKO KCIEPUMEHTOB 110 YPaBHHUBAHUIO (OTOTPUAHTYIISILIMOHHOMN CeTH, Mo-
CTPOEHHOM 10 cHUMKaM MaciTada 1:3400 ¢ mpocTpaHCTBEHHBIM pa3penieHneM 1 cm.

Tecm 1. Ucnonb3oBaHue Tpex TUHOB MapkepoB (A, B u C) B kauecTBe
36 OMOPHBIX TOYEK.

Tecm 2. Vcnonb30BaHUE MapKepoB TOJBKO THUIA A: B KayeCTBE OMOPHBIX
TOueK 4 MapKkepa, B KauecTBe KOHTPOJbHBIX Touek — 24. Mapxkeps! Thna B u C He
HCIOJIb30BATIMCH IPU T'€ONPUBA3KE WIH OLIEHKE TOYHOCTH.

Tecm 3. Vcnonb3oBaHWE MapKEpOB TOJBKO THMa B: B KadecTBe OMOPHBIX
TO4eK 4 Mapkepa, B KaueCTBE KOHTPOJIbHBIX Touek — 24. Mapkeps! Tuna A u C He
WCIIOJIb30BAJIUCh NPU T€ONPUBSI3KE WM OL[EHKE TOYHOCTH.

Tecm 4. Vcnonbp3oBaHue MapkepoB ToJbKO THMa C: B KayecTBE OMOPHBIX
TOoueK 4 MapKkepa, B KaueCTBE KOHTPOJbHBIX Touek — 24. Mapkepsl Thna A u B He
HCIOJIb30BATIMCH IPU T'€ONPUBSA3KE WIH OLIEHKE TOYHOCTH.

OrneHka TOYHOCTH (POTOrPAMMETPUYECKUX TTOCTPOSHUHN MPOM3BOMIACE TPa-
JULIHAOHHBIM CIIOCOOOM IO pa3HOCTAM KoopauHat (X, Y, Z) KOHTPOJIbHBIX TOYEK,
nony4yeHHbIX 13 GPS-nabmronenunit u B pe3ynprare (OTOTPHAHTYIISAIIMOHHBIX TO-
cTpoeHui, o popmynam (1).

Vxi = X1i — Xai,
Vvi=Yri— Yai
Vzi = Z1i — Zai, (1)

rae Vxi, Vvi, Vzi — HeBsi3ka B KoopauHartax X; Y; Z TOYKH i COOTBETCTBEHHO;
Xri, Y1i, Z1i — KOOpJIMHATHI TOYKH i, TIOJy4YeHHbIE U3 (poToTpuanrysiuu; Xei, Yci,
ZGi — KOOpJMHATHI TOYKH I, monyueHHble u3 GPS-nabnronenuii.

CpennekBaapaTruueckas morpentHoctb koopauHat (X, Y, Z) KOHTPOJIBHBIX
Touek paccuurtana no ¢popmye [aycca (2).

Mx=N((Za- 'V [ n),
My=N(Ci=1'(Vvi)?) / n),
Mz=N(Ci=1"(Vz)?) | n). (2)

OO6mas cpeaHekBapaTUdecKasi MOrpemHoCTs M B KOOpAUHATAX KOHTPOIb-
HBIX TOYEK paccuyuTaHa 1o gopmye (3).

M =\N(M2x+ M?* + M?). 3)
Puc. 4 HWITIOCTPUPYCT 3aBUCHMOCTL OCTATOYHBIX paCXO)KI[CHI/Iﬁ B KOOpOH-
HaTax 36 OMOPHBIX TOYEK MPH Ie0Ie3NIECKOM OPHEHTHPOBAHUU (DOTOTPUAHTYIIS-

LIMOHHOM CETU C MCIOJIb30BAaHUEM DPA3JIMUHBIX THUIIOB MAPKEPOB U PACIOJIOKEH-
HBIX Ha pa3zHoM Qone (tect 1). Ha HemM BuaHO, 4TO HaMXyIImMM (OHOM JJIsl pac-

3AIIATA OKPYXXAIOIIEN CPE/JIbI 299



Elsheshtawy A. et al. RUDN Journal of Ecology and Life Safety. 2020;28(3):293-304

CMaTpPUBAEMbIX TUIIOB MAapOK SIBJISIETCA CBETJIO-CEPBIM MECOK, a MPEeANnOYTUTEINb-
HBIM — cepas cyxas TpaBa. Hauxyammii Tun Mapok — tun A, Tun B — Hanmyummmii.

