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UccnepoBaHue
B3anMoaencTBUs KCeHOOMOTUKOB ¢ MakpoduTamm
B YCJIOBUSIX 3KCNEePUMEHTalIbHbIX BOAHbIX 3KOCUCTEM

B.A. okyonos! "™, B.B. I'nedos?(”,
H.A. Ackaposa’’”, B.B. Epodeesa’’”, E.B. Auukuna’

"Mearcoynapoonwiii nezasucumviii sxon020-nonumonoaudeckul yuusepcumem, Mockea, Poccus
2Poccuiickuii 2ocyoapcmeennblil azpapubiil yuugepcumem — MCXA umenu K.A. Tumupszesa,
Mockea, Poccus
3 Poccuiickuii ynusepcumem 0pyoicovl Hapooos, Mockea, Poccus

B warvir@rambler.ru

AnHoTanms. /laHa oneHKa (PUTOTOKCUYHOCTH TPEX BHJIOB OPraHHYECKUX KCEHOOHO-
THUKOB (3THINIAIETaT, OyTaHOMI-1, TETpaxJIopMeTaH) IPH BO3ICUCTBHY HA TPU BHIA MaKpO(pH-
toB Ceratophyllum demersum, Elodea canadensis, Chara fragilis. B MUKpOKOCMax cO37aHbl
KOHLIEHTpanuy nowtoTanToB 1o 5 u 10 IIJIK (npeaensHo pomyctumas KoHIeHTparws). Uu-
KyOarus mpojoipkanack 14 jaHed. DKcleprUMEHTAIbHBIM MTyTeM I0JydyeHa HoBas WH(pOpMa-
st 0 ToM, 9to Makpodut C. fragilis SBISETCS BRICOKOUYBCTBUTEIBHBIM TECT-00BEKTOM, KO-
TOPBI MOKHO HCIIOJB30BATh B IENAX OnomHauKanuu. KceHOOMOTHKN HE OKa3all TOKCHYe-
CKOTO Bo3xeicTBus Ha E. canadensis, TIO3TOMY €€ MOKHO PacCMaTpHUBaTh JUIS HCIIONB30Ba-
HUS B 1esX puropeMenuarnuu. [lomydeHHble JaHHBIC HEOOXOIMMBI IS Pa3BUTHS (DUTOTEX-
HOJIOTHH 10 OYHCTKE BOABL lIpencTaBineHsl yCI0BUs, IPH KOTOPBIX 3TU BUBI PACTEHUN MO-
T'YT OBITh UCTIOJIE30BAHEI JUIS1 SKOTEXHOJIOTHHA.

KuroueBble cJIoBa: MpecHas BoJa, XMMUYECKOE 3arps3HeHne, (GUTOTOKCHYHOCTb, (hUTO-
pemenuanys, BOAHbIE paCTeHHs, HHKYOalus, MUKPOKOCMBI, CATpOOHOCTh, OMOMHIUKALIHS,
KCEHOOUOTHKH

Bxkian aBTopoB. B.A. [I0KIOHOB Ipojieal OIBITE B JIAOOPaTOPUH, MTOATOTOBHIT Pa3ael
«Marepuansl 1 METOIbl». B co3maHuM oCcTalbHBIX pa3/iesioB yyacTBOBal yacTuuHo. B.B. I'ne6os
nomMor omucath pasaen «Oocyxnenue». B.A. Tloknonos, [I.A. AckapoBa, B.B. EpodeeBa u
E.B. Anukuna Hamicany BBeneHHe. Bece aBTOPHI yuacTBOBAIH B ITOJBEICHUH UTOTOB M TIOA-
TOTOBKE 3aKTIOYCHUS.

HUctopus crarpu: moctynuna B penakuuto 06.06.2021; mpuHsATa K MyOIUKaIUH
26.09.2021.
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Abstract. Phytotoxicity of three types of organic xenobiotics (ethyl acetate, butanol-1,
tetrachloromethane) was evaluated when three macrophyte species Ceratophyllum demersum,
Elodea canadensis, Chara fragilis were exposed. Pollutant concentrations of 5 and 10 MAC
(maximum allowable concentration) were created in microcosms. Incubation lasted for 14 days.
New information was obtained experimentally that C. fragilis macrophyte is a highly sensitive
test object, which can be used for bioindication purposes. Xenobiotics had no toxic effects on
E. canadensis, so it can be considered for phytoremediation purposes. The data obtained are
necessary for the development of phytotechnologies for water purification. A number of con-
ditions under which these plant species can be used for ecotechnology are shown.
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BeBepneHue

Ha CGFOIIHSIH_IHI/Iﬁ ACHb OJHUM M3 KOMIUICKCHBIX AaKTYaJIbHBIX BOIIPOCOB
B 9KOJIOTHH OCTaeTcsi mpolbJiemMa 3arpsi3HeHHs] BOJHOM CpeJibl, MaCIITaOHOCTh KOTO-
Poro € KaXxJabIM IroJiOM pacCTeCT. OHO OKa3bIBAET 3HAUYUMOE BIIMIHHUE HA MOYBEHHOE
u atMoc(epHoe cocTosiHUE cpebl. B pe3ynbpTaTe akTUBHOW XO3SHCTBEHHOM Jesi-
TCIIbHOCTHU YCJIOBCKA B PA3JIMYHBIC BOAHBIC CUCTECMbBI MOT'YT IOCTYIIATh PA3JIMYHBIC
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TOKCUKAHTBI, UMEIOLIUE Pa3HbII YPOBEHb TOKCUYECKOTO BO3JeHcTBUA. HacTo Ta-
KM€ TOKCHKaHTBI OKa3bIBAIOT TyOUTENIbHOE BO3/ICHCTBIE HA OMoopranu3msl [ 1].

N3yueHne 3K0JI0rMy BOAHBIX OPraHU3MOB (TMIPOOUOHTOB) BBISBUIO HOBBIE
MPHUMEPHI TOTO, KaK OHU BO3JIEHCTBYIOT Ha (PU3NYECKHE M XMMUYECKHE TTapamMeT-
PBI OKpy>Katolien cpeas! [2; 3], B TOM uucie Ha cBoiicTBa ruapocdepst [4; 5].

B nuteparype mano uapopmanuu 0 BO3A€HCTBUN OPraHUYECKUX KCEHOOHO-
THUKOB Ha MaKpO(UTHI, TO3TOMY aKTyaJbHO UX MCCJIEJOBAHUE M HAa TAKHX Opra-
HU3MaX, KaK BBICIIME BOJHbIE pacTeHus. HeobxoauMo mponosnkeHue U3ydeHHs
U COMOCTaBJeHUs (aKTOB O B3aUMOJCHCTBUU PACTEHUI C Pa3IMYHBIMM BUAAMHU
KCEHOOMOTHKOB [6]. [IpuunHamu noctyruieHus B Ouocdepy OpraHuvdecKux 3arpsis-
HUTENEH ABISIOTCSA pa3IMyHble BUbI AHTPOIIOIE€HHOTO (TEXHOI'€HHOT0) 3arps3He-
HUS CPEJIbl, @ MECTOM WX HAKOIUICHHS] — MHOTHE KOMITOHEHTBI OMOC(ephl, B TOM
quciie BOAHbIE SKOCUCTEMBI M BOAHbBIE MAaKpODUTHI [7].

B nocnennee Bpems Bce ocTpee CTOUT MpobsieMa 3arpsi3HEHUsI BOAHBIX 00b-
€KTOB BpeHbIMU KOMIOHeHTaMu. Harpumep, ceroans B Bonry nocrymnaer 20 ky0o-
KWJIOMETPOB CTOYHBIX BOJ B rof. Jlns mx pa30OaBieHHs «IO0 HOPMBI» TpeOyercs
600 xyOOKMIIOMETPOB YMCTOW BOJIBI, @ CPEIHEro0BOi CTOK Boaru cocrapiser
Tosbko 250. OTCroa MOXKHO CIeNIaTh BBIBOJI, UYTO BOJbI Bonru Oosnee yem B 3 pasa
«rpsi3HEE» AOMyCcTUMOTro. OT 3TUX 3arpsA3HEHMM CTpajacT He ToJbKO Boira, HO u
Kacnuiickoe mope, B koTopoe oHa Brajaer [8].

BcenencrBue aHTpONOTEHHOTO BIUSHUS B OKPY KAIOILYIO CPEAY U, B 4aCTHO-
CTH, B IIPECHOBOJIHbIE CHUCTEMBI B IJI00AJHLHOM MaciITabe MOCTYNarT OOJbIINe
KOJINYECTBA TOKCUYHBIX OPraHMUYECKHUX BELIECTB pa3HOM CTENEHU OMAaCHOCTH: ATUII-
anerar, OyraHoi-1, TeTpaxjiopMeTaH.

[Tapel 1aHHBIX KCEHOOMOTHUKOB SIBJISIOTCS 3JIEMEHTOM KHMCIOTHBIX JTOKICH.
KcenobnoTukyn MOTyT HCIONB30BaThCSl Ha CTPOMILIOLIAAKAX, BOAA OT KOTOPBIX
MOJKET OTBOJUTHCS B KAHAIN3ALMIO WIA HENIOCPEACTBEHHO B 3EMIIIO MIIM BOJOEMBI.
Opranuyeckue MOJUTIOTaHThl BEAYT K OTPaBICHUIO TPYHTOBOM BOJBI U pa3pylie-
HUIO )KM3HU B €CTECTBEHHBIX BojoeMax [9].

Omunayemam — 310 ykcycHo3TUOBbIN 3dpup (CH3COOC2HS), xoTopslit
JIOBOJIBHO 4acTO NMPUMEHSAETCS KaK PacTBOPUTENb HM3-3a HEBBICOKOH CTOMMOCTHU
npenapaTa U OTHOCUTEIBHO HEOOJIBIION TOKCUYHOCTH HUCIIOJIb3YEMOT'O BEILIECTBA.
I'onoBoe MupoBoe Mpon3BOACTBO 3THianerara pacter. Hampumep, B CoennHen-
Hbix [llTaTax AMepuku mpou3BOACTBO STUIIOBOTO ciupTa BeIpociio B 10 pas, a ero
roz0Boe Mpou3BoAcTBO coctasuno 1,2—1,3 mupa'. TIJIK 0,2; kmace onacHocTH — 2
(tabm. 1).

N3BectHO, uTo B Mockse 2 ¢eBpans 2015 r. npousolia 3HaYUTeNIbHAs yTeU-
Ka 3TUjanerara. 3anax BeIlecTBa OLIYIIAICs IO BCEMY Or0-3alagHoOMy OKPYTY C
Hacenenuem 1 437 242 uen.?

bymanon-1 npeacrasisier coO0W NEPBUYHBIN CITUPT, KOTOPBIA MIUPOKO TPH-
MEHSETC B HApOJHOM XO34HCTBE B KaUe€CTBE PACTBOPUTEINS JAKOKPACOUYHBIX H3-

'TOCT 8981-78. Dpupbl STUIIOBBIH ¥ HOPMATBHBINA OYTHJIOBBIH YKCYCHON KHCIIOTBI TEX-
Huueckue. Texamueckue ycnoBus (¢ M3menenusmu Ne 1, 2, 3, 4). M.: M31aTenbCcTBO CTaHAAPTOB,
1993. 18 c.

2MYC: oTumaneraT BBIABICH B KAaHANM3AWM Ha foro-3amage MockBel. URL:
https://ria.ru/20150202/1045461067.html (mata obpamenus: 22.05.2021).
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JeNUN, pa3INuHbIX CMOJ (HATypajibHBIX U CHHTETHYECKUX ), PACTUTEIBHBIX Maces
U ankajgounoB. byranon-1 mmpoko ucnosb3yercs: GpapmareBTUIecKon (co3gaHue
MpernapaToB M XUMHUKAIUN), KO)KEBEHHO-O0YBHOM, TEKCTHJIBHON U XMMHYECKOMI
MIPOMBIIIIIECHHOCTHI0. DU3UKO-XUMHUECKOE BO3/eicTBUE OyTaHoma-1 Ha mpecHo-
BOJHBIE SKocucTeMbl HensBecTHO . ITJIK 0,1; kacc onacHoctu — 2 (Tadm. 1).

Tabnuya 1
NAK B BopoeMax xo39MCTBEHHO-NMUTLEBOIO
Y KyNbTYPHO-0bITOBOr0 BEOA0MO0JIb30BAHUS UCMOJIb3yEeMbIX BELLeCTB*
BewecTBO nAakK, mr/n Knacc onacHoctun
OTunauertar 0,2 2
BytaHon-1 0,1 2
TeTpaxnopmeTaH 0,002 1
Table 1
MPC in the reservoirs of economic-drinking
and cultural-household water use of the used substances®
Substance MPC, mg/L Hazard class
Ethyl acetate 0.2 2
Butanol-1 0.1 2
Carbon tetrachloride 0.002 1

Tempaxnopmeman (4THIPEXXIOPUCTBIN yritepon, ¢ppeon-10, xmamnon-10, CCl4)
Halllel HIMPOKOe NMPHMEHEHHE B HAPOJHOM XO3SHCTBE CTpaHbl B KauecTBE pac-
TBOPHUTENS PAa3IMUHBIX CMOJI, )KUPOB, JJAKOKPACOYHBIX M3JIENHUN U T. 1. Bmecte ¢
9TUM CYLIECTBYET MPENOI0KEHNE, YTO TETPAXJIOPMETAH MOXKET OKa3bIBaTh pa3-
PYLIMTEIBbHOE BO3/IEUCTBUE HA O30HOBBIN cioi 3emiu. SIIOBUT Kak B JKHMJIKOM,
Tak ¥ B mapoodpasnom euae’. ITIJIK 0,002; kmacc onacrocty — 1 (tab. 1).

CeroaHss OCHOBHBIMH MCTOYHHKAMH TETPAXJIOPMETaHA SBISIFOTCS MPOMBIIII-
JICHHbIE YTEUKH U MECTa 3aXOPOHEHHs OTXOJI0B, COAEPXKAIlMX ATO BellecTBO. B
MPOIIJIOM, KOTJa YeTHIPEXXJIOPHUCTHIA YTIepO.l IIMPOKO MCIIOIH30BAJICS, OH ObLI
OCHOBHBIM BEIIECTBOM, 3arps3HAIOLIMM BO3/1yX B nmoMmenieHuu. CuuTaercs, 4ro y
HETO HET €CTECTBEHHBIX MCTOYHHKOB. K 0COOEHHOCTSIM (DPU3UKO-XUMHUECKUX Pe-
aKIUil TeTpaxjiopMeTaHa OTHOCAT: 1) clOCOOHOCTh aKKyMyJIMpOBAaThCS B 0OJIb-
IIMX KOJIMYECTBAX B BOJIHBIX OOBEKTaxX; 2) JOCTHTAIONIYIO TOJa MPOIOJIKHTENb-
HOCTh Pa3pyLICHHs B 03€pax M IPYHTOBBIX BoJax. 3BecTHO 0 0oibIIONi yTeuke
TeTpaxJIOpMeTaHa B yIMypTcKoM mocenke banesuno 21 mapra 2012 r., xoraa
MIPOU301IE]T HECAHKIIMOHUPOBAHHBIN CIMB HECKOJBKUX JECATKOB TOHH ONAaCHBIX
XUMUYECKUX OTXOJ0B B 3a0poleHHoe XpaHuiuine outyma. Kak coobrmiano pec-

3TOCT 5208-2013.CrupT Gy THIIOBBIH HOPMAIBHBINA TeXHMIECKHA. TEXHMIECKHE YCIOBHSA
(ITepeuznanue: Hos10ps 2019 1. B3amen ['OCT 5208-81). M.: Crangaptundopm, 2019. 30 c.

4TH 2.1.5.1315-03. I'uruennyeckue HopMmaTuBbl «lIpeaenbHO 1onycTUMble KOHIIEHTpAIUU
(ITIK) xuMu4ecKrX BEUIECTB B BOJE BOJHBIX OOBEKTOB XO3SMCTBEHHO-MIUTHEBOTO U KYJIBTYPHO-
OBITOBOrO BOJIONOIB30BaHU. M.: MHHUCTEPCTBO 3apaBooxpaneHus PD, 2003. 152 c.

> GN 2.1.5.1315-03. Hygienic Norms “Maximum Permissible Concentrations (MPC) of
Chemical Substances in Water Bodies for Drinking and Cultural and Domestic Use.” Moscow:
Ministry of Health of the Russian Federation; 2003. (In Russ.)

¢ TOCT 4-84. Yruepon YeTHIPeXXIOPHUCTHIM TeXxHMuecKkuil. Texauaeckue ycuoBus (¢ Us-
meHeHnsaMHu Ne 1, 2 Bzamer [OCT 4-75). M.: U3garensctBo ctanmapros, 2001. 27 c.
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nyOnukaHckoe ynpasieHue PocripupoiHanzopa, B xKeJIe3HOJOPOKHBIX LUCTEpHAX
HAXOIMIICS YETHIPEXXJIOPUCTHI yriaepoa’. TlocnencTBUs 3TOr0 MHLMAEHTA IS
OKpY’KaloIIeH Cpeibl CKPBITHI.

Bormpochk! o11eHKM TOKCMYHOCTH XMMUYECKUX BEILIECTB TECHO CBS3aHBI C 00-
LIMPHBIM KPYroM (pyHIaMEeHTaIbHBIX U NPUKIIAIHBIX TPOOIEM SKOJIOTHYECKUX HaYK.
B Hacrosmieit ctatbe coo01maercss 0 HOBBIX (pakTax PUTOTOKCUYHOCTH OpraHuye-
CKHMX KCEHOOMOTHKOB, paHee He HCCIIEJOBAaHHBIX Ha BOJHBIX Makpodurax. Ilo-
ATOMY Ba)XHOE 3HAUYEHUE UMEIOT METO/IbI (PUTOTECTHPOBAHNUS, KOTOPHIE TOMOTAOT
B OLICHKE TOKCUYHOCTH XMMHUYECKHUX BEIIECTB U Jal0T BO3MOXKHOCTb MPOBEICHUS
KOMIUIEKCHOTO 3KOJIOTUYECKOTO MOHUTOPUHIA TOKCUYHOCTU 0€3 MCIIOJIb30BAHUS
KHUBOTHBIX B KaueCTBE OMOOOBEKTA, UTO BaXKHO C TOUKU 3peHHs TpeOoBaHUNA OHO-
stuku [10].

Cratbs siBIS€TCS MPOIOJKEHUEM paHee OIyOIMKOBaHHBIX paboT, MOCBSIILEH-
HBIX HCCIIEJIOBAaHUSIM B 0OMacTH (haKTOPHAIBbHON SKOJIOTHH. B3ammoneiicTBue
Makpo(UTOB ¢ JaHHBIMH BEIECTBAMU MPOUCXOAWIO Brepsble. [losyueHa HoBas
nHpOpMAIHs, HEOOXOIUMast JUIS Pa3BUTHSI OCHOB (PUTOTEXHOJIOTHI 10 OYHIICHUIO
BOJIHBIX 9KOCHCTEM.

B mpensiaymieii paboTe M3y4anaock BO3JEHCTBHE HUTPOOEH30a, STUIOSH-
30J1a, aHWJIMHA, KCUJIOJIa U CTUPOJIa Ha BhIcIIME BoHbIe pacTeHus [9]. Takxke Obl10
IIPOBEICHO UCCIIEI0BAaHMUE M0 BhIsABIEHUIO TokcMuHOCTH CITAB-conep:xariero cme-
CEeBOr'o IpemnapaTa IpHu B3aUMOIEHCTBUU C BOJHOM pacTUTENbHOCTHIO [11].

Henb paboThl — BBISIBUTH PUTOTOKCUYHOCTh OPraHUYECKUX KCEHOOMOTHUKOB
(aTmnanerar, OyTaHoi-1, TeTpaxiopMeTaH) AJis TpeX BUOB BBICIIUX BOJAHBIX pac-
tenuii (Ceratophyllum demersum, Elodea canadensis, Chara fragilis).

MaTtepuanbi n meToabl

B kauectBe TecT-006€KTOB MCTONB30BATUCH Ceratophyllum demersum L. (poro-
JMCTHUK TEMHO-3€JeHbIl, ceMeiicTBo PoronuctaukoBsie — Ceratophyllaceae G.),
Elodea canadensis Mchk. (anones xaHaackas, cemeiictBo Bonokpacossie — Hydro-
charitaceae Juss.), Chara fragilis L. (xapa 1oMKas, ceMelcTBO XapoBble —
Characeae L.).

Huanazon xusnu Ceratophyllum demersum noxogut mo 66 mapaiienu ce-
BepHOU mmpoThl, Chara fragilis — no 69 napannenu. Elodea canadensis pactipo-
CTpaHEHa BO MHOTHX MECTax M0 BceMy MUpPY. B eCcTeCTBEHHBIX YCIOBUAX OBICTPO
pa3MHOXKAETCs, TOATOMY €€ Ha3bIBAIOT BOASHON uymMoil. OTHOM ee BETOUYKHU JI0CTa-
TOYHO, YTOOBI 3aMOJIHUTH CO00M Yepe3 HeCKOIBKO JIET BECh MPY/I WIH JaXKe PEKY.

J1o poBeIeHNSE OTBITOB STH BUIBI MAKPO(UTOB CONIEPIKAIIHCH B YCIIOBUSIX OpaH-
XKeper B O0TaHMUECKOM caly MOCKOBCKOTO TOCYAapCTBEHHOTO YHHBEPCUTETA B OOITh-
IIAX pe3epByapax ¢ BOIOH, MPOIICIIEH 00padOTKy GHIbTpaIyei yepe3 MeMOpaHEbI.

Bce uzyuaembie B qaHHOW paboTe OpraHMYECKHE BEIECTBA SBISIOTCS TOK-
CHKaHTaMH KaK JJIsl OKPYKAIOIEH Cpeibl, TaK U JUIs YeJIOBEKa.

"TOCT 4-84. Yriiepos 4eTHIPEXXIOPUCTBIM Texuuueckuid. Texuuueckue yciosus (¢ Us-
meHeHnsaMu Ne 1, 2 B3ameHn ['OCT 4-75). M.: U3narensctBo cTanmaptos, 2001. 27 c.; YeTsipex-
XJIOpUCTHIH yraepon (terpaxmopmeran): URL: https://ria.ru/20120321/601995852.html (nara o6-
pamenus: 22.05.2021).

OKOJIOI'UA 309



Poklonov V.A. et al. RUDN Journal of Ecology and Life Safety. 2021;29(4):305-314

KonnenTpanuu 3arps3HsioN#X BEIIECTB B MUKPOKOCMaX MOAOUPATUCh Ta-
KuM 00pa3zoM, 9To0b! coctaBisaTh 1o 5 u 10 MK kaxmnoe. UcnomszoBamu 11K
JUISL BOJJOEMOB XO3STHCTBEHHO-ITUTHEBOTO M KYJIbTYpPHO-OBITOBOTO BOJIOTIOTIB30BA-
Hus (cM. Tabm. 1).

OnBITHl POBOJMIM B MPECHOBOAHBIX MUKpOKOcMax. Beero ObL10 3ameiicT-
BOBAaHO 36 MUKPOKOCMOB + 3 KOHTPOJBHBIX MHUKPOKOCMA 0€3 100aBIeHUsI KCEHO-
o6unoTukoB. Mtoro: 39 sxcrepuMeHTanbHBIX CUCTEM (Ta0l. 2).

Tabnuua 2
CocTaB MMKPOKOCMOB

Aob6aeka 5 NAK, Ao6aeka 10 NAK,
HOMepa MUKPOKOCMOB, HOMepa MUKPOKOCMOB,
Ha3BaHUA MakKpoPUToB Ha3BaHUa MakKpopuUToB

n Bec Nno6eros B rpammax un Bec Nno6eros B rpammax

Ceratophyllum demersum Ceratophyllum demersum
OTtunauerat 1A-32,2 1B-41,7 1C-28,9 1D-29,1

BewecTBO

BytaHon-1 2A-30,0 2B-51,2 2C-24,6 2D-26,2
TeTpaxnopmeTaH 3A-31,7 3B-32,5 3C-27,5 3D-23,8
Elodea canadensis Elodea canadensis
Otunauerar 4A-28,2 4B-28,6 4C-29,7 4D-27,6
BytaHon-1 5A-23,0 5B-25,3 5C-29,8 5D-29,0
TeTpaxnopmeTaH 6A-23,7 6B-24,0 6C-23,7 6D-20,1
Chara fragilis Chara fragilis
OTtunauertat 7A-35,8 7B-43,5 7C-51,4 7D-55,6
ByTtaHon-1 8A-44,0 8B-53,8 8C-50,0 8D-47,1
TeTpaxnopmeTaH 9A-45,5 9B-52,0 9C-50,2 9D-42,6
Table 2
Composition of microcosms
Supplement 5 MPC, Supplement 10 MPC,
Substance microcosm numbers, microcosm numbers,

macrophyte names, macrophyte names,
and shoot weight in grams and shoot weight in grams

Ceratophyllum demersum

Ceratophyllum demersum

Ethyl acetate
Butanol-1
Carbon tetrachloride

1A-32,2 1B-41,7
2A-30,0 2B-51,2
3A-31,7 3B-32,5

1C-28,9 1D-29,1
2C-24,6 2D-26,2
3C-27,5 3D-23,8

Elodea canadensis

Elodea canadensis

Ethyl acetate
Butanol-1
Carbon tetrachloride

4A-28,2 4B-28,6
5A-23,0 5B-25,3
6A-23,7 6B-24,0

4C-29,7 4D-27,6
5C-29,8 5D-29,0
6C-23,7 6D-20,1

Chara fragilis

Chara fragilis

Ethyl acetate
Butanol-1
Carbon tetrachloride

7A-35,8 7B-43,5
8A-44,0 8B-53,8
9A-45,5 9B-52,0

7C-51,4 7D-55,6
8C-50,0 8D-47,1
9C-50,2 9D-42,6

B xauecTBe KOHTpOJISI B3sUIM 110 OJHOMY IPECHOBOJHOMY MHMKPOKOCMY Ha
Ka)KJIbIi BUJ pPACTEHHUSI.

B muxpokocmsbl nobasisuin kcenoonotuku no S5 I1JIK, nanHas xoHueHTpa-
LUs paBHsUIACh: dTWianerar — 1 mr/m, 6yranon-1 — 0,5 mr/mn, TeTpaxiopMeraH —
0,01 mr/x (cm. Tabm. 1).

Jlo6aBka kceHOOMOTHKOB B MUKpokocMbl 110 10 TTJIK cocraBmma: stumnare-
TaT — 2 Mr/mn, 0yranoin-1 — 1 mr/n, rerpaxnopmeras — 0,02 mr/i (cm. Tabdm. 1).
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[Tocne co3naHusi MUKPOKOCMOB MX MHKYOMpPOBAIH B YCJIOBUSX €CTECTBEH-
HOHM (POTOMEPHOIUYHOCTH TIPH TeMIiepaType Boabl 22 + 2 °C B TeueHue 14 cyTok
(2 nepenn).

PesynbTaTbl M 00CyXaeHue

Habmonenns 3a MUKpPOKOCMaMH IOKa3aJid, YTO TECTHPYEMbIE OpraHHuYe-
CKHE KCEHOOMOTHKHU TPOSBISUIM HEOJWHAKOBYIO TOKCHYHOCTb K BOJHBIM pacte-
HusM. Y poronuctauka (C. demersum) He ObUIO PU3HAKOB (PUTOTOKCUIHOCTH HA
MPOTSDKEHUHM BCETO SKCIEPUMEHTA MPH B3aMMOJACUCTBUH C TETPAXJIOPMETAHOM.
B mukpokocmax, rae Obu1 mHkyOupoBaH C. demersum BMeCT€ C BEUIECTBAMHU
stunaneraT U OyraHon-1 B koHuentpauuu 10 ITJAK, Ha TpeTbu cyTKH HOSBH-
JUCh HETMPUATHBIA 3amax MU MYTHOCTb BOJBI M OUIyIIAJICA 3amax J00aBICHHBIX
BemecTB. B xonnenTpamuu 5 [1/IK Boga He Obuta MyTHOM, HO PUCYTCTBOBA 3a-
ax BEIEeCTB.

Ha getBeptrie cytku makpodur C. demersum moru6d B konteHTparmu 10 TTJIK
o BO3/CMCTBUEM AdTHIanieTata u Oytanona-1. Habmomanucek cienyromue Hera-
TUBHBIE sABJNeHHUS B cocyaax 1C, 1D, 2C, 2D: cunbHas MyTHOCTH BOJIbI, 3amax
THWIU, IPAaKTUYECKU OoTcyTcTBUE Typropa. B konuentpauuu 5 K ¢ C. demer-
sum (1A, 1B, 2A, 2B) Boga Hayasia MyTHETh, TYprop CHUXKaTbCs.

Ha nisiteie cytku koHCTatupyercst rudens C. demersum BO BCeX KOHLEHTPALHSX
¢ arunarierarom u Oyranonom-1 (1A, 1B, 1C, 1D, 2A, 2B, 2C, 2D). Bo Bcex Mukpo-
KOocMax oOIIMe MPU3HAKA (PUTOTOKCUYHOCTHU: CHUITbHAS MyTHOCTH BOJIBI, 3aI1aX THUIIH,
OTCYTCTBUE Typropa pacteHuil. HeoOXoauMo IOMOTHUTENbHOE W3yUeHHEe TOKCHYe-
CKOTO BO3JICHCTBHSI OPraHMYECKUX KCEHOOMOTUKOB B oTHOIIeHun C. demersum.

VY asnoneu (E. canadensis), kak u'y poronuctHuka (C. demersum) He ObLIO
MPU3HAKOB (PUTOTOKCUYHOCTU HA MPOTSKEHUU BCETO SKCIEPUMEHTA MPHU B3aUMO-
JIEUCTBUU C TEPAXJIOPMETAHOM.

durorokcuueckuit 3QpdpexT y E. canadensis ot sTunanerata u Oyranomna-1
HaOMI0aJICs TOJBKO Ha IIECThIE CYTKH M TOJIBKO B MHUKPOKOCMAaX C KOHIIGHTpanuen
10 TIAK (4C, 4D, 5C, 5D). [losiBusicsi THUJIOCTHBIN 3amax. 3amax J100aBJIeHHBIX Be-
11ecTB (PMKCUPOBAJICS B TEUEHHE BCEro MHKyOalmoHHOro nepuoaa. [lo-sunumomy,
noberu E. canadensis norn6mu B kounentpanuu 10 [1JIK (4C, 4D, 5C, 5D).

Ha BocbMmbie cyTku y E. canadensis B konuentpauuu 5 I[TJK B cocynax ¢
stunaneratom (4A, 4B) naGmromanace HeOOMbIIass MyTHOCTh, HO HEMPHUSTHOTO
3araxa He ObIJIO ¥ Typrop He cHuxaics. B Mukpokocmax ¢ Oyranonom-1 (5A, 5B)
OIIyIIIAJICsI 3aMax BEIECTBa U HAOIIOAATMCh HE3HAUNTENBHOE CHUKEHHE Typropa
Y MYTHOCTH BOJIBI.

Ha nocnennue (detpipHaamnareie) cyTku B koHneHTpamuu S5 [1JIK B Mukpo-
kocmax (4A, 4B, 5A, 5B) c nobGaBneHuem sTwianerara U OyTtaHosia-1 moGeru
E. canadensis coxpaHWIN XH3HECTIOCOOHOCTh. Typrop B HOpMe, 3amaxu 100aB-
JICHHBIX BEIIECTB U THIJIOCTHBIE MPOLECCH OTCYTCTBOBAIM, HO HMEIOCH HEOOIb-
10€ KOJIMYECTBO OTMEpPIIMX MOOEroB B MUKpokocmax: 4A — 3 %, 4B — 5 %,
5A -8 %, 5B -6 %.

CaMbIM 9yBCTBUTENIFHBIM TECT-O0BEKTOM K 3arpsI3HSAIOLINM BEIECTBAM OKa-
3anack xapa jomkast (C. fragilis). Bona cuapbHO MOMyTHENA Ha BTOPBIE CYTKH B COCY-
nax c¢ C. fragilis nmpu B3aumojeiictBuu ¢ terpaxiopmeranom (9A, 9B, 9C, 9D)
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u Oyranonom-1 (8A, 8B, 8C, 8D). HeGonpbmrasi MyTHOCTh BOZBI OblJla B MHUKPO-
kocmax ¢ atunareratom (7A, 7B, 7C, 7D). Ha TpeTbu cyTku (pukcupyercs ru-
oenb C. fragilis BO BceX cOCylaX, BO BCEX KOHIICHTPAIIUAIX.

Ha uerBepthie cyTku B MuKpokocmax, rae C. fragilis B3auMoaeiicTBOBaIa
¢ oyranonom-1 (8A, 8B, 8C, 8D) u stunaunerarom (7A, 7B, 7C, 7D), npoucxoau-
JIM THUJIOCTHBIE MPOLIECCHI, OTMEYAIUCh CHIIbHAs MyTHOCTh BOJIbI, CHIDKEHUE TYp-
ropa, SIpKO BBIpKEHHBIN 3amax THUIU, 00pa3oBaiach MIIOTHAS TYCTas IJICHKA Ha
MOBEPXHOCTH BOJIBI. B cocynax ¢ terpaxmopmeranom (9A, 9B, 9C, 9D) dburtoTok-
crueckue dPQPeKTs ObUTH BBHIPAXKEHBI UyTh MEHBIIIE: JIETKHA 3amax THUIH, ciadast
MYTHOCTb BOJIbl, CHUKEHHE Typropa, rycras IjieHKa Ha MOBEPXHOCTU BOBI.

B KOHTpPOJNBHBIX MHUKPOKOCMAax HUKAKMX H3MEHEHH BO BpeMsl MHKyOAaIu-
OHHOT'O TIEpHO0/ia He HaOII0JaI0Ch.

