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MonbiHb F'MenuHa Bo pnope byparuu:
duToueHoTNYECKaA NPUYPOUYEHHOCTb,
cocTas 3¢punpHoro macna

C.B. Kurxurxanosa' D=, C.A. Xon6oesa??, E.II. Ipli1eHoBa’

' Batikansckuii uncmumym npupooononb306anus
Cubupcroeo omoenenus Poccutickoli akademuu HAyK,
Poccuiickas @edepayus, 670047, Ynan-Y0s, yr. Caxvanosoi, 0. 6
2Bypamckuil 2ocyoapcmeennviii ynusepcumem umenu Jopocu Bansaposa,
Poccuiickaa @edepayus, 670000, Ynan-Y03, yr. Cuoruna, 0. 24a

B Zhig2@yandex.ru

AnHoTanms. bypsaTus xak gacts baiikansckoit CHOMpH SIBIISICTCS OJHUM U3 OCHOBHBIX
LIEHTPOB MPOUCXOXKICHUS U MOP(OIOrHnIecKoro pazHooOpasusi nonbiHd B EBpasun. Bo drope
Bypsitin otmeueHo 48 BHIOB ¥ IMOABUIOB MOJIBIHH, CPEAN KOTOPBIX MONBIHE [ MenmHa Artemisia
gmelinii Web. ex Stechm. B pabote BrepBsie mpeacTaBieH coctaB 3upHoro macna A. gmelinii,
MIPOMU3PACTAIONICH B PEAKOM coolIecTBe abprukoca cuoupckoro. ChIpbe TS TIOJTyYeHHs S3QUPHO-
ro macia cobupanu B xoje skcrenunuii mo Pecry6nuke bypsitus (Kaxtunckuit paiios,
okp. ¢. Tamup — 1oxkHbIe cKIIOHBI Tamupckoro xpedra) B 2020 r. PacturensHocTh ckiioHa Ta-
MHPCKOT0 XpeOTa IMpeCcTaBIeHA KYCTAPHIKOBBIMHI COOOIIECTBAMH 13 pefMKTa BocTouHo# Aznn
MHOICH-TUTHOIICHOBOTO Bo3pacta — Armeniaca sibirica (L.) Lam. YcTaHOBIEHO, 4TO JOMH-
HUPYIOUIMMU KOMIIOHEHTaMH 3(UPHOrO Macia nojbiHu ['MenuHa u3 aOpuKOCHHUKA SBIISIOTCS
1,8-tiuueon, repmakpen I, kamdopa, 6opHeo, kapuodmuieH. D(UpHbIe Macia mojbHu [ Menu-
Ha, TIpon3pacTaronei Ha Teppuropun CHOMpH, XeMOTHNa ¢ TTpeolIagaHueM B COCTaBE MOHO-
TEPIIEHOUJOB 0 TPYNIIOBOMY COCTaBy 00pa3yroT [Ba MOATHIIA, XapaKTepHbIX: 1) s BO-
CTOYHOCHOMPCKUX MOMyJISALMi MONBIHK ['MenHa ¢ mpeobiaanueM B cocTaBe 3(HUPHBIX Ma-
CeJl CeCKBUTEPIICHOUIOB; 2) JUIS 3aIaJHOCHONPCKUX MOIMYJIIINN MOJBHY ['MenHa ¢ mpeod-
JaJaHueM B COCTaBe d(PHUPHBIX Macell MOHOTEPIICHOUIOB.

KuitoueBsle cioBa: Bypsatus, Cubups, nonsins ['Menuna, Artemisia gmelinii Web. ex
Stechm., a¢upHoe Macio, xemorun, Armeniaca sibirica (L.) Lam., MOHOTepIIEHOHIBI, Ce-
CKBUTEPIIEHOUABI, 1,8-1IHE0N, KaM(opa, THI MEHTaHa
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Abstract. Buryatia as a part of Baikalian Siberia is one of the main centers of origin
and morphological diversity of wormwood in Eurasia. There are 48 species and subspecies of
wormwood within Buryatian flora, one of which is Artemisia gmelinii Web. ex Stechm. For
the first time the composition of the essential oils of 4. gmelinii growing in the rare communi-
ty of Siberian apricot (Adrmeniaca sibirica (L.) Lam) is presented in this work. Essential oils
were obtained from the raw materials collected during the field works on the territory of the
Republic of Buryatia (Kyakhtinsky district, surroundings of Tamir village — Southern slopes
of the Tamir range) in 2020. The vegetation of the Tamir range’s slope is represented by
shrub communities from the relict of Eastern Asia growing since the Miocene-Pliocene time —
Armeniaca sibirica. The dominant components of essential oil’s of A. gmelinii from apricot
community are 1,8-cineole, germacrene D, camphor, borneol, caryophyllene. Essential oils of
A. gmelinii growing within the Siberian flora of one chemotype with a predominance of mono-
terpenoids in the group composition form two subtypes, prevailing: 1) in the East Siberian
populations of A. gmelinii with a predominance of sesquiterpenoids in the composition of es-
sential oils; 2) in the West Siberian populations of 4. gmelinii with a predominance of mono-
terpenoids in essential oils.
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BBepeHue

[Tonwsiab Artemisia L. npuBiiekaeT BHUMaHWE KaK OJIMH W3 UHTEPECHEUIIHNX
U cIOoXHeHmux ponoB. bypstus kak yacth balikanbckoit Cubupu npencraBisieT
CJIOKHBIN (puTOreorpapuueckuil yzena Ha nepeceueHuM skocucteM CeBepHOU U
HenTpanpHoit A3uu [1; 2] n ABAsSETCS OJHUM U3 OCHOBHBIX LIEHTPOB MPOUCXOXK-
neHus U Mopdosornyeckoro pasHooOpasus nonsiHe B EBpaszuu [3]. Bo duope
Bbypsatuu ormeueHo 48 BUOB U MOJBUAOB MOJIBIHEH [4], OMHUM U3 KOTOPBIX SIBJISI-
eTcs monbiHb ['MenuHa Artemisia gmelinii Web. ex Stechm. 3to Me3okcepodur-
HBIM MOTYKYyCTapHUK, Mpou3pacTaroiuii Ha Tepputopun Poccuu (3amagnas u Bo-
crounas Cubups, Janmeanii Boctok), Kutas, Monromuu, Adranucrana, Cesep-
Hou Wunuu, SAnonum, Kazaxcrana, Kopeu, Ksipreizcrana, Henana, CeBepHoro
[Takucrana, TamkukucTana, Y30ekucrana, 3anaaaoi EBponsl. PacnipocTpanen B
JYTOBBIX 3aKyCTapEHHBIX CTEISX, OIMYIIKaxX, KOJKaX, KyCTAPHUKOBBIX 3apOCIIAX
o OeperaM pek, oOpsIBaM W KpyThIM CKJIoHaMm [5]. Bua BXoauT B cocTtaB coo0-
LIECTB TOPHBIX U MyCTBIHHBIX cTenel. 4. gmelinii Ha Tepputopun bypsitun Betpe-
YyaeTcss Ha CKJIOHAX OTPOTrOB C KPYMHOTJIBIOMCTOM M IEOHHCTO-KaMEHUCTOH Mo-
BEPXHOCTBIO, B COCTaBE TOPHBIX MOPOJ KOTOPHIX MPeoOIagaroT OHOTHTOBBIE I'pa-
HUTBI, TpPaHOCUEHHTHI [6]. 1 TombKO Ha poccuiickoil Tepputopun 6acceiina p. Ce-
JIeHra Ha KaMEHMCTBIX CKJIOHAX FO’KHOM AKCMO3UIMHM MPOU3PACTAET PEJIUKT «ald-
pukoc cubupckuit» Armeniaca sibirica (L.) Lam. TToBbIlieHHas MHCOIALUS TAKHX
CKJIOHOB JIa€T BO3MOYKHOCTb IMPOHUKHYTH B TA€KHBIN MOSIC TUIIMYHO CTEMHBIM KY-
CTapHHUKaM [7].

B nacrosteli pabote BriepBbIe TpeCTaBiIeH cocTaB dpupHoro Macia 4. gmeli-
nii, IPOU3pacTaroNIel B penkoM coolrecTBe abpukoca cudbupckoro. CocraB adup-
HOT'O MacJja IMoJIbIHU ['MenuHa n3ydeH A pacTeHUi, Ipou3pacTalolyx B 3anaji-
Hot Cubupu (PecriyOmmka Anraii, KpacHosipckuii kpaii, Tomckas o6macts) [8].
Panee Hamu OblTM M3y4YeHBI COCTaBbI YPUPHBIX Macen nojabiHu I’ MenuHa u3 Poc-
cun (Pecrrybnuka bypsarus, Upkyrckas obnacts) u Monrosnuu [9], 4yTo no3Bosnu-
JI0 TIPOBECTH CPaBHUTEIIBHBIN aHATN3 COCTABOB MAceN PaCTEHUI U3 Pa3HbIX COOOILECTB.
Jlis pactenuit, npouspacraomux BHe CuUOUPH, UMEIOTCA CBEIEHUS O COCTaBE
a¢upubIx Macen u3 JlaneHero Bocroka [10], Kazaxcrana [11], Uaauu [12; 13]
u Henana [14].

MaTtepuanbl u meToAabl

Ceipbe U1 ToNTydeHnst SPUPHOTO Macia COOMpPaIH B XOJI€ IKCIICAUITMOHHBIX
pabot B Ksaxtunckom paiione Pecnybnuku Bypsatus (okpectHocTH c. Tamup —
10%HbIe CKIOHBI TaMupckoro xpe6ra — orpora ManxaHckoro xpeodra, ypouuiie
[Mom3Bonkas) B 2020 r B ¢a3y usereHus. Koopaunater yuactka: 107°19' B. 1. u
107°20'B. n., 50°12 c. m1. u 50°13 c. m1., BeIcOTa Hag YpoBHEM MOpsi — 760 M.
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OdupHoe Macio Moaydyald METOAOM THUAPOIUCTUIIIALMHN W3 BO3AYIIHO-
CYXOT'0 CBIPbsI B T0J1 cOopa (Macca CoIpbs — 49 T, MPOJAOIDKUTEIBHOCTD MIEPETOHKH — 3 9
C MOMEHTa 3aKUMaHus). AHaIU3 Macjia MPOBOJUIN METOJOM XPOMAaTO-Macc-
CIIEKTPOMETPHUHU Ha ra3oBbIx xpomarorpadax Agilent Packard HP 6890 N ¢
KBaJpynoJbHbIM Macc-criektpomerpoMm (HP MSD 5973) B kauectBe nerekropa
u Agilent 7890B ¢ macc-cnekTpomeTpoM Tumna TpoitHoi kBaapynoas 7000C.
Hcnonws3oBanace 30-merpoBas kBapueBas kosonka HP-5 MSD ¢ BHyTpeHHUM
mrametpom 0,25 mwm. [IponeHTHBIN cocTaB 3()UPHOTO Maciia BBIYUCISUIN 110 TIIO0-
maasM ra3oxpomMaTorpauueckux MUKOB 0e3 HCMONIb30BaHHUS KOPPEKTUPYIOIMINX
ko durmentoB. KauecTBeHHBII aHAIN3 OCHOBAH Ha CPAaBHEHUH BPEMEH U MHIEKCOB
yICPKUBAHKS, & TAKXKE TIOJTHBIX MACC-CIIEKTPOB, OMOIMOTEKH XPOMATO-MaCC-CIIEKTPO-
METPUYECKUX JAHHBIX JIETYUUX BEIIECTB PACTUTENIBHOIO MPOUCXoxaeHus [15],
a TakKe AIeKTpoHHOoU OmbmoTexku NIST14.

JlaHHBIE TT0 KOMITOHEHTHOMY COCTaBY 3()MPHOTO Macliia C IebI0 BHU3yaln3a-
1uH ObUTH 00paboTaHbl METOOM THaBHBIX kKoMnoHeHT (MI'K-ananus, nporpamm-
HbII makeT Sirius version 6.0, Pattern Recognition Systems, a/s, Hopserwus).

PesynbTaTbl U UX 00CYXAEeHMe

Knumar pernona — pe3ko-KoOHTHHEHTaNIbHbINA. [1o faHHbIM Onmkaiiiei mereo-
crannuu buaypa, B xone HabmoaeHuit 3a 2019 . cpemuss TemmnepaTypa sSHBaps Co-
craBisia —25 °C, utons +20,1 °C (¢ makcumymom 35,7 °C), cpenHeronoBas cymma
ocankoB — 200-250 mMm [16]. Ha cneumduky MHUKpOKIMMAaTHYECKUX MapaMeTpoB
OoubIIoe BIMSHUE OKa3bIBaeT MaKpo- U Me3openbed Teppuropur. Jlokamus mecra
cOopa 00pa3IoB MOJIBIHA HAXOUTCS HA FOKHOM CKJIOHE OTpOra CyOIIMPOTHOTO TPO-
CTUpaHUs, 3alIMIIeHa OT CEeBEpO-3alaJHBIX XOJIOJHBIX BETPOB, KPYTH3HA CKIIOHOB
JIOCTATOYHO OoJibIast, B mipeaenax 7—25°. CoBOKymHOCTh (DaKTOpOB 0OYCIIOBIMBAET
CPaBHHUTENBHO OOJIBIIYIO TETIO00ECTIEYEHHOCTh MECTOOOWUTAHUS, YTO XapaKTEpHO
JUIsi HEMHOTOYHCIIEHHBIX MOMyJIALuUi abprkoca cubupckoro B bypsituu [17].

PacturenbHocTh ckiioHa Tamupckoro xpedta mpeacTaBieHa KyCTapHUKOBBI-
MU cooOItiecTBaMu U3 Armeniaca sibirica — penukTa GIOPOIEHOTUTIA ITUPOKOJIUCT-
BEHHBIX JiecoB BocTouHol A3un MuoleH-1IMoneHoBoro Bo3pacta [18]. OGimee nmpo-
€KTHBHOE TOKPBITHE KyCTapHUKOBBIX coobmiecTB coctanisieT 50-80 %. Kpome no-
MUHaHTa — Armeniaca sibirica, Tpou3pacTalOT KycTapHUuKu Spiraea aquilegifolia,
Ribes pulchellum, Cotoneaster melanocarpus, a Takxe NOIYyKYCTapHUK Artemisia
gmelinii, eTMHUIHO OTMEYEHBI 0co0u Rhamnus erytroxilon. Mexy BbIXOAaMH KaM-
HEHl pa3BUT TPaBSHUCTBHIH sIpyc, B KOTOPOM IPeodIaialoT CTEP>KHEKOPHEBBIE MOJIU-
kapnuku Pulsatilla turczaninovii, Lespedeza juncea, Filifolium sibiricum; u3 3na-
KOB M OCOK mpezacTaBiieHbl Poa botryodes, Achnatherum sibirica, Carex pediformis
u ap. B nenom ¢mopuctudeckuii cocraB aOpHMKOCHUKOB XapaKTEpU3yeTCsl Peod-
JaJlaHNeM FO’KHOCUOMPCKUX, €BPOA3UATCKUX BUJOB CO CPABHUTEIHHO BBICOKOM JIJIst
pernona FOxHol Bypsatun noneil IEeHTpaTbHOA3HMATCKUX W BOCTOYHOA3MATCKUX
aneMeHToB ¢uiopsl [19]. TTonbEe ['MenrHA SBISETCS COMOMHUHAHTOM M aCCEKTaTO-
POM B COOOIIIECTBAX Ha 3HAUMTEIHHOM YacTH W3yueHHOU Tepputopuu. Hanbomnsinee
obunme A. gmelinii OTMEYEHO B acCOIMAIMK AOPUKOCHHUKOB T'MEIMHOMOJBIHHBIX
(Armeniaca sibirica, Artemisia gmelinii, Chamaerhodos erecta, Filifolium sibiricum,
Artemisia commutata), TAe €ro IpOoeKTUBHOE MOKpbITHE Aocturaet 10—-15 %. BuI-
cota KycToB mosbiHu — 80—90 cM, moGerut MOpQOJOTHIECKH XOPOIIIO PA3BUTHI.
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B cocrase a¢gupHoro macna nonsiau ['MenuHa u3 coobiiecTBa abpukoca cH-
OUPCKOTO UACHTUPUIUPOBAHO 39 KOMIOHEHTOB. JJOMUHHUPYIOIIUMH SIBIISIIOTCS
1,8-uuneon (31,2 %), repmakpen 21 (12,1 %), kamdopa (6,9 %), 6opueon (6,9 %),
kapuoduiieH (3,9 %) (tabnuina).

KomMnoHeHTHbI cocTaB 3pupHbIX macen Artemisia gmelinii Web. ex Stechm., npouspacTaiowmx
B coobOuwecTBe Armeniaca sibirica (L.) Lam. (KsaxTuHckuii paiioH Pecny6nuku Bypatus, 2020 r.)

CopepxaHne KOMMOHEHTOB,

KoMnoHeHT UHpekc yaepxusaHus, J % OT LLeNLHOro Macna
TpuumkneH 921 0,1
o-NUHEeH 932 0,3
KamdeH 947 1,4
BepbuHeH 952 0,1
BeHzanbperng, 958 0,1
CabuHeH 973 0,1
2,3-pernapo-1,8-unHeon 990 0,3
a-dpennaHgpeH 1004 0,3
a-TEPNUHEH 1017 1,5
n-uyMon 1024 1,7
1,8-unHeon 1031 31,2
yuc--oummeH 1038 0,1
mpaHc-B-0uMMeH 1048 0,5
Y-TEPNUHEH 1058 2,5
TepnuHoneH 1088 0,6
JNnHanoon 1100 0,7
yuc-n-meHT-2-eH-1-on 1121 1,5
mpaHc-rn-MmeHT-2-eH-1-on 1141 1,4
Kamdpopa 1144 6,9
BopHeon 1168 6,9
TepnuHeon-4 1177 0,1
a-TepnuHeon 1191 2,5
yuc-nunepuTon 1195 0,6
mpaHc-nMnNepuTon 1207 0,8
BopHunaueTtart 1287 1,3
a-KonaeH 1378 0,7
KapunodunneH 1422 3,4
(E)-B-dapHeseH 1458 0,5
F'ymyneH 1456 0,8
FepmakpeH [, 1484 12,1
B-cenuHeH 1488 0,8
a-3UHrMbéepeH 1496 1,1
BuumknorepmakpeH 1500 2,4
B-6ucaboneH 1511 0,6
HasaHa adup (m3omep 1) 1515 0,7
ApTtepoyrnacus okcug C 1526 1,9
ApTepoyrnacus okcug A 1538 1,8
NacuHunaTta pypaHoH E 1542 1,1
mpaHc-AaBaHOH 1566 1,3
yuc-paBaHOH 1590 2,6
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Chemical composition of essential oils of Artemisia gmelinii Web. ex Stechm. growing
in in the community Armeniaca sibirica (L.) Lam. (Kyakhtinsky district of the Republic of Buryatia, 2020)

Compounds Retention index, J Peak area, %
Tricyclene 921 0.1
a-pinene 932 0.3
Camphene 947 1.4
Verbenene 952 0.1
Benzaldehyde 958 0.1
Sabinene 973 0.1
2,3-dehydro-1,8-cineol 990 0.3
a-phellandrene 1004 0.3
a-terpinene 1017 1.5
para-cymol 1024 1.7
1,8-cineol 1031 31.2
cis-f-ocimene 1038 0.1
trans-B-ocimene 1048 0.5
y-terpinene 1058 2.5
Terpinolene 1088 0.6
Linalool 1100 0.7
cis-para-menth-2-en-1-ol 1121 1.5
trans-para-menth-2-en-1-ol 1141 1.4
Camphor 1144 6.9
Borneol 1168 6.9
Terpinen-4-ol 1177 0.1
a-terpineol 1191 25
cis-piperitol 1195 0.6
trans-piperitol 1207 0.8
Bornyl acetate 1287 1.3
a-copaene 1378 0.7
Caryophyllene 1422 3.4
(E)-B-farnesene 1458 0.5
Humulene 1456 0.8
Germacrene D 1484 12.1
B-selinene 1488 0.8
a-zingiberene 1496 1.1
Bicyclogermacrene 1500 2.4
-bisabolene 1511 0.6
Davana ether (isomer 1) 1515 0.7
artedouglasia oxide C 1526 1.9
artedouglasia oxide A 1538 1.8
laciniata furanone E 1542 1.1
trans-davanone 1566 1.3
cis-davanone 1590 2.6

CpaBHeHUE C TUTEPAaTypHbIMHU JaHHBIMU MTOKA3bIBAET, YTO M3YYEHHOE Mac-
JI0 IO OCHOBHBIM KOMIIOHEHTaM CXO0e C 3(pUpHBIMH MaciaMu u3 pacteHuit Cu-
OMpH U COBEPIIICHHO OTJIMYHO OT Y(PHUPHBIX MACEN PACTEHUH U3 IPYTUX PETHOHOB.
Tak, B a3pupHBIX Maciax nojaslHU ['MennHa u3 mrarta Yrrapakxana Uaaun nomu-
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HUPYIOIUM KOMIIOHEHTOM siBIIsieTcsi apremusnuaketoH (40,7-53,34 %) [12; 13].
Pacrenus, npouspacraromue B Henane, sBIsS0TCSA TpaBIHUCTHIMU MHOTOJIETHUKA-
MH ¥ OCHOBHBIMHM KOMIIOHEHTaMH BbIcTynaroT ¢iaamenon (15,17 %), 2-metmi-1-
MetusieH-3-(1-MetmmaTennn)-mukionentad (3,93 %), 3-5Tuin-3-MeTOKCH-2-1IUKIIO-
nenTeHoH (3,51 %) [14].

Ddupnsie macna nonbiHu ['MenuHa B CubOupu o0pa3yroT /Ba XEMOTHIIA:
MEePBBINA XapaKTepU3yeTCsl HATMYMEM OOJBIIOTO KOJIMYeCTBa XpU3aHTEHHUIAIeTaTa
B coctaBe d¢upHoro macia (I'opHbIil AnTaii), y BTOPOro KOHCTAHTHBIMH KOMITO-
HEHTaMH 3(UPHBIX Macen SBJISIOTCS MOHOTEPHEHOBI: n-UMMOI, 1,8-1uHeon, -
TepIUHEeH, KaMmQopa, THHOKAPBOH, OOPHEOJI, TEPIIMHEON-4, O-TePITMHEO0N, OOPHH-
JareTar, CuaTyyJIeHo U OKUCh kapuodumieHa (Pecmybnuka AnTail, OKpeCTHOCTH
Tomcka, Kpacrnosipckwii kpaif) [8; 20]. CocTaB OCHOBHBIX KOMIIOHEHTOB Y(PUPHBIX
Mmacen (1,8-umuneon, kamdopa) 4. gmelenii 6130k K TakoBomy u3 bypsatuu, Up-
KyTCKOM o0actii 1 MoHronuu [9] 1 B TO K€ BpeMsi OTHOCUTCSI KO BTOPOMY X€MO-
TUIY, XapaKTepHOMY M ISl paCTEHHI MPEATOPHOTO PaBHUHHOTO AITasi, OKpecT-
Hocreir Tomcka u KpacHosipckoro kpast [8]. BopHeon Obl1 00HApYX)EeH paHee cpeau
OCHOBHBIX KOMIIOHEHTOB, a KapHuO(PHIUIEH U repMakpeH [l — cpeu MUHOPHBIX CO-
eAMHEeHUH >QUpHBIX Macen pacteHuil bypsatuu, Upkyrckoii obnactu [8]. bumor
aHaJM3a JaHHBIX M0 TPYIIIIOBOMY COCTaBY A(HUPHBIX Macen NoibiHu [ MenrHa (iaopbl
Cubupu, KaK 1Mo COOCTBEHHBIM, TaK M JINTEPATYPHBIM JaHHBIM, TPEACTABICH Ha
pucyHke. M3 aHanm3a muTepaTypHBIX TaHHBIX UCKITIOYEHBI 00pa3iibl SQUPHBIX Macel
OT MOJIBIHEW XeMOTHUIIa XpU3aHTEHWIIalleTaTa U KyJIbTUBUPOBAHHBIX PACTEHUH.
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06pasubl adpupHbIx Macen Artemisia gmelenii Web. ex Stechm. dnopbl Cubnpu:
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Principal component analysis’s biplot (components 1 and 2) of data on the group composition
of essential oils Artemisia gmeleniiWeb. ex Stechm. of the flora of Siberia:
diamonds (literature data — 5 samples) and squares (own data — 6 samples) present data from:
Russia — Kyakhtinsky district 2020 — Republic of Buryatia [current paper];
Olhon - Irkutsk region, Primorsky khrebet — Irkutsk region, Selenginsky district — Republic of Buryatia, Kultuk — Irkutsk region [9];
Altay — Altai Republic, Tomsk — Tomsk region, Krasnoyarsk — Krasnoyarsk region [8]

DdupHble Maciia 00pa3yroT /1Ba JIOKyca Ha OMITIOTE: TIEPBBIM BKIIOYAET YUp-
HbIE Maciia oT pacteHui ¢ baiikanbckoil mpupoanoit repputopun (Mpkyrckas 00-
nactb, bypsaTus) 1 MOHroauu u 3aHUMalOT LIEHTPAJIbHYIO U HUKHIOIO YacTh; BTO-
poii npencrasieH odpaszuamu U3 3anagHoit Cudupu (Tomck, KpacHosipck, AnTait).
Obpa3zen u3 coobmecTBa abpukoca cubupckoro (Ksxrtunckuit paiion, 2020 r.)
000co0seH oT oboux rpynm U 0ojiee 0JIM30K K 3(QUPHBIM MaciaM U3 3amaJIHOCHU-
OMPCKUX MOMYJISALUI MO COJIEP’KaHHI0O MOHOTEPIIEHOMJIOB THUIIA MEHTaHa, BKIIO-
yarorero u 1,8-uuneon. C o6pa3uaMu U3 BOCTOUHBIX MOMYJsALUUM MonbiHU ['Me-
JMHA €T0 OOBEeTUHSACT 3HAUNTEIbHAS T0JIsI B 9(UPHOM Maciie CECKBUTEPIICHOHIOB,
B TOM 4uciie repmakpena Jl u kapuoduena. Ha Hai B3z, cpaBHUTEIBHO 00JIb-
I1asi TeII000eCIeYeHHOCTh MECTOOOUTaHNs OJIBIHN ['MennHa B coolmecTBax
Armeniaca sibirica B Kaxtuackom paitone Pecniy6nuku Bypsatus nocnoco6ctBo-
Baja (popMUpPOBAHHIO COCTaBa F(PUPHOTO Macia MOJBIHU [ MeNnHa ¢ TPYyNIIOBBIM
COCTaBOM KOMITIOHEHTOB, CPEJHUM MEX[Y 3alaJHO- U BOCTOYHOCHOUPCKUMU TO-
MYJSUSIMH.

3aknyeHue

XapakTepHbIMU I 3QUPHOTO Maciia MoIbIHU [ MenuHa cHOUpPCKOi (Iropsl,
BHE 3aBHCHMOCTH OT ME€CTa MpOM3pacTaHus, sBisA0TCA 1,8-1[MHE0N U KaMdopa.
I'pynmoBoii cocTaB 3(UPHBIX Macel — 3TO Pe3yJIbTaT JeHCTBUS (HaKTOPOB CPedbl
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Ha pacTeHue. D¢pupHble Macia nojibHu ['Menuna ¢aopsl Cubupu ogHOro Xemo-
TUIA C peobJialaHieM B COCTaBE MOHOTEPIEHOUOB 110 IPYNIIOBOMY COCTaBY
00pa3yIoT JBa MOJTHUIMA, XapaKTEePHbIX: 1) A BOCTOYHOCHOMPCKUX MOIYJISALUI
noneiHU ['MenuHa ¢ mpeoOiiaganneM B cocTaBe d(pUPHBIX Macell CEeCKBUTEPIIEHO-
U70B; 2) A 3aaIHOCUOMPCKUX MOMyIAuui nonbiHu ['MenuHa ¢ npeoliaganuemM
B cOCTaBe 3(PUPHBIX Macesl MOHOTEPIIEHOUIOB.

[4]

(]

[10]

[11]

[12]

[13]

[14]

[15]

Cnucok nuteparypbl

Hamszanos b.F. baiikanbckuii puroreorpadudyeckuii y3en Kak HOBEHIINN IEHTp dHIIe-
mu3Ma Brytpenneir Aszuu // Cubupckuii sxosorndeckoit xypnai. 2009. T. 16. Ne 4.
C. 563-571.

Bypsarus : pacrutensHbiid Mup / otB. pea. b.b. Hamzanos. Yinan-Y3 : U3n-Bo Bypsr-
ckoro rocyHuBepcurera, 1997. Bem. I1. 250 c.

Kpawenunnuxos H.M. OnbIT pHUIIOTEHETHYECKOTO aHANN3a HEKOTOPBIX €BPOA3HATCKUX
rpynn poaa Artemisia L. B ¢Bsi3u ¢ ocoOeHHOCTsIMH Tlanieoreorpaduu EBpasuu // Ma-
Tepuaibl o ucropur ¢uiopsl U pactutenbHocTd CCCP. M. ; JI. : Usn-so AH CCCP,
1946. Bem. 2. C. 87-196.

Hawmzanoe b.b., Kueocumocanosa C.B., [{yoposckuii H.I'., Caxvsesa A.b., Paonaesa JI. /1.
Honean Bypsitun: ananu3 pazHooOpasus, IKOJIOTO-TeorpapuuecKux 0coOCHHOCTEH
U XeMOTaKCOHOMMHU ceKuuu Abrotanum // Acta Biologica Sibirica. 2019. T. 5. Ne 3.
C. 178-187.

®iopa Cubupu : B 14 1. T. 13. Asteraceae (Compositae) / coct. 1.M. KpacHo60opoB,
M.H. JlomonocoBa, H.H. Tynuusina u ap. HoBocubupck : Hayka. Cub. npeanpusitue
PAH, 1997. 472 c.

I'ocynmapcTBeHHas reonoruueckas kapra Poccuiickoit @eneparn: M-48-VI (Ynan-Ym).
2-¢ w3n. Ynan-Ymo : TOVII Bypsarreonentp, 2001. (Cenenrunckas cepus. Macmrab :
1 :200000).

Okocuctemsl bacceitia Cenenru / oTB. pea. E.A. Boctokosa, I1./1. I'yaun. M. : Hayka,
2005. 359 c.

Xanuna M.A., Cepuix E.A., Ilokposckuii JI.M., Tkaues A.B. Pe3ynbTaThl XUMUYECKOTO
uccnenoBanus Artemisia gmelinii Web. et Stechm. ¢uopsr Cubupu // Xumust pacTtu-
tensHOTO ChIphs. 2000. Ne 3. C. 77-84.

Kueocumarcanosa C.B., Cokmoesa T.3., Paonaesa J1./]. Xumuieckuii coctaB d3(pUpPHO-
ro macna Artemisia gmelinii Web. et Stechm., nmpouspacraromieii B LientpanbHoii A3um //
Xumust pacTUTENbHOTO ChIphs. 2010. Ne 2. C. 131-133.

Ozek G., Suleimen Y., Tabanca N., Doudkin R., Gorovoy P.G., Géger F., Wedge D.E.,
Ali A., Khan 1. A., Baser K.H.C. Chemical diversity and biological activity of the vola-
tiles of five artemisia species from Far East Russia // Rec. Nat. Prod. 2014. Vol. 8.
No. 3. Pp. 242-261.

Suleimenov E.M., Tkachev A.V., Adekenov S.M. Essential oil from Kazakhstan Artemi-
sia species // Chemistry of Natural Compounds. 2010. Vol. 46. No. 1. Pp. 135-139.
Haider S.Z., Andola H.C., Mohan M. Constituents of Artemisia gmelinii Weber et
Stechm. from Uttarakhand Himalaya : a source of artemisia ketone // Indian J. Pharm.
Sci. 2012. Vol. 74. No. 3. Pp. 265-267.

Pandey V., Verma R.S., Chauhan A., Tiwari R. Compositional characteristics of the
volatile oils of three Artemisia spp. from Western Himalaya // Journal of Essential Oil
Research. 2014. Vol. 27. No. 2. Pp. 107-114.

Shrestha S., Nyaupane D.R., Yahara S., Rajbhandari M., Gewali M.B. Quality assess-
ment of the essential oils from Artemisia gmelinii and Orifanum majorana of Nepali
origin // Scientific World. 2013. Vol. 11. No. 11. Pp. 77-80.

Txauee A.B. Viccnenoanue JieTyqux BeniecTB pacteHnit. HoBocubupcek : Odceer, 2008. 969 c.

OKOJIOI'UA 321



Zhigzhitzhapova S.V. et al. RUDN Journal of Ecology and Life Safety. 2020;28(4):313-323

[16]
[17]
[18]

[19]

[20]

[10]

[11]

[12]

[13]

[14]

322

Pacrmcanne noroms! : apxuB noroasl B buaype. URL : https://rp5.ru (nara obpamenus :
27.09.2020).

byxaposa E.B., Hamzanoe b.b. AGpukocHuky 3anaaHoro 3adaikainbs. Yinas-Y i : U3n-o
Bypsitckoro rocynuBepcurera, 2016. 144 c.

Kamenun P.B. ®nopoueHOTUITBI pacTuTenbHOCTH MoHrosibsckoir HapoaHoit Pecry6iu-
ku // borannveckuii xxypHai. 1987. T. 72. Ne 12. C. 1580-1595.

Xonboesa C.A., Hamzanos b.b., bacxaesa T.I". KimtoueBble 60TaHHUECKHE TEPPUTOPHUN
crerneld bypatuu : kpuTepuu BbIIENEHUS U aHalIu3 pazHooOpasus // CrenHo# Orosuie-
TeHsb. 2017. Ne 50. C. 1-9.

Traues A.B., Ilpoxywesa JI.J1., /lompaues /].B. Jlnkopactyuye 3hpUpHOMACIHYHBIC pac-
tenus FOxHoi Cubupu. HoBocubupck : Odeer-TM, 2017. 575 c.

References

Namzalov BB. Baikal phytogeographic node as the newest center of endemism of In-
ner Asia. Contemporary Problems of Ecology. 2009;16(4):563-571. (In Russ.)
Namzalov BB. (ed.) Buryatia: flora (issue 1I). Ulan-Ude: Buryat State University Publ.;
1997. (In Russ.)

Krasheninnikov NM. Experience of phylogenetic analysis of some Eurasian groups
of the genus Artemisia L. in connection with the peculiarities of paleogeography of
Eurasia. In: Materials on the History of Flora and Vegetation of the USSR. 1946;(2):
87-196. (In Russ.)

Namzalov BB, Zhigzhitzhapova SV, Dubrovsky NG, Sakhyaeva AB, Radnaeva LD.
Wormwood of Buryatia: analysis of diversity, ecological-geographical features and chemo-
taxonomy of the Abrotanum section. Acta Biologica Sibirica. 2019;5(3):178-187. (In Russ.)
Krasnoborov IM, Lomonosova MN, Tupitsyna NN, et al. Flora of Siberia. Vol. 13.
Asteraceae (Compositae). Novosibirsk: Nauka Publ., Sibirskoe predpriyatic RAN Publ.;
1997. (In Russ.)

State geological map of the Russian Federation: M-48-VI (Ulan-Ude). 2nd edition.
Selenginskaya series. Ulan-Ude: Buryatgeocenter Publ.; 2001. (In Russ.)

Vostokova EA, Gunin PD. (eds) Ecosystems of the Selenga basin. Moscow: Nauka Publ.;
2005. (In Russ.)

Khanina MA, Serykh EA, Pokrovsky LM, Tkachev AV. Results of a chemical study
of Artemisia gmelinii Web. et Stechm. flora of Siberia. Khimija Rastitel’'nogo Syr’ja.
2000;(3):77-84. (In Russ.)

Zhigzhitzhapova SV, Soktoeva TE, Radnaeva LD. The chemical composition of
the essential oil Artemisia gmelinii Web. et Stechm., growing in Central Asia. Khimija
Rastitel’nogo Syr’ja. 2010;(2):131-133. (In Russ.)

Ozek G, Suleimen Y, Tabanca N, Doudkin R, Gorovoy PG, Goger F, Wedge DE,
Ali A, Khan IA, Baser KHC. Chemical diversity and biological activity of the volatiles
of five artemisia species from Far East Russia. Rec. Nat. Prod. 2014;8(3):242-261.
Suleimenov EM, Tkachev AV, Adekenov SM. Essential oil from Kazakhstan artemisia
species. Chemistry of Natural Compounds. 2010;46(1):135-139.

Haider SZ, Andola HC, Mohan M. Constituents of Artemisia gmelinii Weber et Stechm.
from Uttarakhand Himalaya: a source of artemisia ketone. Indian J. Pharm. Sci. 2012;
74(3):265-267.

Pandey V, Verma RS, Chauhan A, Tiwari R. Compositional characteristics of the vola-
tile oils of three Artemisia spp. from Western Himalaya. Journal of Essential Oil Re-
search. 2014;27(2):107-114.

Shrestha S, Nyaupane DR, Yahara S, Rajbhandari M, Gewali MB Quality assessment
of the essential oils from Artemisia Gmelinii and Orifanum Majorana of Nepali origin.
Scientic World. 2013;11(11):77-80.

ECOLOGY



JKuexcumorcanosa C.B. u op. Bectauk PYJTH. Cepust: Dxonorust 1 6e3omnacHocTs sxusHenestensHocTi. 2020. T. 28. Ne 4. C. 313-323

[15] Tkachev AV. Study of plant volatiles. Novosibirsk: Offset Publ.; 2008. (In Russ.)

[16] Reliable prognosis: archive of weather in Bichura. Available from: https://rp5.ru (ac-
cessed: 27.09.2020).

[17] Bukharova EV, Namzalov BB. Apricot forests of Western Transbaikalia. Ulan-Ude:
Buryat State University Publ.; 2016. (In Russ.)

[18] Kamelin RV. Florocenotypes of vegetation of the Mongolian People's Republic. Bo-
tanicheskii Zhurnal.1987;72(12):1580-1595. (In Russ.)

[19] Kholboeva SA, Namzalov BB, Baskhaeva TG. Key botanical territories of the steppes
of Buryatia: selection criteria and analysis of diversity. Steppe Bulletin. 2017;(50):1-9.
(In Russ.)

[20] Tkachev AV, Prokusheva DL, Domrachev DV. Wild growing aromatic plants of Southern
Siberia. Novosibirsk: Offset-TM Publ.; 2017. (In Russ.)

Cgenenusi 00 aBTOpax:

HKueacumorcanosa Ceemaana Bacunvesna, KanauaaT OMOJOTUIECKUX HAYK, CTapIINi Ha-
YUHBIH COTPYHHUK, Ta00OPATOPUs XUMUU MIPUPOIHBIX CHCTeM, balikallbCKUil HHCTUTYT TIPU-
pomomonb3oBanusa, Cubupckoe otmeneHue Poccuiickoii akamemmm Hayk. ORCID iD:
https://orcid.org/0000-0002-2335-0068; eLIBRARY SPIN-kox: 3130-9031. E-mail:
Zhig2@yandex.ru

Xonboesa Ceemnana Anexcandpoena, KaHIUAAT ONOIOTUYECKUX HAYK, JOLEHT, Kadeapa
O0oTaHWKHU, BypsATCKkHMil rocymapCTBeHHBIH yHHBepcuTeT mMeHH Jopkum bamzaposa.
ORCID iD: https://orcid.org/0000-0003-1300-5778; eLIBRARY SPIN-koa: 1352-2950.
E-mail: kholboeva@mail.ru

lvinenosa Enena Ilemposna, HayIHBIA COTPYIHHK, JTAOOPATOPHS XWUMHHU IPUPOTHBIX
cucreM, baiikansckuif HHCTUTYT Tpupoonois3oBanms, Cudupckoe otaenenne Poccuiickoit
akagemun Hayk. ORCID iD: https://orcid.org/0000-0002-9292-7596; eLIBRARY SPIN-
kog: 4575-1399. E-mail: edylenova@mail.ru

Bio notes:

Svetlana V. Zhigzhitzhapova, Candidate of Biological Sciences, senior researcher, Labo-
ratory of Chemistry of Natural Systems, Baikal Institute of Nature Management, Sibirian
Branch of the Russian Academy of Sciences. ORCID iD: https://orcid.org/0000-0002-
2335-0068; eLIBRARY SPIN-code: 3130-9031. E-mail: Zhig2@yandex.ru

Svetlana A. Kholboeva, Candidate of Biological Sciences, Associate Professor, Depart-
ment of Botany, Dorzhi Banzarov Buryat State University. ORCID iD: https://orcid.org/0000-
0003-1300-5778; eLIBRARY SPIN-code: 1352-2950. E-mail: kholboeva@mail.ru

Elena P. Dylenova, researcher, Laboratory of Chemistry of Natural Systems, Baikal
Institute of Nature Management, Sibirian Branch of the Russian Academy of Sciences.
ORCID iD: https://orcid.org/0000-0002-9292-7596; eLIBRARY SPIN-code: 4575-1399.
E-mail: edylenova@mail.ru

OKOJIOI'UA 323



§ RUDN Journal of Ecology and Life Safety 2020 Vol. 28 No. 4 324-335
% http://journals.rudn.ru/ecology

BecTHuk PYOH. Cepusi: konorus u 6e30MnacHOCTb XU3HeAeaTeNlbHOCTN

DOI 10.22363/2313-2310-2020-28-4-324-335

V]IK 628.316.12
Hay4yHasa ctaTbs / Scientific article

BuoTtecTupoBaHue 300KOMMNOCTA KyJib,TUBUPOBaAHUSA
nnumHok Hermetia illucens

E.H. I'onuaposa™®=, .P. Kypsenen?,
M.U. Bacuienko'™, E.A. Ilenaropun

beneopoockuii cocyoapcmeennuwiii mexnonocuueckutl ynusepcumem umenu B.I'. [llyxosa,
Poccuiickas @edepayus, 308012, Beneopoo, yir. Kocmiwoxosa, 0. 46

P eleng59@rambler.ru

Annotanus. [T060YHBEIM POTYKTOM MPOHM3BOACTBA O€NIKAa W3 JIMIMHOK MyXH depHAas
neBuHKA (Hermetia illucens) sSBISAETCS 300KOMITOCT, COCTOSIINI U3 pa3HOOOPa3HBIX OpraHU-
4yeckUxX coeguHeHHu. llenp paboThl cOCTOsUIa B ONpPEAEIEHUH KIacca OMACHOCTH 300KOMIIO-
CTa — OTXOZAa KyJbTHBUPOBAHUS JIUUNHOK Hermetia illucens — ¢ mOMOIIBIO METOIOB OHOTE-
CTHPOBAHMS, TOCKOJIbKY HCIIOIB30BAaHUE PACUETHBIX METOOB UIST ONpPECICHHs Kjlacca Orac-
HOCTH 3aTPyIHHATENHHO. DKCIIEPUMEHTANIBHYIO PabOTy MPOBOIIIN HA TECT-OPTaHM3MAax: HI3IINX
paukax Daphnia magna, Bonopocisx Chlorella vulgaris, cemeHax pacTeHuid oBca Avena
sativa, mueHunsl Triticum vulgare n samenst Hordeum sativum. Y CTaHOBJIEHO, YTO 300KOM-
MOCT OTHOCUTCA K MaJIOOMACHBIM OTXOJaM. BBITSDKKU 300KOMIIOCTA CTUMYJIUPYIOT POCT pac-
TeHuit Avena sativa n Hordeum sativum, TIpearionaraeTcs ero MCIOJIb30BAHHE B KauecTBE
¢utoctumynaropa. I[lokaszaHo, 4TO BO3MOXKEH SKOJIOTMYECCKH UYHCTBIN OE30TXOIHBIA crIocod
MIPOU3BOICTBA OEITKOBON JOOABKH U3 HACCKOMBIX.

KiroueBble cJI0Ba: 300KOMIIOCT, Myxa YepHasl bBUHKA, Hermetia illucens, buorectu-
poBauue, Daphnia magna, Chlorella vulgaris, Avena sativa, Triticum vulgare, Hordeum
sativum, 6€30TXO/IHbIE TEXHOJIOTUH

BaaropapHocTu M ¢puHaHCcHpoBaHMe. PaboTa BhIMOMHEHA TP (PUHAHCOBOM MOAICPXK-
ke MUHHCTEepPCTBAa HAyKH M BhICIIEro obpasoBanus Poccuiickoit dexepamun B pamkax co-
rinamenus Ne 075-11-2019-070 ot 29.11.2019 1.
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Biotesting of cultivation zoocompost
of Hermetia illucens larvae

Elena N. Goncharova g, Ivan R. Kurzenev'?,
Marina I. Vasilenko'”, Evgeniy A. Pendyurin

Belgorod State Technological University named after V.G. Shoukhov,
46 Kostyukova St, Belgorod, 308012, Russian Federation

B eleng59@rambler.ru

Abstract. A by-product of protein production from the larvae of the black soldier fly
(Hermetia illucens) is a zoocompost consisting of a variety of organic compounds. The purpose
of the work was to determine the hazard class of the zoo complex — the waste of cultivation of
Hermetia illucens larvae using biotesting methods, since the use of calculated methods to de-
termine the hazard class is difficult. Biotesting experiments were carried out on test organisms:
planktonic crustacean Daphnia magna, algae Chlorella vulgaris, seeds of Avena sativa, Triticum
vulgare and Hordeum sativum. It has been established that the zoocompost refers to low-risk
waste. Extractions of the zoocompost stimulate the growth of plants Avena sativa and Hordeum
sativum, it is supposed to be used as a phytostimulator. It has been shown that an environmental-
ly friendly wasteless method for the production of protein additive from insects is possible.

Keywords: zoocompost, black soldier fly, Hermetia illucens, biotesting, Daphnia magna,
Chlorella vulgaris, Avena sativa, Triticum vulgare, Hordeum sativum, non-waste technologies

Acknowledgements and Funding. The work was carried out with the financial sup-
port of the Ministry of Science and Higher Education of the Russian Federation under
the agreement No. 075-11-2019-070 0of 29.11.2019.