0,020
0,018
o0
E ’
Z 0,012
= 0,010
§ 0,008
© 0,006
o ’
0,004
0,002
0,000

Moytn
Csetno- 3eneHan Gepnan Cepas cyxas CpegaHee us
cepblil Necok Tpasa rnF;Ha TpaBa BCEX OLWMBOK

B Mapkepbl TUna A 0,011 0,012 0,017 0,008 0,012
B Mapkepbl TUna B 0,009 0,007 0,006 0,003 0,007
i Mapkepbl Tuna C 0,007 0,007 0,016 0,011 0,010

Puc. 4. OcTaTo4yHble pacxoxneHus B kKoopanHaTax 36 onopHbIX Toyek (TecT 1)

0,020
0,018
0,016
0,014
0,012
0,010
0,008
0,006
0,004
0,002
0,000

Errors in meters

Semi White Green Semi Black Gray Average
(sand) (green herbs) (clay) (dry herbs) of all errors

B Targets type A 0,011 0,012 0,017 0,008 0,012
B Targets type B 0,009 0,007 0,006 0,003 0,007
m Targets type C 0,007 0,007 0,016 0,011 0,010

Figure 4. Errors when using selected targets as part of 36 GCPs in georeferencing (test 1)

0,009
0,008
0,007
3
E- 0,006
o 0,005 —i
x
g. 0,004 i
‘o" 0,003
0,002
0,001
0,000
3eneHan CseTno- Cepas cyxan Moutn CpeaHee us
Tpasa cepbli Necok Tpasa YepHana rmHa BCeX OLNBOK
es=gus VapKepbl TUNA A 0,009 0,005 0,004 0,001 0,0047
e \apKkepbl TMNa B 0,006 0,004 0,002 0,001 0,0034
e Mapkepsbl TUNa C 0,006 0,004 0,003 0,001 0,0035

Puc. 5. OLumbkum Npy CNonb30BaHNM TOMLKO BbIOPaHHbLIX MApPKEPOB B KAYECTBE OMOPHbIX TOYEK (TECTbI 2, 3, 4)
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0,009

0,008
2 0,007
3
g 0,006
£ 000 E 3
0 0,004 ' ‘
g o003 -
“ 0002
'’ \‘
0,001 Mg
0,000
Green Semi White Gray Semi Black Average
(green herbs) (sand) (dry herbs) (clay) of all errors
==b== Targets type A 0,009 0,005 0,004 0,001 0,0047
e=fl== Targets type B 0,006 0,004 0,002 0,001 0,0034
s Targets type C 0,006 0,004 0,003 0,001 0,0035

Figure 5. Errors when using only selected targets as GCPs (tests 2, 3, 4)

Puc. 5 nmmroctpupyeTr 3aBUCUMOCTb CpEAHENW KBAaIPATHYECKOM MOTPEIIHO-
ctu (CKII) koopAMHAT KOHTPOJIHBIX TOUEK OT THUIIA MCIIOJb3yEMbIX MapKepoB U
BHJIA MOACTUJIAIOIIEH TOBEpXHOCTH. Mapku Tuna A Ha 3€JeHON TpaBe — Hauxya-
mmii BapuanT. Haumensmas CKII B koopanHaTax KOHTPOJIBHBIX TOUYEK JOCTHTaA-
€TCs IIPU MCIOJIb30BaHUU MapKepoB TUNA B Ha modTH 4epHOU IIMHE.

3aknyeHue

Hcnonp30BaHne MapKUPOBAHHBIX TOYEK B KAa4eCTBE OMOPHBIX IMOBHIMIACT
TOYHOCTh (POTOTPAMMETPUUECKHUX TOCTPOCHUH.

TouHOCTh M3MEpPEHUsT KOOPJAMHAT MAapPKUPOBAHHBIX TOYEK HA M300pakeHUN
3aBHCHT OT IIBETOBOTO KOHTpAcTa MapKUPOBAHHOW TOYKHU M OKpYXkaroiiero ee (oHa,
TUTIA PHUCYHKa MapKepa, pa3Mepa pHCyHKa MapKepa B COOTBETCTBUU C pa3pelie-
HUEM Ha MECTHOCTH.

Mapkepbl ¢ 4eTBIPbMSI YEPHBIMH U OCIIBIMH TPEYTOJIbHHKAMH B KpPYTIIOH
MUIICHH Jy4Yllle, YeM MapKepbl B BHJIE YEPHOTO Kpyra ¢ OENbIM MSITHOM JUaMeT-
pom 3 cM B 1ieHTpe. OqHAKO MapKephl B BHJIE YEPHOTO Kpyra ¢ OelIbIM MSTHOM
IUaMEeTpOM 3 CM B LIEHTpE JIy4Ille, YeM MapKephl B BHJIE YEPHOTO MSTHA TOTO Ke
auameTpa B IieHTpe Oenoro kpyra. [lpu 3ToM quamerp MeHTpaTbHOTO TMsATHA JO0JI-
xeH ObITh Oonbiie GSD He MeHee ueM B 3 pasa.