3aknouyeHue

[To mpoBeneHHOMY OMOTECTUPOBAHUIO THIPOOMOHTOB MOKHO CJIeNaTh Clie-
TYIOIIHE BBIBOJIBI.

1. CaMbIM c1aOBIM U3 KCTIOIB30BAaHHBIX THIPOOMOHTOB OKa3anach xapa (C. fra-
gilis). Ona moru0na paHbpllle BCEX BO BCEX KOHLEHTPALMSIX U IPU B3auMOJEH-
CTBUU CO BCEMH UCIIBITAHHBIMU KCEHOOMOTHKaMU. OMBIT MOKa3ai, 4YTO MaKpouT
C. fragilis siBIsieTCSI BHICOKOUYBCTBHUTEIBHBIM TECT-OOBEKTOM, KOTOPBIH MOKHO
WCIIOJIb30BaTh MPH MPOBEICHUU OUOMHAUKAIIIH.

2. E. canadensis cMoriia BbIIEpKaTh 3arpsi3HEHUE BCEMH TPeMsi KCEHOOHO-
THKaMH, YYaCTBYIOIIIUMH B OMbITE (dTUIIANETaT, OyTaHoi-1, TeTpaxjopmeran).
DTO JAenaeT 3J0Jel0 MOTCHIMATBHBIM (PUTOPEMETUAIMOHHBIM BUAOM, KOTOPBIN
MO>KHO HCITIOJIb30BaTh HA MPAKTHUKE AJIs pa3paboTKu PUTOTEXHOIOTHM MO BOCCTa-
HOBJICHHUIO BOJJOEMOB OT XMMHUYECKOTO 3arps3HEHMSL.

3. TerpaxyiopMeTaH He MPOSBUII TOKCUYHOCTH TIpH B3anMoieiicTBuu ¢ C. demer-
sum u E. canadensis. B paboTe BriepBbIe MOTYYCHBI JOKA3aTEIbCTBA CIOCOOHOCTH
3J107IeM KaHAJCKOM M POTOJIMCTHUKA TEMHO-3€JICHOIO BBIIEPKUBATH OINpeeseH-
HYIO CTEMEeHb HAarpy3Kd KCEHOOMOTHKA MEPBOTO KJacca OMACHOCTU (TeTpaxiop-
METaH).

4. Pe3ynbTarhl IPOBEICHHBIX AKCIEPUMEHTOB MOATBEPKAAIOT M PACIIUPSI-
0T CBelleHUs o ¢uTtopeMmeauanronnoM norenuunane Ceratophyllum demersum
(poronucTHUK TeMHO-3eNeHbll), Elodea canadensis (onones xananackas), Chara
fragilis (xapa JoMKas), KOTOpblE MOTYT OBITh HCIOJB30BaHbl Ha MPAKTHKE IS
pa3paboOTKH HOBBIX DKOTEXHOJIOTUHN C ENbI0 CHIKEHUS OMACHOCTHU 3arpsi3HEHUS
BOJHOM CpeJbl, YTO BXOJUT B YUCIIO IPUOPUTETOB COBPEMEHHON IKOJIOTUH.

5. BriepBbie mony4eHbl JaHHBIE O TOKCUYHOCTH TPEX BUIOB OPTraHUYECKHX
KCEHOOMOTHKOB (dTHWialnerar, OyTaHoJ-1, TeTpaxjopMeTaH) IO OTHOIICHHIO K
MIPECHOBOIHON PacTUTEIHHOCTH (OMBITHI 0€3 UCTIONB30BaHUS KUBOTHBIX). M3yue-
HUE YCTOWYMBOCTU BOJHBIX PACTEHHMM K 3arps3HSIOIIMM BEIIECTBAM B JKCIIEPH-
MEHTAJIBHBIX IKOCHCTEMax — HEOOXOTUMBI KOMIIOHEHT B TUTAHHPOBAHHWH Hay-
HBIX OCHOB OMOTEXHOJOTUH ((puTOpEeMenuanus) ¢ UCTIOIb30BaHMEM MaKpPO(HUTOB.
Takum 00pa3zom, MOJTy4YEHHBIE TaHHBIE MPEICTABISIOT WHTEPEC B CBSI3U C BO3-
MO>KHOCTBIO OIpeNesiTh YCTOMYMBOCTh OYUCTUTEIBHBIX (PUTOCUCTEM K Harpys-
KaM BBICOKOTOKCUYHBIX KCEHOOMOTHKOB.

312 ECOLOGY



Toknonos B.A. u dp. Bectuuk PYJIH. Cepusi: Dxonorus u 6e30macHoCTb sku3Heaestensaoctu. 2021. T. 29. Ne 4. C. 305-314

[10]

Cnucok nutepartypbl

Moxosa O.H., Makxeoonckas H.IO., Hosuxosa IO.B., Menvnux P.A. OueHka dKoinorude-
CKOT'O COCTOSHMS BOJI OyXThI Oaronoinyurs 0. ConoBenKuii o THAPOXUMHUYECKHM U THIPO-
OuosormyeckuM rokazaressiM // Dxonornveckas xumust. 2018. T. 27. Ne 5. C. 270-279.
Jlobposonvckuii I.B. O pa3BUTHN HEKOTOPBIX KOHIICMIIMK yueHus o onocdepe // Boxaa:
TexHousorus u skonorus. 2007. Ne 1. C. 63-68.

Jlobposonvckuii I'.B. K 80-netuto Beixoaa B cBeT kauru B.W. Bepnanckoro «buocde-
pa» // Jkonoruyeckas xumus. 2007. Ne 16 (3). C. 135-143.

Kapitsa A.P. Formulation of fundamental principles for foundation of the theory of
the apparatus of the biosphere // Environment Ecology and Safety of Life Activity.
2007. No 1. Pp. 68-71. http://doi.org/10.13140/RG.2.1.4931.2161

Abakxymos B.A. 'HHOBaMOHHBIE TIOAXOBI K BOCCTAHOBJICHUIO U PEMEAHAINN 3arpsi3-
HEHHBIX BOJHBIX 00beKTOB // Boga: Texnonorus u skonorus. 2007. Ne 4. C. 69-73.
Conomonosa E.A., Ocmpoymos C.A. V3yueHune yCTOWYMBOCTH BOJHOTO Makpodura
Potamogeton crispus L. x pomenmncynbgary Hatpus / BectHuk MOCKOBCKOTO YHH-
Bepcureta. Cepust 16. buonorus. 2007. Ne 4. C. 39-42.

Ioknonog B.A., Ocmpoymog C.A. BnusiHue CHHTETUYECKUX MTOBEPXHOCTHO-aKTHBHBIX Be-
n1ecTB Ha 6000BbBIE KyIbTYpbI // Dkonormdeckast xumus. 2019. T. 28. Ne 5. C. 244-249.
Kacvsinenko A.A. CoBpeMEHHBIE METOJIbI OIICHKU PUCKOB B JKOJIOTHU: Y4e€OHOE MOCO-
oue. M.: PYJIH, 2008. 271 c.

Ioknonos B.A. Tokcuueckoe BO3JICHCTBHE OPraHNIECKUX KCEHOOMOTHKOB HA TPU BUJA
BBICIIUX BOJHBIX pacTeHui // Boma: xumust u sxosorus. 2017. T. 110. Ne 8. C. 88-93.
Ocmpoymog C.A. TectupoBaHHE TOKCUYHOCTH XMMHYECKUX BEIECTB 0€3 UCIOIb30Ba-
HUS )KUBOTHBIX // Dxomoruveckas xumus. 2016. T. 25. Ne 1. C. 5-15.

Tloxnonoe B.A. VI3yuenne yCTOMYMBOCTH MPECHOBOIHBIX PACTCHHM K CIaB-COJIEpIKa-
meMy cMeceBoMy npenapaty // Becthuk CBOY. 2017. Ne 2. C. 28-38.

References

Mokhova ON, Makedonskaya 1Y, Novikova YuV, Melnik RA. Estimation of hydro-
chemichal and hydrobiological aspects of the environment in the Blagopoluchiya bay
of Solovetsky island. Ecological Chemistry. 2018;27(5):270-279. (In Russ.)
Dobrovolsky GV. On the development of some concepts of the biosphere doctrine.
Water: Technology and Ecology. 2007;(1):63—68. (In Russ.)

Dobrovolsky GV. To the 80th Anniversary of V.I. Vernadsky’s book “Biosphere.”
Ecological Chemistry. 2007;(3):135-143. (In Russ.)

Kapitsa AP. Formulation of fundamental principles for foundation of the theory of
the apparatus of the biosphere. Environment Ecology and Safety of Life Activity.
2007;(1):68—71. (In Russ.) http://doi.org/10.13140/RG.2.1.4931.2161

Abakumov VA. Innovative approaches to rehabilitation and remediation of polluted
water bodies. Water: Technology and Ecology. 2007;(4):69-73. (In Russ.)

Solomonova EA, Ostroumov SA. Tolerance of an aquatic macrophyte Potamogeton
crispus L. to sodium dodecyl sulphate. Bulletin of Moscow University. Series 16. Biol-
ogy. 2007;(4):39—42. (In Russ.)

Poklonov VA, Ostroumov SA. Effect of synthetic surfactants on legume crops. Ecolo-
gical Chemistry. 2019;28(5):244-249. (In Russ.)

Kasyanenko AA. Modern methods of risk assessment in ecology: textbook. M.: RUDN
University; 2008. (In Russ.)

Poklonov VA. The toxic effect of organic xenobiotics on three species of higher aquatic
plants. Water: Chemistry and Ecology. 2017;110(8):88-93. (In Russ.)

Ostroumov SA. Toxicity testing of chemicals without the use of animals. Ecological
Chemistry. 2016;25(1):5-15. (In Russ.)

OKOJIOI'UA 313



Poklonov V.A. et al. RUDN Journal of Ecology and Life Safety. 2021;29(4):305-314

[11] Poklonov VA. The study of the stability of freshwater plants to synthetic surfactants-
containing mixed product. Bulletin of NEFU. 2017;(2):28-38. (In Russ.)

CgeneHust 00 aBTopax:

Toknonoe Braoucaas Anexcanoposuu, KaHAUAAT OHONOTUYECKUX HAYK, 3aBeAyIOIIMN Jabo-
paTopI/Ieﬁ BOJAONOATOTOBKH, BOJOOYUCTKH U OKOJIOT'MYCCKOT0 MOHUTOPUHI'A BOOHBIX 06'561(—
TOB, MeXTyHapOHBIN HE3aBUCUMBIIN 3KOJIOTO-TIOJIUTOJIOTHIECKU YHUBEPCUTET, Poccuiickas
Oenepanust, 117105, Mocksa, Bapmasckoe mocce, 1. 23. ORCID: 0000-0003-2722-7283,
eLIBRARY SPIN-kox: 6635-8026. E-mail: warvir@rambler.ru

I'neboe Buxmop Bacunvesuy, KanauIaT OHONOTMYECKUX HAyK, JOLUEHT Kadepbl IKOJOTHH,
Poccuiickuii rocynapcTBenHsblil arpapsblil yausepcurer — MCXA umenu K.A. Tumupssesa,
Poccuiickas @enepanwmsi, 127550, Mocksa, yin. TumupsizeBckas, a. 49. ORCID: 0000-0002-
3390-161X, eLIBRARY SPIN-kox: 2685-5454. E-mail: vg44(@mail.ru

Ackaposa [anapa Ackaposna, COUCKaTelb Kapenpbl cyneOHON 3KOIOTHH ¢ KyPCOM SKOJIOTHH
yenoBeka, MHCTUTYT skonoruu, Poccuiickuil yHuBepcuTeT ApyxObl HaponoB, Poccuiickas
Oepepanust, 117198, Mocksa, yn. Muknyxo-Maknas, 1. 6 ORCID: 0000-0002-1594-7622,
eLIBRARY SPIN-koxa: 9305-1472. E-mail: danara.84@mail.ru

Epogheesa Buxmopus Bsauecniasoena, KaHIuIAT OUOJOTHYECKUX HAYK, CTAPIIHI MpermoaaBa-
TeNb Kadeapsl CyaeOHOM KOIIOTHH ¢ KypCOM SKOJIOTHH YeloBeKa, MHCTHTYT sKkonoruu, Poc-
CUICKHMI1 YHUBEpCUTET ApYyKObl HapoaoB, Poccuiickas @enepanus, 117198, Mocksa, yi1. Mu-
kiyxo-Maxknad, a. 6. ORCID: 0000-0002-0236-1876, eLIBRARY SPIN-kon: 6894-8056.
E-mail: erofeeva-viktori@mail.ru

Anukuna Enuzaeema Bsiuecnagosna, KaHOUIAT OMOJIOTWYECKUX HAyK, CTApIINH MpenoaaBa-
TeNb Kadeapsl CyaeOHOM KOIIOTHH ¢ KypCOM SKOJIOTHH YeloBeKa, MHCTHTYT sKkonoruu, Poc-
CUICKHUI1 YHUBEPCUTET JpYyKObI Hapoa0B, Poccuiickas Denepars, 117198, Mocksa, yi. Mu-
kryxo-Maxknas, n. 6. ORCID: 0000-0002-1872-1792, eLIBRARY SPIN-kom: 7286-6973.
E-mail: likanika2008@yandex.ru

Bio notes:

Vladislav A. Poklonov, Candidate of Biological Sciences, Head of the Laboratory of Water
Treatment, Water Purification and Environmental Monitoring of Water Bodies of the In-
ternational Independent Ecological and Politological University, 23 Varshavskoye Shosse,
Moscow, 117105, Russian Federation. ORCID: 0000-0003-2722-7283, eLIBRARY SPIN-code:
6635-8026. E-mail: warvir@rambler.ru

Viktor V. Glebov, Candidate of Biological Sciences, Associate Professor of the Department
of Ecology, Russian State Agrarian University — Timiryazev Moscow Agricultural Academy,
49 Timiryazevskaya St, Moscow, 127550, Russian Federation. ORCID: 0000-0002-3390-161X,
eLIBRARY SPIN-code: 2685-5454. E-mail: vg44@mail.ru

Danara A. Askarova, Candidate of the Department of Forensic Ecology with a Course in Human
Ecology, Institute of Environmental Engineering, Peoples’ Friendship University of Russia
(RUDN University), 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation. ORCID:
0000-0002-1594-7622, eLIBRARY SPIN-code: 9305-1472. E-mail: danara.84@mail.ru

Victoria V. Erofeeva, Candidate of Biological Sciences, senior lecturer, Department of Forensic
Ecology with a Course in Human Ecology, Institute of Environmental Engineering, Peoples’
Friendship University of Russia (RUDN University), 6 Miklukho-Maklaya St, Moscow, 117198,
Russian Federation. ORCID: 0000-0002-0236-1876. E-mail: erofeeva-viktori@mail.ru

Elizaveta V. Anikina, Candidate of Biological Sciences, senior lecturer, Department of Forensic
Ecology with a Course in Human Ecology, Institute of Environmental Engineering, Peoples’
Friendship University of Russia (RUDN University), 6 Miklukho-Maklaya St, Moscow, 117198,
Russian Federation. ORCID: 0000-0002-1872-1792. E-mail: likani-ka2008@yandex.ru

314 ECOLOGY



2021 Vol.29 No.4 315-327
BectHuk PYOH. Cepus: 3konorua u 6e30nacHOCTb XU3HeAesaTelbHOCTU http://journals.rudn.ru/ecology

.ﬁ RUDN Journal of Ecology and Life Safety ISSN 2313-2310 (Print); ISSN 2408-8919 (Online)
]
"

DOI 10.22363/2313-2310-2021-29-4-315-327
V]IK 502/504
HayuyHaa ctaTtbsa / Research article

I/I3yt|e|-||/|e BOSJJ,€I7ICTBVI9I pacTnTeNbHOCTU HA3eMHbIX IKOCUCTEM
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AnHoTanusA. M3y4aroTcst pacTHTENIbHBIE COOOIIECTBa Ha3eMHBIX 3KOCHCTEM Poccwii-
ckoit denepanvi ¢ TOYKK 3PEHUS MX CIIOCOOHOCTH YMEHBIIATh YIJIEPOIHBIH CIel B pe3yiib-
TaTe CEKBECTPALMH YIJICKHCIOro rasa. [IpuBoanTcs KiaccuuKaius THTOBBIX PACTUTEIbHBIX
COOOIIECTB U JCJICHUE TEPPUTOPUU B 3aBUCHMOCTH OT MPHUPOJHO-KIUMATHUCCKHX U PErro-
HAJIBHBIX XAPaKTEePUCTUK € JAITbHEHIMM NPEIOCTaBICHUEM 3HAYCHWH YAETbHOW IMOTIIOIIA-
foIel CIOCOOHOCTH MPOM3PACTAIOIINX PACTHTENBHBIX COOOIECTB COOTBETCTBEHHO IIPEICTaB-
jeHHoMy paesennio. C IeJbI0 OCYIIECTBICHHS OLEHKH OMOMACCHI PACTHTEIBHOCTH, a TaKXKe
JUHAMUKH €€ HM3MEHEHHUS MPOBEJACH aHalIW3 METOJa JUCTAHI[HOHHOTO 30HIWPOBAHHS Kak
HanboJee MPEAOYTUTEIBHOTO ISl ONPEIe/ICHHsST OMOMACCHI B PEXXHUME PEaJbHOTO BPEMEHH.
HaHa XapaKTepI/ICTI/IKa I/ICHOHL?)YCMLIX B HACTOALICC BpeMSI CHUCTEM AUCTAHIIMOHHOI'O 30HIU-
poBanus, B ToM uncie IKO-NOS, Quickbird, Worldview, ZY-3, SPOT, Sentinel, Landsat n
MODIS. IlepeurciieHsl OCHOBHBIE TIOKa3aTe M, IPUMEHSIEMBIE ISl HHACKCAIIHOHHOMN OLCHKH
OMOMAcCCHl paCTUTEIBHOCTH, C HOCIIEAYIOIIAM [TPOTHO3HPOBAHUEM HA MX OCHOBE d((HEKTHB-
HOCTH TIOTJIONIEHHSI YTICKHUCIIOTO ra3a PaCTUTEIbHBIMHA COOOIIECTBAMH.
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Studying the vegetation impact of terrestrial ecosystems
on reducing the carbon footprint
in in the territory of the Russian Federation
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Abstract. Plant communities of terrestrial ecosystems of the Russian Federation are
studied in terms of their ability to reduce the carbon footprint as a result of carbon dioxide
sequestration. The classification of typical plant communities and the division of the territory
depending on the climatic and regional characteristics is given, with further provision of va-
lues of the specific absorption capacity of growing plant communities according to the di-
vision presented. To assess the biomass of vegetation, as well as its dynamics of change,
an analysis of the remote sensing method was carried out as the most preferred method for
determining biomass in real time. The characteristics of currently used remote sensing sys-
tems, including IKONOS, Quickbird, Worldview, ZY-3, SPOT, Sentinel, Landsat and
MODIS are given. The main indicators used for the indexation assessment of vegetation bio-
mass are listed, with subsequent prediction based on them of the efficiency of carbon dioxide
uptake by plant communities.
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BeBepneHue

Ha CCFO,Z[HSIIJ_IHI/II\/’I ACHb PACTUTCIILHBIC COO6H.I€CTBa ABJIAKOTCA OAHUM U3 Hau-
Oosiee KPYIHBIX €CTECTBEHHBIX MCTOYHHKOB MOTJIOMICHMS YTJIEKHCIOrO Ta3a Ha
mnaHete. PaccMarpuBasi BOpoc BOCIIPOU3BO/ICTBA PACTUTEILHOCTH KaK OCHOBHO-
ro crnoco0a CeKBeCTpally YIJIEKHCIOro ra3a, MOXHO YBEPEHHO TOBOPUTH 00 yBe-
JIMYCHHUU MHTCHCUBHOCTH IMOTJIOMICHUA YIJICKHUCIIOrO Tra3a Mnpu YyBCIMUYCHUHN 61/10-
Macchl pacTUTeNbHOCTH [ 1]. OmHaKo mogHOMAacIITaOHbIE HAyYHbIE UCCIICIOBAHMUSI,
IpOBOAUMEIC B 3TOU 06HaCTI/I B IOCJICAHEC NCCATHUIICTUC, TIO3BOJIAIOT YTBCPIKAATD,
YTO MOMHMO €CTECTBEHHOW OMOMAcChl pPaCTUTENLHOCTH HA MHTEHCUBHOCTDH IIO-
TJIOIICHUSA YTJICKUCIIOIO ra3a M3 aTMOC(bCpBI BJIMACT TAaKXXE MOTJIoIIaromias Cro-
COOHOCTB OTZIETBHBIX BHUJIOB PACTUTEIBHBIX coolmiecTB [2]. B Takom ciydae, ro-
BOpA O IPUHYAUTCIIBHOM YBCIIMUCHUU MHTCHCUBHOCTU CCKBECCTpAIUU YTITICKHUCIIOTO
ra3a pacTUTENILHBIMHU COOOIIECTBAMHU, MOKHO OMHUPATHCS HE TOJIBKO Ha yBEIHMUYEHUE
MPOEKTHUBHOTO TIOKPBITHUS 3€JICHBIX HACAXKICHUH U MPUPOCT UX OMOMACCHI, HO TaKXkKe
Y Ha BBIOOP OMpENIeTICHHBIX BUAOB PACTUTEIIBHBIX COOOIIECTB, 00JIaaloMNUX MaK-
CUMAaJIbHOM MOTJIOMAoel CIToCOOHOCTRIO [3].
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AHanu3 npegmeTHoOM obGnacTu

Ha Teppuropun Poccuiickoit @enepannu nponspacraer 6oiee 11 000 Bumos
COCYAMCTBIX pacTeHui, HacuuThiBaeTcs cBbiiie 10 000 BUIOB BOIOPOCIEH U OKOJIO
5000 BHIOB TUIIATHUKOB, KOTOPHIE TAK)KE CIIOCOOHBI MOTJIONMIATh YIJICKUCIIBIN Ta3
13 aTMOocdephl, OJJHAKO B 3HAYUTEIFHO MEHbIIIEM KonndecTBe [4]. PaccMaTpuBath
MOTJIOMIAIONIYI0 CTIOCOOHOCTH Ka)I0r0 OTAETHHOTO BUAA PACTEHU 3a7ja4a HEBbI-
MOJIHUMAs, 1a U HeHYXHasl, TaKk KaK B 3aBUCHMOCTH OT IIEJIOT0 Psijia TEPPUTOPH-
aNbHBIX, KIMMAaTHYECKUX U MOYBEHHBIX OCOOCHHOCTEW Ha TOM WM WHOU TeppH-
TOPHUH TPOU3PACTAET IMIUPOKOE BUIAOBOE pa3HOOOpas3me pacTeHuil. B »Toit cBs3w,
OIICHUBAS MOTJIOMIAIONIYI0 CTIOCOOHOCTh PACTHUTENIBHBIX COOOIIECTB, HanboIee
JIOTUYHBIM BapUaHTOM SIBJISIETCS OLIEHKA MOTJIONIAIOIIEeH CIOCOOHOCTH OCHOBHBIX
MIPUPOTHBIX YKOCUCTEM, XapaKTePHBIX JIJIS Pa3IMIHBIX KIMMATHYECKUX 30H Poc-
CHUM, a HE OTJENIbHBIX BUJIOB pacTeHHi [5].

Teppuropust Poccuiickoii @enepaiuu no MUPOTHOMY ACIIEHUIO OXBATHIBAET
ceMb 0a30BBIX TPUPOIHBIX 30H: apKTUUECKasl MyCTHIHS, TYHIIpa, Taiira, 30Ha cMe-
IIAaHHBIX U LIMPOKOJIMCTBEHHBIX JIECOB, CTEMb, MyCThIHA U cyOTponuku. Kpome
9TOTr0, U3-3a IJIABHOTO MEPeXo/ia OT OJJHOM 00JIaCTH K APYTOM BBIACTSIFOT TPU O30~
HBL: JIECOTYH/Ipa, JIECOCTENb U MOMYMyCThIHA. PacTurensHbie cooliecTBa, mpous-
pacTaromme B KKIOW W3 YIMOMSHYTHIX MPUPOIHO-KIUMATHUECKUX 30H, MOTYT
CYILIECTBEHHO pPa3luyaThCsl HA Pa3HBIX TEPPUTOPHUSAX CTPAHBI, OJTHAKO Y KaKIOU
30HBI €CTh 001IHe 0a30BbIC BUJIBI PACTCHHI, KOTOPBIE SBJSIOTCS OCHOBOW TOM WIIH
MHOW NPUPOAHOM 30HBI [6].

OneHKy MHTEHCUBHOCTH CEKBECTpAIlMH YTJIEKUCIIOTO ra3a pacTUTEIbHBIMU
co0011IeCTBaMU 11€7I€CO00PA3HO MPOU3BOIUTH JIHILb B T€X MPHUPOJIHBIX 30HAX, 7€
3elleHble HACAXJEHUS MUMEIOT CYIIECTBEHHOE MPOEKTUBHOE MOKPHITHE U 3HAYH-
TENbHYIO OMoMaccy, B pe3yJbTaTe uero Ha teppuropun Poccuiickoit denepannn
WCCIIEIOBAHMS TI0 JAHHON TEeMAaTHKE MPOBOJATCS B OCHOBHOM ISl TPEX MPUPO/I-
HBIX 30H (TyHZpa, 30Ha CMELIAHHBIX M IIWPOKOJIMCTBEHHBIX JIECOB, CyOTponuye-
ckue jeca [4]), a TakKe JJI1 UCKYCCTBEHHBIX JIECONOCA0K, HAlPUMEp MpPHU JIECO-
BOCCTAHOBJICHHH Ha TEXHOT€HHO HAPYIIEHHBIX TEPPUTOPUSIX [7].

Ha cerognsiiHuii 1eHb MPOBEIEHO TOCTATOYHOE KOJWYCCTBO HAYYHBIX HC-
CJIETOBaHMM C IeNbI0 OLIEHKH MOTJIOMIAIONIEH CITOCOOHOCTH PaCTUTENBHBIX CO00-
IIECTB U ILIENBIX SKOCHUCTEM Ha TEPPUTOPUU PA3TUYHBIX CTPaH, NMPU 3TOM OOJb-
ITMHCTBO YUYEHBIX CXOJUTCS BO MHEHHUH, YTO HAMOOJBIIEH MOTIOMAONIEH CIio-
COOHOCTBIO TIO OTHOIIEHHUIO K YIJIEKHUCIIOMY Ta3y 00JiaJlaloT BUIBI C HamOoJiee
Pa3BUTON yJIeJILHOM Maccoil, To ecTh apeBecHble pactenus [8]. B padore b.I'. de-
JIOpOBa U COABT. MPUBOJIUTCS YJeNIbHAs MOTJIOMIAIOIIAs CITIOCOOHOCTh HEKOTOPBIX
BUJIOB JIPEBECHBIX PACTEHHI 3a OJTUH BETETAIMOHHBIN Meprol. Tak, eb moriomnaer
6,6 T CO2/ra, ocuna — 7,1 T CO2/ra, 6epesa — 8,1 T CO2/ra, coca — 11 T CO2/ra,
muna — 16,5 T CO2/ra, ny6 — 29,7 T CO2/ra, Tonons — 46,2 T CO2/ra [2]

B pa6ore b. Kpacyukoro npuBoauTcs yaenbHas MOTJOMIAIONIAS CIOCO0-
HOCTh PaCTHTENBHBIX COOOIECTB B COOTBETCTBUU C MPUPOTHO-KINMATHIECKUMHU
30HaMU. Tak, B TaeKHBIX JiecaxX TOJOBasl BEJIMYWHA YJIABIMBAHHS YTJICKHCIIOTO
raza cocrasiser 3,8—7,4 T/ra, B 30He cMelIaHHbIX JiecoB — 4,2—11,6 1/ra, cyOTpo-
nuueckux — 5,7-17,5 t/ra [5].
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Kpome 3Toro, cpenu MHOXKECTBA HayYHBIX TPYJIOB POCCHUHUCKHX yUEHBIX
MOXKHO Ja)K€ HalTU JaHHbBIE O cpefHeM yaenbHoM nornouieHnu CO2 mo peruo-
HaM Poccun. B necax Ypana exerofHoe yjaaBIMBaHHUE YIIIEKUCIIOrO ra3a OLCHU-
Baercs B 6,1 T CO2/ra, B Boctounoii Cubupu — 5,7 T CO2/ra, B necax 3anamHoit
Cubupu u Jlamsaero Boctoka — 4,95 T CO2/ra [9].

[TomyMoO BHIOBOTO pa3sHOOOpa3usi paCTUTENLHOCTH Ha OINPEAETICHHON Teppu-
TOPHUH, HA UHTEHCUBHOCTH mnoroieHuss CO2 B 3HAUUTENBHOM CTETIEHH BIMSET BO3-
pacT JpeBecHON pacTUTEIbHOCTU. Moo/ible ApeBeCHbIE PaCTeHUs IEHOHUPYIOT Y-
nepon B 3—6 pa3 s dexTuBHEE CpeHEBO3PACTHRIX U CTaperomux jaepeBbeB [10].
Taxkum oOpazoM, [ KOPPEKTHOTO OINpeesieHHs MOTJIOMIaloNIel cliocoOHOCTH pac-
TUTEJBHBIX COOOIIECTB HEOOXOAMMO YUYHUTHIBATh HE TOJIBKO PETHOHAIBHYIO CIIEIIU-
(GuKy, HO ¥ BO3PACTHYIO CTPYKTYpPY APEBOCTOEB, UTO SIBISETCS TOCTATOUHO CJIOXK-
HOM 3a7aueil, Tak Kak €CTeCTBEHHBIE HACAXKICHHSI Yallle BCETO OUYeHb HEOIHOPOIHBI
10 COCTaBY, BO3PACTHBIM I'PYIIIIaM U KaTETOPUSIM COCTOSHUS.

Kpome BumoBoro paznooOpasusi, B OCHOBHOM JHKTYEMOT'O MPUPOIHO-KIMMa-
TUYECKUMH YCIIOBHSIMH, BaXKHBIM (PaKTOPOM, BIHSIOIIUM Ha UHTEHCUBHOCTH IIO-
TJIOIIEHHUS] PaCTUTENIbHBIMU COOOIIECTBAMHU YIJIEKHCIIOTO Ta3a U3 aTMocdepsl, sB-
asiercst OmoMacca pacTHTENbHOCTH. [Ipu 3TOM ompeneneHne OMOMAcChHl pacTu-
TEJIBHOCTH MOXET OCYIIECTBISATHCSI HETOCPEICTBEHHO B MOJIEBBIX YCIOBUAX IIyTEM
JECTPYKTUBHOTO 0TOOpa Mpo0, a TakKe HEPa3pyIIAOIIUM METOI0M JUCTAHIIMOH-
HOT'O 30HIUPOBAHUS.

JIMCTaHIIMOHHOE 30HAMPOBAHUE 3eMIIM Ha CETOHSIIHUN JIeHb SIBIISIETCS HanOo-
Jiee MPeANOYTUTEILHBIM B UCTIONB30BAaHUM METO/IOM, TaK Kak 00ecredrnBaeT MOHH-
TOPUHT PACTUTENLHOCTH B PEKUME PEaIbHOTO BPEMEHH, TTO3BOJISIET PETyIIsipHO 00-
HOBIISITH JIaHHBIE O IUJIOUIAIU PACHPOCTPAHEHUSI PACTUTEIBHBIX COOOIIECTB M HUX
Oromacce, a TaKke MPUMEHUM JIJIsi KapTUPOBAHUST HEOTHOPOJHOCTH Oromacchl [11].
[IpumeHeHne CyTHUKOB M OSCITMIIOTHBIX JIETaTeNbHBIX allapaToB 0COOCHHO aKTy-
QIBHO TIPH TIOMYYCHUH XapaKTEPUCTHUYECKUX JaHHBIX PACTUTEIBHOCTU C OOJBIINX
IUIOIIAJIEH, a TaKXKe TPYJHOAOCTYIIHBIX TeppuTopuii [12].

[Mupokoe npuMeHEHHE NMPH U3YUYEHUH PacTUTEIbHOCTH, B TOM YHUCIIE U JIeC-
HBIX HAaCaXJIECHUH, IpUoOpe JUCTAaHIIMOHHBI MOHUTOPUHT TIOCIIE 3aITyCKa CITyT-
Huka Landsat. B Hacrosiiiee BpeMss MOHUTOPUHT OCYILIECTBISETCS Ha Oa3e 3HAYu-
TEJIBLHOTO YHCJIa CIyTHUKOBBIX cucteM, Takux kak IKONOS, Quickbird, World-
view, ZY-3, SPOT, Sentinel, Landsat u MODIS [13]. B Tabnuie npeacraBieHb
OCHOBHBIE TEXHMUYECKHE XapaKTEPUCTUKH CHEMOYHOW ammaparypbl MepeducieH-
HBIX CITyTHUKOBBIX CUCTEM.

