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OueHka noTeHuMana cCokpawieHus
BbIOPOCOB NapHUKOBbIX ra3oB B KazaxctaHe k 2030 .
B CBSI3N C ero oogasarenbCTBaMm

B MapuXcKoM KJIMMaTU4Y€CKOM COrJialleHnun

N.C. Uctomun, H.M. [Iponun

MockoBckuii TocyaapcTBeHHBIN yHuBepcuTeT nmean M.B. JlomoHOCOBa
Poccuiickas @edepayus, 119234, Mockaa, Jlenunckue eopwi, 1

AnHoTanus. OleHKa NePCIICKTHB BBITOJHEHHS HAIMOHAIBHBIX 00s3aTenbeTB Kazax-
cTaHa B pamkax [lapumxckoro coryameHus nenajach Ha OCHOBE pacueToB smMuccuid 31 kpym-
Helero sHepreTrdeckoro npeanpusatus k 2030 r. CoBoKymHbIN BIOpoC mapHUKOBBIX ra3zos (111)
9THX TPENNPUATHI cocTaBisieT 86,9 MiH T i 26,5 % o0mux BEIOpocoB cTpaHbl. [IporHO3E
BbIOpocoB III" k 2030 r. paccUUTHIBAIUCh IS TPEX CIEHAPHEB: TPEHAOBOTO («OM3HEC Kak
0OBIYHOY»), C YUETOM YMEPEHHOH MOJEPHMU3ALMHU U C yYeTOM IOJHOW MOAEpPHHU3ALUU Ipel-
npusaTHi. «be3yciioBHas ek 0CTaeTCsl HEAOCTIDKIMOM HE TOJNBKO B TPEHIOBOM CIICHAPHUH,
HO W B CIICHApHU yMepeHHOH moaepHu3anmy. OIHAKO MpU CIIEHAPUH ITOHON MOJCPHHU3AIIH
JaHHAas 11e7b JOCTUTaeTCsl Jake C 3aMETHBIM pe3epBoM. bosiee Toro, JaHHBINA CLeHApUl aeT
BO3MOKHOCTb BBITIOJIHEHHUS U «YCJIOBJICHHOH 1en». [IpoBeieHHbIe OIIEHKH MOTEHIMANIa CHUXKe-
Hus BbIOpocoB [ sHepreTHueckux NpeAnpUATHI MMOKA3bIBAIOT, YTO Ka3zaxcTaH NMpHHSIT Ha
ce0s1 OTBETCTBEHHBIE 00s13aTeNbCTBa MO [lapikcKkoMy KIMMAaTHYECKOMY COTJIAILIEHHUIO, BBITIOIHE-
HHE KOTOPBIX MOTPeOyeT MOOMIN3AIMN MaTePHATIbHBIX U (PUHAHCOBBIX PECYPCOB ISl TIOJTHOM
TEXHOJOTUIECKOW MOAEPHU3AINH B IIPOMBIIIIIICHHOM CEKTOPE.

KaroueBble ciioBa: HapI/I)KCKOG COI'IallICHUEC, Ka3aXCTaH; BI:-I6pOCLI MMapHUKOBBIX I'a-
30B; 3H€pFCTI/I'~ICCKI/II71 CCKTOp

BBepeHue

B pamxax ITapuxkckoro cornamenus 177 ctpan (umeromux 87 % MUPOBBIX
smuccuii CO2) B3sin Ha ce0s HallMOHANIbHBIE JOOPOBOJIbHBIE 0053aTEeILCTBA MO
COKpAIIIEHHIO CBOMX BBIOpOCOB MapHUKOBBIX razoB (I1I7) k 2030 r. Otu obs3aTens-
CTBa HA3bIBAIOT LEJISIMU HALIMOHAIBHON KIIMMAaTHUECKON MOJUTHUKI», XOTS IpH OoJiee
TOYHOM TIEpEBO/JIE C aHTJIMHCKOTO PeUb J0JDKHA UITH HE O HEINSX, & 0 HAMEPEHHSIX
(Intended Nationally Determined Contributions — INDC). [Tapuxkckue o6s3aTens-
cTBa OOPOBOJIFHBI JJa’ke€ B OTHOWIEHHH WX (opmara. CTpaHbl MOTYT B3STh 3a
TOYKY OT4YeTa JIt000i ya1o0HbIH roa, a He 1990 r., koTopslii 6611 6a30BbIM B Knot-
CKOM 1poTokose. OHM MOTYT yKa3aTh HE CHIKEHHE a0COJIIOTHBIX BHIOPOCOB, a HX
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WHTEHCHBHOCTH (TO €CTh KOJIMYECTBO BHIOPOCOB Ha eMuHMILY npoaykiwu win BBII).
Haxonen, mist 000CHOBaHUS II€JIeH KIMMATHYECKOW TOJTUTHKHA OHH MOTYT CCHI-
JaThCsl Ha Pa3IMYHbIE CLIEHAPUH CBOETO SKOHOMHYECKOTO M TEXHOJIIOTMUYECKOTO pa3-
Butust 10 2030 roga. B urore mmeercs oueHb mecTpbid (1Mo Gopmary) JHcT He-
PaBHOIIEHHBIX (110 COIEPIKAaHUI0) 0053aTEIbCTB.

Opranuzarops! [lapmkckoro caMmmuTa XopoIio TOHUMAIOT TaHHYI0 ¢1abocTh
HBIHEITHETO COTJIAIICHUS, HO MIPHOPUTETOM SIBIISIETCS YACPIKATh KaK MOXXHO OOJTb-
e CTpaH Ha OpOUTE MHUPOBOM KIMMATUYECKOW TOJUTHKU. Y HHUX HET peabHBIX
BO3MOKHOCTEH OKa3bIBaTh IOPUIUYECKOE JAaBJICHHUE HA CTpaHbl, YTOObI T€ MPUHU-
MaJii Ha ce0si OTBETCTBEHHBIE 0053aTeNbCTBA, KOTOPhIE MOTYT CyMMAapHO MTPUBECTH
K TpeOyeMoMy CHIDKEHHIO MUPOBBIX BbIOpocoB I1I'. I[loaToMy Bce, 4TO OHM MOTYT —
3TO OKa3bIBaTh MOpAJIbHOE JaBJIEHUE, U, IO ciioBaM SHoma [lamropa, moMomHrnka
I'enepanbnoro cexkperaps OOH, npUMeHSATh CUCTEMBI «HA30BH U MPUCTHLAN (name
and shame) u «#a3oBu 1 moompu» (name and encourage) [1].

CrnenoBaTenbHO, CTOUT 3aJja4a HAWTH 2P PEKTUBHBIN MEXaHU3M MOPATHHO-
ro JaBJICHHUS Ha YYAaCTHUKOB corjamieHus. Takol MeXaHu3M MOT Obl COCTOATH
B MyOJIMYHOM TMPEICTABICHUU JKCHEPTHBIX OIEHOK peajbHBIX BO3MOXKHOCTEU
CTpaHbl 10 cokparnieHuto BeiOpocoB I u 3asBneHHBIX 00s3aTenbCTB. [Ipume-
POM MOKET CIyKHUTh MpoeKT «Tpekep 3a knumaTuaeckumu neictusmmy (Cli-
mate Action Tracker — CAT), pa3BuBarOmuUics YCHIHSIMH TPEX HEMPaBUTEIb-
CTBEHHBIX HHCTUTYTOB MpPU METOJOJOrudeckod moxaaepxkke Ilorcmamckoro
ximmatndeckoro uHcTuTyTa (PIC). CAT anammusupyet [lapmwxckue o0s3aTenb-
CTBa CTPaH-yYaCTHUKOB M OLIEHMBAET UX LIEIH MO 6-CTYNEHYATOM IIKaie: Lenu
MOTYT OBITh MPU3HAHBI KPUTHUECKH HEJOCTATOYHBIMH, CHIIBHO HEIOCTATOYHBI-
MH, HEJJOCTATOYHBIMH, COBMECTUMBbIMHU C 2 °C, coBMecTuMbIMu ¢ 1,5 °C u poie-
BBIMH (YTO MOXHO BOJBHO TEPEBECTH KaK «CJIHUIIKOM 3aBBIIICHHBIC, YTOOBI
OBITH peanbHbIMU») [2]. B naHHON mikane U GopMyIMpOBKaX Ka)KOW CTyNEHU
COZAEPKATCS OLICHOYHBIE CYKJIECHHSI O HAMEPEHUAX CTpaH. B ciyuae sABHO 3aHU-
KEHHBIX 0053aTeNbCTBAX CTPaHbl MSATKO TOBOPUTCS O €€ «HECIPaBEATUBOCTHY
110 OTHOUIEHUIO K APYruM yuyacTHHKaM cornamenunil. Hanpumep, CAT ounenusa-
eT o0si3aTenbcTBa YKpawHbl U Poccuiickoit denepannn Kak KPUTUIECKU HEJO-
CTAaTOYHBIC (YUTAN: KPUTUUECKU HecnpaBeiuBbie). Kutail CTOUT Ha CTYNEHBKY
BBIIIE, TO €CTh 00s13aTEIbCTBA CTPAHbI UMEIOT OLIEHKY CHJIbHO HEJIO0CTAaTOYHBIX
(oueHb HecnpaBeAJIUBBIX). 3asiBIeHHbIE 1enu Ka3axcTaHa OIleHUBAIOTCS Kak He-
JocTaTo4YHbIe (HE o4eHb crpaBennuBbie). Kazaxctan nenut 3Ty oneHky ¢ EBpo-
nerickum coro3oM. Jlunepom B peiitunre CAT saBnsiercs Muaus, o6s3aTenbcTBa
KOTOpO# coBMecTUMEI ¢ 2 °C (BecbMa CIIpaBeIJIUBbI).

Meton0norus OLEHKH 00s3aTENIbCTB CTPOMTCS] HA pacyeTax TpeOyeMbIX CHU-
xeHuid BeIOpocoB [ st kKo cTpaHbl B 3aBHCUMOCTH OT MX BKJIaJa B MHPO-
ByIO dMHccHI0. Pacder BemeTcs OT BEIMYMHBI HEOOXOAMMOIO COKpAIICHHS TIIO-
OabHBIX BBIOPOCOB, KOTOpas 3aTeM MPOMOPIHMOHATIBHO JEIUTCS MEXKIY CTpaHa-
Mu. Ha Hamn B3riisia, Takoro pojia OIeHKH HeOOXOIWMBI, HO OHHM JOJIKHBI CTPO-
UTHCS HA OoJiee THOKOM aHAIIM3€ PealbHBIX BO3MOXKHOCTEH CHUKEHHUSI BHIOPOCOB
C yueToM ocoOeHHOCTeH pa3BUTHUS HAIMOHATBHBIX PKOHOMUK. B maHHOIl pabote
OLIEHUBAETCs OTEHIMAN cokpanienus Beiopocos 1" B Kazaxcrane B cpaBHEHHH C
B3STHIMU CTpaHOi oOs3arenscTBamMu B [lapmxkckom cornamenuu. [To Tlapuxcko-
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My COTJIAIIEHHUIO pecyOrKa NpuHsiia Ha ce0si JoOpOBOJIbHBIE 00s3aTENBCTBA 110
cokpameHuto BeiopocoB 1" k 2030 r. va —15 % (6e3ycnoBHas 11€l1b), a IpU yCIIo-
BUM (PUHAHCOBOHM MOMOIIM CO CTOPOHBI MEXKIYHAPOIHBIX (OHIOB HA —25 % OT
6azoBoro 1990 r. (Tak Ha3pIBaemas oOyciosieHHas 1eib) [10]. [lo MEeHHIO 9KC-
neproB CAT, Kazaxcran B3suT Ha ceOsl HEJOCTATOYHBIE 00513aTENBLCTBA, HO, HA HAII
B3TJIS, LIETH SIBJISIFOTCS OTBETCTBEHHBIMM, TaK KaK UX BBIMIOJIHEHUE MOTpeOyeT
MIOJIHOM MOJICPHU3AINY TPOMBIIIJICHHOTO CEKTOPa CTPAHBI.

MeToabl u MmaTepuarbl

OreHKa NepCIeKTHB BBIMOJIHEHUST HAITMOHATBHBIX 00s3aTenbcTB Kazaxcra-
Ha B paMkax [lapmxckoro cornameHus Jenajach Ha OCHOBE pacdyeToOB dMUCCHUI
31 xpynneiimero (c Beiopocamu CO2 6osee 100 TeIC. T B rOj) SHEPreTUIECKOTO
npennpustast kK 2030 r. CoBokynHblit BeiOpoc 17 aTux npennpuaruii cocraBiser
86,9 mutH T wiu 26,5 % 0o01ux BHIOPOCOB CTPAHBI.

B kxagectBe 6a3oBoro roga ass nporHosa oeut B3aT 2014 r., Tak Kak Ha 3TOT
ron B HarmoHanbHOM TUTaHE pacrpeiesieHus] KBOT Ha BEIOPOCH TAPHUKOBBIX Ta-
30B Ha 2016—2020 rr. mpuBeneHsl 3Ha4YeHus BiOpocos I mis kaxmaoro u3 npea-
npustuit [3].

[Tporunosser BeIOpocoB I1I" k 2030 1. pacCYMTHIBAIUCH JJIs1 TPEX CIICHAPHEB:
TPEHIIOBOTO («OM3HEC Kak OOBIYHO»), C YUYETOM YMEPEHHOW MOJEpHH3AINH U C
Y4E€TOM IOJIHOW MOACPHU3ALUU IIPEAPUATHIN.

Tpenooswtit cuenapuii. O6beM BBHIOPOCOB TPEINPHUITHS [0 TPEHIOBOMY
CLICHApUIO OMNPEJEIISIICS Ha OCHOBE IOKa3aTessl YIJIEpOJOEMKOCTH €ro HMpoayK-
nuu (To ecTh KoymuecTBa BeiOpocoB I1I" Ha equHUIly MPOW3BEIEHHON TEIJIOBOM
U DJIEKTPUYECKON SHEPTHH) M MPOTHO3HpyeMoro obobema mpoaykmuu B 2030 T.
[Ipenmnonaranock, 4TO0 B TPEHAOBOM CLIEHAPHUH YTJIEPOIOEMKOCTh MPOAYKIIMHA Me-
HATHCS HE OyIeT.

[IporHo3Hble AaHHBIE TIO BBIMYCKY NMpoayKiuu B 2030 1. ObUIH B3SITHI Kak
13 COOCTBEHHBIX OTYETOB KOMITAHHA, TaK M U3 APYTHMX UCTOYHUKOB WMH(pOpMa-
UK, B TOM YHCJIE€ aHATUTUUYECKUX 0030pPOB IO PHEPTreTUUECKOMY CEKTOpY, Iie-
PUOIMYECKUX U3JaHUMN, HHTEPHET-PECypPCOB (HapuMep, HHTEPBBIO C PYKOBOIHU-
TenassMu npeanpusituii). OCOOEHHO MOKHO BBIJICTHTh HECKOJIBKO UCTOYHUKOB, KO-
TOpPBIE OXBATHIBATN OOJBIIEE KOJTHMYECTBO AHATU3UPYEMBIX MPEINPUSITHI: HTaH-
weie KEGOC7 no 6anancy MomntHoctd u aektpodHeprun EDC Kazaxcrana Ha
nepuon 2015-2021 rr. [4]; ronoBoit otuer 3a 2014 r. LlenTpanbHo-A3uaTckoit
AJIEKTPOIHEPreTUUecCKo Kopnopanuu [S]; romooit otuer AO «Ailigana My-
Hai» [6]; ananuTudyeckue Matepuaibl banka pa3sutus Kazaxcrana mis sHepre-
TUYECKOM oTpacnu [7].

Cuenapuii ymepennoi mooepuuzayuu. JJisi TaHHOTO CIEHAPHUS 00HEMBI
BbIOpOCcOoB III" kaxxmoro mpeanpustus kK 2030 T. pacCYMTHIBAINCH HA OCHOBE TaK
Ha3bIBAEMOro OeHUMapKa, KOTOPbIH O(pHUIMAILHO ObUT ONpeNeseH A SHEPreTH-
yeckoi oTpaciu B Kazaxcrane B paMkax MUAJIOTHOTO MPOEKTa TOPTOBJIM BbIOpOCa-
mu I1I" [8]. berumapk — 3T0 yaenpHBIN MOKa3aTenb BeIOpocoB I Ha emuHUIlY
MPOIYKIIMH, B3AThIN 3a 3TAJIOH B JAHHOW OTpaciu (B HAIIEM CIy4yae — SHEPreTH-
yeckoi) (tabm. 1).
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Tabavua 1
YpOBHU GeHYMaPKORB NMpu Pa3siMyHbIX NOAX0AaX K pacnpenenieHunio KBOT
B 3HepreTu4yeckom cekrope Pecny6nuku KazaxcraH
YpenbHble Noka3aTenu Ass Nnpou3BoacTBa 37eKTpo3Heprum (kr CO,/kBTy)
MwuHn- | CpegHuid | Makcu- 50 %:50 % 80 % nyyinx 10 % nyywmx Mokasa-
MaJTbHbI MaJlbHbI | (Ha OCHOBE Bbl- no CyMMapHOMy no CyMmMapHoOMy Tens EC
6pocos CO,) Nnpon3BOACTBY NPON3BOACTBY
3Heprum 3Heprum
0,055 0,703 1,554 0,910 1,055 0,615 0,640
YpenbHble noka3atenu ansa npoussoacTtea tenna (kr CO,/I'kan)
0130 | 0405 | 0965 | 0,510 | 0,532 | 0,262 R

YaenbHble nokasaTesin Ha OCHOBe 00Lero Nnpon3BoACTBa 3/1IeKTpoaHeprum n tenna (kr CO,/kBTy)

0127 | 0597 | 1364 | 0,706 | 1,005 | 0,404 e
Table 1
Levels of benchmarks for the various approaches to the allocation of quotas
in the energy sector of Kazakhstan
Per unit values for power generation (kg CO,/kWh)
50%:50% Top 80% Top 10% The value
Minimum | Medium | Maximum (based on in total energy in total energy for the EU
emissions of CO,) production production
0.055 0.703 1.554 0.910 1.055 0.615 0.640
Per unit values for heat production (kg CO,/Gcal)
0130 | 0405 [ 095 | o510 | 0.532 0262 | o026t

Per unit values based on total electricity and heat production (kg CO,/kWh)
0127 | ose7 | 1364 | o708 | 1.005 | o404 | -

Jlnist ciieHapusi yMepeHHOW MOJIEpHU3AIIMN UCTIONIb30Bajicsl OeHUMapK, 0003Ha-
yeHHbIN B Tabmuie kKak «50 %:50 %y, 9T0 COOTBETCTBYET CUTYAIUH, KOTIa HA PHIHKE
JOJKEeH CYIIECTBOBATh MAapUTET MOTEHUIHAIBHBIX MPOIABIIOB U MOKYyMaTeaeil KBOT
Ha BeIOpoc CO2. Jlns meneil sxe Halero aHajau3a JaHHBIH OEHYMapK COOTBETCTBY-
€T CIIEHAapHIO, KOT/1a BCe MPEIIPUITHS C TIOBBIIIEHHOHN YIIepo10eMKOCThIO «I10-
TsaruBaroTcs» (k 2030 r.) K cpeHeMy YpOBHIO BBIOPOCOB Ha €AMHUILY MPOIYKIIUU
(Hanpumep, npu mpou3BOACTBE AekTposHeprun — 310 0,910 kr CO2/T'kan). O10
notpedyeT OT NpeANpUATHIA MOAEPHHU3ALNN ITPOU3BOICTBA, KOTOPAs MOXKET OBITh
OXapaKTeprU30BaHa KaK yMEpEHHas.

Cyenapuit nonnoii modepnusayuu. 3HadeHre OeHIMapKa, 0003HAUEHHOTO
B Tabm. 1 xak «10 % myummx», onpenenser nokazarenu ayqmux 10 % kazaxcran-
CKHX MPEINpUATHIA B SHepreTndeckoil orpacnu. Eciau B cpennem mo orpaciu Oy-
IyT AOCTUTHYTHI TaKUE K€ 3HAUYEHHUs, TO 3TO OyJeT O3HayaTh ee MOJHYI0 MOJep-
HU3ALHNI0 (TEXHOJIOIMYECKOE MEPEBOOPYKEHHE). ITO — UICATIBHBIN CLIEHApUH, Tpe-
OyIoIIMi MPUBJICUYECHUS 3HAYUTENbHBIX MaTepUaIbHBIX U (DMHAHCOBBIX PECYPCOB.

B kauecTBe mpuMepa pacCMOTPUM pacyeT MOTEHLIUATBHBIX BHIOPOCOB ISt
TpeXx ciieHapueB st DkudacTy3ckon [ POC-2.