Article history: received 30.07.2020; revised 25.09.2020.

For citation: Goncharova EN, Kurzenev IR, Vasilenko MI, Pendyurin EA. Biotesting
of cultivation zoocompost of Hermetia illucens larvae. RUDN Journal of Ecology and Life
Safety. 2020;28(4):324-335. (In Russ.) http://dx.doi.org/10.22363/2313-2310-2020-28-4-324-335

BBepeHue

[TpoGnema nepepaboTKH OTXOJOB B CBSI3U C Pa3BUTHEM MACIITA00B CEITHCKO-
XO3HCTBEHHOTO TPOM3BOJICTBA CTAHOBUTCS BCE OoJiee akTyanbHOU. | ocynapcTBeHHAs
noymmtrka B Poccru B o0macTu 0XpaHbI OKpy Karolei cpe/ipl HalleJieHa Ha COXPaHEeHHe
3710pOBBsI HaceNneHus. [y peanu3aiiy 3Toro MpoBOAUTCs paboTa MpeXx/e BCEro B 00-
JacTU OOpaIeHHs ¢ OTXOJaMH, TI0 HAIMPABJICHHUSIM, CBS3aHHBIM C MaKCHMAJIbHBIM HIC-
MOJIb30BAHHUCM UCXOAHBIX ChIPhA U MATCPHUAJTIOB JIA NMOJYUYCHUA NPOAYKTOB, MPECI0T-
BpallleHueM 00pa30BaHMsI OTXOJIOB, COKpAIIEHHEM MX 00pa30BaHUS U CHIKCHHEM HX
OIACHOCTH, a TaKKe 00pabOTKOM, yTHUIN3AIel 1 00e3BpeKUBaHNEM OTXO0IOB [1].

Jnist pemieHust MOCTaBICHHBIX HEOOXOAMMO Pa3BUTHE MAIOOTXOIHBIX U 0€3-
OTXOOHBIX TeXHOHOFHﬁ, OpeACTABIAIOMIUX C06OI71 TAaKUC MCTOABI MPOU3BOJACTBA
MPOAYKIIMH, TIPH KOTOPBIX BCE CHIPhE M SHEPTHUS UCTIONB3YIOTCS Hanboliee pamuo-
HaJIbHO W KOMIUJICKCHO B IMPOHU3BOACTBCHHOM LHUKIIC, U HIO6BI€ BO3,Z[CI>'ICTBI/ISI Ha
OKPYKaIOIIYI0 CPeAy HE HApYIIAIOT €€ COCTOSHUS [2].
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Takoil permoHaIbHO-MEXKOTPACIEBOM MOJIXO0A HE SIBJISETCS HOBBIM [3; 4],
OJIHAKO OH JI0 CUX IIOp HE PacIpOCTpPaHEH Ha caMOM IIPOM3BOJCTBE, YAIlle BCETO
HE XBaTaeT JIeTaJIbHOI0 KOMIIEKCHOTO M3Y4YEHHs CBOWCTB OTXOAa M BO3MOKHO-
CTHM YNpaBJCHUS UMHU JUIs MOoAOOpa HAWIydlleil TeXHOJOTHMH €ro yTUIN3aluu.
[Tono6Hble 6€30TXOAHBIE TEXHOJIOIMHM BaXKHO BHEAPSATh HA BHOBb OTKPBIBAEMBIX
MPOU3BOJACTBAX, AJI1 Yer0o HEOOXOAMMO M3y4YeHHE Pa3zHOOOpa3HBIX CBONCTB OT-
X0/1a, YCTAaHOBJIEHUE €ro KJacca ONACHOCTH U CTENEHM BIUSHHUSA Ha OKpYKaro-
LIYI0 Cpeay.

B 2021 r. B I'y6kune (benroponckas 001acTh) MiIaHUPYETCs] CTPOUTENBECTBO
MpeaIpUsATHs 110 MPOU3BOJACTBY KOPMOBOro Oejika M3 JMYMHOK MYyXH 4YepHas
nbBUHKA. [IpoekTHas MOIIHOCTH HAa HadaJabHOM JTane nporrozupyercs B 300 T
MYKH B MECSI], IIPH 3TOM MOOOYHBIM MPOAYKTOM IPOU3BOCTBA OEIKOBOI 100aB-
KM CTaHET 300KOMIIOCT JTUYMHOK.

B Poccuiickoit denepary mporu3BOACTBO aJbTEPHATUBHOTO OEJIKa U3 Hace-
KOMBIX TI0Ka HE CTOJIb Pa3BHUTO, KaK 3a pyOeKOM, HO YK€ TOIY4EHBI TIepBBIC Map-
TUU TOTOBOM NPOLYKLHH, KOTOPYIO IUIAHUPYIOT MCIOJIB30BaTh NP KOPMIICHUH
pbIOBI U cBUHEH [5; 6]. Yamne Bcero B KayecTBe MCTOYHHMKA KOPMOBOTO Oeka
KOMITAaHUU UCIOJB3YIOT HACEKOMBIX KaK HaubOoJiee [IEHHBIX MPOU3BOAUTENEH Oer-
Ka, )KHUPOB U IPYTUX HEOOXOIMMBIX J00AaBOK JJIsi KOPMOIIPOU3BOACTBA [7].

OCHOBHBIM OTXOJIOM, MOJTYYaeMbIM B TEXHOJIOTHYECKOM IPOU3BOJICTBE OeiKa
C IIOMOUIBIO JTUYNHOK MYXHU YEPHas JIbBUHKA, SBJIETCS TaK Ha3bIBAEMbIN 300KOM-
MOCT. DTOT OTX0J] OMOTEHHOTO TPOMCXOKIACHUS COJCPKHUT B CBOEM COCTaBE Upe3-
BBIYAHO OOJIBIIOE KOJIWYECTBO BEIIECTB, B OCHOBHOM OPraHUYE€CKOro MPOUCXOXK-
neHus (LeJUTI0J103a, aMUHOKHCIOTHI, KMPHBIE KUCJIOTBHI U Ap.), KPOME TOrO,
B €r0 COCTaB BXOJSAT U HEOPraHWYECKUE COENMHEHUsS (COJM aMMOHUS, HUTPATHI
u np.). Ans ompeneneHus Kiacca OMAaCHOCTH MOJOOHOIO BHJA OTXOJOB BECbMa
TPYZAHO HCIIOJIb30BaTh Pacu€THbIE METOJIbI, I03TOMY OCHOBHOW IYyTh yCTaHOBJIE-
HUSl UMEIOLIENCS TOTEHINAIbHOW ONACHOCTH — MPOBEACHHUE dKOTOKCUKOJIOTHYE-
CKOTO HMCCIIEIOBAHHUS C MOMOIIBIO KUBBIX OPTaHU3MOB U MOCJIEIYIOIIEro Ha0o-
JICHUS 3a HUMHU.

enp nccnenoBaHus — IPOBECTH SKOJIOT0-TOKCUKOJIOTMYECKYIO OLIEHKY OTXOAa,
oOpa3yromierocst B pe3ysibTaTe Mojay4yeHus: OeiKka ¢ MOMOIIbIO BbIpallliBaHUs JIH-
YUHOK MyXu Hermetia illucens, a UMEHHO — ONPEAETIUTDH KJIACC OMACHOCTH BBIIIE-
YIIOMSTHYTOTO OTX0/[a (300KOMIIOCTa) METOAaMU OMOTECTUPOBAHHUS.

buorecTrpoBanue ABIAETCS 3KCIEPUMEHTAIBHBIM METOJOM, ITO3BOJISIFOILIUM
YCTaHOBUTH CTENEHb BO3MOYKHOIO BPETHOTO BO3AEHCTBUS OTXOJ0B Ha OKPYIKAOLIYIO
MIPUPOAHYIO Cpely IMPHU HEMOCPEICTBEHHOM WM ONOCPEJOBAHHOM BO3JECHCTBUM Ha
Hee [8]. laHHbII MeTO SIBISIETCS 00s13aTEBHBIM [Tl OTHECEHHSI OTXOJIOB K IPAKTHYE-
CKH HEOIaCHBIM JUIs OKpYKaIoLIel cpe/ibl. DKCIIEpUMEHTAIBHOE OIpe/IeNIeHHe Kiacca
OIMACHOCTH OTXOJIOB 3aKJIFOUAETCsl B JJAOOPATOPHOM HCCIEIOBAHUM TOKCUYHOCTU OT-
XO/I0B Ha OpraHu3Max, HambOojiee YyBCTBUTENIBHBIX K BO3JEWCTBUIO OIPEIEICHHBIX
TOKCHUKAHTOB. J[JIs1 3TOr0 MCIONB3YIOT HE MEHEE JIBYX KHMBBIX OPraHW3MOB, OTHOCS-
LIMXCS K Pa3IMuyHbIM CHCTEMATHUYECKUM IpyIaM. Y CTaHOBJIEHHE KJIacCa OMAaCHOCTH
OTXOJIOB OCYIIIECTBIISIETCSI B COOTBETCTBUH C 3aKOHOIATENTLCTBOM PD [9].
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MaTtepuanbi n meToabl

OOBeKT uccae10BaHus — 300KOMIIOCT, KOTOPBIN SBJISIETCS OTXOA0M IPOU3-
BOJICTBa KOPMOBOI'O OeJika ¢ moMouIbto Myxu Hermetia illucens.

brortecTrpoBaHre BOIHBIX BBITSKEK OTXO/IOB BBIMOJHSIIOCH B X0/I€ KPATKO-
BPEMEHHBIX 9KCIIEPUMEHTOB, KOTOPHIE MPOBOIMIN HA MATH TECT-OparaHu3Max:
nadHUAX, XJIOpele U TPEeX 3J1aKOBBIX PACTEHUAX — OBCE, MIICHUIIE U SYMEHE.
OKCHepUMEHTATIbHOE HCCIIE0BaHNE IPOBOAUIOCH HAa OOJIBILIEM KOJIMYECTBE BUIOB
KHUBBIX OPTaHU3MOB, YTO TpeOyeTcs: COracHo MeToauKe [9], ¢ BKIIIOYEHHEM B CO-
CTaB TECT-OPTaHMU3MOB PACTECHUS, TOCKOJIBKY MPEAIOIaraeTcsi B JaIbHEHIIIeM HC-
MOJIb30BAaTh MCCIIEAYEMBIH OTXOJ B KauecTBE yJOOpPEHHS WM COCTaBHOM 4acTh
KOMILIEKCHOTO YIOOpEHHS.

B cooTBeTcTBUN ¢ OOLIENPUHATHIMU METOJMKAMHU KJIACC OMACHOCTH YCTaHaB-
JMBaIX 10 K03 puLmeHTy pa3BeeHus] BOIHON BBITSDKKH, TPU KOTOPOM HE BBISB-
JICHO BPEJIHOTO BIUSHHS HA TECT-OOBEKTHI.

PesynbTaTbl U UX 00CYXAEeHne

Ilposedenue Ixcnepumenma na oagpnusx. J{ns vccienoBaHUl TOKCUYHO-
CTH 300KOMITIOCTa UCIIOJIb30BAJIM BUJI HU3LINX pakooOpa3Hbix Daphnia magna Str.
JladHum ABIAIOTCS OCHOBHBIMH TECT-OPTaHU3MaMU, KOTOPBIE HCIONBb3YIOTCS MPU
YCTaHOBJICHHH TOKCHYHOCTH PAa3UYHBIX OOBEKTOB B OKpY’Karouleil cpene. DKc-
NEepPUMEHTAJILHBIE UCCIIEIOBAHUS C MX yYacTHEeM, IPOBOAUMBIE B cTpaHaxX EBpormsl
u CIIA, umeroT npakTHYeCKH OJIMHAKOBBIN METOAMYECKUN TTOIXO/.

BripammBanue KynbTypsl JaQHHUNA MPOU3BOAMIM coriacHo meronuke [10].
DKCcepuMEHTHI Ha JagHUIX TPEOYIOT OJHOPOIHOCTH MOMYJISIUH 0COOeH, To-
TOMY HEOOXOJAMMO BBIMIOJHATH BCE YCIOBHUS UX Pa3BEACHUS U COJAECPKaHUS,
JUISL 9TOTO UCTIONB30BaIM KiauMmarocTat B3. B kauecTBe KylIbTUBAaTOPOB MPUMEHSI-
JIM KPUCTAILIM3aTOPhl 00BEMOM 2—5 IM>, KOTOpbIE HATIOIHSIN Ha 3/4 00beMa KyJIbTH-
BALMOHHO# BoJ0it. [IMOTHOCT comepxkaHus ocobeil cocTapisana 10 25 mr/am°.
UyBCTBUTENBHOCTD NaHUI KOHTPOJHUPOBAIH 1O OMXpomaTy Kamus. Jmurens-
HOCTb MPOBEACHUA dKCIIEpUMeEHTa — 48 4.

OCHOBHBIM MMOKa3aTeNeM TOKCUYHOCTH OTXOJIOB B OCTPOM IKCIIEPUMEHTE Ha
napHusX sBiugercs Kodh UIMeHT pa30aBIeHUs UX BOIAHBIX BBITSKEK, BHI3BIBAIO-
mux rudens He 6onee 10 % maduwmii 3a 48 u HabmroaeHus. PaccuuThiBamu mpo-
[IEHT MOTHOIINX B pe3yJibTaTe MPOBEACHHBIX AKCIIEpUMEHTOB naduuii (A, %) mo
CpaBHEHHIO ¢ KOHTpoJeM (Tadum. 1).

Pe3ynomamul npoeedenusn yxcnepumenma na Daphnia magna. B coot-
BETCTBUU ¢ MeToaukou [10] ObLIM MPUTOTOBJICHBI CEpUH pa30aBlIeHUl B TpexX Ma-
pamnensx. BeITsykka 300KOMITOCTa ¢ KpaTHOCThIO pa3BeAenus 1:10 umena 3Haue-
Hue pH = 7,48, 4T0 COOTBETCTBYET TPEOOBAHUIO ONTUMAIIBHBIX YCIOBHUS JUIS pa3-
BuTUs nadHuid. B Tabn. 1 mpencraBneHsl naHHBIE, MTOMyYeHHBIE mociie 48 4 JKc-
MEPUMEHTA.

B pesynbrare npoBeeHHBIX 3KCIIEPUMEHTOB YCTAHOBIIEHA KPAaTHOCTH pa3-
BEJICHUsI BBITSDKEK 300KoMIiocTa (paBHa 10), mpu KOTOPBIX HE HAOMIOIAETCS TH-
Oenb gadHUl, cenoBaTeIbHO, UCCIETYEMBIA OTXO0 MOXKHO OTHECTH K 4-My Ki1accy
OTIAaCHOCTH.
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Tabnuya 1
Pe3ynbTatbl GUOTECTUPOBAHUS BOLAHOW BbITSXKKM 300KOMMNOCTa
Ha TecT-06bekTe Daphnia magna Straus
KpaTHoCTb Konuyecteo Mokaszatens Knace
OGbeKkT pa3BeneHus BbDKUBLUMX AapHUIA TOKCU4YHOCTU S, | A, %
o onacHoCTU
npoobl X, X, X, X., %
1 3 4 4 3,7 63 37
3ookomnocT \"
10 10 10 10 10 0 0
KoHTponb 10 10 10 10 0 0
Table 1

Results of biotesting of water zoocompost extract on the test object Daphnia magna Straus

Sample Number o Hazard
Object dilution of live Daphnia magna | ToxicityIndexs, | 5 o, |  Hazar
factor X, X, X, X,
1 3 4 4 3.7 63 37
Zoocompost v
P 10 10 | 10| 10 10 0 0
Control 10 10 10 10 0 0

Ilposedenue rkcnepumenma Ha 3e1€HBIX 0OHOKIIEMOYHBIX 6000POCTIAX.
B kagecTBe npyroro o0bekTa OMOTECTHPOBAHHUS 300KOMIIOCTA MCIOJIH30BAIH
kyneTypy Chlorella vulgaris Beijer. MeTonnka OCHOBaHa Ha PETHCTPALUHA U3Me-
HEHUSl YUCIIEHHOCTH BOJOPOCTH B PA3IMYHBIX BBHITSDKKAX OTXOJa MO CPABHEHUIO
C KOHTPOJILHOM Cpeoi, cofeprKalliell muTaTeIbHbIe BEIeCTBa JUIsl X pocTa (cpe-
na Tamus) [11]. UucaeHHOCTh OJHOKIETOYHBIX BOAOPOCTEH YUUTHIBAIOT C TIOMO-
B0 TIPSIMOTO CYETa BOJOPOCIIEH O] MUKPOCKOIIOM WJIA OTIPEICIICHUS OTTHYE-
ckoil moTHOCTH ((uryopecieHnun) Bogopocieil. Kpureprem TOKCHUYHOCTH BbI-
TSDKEK OTXO0/1a B JAaHHOM DKCIIEpUMEHTE siBJsieTcs: cHbkeHue Ha 20 % u Gosee Be-
JMYMHBI ONTUYECKON IIIOTHOCTH WK ux yBenuyeHue Ha 30 % u Gosiee B TeueHHe
22 4 B pacTBOpax MO CPaBHEHUIO C KOHTpoJIeM. BrIpamuBanue KyJIbTyphl BOJIO-
pociu npousBoauiIN B KynbTuBatope KB-05. Bomopocnu BelpamyBany Ha muTa-
TenbHOU cpene Tamusi, IUisi €€ MPUTOTOBIEHUS MCTOIb30BAIM TUCTHILTMPOBAH-
HYIO BOJY M PacTBOPHI CoJiei. B kadecTBe TecT-OpraHn3Ma UCIOJIb30BaJIH IIITAaMM
OJTHOKJIETOYHOM 3eieHor Bomopociu Chlorella vulgaris Beijer.

Jlyist mpoBeIeHNsT TOKCUKOJIOTHYECKOTO YKCIIEPUMEHTA UCTIONB30BAH KYIlb-
TYpy BOAOPOCIEH XJIOpeibl, HAXOASIIYIOCS B AKCIIOHEHLIMAIBHON CTaIuu POCTa.
B 5ToM cilyuae KOHILEHTpalHs KIETOK HOJKHA ObITh okojo 3-10% ki/mm, kpome
TOTO, HE0OXOAMMO, 4ToOkl He MeHee 90 % KIIEeTOK ObLIO KUBBIMU (IIPOBEPKA OCY-
IIECTBISUIACH OKPACKON BUTANBHBIMU KpacutensiMu). [lepuonndecku, Tak ke Kak
U B ClIy4ae KyJbTypbl JapHUH, TPOBEPSUIA YyBCTBUTEILHOCTD KYJIBTYPHI XJIOPE-
JIBI K OMXpOMaTy KaJus.

Pe3ynomamot nposedenus rxkcnepumenma na Chlorella vulgaris. B Ta6in. 2
MPEJICTaBICHBI JaHHBIC MMPOBEICHHBIX YKCIIEPUMEHTOB Ha 3€JICHBIX OIHOKIIETOY-
HBIX BOJOPOCIISIX TIocTe 22 4 HabMoeHUS.

B pesynbrare yCTaHOBJICHO, UTO NP KPATHOCTH PA3BEICHUS BBITSHKKH OT-
xozaa, paBHou 10, cycnieH3uM BOJOPOCIECH MUMEIOT TaKyl K€ ONTHYECKYIO IUIOT-
HOCTb, UTO U B Cllydae KOHTpoJis. CleIoBaTeIbHO, B COOTBETCTBUHU C METOUKOM
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YCTaHOBJICHUS KJIacca OMACcHOCTU 0TX0Ja [9], 300KOMIIOCT, KaKk U B CiIy4dae C dKC-
NEpUMCHTAMU Ha l[a(l)HI/ISIX, OTHOCHUTCA K 4-My KJIaCCy OINMaCHOCTU — MAJIOOITaCHBIM
0TXOJ1aM.

Tabnuua 2
Pe3ynbTaTbl NpoBeAeHHbIX 3KCNEPUMMEHTOB
Ha BOAHbIX BbITSHKKax 300koMnocTa Ha Chlorella vulgaris
KpatHocTb 3Ha4yeHune oNTUYEeCKOM NMNIOTHOCTHU
OObeKT pa3BeneHus D I, % Knace
NPoGbLI D, D, D, s D, onacHoCTHU
300KOMMOGT 1 0,071 0,068 0,069 0,068 0,069 | 46,9 v
10 0,128 0,122 0,126 0,125 0,125 3,7
KoHTponb 0,130 0,131 0,130 0,129 0,130 0
Table 2
Results of biotesting of water zoocompost extract on the test object Chlorella vulgaris
Sample Optical density value
Object dilution 5 L% | Hazard
factor D, D, D, ¢ D., class
Z60compost 1 0.071 0.068 0.069 0.068 0.069 | 46.9 v
P 10 0.128 0.122 0.126 0.125 0.125 3.7
Control 0.130 0.131 0.130 0.129 0.130 0

Ilposedenue rsxkcnepumenma na pacmenusax. IKCIEPUMEHTAIBHOE UCCIIe-
JIOBaHME IIPOBOAMIIM Ha TPEX BUIAX 3JAKOBBIX PACTEHUH, IOCKOJIbKY B JAaJIbHEH-
1IeM IJIaHUPYETCsl UCIOJIb30BaTh UCCIEAYEMBbI OTXOJ B KauyecTBE yI0OpUTEINb-
Horo Matepuana. duTorecTUpoBaHUE MPOBOAMIOCH HA CEMEHAX OBCA, MIIEHUIIBI
U SYMEHs, TecT-QyHKIME B JaHHBIX SKCIIEPUMEHTaX SBISAETCS IJIMHA KOPHEW B
BBITSDKKAaX OTXOJ1a M0 CPAaBHEHUIO ¢ KOHTposieM (Bojaoi) [8]. Cuuranu, 4To UMeeT-
csl TOKCHMUECKUi 3((eKT NeHCTBHS BBITSKEK OTXO0/a, eciau Habmromamu ¢p¢exT
yraerenus 6onee 20 %.

Pe3ynvmamol nposeedenusn skcnepumenma Ha pacmenusax. Pe3yiabTaTbl
OMOTECTUPOBAHUS BBITSKKU 300KOMIIOCTA IPUBEJIEHBI B Ta0J. 3, a BHEIIHUN BUJ
pacreHuii Ha puc. 1-4.

B COOTBETCTBUM ¢ METOJAMKOW TAK)KE PACCUYUTHIBATH YPPEKT BO3ACHCTBUS
BOJHBIX BBITSDKEK OTXOJla Ha CEMEHa BBILIICHA3BAaHHBIX pacTeHHil. Pe3ynbTaTsl
pacueToB IpUBEICHBI B Ta0I. 4.

B xone npoBeneHns 3KCIIEPUMEHTOB ObUIO YCTAHOBJIEHO, YTO BBITSKKU HC-
CJIELyEMOr0 OTXOJ]a HE OKa3bIBAIOT BPEAHOIO BO3AECUCTBHS BO BCEM UCCIIEOBAH-
HOM HMHTepBaje pazbdapnenuii. Haobopor, Ha Avena sativa (0BeC MOCEBHOMW) BbI-
TSOKKM 0TX0Za ¢ Koadduuuentom passenenusi, paBipiM 10—-100, okaspIBaroT CTH-
Mynupytomee aevictsue — 10 70 %, va Hordeum sativum (S4MeHb TOCEBHO) —
1o 53 %, numb qua Triticum vulgare (nueHUIa oObIKHOBEHHAs!) CTUMYJIHPYIO-
it 3¢ ekt He oOHapyKeH, HO He Habmoaanu ¥ 3QpdexT yruereHus pocra. Cie-
JIOBATEJIbHO, JAHHBIA BHUJ 300KOMIIOCTA, MO KpPaWHEl Mepe, OTHOCHUTCS K MaJlo-
OTaCHBIM OTXOJaM Ul OKpykaroueil cpenpl. Creayer OTMETUTh, YTO HAa KOPHHU
OBCa BOJIHAs BBITSDKKA ¢ pa3BeseHHeM 1/10 okas3pIBaeT CTUMYJIMpYIOIIEE ICHCTBHE
Ha 54 %, a B citydae 1/100 Ha 69 %. BriTsxka 300komniocTta ¢ pa3segenuem 1/100
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TaK)Ke MPUBOJAUT K YBEIMUYCHHIO ATUHBI KopHel Hordeum sativum, 3pdekt B aToM
ciydae paBeH 53 %. OOHapyKeHO CTUMYJHPYIOIIee BO3ICHCTBUE BBITSHKEK OTXO-
Ja Ha JUTMHY TPOpPOCTKOB (puc. 1-4). JlaHHbIE SKCTIEPUMEHTA TI0 BIUSIHUIO BBITS-
KEK 300KOMIIOCTa Ha JUIMHY PACTEHUN HE MPHUBEACHBI, OCKOIBKY MO METOAUKE
MIPOBEICHUS SKCIIEPHUMEHTA 3TO He TpeOyeTcsl.

Tabnuya 3
Pesyana'rbl 6I/IOT90TVIPOBaHVISI BOAHbIX BbITAXX€K 300KOMIMOCTAa C NOMOLLUbLIO 3JTAKOBbIX paCTeHI/IFI

ANvHa KopHeh pacTeHu, CM

KoadpPpuumueHT passegeHus

BOZHOIA BLITSKKM OTX0A2 Avena sativa Triticum vulgare Hordeum sativum
(oBec) (NnweHnua) (aumeHb)
KoHTponb 6,5+0,2 9,5+0,2 8,5+0,2
1:1 15,4+0,4 9+0,4 10+0,6
1:10 10+0,5 8+0,6 9+0,4
1:100 11+0,5 10+0,5 13+0,9
Table 3

Results of biotesting of water extracts of zoocompost with the help of cereal plants

Plant root lengths, cm

Sample dilution factor

of water extract of zoocompost Avena sativa Triticum vulgare Hordeum sativum
(oats) (wheat) (barley)
Control 6.5+£0.2 9.5+£0.2 8.5+0.2
1:1 15.4+£0.4 9+0.4 10+0.6
1:10 10+0.5 8%0.6 9+0.4
1:100 11+£0.5 10£0.5 13£0.9

Puc. 1. 3nakoBble pacTeHusi, KOHTPOJIb:
a - Avena sativa; 6 — Triticum vulgare; B — Hordeum sativum
Figure 1. Cereal plants, control:
a — Avena sativa; 6 — Triticum vulgare; B — Hordeum sativum
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Puc. 2. Avena sativa, k0abbdnuneHT pa3BeaeHns BOOHON BbITSXKN:
a-1:1;,6-1:10; 8 - 1:100
Figure 2. Avena sativa, sample dilution factor of water extract:
a-1:.1,6-1:10;8-1:100

8

Puc. 3. Triticum vulgare, k0addULUMEHT pa3BeaeHNst BOLHOM BbITSXKU:
a-1:1;6-1:10; 8- 1:100
Figure 3. Triticum vulgare, sample dilution factor of water extract:
a-1:1;,6-1:10; e - 1:100
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Puc. 4. Hordeum sativum, koapduumeHT pa3seneHnst BOOHOM BbITAXKU:
a-1:1,6-1:10; 8 - 1:100
Figure 4. Hordeum sativum, sample dilution factor of water extract:
a-1:1;6-1:10; 8- 1:100

Tabnuua 4
AP PekT BO3AeiCTBUA BOAHBIX BbITXKEK 300KOMMNOCTa HA CEMeHa pacTeHuii
AddekT BO3AEHCTBUA, %
KoaddpuumneHT passepeHns - — -
BOJIHOI BLITSIXKKM OTX0Aa Avena sativa Triticum vulgare Hordeum sativum
(oBec) (nweHunua) (A4MeHb)
1:1 +15 -5 +18
1:10 +54 -16 +6
1:100 +69 +5 +53
Table 4
Effect of water extracts of the zoo compost on seeds of the plants
o Effect, %
Sample dilution factor - — -
of water extract of zoocompost Avena sativa Triticum vulgare Hordeum sativum
(oats) (wheat) (barley)
1:1 +15 -5 +18
1:10 +54 -16 +6
1:100 +69 +5 +53

OTmeTHM, YTO HAXOXXJIEHHE B OKpY Karollel cpejie MogoOHOro pojia OTXo-
JIOB BCE K€ MOXET OBITh OMAcCHBIM, MOCKOJIbKY MMEETCS BEPOSITHOCTh 3arpsi3He-
HHUA COJISIMU aMMOHHSA U HUTPAaTaMH. B CjIydac momnagaHvs B BOOOCMEBI 3TU BCUIC-
CTBa BBI3OBYT OYpHBIM POCT BOJOPOCIIEH, UTO YXYAIIUT KAa4eCTBO BOJBI, a TAKKe
NU3MCHUT COCTaB HOHy.]IHI_[I/II\/'I I‘I/IHpO6I/IOHTOB, U B UTOIC NpuUBCACT K N3MCHCHUIO
9KOCHUCTEMBI, HAaHECS CYIIECTBEHHBIN YIIIepO OKPYKAIOIIEH cpee.
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3aknyeHue

B pesynbTaTe mpoBeAeHHOM IKCIIEPUMEHTATBLHON pabOTHI MO OMOTECTUPO-
BAaHUIO MOXKHO CJIeNIaTh BBIBOJ, YTO K 300KOMIIOCTY — OTXOJy KYJIbTHBHPOBAHUS
JUYMHOK MYXH uepHasi IbBUHKaA (Hermetia illucens) Oonee uyBcTBUTENBHBI Daphnia
magna u Chlorella vulgaris.

Ha Bce nccnenoBanHble paCTEHHUS BBITSDKKA 300KOMITOCTa HE OKa3hIBACT YTHE-
Tatomero ¢ ¢ekra, a 111 Avena sativa u Hordeum sativum, Ha000pOT, CTUMYJIH-
pyer poct. XpaHeHHE OTXOZa KyJIbTHBHPOBAHUS JUYMHOK MYXH HEOOXOIUMO
OCYILECTBIISATh B KOHTPOJIUPYEMBIX yCIOBUAX. B nanmpHeiem Heo0XoauMo Ipo-
BECTH paboTy 10 yTHIN3AINH JAHHOTO BHJIA OTXO0/a.

DKOJIOr0-TOKCUKOJIOTHYECKOe MCCIIE0BAaHNE MOITBEPANIIO, YTO 300KOMITOCT
KyJIbTHBHPOBAHUS JIMYMHOK MYXH Y€pHAsi JTbBUHKA OTHOCHUTCS K MaJOOTIaCHBIM
OTXOZaM JUIsl OKpYXarollel cpeabl U JOMyCTHM JUIsl MCIOJIb30BaHUS B KauecTBe
yIOOpHUTENBHOTO MaTepualia B pacCTeHUEBOACTBE. [[puMeHeHne 300KOMITOCTa KaK
yA00peHHsI MOXKET CcAeslaTh IMPOLecc MOoJydyeHus Oellka ¢ MOMOIIbI0 JTUYMHOK
Hermetia illucens 6€30TXOIHBIM U TEM CaMbIM HanOoJee SKOHOMHO Pacxo/10BaTh
MIPUPOJHBIE PECYPChl U HAHOCUTh HAaUMEHBIINH yIepO oKpykaromei cpere.
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AnHoTtanms. [IpuBogsaTCs pe3ybTaThl IKCIIEPUMEHTAIBHBIX UCCIIEI0BAaHUN 110 OLICHKE
(PUTOTOKCHYHOCTH TIOYB, 3arPS3HCHHBIX HE(PTENPOIyKTaMU Pa3IMUHBIX (hpakiuii (OCH3MH,
IM3EIBHOE TOIUIMBO, Ma3yT), B IPOIECCe HX MUKPOOUOJIOTHIECKOH peMeIuanuy Mpyu BHECe-
HUM TYMHHOBBIX IpenaparoB. MccnenoBaHus OCYIIECTBIISUIUCH B YCIOBUSIX BEr€TAl[MOHHOTO
9KCIEPUMEHTA, B KOTOPOM MOJEIHPOBAIUCH MIPOIECCH OMOpEeMeaANaIY 0YB, 3arPsI3HEHHBIX
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Change of phytotoxicity of soils contaminated with oil products
in the process of their microbiological remediation
during the application of humic preparations

Alina S. Cherdakova™, Svetlana V. Galchenko
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Abstract. The article presents the results of experimental studies on the assessment of
the phytotoxicity of soils contaminated with oil products of various fractions (gasoline, diesel
fuel, fuel oil) in the process of their microbiological remediation with the introduction of
humic preparations. The studies were carried out under the conditions of a vegetation experi-
ment, in which the processes of bioremediation of soils contaminated with various oil pro-
ducts were simulated using microbiodestructors and humic preparations (“Ekorost” and “Gumi”).
It has been established that the implementation of bioremediation measures using microbio-
destructors does not allow for complete detoxification of soil contaminated with various oil
products. The manifestation of detoxifying properties of humic preparations in relation to oil-
hydrocarbon pollution of soils during their bioremediation was revealed. The severity of these
properties varies and depends on the type of oil-polluting product, its concentration, as well as
on the properties of the preparations themselves.

Keywords: soil pollution, petroleum products, bioremediation, microbiodestructors,
phytotoxicity, humic preparations
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BeepneHue

Pactymue o0bembl 100b1uM HE(TH, MPOU3BOACTBA U MCIIOJIB30BaHUS He(Te-
MPOJYKTOB, TEXHOT€HHbIE aBapUH MPH dKCILTyaTalluu TPyOOIPOBOIOB, MPOMBILI-
JICHHBIX OOBEKTOB M TPAHCIOpPTa MPHUBOAAT K MAcIITAOHOMY YTJIEBOAOPOAHOMY
3arpsI3HEHUIO BCEX KOMITIOHEHTOB OKpY Karollleil cpesibl, B TOM 4ucie u noys. Camo-
OYMIIIEHHE 3arpsi3HEHHBIX HEPTEyrIeBOAOPOAAMU TOYB SBISAETCS CIOXKHEUIINM,
MHOTO()aKTOPHBIM TIPOIIECCOM U TPOUCXOAUT KpaifHe MEJICHHO. 3HAYMTEIBHO CO-
KpalIaloT BpeMsi BOCCTAHOBJIEHHUS TOYB MHUKPOOMOJIIOTHYECKHE HEPTEOKHUCIISIO-
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e pemeanaropsl [1-5]. Ho 3auacTyto akTUBHOCTh BHOCHMBIX B TIOYBY MHKPO-
OropeMenaToOpOB OrpPaHUYMBAIOT Takhe (PAKTOPBI, KAaK BHICOKHE YPOBHU 3arpsis-
HEHUS, HU3KOE COJIEpYKaHUE DIIEMEHTOB MUTAHUS, TIOBBIIICHHAs KUCIOTHOCTH IOY-
BEHHOI'0 pacTBOpa U Jp. B 310 CBsI3M BO3HMKAET HEOOXOAMMOCTh HAYYHOT'O TIOMCKA
CIOCOO0B CTUMYIISIIUU JIEATETHHOCTH HEDTEOKUCISAIOMEH MUKPOQIOPHI U JETOK-
CUKaIMK HedTe3arps3HeHHBIX mouB. CunuTaeM, 4To JJIs PelIeHHs JaHHOW 3a1adu
HE0OXOIMMO PacCMOTPETh TYMUHOBBIE BEIIECTBA M MPOMBIIICHHBIE MpenapaThbl
Ha UX OCHOBE, KOTOpPbIE MPOSBISAIOT MOBEPXHOCTHO-aKTUBHBIE CBOICTBA, CHHUXKA-
10T TIOBEPXHOCTHOE HATSHKEHHE U MPEMSITCTBYIOT KOAJECICHIIMM Kamelb Ha Tpa-
Hure (a3 «HePTh — BOMA», yBEIWYMBAas IUIOMIAIh AKTHBHOTO B3aWMOJCHCTBUS
MHUKPOOPIaHU3MOB C MUTATENbHBIM cyOcTpaToM [6—10].

I'ymuHOBBIE BemiecTBa 00JIaat0T BBIPAXKEHHBIMH JIETOKCHPHUIHPYIOIUMHA
CBOMCTBaMHU IO OTHOIIEHHUIO K HEe(TEyrJeBOJOPOAHOMY 3arps3HEHHIO, a TaKKe
MOTYT CIY>XUTh HCTOYHHKOM KpaiiHe HEOOXOIMMBIX ISl HEe()TEOKHUCISIOMNX
MUKPOOPTaHU3MOB OMOTEHHBIX 3JIEMEHTOB (a30T, ¢hocdop U Jp.) U MOTOKUTETHHO
BIUSIIOT HA BaXKHbBIE JJI X (YHKIIMOHUPOBAHUS CBOMCTBA OUYHUIIaeMbIX 1mouB (pH,
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHBIE YCIOBUA U Jp.). TeM caMbIM I'yMHHOBBIE Be-
IIECTBa CIIOCOOCTBYIOT (DOPMHUPOBAHUIO OJATONPHUSTHBIX YCIOBUH IS «pabOTHD)
MHKpoOnopemenuatopos [7—11].

Llenvio pabomul sBNANACH OLIEHKAa U3MEHEHUs (PUTOTOKCHMYHOCTH I10YB, 3a-
TPSA3HEHHBIX HEPTENPOIYKTaMH, B MPOIECCe MX MUKPOOMOJIOTHUECKOW peMeana-
LMY TP BHECEHUU TYMUHOBBIX MIPENapaToB.

MaTtepuanbl u meToAabl

HccnenoBanus no peannsanuy yKa3aHHOW LIENTM OCYIIECTBIISUIUCH B yCIIO-
BUSX BEreTAllMOHHOTO S3KCIIEPUMEHTa, B KOTOPOM MOJEIMPOBAIHCH IMPOLIECCHI
OuopemMenuaIy MOYB, 3arPA3HEHHBIX PA3IMYHBIMU HE(PTENIPOIYKTaMH, C IpUMe-
HEHUEM MHUKPOOMOJIECTPYKTOPOB M F'YMHUHOBBIX IpernapaToB. [[ist 3akimaaku skc-
MepUMEHTa UCIIOIB30BATNCH 00pa3lbl Cepoil JIECHON MOYBBI, 0OTOOpAHHBIE B KO-
JJOTNYC€CKHU YHUCTOM paﬁOHe, C y4aCTKa, HCIOABCPIKCHHOT'O MPAMOMY TCXHOI'CHHO-
My BO3JIEHCTBHIO, C TNIyOWHBI TYMYCOBOTO TOPHU30HTA O OOIIETPUHATON METOAH-
ke B cooTBeTcTBUH ¢ TpeboBanusmu ['OCT 17.4.3.01-2017 [12].

MogenupoBanue HeQTEYIJIEBOAOPOIHOTO 3arPsI3HEHUS OCYIIECTBISIIOCH
IyTEM BHECEHUS B CEpPYyIO JIECHYIO MOYBY HanOoJjiee pacnpoCcTpaHEHHBIX HedTe-
MPOIYKTOB-3arpsi3HUTENEeH — OeH3uHa Al-95, nu3enpHOro TOIUIMBA M Ma3yTa B
konmuectBe 50 u 100 r/kr (comepkanue HedrenpomykToB paBHo 5 u 10 % co-
OTBGTCTBGHHO). B kaduecTBe mcTOUHMKA He(bTeOKI/ICJ'If[IOIHI/IX MHUKPOOPraHnu3MOB
NpuUMeHsICS OuomnpenapaT «JlecTpois», MPeacTaBISIIOMMUN COO00H KYyJIbTypy
mramma Acinetobacter species JN-2 — HeCIOpOBbI€, HEMOIBU)KHbIE, TPAMOTPHIIA-
TeNbHbIE OakTepuu, 00JaJaloIINe BBICOKON CIOCOOHOCTHIO K OMOAECTPYKLUHU
He(TSIHBIX yriIeBO0po0B. bruomnpenapar «/lecTpoitm» mpuMeEHsIN BO BCEX BapH-
aHTax OIIbITa B BUAC CYCIICH3UMH, HpHFOTOBHCHHOﬁ COI'JIAaCHO MHCTPYKIHHU ITPOU3-
BOJUTCIIA.

B skcniepMeHTe MCIONIb30BaIUCh MPOMBIIIEHHBIE TYMUHOBBIE ITpenapaThl,
PAa3JIMIHBIC IO CBOCMY arp€raTHoMy COCTOSAHUIO, HCTOUHHUKAM U TCXHOJIOIUH I10-
JTy4YEeHHsI, XapaKTepUCTHKA KOTOPBIX MpejcTaBieHa B Ta0. 1.
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Tabnuua 1
OCHOBHbI€ XapaKTePUCTUKUN IKCNEepPUMEHTasNbHbIX FYMUHOBbLIX NpenapaTtoB*

HanmeHoBaHue npenapara

MokasaTenu
«QKOpOCT» «F'ymn»

ArperatHoe COCTOsiHne Xnpkoe (pacTteop) ana an?igggﬁéSv?fg%%szmm)
Cblpbe HW3uHHbIN TOpd Bypbiii yronb
TexHonormns nony4yeHus 'mppoavHamMmmyeckas kaBuTaums LLlenoyHas akcTpakuus
pH, ea. pH 7,3 8,5
S&ﬂisrggﬂ::zjzzon r/n 70,0 60,0
A30T 0OLWLMiA, /N 2,8 5,0
Kanuii obwuia, r/n 5,8 10,0
docdop obwmin, r/n 0,01 5,0

lNpumeyaHue: * — N0 JaHHBLIM NPOU3BOAUTENS.

Table 1
Basic characteristics of experimental humic preparations*
. Preparation name
Indicators "
“Ekorost” “Gumi”

State of aggregation Liquid (solution) Solid (powder for suspension preparation)
Raw material Low-lying peat Brown coal
Production technology Hydrodynamic cavitation Alkaline extraction
pH 7.3 8.5
e A
Total nitrogen, g/I 2.8 5.0
Total potassium, g/I 5.8 10.0
Total phosphorus, g/I 0.01 5.0

Source: * — according to the manufacturer.

VYka3aHHble TYMHHOBBIE MpenapaThl BHOCUIN B MOJATOTOBJIEHHYIO ONHUCAaH-
HBIM 00pa3zom mouBy B koHuneHtpauuu 0,01 % BogHoro pacrsopa. Beibop xoH-
LIEHTPALMU MPernapaToB OCHOBBIBAJICS KaK Ha JIAaHHBIX MCTOYHUKOB HAyYHOU JIH-
Tepatypsl [6; 7; 13], Tak u Ha pe3yibTaTax COOCTBEHHBIX, IPOBEACHHBIX paHee
HUCCIIEJOBAHUH.

KonTponem B sKcnepuMEHTE CIIY>KWIH 3arps3HEHHbIe HEPTENpOoayKTaMH U
00paboTaHHBIE MUKPOOHOIIpEnapaToM 00pa3Ilbl CEPOi JIECHOM MOYBKI O€3 BHECE-
HUS TYMUHOBBIX TpenapaToB. Takum oOpa3oM, cxema IKCIEepUMEHTa BKIIIoYalia
BapUaHTHI, IPECTaBIEHHBIE B TA0I. 2.