HecoMHeHHOE MperMyIecTBO JUCTAHIIMOHHOTO MOHUTOPWHTA MPH TTOMOIIIH
CIIyTHUKOBBIX CHHUMKOB, KaK Y€ I'OBOPHJIOCH paHee, 3aKII04acTcs B MPOBEIECHUU
MCCIIEIOBAaHMS Ha OOJIBILIMX TEPPUTOPHSX C OLIEHKOM OMOMAcChl IEPEBBEB B INI0OANB-
HoM MactiTabe [11]. OmgHako OCyIIecTBICHUE TAKOTO BUA ChEMKH OTPAaHHUYHBACTCS
HU3KOI CIIOCOOHOCTHIO MPOHUKHOBEHUS CKBO3b 00JIaKa, a TaKKe HU3KOH JeTaln3u-
POBaHHOCTBHIO CHIMKOB. B TIOCIIeTHIE TOMBI yIalOCh PEMIUTh MPOOIeMy MPOHUKA-
IOLIEeH CITOCOOHOCTH MPHU MOMOILM PAJUOIOKAMOHHOTO AUCTAHIIMOHHOTO 30HAUPO-
BaHUs. JOMOIHUTEIBHBIM PEUMYIIIECTBOM 3TOTO METO/Ia SBJISIETCS MOTydeHue 6o-
Jiee moaApoOHOM WH(GOPMAITUU O CTPYKType pactutenbHocTh. C Havama XXI B. uH-
TEHCHBHO BOBJIEKAIOTCSI HE TOJIBKO OOPTOBBIE PaJMOJIOKAIIMOHHBIE, HO U KOCMHUYe-
ckue cucteMsl, Takue kak Terra-SAR, RADARSAT, ALOS u PALSAR [14].
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OCHOBHbIE TEXHUYECKNE XapaKTepPUCTUKN
CbEMOYHOI annapaTypbl HEKOTOPbIX CYTHUKOBbLIX CUCTEM

c:y?rizax:v:l:)ﬁ OOG30pHOCTD, Mepuopanuy- MpocTpaHcTBEHHOE CnekTpasnbHble
cUCTEMbI KM HOCTb, CYT. pa3pelueHue, M/NMUKc XapaKTepucTuku

IKONOS 11 3 3,2 C, 3, K, BUK
QuickBird-2 16,5 3-4 2,5 C, 3,K, BUK
Worldview 17,6 2-4 0,5 MAH

ZY-3 50 1-3 5,8 C, 3,K, BUK
Spot 5 60 1-4 10 C,3,K
Sentinel 290 10 20 C, 3,K, BUK
Landsat 7 185 16 60 3, K, BUK
MODIS 2300 <1 250-1000 C, 3,K, BUK

lMpumeyaHue. MNepeyeHb CNeKTPasibHbIX KAHANOB CbEMOYHOM annapaTypbl: C — CUHWIA; 3 — 3eneHbI;
K — kpacHbiit; BUK — 6avxHmin nigpakpacHbii; [TAH — naHXxpomaTUieckuii.

The main technical characteristics of the shooting equipment of some satellite systems

The name of

tesataiiie VSN Freguency,  Spatmiesouton,  Spectl
system

IKONOS 11 3 3.2 B, G, R, NIR
QuickBird-2 16.5 3-4 2.5 B, G, R, NIR
Worldview 17.6 2-4 0.5 PAN
ZY-3 50 1-3 5.8 B, G, R, NIR
Spot5 60 1-4 10 B,G,R
Sentinel 290 10 20 B, G, R, NIR
Landsat 7 185 16 60 3, K, NIR
MODIS 2300 <1 250-1000 B, G, R, NIR

Note. The list of spectral channels of the shooting equipment: B — blue; G — green; R — red;
NIR - near infrared; PAN - panchromatic.

[Ipu HEoOX0IMMOCTH MHAMBUIYAIbHON OLIEHKU JE€PEBHEB HUCCIETYEMOIO
JIECHOTO MaccHBa JUIsl ONPEIEIICHNs BEPTUKAIBHON CTPYKTYPBI JIeca WIN K€ pas-
Mepa OTAENBHBIX SK3EMIUISIPOB, YTO HAMPSIMYIO CBSI3aHO CO 3HaYEHHEM OMOMAcCHI,
MO>KET OBITh IPUMEHEH METO/ JIJAPHOTO AUCTAaHIIMOHHOTO 30HANpoBaHus. C ero
IIOMOLIBI0 MOKHO TOYHO M3MEPUTH IJIOTHOCTH IPEBOCTOSI, BBICOTY U MJIOTHOCTb
KpOHBI. TeXHOJIOTHSI TMJAPHOTO 30HIUPOBAHUS MO3BOJISET NoayunTh 3D-undOp-
MalMIO0 CTPYKTYPbI JIECHOTO MacCHBa, a TP COBMECTHOM HCIIOJIb30BAaHUU C ApY-
TUMH METOJAaMHU JUCTAaHIMOHHOTO MOHUTOPHUHIA — YBEJIUYUTh TOYHOCTH OLIEHKH
onomaccsr [11].

KaptupoBanue n noiaydeHue NpovMX XapaKTEPUCTUK PACTUTEIBHOCTH IPHU
MOMOIIIM METOJIOB JMCTAHIIMOHHOTO 30HAMPOBAaHUS Oa3upyeTcs Ha OCHOBE JaH-
HBIX CIIEKTPOB OTPaKEHHOTO M3NyudeHus. Takue crnekTpbl 00yCIOBIEHBI Pa3HBIM
MOTJIOIIEHUEM M3JIyYeHHs Pa3UYHBIX JJIUH BOJH OMOJIOTHYECKUMHU MTUTMEHTAMU,
B YaCTHOCTH XJIOpoGhuioM. OU3NOIOTUYECKOE COCTOSHUE PACTUTENLHOCTH Ma-
pajIeNbHO U3MEHSIETCA C KOHLEHTpAlMell MMIMEHTOB B €€ KJIETKAaX U TKaHSIX U
YpOBHEM BIIaroo0ecre4eHHOCTH, TO3TOMY 3TH IMOKa3aTell XapaKTepU3yIoT 3]10-
poBbe pacteHwuii [15; 16].

151 KOMMYEeCTBEHHOM OLIEHKH PAaCTUTEIBbHOCTH, B YACTHOCTH €€ Ha3eMHOM
Ouomacchl, MoJyuYeHHbIE TIPU JUCTAHIIMOHHOM 30HIMPOBAHUHM CHUMKH 00palaThl-
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BaOTCS MPU TTOMOIIIM BETETAI[MOHHBIX WHAECKCOB. BererarmoHHubie HHIEKCHI TIpeI-
CTaBISIIOT CO00M aprupmMeTnIecKue KOMOMHAIIMY 3HAYeHUH KOd(P(PUITMEHTOB CIIeKT-
paNbHOM SIPKOCTU B OTJEIBHBIX CIIEKTPATBHBIX KaHAlIaX adpPOKOCMUYECKOTO H30-
OpaxxeHus. JlaHHBIC BRIPQKCHUS BBIBOJISITCS HA OCHOBE SMITUPHUCSCKIX HAOIOICHUI
Y UMEIOT 1IeNIbI0 yBeJInueHne WHOPMATUBHOCTH CHUTHANIA B OTIEIbHBIX KaHAllax
JUTSE UCCIICTIOBAaHUM PACTHTEIHLHOCTH TPU OJHOBPEMEHHOM CHW)KCHHH BIIVISTHFS
moOoYHBIX (PakTOpOB: aTMOc(hepsl, SPKOCTU MOUBHI, dPPEeKTa HACHIIICHHS, 3aBU-
CUMOCTH OT TreoMeTpun HabmoaeHuit [17]. Ha maHHBII MOMEHT CyIIECTBYET OKO-
10 160 MHAEKCOB, KOTOPHIE PACCYUTHIBAIOTCA MO IMIMPOKUM U Y3KUM CHEKTpallb-
HBIM 30HAM B 3aBUCUMOCTH OT CIIEKTPaJIbHOU IpKOCTH 00bekTOB. Ha puc. 1 npen-
CTaBJIeH TpaduK 3aBHCHUMOCTH CHEKTPATbHOW SIPKOCTH OCHOBHBIX MPHPOJHBIX
00BEKTOB OT JJIUHBI BOJIHBI [11].
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CrnekTpanbHble BEreTallMOHHbIE MHIEKCH PACCUMTHIBAIOTCS MO 3HAYEHUSM
HanOoJee CTAOMIBHBIX YIaCTKOB CIIEKTpPa, 8 UMEHHO KPAacHOM U OnvkHel nHppa-
KpacHoil obnactei. IlepBas obmacts (0,62—-0,75 MKM) XapakTepusyeTcs MakCUMy-
MOM TIOTJIONICHHSI COJTHEYHOHN paguaIiyl 3eJCHBIM MUTMEHTOM PAcTCHHI, a BTO-
pas (0,75—1,3 MKM) — MakCUMaIIbHBIM OTpakeHueM 3Hepruu [18].

OrieHKa COCTOSIHUS PACTHTEIBHOCTH, a TAKXKE BBISIBICHUE TCPPUTOPHIA, 3a-
HATBIX WIA CBOOOJHBIX OT HACAKICHUH, BO3MOXKHBI TIPH MOMOIIU UHAEKCOB TPYIIITHI
Broadband Greenness. HanGomnee momynsipasiM uHaekcoM sisisiercss NDVI (Nor-
malized Difference Vegetation Index), mo3BossOmui KOTMYECTBEHHO OICHUTH
Oromaccy pacTeHUH U ONpeeSIoIuics 1Mo hopmye

NDVI = (NIR - RED) / (NIR + RED),

rne NIR — orpaxenne B 6mmkHel nH(pakpacHoi obmactu criektpa; RGB — ot-
paskeHue B BUAMMOI 00JacTH CIeKTpa.

JlaHHBIN MHAEKC NPUHUMAET MOJOKUTENIbHbIE 3HAUEHHUS JUIsl pAaCTUTEIbHO-
CTH, ¥ 4eM OHO Ooubllle, TeM BbIlIe 3HaueHue 6momaccel [15; 19]. CymecTByer
MHOXECTBO paboT, B KOTOPHIX Hcmoib3yercs NDVI B kauecTBe omeHkn 6nomac-
cbl. /laHHBIN MHIEKC YyCHEIIHO IMPHUMEHEH IIPU €€ MOJEIMPOBAHUM HAa CE30HHBIX
BOJTHO-OOJIOTHBIX, JIECHBIX U CEJIbCKO-XO3SIMCTBEHHBIX YTOAbIX [14].

CymecTByeT ycToWuuBas Koppessauus Mexay nokasareaem NDVI u mpo-
JTYKTUBHOCTBIO JUIsl pa3JIMYHbIX TUIIOB SKOCUCTEM, OTpaXkeHHast Ha puc. 2 [9].

OpHnako yame pacuer NDVI ynorpeOisiercss Ha OCHOBE cepHM Pa3HOBpE-
MEHHBIX (Pa3HOCE30HHBIX) CHUMKOB C 33JJaHHBIM BPEMEHHBIM pa3pelieHrueM, Mo3-
BOJISAS IOJIy4aTh AMHAMMYECKYIO KapTHHY MPOLIECCOB M3MEHEHUS TPaHUI] U Xa-
PaKTEpPUCTUK PA3JIMYHBIX THIIOB PACTUTEIBHOCTU (MECSYHBbIE BapHallH, CE30H-
HbI€ BapuaIiy, rofoBbie Bapuamun) [20].
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Figure 2. Correlation between NDVI and productivity for different types of ecosystems

Bynyun uckyccrBeHHBIM Oe3pazMepHbIM Mokazatenem, NDVI nmpennasHa-
YEeH I U3MEPEHUsl 3KOJIOrO-KIMMATHYECKUX XAPAKTEPUCTUK PACTUTEIBHOCTH,
HO B TO K€ BPEMS MOKET I0Ka3bIBATH 3HAUYNTEIIbHYIO KOPPEISILIMIO C HEKOTOPBIMU
rapaMeTpamu, COBCEM APYroil 00JacTu: NPOAYKTUBHOCTBIO (BpEMEHHBIE U3MEHE-
HUs1), OOMaccol, BIaXHOCTHIO U MUHEPAJIbHOM (OPraHMYeCKOi) HaChIIIEHHOCTHIO
MOYBBI, UCTIAPSIEMOCTHIO (IBANOTPAHCIIMPALINEi), 0OBEMOM BBINATAEMBIX OCAJIKOB,
MOIIIHOCTBIO U XapaKTepUCTUKAMU CHEKHOTO MOKpoBa U ap. [21].

B HekoTopbIX citydasx npuMeHeHue Tosibko NDVI He MokeT nath KOppekT-
HYIO OLIEHKY IOJIY4YEHHBIX JaHHBIX CO CHUMKOB. Hampumep, npu JOCTHXKEHUH
OIIPEAEIIEHHOTO NT0OPOra Pa3BUTHSl PACTEHUSI HHIEKC TEPAET YyBCTBUTEIBHOCTD, TO
€CTh €CJIM PAaCTEHUE PA3BUBAETCS OYECHb aKTHUBHO, TO M0 NDVI Henb3s orimunth
AHOMAJTHHO 3€JICHOE PACTEHHUE OT «OOBITHOTOY» 3eJIeHOTO [22].

B 310l cBS3M JONOJIHUTENBHO ¢ UHTEPIPETUPOBAHUEM CHUMKOB Ha OCHO-
BaHWM BereTanmoHHoro mHaekca NDVI nmpu orneHke cHUMXeHUs BBIOPOCOB yriie-
poJla IMyTeM BOCCTAHOBJIEHUS CEJIbCKOXO3AMCTBEHHBIX YTOAMN YacTO UCIIOIb3YIOTCS
gyeTblpe BeretalMoHHBIX MHIeKca: RVG (Ratio Vegetation Index), SAVI (Soil
Adjusted Vegetation Index), GCC (Green Chromatic Coordinate) u fe (Fractional
Green Vegetation Cover). Hanpumep, SAVI 6b11 BBIOpaH 17151 yMEHBIICHUS BIIU-
SIHUSI TTOYBBI IPU MHTEPIIPETUPOBAHUM PE3YJIBTATOB, TAK KaK HE BCS UCCIEAyeMast
TEPPUTOPUS TIOKPBITA PACTUTEIBHOCTBIO [23].

Cy11ecTBYIOT U JpyTHE BEreTallMOHHBIE HHIIEKChI, KOTOPBIE, 110 CYTH, SIBIISIOT-
csa anpTepHatuBoil uHAekcy NDVI. Tak, eciin HET BO3MOXHOCTH HCIIOJb30BAaTh
I CbeMKH KaMepy ¢ WH(PPaKpaCHBIM KaHaJIOM, IOCTaTOYHO YaCTO MCIOJIB3YIOT
nagekc VARI (Visible Atmospheric Resistant Index) — mokazarens ¢oTocunTe-
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TUYECKOW aKTUBHOCTH, pa3pabOTaHHBIN crieruanbHO a1 pabotel ¢ RGB-kamepa-
MU, KOTOPBIH ompeaensieTcs mo hopmyiie

VARI = (Green — Red) / (Green + Red — Blue),

rne Green — 3HAYECHHUS MMKCEIIOB U3 3€JIEHOro KaHana; Red — 3HavueHus: mUKCenoB
W3 KpacHOro kaHajia; Blue — 3HaueHust muKcenoB U3 CMHETo KaHana [24].

besycnoBHO, HazeMHasi OroMacca 3eEeHBIX HACAXKACHUN XapaKTepH3yeTcs
Hanboyilee TUHAMHYHO MEHSIOIIUMCS COAep)KaHueM yriepona. l[IpumMeHHMOoCTh
JTUCTAHIIMOHHOTO MOHUTOPUHTA K OMpPENEICHUIO TaKOTO THUMa OMOMACCHl JeJaeT
BO3MOXKHBIM €T0 HCIOJIb30BaHUE JUISl TIPOTHO3UPOBAHUS d(PPEKTUBHOCTH TMOTIIO-
1IeHus yraekucioro rasza [10].

Ha ceronHamHunii 1eHp y>X€ U3BECTHBI METO/bI OLIEHKH IOTJIOIICHUS yTJe-
poaa MmyTeM €ro CBS3bIBaHUS BHYTPH JIECHOro MaccuBa. Tak, B «PykoBomsmux
npuHIUNax 3QQPEeKTUBHON NMPaKTHKH MeXNpaBUTEIHCTBEHHOW TPYIIIBI dKCIIEp-
TOB 10 M3MEHEHHUIO KIMMaTa» MojicueT 3(PPEeKTUBHOCTU MOTJIOUICHUsS yTiaepoaa
0a3upyeTcs Ha UCIOJIB30BAHUU 3HAYEHHUS OMOMACCHI JIECHBIX HACaXIEHUH C MO-
CIIEAYIOUIMM IPEeoOpa30BaHWEM JTOTO 3HAUEHHS B MAacCy yriepoja, MCXOAs W3
MPEANONIOKEeHHs, YT0 B Ouomacce comepxkutcs 49 % yraepona. B nanpHeimem
MPEACTABISAETCS BO3MOKHBIM ITPOU3BECTU IMEepecUeT pe3yiibrarta B eauHulbl CO2
MIOCPEJICTBOM YMHOKEHUSI 3HaueHUs Ha 3,67, 4TO COCTABJIAET OTHOLIEHHE aTOM-
Hoit maccel CO2 u C coorBercTBeHHO [25]. [TomoOHast MeToauKa ONpeaeIeHHs
YJIOBJIEHHOTO YTJIEpOJia M YIIEKHUCIOro ra3a MCIOJb30Bajlach yuyeHbIMU U3 MH-
mun, Hooil 3enannuu u KOxHOM AQpuku 1 M3ydeHus CliOCOOHOCTH yJaBIIH-
BaHUA YIVIEKUCIIOTO ra3a KOHKPETHBIMHU BUJAMH pacTeHui [26]. Tem He MeHee B
pabote I'.Il. AcHepa u coaBT. MO U3YUYECHHIO JIECOB AMa30HUU OTMEUYEHO, YTO pa3-
HUIIA MEX]Ty 3HAUCHUSIMH, PACCUNTAHHBIMU T10 JAHHOMY METOJIY U TOJIy4YEeHHBIMHU
MPU TIOMOITY BO3YIIHOTO JIMJIAPHOTO 30HAMPOBaHMs, cocTaBiseT 6oinee 30 %.
OnHoil U3 BEPOATHBIX MPUYUH 3TOrO Ha3BaHA HEOJHOPOJIHOCTh IUIOTHOCTH YIJIe-
poja B Jiecax B pa3IMYHbBIX MaciiTadax [27].

[TporuosupoBanue 3pPeKTUBHOCTH MOTIOUICHHS YTJIEKHCIOTO ra3a JECHbIM
MacCHBOM JOJKHO 06a3MpOBATHCS HE TOJBKO Ha MOyUYEHHOM 3HAaYeHUU OMOMACCHI.
Crnenyer OTMETUTh, YTO NMPOTEKAHHE JAHHOTO IPOLIecca 3aBUCUT OT KJIMMaTHye-
CKHMX W BPEMEHHBIX XapaKTEPUCTHUK, a TAK)KE BHUJA MPOU3PACTAIOLIEH PACTUTEIb-
HocTH [28]. OnuH BUI, Ipon3pacTasi B pa3HbIX PErMOHAX, MOXKET AEMOHCTPUPOBATH
OTJIMYAOIIKECS MEX 1y cO00M CKOPOCTH MOTJIOUIeHHs yriiepoja. B uccnenosanuu
b. bepnan u coaBT. nmpoa"nanu3upoBaHsl 1197 Touek IpeBOCTOS MO BCEMY MHUPY C
LeNbl0 onpeaeneHuss K03 UuIeHTa MOrIoueHHs yriiepoJa B 3aBUCUMOCTH OT
KIIMMaTUYEeCKUX YCIIOBUI Npou3pacTaHus. B pe3ynpTare yCTaHOBJIEHO, UTO TEMIIbI
TMOTJIOMIEHUS! XBOMHBIMH, JyOOBBIMU M IIMPOKOJIMCTBEHHBIMU MOPOAAMHU JIEPEBHEB
B TPOMUYECKUX PETHOHAX XapaKTEePU30BAIHCh HAMOOMbIIEH ckopocThio. [Ipu aTom
HBKAJIMIT TI0Ka3aJl CTA0MILHO BBICOKUI KOA((UIMEHT TOTJIONICHUS BHE 3aBUCH-
MOCTH OT ycioBuil npouspactanusi (puc. 3) [29]. Hapsny ¢ nmporro3upoBanuem
3¢ (HEeKTUBHOCTH TOTJIOUICHHS YTJIepo/ia MOKHO OCYLIECTBIIATH MPOTHO3 €ro BhI-
JICJIEHUs] TIPU aHAJIM3€ CHUMKOB C TEppPUTOPHUI o0e3sieceHus, Jerpagaluuu Win
YHUYTOXKEHUS PACTUTEIBHOCTH.
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Figure 3. Dependence of carbon dioxide uptake by vegetation in different climatic conditions

[Ipu npoBeneHuU TUCTAHIIMOHHOTO MOHUTOPHHTA CIEAYIOT oOpaliaTh BHU-
MaHUE Ha BO3PACTHYIO CTPYKTYpPY M CX€MY NPOM3pacTaHus AepeBbeB. CylECTBYIOT
HCCIIEZIOBAaHUSI CTApPOBO3PACTHBIX JIEPEBBEB C TOUKU 3PEHHUS MX CIIOCOOHOCTU MO-
IJIOUIATh yriiepoa. YacTh U3 HUX YKa3bIBalOT HAa OTCYTCTBHE TaKOM CIIOCOOHOCTH B
CBSI3U CO CHIDKEHHEM IPOU3BOJICTBA OMOMACCHI U NOTEPEN JIEpEeBbEB U3-3a €CTe-
CTBEHHBIX NMPHPOJHBIX HAPYILICHUH, TAKMX KaK yAapbl MOJHUH, TIOpaXkeHue Ooies-
HsAMU U rpubamu. [Ipu 3TOM npeacTaBUTeNIN MOJIOIOBO3PACTHOTO Jieca XapaKTepu-
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3YIOTCSI TIPOU3BOJICTBOM OMOMAcCChl Ha BBHICOKOM YPOBHE B TE€UEHHE UIUTEIHHOTO
BPEMEHH, UTO ciocoOCcTBYeT 3 pekTrBHOMY norioieHuo [10].

Cxembl mpou3pacTaHusi BUJIOB B JIECHOM COOOIIECTBE, a IMEHHO UX TUIOT-
HOCTh U TIPOCTPAHCTBEHHOE PACIIOJIOKEHNUE OTHOCUTENBHO APYT APYyTa, SIBISIOTCS
HEMAaJIOBAXHBIM (DaKTOPOM TIPH MIPOTHO3UPOBAHHUH TorforieHus. Hanpumep, B otue-
Te MEXIyHapOJHOTO COI03a OXpaHbl MPUPOJBI CKa3aHO, YTO ISl CBSI3BIBAHMSI
HauOOJBIIET0 KOJUYECTBA yriepoJa HeoOXOAMMO MPOU3BOIUTHE MO3AaUYHYIO TIO-
CaJKy JEPEBBEB C MCIOJIB30BAHUEM 00Jiee HU3KOM TIOTHOCTH WX MOCaaKkd. B aTom
ciydae OyAer 3ajeiicTBOBaHa MaKCUMalbHAsI TUIOIIA (b 3€MJIM, YTO 00ecreYnBaeT
a¢dekTHBHOE CBS3BIBAaHHE yriepoia Ha Oousbmeid Tepputopuu [25]. OmgHako B
uccinenoBanusax 0. [1an u coaBT. OCHOBHOH MPUUMHON YBETUYESHHSI TIOTJIOICHHUS
yriiepojia B jJecaX YMEPEHHOT0 KJMMaTa Hapsiay C CYIIECTBEHHBIM POCTOM ILIO-
1Ia]IA JIECOB HAa3bIBAETCS MOBBIIIIEHUE MJIOTHOCTU UX MOCaJKu [28].

3akouyeHue

[Tpobnema cHMXKEHHS YIIIEPOJHOTO ClieAa BBHIXOAUT HA JHMIUPYIOIINE MO3U-
MM Ha MEXIyHAapOoJHOHN apeHe. Bce yaille mogHMMAIOTCST BONPOCHI O BHEAPEHUU
TEXHOJIOTUI YJIaBIMBAaHUS U XpaHEHHUs YTJIIEKUCIOro raza, 0coOEHHO Ha TEPPHUTO-
puu ApPKTUKH B CBSI3U C €€ XpyIKo# skocuctemoi. K HacTosiieMy BpeMeHHU 4acTh
cTpad EBpocoro3a npeanpuHUMaeT MONBITKA YMEHbLICHHUS YTJIEPOIHOTO Clie/ia Imy-
TEM BBEJICHUS HAJIONOBOI'O PETYJIMPOBAHUSA.

PactuTenbHbie cooOIIeCTBa 3aHUMAIOT 3HAYUTEIBHYIO Tepputoputo Poccuii-
ckoit denepaluy, BCICACTBUE YEro CIOCOOHBI MOTJIOIATH YIJIEKUCHBIM ra3 Ha
0onpII0i TIoIIaIu. OHOBPEMEHHO ¢ ATHM Poccust XxapakTepusyeTcs pa3TnIHbIMU
KIIMMAaTU4Y€CKUMHU 30HAMHU U BUaMU HpompaCTanmeﬁ PaCTUTCIILHOCTHU, KOTOPAasA
MMEET OTIIMYHBbIC 3HAYCHHSI YJECIbHOW MOTJIOMAIOIIeH criocoOHOCTH. [loaTomy st
OLICHKU PACTUTEIbHOCTU KaK MHCTPYMEHTa CEKBECTpalliu YIJIEKUCIIOro ra3a cie-
IyeT UCIOJIBb30BaTh METOJbl MCTAHIIMOHHOTO 30HIMPOBAaHUSA, KOTOphie dddek-
TUBHBI IIPU BBIACIICHUN ONPCACICHHBIX BUIO0B HAa OOJILIINX TCPPUTOPUAIX.
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JNNanpwadTHbIV aHaNN3 NPOGNEeM MHAUKaALUN
AOCTNXXEHUS uenen yCtTonimeoro passmtus
ANt HAMMEeHee Pa3BUTbIX CTPaH Ha npumepe AdraHucrtaHa
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AHHoTammsi. AQraHiuCTaH pacrosaraeTcs B CJIOKHBIX reorpadMyecKux yCIOBUSIX, KOTOPbIE
HaKJTaIBIBAIOTCS HA TPYIHYIO COIMAIBbHO-DKOHOMHUYECKYIO OOCTaHOBKY, B pe3yJIbTaTe 4ero B
MHUPOBBIX PEUTUHIAX CTpaHa C YAPYUarOLUIUM IIOCTOSHCTBOM 3aHUMAET MOCJIEIHUE CTPOKHU 110
YPOBHIO JKM3HU U Pa3BUTHs. XOTS CHCTeMa WHIUKATOPOB Iiejell ycroiumBoro passutus (L[YP)
IepBOHAYANBHO pa3paboTaHa Ui IJI00AJIBHBIX OICHOK, B pAMKaxX Pa3BUTHS OTCIBHBIX WHH-
IUAaTHB HEOOXOANMO TMPOBENCHHE M BHYTPHCTPAHOBBIX HCCICIOBAHHUN AJIS BBIIBICHHS IPO-
6seMHBIX pailoHOB. OlLeHKa BO3MOXKHOCTH MHIMKAILUKM T€0IKOJOIMYECKUX IpobieM B Adra-
HHUCTaHe cpelcTBaMu nokasareneid IIYP mo3Bosiser BBIABUTH IPUOPUTETHI B IIPAKTUUECKOM
MIPUMEHEHUH AaHHBIX UHIMKATOPOB U B JaJbHEUIIEM IIPOBOJUTH Y)KE€ MOJIEBBIE UCCIIEIOBAHUS
C MaKCUMAITLHOH 3(deKTUBHOCTEIO. Ha OCHOBE paHee cOCTaBJIEHHOW aBTOPCKOW JIaHAIIA(THOMH
KapThl CTPaHbI ¥ JAHHBIX O(HUIIUATIBHON CTATUCTUKH, OTYETOB MEXKTYHAPOIHBIX ¥ HAIIMOHATIBHBIX
OpTaHM3aLHil U IPYTUX UCTOYHUKOB BBIICICHBI OCHOBHBIE T€03KOIOTHIECKUE TPOOIEMEI ad-
TaHCKUX JIAHAMA(TOB, MPOBe/IcHa OaUTbHAS OLCHKA UX TSHXKECTH U COCTABJICHBI PEKOMEH/Ia-
LMY 110 BAXKHOCTH UX OCBEIIEHUs TeMH WiIM MHBIMU uHAMKaTopamu LIYP. Cucrema unnuka-
topoB L[YP mocrtaToyHO XOpOIIO OXBaTHIBAET MPOOJIEMBI MPUPOIHO-aHTPOIIOTCHHBIX JIAH]I-
madroB Adraaucrana. OJHAKO HEJOCTATOYHOE BHUMAaHHE YIEICHO MPOoOIeMaM MacTOPABHBIX
na"amadToB — He HAOMI0JaeTCs UHINKATOPOB, HAPSAMYIO OTCIIEKHUBAIOLINX UX COCTOSHUE.
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Landscape analysis of problems
of indicating sustainable development goals
for the least developed countries
on the example of Afghanistan
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Abstract. Sustainable development of Afghanistan is prevented by many factors, both
purely anthropogenic genesis, and natural. In this study, author tries to make an initial as-
sessment of the possibility of indicating geoecological problems in Afghanistan by indicators
of the sustainable development goals based on landscape analysis. This will allow to identify
priorities in the practical application of these indicators, and to conduct field assessments with
maximum efficiency. Author makes a point assessment of the priorities of the indication of
the geoecological problems of different landscape units of Afghanistan, and the related as-
sessment of tension of the geoecological situation.
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BeepneHue

Konuenmus ycToM4rBOro pa3BUTUSI MUPa HACUUTHIBAET YXKE HE OJUH JECs-
Tok JsieT. [locne dakruaeckoro nmposana § lleneli TeicsUEneTHs, MPUHITHIX MHPO-
BbIM coobmectBoM Ha miepuog 2000—2015 rr., B 2015 1. ObuUIM MPUHSATHI HOBBIE
17 Ueneii ycroituusoro paszsutust (LIYP) Ha nepuox 2015-2030 rr.! B oranuue
OT MpPEABIIYIINX, HOBbIE IIEJIM B MEHbILIEH CTENEHN MOKHO Ha3BaTh UIEOJIOTHYE-
CKAMHU M B OOJBIICH — MPAKTHYCCKUMH, YTO OOBSICHSCT WX BBIPOCIIEE KOJIMYC-
cTBO. B pamkax HoBoM KoHuenuuu LIYP cTpaHbl-y4acTHUKU NIPU3BaHBI HE TOJIBKO
onupaTtbcst Ha pekomeHaauu ciayk6 OOH, HO 1 camocTosTENHHO pa3padaThIBATh
CBOM CTpPAaTE€ruu M MPOrpaMMBbl MO YCTOHYMBOMY pa3BuTHio. LIYP urpator poinb
OPUEHTUPOB JIS CTPaH, MO3BOJISISI IPUBOIUTH CBOU IIJIAHBI B COOTBETCTBHE C MEXK-
nyHaponHeiMH oOsi3aTenbcTBaMu. Jloctikenue 17 LIYP u pemenne 169 3anay,
0003HaUYCHHBIX B HOBOW MIpOrpamMme, KOHTPOIUPYETCS U OTCIEKUBACTCS MPHU TI0-
MOIIIY TOKa3aTeneil 1 HHANKATOPOB, pa3padbaTbiBaeMbIXx MexKydepex IeHUECKON 1

! loxnaz o Llensix B o6macty ycToiunBoro pazsutis / nox pea. J1. ixencena. Heo-Mopk:
OOH, 2019.
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JKCIIEPTHOW TPYMIION MO nokaszaressiM goctvokenus LIYP. M3navanbHO nis kaxnon
3aJauy 3aIyIaHUpPOBaHa pa3paboTKa MPUMEPHO JBYX MOKa3aTesei, HO ATOT Habop
MOJKET JOTOJIHATBCS MOKa3aTeIsIMH, pa3pabOoTaHHBIMU TOCYAapCTBAMU-YJICHAMU
U UHBIMH CTPYKTypaMH, YTOOBI JIydllle KOHTPOJIMPOBATh MPOLECC JOCTHUKEHUS
1eseii M penenns 3a1ay’.

Ucnamckas pecriyonmka Adranucran (IPA) pacnonaraercsi B BecbMa CIIOXK-
HBIX reorpaMuecKkux yCiaoBHsX, MPEACTABIAIONINX cOO0H BBICOKOTOPHBINA MAacCHB €
Y3KUMH JIOJIMHAMU U TIPEUMYILECTBEHHO KPYThIMU CKJIOHAMH, OKPYXXEHHBIN Mecya-
HBIMHM U KAMEHUCTBIMU IyCThIHAMH [1]. OO1mas counanbHas U NOIUTHYECKast KapTH-
Ha B CTpaHe MpPeJICTaBIsIET cOO0M HEKUI «MCTOPUUECKUH 3alIOBEIHUK» CEpEeUHbI —
koHIa CpenHux BeKoB [2]. JlaHHbIE napaieny JIErko MpOCIEKUBAKOTCS 110 MHOTUM
HarfpaBJIeHUsSM, TaKUM, HallpUMep, KaK OTHOULIEHUE K UCKYCCTBY, PEJIUTUH, IPaBy U
00ILIECTBEHHBIM HOpMaM, IIpaBaM 4elIoBeKa U T. 1. MOXKHO JjaXke CKa3aTh, YTO Mpo-
O1eMa HecTaOMITBHOCTH araHCKOTO TOCYAapCTBa IMPOUCTEKAET CKOpee He OT ITOJIH-
THYECKOT0/3THUYECKOTO/PEIMTHO3HOTO U MPOYEro SKCTPEMHU3Ma OTAENBHBIX YacTen
oOr1ecTBa (K COXaICHHUIO, JOCTATOYHO OOJIBIINX), a OT X HEKOM OCTAaHOBKH B UCTO-
PHYECKOM PA3BUTUH Ha TAKOM 3Tarle, AJIs1 KOTOPOro Kak pa3 U ObLIN XapaKTepHBI HO-
NOOHbIE BUIBI AKCTPEMHU3MAa U HETEPIMMOCTH. B MakcMMalbHO IIMPOKOM CMBICIIE
9TO BBIPAKAETCSI B TOM YHCJIE U B OTCYTCTBUM CIOCOOHOCTH OCO3HABAaTh U MOHUMATh
MOJIMTUYECKYIO WM STHUYECKYIO TO3UIMIO ONIMOHEHTA, YTO CHUXKAET IMOIYJISIPHOCTh
JUIJIOMaTU4YECKUX U, COOTBETCTBEHHO, MOBBIIIAET MOIYJIIPHOCTD CHIIOBBIX METO0B
B MIOJTUTHYECKOU OOpHOE.