AO «Cranmus Dxkubactysckas ['POC-2y sBisercs: KpymHEWIIM Ka3aXCTaHCKO-
POCCHUICKUM COBMECTHBIM SHEPreTHUECKUM MpEeINpUSITHEM C 00bEMOM YCTAHOBIICH-
Hoit mottHocTr 1000 MBT, Ha KOTOpOM BhIpabatsiBaercst 12 % Bceid ANeKTpOsHEeprin
B ctpane [9]. [Ipom3BoauMas SHEPrHsl UCTIONB3YETCs U 00eceueHrs TOTPeOHOCTEH
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ceBepHbIX parioHoB Kazaxcrana. CornacHo HaumoHansHOMY I1aHy pacnpeesieHust
KBOT Tipeanpusitie BoiopaceBasio B 2014 r. 5,28 mima T CO2-3kB. [3]. BeipaboTtka sHep-
ruu B 2014 1. cocraBmsuia 4750 muH kBT [4]. CrenoBarenbHO, yaeTbHBINA BRIOPOC
yriepona gocturaet 1,113 kr CO2/xB1-u. CornacHo ouipanbHbIM POTHO3aM POCT
IIPOU3BOJICTBA AIEKTPOIHEPIUM [UIsl ceBepHOM 30HBI Ha 2030 r. coctaBut 45,6 % OTHO-
cutenbHO 2014 1. [7]. CooTBETCTBEHHO, TPEHIOBBIN ciieHapuid k 2030 r. peanoaaraet
BeIOpoc I1I" BeImIe Tekytiero Ha 45,6 %, To €cTh BBIOPOCHI MOTYT BBIPAcTH ¢ 5,28 10
7,69 Mz T CO2-3kB. CLieHapuii ¢ y4eTOM YMEPEHHOW MOJECPHHU3ALIMH TOKA3bIBAET, YTO
BeIOpock! 11" B 2030 r. MOryT OBITH paBHBIM 6,29 MJIH T, U 3TO COKpAILIEHHE BEIOPOCOB
Ha 1,4 MJIH T JOCTUTAETCS 3a CUET CHIDKEHUS yIEIBbHBIX BRIOPOCOB ¢ TeKymmx 1,113
10 0,910 kr CO2/kBt-4 (cMm. Tabm. 1) [8]. Ilpu qocTikeHNH npennpusTHeM 3HAYSHUN
JYYIIUX TPEANPHUATHI 10 oTpaciu, To ecTh 0,615 kr CO2 /BT 4, BEIOpOCH Dknbda-
cry3ckoit 'POC-2 coctaBunu 661 3,48 M T CO2-3KB., TO €CTh COKPATWINCH OBl HA
4,2 MJIH T 11O CPaBHEHUIO C TPEH/IOBBIM CIIEHAPHEM U JTa’KEe OKA3aJIMCh Obl HUKE TEKY-
X BeIOpocoB 117, HecMOTpst Ha 3HAYUTENBHBIN POCT MPOTYKIIUH.

Takum oOpazoM, ObUTH OTIPEICIICHBI MPOTHO3HBIC 3HAYeHHS BBIOpOCcoB 11" k
2030 r. mis 31 KpyMHOTO PHEPrEeTHUECKOTO MPeANpHUsITUs pecnyOnnku. B Hamei
paboTe OlLIeHHWBAETCS BO3MOXKHOCTh CHIDKEHHUS WX CYMMapHBIX BBIOPOCOB B KaxK-
oM M3 Tpex cueHapueB Ha —15 n —25 % k 2030 r. oTHOCUTENBHO NOKa3aTenei
1990 r. Ecnu nenu cHWKEHUsST BHIOPOCOB MOTYT OBITh JOCTUTHYTHI NMPU TPEHIO-
BOM CLIEHapuH, TO 0053aTeNbCTBA CTPAHbI MOTYT OBITh OLIEHEHBI KaK KpaiHe He-
JOCTaTOYHBbIE (KPUTHYECKU HecTpaBemuBbie). Eciam o0s3aTenscTBa MOTYT OBITH
BBITOJIHEHBI TOJIBKO MPH YCJIOBUU MOJHONH MOJEPHU3ALNU OTPACIH, TO UX CIETy-
€T IPHU3HATh JOCTATOYHBIMH (CIIPABEIJTUBBIMU).

PesynbTaThl M 00CyXaeHue

PesynbraThl pacyeToB MO KPYMHEHIINM DHEPTETHUYECKUM TMPEATPHUITUIM
Ka3axcrana u cpaBHEHHE MX CyMMapHBIX MPOTHO3HBIX BBIOPOCOB C 00s3aTenb-
cTBamu 1o [lapukckoMy cornamieHuro npeacTaBieHsl B Ta0I. 2.

ITo cocrostHuto Ha 1990 r. BEIOpPOCH MapHUKOBBIX ra3oB B Kazaxcrtane co-
crapimsua 371,8 M T CO2-3kB. (0€3 y4era TPEHIOB B 3€MJICTIONB30BAHUN U JIEC-
HOM xo3dicTse) [11]. B cooTBeTCTBUU ¢ MPUHATHIMU 0053aTEILCTBAMU HEOOXOIM-
Mble 1ienieBbie BIOpochkl K 2030 r. 1omKHBI cocTaBisaTh 316,1 u 278,9 muH T, 4To
OTB€YAET CHMKEHUIO Ha —15 1 —25 % ot ypoBHs 1990 r. coorBeTcTBEeHHO. Tak Kak
B BBIYUCIICHUSIX 10 KBOTHPYEMOMY SHEPreTUYEeCKOMY CEKTOpY 3a TOUKY OTcueTa
6butH B34THI BbIOpOCH! 11" B 2014 ., HE0OX0AMMO paccUuTaTh OTHOLICHHE 00beMa
BBIOPOCOB 3a 3TOT roj K 1eneBbiM BbiOpocam B 2030 r. [1o gaHHBIM KOMUTETA CTa-
tuctuku Pecriybmmuku Kaszaxcran, B 2014 rogy o6wvem smuccuit IIIT coctasmsin
327,7 mua T CO2-3kB. JIJ1s TOr0 4TOOBI 3TOT 00BEM COOTBETCTBOBAJ 3asBICHHBIM
uensaMm (—15 u —25 % ot ypoBus 1990 r.), HeoOXoauMbI cokpalieHus: Beiopocos [1I°
Ha —3,5 % u Ha —15 % x 2030 r. mo orHomeHnuto Kk 2014 r. 310 JaeT HAaM OCHOBa-
HUSI IPOBECTH OLIEHKY PE3YJIbTATOB PACUYETOB, MPEJICTABICHHBIX B Ta0I. 2.

besycnoBnas nenb (—3,5 %) ocraercs HEAOCTUKUMON HE TOJIBKO B TPEH0-
BOM CILIEHapHH, KOTOPBIN JaeT pocT BbIOpocoB Ha 46,7 %, HO U B CIIECHApUU yMe-
PEHHOW MOJIEPHU3ALIMH, TOCKOJIBKY U B 3TOM CLIEHapHH OKuAaeTcs poct (Ha 16 %),
a He CHMKEHHE BBIOPOCOB MO0 OTHOILEHHIO K ITOKa3aTessiM 0a30BOro roja.
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Tabnvua 2
PacueTbl Bbiopocos NI npegnpuaTnii aHepreTnyeckoro cekrtopa B 2030 r.
COrflacHO TPeM CLeHapuUsM, MJH T

CymMmmapHble BbiGpochl BbiGpochl MporHo3 MporHo3 MporHo3
6a30Bble B2030r., B2030r., BbIOPOCOB BbIOPOCOB BbIOpPOCOB
BbIOPOCHI COOTBETCTBYIOLLIME | COOTBETCTBYIOLLVIE Ha 2030r., Ha 2030r., Ha 2030r.,
npeanpuaTuin B 6e3yCcnoBHOI | 0OYCNOBNEHHOM TPEHOO0BbLIN cueHapui cueHapumn

2014r. uenm uenu cueHapun YMEpPEHHOM NOJsIHOM

MOZEpHN3aLmMm1 | MogepHM3aumnn
86,9 83,8 73,9 128,3 100,9 70,4
Table 2
Projections of the total GHG emissions of the energy enterprises by 2030
according to the three scenarios, million tones
Total baseline Emissions Emissions Emission Emissions GHG emissions

emissions of by 2030, by 2030, forecast forecast forecast

enterprises unconditional conditional for 2030, for 2030, for 2030,
in2014 target target trend scenario moderate full modernization
modernization scenario
scenario
86.9 83.8 73.9 128.3 100.9 70.4

OnHako npy clieHapyUu TOJIHOM MOJIEPHU3ALUH JaHHAs LeNTb TOCTUraeTcs Jaxe
C 3aMETHBIM PE3epBOM: CIIEHApHi JaeT CHIbKeHue BhIOpocoB Ha —19 %. bonee Toro,
JIAHHBIA CLIEHApUi JaeT BO3MOXKHOCTb BBITIOJHEHUS M YCIOBJICHHOW LENU Ja)e
C HEKOTOPBIM 3a1acoM MpovHocTH (B 4 %).

HenocraTouHocTh crieHapusi yMEpeHHON MOJEPHU3AIMU CBSI3aHA C OCOOEH-
HOCTSIMU pacrpeeleHus] KpyIHEeUIux npeanpusTiuil suepretrku Kazaxcrana no
MOKazaTeio yriepogoeMkocTu. CpeaHss yriiepoJOoeMKOCTh MPEeANpUsTUH Cco-
craBnsieT 1,267 kr CO2/kBt 4. [IocKOIBKY 3TO 3HaU€HHE 3aMETHO BBIIIE HOPMBI,
npuHATo# s manHoro creHapus — 0,910 kr CO2/kBT-4., MOXHO OBLIO OBl 0XKH-
JaTh, YTO MPUBEACHUE IOKa3aTelie yriaepoJ0€MKOCTH K HOPME JIOJKHO N1aTh
TpeOyemoe cokpaieHue BbIOpocoB. Ho oTpacnp yke B 3HAUMTENbHOM CTENeHU
MOJIEpHH3UpOBaHa. AKCycKas 3JeKTpocTaHIus, Bxoasmas B AO «EBpoa3uarckas
SHEpreTHYecKasi KOpropanusy, siBIsSeTcd OAHUM M3 IPUMEPOB HelaBHEH Mojep-
HU3AlUU KPYITHOTO U 04YeHb cTaporo (¢ 1954 r.) mpeanpusrus, odecrieunBarole-
T'0 TEHEPAIMIO JICKTPOIHEPTUH B pecmyOnmkanckom macmrade. B 2014 r. anekrpo-
SHeprusi, BhIpaboTaHHasi AKCYCKOW 3JIEKTPOCTaHIMEH (TpU CKUTAHUU KaMEHHOTO
yIiIs1) coctaBuia nopsaka 16 mupa kBt-u [12]. YaenbHbIN moka3aTeab yriepoio-
€MKOCTH TIPOM3BOJICTBA €€ MeKTpodHeprur B JaHHOM ciy4ae (0,959 kr CO2/kBt-u)
HaxoauTcst Ha ypoBHe OeHumapka (0,910 kr CO2/kBt-4). OTHOCUTENBHO HU3KAs
yTJIEPOJOEMKOCTh MPOU3BEICHHON YHEPIUr OOBSICHAETCS 3aBEPILICHHOW Ha CEro-
THSITHUN JI€Hb KOMIUIEKCHOM MOJEpHHU3AIMEN ISITH W3 BOCBMH YHEPTrOOJIOKOB
MPEANPUATHS, YTO CIIOCOOCTBOBAJIO MOBBIICHHUIO Y((HEKTUBHOCTH MTPOU3BOJICTRA.
B mutanax y npeanpusTusi NpoJoIKUTh PEKOHCTPYKIIMIO OCTABIIUXCSI SHEPTro0IIo-
KOB, YTO MOXET CHU3HUThH YTIIEPOJOEMKOCTb MPOIYKIUU MPEIMPHUITHS 10 JTyUIIAX
3HAYEHUU B OTPACIIH.

B nHacrosiee Bpems B oTpaciu umerotcst Beero 4 npennpustus us 31 ¢ 60ib-
MM npeBbiieHneM (B 1,6—2,6 paza) HOpMbI, XapakTepU3yIoLel ClieHapuil yme-
pennoii MozxepHuzauuu: TOO «llaxTuHckTemnosnepro», AO «Amomunui Ka-
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3axctaHa», AO «Punagep TOL» u I'VII 1120 «baiikonypanepro». IIpu aToM nx
cymmapHsbie BbIOpockl CO2 cocTaBisitoT MeHee 8 % COBOKYITHBIX BHIOPOCOB BCEX
PacCMOTPEHHBIX NpeanpuaTHidi. TakuM 00pa3oM, MOAEPHHU3ALMS TOIBKO MPEATIpHUs-
TUI W3 «OTCTAIOIIEH TPYMIBD» HE CMOTja JaTh HYXXHOTO 3ddexra. Bo3zmoxHo,
HOpMa, IPUHATas JUIsl MMJIOTHOTO IIPOEKTa YIIEPOAHOIO PBIHKA, SBISETCS 3aBbl-
uieHHoOH U He obecrieunt napurera (50 %:50 %) nporaBLOB U MOKyMaTEIEH.

[IpuHATHE HOPMBI YIIIEPOJLOEMKOCTH, OTBEYAIOLIEH CLIEHAPUIO ITOJTHOU MO-
nepauzanuu — 0,615 xr CO2/kBT 4., c0OcCOOHO M3MEHHUTH CUTYaIlUI0 KOPEHHBIM
00pa3oM, Tak Kak B «OTCTAIOMIYIO TPYIIIY» YK€ MomnaaaeT 0oJbIas 4acTh Mpe-
npusituii — 21 u3 31, umeromas 53 % BeiOpocos I1I'. IlpuBenenue »TUX npeanpu-
SATUN K TaHHOW 0oJiee KECTKOM HOPME YTIEepPOJOEMKOCTH TACT BOZMOXKHOCTh BbI-
TIOJTHUTh M 0€3YyCJIOBHBIC, U yCIIOBIIEHHBIE 00s3aTenbcTBa Kasaxcrana (B JaHHOM
CErMEHTE MPOMBIIIIEHHOCTH). [Ipyn 3TOM clieHapuil NMOJHOW MOJEpHU3ALMM HE
SBJISIETCS. HEPEATUCTUUHBIM. B oTpacnu yke ecTh NpeanpuaTus ¢ MoKazaTeasiMu
YTIEPOAOEMKOCTH 3aMETHO HUXK€ JaHHOW HopMmbl, Hanpumep TOO «Anmarsl-
terokoMmyHaHepro», AO «XKam6wuickas 'POC umenun T.U. batyposa», TOO
«Kpucrann Menemxment», I'KII «Kocranalickas TermosHepreTuyeckas Komma-
Hus» akumata ropona Kocranas u ap.

3aknuyeHue

OHEPreTUUECKU CEKTOP SABJISIETCS] IPUHLUITMAIBHBIM JJIS pealiu3aliy KIuMa-
TUdeckoi nmommTthku Kaszaxcrana, Tak Kak Ha 3TOT cekTop npuxonutcs 10 80 % BbI-
6pocos I1I" B pecrry6mrike. Ha npumMepe kpynmHEHIINX 3HEPreTHIEeCKUX MPEATPUITUI
MBI TIOKa3aJIi, YTO BO3MOXHOCTH TaKOM MOJIEPHU3ALIUMHU CYLIECTBYIOT, U OHHU BEIYT
K BBITIOJIHEHHUIO B3ATHIX PECIyOIMKOi 00s3aTenbeTB 1o [apmkckoMy cormiamienmto,
B TOM YHCJI€ B OTHOIIEHUH 00YCIOBIeHHON 1enu. [IpoBeaeHHbIe OIIEHKH MOTEHLH-
ana cHkeHus: BeiOpocoB 1" sHepreTHueckux NpeAnpusaTHiA Takke MOKa3bIBAIOT,
gyro Kasaxcran npuHst Ha cebst 0ojiee 4eM JOCTaTOYHbIC (CIpaBeIuBbIC) 00s13a-
TeJIbCTBA 10 [TapikckoMy KIMMAaTH4YECKOMY COTVIAIIEHUIO.
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Estimates of greenhouse gases emissions reduction potential
in Kazakhstan by 2030 in connection with
its commitments in the Paris Climate Agreement

Ivan S. Istomin, Nikolai M. Dronin

Lomonosov Moscow State University
1 Leninskie gory, Moscow, 119991, Russian Federation

Abstract. Prospects for achieving the Intended Nationally Determined Contribution of
Kazakhstan in the framework of the Paris climate convention was assessed through projec-
tions of greenhouse gases (GHG) emissions of 31 large energy enterprises by 2030. The total
CO; emissions of these enterprises reach 86,9 million tons or 26,5 % of the country’s GHG
emissions. For projection of the GHG emissions of the selected power plants three scenarios —
“business as usual” (trend), “moderate modernization” and “full modernization” — were designed.
“The unconditional target” would remain unachievable in the “business as usual” and even
“moderate modernization” scenarios. However, the scenario of “full modernization” allows
reaching “the unconditional target” with a good reserve. Moreover, this scenario allows reach-
ing “the conditional target”. Our assessment of potential for reduction of the GHG emissions
shows that Kazakhstan’s commitments in the Paris climate convention are very responsible.
To meet these commitments technological modernization of the entire industrial sector of the
country would be required. It could be achieved only by full mobilization of material and fi-
nancial resources.

Keywords: Paris Climate Agreement; Kazakhstan; greenhouse gases emissions; ener-
gy production sector
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Assessment of soil erosion of Burundi
using remote sensing and GIS by RUSLE model

Gilbert Nijimbere, Christian Riveros Lizana
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13 Kalinina St., Krasnodar, 350044, Russian Federation

Abstract. This present work is the results of study on water erosion in Burundi, a land-
locked country amid the African Great Lakes region where East and Central Africa converge.
The agriculture is developed in areas where the slopes is very steep and some factors such as
land-use methods weaken soils and lead to water erosion and the results in soil degradation ren-
dering it infertile. Production on this way is becoming insufficient for the rapidly growing of
population. The extension of cultivated land often not linked to anti-erosion measures exposes
the soil to intense erosion. The results get it of processing satellite images (Landsat 8) allowed to
identify the main places where erosion is very severe. Lost soil was estimated by the RUSLE
method and using four raster images corresponding to factors related to precipitation, soil erodi-
bility, topography, slope length and vegetation cover. The results obtained allow the identifica-
tion of areas around all the country where the interventions of government and environment
protection institutions are necessary to limit the processes of soil degradation.

Keywords: Burundi; soil erosion; land use; RUSLE; soil degradation; soil classifica-
tion; agriculture protection

Introduction

Burundi, a totally landlocked country, lies between 2° 45' and 4° 28' south lati-
tude, and 28° 50' and 30° 50' east longitude. It shares borders with Rwanda in the
north, the United Republic of Tanzania in the east and south, and the Democratic
Republic of Congo in the west, where Lake Tanganyika is located (Figure 1).

Burundi has an area of 27,834 km?. In 2002, the cultivated area was
1,351,000 ha, including 986,000 ha of arable land and 365,000 ha of permanent
crops [1]. From morphological point, the country includes most of the reliefs of
East Africa. The landscape of the country is varied, at altitudes between 775 m
and 2,670 m.

The mountains of the Congo-Nile Ridge border the east part of the Lake
Tanganyika while a multitude of hills dissect the Nilotic side of the ridge. High-
lands surround the center and the east of the country. The distribution of rainfall

© Nijimbere G., Riveros Lizana C., 2019
This work is licensed under a Creative Commons Attribution 4.0 International License
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in the year is characterized by alternating dry season — rainy season. The rains fall
from September to April and the maximum precipitation is reached in April. From
mid-December to mid-February, the rains decrease to few weeks [8]. The most
important soil types are caolisols (dominant soils), recent tropical soils, tropical
brown soils, tropical black soils, recent textural soils, raw mineral soils and organ-
ic soils [1].

Africa

Figure 1. Location of Burundi (maps based on administrative boundaries)

Soil erosion can be defined as the detachment and translocation of soil par-
ticles by moving them by water or wind from their original location to new depo-
sition areas [13]. Water erosion in many regions in Burundi is mainly due to
the effect of LS (slope index: degree and length of slope) in the meaning of
the unfortunate consequences for agriculture, namely: the destruction of the soil
structure, the tearing up and sedimentation in lakes or rivers linked to constituent
particles, the losses of water and elements useful for the growth of plants are
the more revenues. Soil erosion in real terms endangers food security, soil subsistence
productivity, water storage area, surface water quality, scenic beauty and natural
ecological balance. His solution lies in adapting conservation practices [11].

The land use rate is on average 72% for the whole country [12]. This is due
to the rapid demographic growth observed in the country where the annual growth
is 3 %. Overexploitation of plant resources consists of illegal cutting, sawing, irra-
tional picking, and decortication of trunks and carbonization either for energy
purposes or extension of houses of habitations. The exploitation of minerals
weakens the soil and makes it vulnerable to rain erosion.