DKcrepuMeHTalbHasl OIIEHKa M3MEHEHUs! (PUTOTOKCHYHOCTHU TIOYB, 3arpsi3-
HEHHBIX He(TenpoayKTaMu, B Mpolecce UX OMopemMenuanuy Mpu BHECEHUU TY-
MUHOBBIX TpenapaToB NpoM3BoAMIACH MeTogoM OuotectupoBanus no 'OCT P
HNCO 22030-2009 [14]. B kadecTBe TECT-KYJbTYp HCHOJB30BAINCH OBEC MOCEB-
HOM (Avena sativa L.) u penbka MmacnuuHas (Brassica rapa L.) [14]. Kpurepusmu
OLIEHKH (PUTOTOKCUYHOCTH aHAJIU3UPYEMBIX MOYBEHHBIX 00pa3LOB CIYKUIH KO-
JMYECTBO MOPOCIHIMX CEMsH, JJIMHA 3apOJBIIIEBOrO cTeOeabKa U CpeaHss JUIMHA
3apOIBIIIEBHIX KOPHEH (KOPEIIKOB).
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Tabnuya 2
Cxema MoAeNIbHOro 3KCnepuMeHTa
n’;‘; BapunaHT aKcnepuMeHTa K"zg';‘;i Ao
AkcnepumeHmanbHasi IUHUS € NoYeoll, 3a2pPsi3HEHHOU 6eH3UHOM
1. Cepas necHas roysa + 6eH3uH 50 e/ke + «[Jecmpolin» (KoHmMpPorb) KB50
2. Cepas necHas noysa + 6eH3uH 100 a/ke + «[Jecmpoliny (KoHMporb) K6100
3.  Cepas necHas no4ysa + 6eH3umH 50 r/kr + 0,01 % p-p «9kopocT» + «[AecTpoin» 9650
4.  Cepas necHas noysa + 6eH3nH 100 r/kr + 0,01 % p-p «3kopocT» + «JecTpoiin» 96100
5. Cepas necHas noysa + 6eH3uH 50 r/kr + 0,01 % p-p «'ymun» + «[Jectpoin» 650
6. Cepas necHas noysa + 6eH3uH 100 r/kr + 0,01 % p-p «ymn» + «JecTtpoinn» 6100
OkcnepumeHmanbHasi IUHUS € N0Y8ol, 3a2PsAA3HEeHHOU Au3eslbHbIM MOMN/1ueoM
7.  Cepasi necHas noyea + ousenbHoe monnuso 50 e/ke + «[ecmpodiny (KkoHmporib) K50
8.  Cepasi necHasi noysa + dusernbHoe mornnugo 100 e/ke + «ecmpoliny (KoHmporb) K100
9. Cepas necHas nousa + auaenbHoe Tonmeo 50 r/kr + 0,01 % p-p «3kopocT» + 3750
«[lecTpoin»
10. Cepas nes,Haﬂ noysa + amnzenbHoe Tonameo 100 r/kr + 0,01 % p-p «OkopocT» + 31100
«JlecTponn»
11.  Cepas necHasi no4sa + amaensHoe Tonmeo 50 r/kr + 0,01 % p-p «Mymu» + «ectpoiin» ras0
12. Cepas necHas no4sa + an3ensbHoe Tonameo 100 r/kr + 0,01 % p-p «'ymn» + 1100
«[decTtponn»
SkcnepumMeHmMarnbHasi IUHUS ¢ NoYyeol, 3a2psi3HeHHOU Ma3ymom
13.  Cepas necHas noysa + masym 50 e/ke + «[ecmpoliny (KoHmMpPors) KM50
14.  Cepas necHasi noysa + masym 100 e/ke + «[Jecmpolin» (KoHmposb) KM100
15. Cepas necHas noysa + maadyt 50 r/kr + 0,01 % p-p «3kopocT» + «decTponn» OM50
16. Cepas necHas nousa + maadyt 100 r/kr + 0,01 % p-p «dkopocT» + «[decTpoiin» 3OM100
17. Cepas necHas noysa + maayt 50 r/kr + 0,01 % p-p «Fymn» + «decTpoiin» M50
18. Cepas necHas no4ysa + masyt 100 r/kr + 0,01 % p-p «F'ymn» + «ectponn» rM100
Table 2
Model experiment scheme
No. Experiment variant Short designation
Experimental line with soil contaminated with benzine
1. Gray forest soil + benzine 50 g/kg + “Destroil” (control) CB50
2. Gray forest soil + benzine 100 g/kg + “Destroil” (control) CB100
3. Gray forest soil + benzine 50 g/kg + 0,01% solution “Ekorost” + “Destroil” EB50
4.  Gray forest soil + benzine 100 g/kg + 0,01% solution “Ekorost” + “Destroil” EB100
5.  Gray forest soil + benzine 50 g/kg + 0,01% solution “Gumi” + “Destroil” GB50
6. Gray forest soil + benzine 100 g/kg + 0,01% solution “Gumi” + “Destroil” GB100
Experimental line with diesel contaminated soil
7.  Gray forest soil + diesel fuel 50 g/kg + “Destroil” (control) CD50
8.  Gray forest soil + diesel fuel 100 g/kg + “Destroil” (control) CD100
9. Gray forest soil + diesel fuel 50 g/kg + 0,01% solution “Ekorost” + “Destroil” ED50
10. Gray forest soil + diesel fuel 100 g/kg + 0,01% solution “Ekorost” + “Destroil” ED100
11.  Gray forest soil + diesel fuel 50 g/kg + 0,01% solution “Gumi” + “Destroil” GD50
12. Gray forest soil + diesel fuel 100 g/kg + 0,01% solution “Gumi” + “Destroil” GD100
Experimental line with soil contaminated with masut
13.  Gray forest soil + masut 50 g/kg + “Destroil” (control) CM50
14.  Gray forest soil + masut 100 g/kg + “Destroil” (control) CM100
15. Gray forest soil + masut 50 g/kg + 0,01% solution “Ekorost” + “Destroil” EM50
16. Gray forest soil + masut 100 g/kg + 0,01% solution “Ekorost” + “Destroil” EM100
17. Gray forest soil + masut 50 g/kg + 0,01% solution “Gumi” + “Destroil” GM50
18. Gray forest soil + masut 100 g/kg + 0,01% solution “Gumi” + “Destroil” GM100
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Craructuyeckas 00paboTKa MOTYYEHHBIX SIKCIEPUMEHTAIbHBIX TaHHBIX IPO-
BOAMJIACH C McHoab30BaHueM npuioxeHus Microsoft Office Excel u nporpamm-
HOTo nakeTa Statistica.

Pe3yﬂbTaTbl n nx OGCV)KJZI,eHMe

[Ipexxne yeM OLEHUTH AETOKCHU(PHUUIUPYIOLIME CBOWCTBA T'YMUHOBBIX Iperna-
paToB MO0 OTHOIIEHHUIO K HEPTEYTICBOIOPOIHOMY 3arpsi3HEHHUIO MOYB, ObLIA TIPO-
aHaTM3UpoBaHa (PUTOTOKCUYHOCTh KOHTPOJBHBIX BapHaHTOB ombiTa (0e3 BHece-
HUSl TYMHUHOBBIX ITPETIapaToB) 10 CPABHEHUIO C HE3arpsi3HEHHON HeTenpoyKTa-
MU NOYBOM (cepasi jecHas mouyBa 0e3 BHECEHUs He(TENpOIyKTOB, MUKPOOHOE-
CTPYKTOPOB M TYMHUHOBBIX IpENapaToB — jganee (OHOBBIA KOHTPOJb). Takoe mo-
CTPOEHHUE HCCIIEeIOBAHUN O0YCIOBIEHO HEOOXOAMMOCTBIO OLIEHKH Pe3yJIbTaTUB-
HOCTH JIETOKCHKAIIMH 3arpsi3HEHHBIX MMOYB ITOCIIE MPOBEACHHONW OMOpeMeauannm
0e3 CTUMYJIMPOBaHUS I'YMMHOBBIMU IpenapataMu. K KOHIly SKcnepuMeHTa Ha
KOHTPOJILHBIX BapHAaHTaX ¢ BHECEHHEM OeH3WHA OH ObUT MPAaKTUYECKH MOTHOCTHIO
MOJIBEPKEH JECTPYKLUUHU M COAEpIKaJCsA B MOYBE JIMIIL B HEOOJBIIMX KOJIMYE-
CTBaxX, BBHUJy Y€ro Ha JAaHHOM JTalle MCCIEeOBAHNIN yKa3aHHBIE 00pa3Ilbl HE aHa-
JU3UPOBAIIUCE.

[TomyueHHbIe pe3ynbTaThl MMOKA3aJM, YTO MOYBAa KOHTPOJIBHBIX BapHAaHTOB
HKCHEPUMEHTa OKa3bIBaeT BBIPAXKEHHBIN (puTOTOKCHUECKUN 3(PdeKT mo cpaBHe-
HUIO C He3arps3HEHHOH He(TenpoayKTaMu IMOYBOH MO0 BCEM KPUTEPUSIM OLIEHKH.

3aBUCUMOCTh (PUTOTOKCHUECKOTO I deKTa 3arps3HEHHBIX MOYB, KaK OT TH-
na He(TENmpoOayKTa, TaK M OT €r0 KOHIEHTPAIlW{, BECbMa OTYETIIMBO OTpa)kaeT
MoKa3aTesb BCXOXKECTU CEMSIH TeCT-KYJIbTyp (puc. 1).
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Puc. 1. /I3meHeHne BCXOXECTN CEMSH TECT-KYNbTYpP B 9KCMEPUMEHTE
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Experiment variant
H Seed germination of Avena sativa L. E4 Seed germination of Brassica rapa L.

Figure 1. Change in seed germination of test cultures in the experiment

Haubonee oruernuBoe MHrHOUpyrollee BIHSHUE HE(PTEYIJIEBOIOPOIHOTO
3arpsi3HEHUs MOYBBI HA MPOIECCHl MPOPACTAHUSI CEMSH OTMEUEHO B OTHOILIECHUU
oBca 1oceBHOro (4Avena sativa L.). IIpu 3TOM 1u3ebHOE TOIIUBO U Ma3yT OKa3a-
T IPUMEPHO OJMHAKOBBIN (UTOTOKCHYECKUN I PeKT Ha TecT-KynbTypy. OnHa-
KO B DKCIIEPUMEHTE OblIa 3aMETHA OTYETIIMBAsI TEHACHIUS CHI)KEHUSI BCXOXKECTH
CEMSTH C POCTOM KOHIIEHTpalUU He(TEMPOIYKTOB B MOYBE, UTO XaPAKTEPHO U AJIs
JU3€IbHOrO TOIIMBA, U AN Ma3yTa. Tak, Ha BapUaHTaX ¢ BHECEHHEM B IIOYBY
TOKCUKAaHTOB B KoimuecTBe 100 T/KT, BCXOKECTh CEMsSH ObLIa MOYTH B JBa pasza
HIDKE, YeM Ha BapuaHTaxX ¢ KOHIEHTpanuei 3arps3autens 50 r/kr. B manHom
cllydae ONpeAeNSIONIyl0 pojib B TOKCHYHOM BIIMSIHUHM 3arpsA3HEHHONW HedTernpo-
QyKTaMH TIOYBBI ChITpajia KOHIEHTpALUs 3arPsA3HUTENs], a HE €ro MHIWBUIYallb-
HBIE CBOMCTBA.

B orHomenun penbku maciauuyHou (Brassica rapa L.) pUTOTOKCHYHOCTH
MPOSIBUIIN TOJILKO 00pa3Libl MOYBHI, 3arpsi3HeHHbIe Ma3yToM. Hanbosee BbIpakeH-
HOE€ YTHETEHHE BCX0KECTH CEMSH JaHHOM TeCT-KyJIbTYpPbl pErHCTPUPOBAIOCH IPU
koHmnenTpanuu 100 r/kr Ma3zyTa B TTOYBE.

Bce npyrue ucnonb3yemple i OLEHKH (UTOTOKCHYHOCTH KPUTEPUH TaK-
e TOKa3aJI CYIIEeCTBEHHOE HHIMOMPOBAHNE POCTOBBIX MPOLECCOB TECT-KYJIbTYP
IIpU 3arpsi3HEHUHU TIOYBbI HEPTENpoyKTamMu (puc. 2).

Tak, BO BceX BapHaHTax HKCIIEPUMEHTA C BHECEHHEM HE(TEIPOIYKTOB Jaxe
MocJiie OKOHYaHHUA Tpoliecca OuopeMeauay MoYBbl HE yAaloCh MOJHOCTBHIO €e
JIETOKCU(DHUIIMPOBATH.

[To xpuTepuro N3MEHEHNUs JUIMHBI 3aPOJIBIIIIEBOTO cTeOEbKa pebka MacIuy-
Hasi (Brassica rapa L.) oka3anack 0oJiee 9yBCTBUTEIbHA K TOKCUYHOMY JCHCTBHUIO
3arpsi3HuTeNnel. Jlaxe mMpu MUHUMAIbHOM AKCIEPUMEHTAIbHOU J03e HedTenpo-
nykToB B 50 I/Kr AjiMHA 3apoAbIIIEBOro CTeOenbKa COKpaThiach B CpeHEM Ha
62 % npu 3arpsA3HEHUH MIOYBBI Ma3yTOM U Ha 72 % IpH 3arpsA3HEHUN TU3EIbHBIM
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TormuBoM. B BapmanTax skcmnepumeHTa ¢ BHeceHueM 100 T/kr maszyTa B MOYBY
CHIDKEHHE JTAHHOTO IOKa3aTellsl TI0 CPaBHEHHIO C He3arps3HEHHOW MOYBOW OBLIO
MaKCUMAaJbHBIM U COCTaBHIIO IpakTuyecku 90 %.

w™m
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3apoApILweBoro crebenbka 3apo, oro creb: p pHeii (Kop p
oBca nocesHoro (Avenasatival.) ~ PEAbK/ MacanuHoii (Brassica rapal.)  osca nocesHoro (Avenasatival.) peabKku MacimuHoi (Brassica rapa L.)

®)  3apo o

Kputepum oueHKu
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Puc. 2. IameHeHune nokasaTtenei poCTOBbIX NPOLLECCOB TECT-KYNbTYP B 9KCNEPUMEHTE
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H Background control RICD50 HBHCD100 mMCM50 ECM 100

Figure 2. Change in the indicators of growth processes of test cultures in the experiment

Haubonee oruernuBoe ¢uroTokcHMuHOE NeicTBHE HE(TENPOIYKTOB OBLIO
3aMETHO IO MOKAa3aTeNl0 CpeAHEN IJIMHBI 3apOJBIIIEBbIX KOPHEH TeCT-KyJbTyp,
MHTUOMpOBaHUE KOTOpOro coctaBmio oT 50 1o 85 % B pa3nuyHBIX BapHaHTax

I'EO3KOJIOTUA 343



Cherdakova A.S., Galchenko S.V. RUDN Journal of Ecology and Life Safety. 2020;28(4):336-348

skcnepuMeHTa. [Ipu 3TOM mpociexuBaiach TEHACHLUS YBEJIWYEHUS (PUTOTOK-
CHYHOCTH C POCTOM KOHIICHTPALIWHU 3arps3HHUTENEH B TIOYBE, YTO Hanboee BhIpa-
KEHO TPHU HCIIOJIb30BAaHUM B KauecTBE TECT-KyJbTYpbl OBCa MOCEBHOIO (Avena
sativa L.). Kak B oTHOLIEHNH OBca MOceBHOTO (Avena sativa L.), Tak U B OTHOILIE-
HUM PeIbKU MaclIu4yHOM (Brassica rapa L.) MakcuManbHbIH (QUTOTOKCHUUHBIN 3(h-
(exT oTMeualics P 3arpsA3HEHUH MOYBEI MazyToM B fo3e 100 r/kr, rae yraere-
HHUE POCTOBBIX IPOLIECCOB MO CPABHEHUIO C HE3arpsi3HEHHON MOYBOW COCTABUIIO
85 1 68 % COOTBETCTBEHHO.

Ha cnenytromiem srane OblTH MCCIeI0BaHbl AETOKCU(PULIMPYIOIINE CBOMCTBA
TYMHHOBBIX TIPENapaToB MO OTHOIIEHUIO K HEPTEYTICBOAOPOAHOMY 3arps3HEHUIO
noyB. J[aHHAas OIIEHKAa OCHOBBIBAJACh HA aHaJIM3€ (PUTOTOKCHUYHOCTU MOYBEHHBIX
00pa3IoB BHIIIEONMCAHHOTO MOJIEIBHOTO BEreTalliOHHOTO dKcrepuMeHTa. Omnu-
pasicb Ha pe3ysbTaThl NPEbIAYIIEro 3Tana padoThl, IPUMEHsIICA Hanbojee yyB-
CTBHUTEJBHBII K HE(TEYrIeBOAOPOTHOMY 3arpsi3HEHHUIO TOYB KPUTEPUH OIEHKH
(UTOTOKCUYHOCTH, @ MMEHHO JJIMHA 3apOJIbIIIEeBOrO Kopelka. B kadecTBe Tect-
KyJIbTYpBI UCIIONIb30BajIach pejbka MaciauuHas (Brassica rapa L.).
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Puc. 3. 1nnHa 3apoapilieBOro KopeLlka peabk MacnuyHou (Brassica rapa L.), cMm:
LUTPUXOBKOM 0603Ha4YeHbl KOHTPOJIbHbIE BAPUAHTbI 3KCNepuMeHTa
(6e3 BHECEHUS B NOYBY N'YMMHOBBIX MpenapaTos)
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Figure 3. The length of the embryonic root of Brassica rapa L., cm:
shaded lines indicate control variants of the experiment (without adding humic preparations to the soil)

[TomyuyenHbie pe3ynbTaThl CBUIETEIBCTBYIOT O MPOSIBICHUU T'YMHHOBBIMU
npenapaTtamMy JeTOKCH(HUIMPYIONUX CBOWCTB B OTHOUICHUH HE(PTEYTIeBOAOPOI-
HOTO 3arpsi3HEHUs MOYB MPH WX OMOpeMenuanuu. Y CTaHOBIEHO, YTO BBIPAXKEH-
HOCTB 3THUX CBOMCTB 3aBHCHT KaK OT XapaKTEPHUCTHK 3arpsi3HEHHs (TUI HedTe-
MPOYKTa-3arpsI3HUTEINS M €T0 KOHIIEHTPAIHs), TaK U OT CBOMCTB CaMHX Iperapa-
TOB (puc. 3).

Tak, B OTHOIIEHWH OEH3MHA SIBHOTO MPOSBIEHUS TYMUHOBBIMHU TperapaTa-
MU JETOKCHU(PHUIMPYIOIINX CBOWCTB HE OTMeuanochk. HampoTus, B psizic BApHAHTOB
C UX BHECEHHEM PErHCTPUPOBATIOCH HEKOTOPOE ycuiaeHHe GPUTOTOKCUIECKOTO (-
(exTa o cpaBHEHHUIO ¢ KOHTposieM. OnHchIBaeMasi CUTYalusi MOKET OBITh CBsI3a-
Ha ¢ copOuMel HEeKOTOPOro KoIn4yecTBa OEH3MHA T'YMUHOBBIMH BEIIECTBAMHM, YTO
IIPENATCTBYET OCHOBHOMY IIPOLIECCY €I0 YTHIN3AIUU U3 IIOYBEI — UCIIAPEHHUIO.

Hcnonb3oBanne T'yMUHOBBIX IpENapaToB HA 3arps3HEHHON JTU3EeIbHBIM TOII-
JIUBOM TIOYBE CIIOCOOCTBOBAJIO CHUXKCHHIO e¢ (puToTOKCHYHOCTH. OJTHAKO BBIpa-
KEHHOCTh TAHHOTO A peKTa HECKOIBKO Pa3HUIIACh B OTHOIICHUH aHATTU3UPYEMBIX
npemnaparoB. Hampumep, npemapar « IKOpocT» MpOsBUII ce0s TOIBKO MPH YPOBHE
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3arps3HeHus 50 I/Kr, yTO BBIPaXajloCh B YBEIMUEHHH JITMHBI 3apPOABIIIEBBIX KOP-
Hel TeCT-KyJIbTYphl B cpefHeM Ha 74 % 1o cpaBHeHUIO ¢ KoHTposieMm. Ha Bapuan-
Tax C 3arpsAi3HEHUEM ITOYBbI TU3EIbHBIM TOIIMBOM B KOHIEHTpauuu 100 r/kr nei-
CTBHE «IKOpOCTa» ObUIO HE3HAYUTENbHBIM. HarpoTtus, «['ymu» oka3biBail JeTOK-
CU(pUUUPYIOUINE BIUSHUE B OTHOLIECHUM JBYX YPOBHEH 3arpsi3HEHHs, HO MaKCHU-
MaJIbHBIM OHO ObLTO TTpH BHeceHHU S0 I/KT TN3EIHHOTO TOIUINBA, A€ CTHMYJISLIUS
pocTa penbku MacnuuHou (Brassica rapa L.) cocraBuna 114 % 1o cpaBHEHUIO ¢
KOHTPOJIEM.

B oTHOIIEHUM E€TOKCHKALMU 3arpsi3HEHHON Ma3yTOM MOYBBI YCTaHOBIIEHO
MOJIOKHUTETbHOE BiHsiHUE Tipenapara «['ymm». DddexT or BHeceHUsT «IKOpPOCTaY
ObUT HeBbIpaXKeHHbIM. CHIDKeHHE (PUTOTOKCUYHOCTH MpHU BHeceHUH «['ymm» oka-
3aJI0Ch MaKCUMAJIbHBIM JUTsE YPOBHs 3arpsisHeHus 100 r/kr masyTa B mouBe, TIie
CTUMYJISILIUSL POCTOBBIX MPOLIECCOB TECT-KYJIBTYpPbI cocTaBuia 214 % mno cpaBHe-
HUIO C KOHTPOJIEM.

B nenom perokcuduuupyronye cBoicTBa npemnapara «I'ymmu» 6osee Bblpa-
KEHBI TI0 CPAaBHEHHIO C «DKOPOCTOM», UTO, [0 HAIIEMy MHEHHUIO, 00yCIIOBICHO
ero cocraBoM M cBoiictBamu. ITockonbky mpemnapar «['ymu» momydeH u3 yris,
TO ISl HETO XapaKTEPHO BBICOKOE COAEpKAHHE apOMATUYECKUX (PparMeHTOB B
CTPYKTYpPE MOJIEKYJI TYMHHOBBIX BEILECTB M, COOTBETCTBEHHO, BBIPAKEHHOE CPO/I-
CTBO K apOMAaTUYECKUM KOMITIOHEHTaM HeTenpoaykToB [9; 10; 15]. BBuny storo
€ro IUCIeprupyouiee u CoMoOMIM3Npyolee IeHCTBUE O OTHOILEHHIO K HedTe-
yTJIEBOAOPOAAM BBINIE, YeM Y «DKOPOCTa», YTO CIMOCOOCTBYET YBEIMYCHHUIO T0-
CTYHNHOCTH 3arpsi3HUTENeH 17 HeTeoKUcsomed MUKpo(Iopsl U HHTEHCUDU-
Kaluu UX OMOJECTPYKIMH, a CIIEOBATEeNIbHO, B Oojee dPPEKTUBHON TETOKCHUKA-
LUK 3arpsi3HeHHol nouBel. Kpome Toro, mpemapat «I'ymMu», 0 CpaBHEHHIO C
«DKOPOCTOM», COAEPIKUT OOJIbIIIEe KOJTMUECTBO MUHEPATBHBIX JIEMEHTOB (a30Ta,
¢dochopa u kanus), BeicTynast 6oee BHITOAHBIM HCTOYHUKOM MHUHEPAJIbHOIO M-
TaHUST MUKPOOHMOPEMEINATOPOB B MPOLIECCE YTHIU3AINH YTICBOAOPOAOB HedTe-
MPOAYKTOB.

3aknyeHue

YcTaHoBIIEHO, YTO MPH OMOpEeMeaAMaluy 3arps3HeHHON He(TenpoIyKTaMu
MOYBBI C MCIIOJIb30BAaHHEM HE(PTEOKUCISIONIEH MUKPO(IOPE OTMEYAETCsl X BBI-
COKasg (PUTOTOKCHYHOCTD I10 IEJIOMY sy TMOKa3arenel, o0ycIoBIMBaroIas He-
00X0MMOCTh MPUMEHEHUS YPPEKTUBHBIX TETOKCUKAHTOB, B Ka4eCTBE KOTOPBIX
MBI pacCMaTpUBaeM I'YMUHOBBIE IIpenaparsbl.

B pesynprate mpuMeHEHHUs] TYMHHOBBIX IPENapaTOB YAAJIOCh ITOBBICUTH
YPOBEHb JETOKCUKAIIMH 3arpsi3HEHHOI MOYBBI, YTO BBIPAXKAJIOCh B CHHKEHHUU €€
(UTOTOKCHYHOCTH.

3¢ deKTUBHOCTh TYMHHOBBIX IPENApPaTOB B OTHOLIEHUH CTUMYJISILIMUM MUKPO-
OMOJIOTMYECKO AECTPYKIIMH TOTO WJIM MHOTO HEe(DTENpOAYyKTa U JETOKCUKAIINH
3arpsi3HEHHONW MOYBBI BO MHOI'OM ONpenessercs crneuu(uKoil MoneKyJIspHOR
CTPYKTYpPHBI IIPETapaToB, KOTOpas, B CBOIO OYEPEdb, 3aBUCUT OT CHIPHEBOTO HC-
TOYHHKA UX TOJTyYEHHUS.
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OueHka nopaXxeHHOCTU TepputTopun MockoBcKoM obonactu
KapbepaMu OTKPbITOM A00bl4N CTPOUTENbHbLIX MaTepUuanos

K.O. HaymoBa™, E.B. Cranuc

Poccutickuii ynugepcumem opyacovl Hapooos,
Poccutickas @edepayus, 117198, Mocksa, yr. Muxayxo-Maxnas, 0. 6

P shunenkova-ko@rudn.ru

AHHOTAaIUA. 3eMIIM, HapyIIeHHbIe KapbepaMH U COIMYTCTBYIOIIMMH OTBAJIAMH, 4acTO
CTAHOBATCSI HETIPUIOAHBIMU IJIS1 AAJIbHEHINEr0 HCHOIb30BAaHUS B KAaueCTBE CTPOUTENIBHBIX
wronaiok. OHM MPECTABISIOT U3 ce0sl TEXHOT€HHO M3MEHCHHBIE TPYHTHI C HOBBIMH (DPHU3UKO-
MEXaHWIECKUMH U (PU3UKO-XUMUYECKUMH CBOMCTBaMH. IIpUBOISTCS pe3ysibTaThl HCCIEI0BA-
HUS HapyIIEHHBIX 3eMenb MOCKOBCKOM 00/1acTi, XapaKTepUCTHKA IPUYNH U BUIOB HapyIIe-
HUS 3eMeJb, a TaKXKe MPHMEPhl M300pakeHHsI HapyIIeHHbBIX 3eMellb Ha KOCMHYECKUX CHUM-
Kax. B xoze nccnenoBanns MCIONB30BANIMCH TEMAaTHYECKHE U TONOrpaduyecKue KapThl U
MaTepHaibl AUCTAHIIMOHHOTO 30HAUPOBAHUS — KOCMUYECKUE CHUMKHU TePPUTOpUH MOCKOB-
cKkoit oOmactu. PaccMoTpeHs! mpo0eMbl BO3AEHCTBHS JOOBIUM HEPYAHBIX CTPOUTEIBHBIX Ma-
TEpUaJIOB Ha MPUPOAHBIC KOMIUICKCH 00JACTH, MAaclITaObl TEXHOICHHOI'O NMpeoOpa3oBaHUS
3eMHOW MOBEPXHOCTH B PE3yIbTaTe OTKPHITON JOOBIYM M T€O3KOIIOTHIECKHUE ITPOOIIEMBI, BO3-
HUKAIOIue MpH 3ToM. J[aHa YHCIeHHas Te03KO0JI0rHYecKas OlleHKa KapbepoB MOCKOBCKOM
obmacTH.

KiroueBble c10Ba: Kaphepsl, 100bIYa MOJE3HBIX HCKOMAEMBIX, OOIEPACIPOCTPAHEH-
HBIE IIOJIE3HBIE UCKOIIAEMBIE, TOPAXKECHHOCTb TEPPUTOPUH, HAPYIIECHHBIE 3€MIIA, T€ODKOJIOTH-
YeCKasl OLEHKA

baarogapuoctn u ¢punancupoBanue. [IyOmukaius MOATrOTOBJICHA MPU TOIIEPIKKE
IIporpammer PYTH «5—100».
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Assessment of the open-mining prevalence
on the territory of Moscow region
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Abstract. Lands disturbed by open cuts and associated dumps often become unsuitable
for further use as construction sites. Disturbed lands are technogenically altered soils with
new changed physicomechanical and physicochemical properties. The paper examines the re-
sults of researching the disturbed lands of common mineral resources open cuts in Moscow
region, provides a description of the causes and types of land disturbance, as well as examples
of images of disturbed lands on satellite images. For this purposes, thematic and topographic
maps and remote sensing materials — satellite images of the territory of the Moscow region
were used. The problems of impact of common mineral resources extraction on the natural
complexes in the region, the scale of technogenic transformation of the earth surface as a re-
sult of open cuts mining as well as the geoecological problems arising in this case are consi-
dered. Numerical geoecological assessment of sand quarries in Moscow region is also given.

Keywords: open cuts, mining, damage to the territory, disturbed lands, geoecological
assessment
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BeepneHue

I[06an MOJIC3HBIX HMCKOIMACMbIX COCTABJIACT BAKHYIKO YaCTh 3KOHOMMUMKU
MHOTHX TOCyAapcTB, BKItoUast Poccuto. Kpome moazeMHoi 1o0bIYM Hepeaka pas-
paboTKa OTKPBITEIM CIIOCOOOM, €CITU 3aJIeKH PACIIONAraloTCs CPABHUTEIHHO HE-
rryooko. Hapsimy ¢ skoHOMHYECKOH 3(P(HEKTHBHOCTHIO Kapbhephbl OTINYAIOTCS
CUJIBHBIM HCETAaTHUBHBIM BJIHUSIHUEM Ha BCE€ KOMIIOHCHTHBI Opr)KaIOH_ICﬁ CpCAabl.
[IpoGnema oLIeHKH BIUSHUS KapbepOB HA TEPPUTOPHIO MHTEpHAIMOHANbHA. W3y-
YEHUIO KaphepoB U CBA3aHHBIX C HUMH MPOOJIEM BO3JIEHCTBHS Ha OKPYKAIOIIYIO
cpeay MOCBSIIEHBI padOTHl MHOTHX aBTOPOB [ 1-7].

[Toutu Bce 3kcmuryatupyembie B [I0JMOCKOBbE MECTOPOXKICHUS pa3padaThl-
BAIOTCSI OTKPBITBIM CIIOCOOOM (C TIOMOIIBIO KapbepoB). TeXHOTEHHbIE N3MEHECHHUSI
Te0JIOTUYECKON Cpefpl MpU pa3pabOTKe MECTOPOKIEHUN 3aXBATHIBAIOT 3HAYH-
TEJbHBIE TEPPUTOPHH, MIPEBOCXOIAIINE TIIOMIAh TOPHBIX OTBOJOB, M BBHI3BIBAIOT
PAa3BUTHUC 3K30I'CHHBIX TI'C€OJIOTMYCCKUX MPOUECCOB, YaCTO HECBOMCTBECHHBIX JaH-
HOM TEpPPUTOPHH, a TaKXKe CIeNU(PUIECKUX TOPHOT€OIOTHUECKHUX MPOLIECCOB: Iy-
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YeHHe MOpPOJA B BhIPaOOTKax, pa3BUTHE TPEIIMHOBATOCTU B CKAJIbHBIX MOPOJAX
(u3BecTHsKAX, gojgomuTax) [8—10].

st cHY>KEeHMsI BOIOIPUTOKOB B Kapbepbl BO BPEMsI KCKaBaIlMHU MOJE3HBIX
HCKOMAEMBbIX YacTO HCHOJIb3YIOT 3aKOHTYPEHHOE BOJONOHMXKEeHHE. OTKaueHHbIE
BOJIbI BIUBAIOTCS HA MMOBEPXHOCTH B MOHMXKeHUs penbeda. [Ipu sTrom moryt 3a60-
JIAYMBAThCs MPUJIETaloIIie TEPPUTOPUM. YBEIMUYEHUE TUAPABINYECKOrO YKJIOHA
MeXay OOPTOM U JHHILEM Kapbepa BBI3bIBAIOT YCUICHUE YPO3UU TOBEPXHOCTHBIM
CMBIBOM M HapyllI€HHE €CTECTBEHHOI'O I'MJIPOJIOIMYECKOr0 paBHOBECHS. Y MEHbIIIE-
HUE TUIPABINYECKOTO YKIOHA PYCIOBBIX MOTOKOB MPUBOIUT K MX MOAIMOPY, 00-
Pa30BaHUIO 3aTOIJICHHBIX TEPPUTOPUN M MABOJKY Ha OKPYXKArOLIe MECTHOCTH.
W3mMeHeHns ruporeoJornyeckix yCIOBUM BIMSET U Ha APYyrHe MapaMmeTpbl reo-
nmoruueckoit cpeas [11-13].

B Goprax kapbepoB pa3BUBAIOTCSI OCBIIH, OMOJI3HU, SPO3HUs, MOSBISIOTCS Tpe-
IIMHBI OOKOBOTO OTHOpa. /IHO KapbepoB yacTo 3aTaruiMBaeTcs, oOpa3yst MHOTIA
OoJbIKe 03epa, B KOTOPBIX MPOUCXOAUT MOAMBIB Oeperos [1; 14]. OTu mporeccsl
Mpe/icTaBIeHbl Ha MpuMepe Kapbepa [3epkunckuii (puc. 1).

Puc. 1. zepxuHcknii kapbep. MNpouecchl B 6opTax kapbepa: 3aTonseHne, 3po3usl, 0CbInu, ONoN3HN
Figure 1. The Dzerzhinsky open cut. Processes on the open cut: flooding, erosion, scree, landslides

B mecuaHbIX Kapbepax MOJy4YHJIa MIUPOKOE pacrnpocTpaHeHue cyddosws,
KOTOpasi MPUBOJUT K HEYCTOWIMBOCTA OOPTOB KaphepOB U BOZHUKHOBEHHUIO OIAC-
HOCTH JIJIA paOdOTaOIIMX B HUX JIFOACH 1 MexaHu3MmoB [1; 15; 16].

OO6pa3oBaHre OTBAJIOB Pa3IMYHBIX (OPM, pa3MepOB U COCTaBa Mpeodpa3yeT
MOBEPXHOCTH U (JOPMHPYET JIEMEHTHI TEXHOTCHHOTO penbeda [14; 16].

3emiu, HapYIICHHbIE KaphEPaMU U COMMyTCTBYIOIUMU OTBAJIaMHU, CTAHOBSIT-
Csl YaCTO HENPUTOIHBIMH I JALHEHIIET0 UCTOIB30BaHUS B KAa4eCTBE CTPOM-
TENbHBIX IUIOMAA0K. HapyiieHHble TOpHBIE MOPOBI, IEPEMELIEHHBIH TPYHT, OT-
BaJIBI MPEJICTABIISIIOT U3 Ce0s1 TEXHOTCHHO M3MECHEHHBIC TPYHTHI ¢ HOBBIMU (DU3HKO-
MEXaHUYECKUMHU U (PU3UKO-XUMUYECKHUMH CBOMCTBAMU. DTO MPUBOJUT K HAKOI-
JICHUIO TEXHOTCHHBIX TPYHTOB C HOBBIMH HEOJArONMPHUSITHBIMH WHXCHEPHO-T'CO-
JOTUYECKUMH CBOMCTBAMH U 3arps3HEHUIO THIPOTEOJIOTHUYECKUX TOPHU30HTOB.
B BBIpabOTaHHBIX TIPOCTPAHCTBAX KAPHEPOB U OTBAIOB OOPA3YIOTCS HECAHKIIHO-
HUpOBaHHbIE cBaiku [17; 18].
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Kpome Toro, He TOJBKO caMH Kaphepbl, HO M UX HHPPACTPYKTypa OKa3bIBa-
10T HETaTUBHOE BJIMSHHUE HA SKOJOTUYECKYIO CUTYAIMI0 TEPPUTOPUU: pa3pyIIaeT-
Csl IOYBEHHBIN TTOKPOB, YTHETAETCA U YHUUTOXKAeTcsl pacTuTenbHOCTh. [llymoBas
Harpyska OT B3pBIBOB U pa0OTaloIIel TEXHUKU PACIyTUBAET )KUBOTHBIX, HETaTHB-
HO BJIMSIET Ha 37I0pOBbe HaceneHus [19].

B cBete BhIIecka3aHHOTO OIEHKA PacIpOCTPAHEHHOCTH KapbepoB B Moc-
koBcko# obsactu (MO) siBisieTcst HeOOXO0AMMOM 1 BakHOU 3amaveii. OgHaKo BOC-
CTaHOBJIIEHHE MEPBUYHOTO MPUPOJIHOTO OKPYKEHHUS HEOCYIIECTBUMO B peajbHOM
BpPEMEHH.

MaTtepuanbl u meToabl

B xauectBe mcrounHuka wH(GOpMAMH IS MPOBEICHUS OIEHKUA KapbepHOM
Harpy3ku Ha tepputoputo MO ucnonbp30BaHbl JaHHbIE U3 OQUIIUATBHBIX HUCTOY-
HUKOB: peecTpa NEPBUYHOM M MHTEPIPETHPOBaHHON nHpopManmu Exnroro ¢hon-
Jla Teosyiornueckoi mHbopMalmu o Henpax, ['ocynapcTBeHHOro kajacTpa MecTo-
POXIEHUHN M MPOSBICHUM MOJE3HBIX MCKOMAEMbIX, HHPOPMAIIMOHHBIX TOKIAI0B
MuHucTepcTBa NPUPOJHBIX PECYPCOB O COCTOSTHUU OKpY’Karollen cpeasl B Moc-
KOBCKOM pernone. OTcrosia ObUIHM TIOJYYEHBI TaHHBIE O HAa3BaHWUU M PACIIOIOXKE-
HUU OOBEKTOB yueTa, OCHOBHBIX M MOITYTHBIX TMOJIE3HBIX MCKOMAEMBbIX, KOJIHYE-
CTBE YUTEHHBIX Ha OallaHCce M B pa3pabOTKe MOJIE3HBIX UCKOMAEMbIX, CTPYKTYype
MHUHEPaIbHO-CHIPbEBOI Oa3bI.

B l'ocynapctBeHHOM Oanance mo MOCKOBCKOW 00acTU YHCITUTCS MOPSIKA
720 MecTOpOXACHHI O0IIepacIPOCTPAHEHHBIX IMOJIE3HBIX MCKOMAEMBIX C OOIIH-
MU 3aI1acaMy MPOMBIIIIEHHBIX KaTeropuit 6oiee 2 mapa m> [20].

N3 cBOgHOTO TOCYIapCTBEHHOTO peecTpa yuacTKoB Heap Exmnoro dhonna
reoJiornueckoil nHpopMaIuu ObUTH BBIOPAHBI MECTOPOXKICHHSI OOIIETPUHSATHIX
noJsie3HbIX uckomnaemeix (OITH).

MockoBckas 061acTe 00iagaeT MOIIHOW MHUHEPalbHO-CHIPhEBON 0a3oM,
BKJTIOYAIOIIEH MEeCTOpOKIeHUsI 18 BHIOB IMOJIE3HBIX MCKOMAEMBIX, C Mpeodiana-
HUEM B CTPYKTYpE TECKOB CTPOMUTEIBHBIX W MECYAHO-TPABUHHBIX TOPOJ, 00ITHe
3amackl KOTOPBIX cocTaBisaioT 1 mapa 296 muH (51,4 % oT obiero xKonmyecTa
3amacoB), U Topda ¢ GamaHcoBeiMH 3amacamu B 728,3 muH M (29,0 %); nanee
B MOpsi/IKe YObIBaHMS ceytoT: KupnuuHoe cbipse — 180,0 muH M (7,2 %), kap6o-
HaTHbIe niopoab! — 177,0 man M (7,0 %), kepaM3UTOBOE U TEPMOJIUTOBOE ChIPbE —
72,7 M M (2,9 %), TyromnaBkue riunabl — 58,0 miH M (2,3 %) [20]. [Ipouent-
HOE COOTHOILIEHHE MOJIE3HbIX MCKOMAeMbIX, NOOBIBAa€MBbIX Ha TeppuTOopuu Moc-
KOBCKOM 00J1acTH, MPeICTaBIeHO Ha pHC. 2.

Ha ocnoBe nannbix Enunoro ¢gonna reonorudeckoit mabopmaruu Obiia co-
CTaBJICHA KapTa-CXeMa PaclpOCTPAHEHHOCTH KaphepoB MO J00bIYE MOJIE3HBIX HC-
KomaeMbIX MOCKOBCKOHM o0OsiacTu, mpejactaBieHHas Ha puc. 3. [ mocTpoeHwus
KapT MpUMeHsIach reonHpopManuonHas cuctema ArcGis, KOTopasi UCIIOJIB3yeT
cryTHUKOBBIe AaHHbIe Landsat 1 MODIS u BBICOKOETaTbHYI0O KOCMHYECKYIO
CBHEMKY.

O06paboTka MaHHBIX BBIICICHUS PAOHOB C Pa3IUYHOM KaphepHOU HArpys-
KOU BBITMOJHSIACH CTATUCTUYECKUMU METOJaMU 00pabOTKH.
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)

Puc. 2. CTpykTypa M1HepasibHO-ChIpbEBO 6a3bl 06LLLEPACTPOCTPAHEHHbIX MOME3HbIX UCKOMAEMbIX:
dpyaue — Kepam3nTOBOE 1 TEPMOSIMTOBOE Chipbe (2,9 %), Tyronnaskme rvHbl (2,3 %) [19]
Figure 2. The structure of the mineral resource base of common minerals:
others — expanded clay and thermolite raw materials (2.9%), refractory clays (2.3%) [19]

0 25 50 100 km

Kapbepsbl
Open cuts

— Pekn
Rivers

Puc. 3. KapTta-cxema MockoBckort 06nacTy ¢ pacronoXeHem KapbepoBs Mo A06biHe None3HbIX MCKonaeMbix
Figure 3. The schematic map of Moscow region with the distribution of open cuts
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Jlnis pacyeToB MJIOTHOCTH KapbepoB M YAEIbHOH MJIOTHOCTH MCIOJIb30Ba-
JHCH cenyonme GopMyIIbl:
— K03((HUIIMEHT pacIpOCTPaHEHHOCTH D:

D=N/S,

rae S — miomans TeppuTopun; N — KOJIMYECTBO KapbepoB;
— yJieNbHas MJIOTHOCTh KapbEPOB:

1/D=N/S.

Jnst pacuera KapbepHOM HArpy3KHM HA TEPPUTOPHUIO BCS IUIOMIAAb MOCKOB-
CKOTO pervoHa Oblma pa3zouTa Ha 257 KBagpaTOB CO CTOPOHOM 15 kM M miomia-
110 225 kM2, JI1s KaXI0Tr0 eIMHMYHOTO KBAAPpaTa ObLIO MOACYUTAHO KOJTUUYECTBO
KapbepoB, OKA3aBIINXCS BHYTPHU HETO.

Pacnionoxenue kapbepoB B mnpeaenax MOCKOBCKOW pEernoHa MpeacTaBiIeHO
Ha KapTocxeme (puc. 4), CO3AaHHON MPU MOMOIIN TeOMH(POPMAIIMOHHBIX CUCTEM
Ha OCHOBE T'€0JIOTHYECKOM KapThl [21].

N

o s e
=] I
2 =l
s e
. w
s -

Puc. 4. l'eonornyeckas kapta nccnegyemMmomn Tepputopmun ¢ Kapbepamu:
omrJioXXeHus HeoeeH-tlemeepmutlHoﬁ cucmembl: 1 —neckn u FNNHbIL; Heoz2eHoBoll cucmembl: 2 — NecKu n FNNHbI;
Mernoeoul cucmemsl: 3 — BEPXHUI OTAEN: TPenerbl, MMHbI, NECKW, MECYAHNKU; 4 — HUXXHWUIA OTAEN: necku ¢ pochoputamu,
NeCHYaHVIKW, MNHbI; FOPCKOU CUCMEeMbI: 5 — BEPXHUIA OTAEN: TEMHbIE MMHbI U Neckn ¢ pochoputamu; 6 — cpeaHNin-BepPxXHUIA
OTAEN: MNHBI, NECKW, NECHAHVIKM; TepMCKOL cUCMEMbI: 7 — BEPXHWIN OTAEN: FMHBI; 8 — HUXKHWIA OTAEN: LONIOMUTBI, U3BECTHSIKU;
KaMeHHOYy2011bHOU cucmembi: 9 — BEPXHUIA OTAEN: N3BECTHSIKW, LONOMUTLI, NECTPbIE MWHBLI U Meprenu; 10 — cpefHuii oTaen:
V3BECTHSIKM U OSIOMUTbI C MPOCNOSMU FINH U Mepreneit; 11 — HUXKHWUIA OTAeN: U3BECTHSKW, MNHbBI, NECKU
Figure 4. Geological map of the study area with distribution of open cuts:
deposits of the Neogene-Quaternary system: 1 — sand and clay; Neogene system: 2 — sands and clay; Cretaceous system:
3 - upper section: tripoli, clays, sands, sandstones; 4 — lower section: sands with phosphorites, sandstones, clay; Jurassic system:
5 — upper section: dark clays and sands with phosphorites; 6 — middle-upper section: clays, sands, sandstones; Permian system:
7 — upper section: clay; 8 — lower section: dolomites, limestone; Coal system: 9 — upper section: limestones, dolomites, mottled clays
and marls; 70 — middle section: limestones and dolomites with interlayers of clays and marls; 77 — lower section: limestones, clays, sands
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K ciosim 4eTBepTUYHON CUCTEMBI IPUYPOUYEHBI CIEAYIOLIUE IOJIE3HBIE HC-
KOIlaeMble: JIETKOIIaBKUE TJIMHBI, OaJJIaCTHBIC, CTPOUTEIbHBIE U (POPMOBOUYHBIC
MIECKH, MECKH I CUJIMKAaTHOTO KUpIHYa, I'paBUil, BAlyHbI, H3BECTKOBBIE TY(BbI
Y MUHEpaJIbHBIE KpacKu. B ClI0sSiX MeNoBO#l cHCTEMBI 3ajeraloT Tpemneln, Gopmo-
BOYHBIE TIECKHU, PEXKE CTEKOJIBHBIE IIECKU U NIECUaHUKU. B c105X I0pCKOIl CHCTEMBI
BCTPEYAIOTCSA TYTOIUIABKHE TJIMHBI, ()OPMOBOYHBIE M CTEKOJBHBIC MECKH, MECKU
JUIS CWJIMKATHOT'O KHUpMHYa, NecyaHuku U dochoputsl. K ciiosiM KaMeHHOYTOJIb-
HOM CHCTEMBI MPHUHAJJIEKAT U3BECTHIKHU, JOJIOMUTHI U Mepreiau. OCHOBHbIE Me-
CTOPOKIECHMSI U3BECTHAKOB PACIPOCTPAHEHBI B LIEHTPAJIBHOM YacTh MOCKOBCKOM
o0xactu, OyAay4du pacmojOKEHHBIMHU TI0 AyTe ¢ 3amaja u ora. MecTopokaeHue
JIOJIOMUTOB PACIIPOCTPAHEHBI B CEBEPO-BOCTOYHOM YacTH peruoHa. M3BecTkoBbie
Ty(BI BCTPEYAIOTCS YacTO, HO 3aCITy’KHBAIOT BHUMAHHS TOJBKO B CEBEPHOW YacTh
30HBI. JIerKonIaBKUeE TJIMHBI PACIIPOCTPAHEHBI IOBCEMECTHO HAa CEBEPE, 3amlale
U I0re 30HBL. ['paBuil BCTpedaeTcs MOYTH UCKIIOYHUTEIIBHO HAa CEBEPE M CEBEPO-
3amnaje peruona [22].

PesynbTaTbl U UX 00CYyXAeHne

JI7is OLIeHKH paclpOCTPAaHEHHOCTH KaphepoB Oblla paccuMTaHa IMIOTHOCTH
xapbepoB Ha | km? (D). Bcero B MOCKOBCKOM PErMOHE HAXOMAATCS B pa3paboTKe
722 xapbepa N. C ydyeToM TOro 4YTO Iionaas MoCKOBCKOTO peruoHa S cocTaBiis-
et 44 300 kv, Ha 61,4 KM? IPUXOUTCS OJMH Kaphbep.