C momeHTa oOpereHust He3aBUCUMOCTH B 1919 1. B cTpaHe pakTHyecKu He
OBLIO 3aBEPILIEHO HU OJHOM MpPOrpaMMbl KOMIUIEKCHOW MOJEpHU3ALUU, HE Mpo-
M30III0 Tepexo/ia OT arpapHoil SKOHOMUKHU K MHIYCTPHAIbHOM (He roBops o Oojee
BBICOKMX yKianax) [3]. Bce 3To Bpemss Adranucran ¢ yApydarollUM MOCTOSH-
CTBOM 3aHHMMAET MOCJEIHNE CTPOKH B MUPOBBIX PEUTHHrax MO YPOBHIO )KM3HHU U
pa3BuTHs. AQraHucrad — OMH U3 JIMAEPOB MO MJIAJIEHYECKOH CMEPTHOCTH (OKOJIO
160/1000 m1.) 1 MO CMEPTHOCTH AeTei B Bo3pacTe a0 5 jet (okosno 260/1000 1.).
Cpenssisi IpOAOKUTEIHFHOCTD KU3HU OIICHUBAETCS B 43,5 JeT AJis JKEHIIUH 1 43 —
i My>k4uH. ExxerogHo Bech Adranucran norpednser 1,2—1,4 muH T HedTenpo-
IYKTOB, U3 KOoTophiX 80 % wucnonb3yercs B aBToTpaHcnopte u 20 % — B 31eKTpo-
CTaHLUAX, TeHEepaTopax, OPOCUTENbHBIX Hacocax. B atmocdepy BriOpackiBaeTcs
3—5 MJTH T TUOKCH/Ia KapOOHA B TOM OT COKUTAHHS TOIHMBA>.

MaTtepuanbl n meToabl

YcroitunBoMy pa3Butuio AQraHucTaHa NpensTCTBYeT MHOXKECTBO (hPaKTOPOB,
KaK cyrybo aHTpOIIOT€HHOro reHe3uca (COLUaIbHO-MOJIUTHYECKas HecTaOuIIb-
HOCTb M BOOPYXEHHbIE KOH(MIUKTHI, CTA00CTh SKOHOMUKH U T. [.), TaK U IPUPOJI-
HOTO M CMEIIaHHOTO IMPUPOAHO-aHTPONOIeHHOro (reoskosnornyeckoro). Ipeame-
TOM HaIIET0 PacCMOTPEHUS SBJISIETCS MOCIEHSS KaTeropusi pakTopoB.

2 Indicators and a monitoring framework for the sustainable development goals: a report to
the Secretary-General of the United Nations by the Leadership Council of the Sustainable Devel-
opment Solutions Network SDSN. 2015.

3 Afghanistan’s environment 2008. National Environmental Protection Agency of the Is-
lamic Republic of Afghanistan, United Nations Environment Programme, 2008.

330 ENVIRONMENTAL MONITORING



Hlawxos U.B. Bectauk PYJIH. Cepust: Dxonorus u 6e30macHoCTb xu3Henestensaoctu. 2021. T. 29. Ne 4. C. 328-340

Xota cucreMa uHauKaTopoB LIYP nepBonauvanbHO paszpaboTaHa Juisl IJIO-
OaNbHBIX OLIEHOK M CPaBHMUTEIBHOTO aHajliW3a CTpaH MHUpA, B PaMKax pa3BUTHUS
OTEJIbHBIX MHULIMATUB (HAaIpUMeEp, AOCTIKEHHE HelTpanbHOro 6anaHca nerpaja-
uu 3emenb [4]) B o0nacTu IBIKEHUS K YCTOMYMBOMY Pa3BUTHUIO HEOOXOIUMO
IIPOBEJIEHUE U BHYTPUCTPAHOBBIX OLEHOK U UCCJIEI0BAHUN I BBISABIICHUS «IIPO-
OJIeMHBIX» cdep uiu paiioHOB. MBI MPOBENU MEPBUUHYIO OIIEHKY BO3MO>KHOCTH
WHIMKAIIUU T€0IKOJIOTUYECKUX TpobiieM B AQraHuctaHe CpeacTBaMU MoKazaTe-
nert I{YP, 4T0 1mo3BOJs€T BBIABUTH NPHUOPUTETHI B NMPAKTHYECKOM NPUMEHEHUU
JNAHHBIX UHIUKATOPOB U B JAJILHEUIIIEM IPOBOJUTH YK€ IOJIEBBIEC OLICHKH C MaK-
cuManbHON 3¢ dekTuBHOCTRI0. B MacmTabHOI cucTeMe WHAMKAIMHN IBUKCHUS
crpan k 1[YP*, HacuutsiBaromeii cBbime 100 OCHOBHBIX HHIMKATOPOB (O€3 ydera
PEKOMEHTyEMBIX/HAIIMOHATIBHBIX ), YaCTh MOXHO OTHECTH K KaTErOpPHH «T€03KO-
JIOTUYECKHUX», CBA3AHHBIX C MPOLECCAMHU, IPOUCXOAAIIMMU B IPUPOIHO-aHTPOIIO-
TeHHBIX JIaHAmadTax, 1 XapaKTepU3YIOIHUX HE TOJIbKO COCTOSHHE HaceJIeHUs,
HO ¥ COCTOSIHHE F€OCHCTEM. DTO UHJIUKATOPHI:

— IIYP Ne 3 «O0ecneueHue 310poBoro oopasa *H3HHU U cofieicTBUE Oaro-
MOJIY4HIO JJI BCEX B JIOOOM Bo3pacTe» (37ech U Jaiee nepeBos aaH no «Jlokma-
ny o Llensx B 061acTH YCTOHYMBOTO Pa3sBUTHUS ) — pa3pabaThIBAEMbIi HHIUKATOD
Ne 3.28 «CMepTHOCTB OT 3arpsi3HEHUs: aTMOC(EPH»;

— IIYP Ne 6 «Obecrieuenue HaIUM4UUsl U PAIMOHAILHOTO HUCIIOIB30BAHUS BOJI-
HBIX PECYpPCOB M CAaHWUTApUU JUIsl BCEX» — MOYTH BCE UHAMKATOPBI, IPUBSA3aHHBIC
K JaHHOM 1ienu, a uMeHHO Ne 45 «/lonsa HaceneHusi, oJb3yIOIIErocsi OTBETCTBEH-
HO YTpPaBISIEMBIMU YCIyIaMH BOJOCHAOXEHHS IO TOPOJICKHM/CENbCKUM paio-
Ham», No 46 «Jlonst HaceneHus, MOJIb3YIOIIEroCs OTBETCTBEHHO YMPABISIEMBIMHU
CaHUTAPHO-TEXHUUYECKUMHU YCIyTraMu MO TOPOACKUM/CENbCKUM paiioHaM», pa3pa-
OatbpiBaeMblii Ne 47 «Jlonsi CTOYHBIX BOJ, 00pabaThIBAEMBIX B COOTBETCTBUU C
HAIlMOHAJILHBIMU CTaHAAPTaMU (M TOBTOPHO UCIOJIB3YEMBIX)», pa3padaTbiBaeMblii
Ne 48 «MuaukaTop Mo yNpaBiIEHUIO BOJHBIMU pecypcamMmu», a TakKe JOMOJIHU-
TeJIbHBIC HAIlMOHAJIbHBIC IMoKa3zaTenu — Ne 6.3 «JloJs HaceaeHus, OIKIIOUCHHOTO
K KOJUIEKTMBHOM WJIM WHIMBUIAYaJIbHON KaHamuzamum», Ne 6.6 «Jlons MyHUIU-
MaTbHBIX CTOYHBIX BOJ], OUYUIIIAEMBIX U HCIOJIb3YEeMbIX MIOBTOPHOY», pa3pabaTbiBa-
emblid Ne 6.9 «HaukaTop yyacTust MECTHBIX OOIIMH B YJYyULIEHUM YIIPaBJICHUS
BOJIOCHA0KEHHUEM U CaHUTapHUEi»;

— IIYP Ne 11 «ObecnieueHre OTKpHITOCTH, O€30MACHOCTH, )KHU3HECTOMKOCTH
1 9KOJIOTUYECKON yCTOMYUBOCTU TOPOJOB U HACEIEHHBIX TYHKTOBY — UHIAUKATOPbI
Ne 6 «Ilotepu oT IpUPOIHBIX OCICTBUMA, CBA3AHHBIX U HE CBSA3AHHBIX C KIIMMATOM
(8 momut. CIIIA u B ciydasx rubenu HaceneHus1)», Ne 69 «IlbuieBoe 3arpsizHeHue
Bo3ayxa B ropoaax (dactumamu PM 10, PM 2,5)», Ne 70 «OTHOIIIEHHE TUTOIIAAN
3€JICHOTO Kapkaca K oOmiel romaau ropoaoB», Ne 71 «Jlofist TBepAbIX OTXOA0B
B TOpOJaX, PETyIspHO yOUpaeMbIX U HaIJIeKAIIUM 00pa3oM YTHIIU3UPYEMBIX»;

* Indicators and a monitoring framework for the sustainable development goals: a report to
the Secretary-General of the United Nations by the Leadership Council of the Sustainable Devel-
opment Solutions Network SDSN. 2015.

5 Ilokmay o Llensx B o61actu ycToitunsoro passutus / o pex. JI. Ixencena. Hero-Mopk:
OOH, 2019.
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—IYP Ne 15 «3ammra 1 BOCCTAaHOBJIEHHE YKOCUCTEM CYIIIM U CONCUCTBUE UX
palMOHAIBHOMY HCIOJIBb30BaHUIO, PAIlIOHATIBHOE JIECOMOJIb30BaHUE, OOphOa ¢ OITy-
CTHIHMBAaHUEM, TIPEKpaIlleHHe 1 O0palleHue BCIATh Mpolecca Aerpaganui 3eMeb
U TIPEeKpaIIeHre Mporecca yTpaTbl OMOJIOTHIECKOTO Pa3HOO0pas3 s — KOMIUIEKC-
HbII nokasarenb «Heltpanbhelil 6ananc nerpagarmu 3emens (HBJ3)» (yuutsiBaro-
i TpanchopManuy 3eMeabHOro (poHaa, MPOAYKTUBHOCTH arpojiaHAmadToB u
3amacbl opraHudeckoro yrieponaa B mnouBax [4]), Ne 83 «I'ogoBoe u3MeHEHHE
TUIOIA/IN JIECOB U 00padaThiBaeMbIX 3eMenby, Ne 84 «/lomns ecoB, HAXOASIIUXCS
MOJ1 OTBETCTBEHHBIM yIpaBlieHHueM jJecammu», Ne 85 «['omoBoe u3MeHeHue monia-
Jeil 1erpaaTupoBaHHBIX WM OMYCTHIHEHHBIX 00pabaThIBAEMBIX 3€MEJIb», a TaKKe
JIOTIOJTHUTENbHBIE HAllMOHANbHBIE Mokazarenu — Ne 15.1 «Yayumenue Ge3omnac-
HOCTH BJIQJICHUS U yTPABIICHHS JiecaMmy, pazpadaTtsiBaemblid Ne 15.2 «uaaukarop
COXPAHHOCTH TOPHBIX YKOCUCTEM.

Harrreit 3amadeii Obl1a OIEHKA BO3MOKHOCTH MCIIOJIBL30BAHMS JaHHBIX WHIMKA-
TOpOB (TIpeAHa3HAYCHHBIX ISl XapaKTEPUCTHKH CTPaH KaK €IWHOTO IIeJIOro B
Macmtabe BCero Mupa) Juisi OTICIBHBIX paiioHOB AQraHucTaHa, JEMOHCTPHPYIO-
[IETO 3HAYUTENHHYIO MPOCTPAHCTBEHHYIO TU(PEPEHITHANI0 COBOKYTHOCTH TPHU-
POIIHBIX ¥ AHTPOIIOTCHHBIX AMeMEHTOB. [lockonbky B Adranucrane mo Oosbiieit
YacTH PAacCMaTPUBACMBIX MHIUKATOPOB MH(OpMAIHs HE COOMPAETCS HE TOIHKO
Ha PETHOHAIBHOM YPOBHE, HO M Ha OOIIEroCylapcTBEHHOM, Ha TEKYIIEM JTare
WCCIIEIOBAaHUS UX TE€0IKOJOTHYECKHX MPOOJIeM Ba)KHO B MPUHIIUIE BBICTPOUTH
MIPOCTPAHCTBEHHBIE MPUOPUTETHI cOOpa TaHHOW MHGOPMAIIUH.

PazHooOpasue u KOHTPaCcTHOCTh JTaHAIA(THRIX yCIoBUiA AraHucTaHa mpearno-
JIararoT OOJIBIIIOE Pa3HOOOpazre HEOIArONPHUSITHRIX MPUPOIHBIX M IPHUPOIHO-aHTPOIIO-
TEHHBIX TIPOIIECCOB (BBIPAKAIOIIMXCSI TIOJ[YAC U B BU/IC CTUXUHHBIX OCICTBUIA), BIIHS-
IOIIUX Ha CEIbCKOX035IICTBEHHbIE U ypOaHU3UPOBAHHbIE JIAaH ATl U X HAaCEJICHUE.
Y4uTHIBas MX pa3HOMACIITAOHOCTh, PA3INYMS B ITOIX0IaX K KiacCH(pUKAIIMU paBHUH-
HBIX 0A3UCHBIX ¥ TOPHBIX CETbCKOXO03SMCTBEHHBIX JIAaHIIA(TOB, HEPABHOCTH B HHPOP-
MAaIMOHHON O0ECIIEeYeHHOCTH JAaHHBIMH Pa3HBIX KAaTETOPH TEOIKOJIOTHIECKHUX TIPO-
OneM, mpucyImx Bcemy AQraHuctaHy, It POBEICHHS CPABHUTEILHOTO aHAIM3a MBI
UCIIONB30BATTM OaJUTHHYIO HKCIIEPTHYIO OLIEHKY, TAKKEe OMPEICISIONLYI0 U BaXKHOCTD
VHTUKAIUH KaKOW-IM00 MpoOieMbl B TOM Wi MHOM JaHaadre. [IpuHimnm npucsoe-
HUs 6aiIoB mpobieMam: o ux Haauuuto (1 6amt — TpeOyercst o0s3aTeNbHas MHUKA-
1), orcyTeTButo (0 GaioB — MHAMKALMS He TpeOyercs) 1Moo caboil BeIpakeHHO-
cru (0,5 Oarmna — UHAUKALKS KeJlaTellbHa, HO He o0s3arensHa). CyMMapHOe KoIude-
CTBO 0aJUIOB MO3BOJISIET YCJIOBHO OLEHUTH OOIIYIO CTENEHb HANPSHKEHHOCTH T€0IKO-
JIOTUIECKOW 00cTaHOBKH. JlaHHBIE 00 aHTPOITOreHHOM JaBJICHWH Ha arposiaHmamadThl
CIyWJIM OJHOBPEMEHHO M KOCBEHHBIM TOKa3aTesieM OCTPOTHI TeX WIJIM MHBIX MpO-
011eM, 1 crIocoOOM KOCBEHHOM BepU(HKAIIMN UTOTOBOM CyMMapHO! OLICHKH.

PesynbTaTbl M 00CyXaeHue

[TonyueHHbIC TaHHBIC MTPECTABICHBI HA PUCYHKE.

Cybbopeanvhbie @vicokocophvle nanowagpmosr (om 2700 m Hao yp. m.):
1 — 3pO3HUOHHOE TJIAIMATIBHOE BICOKOTOPhE ¢ MHOTOYMCIICHHBIMH JICTHUKAMH, CIIOMKEH-
HOE IPEBHUMH TIOPOJAMHU apXesl U IPOTePo30si (THEMChI, MUTMATUTbI, KBAPIIUTHI U
1p.), @ TAKXKE BYJIKAHMYSCKUMH TTOPOJAAMH PA3JIMYHOTO COCTaBA M MarMaTHYECKUMHU
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MOpOJIaMH pa3IMYHOIO BO3pacTa, ¢ mpeoliaJaHeM Ha HETOKPHITHIX JIETHUKAMU
MOBEPXHOCTSIX AIBITMHACKON CMEIIaHHOW TPaBSHUCTON M CyOaIbIIMICKON KyCTapHH-
KOBOM PAaCTUTEIBHOCTH C y4acTHEM DPOAOACHIPOHA, KU3WJIBHUKA M KapJIMKOBON
VBBl Ha MaJIOPA3BUTBHIX TOPHO-JIIYTOBBIX M TOPHO-TYHJIPOBBIX MOYBAX; 2 — 3PO3H-
OHHOE€ BBICOKOTOpBE, OCIOKHEHHOE MEXTOPHBIMU KOTJIIOBUHAMH, CJIOXKEHHOE Ia-
JICOT€HOBBIMH TIOPOAAaMHU (M3BECTHSAKH, MEPTelld, aJleBPOJIUTHI), MECTAMH Marma-
TUYECKUMH NOPOJaMH pa3IMYHOI0 BO3pacTa, ¢ MpeodiiajaHieM B BEpXHEM Hosce
371aKOBO-PAa3HOTPABHBIX JIYTOB U TPABSIHUCTBIX CTETICH C acTparaioM, CMEHSFOIIIXCS
HIDKE 3apOCIIsIMUA MOXKKEBEJIbHHUKA JIMOO KyCTAPHUKOBO-CTEITHOM PAaCTUTEIbHOCTHIO
C Yy4acTHEM TIOJIBIHH, C COOTBETCTBYIOIIEH CMEHOW TOPHO-JIyTOBBIX ITOYB TOPHO-
CTETHBIMU MOYBaMH; 3 — 3PO3MOHHOE BBICOKOTOphe 0€3 CJIeZJIOB COBPEMEHHOTO
OJIEICHEHHSI, CIIOKEHHOE MOPOJIaMH apxesi U MPoTepo30si (THEHCHhI, MUTMATHUTHI,
KBapLUTHI U Jp.), @ TAK)Ke BYJIKAaHMUYECKMMH U MarMaTUYeCKUMHU MOpPOJaMHU pas-
JMYHOTO BO3pPAcTa M COCTaBa, C OTYETIMBO BBIPAKEHHOW MOSCHOCTHIO B TIOYBEH-
HO-PACTUTEILHOM TOKPOBE CO CMEHOH MOXKKEBEIbHUKOBOI'O PEAKOJEChS U Ky-
CTapHHUKOB Ha TOPHO-CTEIHBIX ITOYBAX BEYHO3EIECHBIMU TyOOBBIMH JIECAMH C yda-
ctueM Oapbapuca, opexa, PUCTAIIKU U EPCUKa Ha TOPHO-JIECHBIX OypBIX MOYBAX;
4 — 5pO3NOHHOE BBHICOKOTOPBE, CIIOKEHHOE TIOPOJAMH apXesi M MPOTepo30s1 (THEHCHI,
MUTMATHUTBI, KBAPLUUTHI U Jp.), C y4aCTUEM MarMaTH4YE€CKUX MOPOJ Pa3IUYHOTO
BO3pacTa, C OTHOCHTEIBHO BHIPAXKEHHOW MOSICHOCTHIO B TIOYBEHHO-PACTUTEITLHOM
MIOKPOBE, NMPU KOTOPOH BBICOKOTOPHBIE CMEIIAHHBIE Jyra M TPaBSHUCTHIE CTENH
C acTparajioM Ha TOPHBIX JIyTOBO-CTEIHBIX TOYBAX CMEHSIOTCS KyCTapHHKOBO-
CTETHON PACTUTENBHOCTHIO C YYACTHEM IOJIBIHU M acTparajoM Ha TOPHO-CTETHbIX
Y TOPHBIX THIMYHBIX CEPO3eMax; 5 — IPO3MOHHOE BBHICOKOTOPHE, CIIOKEHHOE HC-
KIIIOYUTENIBHO MOPOJaMU MEJIOBOTO BO3pacTa (IECYaHHKH, KOHIJIOMEpAThl, ajJeBpo-
JIMTHI, MEPTeJIH, U3BECTHSAKH, TUIICHI, BYJKaHUYECKHE MOPOJIBI), C OTHOCHUTEIHHO
BBIPAYKEHHOW MOSICHOCTBIO MTOYBEHHO-PACTUTEIBHOTO MOKPOBA, P KOTOPOH BepX-
HUH 1osic 00pa3yloT BBICOKOTOPHBIE CMEIIaHHBIE JIyTa W TPABSHUCTHIE CTETH C
acTparalioM Ha TOPHO-JIYyTOBBIX MMOYBaX, & HWKHUI — KyCTapHUKOBO-CTEITHAS pac-
TUTEIBHOCTh C YYacTHEM TIOJBIHM U acTparaja Ha TOPHO-CTENHBIX MOoYBax; 6 —
9PO3UOHHOE U JIEHYIAlIMIOHHO-3PO3HOHHOE BBHICOKOTOpPbE C MpeodiajaHueM Kydc-
TOBOTO penbeda, OCT0KHEHHOE MEKTOPHBIMU KOTIOBHHAMH, CIOKEHHOE IOpOIa-
MH MEJIOBOI'O BO3pacTa (IECUaHUKH, KOHIJIOMEpAThl, aJleBPOJIUTHI, MEPreiu, n3-
BECTHSIKH, THIIC, BYJIKAHUIECKUE MOPOIBI), C OTHOCHTEIILHO BBIPAKEHHOMN IMOSICHO-
CTBIO MIOYBEHHO-PACTUTENILHOIO MIOKPOBA CO CMEHON BBICOKOT'OPHBIX CMEIIAHHBIX
JTYTOB M TPaBSHUCTBIX CTEMEH C acTparajoM Ha JIyrOBO-CTEITHBIX MOYBaX KycTap-
HUKOBO-CTEITHOW PacTUTENILHOCTBIO C yYacTHEM MOJBIHU M acTparajia Ha TOpHO-
CTETIHBIX TI0YBAX, KOTOPHIE B CBOIO OYEPEIb CMEHSIOTCS IMOJILIHHBIMU U TIOJIBIHHO-
TparakaHTOBBIMU 3()eMEPHBIMU CTETISIMH Ha MTyCTHIHHO-CTEHBIX ITOYBAX.
Cybbopeanvuvie cpednecopuvie nanouagpmor (1400-2700 m nao yp. m.):
7 — AeHyJallMOHHO-3PO3HOHHOE CPETHETOPhE, OCIOKHEHHOE MEKTOPHBIMU KOT-
JIOBUHAMH ¥ MECTaMHU — T'OJIOLEHOBBIMH PEYHBIMH JOJIMHAMH, CIIOKEHHOE pa3Ho-
o0pa3HbIMH MOPOJIaMHU apXxesi U MPOTepo30si (THEHChl, MUTMATUThI, KBAPLUTHI U
1p.), MarMaTH4eCKUMHU MOPOJIaMH PA3IMYHOTO BO3pACTa, a TAKXKE MOPOJAMH Kap-
O60HOBOTr0 BO3pacTa (HE(PUTHI, INIMHUCTHIE CIIAHIIBI, U3BECTHSIKH, KOHIJIOMEPATHI,
MECUYAaHUKHU), C OTHOCUTEIHHO BBIPAXEHHOH BBICOTHOM MOSCHOCTBHIO MOYBEHHO-
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PaCTUTENHHOTO MOKPOBA CO CMEHOM KyCTapHHUKOBO-CTEIHBIX COOOIIECTB C yda-
CTHEM TIOJIBIHM W acTparaja Ha TOPHO-CTEIHBIX MOYBaX CMENIAHHBIMU TPABSHU-
CTO-TIOJILIHHBIMHU 3()eMEPHBIMU CTEMSIMU C MSITHAMH KyCTapHUKOBOUM PAaCTUTENb-
HOCTH, a TaK)Ke MOJIBIHHBIMHU H TOJIBIHHO-TPAarakKaHTOBBIMHU 3(DeMEPHBIMH CTETISIMU
Ha TOPHBIX TUMUYHBIX CEPO3EMax; 8 — SPO3HMOHHOE U JEHYIAIIMOHHO-IPO3HOHHOE
CpeIHETOPhEe, OCIOKHEHHOE TOJIONIEHOBBIMHI PEYHBIMH JTOTMHAMU U MEXTOPHBIMHU
KOTJIOBUHAMH, CIIO’KEHHOE Pa3HOOOpa3HBIMH MOPOJAaMHU MAIEOT€HOBOTO BO3pacTa
(TTecyaHuKH, aJeBPOIUTHI, KOHTIIOMEPATHl), HA BOCTOKE TIOPOJaMH IOPHI U TpHaca
(mecyaHuKM, aJeBPOIUTHI, MEPTeNd, KOHIJIOMEPAThl, ByJIKaHUUECKHUE TOPOIBI,
W3BECTHSKH, JIOJIOMHUTHI, TIIMHUCTHIE CIIAHIBI), a TAK)KE BYJIKAHWYECKHIMU U Mar-
MaTHYECKUMH TIOPOJIaMH PA3TUYHOTO COCTaBa M BO3PACTa, ¢ MpeodiaaHueM BEUHO-
3eJIeHbIX TyOOBBIX PEIKOJIECHi ¢ ydacTreM OapOapuca, opexa, pucTamku 1 nep-
CUKa U XBOWHBIX PEIKOJIECHI C y4acTHEM COCHBI, KeIpa, eliv, MUXTHI, TUCA U 1yOa
Ha TOPHO-JIECHBIX OYpBIX MOuYBaX; 9 — NEeHYIAIlMOHHO-IPO3HOHHOE CPEIHETOPhE
¢ mpeobajaHueM KydCTOBOTO penbeda, OCI0KHEHHOE MEKTOPHBIMUA KOTIIOBHHA-
MU, CJI0XEHHOE MPEUMYIIECTBEHHO MOPOJaMH MEJIOBOTO BO3pacTa (TIECYaHUKH,
KOHTJIOMEPAThI, aleBPOJIUTHI, MEPreiu, U3BECTHIKHU, THIICHI, BYJIKaHHYECKHUE TO-
POIIBI), B IIEHTPAILHONW W BOCTOYHBIX YaCTSAX — MOPOJAMH FOPBI (MEpTrein, N3BECT-
HSIKH, alleBPOJIUTHI, IECYAHUKH, KOHTJIOMEPAThI, COJIU, YTOJb, ByJIKAHMYECKUE T10-
poIBl), Ha 3amajie — KaHO30MCKMMH BYJIKAHHYECKUMH TOPOJAMH Pa3IHIHOTO
COCTaBa, C BBIPAYKEHHON BBICOTHOM MOSICHOCTBIO MMOYBEHHO-PACTUTENILHOTO TIOKPOBA,
CO CMEHOM KyCTapHHUKOBO-CTEITHBIX COOOIIECTB C Y4acTHEM MOJIBIHU U acTparaia
Ha TOPHO-CTEMHBIX MOYBAX, MOJBIHHBIMU M TOJILIHHO-TPAarakaHTOBBIMU 3(demep-
HBIMU CTETISIMH Ha TOPHBIX TUITUYHBIX CEPO3EMax.

Cybbopeanvuvie u cybmponuueckue HU3KO20pHble U PAGHUHHbIE TAHOWAGD-
mut (00 1400 m nao yp. m.): 10 — cybOopeaibHOE OCTaHIIOBOE€ HU3KOTOPhE, OCIIOXK-
HEHHOE TOJIOIICHOBBIMU PEYHBIMU JOTUHAMH, CJIOKEHHOE MOpPOJaMH Haudaja ma-
neoreHa (M3BECTHSKH, MEPTeld, aJleBPOJIUTHI), HEOTeHa (TaJlbKa, KOHTIIOMEPaTHl,
MEeCYaHUKH, aJeBPOJIUTHI, TIIMHBI, MEPTEIH, COU U THIICH) U YETBEPTUUHOTO Tie-
pHuoza (KOHTIIOMEpATHhI, TajbKa, IECKH, JIECCHI, CYTJTMHKH, TPABEPTHHEI, COJIN), T10-
KpPBITOE MOXCKEBETIOBBIMU KYCTAPHUKOBBIMU 3apOCIISIMA Ha TOPHBIX TEMHBIX Ce-
po3eMax, a Ha BOCTOKE — CMENIAHHBIMU TPaBSHUCTO-TIOJIBIHHBIMU 3()eMEpHBIMU
CTEeMsIMH C TMSATHAMHU KYyCTapHUKOBOM PACTHTEIHHOCTH HA TUIUYHBIX Cepo3eMax
(Ha neccax); 11 — cyOTponmyecKre akKKyMyJISITHBHO-/IETIOBHATBHBIE JIECCOBBIE PaB-
HUHBI, CJIOXXEHHBIE MOPOJaMHU Hayajla 4eTBEPTUYHOTO Mepuoja (KOHIJIIOMEpPATHI,
rajibKa, IeCKH, JECChI, CYTJIMHKH, TPAaBEPTUHBI, COJIM) U HeoreHa (Tajibka, KOHTJIO-
MeparThl, IECYaHUKH, aJIeBPOJIUTHI, TJIMHBI, MEPTeJH, COJHU, TUIICHI), TI0J] OCOKOBO-
MSTJIIMKOBBIMU Y(eMEPHBIMH TONYIYCTHIHAMH C TMSATHAMH Tajlo(uiIbHON pacTh-
TETHHOCTH U TMOJIBIHHBIMU U MOJILIHHO-TPAarakaHTOBBIMU 3()eMEPHBIMU CTEMSIMHU Ha
cepozemax; 12 — cyOTponmyeckoe JAeHyIalHOHHO-IPO3UOHHOE OCTAHIIOBOE IMPENro-
pbe, OCIIOKHEHHOE ApPEBHE-IUICHCTOIICHOBBIMHU aTIOBHAIBHBIMU (DOpMaMH, CJI0-
KEHHOE TOPOJaMU HeoreHa (rajibKa, KOHIJIOMEpaThl, NEeCYaHUKH, aJeBPOJIUTHI,
TJIMHBI, MEPTEeJIA, COJIU, TUIICHI), Havasa nepmMu ((heutuThl, MeCYaHuKH, aleBpOIIH-
ThI, KBapIUTHI, KOHIJIOMEpaThl), Mena (MeCYaHUKH, KOHIJIIOMepaThl, aJeBPOJIUTHI,
Mepresu, U3BECTHSIKH, TUIIC, BYJIKAHUYECKHE MOPObl), IOphl U TpHuaca (TecyaHu-
KM, JI€BPOJIUTHI, MEPTeIH, KOHTJIOMEPATHI, BYJIKAHUYECKHE TTOPO/IbI, U3BECTHSKHY,
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JI0JIOMUTBI, TIIMHUCTBIE CIAaHLbI), MO/ MOJBIHHBIMU U TOJIBIHHO-TPAarakaHTOBBIMU
3¢ eMepHBIMU CTEMSIMU Ha TOPHBIX JIETKUX cepo3emax; 13 — cyOTponnyeckue nec-
YaHble MyCTBIHH, CJIOKEHHbIE MOPOJaMU YETBEPTHUHOTO MepHoAa (KOHIJIoMepa-
Thl, TaJIbKa, MECKH, JIECCHI) O] Pa3pEKEHHBIMUA KYCTapHUYKOBBIMH d(emMepamMu Ha
MaJIOpa3BUTHIX MMOYBax; 14 — cyOTponuueckoe JeHyAAMOHHO-IPO3MOHHOE HU3KO-
ropbe ¢ npeodiagaHueM Ky’3CTOBOTO peibeda, CI0KEHHOE MPEUMYIIECTBEHHO
MOopoJaMH TajieoreHa (NMecyaHUKH, aJleBPOJIUThI, KOHIJIOMEPAThI), PeKe HEoreHa
(ranbka, KOHIJIOMEPATHI, IECYaHUKH, AJI€BPOJIUTHI, IIMHbI, MEPIeH, COJIU, THUIICHI),
10J1 TIOJIBIHHBIMU U TIOJIBIHHO-TParakaHTOBBIMH 3()eMEPHBIMHU CTEISIMU Ha TOPHBIX
TUIUYHBIX cepo3emax; 15 — cyOTponuueckrue akKyMyJIsITUBHbIE ITPEATOPHBIE BOJI-
HUCTbIE PaBHUHBI, CIIOKEHHBIE PA3JIIMYHBIMU ITOPO/IaMH, B TOM YHCIIE Hayasa 4eT-
BEPTUYHOTO Mepuoia (KOHIJIOMeparhl, rajibka, eCKH, JIECChl, CYTJIMHKU, TpaBep-
THHBI, COJIN), HEOTeHa (rajbKa, KOHIJIOMEPaThl, IECYAHUKH, aJIeBPOJIUTHI, IJIUHBI,
Mepreju, COJid, TUIICHI), apXesl U NpoTepo30si (FHEMChl, MUTMATUThI, KBApPLMTHI,
I'PaHYJMThI, SKIOTUTHI, XPYCTaJId, KPUCTAIUIMYECKHE CIIAHILbl, MpaMophbl, aMpu-
OO0JIMTHI), TOKPBITHIE 3aKyCTAPEHHBIMU CTEISIMU C YYacCTHEM IOJIBIHU U acTpara’ia,
MOJIBIHHBIMHM M TOJIBIHHO-TParakaHTOBBIMU 3(eMEPHBIMU CTEMAMH MpEeUMyIlie-
CTBEHHO Ha TOPHBIX TUIIUYHBIX U TEMHBIX cepo3emax; 16 — cyOTponuueckue ai-
JIOBUAJIbHBIE PABHUHBI, OCJIOXXHEHHBIE TOJIOLEHOBBIMU DPEUYHBIMHU JOJUHAMH,
CJIOKEHHbIE NMOPOJaMH Hayajla YeTBEPTUYHOIO Mepuoia (KOHIIIoMeparhl, rajibka,
NIECKH, JIECChI, CYTJIMHKH, TPAaBEPTHHBI, COJIM) M Hayaja IrajeoreHa (M3BECTHSKH,
Mepreju, ajJeBpOJIMTHI), MOKPHITHIE MOJIBIHHO-COJSHKOBBIMH, TaMapUCKOBBIMU U
KaMBIILIOBBIMHU TalOQMIBHBIMU COOOIIECTBAMU Ha COJIOHYAKaX, JIETKUX Cepo3e-
Max, KOpUYHEBBIX NIOYBAX M Takblpax; 17 — cyOTponnueckue ajultoBUaIbHbIE PaB-
HUHBI, CJIO)KEHHBIE MOPOJAaMH YETBEPTUYHOIO MepHoja (KOHIJIOMEpAThl, rajibKa,
MIECKH, JIECCHI, CYTJIMHKU, TPAaBEPTHHBI, COJIM) U NajeoreHa (M3BECTHAKH, MEpreiy,
QJIEBPOJIMTHI) C COJITHKOBBIMU O€pEroBBHIMHM COOOIIECTBAMU Ha COJIOHYAKaX M ce-
po3emax (maHo 1o [5]).