Kpowme Toro, cienyer n3berath OaecTsImero uiu OJuKyronero ¢goHa, Ha Ko-
TOPOM pa3MeIIalTCsl MApKHUPOBAaHHBIE TOYKH.
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Influence of the shape and size of the ground targets
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Abstract. The materials obtained from the unmanned aerial vehicle (UAV) are used to
solve many problems, including large-scale mapping and monitoring of linear objects, as well
as the ecological situation and monitoring of emergency situations. The promptly obtained
photographic materials make it possible to reveal the consequences of man-made human im-
pact associated with degradation of the soil cover, flooding of lands, salinization and pollution
of the soil layer, and changes in the vegetation cover. Control points are used for absolute
orientation of the generated models in the most projects of photogrammetric processing of
aerial photos and images obtained from UAVs. In areas with low contour, before aerial survey,
targeting is carried out in the required zones. The research is devoted to the study of the influ-
ence of the shape of ground targets on the accuracy of photogrammetric processing. It in-
volved three different types of ground targets located on the land cover along the survey path
at a distance not exceeding 1 m from each other. The targets were used as ground control points
in the photogrammetric processing of the materials from the UAV. Two three-stripe photo-
graphic surveys of the 900 m long track were carried out: with UAV DJI PHANTOM 4 PRO
camera FC6310 at a scale of 1:3400 and ground resolution of 1 cm and with the DJI Mavic
PRO UAYV camera FC220 at a scale of 1:12 700 and ground resolution of 2 cm. In both cases,
the direction of flight is north — south, 36 targets were included in the photogrammetric pro-
cessing. In the first case, 502 images were processed, in the second — 152. The photogrammet-
ric processing for the orthophoto mosaic generation was carried out using the Agisoft Photo
Scan Professional software. Four different contrasting sites in the study area were selected for
the study: green grass, dry grass, clay, sand. Accuracy was assessed according to two criteria:
1) the degree of visualization of the target on the images; 2) the accuracy of the orthophoto
mosaic, generated using various targets.
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BectHuk PYOH
Cepuisi: 9KOJIOTUS 2020 Tom28 Ne¢3
U BE30MNACHOCTb )XMSHELOEATEJ/IbHOCTU http://journals.rudn.ru/ecology

NPABUJIA ODOPMJIEHUS CTATEM,
npeaHasHa4YeHHbIX AJ1I9 ONy0JIMKOBaHUA B HAy4HOM XypHane
«BecTHuk PYOH. Cepusa:
9konorns n 6e30NacHOCTb XU3HeAEeATeNIbHOCTN

1. TekcT cTaThu AOJKEH ObITh HAOpaH Ha KOMIIBIOTEPE B TEKCTOBOM pellaK-
tope Microsoft Word uepes 1,5 untepBana mpudtom Times New Roman (pa3mep
mpudTa 14 nt) Ha cTaHAapTHHIX aucTax A4 (moms cimeBa — 3 ¢, crpaBa — 1 ¢,
CBEpXY M CHM3Y — 110 2,5 cM). O0beM cTaTbu (BMECTe ¢ TabIMLIaMu, MIUTIOCTPALIU-
aMU ¥ Oubarorpadueii) He JOKEH MpeBbIaTh 12 cTpaHuL.

2. Craths JOJKHA COJIEPKATh B YKa3aHHOM IMOPSIJIKE:

— Ha3BaHWE CTAaThbU; UMEHA, OTYECTBA U (PaMUIIMH aBTOPOB; MOJTHOE HA3BaHUE
OpraHM3allK U €€ CTPYKTYpPHOT'O MOJPA3AEICHHs C YKa3aHUEM ITIOUYTOBOTO ajpeca
(cTpana, MOYTOBBIA MHJEKC, TOPO, yaula, Ne noma), aHHOTauiO (5—7 CTPOK) U
KIIFOUEBbIE CTIOBa (HE MEHEE 5 CIIOB WJIM CIIOBOCOUYETAHHI);

— Ha3BaHME CTAThU; MHULUAIBI U ()aMUJIMK aBTOPOB; MOJIHOE Ha3BaHHUE OpraHU-
3aIMM U €e CTPYKTYPHOTO MOJpa3ZieieHHs ¢ YKa3aHHeM MouToBoro azapeca (Ne noma,
yIuIa, Topo/Ji, MOYTOBBIM MHJIEKC, CTpaHa), anHoTanuio (10 200-250 crnoB) u Kiro-
YeBbI€ CJI0BA (HE MEHEE 5 CJIOB WJIM CIOBOCOYETAHUIN) HA AHIJIMHCKOM fI3bIKE;

— TEKCT CTaTbU;

— CIHUCOK JTUTEpaTyphl (CHaYala — Ha PYCCKOM SI3bIKE, 3aT€M — Ha aHTJIUH-
ckoM). CnMcoK JInTepaTypsbl 10J17KeH ObITh NepeBeleH Ha aAaHTJIMICKHUI A3bIK
U NPOAYOJIMPOBAH JJATHHCKMMHU OYKBaMMU.