These practices significantly reduce some ecosystems and many species that
are useful in soil conservation [14]. In addition, clearing for agricultural purposes
continues to be a major cause of deforestation. The average farm size of a house-
hold with 6 children is now 0,5 ha. As a result of the gradual decline in the size of
the agricultural land and the loss of its fertility, the population tends to resort to
forest areas in search of new agricultural lands that are still fertile [9].
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Methodology and parameter estimation

The RUSLE model was selected and applied in the study area, a land cover
map is required with land use generated by remote sensing images (Landsat 8),
land management practices, land types and properties. The raster precipitation
prepared base map was then used for the extraction of study area from satellite
image (Satellite TRMM_3A12) and Carto DEM (digital elevation model obtained
from ASTER GDEM v2).

RUSLE is the best available practical erosion prediction model that can be re-
gional level. The model use parameters such as slope, aspect, etc. derived from DEM
and LULC (land use land cover) from satellite images it can be integrated with RUSLE.

RUSLE uses the same empirical principles as the USLE but includes im-
proved rainfall erosivity factor R, incorporation of the influence of profile conve-
xity and concavity using segmentation of irregular slopes and empirical equation
for processing slope factor FS [2].

The RUSLE empirical model combines the factors that affect the magnitude
of erosion and is as follows:

A=R*K*L*xS*C=*P, (D)

where 4 — rate of soil loss (T-ha™-year); R — erosivity of the rain (MJ-mm-(ha - h)™);
K — erodibility of the soil (T-ha-h-(MJ-mm-ha)'); LS — topographic factor inte-
grating slope and slope length; C — soil protection factor by vegetation cover; P —
factor of soil conservation practice.

The superposition of the four thematic maps considered the parameters
of the USLE under GIS allows the obtaining of the erosion map. The erosion po-
tential in T/ha. To arrive at the thematic map containing the data on the water ero-
sion, the diagram (Figure 2) includes the steps to follow during the data processing.

Topographical
Raster
¥

Digital elevation Raster cover vegetation
factor LS model Factor C

Hydrogeological

Images Landsat 8
raster

Climatic raster

Zone’s supervised
classification

Soil
classification

¥ ¥

Rainfall raster Raster of soil
Factor R

Factor K

. P R——
Superposition
of rasters

Raster for rainfall erosivity factors
A=R*K*LS*C

Figure 2. Steps of processing data

Rainfall Erosivity Factor (R). The rainfall erosivity factor (R) reflects the
effect of rainfall intensity on soil erosion. The value of rainfall erosivity factor
used in RUSLE must quantify the effect of raindrop impact and must also reflect
the amount and rate of runoff likely to be associated with the rainfall [3].
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R = 117.6 * 1.00105MAR for <2000 mm, (2)

where R — rainfall erosivity factor (MJ-mm- (ha - h)!); MAR — mean annual rain-
fall (mm).

Soil Erodibility Factor (K). The soil erodibility factor (K) represents the
susceptibility of the soil or surface material to erosion, the transportability of the
sediment and the amount and runoff rate from a particular rainfall input, measured
under normal conditions. The standard condition is the plot of units, 22.6 m long
with a gradient of 9%[4].

K = 0,1317 * figang * fcl—si * forgC * fhisand 3)
where

fesana = {0,2 + 0,3 x exp[~0,0256  my » (1 — 2], )

0,3

— (Msilt ).
fcl—si - (mc+msilt) > (5)

_ _ 0,25+0rgC .

forgC o [1 orgC+exp[3,72—2,95*0rgc]]’ ©)

0 70*(1——

fhisand = [1 - ( (7)

1-75 )+exp|-5,51+22,9+( 1+ )| |
where ms, msiit and me — the proportion of sand, silt and clay contained in the soil, %;
orgC — organic carbon content.

Topographic Factor (LS). The topographic factor represents a relation of
soil loss in a given condition to that of an area with a “standard” slope of 9%
slope and a slope length of 22.6 m. The topographical factor constitutes two fac-
tors that are the length of the slope (L) and the slope of the slope (S).

2 m F sin
L=(=) im=_F =000 8
22,13/ ° 1+F’ 3x(sin B)%8+0,56 (®)

The equation used in GIS:

(m+1)
Ly~ = [A(i,j)+D2] —A(i,j)(m+1) (9)
()] xm*Dm+2*(22’13)m B

where A4 (i, j) is a part of the basin area, pixel; D is the pixel size; x — form correc-
tion factor.

The factor S depends on the slopes B of the slopes of the basin. Options for
determining B [5]:

—to tan B(i,j) < 0,09

S(i,j) = 10,8 * Sin B(l,j) + 0,03; (10)
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— to tan B(i,j) > 0,09
S(i,j) = 16,8 * Sin B(l,j) - 015 (1 1)

Crop management factor (C). The C-factors are the most important values for
crop management. Therefore, the C-factors found by [6] were used to indicate the effect
of cropping and management practices on soil erosion rates in agricultural lands.
The seasonal variation of C-factor depends on many factors such as rainfall, agricultural
practice, type of crops etc. However, the present study considered an annual variation.

Table 1
Value of the factor C for each land use
Factor C Description
0 Water Bodies
0.2 Grasslands
0.029 Shrublands
0.5 Savannas
0.1 Evergreen Broadleaf Forests
0.001 Deciduous Broadleaf Forests
0.0015 Evergreen Needleleaf Forests
0.0015 Deciduous Needleleaf Forests
0.002 Urban and Built-up Lands

Conservation Practice Factor (P). The conservation practice factor (P) represents
the ratio of soil loss by a support practice to that of straight-row farming up and down
the slope and is used to account for the positive impacts of those support practices.
The value of P factor ranges from 0 to 1, the value approaching to 0 indicates good con-
servation practice and the value approaching to 1 indicates poor conservation practice [7].

Thus, P factor value was taken as 1 because the majority of the study area is
doesn’t have determinate concertation practice. The Food and Agriculture Organi-
zation of the United Nations (FAO) classifies water erosion by levels of soil loss
from water erosion (Table 2).

The maximum value is given to the feature with highest susceptibility and
the minimum being to the lowest susceptible feature.

Table 2
Classification of water erosion [FAO, 1980]

Range (T/ha*year) Erosion condition
0 Null
0-10 Faint
10-50 Moderate
50-200 Severe
>200 very severe
Results

1. Rainfall erosivity factor (R). The rainfall erosivity was generated using
the models discussed in the methodology of study. The period of 20 average an-
nual rainfall years was taken in. The results showed that in Burundi the R value
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ranges between 938.35 and 435.65 MJ/ha-mm/h. The map of rainfall erosivity in-
dex (R) derived for the study area is shown in Figure 3.
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Figure 3. R factor map

2. Soil erodibility factor (K). K factor values were assigned to respective
soil types in soil map to generate the soil erodibility map. The values of K factor
are found to be ranging between. It represents both susceptibility of soil to erosion
and the rate of runoff as measured under the standard and plot condition.
The erodibility index map derived from FAQ’s soil map of study area is shown
on Figure 4. The k-values obtained the study area ranged from 0 to 0.00158.
The lower value of K factor is associated with the soils having low permeability,
low antecedent moisture content.
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Figure 4. K soil erodibility factor
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3. LS Factor. From Figure 5 it is observed that the minimum value of L is
0.9 and the maximum value is 49.6. For the factor S, its minimum value is 0.03
and its maximum value 14.3(Figure 6).
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Figure 6. S factor map

4. Crop management factor (C). C factor for land use/cover for our ranges
from 0 to 0.5. The value 0 corresponds to water bodies and 0.5 to a wetland with
vegetation. The C-factor map for the study area is shown in Figure 7.

5. Rate of Soil Loss. Soil losses in T/ha*year caused by water erosion have been
presented as classes. The loss of the soil greater than 200 T/ha*year is the most obser-
ved throughout the national territory. It followed by the class of 50-200 T/ha*year.
The results are shown in Figure 8.
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Figure 8. Water erosion map showing soil loss in T/ha*year

The statistical tool of the ArcMap software allowed to give the eroded area
according to the losses of soil. This allowed to evaluate the condition of erosion
according to the FAO reference data. The results are shown in Table 3.

Table 3
Area subject to erosion in ha
Range (T/ha*year) Area (Ha) Erosion condition Percentage

0 251938,9 Null 9

0-10 187580,67 Faint 7

10-50 532819,36 Moderate 20

50-200 925149,45 Severe 34

>200 817035,51 Very severe 30
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The results show that more than 64% of the national territory is subject to
very severe erosion. Statistical results using ArcMap software tools show that
provinces (Muramvya, Kayanza, Mwaro and Gitega) are experiencing huge annu-
al losses per hectare of soil under water erosion (Table 4).

Table 4
Quantification of erosion by province (in T/ha*year)
Erosion Burundi's provinces

Province (T/ha*year) Province (T/ha*year)
Bubanza 147 Kirundo 153
Bujumbura Mairie 37 Makamba 146
Bujumbura Rural 182 Muramvya 322
Bururi 159 Muyinga 144
Cankuzo 94 Mwaro 233
Cibitoke 174 Ngozi 150
Gitega 217 Rumonge 93
Karuzi 156 Rutana 197
Kayanza 312 Ruyigi 144

The results show that almost the entire extent of Burundi is experiencing se-
vere erosion according to the FAO classification of water erosion.

Conclusion

On an area of 27145 km? (almost the entire national territory) that was
the subject of this study using the RUSLE model, 64% experienced severe erosion.

Depth analyzes show that the soil erodibility factor (K) values are very high
for the part of Burundi located in the Imbo plain, the western slope of the Congo-
Nile Ridge, the Congo-Nile Ridge, the neighboring part of the Rwanda in Ngozi
and Kirundo provinces in northern Burundi. The lowest values correspond to cer-
tain portions located in Kayanza, Ngozi, Kirundo and Ruyigi Provinces.

The minimum values of the L factor (length of the slope) largely represent
the depressions of the North East and the Imbo plain in western Burundi. Values
for this factor are high for Congo-Nile Ridge.

For the S factor (slope), the large values are observed for the Congo-Nile
Ridge region.

The values of the C factor (vegetation cover) show high values for the western
slope of the Congo-Nile Ridge, the Congo-Nile Ridge covered largely by the Kibira
National Park, clear forests, natural reserves and palm oil plantations. Most of the pro-
vinces Ngozi, Muyinga, Karusi are occupied by crops, perennials and afforestation.
In the eastern depressions, there are protected landscapes and Ruvubu National Park.

The results for this study show that the K and C factors for this study in no way
influence the mechanism of water erosion. The factor L has an influence but is very
weak. The S factor has a very significant influence on water erosion in Burundi.

References

[1]  Aquastat. Burundi. Rapp. sur [’eau. 2005;29: 1-10.
[2] Lim KJ, Sagong M, Engel BA, Tang Z, Choi J, Kim KS. GIS-based sediment assess-
ment tool. Catena. 2005;64(1): 61-80.

I'EO2KOJIOI'MA 25



Nijimbere G., Riveros Lizana C. RUDN Journal of Ecology and Life Safety, 2019, 27(1), 17-28

[3] Gvozdenovich lJ. Calculo del factor R de la USLE a traves del indice modificacdo de
Fournier. 2016(June). p. 9.

[4] Wang B, Zheng F, Guan Y. Improved USLE-K factor prediction: A case study on wa-
ter erosion areas in China. Int. Soil Water Conserv. Res., 2016;4(3): 168—176.

[5]  Ganasri BP, Ramesh H. Assessment of soil erosion by RUSLE model using remote sens-
ing and GIS: A case study of Nethravathi Basin. Geosci. Front. 2016; 7(6): 953-961.

[6] Karaburun A. Estimation of C factor for soil erosion modeling using NDVI in Buyuk-
cekmece watershed. Ozean J. Appl. Sci. 2010;3(1): 77-85.

[7] Kuok KKK, Mah DYS, Chiu PC. Evaluation of C and P Factors in Universal Soil Loss
Equation on Trapping Sediment: Case Study of Santubong River. J. Water Resour.
Prot. 2013;5(12): 1149-1154.

[8]  http://hikersbay.com/climate/burundi?lang=en (Accessed 1 April 2019).

[9] UNECN. 2013 Stratégie Nationale et Plan d’Action sur la Biodiversité 2013-2020.
p. 39-45.

[10] Roose EJ. Quelques exemples des effets de I’erosion hydrique sur les cultures. Collogue
sur la fertilité des sols tropicaux. Tananarive 19-25.11.1967. Communication No. 113.
1967. p. 1385-1404.

[11] Rishirumuhirwa T. Facteurs anthropiques de I'érosion dans les régions des montagnes
et hauts plateaux de la C.E.P.G.L. (Burundi — Rwanda — Zaire). Réseau Erosion — Bul-
letin. 1993;(13): 53-62.

[12] Kofti N, Guillaume A, Vimard P, Zanou B. Maitrise de la croissance démographique et
développement en Afrique (Colloques et Séminaires). Paris: ORSTOM; 1994: 381-402.

[13] Laflen JM, Roose EJ. Methodologies for assessment of soil degradation due to water
erosion. USA: CRC Press LLC; 1997.

[14] Arnoldus HMJ. Methodology used to determine the maximum average soil loss due to
sheet and rill erosion in Morocco. Soils Bulletin FAO. 1980;34: 39-48.

Article history:
Received: 03.04.2019
Revised: 20.06.2019

For citation:

Nijimbere G, Riveros Lizana C. Assessment of soil erosion of Burundi using remote sen-
sing and GIS by RUSLE model. RUDN Journal of Ecology and Life Safety. 2019;27(1):
17-28. http://dx.doi.org/10.22363/2313-2310-2019-27-1-17-28

Bio notes:

Gilbert Nijimbere— M.Sc in Environmental Sciences, PhD student, Department of Breed-
ing, Genetics and Seed Production, Faculty of Agronomy and Ecology, Kuban State
Agrarian University named after I.T. Trubilin. Contact information: e-mail: gilbertnijim-
bere83@gmail.com

Christian Riveros Lizana — master student, Department of Hydraulics and Agricultural
Water Supply, Faculty of Hydroamelioration, Kuban State Agrarian University named
after I.T. Trubilin. Contact information: e-mail: 20110337@lamolina.edu.pe

26 GEOECOLOGY



Hwxumbepe I., Pusepoc Jlnzana K. Becmmux PY/[H. Cepus: Dxonoeus u besonacrocmsy scusnedesmenviocmu. 2019.T.27. Ne 1. C. 1728

HayuyHasa ctatbs

OueHka 3po3uu no4Bbl BypyHan
C UCNOJIb30BaHUEM ANCTAHLMUOHHOIO 30HAUPOBaHNS
n ’McC no mopenu PYCJIE

I'. Huxumoepe, K. PuBepoc JIuzana

Ky0aHckuii rocyiapcTBeHHBIN arpapHblil yauBepcuteT umenn U.T. TpyOwimna
Poccuiickas @edepayus, 350044, Kpacnooap, yr. Kanununa, 13

AnHoTtanms. Hacrosmas craThsi OCBALIEHA pe3ybTaTaM UCCIEA0BaHUM 1O BOJ-
HOU 3po3uu B BypyHau — cTpaHe, He HMEIOIIeH BBIX0/a K MOPIO, B paiioHe adpukaHCKux Be-
JIUKHUX 03ep, rae cxoasarcs Boctounas u Llentpanshas Adpuka. Cenbckoe X035HCTBO pa3BHU-
TO B paifoHax, I/ie CKJIOHBI OYCHb KPYTHIE, a HEKOTOPHIE (haKTOPHI, HAIIPHIMEP METOIBI 3eMIIe-
MTOJIb30BaHMS, OCNAOJSIOT MTOYBY M MPUBOIAT K BOJHOU dPO3UH, YTO BIEUYET 3a COOOH aerpa-
JALUIo TIOYBHI U JieNaeT ee OecrinoaHon. IIpon3BoCTBO O 3TOMY IyTU CTAHOBUTCS HEAOCTA-
TOYHBIM JUTs OBICTPO pacTyliero HaceneHus. Pacmmpenne obpabaTbiBaeMoit 3eMi, 9acTo He
CBSI3aHHOE C IMPOTUBOIPO3UOHHBIMH MEPaMHU, MOJBEPraeT MOYBY WHTEHCUBHOW 3po3uu. JlaH-
Hble 00pabOTKM CIYTHUKOBBIX CHUMKOB (Landsat 8) mo3BOJMIM BBISIBUTH OCHOBHBIE MECTa,
r7e 3po3usi oueHb cuiibHas. [loTepsiHHas nmousa oneHnBanack no meroxy PYCIIE u ¢ ucnoss3o-
BaHMEM YETHIPEX PACTPOBBIX M300PaKEHHUH, COOTBETCTBYIOIINX (aKTOpaM, CBSI3aHHBIM C OCAJI-
KaMH, pa3pylaeMOCTbIO TIOUBBI, TOOTpa(uell, ATMHON CKJIOHA U PpacTUTENILHBIM MOKpoBoM. [1o-
JIy4eHHBIC Pe3yJIbTaThl TO3BOJIAIOT ONPECIUTh PAalioHBI TTO BCEH CTpaHe, rae HeoOXOAUMO BMe-
LIaTeIbCTBO MPABUTENbCTBA U IPUPOLOOXPAHHBIX YUPEKAEHUN AJIsl OIpaHUYEHUs! IPOLIECCOB
Jierpajialiiy IO4BBL.

KiroueBsie ciioBa: bypynan; sposus nous; 3emnenons3zoBanue; PYCIIE; nerpanamus
MOYB; KJIACCU(UKAIINS TT0YB; 3aIIUTa CEIBCKOTO XO3SIHCTBA
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Abstract. Gastropoda is a large class in coastal waters in Central Vietnam. The interac-
tion between microorganisms and Gastropoda mainly consists of symbiotic and parasitic rela-
tionships. In this study, biodiversity of microbial communities on some species of Gastropoda
is evaluated, thereby predicting their interaction. From 12 samples of Gastropoda including
3 species: Trochus maculatus, Cypraea eglantica, Chicoreus bruneus, 101 microorganism
strains including 79 bacterial strains (78.2%), 18 yeast strains (17.8%) and 4 actinomycetes
strains (4.0%) were isolated. There were 15 strains (including 8 yeast strains, 5 bacterial strains
and 2 actinomycetes strains) selected to identify based on sequence analysis of the D1/D2
region (yeast) and 16S rRNA gene (bacteria and actinomycetes). Based on the identification
results, it is possible to predict the nutritional relationship between microorganisms and spe-
cies of Gastropoda.

Keywords: Gastropoda; biodiversity; microorganisms; Central Vietnam

Introduction

Scientists have studied the relationship between bacteria and Gastropoda
since the 1980s [10]. The interaction between microorganisms and Gastropoda
mainly consists of symbiotic and parasitic relationships. Symbiotic relationships
between microorganisms and Gastropoda include nutrient exchange, supply of
organic compounds, production of vitamins and amino acids, resistance to patho-
genic microorganisms, habitats, etc. Symbiotic bacteria usually belong to auto-
trophic bacteria such as Thioprofundum lithotrophicum, Thiohalophilus thiocy-
anatoxydans, Methylosphaera hansonii, Methylosbacter luteus, etc. [5]. Microor-
ganisms can also produce toxins and cause serious diseases.

© ChuT.B., Do T.T.H., Le X.T., Ngo C.C., Pham T.T.H., Hoang T.T.D., Nguyen T.T., Britaev T.A., 2019
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Ha Tinh and Ninh Thuan are two provinces in Central Vietnam. The coastal area
of these two provinces is the habitat of many species in the class Gastropoda [7].
Research on the relationship between microorganisms and Gastropoda in coastal
marine ecosystems contributes to building a database for the conservation, deve-
lopment and sustainable exploitation of these animals.

Materials and methods

Materials. Samples. 12 samples of Gastropoda were collected in coastal waters
of Ha Tinh and Ninh Thuan.

Table 1
List of samples

No. Species in the class Gastropoda Code sample Place

1 Trochus maculatus H1, H3 Ha Tinh
N1, N3 Ninh Thuan

2 Cypraea eglantica H2, H5 Ha Tinh
i J N2, N5 Ninh Thuan

7 H4, HE Ha Tinh
3 Chicoreus bruneus N2 NG Hafnh_

Total 12

Media. Hansen medium for yeast [4]. MPA medium for bacteria [6]. SCA
medium for actinomycetes [6].

Methods. Isolation method. Animal samples were peeled, collected the gastro-
intestinal tract, then diluted with salt water 9%o. The diluent was cultured on a petri
containing medium suitable for each microorganism group. Petri plates were put
in incubators at the suitable temperature [8].

Grouping method. The strains were cultivated on suitable media and condi-
tions. Then they were differentiated by their macro- and micro-morphologies ac-
cording to C.P. Kurtzman et al. [§]

DNA extraction. The experiment was carried out using Zymo Research Kit (USA).

PCR. PCR is established for each microorganism group using the suitable
primers and heating programs. Specifically, NL1/NL4 primers for yeast, 1492R/27F
for bacteria and actinomycetes [3].

Sequence analysis. The sequencing results were compared to related data in
Genbank by the BLAST search on NCBI.