Kak BUIHO M3 TaOmuIbl, cpenu JaHAmapToB MyCTHIHHBIX PaBHUH C KPYIHO-
0a3MCHBIM OpOILIAEMBIM 3€MJIEIETUEM Ha KOHYCaX BbIHOCA OECCTOYHBIX pEK C OT-
TOHHO-IACTOMIIHBIM CTEIHBIM U MyCTHIHHBIM CKOTOBOJICTBOM HamOoJee TsKenas
CUTYyalus CIOXHIIach B oa3uce ropojoB banxa n Axuu (6,5 6amra). 910 00bsCHS-
eTcsl 3HAUUTEIbHBIMH, Ha (DOHE JABYX JPYTUX 0A3UCOB, IUIOLIASIMU ypOonaHamadra
U CBSI3aHHBIX C 3TUM Ipo0JieM «OoIbIIOro ropoaa». IIpoune oa3uchl OLIEHEHH! B
4,5 6anna kaxpii. JlanamadT ropHbIX CKJIOHOB C HEOPOIIAEMbIM OOTapHBIM 3eMJle-
JeITUeM ¥ TOPHO-TIaCTOUIITHBIM CKOTOBOJACTBOM OIICHEH B 4 Oajuia: XOTs Bce Tpo-
O5eMBbl UIMEIOT B HEM HE3HAUMUTENIBbHOE Pa3BUTHE, OJHAKO MX HEMAJIO, M CBSA3AHBI
OHH NPEUMYIIECTBEHHO C MPUPOJHBIMU YCIOBUSAMH, CPEIU KOTOPBIX INIABHYIO POJIb
UTpaeT MX «CKJIOHOBOCTHY». Cpeau OOLIMPHONW KaTeropuu JaHAma(ToB MyCThIH-
HBIX PaBHHUH C KPYITHOOA3HCHBIM OPOLIAEMBbIM 3€MJIEACIUEM B IIUPOKUX PEUHBIX
JIOJIMHAX C OTTOHHO-MACTOMIIHBIM CTEITHBIM U ITyCTBIHHBIM CKOTOBOJICTBOM Haubolee
TsDKENasi Te0IKOJOTUYECKasi CUTYyalHs mpeicKazyeMo cioxuiachk B r. Kabyie
(pexopaubie 10 6ammoB) — W3-3a OOMIMPHON TIEPEHACEIICHHOW arjloMeparyu, 3a-
XBaTBIBAIOIIIEH OKPYKAIOIIHE OISl ¥ MAaCTOUINA, HAKIIAABIBAOIIEHCS Ha CIIOKHBII
penbed MecTHOCTH. B ocTasbHBIX 0a3zucax JaHHOTO MOAKJIACCA CUTYalHsl BapbH-
pyercs oT 5 10 6 0asIoB, MOYTH B KQKJIOM U3 HUX €CTh KPYITHBIE TOpPOJIa.
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Feoakonornyeckue npoodsiemMbl NPUPOAHO-aHTPONOreHHbIX NangwadToB AdraHucraHa
N NpUoOpUTU3aLUa UX MHAUKaUmmu B cucteme LLYP (cocTtaBneHo aBTopom)
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Hakownen, B nanamadTe BRICOKOTOPhSI C OPOIIAEMBIM 3€MIICJICINEM B ped-
HBIX OOJJMHAX CO CKOTOBOJACTBOM Ha ANBITNACKUX HaCT6I/IHIaX TsOKEIasd CUTyalus
cnoxwunack B Hypucrane u [lanmkiepe — MIOTHOHACETIEHHBIX, CO CIa0bIM pa3-
BUTHEM WHQPACTPYKTYPHI M CIOXKHBIMH MPHPOTHBIMU YCIOBUSAMH (0COOEHHO B
Hypucrane). B npouunx paiionax cutyanus oueHnuBaercs B 3—4 Oanna (4 Jaxe B
pekopaHo Hu3kue 2,5 Oamia B Ypysrane), 4To 00yCIOBIECHO MPUPOIHBIMH IIPO-
[[eCCaMU M CTUXHSIMH.

3aknyeHue

CymectByromas ¥ IIaHUpyeMas CUCTeMa WHIMKATOPOB Iieiei yCTOHUUBOro
Pa3BUTUA JOCTATOYHO XOPOIIO OXBATBIBACT l'IpO6J'I€MI>I MMPUPOAHO-aHTPOIIOICHHBIX
nanamwadroB AdraHucraHa, HECMOTPS Ha MX pa3HooOpasue. OHAKO HEeAOCTAaTOU-
HO€ BHUMAaHHUE yJIENIEHO MpobIeMaM MacTOpabHBIX JaHAPTOB: HE HAOIIOMAr0T-
Csl MHIMKATOPbI, HANPSAMYIO OTCIEXKHMBAIOIINE UX COCTOSHUE (32 UCKIIOYEHHEM
HB/13, otHocsmerocs k 3agadam L{YP), B otnmuune ot arponanamadtos. [Tockoms-
Ky pOJIb MAacTOMIIHOTO CKOTOBOJICTBA KpaiiHe BaykHA JJIs1 MHOTUX Pa3BHUBAIOIINXCS
CTpaH, He00X0IMMO BKITIOUYeHHE B cuctemMy LIYP 1 mogobHoro mokazaress.

[ToxBons UTOT, MOXKHO CKa3aTh, YTO TSKECTh U MacIITad Ire03K0I0rHYeCKUX
npoOsieM B A¢raHucrane CUIIbHEE BCETO CBSI3aH CO CTENEHBIO HACEIIEHHOCTH. Y PO-
BEHb PasBUTHA MHPPACTPYKTyphl BE3JlEe — M B TOPOJAx, U Ha ceje — Hu3kui' [6],
[I03TOMY TaM, I'7i€ IPOUCXOIUT OBICTPBIN POCT HACEIEHUS Ha OrPaHUYEHHOM ILIoIa-
11, CUJIbHEE TPOSIBIIAIOTCS HECOBEPIICHCTBA ropoJckoi cpeasl [7]. Takum obpa-
30M, Hanbosee OaronpuATHAs CUTYaIUs CIOXKIIACH B TOpax (XOTs TaM OOJbIle
NPUPOJHBIX PUCKOB), a HauboJee TsKeast — B 0a3Mcax M CBA3aHHBIX C HUMH ToO-
ponax. /laHHO€ paHKUPOBAHUE HE YUUTHIBAET COLIMATBLHO-OKOHOMHYECKYIO CHUTY-
alMio U MPOJIOBOJIBCTBEHHYIO 0€30MaCHOCTh — B 3TOM OTHOLIEHMM CUTyauus Oy-
JIeT TIPSIMO TIPOTUBOIIONIOKHOM. [IpOIyKTHBHOCTS TOPHBIX arposlaHAmagdToB cama
1o cede HIKe ¥ HAMHOI'O CUJIbHEE 3aBUCUT OT MPHUPOJIbI, YEM OA3UCHI C UX MpPY-
JaMU U BOOAOXPpaHUJIUIITaMU.
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Abstract. Lake Victoria is the second-largest freshwater lake in the world, with an eco-
system critical to 25-30 million inhabitants of Kenya, Uganda, Tanzania, Rwanda, and Bu-
rundi who live in the lake basin. The lake provides several ecosystem services from inland
waterway transport, fisheries to hydropower and supports many different industries such as
tourism, trade, and wildlife. However, Lake Victoria’s ecosystem management has been high-
ly extractive; hence its water resources are either inefficiently or overused. This is because
the value of this resource is either unknown or underestimated. The main purpose of the re-
search was to contribute to Lake Victoria’s conservation efforts by providing the best tech-
niques that can be used to assess the value of this resource and develop appropriate policies
for the sustainable management of the lake. The study reviewed relevant literature on the eco-
nomic assessment methods of environmental resources in the context of water management.
Search engines such as Google Scholar, Web of Science, and ScienceDirect were used for it.
The study suggests methods for economic valuation of Lake Victoria water ecosystem for
each service. The proposed techniques can be used for assessing the value and benefits of
conservation and restoration of Lake Victoria ecosystem.
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Mcnonb3oBaHne 3KOHOMUYECKUX MEeTOA0/I0NMN OLLeHKUN
npv ynpaeneHnn BOAHbIMU pecypcamm o3epa Bukropus

M. MamooJsieo

Poccuiickuti ynugepcumem opyoicovt Hapooos, Mockea, Poccus
B> mamboleomartin@gmail.com

Annoranus. O3epo Bukropus — BTopoe 1Mo BeIMYUHE MPECHOBOJHOE 03€pO B MUDE,
9KOCHCTEMA KOTOPOTO KpUTHUECKH BakHa st 2530 muH xurteneit Kennn, Yrannel, Tanza-
HUH, Pyannel u Bypynam, npoxxuBaroniux B 0acceitne o3epa. O3epo obecrneynBaeT HECKOIbKO
9KOCHCTEMHBIX YCIYT: OT BHYTPEHHEr0 BOJHOTO TPaHCIOpTa, PbIO0JIOBCTBA 10 THAPOIHEpre-
TUKU U NOJJEPAKUBAET MHOKECTBO PA3IMYHbIX OTpAciel, TaKUX KaK Typu3M, TOPTOBJId U U~
Kast ipupoaa. OJHaKo yIpaBlieHHe 3KOCUCTEMOU o3epa Bukropus He OblI0 pecypcocbdepera-
FOIIUM; CJICZIOBATEIbHO, €r0 BOJHBIC PECYPChI HCHOIB3YIOTCS 100 HeddekTHBHO, M1bOo Ype3-
MEpHO. DTO CBSI3aHO C TEM, YTO LEHHOCTh JIAHHOT'O pecypca HEM3BECTHA WM HEJOOIICHEHA.
OcHOBHas 1IeNTb UCCTIEA0OBAHNS — BHECTH BKJIAJ B YCHJIHMS 1O COXpaHEHHUIO o3epa Bukropws,
MPEAOCTABUB JYUIINE METOMbI, KOTOPhIE MOYKHO HCIIOJIB30BaTh ISl OIEHKH [EHHOCTH JTOTO
pecypca u pa3pabOTKH COOTBETCTBYIOIICH MONUTUKU JJISl YCTOHYMBOTO YIPABJICHUS O3€POM.
[IpoBenen 0030p COOTBETCTBYIOLICH JIMTEPATYPHI IO METOJIAM SKOHOMHYECKOH OIIEHKH pe-
CypCOB OKpY’Kalolel cpenbl B KOHTEKCTE YIPaBJICHUS BOJIHBIMH pecypcaMu. B mccienoBa-
HUU UCIIOJIB30BaJIMCh MOUCKOBHIe cucTeMbl Google Scholar, Web of Science u ScienceDirect.
IIpennoxxeHsl METOBI YKOHOMUYECKOW OLIEHKM BOJHOM 3KOCHCTEMBI 03epa Buxropus mis
KaXIIOM yCIIyTH, KOTOPhIE MOTYT MPUMEHSTHCS ISl OLEHKU IIEHHOCTH M MPEHMYIIECTB CO-
XPaHEHUS U BOCCTAHOBIICHUSI YKOCUCTEMBI 03€pa.

KiroueBble cj10Ba: OIEHKA yCIyT BOJHBIX 3KOCHCTEM, YIIPABIECHUE BOJHBIMH PeCyp-
CaMH, OIIeHKa BOAHO-OO0IOTHBIX YTOIMHA

BaaronapHoctu u puHaHcMpoBaHue. BripakaeTcs GiarogapHOCTh OpraHu3aTopam
«GEC 2021: mexnayHapoaHas Hay4YHO-HCCIIEIOBaTeIbcKas KOH(EpeHIHs MO TI00aJbHBIM
HM3MEHEHUSM OKPY KaloIeH cpefibl: SKOCUCTEMBI, KIIMMAT, IIPUPOAHBIE PECYPCHI, YEIOBEK» 3a
nyonukarnuio (30 mapra 2022 1.) atoro pedeparta B Marepuanax koHdpepenun. Kondepen-
I¥sI IPOIIUTA B OHJIaMH-pexkume 14 centsiops 2021 .

Hcropus craTeu: noctymmwia B peaakimo 15.06.2021; npunsTa k myOmkarmu 25.12.2021.

Jast muruposanus: Mamboleo M. Evaluation and use of existing economic valuation
methodologies in the management of Lake Victoria’s water resources // Bectauk Poccuiicko-
ro YHUBEpcHUTeTa JpYXKObI HaponoB. Cepusi: DKOIOrHs U 0€30MaCHOCTh KHU3HESSTEIIHOCTH.
2021. T. 29. Ne 4. C. 341-354. http://doi.org/10.22363/2313-2310-2021-29-4-341-354

Introduction

Water resources include surface water, groundwater, inland, rivers, lakes,
transitional, coastal, and aquifers [1]. Together, these water resources are critical
to human health and the environment and vital to the East African economy.
However, over time, water resources have degraded and depleted. These adverse
impacts on water result from increased water demand from agriculture, industry,
hydropower generation, and ongoing pollution. From an economic point of view,
the water resources of Lake Victoria are overused and inefficiently used. The effect is
exacerbated by population growth, rapid urbanization, and climate change [2].
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Lake Victoria, the second-largest freshwater lake globally, is located in the upper
reaches of the African Nile River system. The Lake Victoria basin’s ecosystem is
critical to the 25-30 million inhabitants of Kenya, Uganda, Tanzania, Rwanda,
and Burundi who live in the lake basin [3]. The population is mainly dependent on
extensive rainfed agriculture for domestic and commercial purposes. The lake also
provides inland waterway transport and hydropower and supports many different
industries such as tourism, trade, wildlife, and fishing. Ecosystem management in
the Lake Victoria Basin has been highly extractive for much of the past 70 years,
with declining food production, economic downturn, rising poverty, rising floods,
and increasing burden of human disease, especially malaria and HIV/AIDS [3; 4].
Lake Victoria has become eutrophic due to the deposition of high levels of phos-
phorus and nitrogen in the lake from the atmosphere, the surrounding catchment
area, and municipal centers [2]. Severe erosion in some parts of the catchment area
has increased sediment deposition in streams and the lake. Infestation of water
hyacinths was particularly severe in the late 1990s, affecting fisheries, urban water
systems, and transport.

The term economic valuation refers to the process of determining the monetary
value of goods and services provided by environmental and natural resources,
whether market prices are available or not [5; 6]. In turn, this can be measured in
terms of the minimum amount that a person is willing to give up consuming goods
and service so receive some other goods and services [7]. The rational use of natural
and environmental resources depends on the value it has, and the value can be
measured through the process of economic valuation. The value of water resources
can be determined based on the value of the products or processes they contribute
to. Several initiatives can be taken to ensure sustainable management and conserva-
tion of this valuable resource by recognizing the deterioration in the products and
processes and the quantity and quality of water. The first objective of this study was
to explain and critically assess the suitability of various economic valuation meth-
ods for the economic analysis of Lake Victoria’s water resources. The second goal
was to demonstrate how these methods can be used in the development of appropri-
ate policies for the sustainable management of Lake Victoria’s water resources.
This study aims to contribute to conservation of Lake Victoria by providing best
techniques for assessing the quantity and quality of the environment.

Materials and methods

The primary purpose of this study was to explain and evaluate the suitability
of various economic valuation methods and demonstrate how these methods can
be used in developing appropriate policies for the sustainable management of
Lake Victoria’s water resources. To achieve these goals, this research systema-
tized a review of the literature on the economic assessment methods of environ-
mental resources and how they can be applied in managing water resources.
The analysis was based on a review of the literature and secondary data. Scientific
search engines such as Google Scholar, ScienceDirect, Web of Science, and
PubMed were used to systematically review the literature on various wetland as-
sessment methods. Key searches included methods for natural resource valuation,
wetland assessment, and wetland management. Secondary searches included ex-
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perimental designs, willingness to pay, Lake Victoria, and qualitative methods.
The study analyzed definitions and methods for assessing and valuing ecosystem
services to summarize current knowledge and propose a practical and flexible ap-
proach that is relevant to Lake Victoria’s water resources management.

Results

Economic assessment of Lake Victoria freshwater resources

Ecosystem services are the benefits that people receive from ecosystems [8].
These services enhance people’s well-being and are often critical to life. Most of
the liquid surface fresh water on which humanity depends is located in several
lake basins [9]. Wetlands are among the most valuable ecosystems because they
provide clean water, minimize natural risks (e.g. water retention and coastal pro-
tection), and act as COz sinks (e.g. swamps and marshes). Freshwater tropical lakes
in Africa are among the most biologically productive lakes globally [9]. Equatori-
al Lake Victoria is the second-largest freshwater lake globally by surface area and
the largest freshwater lake in Africa, with a surface area of 69,000 km? [10] and
a catchment area of 284,000 km? [11]. Lake Victoria is large enough to create its
weather system and influence regional climate [10; 12]. In addition, Lake Victoria
supports Africa’s largest inland fishing grounds [13] and shares its border with
Uganda (43%), Tanzania (51%), and Kenya (6%). The ecosystem services offered
by the Lake Victoria Basin include fishing, water supply, wildlife conservation,
navigation, tourism, and power generation.

Freshwater ecosystem services, type of value
and applied valuation methods developed by [14; 15]

Category Ecosystem service Valuation method
Fisheries and aquaculture RC, MP
Transport and navigation MP
Industrial and domestic water supply NFI, RC, PF, MP
Provisioning Agriculture NFI, RC, PF, MP
Recreation/amenity TC, CEM, CVM, HPM
Energy (fuelwood and hydropower) MP
Conservation of wildlife MP
Raw material (biotic) RC, MP
Bequest, existence and altruistic values CEM, CVM
Biodiversity CVM, CEM
Storm protection and flood control CVM, RC, PF
. Nutrient retention COl, RC
ar?dufepgourltgt]%g Soil erosic.)r.1 prgvention PF, RC

Water purification CVM, RC
Maintaining habitats and populations RC
Pollution reduction COl, RC
Microclimate stabilization PF

Cultural Spiritual and symbolic appreciation CVM, TC
Intellectual and aesthetic appreciation CVM

Note: PF — production function; NFI — net factor income; RC - replacement cost; MP — market prices;
COlI - cost-of-iliness; TCM - travel cost method; HPM — hedonic pricing method; CVM - contingent valuation
method; TC — travel costs; CEM - choice experiment method.

This study found that several methods can be used to estimate the economic
value of freshwater ecosystem services in Lake Victoria. These methods can be
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roughly divided into two approaches: stated preference approaches and revealed
preference approaches. Stated preference approaches refer to structured survey
methods to determine people’s preferences for non-market environmental goods.
Revealed preference approaches refer to techniques that use evidence of indivi-
dual preference for commodity products, including environmental performance.
For an economic valuation of Lake Victoria’s water resources, the first step is to
identify the benefits of ecosystem services that need to be assessed. In [16; 17]
authors have argued that this is the easiest way to conduct an assessment and
avoid double counting. The choice of the initial assessment method depends on
the ecosystem service being assessed and the beneficiary population. Table shows
the various valuation techniques for each ecosystem service.

Techniques for assessing and evaluating
Lake Victoria aquatic ecosystem services

Revealed preference (RP) methods, also known as indirect valuation
methods, look for related or surrogate markets in which ecological goods are im-
plicitly sold, i.e., they are one of the many components of a product that the con-
sumer is buying [18]. Revealed preference surveys are about human choices.
The strength of this type of survey is that it provides us with real choices made by
users in a specific context of constraints. These methods are suitable for assessing
those water resources sold indirectly and therefore can only assess their use (direct
and indirect). Revealed preference studies use behavioral evidence to determine
the value of environmental assets. These methods attempt to separate the value of
ecological goods from the total value of goods sold [19]. These methods are dis-
cussed below.

Travel cost method (TCM) is a method that has been developed to assess
the value of recreational uses of non-market goods, usually open natural areas,
but applicable to any recreational use [20]. This method infers the value of a set of
attributes from cost (time and money spent on travel) for outdoor recreation or
wildlife visits. For example, the willingness to pay (WTP) of people visiting Lake
Victoria can be estimated based on the number of trips they make with different
travel costs. This is analogous to estimating the WTP of people per item sold
based on the quantity demanded at different prices. TCM includes various models,
from simple site-specific TCMs to regional and generic models that include quali-
ty metrics and are site replaceable [21]. TCM was first proposed by [22] and later
developed by [23]. Such models have been used to measure the welfare effects of
changes in recreational water quality (e.g., [24; 25]). However, TCM has several
limitations: very few non-entertainment applications; processing a large amount
of data; what value should be given to travel time; statistical problems.

Hedonic pricing method (HPM) estimates the value of a non-market good
by observing the behavior of the corresponding good in the market [26]. The HPM
was developed by [27] to assess the value of quality change in consumer products.
If environmental resources are not traded in any market because it is a public
good, there will be no market price to determine the WTP. A resource can be de-
fined in terms of the services it provides or the “attribute” that it embodies. This
attribute can be embodied in other goods or assets that are sold at observable pri-
ces. By using these prices, the East African countries can reap economic benefits
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from Lake Victoria. The limitation of HPM is that it only measures the direct use
cost of water perceived by consumers of the product they are implicitly trading.
This method measures only a subset of the consumer values for which people are
WTPs in the relevant market. If consumers are not fully informed about the quali-
ties of the attributes being assessed, hedonic price estimates are of little value.
Services such as flood control, water quality improvement, species habitat, and
groundwater recharge can provide far more benefits to humans than benefits that
HPM cannot understand [28].

Replacement cost (RC) method. The cost of replacing natural and ecological
resources, in this case, water, is a valuable way of assessing the value of a re-
source in a given context. This method assumes that the damage is measurable
and that the value of the environmental asset does not exceed its replacement va-
lue. It also does not imply additional benefits associated with environmental costs.
This approach identifies damage to water assets mainly due to the cost of resto-
ring, repairing, or replacing the resource or services of the water resource without
compromising the level of resource stocks or the flow of services. Such costs may
be related to the purification of the water source or the cost of introducing new
aquatic animals into the water source.

The replacement cost method is relatively simple when the water resource is
not unique, and its substitutes are readily available. The researcher moves forward
by collecting a sample of indirect values from a primary or secondary source of
information. Based on this sample of cost information, the analyst prepares an es-
timate of the most likely range of expected costs to replace a significant water re-
source or service. This process can be much more challenging to implement when
water resources have unique characteristics. The replacement cost method is con-
sidered an arbitrary valuation of natural resources that may have little to do with
real public value. The resource replacement method requires data on the cost of
restoring, rehabilitating, or replacing damaged or lost resources and resources.
This method is especially applicable where a standard must be met, such as a cer-
tain level of water quality [29].

Cost of illness (COI) technique aim to identify and measure all costs associ-
ated with disease [30]. The method describes and assess the economic burden of
a particular disease on society and, therefore, the savings that could be obtained
if the disease were eradicated [31]. Here, the benefits of reducing pollution are
measured by assessing the potential savings in direct personal costs of illness
(e.g., drugs, doctors, and hospital bills) and opportunity costs (e.g., lost benefit
from illness). To conduct a COI study, it is necessary to define the disease,
the epidemiological approach, the type of cost, and the study’s prospect. Subse-
quently, resource consumption and unit cost data can be collected, and the results
presented and methodically discussed along with a sensitivity analysis to verify
their reliability. Two limitations of this approach are that it does not account for
the actual uselessness of patients and does not account for the costs of protection
or prevention that people could take to protect themselves [21].

Aversive expenditures method. Information is needed on the household cost
of water treatment and socio-economic details so as to estimate the averting ex-
penditure as a measure of households’ willingness to pay [32]. This method is based
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on the theory of consumer behavior of the production function of households.
In the context of water resources, households can respond to the increasing degra-
dation of these resources in various ways, commonly referred to as preventative
or protective behavior, to avoid adverse effects of water pollutants. This includes
the purchase of non-durables (such as bottled water), the cost of liming to reduce
acidification of the water, and behavioral changes to avoid exposure to the con-
taminant (such as boiling water for cooking and drinking or reducing the frequen-
cy or duration of showers if volatile organic chemicals are present). However, this
method has its limitations. People may use more than one preventative behavior in
response to environmental change, and prevention behavior may have other posi-
tive effects that are not explicitly considered. For example, buying bottled water
to avoid the risk of consuming contaminated stocks may also provide additional
benefits flavoring advantages. In addition, prevention behavior is often not a per-
manent solution but discrete; for example, a water filter is either purchased or not.
Typically, prevention costs do not measure all of the pollution costs that affect
household utilities and therefore can only provide a lower bound on the true cost
of increasing pollution.

Net factor income method estimates the change in producer surplus (i.e., in mo-
netary terms, the net benefit to the firm producing the product) by subtracting
the cost of other inputs from total revenues and treating the remaining surplus as
an environmental cost [15]. The factor income method is used as a valuation tool
in applications where natural resources are used as resources for other goods and
services. Accordingly, the associated economic costs of production are an essen-
tial source of information when applying the factor income approach. There are
several resource types for which the factor-based approach is potentially well suited,
including surface and groundwater resources, forests, and commercial fisheries.
Surface and groundwater resources can be resources for irrigated agriculture,
manufacturing, or private, municipal water supply systems. The products in these
cases (cereals, logs, manufactured goods, and municipal water) may have market
prices. Likewise, commercial fish stocks (populations or fish stocks) are the star-
ting material for commercial fisheries. The economic benefits of improved water
quality can be measured by increasing income from increased agricultural produc-
tivity while improving water quality. Alternatively, water quality affects the cost
of treating drinking water from urban sources, so the economic benefits can be
measured by reducing the cost of providing clean drinking water.

Production function approach can be used to value non-tradable goods and
services that serve as raw materials to produce tradable goods. This approach
links the release of specific tradable goods or services (e.g. agricultural products,
timber, catches) to the costs required to produce them. The implicit cost of water
can also be calculated by measuring the contribution of water to profit in cases where
water is an essential component of the production process, and the cost structure
of the producer is known. If the water supply is unlimited, the producer will con-
tinue to use units of water to such an extent that the last unit’s contribution to
profit is simply equal to its cost to the firm. Even if the water is “free,” the pro-
ducer bears the cost of using the water (including pumping and transport costs).
If the water supply is limited (for example, by quotas or water rights), producers
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can stop using water until equity is achieved. The producer’s water use rate at va-
rious costs determines the coefficient of “derived” demand since the water demand
is determined by the demand for the producer’s product (e.g., agricultural goods).

Market prices are the current prices at which an asset or service can be
bought or sold. The demand for natural resources is measured on the assumption
that many factors that can influence demand, such as prices for ancillary goods
and services, personal income, individual tastes, and recommendations, remain
unchanged over the study period. The market price occurs where the forces of
supply and demand meet. Hence, market pricing is a useful approach to water re-
source valuation. For water resources, the market price estimate is an estimate of
the income from the sales value of the water resource. A standard method for
measuring the use-value of inputs traded in the market is to estimate the surplus of
producers and consumers using market price and quantity data [33]. Net prices
can also be used in assessing water resources. It is calculated as the actual market
price minus the actual operating costs of utilities, including the normal return on
investment. The net price method can be applied to the benefits of recycled water
in the market. This method considers only economically available stocks of utili-
ties with a positive net price. If the use of the benefits from the use of water re-
sources is not related to market transactions, direct or indirect non-market valua-
tion should be applied.

Stated preference (SP) methods collect responses to hypothetical situations
presented to users, in this case, about public transport. This type of survey attempts
to overcome some of the limitations of the revealed preference survey. One limita-
tion of RP surveys was that many scenarios provide insufficient variability in ob-
servations. Hence, observed behaviors can be difficult to correlate with certain
qualitative variables (such as comfort) and the inability to measure choices between
alternatives that do not yet exist [34]. Nonetheless, preference surveys allow users
to quasi-experiment with the choices that users make when presenting hypothe-
tical situations. Such as having a new alternative type of public transport or a new
version of existing public transport service, using variables that can be qualitative
or quantitative or both. The main disadvantage of stated preference surveys is
that they are based on the hypothesis that the user will make the same choice in
the scenarios presented to him as in reality, which is not always the case [34].

Contingent valuation method (CVM) is a non-market valuation method that
requires individuals to indicate the maximum amount they are willing to pay (WTP)
and can pay for a given quantity or quality of an environmental good [35; 36].
The person may be asked directly how much they are willing to pay for a certain
amount of a product from Lake Victoria or asked if they are (and can) pay a cer-
tain amount. Once individual ratings or proposals have been obtained, they can be
averaged and aggregated to obtain the total value of the item in question.

To conduct a Lake Victoria CVM, a researcher must pay special attention to
the design and conduct of the survey. Focus groups, consultation with relevant
experts, and pre-testing of the survey are important prerequisites. A decision must
be made on how to conduct the interview (in person, by mail, or over the phone);
which payment method is most appropriate (e.g. annual tax increase, lump sum,
environmental fund contribution, among others [37]; as well as the WTP extrac-
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tion format [38]. Ultimately, the sample mean WTP can then be extrapolated to
the population to obtain the aggregate WTP or ecological resource value [39].
While a researcher can use conditional-graded surveys to grade a virtually unli-
mited number of items in a variety of contexts, conditional-graded surveys are con-
ducted in a relatively sequential process. The steps in the basic contingent valua-
tion process are shown in Figure.

‘ Design hypothetical market with:

Determine the bounds a) good/service provied; b) method
of the study (what good or of payment; and c) means of provision

service is being valued over
what time period and area) V

Choose bidding mechanism ‘
(means of obtaining WTP value)

\%
Reevaluate market ’ Design questionnaire
design, bidding /
mechanism \1/

choice, or ques-

tionnaire design *  Test questionnaire and study design
of the population with pilot survey

If the pilot
survey suggests
in gl’lr((:)l?llr?;]V?/TP If the pilot s:ljsr;z)l/eis\;lvs_lygszﬁjségl in eliciting lq/
for the desired
good
Conduct full survey
of respondents
Aggregate data
(convert mean
bl totie Estimate WTP
aggregate of the bid curve \ ‘
Reeulation) (WTP = f (variables Analyse completed
impacting WTP)) questionnaire and analyse
WTP bids ‘

The process of conditional valuation of ecosystem services [7; 35; 39]

For water-related applications, CVM is useful for exploring the value of di-
rect uses, such as recreational fishing and hunting, and the value of indirect uses,
such as improving water quality. Unlike preference-revealing methods, CVM can
also measure the cost of biodiversity-related alternative water use, as well as the cost
of non-use. However, despite the strengths of CVM in terms of its ability to assess
untapped values and assess irreversible changes, the method has been criticized
for its lack of validity and reliability [40]. This is due to potential issues including
information bias, design bias (origin bias and vehicle bias), hypothetical bias, yes
bias, strategic bias (free rides), site replacement, and embedding effects.

Choice experiment method (CEM) is a highly ‘structured method of data
generation [41] based on carefully designed problems or “experiments” to identify
factors that influence choice. An ecological resource is defined in terms of its at-
tributes and the levels that these attributes assume with and without sustainable
resource management. Choice experiments (CE) have long been used to assess
consumer preferences and predict consumer behavior in the marketplace [34] and
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non-market valuation studies [41]. Choice experiment is a survey approach de-
signed to determine consumer preferences based on hypothetical markets. Re-
spondents must choose between several public or private goods. Like CVM, CEM
can estimate the economic value of any ecological resource and can be used to
estimate unused and use-value. However, CEM makes it possible to estimate not
only the value of an ecological resource as a whole but also the implicit value of
its attributes, their assumed ranking, and the value of simultaneously changing
more than one attribute [38; 41].