Puc. 5. CxemaTtunyeckasi kapTa NjIoTHOCTU KapbepoB B npeaenax MockoBckoi obnactu:
KapbepHasi Haepyska: 0 — oTcyTcTBYeT; 1 — cnabas; 2 — ymepeHHasi; 3 — NoBbILLEHHas; 4 — BbiCOKast
Figure 5. The schematic map of the open cuts density distribution in the Moscow region:
career load: 0 — absent; 7 — light; 2 — moderate; 3 - increased; 4 — high
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Puc. 6. l'eonorunyeckas kapta MockoBCKoOW 0651aCTh C 30HAMU KapbePHOW HAarpy3Ku:
OMIIOXKEHUST HeO2eH-4emeepmuyHol cucmemsl: 1 —NEecKu 1 FNHbI; HE02eHOB80U cucmeMbl: 2 — NECKW U FHBbI;
merogoli cucmembl: 3 — BEPXHWUIA OTAEN: TPenesbl, MWHbI, NECKU, MECHYAHWUKN; 4 — HUXKHWUIA OTAeN: necku ¢ pochoputamu,
NnecyYaHvKW, MHbI; KPCKOU cucmemMbl: 5 — BEpXHUI OTAEN: TEMHbIE MMHBI U Necky ¢ pocdopurTamu;

6 — cpenHWIA-BEPXHWI OTAEN: MNHbI, NECKN, NECHAHWKW; MTEPMCKOU cucmembl: 7 — BEPXHUIA OTAEN: MNHBI;

8 — HVXKHUI OTAEN: AONOMUTbI, USBECTHSAKN; KAMEHHOY20/IbHOU cucmeMbl: 9 — BEPXHUIA OTAEN: U3BECTHAKMW, AOIOMUTHI,
necTpble rvHbl U Meprenu; 10 — cpeaHWin OTAEN: U3BECTHSIKM U OSIOMUTbI C MPOCIOSIMU FIUH U Meprenei;

11 — HUKHWI OTAEN: U3BECTHSKM, [NNHbI, NECKW; KapbepHas Hagpy3ka: 12 — ymepeHHasi; 13 — noBbllLeHHast; 14 — Bblcokast
Figure 6. Geological map of the study area with zones of open cuts density distribution:
deposits of the Neogene-Quaternary system: 1 — sand and clay; Neogene system: 2 — sands and clay; Cretaceous system:
3 — upper section: tripoli, clays, sands, sandstones; 4 — lower section: sands with phosphorites, sandstones, clay;
Jurassic system: 5 — upper section: dark clays and sands with phosphorites; 6 — middle-upper section: clays, sands, sandstones;
Permian system: 7 — upper section: clay; 8 — lower section: dolomites, limestone; Coal system: 9 — upper section:
limestones, dolomites, mottled clays and marls; 70 — middle section: limestones and dolomites with interlayers of clays and marls;
11 — lower section: limestones, clays, sands; zones of open cuts density distributions: 12 — moderate load;

13 - increased load; 74 — high load

PacnpocTpaneHHOCTh KaphepoB, MOJy4eHHAs! B pe3yJbTaTe UCCIEIOBAHUMH,
nokasana cienyroiiee. CpeHssi BeIMYMHa YAEIbHON MIIOTHOCTH 17151 MOCKOBCKOTO
peruona coctasnser 0,016 xapbepoB Ha | kM, BeuuuHa BapsupyeT oT 0 IpH OT-
cyTcTBUM KapbepoB 10 0,084 kM? Ha TeX ydyacTkax, e Haxomutcs 19 kapbepos.
JlanpHelmas oneHka pacupeneiieHns TUIOTHOCTH KaphepoB MO TEPPUTOPUHU TIPO-
BOJIMJIACh C WCTIOJIb30BAHHUEM CTATHCTHUYECKUX MeToJ0B. Hanbosmblee KOIUYECTBO
KapbepoB, MPUXOIAIIMXCS HA IMHAYHBIA KBapaT, COCTaBUiIo 19, a HanMeHbiee — 1.
Ha yvactu Tepputopuu B eqUHUYHBIX KBaJapaTax Kapbepbl OTCYTCTBYIOT (B 96 00-
meit momanpio 21 600 km?). Takum 06pa3oM, peanbHas IIOTHOCTh D KaphepoBs
Ha ocTaBuieics mionaad MockoBckoro peruona (ruiomaab 22 700 KMZ) COCTaBUT
1 kapbep Ha 31,44 kMm%, uTO B 2 pa3a BhIIE CPETHEH.

g noctpoeHus: BU3yaabHOM MOJEIH TUIOTHOCTU MPUHSATO CIEAYyIOIIee Mpe-
TOJIOXKEHUE: OTCYTCTBHE KapbepHOU Harpy3ku — 0 KapbepoB; ciabasi Harpy3kKa —
1-5; ymepennas — 6—10; nmoBeimenHas — 11-15; Beicokas — Gonbire 15. Yucno
KapbepoB B CIMHUYHOM KBaJIpaTe OBLJIO OTHECEHO K IICHTPY KBaJpara U COOTBET-
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CTBEHHO BBIOpaHHBIM MHTEpPBajaM COCTaBJIEHA KapTa-cXeMa IJIOTHOCTH Kapbepos,
IIOCTPOEHHAs Ha OCHOBE JaHHbIX M3 EfuHoro ¢gonna reojormyeckoil MHPpopma-
LU U TI0 PACCUMTAHHOM aBTOpaMU BEeJIMUYMHE IIIOTHOCTH (pHC. 5).

Ha puc. 6 npeacrasieHa COBMEIIEHHAs KapTa-CXeMa KapbepHOU Harpy3ku u
re0JIOTHYECKON KapThl, IOCTPOCHHAsI HA OCHOBE reojorudeckoi kaptsl [20] u mmo
pacCYMTaHHOM aBTOPAMHU BEJIMYMHE TUIOTHOCTH.

Ha puc. 6 BunHO, uTo HauOoOJbIIAS HArpy3Ka MPUXOJUTCA Ha OTIOXKEHUS
CPEIHETO M BEPXHEr0 OTAEJIOB KAMEHHOYTOJIbHOM CHCTEMBI, K KOTOPBIM IIPUHA/I-
JIeKaT U3BECTHSIKHU, JOJOMUTBHI U MEpreiau. 30Ha NOBBILIEHHON Harpy3KH IpUypo-
YeHa K BEpXHEMY OTJEJly KaMEHHOYTOJIbHOM CUCTEMBI, Iie JOOBIBAIOT U3BECTHS-
KM U JOJIOMUTBI, & TAK)KE K OTJIOXKCHUSAM IOPCKOUW CHUCTEMBI, I'II€ PaCIIOIOKEHBI
MECTOPOXKICHHUS TYTOIUIaBKUX TIJIMH, CTEKOJIbHBIX MECKOB M (ochopuToB. 30Ha
YMEPEHHOU HAarpy3Ku MPUXOAUTCSA HA OTIOKECHHS IOPCKOW, KAMEHHOYTOJIBHOW U
HEOT€H-4YEeTBEPTUYHON cucTteM. K Cl0SIM 4eTBEpTUYHOM CHUCTEMBI NPUYPOYEHBI
JIETKOIJIaBKUE TJIMHBI, OaJIacTHBIE, CTPOUTEIbHBIE U (POPMOBOYHBIE MTECKH, TECKU
JUTSL CHITMKATHOTO KUPITNYa, TPABHiA, BATYHBI, H3BECTKOBBIC TY(DHI.

3aknyeHue

[IpoBenena oleHKa pacIpOCTPaHEHHOCTH KapbepoB B MOCKOBCKOM peru-
OHE M COCTaBJIEHA KapTa IJIOTHOCTH UX pacIpelesieHusl. Y CTaHOBIIEHO, YTO MaK-
CUMaJIbHOE paclpoCTpaHEHHE KaphepoB MPUYPOUEHO K 100bIY€ U3BECTHSAKOB, J10-
JIOMHUTOB U Mepreyieid KaMeHHOYTOJIbHON CUCTEMBI.
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AHHoTanus. PazpaboTaHa MeTo/IMKa, IIO3BOJISIONIAS BBITIOJIHUTD OLICHKY PaJUaIllHOHHOM
AKTHBHOCTH pajioHa-222 ¢ MOMOIIbI0 MaTeMaTHYECKOTO MOJCIHUPOBAHUS MPH MPOCKTHPO-
BaHHH XHWIbIX 3[IaHUH B COOTBETCTBUU C MPaBUJIAMM MPOCKTUPOBAHUSA MPOTHBOPAIOHOBOM
3aIIUTh. MeToArKa OCHOBAaHA Ha YUCJIEHHOM pelIeHWH ypaBHEeHUH nuddys3uu, Temnoos-
meHa, HaBpe — CTOKCa, JOMOJTHEHHOM COOTBETCTBYIOIIMMH MOJACISMHU TypOYyJIEHTHOCTH,
Ha4YaJIbHBIMU U FpaHI/I‘lHLIMI/I YCHOBI/IHMI/I, B HaCTHOCTH y‘II/ITLIBaeTCﬂ Hpouecc €CTCCTBCHHO-
ro pacrnaja, CeIMMEHTAIlUU pajioHa-222 B MOMeIleHWH. BeimonHeHa BepuuKanus MeTO -
KM JIJISl JKHAJIOTO MOMEINECHUS MHOTOKBAPTHUPHOTO JOMa, PACIIOJIOKEHHOTO Ha TEPPUTOPHH
Cankr-ITerepOypra. Mcnosib3oBaHue MPEITOKEHHON METOAMKHA pacyeTa MO3BOJSET BbI-
SIBUTH HamOoJiee pagualliOHHO «OIMACHBIe» MECTa B IMOMEIICHUH, PAIIMOHAIILHO OPTaHU30-
BaTh BO3JyXOOOMEH M KOH(HUIypaIHio MOMELICHHS, NPEAYIPEIUTh Pa3BUTUS «CHHAPOMA
OO0JIBHOTO 3IAaHUS» U T. [I.
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Abstract. In this paper, we have developed a method that allows us to evaluate
the radiation activity of radon-222 based on mathematical modeling in the design of residen-
tial buildings in accordance with the rules for designing anti-radon protection. The method
is based on the numerical solution of the diffusion, heat transfer, and Navier — Stokes equa-
tions, supplemented by appropriate turbulence models, initial and boundary conditions, in par-
ticular, the process of natural decay and sedimentation of radon-222 in the room is taken into
account. Verification of the method for residential premises of an apartment building located
on the territory of Saint Petersburg was performed. Using the proposed calculation method
allows you to identify the most radiation “dangerous” places in the room, rationally organize
the air exchange and configuration of the room, prevent the development of “sick building
syndrome”, etc.
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BeegeHue

Panon-222 npencrasnsieT coboit ras, He UMEIOIINI HU 1IBETa, HU BKyca, HU
3araxa, OMacHbI Ui )KUBBIX OPraHU3MOB BCJIEICTBHE €r0 KaHILIEPOTEHHBIX U pa-
JTMOAKTUBHBIX CBOMCTB. Pacnan sinep pagona-222 u ero 10YEpHUX U30TOIOB B Op-
raHu3Me 4elloBeKa CIIOCOOCTBYET MpOIeccaM, NMPUBOAAIIUM K JIYYEBBIM 0KOram
JIETOYHOM TKaHU U PaKy JIETKOrO0 — OJHOrO U3 CaMbIX PacHpOCTPAHEHHBIX BUIOB
OHKOJIOTHYecKHX 3aboneBanuii. Kpome Toro, KypeHue yCHiIMBaeT HETaTUBHOE BIIU-
SHUE paJlOHa Ha OpraHu3M ueioBeka. Pak jerkux, pa3BuBLIuiics mocie oOmyye-
HUSl PajloHOM-222, SBJSIETCS IIECTOM MO0 4acTOTE NPUYMHOW CMEPTH OT OHKOJIO-
THYECKUX 3a00JIeBaHMi, BRI3BAHHBIX HEOJIArONMPHUsATHON OKpYy Karotmen cpeaoi [1].

HcTouHnKN NpOHUMKHOBEHMS pajioHa-222 B KWble 3[JaHUS — MPUTOYHBIN
HapyXHBIA BO3/1yX, KyJla OH MONAaJaeT C 3¢MHOU MMOBEPXHOCTHU, U PaJMOAKTUBHBIE
CTPOUTEINbHBIE MaTEpPHAIIbl, IPEUMYIIIECTBEHHO U3TOTOBJIIEHHBIE U3 MUHEPAIbHOIO
ceIpbs. [Tockombky pamoH-222 TspKenee BO3IyXa, TO HaHOOBIIYI0 OMAaCHOCTh OH
MPEACTABISAET MPHU CKAIUIMBAHUM B HU3UHAX, MOJBAJIHBIX U ITOKOJIBHBIX MTOMEIIe-
HUSIX, HA HIOKHUX ATa)Kax 3/1aHui. 3aluTa 31aHUi OT PaIOHOBOTO M3TYUYEHHS JOKHA
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MpeIyCcMaTpUBaTHCS Ha dTale WX MPOSKTUPOBAHUS. B COOTBETCTBUY C MpaBUIaMH
MPOEKTHPOBaHUs npoTtuBopanoHoBoi 3ammtel CIT 321.1325800.2017, nHeoOxoau-
MBIM SIBJISIETCSI BBHITIOJTHEHHE pacueTa ero akTUBHOCTH B BO3/yXe MOMEIIeHHH [2].
OHAaKO CYIIECTBYIONINE METOIUKH SIBIISTFOTCS TIPUOMKEHHBIMA U JISTATBHO HE YIH-
THIBAIOT Takue (yHAaMeHTalbHbIE (DPU3MUECKHUE MPOIIECCHI, MPOTEKAIOIINE B BO3-
IYITHOW cpene, KaKk KOHBEKIHS, ceauMeHTarus, nuddysus, TermiooOMeH, ecre-
CTBEHHBIN PaIMOAKTUBHBIN pacmal.

TakuMm 00pa3oM, 1eTb HACTOSIIETO UCCIEOBAHHS — COBEPIICHCTBOBAHHE Me-
TOJIOB pacyeTa paAualliOHHONW aKTUBHOCTH PaZioHa-222 B KUJIBIX 3/1aHUSX.

MeToabi u pe3ynbTaTtbl UCCienoBaHusa

AKTHBHOCTh UCTOYHMKA MOHM3MpYIOIIETro u3nydenus 4, bk, onpenensiercs
o ¢popmye
dN
== (1)
dt
rae dN — oXujaeMoe 4MCIO CIIOHTAHHBIX SJIEPHBIX MPEBpAIIeHUN U3 JTAaHHOTO
IHEPTeTUYECKOTO COCTOSHUS; df — BpeMs, C.
B cooTBeTcTBUU C 3aKOHOM PaIMOaKTUBHOTO pacmajia

dN
e A — IOCTOSIHHAs pacmaza, ¢ |, 1 pagona-222 A =-2,0972-10 ¢! [3].
[HoxcraBus ypauenue (2) B (1) u noMmHOXHUB 00e yacTu ypaBHeHus (1) Ha
MOJISIpHYI0 Maccy Mr, pa3ienuB Ha yuciio ABoragpo Na U 00beM npocTpaHcTsa V,
TIOJTy4MM 3HaYEHHE yIeIbHOM aKTUBHOCTH a, BK/M>:

] Mr - —Mr AN _ —XC,
NgV NgV
W
a = —AN,c/Mr, 3)

IJie ¢ — KOHIEHTpaLys PauoaKTHBHOM puMecH, r/m>,

VYpaBHeHue (3) CBUAETENBCTBYET O JIMHEWHOM XapaKTepe 3aBUCUMOCTH MEKTY
YIEIbHOM aKTUBHOCTHIO M KOHIIEHTpAllUEeW paguoakTUBHOW puMecH. Torma pac-
YeT yAEIbHOW aKTUBHOCTU pajioHa-222 MOKHO MPOU3BOJUTH C MOMOIIBIO ypaB-
HeHus nuddys3un:

I(Wsa)

0 -
S+ V(aV — kyy,Va) - =2

+ia =1, 4)
- -
rne V =V (u; v; w) — BEeKTOp CKOPOCTH JBHIKCHHS BO31yXa, M/c; [ — aMHcCHUs
Bemectna, br/(Mm%c); kyy, = diag{ky; k; k,} — koo pument monexynsapHoi aug-
Gysun, s pagona-222 kx = ky = kz = 1,1:10-5 m2/c [4]; W, — CKOPOCTb OCeaHus
WK TIOJTheMa TIPUMECH B BO3/yXe, M/C, orpenenseMas o ¢popmye [5]
— 2 PrapP 2 (5)

=—_. r
s=9 Ty, 9T
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IJI€ Prasa — IWIOTHOCTh I'a3a, COCTABIAIOIET0 NPUMECh, KI/M>; p — IIOTHOCTH Cpe-
nsl (BO3MyXa), KI/M>; 1 — AMHAMHUEcKas BA3KOCTh cpenbl (Bosmyxa), Ila-c; g —
ycKOpeHHe cBOoOOJHOro majeHus, g = 9,81 m/c?; r — paauyc dacTHIbl (aToMa)
MIPUMECH, M.

Omuccus pajoHa / U3 CTpOUTENBHOTO MaTepHralia onpeaesnsercs Kak [6]

_ e g (4 [
I'= crap,E [2eth (d \/; ) 6)

T€ CRa — YIENbHAs aKTUBHOCTH paaus-226 B Marepuane cios, cra = 50 Br/kr;
Pv — TUIOTHOCTH CTPOMTEIHLHOTO MaTepuana, A TAHKENoro 6eToHa pu = 2200 kr/m>;
E = 0,16 — xoaddunueHT sMaHUpOBaHus pagoHa; D. — KodpduuenT quddy3nn
B MaTepuaie ciod, jis Tsukenoro 6etona D. = 7-107 m%/c [7]; € = 0,08 — nopu-
CTOCTh MaTepuana; d — MOJIOBUHA TONIIUHBI CJIOS MaTEepHaa, M.

OMHUCCHUIO paioHa-222, MOCTYNAIOMIEr0 B MOMEILIEHUS Yepe3 HEeIIOTHOCTH
OTpakIarIIe KOHCTPYKIIMH (OKOHHBIH OJIOK) C HApPY>KHBIM BO3IyXOM, MOHO
HaWTH KaK

I = a(anHOM/S' (7)

e ap — (pOHOBas aKTHBHOCTH pajioHa-222 B HAPYKHOM BO3Iyxe, dp = 7 Br/M>;
n — KpaTHOCTh BO3yX000MeHa, n = 9,72- 107 ¢! [8]; S — muomaap orpaxaaroniei
KOHCTPYKIHUH, M.

Ha HenpoHuIIaeMbIX MOBEPXHOCTSX 33Ja€TCS YCIOBUE U3OIISIIMNA/CUMMETPUH

7+ (ky,Va +aV) = 0. (8)

Ha ocranpHBIX TpaHuLax 3a4acTCsad IpaHUYHOC YCIIOBHUC «KOHBEKTHBHBIN
IIOTOK»:

n-(—k,,Va) = 0. 9)
_)
s pacdera BekTopa ckopoctd V (u; v; w) B NMOMEUICHUH HCIIONB3YeTCs

cucrema ypaBHeHuid HaBbe — CTOKCa M TEIUIONPOBOJIHOCTH B MpHOImKeHnu byc-
cuHecka — O6epOeka:

av - - - T
or =
pe, 2~ V(AVT) + pc, VT = @, (10)
_)
VIV =0,
p=p/(RT).

e po — MIOTHOCTh BO3/yXa, KI/M>, Ipu Hekoil paBHOBecHOi Temneparype To, K;
T — temneparypa, K; Pr — koo puLmenT TepMuueckoro pacumpenus so3ayxa, K-
p — naBnenue, Ila; ¢y — m306apHas termnoemMkocTs, J[x/(kr K); A — koadurment
TernonposoaHocTd B1/(M-K); O — ucTounuk uimm cTok Temna, Bt/m%; R — razosas
noctosinHas, ams Bo3ayxa R = 287 Jlx/(xr-K).
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HauanpHbie yCJioBUsA AJIst CKOPOCTHU U JaBJICHUA

V(t=0)=0, an
p(t=0)=0.

Ha HenmpoHMIIaeMBIX MOBEPXHOCTAX (CTEHAX) JUIsl CKOPOCTHU 3a/aeTcs Ipa-
HUYHOE ycioBue npuiunanus (Wall)
N
V =0. (12)
Ha BxonHnoil rpanune (Inlet) 3amaercst ycnoBue uisi CKOPOCTH ABMXKEHUS
Bo3ayxa. B cooTBeTcTBUM ¢ [9], MomycKaromMMu, YTO MPUTOK HAPYKHOTO BO31Y-
Xa B TIOMEILEHHUE SIBJIIETCS PAaBHOMEPHBIM Yepe3 BeCh OKOHHBIA OJIOK, CKOPOCTh
JBUKCHHSI BO3/TyXa HA BXOJHOW TPaHUIE MOXHO HAUTH 10 hopMyIie

V.=Ap/p,R, . (13)

CKOpOCTL MOCTYIUICHUA MPUTOYHOI'O BO3AYyXa NMPHUHUMACTCS paBHOMepHOﬁ
o BceH Iomaan OKOHHOI'O OJ10Ka U OmnpeaAcIsACTCA KaK

I = nV./S. (14)

VYder yganeHus Bo3ayXa U3 MOMEUICHUS 331a€TCs ¢ TIOMOIIbI0 TPAHUYHOTO
ycnous Outlet

p=0. (15)
I[J'IH pacucCToOB IIOJIA TEMIICPATYP 3a4aCTCs HAYaJIbHOC YCJIIOBUC TEMIICpATY-
pui T (¢ = 0) = 249,15 K.
VYyer paaualinOHHOT'O TGHHOO6MCHa MCKAY BHYTPCHHUMU ITOBCPXHOCTAMU
CTCH U UCTOYHUKOM TECIlJIa OCYHIGCTBJU[CTCSI METOOAOM CaAJIbA0 C ITOMOIIIBIO l"paHI/I‘-I-
HOT'O yCJIOBUA

7 (—\VT) = ¢ (’0;4 ~oT*), (16)

rae 1 — HOPMalbHbIA €IMHUYHBLIA BEKTOP K I'PAHUYHOM MOBEPXHOCTH, HAIpPaB-
JICHHBIM HaApy»Xy OT TPAaHUYHOM OOJACTH; € — CTENEHb YEPHOTHI MOBEPXHOCTH;
6 =5,6704-10 qx-c'-Mm2/K* — xoncranra Creana — bonbimana; Jo — paaua-
LMOHHBIN MOTOK, NOCTYHAIOIINI B TOMEILICHHE, Bt/m2.

Jns ydera TemnooOMeHa ¢ BHEIIHEH cpeloi Ha Hapy’>KHOM MOBEPXHOCTH CTEH
3/1aHUSA 33JJA€TCS YCIOBHE KOHBEKTUBHOIO Y PaIUAIMOHHOTO TEIIOBOTO MOTOKA

—n - (_}\'VT) = aH(Tinf)l (17)

rae Tinf — TEMIIEpaTypa Hapy>KHOTO Bo3ayxa, K; on — KodhGHuIreHT KOHBEeKTUBHO-
ro temnooOMeHa A HapyxkHOro Bosayxa, Br/(m?K), ompemensiemsiii mo [8]
(B BEIMYUHY Ol YK€ 3aJ7I0KEH YUeT BIUSHUS PAIUAIMOHHOTO TEINIO00OMEHA).

[TocTranoBKa 3aa4u MPUHATA CTAIIMOHAPHOM, €€ PEIICHIE BBITIOIHIETCS C
WCIIOJIb30BaHWEM MeTojia ycTaHoBiIeHus. [IporpaMMHas peanuzaiys MOJEIH BbI-
nonuena B cpene Comsol Multiphysics 3.5a s koMHaThl miomanaso 17 M2, pac-
MOJIO)KEHHOM Ha MEPBOM 3TaKe MHOTOKBAapTUPHOTO Aoma B [IpumopckoM paitoHe
Cankr-IlerepOypra. MectopacroiosKeHHe I0Ma yKa3aHO CTPENKON Ha KapTe YPOBHSI
00BEeMHOM pajioHa B CTaHJAPTHOM MoMenieHuu (puc. 1).
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¥poBeHbs 00 bEMHOW aKTHBHOC TH
padoHa B CTaHOAPTHOM NOM e EHHH

B fic it ma

foo-zon [ | Gezonackaa

200-300 [ | OTHOGMTENnEHo GeronacHad
a00-400 :l WMepaHHo onacHaa
aon-zoo0 [ cnacnaa

Puc. 1. MectopacnonoxeHue AomMa Ha kapTe YPOBHS 0O bEMHOI akTUBHOCTW paaoHa B CTaHAAPTHOM NOMELLEHNN
Figure 1. The location of the home on the map of the radon volume activity level in a standard room
Pesyana'rbl N ux chy)Kn,eHue

Ha puc. 2 npuBeneHs! pe3yabTaThl pacu€TOB CKOPOCTH JBUKEHHS BO3AyXa
U TEMIIEpATyphl B UCCIIENYEMOM IOMEIICHUH.

Max: 68 435

Slice: Terperature [°C]

Slice: Velocity field [m/s] Max: 0.296

Mn: 6.684

Puc. 2. Pe3ynbTaTthl pacyeToB CKOPOCTU ABUXEHNS BO3ayxa (a), M/C,
1 TEMMepaTypbl B UccnenyeMom nometleHum (6), °C
Figure 2. Results of calculations of air velocity (a), m/s, and temperature in the room under study (6), °C
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Ha puc. 3 npuBeneHsl pe3ybTaThl pacueTa yIelIbHbIX aKTUBHOCTEN pajioHa-222
B UCCIIEyeMOM MTOMEIIEHUH.

AHanu3upys pe3yabTaThl pPacyeTOB, MOKHO MPUNTH K BBIBOAY, YTO HauOO-
Jiee «OTACHBIMY») B TIOMEIIIECHHUS SIBJISIETCSI TPOCTPAHCTBO BOJIM3U IBEPHOTO ITpoeMa,
0COOEHHO Ha YpOBHE I0JIa, B CHIy Opra- Siee: Concentatin, ¢ b 18945
HU3AIUM BO3AyX00OMEHa B TOMEIIECHUH,
a TakXe TOro, 4To pagoH-222 Tsxesnee
BO3JlyXa U MUMEET OTHOCUTEIbHO HU3KOE
3HaYeHue KodPulreHTa MOIEKyIIpHOI
g y3un.

PacueTHass ynenbHass akTHUBHOCTH
panoHa-222 MeHee yeM B 2 pa3a INpEBbI-
LIAET CPEAHETOJOBYIO SKBUBAJIIEHTHYIO PaB-

HOBECHYIO O6’beMHyIO AKTUBHOCTH JOYCP- Min: 82757
HHUX IIPOAYKTOB pajJioHa U TOPOHA B BO31Y- Puc. 3. Pe3ynbTathl pacyeTa yaesbHbIX akTMBHOCTEN
o _ 3 pagoHa-222 B MCCneayeMoM nomeLleHnn, Bk/m®
XC NOMCIICHHH SPOA = 100 bx/m [10]' Figure 3. Results of calculation of specific activity
Tem He MeHee BO3MOXKHO U Iienecoolpas- of radon-222 in the studied room, Bg/m®

HO YMEHBIIUTh aKTUBHOCTh PaJloHa-222 B MOMENICHUHU C TTOMOIIBI0 YBEITHUCHUS
KpaTHOCTH BO3yX00OMEHa.
TpebyeMyro KpaTHOCTb BO3LyX00OMEHA 7irp, C | MOKHO HaliTh Kak [8]

n
o= o
oM TP (1))
rae /i — smuccus pagoHa-222 ¢ i-oi orpaxaaronieil KOHCTPYKIIMU, UMEIOIIEH TITO0-
WAk i, M%; Viow — 00bEM IOMENIEHHUs, M; np — TpeOyeMas akTuBHOCTE (DPOA)
panoHa-222 B MOMEIIEHUH.

B wacTHOCTH, 7151 Hamero npuMepa TpedyeMyro KpaTHOCTh BO3IyX000MeHa
CIle/lyeT TIOBBICHTH 10 7ip = 1,96-107 ¢!, uto moutu B 12 pa3 Bblllle HOPMATUBHOIA.
EnuncTBeHHBIN Hanbosee MpOCTOl M AOCTYIHBIN CIOCO0 YBEIWYEHUS BO3IYXO-
oOMeHa B TIOMEIICHUH — 3TO PETYJISIPHOE MPOBETPUBAHHUE.

3aknuyeHue

Pa3paborana mMeroanka, MO3BOJISAIONIAS BBIOJHUTE pacdeT paguallMOHHON
AKTUBHOCTH PaZlOHa Ha OCHOBE MAaT€MAaTHUYECKOI0 MOJECIUPOBAHUS IIPU MPOEKTH-
poBaHMM XWIbIX 30aHUN. Ee ucnoap3oBaHue NO3BOJISET BBISIBUTH HauOoJIee paan-
AllMOHHO «OITaCHBIE» MECTa B IIOMELICHUH, PALIMOHAIBHO OPTaHU30BaTh BO3AYXO-
00MeH M KOH(PUTYpAIHIO TIOMEIIEHHSI, TPEIYIIPEIUTh Pa3BUTHSI «CHHIpOMa 00JTb-
HOTO 31aHUs», BBI3BAHHOT'O OIIMOKaMU MPOEKTUPOBAHUS, YTO MPEJICTABISET MPAK-
THYECKYIO 3HAYMMOCTh B PEIICHNH 33734 IKOJIOTHYECKON 0e30M1acCHOCTH, 3€JIeHO-
IO CTPOUTENIBCTBA, TUTHEHBI.

Cnucok nuteparyphbl

[11  Darby S., Hill D., Doll R. Radon : a likely carcinogen at all exposures // Annals of On-
cology Journal. 2001. Vol. 12. No. 10. P. 27.
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[2]
[3]
[4]
[5]

[10]

CIT 321.1325800.2017. 3nanus *xwuiabie U oOmecTBeHHbIe. [IpaBuia MpOEKTHPOBAHUS
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Abstract. The paper aims at studying and analyzing the language implementation of
the development of people’s ecological consciousness in the present-day Russian and Eng-
lish-speaking media discourse environment. The modern media discourse has become an im-
portant source of various environmental lexical units which can affect people’s consciousness
and change their behavior in a more eco-friendly way. The research is based on two parallel
and opposite scientific approaches integrated in the media discourse which are ecologisation
and anthropocentrism. The study is built on the analysis of the language models of ecological
issues in different popular national and international media editions of Russia and English-
speaking countries; in TV documentaries; on YouTube channels; in eco-friendly bloggers’
speeches and texts. The findings of the research showed that the media discourse environment
is actively inculcating “green” ideas into people’s consciousness today both in Russia and
abroad. More people are trying to follow the conscious consumption lifestyle. The media lan-
guage is also becoming an important tool in introducing new environmental lexical units —
neologisms — which are easily disseminated in the media discourse space and are actively
being adopted by society. Overall, this research has confirmed the idea that the present-day
language of the media discourse space is a powerful mediator of a new life sustainable deve-
lopment philosophy which helps human consciousness evolve in an eco-friendly way and try
to make our planet a safer, healthier and more comfortable place for living.
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JkonornyeckKkoe co3dHaHue yenoseka B XXI Beke
M cnocoObl ero Bep6anunsauuu
B MeAnaaucKypCMBHOM NPOCTPaHCTBE
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P guslyakovani@cspu.ru

AnHortanmus. VccrienoBanue OpUueHTUPOBAHO HA M3YUYEHUE W aHAJTN3 SI3LIKOBOU peripe-
3€HTAalM PA3BUTHs 3KOJOTMUECKOT0 CO3HAHMS JIIOJIEH B COBPEMEHHOM PYCCKOSI3BIYHOM H
AHI'JIOA3BIYHOM MG)Z[I/IaI[I/ICKprI/IBHOM HpOCTpaHCTBe. CCFOI[HSI MeJII/IaJII/ICKpr — BaH(HbeI Uuc-
TOYHHUK PA3JIMYHBIX JIEKCHUYECKHUX EIUHUI], XapaKTePU3YIOIINX JKOJOTHI0 M OKPYKAIOUIYIO
cpeny, KOTOpble MOTYT OKa3bIBaTh BIMSHUE HA CO3HAHME JIFOJEH U KOPPEKTHPOBATh UX «3KO-
JIoTHUYecKoe» MoBeneHue. PaccmarpuBaercss 1Ba mapajuleNIbHBIX U OJHOBPEMEHHO MPOTHUBO-
MTOJIO)KHBIX HAYYHBIX IMOJAX0J2, (PYHKIHOHUPYIONIMX B COBPEMEHHOM DPOCCHICKOM H 3apy-
OC)KHOM MEJIUATUCKYPCE, — IKOJIOTH3AIUS U aHTPOIOIEHTpU3M. VccnenoBaHue CTpouTCs Ha
AHAJIN3C S3bIKOBBIX JOKOJOTHYCCKUX Moneneﬁ, I/IMHHGMGHTI/IpOBaHHLIX B pa3Hoo6pa3H1>1x
HallMOHAIBHBIX B MeXTyHapoaHbeix CMU Poccum m aHTTOSI3BIYHEBIX CTpaH, B JOKYMEHTAJb-
HBIX (WIbMax, Ha BUaeoXxocTHHTe YouTube, B BBICTYIUICHUSX U TEKCTaX «IKOJOTHYHBIX)
OsiorepoB. Pe3ynbTaThl MCCIEI0BAaHUS MPOJACMOHCTPUPOBAIM aKTUBHOE BHEIAPEHUE 3EJICHBIX
WJeH MOCPEJCTBOM MeauaJucKypca kak B Poccum, Tak u 3a pybexom. Bee Gosbiie smofeit
MBITAIOTCS BECTH CO3HATENHHO 30POBBIA 00pa3 KM3HH, H30eras 4Ype3MepHOro moTpeOIeHus.
Kpome Toro, meauanuckypc TakX e CTAHOBUTCS BaXXHbIM MHCTPYMEHTOM 3KOJOTHYECKHX
HEOJIOTU3MOB, KOTOPBIE JIETKO PACHpPOCTPAHAIOTCS B MEAMANPOCTPAHCTBE U YCIIEUIHO MHTE-
TPUPYIOTCS B POCCUHMCKOM M aHTJIOSA3BIYHOM O0IEcTBe. B 11e10M uccieoBaHue MmoITBEP U0
Hay4HOE MPEAIONIOKEHUE O TOM, YTO COBPEMEHHBIN MEIUAaAUCKYPC SBISETCS aKTUBHBIM CITO-
JBWKHUKOM HOBOH (UIOCOGUN YCTOWYMBOTO PAa3BUTHA, KOTOPAs MOMOTAeT YeIOBEUECKOMY
CO3HAHHUIO Pa3BHBATLCS B 00JI€€ SKOJOTMUECKH TPYKECTBEHHOM HAIPABICHUH M CTPEMHUTHCS
cIenaTh Hally MjaHeTy 0e30macHoi, 310poBoil 1 KOM(MOPTHOH 1JIsl MPOKUBAHUS YEJIOBEKa
XXI Beka.

KiioueBble cj10Ba: SKOJIOTHYECKOE CO3HaHHEC, B€p62UH/I3aLII/I}I, JICKCUYECKas €AUHNIA, pOC-
CUMCKHI MCOUAAUCKYypC, AHTJIOSI3BIYHBIN MEINAAUCKYpPC, TUBUIIU3ALUA TPECTHETO ThICAYCIICTHSA

Hcropus crateu: noctymuia B pegakiuro 13.10.2020; npunsiTa K myomikarm 25.10.2020.

Joas nurupoBanun: Guslyakova A.V., Guslyakova N.I, Valeeva N.G. Ecological conscious-
ness of the XXI century human and the ways of its verbalization in the media discourse
environment // BectHuk Poccuiickoro yHuBepcutera npy>x0bl HapogoB. Cepust: Dxonorus u 6e3-
omacHOCTh km3HeaesTensHocTu. 2020. T. 28. Ne 4. C. 370-380. http://dx.doi.org/10.22363/2313-
2310-2020-28-4-370-380
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Introduction

In the present-day world ecology has become one of the most essential issues
for discussion. Ecology is concerned with understanding the complexities involved
in the relationships between organisms, from individuals through populations and
communities to species and the biosphere, with their total environment [1]. The way
in which human civilization will go further, how it will be able to cope with the dif-
ficulties arising from the current environmental situation, directly depends on peo-
ple's attitude to this issue, that is from their environmental awareness. In recent
years global public concern over ecological problems and technological risks has
grown considerably. These concerns for the environment have become more or less
institutionalized in different fields of action: research and politics, economic ma-
nagement, product advertisement, education and, last but not least, private life.
The ecological discourse has generated new perspectives on problems, new institutional
forms of problem resolution and new standards of an “ecological correctness” [2].
These environmental standards are actively represented by the contemporary media
discourse environment. The media have a huge impact on people’s life. Mass com-
munication has always played a crucial role in connecting the world to an individu-
al, and provided opportunity for the individual to communicate with a wider audi-
ence on different significant problems including the relationship between people
and the environment. Nowadays when breakthrough advanced digital technologies
are revolutionizing human life on the planet, the media discourse environment is
actively exploiting them to make people voice their opinions on making the planet
a more sustainable place to live. The news about different ecological projects or
events spread like wildfire in the media discourse environment. The key concepts of
“being green”, living in “green buildings”, eating “green food” can be seen in social
media networks and on YouTube channels. Hence, we may assume that the media
discourse is becoming an instrument to promote environmental awareness among
the population and making impact on people’s ecological consciousness. Thus,
the main goal of this study is to perceive and analyze how the media discourse
space affects human ecological consciousness and make it develop constructively.
We hypothesize that the present-day media discourse has special triggers — lexical
units related to the environmental issues, the perception of which produces changes
in human comprehension of nature and ecological challenges in the 21st century.

The analysis of the ecological verbalized phenomenon in the media discourse
environment suggests the following objectives to set and solve:

1) to consider the influence of media discourse environment on the life of
society and people’s environmental consciousness;

2) to study the relationship between language and environmental consciousness;

3) to conduct a comparative analysis of the lexical units dedicated to the envi-
ronmental problems in Russian and English-speaking media discourse space which
produce a positive as well as negative effect on people’s ecological consciousness.

Materials and methodology

Media discourse and people’s environmental consciousness. Present-day
media discourse space enables people all over the world to interact and learn from
each other at a tremendous pace. Any object of reality today began to be recorded
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by consciousness as a media resource “encrypted” in the space surrounding a per-
son, that is, from the point of view of not only its cultural and everyday purpose,
but also its technological ability to be a media and its media potential [3]. New
forms of communication, with the help of new media, have not only brought peo-
ple but also communities together, thus contracting the globe into a village [4].

The outcome of such a change caused a major shift in the individual’s atti-
tude and outlook towards the social fabric and cultural setting that underpinned
the essential values and convictions deeply held by the individuals and society at
large. The development of new information technologies has entailed a powerful
impact on human consciousness. As a result, there is a formation of a stable de-
pendence of a person on information technology. “Technologies overlap a per-
son's intellectual environment — the way he thinks and looks at the world” [5].
Thus, the media discourse space of a current epoch has invaded all spheres of so-
ciety: politics, economics, art, science, sports, everyday life.

One of the most actual topics which is actively being discussed in the media
discourse space at the current moment is ecology and environmental issues. The media
discourse plays a crucial role as a source of information, in encouraging knowledge
and concern about nature and environmental problems. Presumably, the more in-
formed the public is about ecology and sustainable development the more likely
they will be to support politicians and policies committed to environmental protec-
tion. Therefore, it is crucial to investigate mass media contributions to the formation
of public environmental consciousness [6]. It is also important to notice that a sig-
nificant part of this contribution is based on the ability of the new media discourse
to verbalize ecological concepts which affect people’s consciousness and change
their behavior in a more eco-friendly way. And the language of the media discourse
possesses “an authoritative voice” which is not only a projection of people's ideas
about the future development of society and an individual, but also becomes an ac-
tive agent of influence on society and human nature itself [7].

Media language and environmental consciousness: relationship and inter-
action. Language is a social phenomenon and therefore is constantly influenced by
society, and in its turn influences social reality. Language construes the world [8]
and its impact on society is possible also because of energy contained in words as
nominative units of language. Words and elements of social reality are connected
not only in terms of content but also in terms of structure; they show a connection to
social phenomena behind them, which reveals the nature of their interaction. Names
possess a performative power (symbolic power; ability to become reality while being
pronounced) [9] and this power is actively implemented in the modern media dis-
course and what is more important in the media language itself.

One of the most crucial concepts today introduced in the media language is
the idea of sustainable development of the planet. The world is obsessed with eco-
friendly philosophy and lifestyle. Thus, the media language is being actively enriched
with a lot of ecological terms, notions and neologisms (e.g. respecting the envi-
ronment, bio-diversity, sensitive areas of the world, environmental data, etc.).
Such “deep ecologisation” [8] of the media language affects its another important
phenomenon which is anthropocentrism, that is the representation of the world
from the point of view of humans [Ibid.]. In our opinion, the interaction between
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these two phenomena — ecologisation and anthropocentrism — in the language makes
a significant impact on a person’s environmental consciousness. Then the ques-
tion is — what is meant by ecological (environmental) consciousness?

In general terms the ecological consciousness is understood as a reflection
of the psyche of a variety of man's relationship with nature, which mediate its
behavior in the “natural world”, and express axiological position of the subject
of consciousness in relation to the natural world [10]. The most important matter
in the definition of the notion “ecological consciousness” is that it is based on
the anthropocentric and ecocentric approaches which are regarded by a number of
researchers in the opposition towards each other [Ibid.]. The emphasis on one or
the other of these components often depends on the specific situation of environ-
mental risk, requiring the adoption of a decision [11; 12]. Nevertheless, both of
these aspects of the ecological consciousness are integrated and reflected in
the media discourse space by means of different language features. Since “words
are singularly the most powerful force available to humanity and people can
choose to use this force constructively with words of encouragement, or destruc-
tively using words of despair [13], the words dedicated to the actual ecological
problems and represented in the language of the media, have energy and power to
make changes in a person’s consciousness about his perception of the nature and
the environment. In the paragraph below our study will represent the findings of
the research on how verbalization of the environmental issues may affect the hu-
man ecological consciousness.

Results

The data were collected in both Russian and English-speaking media discourse
environment. The study covered the statistics on the representation of the ecological
information in the most powerful search engines — Yandex and Google. The analy-
sis of the research scoped the ecological lexical units introduced in the most popular
national and international media editions of Russia and the English-speaking world
(Great Britain, the USA, Canada, Australia and New Zealand) which are Komso-
molskaya Pravda, Arguments and Facts, Kommersant, Rossiyskaya Gazeta, Novaya
Gazeta (Russian Federation); BBC, The Guardian, The Daily Mail, The Telegraph,
The Independent, The Economist (The United Kingdom); CNN, The New York
Times, The Los Angeles Times, The Washington Post, The USA Today (The USA);
The Toronto Star, The National Post, The Vancouver Sun (Canada); The Australi-
an, The Canberra Times, The Sydney Morning Herald (Australia); The New Zea-
land Herald, Auckland Star, The Press (New Zealand). We also analyzed 100 dif-
ferent ecological documentaries and videos posted on a YouTube channel and re-
leased by the above mentioned media editions; Russian and English-speaking TV
channels as well as eco-bloggers and influencers.

The results of our study showed that the main goal of the media discourse is
to provide information to the ecological society through the dissemination of in-
formation about environmental problems and their solutions. “We are full of
bright ideas to solve ecological problems. So let’s act on them. There is hope in
the face of environmental crises. But we must all — farmers, citizens, politicians —
embrace change” [14].
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Within the framework of the media discourse dedicated to multiple envi-
ronmental problems, a large number of lexical means are used to disseminate in-
formation. They all carry a certain message and have the task of influencing
the reader's consciousness. According to the purpose of the statement and the ex-
pected result of the impact, all vocabulary can be attributed to the corresponding
clusters:

1) the personification of nature/planet, the expression of the attitude towards
it, as to a living being;

2) condemnation of human activities that have a negative impact on the en-
vironmental situation in the world;

3) call for humanity to lead an ecologically correct lifestyle.

When discussing the negative consequences of human impact on the world
in which we live, the following words and phrases prevail in the Russian media
discourse environment (see Figure 1).

Catastrophe 6%
Destruction 9%
Danger 5%

, Threat 5%

Figure 1. Lexical units characterizing natural disasters in the Russian media discourse space

Harm 7%

Damage 10%

Lose / loss
7%

Extinction 16%

For example, “OcHOBHON MPUUUHON dK0102UUecKoU Kamacmpogul Ha Kam-
YaTKe MOTJIM CTaTh TOKCUYHBIE BoJOpocin. OO0 3Tom 3asBuil nupektop MHCTUTYTA
ByJikaHosoruu u ceiicmonoruu JIBO PAH Anekceit O3epos, ciioBa KOTOPOTO
MPUBOJNT TpECC-CiIyx)0a pernoHansHoro npasutenscTBa” (The main cause of
the ecological catastrophe in Kamchatka could be toxic algae. This was stated by
the director of the Institute of Volcanology and Seismology of the Far East Branch
of the Russian Academy of Sciences Alexei Ozerov, quoted by the press service
of the regional government) [15].

“MHOXKeCTBO UCCIIEJOBaHHI TTOKA3bIBAET, YTO HAIlla PA30TPEBAIOIIASICS IJ1a-
HEeTa BIIOTHYIO MPUOIU3NIIACH K MIECTOMY Maccosomy svimupanuto” (A lot of re-
search shows that our warming planet is close to the sixth mass extinction). [16].

It is also important to pay attention to such a lexical unit as “ecoterrorism”.
This term has two meanings. The first one is “acts or threats of acts of a violent
character committed by radical eco-activists and ‘green’ groups against individuals
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or companies that, in their opinion, are guilty of environmental crimes (eco crimes)”.
The purpose of such actions is to both damage and change the public conscious-
ness, namely, to draw people’s attention to environmental problems in order to
contribute to their solution. The second meaning is “a crime against nature, deli-
berate damage to the environment on a large scale, its pollution and destruction”.
In the present-day media discourse, the term “ecoterrorism” is often used with
the second meaning.

For example, “Ka3anoce Obl, cOBCEM HEIAaBHO BJIACTH MPHOCTAHOBHIIN Pa-
00Ty IJIaBHOTO 9KoN0cUyeckoeo meppopucma’. Tak OTKyna TOT/Ia UCXOMIST BbI-
Opochl, ecnu uctouHuk JukBuauposaH?” (It would seem that quite recently
the authorities suspended the work of the main “environmental terrorist”.
So where do the emissions come from if the source is eliminated?) [17].