Results and discussions

Isolation results. 101 microorganism strains were isolated from 12 samples
collected from Ha Tinh and Ninh Thuan (Table 2).

Table 2 showed that bacteria had the greatest amount. Actinomycetes was
the smallest of microorganism group. Fungi had not been found in isolated sam-
ples. Yeast was found mainly in samples collected from Ha Tinh, while actinomy-
cetes were found mainly in samples in Ninh Thuan. Sample N1 (7Trochus macula-
tus) had the existence of 3 microorganism groups. Sample N5 (Cypraea eglantica)
only isolated bacteria. Other samples had the existence of two microorganism
groups. The number of microbial strains isolated on each species in the class Gas-
tropoda was also different (Figure 1).
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Table 2
List of microorganism strains
No Sample Strains code
i p Yeast Bacteria Actinomycetes
1 H1 H1.1Y, H1.4Y, H1.6Y H1.2B, H1.3B, H1.7B, H1.8B -
H2.3B, H2.4B, H2.5B, H2.6B,
2 H2 H2.1Y, H2.2Y H2.7B, H2.8B, H2.9B, H2.10B, -
H2.11B, H2.12B, H2.13B
H3.1B, H3.3B, H3.4B, H3.5B,
H3 H3.8Y H3.6B, H3.7B, H3.9B, H3.108B B
4 H4 - H4.1B, H4.3B, H4.4B, H4.5B, H4.6B H4.2A
H5.3B, H5.6B, H5.7B, H5.8B, H5.9B,
HS HS. 1Y, H5.2Y, H5. 1Y H5.10B, H5.12B, H5.13B, H5.14B -
H6.3B, H6.4B, H6.5B, H6.6B,
H6 H6. 1Y, H6.2Y, H6.12Y H6.9B, H6.11B, H6.15B, H6.16B -
7 N1 N1.1Y, N1.2Y N1.3B, N1.5B, N1.7B N1.4A, N1.6A
8 N2 N2.3Y, N2.5Y N2.1B, N2.2B, N2.4B, N2.6B -
N3.2B, N3.3B, N3.4B, N3.5B,
9 N3 N1.1Y N3.6B, N3.7B, N3.8B, N3.9B, -
N3.10B, N3.11B
N4.1B, N4.2B, N4.3B, N4.5B,
10 N4 B N4.6B, N4.7B, N4.8B, N4.9B N4.4A
11 N5 - N5.4B, N5.5B, N5.15B, N5.16B -
12 N6 N6.12Y N6.7B, N6.8B, N6.13B, N6.14B -
Total 18 (17.8%) 79 (78.2%) 4 (4.0%)
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Figure 1. Number of microorganism strains in each species

Trochus maculatus and Chicoreus bruneus were 2 species with the existence
of 3 microorganism groups (yeast, bacteria and actinomycetes). Actinomycetes
had not been found in Cypraea eglantica.

Grouping based on characteristics of colonies and cells. Characteristics
of colonies and cells play an important role in the classification of microorganisms.
In this study, microorganism strains were grouped based on colony and cell charac-
teristics in order to provide more accurate assessments of the diversity of microbi-
al communities.

Bacteria. Based on colony and cell characteristics, 79 bacteria strains were
divided into 5 groups (Table 3).

The isolated bacterial strains had a low biodiversity. The majority of bacte-
ria group is the group with milky white colonies, slippery surface, viscous, spheri-
cal cells, separated (group 1 —40.5 %). The results of bacteriological isolation are
similar to the results of previous studies on the existence of bacteria in the species
of Gastropoda [1].
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Table 3
Grouping results of bacteria
. Characteristic
Group Quantity (percent) Colony Cell
1 32 (40.5%) Milky white, smooth surface, viscous Spherical cells, separated
2 8 (10.1%) Red, smooth surface Rod cells, separated
3 11 (13.9%) White, smooth surface Spherical cells
4 7 (8.9%) Pink, smooth surface Rod cells
5 21 (26.6%) Yellow, smooth surface Rod cells

Yeast. Yeast was the microorganism group with the highest biodiversity. 18 yeast
strains were divided into 8 groups (Table 4).

Table 4
Grouping results of yeast
. Characteristic
Group Strains code Colony Cell

1 H6.1Y, H5.11Y Milky white, spongy Spherical cells, separated, reproduce by budding
2 N1.2Y, H1.6Y White, smooth Spherical cells, separated, reproduce by budding
3 N3.1Y, N6.12Y Creamy white, spongy Spherical cells, reproduce by budding

H1.1Y, H3.8Y, . ) . .
4 N1.1Y, H2.2Y Black, wet, viscous Spherical cells, arranged in chains
5 H6.12Y, N2.5Y | Dark brown, wet, viscous Rod and spherical cells, arranged in chains
6 H2'|_1|;’ :l15Y'1Y’ White, wrinkled surface Spherical cells, reproduce by budding
7 H1.4Y Black, wet, viscous Rod cells, arranged in chains

N2.3Y, H5.2Y, . ) )
8 HB.2Y Creamy white, spongy Spherical cells, separated, reproduce by budding

Yeast is a polymorphic microorganism group, characteristics of colonies
(color, shape) and cells that can change in the life cycle [3]. Therefore, it is neces-
sary to use other classification methods (biochemical characteristics, molecular
biology) to be able to more accurately assess the biodiversity of yeast.

Actinomycetes. 4 actinomycetes strains were divided into 2 groups accor-
ding to the colony and cell characteristics described in Table 5.

Table 5
Grouping results of actinomycetes

. Characteristic
Group Strains code Colony Cell
1 N1.6A, N4.4A Brownish, dry, hard, thick Rod cells, branching
2 H4.2A, N1.4A Brown, small, dry, thin Rod cells, branching

According to the references, there are currently no reports of the existence
of actinomycetes in the species of Gastropoda [9]. However, in this study, the number
of actinomycetes isolated was very low, and the survey was only conducted on
12 animal samples. A larger number of animal samples should be surveyed to
confirm the existence of actinomycetes in the species of Gastropoda.

Based on the grouping results, 15 microorganism strains representing each
group were sequenced (including 8 yeast strains, 5 bacterial strains and 2 actino-
myecetes strains).

32 ECOLOGY



Toy T.B. u np. Becmnux PY/[H. Cepus: Oxonocus u 6ezonacnocms dxcusnedesmenvrocmu. 2019. T.27. Ne 1. C. 29-38

Figure 2. Colony characteristics of microorganism strains

Identification results. Microbial identification is considered a highly reliable
classification method. Based on the identification results, it is possible to give the ac-
curate assessment of biodiversity of microbial community. In this study, microorga-
nism strains representing each group were sequenced with the corresponding genes.
In yeast strains, DNA sequencing of the D1/D2 region of the large subunit of
the 28S ribosomal RNA gene was evaluated with NL1/NL4 primers. 16S rRNA gene
sequences were used to study bacteria and actinomycetes with 1492R/27F primers.

Bacteria. The results of bacterial identification showed that 5 bacteria strains
identified could belong to 3 genera: Burkholderia, Cellulosimicrobium, Rhodococcus.
Specially, genus Cellulosimicrobium includes cellulose-degrading bacteria. M.A. Dar
et al. (2015) also published the existence of cellulose-degrading bacteria in Achati-
na fulica. He suggested that the interaction between Cellulosimicrobium and species
of Gastropoda could be symbiotic relationships [1].

91, Burkholderia paludis KT159931.1
[ 'Burkholderia contaminans NR_104978.1
100( oo petia pacifica NR_113402.1

‘ Cobetia marina CP017114.1
Bacillus cereus ATCC 14579
TH Bacillus wiedmannii NR_152692.1
Bacillus proteolyticus NR_157735.1

| | Rhodococcus fascians ATCC 12974

100 Rhodococcus cercidiphylli NR_116275.1

—— H5.14B
52— H6.11B

N4.1B

] |Cellulosimicrobium funkei NR_042937.1

100 Cellulosimicrobium cellulans NR_119095.1
H5.15B

| ————N27B

66— Burkholderia cepacia ATCC 25416

=
5

Figure 3. Phylogenetic tree of bacteria, based on 16S rRNA gene sequences

Yeast. In the grouping by characteristics of colonies and cells, yeast is a micro-
organism group with the highest biodiversity (they were divided into 8 groups).
However, the yeast identification results showed that they consisted of 4 genera:
Meyerozyma, Aureobasidium, Pichia, Candida. According to the references, these
4 yeast genera can be found in some marine animals including sea snails (a spe-
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cies of Gastropoda) [3]. However, there has been no report on the interaction be-
tween these yeast genera and species of Gastropoda.

Meyerozyma caribbica KM822610.1
99| Meyerozyma caribbica KY108513.1
Meyerozyma guilliermondii KT923025.1

52| Pichia caribbica EU795418.1
H6.1Y

|
N1.2Y
9IN2.3Y
— N3.1Y
f o6 Meyerozyma amylolytica KY673531.1

H1.1Y
10 Aureobasidium melanogenum MF370933.1
| He.12Y

‘Candida carpophila FM180531.1
T gl A21Y
59 -Candida smithsonii NG_054792.1
—— 27_Meyerozyma caribbica LC415307.1
r 61— AlL4Y
L Aureobasidium namibiae JQ964188.1

Aureobasidium pullulans MF979208.1

Aureobasidium subglaciale KU254559.1
Rhodosporidium sphaerocarpum AF444754.1

—
5

Figure 4. Phylogenetic tree of yeast, based on the D1/D2 region sequences

Actinomycetes. Combining the results of grouping based on characteristics
of colonies and cells with sequencing results, it could be confirmed that 4 isolated
actinomycetes strains belonging to genus.

100, Streptomyces maritimus MH021963.1

99|l Streptomyces fungicidicus MF120518.1
99 ‘ Streptomyces sp. KM886161.1

H4.2A
Achromobacter spanius CP034689.1
| Achromobacter sp. MH539645.1
Achromobacter xylosoxidans HM137034.1
Streptomyces enissocaesilis MG733648.1
N4.4A
‘ Streptomyces rubrocyanodiastaticus KC172030.1

99‘

~ 100] Streptomyces rochei MH725558.1
59 Streptomyces avidinii FJ481066.1

Figure 5. Phylogenetic tree of actinomycetes, based on 16S rRNA gene sequences

Streptomyces. Genus Streptonyces is a common genus in marine sediments [9].
As mentioned, there are currently no reports of the existence of actinomycetes in
species belonging to Gastropoda. 4 isolated actinomycetes strains in this study
might have entered the gastrointestinal tract of animal species along with their food.
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Conclusions

Survey of 12 animal samples in the class Gastropoda (including species:
Trochus maculatus, Cypraea eglantica, Chicoreus bruneus), 101 strains of micro-
organisms were isolated. Bacteria is the group with the highest number of strains,
yeast is the group with the highest biodiversity.

Actinomycetes belong to genus Streptomyces; yeasts belong to the genera:
Meyerozyma, Aureobasidium, Pichia, Candida; bacteria belong to the genera:
Burkholderia, Cellulosimicrobium, Rhodococcus. Genus Cellulosimicrobium and
species of Gastropoda may have symbiotic interaction.
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HayyHas ctaTbs

Buopa3HooOpa3ne MUKPOOHbIX COOOLLLEeCTB
HEeKOTOpPbIX BUAOB Kjnlacca NacTtponoaa,
pacnpocTpaHeHHOro B NpubpeXHbIX Boaax
B LLleHTpanbHon YacTtu BbeTHama

T.B. Tey!, T.T.X. Jlo', C.T. JIe?, K.K. Hro!,
T.T.X. ®am!, T.T.3. Xoanr', T.T. Hryen!, T.A. Bpuraes'

'Poccuiicko-BheTHAMCKHIT TPOTMYECKHUiA HAYHIHO-HCCIIEI0BATEBCKUI 1 TEXHONIOTHYECKHiA TIEHTP
Coyuanucmuyecxas Pecnyonuxa Bovemnam, Xanoii, okpye Kay 3aii, ya. Heyen Ban Xyen, 63
’HanuoHanbHbIi MHCTUTYT TeMaToJIOTHH U TIepeIMBaHuUsA KPOBU
Coyuanucmuyeckas Pecnyonuxa Bvemnam, Xanou, oxpye Kay 3aii, yn. @am Ban bau

AnHoTtanms. ['actponoga — 370 GOJBIION KJIACC MOJUTFOCKOB B MPUOPEXKHBIX BOJAX B
HEeHTpalibHOM yacTu BreTHama. BzaumonelicTBre MexXay MUKpOOpPraHU3MaMU U TacTPOTIO0N
B OCHOBHOM COCTOHT W3 CUMOHMOTHYECKUX M MapasUTUIECKUX OTHOIICHHH. B HacrosmeM nc-
CIICZIOBAHUU OLICHHBAETCs OMOpasHOOOpa3ne MHUKPOOHBIX COOOIIECTB HEKOTOPHIX BHIOB Ta-
CTPOIOBI, YTO MO3BOJIET MPOTHO3UPOBATh WX B3aumoaelcTeue. 13 12 oOpasnos ractpomno-
Iel, BKIovaromux 3 Bunpa: Trochus maculatus, Cypraea eglantica, Chicoreus bruneus, n3o-
mupoBad 101 mrraMM MHKpOOpPraHU3MOB, U3 HUX 79 mrammoB Oakrepuit (78,2 %), 18 mrammos
npoxokeit (17,8 %) u 4 mramma aktuHoMHLETOB (4,0 %). beiio oToOpano 15 mTamMmoB (BKJIHO-
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Yas 8 IMTaMMOB JIPOXOKEH, S5 mTaMMOB OakTepuid U 2 mTaMMa aKTHHOMHIIECTOB) ISl HICHTH-
(huKaMu Ha OCHOBE aHaIM3a IocieaoBatenbHocTell oomact D1/D2 (npoxoxu) u rena 16S pPHK
(bakTepnu 1 akTHHOMHUIIETHI). Ha ocHOBaHNM pe3ynbTaToOB HICHTU(UKAINN MOXKHO ITpECcKa-
3aTh MUTATENBHYIO B3aUMOCBS3b MEXIy MUKPOOPTaHU3MaMU 1 BUAaMH T'aCTPOTIO/BL.

KurroueBble c10Ba: ractpornoja; 0nopazHoo0pa3ue; MUKPOOPTaHU3MEI; [IEHTpaJIbHAS
gacTh BreTHaMa

BnaropapHocTn. ViccnenoBaHve BbINOAHEHO NpU nogaepxke POCCUMNCKO-BLET-
HaMCKOro TPOMMYEeCKOro Hay4YHO-UCCNenoBaTeNbCkOro U TEXHOIOMMYECKOrO LIEHTPA,
npoekT E1.3.
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CpaBHMTEIbHbI aHANIN3 HAKOMJIEHUS TSXKEbIX MEeTaJIJI0B
B CUCTEME «M0YBa — pacTeHue» No UHAEKCY re0akKKyMynsaumm
n KoadpoduumneHTy TpaHcnupauum Zea mays L.

A.P. Cyknacsin

HanpoHanbHBIN TOJIMTEXHUIECKUH YHUBEPCUTET APMEHUH
Pecnybnuxa Apmenus, 0009, Epesan, ya. Tepvsaua, 105

AnnoTammst. Llensro paboThI SBISUIACH OLICHKA BIMSHAS Je(HIUTA BOIBI B TIOUBE C YIETOM
0COOCHHOCTEH MUTPAIMH TSDKEJIBIX METAJUIOB B CHCTEME II0YBA — PACTEHUE) Ha TIPUMEPE caxap-
HOU KyKypy3bl (Zea mays L.). Uccnenyembie 00pa3iibl IpOU3pacTaliv Ha MPUOPEKHBIX TEPPHTO-
pmwsix pek Jleber, lInox u Apakc. OT60p pacTHUTENHHOrO MaTepuajia OCYIICCTBILUICS B TCUCHUE
BEreTalMOHHOrO MEPHO/Ia Ha OIMBITHBIX IUIOMIANKAX B SICHYIO CYXYIO HOroay. BhIMONHEH aHam3
npuOPEKHOMN MOYBBI M OJJHOJIETHETO pacTeHus 1o coaepxkanuro Mn, Cu, Co, Zn, Mo ¢ moMomipro
Thermo Scientific Niton XRF Portable Analyser. Ha ocHOBaHHHM MOJTyYeHHBIX pe3yJIbTaTOB pac-
cunTaH KOA(p(UIMEHT UHIEKCa Te0AKKYMYJIIIUK, BBISBILIIONMNA OCHOBHBIC MHUTPAIMOHHbIC Xa-
PAKTEPUCTUKH TSDKEIIBIX METAIUIOB B CHCTEME II0YBA — pacTeHuey. TONepaHTHOCTh K 3aCyXe HICH-
THQHUIMPOBaHA HA CTAJHH paccaabl IMyTeM M3MEHEHHUS YCIOBUI MPOU3PACTaHUS ITOCPEICTBOM
M3MEHEHHsI PeXKHMMA TIOJIMBA KOHTPOJIBHBIX Ba30HOB. PacueT MHTEHCHBHOCTH TPAHCITHPAIMH IO~
Ka3aJ M3MCHCHUsI BOMHOTO OanaHca y PACTCHHH B 3aBUCHMOCTH OT MMOYBEHHO-KIMMATHICCKHUX
yCIIOBHI mpon3pacTannsl. Ha ocHOBE MOMy9YeHHBIX Pe3yIbTaTOB OTMEUYEHO, YTO MPH ITOBBIIICHUH
3HAYCHUS MHIEKCA TE0AKKYMYJISINH TSDKEIIBIX METAIUIOB B ITOYBE Y PaCTCHUS HaOIFOIaeTCs 3Ha-
YHUTENFHOE CHIDKCHHE MHTCHCUBHOCTH TPaHCIMpPAIMK. Tak, B X0JIe IKCIIEPHMEHTOB yCTaHOBIICHO,
9T0 00pasmbl KyKypy3bl U3 3aCyIUIMBOTO PErroHa YIIakepTa UMENTN HU3KH ypOBEHb TPAHCIIH-
pary, Mo CpaBHEHHUIO ¢ 00pa3laMy U3 YMEPEHHO-BIaxHOro pernoHa lllHoxa. O0benuHeHue
JIAHHBIX O COJICPIKAHUU TSKEIBIX METAJIOB B 36pHAX KYKYPY3bl C HHTCHCUBHOCTBIO TPAHCIIH-
paluu MO3BOJIMIO MCCICI0BATh KOPPEIISIIIUI0 MEXKITy HAKOMUTEIbHOW CIIOCOOHOCTBIO HCCIIe-
IYEMBIX XHMHAYEeCKUX JIEMEHTOB M PeryIisIuell BOMHOTO OajaHca B PACTCHUH B OTBET Ha 3a-
cyxy. Cpenu OCHOBHBIX (haKTOPOB, CIIOCOOCTBYIOIINX MOBBIIICHUIO MUTPALIAU TSKEIIBIX Me-
TAJIJIOB, MOYKHO BBIJICJIUTH COJICPIKAHUE KAJIUS U KAIbIUS B PACTUTEIILHOM 00pasiie.

KiioueBble cjioBa: pacTeHUE; TSHKEIble METAIIbl; MHAECKC T'€0aKKyMYJISILUN; UHTEH-
CUBHOCTh TPaHCIHUPAIINH; 3aCyXa

BBepeHue

EctectBenHoe conepkanue Tsoxenbix MetauioB (TM) B okpy»karoleit cpere,
Kak MpaBuJIo, COATAaHCHPOBAHO, & OCHOBHOM MPUYMHON MX KOHIICHTPAIIMOHHBIX U3Me-
HEHUH SIBIISCTCS JCATCIIBHOCTDb YCJIOBCKA. AHTpOHOl"GHHI:Ie N3MCHCHUA 6I/IOTI)I, BbI3-
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BaHHbIE YCKOPEHUEM TEMIIOB MHIyCTPUAIN3ALNHA U UHTEHCUBHBIM Pa3BUTUEM CEJIb-
CKOTO XO35ICTBa, ypOaHHU3aIMel, BICKYT 32 COOOM MIMPOKHI CIEKTP rI00aTbHbIX
9KOJIOTMUYECKH OMACHBIX sBIEHUH [1; 2]. B pernonax ¢ pa3BUTbIMH NPOMBIILIEH-
HBIM M CEJIbCKOXO03IMCTBEHHBIM MMPOU3BOJCTBAMH PE3KO BO3PACTAET BEPOSITHOCTH
3arpsi3HEHMsT BO3yXa, BOABI U MOYBBI MO PHYKMHE N30BITOUHOrO Kommdectsa TM [3].
B uwactHoCTH, noriomeHue U HakorieHne TM B pacTeHUsIX MPOSIBISETCS B 3apa-
KEHUM MUIIEBBIX LIENEH, M0YBBI, BOJHBIX PECYpCOB M HETaTUBHOM BIIMSHUU Ha
okpykartryto armocdepy [4; 5]. Hakomuienne TM B mouBe, BemiecTBa KOTOPOM
MIOTIAJIAl0T B PACTEHHE BMECTE C BOJOM, U3MEHSET €€ (PU3UKO-XMMUYECKHE CBOM-
ctBa [6]. JlaHHBIA QakT SABISETCS BAXKHOU SKOJIOTUUECKON MPOOIEMOH, ITOCKOIBKY
MHOTHUE U3 ATUX HJIEMEHTOB CTAOMIIBbHBI U SBIISIIOTCSI OMOaKKYMYJIITHBHBIMH, @ OLICH-
Ka uX 0€30MacHbIX KOHLEHTPALUNA OUEHb CII0KHA B 9KOCHUCTEME.