Discussion

The total economic value of Lake Victoria should recognize two distinctions
between the value that people get from using this ecological resource, that is,
the use-value, and the value that people get from this ecological resource, even
if they do not use it themselves, that is, unused values. Use value can be divided
into three broad categories: direct use value, indirect use-value, and option value.
The cost of direct use of Lake Victoria’s water resources includes drinking water,
irrigation, or industrial resources. Their direct use almost entirely determines the value
of most private (ordinary) goods. However, Lake Victoria has several functions that
indirectly benefit people: the value of indirect water use includes benefits such as
flood control, nutrient retention, and protection from storms. Finally, the option
value considers that people who are not currently using the resource may still ap-
preciate being able to use it in the future. Thus, the opportunity cost of Lake Victo-
ria water resources represents their potential to provide economic benefits to human
society in the future. Quantifying the benefits of ecosystem services Lake Victoria
provides to humans will help justify investments in conserving and restoring this
aquatic ecosystem. Benefits from Lake Victoria ecosystem services can also be in-
cluded in a cost-benefit analysis to implement the principle of cost recovery in
the water supply system. While Lake Victoria water resources are vital to the func-
tioning of the East African economies, they continue to be depleted and degraded at
an unsustainable rate. Therefore, it is necessary to determine Lake Victoria’s total
economic value (TEV) and integrate it into the private and public sector decision-
making processes to implement the most effective social and economic policies that
prevent excessive degradation and depletion of this resource. Awareness programs
about water pollution and its consequences and the advantages of quality water,
and improved education may increase the willingness to pay for quality water.

The methods evaluated in this study have been used worldwide to value and,
in turn, to manage water resources. In [42] TCM is used in China to assess the signi-
ficance of water quality improvements in the East Lake in Wuhan. The results
from this study indicate that lake users have significant water reserves for the use
of the lake and its structures, offsetting some of the costs of maintaining recrea-
tional water quality. Another example in developing countries is applying the aver-
tive expenditures method by [43]. They evaluated the non-marginal benefits of
improving drinking water quality using protective factors in Guarapari, Grande
Vitoria, Espiritu State, Brazil. Market prices and prices for substitute products
have been used in Nigeria by [44] to analyze domestic groundwater demand in
Northern Nigeria to assess the recharge function of groundwater wetlands. They
found that the study area population would be severely affected if the wetlands no
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longer provide their current daily groundwater recharge. The contingent assess-
ment method is widely used to assess water resources in developing countries.
In [45] authors compared CVM and TCM results to assess surface water quality
improvement in rivers and seawater near a community in Davao, Philippines.
The results of their CV show that household WTPs have low environmental bene-
fits such as improved water quality. The loss of economic benefits from reduced
water quality has also been estimated in Vietnam by [46]. Authors of [47] showed
that improved income increases the households’ willingness to pay for improved
water services. Researchers of [48] included fertilizer and pesticide contamination
of groundwater as an attribute in a study of willingness to pay for agricultural sus-
tainability among residents of Milan, Italy. They found that the public derives sig-
nificant economic benefits from the reduction of groundwater pollution. In [49]
CEM was used to assess the benefits of soil conservation measures in the Alto
Genil and Guadajoz watersheds in southern Spain. The surface and groundwater
quality were included as important attributes of soil conservation measures. Scien-
tists concluded that water quality is of the highest economic importance among all
the characteristics of soil conservation measures included in the study. Finally,
[50] applied this method to assess the significance of water quality improvements
in Cairo, Egypt. They investigated the welfare effects of improved health status
through improved water quality. They concluded that the estimated WTP is rela-
tively low compared to the cost of a program that could achieve these improve-
ments. These methods have been used before and successfully helped develop po-
licies used to manage these resources, hence their practicability to Lake Victoria.

Conclusion

This study aimed to explain and evaluate the suitability of various economic
valuation methods and demonstrate how these methods can be used to develop
appropriate policies for the sustainable management of Lake Victoria’s water re-
sources. The study presents economic valuation methods that can be used to de-
termine the total economic value of changes in the quantity and quality of water
resources in Lake Victoria. The value of ecological resources such as water is dif-
ficult to assess due to their social utility. Therefore, Lake Victoria TEV accoun-
ting is integral to developing economic incentives and institutional arrangements
to ensure sustainable, efficient, and equitable water distribution in the Lake Victo-
ria basin. The methods proposed in this document for assessing and valuing aqua-
tic ecosystem services in Lake Victoria provide a knowledge base for improving
water resources management. From this perspective, cost-effective and remedia-
tion measures can be improved to include all latent benefits and beneficiaries of
aquatic ecosystem services. To effectively manage the ecosystem services of Lake
Victoria, it is necessary to identify the services of interest and determine the main
consequences of many factors and pressures on the ecological state of the lake.
Assessment of Lake Victoria aquatic ecosystem services can reveal hidden bene-
fits to society and raise awareness among users and stakeholders. In general,
the proposed assessment methods can be used to assess the benefits of the conser-
vation and restoration of aquatic ecosystems in implementing the Lake Victoria
water resource management program.
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AnHoTauus. [IpoBeneHa orieHKa peCypcHOr0 ¥ COLMATbHO-3KOHOMUYECKOT0 MOTEHIMAa
ropHo#t yactu Cubupckoro ¢eneparbHOr0 OKpyTa, BBIOPaHHOTO B KayecTBE OOBEKTa HCCIIe-
JOBaHMA KaK OJIMH U3 CaMBIX OOJBIINX (heepartbHBIX OKPYToB Poccuy ¢ yHUKanbHBIMHU TPH-
POIHBIMH pECypCaMy, CIIOKHBIMH IPHPOJHBIMH YCIOBHASMHE IPOXKUBAHUS M JOCTATOYHO pa3-
BUTBIMH HKOHOMHYECKHMH YCIOBHUAMHU. {71 pacyeToB MpPHHATA METOAMKA, pa3paboTaHHAas
yueHbIMU YHUBepcuTeTa «JlyOHa». OTiiure TaHHONH METOJMKH B TOM, YTOOBI Ha €JJMHON METO-
IITIECKOH OCHOBE C MICMIONB30BaHUEM (PH3UIECKH M3MEPHMBIX BEJIHYHH, BEIPAKCHHBIX B OTHOM
€MHUIE U3MEPEHUs, OLICHUTh PECYPCHBIN MOTEHLMAN peruoHa. Takoil moaxoa yHuBepcajieH
JUISL BCEX PETHOHOB MHpa. Y CTAHOBJICHBI CLIEHAPHU Pa3BUTHUs CyOBeKTOB CPO B 3KOHOMHUE-
CKOM, COIMaNbHON M dKoyornueckoi cdepax. [IpoBenena kmaccuduranus pernoHOB IO OT-
HOILIEHUIO K 3KCTEHCUBHOMY M MHHOBAIIMOHHOMY Pa3BUTHIO 3KOHOMHUKH H couuyMma. Jlis me-
pexona cyowrekToB Cubupckoro QeaepaibHOTO OKpyra Ha PelbChl YCTOMYMBOTO MHHOBAIIM-
OHHOTO Pa3BHUTHS HEOOXOJIUMO, YTOOBI MOBHITIANACh 3(P(HEKTHBHOCTH MPOU3BOICTBA COTIIACO-
BaHO C JieMorpadu4eckoil, COlMaIbHONH M SKOJIOTMYECKON MOJUTHKON, HEOOXOIUMO CHHKE-
HUE MOTpeOIICHHE TPUPOIHBIX YHEPTOPECYPCOB.
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Abstract. The article assesses the resource and socio-economic potential of the moun-
tainous part of the Siberian Federal District — one of the largest federal districts of Russia with
unique natural resources, difficult natural living conditions and sufficiently developed eco-
nomic conditions. The methodology developed by the scientists of the Dubna University was
adopted as a method for the calculations. This technique differs in that, on a single methodo-
logical basis, using physically measurable quantities and expressed in one unit of measure-
ment, to assess the resource potential of the region. This approach is universal for all regions
of the world. The scenarios for the development of the subjects of the Siberian Federal Dis-
trict in the economic, social and environmental spheres have been established. The classifica-
tion of regions is carried out in relation to the extensive and innovative development of
the economy and society. For the transition of the subjects of the Siberian Federal District
to the rails of sustainable innovative development, it is necessary to increase the efficiency
of production in accordance with the demographic, social and environmental policy, as well
as to reduce the consumption of natural energy resources.
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BeBepneHue

Cubupckuit penepanbubiii okpyr (CPO) Obu1 obpazoBan 13 mas 2000 r.
B nero Bxomar 12 cyOobektoB P®: 4 pecnyonmku — Anrtaid, bypsatus, TrwiBa,
Xakacus, 3 kpas — Antaiickuii, KpacHosipckwuii, 3a0aiikanbckuii, 5 obmacrei —
Hpkyrckas, Tomckas, Kemeporckas, HoBocuGupckas, Omckas). C 1 sHBaps
2007 r. Taitmbipckuii (onrano-Henenknii) 1 OBEHKUNHCKUN aBTOHOMHBIE OKpyTa
BXOAAT B cocTaB oObenuHeHHOro KpacHosipckoro kpas. C 1 suBaps 2008 .
Yerp-OpasiHckuil BypsATcKuil aBTOHOMHBIA OKPYT' BXOJUT B COCTaB OObEIUHEH-
Holt Mpkytckoit obmactu. C 1 mapta 2008 r. B pesynbTaTe o0beuHeHUS UNTHH-
CKOM 00s1acTH 1 ATHHCKOT0 BypsITCKOT0 aBTOHOMHOTO OKpyra oOpa3oBaH 3abaii-
KaTbCKUiA Kpaii'.

3nauenne CuOHpcKoro ¢enepanrbHOro OKpyra YCHIMBAETCS €0 0COOBIM T'e0-
MOJINTUYECKUM TOJI0KEHUEM, B CHITy KOTOPOT'O PETHOH SIBJISIETCS. HE TOJIBKO MHTE-

! PermonansHeLi 6usnec-nopran Cubupckoro ®enepansroro okpyra. URL: http:/sfo.ru/region
(mata obpamenns: 22.03.2017).
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IPUPYIOLIUM 3BEHOM MEXAy JlaJbHEBOCTOYHBIM DKOHOMUYECKUM PallOHOM U €B-
POTIEHCKON YacThIO CTPAHBI, HO U «MOCTOM» MEXIy 3apyOexxHoi EBporoit u
Asnarcko-Tuxookeanckum pernoHoM. [Ipu sTom 3HaumrtensHas yactb CPO 3a-
HUMAIOT TOpHBIE TeppuTopuu (puc. 1).

Novosibirsk
ragion

Altai Republic The Republic of
Khakassia

Puc. 1. KapTa cy6bektoB CGUpcKoro deaepanbHoro okpyra’

Figure 1. Map of subjects of Siberian Federal District®

B anMunHHCTpaTHBHOM TIaHe K HUM OTHOcsTcsA PecryOnmku TriBa, Xaxa-
cusi, Anraii, bypsatusi, KpacHosipckuit 1 3abaiikanbckuii kpas, MpkyTckas 00-
7acTh. BoJbIIyI0 YacTh 3THUX PErMOHOB — OT IOJIOBHHBI JI0 IBYX TpeTei — 3aHU-
MaloT TOpHbIE TEPPUTOPHH.

Otcrozia BBITEKAET LIENb HAIIEr0 MCCIEJOBAaHMUSI — CUCTEMHO-IHEPIeTHUECKHE
HCCIIEIOBAaHUS PECYPCHOTO U COLMAIBHO-3KOHOMUYECKOTo noTeHnuana CPOO.

s peanuzanuu MocTaBIeHHON UENU PEMIAIMCH CIEAYIOIINE 3a0auu:

1) pacuer pecypcHoro noreHuaita Cubupckoro denepaibHoro okpyra Poccun;

2) pacyer pecypcHOro noreHuuana ropaoi yactu Cubupckoro eaepaabHO-
ro okpyra Poccuu;

3) omeHka BKkJIaga ropHoi yactu Cubupckoro (heepaisHOro OKpyra B yCTOM-
YUBOCTH pa3BUTHA Bcero Cubupckoro denepaipbHOro OKpyra.

2 OpuumanbHsri caifit Poccrara. URL: www.gks.ru
3 Official website of Rosstat. Available from: www.gks.ru
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MeToauka nccnegosaHus

MexnyHapoaHOE SKCIIEPTHOE COOOIIECTBO ISl OLIEHOK pa3HOOOpa3HBIX CO-
UATBHBIX, IKOHOMUYECKUX U IKOJIIOTHUECKHX PECYPCOB U MPOIIECCOB (B TOM YHMCIIE
Y PECYpPCHOTO MOTEHIIMAIA) HCIIOIB3YET TPU BUIAa PA3HOPOIHBIX MEp:

— JICHEKHBIE MEPHI;

— HaTypaJbHBIC MHUIIBL;

— Oe3pa3MepHbIe €UHULIBL.

B pa6orax b.E. bonbmiakoBa [1-3] moka3piBaeTcsi, 4TO, UCIOJIB3Ys TU Me-
PBI B Ka4ecTBe U3MEPUTENICH pa3HOPOIHBIX MPOIIECCOB, Mbl HEM30EKHO MOTy4YaeM
MCKa)XCHHYIO KapTHHY MHpPa U, B YaCTHOCTH, HJUTFO3UIO €T0 POCTA WIIH PA3BUTHL.

Ecnu Mepa oTCyTCTBYET, TO UMEET MECTO MHTYUTHUBHOE, HO OTCYTCTBYET
Hay4yHOe pemieHne npoodieMsl. Ecim Mepa cymiecTByeT, TO ee Hy>KHO PEabsSIBUTh
U YCTaHOBUTH, «SABIIAETCS JM OHA YHUBEPCATbHOW U BbIpa)kaeT JIM OHA JIEHCTBU-
TeJbHbIE (a2 HE MHUMbIE) CBOWCTBA peasibHOro mupa?» [1].

EctectBenHo, Bo3HukaeT Bompoc: «CylIecTByeT JIM Takas yYHUBEpcalbHas
cucTeMa Mep, UCTIOIB30BaHUE U PA3BUTHE KOTOPOH AaeT BO3MOKHOCTh U3MEPSATH,
copasMepsTh U COU3MEPATh PA3HOPOIHBIE MPOLIECCH U MOHATHS, ONpeIeNIoNue
coJiepKaHue OOIENPUHATOrO TI00aIbHOTO NPUHIHIA ,,yCTOMYUBOTO Pa3BUTUA »?

Bb.E. bonpmakoB [1-3] nmoka3siBaeT CBs3b MOILIHOCTU CO BCEMH TEJIECHBI-
MU U O€3TeNleCHBIMH MOTOKAMH PEAJbHOTO MHpa: WH()OPMAIMOHHBIMH, BeEIlle-
CTBEHHBIMU, YHEPreTUYECKUMH Ha BCEX YPOBHSAX MHUPO3JAHHS: MUKPO-, MaKpO-
W Merammupa.

3aKOH COXPaHEHUS MOIIHOCTH — 3TO YTBEPXKACHHE O TOM, UYTO B OMpee-
JIEHHOM CHCTEeME KOOpAMHAT (KJacce CUCTEM) COXpaHSeTCsl BeIMYMHA MOIIHOCTH
KaK KauyeCTBEHHO-KOJIMUYECTBEHHAs! OMPEIEICHHOCTh, KaK €IWHCTBO KadecTBa U
kommvectBa. [locienHee o3Ha4aeT, 4TO COXpaHEHWE BEIMYMHBI MOUIHOCTH Kak
KauecTBa — 3TO COXPAaHEHUE CHCTEMbI KOOPJIMHAT (KJacca CUCTEM), WM UMEHHU C
pasmepHocThio [L3T-]. Toraa 3akoH COXpaHEHHs MOIIHOCTH KaK KayecTBO 3all-
CBhIBAa€TCA TaK:

[L3T~] = const.

['panuiiell TPUMEHMMOCTH 3aKOHa SIBJISETCS CHCTeMa KOOpIMHAT — KJacc
CHCTEM KaK KauecTBO ¢ pazsMepHOcThio [L°T>]. OfHaKO 3aKOH — He TOJIBKO Kade-
CTBO, HO U KOJMUYECTBO. M Kak KOJMUECTBEHHAsl ONPEAEICHHOCTh 3aKOH COXpaHe-
HUSI MOIIIHOCTH 3aIIMCHIBACTCS KaK COXpaHEHHE PAaBEHCTBA!

N=P+G,[LT7].

JIro00€e KOIMMYEeCTBEHHOE N3MEHEHHUE TTOJIE3HONH MOITHOCTH P BiI€YeT WHBEpC-
HOE€ M3MEHEHHE MOILMHOCTH NoTepb G NpU COXPAaHEHUM YHMCIEHHOTO 3HAYCHMS
nostHOM MomHOCTH N. IIpn 3TOM Ka4yecTBO CUCTEMBI, TO €CTh €€ LT-pa3MepHOCTb,
OCTaeTCsl HEM3MEHHBIM ¥ paBHbIM [L°T7].

CymectByeT ny0okasi NPUYUHHO-CIIECTBEHHAs CBS3b MEXKIY 3aKOHOM pas-
BUTHUS JKU3HU M NIPUHLUIIOM YCTOMYMBOIO pa3BUTHUA oOuiecTBa. DTa CBA3b OIpe-
NeNIAeTCs MOHSTUEM «IIPOLECC KU3HENECSATENIbHOCTH» B CUCTEME «OOLIECTBO —
npupoga». Cucrema «o0IIeCTBO — MPUPOJa» 00beIUHSIET B ce0e 1Ba COMPSIKEH-
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HBIX MpoIlecca: a) aKTUBHOE BO3JICHCTBUE HA OKPYXKAIOIIYIO Cpeny; 0) UCIOIB30-
BaHUE OOIIECTBOM IOTOKA PECYpPCOB, MOJYUEHHBIX B PE3yJIbTaTE 3TOr0 BO3JEH-
cTBUs. JlaHHBIE TIPOIECCHI ABISIOTCS CYIIHOCTBIO )KH3HEACSITETFHOCTU OOIIeCTBa

[4-6] (puc. 2).
ObulecTBo
@ Society
y

,»\‘ TO B

Mprpoaa
Nature
3
i v :

Puc. 2. Cxema xun3HenessTensHoCTM 06LecTsa BO B3aMMOAENCTBUN C NPUPOAHON cpenon [1]:
N — nonHas MOLWHOCTL; P — nofie3Has MOLWHOCTb; G — MOLHOCTb NOTEPb;
tn — Mepa noTeHumanbHoM cnocoGHOCTN 00LLECTBa; t, — BpemMs
Figure 2. The scheme of activity of society in interaction with the environment [1]:
N - full capacity; P — useful power; G — power of losses;
t» — a measure of potential ability of society; t, — time

3aTpaunBas MOTOK PHEPTHH (MOIIHOCTH) P, 00IIEeCTBO MO MPOMIECTBUU
BPEMEHHM IOJIy4aeT B CBOE PACHOPSKEHHWE NMOTOK PECYpPCOB, U3MEPSAEMbIN BEJU-
guHOU N. OtHomeHue P k N ecth Mepa 3(h()EeKTHBHOCTH UCIOIB30BaHUs 00IIIe-
CTBOM pPECypcoB 3a Bpemsl fo, o6o3Hagaemoe 0 < fo < 1. OTHOIIEHHE TTOTyICHHOU
MOIIHOCTH N K 3aTpauy€HHOM Ha €€ MmojyueHue P ecTb Mepa NOTEHUUAIBHOU CIIO-
COOHOCTH 00IIIeCTBa K PAaCIIUPEHHOMY BOCIPOW3BOJCTBY, 0Oo3Hayaemas fr > 1.
Benuunna HaxonasIeics B pacopsHKeHUH 00IecTBa MOTHOM MOITHOCTH N SIBJIS-
€TCS MEpOW MOTEHIMATbHBIX BO3MOKHOCTEM, BeIM4YMHA P — Mepod peaabHbIX
BO3MOXXHOCTEH OKa3bIBaTh BO3/IEHCTBUE HA OKPY>KAIOILYIO Cpely, a BenuunHa G —
MEpOU MOTEePkb.

Onucannsle nokasarenu b.E. Bombmakos* [6] mpeanaraeT MCHoib30BaTh
KaK MHJIMKATOPbl YCTOMUMBOTO pa3BUTHs pernoHa. PaccmoTpum ux noapoOHee.

1. Ionnasa mowrocms N — 3TO CyMMapHOE SHEPromnoTpedIeHe 3a onpee-
JeHHOe BpeMmsl (ToJl, KBapTall, Mecsll, CyTKH, 4ac, CEKyHAY), BKIIOYas:

— IPOJIYKThI TUTAHUS;

— DIIEKTPOIHEPTHIO;

— TOIUIMBO JUIsl MAIlIMH, MEXaHU3MOB,

4 DNIEKTPOHHKI aTiIac MapamMeTpoB YCTOMYMBOIO MHHOBAIMOHHOro passuths. URL: http:/It-gis.ru/
(mata obpamenns: 05.05.2021).
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BBIPAXKCHHBIX B €AMHUIAX MOMIHOCTHU (TBT — TCppaBartrT, rBr — ruraBartrT, MBT —

MeraBarT, KBT — kunoBart, BT — Barr).

[Tpumep pacyera NOIHON MOIHOCTHU MPUBE/AEH B Ta0I. 1.

Tabnuuya 1

PacueT nosHoi MOWHOCTU, NoTpebneHue B cyTku, MBT [4]

MoTpebnsaembiit

KonunuyectBO eanHuy,

MepeBoaHbie

MonHas MowWHOCTb, MBT

pecypc n3mepeHus KO3PpPULMEHTbI

lMpodykmbi numaxusi

Xne6 400 lNkan 1 BT =20 kkan/cyr. 20

Msico 600 N'kan 1 kBT=1000 BT 30

Priba 800 N'kan 1 mBT=1000 kBT 40

OBowm 600 MNkan 30

Cymma 120
Tonnueo Ons mawuH

HedTb 1000 T 11=11x10°kKkan 110
las 2000 T 11=11x10°%kKkan 200
Yronb 5000 T 11=3x10°kKkan 150
OnekTpoaHeprusa 1000 T 1BT/4=0,9 kkan 100
Bopa 10000 n 1Bt 10

Cymma 570

Table 1

Calculation of full capacity, the consumption in days, mW [4]

Consumed resource

Number of units

Conversion factors

Apparent power, mW

Food

Bread 400 Gcal 1 W =20 kcal/day 20

Meat 600 Gcal 1 kw=1000W 30

Fish 800 Gcal 1 mW = 1000 kW 40

Vegetables 600 Gcal 30

Sum 120
Fuel for cars

Qil 1000t 1t=11x10°kcal 110
Gas 2000t 1t=11x10°kcal 200
Coal 5000t 1t=3x10°kcal 150
Electricity 1000t 1W/h = 0.9 kcal 100
Water 100001 1w 10

Sum 570

Tlonnas MOIIHOCTH BI)I6paHHOFO 00BEKTa B CYTKU COCTaBUT

N=120+ 570 = 690 MBT.

Ilepeitnem k onpeaeneHuro MoJIe3HOW MOIHOCTH CUCTEMBI.
2. ['00o06as nonesnas MOUHOCNb CUCNIEMDBL .

P()=nN(z-1),

(1)

rae P(f) — mone3nas momHocTh, BT; m — KIIJ| Texnonorwmit; N(+—1) — monnas
MOLIHOCTH MPOILIOTO roja, Br.
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YpaBHEHHE MOJIE3HON MOLTHOCTH P, CBS3BIBAIOLIEE MTOJHYO MOIIHOCTD IIpe-
JBIAYIIETO TO/1a C MOJIE3HOW MOIIHOCTBIO TEKYIIETO rojia MocpeacTBOM Kodddu-
[MEHTA MOJIE3HOTO UCIONIb30BaHUs MoHOM MorHocTH (KILJT).

KIIJ — 3TO OTHOLIEHWE MOJE3HONM MOUIHOCTH Ha BBIXOAE CHCTEMBI K IMOJ-
HOW MOIIHOCTH Ha BXOJI€ CUCTEMBI.

n= _PO )
N(@-1)’

rae n — KIIJ] texnonoruit; P(f) — mone3nas MouHocTh, Bt; N(—1) — monnas

MOIIHOCTH MPOILIOTO roja, Br.

KIIJ] — oguH U3 OCHOBHBIX MOKa3aTesel, Ha OCHOBE KOTOPOT'O Mbl MOXKEM
CYIUTb O CTETICHH Pa3BUTHUS UCCIIETYyEMON CHCTEMBI «00IIECTBO — MPUpOIa», OyIb
TO PETHOH, CTpaHa, KOHTUHEHT, 3eMJIsl B LIEJIOM.

KoadduumenTs! coBepiieHCTBa TEXHOIOTHM TPUHATHI [1]:

1) ans snexkrposnepruu — 100 %;

2) nuis TormuBa (HedTH, Ta3a, yris) — 25 %;

3) ans npoAyKToB muTaHus — 5 %.

Pa3HoCTh MEXIy IOJHOM U MOJE3HOM MOIIHOCTSIMU TEKYLIErO U MPEIbIAY-
LIET0 T0/1a Ha3bIBAETCS MOIIHOCTHIO MOTEPh. PacueT MOIHOCTH MOTEPh MPUBEIEH
nanee.

3. I'o0ogvle 3HaueHus nomepv MowHocmu. YpaBHEHUE MOIIHOCTH MOTEPh
KaK pa3sHOCTb MEX/y IIOJHON U MOJIE3HON MOIHOCTSIMH TEKYLIETO U MpeabIayIIe-
ro roja:

G()=N(-=1)=P(), 3)

rae G(f) — MOIHOCTh MOTePh, BT; N(#~1) — monHas MOIIHOCTH MPOILUIOTO Toja,
BT; P(f) — none3nasi MOIIHOCTb, BT.

Hcnonp3ys naHHBIE MMOKa3aTeIN, MOKHO OMPENEIUTh PECYPCHBIN MOTEHITH-
ann ropusix Teppuropuii COO B U3MEPUMBIX BEIUYUHAX.

4. Kauecmso orcusnu (KK, BT) — npsiMmoe nipoun3BeieHne cpeHeid HOpMUupo-
BAaHHOM MPOJOJKUTENIBHOCTH KU3HU Twm(?), ypoBHA *u3HU U(?) 1 KayecTBa Npu-

poaHoOU cpenbl ¢(1):
KXK(#) = Tu(0) U(1)g(2). “4)

5. Cpeonee nHopmuposanHoe epems akmuHou dcuznu denosexka Tmu(t) pac-
CUHTBHIBAETCS 1O (hopMyIIe

T

100’ )

T, ()=

rne Tm(f) — cpefHss HOPMUPOBAaHHAS MPOJIOJKUTENBHOCTD JKU3HU; T — CPEeIHsAA
MPOJOJKUTEIBLHOCTD KHU3HU, JIET.
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6. Cosoxynnulii ypogens dncuznu U — oTHOLIeHHe P(f) Ha Aylly HaceJleHus:

_5O

U(t)—M(t),

(6)

rae U(f) — cOBOKYIHBIN ypoBeHb ku3HU, BT; Ps(f) — mone3Has MOIIHOCTh, BT;
M(f) — YUCIIEHHOCTh HAaCEJICHUS PETMOHA, YEIOBEK.

Pe3ynbTaTtbl UCCNef0BaHUSA

[ToTeHman B MIMPOKOM CMBICIIE — CPEJICTBA, 3a11aChl, ICTOYHUKH, UMEIOLIH-
€csl B HAJIMYMHM U MOTYIIHME OBITh MOOWJIM30BaHBI, MPUBEACHBI B JICUCTBUE, HC-
MOJIB30BaHbI JJISI TOCTHXKEHUS ONMPEAEICHHON e, DKOHOMUYECKUN MOTEHINA
CTpaHbl — 3TO €€ PECYPChl, KOTOPBIE MPHU MOJTHOM HX UCIOJIb30BAHUU MO3BOJSIOT
HPOU3BECTH MaKCHMaJIbHBI BaloBoi HalmoHaIbHbIA npoxykr (BHIT)®. Cocrasins-
FOIIMMHU 3KOHOMHUYECKOTO TIOTEHIIMAIa CTPaHbI SBISIFOTCS €€ MPUPOIHO-PECYPCHBIH,
MPOU3BOACTBEHHBIN, TPYJOBOM, HAYYHO-TEXHUYECKHI, SIKCTIOPTHBIN MOTEHIINAI.

[IpupoaHo-pecypcHBI TOTEHIIMAN XapaKTepHU3yeT MPUPOIHBIE OOraTcTBa
CTpaHbl, y’K€ BOBJICUCHHbIE B XO3UCTBEHHBIH 000POT, a TaKXKe JAOCTyIHBIE UIs
OCBOEHMS IIPH JTAHHBIX TEXHOJIOTUSX U COLUATBLHO-9KOHOMUYECKUX OTHOILICHHUSIX.

PecypcHblii MOTEHIIMAT U YCTOMYHUBOE Pa3BUTUE OMPEICISIOTCS C TOMOIIIBIO
nokasaresei — uHAnKaTopoB. [1o MHAUKATOPOM MOHUMAETCS MOKa3aTeNb (BbIBO-
JUMBIA U3 MEPBUYHBIX JAHHBIX, KOTOpPbIE OOBIYHO HEJb3s MCIOJIB30BATh AJISl UH-
TEepIpeTal U3MEHEHUH), TO3BOJISIONIUNA CYIUTh O COCTOSSHUU WJIM U3MEHEHUH
SKOHOMHUYECKOM, COLMAIIBHOMN WIJIM YKOJIOTHUECKON NTepeMeHHOi [7].

Jl1g oLleHKM pecypcHOro noTeHuuana ropueix teppuropuit COO Hamu uc-
M0JIb30BAJIMCh TAKWE MOKA3aTeNH, KaK MOJIHAsL, MTOJIE3HAsT MOIIHOCTh U MOITHOCTb
noreps, KIIJI reppuropun, kauecTBa )KU3HU.

Pacyer nmosHON MOIIHOCTH OCYLIECTBIISIICS Ha OCHOBE MOTPEOIEHUS pa3Ho-
POAHBIX PECYpPCOB: TOIUIMBA ISl MAIIKH, 3JIEKTPOIHEPTUU, MPOTYKTOB MUTAHHUS.
[Torpebnenue pecypcoB Ha mpumepe Tomckoi obiactu 3a mepuon ¢ 2000 mo
2013 r. mpexacrasieHo B Tab. 2. Pe3ynpTaThl pacueTa npencTaBieHbl Ha puc. 2.

Hcrnonb3yst maHHbIe IO BCEM OCTAIBHBIM cyObekTaMm CDO OblT paccyuTaH
IOKa3aTelib MOJHOW MOILIIHOCTH.

AHanmu3 puc. 2 NMOKa3bIBa€T, YTO MAKCHUMAaJIbHBIX 3HAYEHUW ITOJIHAS MOIL-
HOCTb JlocTuraa 3a nepuof ¢ 1998 no 2016 r. B KpacHospckom kpae. MuHUMAab-
HbIE 3HAYCHHUS TIOJHON MOIIHOCTH OTMedeHbl B UpkyTckoi oOmactu, PecmyOmu-
kax Aunraii u TeiBa. Hauunas ¢ 2012 r. nuHaMuKa mMojaHOM MOIIHOCTH UMEET TeH-
neniuio K yBennueHuto. C 1998 r. B cyowekrax CDO mosaHas MOIIHOCTh Xapak-
TEPU3YEeTCsl MEPUOJaMU YBEIMYEHHUS] U yMEHblIeHus 3HaueHuid. [lonnas momr-
HocTh P® no 2005 r. pocna, 3aTeM npousorien pe3kuid cnag B 2006 r., a HaunHAs
¢ 2007 r. oTMedaeTcst MOCTENEeHHbI pocT. UTo KacaeTcs (eaepaibHBIX OKPYTOB,
TO B OOJBIIMHCTBE M3 HUX TaKXKe OTMEYAeTCs POCT IOJIHOM MOIIHOCTH, 3a HUC-
kmoueHueM CeBepo-Kapkasckoro u [IpuBoimkckoro deaepaibHbIX OKPYTOB.

5 DxoHomudeckuii ciaoBapb. URL: http://www.economslov.ru/article 7764.htm (mata 06-
pamenus: 10.06.2021).
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Hcnonb3yss K03(p(GUIHUEHTH COBEPUICHCTBA TEXHOJOTUU (I AIEKTPO-
snepruu — 100 %, s Tormea — 25 %, U1 poayKToB mutanus — 5 %) ObL pac-
CUMTAH TOKa3aTesb IMOJE3HOW MOIIHOCTU. Pe3ynbTaThl pacdyeToB MpECTaBICHBI
Ha puc. 3.

Tabnuuya 2
MNoTpe6nexne pecypcoe ToMckoii o6nacTbio 3a nepuog ¢ 2000 no 2013 r.°
EpviHVLbI Fop,
namepeHus 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
QOriekmpoaHepausi

Tbic. KBT/M 4086192 4183316 4273745 4578412 5049439 4937988 5303324 3088018 4490000 5141000 5251000 5060000 5877000 4871000
Yenb

TOHH 1852006 1778806 1604315 1669575 1623828 1425845 1361986 1260992 1205642 1197860 1125676 1106678 1106589 1000675
Hegbmb

Ty.T 165258 126454 138040 96409 87053 57078 60492 48888 40765 41789 39875 38789 37754 37787
ras

Thbic. M 1921040 2141235 2375532 2628384 2867018 2678542 2897119 2894344 2789800 2889778 2665677 2809000 2889899 2878776
Boda

JTnTtpos 78940 77180 73630 75100 69220 69540 65980 62840 60234 580789 51803 48156 51615 42510

Mpodykmei numarust Ha Oywly HaceneHus!