3. K cTaThe HOMKHBI OBITH MIPHIIOKEHBI CBEJICHHUS 00 aBTOpax — MOJTHBIE UM,
OTYECTBO, (haMUJIMs, yUeHasl CTeNEeHb, HAyYHOE 3BaHHE, MECTO PabOThI, HNEKTPOH-
HBIN aJipec.

Obpaszey wanku cmamvu:

CocTosiHMEe aHTUOKUCIUTEJIbHbIX CUCTEM
B KPOBM MblILLEl nocne o6nyyeHus

WM. Upanos'™S, ILIIL Merpop?

' Poccutickuil ynusepcumem 0pyoicovl Hapooos,
Poccuiickan @edepayus, 115093, Mockea, I[looonvckoe wocce, 0. 8, kopn. 5
2Mocrosckuti 20cyoapcmeenplii yuugepcumen,
Poccuiickas @edepayus, 119899, Mocksa, Jlenunckue copul, 0. 1

B ivanov_ii@example.ru

4. IToBTOpEeHME B CTaThe OTHHX M TEX K€ JaHHBIX B AaHHOTAIMH, TEKCTE, TaOJH-
1ax u rpadukax He gomyckaercs. Tabauibl ¥ PUCYHKH JOJDKHBI ObITh IPOHYMEpPO-
BaHbI;, B TEKCTE CTAaTbU CChUIKA HAa HUX 00s3aTesnbHa. TaONHIIbl TOTKHBI IMETh 3aroJio-
BOK, & PHCYHKH — TIO/IPUCYHOYHYIO OAINCE. B Bunie oTenbHbIX rpadudeckux Qaii-
JIOB PUCYHKHU NIpUHUMAIOTcs B (hopmarax .tif, .bmp, .jpg.
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5. Cnenyer orpaHM4MBaThCs OOIIETIPUHATHIMU COKpAIIEHUSIMU U U30eraTh
BBEICHUSI HOBBIX COKpAIICHHWI 0€3 TOCTATOYHBIX OCHOBaHWW. BBeneHHBIE COKpa-
IIEHHsI HEOOXOIUMO PacIIN(PPOBHIBATD.

6. CCBUIKM Ha JIUTEpATypy B TEKCTE CTAThU MPUBOJSITCS B KBAJIPATHBIX CKOO-
Kax, Harpumep [2] wm [5-7], [5. C. 15].

B cniicke nutepatypbl IPUBOASTCS TONIBKO UCTOYHHUKH, HA KOTOPHIE B TEKCTE
CTaThW UMEIOTCSI CChUTKHM. CCBUTKH B CIMCKE PACIIOJIATAIOTCS W HYMEPYIOTCS TI0
Mepe YIIOMHMHAHUs B TEKCTE. B criycke MuTepaTypbl TOJKHBI OBITh yKa3aHbI:

— 0714 KHue: (paMUIUK W WHUIHAIBI aBTOPOB, Ha3BaHHE KHHUTHU, MECTO M3Ja-
HUSI, U3/1aTEIBCTBO, TOJ U3/IaHUS;

— 01 cmameti U3 Henepuoou4eckKux uzoanuil (cooprukos): GaMwInd U UHU-
[[Mallbl aBTOPOB, Ha3BaHUE CTaThH, HA3BaHHE KHHUTU (COOpHHUKA), MECTO M3JaHMs,
W3JIaTeIbCTBO, TO/I U3/IaHUS;

— 0151 cmameti U3 nepuooudeckux uzoanutl. GaMuIuy 1 HHALUAIBI aBTOPOB,
Ha3BaHME CTaThH, Ha3BaHUE JKypHaia, TOJ U3JaHus, TOM U HOMEp KypHala, mep-
Bast ¥ TIOCIICHSISI CTPAHUIIBI CTAThH.

Obpasey:
Cnucok nuteparTyphbl

[1]  Bowo B.B. CpaBHUTEJbHAS KIIETOYHAS ¥ BUIOBAs PaJHOYyBCTBUTEILHOCTh. M.: ATOM-
m3nart, 1974. C. 5-17.

[2]  Poyn L. O30HOBBIH Kpusuc. M.: Mup, 1993.

[3] Connor M.J., Wheeler L.A. Depletion of cutaneous glutathione by ultraviolet radiation //
Photochem. Photobiol. 1987. Vol. 46. No. 2. Pp. 239-245.

KonrakTHas undgopmanus:
Peouna Mapzapuma Muxaiinoéna
Tenedon: +7 (495) 952-04-41
E-mail: redina-mm@rudn.ru
Cunaesa Ilonuna IOpvesna
E-mail: silaeva-pyu@rudn.ru
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