JI71st HOpMaJIbHOTO POCTa U Pa3BUTHSI pacTeHU HeoOXoauMa MoAIepKKa Ha
(U3MOIOTHYECKN TPUEMIIEMOM YPOBHE ONPEAETICHHOTO BOJHOrO OajaHca, 4To B
nanpHeleM OyaeT crocoOCTBOBAaTh BEIPAOOTKE y pacCTEHUN MEXaHU3MOB YCTOM-
YUBOCTH K cTpecc-(pakTopaM BHemHe# cpensl [7]. 3BecTHO, 4TO KOHIEHTpALUs
TM B mo4yBe MOXKET JOCTUYb TAKOT'O YPOBHS, KOTOPBIM B PE3yJbTaTe NPUBEIET K
OCMOTHYECKOMY HIIOKY BHYTPH pacTuTeabHOro opranusma [8]. Ho kopHeBas cu-
CTEMa pacTEeHHMsI MPU3BaHa PEryJIMPOBaTh MOCTYIUIEHUE B HEE BOABI, KOTOpas MO-
XKeT OBITh HACBIIIEHA pa3NMuYHbBIMU TM. O4eBHIHO, YTO BaXHYIO POJIb B )KHU3HE-
NeSITeIbHOCTH pacTeHUuil U (HOpMHUPOBAHUM MX MPOAYKTUBHOCTH UTPAET BOJHBII
oOMmeH. B cBoro ouepenb, HapylleHHEe BOJAHOTO 0OOMEHa, Ha0JI0JaeMoe B IPUCYT-
CTBUHU BBICOKMX KOHUEHTpauuid TM, oTpHLaTeIbHO CKa3blBaeTCcs Ha OOJIBLIMH-
CTBE (DM3UOJIOTMYECKUX MPOIIECCOB Y pacTeHui [9].

[Tenp mccnenoBaHus 3aKIOYalach B CPAaBHUTEIIBHON OLICHKE HAKOIIUTENb-
HOM cnocoOHocTH psaga TM ¢ y4eToMm MHAEKCA Fe0aKKyMYJISIMHA B CUCTEME «I10Y-
Ba — PACTEHHUE» U TPAHCIUPALIMH JINCTHEB PACTEHUSI-MHIUKATOPA IIPH 3acCyXe.

MaTtepuanbl u meToabl

B kagectBe OMONOrHUEcKOro oO0bEKTa B IKCIEPUMEHTaX HCIOIb30BaNaCh
MoJTy3yOOBUIHAS caxapHas KyKypy3a apMsiHCKoU nomysiiuu (Zea mays L.), BbI-
palieHHasi Ha OTNBITHBIX TuIomaakax Bomusu pek Jeder (Ona3yn —41°03'06" c. .
44°36'55" B. n.), Iuox (IHuox —41°08'52" c. m. 44°50'16" B. 0., TexyT —
41°07'05" c. m1., 44°50'45" B. 1.) n Apakc (Ymakept —40°04'52" c. m1. 43°55'35" B. 11.).

Iloozomosxa obpazyos nougvl. OOpasIbl MOUBBI IPU CYXHUX MOTOJHBIX YCIIO-
BUSIX OTOMPATHCh METOJOM KOHBEPTUPOBAHUS C TIyOHHBI IPOU3PACTAHUS KOpPHE-
BOM CHCTEMBI HUCCIIEAYEMOr0 pacTeHUs, KOTOpasi B CpeHeM He mnpebiana 120 cm.
OT60p TOYEUHBIX MPOO OCYIIECTBISUICA C TIOMOIIBIO HE COJIEPIKALUX METAT UH-
cTpyMeHTOB. O0benMHeHHas Mpoda MOATOTaBIUBANIACH ITyTEM CMEIIMBAHUS TOYEU-
HBIX MIPOO — HE MEHEe ISTH TOUEUHBIX MPOO, B3ATHIX M3 OJHON MPOOHOI mTomai-
ku. [locie oOpa3ipl MOMENaNuCh B TEMHbIE CTEKJISTHHbIE KOHTEHHEPHl U TpaHC-
MOPTUPOBANUCH Npu Temneparype +4 °C ans 1abopaTOpHBIX (MHCTPYMEHTAJb-
HBIX) U3MepeHuit B TeueHue 24 4. [locie o4uCTKU OT OCTaTKOB KOPHEBOM CHUCTe-
MBI, HACEKOMBIX M JAPYTUX TBEPJbIX COCTABIISIOIINX MTOYBA PACTUPAIACh B CTyITHE
C TIECTUKOM U MPOCEUBANIACh Yepe3 CUTO C AMAMETPOM OTBEpCTUH He Oonee 1 MM.
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Iloozomoexka obpasyos pacmenus (3eprna Kykypy3wot). Co3peBlIMe 3epHa Ky-
Kypy3bl CYIIWJINCh METOJOM BO3AYIIHO-CYXOW CYIIKM B BBITSDKHOM IIKady 0
BO3/YLIHO-CYXOI0 COCTOSIHMSI IIPU KOMHATHOM Temmeparype. s o3oneHus pac-
TUTEIBHBIA MaTepHaj MoMewaics B My(elbHyI0 MeUb C UCHOJIb30BAHUEM INpeJ-
BapHTEIBHO NMPOKaJICHHBIX (aphopoBeIx yariek npu temneparype +400 °C He 60-
nee yeM Ha | 4. 3aTeM 00pas3iibl CyXOro ocTaTka (30J1a) MOMENIAINCh B SKCUKATOP
JUIs AaTbHEUIINX MHCTPYMEHTAIbHBIX U3MEPEHUI.

Hzmepenue konyenmpayuu xumudeckux snemenmos. IlogrorosneHnsle o0pas-
1IbI (30712 3epeH KYKypy3bl M [T0YBA) MOMELAINCH B CIIELUAIbHBIE TIACTMACCOBBIE
Tpyoku XRF Sample Cups nuamerpom 32 MM, Ha JHO KOTOPBIX 3apaHee BCTaBIIfA-
Jach crenuaabHas IOJMIPONMIICHOBAs IUIEHKa. B BepxHIO0 yacTh 00pasiia BCTaBIs-
JIUCh CHEIMATIbHbIE YIJIOTHUTENH, MOCIE YEro ero 3aKkpblBajM KpPBIIIKOH, cripec-
COBaB JI0 HY’KHOTO cOCTOsIHUSA. MccnenoBaHye OCyIeCcTBISIOCh ¢ TOMOILBIO MTOp-
tTaTuBHOTO aHanmm3aTopa Thermo Scientific Niton XRF Portable Analyser myrem
HarpasJieHus X-Tydeld HermocpeacTBeHHO Ha oOpazert B Teuerue 210 ¢ [10].

Pacuem unoexca eeoaxxkymynayuu. JIJi1 KONUYECTBEHHONW OLIEHKHM CTENEHH
3arpsi3HeHus ObUT PaCCUUTaH UHJIEKC F€O0aKKyMYISIUH (1geo):

lgeo =log2 (C,, / 1,5 X By ), (1)

rne Cp, — KOHLIEHTpALUS TSHKETIOro MeTalluia B 00pasiie, MI/KT; By — FeOXUMHUYECKOe
(hoHOBOE 3HaUCHUE (MeraHa) sl KaKI0r0o THTIA TTOYB coriacHo [ 11], Mr/kr.

CreneHb 3arps3HEHHOCTH MOYB OIEHHUBaach Mo mkaine Mromiepa [12], co-
[JIACHO KOTOPOW 3HadeHUs lgeo < 0 cOOTBETCTBYIOT I Kiaccy (IpakTU4eCKH He-
3arpsi3sHEHHBINA QOH); 0 < [geo < 1 — II KITacCy (He3arps3HEHHBIN O YMEPEHHOTO);
1 < Igeo <2 — III knaccy (yMepeHHO 3arpsa3HeHHbIi); 2 < Igeo < 3 — IV kimaccy
(OT cierka 3arpsi3HEHHOTO 710 CHIIBHOTO0); 3 < Jgeo < 4 — V KJ1accy (CHJIBHO 3arps3-
HeHHBIN); 4 < Igeo < 5 — VI ki1accy (0T CHIIBHO 3arpsi3HEHHOTO JI0 AKCTPEMaJIbHO-
10); lgeo > 5 — VII ki1accy (04eHb CUIBHO 3arpsi3HEHHBIN).

Mooenuposanue 3acyxu u onpedenenue uHmeHcusHocmu mpancnupayuu. Mo-
JIETTMPOBAHUE 3aCyXHU OCYIIECTBISUIOCH B KIIMMATHYECKOW KOMHATE CO CHEIMaIbHO
000pYyTIOBaHHON CHCTEMOW KOHIUITMOHUPOBAHUS (CM. PUCYHOK). B KOHTPOJIBHBIX
Ba30HAaX Ha MPOTSHKEHUH BCETO SKCHEPHMEHTa ONTHUMAalIbHAss OTHOCHTENbHAS BIIaXK-
HocTh nouBsl (OBII), nogaepxuBaemas myTeM €XeIHEBHOM MOJIUBKHU, COCTABIIsIA
54 %, npu yMepeHHOM 3acyxe, CO34aBaeMOM MOCPEACTBOM H3MEHEHHs pexuMa
nonuBa, OBII cocraBmnsiia 43 % (Bu3yanpHO HEe HAOMIONANIOCH YBSIIAHUS JTUCTHEB
KYyKypy3bl), a ipu cuiibHOH 3acyxe OBII coctasmnsina 34 % (nabmtonanock yBsja-
HUE JTUCThEB B TeueHue faus) [12].

[Nocne craTucTHUECKH TOCTOBEPHOTO CHMYKEHHSI CKOPOCTH POCTA TISITOTO JIUCTA
KYKypy3Bbl, YTO 3aHSJI0 2—2,5 HEAeH, Onpeersuioch o0IIee coepKaHuie BIard B
Ha3eMHOH yacTu pacteHus. [ aToro cpesanach BCsl Ha3eMHasl 4acTh pacTEHUS,
00pa3ibl B3BEIIUBAIKMCH U MIOMEIAINCH B TepMocTat mpu temmneparype +70 °C Ha
72 4 no momHOTO HcnapeHus Biuard. [locne oOpa3ipl BEIHUMAIH U3 TEpMOCTaTa U
CHOBA B3BEIIMBAJH C LIETBIO ONpeieTeHs] MHTeHCUBHOCTU TpaHcnupauud (Tuur.),
YHCJICHHOE 3HaYeHHE KOTOPOIl BEIYUCIISUTN 110 popmyIie
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TPIHT. = (a - b) X 100/ (t X S), (2)

TJIe @ — KOHTPOJIbHBIA BEC PACTHTEIHHOTO 00pa3iia 10 MOMEIIEHUS B TEPMOCTAT, T;
b — Bec pacturenapbHOTO OOpasma uepe3 72 4, T; ¢ — BpeMsl IKCIO3HIUH, U;
S — II0IIaIb PACTHTENLHOrO 00pa3sNa, M.

Jlnist oripenieieHus TOCJIEAHETO UCTIONB30BaIl METOIUKY pacueTa JHHAMUKA
OTHOCHUTENLHOW TUIOMIAH JINCTHEB 3JIAKOBBIX KYIbTYP, OCHOBAaHHYIO HA HCIIOJb-
30BaHUM CTAaHAAPTHON THAPOMETEOPOTOTHUECKOW WH(POPMAIIMH, COTIIACHO KOTO-
pOif MakCHUMallbHbIC 3HAYEHUS OTHOCUTEIBHOMN TUIOMIA/IA JUCTHEB IS KyKypy3bl
Ha 3epHo () KonebmoTes B peaenax ot 2,5 1o 3,5 am? [13].

Kowurpome. Ymepennas sacyxa, Crrmias sacyna,
OBII - 34% OEII- 43% OBII- 34%

PucyHok. O6nin BUA, akcnepruMeHTasbHbIX BA30OHOB nepep cpe3om (2-2,5 Hepenun) (¢oT o aBTopa)
[Figure. General view of experimental pots in behind of harvesting (2-2.5 weeks) (photo by the author)]

Cmamucmuyeckas obpabomka. Bce TpoBeIeHHBIE YKCIEPUMEHTHI HMEITH
10 OuoNOrHYECKUX U 10 5 TEXHUYECKHX MOBTOPHOCTEH. Pe3ynbrarsl OblIH 00pa-
0oTtaHbl ¢ yueToM f-kputepus CThIoJieHTa NMPU ypoBHE 3HaUNMOcCTH p < 0,05 [14].
[Tpu momorum makeTa « AHaMH3 JAaHHBIX» IporpaMMbl Microsoft Excel mpoBeneno
CpaBHEHHE PACUETHBIX BEIMYMH, KOTOPOE OTPAXKAET CTEIIEHb B3aUMOCBSI3H MEXTY
Igeo 1 Tynr. ¢ yUETOM CTEIIEHU 3acyxu (Tadu. 1).

Tabavua 1
PacueTt koadpPpuumneHTa koppensaumm mexay sennumHamm Iy, n T,
BapuaHTt YwakepTt Opn3yH TexyTt LLIHOoX
(nonynycTtbiHHas (ropHbI (kopuyHeBas (kopuyHeBas
KawTaHoBas) 4YepHo3eMm) necHas) necHas)
Koappuunen -0,995 0,994 ~0,960 -0,950
napHo Koppensumm
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Table 1
Calculation of the correlation between the values /., and T;,..
Variant Hushakert Odzun Tekhut Shogh
(semi-desert (mountain (brown (brown
brown soil) black soil) forest soil) forest soil)
Pair correlation coefficient -0.995 -0.994 -0.960 -0.950
PesynbTathl

DaKTUUECKUM PEe3yJIbTATOM aHTPOIOTCHHOTO BO3ICHCTBUS Ha OKpPYKaro-
Iyl cpeny sBisercss HakomieHne TM B mouBe, akKKyMyJUPYIOIIMXCS B Jajb-
HEeWIleM B pacTUTENbHOM opranusMe. Mcxoms u3 3Toro B kauecTBe TeCT-00beKTa
OBLIIO BEIOPAHO OJHOJIETHEE paCTEHHE, TaK KaK B ’TOM CIy4yae €ro SKOJIOrHuecKas
MaMsATh ObIJIa «IUCTOW», a TIOTy4YeHHAs HHPOPMAITUS O KOJMISCTBCHHBIX H3MEHE-
HUAX psaga TM npu ux MUTpaliy B CUCTEME «IIOYBA — PACTEHUE» MOTJIA CITYKUTh
OCHOBOM JJI KOJTMYECTBEHHOM OIIEHKM 3arpsi3HEHHOCTU CPEJIbl Ha JTAHHOM JTarle.
C oT0ii 1enbi0 ObUTM OMpEeeNeHbl YMCIIeHHbIE 3HaueHus psaa TM B oOpasmax
MOYBHI U 3€pHAX KYKYpYy3bl, YCPEAHEHHBIC U3 MATH aHaau30B. Ha ocHOBaHuM 10-
JYYEHHBIX HKCIIEPUMEHTATbHBIX PE3YJIbTATOB PACCUUTHIBANICA KOIPPHUIIMESHT Teo-
aKKyMyJisinuu 1o gopmysie (1), 94To CIyKUJIO OCHOBOM ISl KIacCU(DUKAIIUN HC-
clieTyeMbIX 00pa3lloB MOYBHI 110 CTENEHU 3arpsi3HeHHOoCTH TM.

Tabnuua 2
3HauyeHue ko3pPpuureHTa reoakKyMmynsLmMm U Kateropmm 3arpsai3HeHHOCTU MoYB
AN HEKOTOPbIX TSXKEJbIX MeTasioB
Xvmn- YwakepTt Kare- Oa3yH Kare- Texyr Kare- LLIHox Kare-
Yyeckui (nony- ropus (ropHbii ropus (xopuyHe- ropusi (xopuyHe- ropus
ane- NyCTbIHHasA | 3arps3- | YepHO3eM) | 3arps3- | BasieCHasl) | 3arpa3- | Bas iecHasq) | 3arpss-
MEeHT KalUTaHO- | HEHHOW HEHHOMN HEHHOW HEeHHOMN
Bas) MOYBbI MoYBbI MOY4BbI MOYBbI
no knac- no knac- no knac- no knac-
cam cam cam cam
Mn 2.392+0.119 \% 0.943+0.109 | 1.346+0.102 1] 1.899+0.102 i
Cu 2.982+0.128 \% 2.901+0.122 \% 2.105+0.279 \Y 5.806+0.279 Vil
Co 5.849+0.020 Vil 5.451+0.093 Vil 4.561+0.074 Vi 5.603+0.074 Vi
Zn 7.098+0.503 Vil 5.992+0.322 Vil 6.363+0.423 Vil 8.593+0.423 Vil
Mo 3.625+0.289 Vv 3.515+0.087 \ 3.195+0.515 Vv 4.292+0.515 Vi
Table 2
The value of the coefficient of geoaccumulation and the category of contaminated soil
for some heavy metals
Che- Hushakert | Category Odzun Category Tekhut Category Shogh Category
mical |(semi-desert| ofcon- | (mountain | ofcon- (brown of con- (brown of con-
ele- brown soil) | tamina- | blacksoil) | tamina- | forestsoil) | tamina- | forestsoil) | tamina-
ments ted soil ted soil ted soil ted soil
by class by class by class by class
Mn 2.392+0.119 \% 0.943+0.109 | 1.346+0.102 11} 1.899+0.102 1]
Cu 2.982+0.128 \% 2.901+0.122 \% 2.105+0.279 \% 5.806+0.279 Vil
Co 5.849+0.020 Vil 5.451+0.093 Vil 4.561+0.074 Vi 5.603+0.074 Vi
Zn 7.098+0.503 VI 5.992+0.322 VI 6.363+0.423 VI 8.593+0.423 Vil
Mo 3.625+0.289 Vv 3.515+0.087 \" 3.195+0.515 Vv 4.292+0.515 Vi
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CornacHO NpUBEIEHHBIM pe3yJbTaTaM (Talum. 2), 00pasisl HOUBbI U3 HACEIEH-
HOTO ITyHKTa YIIakepT 1o conepxkannto Mn, Cu 1 Mo HaxoIuIKCh B CJI€TKa 3arpsi3-
HEHHOM COCTOSTHUH, a TI0 KOoHIIeHTpanusaM Co u Zn o0pa3iibl OYB OKA3aIUCh CHIIBHO
3arpsi3HEHHBIMU. Pacuer BeMUYMHBI Igeo 17151 00pa3oB 1mouB u3 Oa3yHa BBISABUI, YTO
cpena ymepenHo 3arpsizieHa Cu u Mo, Mn — npaktuuecku HeT. Kak u B npeapbiay-
IIeM HACceJIeHHOM MYHKTE, JaHHbIe 00pa3Ibl MOYB OKA3AINCh CUIBHO 3arps3HEHBI 110
koHueHTparwmsaM Co u Zn. O6pasiibl MOYB U3 HACEJICHHOTO IyHKTa TexyT oKazaluch
cierka 3arpsis3HeHHbIMM Mo, Mn u Cu u cuibHO 3arpsizHeHHbIME Co 1 Zn. AHanu3
o0pa3noB noussl u3 [1IHOXa ykazasl Ha MX JIETKYIO 3arpsi3HEHHOCTh Mn, a 1o coaep-
*aHuio Mo OHM OKazaluch CUIIBHO 3arpsizHeHbl. [Ipu aToM naHHbIe 00pasibl MOYB
MPOU3PACTaHMs pacTeHHUs ObUTM OYeHb CHIIBHO 3arpsisHeHs! Cu, Co u Zn.