Msico, kr 38 40 52 521 532 526 558 604 667 679 652 725 805 823
Xneo, kr 97 98 100 1093 111,11 1120 1140 1171 91 85 84 81 81 80
Pui6a, Kr 10 10 10 105 105 107 108 109 7.7 88 12,1 6,4 6,7 82
OBoLum, kr 80 75 75 824 826 86 909 914 996 842 878 87 832 884
Table 2

Consumption of resources by the Tomsk region from 2000 for 2013’

Unit Year
measurements 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Electricity
Thousand KWh 4086192 4183316 4273745 4578412 5049439 4937988 5303324 3088018 4490000 5141000 5251000 5060000 5877000 4871000
Coal
Tons 1852006 1778806 1604315 1669575 1623828 1425845 1361986 1260992 1205642 1197860 1125676 1106678 1106589 1000675
Oil
;I;Jc;r:sofreference 165258 126454 138040 96409 87053 57078 60492 48888 40765 41789 39875 38789 37754 37787
Gas
Thousand m® 1921040 2141235 2375532 2628384 2867018 2678542 2897119 2894344 2789800 2889778 2665677 2809000 2889899 2878776
Water
Liters 78940 77180 73630 75100 69220 69540 65980 62840 60234 580789 51803 48156 51615 42510
Food per capita
Meat, kg 38 40 52 521 532 526 558 604 667 679 652 725 805 823
Bread, kg 97 98 100 1093  111,1 1120 1140 1171 91 85 84 81 81 80
Fish, kg 10 10 10 10,5 105 10,7 10,8 10,9 77 88 12,1 64 67 82
Vegetables, kg 80 75 75 824 826 86 909 914 996 842 878 87 832 884

¢ O¢unmansuei caiit Pocctata. URL: www.gks.ru
7 Official website of Rosstat. Available from: www.gks.ru
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——Altai Republic (Pecny6nuka Antait)
——Republic of Buryatia (Pecny6nuka Bypstusi)
——Tyva Republic (Pecny6nvika TeiBa)
——Republic of Khakassia (Pecny6nuka Xakacus)
—— Altai region (AnTarickuii kpai)
——Krasnoyarsk region (KpacHosipckuii kpait)
——Taimyr (Dolgano-Nenets) Autonomous Okrug

(Tavimbipckuii ([JonraHo-HeHeukwii) aBTOHOMHBI OKPYr)
——Evenk Autonomous Okrug

(OBEHKUINCKN aBTOHOMHBbI OKPYr)
20 —— Irkutsk region (UpkyTtckas o6nactb)
——Ust-Orda Buryat Autonomous Okrug
(YcTb-OpablHCcKUiA BypaTckuii aBTOHOMHBI OKpyr)
——Kemerovo region (Kemeposckas 06nacTb)
Novosibirsk region (Hoeocnbrpckas o6nactb)
Omsk region (Omckas 0651acThb)
Tomsk region (Tomckas o6nacTtb)
Chita region (YuTuHckas o6nactb)
Aginsky Buryat Autonomous Okrug

(AruHCKuiA BypaTCKWit aBTOHOMHBI OKpYr)
Zabaykalsky region (3a6aikansckuii kpaii)
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Puc. 3. InHamuka nonHom molHocTn cydbektoB CDO 3a nepuog c 1998 no 2016 .
Figure 3. Dynamics of full capacity of subjects of the SFD from 1998 for 2016

——Altai Republic (Pecnybnvika Antait)
—— Republic of Buryatia (Pecny6nuka Bypsatus)
10 ——Tyva Republic (Pecny6nvka TeiBa)
—— Republic of Khakassia (Pecny6nvika Xakacusi)
—— Altai region (AnTaickuii kpai)
8 —— Krasnoyarsk region (KpacHospckuii kpait)
—— Taimyr (Dolgano-Nenets) Autonomous Okrug

(Tanmblipckuii (JonraHo-HeHeukwit) aBBTOHOMHBIIA OKPYT)
—— Evenk Autonomous Okrug

(OBEHKUINCKNI aBTOHOMHBbI OKPYr)
6 —— Irkutsk region (MpkyTckas o6nactb)
—— Ust-Orda Buryat Autonomous Okrug
(YeTb-OppablHCKMiA BypaTckuii aBTOHOMHBI OKpyr)
—— Kemerovo region (KemepoBsckas 061acTb)
Novosibirsk region (HoBocubupckas ob6nactb)

Omsk region (Omckas o6nacTb)

Tomsk region (Tomckasi o6nacTs)

Chita region (YuTuHckas obnacTb)

Aginsky Buryat Autonomous Okrug
(ArvHCKUiA BypaTCkuil aBTOHOMHbI OKPYr)

Zabaykalsky region (3a6aikanbckuii kpait)

e — —~\
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Puc. 4. InHamuka nonesHom MoLHocTn cyobekToB CPO 3a nepmop c 1998 no 2016 .
Figure 4. Dynamics of useful power of subjects of the SFD from 1998 for 2016

AHanu3 TUHAMHUKU TOJIE3HOW MOITHOCTH MOKa3ajl, YTO MaKCHUMaJIbHBIX 3Ha-
YeHHW OHa Jocturaetr B KpacHOSpCKOM Kpae, a MUHUMAaJIbHBIE 3HaUeHUsT HaOJIr0-
natotcs B PeciyOonmkax TreiBa 1 AnTaid, ATMHCKOM BypsiTCKOM aBTOHOMHOM OKpYyTe€.
Hauunas ¢ 2012 r. none3Hast MOIIHOCTh IOCTENEHHO yBeInuuBaercs. B peruonax
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3a HaOJIIOgaeMblii BpEMEHHON OTPE30K OTMEYArOTCs IEPUO/IbI KaK CO CHIKEHHUEM,
TaK U C YBEJIIMYCHUEM 3HAYEHHI MOJIE3HOM MOITHOCTH. [[aHHbIN oka3aTenb B PO
“Men TeHaeHuuto kK pocty ¢ 2000 o 2005 r., u nocne peskoro naaenus B 2006 r.
Takke HabOmrogaeTcs TeHAeHIHs pocta. UTo kacaercs deaepaibHBIX OKPYTOB, TO
B OOJILIIMHCTBE U3 HUX OTMEYAETCsl POCT MOJIE3HOM MOITHOCTH, 32 UCKIIOYEHUEM
Cesepo-Kagskazckoro u [IpuBomkckoro denepaibHbIX OKPYTOB.

Pa3HocTh MeX1y MOJHOM U MOJE3HOM MOIIHOCTSIMU TEKYLIEro U MpPelbIay-
IIEr0 TOJI0B HA3bIBAETCS MOIIHOCTHIO MOTEph. PacueT MOIIHOCTH MOTEPHh MpUBE-
JIeH Ha puc. 4.

30
—— Altai Republic (Pecny6nuka AnTait)
—— Republic of Buryatia (Pecny6nuka Bypsitus)
—— Tyva Republic (Pecny6nuka TeiBa)
——Republic of Khakassia (Pecny6nvika Xakacus)
—— Altai region (AnTaiickuii kpaii)

20 —— Krasnoyarsk region (KpacHosipckuii kpaii)
—— Taimyr (Dolgano-Nenets) Autonomous Okrug

(Tanmblipckuii (JonraHo-HeHewuKwin) aBTOHOMHBIA OKPYr)
—— Evenk Autonomous Okrug

(OBEHKUIACKNI aBTOHOMHbI OKPYT)
15 Irkutsk region (MpkyTckas o6nactb)
—— Ust-Orda Buryat Autonomous Okrug

(YcTb-OpaplHCKMiA BypaTckuil aBTOHOMHBIN OKPYT)
—— Kemerovo region (Kemeposckas o6nactb)
10 Novosibirsk region (HoBocubupckas o6nactb)

Omsk region (Omckas 06nacTb)

TN —— Tomsk region (Tomckas 06nacTb)
\/ AR — /

Chita region (YuTuHckas 061acTb)

— — \ — Aginsky Buryat Autonomous Okrug
~-\——\ (ArvHCKuiA BypATCKWiA aBTOHOMHBI OKPYr)
Zabaykalsky region (3a6aikansckwii kpai)
—  —— ——
0 e — —

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Puc. 5. lnHammnka mowHocTr notepb cyobekToB CPO 3a nepmog c 1998 no 2016 r.
Figure 5. Dynamics of power of losses of subjects of the SFD from 1998 for 2016

AHanmu3 MomHOCTH 1oTeph cyobekToB CDO mokasai, 4To MaKCUMaJIbHBIX
3HaueHH oHa aocturaeT B KpacHospckoMm Kpae, a MUHUMaJIbHBIX — B OMCKOM
n Yutuackoit obmactax, YcTb-OpablHCKOM BypsATCKOM aBTOHOMHOM OKpYTE.
C 2012 r. B cyObekTax oTMEYaeTcsi pOCT MOILTHOCTH MoTepb. B 1enom B cyObek-
Tax HaOIOJaeTcs YepedoBaHUE TEPHOJOB CHUKCHUS W TOBBIIICHUS 3HAYCHHUN
MOIIIHOCTH MOTeps (puc. 5).

Pacuer nokasarens KIIJ] mokasan, 4ro abconOTHO BO BCEX peruoHax 3a Ie-
puoa ¢ 1998 no 2016 r. on cocraBun 0,29 u He MeHsIICS 3a BECh MEPUOJI, 32 UC-
kimouenueM 2010 r., xorga pocturan 3Hadenui 0,3 (puc. 6). Jlns cpaBHeHMS:
3a 3TOT ke Nepuoj AaHHbIM noka3arenab B PO usmensics ¢ 0,29 go 0,30. Takas
K€ TEHJEHIUS XapakTepHa JUIsl BceX (heaepajbHBIX OKPYIOB, 32 HCKIIOYEHUEM
Cesepo-Kasxkasckoro, rae 3nauenus KI1/1 B Pecy6nuke MHTrymeTss usmMeHsUMCh
¢ 0,18 1o 0,32.

PecypcHblil moTeHMan pernoHa HanpsMYHO CBSI3aH C COLMATbHO-3KOHOMU-
YyecKkuM norteHuuanoM. Hanbosee moaHO colManbHO-3KOHOMMYECKUN MOTEHIIUAT
OTpa)kaeT TaKoH MoKa3aTelb, KaKk KauecTBO KU3HH (CM. (4)). B 3HaunTensHOM KO-
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au4ecTBe 3apyOeXHbIX padoT [8; 9] mpoBOIUTCS OLEHKA KauyecTBa >KU3HU depe3
pasnuyuHble oKa3aTenu (OTHOLIEHHE K 3/10pOBbIO, 3200J€Ba€MOCTD, ICUXHUUECKOE
30pOBbE M T. 1.)°. MHOIHE M3 3THX OLEHOK 0a3MpYIOTCS Ha OMPOCE DKCIEPTOB,
TO €CTh MMEIOT CYObEeKTUBHBINA XapakTep. Hamm pacueTsl OCHOBaHBI Ha MCIIOJNb-
30BaHMM TAKMX IMOKa3aTesel, Kak KaueCTBO Cpefibl, YPOBEHb KH3HH M MPOJIOJIKHU-
TEJILHOCTh KU3HHU TPU POXKIECHUH. DTH MOKA3aTeNId UMEIOT 1O CO00H HaydyHOe
000CHOBaHME U OTHOCATCS K (PU3MUYECKH M3MEPUMBIM BeIMYMHAM. Pe3ynbTaThbl
pacueta kadectBa xu3Hu B COO npeacTaBieHsl B Ta0I. 3.

——Siberian Federal District

(Cubupckuii depepanbHblin OKpyr)
~ Altai Republic (Pecny6nvka Anrait)
~—Republic of Buryatia (Pecny6nuka Bypsatus)
—Tyva Republic (Pecnybnvika TeiBa)
~—Republic of Khakassia (Pecnybnuka Xakacus)
=== Altai region (AnTaiickwvi1 kpaii)
~— Krasnoyarsk region (KpacHospckwii kpaii)
~—Taimyr (Dolgano-Nenets) Autonomous Okrug

(Tarimblpckuit (JonraHo-HeHeLKmii) aBTOHOMHbIV OKPYr)

Evenk Autonomous Okrug
(OBEHKWIACKNI aBTOHOMHBIV OKPYr)

~—Irkutsk region (MpkyTckas o6nacTb)
3 ~—Ust-Orda Buryat Autonomous Okrug
(YcTb-OpablHCKkuiA BypaTCKMin aBTOHOMHBI OKPYT)

Kemerovo region (Kemeposckas 06nactb)

Novosibirsk region (HoBocubupckas o6nacts)

|_—
~——0msk region (Omckasi 06nactb)
Tomsk region (Tomckas o6nacTb)
= il
- Chita region (YvTuHckas o6nactb)
——
Aginsky Buryat Autonomous Okrug
(ArnHcKmnin BypsiTCknii aBTOHOMHBI OKPYT)
pE——
Zabaykalsky region (3abaiikanbckuii kpait)
S
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Puc. 6. lnHamuka kavecTtBa xun3Hu B cydbektax CPO 3a nepunog c 1999 no 2016 r.
Figure 6. Dynamics of quality of life in subjects of the SFD from 1999 for 2016

Ananu3 rpaduka kadectBa xku3HH B cyobekTax CDO mokaszan, 4To B peru-
onax C®O Hal1r01aI0TCS TEPUOIBI YBETHUEHHS 1 YMEHBIICHUS KaueCTBa JKU3HU.

8 The World Health Organization quality of life assessment (WHOQOL): position paper
from the World Health Organization // Social Science & Medicine. 1995, November. Vol. 41. Is-
sue 10. Pp. 1403-1409. The WHOQOL Group. http://doi.org/10.1016/0277-9536(95)00112-k
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Haubonbve 3HaueHus KadecTBa XKU3HU oTMevaroTcs B KpacHosipckom Kpae u
Kemeposckoii obmactu, a HanmeHnbinue — B PecniyOonmkax Xakacus u TeiBa, B OM-
ckoit oomactu. B P® otmeuaercs poct kadectBa xu3Hu 10 2006 T., 0THAKO yKe B
2007 r. mpomsomien pe3kuii craa, mocie yero ¢ 2007 go 2016 r. HaGmogaercs mo-
CTETEHHBIN POCT KayecTBa KU3HU. B pernonax 3a paccMarpuBaeMblil mepHoj Ka-
YEeCTBO KU3HU OCTAETCS Ha €AMHOM ypOBHE, 3a HCKIroueHHeM [IpuBoikckoro u
CeBepo-KaBkasckoro genepaiabHbIX OKPYTOB, B KOTOPBIX (PUKCHPYETCSI CHU)KEHUE
KauecTBa )KM3HHU HACEJICHMSL.

3aKIIIOYUTEIbHBIM 3TAllOM HAILIEro HCCIENOBaHUS Oblla HIeHTH(UKanus
CYIIECTBYIOIIETO COCTOSIHUSI U aHAJIU3 1IEJIEBOTO coCTOsiHUSA cyOBekToB CDO. Pe-
3yJbTaThl UCCIIEI0OBaHUS MPECTaBICHbI B Ta0I. 3.

AHanu3 Tabia. 3 mokasan, 4To 60JbIKUHCTBO cyObekTOoB CDO oTHOCATCS K
SHEProCHIPbEBOMY, WIIM SKCTEHCHBHOMY, CLICHApHUIO pa3BUTHs, a 4 cyObekTa —
Tomckast obnacTs, 3abaiikanbckuii, KpacHosipckuil 1 Anraiickuii kpast — K UHIY-
CTpHAJIbHO-UHHOBAIIMOHHOMY ClieHaputo. il SHEProchIpbeBOT0, MU SKCTEHCUB-
HOTO, CIIEHApHUs XapaKTEpHO CHM)KEHUE KauecTBa OKPY KaIoUIeil cpeapl, a JIIsl UH-
JyCTpUAJIbHO-UHHOBALMOHHOTO — MOBBIIIEHUE KaueCTBa OKPYKAIOLIEH CpeIbl.

Uro kacaercs ropHoit yactu CDO, To Pecriyonuku TriBa, Xakacus, Anraid,
Bypstusa u MpkyTtckas 061acTh UMEIOT SHEPrOChIPbEBOM, MIIM SKCTEHCUBHBIMN, CIIe-
Hapuil pa3Butus, a KpacHospckuil u 3alalikanbCKuil Kpasi — MHIYCTPUAJIbHO-
VHHOBALIMOHHBIN CLIECHAPUH.

Tabnuuya 3
UpeHTudMKaums cyLLecTBYIOLLEro COCTOSHUSA U aHaNU3 LefIeBOro CocTosaHus cyobekToB CHDO
CyGnexT YucneHHoctb| Mone3Has Monnasa COBO‘;(::::M OKKa;::;Boeﬁ
%CDO HacesNieHusi, | MOLWHOCTb, |MOLLUHOCTb, yp py e CueHapuii
ven. BT BT XKN3HMU, npupoaHoii
kBt/yen. cpepapbl
Pe%yg;’“‘a 120001 0,467, 0,139} 0,68 0,14}
P?y”g’fﬁ;’;"a 150004 3,6) 1,00 1,08, 0,71
Pec{'g’lg’;”'(a 90007 0,281 0,171 0,271 0,9] 5
Hepro-
Pecnybnuka CbIPbEBOWA,
Xakacus 18000 0,161 0,061 0,217 0,8] i
9KCTEHCUBHBbIN
Keweposaias | 226000, 2,11 0,241 1,53 0,4
HosocuGap- | 470001 3,61 0,751 1,31 0,5
006“71‘;'212 139000 5,31 1,221 0,24 0,6]
I)%"J;'ggi: 220001 2,081 4,51 0,04] 0,061
3abarikanbckuin
o 167000 0,3 0,11 2,1 0,2
Kpan ! ! ! ! ! MHpycTpransHo-
v VIHHOBAUMOHHbII
Kpac:ggﬁpc'("'“ 135000} 8,3 2,18] 5,21 0,181 H
A”Tlf‘p"‘a%"”” 265000, 0,911 0,321 2141 0,011
OHepro-
MpkyTckas CbIPbEBOW,
oBNACTD 211000} 0,31 2,241 0,011 0,8] i
3KCTEHCUBHbIN
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Table 3
Identification of the existing state and the analysis of a target condition of subjects of the SFD
Subject of Cumulative .
the Siberian | Population, Useful Full power, | standard Quality of .
L the natural Script
Federal persons power, gW gw of living, environment
District kW/person
Altai Republic 120001 0.467] 0.139} 0.68] 0.14]
Republic
of Buryatia 15000} 3.6 1.09] 1.08] 0.7]
Tyva Republic 90001 0.28% 0.177 0.27% 0.9]
Republic
. 18000} 0.167 0.061 0.211 0.8} Energy resource,
of Khakassia or extensive
Kemerovo
region 226000 217 0.241 1.53| 0.4]
Novosibirsk
region 470007 3.67 0.751 1.37 0.5}
Omsk region 139000} 5.31 1.22¢ 0.24| 0.6}
Tomsk region 220001 2.087 4.5 0.04] 0.0671
Zabaykalsky
) 167 . 1 2.1 2
region 67000 0-31 0111 ! 0-21 Industrial
Krasnoyarsk and innovative
region 135000 8.3 2.18] 5.21 0.18%
Altai region 265000 0.91% 0.321 2.141 0.01¢
. Energy resource,
Irkutsk region 211000} 0.31 2.241 0.017 0.8] or extensive

Taxkum obpa3om, u ropHas, u paBHUHHas yacTu CPO UMEIOT 0JANHAKOBBIE
CLICHApUU Pa3BUTHS, 32 UCKIIOYEHHUEM TaKMX PErHoHOB, kKak ToMmckas 00iacTb,
3abaiikansckuii, KpacHospckuii u Anraiickuii kpas. ns mepexofa cyObeKTOB
C®O Ha penbchl yCTONUMBOIO HHHOBAI[MOHHOTO PAa3BUTHSI HEOOXOUMO COTJIaco-
BaHHOE C JeMorpaduyecKkoi, COIMaIbHON M 3HEProdKOJIOTHYECKON MOIMTUKOM
MOBBIIEHUE YPPEKTUBHOCTH MPOU3BOJCTBA M CHIDKEHHE MOTPEOICHHUS TPUPOJI-
HBIX DHEPrOPECYPCOB.

3aknyeHue

1. Pe3ynbraThl McciaenoBaHus Moka3ajid, 4To Ha Bcell Tepputopun Cubup-
cKoro (hemepaibHOTO OKpyTa (BKIIFOYasi TOPHYIO YacTh) HE OTMEYAETCs XPOHOIIe-
JIOCTHBIN MTPOLECC YCTOMYNBOTO MHHOBALIMOHHOTO PA3BUTHSL.

2. [TonHasi MOITHOCTh JOCTHIIIA MAKCUMAIILHBIX 3HAUEHUH 3a mepuoj ¢ 1998
o 2016 r. B KpacHosipckoM kpae. MUHMMaibHbIE 3HAUEHUS TIOJHOW MOIIHOCTH
orMmeueHsl B MpkyTckoil obnactu, Pecniyonukax Anrait u TeiBa. C 2012 r. nquna-
MHKa TIOJTHOM MOIIHOCTH MMeeT TeHAeHIMIO K yBenmdueHuto. C 1998 r. B cyObekTax
C®O nonHas MOLTHOCTh UMEET MEPUO/Ibl YBEIMUEHUS M YMEHBIIICHHS 3HAUCHU .

3. ITone3Hass MOIIHOCTB JHOCTUTaeT MakCUMalbHBIX 3Ha4eHUH B KpacHosp-
CKOM Kpae. MuHHUMasbHblEe 3HaUeHUs HaOmonatores B Pecnyonukax ToiBa u Ad-
Tali, AruHCcKoM bypsTckom aBTOHOMHOM Okpyre. Haumnas ¢ 2012 r. nonesnas
MOIIIHOCTh MOCTENIEHHO yBeln4yuBaeTcs. B pervonax 3a HaOnrogaeMblii BpeMeH-
HOM OTPE30K OTMEUAIOTCS MEPUObI KaK CHWKEHUS, TaK U YBEIUYCHHS 3HAYCHUU
IOJIE3HON MOIIHOCTH.

4. ITone3Hast MOIIHOCTB JOCTUraeT MAKCUMAJIbHBIX 3HaUeHUH B KpacHosipckom
Kpae, a MUHAMAJIBHBIX — B OMcKoW 1 UNUTHHCKOHM 00macTsX, Y cTb-OpIbIHCKOM
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Bbypsarckom aBroHoMHOM okpyre. C 2012 r. B cyObekTax 0TMEYaeTcsi pocT MOIII-
HOCTH NOTepb. B 1enoM B cyObekTax depeayroTcs NMepuobl CHUKEHUS U TOBbI-
LICHWSI 3HAYE€HNUI MOILIHOCTH ITOTEPD.

5. Pacuer nokazarens KIIJ[ mokasasn, 4To aOCOIIOTHO BO BCEX PETMOHAX C
1998 no 2016 r. on coctaBun 0,29 1 He MEHSJICA 3a BECh IEPUO/I, 3a UCKIIIOUECHHU-
em 2010 r., xorma mocturan 3Hauenwuii 0,3.

6. Ananu3 rpaduka kauectBa kHu3HH B cyObekTax CPO mokaszai, 4To B pe-
ruoHax C®O nHabOmogaroTCs NMEpPHOJbl YBEIWYEHHS] M YMEHBIICHHS KayecTBa
xu3HU. Hanbonblue 3HaYeHHs KadecTBa XU3HM oTMedaroTcs B KpacHospckom
kpae u KemepoBckoii o0nactu, HauMmeHbIne — B PecyOnukax Xakacust u TriBa,
B OMckolt obnacTH.

7. bonpmmHCTBO cyOBeKkTOB CDPO OTHOCATCS K SHEPrOCHIPHEBOMY, I JKC-
TEeHCHUBHOMY, CLIEHapHUIO pa3BuTHs, a 4 cyobekra — ToMckas obmactb, 3abaiikanb-
ckuii, KpacHosipckuii 1 AnTaiCckuil Kpasi — K MHIyCTPHAIbHO-UHHOBALIMOHHOMY
cueHapuro. [[s1 sHEprochlpbeBOro, MM AKCTEHCUBHOTO, CLIEHAPHUS XapaKTEPHO
CHIDKEHHE KauecTBa OKpPY XKarolle cpesbl, a A MHAYCTPUAIbHO-UHHOBAIIMOHHO-
IO — IOBBIIIEHUE €€ Ka4eCTBa.

8. s mepexona cyobexktoB CPO Ha penbehl yCTOWYMBOrO MHHOBALMOHHO-
ro pa3BUTHS HEOOXOAMMO MOBBIIIEHHE YPPEKTUBHOCTH MPOU3BOJCTBA COIJIACO-
BaHO C JieMOrpaduecKOi, CONMATBHON U SHEPTOIKOIOTHUECKOM TIOJIUTHKOM, a TAKKE
CHIDKEHHE NOTPeOJIeHUs IPUPOIHBIX S3HEPTOPECYPCOB.
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9dPekTUBHOCTb NPUMEHEHNS CKPYyOOepHOro metoaa
OYNCTKN BbIOPOCHbBIX ra30B B MPOMBbILLJIEHHOCTHU

A.H.Kapes™, ML.II. Topun

Poccutickuii eocyoapcmeennuiii ynugepcumem umenu A.H. Kocvieuna
(Texnonoeuu. Juzaiin. Ucxyccmeso), Mockea, Poccusi

B alexcarew777@yandex.ru

AHHoTanusi. Ha COBpeMEHHOM 3Tame pa3BUTHUS TEXHOJOTHI JAlleKO HE BCE BHIBI
MPOMBIIUICHHOTO MPOM3BOJICTBA OKA3BIBAIOT OJIATOMPHUITHOE BO3JCHCTBUE HA OKPYKAIOIIYIO
Cpedy M, KaKk CICACTBHE, Ha 4YelloBeKa. Tak, MPOM3BOJCTBCHHBIC MPOIECCH XUMHUSCKOW U
TEKCTUJILHOW MPOMBILIIEHHOCTH MOTYT CONPOBOXK/IATHCS BBIACICHUEM ILIENOr0 Psijia SIOBUTHIX
U BPEIHBIX Ta3000pa3HbIX COCTUHEHH, MBIICBBIX B3Becel u mapa. X BeIOpoC B atMochepy
IOPOUCXOIUT HApSIIy C OTPabOTAHHBIMHU Ta3aMH, [IPU STOM CYMMAapHOE OTPHUIIATEIBHOE BO3-
JeficTBUE Ha OOIYI0 KOJOTHYECKYI0 OOCTAaHOBKY 3HAYMTENBHO BBILIE B CHIIy BO3MOXKHBIX
XUMHYECKHX PEaKIHii B CMECsX ¢ 00pa30BaHUEM HEPEICKa3yeMbIX MPOAYKTOB. IMEHHO MO3TOMY
3HAYCHUC OYUCTKH BbIGpaCI)IBaeMLIX Ta3oB B Iporecce HpOMLIH.U'IeHHOﬁ JCATCIIbHOCTH HEBO3-
MOXXHO He/1001eHHTh. CaMbIM MOMYJSIPHBIM U HanboJiee [efCTBEHHBIM METOJJOM OYUCTKU OT
BBIOPOCOB TIBUTH SBJISIETCS CKPYOOEpHBIM METOJ OYMCTKH BO3/yXa, PEAM3yeMblii HIMEHHO B
TOT MOMEHT, KOTJIa YCTpaHseMas BO3/IYyIIHAsS CMECh 00J1a1acT CPABHHUTEILHO BBICOKOH TeMIiepa-
Typoit. OcoOeHHO 3(p(DEeKTUBHBIM HANPABJICHUEM TI0 YBEIIMYCHHIO TIYOWHBI yTUIM3AIHA TETl-
JIOTHI BI&XXHOTO T'd3a M ra30B MapoOreHepaTopoB, YXOISIIHUX OT TEIMJIOTEXHOIOTHYECKUX allia-
paToB, BBICTYMAET MPUMEHEHUE TEIUIOTHI KOHACHCALUKM BOASHBIX IapOB, KOTOPHIC BXOIST B
cocTaB 3THX cMeceil. MccnenyroTest cTainy NpOSKTHPOBAHUS ¥ MOJEIH, JIeKAlllie B OCHOBE
MIPOEKTHPOBAHUS U KOHCTPYHPOBAHUSI ariapata MOKPOW OYMCTKH ra30B, MOIMAJAONINX B aT-
Mocthepy B pes3ysbTare MPOH3BOJCTBEHHOHM ACATEIbHOCTH. TakiKe pacCMOTPEHBI CHCTEMBI
YTUIU3ALUU BTOPUYHBIX PECYPCOB JHEPTETUKHU, IPUMEHAEMBIX B HACTOAILEE BPEMS.

KnroueBble ¢10Ba: BEIOPOCHBIE Ta3bl, OTXOIAIINE Ta3bl, TApOreHEePaToOPHl, BIAKHBIH ra3,
TEIUIOTa KOHJEHCAllUH, HarpeB BOJbI, YTHIIN3ALUs TEIIIOTHI, TAPOBOIl KOTEN, CUCTEMA YTHIIU-
3aIlid, BTOPUYHBIE SHEPTETHYECKUE PECYPCHI, SKOHOMA3ep, KOHTAKTHBIE TEIJI00OMEHHUKH
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The effectiveness of the scrubber method
of cleaning exhaust gases in industry

Alexey N. Karev®, Mikhail P. Tyurin

Kosygin Russian State University, Moscow, Russia
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Abstract. Unfortunately, not all types of industry have a positive impact on the envi-
ronment and people, for example, the processes of the chemical and textile industries can be
accompanied by the release of toxic and harmful gases, dust and steam. And already, along
with the exhaust gases, they are released into the atmosphere, while the negative impact on
the overall environmental situation only doubles. That is why the importance of cleaning the
emitted gases in the process of industrial activity cannot be underestimated. The most popular
and most effective method of cleaning from dust emissions can be designated as the scrubber
method of air purification, precisely at the moment when the air being eliminated has a rela-
tively high temperature level. In addition, the use of the heat of condensation of water vapors
contained in them is a particularly effective direction for increasing the depth of heat recovery
of wet gas and steam generator gases leaving heat technology devices. This article is devoted
to the study of the stages and models of the process of designing and constructing a device for
wet cleaning of gases that are released into the atmosphere as a result of certain production
activities. The study of the systems of utilization of secondary energy resources used at the
present time was also carried out.

Keywords: exhaust gases, waste gases, steam generators, wet gas, heat of condensa-
tion, water heating, heat recovery, water heating, steam boiler, system of utilization, secon-
dary energy resources, economizer, contact heat exchangers
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BeepgeHue

OnHYM U3 IPUOPUTETHBIX U MEPCIEKTUBHBIX CTPATETMYECKUX HAIIPABICHUN
MIPUHATON IMPOrpaMMBbl HAy4HO-TEXHOJOTHYECKOro pasBUTHA Poccum sBisgercs
sHeprocoepexkeHre. B craTbe mpeacTaBieHbl pe3ysbTaThl HCCIEIOBaHUS METO-
JI0B, 00€CNEeYMBAIOUINX MOBBIIIEHUE MPOJYKTUBHOCTH CHUCTEM YTUIU3ALUU U
OYHMCTKH BBIOPOCHBIX Ta30B, HA OCHOBAHHHM ITOCTPOEHUs MOJEJEH U Mmocienyrole-
ro X KoopaumHupoBaHus. Kpome TOro, npoaHaJmsupoBaH psAx 3aj1ad, 3aTparuba-
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IOLIMX BOMPOCH YCTpoiicTBa 000py10BaHUs, HEOOXOIUMOTO JUIs JOCTHXKEHUS MO-
CTaBJICHHOM LIEJIH.

Pa3paboTka HOBBIX M MOJIEPHHU3AIUS UMEIOLIUXCS CUCTEM YTUIIM3AIH BTO-
PUYHBIX DHEPrOpeCcCypcoB Ha OCHOBAHHH TEXHOJIOTHH SHEProcOepekeHUs Mpe-
cTaBisieT co0oi caMblil A(HEKTUBHBIN CIIOCOO CIPaBUTHCA C pa3pelIeHHeM BO-
MPOCOB, CTOSIIMX MEpei dHepreTudeckor orpacibio [1]. [laHHOe HampaBiieHUE
COOTBETCTBYET OOLIMM TEHACHLHUSM Pa3BUTUS U OTHOCUTCS K OAHOMY M3 Iep-
CHEKTUBHBIX CTPATErMYECKUX BEKTOPOB IKOHOMHUKH HAIIETO roCcyAapcTBa.

HenocpencrBenHast yrpaTta TEIUIOTHI ¢ OTXOIAIIMMHU HPOAYKTAaMU TOPEHHS
oOpa3yet HanOoJIblIee KOJIMYECTBO BTOPUYHBIX TEIJIOBBIX IHEPIOPECYPCOB Mapo-
TeHEepPaTOPOB. DHEPreTUYECKHE MOTEPU — MOSABISIONIMECS C BEBIOPOCOM BIIAXKHOTO
raza, KOTOpbIi 00JIafjaeT HEYCTOMYMBBIME TeMIiepaTypamu B auanazone 120—130 °C,
B TO BpeMs KakK MaporeHepaTophl ¢ MpeledbHbIM YPOBHEM MOIIHOCTH, MEHBLINM
yeM 0,7 kBT, npou3BoasT BEIOPOC ABIMOBBIX T'a30B ¢ Temreparypoit 6onee 200 °C —
COCTaBIISIIOT HAauOOJIbIlIEe KOJMUYECTBO BTOPUUHBIX SHEPTrOPECypCoOB TEILIOTEXHO-
JIOTUYECKHUX YCTPOMUCTB.

OpHako He BO BCeX CIIydasx MpPU MOMOIIM UMEIOIIUXCS CIIOCOO0B BO3ZMOX-
HO YMEHBIINTH OTEPIO TEIJIOTHI IPHU OTAECIEHUH POAYKTOB CTOPAHMS.

[TopuepkHeM, UTO B Cilydae CKUTaHMS HETIOCPEICTBEHHO B CAMMX Iapore-
HepaTopax 0cOO0eHHO Y(PPEKTUBHBIM U MPOAYKTUBHBIM MOXHO MPU3HATH TOJIBKO
razoo0pa3Hoe TOIUIMBO. Takoil BbIBOJA OOYCJIOBIEH CIEAYIOIIUM: OTCYTCTBHE CO-
€MHEHUN cepbl MO3BOJISIET OXJIAXKAATh MPOAYKTHI CTOPAHUS 10 MPEIEIbHO HU3-
KOT'O YPOBHS TEMIIEPATYPHI.