Within the cluster of words urging humanity to lead an ecologically friendly
lifestyle, several groups of words can also be distinguished in the Russian media dis-
course space. For example: ocosnanHOCTE/0co3HaHHBIH (mindfulness/conscious) (20%);
OTBETCTBEHHOCTH/OTBETCTBEHHBIN (responsibility/responsible) (22%); 6epeun/coe-
peratomuii (protect/careful) (20%); atuxa/>Trunsiii (ethics/ethical) (18%); pazym-
HOCTB/pa3yMHbIi (reasonableness/reasonable) (20%).

For example, “Ocosnannoe nompebnenue 8 mone” (Conscious consumption
in fashion) [18].

“CobntodeHue Hopm 3mMuKY ¥ 3aIUTHI SKOJIOTHH MPENoIaraloT nepeMeHbr”
(Compliance with ethics and environmental protection means change) [19].

As for the English-speaking media discourse environment which inspires people
to lead a more eco-friendly lifestyle, one should pay attention to such lexical con-
cepts as responsibility (1,080,000,000 Google results), consciousness (360,000,000
Google results) and care (8,460,000,000 Google results) (Figure 2).

N

Responsibility
26%

N

Care 69% Consciousness
5%

Figure 2. Lexical units characterizing individual’s eco-friendly attitude to the environment
in the English-language media discourse space

For example, “Other responsibilities of the green police include raising aware-
ness of environmental and waste management issues among the general public” [20].
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“The judges said despite significant obstacles — many parks have been closed
for long periods this year after bushfires in January — there was a wide variety to
the high-quality entries. ‘Their images inspire us all to appreciate, care for and
spend time in our national parks and nature reserves,’ the judges said” [21].

One of the most popular ecological concepts being promoted by the English-
speaking media discourse space and making a positive impact on the development
of human environmental consciousness is freeganism. Freeganism is an ideology
of limited participation in the conventional economy and minimal consumption of
resources, particularly through recovering wasted goods like food [22]. The word
“freegan” is a portmanteau of “free” and “vegan” [23]. This concept is also active-
ly promoted in different English-speaking TV programs and on a YouTube chan-
nel (5 days of Freeganism; Freeganism: living off trash; Freeganism — a solution
to food waste, etc.).

In the Russian media discourse space this ideology is not promoted but one
can come across some interesting news about this latest eco trend.

For instance, “HeuTto mogoOHOe HauepTaad Ha CBOEM JIO3YHT'€ HOBOSBJICH-
HBIE aMEPUKAHCKHE ‘MYCOPIIUKHN , IMEHYomme ceost gppucanamu. HazBanue cBo-
eMy IBIDKCHHUIO MOEIATeNId OTOPOCOB COCTPSIMAIH IyTEM CIUSHHS JIBYX CIIOB —
‘bpu’ (free — cBOOOIHBIN) U ‘BUraH’ (vegan — Beretapuanen). Ilo cBoei muueomo-
MM (pUTaHbl — aHTUKANUTATUCTEL. OHU TITy0OKO Mpe3uparoT oobeBIeecs o0rie-
CTBO, CTpajaroliee OT HecBapeHus kenyaka (Something similar was inscribed on
their slogan by the newly-minted American “scavengers” who call themselves
freegans. The garbage eaters concocted the name of their movement by merging
two words — “free” and “vegan” (from vegetarian). Freegans are anti-capitalists.
They deeply despise an overgrown society suffering from indigestion) [24].

How human ecological consciousness is going to evolve in the future directly
depends on the next generations and on their actions. Therefore, it is important that
each new generation possesses the correct environmental values. Thus, it is good
news that children and adolescents today actively express their environmental po-
sition. In addition to the world famous Greta Thunberg, there are other young ac-
tivists who are trying to draw the world's attention to existing environmental prob-
lems. Within the framework of this study, the Instagram pages of such young eco-
bloggers as: Isra Hirsi (@israhirsi), Licypriya Kangujam (@licypriyakangujam),
Leah Namugerwa (@namugerwaleah), sisters Amy and Ella Meek (@kidsagainstplastic)
were analyzed. They often use the words climate (climate change) and plastic in
their text and video messages. Hence, we can assume that the modern generation
sees the biggest environmental problem in climate change and the pollution of
the planet with plastic waste. And it is with these dangers that they urge to prima-
rily fight. Moreover, some of them use the lexemes already mentioned in our re-
search above to describe ecological problems through the personification of na-
ture, and censure human activity (e.g. destroying, killing, dying (dead), danger,
disaster). They also use the concepts save and help in relation to nature. Thus,
young people would like to say that modern humankind must act for the good of
the planet through ecological actions. Their posts focus on the discussions about
their activities, environmental goals, plans and results they have achieved. They
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often use such lexical concepts as encourage, motivate and inspire. Thus, with these
young people’s media activities, they motivate their subscribers to be active in
environmental issues, and try to change this modern world for the better.

Conclusion

Nowadays one of the most relevant and actively discussed topics in the me-
dia discourse environment is the problem of ecology, nature conservation and sus-
tainable development on the planet. This is due to the fact that humanity today is
facing a great number of ecological problems such as different types of pollution,
deforestation, global warming, hunger and poverty, pure and clean water deficit,
etc. To preserve the environment and stabilize the ecological situation, humans
need to take active measures at present. Therefore, how humanity will react to
these global problems and will be able to cope with all of them, largely depends
on people’s ecological consciousness.

Our research aimed at analyzing the role of lexical means used in the con-
temporary Russian and English-speaking media discourse space in the formation
and development of human environmental consciousness.

Our findings revealed that there is a close relationship between language
and a person’s ecological consciousness as well as a significant role of the media
discourse as an important source and influencer of multiple eco-friendly concepts,
ideas and beliefs.

The study of the lexical tokens represented in the media discourse space de-
monstrated a great interest of the modern society in the discussion of environmen-
tal issues and constructive ways of their solution. This fact may indicate a signifi-
cant step in the increase of people’s environmental awareness both in Russia and
abroad. Besides, new lexical units — ecological neologisms — are actively appea-
ring in the media discourse today due to new breakthrough scientific achieve-
ments, the emergence of new information in the field of ecology, and, in principle,
with the development of the ecological knowledge. This fact again testifies to
the evolution of environmental consciousness in society.

Thus, we may conclude that the present-day media language as well as
the media discourse environment itself have become a great trigger in the promo-
tion of vital ecological values which influence the human understanding of them-
selves as an integral part of the third millennium civilization who must raise their
ecological consciousness to preserve the planetary heritage of our ancestors and
pass on a more sustainable ideology to future generations.
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AnHoTanusi. B Hacrosiiiee Bpemst IJIsl SKOJIOTUIECKUX HCCIIEIOBAHUI IMPOKO MCIOIB3Y-
IOTCSL pe3yIbTaTHl (POTOrPAMMETPUICCKOH 00pabOTKH CHUMKOB, IIOTyYSHHBIX ¢ OCCITHIIIOTHBIX
nertateiabHbIX anmnapatoB (BITJIA), — opTodoronnansl, HUppoOBEIE MOETHU penbeda U T. 1.
Taxue MaTepranbl 0COOEHHO aKTyalIbHBl M BOCTPEOOBAHBI IIPH HKOJIOTMIECKOM MOHHUTOPHHTE
TPYAHOAOCTYIHBIX 00beKTOB. Kpome toro, marepuansl ceeMku ¢ BIIJIA He3amMeHUMBI pU
HMMIIAaKTHOM MOHMTOPHHIE, KOTJa MPOBOASTCS HAOIIOACHHE, OLIEHKA U MPOTHO3 COCTOSHUSA
IPUPOIHOI Cpedbl B paioHaX PacIoyIOKEHHs OMAcCHBIX M MOTEHIHaIBHO onmacHbIX (ADC)
HCTOYHUKOB aHTPOIIOTEHHOTO BO3AelcTBHs. He3aBucuMO 0T crocoba reono3uInOHIPOBAHIS
CHUMKOB — MPSIMOTO MJIM KOCBEHHOI'O — OLIEHKA TOYHOCTH CO3JIaHHOTO MPOAYKTa BBIMOIHAET-
Csl TI0 Ha3eMHBIM KOHTPOJIBHBIM TOUYKaM. Llenb uccienoBanus — OLEHUTh TOYHOCTH (poToTrpam-
METPUYECKUX MOCTPOCHHUH B 3aBUCUMOCTH OT KOJMYEeCTBa MapmIpyToB mpu cbemke ¢ BITJTA
JHHEHHBIX 00BEKTOB M OT KOJHYECTBA OMOPHBIX TOYEK, UCIOJIB3YEMBIX IPU KOCBEHHOM
reono3uIMOHUPOBaHUH. [IpOBEJICHO MATH TPYII AKCIIEPUMEHTOB IO TPU B KXKAOH IpyMIIe C
Pa3NUYHBIM KOJIMYECTBOM MapUIpyTOB (OT OXHOTO A0 Tpex). [IaTh rpymm yciaoBHO o0benuHe-
HBI B JIB€ CEKLMHU. B nepBoil cekunu ncnosab30BajuCch METOIbI IPSMOIO U KOCBEHHOT'O T€0IO-
3ULIMOHUPOBAHUS C TPEMS JIOKAIBHO PaCHOJIOXKEHHBIMH ONIOPHBIMHU TOUYKaMH. Bo BTOpoO# cek-
LMK UCIIOJIB30BAJICS METOJ KOCBEHHOI'O I'€ONO3UIIMOHUPOBAHUSA C Pa3IMYHbIM KOJINYECTBOM
OIMOPHBIX TOYEK: IIECThbIO, IBEHAALUATHI0 U TPUALUATH YeThbIpbMs. OLIEHKH TOYHOCTH pa3iuy-
HBIX TECTOB IOKA3aJiM, YTO HE BCETJa YBEJIHMUEHUE KOJUUECTBAa MapUIPyTOB BEAET K MOBBIILIE-
HUIO TOYHOCTH.
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Abstract. At present, the results of photogrammetric processing of images obtained from
UAVs (orthophoto mosaics, digital elevation models, etc.) are widely used for environmental studies.
Such materials are especially relevant and in demand for environmental monitoring of hard-to-reach
objects. In addition, UAV survey materials are indispensable for impact monitoring, in which obser-
vation, assessment and forecast of the state of the natural environment in areas where hazardous and
potentially hazardous (NPP) sources of anthropogenic impact are located are carried out. Regardless
of the method of georeferencing of images — direct or indirect — the accuracy of the generated pro-
duct is evaluated by ground control points. The purpose of this study is to assess the accuracy of pho-
togrammetric constructions depending on the number of strips when surveying linear objects from
UAVs and on the number of control points used in indirect georeferencing. Five groups of experi-
ments were carried out during the study, three in each group with a different number of strips (from
one to three). Five groups are conventionally combined into two sections. In the first section, direct
and indirect georeferencing techniques were used with three locally located control points. In the se-
cond section, the method of indirect georeferencing was used with a different number of ground con-
trol points: six, twelve and thirty-four. Estimates of the accuracy of various tests have shown that
an increase in the number of strips does not always lead to an increase in accuracy.
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BeepgeHue

B nocnennee BpeMsi aspoOTOCHUMKH, MOTydaeMble ¢ OSCIMIOTHBIX JeTa-
TENBHBIX aMlapaToB, HAXOAAT NPUMEHEHHE B PA3IMYHBIX 00JIACTAX XO3SHCTBEHHON
NEATEIIBHOCTH, TAKUX KaK yIIPaBJICHUE NPUPOAHBIMU PECYpPCaMH, IPOCTPAHCTBEH-
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Hasl SKOJIOTHs, SKOJIOTMUECKUI MOHUTOPHUHT U T. 1. [ 1-3 ]. Tpexmepnoe (3D) moze-
JHUPOBAHHUE OKPY’KAIOIIEH CPebl ¢ MOMOIIBI0 HU(PPOBBIX (POTOrPAMMETPUIECKUX
CHCTEM BBI3BIBACT PACTYILMI MHTEpPEC KaKk B Hay4yHOH cdepe, Tak U HA MPOU3BOJI-
crBe. B OonpinmHCTBE ciyvaeB uH(popMmarus, conepxaiiascs Ha cHUMKax ¢ BITIA,
TpedyeT reonpocTpancTBeHHOIN npuBszku. BIIJIA, ncnons3yemble B kauecTBe HO-
cUTeJe CheMOYHOM anmnapaTypbl, JOKHBI 00J1aAaTh ONpeAEICHHBIMU XapaKTepH-
CTHKaMHM, KOTOPBIE CIIEYeT YUUTHIBATh IPU UX pa3paboTKe U IPUMEHEHUN.

OO6bryHO pazpabotka BIIJIA HaumHaercsi ¢ BbIOOpa MaTOpMBI, a TAKKE COB-
MECTUMBIX C HEH ChEMOUYHBIX CHCTeM M cucteM HaBuraiuu. [Ipu BeiOope miart-
(opMBbI HEOOXOAUMO YUUTHIBATh IPY30MOABEMHOCTD, JaJIbHOCTD MOJIETA, CTEIICHD
aBTOHOMHOCTH. B HEKOTOPBIX MCCIIEA0BaHUAX MCIOJIB3YIOTCS MPEJBAPUTEIHHO
ykomiuiektoBanHbele BITJIA, nanpumep AscTec Falcon [4], Aeryon Scout [5],
SenseFlyeBee [6]. Takue cucrembl o0ecriednBarOT 0€30IaCHOCTh U MPOCTOTY IKC-
IUTyaTalyy, 0JJHaKO MeHee I'MOKH IpU BBIOOpPE U HACTPOMKE yCTaHABIMBAEMBIX HA
HUX HUPPOBBIX ChEMOYHBIX CHCTEM.

Hatunky HaBuramuu B BITJIA BeimonHSAIOT 1Be GYHKIMH: aBTOMUIOTHPOBA-
HUe TIaTGOopMBl U OMpeNeTeHHe PJIEMEHTOB BHEIIHEro opueHTupoBanus (3BO)
n300pakeHni. BrICOKOKaYeCTBEHHbIE HHEPIMAIbHBIE HABUTAIOHHBIE chcTeMBbI (INS)
MOTYT HCIIONB30BATHCS ISl HCKIFOUEHUsI HEOOXOUMOCTH B HA3€MHBIX OMOPHBIX
TOUYKAX U JAOCTH)KEHUS JOCTATOYHON MPOCTPAHCTBEHHOW TOYHOCTH IOCPEICTBOM
npsimoro reomno3unonnpoBanus (DG) [7].

OnHako cUCTEMBl TIOTPEOUTENTBCKOTO YPOBHS MPEANOUTHTENbHEE, YUUTHIBAs
CTOMMOCTB M OTPaHUYEHUSI JOCTYTIa K 0a30BBIM CTaHIIHSM, HE3aBUCUMO OT UCIIONbB3Y-
eMoro MeToaa: audhepeHInaTbHOTO WM OTHOCUTENBFHOTO 10 U3MEPEHUsIM (a3bl He-
CyllIel B peXUME CTaTUKU WJIM KUHEMAaTHKH, a TaKKe MPUMEHEHHs MOCTOOPaOOTKU
WM ONPEIEIICHUsT KOOPAMHAT B PEXKUME pealibHOro BpemenH [8; 9]. B takux cucre-
Max MOT'YT OBbITb IPUHATHI PA3IMYHbIE CTPATETUH AJISI TOBBIILIEHHUS TOYHOCTH TO3ULH-
OHHMPOBAHMSI, HAIIPUMEP 3aMEHA HeKauyeCTBEHHbIX HaHHbIX GPS o BhicoTEe Ha M3Mepe-
HUS BBICOTBI C TIOMOIIBI0 OapoMeTprueckoro ambrumerpa [10]. TouHocTs mpsiMoro
reONO3ULIMOHUPOBAHMSI 3aBUCUT OT TEXHUUECKHX XapaKTEPUCTUK KOMIOHEHTOB INS
Y TOYHOCTH KamHOpoBKH aTdopmMbl. Kpome Toro, BaykHa cxema MHTETpalii CUCTe-
MBI, TOCKOJIBKY OHa KOHTPOJIMPYET CHHXPOHU3ALIMIO MEXTY IaTINKaMU U300paKeHHs
Y HaBUranuei. B 3aBUCUMOCTH OT CKOPOCTH TOJIETa U TOYHOCTH u3MepeHuid INS 3a-
JIEp’KKa MEXTy MOMEHTOM 3KCIIOHMPOBaHUS U MOMEHTOM orpenenenus OBO moxer
BBI3BATh CEPhE3HBIE OTKIIOHEHHS TO3UIIMOHUpoBanus [7; 11].

B cnyuae ucnonp3oBaHMsS METOJ]a KOCBEHHOTO T€OMO3UIIMOHUPOBAHUS 0C000€e
BHUMAaHHUE CJEIyeT YAeNATh TakuM (aKTopam, Kak TOYHOCTH COTJIACOBAHUS M300-
pakeHUil B HECKOJIIBKHX paKypcax, CaMOKaJTHOpOBKa KaMepbl U TOYHOCTH OMpese-
JIEHUS] KOOPJMHAT OMOPHBIX To4YeK. KpaTko o0cykaaeMblil B HECKOJIBKUX HCCIIE0-
Banusx meton [10; 12; 13], ucnonb3yemsblil A ONpeaesieHus MECTOMOIOKEHUS
OTOPHBIX TOUEK HA M300paXKEHUSAX, U KOHPUTYpAIUs PACTIONOKEHHS OTIOPHBIX TO-
YeK TaKXKe SBISIOTCS BXHBIMU (DaKTOpaMH B OIPEACTICHUN OKOHYATEIbHON TOY-
HOCTH KOCBEHHOT'O I€ONO3MIUOHUPOBaHMs. COOTBETCTBEHHO, ONTUMAIILHOE pPacIo-
JIO’KEHHE OTIOPHBIX TOUEK, HEOOXOAMMOE JUTS TOCTH)KEHHS ONPEAETICHHOTO YPOBHS
TOYHOCTH, SIBJISIETCS] CEPhE3HON MPoOIEMOii TpH (POTOTpaMMETPUUIECKON 00padOTKe
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caumkoB ¢ BIIJIA. Crenumanm3upoBanHoe (OTOrpaMMETPHYECKOE MPOTPaMMHOE
obecrieuenne i 06paboTku cHUMKOB ¢ BITJIA ycTanaBimBaeT MUHHUMAIbHOE KO-
JMYECTBO OMOPHBIX TOYEK B CIIEIMATBHON KOH(PUTYpAIUU U C OTPAaHUYEHHOH TOY-
HOCTBIO MTO3ULIMOHUPOBAHUA. ['apaHTUs TOro, YTO OCHOBAHHBIE HA ITHX YCIOBHAX
pe3ysbTaThl MOTYT YJIOBJIETBOPATH TPEOOBAaHUSIM 33/JIaHHON TOYHOCTH, 00ECHeyu-
BAETCsl HAIMYMEM alIPUOPHOTO 3HAHUSI OKOHYATEIIbHONW TOYHOCTH.

Uro kacaeTcs JaTYMKOB M300pakeHus1, IU(poBasi KamMepa BUAUMOro JMara3o-
Ha C BBICOKUM pa3pelIeHHEM SBIISETCS KIIOUEBBIM 3JIEMEHTOM AJs (pOTorpaMmer-
puueckoro kaprorpaguposanusi. HecMoTpst Ha nperMyIiecTBa HEMETPHUYECKHX 1H(-
POBBIX Kamep, TaKue Kak HU3Kasl 1IeHa, JIETKUI BEC U BBICOKOE pa3pelIieHne, HecTa-
OWIBHOCTh UX OOBEKTUBOB M KPEIUICHWH JATYMKOB MO-TNPEKHEMY BbI3BIBAET CO-
MHEHHUE B 11€1ec000pa3HOCTH MX HMcnoib3oBaHus npu ckeMmke ¢ BITJIA. Cnenosa-
TENIbHO, JTOJDKHA BBIIOIHATHCA KaIMOpOBKAa KaMepbl JUIs ONpPENeSICHUs] JIEMEHTOB
BHyTpeHHero opueHtupoBanus (IO) m mapameTpoB HCKa)KEHUS HMI€ATbHON IIEH-
TpajabHOU npoekuuu. Korpa tpebyercs MeTpudeckas TOYHOCTb, PEKOMEHAYETCs
aBTOHOMHasl KanuOpoBka kamepsl [14]. OgHako nmapamerpbl odiaaiH-KaauOpOBKU
HE3HAYUTEIBHO MEHSIOTCS BO BpeMsl MOJIeTa U3-3a BHOpaIuii miaThopMbl U HeCTa-
OMJILHOCTH KOMIIOHEHTOB KamMmephl [15]. Pemenuem 3Toit mpoGieMsl sBIsSeTCS Ka-
TUOpPOBKa KaMephl IyTeM BKJIFOYEHHUS €€ CUCTEeMAaTHYECKUX TOrPEeIIHOCTel B Kade-
CTBE JIOTIOJIHUTENIbHBIX NTAPAMETPOB K PEryJIMPOBKE CBSI3KU AHTEHHBIX OJIOKOB, U3-
BECTHON Kak caMOKaIuOpoBKa. TeM He MeHee MOrpelIHOCTH U3MEPEHHsI KOOPIUHAT
TOYEK M300paXKEHUSI MOTYT TIOBJIMATH HA TMapaMeTphl KAIMOPOBKH, IMTOCKOJIBKY BCE
OHHU ONPEAETAIOTCS BMECTE ¢ HEU3BECTHBIMHU IIapaMeTpaMM, TAKUMHU KaK KOOpIU-
HaTbl CBSA3YIOIIMX TOYEK B IMPOCTPAHCTBE OOBEKTA M JIEMEHTHI BHEIIHETO OPUEH-
tupoBanus (OBO) [16].

B pabote npoBeneHO cpaBHEHHE TOYHOCTH (POTOTPaMMETPUUECKUX TTOCTPO-
€HUIl B 3aBUCUMOCTH OT KOJIM4YEeCTBAa MapHIpyTOB Npu cbeMke ¢ BIIJIA nunHeiHbIx
00BEKTOB U OT KOJIMYECTBA OMOPHBIX TOUYEK, UCTIOIb3YEMBbIX IIPU KOCBEHHOM I'€0-
MO3ULIUOHUPOBAHUH.

MaTtepuanbl u meToAabl

Paiion nposedenus uccreoosanus. ViccnenoBanus MpoOBOAMIMCH Ha HAYYHO-
yuebHoit 6ase ['opHoe ['ocymapcTBEeHHOTO yHHMBEpCHUTETa TIO 3eMJICYCTPOMCTBY, pac-
TMOJIOKEHHOM Ha rore MockoBckoit obnactu. [hnommans cremkn coctapiser 900x90 m2.

Mamepuanvl. A3podoTocheMKa BBIOIHIACEH ¢ Ucnoib3oBanueM BITJIA DJI
PHANTOM 4 PRO (puc. 1). beina npoBeaeHa TpexMapuipyTHas a3popoTocheMKa
u nonydero 502 caumka. [nmHa xaxmoro mapmpyTta — 900 M. Beicota doTorpa-
¢dupoBanus oxono 30 M. I[IpoctpancTBenHoe paspemienue (SR) oxomo 1 cm. B uc-
CJIEZIOBaHUM HCIOJIBb30BAIUCH 34 ONOpPHBIE TOYKH, PABHOMEPHO pacIlpe/ieiICHHBIE
rpynmnamu o Bced Teppuropun. Kaxknas rpynmna cocrosia U3 TpeX ONMOPHBIX TOUEK,
rpymnsl OblIM pacnpeneneHsl uyepes kaxasie 50-100 M Brons mapupyta (900 m).
PaccTosiHus Mexy TOUKaMy B KaXJ0W IPyMIe ONOPHBIX TOUEK COCTABIISIA OKOJIO
20 M no mmpune mapuipyta (90 m). Tpu onopubie Toukn (48-2, 50, 51), koTopbIe
HCIIOJIb30BAJIUCh B PA3JIMYHBIX METO/IaX I'E€OMO3UIIMOHUPOBAHNUS, HAXOAWINCH Ha
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JIEBOM Kparo 00JIaCTH MCCIIEIOBAHUS, KaK MoKa3aHo Ha puc. 2. [lapamerps! kaauo-
poBku Kamepsl npencrasieHsl B Tabn. 1. RTK-GNSS, nByxuactorasie GPS-nipuem-
Hukn Trimble R4 mucnosp30Bamich Jis ONpEIeIeHUsT KOOPIMHAT Ha3eMHBIX OIOp-
HbIX Touek. s (oTorpamMmerpuueckoit 00pabOTKH JAaHHBIX MPUMEHSIIOCHh MPO-
rpamMHOe obecnieuerne Agisoft PhotoScan Professional.

Puc. 1. BINJ1A DJI PHANTOM 4 PRO
Figure 1. UAV DJI PHANTOM 4 PRO

Puc. 2. PacnonoxeHve MapKMPOBaHHbLIX ONOPHbIX TOYEK B pa|7|0He ncenenoBaHnaAa
Figure 2. The distribution of ground control points on the study area

Tabnuya 1
MapameTpbl KAIMOGPOBKU CbEMOYHOI Kamepbl
Ha3BaHne CbeMO4HON kKamepbl FC220 (4,73 mm)
naBHoe PpOKYCHOE paccTosHne 4,73 MM

LnpuHa matpuusl 4000 nukcenen

LnpwuHa nukcensi = 0,0016 mm
PaspeluatoLias cnocobHOCTb

BbicoTta maTtpuubl 3000 nukceneri

BbicoTa nukcens = 0,0016 mm

®dokycHoe paccTosHue c=4,6501 Mmm
. X, =0,0305 mm
KoopanHaTbl rnaBHOM TOHKM
¥o=0,0165 mm
K1=-8,31719¢™™
KoadduumeHTsbl paamanbHoi AucTopcumn K2 =-3,16310e™*

K3=3,91019¢
P1=3,06539¢e*
P2 =1,40033¢™

KoaddrumeHTbl AeLeHTPUPYIOLLLETO NCKAKEHNS
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Camera calibration parameters

Camera name

FC220 (4,73 mm)

Focal length 4.73 mm
width = 4000 pixels
pixel width =0.0016 mm
Resolution

height = 3000 pixels
pixel width =0.0016 mm

Principal distance c=4.6501 mm
L . X, =0.0305 mm

Principal point offsets
¥o=0.0165 mm

Coefficients of radial distortion

K1=-8.31719¢™**
K2 =-3.163106™"
K3=3.91019¢

Coefficients of decentering distortion

P1=3.0653%¢*
P2 =1.40033e™

Table 1

OKcrepuMeHTalbHble PAa0OThl MPOBOAMINCH [T U3YUYEHUS BIMSHUS KOJIH-
YeCTBAa MAapUIPYTOB B MPOTSHKEHHBIX JIMHEMHBIX IIPOEKTaX Ha TOYHOCTh I'€ONO3H-
LIUOHUPOBAHMsI CHUMKOB, MosyuyeHHbIX ¢ BITJIA u BKiItoueHHBIX B hoTOrpammer-
pudeckyro 00padoTky. PesynbraTel nmpuBeneHs! B Ta0n. 2. B pasHbIX rpymmax Te-
CTOB OBUIO Pa3lIUYHOE KOJIMYECTBO OMOPHBIX U KOHTPOJIBHBIX TOYEK, UCIOIb3Ye-
MBIX JJI OLIEHKH TOYHOCTH, KaK II0Ka3aHo Ha puc. 3.

W3 Tabn. 2 u puc. 3 BUIHO, YTO B METOJIE MPSIMOTO I€ONO3UIIMOHUPOBAHNUS
(rpynmna A) ucnonb30BaHbl JaHHBIE O IMOJIOKEHUAX CHEMOYHON KaMephbl, MOJy-
yeHHble ¢ nomouplo GPS-npuemnuka, ycranosinensoro Ha BIIJIA, u Bce Tpun-

HaTh Y€ThIPC HA3EMHBIC TOUYKHU HMCITIOJIB30BAJIMCh B KAYCCTBC KOHTPOJIbHBIX.

Tabnuua 2
UcxopHble AaHHbIe AN OLLEeHKU TOYHOCTU reono3muuoHMpoBaHusa CHUMKOB ¢ BINJIA
c Homep | Homep Konunuyecteo | Konuyecteo KonuyecTso
ekumm | e | Tecta OMOPHbIX | KOHTPOJIbHbIX MapLIpYTOB MpumeyaHus
Py ToueK TOo4YeK
A1l 1
A A2 0 34 2 Mpamoe
reono3nuNoHNpoBaHme
A3 3
MepBas
B1 1 PacnonoxeHue
B B2 3 31 2 OMOPHbIX TOYEK NOKANBHO
B3 3 B Hayane mapLupyrta
| C1 1 PacnpepeneHne onopHbIx
| ¢ c2 6 28 2 TO4YeK PaBHOMEPHO
“ c3 3 Mo BCEM NOLWAAN CbeMKU
D1 1 PacnpepneneHne onopHbIx
BTtopas D D2 12 22 2 TOYEK paBHOMEPHO
D3 3 no BCeW NioLLaam CbeMKum
E1 1 Vicnonb3oBaHne BCeX OMOPHbIX
E E2 34 0 2 TOYEK AN KOCBEHHOIO
E3 3 reono3nuUMoOHNPOBaHUS
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Table 2
The various methods for studying the comparison of three UAV georeferencing techniques
Numbers Numbers
Sections Group | Test of ground of control Numb_ers Remarks
ID ID . . of strips
control points points
Al 1
A A2 (o] 34 2 Direct georeferencing
First A3 3
Irs
B1 1 Distribution
B B2 3 31 2 of ground control points
B3 3 only on one edge of project
C1 1 Ground control points
C c2 6 28 2 distribution on edges
c3 3 and middle of project
D1 1 Ground control points
Second D D2 12 22 2 distribution on edges
D3 3 and middle of project
E1 1
Using of all
E E2 34 0 2 ground control points
E3 3

I'pynna B, npoexm ¢ 3 onopnbimu mouxamu
Group B using 3 ground control points

Ipynna C, npoexm ¢ 6 onoprsimMu mouxamu
Group C using 6 ground control points

I'pynna D, npoexm c 12 onopnvimu moyxamu
Group D using 12 ground control points

Puc. 3. PacnpeneneHne onopHbIX TOYEK B UCcreayemoi obnacti B akcnepumMeHTax rpynn B, C, D
Figure 3. The distribution of ground control points in the study area in the tests of groups B, C, D

B Merone KOCBEHHOro reono3uiMoHHpoBaHus (rpynna E) ucnonab3oBaHbI
BCE€ TPUJLIATh YETHIPE ONOPHBIE TOUKH /7S BbIUUCIEeHNs DBO-CHUMKOB.

B rpynnax B, C u D yacTe MapKupOBaHHBIX Ha3eMHBIX TOYEK BHICTYHAJIH
ONOPHBIMH, a OCTaBLIMECS — KOHTPOJbHBIMU. B rpymnme B Tpu onopHble Toukn
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ObUIM pAcIoNIOKEHBI IPYNION B Hauane JuHelHHoro oowvekta. B rpynmax C u D
HIecTb U JABEHAJLaTh OMOPHBIX TOUEK OBUIM pacIpeneieHbl paBHOMEPHO BIOJb
BCET0 JIMHEHHOT0 00BEKTA.

Lenp wccienoBanust — OLIEHUTh TOYHOCTH (POTOTPAMMETPUIECKHUX MTOCTPOE-
HUHM B 3aBUCUMOCTHU OT KOJINYECTBA MapuIpyToB npu cbeMke ¢ BIIJIA nuHeiHbIx
00BEKTOB U OT KOJIMYECTBA OMOPHBIX TOUEK, UCIOIb3yEMbIX IIPU KOCBEHHOM I'eo-
no3unuoHupoBanuu. IlpoBenensl GpororpaMmeTpudeckrue MOCTPOEHUsSI MO0 CHUM-
KaM OJHOTO0, JIBYX M TPEX MapuIpyTOB C HCIIOJIb30BAHUEM DPa3JIUYHOrO KOJINYe-
CTBa U pacmpeesieHus OOPHBIX TOYEK B0JIb 00bekTa cheMkH (B, C, D), a Takxe
0€3 HCII0JIb30BAHUS OMOPHBIX TOYEK (A) — METOJ MPSAMOro I'eONnO3UIHOHUPOBA-
HUS U C IPUBJICUYEHHEM BCEX MAapKHUPOBAHHBIX TOUYEK B KauecTBe onopHbIX (E) ams
KOHTPOJII TOYHOCTH — METOJI KOCBEHHOT'O T'€0IO3ULIHOHUPOBAHUSI.

Takum oOpa3oM, IPOBENEHO MATh TPYII SKCIEPUMEHTOB AJISl OLEHKH TOY-
HOCTH I'€0NO3UIIMOHUPOBAHUS CHUMKOB Ha MPOTSHKEHHBIN JIMHEHHBIM 00BEKT MpH
OJIHO-, IBYX- Y TPEXMapPILIPYTHOU CHEMKE B KaXKIOU IPYyIIIIE.

OrneHka TOYHOCTH BBINOJIHSIIACH IO OCTATOYHBIM PACXO0XACHUAM B KOOPAU-
HaTaX KOHTPOJIbHBIX TOYEK CIEIYIOIUM 00pa3oM:

VXi = XCi — XGi, (1)

rae VXi — ocrarouHoe pacxokaeHue B koopauHate X Touku i; XCi — KoopauHaTa
X touku i w3 ypaBHuUBaHUS (oToTpuaHTymsuuu; XGi — koopauHata X TOUYKHA i
n3 GPS-nabmoneHu.

CpennekBaapaTtuueckasl MOrpemHocTs Mx B KoopauHate X pacCUUTHIBA-

nack 1o ¢popmyie (2)
f n )2
Mx = #, (2)

I'ZI€ 7 — KOJINYECTBO KOHTPOJIBHBIX TOYEK.
AHaJ0rM4HbIE YpaBHEHMs HUCIONIb30BanuCh 1 BeiuucieHus CKII B koop-
nuHatax Y u Z (My u Mz cOOTBETCTBEHHO).

_ /Z?=1(VYi)2
My = E—
_ / i=1(VZi)?
Mz = " .

Taxum 00pa3oM, MOTrPEeNIHOCTh B TJIAHOBBIX KOOPAMHATAX BBIYUCISIACH 110
dopmyre (3)

Horizontal Error = \/(Mx)z + (My)2. (3)

[TorpemHoCTh B MIaHOBO-BBICOTHBIX KOOPAMHATAX — 00I1ast MOTPEUIHOCTD —
BBIYHCJIEHA C UCIIO0JIb30BAHUEM ypaBHEHUs (4)

Total Error = \/(Mx)z + (My)? + (Mz)?2. 4)
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PesynbTaThl U UX 00CYyXAaeHue

Memoo npsamozco eeonozuyuonuposanus (nepsas cexyus). Puc. 4 wimoctpu-
pYyeT OLEHKY TOYHOCTH MPSIMOTO T€OMO3UIIMOHUPOBAHUS 0€3 MPUBJICUEHUS OIOp-
HBIX TOYEK MPU MaKCHMAaJTbHOM KOJIMYECTBE KOHTPOJIBHBIX TOYEK — 34 TOUKH —
JUTSL OHO-, IBYX- M TPEXMapIIPyTHON chbeMKU. HeoOX0nMMO OTMETHTH HHU3KYIO
TOYHOCTH TMPSIMOTO TE€OMO3UIIMOHUPOBAHUS TIPU OJHOMAPIIPYTHONH CHEMKE, J0-
CTUTaroIyo 12 M B MIAHOBBIX KOOPAMHATAX M 9 M B BBICOTHOW KOOpIWHATE.
ToYHOCTP MJIAHOBBIX KOOPJAWHAT 3HAYWTENBHO YIIYyYIIAeTCs] TP HCIIOJIb30BAHUH
CHUMKOB JIBYX M TpeX MapupyToB (4,3 M 1 5,5 M COOTBETCTBEHHO).

A 0 GCPs

16,0

14,0
5 12,0
§ 10,0 ‘ i
? 8,0 i
s 60 : :

4,0

2,0 I

0.0

TlorperusocTs 1o roprsonTasm (M) [orpermocts o Beprikam (v) OOLLast OMPEIIHOCTS (M)
M3y cvevka 5,557 13.446 14.549
m2waema 4,363 9.654 10.594
ml-moremca 11.934 9.309 11.954

Puc. 4. OueHka TOYHOCTM NPSIMOr0 reono3uLLMOHMPOBaHWS B rpynne A
npwv 04HO-, ABYX- U TPEXMAPLUPYTHON CbeMKe

A 0 GCPs

16,0
14,0
12,0
10,0

8.0
6,0 ‘ ,.4 :
0

0.
Horizontal Error (m) Vertical Error (m)  Total Error (m)

Error (m)

W3 strips 5,557 13.446 14.549
m 2 strips 4,363 9.654 10.594
m1stip 11.934 9.309 11.954

Figure 4. Georeferencing accuracy of using one, two, or three stripe in group A of tests

Pe3ynpTaThl OLEHKM TOYHOCTH MPSMOTO I'€ONO3ULHOHUPOBAHUS MTO3BOJIS-
IOT CHIEJIaTh BBIBOJ, YTO IOTPELIHOCTh B IUNIAHOBBIX KOOPAUHATAX KOHTPOIBHBIX
TOYEK 3HAYUTEIIBHO CHUXKAETCS IPU HUCIIOIb30BAHUM MATEPUAIIOB JABYXMApPLIPYT-
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HOW ChEMKHU B OTJIMYHE OT OJHOMAPIIPYTHOM, OJTHAKO TOTPEITHOCTh B BBICOTHBIX
KOOpI[I/IHaTaX HpaKTI/ILICCKI/I HC MCHJIICTCA C YBGJ'II/I‘ICHI/ICM KOoJIM4yeCcTBa Mapmpy—
TOB. TeM He MeHee MOTPEIIHOCTH HACTOJIBKO BEIIMKH, YTO CO3JaHHUE IJIAHOBOTO
Marepuaia 1o HIM BO3MOXKHO JIMIIb B MacmTabe 0ojiee MEIKOM, 4eM MacmTad
a’pPOCHEMKH, a ITO HE BBITOJIHO SKOHOMHUYECKU U HEIIeIeCO00pasHo.

B 3 GCPs
16,0
14,0
= 120
£ 100
é 8,0
el 6,0
Sl I
2 gl | .
0.0 I
TlorpenHocts 110 roprsorTaiu (M) TlorpersocTs no Beprikam (M) OOLLast HOrperHocTs (M)
M3mcbema 2,413 6.461 6.897
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Puc. 5. OueHka TO4HOCTM KOCBEHHOIO reono3nuUMoHNpoBaHus B rpynne B
npwv OAHO-, ABYX- U TPEXMAPLLPYTHON CbeMKe
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Figure 5. Georeferencing accuracy of using one, two, or three stripe in group B of tests

Puc. 5 nmnrocTpupyeT OLIEHKY TOYHOCTH KOCBEHHOI'O I'€OINO3ULIMOHHUPOBA-
HUA B rpynne B ¢ pacronoxeHneM ONopHbIX TOYEK JIOKAJIBHO B Hayaje Mapuipy-
Ta MIPU MaKCUMaJIbHOM KOJIMYECTBE KOHTPOJIBHBIX TOUEK — 31 TOYKa — AJI OAHO-,
IBYX- U TpeXMapmpyTHOH cheMKH. OOImas MOrpenrHoCTh B KOOPAWHATAX KOH-
TPOJIBHBIX TOYEK HE3HAUYUTEIBHO PA3JIMYaeTCs IPU UCIOJIB30BAHUU CHUMKOB OJ-
HOTO, IByX WJIM TP€X MapLIPYTOB M COCTaBJIAET 0K0J0 7 M. OJHAKO HEOOXOIUMO
OTMETHUTH YJIy4IlIEHUE TOYHOCTH B IUIAHOBBIX KOOpAUHATAX IPU YBEIUYECHUU KO-
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JMYECTBa MapuipyToB OT 6,8 M IpH OJHOMApLIPYTHOW CbeMKe 10 2,4 M IIpH
TPEXMApPIIPYTHON CHEMKE.

Memoo koceennozo ceonosuyuonuposanus (emopas cexyus). B sxkcnepu-
MeHTax BTopoi cekiuu (rpymnmsl C, D) ucnoab3oBanu METOJ KOCBEHHOTO I'eoro-
3ULIMOHUPOBAHUSA C PA3JIMYHBIM KOJIMYECTBOM OIOPHBIX TOYEK, PACTIONOXKEHHBIX
PaBHOMEPHO BJOJb BCEr0 MapHIpyTa. DKCIEPUMEHTHI B rpynne E nmpoBoaumuch
IIPY UCIIOJIb30BaHUU BCEX TPUALATH YETHIPEX MAPKUPOBAHHBIX TOUYEK B KAUECTBE
onopHbIX. Ha puc. 8 mpezacraBneHsl pe3ynbTarthl ypaBHUBAaHUS (POTOTPUAHTYIIS-
LIMOHHBIX MOCTPOCHUM B BUJE CPEAHEKBAAPATUYECKUX OTKJIOHEHWH B IJIAHOBO-
BBICOTHBIX KOOpAMHATAX TPUALIATH YETHIPEX MAPKUPOBAHHBIX TOYEK.

AHanu3 OLIEHKH TOYHOCTH KOCBEHHOTO I'€ONO3ULMOHUPOBAHMS B IKCIIEPH-
MeHTax rpynmsl C ¢ IIecTbi0 paBHOMEPHO PACIIOIOKEHHBIMHU OMOPHBIMU TOUKaMH
MO3BOJISIET CHIeNIaTh BBIBOJ, YTO TOYHOCTh (DOTOTPUAHTYJIALUOHHBIX MOCTPOSHUN
BO3pACTaET C yBEIMUYCHHEM KomuecTBa MapuipyToB oT 0,24 no 0,10 m (puc. 6).

C 6 GCPs
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ol | | I || I
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TlorpenmHocts 110 ropusorTaiy (M) Tlorpersocts o Beprikam (M) OOLLast HOrperHocTs (M)
m3mceemaa 0,062 0.077 0.099
W 2-mceemaa  0.080 0.160 0.179
W lwmceemka  (0.170 0.176 0.245

Puc. 6. OueHka TOYHOCTM KOCBEHHOIO reono3nunMoHnpoBaHns B rpynne C
npu 0OHO-, ABYX- U TPEXMAPLLPYTHOM CheMKe
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o
wol | | I | | I
00

0.
Horizontal Error (m) Vertical Error (m)  Total Error (m)

Error (m)

m 3 strips  0.062 0.077 0.099
m2 strips 0,080 0.160 0.179
®1strip 0.170 0.176 0.245

Figure 6. Georeferencing accuracy of using one, two, or three stripe in group C of tests
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Cxoxwue pe3ynbTaThl HAOIIOAAI0TCS MIPU OLIEHKE TOYHOCTH B HKCIIEPUMEHTE
B rpynne D ¢ aBeHamanaTeio omopHbIMU Toukamu (puc. 7). OQHAKO yBETUYCHHE
KOJIMYECTBA OMOPHBIX TOYEK C LIECTH 1O JIBEHAJLATH NPUBEIO K YBEIUYECHHIO
TOYHOCTH TIPH OJTHOMAPIIPYTHOH CHEMKE IMOYTH BJIBOE: OOIIEe OTKIOHEHHUE IlIa-
HOBO-BBICOTHBIX KOOpAMHAT yMeHbIIMI0Ch ¢ 0,25 no 0,16 M. YayuiieHne To4Ho-
CTH JUIS IBYX- ¥l TPEXMAPIIPYTHOW CHEMKH MPAKTHIECKH HE HAOIIO1AI0Ch.
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Puc. 7. OueHka TOYHOCTM KOCBEHHOIO reono3nuyoHmpoBaHnsa B rpynne D
npv O4HO-, ABYX- U TPEXMAPLLUPYTHOM CbeMKE
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Figure 7. Georeferencing accuracy of using one, two, or three stripe in group D of tests

Ha puc. 8 npencraBieHsl 0CTaTOUHbIE PACX0XKIEHUS B KOOPAMHATAX TPUA-
LATH YeThIPEX ONOPHBIX TOYEK, UCIIOJIb30BAaHHBIX B METO/I€ KOCBEHHOI'O I'€0I03H-
nuoHupoBanus. Heo6xonumMo oTMETHTb, YTO OJHOMApPILPYTHAst CheMKa JaeT Mo-
IPEIIHOCTH B BBICOTHBIX KOOPAMHATAX 3HAYUTENBHO OOJbIINE, YeM JByX- U
TPEXMapLIPYTHbIE CHEMKHU, MPEAINOIOKUTEIBHO M3-32 BO3ZHHMKAIOLIEH Heomnpene-
JICHHOCTH HONEPEYHOI'0 yIJla HaKJIOHA ()OTOrPaAMMETPUYECKON MOAEIH.
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Puc. 8. OueHka TO4HOCTM KOCBEHHOIO reono3nuMoHNpoBaHus B rpynne E
npw 0OHO-, ABYX- U TPEXMAPLLPYTHOM CbeMKe
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Figure 8. Georeferencing accuracy of using one, two, or three stripe in group E of tests

3aknyeHue

HccenenoBanbl TOUHOCTH IPSMOIO M KOCBEHHOT'O I'€ONO3ULIMOHUPOBAHUS IIPU
ChEMKE JIMHEIHBIX 0OBEKTOB C Pa3HbIM KOJMYECTBOM MApUIPyTOB (OT OJHOTO 0
TPEX) IPU Pa3TUYHBIX CXEMaX PACHOI0KEHUS OMOPHBIX TOUEK.