[TouBa oGnagaeT M30UPATEILHON HAKOMMTEIHHON CIIOCOOHOCTBIO K OTPE/IeIICH-
HBbIM XMMHUYECKUM 3JIEMEHTaM, TEM CaMbIM MPOBOLIUPYS U3MEHEHHE X HAKOIUTEIb-
HOM CKOPOCTH B IIPOM3paCTaroONIel Ha Hel pacTuTesibHOCTH [16]. TIpu 3TOM OueBHI-
HO, YTO CIIOCOOHOCTh PACTEHUS MPOSIBIISATh OMOWHANKAIIMOHHYIO aKTUBHOCTH T10 CO-
nepkaario TM B TIOYBE B TIEPBYIO O4Yepelb OYIET OMPENeNAThCS COCTOSIHAEM CaMOM
MOYBBI IPOU3PACTAHUS U CTENICHBIO €€ YBJIAXXHEHHOCTH [17]. A mpouecchl TpaHCIu-
paluy B PacTEHHAX PEryJHpYIOTCS HENOCPEICTBEHHO KJIETOYHOW BOJIOM, JaBJIEHHE
KOTOPOM 3acTaBiIsSIET KIETKY MEPEXOIUTh B COCTOsiHUE Typropa [18]. Panee B Hamux
paboTax ObUIO MOKa3aHO BJIMSHUE BOJHOTO Je(UIIMTAa HA TYyprop JUCTHEB KyKYy-
py3sl [13; 19]. M3BecTHO, 4TO BOZA SBIISIETCS OCHOBHBIM IPOBAEpOM OOJBIIMHCTBA
XUMHUYECKUX JIEMEHTOB 110 KOpHEBOMU cucteme pacteHuid [20]. M36b1Tok nonos TM
B TKaHSX PaCTEHUI MOXKET MOBIUATH Ha aOCOPOIIHIO BOIBI U3 TTOYBBI U CHU3UTH CO-
Jep>kaHue BoAbl B KOpHsaX. Ho B 3ToM citydae cienyet paznuyars Aericteue TM Ha
MEPEHOC BOJIbI B PACTEHUM OT MX OTPAHUYEHHOCTH B MOTJIOLIEHUU BOABL. B mou-
Bax C BBICOKUM COJEPKaHUEM PAaCTBOPUMBIX cojieid TM 0CMOTHYECKHI MOTEHIIH-
aJ B IOYBEHHOM PaCcTBOPE MOKET OBITh HUXKE, UeM MOTEHIMAT BHYTPU KIIETKH.
B 3Tux ycnoBusix pe3ko OrpaHUYHMBAETCS CKOPOCTH MOTJIOIIEHUS BOJbI paCTEHHS-
MH, 4TO NPHUBOAUT K ocMoTHueckoMmy crpeccy [21]. IlpeanonoxkurenbHo, sBIEHNE
Typropa HamnpsiMyIO PeryJupyercsi KOJIU4eCTBOM PAaCTBOPEHHBIX M MOCTYNHBIIUX B
pacTUTENBHYIO KIETKY BMecTe ¢ Bogod TM. Mcxonst U3 3Toro mcciienoBaiach 3a-
BHCHMOCTh TPAHCIUpPAIIMU B YCIOBHUSAX 3acyxu. Paccumrtanuwie 1o dopmyse (2)
JAHHBIE TI0 UHTEHCUBHOCTU TPAHCIUPAINH JJIs1 00pa3IoB KyKypy3, IPOU3pacTaro-
UIMX B PA3IMYHBIX TOYBEHHO-KIMMATHYECKUX YCIOBHSIX, TPEICTaBICHbI B Ta0M. 3.

Tabnnua 3
3HavyeHne NHTEeHCMBHOCTU TPaHCNMPAaL MU KYKYPY3bl B YCJIOBUSIX 3aCyXU

MecTo npouspacTanms MHTEHCUBHOCTbL TPAHCNMPaUMK, I/aM> 4 CHUXeHue TpaHcnupauumn
0GpasLios pacTenus KoHTponb YmepeHHas CwunbHas YmepeHHas CunbHas
(c ykasanuem nouse (OBIN - 54 %) 3acyxa 3acyxa 3acyxa, % 3acyxa, %
nponspacTanus) (OBM-43%) | (OBM - 34 %)
YWaKePpT (NONYNYCTLIHKAS | 45 g57.0 699 | 12.967+0.573 | 4.609+0.387 19 71
KawTaHoBas)
Opn3yH (ropHbI yepHo3eMm)| 23.119+0.285 | 12.736+0.450 | 3.625+0.751 45 84
TexyT (kopuyHeBas necHas) | 23.535+0.769 | 14.139+0.612 | 4.301+0.348 40 81
LLIHOX (kopuyHeBast necHas) | 15.792+0.802 | 6.011%£1.250 2.281+0.632 62 85
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The value of the intensity of transpiration of maize in under drought

Table 3

Growth place of
plant samples

Intensity of transpiration, g/dm®-h

Decrease in the intensity of
transpiration

(with an indication of Control, Mild drought, |Severe drought, Mild Severe
soil growth) (soil water (soil water (soil water drought, % drought, %
content 54%) content 43%) content 34%)

Hushakert (semi-desert

15.957+0.699

12.967+0.573

4.609+0.387

19

71

brown soil)
Odzun (mountain black soil)| 23.119+0.285 | 12.736+0.450 3.625+0.751 45 84
Tekhut (brown forest soil) | 23.535+0.769 | 14.139+0.612 | 4.301+0.348 40 81
Shogh (brown forest soil) | 15.792+0.802 | 6.011+1.250 2.281+0.632 62 85

3acyxa BbI3bIBa€T 3aMeJIEHUE TPAHCIHpPAIMK AJI BCEX HCCIEAyEeMBIX 00-
pa3noB. AHalM3 NOJYYEHHBIX PE3YyJbTAaTOB MOKA3bIBAET, YTO YCUJIEHHE 3aCyXH
3aMeJUIsIeT MPOLeCcC UCIIApPEHUs BOJBI C MOBEPXHOCTU JHUCTHEB B CBS3H C YMEHb-
LIeHHeM MX pa3MmepoB, Tak kak npu OBII 34 % BuzyansHO HaOdromaeTcs yBsiaa-
HHE JINCThEB B TeueHue AHA. Ho, moMHMO HemocpencTBEHHOro Bo3nencTBus TM
Ha YCThUIIA, 3aMEJJICHHE TPAHCIUPALUU MOXET OBITh CBSI3aHO C YMEHBIICHHUEM
pa3MepoB JIUCTHEB U KOPHEBOM CUCTEMBI, a TAKXKE C HAPYIIEHUEM MOCTYIUICHUS B
3ambIKaromye knetku nonos K™ u Ca** [22].

Jlanee ObI0 ONpeneseHo Colep KaHKWe KallbLiMs U KaJlus B CIEJBbIX 3epHax
KyKypy3bl. XOTsl [10 KOHIIEHTPALMOHHBIM 3HaYeHusM ypoBeHb K mouru Ha 1aBa
nopsKa rpesbiman cojaepsxanue Ca’’, cpaBHUTENbHBIE PAIBI IO PETHOHY TIPOM3-
pacTaHus KyKypy3bl UMEIOT CX0KHUM BUA. {711 Kanbuus psa UMEEeT BU:

VYmakept < TexyT < Om3yH < HIHox
U, COOTBETCTBEHHO, juist K':
TexyT < YmakepT < On3yH < IHoX.
OOGcyxaeHune

HakomnuTenbHas akTuBHOCTh TM B pacTeHUSX OMpeeIeHHBIM 00pa3oM pe-
TYJIUPYETCS] HHTEHCUBHOCTBIO aJICOPOIIMU BOBI TTIOYBOM U YMEHBIIIEHHUEM TOTJIO-
LA aKTUBHOCTU KOpHEBOW cucteMbl. [loBeimienue coxepxkanus TM B
OKpYyXarollel cpele 3aMETHO CHUXAeT OTHOCUTENIbHOE COJEpXaHHE BOIbl B
KJIETKaX, 4TO CBSI3aHO C YMEHBILIECHHWEM YHCIIa U JUaMETpa COCYAOB KCHIIEMbI U
CUTOBHJIHBIX TPYOOK (103MbI [7]. Bosee Toro, ObIIO BBISBICHO, YTO JEUITUT BO-
Il B KOPHSX BO3HUKAeT B pe3yJsibTaTe moBblieHus: KoHIeHTpauun Cd, Ni u Zn
[22]. ObGe3BOKMBaHUE PACTUTEIHHBIX TKAHEW B YCIOBUSX IOBBIIIEHHOTO COJAEP-
xaHust TM MOKeT OBITh CBA3aHO TaKXKE CO CHMYKEHHEM AJIaCTUYHOCTH KIETOYHBIX
CTEHOK COCYJI0B, KOTOPO€ 00YCIIOBJIEHO YaCTUYHBIM 3aMEIIEHNEM HOHOB KaJlbLIUs
noHamu TM u u3MeHeHueM npoHHLaeMocTu MeMOpaH [23; 24]. CoriacHo moiy-
YEHHBIM pE3yJIbTaTaM, OMPEJCICHHbI COOTHONICHUEM WHTEHCHUBHOCTU IPOIIEC-
COB TIOTJIONICHUS BOJBI U 3aCYXU BOJIHBIN OamaHC pacTeHUs 3aBHCEN HE TOIBKO OT
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KJIIMMAaTHYECKUX YCJIIOBHM MpOU3pacTaHusi — CBOM BKJIAJ BHOCST MOYBEHHBIE Xa-
PaKTepUCTUKH, B 0COOEHHOCTH conepkanue TM B mouse. Mcxoas u3 peakmuu
pacTeHus: Ha BOIHBIA NE(PHUINUT, KOTOPHI HEMOCPEACTBEHHO OTpPa)KaeTcsi Ha WH-
TEHCUBHOCTU TPAHCIUPALIMHU, OblJIa JaHA OLEHKA KOHLIEHTPAIIMOHHBIM OCOOEHHO-
cTsM HakoruieHus TM 1o unaekcy reoakkymysiuuu (/geo). Koneuno, Tpancnupa-
1Sl XapaKTepU3yeT TO peaibHOEe KOJMYECTBO BOJbI, KOTOPOE yYacTBYeT B pas-
JUYHBIX META0OIMYECKHUX IMpoleccax pacTeHus. Ho Beskue MeXMOIEKYIISIpHbIE U
WHBIE CBSI3U YMEHBIIAIOT MOJBUKHOCTH MOJIEKYJ, CHUXasl MOABUXHOCTH BOJIBI,
1no3troMy TM B BBICOKMX KOHLEHTpPALMAX OKa3blBalOT SIPKO BBIPAXKEHHOE HEra-
THBHOE BO3JCHCTBHME HAa BOJHBIH OOMeH pacTeHHil B menoMm [8]. B pesynbrare
HapyIIeHUs] BOJOOOMEHa JIUCThSI PACTEHUH TEPSIOT TYprop, 4To OTPULATEIHHO
CKa3bIBAETCS B IeJIOM Ha (u3mosiormueckux mporeccax [10]. dakrtuyecku Mu-
rpauuss TM B cUCTEME «IIOYBAa — PACTEHUE» C IMOCIEAYIOIIMM HAKOIUIEHHEM B
pPacTUTENTFHOM OpIraHHU3ME MOXKET CIIOCOOCTBOBATH CHIKEHUIO TpPAHCIHUPALUH,
0COOEHHO B YCJIOBHUSIX MOBBIIIEHHOHN 3aCyXH.

3akouyeHue

B pesynbprare mpoBeNEHHBIX HCCIENOBAaHMN ObLIa ONpejeneHa MO KaTero-
pHSM CTEIEHb 3arpsI3HEHHOCTH TEPPUTOPHIA: TIOYTH BE3/I€ OTMEYAETCS MOBBIIIECH-
HBIM ypoBeHb conepxkanust Mo, Co u Zn, B MeHblIell ctenenn — Mn u Cu. Moge-
JaMpyeMas 3acyXa BbIIBHJIA IIPEIPACIIONOKEHHOCTh KyKypy3bl K 3aCyXOyCTOWYH-
BOCTH, KOTOPAsi 3aBUCENA OT MIOYBEHHO-KIMMAaTHYECKUX yYCIOBUM MPOU3PACTAHMUS,
IIPENOTIPENEIsAs IPEAPACIIONOKEHHOCTh PACTEHUI K HAKOIJIEHUIO HEKOTOphIX TM.
BrIsiBiIeHHBIE KOPPEIALMOHHBIE PA3IMYMsl B HAKOIUTEIbHOM akTuBHOCTH TM 110
MHJIEKCY T€0aKKYMYJISIMU U peakiMy Ha 3acyXy UMEIOT 0OpaTHYIO CHIIBHYIO CBSI3b
B 3aBUCHMOCTH OT IOYBEHHO-KJIMMAaTHYECKUX YCIOBUU MPOU3PACTAHUS.

BnaropapHocTu. ccnegoBaHme BbINMOAHEHO NPU GUHAHCOBOM noaaepxke ocy-
JapcTBeHHOro komuteta rno Hayke MOH PA B pamkax Hay4Horo npoekta Ne 15T-2H409.
MccnepoBaHue Takxke NpoBOAWIIOCH B labopaTtopun MONekynspHon dpuamnonorumn pac-
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Research article

Comparative analysis of heavy metals accumulation
in the soil — plant system by the geo-accumulation index
and transpiration rate of Zea mays L.

Astghik R. Sukiasyan

National Polytechnic University of Armenia
105 Teryan St., Yerevan, 0009, Republic of Armenia

Abstract. The aim of work is the assessment of the effect of water deficiency in the soil,
taking into account the characteristics of the migration of heavy metals in the soil — plant system
using the example of mays (Zea mays L.). The samples studied grew in the coastal areas of the
Debet, Shnogh and Araks rivers. The selection of plant material was carried out during the
growing season at the test sites in clear dry weather. The analysis of the coastal soil and annual
plant on the content of Mn, Cu, Co, Zn, Mo was performed using the “Thermo Scientific Niton
XRF Portable Analyzer”. According of obtained results the coefficient of the geo-accumulation
index was calculated, identifying the main migration characteristics of heavy metals in the soil —
plant system. Drought tolerance was identified at the seedling stage by changing the growing
conditions by changing of watering of the plot. Calculation of the intensity of transpiration re-
vealed changes in the water balance in plants depending on the soil and climatic growing condi-
tions. According to the obtained results, it is noted that with an increase in the geo-accumulation
index of heavy metals in the soil, the plant shows a significant decrease in the intensity of tran-
spiration. Thus, in the course of the experiments, it was established that samples of corn from
the arid region of Hushakert had a low level of transpiration, compared with samples from the
moderately humid region of Shnogh. Combining the results on the content of heavy metals in
corn kernels with the intensity of transpiration made it possible to investigate the correlation
between the cumulative ability of the studied chemical elements and the regulation of water ba-
lance in the plant in response to drought. Among the main factors contributing to the increase in
the migration of heavy metals is the content of potassium and calcium in the plant sample.

Keywords: plant; heavy metals; geo-accumulation index; transpiration intensity; drought
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Ucnonb3oBaHue 3KOIOrM4eCKNX CBOMCTB
PacTeHUN-rnnepakKyMysISHTOB AJ1I CHUXKEeHUs
TEeXHOrNeHHOM Harpy3Ku Ha npuneraiowme
K MockoBckomy asaponopTty /loMmoaenoso Tepputopumn

C.X. CoaranoB

MOCKOBCKHH rOCYAapCTBEHHBIN 00JaCTHOW YHHBEPCUTET
Poccuiickas @edepayus, 141014, Meimuwu, ya. Bepwt Borowunoti, 24

AHHOTanus. B cratee mpencTaBiIeHbl XUMHIECKHE IEMEHTHI ¢ HanOOJIBIINM COZeprka-
HHUEM BaJIOBBIX U MOJBIXKHBIX ()OPM B IIOUBEHHOM PacTBOPE TPyHTA MPUA3POAPOMHOII TeppH-
Topu MockoBckoro aspomnopra JlomoaenoBo. B paboTe paccMOTpeHB! BaKHEHIINE BUIBI
PaCTeHUH-TUNIEPAKKyMYJISTHTOB, KOTOPBbIE MOTYT CTAaOMII3UPOBATE TEOXHMHIECKYI0 OOCTAHOBKY
BOKpYT a’poriopTa. B TabnuIie cBeZieHb! BUIBI, CIIOCOOHBIE B KpaTHaHIIIe CPOKU P MPABHIIBHOM
MPUMEHEHUH UX 3KOJIOTHUECKUX CBOUCTB COPOMPOBATH HECKOIBKO METAJIOB-3aTrPSI3HUTENCH.
B xone nccnenoBanus omnpenesieHbl 0COOEHHOCTH MOTIOTAaHTOB IIOYBEHHOTO MOKPOBA 3€MENb
OKOJIO aBHAIIMOHHOTO y3/1a. B 3axiroueHne pa3paboTaHbl peKOMEHIANH IO CHIDKEHHIO TeXHO-
TeHHOM Harpy3Ku Ha IMPUWIETAroLIHeE K a3pOIOPTY 3EMIIHU € IIOMOLIBIO Co3AaHus PUToOydepos.

KaoueBbie cioBa: MockoBCKHiA a3ponopT JJoMoaen0Bo; TUIEpaKKyMyJISTHTEI, THITEp-
YCTOWYMBOCTB; GUTOOYhep; hutopemMenuanus

BeBeneHue

JesATenbHOCTh KaXXJ0T0 aBUANPEANPUSITHS COMPOBOXKAACTCS OLLyTUMBIM
BO3JICMCTBHEM Ha KOMMOHEHTHI okpyxatomei cpenbl (OC). B ycnoBusix cospe-
MEHHOCTU MOCKOBCKUI a’ponopt JJoMOAeI0BO — OJUH U3 KPYIHEHUIIUX U KIIIO-
YEBBIX TPAHCHOPTHBIX y3JI0B BoctouHoW EBpormnbl, Wrparmnmi BaXxHYI poOjb B
9KOHOMHKE perroHa. Tem He MeHee (PYHKIIMOHUPOBAHHE TAKOTO KPYIMHOTO 00B-
€KTa HE MOXKET HE CONMPOBOXK/IAThCSI U3MEHEHUSIMU PUPOJIHON CPEMBI.

HeobxonuMo oOpaTUTh BHUMaHUE Ha UCTOYHUKU 3arPS3HEHHS] OT CUCTEMBI
ABHALIMOHHOTO Y3J1a, KOTOPBIE CKJIAJBIBAIOTCS U3 CTALMOHAPHBIX U MEPEIBUKHBIX
00bekToB. Oco0ast PoJib, BEIPAKAIOIMIASICS B PACCEMBAHUY PA3THMYHBIX YACTHUI] B0
B3JIETHO-TIOCA/IOYHBIX MapIIPYTOB, MPUHALICKUT Bo3aymHbIM cyaam (BC) [2]. Pac-
MpeJIeJIeHUe MOJUTIOTAaHTOB MO MOBEPXHOCTH MOYB HEMPEPHIBHO CBSI3aHO C Xapak-
TEPOM HCTOYHHUKOB 3arpsi3HEHMS, METEOPOJIOTHYECKUMU, T€0JIOTMYECKUMHU U Teo-
MOp(]oTorHuecKuMH 0COOCHHOCTSIMH, €CTECTBEHHBIMU T€OXUMUYECKUMH (HaKToO-
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pamu [3]. B 30He a’pomnopra nmouBeHHbIE 00pa30BaHUS 3arpsI3HEHBI COJISIMH TSDKE-
aeix MetauioB (Cr, Ni, Pb, ZN u 1p.) u opraHu4ecKuMu COeTUHEHHUSIMU (HedTe-
MPOAYKTaMH U ININKOJISIMU).

MaTepuansi n MeToAbl UCCNlef0BaHUS

B P® st MHOTHX METaIUIOB MpeAenbHo AomycTuMble KoHteHTpanuu ([T1K)
coZepXaHusl B MOYBAX HE omnpezeneHbl. [1o 3Tol mpuymHE HE NpeacTaBiIseTCs
BO3MOJKHBIM CPaBHEHHE BCEX MOJYUYECHHBIX B UCCIICIOBAHUH PE3YJIHTATOB C CAHH-
TapHO-3MUIEMUOJIOTHYECKUMH HOpMaTuBaMu. Mcxoas W3 3TOro, KOHLEHTPALUIO
XUMHUYECKHUX 371eMeHTOB, [IJ[K KOTOpBIX HE ompenesieHa, HaIsIAHEE aHATU3HPO-
BaTh B 00BbEME MOYBEHHOTO pacTBopa. M3ydeHune oOpasiioB MpOU3BEIEHO M0 Me-
tonukam [7; 9; 10] ¢ momompto Macc-ciektpomerpa ELAN-6100 u B cooTBeT-
CTBUHU C JEHCTBYIOIIMMHA HOPMAaTUBHBIMU akTamu [20; 21].