OueHKa NoTeHuMana BTOPUYHbIX SHEPreTu4ecKnx pecypcos
yXoAsaLWMX NPOAYKTOB CrOpaHUs TenI0TeXHOJIOrMY4eCcKuUX YCTaHOBOK

JIOCTOMHCTBO NMPUMEHEHUSI CKPBITOM TEIUIOTHl apooOpa30BaHUs ABIMOBBIX
ra3oB COCTOUT B BO3MOXKHOCTH MCIIOJIb30BaTh IOJTY4YEHHBIH KOHIEHCAT, 4TO Cy-
IIECTBEHHO COKOHOMHUT Boay [2].

Wrax, 0603HauMM NpUOIHU3UTENBHBIE YCIOBUS A MPEIBAPUTEILHON OLIEHKU
NPOAYKTUBHOCTH Y NEPCIIEKTUBHOCTHU Psijia ICWCTBUI, HAIIPABJICHHBIX HA YBEJIMUEHHE
SKOHOMHYHOCTH, PEaTM3yEeMbIX B OTHOIICHUH ITapOTeHEPATOPOB (TA0IHIIA).

[TpumeHeHre caMoro TEIIOOOMEHHMKA SIBIISETCS JOCTATOYHO 3HAUYUMBIM U
Ba)XHBIM MOMEHTOM, TaK KaK UMEHHO OT €ro MCIOJIb30BaHMs 3aBUCHUT, HACKOJIBKO
MIPOTYKTUBHBIM Oy/I€T IPUMEHEHUE BObI, HArpeB KOTOPOM, B CBOIO OUEPElb, MOKHO
BBIIIOJIHUTH TOJIBKO /10 KOHKPETHOro TeMiiepaTypHoro ypoBHs (ot 50 no 60 °C) [3].

Taxxe BBIOOp YCTpONCTBA CHUCTEMBI 10 YTHIM3ALMM TEIUla, HAXOAIIErocs B
JIBIMOBBIX Ta3aX KOTEIBHBIX, M THIA UCTIONB3yEMbIX YTHIN3aTOPOB HEOOXOAUMO OCY-
LIECTBIISATh UCXOJSl U3 UCTOYHUKOB TeIUIa, BO3MOXKHOCTH MPUMEHEHUS! PECYPCOB bl
MOBOT'0 Ia3a, TeIUIONOTpeOUTENEH, TUIIOB PUMEHSIEMOr0 TOILIMBA, CTPYKTYpPBI JIbIMO-
BOTO I'a3a, ONPEIEIIIONIECH €r0 ArpECCUBHOCTh B OTHOIIEHUH YCTPOWCTBA KOTEIBHOM.

B nenom perienne 00 ycTaHOBKE TEIUIOBBIX YTUIM3aTOPOB JODKHO IMPUHU-
MaTbCsl B COOTBETCTBUU C 3alIPOCAMH KOHEUHBIX [10JIb30BaTENEH.

Jlnst Toro 4toObl BOIUIOTUTH JAHHOE HANpaBJICHHE B PEalbHOCTh, CIENYET
BBISIBUTH HAIIPaBJICHUs MOTOKOB BO3JyXa U BOAbI [4], X cMeceil, cTeneHb pacxo-
JIOBaHUs, a TAK)KE YPOBEHb TEMIIEPATyphl, 10 KOTOPOTO BO3MOXHO HarpeTb HOCH-
TeNb TeIla B yTHIN3aTOPaX.
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MpuGNM3nTenbHbIe YCNIOBUS MPOAYKTUBHOCTU U NEPCNEKTUBHOCTU AeACTBUIA
ANS yBENIMYEHUS 3KOHOMUYHOCTU NapoBbIX KOT/IOB

Ne HanmeHoBaHue pencteni CGepexeHue Ycnosus
1 CokpallieHure npucoca Bo3ayxa B ra3oBomM Tpakte Ha 0,1 0,5 -
2 |YBenuyeHue koabdurumeHTa n3nmka Bo3ayxa B TomameHmke Ha 0,1 - 0,7
3 |YBenuyeHue t nuTaTenbHOM BoAbl Npu BXoAe B GapabaH KOTNo- 20 B
arperata Ha 10 °C npu p = 1,3 MMa n KMNJ kotnoarperarta i,, = 0,8 ’
4 |YBenuyeHue t nUTaTeNbHOM BOAbI NPWY BXOAE B 9KOHOMAaW3ep BO-
nsiHoro Tuna Ha 10 °C npu gasnexHunn p = 1,3 MMa n KMNJ, kotno- - 0,23-0,24
arperatan,=0,8
5 HarpeB nuTaTensHol BoAbl B 9KOHOMan3epe BOASHOro Tmna Ha 6 °C 1,0 -
6 |CokpauweHue t otxoaawmx rasos Ha 10 °C:
— [N CyXOro Tonanea 0,6 -
— BNaXHOro Tonnanea 0,7
7  |YCTpOICTBO NOBEPXHOCTHOIO 9KOHOMAaN3epa BOASHOro Tmna 4-7 -
8 MprMmeHeHne feaapaTopa BakyyMHOro Tuna Ass KOTesbHbIX, UC- 1-15 B
noJsib3yoLLMX ra3006pasHbIi BUA TonamMea ’
9  |M3meHsieMOCTb coaepXaHus YriekMCcoro rasa, HaxoasLerocs B _ 0.6
ObIMOBBIX ra3ax, Ha OCHOBaHWUM ONTMManbHOro konvyectsa Ha 1 % ’
10 |CokpalleHme roproymx BELLECTB NPU YHOCE MX ObIMOBbLIM ra3oM Ha 1 % 0,3-0,7 -
11 |BTOprYyHOE NpUMEHeHne yHoca B TOMJIMBHUK 2-3 -
12 |MpymMeHeHne OCTPOoro TMna AyTbs 2,1-2,7 -
13 |[M3mMeHseMOCTb Harpy3km koTnoarperarta no HanpasfEHNIO CO-
KpauleHus oT 0603HaveHHoW Ha 10 % MeHseT noTepto Tenna B - 0,2
aTMmocdepy (4519 KoTna ¢ MacCoBOW CKOPOCTbIO noToka D = 10 T/4)
14 |MI3mMeHseMOCTb Harpy3ku koTnoarperara (Mo HanpasfIEHMIO MOBbI-
weHus) ot 0603Ha4YeHHo Ha 10 % noBbIWAET NOTEpPIo Tenna ¢ oT- - 0,5-0,6
XOAALWMMN ra3amu
15 |O6pasoBaHue CNost HAKUMU TOJILLMHOM 1 MM Ha BHYTPEHHEN CTO- _ 5
pPOHe HarpeBaHust
16 |MprMeHeHVEe NAPOBOro pacnbiieHNs Ha Ma3yT, HAXOAALWMIACS _ o_4
B GOpCyHKax
17 |Heso3sBpat koHAeHcaTa Hal T - 0,02T.y.T.
18 |MprMeHeHVe HeM30IMPOBaHHOIO NAapPOBOro NPOB npv gaene-
pPUMEHeHVe HEN30MPOBaAHHOIO MApPOBOro NPOBOAA NPU AaBie _ 0,4 kr/4yen. .
Hun napa 0,5 Mla
19 |BbloeneHuvie napa yepes otBepcTve paamepomM B 1 MM npu p=0,7 MlMa - 3,6 kr/4ycn. T.
20 |MpuMeHeHMe NpUTOKa TEMNJIOro BO3AyxXa, UCXOASALLENO U3 BEPXHEN
3 0,013T1.y. 7. -
30HbI KOTNOBOro 3ana Ha kaxaple 10 000 m
21 |YMeHbLUEHNE BENNYUHBI NpoayBa 0,3 -
22 |YcTpoincTeo 060pyaoBaHMs Mo 064yBY C LIENbIO O4NCTKM BHELLIHUX 5.3 _
NOBEPXHOCTEN HarpeBaHus
23 |®PyHKUMOHMPOBaHME NAPOBOro KOT/a B PEXUME YMEHbLLIEHHOTO _ 6
pasnexns ot 1,3 0o 0,5 Mna
24 |ABTOMATU3NPOBAHME NPOLIECCOB CrOPaHNS U NUTaHUS NapOBbIX KOT/IOB 1-4 -
25 |PeMOHT NapoBbIX KOT/IOB HA2 OCHOBAHUM KOHTPOJIbHO-U3MEPUTENbHBIX 3.5 N
YCTaHOBOK HE MEHbLLE
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Approximate conditions of productivity and prospects of actions

inincreasing the efficiency of steam boilers

Ne Name of events Saving Conditions
1 Reduction of air suction in the gas path by 0.1 0.5 -
2 Increase in the coefficient of excess air in the fuel tank by 0.1 - 0.7
3 |Increase in the t of feed water at the entrance to the drum of 20 _
the boiler unitby 10 °C at p= 1.3 MPa and 1,, = 0.8 '
4 |Theincrease in feed water t at the entrance to the water-type _ 0.23-0.24
economizeris 10°Catp=1.83 MPaandn,,=0.8 ' ’
5 Heating of feed water in the water-type economizer at 6 °C 1.0 -
6 Reduction of exhaust gas t by 10 °C:
— for dry fuel 0.6 -
— wet fuel 0.7
7  |Water-type surface economizer device 4-7 -
8 Application of a vacuum type deaerator for boiler houses using 1215 _
a gaseous type of fuel )
9  |Variability of the carbon dioxide content in the flue gases _ 0.6
based on the optimal amount per 1% '
10 |Reduction of combustible substances when carried away 0.3-0.7 _
by flue gas by 1% ’ ’
11 |Secondary use of entrainment in the fuel tank 2-3 -
12 |Application of the sharp type of blast 2.1-2.7 -
13 |The variability of the load of the boiler unit in the direction
of reduction from the indicated one by 10% changes - 0.2
the damage to the atmosphere (for the boiler D = 10 t/h)
14 |The variability of the boiler unit load in the direction of increase from
the indicated one increases the heat damage with the exhaust - 0.5-0.6
gases by 10%
15 |Scale formation on the inner side of the heating with a thickness B 5
of 1 mm
16 |The use of steam atomization of the fuel oil in the injector - 2-4
17 |Non-return of condensate per 1 ton - 0.02t.c.f.
18 |Application of uninsulated steam wire at a steam pressure _
of 0.5 MPa 0.4kg/hc.f.
19 |Steamis released through a 1 mm hole at p = 0.7 MPa - 3.6kg/hc.f.
20 |Application of the inflow of warm air coming from the upper zone 0.013t. c. f _
of the boiler room for every 10.000 m® ' E
21 |Reducing the amount of purge 0.3 -
22 |Installation of blowing equipment for the purpose of cleaning 2.3 _
the external heating surfaces
23 |Operation of the steam boiler in the reduced pressure mode _ 6
from 1.3 t0 0.5 MPa
24 |Automation of the combustion and power supply processes 1-4 _
of steam boilers
25 |Repair of steam boilers on the basis of control and measuring 3.5 _
installations not less than
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OCHOBHbI€ TUINbl KOHTAKTHBIX TEMJ1I000MEHHbIX annapaTtos,
NX KOHCTPYKUUM U NpUuHUMn AeucTeuvs

C HCJIbKO HArpeBa BOAbI MPCUMYIIECCTBECHHO HU3KOTCMIICPATYPHBIM I'a30M B
OCHOBHOM IPHUMCHAIOTCA BKOHOMaﬁSGPBI.
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Puc. 1. Bno4Hbli KOHTaKTHbI 3KOHOMal3ep mogenn IK-bM1:
1 — BXOAHOW NaTpyboK ropsiymnx ra3os; 2 — WTyLEp OTBOAA HArpeTon Ao HeobXxoaAMMOon TeMnepaTypbl BOAbI;
3 - nepenueHolt naTpybok (nepenneHasn Tpyba); 4 — kopnyc 6104HOrO KOHTAKTHOrO 3KOHOMal3epa; 5 —NioK;
6 — pabounii psa KonbLEeBbIX Hacaaok guaMmeTpoM 50x50x5 MM, KOTOpPbIE BbIIOXEHBI CIIOSIMU;
7 — PS4 KOJbLEBBIX HACAAOK (BbIIOXEHbI HABAIOM); 8 — KanneynasaMBaloLLMA HACaO0YHbIA PAa,;
9 —ntoK — B3pbIBHOW knanaH; 70 —naTpybok Ana 0TBeAeHUs OXJTaXOEHHbIX ra3oB;
11 — BOAOpacnpenenuTenb yCTPoiCcTBa
Figure 1. Block contact economizer model EK-BM1:
1 - the inlet pipe of hot gases; 2 - the outlet of the water heated to the required temperature; 3 — the overflow pipe;
4 — the housing of the block contact economizer; 5 — the hatch; 6 — the working row of annular nozzles with a diameter

of 50x50x5 mm, which are lined with layers; 7 — a row of annular nozzles (laid out in bulk); 8 — a drip—collecting nozzle row;
9 — a hatch — an explosive valve; 70 — a branch pipe for the discharge of cooled gases; 771 — a water distributor of the device
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[biMOBbIE ra3bl

K notpeburenio
»

Puc. 2. MNMpouecc ytnnnsaumm OpIMOBbIX ra30B MapoBOro KoTna:

1 — NapoBOW KOTEN; 2 —KOHTAKTHLIN 3KOHOMal3ep; 3 — BEHTUNATOP; 4 —TennoobMeHHUK; 5 —6ak C OpoLLatoLLLE BOOOWN;
6 — Gak Ans ropsyero BOAOCHAGXEHNs; 7 — HaCOC LIMPKYNALUMOHHBIN; 8 — HACOC AN ropsvero BoAoCHaGXeHNs
Figure 2. Process of utilization of flue gases of a steam boiler:

1 - steam boiler; 2 — contact economizer; 3 — fan; 4 — heat exchanger; 5 - tank with irrigation water;

6 — tank for hot water supply; 7 — circulation pump; 8 — pump for hot water supply

s mpuMepa paccMOTpUM OJIOYHBINH KOHTAaKTHBIM SKOHOMaii3ep, MoJenu
BK-BM1 (puc. 1'). OTmMeTnM, 4TO B TEXHHMYECKOM ILIaHe YKOHOMai3ep SBIAeTcs
MPOCTBIM CMECHTEIBHBIM TEINIO00OMEHHUKOM, UMEIOIIIMM BUJI OXJIQIUTEIILHON OaIlIHH.

Takxe Ba)XHO BBLACIINTH MPOLECC YTUIU3ALMM JBIMOBBIX I'a30B MApOBOTO
KOTJIa, KOTOPBIN MIPEICTaBJIEH Ha pUC. 2.

OueHka 3 PeKTUBHOCTU IKCIIyaTaumm
KOHTaKTHbIX TEMNJIOOOMEHHbIX annapaToB

[TpoayKTUBHOCTh MPEICTABICHHBIX KOHTAKTHBIX SKOHOMAaM3epOB 3aBUCUT
OT KOJIMYecTBa pacxoayemoi Bojbl. ClieoBaTenbHO, 00bEM HArpeBacMoOW BOJIBI
B JIaHHOM BHJI€ SKOHOMaii3epa J0JKEH MPEeBOCXOIUTh MOTPEOHOCTh B XUMUYECKHU
O‘-II/IH_IGHHOI;'I BOJbI B KOTJIax.

Pazbepem TeruioBo# OanaHC KOTa, KOTOPHIA PYHKIIMOHUPYET Ha Trasze. Tak,
B cllyyae CyMMHpPOBaHUs OanaHCca HA OCHOBAaHHWH BBICOKOM TETIOTHI TOPEHUS TOTI-
JuBa OalaHC OTpakaeTcs CICIYIONIUM ypaBHEHUEM [S]:

ghw = ql + q2 + g3 + g5, (D)

rae gl — noae3Ho BOCIPHUHATOE KOTJIOM TEIUIO; g2 — MOTEPs TEIUIa ¢ OTXOIAIUMHU
razaMu; g3 — oTeps TeIja, CBsI3aHHas C HEMOJIHBIM XMMHUYECKUM F'OPEHUEM; g5 —
noTeps Teria B armochepy, kJHk/Kr.

PaccmarpuBas TeruioBoii 6anmaHc KOTEIbHBIX YCTPOHCTB, OTMETUM, YTO €T0
pacueT BBIMOJHIETCS HA OCHOBAaHUY HAMMEHBIIIEH TETIOTHl TOPEHUS TOTUIMBA [6].

Haubounee 3HaunMbIM (hakTOPOM, BIUSIONIMM Ha 3()(HEKTUBHOCTH TEIJIOBO-
ro oOMeHa M THUI THAPABIMUYECKOrO PeXHMMa, MOXKHO Ha3BaTh TAaKOM Hapamerp,
KaK CKOPOCTb TEINIOOOMEHA KOHTAaKTHOW KaMephl.

'] 26-14-88. Cocynsl 1 ammapaTtsl. HOPMBEI B METOABI pacdeTa Ha IIPOYHOCTh. DJIEMEHTHI
TEIUIOOOMEHHBIX anmapaToB. MUHUCTEPCTBO XUMHUYECKOTO M HE(TIHOTO MAaITHHOCTpOeHUS, 1989.
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Db dexkTnBHOCTH MEpesaun Teria 3aBUCUT OT TI0Ka3aTeneldl HeCKOJIbKUX T0-
TOKOB TeTjIa:

— TETUIOOOMEH B CHCTEME U3 JBIMOBBIX Ta30B U BOJIBI;

— UCTIapsIeMOCTh BO/IBI;

— MPOLIECC KOHACHCAITNH MAapO00pa3OBaHMSL.

OnHaKo TOCTaTOYHO TSDKETIO BBISIBUTh KOHKPETHBIC YHMCIICHHBIE TIOKA3aTEeNH TeTl-
JIOBOr0 0OOMEHA OTHOCHUTENIBHO TEIUIO0OOMEHHHUKOB U YKOHOMaif3epoB [7]. st aToro
HEOOXOJUMBI KPYITHOMACHITA0HBIE HMCCIIEOBAHUSI HACAJOYHBIX KaMep pa3HOro
paszMepa ¢ MPUMEHEHHEM B UCCIIEIOBAaHUSAX YKOHOMAN3epoB, dKCILTyaTalus KOTO-
PBIX MPEAIOIaraeTcs Ha Pa3HBIX JITAlax: HaYWHAs C dTana KOHCTPYUPOBAHHS U
3aKaHYMBasl SKCIUTyaTalreld KOHTAaKTHBIX 9KOHOMAa3epoB.

OTMmeTuM, 9TO OCHOBHBIM YCIIOBHEM PACTEKAHUS BOJIbI, BRIPABHUBAHHMS KOJIEII,
KOTOpBIE 3a0pachIBalOTCSl HABAJIOM, M JAPYTHX (DaKTOPOB, OT KOTOPHIX 3aBHCHT
JTAaHHOE COCTOSTHHE, BBICTYIIAET KOHEUHAs! IPOAYKTHUBHOCTh HACAIOUYHBIX YaCTEH.

IokazaTenb, OT KOTOPOTO 3aBUCUT MacCOOOMEH B pacCMaTpUBAEMON CHCTEME:
KOJIMYECTBO TOYEK OPOIIEHHUSI B KOHTAaKTHOU kamepe coctaBisgeT 500 mt Ha 1 M
CeUeHMs, YTO 00ECIIEYNBACT ITOJTHOE OPOIICHIE HACAIOUYHOTO PSJIa.

HToroBoe COOTHONICHHWE [JIsi TOYHO BBUJIOKEHHBIX KoJiell (pa3Mepom
50%50x50 MM) yMeHbIIIaeTCsl IpU COKpAIEHUU yKcia cTpyi ot 1 (B ciayyae Komu-
yectBa cTpyi He MeHbIne 500) 1o 0,394 (B cimyyae KOJIMYECTBA CTPYH, paBHOTO 5).

MaTtemaTuiyeckoe MogenmposaHme B3ammMmonencTens
napora3zosou CMecu C opoLlaemMon BoA0on HacagKkom

PaccMoTpuM pa3BuTHE aAIUTUBHBIX OCOOCHHOCTEH Pa3IUYHBIX TEXHOIOTH-
YECKHUX MPOIECCOB MpH MOMOIIM Teopuu Iieneir Mapkosa (puc. 3) [8]. B Hactos-
mee BpeMs dTa TeopHsl sBIsieTcss Hauboliee YMOTpeOUTEeNbHOM mpu pa3paboTke
MaTEMATUYCCKUX MOI[GJICfI (1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IX )41 TGHJ'IO(1)I/I3I/I‘-I€CKI/IX CUCTEM.

Puc. 3. PazsuTue npouecca uenbio Mapkosa
Figure 3. Development of the Markov chain process

B pabotax o cTpareruu CUCTEMHOro aHaiu3a, pazpadboraHHoil A. beptbe [6],
OTIpeIeJIeHO, YTO B paboyeM YCTPOICTBE MOXKHO BBIIEIHUTH OTHEIbHbIE SUEHKH,
TOYHOCTh CTENEHU TUPPEPEHIMPOBAHNS SIUEEK 3aBUCUT OT Pa3BUTHsI TEOpEeTHYE-
CKOM M MPaKTU4eCKOW 6a3bl COBPEMEHHOI paccMaTpuBaeMOMY YCTPOUCTBY SMOXH.

Wrak, mocie Toro kak saeiika qudepeHImpoBana U3 CHCTEMBI, €€ TToBeIe-
HHE MOXXHO ONKCATh IPU IMOMOIIY MAaTeMaTU4YECKON Mojaenu. Jlanee Ha OCHOBE
JAHHOM MaTeMaTU4eCKOM MOJEIW NPEAIoaraercs OIpPEACIICHHBIA alIrOpHUTM,
HampaBJIeHHBIH HAa COOp MaTEMAaTUYECKUX MOJIeJIeH TOBEJICHNUS OJIMHOUYHBIX sUEEK
B 00BbEIMHEHHYIO MOJETb Mpouecca. J[aHHbIi npoiiecc 1 ObUT TpOaHATU3UPOBAH.

Kpome TOro, Mo’kxHO BBIIEINTH MCCIEA0BAaHUS, KOTOPHIE B3aUMOCBSI3aHBbI C
knaccuukanmeil Momenei sueeKk Ha OCHOBAHMM CHUCTEMBI IIEIH, MEPEXOTHON
MaTpuIbl ¥ IPe0Opa3oBaHUEM MATEMaTHUECKUX MOJeNei.
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MaremaThuecKkui amnrapar MOJAEJEN A4€eK YHUBEPCAJIEH, K TOMY K€ UX HC-
MOJIb30BaHUE NIJIsi 0003HAYEHUST OMPEAEIICHHBIX JAEUCTBUN UCXOAUT U3 TOTO, YTO
BBIOOpP BEJIMYMHBI COCTOSIHUS U BBISBJICHUS CYIIHOCTH MEPEXOTHBIX BO3MOKHOCTEH
MOKET OBITh COOpPaH B MAaTPHILY.

3aknyeHue

MogepHu3zanys METOAMK U YCTPOMCTB C LENbIO0 BHEAPEHUS] METOJIOB KOHTAKT-
HOT'0 TEIJIOBOro 0OMeHa B CTPYKTYpPbl YTHIM3ALUK TEIlIa YXOISIIETO BIKHOIO rasa
TETUIONPUMEHSIOLIEr0 000py10BaHMs MPETIoaraeT pa3pelieHe CIeayOmuX 3a1a4:

1) BbIeNeHHEe apaMeTpoB MAaTeMaTHYECKOW MOJIENH TEIUIOBOIO Macco00-
MeHa MPUMEHHUTEIHHO K KOHTAaKTHOMY TETNIOOOMEHHUKY, HCIIOJB3YS SKCIIEpH-
MEHTAJIbHbIE I0KA3aTeNIN 1 BHIBO/IbI IPOMBIIIJICHHBIX UCCIIEIOBaHUM;

2) BBIOOp M J0KA3aTENbCTBO YCIOBHM ONTUMAIBHOCTH C IIEJIBIO OIpeee-
HUS aJITOPUTMAa UCIOIb30BAHNS KOHTAKTHOTO TEINIOOOMEHHUKA,;

3) MoaenMpoBaHKUE YCIOBUM HCIIONB30BAHUS KOHTAKTHOTO TEINIOOOMEHHHU-
Ka M OIpeJesieHNe BO3IEHCTBHS KOHCTPYKTUBHBIX M PEKUMHBIX XapaKTEPUCTUK
IpoLecca B OTHOILIEHUH €r0 SHEPTONpPOAYKTUBHOCTH;

4) aHanM3 HECTAllMOHAPHBIX YCJIOBUN MCIOJIb30BaHMUS KOHTAKTHBIX TEILIO-
OOMEHHUKOB Ha OCHOBAaHMM BBIYMCIMTEIBLHOTO MCCIIEAOBAaHUS Ha CO3JaHHOW KOM-
MIBIOTEPHON MOJIETH;

5) pa3paboTka KOMITBIOTEPHOTO TEXHHYECKOTO CIOCO0a MO pacyeTy IeHCTBUil
TEIUIOBOTO MAacCOOOMEHa /Il KOHTaKTHBIX TEIIOOOMEHHHKOB C HAacaJIKOM, KOTopas
opolLaeTcs BOJOM, U onpe/iesieHHe MOAXOIAMX 3(P(HEKTUBHBIX 1 pEKUMHBIX BEJIUUMH;

6) pa3paboTKa METOZOB OLIEHKU NPOJYKTUBHOCTH MPUMEHEHMs TeIia yXo-
JSIIIUX BIIQKHBIX TA30B, KOTOPBIE TIOTPEOIISIOT TETUIO YCTPOUCTB C LENbI0 HarpeBa
BO/Ibl, IPUMEHSEMOI B TEXHOJIOTMYECKOM MPOLIECCE KOHTAKTHBIX TEIJI000MEHHUKOB.
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Abstract. The article examines the changes in the requirements of the legislation of
the Russian Federation on the assessment of the current state of the environment carried out
within the framework of engineering and environmental surveys and the requirements for
the preparation of project documentation in terms of environmental impact assessment.
Taking into account the updated requirements of legislation is important, not only in the pre-
paration of project documentation — environmental impact assessment and a list of environ-
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JOKYMEHTALIMM B YacTU OLIEHKHU BO3JECHCTBUSA Ha OKPYXKAIOLIYIO cpely. YdeT OOHOBJIEHHBIX
TpeOOBaHMH 3aKOHOAATEILCTBA BAKEH HE TONBKO NPH MOATOTOBKE MPOCKTHOM JTOKYMEHTAIUH —
OLIEHKH BO3AEHUCTBUS Ha OKPY’KAIOLIYIO Cpedy U NEepedyHsl MEpONpUATHI 110 OXpaHe OKpyIKa-
fomeld cpenpl, HO M IPHU MOJATOTOBKE CIICIHATHCTOB-IKOJIOrOB. BaskHO, YTOOBI BBHIITYCKHUK
ObLI B Kypce TpeOOBaHUIl 3aKOHOJATENIbCTBA U TIOHUMAJI, YTO 3aKOHOJATEIbCTBO MOJBEPIKEHO
HU3MECHEHHSM.
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Introduction

Starting 2021 Russian legislation is changing in part of health safety and
environment, this tendency is continuing for 2022. Starting 17th January 2022 le-
gal requirements for environmental baseline assessment will change from Code of
Rules on engineering surveys for construction of SP 11-102-97 “Engineering and
Environmental Surveys for Construction” dated 10 July 1997 to Code of Rules
SP 502.1325800.2021 “Engineering and Environmental Surveys for Construction.
General Rules of Work™ dated 16th July 2021.

New document is in line with previous requirements, but also introduces
more details in the practice of environmental baseline assessment performance.

Materials and discussion

Environmental baseline assessment is necessary to perform most countries [1]
including aspects of cumulative impact [2] either as separate procedure or as a part of
environmental impact assessment.

The knowledge of modern legal requirements is necessary not only for prac-
titioners generating project documentation [3], but also for activities in Arctic re-
gion [4], subsoil exploration [5], energy generation [6], GIS development [7] and
specially protected area preservation [8].

There is also a need of improvement of legislation on environmental impact
assessment [9; 10].

New legal document — the Code of Rules SP 502.1325800.2021 “Engi-
neering and Environmental Surveys for Construction. General Rules of Work”
contains detailed guidance on performance of environmental baseline assess-
ment, including:

— the collection, analysis of engineering-ecological surveys of previous years;

— decryption and analysis of remote sensing materials and data;

— reconnaissance survey of the territory;

— route observations;

—research and assessment of ambient air pollution;
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— soil research and assessment of soil contamination;

—research and assessment of surface water pollution;

— investigation and assessment of groundwater pollution;

— investigation and assessment of sediment pollution in surface water bodies;

—research and assessment of the radiation situation;

— research and evaluation of physical impacts;

— sanitary and epidemiological studies;

— gas-geochemical studies of soils;

— study of socio-economic conditions;

— ecological and landscape studies;

— study of vegetation cover;

— study of the animal world;

— study of the impact of dangerous natural and natural-anthropogenic proces-
ses on the ecological state of the environment;

— ecological testing of individual components of the natural environment
(atmospheric air, soils (or soils), surface and groundwater, sediments, hydrobionts
(during engineering and environmental surveys in the waters of the seas);

— laboratory studies of samples of atmospheric air, soils (or soils), under-
ground and surface waters, bottom sediments;

— biological samples (during engineering and environmental surveys in
the waters of the seas);

— cameral processing of materials;

— preparation of a technical report.

This document describes most necessary stages of environmental baseline
assessment. The stages are same as in previous guiding document.

Besides it there are more directions on the period of validity for the results
of previous environmental baseline assessment done offshore — for the territorial
sea, inland sea waters (in most cases 2 years) and on the shelf (in most cases
3 years).

Conclusion

Summing up we can conclude that updated legal requirements are in line
with previous ones. New requirements contain more information on marine envi-
ronmental baseline assessment and are in force starting January 17th, 2022. Note
that changes of Russian legislation are constant and documents still in force can
be periodically updated. Need of legal information requirements familiarization is
absolutely necessary for students of environmental specialties.
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[IpencraBnsieM BwimymieHHYIO n3aareabcTtBoM URSS kHury mokropa tex-
HUYECKHX Hayk, akagemuka Brnagumupa Bnanumupouua Terenbmuna «llnanera
3emis M ueNOBEK: eIUHAs JKOCHCTeMa»!, B KOTOpoil paccMaTpupaeTcs 0OIIas
KapTuHa 3BoonKu Beenennoit ot bosnbioro B3peiBa 1o Coruyma.

B kHure mpuBOISATCS OCHOBHBIE MOHATHS O OHOchepe Kak LEIOCTHOW CH-
CTeMe IUIaHeTapHOro MaciiTaba, JAloTCs OOIIMe 3aKOHOMEPHOCTH B3aMMOJICH-
CTBUSl LIMBUJIM3AIMK C OKPY’KAIOUIEH CpEeIOM U ONMHMCAHUE SBOJIIOIUU MPUPOIO-
noJsib30BaHus. [IpencTaBieHbl THITHI €CTECTBEHHBIX M MMPEOOPA30BAHHBIX YEIIOBEKOM

skocucteM. M3nararorcst mpoOie-
B. B. TeTenbmuH MBI TJI00a7THHOTO YKOJOTHYECKOTO
KpHU3Hca, a TAaKKe KayecTBa KU3HU

II nA“ ETA 3EM nﬂ yesoBeKa 1 obmectsa. Mccneyror-
n

csi (U3MUECKUE OCHOBBI U KOppe-
lI En o B E JSIIASL  WCTIOJIB30BAHMS TOPIOYHMX
- : » TMOJIE3HBIX MCKOMAEMBbIX C IJI00alIb-
g HBIMU KJIMMAaTUYECKUMU H3MEHE-
e 2 HUSIMH, a TaKKe puU3nIecKas CyI-
HOCTh TMapHHUKOBOTO 3¢ dekra u
pamuanoHHOTO OajaHca 3eMIu.
OOCyXIar0TCsl €CTECTBEHHBIC W aH-
TPOTIOTEHHbIE MTPUYMHBI TNI00ATBHO-
TO TOTEIJICHHUSI U HEOOXOUMOCTh
repexo/ia Ha BO30OHOBIISIEMBIEC BUJIbI
SHEPrud. 3aTParuBarOTCs BOIPOCHI
HapOJOHACEICHHUS TIAHETHI U KO-
Jorudeckasi 00yCIIOBICHHOCTh 3a-
OoseBaHuii yenoBeka. Jlaercs omm-
caHue HeOOXOTUMBIX KIMMAaTUYECKUX ACHCTBHIA A HOCTIOKeHUs meneit [Tapmxk-
CKOro coraimieHus. PaccMoTpeHbl MPpUHIUITBI PABOBOM OXpaHbl IPUPOIHOM Cpe-
IIbI 1 HEOOXOAMMBIE TIIarH 10 TIepexoay K cdepe pasyma — Hoochepe.
B.B. TeTenbMuH — y4eHBIN-TIPAKTUK, YYACTBOBABIINKA B HAYYHOM 0OOCHOBA-
HUU TPOSKTUPOBAHUS U CTPOUTENhCTBA KpynHewmux ['DC Cubupu, aBTop U coas-
Top enepabHBIX 3aKOHOB «O0 oxpaHe o3epa baiikam», «O6 oxpaHe atMochepHO-
ro Bo3ayxay, «O paauanuoHHON 6e30macHOCTH HaceleHus», «O0 oTxomax mpous-
BOZICTBa U TOTpeOsIeHus» U Ap., wieH LleHTpanbHoro coBera Beepoccuiickoro o6-
IecTBa OXpaHbl IpUpoabl 1 OOIIECTBEHHOTO coBeTa ipu MunsHEpro PO.
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