BrInonHeHs!l nATHAALATh TECTOB, Pa3[EICHHBIX HA IATh Ipymil. B xaxnoi
IpyIIe MpOBEACHBI TPU TECTa C PA3NMUYHBIM KOJIMYECTBOM MapuIpyToB. IIATh
rpynn o0beAMHEHbI B ABe cekuuu. [lepBas Bkitoyana Be rpyIIibl: METO IPSIMO-
ro reono3ULUOHUPOBAHUSA U METOJ KOCBEHHOI'O I'€ONO3ULIMOHUPOBAHUSA C TPEMS
ONOPHBIMHM TOYKAMM B Ha4aJjie MapIipyTa.

Bo BTOpO#1 CEKLIMU UCIIOIB30BaH METOJ KOCBEHHOI'O I€ONO3ULIMOHUPOBAHUS
C LIECTHIO, JBEHAALATHI0 U TPUIALATHIO YETHIPbMS ONOPHBIMH TOYKAaMHU, PABHO-
MEPHO PacloJIOKEHHBIMH BJI0JIb 00BbEKTA ChbEMKH.
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B nepBoif yacTu uccienoBaHuil olleHEHa TOYHOCTh KOOPAWHAT KOHTPOJIb-
HBIX TOYEK TPU UCIIOIB30BAaHUN METOJa MPSIMOTO T€OTO3UITMOHUPOBAHHS, KOTO-
past okazajlach OUY€Hb HU3KOM: 0K0J0 14 M mpu ofHOMApIIPYTHOH cheMke U 10 M
MIPH IBYX- U TPEXMAPIIPYTHON ChEMKE MPH MCTIOIH30BAHNN YKa3aHHOTO B Havale
cratbu GPS- u IMU-060pynoBanus.

Taxke B IEpBOIl 4acTH peaM30BaH METOJl KOCBEHHOTO I'€OMO3HIIMOHHPO-
BaHMsI IIPU PACIIOJIOKEHUH TPeX OMOPHBIX TOUEK B Hadajie mapuipyra. Mcnoss3o-
BaHUE a’POCHHMKOB JIByX MapuIpyTOB Jaio 0ojiee TOYHBIE pPe3yJbTaThl, YeM
a’pOCHUMKOB OJJHOTO WJIM TPeX MaplIpyToB. Pe3ynbTaThl MeTO/1a KOCBEHHOTO TO-
3UIMOHUPOBAHMS OKA3aJIHCh BBIIIE, YEM METOA MPSIMOTO TeOMO3UIIMOHIPOBAHNS,
U COCTAaBMJIM OKOJIO 7 M IPH OJHOMApLIPYTHOH U 2,5 M IpH ABYX- U Tpexmaplii-
PYTHOU CBEMKE.

Bropas yacTe sKcnepuMeHTa 3aKiIoyanach B UCHOJIb30BAHUU PABHOMEPHO
PacIIOIOKEHHBIX OTIOPHBIX TOYEK BHOJIbh 0OBEKTa CHEMKH ISl OBHIIIEHUS TOYHO-
cTi (oToTpuaHrynauuu. Pe3ynabTaThl AOKa3bIBaIOT, YTO MCIOJIb30BaHHE a3poO-
CHHMKOB TPEX MapIIPYTOB NPU M3BICKAHUIX JTUHEHHBIX OOBEKTOB MO3BOJISIET TI0-
BBICUTh TOYHOCTb I'€0NO3ULIMOHUPOBAHMS, B OTIMUYUE OT HCIIOJIb30BaHHUSI CHUMKOB
OJTHO- HJTH JIByXMapIIPyTHOH a3p0oPOTOCHEMKH.

Hcnonb30BaHue a3pOCHUMKOB JIByX MapUIpyTOB, ITOJyYEHHBIX IPU ChEMKE
«Tyga ¥ oO0paTHO» C JOCTATOYHBIM KOJUYECTBOM OIMOPHBIX TOYEK M JNAaHHBIX
I'JIOHACC, naet 6onee TOUHbIe pe3yibTaThl IPU METO/E MPSMOTO T'€O0MO3ULIHO-
HUPOBAHHA C NMPHUBJICYCHNE OMOPHBIX TOYEK. YBEIWYCHHE YUCIIA MAPIIPYTOB TO-
BBILIAET 3aTpaThl MpHu aspocbeMke ¢ BITJIA, ogHako OHM HEBEJNHMKHU M KOMIIEHCH-
PYIOTCSl TIOBBIIIEHHEM TOYHOCTH NpPU (POTOTPAMMETPUIYECKHX ITOCTPOCHUSX IS
co3J1aHus OPTO(OTOIMIAHOB, IIM(PPOBBIX MOJIETEH MOBEPXHOCTHU ISl Lesel TOYHO-
ro 3eMiienenus, a Takke mudpoBeIXx Monenel pernbeda u 3D-moneneit 00bEKTOB
MECTHOCTH.
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MopaepHu3auunsa cxemMbl OUNCTKU ra30BbiX BbIOPOCOB
JIVHUU NPOU3BOACTBA OMCcynbgUTa HaTPUS OT ANOKCUAA cepbl
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AnHotauus. [IpeanpusTuss XUMUYECKON MPOMBIIIIEHHOCTH SABJIAIOTCS OCHOBHBIMH 3a-
TPSA3HUTETSIMU OKPYIKAIOIIeH Cpebl, BRI3BIBAIOIIMMH 3KOJIOTHYECKHE TPOOJIEMBL. DTO CBA3aHO
C TEXHOJIOTHEH MPOU3BOJICTBA M TOKCHYHOCTHIO HEKOTOPHIX BellecTB. B paboTe nmpeanaraercs
OYHIIATh Ta30BbIe BHIOpOCH HA AO «Xumuueckuit 3aBon umenn JI.4. Kaproa», o0pasyro-
IIHMecs] TIPU TPOU3BOJCTBE OHCYNb(UTAa HATPUS, OT ANOKCHAA CEphl aJCOPOIMOHHBIM METO-
oM. B kauecTBe copOLMOHHOTO MaTepHaia HCIOIb30BaH MOIH(DUIIMPOBAHHEIA OTXO. dHEP-
TreTUKH — KapOOHATHBIN 1amM XxuMBoaoouuctku Habepexxnouennunckoit TOLL. IIpencrasie-
HbI TEXHOJIOTUUECKHE XapaKTEPUCTUKU TPaHyJIMPOBaHHOTO COPOIMOHHOrO Matepuana. Paccum-
TaH aacopOep MEepPHOIUUECKOTO ACHCTBUS ¢ HEMOABIXKHBIM CJIOEM I'PaHyJIHPOBAHHOTO COpPO-
LIMOHHOTO MaTepuana. IIpeanoxena MoJepHU3aLUsA TEXHOIOTHYECKON CXEMbl OYMCTKU Ia30-
BEIX BBIOPOCOB OT IMOKCHAA CEpPBI JIMHUH IIPON3BOICTBA Oncynb¢uTa Hatpus Ha AO «XuMu-
yeckuil 3aBox umenu JI.J. Kapnosa». [IpousBenen pacder npeaoTBpallleHHOro 3KOJOrvye-
CKOTO yiep0a 1 SKOHOMU4ecKoro 3(pdexra 0T MoJIepHU3ALUU TEXHOIOTHYECKON CXEMBI.

KiroueBble cjioBa: Ta30BBIC BBIOPOCHI, THOKCHI CEPbl, KApOOHATHBIN IIIaM, aacop-
Oep, rpaHyIMPOBAaHHBIN COPOLIMOHHBIN MaTepua
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Jdast murupoBanusi: Huxonaesa JI.A., Xycuymounosa O.M. MoaepHU3ausl CXeMbI
OYHCTKHU T'a30BBIX BBIOPOCOB JIMHHUH MPOM3BOJCTBA OMCYIB(pHUTA HATPHS OT AUOKCHIA CEPHI //
Becthnuk Poccuiickoro ynuBepcuteTa IpyxObl HapogoB. Cepusi: DKkoyorusi u 6e30MacHOCTh
wusHeaearensHoctd. 2020. T. 28. Ne 4. C. 397-407. http://dx.doi.org/10.22363/2313-2310-
2020-28-4-397-407

© Huxonaesa JLA., Xycuyraunosa 3.M., 2020

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

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

3AIIATA OKPYXXAIOIIEN CPE/JIbI 397



Nikolaeva L.A., Khusnutdinova E.M. RUDN Journal of Ecology and Life Safety. 2020;28(4):397-407

Modernization of the gas emissions treatment scheme
of sodium bisulfite production line from sulfur dioxide

Larisa A. NikolaevaZ, Elvira M. Khusnutdinova

Kazan State Power Engineering University,
51 Krasnoselskaya St, Kazan, 420066, Russian Federation

B larisanik 1 6@mail.ru

Abstract. Chemical industry enterprises are the main environmental pollutants that
cause environmental problems. This is due to the production technology and the toxicity of
some substances. In this paper, it is proposed to purify the gas emissions at the JSC “Karpov
Chemical Plant” formed during the production of sodium bisulfite from sulfur dioxide by
the adsorption method. As a sorption material, a modified energy waste — carbonate sludge
from the chemical water treatment plant of the Naberezhnye Chelny CHPP — was used.
The technological characteristics of the granular sorption material are presented. A batch ad-
sorber with a fixed layer of granular sorption material is calculated. The modernization of
the technological scheme for cleaning gas emissions from sulfur dioxide of the production
line of sodium bisulfite at JSC “Chemical Plant named after L.Ya. Karpov” is proposed.
The calculation of the prevented environmental damage and the economic effect of the mo-
dernization of the technological scheme is made.
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BeBeneHue

C KaXIbIM TOJIOM OTPHUIATEIHHOE BO3JIEUCTBHE HA DKOJIOTHUECKYIO Cpexy
OKa3bIBAIOT BBIOPOCHI TOKCHUYHBIX BellecTB B aTMocdepy. Boszmyx 3arpsiznsercs
MPOJYKTaMH COEIMHEHHUH yriepoaa, aMMHaKOM, CTUPOJIOM, YIOJIbHOU 30J101, OK-
CUJIaMH a30Ta, COeUHEHHUsIMHU cepbl. HanbombIiee BIUsHUE OKa3bIBAET XUMUYE-
cKasi 1 He(hTeXUMHUIECKasi MPOMBIIIIICHHOCTh. BOJbIIIoe KOMWYEeCTBO MPEaIpUsITHI
CKOHLIEHTpUpPOBaHO B [T0BOIKCKOM paiioHe, YTO CKAa3bIBAETCSl HA SKOJIOTHUYECKOU
oOcTtanoBke. Harpyska Ha atMoc(epHbIii BO3/yX, BbI3BaHHAsI CIICIU(UIECKUMHU Be-
LIECTBAMH, 3aBUCUT OT BUAA XMMUYECKUX MPOU3BOJCTB, UX MOILIHOCTH U CTETIEHU
cocpenotouenus. Konnenrpanuu TokcuuHbix npumecei npesbimator [1JIK [1] B
aTMocdepe KUI0i 30HBI TOPOJICKUX TOCEIeHUH B 5 pa3 [2].

BaxxubpIM mokazareneM Mo CHWKEHHIO SKOJIOTHUECKOM Harpy3Ku Ha OKpy»Ka-
IOLLYIO CPENy SIBJISETCS MCIOJIb30BAHWE OTXOJIOB MPOU3BOJCTBA B TEXHOJIOTHUYE-
CKHX Ipoleccax npeanpusaTui. K HUM OTHOCHTCS MHOTOTOHHAKHBINA OTXOJ DHEP-
TeTHKH — KapOOHATHBIN 1utaM XuMBogo0urcTkH (XBO) nmpupoaHoii Boas! [3; 4],
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WCIOJIb30BaHNE KOTOPOTO B Pa3IMYHBIX OTPACIHSX MPOMBIIIIECHHOCTH PEIIaeT s
BKHBIX 3aJa4, TAaKUX KaK pecypcocOepekeHre, OYMCTKA Ta30BBIX BBIOPOCOB,
yTHIU3alus, nepepaboTka oTxo/1a MPOU3BOACTBa [5; 6]. B cBsi3u ¢ maHHBIMU 3a-
Jla4aM¥ BOTIPOCHI OUYMCTKH Ta30BBIX BHIOPOCOB M MCIIOJIH30BAHUE OTXOO0B MTPOU3-
BOJICTBA SIBIISIIOTCS aKTyaIbHBIMHU.

MaTtepuanbl u meToabl

OObeKkTaMH UCCIEOBAHUS CITYKUJIM TPaHyJIMPOBAHHBIN COPOIIMOHHBIN Ma-
tepuan (I'PCM), pa3paboTaHHBIII Ha OCHOBE KapOOHATHOrO LUIaMa XUMBOJO-
ounctku Habepexxnouennunckoit TOLl, u MoaenbHas ra3oBas cpefa C KOHIICH-
Tpanuen aquokcuaa cepsl B auanazone 0-3000 mr/M>. Vcronp30BaHa MOEIBHAS
nabopaTtopHasi yCTaHOBKA, BKITIOUAIOIASI PEAKIIMOHHYIO KOJIOHKY C HEIMOJIBH>KHBIM
cioem I'PCM. IlpumMeHeHbI peKOMEHIOBaHHBIE B BEIOMCTBEHHO-3KOJIOTHYECKOM
KOHTPOJIE METOIbI JOTOKOIIOPUMETPHUECKOT0, POTOMETPUIECKOTO aHATIH3A.

PesynbTaTbl U UX 00CYXAEeHMe

B pabore npexacraBieHa MOAepHU3aLMs TEXHOJIOTUUYECKON CXEMbl OYUCTKU
ra30BbIX BEIOPOCOB OT TUOKCH[A Cephl IMHUM MPOU3BOICTBA OUCYIb(PHUTA HATPUS
(NaHSO3) na AO «Xumnueckuit 3aBox umenu JI.5. Kaproay. OcHoBHOI naes-
TENBHOCTBIO MPEAIPUATHUS SBISETCS IPOU3BOJACTBO XMMHUECKOHN MPOIYKIUH, Ha-
cuuThIBaroliei 6osee 30 HaMMEHOBAHMUI, a B TIPOIIECCE €T0 NEeATETLHOCTH BhIJIe-
asiercst 49 HaMMEHOBAHUH 3arpsA3HSIOIIUX BEIIECTB U3 78 MCTOUYHUKOB BHIOPOCOB,
B TOoM ymcie 60 oprann3oBaHHbIX, 18 Heopraun3zoBaHHbIX. AO «XUMHYECKUN 3aBOJ]
nmenu JI.A. KapnioBa» oTHOCHTCS K NPEANIpUATUAM TPEThEN KaTErOpUN ONACHOCTH.
Cpenu ra30BbIX TOKCUYHBIX CO€AMHEHUH XUMHUYECKOr0 MPOU3BOJICTBA, UMEIOIINX
00JIBIII0I 00BEeM, BBIIEISIOT PACTBOPUTENN OPTaHMUYECKOTO MPOUCXOXKICHHS, CEPO-
BOJIOPOJI, COEMHEHNUS a30Ta U Cepbl, Xkene3a, pocdopa u xnopa. OgHUM U3 Bpea-
HBIX Ta30BBIX BBHIOPOCOB, MPECTABISAIOMINX HAUOOIBIINI UHTEpEC, SBISIETCS IU-
okcup cepsl (SO2), npunamnexammii K 11 kmaccy omacHOCTH W BXOJSIINNA B Tie-
pEYEHb 3arps3HAIOLINX BEILECTB, B OTHOLIEHUH KOTOPBIX IPUMEHSIOTCS MEPBI IOCY-
JAPCTBEHHOI'0 PETyJIMPOBaHMs B 00JIACTH OXpaHbl OKpY’Karollel cpelsl (1o pac-
nopspkeruto ot 08.07.2015 r. Ne 1316-p). K Tomy ke 1IEHHOCTb MPEJICTABIISIOT CO-
€IMHEHMs Ha OCHOBE CEpbI, ABJISAIOIINECS OCHOBOM M3roTaBIMBAEMOM MPOAYKLIUU
Ha XUMHUYECKOM 3aBO/JIE.

Ncrounnkamu BeIOpocoB Arokcua cepbl Ha AO « XUMUYECKH 3aBOj MMe-
Hu JI.5. KaprioBay sBISIOTCA 1€X MO MPOU3BOJCTBY CYJIb(UTHBIX U THUIOCYIb(PUT-
HBIX cousiell (OucynbQUT, THOCYIb(AT HATPUS), TPOU3BOACTBO KaTauu3aropa Jeruji-
PHUPOBaHUS JIETKUX MapaMHOBBIX YITIEBOJOPOIOB, MPOU3BOJICTBO IUTUT U3 KCTPYAU-
POBaHHOIO MEHOMOJIMCTUPOIIA, 1IEX MPOU3BOJCTBA KAaTalu3aTopa U HHTMOUTOPOB
KOPPO3HH, 1IEX MPOU3BOACTBA CYOCTaHIIUH XJIOPUCTOTO KaJIbLHUS.

HauOonbiee koanyecTBO BEIOPOCOB AUOKCHIIBI CEPBI POUCXOAUT MPH MPOU3-
BOJICTBE OHMCy/b(UTa HATpHs, B Ipoliecce KOTOPOro BeIOpockl B atMochepy SO2
COCTaBISIFOT Topsika 18,5 T/r mpu oO6beme Beiyckaemoro NaHSOs okoso 3700 T/r.
TexHoOrMYeCcKuii nmpouecc noxydeHus: oucynbpuTa HaTpUs MPEACTABISAET OO0t
CJIOKHYIO MHOTOCTYTIEHYATYI0 CXEMY U COCTOUT U3 CJIEIYIOIINX OCHOBHBIX OIle-
paumii: NoJy4eHne CEpHUCTOro ras3a, OXJIaXJAeHHUE U €ro TPaHCIOPTHPOBKA B ald-
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copOepbl, MOJyYeHHE PacTBOPa KaJbIIMHUPOBAHHON COABI, AOCOPOLMs CEPHUCTO-
ro ra3a, HOJy4YeHHE PacTBOPOB CyIb(pUTAa M OHUCYIb(UTA HATPHS, YIAKOBKA IMO-
ciefHero B Tapbl. ['apaHTuiHBIN CpOK XpaHeHUs — 3 Mecsla co JHS U3rOTOBIIE-
Huda. Ha puc. | npencrasnena 1eHCTBYIONMIAsl TEXHOJIOTMYECKAs CXeMa MMPOU3BO/I-
cTBa OMcynbduTa HaTpHUs.
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Puc. 1. TexHonoruyeckas cxema npouecca npon3BoacTea 6ucynsdura HaTpus:

1 - nnaeuka cepbl; 2 — OTCTONHMK; 3 — HAaNOPHasi EMKOCTb COLOBOI0 PACTBOPA; 4 — HANOPHasi EMKOCTb CEPHUCTOrO rasa;
5 — unknoHHas neub; 6 — GawHa oxnaxaeHus; 7 — abcopbep | ctynenn; 8 — abcopbep Il ctynenn; 9 — abecopbep Il ctynexu;
10 — UMPKYNAUMOHHbI COOPHWUK; 171 — LMPKYNSLMOHHBIN BUCYNbPUTHBI COOPHUK; 12 — CaHUTAPHbI COOPHUK;

13 — c6opHUK roToBOI Npoaykuun; 14, 15 — 6pbiaroynoBuTens; 16, 17, 18 — LEHTPOGEXHbI HACOC
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Figure 1. Technological scheme of the production process sodium bisulfite:

1 - sulfur smelter; 2 — sump; 3 — soda solution pressure tank; 4 — sulfur gas pressure tank; 5 — cyclone furnace;
6 - cooling tower; 7 - stage | absorber; 8 — stage Il absorber; 9 — stage Ill absorber; 10 - circulating collector;
11 — circulating bisulfite collector; 72 - sanitary collector; 13 — collection of finished products;

14, 15 — spray catcher; 16, 17, 18 — centrifugal pump

PaccMoTpuM TeXHOIOTMUECKH MPOLIECC TPOU3BOICTBA OUCYIb(HUTA HATPUSL.

Cepa 3aBO3UTCS B LIEX aBTOTPAHCIIOPTOM M XpaHHUTCS Ha ckiajie cepbl. Co ckiiaza
JIEHTOYHBIM TPAHCHIOPTEPOM I0JIaeTCs B IIIABMIIKY cepbl (1), rae nmpu remmnepary-
pe 130150 °C mpoucxoauT ee IUIaBICHUE, OCYIIECTBISIEMOE MApOM JIaBJICHHEM
He MeHee 0,4 MIla, nogaBaembiM B 3MeeBUK. PacrutaBienHas cepa u3 miaBuiku (1)
CaMOTEKOM TOCTYIaeT B OTCTOMHHUK (2), OTKy/1a IEHTPOOEKHBIM HACOCOM C Iapo-
BBIM 00OTpeBaTesieM MOAAETCS B HAOPHYIO eMKOCTh (4). 13 HamopHON eMKOCTH
pacruiaBiieHHas cepa MepeTeKaeT B MHEBMAaTHIECKYIO CEPHYIO (DOPCYHKY, T/Ie MPOUC-
XOJIUT €€ pacibUICHUE FOPSYUM CKATBHIM BO3IyXOM, U Jjajiee B UKIOHHYIO eyb (5) Ha
roperre. CepHUCTHIN Ta3 U3 MUKIOHA TeYH (5) Mo cTaTbHOMY, (PyTepOBaHHOMY
U3HYTPH OTHEYNOPHBIM KHUPIIUYOM Ta30X0/ay NMPOXOIUT CHU3Y BBEpX uepe3 Oaril-
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HIO JUIs oxyaxkaeHus (6). Jlanee raz mo cTalbHOMY ra3oXofy, OXJaKIEHHBIA 110
temriepatypsl He 6osee 70 °C, moctynaet B abcopb6ep I ctynenu (7).

KanpuunupoBaHHas coia B MEIIKaxX, KOHTEHHEpaX UM POCCHINbBIO 3aBO3UTCS
B IIEX aBTOTPAHCIIOPTOM U XPAHHUTCS Ha CKJIAJe COMbI. PacTBOpeHHE COIbl MPOM3BO-
JUTCSl B HATIOPHOUM LMIMHIPHUYECKON eMKocTH (3) Bojoii o0bemMoM 7—8 M3, C TeM-
nepatypoit He 6onee 40 °C. IlepeMenmnBanre COJOBOTO pacTBOpa MPOU3BOIUTCS
paMHoO# Memankoil. MaccoBast koHiieHTpauus Na2CO3 250-280 r/mm>.

[Tosy4uenne pacTBOPOB Cylb(HUTa HATPHSI OCYIICCTBISETCS B TPEX IMOCIIEIO0-
BaTEJIbHO PacMoNIOKeHHBIX abcopOepax (7), (8), (9) myTeMm HACBIIIEHNST CEPHUCTHIM
ra3oM COJIOBOTO pacTBOpA.

Oxna>xICHHBII CEpHUCTBHIN ra3 ¢ KoHueHTpauue SO2 He MeHee 5,5 % nofna-
eTcs TI0 CTaTbHOMY ra3oxoay B abcopbep I crymenu (7), 3aTeM mociieJoBaTeIbHO
1o (haoaUTOBOMY razoxoay Hampasisiercsa B abcopOepsl 11 u 1 ctyneneii (8), (9).

A0Gcop0Oep (7) opoiiaercs COIOBBIM PacTBOPOM, Mojav4a KOTOPOTO MPOU3BO-
TUTCSI LIEHTPOOEXKHBIM HacocoM (16) u3 mupkymsuonHoro coopuuka (10). [Bu-
YKEHHE PACTBOPOB M ra3a OCYIIECTBISETCS TI0 IPHHIIAITY IIPOTHBOTOKA.

['a3 mpoxoaut B abcopbep CHHU3Y BBEPX, 3aT€M IO (PaOTUTOBOMY Ta30XOdy
MOCTyMaeT BO BTOPOM MO XOAy raza adbcopoep (8), gajee B TpETHIl CaHUTAPHBIN
abcopOep (9). B abcopbepax (7), (8) mormomieHne CEpHUCTOTO raza KajabIIHHUPO-
BAaHHOI CO/MOM MJIET B Hayasle ¢ 0Opa3oBaHueM OukapOoHaTa U CyJb(puTa HaTPUs
0 peakluu

2NaCOs3 + SOz + H20 $ 2NaHCO3 + Na2SOs.

bukap6oHat B CBOIO Ouyepeb BCTYHNAeT BO B3aUMOJICHCTBUE C CEPHUCTHIM
ra3oM, o0pa3syst cyJb(UT HaTPUs U YIJIEKUCIIBIN ra3:

2NaHCOs3 + SO2 S Na2SO3 + H20 + 2COx.

[Tocne pa3pyuieHust Bcero OukapOOHaTa CEpPHUCTHIM Ta30M B PacTBOpe OC-
TaeTcs TOJBKO cynbhuT HaTpus. [Ipu gampHeleM MoriomeHnd CEpHICTOro ra3a
pacTBopoM cyibhuTa odpazyercs OUCynbGUT HATPHSL:

Naz2S03 + SOz + H2O s 2NaHSOs.

Abcopbep III crynenu (9) sBIseTCS CAHUTAPHBIM H CIIYXKHT JJIsl YJIaBIHBa-
HUS CEPHUCTOTO I'a3a U3 ra30BO3/YIIHON cMeCH.

ITocne abcopbepa Il crynenu (9) razoBo3ayIiHas cMech MPOXOAUT B OpbI3ro-
ynosutermu (14), (15), npencrasistoniie co0oi (HaoTUTOBBIA MHIUHAPUICCKUI
anmapar ¢ KOHUYECKUM JTHOM, IJieé YHOCHMBbIE OpBI3TH pacTBOpa OTAEISIOTCS, CO-
OuparoTcs B KOpITyCe M 3aTEM CTEKaloT B LUPKYJIALMOHHBINA cOopHuk (11). "azo-
BOJIyIIIHAsi CMeCh Tocie OprI3roysioBuTeneii ¢ maccopoit noneit SOz 1,0 % BbIOpa-
CBhIBaeTCsl B aTMocdepy.

B paGorte npenaraercst MOJIEpHU3UPOBATh TEXHOJIOTMUECKYIO CXEMY OYHCTKU
ra30BbIX BBIOPOCOB OT JMOKCHIA CEpPhI B 3aKIIOYUTEIHFHON YacTH ra30BO3IyIIHO-
ro Tpakta. MojepHHu3alus OpbI3royJI0BUTENS B afcopOep MO3BOJISIET MOBBICUTh
CTENEeHb OYMCTKHU Ta30BbIX BEIOPOCOB OT SO2 10 99,9 %.
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JInist CHYDKEHUST KOHLIEHTPAIMK TMOKCHIA Cephl B ra30BbIX BHIOPOCAX TEXHO-
JOTHYECKOW CXEMBI TIPOM3BOJICTBA OHMCYNIb(UTa HATPUS TPEAIaraeTcs 3arpyXarth
I'paHyJIMPOBAHHBIA COPOIIMOHHBIN MaTepHual [7] B MOAEPHU3UPOBAHHBIN B afcop-
Oep OpbI3royJIoBUTENE (pHC. 2, 6) — (HAOJUTOBBIA MWIMHIPUYCSCKHNA armapar ¢
naTpyOkamu Bxoja (3) u Beixona (1) konnueckoit popmsl (puc. 2, a), e yHOCH-
MbIe OpBI3TH PACTBOPA OTIEISIOTCS, COOMPAIOTCS B Kopiryce (2) U 3aTeM CTEKaroT
B LIMPKYJISILIMOHHBIN cOOpHUK uepe3 nmatpyook (5). ['a3sl conepxarue okono 1 %
JTMOKCHUJIA CEPBI BEIOpAChIBAaIOTCS B aTMocdepy uepes mryuep (1).

1 2 1 Z
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Puc. 2. O6wnin Bug, ncnonb3yemoro $haosiMToBoro 6pbi3royioBUTens:
a - B npou3BoacTee 6ucynbbdurTa HaTpUS; 6 — MOAEPHU3NPOBAHHbI GPLI3rOyIOBUTENb;
1 — WTyuep 0TBOAA OYMLLEHHOIO rasa; 2 — paonnToBbIN KOpnyc; 3 — WTyuep NoABOAA ra30BOM CMECH;
4 — kanneoTboMHKK; 5 — NaTpPyboK 0TBOAA KOHAEHCATa; 6 — cTaNbHas ceTka C OTBEPCTUAMM AMaMeTPOM He 6onee 1 Mm;
7 — NioK Ana BbIrpy3kun agcopberTa; 8 — cnoii TPCM; 9 — niok ansa 3arpy3ku agcopbeHTa

Figure 2. General view of the purple spray catcher used:
a - in the production of sodium bisulfite; 6 — upgraded spray catcher;
1 — connection for the discharge of purified gas; 2 — faolite housing; 3 — connection for the supply of the gas mixture;
4 — drop breaker; 5 — condensate discharge pipe; 6 — steel mesh with holes of no more than 1 mm in diameter;
7 — hatch for unloading adsorbent; 8 - GRSM layer; 9 — hatch for loading adsorbent

MopepHu3anust 3aKITF0YACTCSl B YCTAHOBKE B KOPITYC OPBI3TOYJIOBHTENS CTaTb-
HOM CETKH C OTBEPCTHAMH JraMeTpoM He Oosiee 1 MM (7) U 3arpy3Koii Ha Hee rpaHy-
JMPOBAHHOTO COPOLIMOHHOTO MaTepuaia. 3arpys3ka u pasrpyzka ['PCM ocymiecTsiis-
eTcs uepes ok (9) u (7) COOTBETCTBEHHO.

[Ipunnun gecTBusi: ra3oBasi cMech, coaepxanias SO2, MOCTynaeT B azcop-
6ep uepes mryuep (3). Kanneorboitauk (4) Ciy>kKUT A OTCEUEHUST YaCTHUIL KU~
KO (ha3bl U3 ra30BOT0 MOTOKA, KOTOPBIE CTEKAIOT B OMCYIbGUTHBIN cOopHHK (11)
yepe3 marpyook (5) (puc. 1). OunieHHBIA OT KUIKOCTH Ta3 MO pa3psKEHUEM,
CO3/1aBaeMbIM 2KEKTOpOM, Harpasisiercs B cioil [ PCM (8), rae ocyiecTsisiercs
ancop6uus SO2. OuuIieHHbIe Ta3bl MOCTYNAa0T 00PAaTHO B IMKJIOHHYIO 1edb (5),
T'JIe UCTIONB3YIOTCSl B KAYECTBE C)KATOTO BO3/yXa IMPH TOPEHUH CEPbI, TAKUM 00pa-
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30M OCYILIECTBIISIETCS] IMKIMYHBIHA MPOIIECC M MOJTHOCTHIO HCKITIOYAIOTCS BEIOPOCHI
JTUOKCHJIAa CEPHI B aTMOC(epy.

Texunueckue xapaktepuctuku [ PCM, 3arpy>xeHHOro B afgcopoep, npeacTas-
JeHbl B Ta0u. 1.

[Tpu pacdere UCTONB3YIOTCS PEKHUMHBIE U KOHCTPYKTHBHBIC MapameTphbl,
MIPUHSTHIE B COOTBETCTBHU C TEXHOJIOTHYECKUM PETJIAMEHTOM TIpOLiecca MPOU3BO/I-
cTBa 6ucynbpuTa HaTpUs (TAdI. 2).

Tabnuya 1
TexHn4yeckme xapakrepuctukmn rPCM
UcxopHble paHHble MokazaTtennb
AncopbumoHHasi eMKoCTb Mo SO, — Arpey, MI/T 140
OnameTp 3epeH d,, MM 0,5-2,5
CymmapHbiin o6beM nop Vs, cm®/r 0,450
HacbinHas naoTHOCTb p,, Kr/M® 560,0
YaenbHas NOBEPXHOCTb, av, M?/Kr 720,0
YnenbHblin cBOOOAHBI OOBEM &, 0,375
Table 1
Technical characteristics of fuel and lubricants
Source data Indicator
Adsorption capacity for SO, — Arecn, Mg/g 140
Grain diameter d,, mm 0.5-2.5
The total pore volume Vs, cm®/g 0.450
Bulk density p,, kg/m? 560.0
Specific surface area av, m°/kg 720.0
Specific free volume &, 0.375
Tabnuua 2
UcxopHble napaMeTpbl NPOEKTUPOBaHUS aacopbepa
UcxopHble paHHble MNokxazaTtensb
DOunameTp agcopbepa, M 0,85
BbicoTa cnosi TPCM, m 1,07
Temnepatypa npouecca, °C 50
[asnexue, kMNa 4,5
Pacxop rasa Ha Bxoae, M°/4 300
KoHueHTpaums aguokcmnaa cepbl B rase 10
Ha Bxone B aacopbep, % macc. ’
CKOpOCTb NOTOKA ra3oBoi CMecu, M/c 0,22
Table 2
Initial parameters of the adsorber design
Source data Indicator
Diameter of the adsorber, m 0.85
Height of the fuel layer, m 1.07
Process temperature, °C 50
Pressure, kPa 4.5
Gas consumption at the inlet, m*/h 300
Concentration of sulfur dioxide in the gas 10
at the entrance to the adsorber, % wt.
The flow rate of the gas mixture, m/s 0.22
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Cornacho [8] paccunTaHa MpoJOIKUTENFHOCTD IpoIecca aAcopOLuu U Je-
CopOIHH, KOJMIECTBO IPAHYIMPOBAHHOTO COPOITMOHHOTO MaTepralia Ha OJHY 3a-
rpy3Ky. Pe3ynpTaThl pacuera MOJEPHU3UPOBAHHOTO OPBI3rOYIOBUTENS MPEICTaB-
JIEHEI B Ta0JI. 3.

Tabnuua 3
UToroeble nokasaTtenu agcopobepa
Moka3aTenb 3HauyeHue
O6beM razosoit cmecut, M° 3807
KoHueHTpauus guokcuaa cepsbl, % 0,9
BobicoTta cnosi TPCM, m 1,07
OnameTp, M 0,85
Konnyectso N'PCM Ha ogHy 3arpyaky, Kr 340
MpoponxnTensHOCTb aacopoumm, 4 8,4
MpoaonxntenbHOCTb Aecopbumm, 4 4,5
Table 3

Final indicators of the adsorber

Indicator Value
Volume of gas mixture, m* 3807
Concentration of sulfur dioxide, % 0.9
Height of the fuel layer, m 1.07
Diameter, m 0.85
Quantity of fuel per load, kg 340
Duration of adsorption, h 8.4
Duration of desorption, h 4.5

Jlisi HeTIpephIBHOW pabOThl CHCTEMBI OYUCTKH Ta30BBIX BBIOPOCOB JIHHHUU
npon3BojicTBa Oucynbdura Hatpuss AO «Xumuuecknii 3aBog umenn JI.51. Kapro-
Ba» MpeajaraeTcsi BKIOUYUTh B Hee cxeMy npou3BojictBa ['PCM c 3arpy3koil ero
B azicopOep (puc. 3).
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Puc. 3. TexHonormnyeckas cxema npouecca nponu3BoacTsa 6ucynbduta HaTpus
¢ npoussoacTeom NPCM u pereHepauuein:
1 — nnaBunka cepsbl; 2 — OTCTONHUK; 3 — HANOPHas EMKOCTb COA0BOIr0 PacTBOpa;
4 — HanopHas eMKOCTb CEPHUCTOrO rasa; 5 — UMKIIOHHasA neyb; 6 — 6aluHa oxnaxaeHus; 7 — abecopbep | cTyneHn;
8 —abcopbep Il ctyneHu; 9 — abecopbep Il cTynenu; 10 — UMPKYNAUMOHHBI COOPHIIK;
11 — UMPKYNSUMOHHbI 6UCYNbOUTHBIA COOPHUK; 12 — caHUTapPHbI COOPHMK; 13 — COOPHMK FOTOBOI NPOAYKLIMN;
14, 15 — 6pbi3roynosuTenb; 16, 17, 18 — ueHTpPob6eXHbI Hacoc; 19 — TapenbyaTblit rpaHynaTop; 20 — MydenbHas nevb;
21 — BYHKep OXNaxaeHUst 1 XpaHeHus roToBoro copbeHTa; 22 — yctaHoBka nogayn copbeHTa
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Figure 3. Technological scheme of the sodium bisulfite production process
with fuel production and regeneration:
1 - sulfur smelter; 2 — sump; 3 — soda solution pressure tank; 4 — sulfur gas pressure tank; 5 — cyclone furnace;
6 - cooling tower; 7 - stage | absorber; 8 — stage Il absorber; 9 — stage Ill absorber; 10 - circulating collector;
11 - circulating bisulfite collector; 72 — sanitary collector; 73 - collection of finished products; 74, 15 - spray catcher;
16, 17, 18 — centrifugal pump; 79 — mixer-granulator; 20 — muffle furnace;
21— hopper for cooling and storing the finished sorbent; 22 — sorbent feed unit

[IpouzBoacto 'PCM ocymiecTBisieTcs MO CIEIYIOUMM TeXHOJIOTHYECKUM
CTaauAM OIlepaliM: T'paHyJUpOBaHUE B TapeiabdyaTtoM rpanynarope (19), mpoka-
nuBaHue B MydenbHoU neun (20), oxnaxaenue B Oynkepe (21) u nogaua I'PCM
B asicopOep C MOMOIIIBIO0 YCTAaHOBKH (22).

Crnenyromuil 3Tan MOJAEPHU3ALUU CXEMbl OYMCTKHU T'a30BbIX BBIOPOCOB OT
nuokcunaa cepbl — nporecc perenepaunu ['PCM. Perenepanus HaunHaercs ¢ 1o-
Jauu B aacopOep KanbUuHUpoBaHHOM cobl (Na2CO3) U3 HanmopHON €MKOCTH CO-
nosoro pacteopa (3). Konnentpauus NaxCO3 cocrasnster 250-280 r/am>. Bpems
npombiBanus — 0,5 4. KanbuuHupoBaHHas cofa pearupyer ¢ JTUOKCHIOM CEephl,
BEIMBIBast ero u3 [ PCM. Obpa3zyetcst pacTBop OuCyib(duTa HATPUS, KOTOPBINA Ca-
MOTEKOM HampaBisieTcsl B CaHUTapHbI cOopHUK (12). IIpn gocTikeHnn HeWTpasib-
HOW CpeIsl pacTBOpP MOCTYIMAeT B HUPKYJIHMOHHBIN cOopuuk (10). T'PCM mpo-
CYUIMBAIOT MOJAaBa€MbIM CBEKUM ra3oM B aacopOep. Takum oOpa3oM, OUHMINIEH-
HbI 0T SO2 rpaHyJIUpPOBaHHBIMN COPOLIMOHHBIA MaTepuall BO3BPALLAETCS B LUK
MIPOU3BOJICTBA OUCYIb(UTA HATPHSL.

MopepHu3anms CXeMbl OUUCTKH OTXOSIINX Ta30B MO3BOJISIET JOBECTH OUYHCT-
Ky Ta30BbIX BBIOpOCcOB OT SO2 10 99,9 % u yacTUYHO pemiaeT mpodieMy yTUIH3a-
UM MHOTOTOHHA)KHOTO OTXOZa YHEPreTUKH — KapOOHATHOTO HUIaMa XUMBOJO-
OYHCTKH.

B pabote mpousBeneH pacyer MpeaoTBPAIIEHHOTO YKOJIOTHYECKOTOo yiiepoa
1 5KOHOMUYECKOT0 3(peKTa oT npeyIoKEHHBIX MEPOIPUATHH.

[Tomy4eHo, 4TO BeNMYMHA MPEIOTBPAIICHHOTO YKOJOTHYECKOTO ymiepoa
OT Jerpajanuu 1noys u 3emenb A HaGepexxnouennunckoir TOL] cocraBuna
43,5 ThIC. py0./TOM, OT CHIDKEHUS BHIOPOCOB JIMOKCHIA CEPBI B aTMOC(HEPHBIN BO3-
nyx — 204,907 Teic. py0./roa. OOmmil mpeaoTBpalieHHbIN YKOJIOTHIECKUN yIIepo
MIPU UCTOJIL30BAHUU TPEJIOKEHHON TexHoioruu paBeH 248,407 Twic. py0./rom.
INomoBoit sxoHOMUYEeCKU d(PPEKT MpU BHEAPEHUH aICOPOIIMOHHON TEXHOJIOTUN Ha
AO «Xumnueckuit 3aBo umenn J1.51. KaprioBa» — 162,4 toIc. py0./roa, cpok OKy-
naemMocTH — 4,5 roga.
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AHanu3 1okazan SKOHOMUYECKYI0 3((GEKTUBHOCTh HCIIOJIB30BAaHMS OTX0/a
mpou3BozcTBa, a MMeHHO ['PCM, B kauecTBe COpOLIMOHHOIO MaTepHasa, CTOUMOCTb
KOTOPOT'0 3HAYUTEIILHO HUXKE, YEM Y aHAJIOTOB, IIPEICTABICHHBIX HAa PBIHKE.

3aknyeHue

MonepHu3aiusi cXeMbl OUYUCTKU Ta30BBIX BBIOPOCOB JIMHWUU MPOHU3BOJCTBA
oucynb(huTa HATPHUS TTO3BOJIUT:

1) MOBBICUTH CTENEHb OYMCTKHU Ta30BBIX BHIOPOCOB OT ITUOKCHAA CEPHI, TEM
CaMbIM COKPaTHUTh WX Ha 18,5 T/T;

2) ucnonb30BaTh MOAUGUIIMPOBAHHBIN OTXOJ YHEPTETHUKU — KapOOHATHBIN
nutam XBO, B pe3ynbTaTe 4ero mpeaoTBpaliaeTcsi SKOJOTUUECKHH yiepo mpupo-
JIOOXPAHHOW NeATeIbHOCTH OT Aerpajalliu Mo4YB M 3eMenb it HabepexxHouen-
HuHckoi TOLI, koTopsrit coctaBmit 43,5 TeIC. py0./Tox;

3) CHU3UTH KOJIMYECTBO T'a30BBIX BHIOPOCOB, comepkanux SO2;

4) MoMy4YnuTh SKOHOMUYECKHUN d()(HEKT OT CHUKEHUS SKOJIOTUIECKHUX 3aTpat
MPEeANPUATHI PU COKPAIICHUN TUOKCUAA Cephbl B Ta30BBIX BHIOpOCAX M BO3BpaTa
CEpPHHUCTOTO Ta3a NPH peTreHepaIii MOICPHIU3HUPOBAHHOTO OPBI3TOYJIOBUTEIIS B IIHKIT
MPOU3BOJICTBA OUCynIb(huTa HATpUs. [ 0/10BOI S5KOHOMUYECKH 2P deKT nMpu BHE-
penun aacopOrmonHoi texnonoruu Ha AO «Xumuueckuit 3aBoq umenu JI.5. Kap-
noBa» — 162,4 teic. py0./rox.
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AHHOTaIII/Iﬂ. I/I3yquo BJIMAHUC JOTIOJHUTCIBHOTO NMOCTYIVICHUA B OpraHu3M MarHvs Ha
TICHXOAMOIMOHAIIFHOE HAIPSDKEHUE W (PYHKIMOHATBHYIO aKTHBHOCTB CEPIICIHO-COCYANCTOM CH-
CTEMBI y CTYZICHTOB 13 cTpaH AQpuki. B uccienoBaniy NpuHsIM ydactie 33 cTyaeHTa My>KCKOTO
ToJIa U3 CTPaH 3KBaTopuaibHON Adpuku, oOydaronmxcs Ha epBoM Kypce Poccuiickoro yHuBep-
cHTeTa JpY>XObl HapoyioB. B Teuenne 30 mHEH OHM MONydand JOMOJMHUTENBHO 150 M MarHusi B
cytku. Jlo u mocne Kypca TpueMa MarHus MPOBOAWIACH OLCHKA (DYHKIMOHAIBHOH aKTUBHOCTH
CEepIECYHO-COCYIUCTON CHUCTEMBI M TICHXO3MOLIMOHAIBLHOTO HAIPSHKEHHUS] C MCHOb30BaHUEM JIUa-
rHocTrdeckoro komruiekca AHrHoCkaH-01 (AnrnoCkan DiekTpoHuKe, Poccust), a Takke ypoBHS
MarHus B CBIBOPOTKE KPOBH M MOYE 00CIIETyEMBIX METOIOM MacC-CIIEKTPOMETPUH ¢ UHIYKTHBHO-
cs3anHoi mnasmoil (MCII-MC). YcraHOBIEHO, YTO MECSUHBINA Kypc MprUeMa MarHusl MPUBOJIII
K JIOCTOBEPHOMY YBEJIMYCHUIO KOHIICHTPAIIMK MAarHUs B CHIBOPOTKE KPOBH Ha 3 % OTHOCHUTENHHO
HCXOMHBIX 3HaYeHUH. YBENMYEHHE MOCTYIUIEHHSI MarHusl B TeYeHHE Mecslla CONPOBOXKIAIOCH J0-
CTOBEpHBIM CHIDKEHHEM BEJIMUMHBI MHJEKCA cTpecca baeBCKOro no cpaBHEHUIO C UCXOJHBIMH T10-
kazarersamu. [1o OKOHUaHMM Kypca MpuUeMa MarHus Takke OTMEYalioCh JIOCTOBEPHOE CHIKCHHE
HHJIEKCa KECTKOCTU KPYIHBIX COCYZ0B, TAKMX KaK aopTa U €€ BeTBU. BbIsBIEHO JOCTOBEpHOE yBe-
JrdeHre abCONMIOTHON JTMTEFHOCTH CHCTONBI U BpEMEHH OT Havaja IyJbCOBOW BOJHBI IO MakK-
CHUMyMa paHHEN CUCTOIINYECKOM BOJIHBL

KnroueBble cj10Ba: Maruui, cTpecc, ;KECTKOCTh apTepHi, (PYHKIHOHAIBHAS aKTHBHOCTB,
CTYACHTBI-UHOCTPAHLBI

Hcropus cratbu: noctymia B pegakipio 30.10.2020; mpunsTa k myOmukarmu 25.11.2020.
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The impact of magnesium on psycho-emotional stress
and functional activity of the cardiovascular system
in students from African countries
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Abstract. The objective of the study is investigation of the impact of magnesium on psycho-
emotional stress and functional activity of the cardiovascular system in foreign male students of
African origin. A total of 33 male first course students were involved in the study. The examinees
were supplemented with 150 mg/day of magnesium. Evaluation of serum and urinary Mg levels
was performed using inductively-coupled plasma mass-spectrometry, whereas functional activity
of the cardiovascular system and psycho-emotional stress were assessed using Angioscan-01 diag-
nostic complex both before and after a course of magnesium supplementation. It has been demon-
strated that magnesium supplementation resulted in a significant 3% increase in serum Mg levels
as compared to baseline. The observed increase in circulating magnesium levels was associated
with a significant 26% decrease in stress index, whereas arterial stiffness index significantly redu-
ced by 3%. A significant increase in absolute systole duration and time from the start of the pulse
wave to a maximum of the early systolic wave was also observed. The results of the study demon-
strate a significant decrease in stress index and arterial stiffhess in response to magnesium intake,
being in agreement with the existing data on protective effects of magnesium. Therefore, monito-
ring of magnesium supply and its improvement may be considered as a valuable tool supporting
somatic and psychic health of students thus improving their academic performance.