Pe3yanaTbl nccnenoBaHNd u ux OGCV)KAeHVIe

B Tabn. 1 3aHecena uHGOpMAIISI 0 XUMUISCKUX JIEMEHTAaX ¢ HAUOOJBIITHM
3HaYE€HUEM, KOTOpbIE MPECTABIAIOT OMAaCHOCTH g yenoeka u OC. Kpome MbI-
IIbSIKA WU CTPOHIIMS, JIJISl DJIEMEHTOB TabOJ. | He MPUHATHI IPEIEIbHO-A0IyCTUMBIE
3HAUYEHUsI CO/Iep>KaHMs B IMOYBaX, KOHTPOJIUpPYEMbIe Ha YPOBHE rocynapcTsa. Jlanra-
HOWJIBl YBEIMYMBAIOT HAKOIUICHUE KAJBIUS B MUTOXOHJIPHUSIX KIETOK MUKPOOpra-
HU3MOB. [Ipu MOCTOSHHOM MOCTYIUIEHMH OKCHJIOB UTTPHSI U XJIOPHUJIOB JIaHTaHa
MIPOUCXOUT MX HAKOIUICHHE B CKEJeTe, MeYeHH (IMOpaKeHUE MapeHXUMBI), T0Y-
KaX | CeJe3eHKe, YTO OOBICHAETCS 00pa30BaHUEM CTOMKUX COCIMHEHMI C OelKa-
Mu. [ToMUMO 3TOTO, MPOLIECCHl HAKOIUICHUS XapaKTEPHU3YIOTCS PacCTPOHCTBAMHU
reMOJUHAMHUKHU B YKa3aHHBIX OpraHax U OMOXMMHYECKUMHU U3MEHEHHUSIMH B yTJie-
BOJHOM, JIUITUIHOM, TETITHIHOM, MUHEPAIILHOM M YHEPreTH4eckoM oOMeHax. Tok-
CHUECKOE JICICTBHE YBEIIMUMBAET MHTEHCUBHOCTH OKUCIUTETbHO-BOCCTAHOBUTEIHHBIX
MIPOLIECCOB U CIBUTAET KaMi-KanblueBbiit oomeH [11-13].

Ponw camapust B Omosioruu mpakTuyecku He n3ydeHa. ['adHuii u ero coeau-
HEHUS TOBPEXKAAIOT MeueHb. Xuiopu raduus npu 10 MI/Kr BBI3BIBAET KapAUOBAC-
KYJISIPHBIM KOJUIATC U 33JIEPHKKY JIbIXaHUS Y TOMAIHUX )KUBOTHBIX [ 14].

Tabnnuya 1/Table 1

CopaepxxaHne BanoBbiX U NOABUXHbIX popm
cpeAHeMaKCMMarbHbIX 3HaYEHNI 3N1IeMeHTOB (MKr/AM°) B NOYBOrpyHTe
[The content of gross and mobile forms of
average maximum values of the elements (ug/dm®) in the soilground]

BanoBoe copepxaHue MopaswxHaa popma
. [Gross content] [Mobile form]
XuMuyeckuii anemMeHT —
[Chemical element] nqueHH’.’m FOPUSOHT
[Soil layer]

A B A B

Sr 95 70 17 14

Y - - 11 7
La - - 10,1 6,6
Nd — - 15 8,9
Sm - - 3,3 1,9
As 12,6 7,6 0,34 0,8

Hf 5,1 2,5 0,019 0,017
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N3 amarpaMMbl pacTBOPEHHBIX (OPM METAILIOB, MPEACTABICHHBIX HA PH-
CYHKE, BO3MOKHO clieJaTh psAJl BbIBOIOB. Hanbosbias KOHIEHTpaLus 3JIEMEHTOB
(kpoMe cBWHIIA) HAOJIOMACTCS B CHere, Oyiaronapsi BEICOKOW COpOIMOHHOM CITO-
COOHOCTH, YTO MO3BOJISIET PacCMaTPHUBATh €ro Kak CBOCOOPa3HbI MHAUKATOP CO-
crosiaust OC. CHIKeHHe 3HaYeHUH 3arps3HuTeNeil BHU3 10 TPOQHITI0 00BSICHIET-
CSl OTYACTH I'PAaHYJIOMETPUYECKUM COCTABOM M YIUIOTHEHHEM I'pYHTa U MEHBIIEH
JOCTYITHOCTBIO JIJIS IIOCTYIUIEHUS C TIOBEPXHOCTH.

Hanuuue BbICOKMX 3HAYEHMI TUTaHA M XpOMa B CHETe U M0YBE TEPPUTOPUU
OOBSICHACTCS €r0 BXOXKJICHHEM B COCTaB CILIaBoOB JuIsi (ro3ernspkeit BC u nBurare-
neil. He crout 3a0bIBaTh O TOM, YTO JJIsi TPAHCHOPTHBIX OOBEKTOB XapaKTEPHO
M3MEHEeHHe (PH3UKO-XUMUYECKUX CBOWCTB TPYHTOB, CBSI3aHHOE C U3BJICUCHUEM HITU
N00aBJIEHUEM 3HAYUTEIbHBIX 3eMIISIHBIX Macc. DKOTOKCUKOJIOTHYECKHE OCOOEHHO-
CTH XpOMa, HUKEJsI, CBUHIIA, MEAU XOPOLIO u3y4deHsl [15—17].

14

12 i

10

8 M cHer (Boaa); snow (water)

MKr/am3
ug / dm3

B ropusoHT A, layer A

M ropu3oHT B, layer B

Pb Ti Cr Cu Ni

PucyHok. Copepxanue (N) pacTBOPeHHbLIX OPM PasnnHHbIX METANMOB (MKF/AM®) B UCCNeaoBaHHbIX 06pasLax
[Figure. Content (N) of dissolved forms of various metals (ug/dm?®) in the studied samples]

[TorydeHHbIe pe3ynbTaThl CONOCTABISUIMCH C MIPOBEIEHHBIMU paHee Hccle-
noBaHusiMHE [1; 8], BRISIBUBIIMMHE JIOKATbHBIE U3MEHEHHUSI T€OXMMHYECKON o0OcTa-
HOBKHM. OHM Kacaauch 3HaUYeHH (Mr/KT) mouBorpyHTa kaamus (0,197), mmaka (2,754)
u ceuHLA (3,4) HAa MPUMBIKAIOUINX K TPAHCIIOPTHOMY OOBEKTY 3eMisix. PoHOBOE
conepxanne kaamus (0,01), nmuaka (1,35), u cBunima (0,7) CHU3UIOCH TIO CPAaBHEHUIO
¢ 2006 romoM, YTO MOXHO CBSI3aTh C YMEHBIIECHUEM YacCTOThI B3JIETHO-TIOCAIOUHBIX
oreparuii, Ipou3BOAUMBIX Ha TEPPUTOPUH aBHAy3Jla U MIEPexo] Ha Oojiee IKOJIO-
TUYHOE TOIUIHBO.

JI1s yMeHbIIEHHS SKOJIOTMYECKOM HAarpy3kH Ha Oin3exaliye K asponopTy
JloMozie1oBo 3emitn TpeOyeTcsi MPUMEHEHNE eCTECTBEHHBIX CBOMCTB (uiopbl. C 3TOi
1ebio YPQPEKTUBHO MPUMEHATH BUIBI PACTCHHM, 001a/1al0NINe BBICOKUM YPOBHEM
YCTOWYMBOCTH K OMPEIEICHHBIM TsDKEIBIM MeTauiaM. | UhepakKyMyIupyromme
TE€HOTHIIBI SBJISIOTCS OCHOBOM Juisi puTopeMenuanuu [4]. B memom cnocoOHOCTH
K MaKCHMalbHOMY HAaKOTUICHHUIO TSDKEIBIX METAJUIOB Y PACTCHUU OIpeaemseTcs
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MexaHu3MaMu noriomeHus (3¢ (HEeKTHBHOCTHIO aJCOPOIIMK HOHOB) U TPAHCTIOPTA
METaJJIOB, a UX YCTONYMBOCTh K M30BITKY METaula — MEXaHU3MaMHu HX JI€TOKCH-
Kalliu ¥ COXpaHEeHUs HOHHOTO romeocTasa [3; 5].

Cpenu pemenuantoB okosio 300 BuaoB (moutu 75 %) ABIAIOTCS HAKOIUTE-
JSIMH HUKeNST U TosibKo 20-30 akkyMyJHpyIOT KOOalbT, Meb, IMHK. CBepXHAKOM-
JICHWE KaJIMHsS M CBUHIIA — 0OJiee PeaKOe SBJICHUE CPEeIH BBICIINX PAcTeHHM [5].
[potecchl MOCTYIIICHNUS TIOJUTFOTAHTOB B PACTEHUSI OTIIMYAIOTCS IOCTATOYHOU CIIOXK-
HOCTBIO U 3aBHUCAT OT XapaKTepa W KOHLEHTPAILMH 3arpsi3HSIONIETO BEIIeCTBa, MOp-
(onornueckux U pU3NOIOTHYECKHX 0cOOeHHOCTEN ocobeit, ycnosuii OC [5; 6].

B tabn. 2 npencrariens! cambie YPPEKTUBHBIE PACTEHUSA-CBEPXAKKYMYJISTHTBI,
KOTOpBIE MOKHO HCIIOJB30BaTh B paiioHE pacmoioXeHus a’pomnopta. M3BecTHoO,
YTO XOPOIIO H3YUYEHBI IKOJOTHYECKHE CBOWCTBa sAPyTKU rosyooBatout (Thlaspi
caerulescens), KOTOpasi HAKaIUIMBaeT KaJMHA, HUKENIb U IUHK. [lo ¢usnonornye-
CKHM, MOP(OJIOTUYECKUM U TEeHETUYECKHM XapaKTePUCTHKAM OHA CUYUTAETCS MO-
JIEIBHBIM O0BEKTOM ISl MCCIIEIOBAHUS TpoIlecca THIepakKKyMyIsiiun. Pactenue
XapaKTepU3yeTCsl MOBBIIEHHONW CIIOCOOHOCTHIO MOTJIOMIATh METAJUIBI U3 MOYBBI U
TPAHCIIOPTUPOBATH U3 KOPHS B MOOET, aKKyMYyJIUPYS B TUCThsIX. ['opuniia pycckas
(Brassica juncea) BBIIENSETCS 3HAYNTEILHON MacCO M MHTCHCHUBHOW aKKyMYJIs-
MeH KaaMusi, MeJId, HUKEJIs, CBUHIIA, CelieHa, InHKa [3; 19].

Tabnnuya 2/Table 2

PacTeHusi-runepakkyMynsiHTbl Pa3/iInyHbIX METaNoB, B TOM YMCJE MaBHbIX 3KOTOKCUKaAHTOB [3]
[Hyperaccumulate-plants of various metals, including the main eco-toxicants [3]]

Ni
Cd Zn Pb (xonuyecTBO BUAOB)
[number of species]
Arabidopsis halleri,
Armeria maritima,
U36upartenbHbie Armeria plantaginea, . " Alyssum (50),
, . . . e Armeria maritima,
runepakkymynsaHTbl | Arabidopsis halleri, | Thlaspicalaminaria, . Leucocroton (30),
k . . . Helianthys annus, :
[Selective Thlaspigoesingense | Thlaspialpestre, Thiaspi rotundifolium Thlaspi (20),
hyperaccumulants] Viola calaminaria, o Phyllanthus (40)
Thlaspi capeaefolium,
Silene vulgaris

Brassica juncea Cd, Cu, Ni, Pb, Se, Zn
r%l";i‘m:"ﬂ:ﬁﬂ Minuartia verna Ni, Zn
[Universal Thlaspi caerulesgfens Cd, Pb, Zn
hyperaccumulants] Sedum alfredii Cd, Zn
Polycarpea glabra Pb, Zn

Pa3mernienne BOkpyr a’spornopTra KOMIUIEKCHOTO GuToOydepa — 0aHO U3 pe-
IICHUA TSI TOKAIM3AIMK 3arpsi3HeHus: npupoaHoit cpeabl. CoctaB purodaprepa
HE0OX0aMMO C(hOpMHUPOBATH U3 TPYIIIHI U30UPATEIHHBIX U YHUBEPCATLHBIX THITEP-
AKKyMYJISIHTOB.

3aknoyeHue

[TockonbKy 3arpsi3HEHUE MOYB HE OIPAHUYMBAETCS OJHUM METAIIOM, TOp-
quIa pycckas (Brassica juncea) MOXET CTaTh PEIICHUEM MPOOIEMbl HAKOTIIICHHS
MOJITIOTAHTOB B MOYBOTPYHTAX MPUA’PONOPTOBBIX 3eMejlb U3-3a €e HU3KOM cele-
CTOMMOCTH, BBICOKHX 3KOJIOTHUYECKUX CBOMCTB U IIMPOKOTO JUAIA30HA TOJIEPAHT-
HOCTH. DPPeKTUBHOCTh U3BJIeUeHUS [18] MeTa/uioB M3 MOYBEHHOTO PacTBOpa
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pacTeHueM 3Toro BUaa 10X0auT 10 73 %, Gmarogapsi 4eMy O4eBHIHBI BCE €€ Ipe-
HMMYIIIECTBA.

[ToceB npensoxKeHHOro npeAcTaBUTeNs (HIOPHI MEXIY PYISKHBIMU JJOPOXK-

KaMH, Ha HE3aHATHIX 00BbEKTaMU MH(PACTPYKTYphl a3pOIopTa 3eMJISIX JIOKAIU3YET
sarpsizHeHre OC M ONTHMU3UPYET SKOJIOTHUECKYIO MOJIMTHKY npeanpusitus. Onu-
CaHHBIE BBIIIE MPOLEAYPHI MMO3BOJAT a3pOIOPTy J{OMOIEN0BO COOTBETCTBOBATH HAU-
BBICIIIIM MUPOBBIM 3KOJIOTHYECKUM CTaHapTaM B 00JIaCTH TPaKJAHCKON aBHALHH.
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The using of ecological properties of
plant-hyperaccumulants for reducing man-made load
on adjacent to the Moscow Domodedovo Airport territories
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24 Very Voloshinoy St., Mytischi, 141014, Russian Federation

Abstract. The article presents the chemical elements with the highest content of gross
and mobile forms in the soil solution of ground near the aerodrome area of the Moscow Do-
modedovo Airport. The most important types of plant-hyperaccumulants, which can stabilize
the geochemical situation around airport are considered in the paper. The types of plants
which can sorb in shortest time some metals-pollutants are brought together in tables. Thanks
to the research, the features of pollutants of the soils near the aviation hub are defined. Part of
the study had become the development recommendations on reduction of environmental bur-
den on adjacent to the airport lands through the creation of phytobuffers.

Keywords: Moscow Domodedovo Airport; hyperaccumulants; hypersteadness; phy-
tobuffer; phytoremediation
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dopmMbl 3aLLMTHOrO NOBEAEHUS CUHAHTPOMHbIX NTUL,
B OTBET Ha OMopenennieHTHoe Bo3aAenCcTBUue

N.P. Enanees!, C.A. Ceprees?

'Coro3 mobuTeneli cokoNMMHON 0XOTHI M OXPaHbl XUIHBIX NTHI] «PyccKkuii cokom»
Poccuiickas @edepayus, 420073, Kazanw, yn. Aoens Kymys, 10
2dumman AO «YnpasneHne otxonamm» B T. HoBoueGokcapcke

Poccuiickas @edepayus, 429950, Hosoueboxcapck, [llopwenvckuii np-o, 16

AnHoTanus. L{enpro HACTOAMX HAYYHO-TPAKTHYECKUX U3BICKAHUM SBISAETCS TOBBIIIIC-
Hue 3(h(HeKTUBHOCTH MPUMEHEHHs OnopeneuieHTa (JIOBUMX MTHUI) PH 00eCTIeYeHHH OPHUTO-
JIOTHYECKOI 6€30ITaCHOCTH OOBEKTOB IO MepepaboTKe U Pa3MEIICHUIO TBEPIBIX KOMMYHaIIb-
HBIX OTXOJOB. PaccMOTpeHBI pasinmyHble (OpMBI CTAWHOTO 3AIIUTHOTO ITOBEICHUS CHHAH-
TPOIIHBIX ITHUI] (BPAaHOBEIE, YaHKOBBIC). BrIsgBIIeHa HOBas (popMa TaHHOTO TOBEICHHS y CTaii-
HBIX BPAHOBBIX NTHII.

KaroueBble ciioBa: 6I/IOpeHeJ'IJ'ICHT; ﬂCTpCGLI; COKOJIbI; OTXOJbI; 3allIUTHOC ITOBCACHUC

HexenatenbHble CKOIUIEHUS] CAHAHTPOIHBIX MTHLl HA Pa3IMYHBIX XO35HUCTBEH-
HBIX 00BEKTaX SBJIAIOTCS HamboJsiee aKTyalbHON MPOoOIEeMON MPUKIATHON OpHH-
tosioruu [1]. Ha ceromusmHuii eHb NaHHAs MpoOJieMa CTAaHOBHUTCS Bce Oosee
akTyanbHOU. C OTHOW CTOPOHBI, YUCICHHOCTh MTHII-CHHAHTPOIOB (CHU3bIH TOIyOb,
cepasi BOpOHa, rajka, 03epHas Jyaika u Jp.) yCTOMUMBO yBenuduBaercs. C apyroi
CTOPOHBI, PACIIMPAIONMIASICS JIeTI0Basi aKTUBHOCTH JIOJEH BEAET K YBEIUYEHUIO
yyclia X035 HUCTBEHHBIX OOBEKTOB, MPUBIIEKAIOIIUX THICAYHBIE CTal CHHAHTPOI-
HbIX Tl [Tocnenqaue HAHOCAT MPEANPUIATHSIM SKOHOMHYSCKUN U TPOYHH yIiepo
CBOEH OMOTOBPEXKIAIOIICH KU3HEACITSIbHOCTRI0. JIJIs oOecTieueHnsi OpHUTOJIO-
TUYeCKON 0e30MacHOCTH OOBEKTOB OPHUTOJIOTH HAXOATCS B IIOCTOSTHHOM TIOUCKE
CPEICTB OTITyTMBaHUs CTaWHBIX NTUL. Kak Moka3bIBaeT MpakTHKa, HA CErOIHSIII-
HUll 1eHb Hanbosee Y3PPEeKTUBHBIM CPEICTBOM OTIYTMBAHUS NTHUI] C TEPPUTOPUN
OOBEKTOB SIBIISIETCS] UCIOJIH30BAHUE JIOBYMX WIIM CIIyKEOHBIX NTHUI[ B KauecTBE
ounopenemienra [2; 3].

[IpencraBieHHbIE UCCIENOBAHNS POBOAMINCH HA TIOJUTOHE TBEPABIX KOM-
MyHaJbHBIX 0TX0710B (TKO) ¢punmana AO «Ymnpasnenue orxogamu» B T. HoBo-
yebokcapcke. [lepuon HabmoeHUI 3a TOBEIEHUEM CHHAHTPOIIHBIX MTHUI] COCTa-
Bun Oomnbiie roga: ¢ 15.01.2018 mo 20.02.2019 r. HabmroneHus: Benuch B exe-
JTHEBHOM peXUMe ¢ Hcrnojib3oBaHue nByx OwmHokiei BIIL[ 8x30. B OGumopemnen-
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JICHTHOM BO3JICHCTBUU HA CTAWHBIX NTHII C LIEJbI0 UX OTIMYTUBaHUs OBLIO MMOOYe-
peIHO TIPUMEHEHO YeThIpEe JIOBYMX COKoja OamobaHa M TpH JIOBYUX siCTpeda-
TETepeBSITHUKA. B mporiecce OTIyrUBaHUsS MPUMEHSIACh METOIMKA KaK MacCHB-
HOTO, TaK ¥ aKTHBHOTO OMOPEIEJUICHTHOTO BO3JEHCTBHs Ha CTalHbIX mTHIl. Mc-
MOJIb30BaHNE HaMU OMOpeneUieHTa (JIOBYUX MTHI]) Ha O0OBEKTaX MO Pa3MEIICHUIO
u niepepadotke TKO B Poccuu mpoBoIuiIoch BIiepBHIE.

VY nTuil kak y Haubosee MOABMKHOTO M a/IallTUBHOTO KJlacca BBICHIMX MO-
3BOHOYHBIX MEXaHU3MBI 3aIIIUTHOTO TIOBEACHUS OY€Hb CJIOKHBI U MHOTOOOPa3HHI.
MHoroo6pa3ue mpucrnocoOUTEIBHBIX BO3MOXKHOCTEH CTan O0YyCIIaBIMBAET HaJIH-
yye y Hee cenu(puuecku pa3BUTHIX (OPM IHUCTAHIIMOHHON CUTHAIN3aUu (BU3Y-
ATBHOM M aKyCTHYECKON) U KOOPJIWHAIMOHHBIX MEXaHHU3MOB, 00€CIIEUNBAIOIINX
LIEJIOCTHOCTh CTau U COTJIaCOBAHHOCTH JEHMCTBUM €€ COusIeHOB. [lanmee mpencras-
JeHa KIacCU(UKaIMs U3BECTHBIX HAa CETOAHSIIHUN IeHb (JOPM 3aIIUTHOTO MOBE-
JIEHUsI TITHILI, HAOJF01aeMbIX TIPH UX OTBETHOW PEaKI[UU Ha OMOPETEIJICHTHBIN HC-
TOYHHUK CTpaxa B BUJE JIOBUHUX COKOJIOB U SICTPEOOB.