Keywords: magnesium, stress, arterial stiffness, functional activity, foreign students
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BeepgeHue

OOyueHue B BbICIIEH IIKOJIE MPEABBISIET BBICOKUE TPeOOBaHHS K CTyACHTaM,
YTO CIOCOOCTBYET Pa3BUTHIO IICUXOAMOIMOHAIBHOTO cTpecca [1]. OxHolt u3 Hanbo-
Jiee TO/IBEP)KEHHBIX Pa3BUTHIO CTpecca IPYyMIl ABJISIOTCS CTYAEHThI-MHOCTPAHIIBI,
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KOTOpBIE TAK)K€ HAXOASTCS MOJ1 BIMSTHUEM MHOPOIHOM KYJIBTYPHOM CpeJlbl M KITMMATO-
reorpadudeckux (aktopos [2]. PazBuTHEe TICHX03MOIMOHALHOTO CTpecca y CTY-
JIEHTOB COMPOBOXIAETCS CHUKEHUEM aKaJeMUYECKON ycrieBaeMoCTH [3], a Takxke
Pa3BUTHEM IIMPOKOIO CIEKTPa MATOJIOTMYECKUX COCTOSSHUN. OIHUM U3 MEXaHU3-
MOB (OPMHUPOBAHUS TOCIECTHUX SBISETCS CTPECC-MHAYIIMPOBAHHOE HapylICHHE
PEaKTUBHOCTH CEPICYHO-COCYAUCTOM cucTeMsl [4]. Tak, B paHee MpOBEeIEHHBIX HAMHU
HCCIIeIOBaHUSAX Obllla yCTaHOBJIEHA OOMNbINAs BHIPAKEHHOCTh CTpecca y CTYACHTOB-
WMHOCTPAHIIEB, aCCOLIMMPOBAHHAS C YKECTKOCTHIO KPYIHBIX COCYJOB, YaCTOTOM cep-
JI€YHBIX COKpALIEHUN U JPYTMMH HApYLIEHUSMH COCYIUCTON peakTUBHOCTHU [5].
[Ipu 5TOM OHH U3 PaKTOPOB, BIMSAIONIMX Ha POPMUPOBAHUE NAHHBIX PA3TUUU, —
00ecreueHHOCTh OpraHu3Ma CTYACHTOB 3CCEHIIMATbHBIMH MaKpO- U MHUKPOdJIe-
MeHTaMmu [6].

OnuuM U3 Hanbolee 3HAYMMBIX XMMHUYECKUX SJIEMEHTOB, 00JIaJaroluM
BBIPQ)KEHHBIM HEHPONPOTEKTUBHBIM 3¢ dexrom, sBnserca maruuii [7]. Ilpu sTom
HEUPONPOTEKTUBHOE JEHUCTBUE MArHUsl PEAIU3yeTCs U MPU OPTAaHUYECKHX IO-
BpPEXKACHUAX HEPBHOU cucteMsbl [§]. CTOUT OTMETUTh, YUTO MarHui UrpaeT 3HauM-
TEJIHYIO POJIb B ()YHKIIMOHUPOBAHUH CEPACYHO-COCYUCTON CHUCTEMBI, TOT/Ia KaK
ero euuuT acCOIMUPOBAH C IMHUPOKUM CIIEKTPOM KapAHOBACKYJISIPHOM MaToJo-
run [9]. Takum 0Opa3om, MOATBEPKACHA POJIb MarHus Kak CpelacTBa Mpoduiak-
TUKH HEPBHO-TICUXMUYECKUX U CEPACUYHO-COCYIUCTHIX HApYUIEHUHN B TPyIIax puc-
ka. OnpezesieHne ypOBHS MarHus U IPyTUX Makpo- U MUKPOAJIEMEHTOB SIBJIETCS
CPEACTBOM MPEIUKTUBHON MeauuuHbl. OCHOBBIBAsICh HA PAHEE BBISIBICHHOM Je-
¢dunuTe YpOBHS MAarfHus y CTYJACHTOB-MHOCTPAHIIEB, B TOM YHCJIE MPUOBIBIINX
u3 ctpan Adpuku [6], KoppeKius oOMeHa MarHusi MOXKET SIBIISIThCS MEePCIEKTHB-
HbIM MHCTPYMEHTOM MPO(UIAKTUKH (PYHKIHMOHAIBHBIX HAPYIIEHUN B JTaHHOU
TpyIIIe JUL.

Llenp uccnenoBaHus — U3yYEHUE BIMSHUS JOMOJIHUTEIBHOIO MOCTYTUICHUS
B OpPraHM3M MarHus Ha BBIPAXXKEHHOCTh MCHUXO3MOLUMOHAJIBHOTO HAMpPSKEHUS
1 (YHKIIMOHAIBHYIO aKTUBHOCTh CEPACYHO-COCYJUCTON CHCTEMBI Y CTYICHTOB-
MHOCTPAHIIEB.

MaTtepuanbl u meToAabl

HccnenoBanue npoBeeHO B COOTBETCTBUU € XEIbCUHKCKOM ACKIapanueit
Bcemupnoii meauiuackoi acconuanuu (1964) Ha 10OPOBOIBLHON OCHOBE IMOCIE
MOJTy4eHHUsl T0OPOBOJIBLHOTO MH(GOPMUPOBAHHOTO COTJIACHs HAa ydacTHE B HcCClie-
noaaud. [IpoTokon uccnenoBanust ogo0peH JIokaabHBIM 3THYECKUM KOMHTETOM
nipu Poccuiickom yHUBepcuteTe Apyx061 HapooB (PY IH).

B uccnenoBanuu npuHsAau ydactue 33 MHOCTPAHHBIX CTYAEHTA MY>KCKOTO
nojia, MpUOBIBIINX U3 CTPaH 3KBaTopuanbHoil Adpuku (DxBaTopuanbHas [ Bunes,
I'sunes-bucay, Jlemokparnueckas Pecyonuka Konro, Yan, Anrona, bypysaam) u
oOyuyaromuxcs Ha nepsoMm kypce PYJIH. Cpeanuii Bo3pact oOcieayemMbIx cocTa-
Bui 25,0 + 3,6 net nipu cpennem pocte 178,6 £ 7,8 cm u Bece 74,3 £ 10,5 kr.

B xone mccnenoBaHus M3ydalloCh BIMSIHUE IIPUEMa MarHusl HAa BBIPaXKEH-
HOCTH TICHXO3MOITMOHATILHOTO HAMPSHKEHUS U (YHKIIMOHAILHOW aKTUBHOCTH Cep-
JIEYHO-COCYIUCTON CHUCTEMBI Y CTyIeHTOB. B yactHoCTH, B Teuenue 30 nHEH cTy-
NeHThl npuHuManu 150 Mr/cyT MarHusi B COCTaBe MarHuiicoaepKamiei Onoaoru-
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YeCKHM aKTMBHOH 100aBKM (acmapariHaT MarHus) K Muiie, UMeromien ceprudukar
roCy/apCTBEHHOW PETUCTPALIMU U IIPEIOCTABIISAIOLIEIHCS 00CIelyeMbIM Ha 0€3B03-
Me3JHOM OCHOBE.

B xone paGoThl BBIMOIHATIOCH 00CIEI0BAaHUE CTYAEHTOB B JIByX KOHTPOJIb-
HBIX TOYKAaX: JI0 U IOCJIe MECSYHOro Kypca npuema maruus. Ha kaxiaom u3 sta-
OB 00CIIeIOBaHNE BKJIIOYAIO OLEHKY (DYHKIIMOHAJTHLHONW aKTUBHOCTH CEpIEYHO-
COCY/IUCTON CHUCTEMBI, BBIPAKEHHOCTU MICUXO3MOLIMOHATIBHOIO HAMPSDKEHHUS, a TaKKe
YPOBHSI MarHusi B MHJIMKAaTOPHBIX OMOCYOCTpaTax 00cie1yeMbIX.

Jlnise HemocpeaCTBEHHOM OIeHKH 3()(EeKTUBHOCTU TMOCTYIMJICHHUS MarHus B
OpPraHMU3M OCYIIECTBIISJIOCH ONPEEICHUs COAEepKaHUs JAHHOTO 3JIEMEHTa B MH-
JIUKATOPHBIX OHoCcyOcTparax, CBIBOPOTKE KPOBH U Mode. 3a00p KPOBU M3 JIOKTE-
BOM BEHBI OCYIIECTBJISUICA C HCIIOJIB30BAHUEM CHCTEMBI JUIsl B3SITHSI BEHO3HOM
kpoBu Vacuette (Greiner Bio-One, ABcTpust) ¢ mocieyonuM HeHTpudyrupona-
HueMm B TedeHue 10 mus npu 1600 06/MUH M OTOOPOM CBIBOPOTKH B MPOOHPKU
tuna Eppendorf. Tlpornienypa 3abopa KpoBH OCYIIECTBISIIACH MPOLIETYPHOUH Me-
TUIIMHCKOM cecTpoil B ycnoBusAX JsabopaTopuu. CTyJIeHTaMH CaMOCTOSITEIBHO
OCYILECTBIIsIICS cOOp cpeaHel mopuuu Mouu B KoHTeiHep Vacuette. [lepen ana-
Au30M 00pasibl CHIBOPOTKH KPOBH M MOYH IOJBEPrajvCh MPOOOMOATrOTOBKE,
BKJTFOYAIOIIEH pa3BeieHne MOIKUCICHHBIM aumoeHToM (pH = 2,0; 1:15 v/v), co-
nepxauum 8 % 1-6yrtanona, 0,8% Tpurona X-100, 0,02 % rugpokcuna Terpame-
tunammonus u 0,02 % stuneHanaMuHTETpayKCycHOU KucaotTel (D/TA).

Omnpenenenne coaepKaHus MarHusi B CBIBOPOTKE KPOBH U MoYe oOcieye-
MBIX HPOBOJMIIOCH METOJIOM MAacCC-CIIEKTPOMETPUU ¢ UHIYKTHBHO-CBS3aHHOW ILIa3-
moii (UCII-MC) na cnexktpomeTrpe NexION 300D (PerkinElmer Inc., CIIA),
ocHamieHHoOM aBTojo3atopom ESI SC-2 DX4 (Elemental Scientific Inc., USA).
KamubpoBka cucrembl UCII-MC npousBoauiach ¢ MCHOJIb30BAHUEM CTaHAAPT-
HBIX PAaCTBOPOB COJICH MarHusi B OXKHJAEMBIX Ipelienax OOHapYKEeHHUs, U3TOTOB-
neHHbIx Ha ocHoBe Universal Data Acquisition Standards Kit (PerkinElmer Inc.,
CIIA). Takxe BbINONHATACH BHYTPEHHSSI OHJIAMH-CTaHJapTH3aLMs C UCIIOJIb30-
BaHueM pactBopoB UTTpHs (Y) u poaust (Rh), n3roroBneHHBIX Ha OCHOBE COOTBET-
crBytommx Habopos (Pure Single-Element Standard, PerkinElmer Inc., CLLIA).

C nenbio KOHTPOJISE KaYyecTBa MPOBOIMIICS aHAJIN3 CePTU(DUIIMPOBAHHBIX pe-
¢depentHbIx 06pasioB Mmoun ClinChek Urine Control (Recipe, 'epmanust) u mas-
MbI kpoBu ClinChek Plasma Control for Trace Elements, levels I and IT (Recipe,
I'epmanust). CoOTBETCTBHE OIBITHBIX 3HAYCHUH CEPTHU(PULUPOBAHHBIM I 00EHX
MaTpul BapbupoBasio oT 94 no 102 %, npu 3TOM BO BCEX CllydasxX HaxoIsCh B
CepTUPHUIMPOBAHHBIX HHTEPBATaX KOHIIEHTPAIIHIA.

N3yueHne GyHKIMOHATBHOW aKTMBHOCTH CEpPJ€YHO-COCYIUCTON CUCTEMBI
CTYJIEHTOB OCYIIECTBIJISIOCH C MCIOJb30BaHUEM TUArHOCTHUYECKOTO0 KOMILIEKCa
AnrnoCkan-01 (AurnoCkan OnekTpoHukc, Poccusi) u peructpanueid mmMpoKoro
crnekTpa (GyHKIMOHAIBHBIX MToKa3areneil. B wactHocty, onpenensumck Ul — gactora
mysibea, AGI — Bo3pacTHOM HHIEKC, VA — BO3pACT COCYTUCTON CUCTEMBI; SI — MHIEKC
JKECTKOCTH, CBUJIECTENIbCTBYIOLIUI O TOHyCE aopThl U ee BeTBel, RI — unaexc orpa-
KEHUS, SBJISIOIIUICS MapKepoM ToHyca nepudepuueckux cocyao, ED u %ED —
a0COJIOTHAS U OTHOCUTENbHAS MPOJIODKUTENBHOCTh CUCTOJIBI, Spa — IEHTpabHOE
CHCTOJIMYECKOE JABJICHNUE B IPOKCUMAILHOM OTJENIe a0pThl U OpaxuouedaibHbIX
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cocynax, PD — qnurenbHOCTh myJibcOBOM BOJNHBI; Alp, % — MHIEKC ayrMeHTaluu
(yBenuuenus) abcomoTHbil u Alp75, npencraBnsonuii co00i MHIEKC yBenUye-
HUsI, TPUBEICHHBIM K YacToTe cepleuHbIX cokpamieHui 75, TdVMax — mMomeHT
HauOOJIbIIeH CKOPOCTU M3MEHEHHs] KpPOBEHAIIOJHEHUs KamWUIIpoB nayibua, T1 u
T2 — 1 1 2 nuKK MyICOBOI BOJTHBI COOTBETCTBEHHO; dTpp — MHTErpalbHBIN MOKa-
3aTellb, SIBISIOMINIICS MapKepOM dJIaCTUYHOCTH aopThl. Hapsimy ¢ omeHkol (yHK-
LMOHAJIbHBIX MOKAa3aTeNlel CepAeUHO-COCYIUCTON CUCTEMBI C UCTIOIb30BAHUEM JTU-
arHoctuueckoro komriekca AHrnoCkan-01 Takxke mpoBOAMIIACH OIIEHKA MHJIEKCA
ctpecca (MC), unu nnnekca HanpspbkeHus: baesckoro.

CraTtucTuuecKuil aHaau3 MOJYUYEHHBIX JAaHHBIX IMPOU3BOAMICS C MCIOIb30-
BaHHEM IporpamMmHoOro odecmedenus Statistica 10.0 (Statsoft, USA) nns omepa-
mmoHHOW cructeMbl Windows. [laHHBIE MpeacTaBlieHBI B BHIE CpemHel apudme-
TUYECKOW BEJIMYMHBI U COOTBETCTBYIOIIMX 3HAYEHUN CTAaHAAPTHOI'O OTKJIOHEHUS.
JlocTOBEpHOCTh M3MEHEHUM M3Yy4YaeMbIX MOKa3aTeJel OIEHHMBANIach C MCIOJIb30-
BaHUEM KpUTepHs 3HaKOB. Pe3ynbTaThl cuntanuch J0cToBEepHbIMU 1pu p < 0,05.

Pe3ynbTaTbl U UX 00CYXXAEHME

HononHuTtenbHbli Kypc ipuema 150 Mr maruus B cyTku B TeueHue 30 nHeu
MPUBOJMI K TOCTOBEpHOMY yBenuueHuto (p = 0,023) KOHLEHTpalMu MarHus B
CBIBOpPOTKE KpoBU Ha 3 % (22,1 + 1,3 MKI/MJI) OTHOCUTEIHHO UCXOIHBIX 3HAYE-
Huii (22,8 + 1,6 Mxr/mi). B To ke BpeMsi TOCTOBEPHBIX U3MEHEHUH B KOHIIEHTpa-
MU MarHusl B MOYE BBIABICHO HE ObUIO (p = 0,724), XOTSI ¥ UMEJI0O MECTO CHUXKe-
HHUE SKCKPELUH MaKpodeMeHTa ¢ Mouoi (64,0 + 26,4 MKI/MiI) OTHOCUTEJIBHO HC-
xomHoro ypoBHs (51,1 £ 19,2 mxr/min).

VYBenuueHne NoCTyIJIEHUs C MUIIeH MarHus B TE€YEHHE MeCsSIa COIPOBOXK-
JA70Ch 3HAYUTEIbHBIMU U3MEHEHUSIMU MICUXOAMOLMOHATBHOIO HAMPSIKEHUS U
(YHKIMOHATLHOW aKTUBHOCTH CEPJIEYHO-COCYAUCTON CUCTEMBI (CM. TaOIuUITy).
Tak, BenmuunHa mHIekca baeBckoro y cryneHToB-a)pUKaHIIEB, MOJIyYarOIUX Mar-
HUI, XapaKTepHU30BajJach 1OCTOBEPHBIM 26%-M CHMIKEHUEM IO CPAaBHEHHIO C UC-
XOJHBIMU TOKa3zaTelsIMU. Takke 0TMe4asaoch NTOCTOBepHOE 3%-€ CHM)KEHUE WH-
JIeKCa KECTKOCTU KPYIHBIX COCYJIOB, TAKMX KaK a0pTa U €€ BETBHU, [0 OKOHYaHUU
Kypca npuema Maraus. IIoMUMO 3TOro, BBISIBIIEHO JOCTOBEPHOE YBEIMYEHHE a0-
coNOTHOM JnuTenbHOCTH cucToibl (ED, mMc). OTMeuaeMoMy yBEIHMUEHHUIO aOCo-
JTFOTHOM JTUTETHHOCTH CHUCTOJIBI COOTBETCTBYET OOHAPY)KUBAEMOE YBEIIMUCHHE BpE-
MEHU OT Hauaja IIyJIbCOBOW BOJHBI 10 MaKCUMyMa PaHHEH CUCTOJINYECKOU BOJI-
Hbl. TeM He MeHee, HECMOTpsI Ha JaHHbIE Pa3IndMsl, CKOJIbKO-HUOYIb 3HAYMMBIX
W3MEHEHUH B JUIMTEIBbHOCTU CHUCTOJIBI OTHOCHUTENIBHO OOLIEH AJIUTENBHOCTH cep-
neunoro 1ukina (%ED, %) BbIsBIEHO HE OBLIO.

PesynbTaThl MpoBenEHHOTO HCCIEA0BAHUS CBUIETENBCTBYIOT O CTATUCTHYE-
CKH 3HaYMMOM CHIDKEHHH BBIPAKEHHOCTU TICUXOAIMOITMOHAIIBHOTO HATIPSHKCHUS U
HHJIEKCa K€CTKOCTU apTepHil Mo BIUSHUEM MpPUEeMa MArHus, YTO COTJIACYETCs C
JUTEPaTyPHBIMU JAHHBIMU O TIPOTEKTHBHOM 3(dekre maruus. B yactHocTH, B X011
HE/IaBHO MPOBEIEHHOTO CHCTEMAaTHYECKOTO 0030pa MOKa3aHo, YTO MPHUEM MarHus
COIIPOBOXKAAETCA JOCTOBEPHBIM CHUKEHMEM BBIPAKEHHOCTH IICHXO3MOILMOHANb-
HOTO cTpecca u pazapaxkutenbHocT [10]. [lanHOe HaOIIOAEHME TaK)Ke COoriacy-
€TCSl C BBISIBIIEHHOW MPOTEKTUBHOM POJILIO MarHusi B OTHOIICHUU APYTUX YMCTBEH-
HBIX U TICUXMYECKUX paccTpoicTs [11].
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MokasaTtenn GpyHKLUMOHANbHON aKTUBHOCTU CEPAEYHO-COCYANCTON CUCTEMBI
M nHaekca HanpsxeHusa Baesckoro y ctyaeHToB-adpukaHues
A0 U Nocrsie Meca4YHOoro npuema MmarHus

MokasaTenb Ao npuema Mocne npuema P
Hn, ya/mu 73,0£13,2 72,9+10,5 0,850
Alp75, % -8,5+9,9 -9,8+11,2 0,855

VA, net 37,3+8,4 37,3%£9,2 0,441
Ctpecc 128 +101,9 101,4+65,6 0,045*
Alp, % -8,2+11,8 -10,6 12,9 0,361
Sl, m/cek 7514 7,3+1,3 0,018*
%ED, % 33,15 33,6 £4,3 0,845
aSl, m/cek 9,2+2.2 9,3+2,6 0,850
RI, % 26,1+£9,3 26,4 8,8 0,855
AGI -0,8+0,2 -0,8%0,2 0,480
ED, vc 275+ 19,6 277,5+15,6 <0,001*
PD, mc 847,6 £141,8 838,4+113,9 0,710
T1, mc 115,5+11,8 118,19 0,018*
T, MC 212,2+17,3 214,4+ 15,8 0,345
dTpp, mc 96,8 £ 15,1 96,3+ 15,9 0,710
Spa, MM pT. CT 129,3+4,8 129,1+4,6 0,845

lMpumeyaHue. JaHHble NpeaCcTaBnieHbl B BUAE CPEAHEN N CPEeQHEKBAAPATUNHECKOTrO OTKIIOHEHMS.
* — pocTtoBepHOCTb Npu p < 0,05 B COOTBETCTBMM C KPUTEPUEM 3HAKOB.

Indicators of the functional activity of the cardiovascular system and the Baevsky stress index
in African students before and after a month’s intake of magnesium

Indicator Before admission After taking P
ChP, beats/min 7.0+13.2 72.9+10.5 0.850
Alp75, % -8.5+£9.9 -9.8%£11.2 0.855
VA, years 37.3+8.4 37.3+9.2 0.441
Stress 128 +101.9 101.4+65.6 0.045*
Alp, % -8.2+11.8 -10.6£12.9 0.361
SI, m/s 7514 7.3£1.3 0.018
%ED, % 33.1+5 33.6+4.3 0.845
aSl, m/s 9.2+22 9.3+2.6 0.850
RI, % 26.1+£9.3 26.4+8.8 0.855
AGI -0.8+0.2 -0.8+0.2 0.480
ED, vc 275+ 19.6 277.5+15.6 <0.001*
PD, mc 847.6+141.8 838.4+113.9 0.710
T1, mc 1155+ 11.8 118.1£9 0.018*
T, mc 212.2+£17.3 214.4+£15.8 0.345
dTpp, mc 96.8 +15.1 96.3+15.9 0.710
Spa, mmHg 129.3+4.8 129.1+£4.6 0.845

Source: data are presented as mean and standard deviation.
* — reliability at p <0.05 in accordance with the sign criterion.

Hampotus, nedunut Maraus cOnpoBOXKIAETCsl HAPYIICHHEM (PYHKIIHOHUPO-
BaHUS TUIIOTAIaMO-THIO(U3apHO-HAIIIOYEYHUKOBON CHUCTEMBI M, KaK CIIEJICTBUE,
TUCPETYIISIUEN CTPECCOPHOM pEeaKIMu W pa3BUTHEM TpeBokHOCTH [12]. CtouT
OTMETHTb, YTO Ne(UIIUT MarHUs TaKKe MOXKET COMPOBOXKIATHCS pa3BUTHEM Oojiee
BBIPQ)KCHHBIX NATOJIOTUI HEPBHOU CHUCTEMBI, TAKUX KaK HEMPOJIETCHEPATUBHBIE U
nemuenuHusupytomue 3adoneanus [13]. [Togo6ubie d3hdexTh Maruus 00ycIoB-
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JIEHBI €T0 POJIBIO B PETYJISALUU POCTA U PA3BUTHsI HEMPOHOB, UX HEPTETUYECKOTO
MeTabomu3Ma M Tepeayd CUTHAJIOB, a TaKKe aHTHOKCHAAHTHONW M MPOTHBOBOC-
NaJIUTEeNbHONW QyHKIMAMU [7].

B xone uccrnenoBanus Takke ObUIO BBISIBICHO CHH)KEHUE JKECTKOCTH COCY-
JMCTOro pyciia y obcienyeMbIX NMpu npueme MarHus. JlaHHoe HaOdrofeHue co-
IJ1IacyeTcsl ¢ pe3ysibTaTaMU MCCIIeI0BaHUs, CBUETEIbCTBYIOLUIMMU O JOCTOBEPHOM
CHW)KEHHH JKECTKOCTH apTEPHUH U, KaK CIEICTBUE, apTEPUAIBHOIO AABJICHUS IIPU
YBEJIMYEHUHN YPOBHSI MarHusi B Juanu3aTe y MalUeHTOB, HAXOSAIIUXCS HA T€MO-
muanuse [14]. Taxke OTMEYEHO CHM)KEHHE TOJILIMHBI KOMIUIEKCA MHTHUMAa-MEaua
COHHBIX apTepHUil MpHU AJUTEILHOM INpPUEME MarHus y HalUeHTOB C CaxapHbIM
nuaderom 2 tuna [15], uTo MoXxkeT 00yClIOBIMBATh U3MEHEHHUE KECTKOCTU apTe-
puii. HammpoTuB, neuutT MarHusi COMPOBOKAAETCS YBEIIMYEHUEM )KECTKOCTH ap-
Tepui U pa3BUTHEM SHAOTETUATBHON TUCPYHKLUHU, TAKUM 00pa3oM CIIOCOOCTBYS
Pa3BUTHIO apTEPUAIBHON TMIEPTOHUM U IPYIMX CEpAEUHO-COCYIUCTBIX 3a0oiie-
BaHui [16].

3aknyeHue

[Ipuem B TeueHHe Mecsla CTyAeHTaMHU-appUKaHIIAMH MarHus mo 150 mr
B CYTKHU MPUBOJMI K JOCTOBEPHOMY YBEIUYCHHUIO KOHIICHTPAIIMH MAarHus B CHIBO-
poTKe KpoBH Ha 3 % OTHOCHTENHHO MCXOAHBIX 3HAUCHUH, a TAK)KE COMPOBOXKIAII-
Csl IOCTOBEPHBIM CHMIXKEHHEM BEJIWYMHBI MHJEKca cTpecca baeBckoro Ha 26 %
M0 CPaBHEHUIO C UCXOJIHBIMH MOKa3zareasiMu. HeoOXonuMo OTMETHTh, YTO TMOCHE
MECSIYHOTO NMPUeMa MarHusi OTMEYaJioCh JJOCTOBEPHOE CHUKEHUE Ha 3 % WHIeKca
KECTKOCTU KPYMHBIX COCYJIOB, TAKUX KaK a0pTa U €€ BETBHU.

TakuM 00pa3oM, pe3yIbTaThl MPOBEICHHOTO UCCIICOBAHMS TTOITBEPIKIAIOT
3HAYUMOCTh KOPPEKLMH OOMEHa MarHusi B KauecTBE CPEICTBa MPO(UIAKTHYECKOM
MemunuHbI [17], mpudem ycranosieHa 3(h(heKTHBHOCTH JTAHHOTO JIEMEHTa U B IIPO-
¢unakTike QyHKIMOHAIBHBIX HAPYIICHUH Y (U3UYECKU 3I0POBBIX 00CIEIyEeMbIX,
HE BXOJISAIINX B TPYIIIBI pUCKA. B 3TO# CBS3M MOHUTOPUHT 00€CIIEYCHHOCTH Opra-
HHU3Ma CTYJICHTOB-WHOCTPAHIIEB MarHUEM M €ro KOPPEKIMS MOTYT SBIISITHCS HHCTPY-
MEHTOM TIOJICPKAHUSI COMATHIECKOTO M TICHXHIECKOTO 37I0POBbSI CTYJICHTOB U, KaK
CIIe/ICTBHE, TOBBIIICHUS UX aKaJIEMHYECKOH yCIIeBaeMOCTH.
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Abstract. The purposes of this paper are to measure youth organizations’ contribution during
corona crisis that has impact on SDGs, to know the activities that have done for the society to
identify which activity have impact on which SDGs, thus, it can be measured the sustainabi-
lity of the organization itself. Bangladesh marching towards sustainable development goals
undoubtedly will reach its apex by 2030; Bangladeshi youth are dedicating themselves broa-
der during this pandemic. Youth organizations are straight away there for nations by provi-
ding relief, creating awareness in the society, health assistance such that providing PPE stocks
(masks, hand sanitizers and PPE suits) and through lump sum donations. The statistical analy-
sis has been done in SPSS and the respondents are from Bangladesh covering eight districts.
Youth organizations from Dhaka and Chittagong are the top tier actors; the main goal of this
study is to measure the Bangladeshi youth-led organizations’ contribution during corona crisis
and to know the challenges they faced while working on field, and besides, how the funds
they have raised to implement their goals. This paper defines the brief visualization of the pa-
rameters (location of youth organizations in Bangladesh, amount of funds, approaches of raising
funds, reviews of government and member supports, reviews about the health consciousness
against corona virus among Bangladeshis, brief discussion on youth organizations’ expecta-
tions to combat those challenges they faced during societal contribution in Bangladesh) to
extract their contribution’s impact over Bangladeshi community during corona crisis. Youth
organizations rated member support, government support. Their initiatives have impact on goals 1,
2, 8, 10, 11. These youth led organizations have great impact on social change, culture and
beliefs thus contributing to SDG 11 (cities and communities); the findings will act as their
means of advocacy by notifying stakeholders and will motive youth leaders.

Keywords: Bangladesh, youth, youth-led organizations, COVID-19, corona crisis, sus-
tainable development goals
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AnHoTanms. Llenu uccnenoBaHusi — U3MEPUTH BKJIaJ MOJIOJEKHBIX OpraHU3aluid BO
BpeMs KOpOHAKpHU3Hca B pa3BUTHE Lieiel ycroitunBoro pasputus (I[YP) u onpenenuts Bius-
HUe Ha pasmuunble L[YP nmestenmbHOCTH, MpojenaHHON oOmecTBoM. B pabote Hanm mensMu
ycToiuMBOro pazButus banrnaznem nocruraet nuka k 2030 roxy. Bo Bpems mangemun Kopo-
HaBUpyca OaHTIanenIcKasi MOJIOACKb MPOSBIISIET OOJBITYI0 camooTaauy. MoJoIe)KHbIe opra-
HU3AIMK OKa3bIBAIOT TIOMOIIL MYTEM IOBBIMIEHUSI OCBEIOMIICHHOCTH B OOIIECTBE, OKa3aHUS
MEJIMIIMHCKON TIOMOIIH, MpeaocTaBiieHus: 3amacHbix yacteit CU3 (macok, nesuHpuimpyro-
IIUX CPEACTB A PyK M KocTioMoB CH3), a TakKe MOCPEeICTBOM €ANHOBPEMEHHBIX MOXEPT-
BOBaHMU. B mccienoBanny yqacTBOBaJIM PECTIOHICHTHI U3 BOChMHE paitoHOB banrianer, cra-
TUCTHYECKHUI aHanu3 nposezieH B SPSS. M3ydensl npo0ieMbl, ¢ KOTOPHIMHU CTOJIKHYJIUCH MOJIO-
JIS)KHBIE OpraHu3aIyy Ipu paboTe Ha MecTaX, ONpeIesieHO KOJTUYECTBO COOPaHHBIX UMY IS
peanu3anuy CBOMX IIeJiel cpencTB. BeIABIEHO, UTO MOJIOAEKHBIE OpraHu3anuu u3 Jlakku u
Yurtraronra sIBJISIOTCSA BeayIIUMU. JlaH KpaTkuid 0030p mapamMeTpoB (MECTOHAXOXKIECHHE MO-
JIOJISKHBIX OpraHu3aluid, 00beM CPEJCTB U MOJIXOABI K UX cOOpY, MOAJEPKKA CO CTOPOHBI
MPaBUTEIHCTBA, CO3HATEIILHOCTh B OTHOIICHHWH K COOCTBEHHOMY 3IIOPOBBIO HaceneHus baH-
IIaJIeNI B YCIOBUAX KOPOHABUPYCA, OXKHIAHUS OT OOPHObI ¢ BOSHUKIITUMH BO BPEMsl OOIIICCTBEH-
HOW JICITEIBHOCTH TIPOOJIEMaMHK) C TEJIbI0 TTPOAEMOHCTPUPOBATh BIMSIHUE 3TOW JCSITEIbHOCTH
Ha OaHTIa/IeNICKOe COOOIIECTBO BO BpeMsi KOPOHAKPU3UCA. Y CTAHOBJICHO, YTO WHHUIIMATUBBI
MOJIOJISKHBIX OpTraHU3alui, MMOIEPKUBACMbIE TOCYIapCTBOM, BIMSIOT Ha 1ienu 1, 2, 8, 10, 11.
OHM 0Ka3bIBAIOT CUIIbHOE BO3JICHCTBUE HA COLMANbHBIE U3MEHEHUS, KYIbTYpy U yOexneHus,
TeM caMbIM criocoOcTBys pocTimkeHuro LIYP 11 (ropoaa u coobuiectsa). [TomydeHHbIE pe3ybTa-
THI IPUBJIEKAIOT K WX JACATEIIHHOCTH 3aMHTEPECOBAHHBIE CTOPOHBI 1 MOTUBUPYIOT MOJIOEKD.

KiaroueBsbie cioBa: banrnajen, Monoaexb, MoioaexHble opranusanuu, COVID-19,
KOPOHAKPHU3HC, eI YCTOWYUBOTO Pa3BUTHUS
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BaarogapHoctu u ¢puHaHcupoBanue. BroxHOBeHHE U MOTUBALMs BCErAa MOJKPEN-
NS0T Mo0ble HaunHaHus. [Ipekae Bcero, s Omarogapro BceBblliHEro, KOTOpBIA Jal Ham
MHO’KECTBO PECYPCOB B 3TOM MHUpE Ha IIyTH Halero pa3Butus. [Ipu HanucaHuM HaHHOMU cra-
ThU TPEeOOBAJIOCH ONPOCHUTH MOJIOIEKHBIE OpraHM3aluu baHrnazemn, KOTopble OKa3ald MHE
00JIBLIYIO TIOJIEPXKKY, OTBeYasi Ha HEe0OXOAUMbIE BOTIPOCH! B TEUEHUE OMPEAETICHHOTO NepH-
ona. Beipaxaro orpoMHyro OsarogapHocts M.M. PeauHoii, rmaBHOMY pelakTopy >KypHaia
«Bectauk Poccuiickoro yHuBepcuTeTa ApyxObl HapomoB. Cepust: DKoJIorus u 0€30MaCHOCTh
JKU3HENESITENbHOCTH», KOOPAUHUPYIOLIEH CTONb yBa)XaeMbli M BaXXHbIM Ju1a cTtyaeHTtoB PY/IH
JKypHaJI, a TAKXKE PEKOJIICTHH, 0OECTICUNBAIONICH ero CHCTeMaTHuecKyro myonukammio. Hako-
HeIl, 5T TIOCBSIIAI0 3Ty CTAaThIO OOMIIAM IEPEIOBOM, CIIACAIONINM JKU3HU W CITYXKAIlM OOIIle-
ctBy Bo Bpems COVID-19. be3 ux nojaepxku MUPOBBIE COOOIIECTBA YMPYT U MUpP CTaHET
MYCTBIM COCYIOM (BO3MOKHO, OCTaHETCs 0€3 YeTIOBEUECKOTO BIIUSIHUS MM 37I0POBBIX U YCTOWYH-
BBIX cTpeMiieHHi). A riryboko yBaxkaro coobmiectsa, 6opromuecs ¢ COVID-19.

Hcropus crarsu: nocryrmuna B pegakmmio 23.11.2020; npunsita k myommkarpm 01.12.2020.

Hdas uurupoBanus: Kamruzzaman S.Md. Moving towards sustainable development
goals: initiatives of Bangladeshi youth organizations during corona outbreak // Bectauk Poc-
CHICKOro yHHBepcUTeTa ApyKObl HapoaoB. Cepust: DKoaorus U 6e30MaCHOCT YKU3HEESI TeIbHO-
cru. 2020. T. 28. Ne 4. C. 417-427. http://dx.doi.org/10.22363/2313-2310-2020-28-4-417-427

Introduction:
Bangladeshi youth and current corona situation

Bangladesh is going through an era when number of youth is increasing and
now it is 47.6 million people aged 10-24 years, or 20% of the population, out of
total 158.5 million (UNFPA); that is a sign when country significantly develops
herself in technology and socio-economic sectors.

National Federation for Youth Organizations (NFYO) is the planning cham-
ber of youth organizations in the nation which incorporates 480 member organiza-
tions and around 4,000 youth organizations as its primary members [1].

Young people working for society have been awarded in different platforms
to work for the society, for their social movement and proactive engagement in
humanitarian activities; such as US based non for profit organization “Asia Socie-
ty”, Forbes, US Department of States, 2016 Queen’s Young Leaders, etc. Young
leaders are representing Bangladesh from multi-cultural organizations like Face-
book, WHO, UNESCO, NASAA and so on. Over the world, Bangladeshi youth
has already drawn a footprint of leadership excellence in both international and
national platforms through their charismatic qualities and cultural diversification.
It has to be discussed in this paper the initiatives taken by youth organizations in
Bangladeshi community that have remarkable impact on sustainable development
goals of a country.

32,484,997 corona virus cases found last updated on 25" September, 2020
according to Worldometers. According to the data of 27 July, 2020 published
by World Health Organization, 226,225 have been confirmed as corona positive;
1,24,417 have undergone for corona test whereas over 125,683 have already re-
covered [2]. Bangladesh is the 15" ranked country according to Worldometers;
356,767 total cases in Bangladesh and total recovered 267,024 [3].

Due to pandemic situation, many countries are in recession right now. Unlike
other countries, this pandemic has given uncertainty to business, organizations and
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daily activities. But Bangladesh GDP has not dropped down due to corona outbreak.
This development rate is likewise much over the financial development prediction
given to Bangladesh by the World Bank (WB) at 1.6%, International Monetary
Fund (IMF) at 3.8% and Asian Development Bank (ADB) at 4.5% for 2020.
While these speculation predictions are for the schedule year 2020, however
the BBS development prediction is for the 2019-2020 money related year. Indeed,
the Bangladesh government accepts that the economy is on target to accomplish
8.2% development rate in 2020-2021 and furthermore anticipates that the econo-
my should bounce back at a higher movement than before after the pandemic is
finished (The Financial Express, August, 28). There is an understood message that
the economy isn't just journeying back to pre-pandemic levels yet in addition will
outperform that [4].

Materials and methods

Since youth are engaging themselves in many social activities, it has been
surveyed the youth organizations to get insights about what they have done and
how they have done and how the things happened during COVID-19. The objec-
tive to study their initiatives during this pandemic in Bangladesh:

— to know the activities that have done for the society to identify which ac-
tivity have impact on which SDGs;

— to know how they collected funds and what are the shortcoming of collec-
ting funds since positive money flow ensures the life of an organizations; thus,
it can be measured the sustainability of the organization itself;

— to get insights about their views and expectations on Bangladesh govern-
ment since government has arranged many programs for them and allocated bud-
get from the development for the youth organizations of Bangladesh;

— to get a summary of how much precautions are followed by Bangladeshis
during COVID-19 that are noticed while working at the field; since a health-
conscious and aware society reflect a country as “Protective Country” that bring
progress in both socio-economically and culturally;

— to get informed about the recommendations and share in this paper so that
the concern authority come forward to support youth organizations so that the coun-
try SDGs are properly fulfilled and satisfy the needful as per the requirements.
Such that, funding support, advocacy and other supporting arrangements can be done
by government and other concerns by getting a glance of this paper.

Government promoting youth organizations

Youth organizations are working relentlessly to contribute to the society at-
tain the SDGs through Vision 2021, Vision 2041 and the UN Sustainable Devel-
opment Goals (2016-2030); hence, they are doing social works and government is
also promoting the youth engagement in many sectors in Bangladesh. National
Youth Policy 2017, National Skill Development Policy 2011, Sheikh Hasina Na-
tional Youth Development Institute Act, 2017 have been initiated by the Bangla-
desh government to empower youth of Bangladesh that contributes to the sustain-
able development. Priority areas of government for youth development are em-
powerment (education, training, employment and entrepreneurship, development
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of information technologies), health care and recreation, good governance (civic
participation, social participation and social safety), sustainable development
goals (sustainable development goals, education in and awareness of the environ-
ment, environment-friendly agriculture and industrialization, safe food and com-
modity marketing), equitable development, building healthy society, globalization
and survey and research [5]. Government has accommodated many programs to
build youth engagement in attaining SDGs. Thus, youth empowerment has been
increased in Bangladesh in last decades; they have now multiple sectors and op-
portunities to work for the betterment of the society as well as for the motherland.
Access to Information (a2i) in Bangladesh has come out with “Innovation Lab”
which is entailed with innovation fund, youth innovation programs motivating
youth of Bangladesh.

Bangladeshi youth organizations working against corona crisis

34 organizations have been surveyed located in Bangladesh and among them
24 youth organizations are from Dhaka (the capital of Bangladesh) and 9 organiza-
tions are from Chittagong (one of the most industrialized districts of Bangladesh)
and the other one is from Khulna. Their core working areas are ICT, social welfare,
education, skill development, international affair development, legal aid, food dis-
tribution, humanitarian aid and social awareness and youth advocacy (Table 1).

Table 1
Location
Frequency Percent Valid percent
Dhaka 24 70.6 70.6
i Chittagong 9 26.5 26.5
Valid

Khulna 1 2.9 2.9

Total 34 100.0 100.0

The core activities the surveyed youth organizations of Bangladesh are doing
to contribute to the SDGs are:

—advocacy & youth empowering initiatives;

— health, education, human rights, climate change and disaster management;

— work for underprivileged children;

— youth skills development training;

— help hunger peoples around the world;

— eradication of poverty;

— help people of the country;

— assurance of fundamental right of poor people;

— promotion of social entrepreneurship and foster youth skill development pro-
grams in order to bring out positive social change;

— social welfare which includes charitable giving and also creating social
awareness from different aspects according to the need of the society;

— building innovation culture around the Bangladesh;

— supplying the voice of young generation regarding current global issues;

— minimization of unemployment rate by managing works for youth;

— education, youth development, blood donation, waste management, women
empowerment.
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The youth organizations activities to combat corona crisis

During this pandemic, youth organizations have moved forward to stand be-
side needy people and they are building awareness since the breakout of this pan-
demic. Study shows that they are distributing relief, providing emergency ambu-
lance support, distributing health facilities to the refugees, food distribution, cash
support, awareness campaign, hygiene materials distribution, community radio
programme, [EC materials distribution, online schooling to students, awareness
campaign, aid for old homes, camping to create corona awareness, helping
transgender community by the help of collaboration. Details about the activities
along with the names of organizations have been mentioned below.

Relief distribution. Dhrubotara Youth Development Foundation, Green HR
Professionals Bangladesh, Food for the Hungry, Somikoron Academic Centre, Badhon
Ramganj Foundation, Youth for Better Future Society, Youth School for Social
Entrepreneurs (YSSE), Pashe Achi Initiative, Positive Youth Development Socie-
ty of Bangladesh, Jadumoni Foundation, Bangladesh Innovation Forum, Youth
for Bangladesh, Mainia Youth Forum, Lighter Youth Foundation, ProjectDebi,
Bidyanondo Foundation distributed relief to needy people. This initiative impacts
on SDG 1 — No Poverty and SDG 2 — Zero Hunger.

Food distribution. YPSA (Young Power in Social Action), Bidyanondo Foun-
dation, Youth Nexus, Genesis Foundation, Badhon Ramganj Foundation, Pashe
Achi Initiative, Nobarun Youth Charity Foundation, Impact Bangladesh, Lighter
Youth Foundation, Ignite Youth Foundation, Youth for Social Aid (YFSA), Zone
for Humanity, Youth for Bangladesh, Gontobbo Youth Foundation, Bidyanondo
Foundation also distributed food for the poor. They provided food for Iftar to the poor
at the month of Ramadan 2020.

Fund donation to poor. Green HR Professionals Bangladesh, Somikoron
Academic Centre, National Youth Foundation Bangladesh, HYLO (Humanitarian
& Youth Leading Organization), Jadumoni Foundation, Chittagong Young Star
Society, Bidyanondo Foundation supported poor by handing over cash.

Corona hygiene item distribution. Dhrubotara Youth Development Founda-
tion, YPSA (Young Power in Social Action), Food for the Hungry, Genesis Foun-
dation, Badhon Ramganj Foundation, Youth for Better Future Society, Youth
Nexus, Chittagong Young Star Society, Human Shadow, Mainia Youth Forum,
Youth Environmental Opportunities (YEO), Ignite Youth Foundation, Youth for
Social Aid (YFSA), Bidyanondo Foundation distributed corona protective items
like PPE, masks, gloves, sanitizer and so on. This has impact on SDG 3 — Good
Health and Well-Being.

COVID-19 awareness. Dhrubotara Youth Development Foundation, YPSA
(Young Power in Social Action), Young Elite Community Club, Youth for Better
Future Society, National Youth Foundation Bangladesh, Bangladesh Youth Em-
powerment Society, Futontoh Kishor Songo, Youth School for Social Entrepre-
neurs, Positive Youth Development Society of Bangladesh, Bangladesh Innova-
tion Forum, Youth Nexus, Gontobbo Youth Foundation, Mainia Youth Forum.
Youth School for Social Entrepreneurs organized 9 corona awareness programs to
raise awareness among mass people.
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Table 2
Activities that have impacted in SDG goals
SDGs Activities during COVID-19
Goal 1. No poverty Helping poor and underprivileged with providing cash support
Goal 2. Zero hunger Distributing cooked foods, food groceries to the poor and underprivileged
Goal 3. Good health Distributing corona protective items like PPE, mask, sanitizers and hand
and well-being gloves, etc.

Goal 8. Decent work
and economic growth

Goal 10. Reduced inequality ~ Supporting transgender

Goal 11. Sustainable cities Youth organizations initiatives to community engagement and work
and communities for the wellness of human-being can provide a sustainable city

Corona initiatives and financing small businesses to sustain in the market

Out of box activities done by youth organizations:

— online schooling by Young Elite Community Club;

— emergency ambulance support;

—awareness program by UK doctor organized by Bangladesh Youth Em-
powerment Society;

— supporting small ventures by Pashe Achi Initiative;

— policy advocacy by Dhrubotara Youth Development Foundation;

— call support to a2i by Youth Nexus;

— support to transgender community by ProjectDebi;

— 500+ online medical support by Ignite Youth Foundation.

These activities have greater impact on SDGs such that youth organizations’
steps to fight for the pandemic reflect goal 3 — Good Health and Well-Being.
Nonetheless, this table indicates how and which SDGs are affected by which ac-
tivities done by Youth Organizations of Bangladesh (Table 2).

Sources of funds, its sufficiency
and total expenditure for COVID-19

According to the study, 23 organizations out 34 raised funds from their
member’s donation; however, other sources of government fund, international or-
ganizational fund, individual fund and crowd funding.

67.6% the youth organizations expressed that they got the satisfactory mem-
ber support for the corona combating initiatives during this hard time. 1 organiza-
tion mentioned that they got international fund and other 10 organizations said
that they collected their funds from individual donors, private organizations and
crowd-funding and social media promotions to get funds to support the initiatives
to fight against the pandemic (Table 3).

Table 3
Sources of fund

Frequency Percent Valid percent Cumulative percent

International fund 1 2.9 2.9 2.9
Valid Members' donation 23 67.6 67.6 70.6
Others 10 29.4 29.4 100.0
Total 34 100.0 100.0
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Table 4
Number of members

Frequency Percent Valid percent Cumulative percent

Below 100 14 41.2 41.2 41.2

101-200 2 5.9 5.9 471

Valid 201-300 4 11.8 11.8 58.8

301-400 2 5.9 5.9 64.7

401 and above 12 35.3 35.3 100.0
Total 34 100.0 100.0
Table 5
Statistics
Sources Rating to Governmental Sufficiency Rating to member support
of fund support towards Youth ORGs of funds during corona crisis
Valid 34 34 34 34
Missing 0 0 0 0
Mean 3.29412 3.00000 3.29412 4.61765
Median 3.00000 3.00000 3.00000 5.00000
Mode 3.000 3.000 3.000 5.000
Standard deviation .578892 1.180652 1.087934 .551291
Variance .335 1.394 1.184 .304
Range 3.000 4.000 4.000 2.000

Additionally, 35.3% of youth organizations have 401 members and above,
whilst 41.2% have below 100 members, still they are getting enough support from
their members to work during corona crisis in Bangladesh (Table 4).

Statistics shows that out of 34 youth organizations, 23 youth organizations
collected funds from member support was good (very good — 5; good — 4;
3 — moderate; 2 — poor; 1 — very poor) and members donated for their organiza-
tional purpose like distribution, relief purpose and for other support (Table 5).

Table 6
Rating to governmental support towards youth ORGs
Frequency Percent Valid percent Cumulative percent
Very bad 4 11.8 11.8 11.8
Bad 7 20.6 20.6 32.4
. Moderate 12 35.3 35.3 67.6
Valid

Good 7 20.6 20.6 88.2
Very good 4 11.8 11.8 100.0

Total 34 100.0 100.0

However, it has been shown to the statistics that government was rated
moderate as to refer the mean score of 3.29 which means it was not that much sa-
tisfactory since government arrange different plans for the development and
maintenance for the youth organizations of Bangladesh (Table 6); they also pro-
vide policy advocacy to the youth organizations but unfortunately, according to
the statistics, youth organizations did not get enough support from the Bangla-
deshi government during this pandemic (Table 6). Youth organizations mostly got
support from their members in both field work level support and financial support
since most of the surveyed youth organizations raised fund from their members’
donations (Table 7).
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Table 7
Rating to member support during corona crisis
Frequency Percent Valid percent Cumulative percent
Moderate 1 2.9 2.9 2.9
Valid Satisfactory 11 32.4 32.4 35.3
Very satisfactory 22 64.7 64.7 100.0
Total 34 100.0 100.0

Table 7 shows that 22 organizations rated member support as very satisfac-
tory and 11 organizations rated member support as satisfactory. On the other hand,
government support is not that satisfactory enough to work for the country to
combat COVID-19.

Fund sufficiency and approximate expenditure
to combat COVID-19

Though member support during corona crisis was satisfactory enough but
fund to support community was not sufficient enough. They need more fund to do
the needful and therefore, youth organizations are seeking government support to
operate their humanitarian and social initiatives smoothly. Statistics shows that
47.1% of youth organizations or 16 youth organizations out of 34 mentioned that
the fund allocated for the plan was not sufficient (Table 8).

Table 8
Sufficiency of funds
Frequency Percent Valid percent Cumulative percent
Very insufficient 2 5.9 5.9 5.9
Insufficient 4 11.8 11.8 17.6
i Moderate 16 471 471 64.7
Valid .
Sufficient 6 17.6 17.6 82.4
Sufficient enough 6 17.6 17.6 100.0
Total 34 100.0 100.0
Table 9
Expenditure for corona crisis
Frequency Percent Valid percent Cumulativep
Below BDT. 10,000 5 14.7 14.7 14.7
BDT. 10,000-50,000 6 17.6 17.6 324
Valid BDT. 51,000-1,00,000 5 14.7 14.7 471
Above 1,00,000 18 52.9 52.9 100.0
Total 34 100.0 100.0

Survey conducted to 34 youth organizations and they shared that 52.9% of
youth organizations or 18 youth organizations expressed that they had spent above
BDT. 100,000 for the purpose of serving communities during corona crisis (Table 9).

Health precautions
noticed while working on field during COVID-19

Government of People’s Republic of Bangladesh has arranged many programs
to raise awareness against COVID-19; thus, they do television live, radio pro-
grams and so on. Youth organizations noticed lack of health precautions among
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people of Bangladesh which is life-threatening. Statistics showed that only 11.8%
of people who received their relief and for whom they worked for followed health
precautions against corona virus and 41.2% of surveyed youth organizations fol-
lowed health safety against COVID-19 (Table 10). Thenceforth, youth organiza-
tions relentlessly worked for communities to combat COVID-19 and make the city
healthy and safe from corona virus. Youth organizations risk their life to work for
the communities during corona crisis in Bangladesh that has remarkable impact
on SDG mentioned above at Table 2.

Table 10
Rating on health consciousness noticed while working on corona crisis
Frequency Percent Valid percent Cumulative percent
Very poor 1 2.9 2.9 2.9
Poor 7 20.6 20.6 23.5
) Moderate 14 41.2 41.2 64.7
Valid
Good 8 23.5 23.5 88.2
Very good 4 11.8 11.8 100.0
Total 34 100.0 100.0
Conclusion

Bangladesh youth organization are serving their best to support communi-
ties and they arrange many plans to move forward. Youth organizations are put-
ting their effort to SDG that bring prosperity of a country. Thenceforth, it has been
asked youth organizations to recommend necessary measures to have the greater
efficiency in operation. Such that:

— engaging our community from the beginning of a project planning and de-
signing;

— assurance of transparency in financial transaction from the top level mana-
gement;

— financial support from NGOs and local government that can bring youth
organizations smooth money flow to run their operation effectively;

— providing more collaboration with government, NPOs & NGOs to get funds
and collaborative support can be exchanged among them;

— government funded training programs can be arranged so that young lea-
ders can run their organizations with least mismanagement and efficiently with
the highest level of coordination;

— specific policy should be taken to encourage corporate houses to donate for
the youth organizations.

To sum up all the recommendations, it can be said that government should
allocate funds for active youth organizations since youth are the powerhouse;
and youth organizations are the practice field of those powerhouses. So, govern-
ment should focus more on the facilities that can be provided to them; therefore,
this initiatives will bring uplift of SDG of a country; so as Bangladesh. COVID-19
initiatives impacted on SDG but due to insufficient fund, they lag behind in regu-
lar operations. If government and giant actors of Bangladesh move forward to
support youth organizations, they can move forward thousand times for the deve-
lopment of a country, for the betterment of communities that have also impact on
sustainable development goals.
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AHanuTnyeckunii 0630p No COBpEMEHHbIM UCCIeA0BaHNAM
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AHHOTaUUsl. AHATIM3UPYIOTCS CYIIECTBYFOIIME UCCIIEIOBAHMS 110 U3MEHEHHUSIM TIPOCTPaH-
CTBEHHO-BPEMEHHOM JIMHAMUKH yTJepoJia B IPUPOJHBIX dKocUcTeMax cyid. [IpuBeneHs! pa-
OOTBI POCCHHCKUX M 3apyOEIKHBIX aBTOPOB I10 OIICHKE YIIIEPOANCTIOHUPYIOIEH CITOCOOHOCTH
JIECHOTO MOKPOBa U yriiepoaHoro Oromkera. Omucansl paboTHI MO 3amacaM OMOMAacCHl U TIep-
BUYHOW MPOAYKIMH OHOTEOLEHO30B, HCCIICIOBAHUS B 00IACTH MaTeMAaTHIECKOTO MOAEIHPO-
BaHMA YTIAEPOAHOTO IIMKJIA B SKOCUCTEMAaX CYIIU C UCIOJb30BaHUEM JaHHBIX AUCTAHLIHUOH-
HOT'O 30HIMPOBaHMA. PacCMOTPEHBI COBpEMEHHBIE TTOIXO/Ibl B MATEMATUYECKOM MOJICTTMPOBAHUH
MPOAYKIMOHHBIX MPOIECCOB U OMOJOTHYECKUX IMKIIOB AJIEMEHTOB B PACTHUTEIBHBIX IKOCH-
cremax. [IpoaHanmm3nupoBaH BKIIAJl POCCHICKHUX U 3apyOSKHBIX aBTOPOB B M3y4YEHHE IPOCTPaH-
CTBCHHO-BPEMEHHOH AMHAMHKH yriepona. [loka3zaHa ero poib B ONpEACICHUH CEKBECTpPAIIH-
OHHOH CIIOCOOHOCTH PACTHTENBHBIX YKOCHCTEM KaK BaKHON YKOCHCTEMHON (YHKIHH, pery-
JUPYIOIIEH COCTOSIHUE KIMMaThdeckoro ancamOist atmocdepsl. [IpuBeneHsl nccienoBaHus,
Kacaroluecss pojii YIpaBlseMbIX JiecOB Poccun B cMATYEHWH U3MEHEHHMH KiMMarta, U IMpo-
THO3 UX YTJIEPOIAEOHUPYIOIIEro noTeHnuana Ha nepuo 10 2050 r. npu pa3HbIX CLEHApH-
SIX JIECOYIIPABJICHUS, a TaKke OCHOBAHHBIE HA MOAEIMPOBAHHUU Pa3IMYHBIE METOIBI OLCHKH
U TIPOTHO3a 3araca yriiepoja B Jiecax, MOJTYYHBIINE MEKIyHAPOIHOE TPU3HAHKE, B UX YHCIIE
N3UC ITASA (Asctpusi), EFIMOD + ROMUL (Poccust), POBYJI (Poccus), MapopmaronHas
cucTeMa OIpeeNieHns] U KapTUPOBaHUs JeTOHUpoBaHus Jiecamu yriepoaa (Poccus, YIJITY),
CBM-CFS3 (Jlecnas cmyx6a Kanane), FORCARB2 (Jlecnas cmyx6a CIIA). Onucansi
paboThI, OCHOBaHHBIE HA MPOCTPAHCTBEHHOW MOJAETH YITICPOJHOTO LIUKJIA B CHCTEME «aTMO-
cdepa — pacrenue — nousa» (A.M. Tapko) BI] PAH umenn A.A. JIopoaHHIIBIHA, TPUMEHSIC-
MBI€ JUTSI OLIEHKH MTOTJIOTUTEIHHOTO MOTEHINANIA B PA3IMYHBIX PETHOHAX MHPA.

KaroueBble ciioBa: CCKBCCTpalus COz, NPOCTPAHCTBECHHO-BPEMCHHAS OAWUHAMUKA YyI-
Jepoaa, OCHKa q)HTOMaCCI)I, MaT€MaTu4eCKOC MOJCINPOBAHUC

Hcropus craTeu: noctymia B pegakiuro 15.02.2021; npunsita k myomixarmum 20.02.2021.
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Abstract. The research on changes in the spatial-temporal dynamics of carbon in natu-
ral ecosystems on land is explored. The works of Russian and foreign authors on the analysis
of the depositing ability of the cover are presented. Works on biomass reserves and primary
production of biogeocenoses, research in the field of mathematical modeling of the carbon
cycle in terrestrial ecosystems using remote sensing data are described. The article discusses
modern approaches to mathematical modeling of productive processes and biological cycles
of elements in plant ecosystems. The contribution of Russian and foreign authors to the spa-
tial-temporal dynamics of carbon is analyzed. The research data in the assessment of the se-
questration capacity of plant ecosystems, as the role of an ecosystem function, performing
the function of a climatic ensemble of the state of the atmosphere is given. The various mod-
eling-based methods for assessing and forecasting carbon stocks in forests, which have re-
ceived international recognition, are presented, and the role of climate in managed forests
in mitigating changes and predicting their carbon storage potential for the period up to 2050
under different forest management scenarios is examined. Among them: ISIS ITASA (Aus-
tria), EFIMOD + ROMUL (Russia), ROBUL (Russia), Information System for Determination
and Mapping of Carbon Deposition by Forests (Russia, UGFTU), CBM-CFS3 (Canadian
Forest Service), FORCARB2 (US Forest Service). The works based on the spatial model of
the carbon cycle in the “atmosphere — plant — soil” system (A.M. Tarko) of the Computing
Center of the Russian Academy of Sciences, used to assess the absorption potential in various
regions of the world, are outlined.
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BBepeHue

HazemHbIe SKOCHUCTEMBI TP PACCMOTPEHUH MX OOIIEH HETOCpeaCTBEHHOM
poJin yriiepoJa, HaxoAdmerocsa B JUHAMUKE IIPOCTPAHCTBA U BPCMCHU, SABJIAIOTCSA
OCHOBHBIM YYaCTHHUKOM TpPU CO3/IaHUU M yAEpKaHUH OpPraHMYEeCKOro BeIlecTBa
BHYTPHU OUOJIOTUYECKOI Macchl pacTeHus. [Ipu 3ToM nocie OKOHYaHHS KU3HU pac-
TUTETBHONM MaccChl YIJIEPOJ OCTAae€TCA BHYTPH Ha BCEX 3Tamax AECTPYKIUH, Oyab
9TO CYXOCTOH, OmaJl, TyMyC B ITOYBE WU TOP(.
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Crout Bceraa npaBUIIbHO HMCIOJIB30BATh MPUPOAHBIE pecypcehl. [Ipu Heparm-
OHAJIbHOM NOJXOJIE JIt00as CUTYyallusi, CBSI3aHHAs! C NMPUPOAHO-IKOHOMUYECKUM TI10-
TEHIIMAJIOM, MOKET BBIWTH B IUIIOC HIIM MUHYC. Tak, jeca, 1yra u 3eMJId CeNbCKO-
XO35IIICTBEHHOT'O Ha3HAUY€HUS MOTYT OBITH pe3epByapoM MAJis JIOJITOBPEMEHHOTO
COXpaHEeHHs yriiepoja J1u00 04eHb CHIIBHBIM HCTOYHUKOM BbIOpoca CO2 U mpyrux
MAPHUKOBBIX Ta30B.

VYrnepoa oueHb aKTUBHO HAKaIlJIMBAETCS B MTOYBAX. JTO HAMPSAMYIO CBI3aHO
C T€M, YTO MHHEpalIM3alisl OPraHuYeCKUX BELIECTB UJET HAMHOI'O MEJJICHHEe,
HeXenu camo HakomieHue yriaepoza [1]. Kak ykazano B [1], konuenuusa Kie-
MeHTca — Pa3yMoOBCKOro sBIsSIeTCS WHAMKATOPOM COOTHOIICHMS TPOILIECCOB Ha-
KOIUIEHMSI M AECTPYKIIMM OPraHUYECKOT0 BELIECTBa B JIECHON SKOCUCTEME. A BO3-
pacTaHle OpPraHUYeCKOro BEIIECTBA MOYBHI CBUACTEIHCTBYET O TOM, YTO JIECHAs
9KOCUCTEMA MOXKET CYMTATHCA CTOKOM aTMOC(EpPHOTro yriiepoa.

AHanu3 npegmeTHoOM obGnacTun

MupoBoii IPHOPUTET UMEIOT MPOBEIACHHBIE MCCIEIOBAaHUSI U y4eT COCTaB-
JSIOUINX T100abHOTO KPYTOBOPOTa HA3€MHBIX PACTUTENIbHBIX COOOIIECTB COBET-
ckuMu (poccuiickumu) ydensiMu H.U. Basunesuu, JI.LE. Ponunsim, H.H. Po3o-
BbIM, A.A. Tutnanosoid, A.B. JIpo3noseiM, A.J[. Apmannom, O.I'. UepToBbiM,
A.C. Komaposeim. [ToapoOHeiimue nccaeaoBaHusl COCTOSHUS M aHTPOIIOTEHHOM
TUHAMUKU JiecoB Poccuu BeimosiHeHs! o] pykoBoacTBoM A.C. Ucaesa, A.3. 11IBu-
neHko, B.A. Yconbuesa u B.W. Xapyka.

OrneHka yriepo10AeTIOHUPYIONIe CIOCOOHOCTH JIECHOTO MOKPOBa CETOIHS
SIBJISIETCSL OJTHOM M3 HACYIIHBIX mpobisieM [2]. B [2] nmpoBoaunuck paboThl O BbI-
YHCIIEHUIO UTOTOBBIX 3aMacoB (PUTOMACCHI OTAETBHO AJISl KaXI0W MOPOJIbI U UTO-
TOBBIE 3amachkl (PUTOMACCHI Ha BCEH MOKPBITOM JIECOM ILIOManu Jiecxo3a Ilepm-
ckoil obnactu P®. Mcxons u3 cBefeHui, NpeACTaBIEHHBIX B padote [3], MOXKHO
CKa3aTh, YTO TOJyUYEHHAs HA OCHOBE pa3pabOTOK, CBSI3aHHBIX HATIPSMYIO C aJlTIOMET-
PUYECKUMH MOJEISAMH, 06a3a NaHHBIX COJEPKUT BaXXHYIO MHQOPMAIHIO O TOUHOM
COCTOSIHMHM OMOJIOTUYECKONW MAacChl U OPTAaHMYECKOTO yTepo/a, a TAKKe O JTI0ObIX
KoJIeOaHUIX CUCTEMBbI, KaCAIOIIUXCS MPOCTPAHCTBA M BPEMEHHU.

B [4] moapoO6HO M3JI0KEHBI OCHOBHBIE METOJIWYECKHUE IMOAXOIBI K OIEHKE
OropkeTa yriiepoja. ABTOPHI paOOThI MCCIIEIOBAIA BCE THITHI JISCHBIX (hopmarimii
B Poccun. Ocoboe BHMMaHuE MPHUBICKIN 3€MJIM, HaXOIAUINECS B OTAAIEHUE OT
TpaHMI] JIECHOTO (hoHA.

Pesynbraramu 1aHHBIX paOOT SBISETCA CUCTEMAaTU3UPOBAHHOE IPUMEHEHUE
aHaJIM3a U UX CIUIETeHHE C UTOTaMH MO AMCTAHIIMOHHOMY 30HAMPOBAHHIO IJIaHE-
TbI 3emuist. [Ipu 3TOM aBTOPBI pacCUUTAIN M YACTBIA SKOCUCTEMHBIN YTIE€pPOAHBIN
6ananc (UDYB) mokpeiThix iecoMm 3emenb Poccun 3a mepuog 2007-2009 rr.

B [5] paccMmoTpeHs! poinb ynpaBisieMbIx JiecoB Poccuu B cMsrdyeHUH U3Me-
HEHUH KJIMMaTa U MPOTHO3 UX YTJIEPOI0ACTIOHUPYIOLIETO MOTEHIINAaIa Ha IEPHOJ
1m0 2050 r. mpu pasHBIX CIIeHApHUsX JecoyrpasieHus. [IpoBeneHa oleHKa CTOKa
nuokcunaa yriepogaa Ha ocHoBe moaenu CBM-CFS3 (Jlecnas ciyx6a Kanamsr).
B [6] u3y4yeHbl «OCHOBaHHBIE Ha MOJCIMPOBAHUN PA3IMYHBIE METOAbI OLICHKH U
MPOTHO3a 3amaca yriepoja B JiecaX, KOTOpbIE MOJYyYMSId MEXIYHAPOJAHOE TpH-
3nanue, B ux yucne: U3MC IIASA (Asctpusi), EFIMOD + ROMUL (Poccus),
POBVYIJI (Poccus), UudopmanmonHas cucrema onpeeieHus] U KapTUPOBAHHUS Jie-
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nonupoBanus gecamu yriepoaa (Poccus, YIJITY), CBM-CFS3 (Jlecnas ciyx6a
Kananst), FORCARB2 (Jlecnas ciyxx6a CILIA). Paccuntana u mpousuirocTpupo-
BaHa B KapTorpaduueckoil hopMe BeIMYNHA TOJUYHOTO JENOHUPOBAHUS YTIIEPO-
Jla OCHOBHBIMHM THIAMH JIECHBIX 3KOCHCTEM 30HbBI XBOWHO-IIHPOKOJIMCTBEHHBIX
necoB EBporneiicko-Ypanbckoit yactu Poccuny [6]

B [6] mpuBoauTcst 0630p MaTeMaTUYECKUX MOJENEH IS U3YUYCHHS yTiie-
POJIHOTO IMKJIA B JIECHBIX 3KOCHCTEMAX 30HbI XBOHHO-IIMPOKOIUCTBEHHBIX JIECOB.
ABTOpPBI OTMEUAIOT 3HAUUTENBHYIO PACXOJUMOCTh JAHHBIX MO YIJIEpOJHOMY Oa-
JIAHCY BBUIY BBICOKOH CTEMEHU HEONPEICICHHOCTCH, BO3HUKAIOIINX MPH MaTe-
MatuueckoM moaenupoanuu. O.I'. Uepto, M.A. Hanmopoxckast [1] pa3padota-
JM ¥ peaii30Balid KOMIUIEKCHYIO CXeMY M3y4YeHHsS] CKOPOCTH U XapakKTepa TpaHC-
(hopMaIiy MOCTYMAIINX OPraHUIECKUX OCTATKOB B TIOYBY M MPOJIYKTOB WX TY-
Mudukanuu ¢ nmomorbio Mmoaenu ROMUL.

Caenenus o 3amacax OMOMaccChl M MEPBUYHON MPOIYKIIMH OHOTEOIIEHO30B,
0006mens! B padorax H.U. basunesuy, JI.E. Poquna, H.H. Po3oBa, A.W. YTkuna.

B nacrosimee Bpems pazpaboTtana 6aza maHHBIX o puTomacce nmecoB Ce-
BepHOIl EBpa3un, npunamnexamas B.A. YconbueBy, conepxamas okono 5085 Ha-
omonennii. «Ha ocHOBe NaHHBIX HAONIOIEHUN paccUYUTaHbl MHOTO()AKTOpPHEIE
MoenH YrcTor nepsuaHor npoaykiuu (NPP) mytem coBmemenus moaeneit ¢puro-
Mmaccel 1 NPP ¢ 6ankamu naHHbIX jecoycTpoiicta no 150 necxo3am Ypanbckoro
(denepaapbHOro OKpyra Ha IDiom@aau 127 MIIH Ta, pacCYMTAHBI 3aMmachkl yriepoaa
(2679 M T) 1 ero roguuHoe AenoHupoBanue (165 muH T)» [6].

B necax Poccun kpyroBopoT yriepoja Uccieq0oBaH MOJTHO B MHOTOYHCIICH-
HBIX paborax [6-8].

Oco0y10 BaXXKHOCTb MPEACTABISIIOT paOOThI, MOCBALIEHHBIE HCCIEOBAHUIO
BO3JICICTBHS pacmaia APEBOCTOs HA YIJIEPOJHBIN OalaHC B TaekHBIX Jecax Poc-
cuu. ABTOpHI [7] moka3aau, 4To mporpeccupyroiiee ociadaeHue u rudeinb eI0Bo-
ro apeBoctosi B Poccuiickoii denepaiuu, cBsi3aHHOE ¢ COBPEMEHHBIM MOTETICHU-
€M, TIPUBOANT K TPEXKPATHOMY CHIDKEHUIO cToka C Ha 3HAYUTENBHBIX TEPPUTO-
pUSAX, HECMOTPSI Ha COMPOBOXKIAIOIINE 3TOT MPOIECC BOCCTAHOBUTEIIHHBIC CYK-
reccuu. CHUKEHHE CTOKA CBSI3aHO C COXPAaHEHHEM BEJIMYUHBI BAJIOBOTO JbIXAHUS
Ha (OHE CHIDKEHHUS MPOAYKIMU. PacdeThl MOKa3bIBAIOT, UTO YBEIMUYEHUE IJIOIIA-
I TIOJTHOTO pacmaaa apeBocTos 10 27 % mpeBpaiiaeT 3KOCUCTEMY OOpeasbHOTo
neca BO BTopuyHbId UcTOUHUK CO2 1ig aTMochepsl, 4TO MOKET ObITh UCIOJIB30-
BaHO NPU IUCTAHIIMOHHBIX OIEHKAX BIMSHHS KIUMATHUYECKUX WM aHTPOTOTeH-
HbIX Bo3jeicTBuil Ha C-0amaHc yiecoB. ABTopamu [9] ompeneneHo, 4To y4acTKH
YMHPAIOIIEro Jieca JI0JIT0e BpeMsl ABISAIOTCS MCTOYHUKAMHU YIJIEpoJa, a 3TO CO-
MPSHDKEHO € YBEJIMYEHHEM MHTEHCUBHOCTH OOIIETO ABIXaHUSA M CHIDKEHUEM Iep-
BUYHOW TIPOAYKIIMHU €JIOBBIX HACAKICHHUH, TOATBEPIKICHIUEM YeMy CITY)KHT 3HAUH-
TEJIbHOE MaJIeHHE HBANOTPAHCIIHPALIUH.

Bo3zneticTButo Ha yriaepoaHbiit 0anaHC JIECHBIX 9KOCUCTEM pyOOK M JIECHBIX
MO’KapoB TMoCBsIIeHa padora [10]. B Heil moka3aHo, 94TO CEKBECTPAIIMOHHAS CIIO-
COOHOCTB JIECHOW SKOCUCTEMBI CHUKAETCS B PE3yNIbTaTe JECO3aroTOBOK U JIECHBIX
M0’KapoB, HAIIPUMEP JICCHBIC TIOXKAPHI SIBUJIMCH TPUYUHONW BapHaIllMid CTOKA yTJie-
pona ot 53 (2003 r.) go 305 (2005 r.) Mt C/ron. Pesynsratel POBYJI narot cie-
IYIOIIYIO OIICHKY: NMPU COXPAaHEHWH HU3KOTO YPOBHS JIECOIMOJB30BaHUS CTOK YT-
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nepona B neca Poccun OyaeT yMeHbIIAThCs, B TO BpeMs Kak YBEIHYEHHE JIeco3a-
TOTOBOK HEM30EKHO MPUBEIET K €r0 YCKOPEHUIO.

CTouT 3aMeTUTh, YTO CYIIECTBOBAHUE PEAOMIMTUPOBAHHBIX MECT, CACTaHHBIX
Ha JIECHBIX BBIPYOKaX U rapsix, KOMIIEHCUPYET KOHIIEHTPALUIO YIJIepo/ia TIOCPEACTBOM
MIPOM3BOJICTBA HA CBOMX TEPPHUTOPUSX OHosornueckoil maccel. Ecnu mporiece uc-
10JIb30BAHUS 3€MJIM HEKOPPEKTEH, HE IPOUCXOAUT KOMIIEHCAK rnoteps [11].

OrneHka SMUCCUH YTJIEpOJia B pe3ysIbTaTe JECHBIX M0KApOB PaCCMATPUBACT-
csi B pabote [8]. «Pe3ynbpTaThl mosyuyeHbl HA OCHOBE CITyTHUKOBBIX JaHHbIX MH-
crutyTta eca umeHn B.H. CykaueBa CO PAH, a Takxe Ha OLIEHKaX CTOPEBIINX
MaTepHUaIoB C YYETOM BapUaHTOB BOCCTAHOBIIEHUSI SKOCHUCTEM B 3aBHCHUMOCTH OT
THTIa PACTUTEIHLHOCTH U CTETICHH MOPAKECHUS TOXKApOB» [8]. « ABTOpOM pabOThI
Obla pa3paboTaHa KOHIENTyaJdbHas METOAOJOTHS U MPOBEACHAa KOMIUIEKCHAs
IKOJIOr0-DKOHOMUYECKas OIleHKa OI0JpKeTa yriiepoJa HacakIeHUH ¢ y4eTOM BITH-
SIHUSL Ha HUX Pa3IM4YHBIX ()AaKTOPOB HETaTHBHOTO BO3JEHCTBUS, BKIIOYAs PyOKH.
Ha ocHoBe peranpHOro aHailiv3a JAHHBIX BBISBICHBI 3aKOHOMEPHOCTH U CBS3U
MEXAYy KOJMYECTBOM JIENOHMPYEMOIO YIJIEPOJa, HHTEHCUBHOCTBIO BO3JEHCTBUS
HEOJIaroNpUATHBIX (PAKTOPOB M CITIOCOOOM JIeCOMob30BaHus» [12].

[ormnomenue yriekucaoro rasa JeCHbIMA OMOTEOEHO3aMH, SKOCUCTEMAMHU
CTpaH MUpa MpOaHAIU3UPOBaHEI B paboTax [13-16].

KonudecTBeHHbIE OLIEHKHM HAKOTJICHHsI OMOMACChI TTOCIIe HAPYIIICHUH B Jiecax
uccinenonansl B [17]. IlokazaHo, 4TO rycras Ha3eMHas PaCTUTENBHOCTh U HU3Kast
BOJHAsI M TUTATEIbHAs JOCTYMHOCTh MTOYBBI HA UCCIIEIyeMOM y4acTKe OrpaHUYH-
BaIOT BOCCTAHOBJICHHE IOJIOT000pa3ymoIIUX JEPEBbEB U B UTOIE BIUAIOT Ha Ha-
KoruieHne Onomacchl. buomacca u yncras nepBuYHasi MPOAYKTUBHOCTD SBIISIOTCS
BaXXHBIMU (DakTOpamu ISl u3yudeHus: yriepoaHoro mukia [18]. Mcmons3ys Ha-
KOIUUICHHBIE B TUTEpAType JaHHbIC, B 3TOM UCCIIEJOBAaHUH ObLIa CHHTE3UpPOBaHa U
MpoaHaIM3upoOBaHa OOImKpHas 6a3a MPSMBIX MOJEBBIX HAOIOIEHUH JIeCHOW Ouo-
Mmaccol s FOro-3anagnoro Kutasi. KoMmmuiekcHbI pernoHanbHbIN CUHTE3 U aHa-
JU3 JaHHBIX, OCHOBAHHBIA HA MPSMBIX TOJEBHIX HAOIIOICHUSX 32 JIECCHOU OHo-
Maccoii, UIMEIOT BaKHOE 3HAYCHHE JJI1 CPAaBHUTEIBHOTO aHaln3a TI00aIbHBIX U
PErMOHANIbHBIX MOJENIed pPacTUTENBbHOCTH U YIiIepoJa, OUEHKH PErMOHaIbHOTO
COJIep’KaHusl yriiepoJa, BOCCTAHOBJIEHMSI PACTUTENBHOCTH U CMSITYEHMS MOCIe-
CTBUU U3MEHEHUS KIMMATa.

B HacTosiiee Bpemsi B CBSI3U € UCClieJOBaHHEM OMoc(epHOil poiu JIecoB, UX
MPOJYKTUBHOCTH M YCTOMYMBOCTH Ha (POHE TII100aJbHOTO M3MEHEHMs KiuMmaTa
BO3pPOC MHTEPEC K M3YUYEHHIO MPOLECCOB 00pa30BaHMs M MOTJIOMICHUS MapHUKO-
BbIX razoB [15]. B [19] aBTopom «moipoOHO MCCIeOBaHbI OCHOBHBIE UCTOYHUKU
MOCTYIUIEHHS yTiiepojia B aTMocepy B pe3yibTaTe aHTPOIIOTCHHOMN NesTeNbHO-
CTH M 3eMJICTIONB30BAHUS, a TAKXkKe MPOIIECChl HAKOIUICHUS YTlIepoJa B MPUPOJE U
€CTEeCTBEHHBIX pe3epByapax: aTMocdepe, Ouore u okeanax. CaenaH Mporsos yr-
nepoaHoro 6ananca Poccun B XXI Beke ¢ y4eToM 0XKHIaeMbIX U3MEHEHUH B BbI-
Opocax yriepojaa u ux noriomeHus». B [20] cienan BBIBOJ 0 «COBPEMEHHOM 0Oa-
naHce yraepojna Ha tepputopun Poccun Ha MmomeHT 2005-2006 rT. HAa OCHOBE He-
MPEPBHIBHBIX OJAMHHAJIATUIETHUX MOHUTOPUHIOBBIX HAOIIOAEHUH 3a sMuccueit
CO2, BriepBbIE MOJTYYEHBI OLIEHKH CE30HHBIX U TOAOBBIX MOTOKOB CO2 M3 mMOYB
F0’KHO-Ta€HOW 30HBI U paccuuTaHa UX MEXKIroJloBas BapuabeIbHOCTh, pa3zpabo-
TaHbI SMITUPUUECKUE MOEIH, ONKCHIBAIOIINE B3aUMOCBSI3b MEKIY BETUUMHON CyM-
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MapHOI ronoBoit amuccuu CO2 U3 MOYB PA3NIUYHBIX HKOCUCTEM HOKHO-TACKHOM
30HBI ¥ KOJIMYECTBOM OCAJIKOB 3@ BECEHHE-JIETHUN IEPUOI.

«MHOTOYHCIIEHHBIE UCCIIEIOBAHUS YTIIEPOIHOTO IUKIA B OMocdepe B Ha3eM-
HBIX 9KOCHUCTEMAaX BBISBHJIM HEOOXOAMMOCTH TOBBIIICHHS TOYHOCTH OIICHOK (hUTO-
Macchl PaCTUTENBHOCTH, COBEPLICHCTBOBAHUS METOAOB cOopa U 00pabOTKU M-
NUpUYECKUX AaHHBIX» [21]. MaremaTuueckoe moaenupoBanue [14; 15] ceoaut
pa3HbIe CBEJEHH B paMKax OOJBIION MOZIENH JUIsi COOTBETCTBUS KOHIECTIHSIM U
TeopusiM. [Tpon3Bois SKCIIEPUMEHTHI ¢ BEIYUCIEHUSIMH, MOYKHO HAlTH COOTHOILIE-
HUE K I100aJIBHBIM MOJETISM, TaKXKe YUUTBIBask U MPOrHO3bL. «B paboTe nmoxpodHo
CUCTEMATU3UPOBAaHbl MAaTEMaTUUYECKHE MOJEIHU U CHUCTEMBI OLEHKUM W IPOrHO3a
3armacoB yriepoja B JiecaXx. Ha ocCHOBe cpaBHHUTEIBHOTO aHajIM3a BBISBICHO, YTO
HECMOTpPS Ha COIIOCTAaBUMOCTb PacuyeTOB B MOJEIIBHOM 3KCIIEPUMEHTE, Pe3yJIbTa-
Thl, TOJTy4€HHbIE PA3HBIMH HAYYHBIMU KOJIJIEKTUBAMU, 3HAUUTEIILHO PACXOASTCS B
CHJIy BBICOKOH CTEIIEHU HeolpeaeaeHHocTn [14].

W3meneHus: komuuecTBa yriaepoja B rymyce u uromacce B pesyibrare 00e3-
JIECEHUSI M DPO3UHU TIOYBBI paccuuTaHbl s cTpan LlentpansHoit u FOxHOM Ame-
puku B nepuoz ¢ 2000 mo 2060 r. ¢ NOMOLIbIO MPOCTPAHCTBEHHOW MaTeMaTH4e-
CKOHM MoJenu rII00ansHOro MHUKIJIA yTaeKuciaoro raza B omochepe BL] PAH [15].
DTOT aHAJIN3 MOJIE3EH AJIS INIAHUPOBAHUS 3KOJOTUYECKUX MPAKTUK C LIEJbIO yBe-
JTUYEHHS HAaKOIJICHUS yTJIepo/ia B JECHBIX ITyJIax.

I'myOuHHOE 3HaHKE TI00aTBPHOTO M PETHOHAIBHOTO YIIIEPOIHOTO OrO/IKeTa
Tpedyercs i 3pGEeKTHBHON MOIUTHUKH, HANIPABICHHON Ha OOPHOY C TII00ATHHBIM
n3MeHeHueM knumata. ABropamu [16] co3gaHa pernoHangbHas MOJEIb KauecTBa
Bo3ayxa (WRF-COz) nns moznenupoBanust arMmocepHsix Bapuauuii CO2 B peru-
one bonbioit Asuu 3a nepuon 2010-2012 rr.

C pa3BuTHEM METOJIOB CITyTHHUKOBBIX HAOJIOA€HUI U MOBBIIEHUEM JO0CTYITHO-
CTU UX JAHHBIX CTaJM MHTEHCUBHO Pa3BHUBATHCS METOJbl KOJIMYECTBEHHOU OIEH-
KM CE30HHOM OMoMacchl U €€ IMHAMUKH, OCHOBaHHbIE HA aHAJIU3€ IUCTAHIIMOHHO
U3MEpPSIEMbIX ONTHYECKUX XapaKTEePUCTHK.

JIucTaHIMOHHOE 30HIMPOBAaHNE 3EMIIM SIBJISIETCSI OCHOBOM Ui U3yUEHUs €€
Ouonoruueckoro pasHoodpasus. CTOUT 3aMETUTh, YTO HU OJTHO U3YYEHHE IKOJIO-
TMYECKON CUCTEMBI HEe MPOXOAUT Oe3 Hero. OCHOBHOM MOMEHT, KOTOPbIIl HE0OXO0-
JMMO YYUTBIBaTh Ha BCEX JTalax, 3TO OLIEHKA CHUCTEMbI HE TOJIBKO C IMOMOILBIO
OTCJIEKUBAHMS TMHAMHMKHN BPEMEHH, HO M C HEITOCPEICTBEHHBIM YUETOM IIPOCTpPaH-
CTBEHHBIX ypoBHeH [22]. BaxkHO MpoBOAUTH OLIEHKY B JeTansax. s atoro npude-
raroT K IMOMOULIM CTaTUCTHYECKUX NaHHBIX W KpayzacopcuHra [23]. ABropsl [23]
«arperupoBaiu kapty jecoB @AO 2010 paspemenuem B 250 M, KapTy Ha3eMHbIX
skocucteM CesepHoii EBpazun — GLC-2000, 1 kM, rimoGaiibHble KapThl 3¢MeNIbHO-
ro nokposa GlobCover 2009, 300 m u MODIS 2010, 500 M, KapTy COMKHYTOCTH
npesecnoro nojiora MODIS VCF 2010, 250 m, kapty siecoB Ha ocHoBe Landsat 2010,
30 M, KapThl, CO3/IaHHbIE Ha OCHOBE PaJapHBIX MHCTPYMEHTOB: MAacCKy JIECOB
Palsar 2010, 50 m u 3anac necoB GSV 2010, 1 km». CoznaHHas kKapTa O3BOJIUIA
OLIGHUTH JIETPAJAIUIO JIECHBIX COOOIIECTB, BBIIBUTh AMHAMUKY JIECHOTO ITOKPOBa
Ha TEPPUTOPHSIX CTPaH MUDA.

«B uccnenoBanuu npu kaprorpadupoBaHUM JIECHBIX SKOCHCTEM OBUIM HC-
M0JIb30BaHbl IIOBEPXHOCTHU pasperieHus 90 M, mosryuyeHHbIE B XOZA€ BBIIOIHEHUS
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MexayHapoaHoro npoekta SRTM ,,CIIA — Utanus — I'epmanus® (Shuttle Radar
Topography Mission — npoekT paJapHOi cheMKU penbeda cnyTHukoM lllarrm).
[IpuMeHeHHEe KOCMUYECKUX JAHHBIX MO3BOJIMIIO MPOBECTH NPOLEAYPHI HHTEPIIO-
JSIUM M OKCTPATONIALUS U3MEPEHHBIX U PACCUMTAHHBIX AAHHBIX B TOYKax IO Mart-
punam ¢axTopoB cpeab» [24]. B paboTe BbISBICHBI TEHACHIMHU HCCIEAYEMBIX
SKOCUCTEM B CMEHE aJIalITUBHBIX CTPATErUN B MEHSIOUIEHCS OKPYKAIOUIEN Cpeae.

B [25] aBTOpBI IPOBOAAT OLEHKY HAKOIUIEHUs yriepozaa Jiecamu Poccun
¢ noMmoIupto nucrpymenrtapust ['UC.

3Ha4yMTeNbHBIN BKIIaJ B OLEHKY OMOMACChl TPOIMMYECKUX JIECOB BHECIHU aB-
TOpHI [26]. OHM OTMEYAIOT, YTO CYIIECTBYET CUJIbHBIA CUHEPIU3M MEXKAY Ha3eM-
HbIMM U JAMCTAaHUMOHHBIMU M3MEPEHMUSIMHM JUIsl KOJIMYECTBEHHOM OIIEHKM Ha3eM-
HoOW OuoMmacchel. HazeMHble NaHHbIE SBISIOTCA 00Jiee MOJHBIMHM B JIOKaJbHOM
MaciuTtade, 4eM JJaHHbIe TUCTAaHLMOHHOTO 30HAMpoBaHusA. Hao6opoT, naHHbIE AU-
CTaHIIMOHHOTO 30HIMPOBaHUs OOLIMpPHEE, BKIIOYAs MUIJIMOHBI U3MEPEHUN B pe-
TMOHAJILHOM MJIM KOHTHMHEHTAJIBbHOM MacuITa0e MO0 CPaBHEHUIO C Yy4YacTKaMU U
obecneunBas 60s1ee MPOCTPAHCTBEHHO BCEOOBEMITIOIIYIO MEPY BapHaluil JIECHOM
O1OMAacCHl.

B [27] Ha ocHOBe Ki1acCH(PUKAIMOHHBIX JAHHBIX JTUCTAHIIMOHHOTO 30HIUPO-
BaHMs JIECHBIX PECYPCOB HMCIIOJIb30BaHA MOJIEIb HHTETPUPOBAHHOTO YIIEPOIHOIO
nukia 3eMHol skocuctemsl (InTEC) miig MonenupoBaHust IpoCTpaHCTBEHHO-Bpe-
MEHHOUN TMHAMUKH JIECHOTO yriepojaa B NpoBUHIMU Yxa13aH B 1985-2015 rr. n
aHaJ3a ero peakiMy Ha METEeOopoJIorHuecKue (hPakTophl, TAKUE KaK TeMIeparypa,
0CaJIK1, OTHOCUTEJIbHAS BIAXKHOCTb U pajlalusl.

CoxpaHeHue U yCTOMUMBOE pa3BUTHE JIECOB SBIIAIOTCA MEXAHU3MaMHU CMST-
YeHHUsl MOCIEICTBUM M3MEHEHMsI KiuMaTa Oyarogapsi CiocOOHOCTH JIECOB MOTIJIO-
marth yrepon [28]. Takum oOpa3om, orieHKka OMOMAacChl TTO3BOJIICT OICHUTH TIPO-
TYKTUBHOCTB JIECOB M KOHTPOJUPOBATh YIiiepoaHbie OromKkeThl. B [28] mpoBenena
OLIEHKA U MPOTHO3 M3MEHEHMs OMOMAcCChl HKBAJOPCKHUX JECOB C MOMOIIBIO IMPO-
CTPaHCTBEHHOM MOJENH T100aIbHOTO YIVIEPOJAHOIO LUKJIA U HOPMHPOBAHHOI'O
IudepeHnnaIbHOro HHAEKCa pacTUTEIbHOCTH. MaTemaTHueckast MOJIeIb OMU-
CBIBA€T IPOLIECCHl POCTAa U paclaja PACTUTENBHOCTH B YCIOBHAX YIJIEPOAHOIO
oOMeHa MexIy aTtMochepoi, pacTeHUSIMH W TIOYBOW NPU aHTPOIIOTEHHBIX BO3-
TNIEUCTBUSIX.

3aknyeHue

B 3akmmodenne MOXXHO CACIaTb BbIBOJ, YTO COBPEMCHHLIC MCCIICAOBAHUA
OMOTUYECKON COCTABIISIIOIICH YIJIEPOJHOTO IMKJIA BCE OOJIbIE MCIONb3YIOT MH-
TErPUPOBAHUE JTAHHBIX JUCTAHUMOHHOTO 30HAMPOBAHMS 3€MJIM M PaCUETHBIX
TaHHBIX MaTeMAaTHYECKUX Mojeneid. Peanuzaius 3a071aroBpeMEHHOTO IPOTHO3a
[0 aJ€KBATHOW MAaTEMaTHYECKON MOJIENU C UCIOJIb30BAHUEM KOCMUYECKUX JaH-
HBIX SIBJISIETCSA Ha CETOJHSIIHUN JI€Hb MEPCIEKTUBHBIM HAINPABICHUEM B OLICHKE
HpOCTpaHCTBCHHO-BpeMeHHOI‘/JI JUHAMHUKU YIJICPOJHOTIO OHUKJIA B CUCTEME «aTMO-
chepa — pacTeHHE — MTOYBAY.
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