1. Dgdexm oezopuenmayuu xuwnuxa. Ocodbu B crae BeayT ceOsl Hempesa-
CKa3yeMo JUIsl XUIIHHUKA, JIeTasi BOKPYT U OKPUKHUBAsI €r0 TaKUM 00pa3oM, YTOOBI
€ro 3amyTaTh, J€30pUEHTHUPOBaATh [4]. XapakTepeH NpUMEp, MPUBEIACHHBIN
B.D. SIko6u [5]: «ILlnmoTHBIE U OBICTPO MaHEBPUPYIOILIUE CTal CKBOPIIOB, a TaKXKe
HEKOTOPBIX OOJIOTHBIX MTHUIl MEIIAIOT XUIIHUKAM, U B YACTHOCTH COKOJTy-CarcaHy,
MPUILIESTFHO U YCIEIIHO aTaKOBaTh U CXBATUTh OINPEAEICHHYIO MTUILY».

["anku, o0nagast OBICTPHIM M MaHEBPEHHBIM TOJIETOM, CIIACAIOTCS OT XHITHUKA
OBICTPHIM HAOOPOM BBHICOTHI U OJJHOBPEMEHHO MaHEBPUPYIOT. B 3TOM citydae BHel-
HAs opMa CTau y TaJloK MPUHUMAET caMble MPUYYAJIMBBIE FeOMEeTpUdecKue Qury-
pBI: BepeTeHoo0pa3Hyto, OymepaHroodpasHyto, cepuueckyto, I1-o6pasnyto, ammn-
cousiHyto. ['anku, oleHnBasi MO3UIMIO XUIIHUKA OTHOCUTENBHO CTau, a TaKXKe CKO-
POCTb M BBICOTY €TO T0JIETa, COXPAHSIOT 0€30MacHyI0 JUCTAHIIMIO 110 HAIIPaBICHUIO
ero ataku. [anku, nersime cOOKy M c3a XUIITHUKA, HA00OPOT, CTaparoTCs MPHUOIIHU-
3UTHCSL K HEMY, KaK Obl OTBJIEKas €r0 M MPOBOLMPYSI CMEHUTHh BEKTOP HAIaJCHUSI.
TerepeBATHUK HAaYMHAET MEHSATH BBICOTY M CKOPOCTH TIOJIETa, CTAPACTCS CXBATUTH
TaJIoK, JIETSIIUX MOOIU30CTH, HO COOKY. B 3TOT MOMEHT mocneTHie Pe3KOo OTIETAI0T
B CTOPOHY, KOHTPOJIMPYS AUCTAHLUIO JI0 SCTpeda, U JUIIAIOT €0 BO3MOKHOCTH CHe-
JaTh IeNICHANPaBICHHBIA U Pe3yJIbTaTUBHBIN Opocok. Ilocie HecKombKUX Heyaad-
HBIX aTak sCTpeO, Kak MpaBUIIO, OTKA3bIBAETCS OT MPECIIEAOBAHUS CTaH TaJIOK.

2. Jlemoncmpayus peacuposanus, Uiy «JI0HCHASL NAHUKA». XUIHUKH, KOTO-
pBIe MpecienyoT CBOI A00bIYY, B 3HAYUTENILHON Mepe MOoJaraloTcsi Ha HEOXH-
naHHocTh [6]. Ecnu skepTBa OOHapyXKMBaeT MPHUCYTCTBUE WU TpECIeTOBaHHE
XHIIHAKA, OHA CUTHAU3UPYET 00 ATOM CHEIMATbHBIMYU aKyCTHICCKUMU I BU-
3yaJbHBIMU CHUTHAJIaMU JPYTMM COWIEHaM CTad. DTy CHUTHAJIW3ALMI0 BOCIPUHU-
MaeT U XUIHUK, 0OHApYKUBIIHH ce0s. OH MOKET 0TKa3aThCs OT TEKYIIEH OXOThI
B 9TOT MOMEHT, TIOCKOJIBKY, CKOpee BCero, oHa Oyer Oe3ycrentHoii [7; §].

B Hamewm cinyuae 0co00 sIpKO BhIpa)KeHa peaxiusi IeMOHCTPAIUU pearupo-
BaHUS B KOHCTICIIM(PUIHBIX U CMEIIAHHBIX CTasX TaJOK W Tpaveidi. Mbl eKeTHEBHO
HaOII01amu, KaKk KpyIMHbIE CKOOPJIUHUPOBAHHBIE CKOIIICHHS YKa3aHHBIX BUIOB
JEMOHCTPHUPOBAIU JIEMEHTHI 3aIlIUTHOTO Tosieta Haa nosmroHom TKO, xots au-
KOro sicTpeba B ’TOT MOMEHT MOOIM30CTH He ObLT0. DTO TaK Ha3zbIBaeMasi JOXKHAs
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nanuka [9; 10]. buonorudeckuii cmbica JaHHOTO A (heKTa 3aKI0YaeTCs B I€MOH-
CTpalliu cTaei CBOMM MOBeJeHUEM OOHapyXeHHs XHUIIHUKA. [Ipy 3TOM XUIHUKA
Ha CaMOM JIeJie MOXET M He ObITh B mpenenax BugumMoctu crau. CyTh JIOXKHOH ma-
HUKH B TOM, YTOOBI 00€30TaCUTh TEPPUTOPHIO, HA KOTOPOU CcTasi OyIeT KOPMHUTh-
cs1, MO0 OTABIXATh, INOO HOUEBaTh. B HalleM ciydae cTau rajok U rpadel nepu-
OJIMYECKH, B CpeiHEM OT 5 10 10 pa3 Ha MPOTSKEHUU AHS, TEMOHCTPUPYIOT JIOXK-
HYI0 NIAHWKY HaJ TeppuTopueil padoueit kaptsl nomurona TKO, rue cram exe-
THEBHO KopmsTcs. Takum oOpa3oM BpaHOBBIE MBITAIOTCS MOKa3aTh CIIyKEOHBIM
scTpedam, CUISIIIUM Ha TIEPEHOCHBIX MIPHUCAaX, YTO CTask KX BUIWT.

3. Ilepeoaua ungopmayuu 06 onacnocmu. CO4JICHBI CTau MOCPEACTBOM Xa-
PaKTEepHOro MojeTa U 0CO00H BOKAIM3ALUU NepeatoT IpyT Apyry HHPOpMAIIIO
00 omacHocTu 00BekTa — xuIHUKa [11]. OGopoHUTENbHAS peaKLusi OTACIbHBIX
oco0eil nMeeT CUTHaJIbHOE 3HaYeHHE ISl IPYTUX COUIEHOB cTau [12].

CrniocoOHOCTh B3POCHBIX, 00Jiee OMBITHBIX 0COOEH CHUHAHTPOMHBIX IMTHIL
OTIPECIIATh MECTOHAXOXKICHUE XWIHUKA M «JUYHBIM MPHUMEPOM» IOKa3bIBATh
MOJIOZIBIM MATTEPHBI 3aLUTHOTO MTOBEIECHUS OUYEHb BaXKHa B MPOIIECCE TACCUBHOTO
WCIOJIb30BaHus OnopeneieHToB. OKpUKUBas CIy>KEOHYIO NITUILY U MTOKa3bIBas ee
MECTOIIOJIOKECHHIE XapaKTEPHBIMU THUIIAMU T0JIETa, CTAHBIE MTHUIBI TEHEPHUPYIOT
AQHAJIOTUYHYIO PEaKLUIO APYruX ocodeil B crae. YacTh CTaWHBIX MTHI] CIEHIUT T0-
KHUHYTh TEPPUTOPUIO KOPMIICHHS, JAPYyTasi 4YacTh Y4acTByeT B MOOOHWHTE CITy»Keo-
HOro sActpeda. XapakTepHO, YTO YHMCIIO MOCIEIHUX CO BPEMEHEM CTAHOBUTCS BCE
MEHbIIIE, & YUCIIO YJIETEBIINX ¢ O0BEKTa MNTHILL yBEIUYUBAETCS.

Jpyrumu criioBamu, ciy>KeOHbIE MTHILIBI, CHISIINE HAa NMEPEHOCHBIX NpHUCcCaIax,
SIBJISIFOTCSI €CTECTBEHHBIMM '€HEpATOpPaMHU aKyCTUUYECKUX CUTHAJIOB ONAcHOCTH,
MCXOJSIIMX OT CTAaWHBIX NTHI. 1O €CTh MMACCHBHBIN OWOpereuIeHT (cTped Ha
MpHUCaje) — ATO MO CYTH €CTECTBEHHAs] OMOaKyCTHYECKash yCTaHOBKA, HE TPeOyro-
11as oreparopa, JIEKTPOIHEPTHH, IKCIUTyaTaIlMH CIEIMAIBHOTO 000PYA0BaHUS U,
YTO caMoO€ IJIaBHOE, HEMPEPBIBHO padoTaromiasi Ha MPOTSKEHUH BCEro CBETIIOTO
BPEMEHU CYTOK.

4. Jlemoncmpayusi nOKUOAHUs KOpmMoeo2o apeand. TakuM MoBeileHUEeM CTast
CUTHAJIM3UPYET aTaKyloIIEeMy WIHA FOTOBSLIEMYCS K aTake IMepHAaTOMY XUIIHHKY,
YTO €ro MOTEHUHUAJIbHbIE KEPTBBl MOKUHYJIH CBOIO KOPMOBYIO TEPPUTOPHIO, Je-
MOHCTPATHUBHO YJIETEB OT Hee Mpoyb. [IepHATHIN XHUIIHUK B TAKOM CITydae TepseT
MHTEpPEC K JaHHON TEPPUTOPUU U MOCIE HEMPOIOJIKUTEIBHOTO 0XKHUIaHUS TaKXKe
MOKUJAeT ee. 3aTeM CTasl ITHI] BO3BPAILAeTCsl HA CTaBIIyI0 0e30MacHOM KOpMo-
BYIO TEPPUTOPHIO U IPOAOJDKAET TaM KOpMHUThCs. MHaue roBops, cTas rajok 1o-
CTaTOYHO yOeqUTEeNbHO UMUTHPYET NOKUAaHNE KOPMOBOM Teppuropuu. M3 mosns
3peHusi NpSAMON BUAMMOCTH IPOIMAJAIOT BCE MTHULBI, XOTHA, KaK MOKa3aal HalIu
Pa3HOCTOPOHHHUE HAOIOACHUS, TAJIKU CKPHIBAIOTCS M3 BUAY XHUIIHUKA, MPSYACh
HEMNoJlajeKy OT KOPMOBOH TeppuTopru. OHU HCIOJIB3YIOT JJIsl 3TOTO IIOTHO pac-
TyIlMe KyCTapHUKH, 3a0pOIIEHHBIE X035HCTBEHHbIE TOMEIIECHNUS, MTPHIIETatolIne K
KOHTPOJUPYEMOIl TeppUTOpUH Jiecornocanku. Heo0XoauMo 3aMeTHTh, YTO Takas
(opma 3alMTHOTO TIOBEACHHUS XapaKTepHA TOJIFKO KOHCTIEUM(UIHON CTae Taliok,
U IEMOHCTPUPYIOT OHH €€ TOJIKO B XOJIOJHOE BpeMsi roja.

Ha tTunmunoM npumepe onuieM AeTanu U XapakTep CTailHOro MoBeAeHUs
raJioK B MpoIlecce TeMOHCTPAIMH MOKUAaHHUS KOpMOBOTo apeana. COKOIbHUKH,
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naTpynupytomue trepputopuio nonurona TKO, Habm0a0T CleayONUIyI0 KapTh-
Hy. Bce ranku, oTapIxaromuye Ha IpWIETalOIUX K MOJIUTOHY TEPPUTOPHUSIX, BAPYT
OJIHOBPEMEHHO MOJHUMAIOTCS B BO3/1yX U, CIPyHIHMPOBABUINCH B IUIOTHYIO CTalo,
YJIETAIOT C TEPPUTOPUU U CKPBIBAKOTCS U3 BUAY. Uepe3 HECKOIbKO MUHYT Ha IO-
JIMTOHE Y MPWJIETAIOIUX TEPPUTOPUSIX HE BUAHO HU OAHOM ranku. COKOJIBHUKH C
scTpebaMu Ha MepyaTKax MPOJIOJDKAIOT OCTaBaThCS Ha padouel KapTe MOJUTOHA.
ITo ncreuennn 10—15 MUHYT COKOJIBHMKHM MOKUAAIOT MOJUIOH, NEPEs B 30HY
COKOJIMHBIX BOJILEPOB, 32 3[JaHHE MycopoIriepepadaThiBatolero komounara. To ectb
OHM TaK)X€ IOJHOCTHIO MPONAAA0T U3 BUAMMOCTH CIpSTAaBIIMXCS rajok. CooT-
BETCTBEHHO, B TeueHue 3Tux 10—15 MUHYT, OKa COKOJIBLHUKH C ScCTpedaMu Haxo-
JSITCS HA TIOJMTOHE, TAIKH MPSYyTCs HAa MPUJIETAIOMINUX K OOBEKTY TEPPUTOPHIX
TaKUM 00pa3oM, YTO HUX C MOJIMTOHA HE BUAHO. ['ajku, B CBOIO ouepenp, Oaroaa-
ps HabIrOAaTEIBHOCTH 0CO0EH-Pa3BeTUMKOB, OTCIEKHUBAIOT CBOM KOPMOBOH apeat
1, KaK TOJIbKO XUIIIHHUK B BUJIE COKOJIBHHKA C SICTPeOOM Ha pyKe MOKHUIaeT KOpMO-
BYIO TEPPUTOPHIO, AOCTATOUYHO OBICTPO, B TEUCHHE HECKOJBKUX MHHYT, Ha Hee
BO3BPAILAIOTCS.

[pu onmcanuy pa3nMYHbIX (OPM 3aLIUTHOTO MOBEICHNS CHHAHTPOIHBIX MTHIL
HEOOXOMMO YKa3aTh, YTO JIEMOHCTpALUs MOKUAAHUsI KOPMOBOI'O apeaja — 3TO OT-
JIeTIbHO OMKCaHHas HaMHM (opMa CTAfHOTO 3alMTHOTO MOBEACHUS NTHIL. B mu3y-
YEHHOW HaMU JUTEpaType MO JTaHHOW TeME ONMHCAaHUS TaKOH (hOPMBI 3aIIUTHOTO
MIOBEICHHUS IITUI] HE BCTPEYAJIOCh.

B 3akmrouenue xoTenoch Obl OTMETHUTh, YTO HAKOIUICHHbIE 3HAHMSA IO H3yye-
HUIO XapaKTepa U 0COOCHHOCTEH CTaifHOTO 3alIUTHOTO TMOBEICHUS MTHUIL SIBISIFOT-
Csl OCHOBOM MOHUMaHMs MOBbIIEeHUs 3¢ (eKTUBHOCTH UX oTmyruBanus. [Ipu uc-
MOJIb30BaHUN OMOpETIEIUICHTa Ha 00BEKTaX IO MepepadoTKe M pa3MEIICHUIO TBEp-
JIbIX OBITOBBIX OTXOJIOB CTaiHbIE NTHUIIBI HANOO0JIEe YAaCTO UCIOIB3YIOT ABE (hOPMBI
3alIUTHOTO MOBEIEHU: nepenady uHpopMau o0 ONMAaCHOCTH U JIEMOHCTPAIUIO
MOKUJaHUsI KOpMOBOM TeppuTopuu. IlepBast popma 3alIMTHOTO TOBEIECHUS MTHUI]
BBIpa)KE€HA B MOOOHMHTE CTAalfHBIMU MTUIIAMU MTACCUBHOTO OMOPETEIUICHTa, TO €CTh
scTpeba UM COKOJIa, CHIAILEro Ha nepeHocHoi mpucane. [loquepkuem, uro B mpo-
1ecce Ucciae0BaHUi 0OOPOHUTENTHLHOTO TIOBEICHHSI CTAHHBIX CHHAHTPOIHBIX MTHIL
Obly1a BBISBIIEHA HEM3BECTHAs HaM U HE BCTpEYaBILascs B crielyiuTeparype popma
3aLMTHOTO MMOBEACHUS — IEMOHCTPALUS IIOKUIaHUsI KOPMOBOM TEPPUTOPUH.
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Forms of protective behavior of synanthropic birds
in response to the biorepellent effect
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16 Shorshel'skii proezd, Novocheboksarsk, 429950, Russian Federation

Abstract. The purpose of this scientific and practical research is to increase efficiency

of the use of biorepellent (birds of prey) while ensuring the ornithological safety of facilities
for the municipal solid waste recycling and disposal. Various forms of gregarious protective

KPATKHME COOBLIEHUA 63



Enaleev L.R., Sergeev S.A. RUDN Journal of Ecology and Life Safety, 2019, 27(1), 5964

behavior of synanthropic birds (Corvidae, Laridae) are considered. A new form of protective
behavior has been revealed in the Corvidae family.

Keywords: biorepellent; hawks; falcons; waste; protective behavior

References

1 Zvonov BM. Ornithological safety. Moscow: Ontoprint; 2010.

[2]  Enaleev IR, Rakhimov II. Special training of birds of prey for use as biorepellents. Bul-
letin of Peoples’ Friendship University of Russia. Series: Ecology and Life Safety.
2011;(1): 28-32.

[3] Thompson J. Inside the Kremlin. Natl. Geogr. 1990;(5): 62—105.

[4] Hoglund N. Der Habicht Accipiter gentilis in Fennoscandia. Swedish Game Research.
1964;2: 195-270.

[5]  Jacobi VE. On the adaptive value of flock behavior of birds. Proceedings of the 5" Balltic.
Ornithol. Conf. Tallinn: Valgus Publ.; 1967. p. 144-152.

[6] Caro TM. Pursuit — deterrence revisited. Trends Ecology and Evolution. 1995;10: 500-503.

[7] Frankenberg E. The adaptive significance of avian mobbing. IV. “Alerting others” and
“perception advertisement” in blackbirds facing an owl. Behaviour. 1981;10: 13-39.

[8] MacGowan JD. Distribution, density and productivity of goshawks in interior Alaska.
Fed. Aid Wildl. Restor. Proj. Rep. 1975.

[9] Baskin LM. The laws of the herd. Moscow: Znaniye Publ.; 1971.

[10] Manteuffel BP. Ecological and evolutionary aspects of animal behavior. Moscow: Nauka
Publ.; 1987.

[11] Marler P. Specific distinctiveness in the communication signals of birds. Behaviour.
1957;11: 13-39.

[12] Gladkevich SA. Age features of the initial stage of attacks of a Goshawk on pigeons.

Proceedings of 10" All-Union Ornithological Conference. Part 2. Minsk; 1990. p. 148.

Article history:
Received: 07.06.2019
Revised: 20.06.2019

For citation:

Enaleev IR, Sergeev SA. Forms of protective behavior of synanthropic birds in response
to the biorepellent effect. RUDN Journal of Ecology and Life Safety. 2019;27(1): 59-64.
http://dx.doi.org/10.22363/2313-2310-2019-27-1-59-64

Bio notes:

Ildar R. Enaleev — Doctor of Biological Sciences, member-correspondent of the Russian
Academy of Natural Sciences, President of Union of fans of falconry and conservation of
birds of prey “Russian Falcon”. Contact information: e-mail: krechet.65@mail.ru

Sergey A. Sergeev — environmental engineer, branch of JSC “Waste Management” in No-
vocheboksarsk, the applicant of a scientific degree of Candidate of Biological Sciences.
Contact information: e-mail: Sergeev605@yandex.ru

64 SHORT MESSAGES



http://journals.rudn.ru/ecology

@ RUDN Journal of Ecology and Life Safety 2019 Vol. 27 No. 1 65-81
]
L/

BecTHuk PYOH. Cepus: konorvs u 6e30MnacHOCTb XU3HeAeaTeNIbHOCTU

DOI 10.22363/2313-2310-2019-27-1-65-81 Research article
UDC 556.3

Water supply regulation in Nigeria:
problems, challenges, solutions and benefits
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Peoples’ Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Abstract. Even though Nigeria is recognized for her rich vegetation and tropical
weather and blessed with surplus water resources, the country still faces challenges on getting
clean water supply around the country and mostly depend on alternative water supply like
well, borehole and river. These alternative water supply systems are not efficient and viable
enough for water supply systems especially in a country with large population. The country is
characterized by irregular water supply and water management laws are also weak and mostly
not in conformity with today's standard and needs. Proper management and conservation of
the water supply services and resource has not given adequate attention by the government.
It is, therefore, important to identify such factor that inhibits the implementation of water regu-
lations and proffer a solution to these. In a bid to provide an understanding of the effect of
implementing and enforcing stringent water regulation and providing adequate water supply,
we compare forecasted population with investment capital expenditure (CAPEX) for water
supply by Millennium Development Goal (MDG+) targets. The result shows that in year to
come, the country will significantly benefit from investing and providing regular water supply
through employment availability and revenue generated through utility water bills, spending
less on epidemic of water-borne diseases thereby improving the lives and health of its citizen.

Keywords: water supply; regulations; implementations; investment; benefits

Introduction

Water is a terminable resource that is very essential for human existence,
agriculture and industry. Without doubt, inadequate quantity and quality of water
supply have a serious impact on water resources management and environmental
sustainability. Suitable environmental policies are a foundation for a friendly and
healthy society. They play an important role in the wellness and the development
of a nation by enforcing stringent rules that ensures preservation and protection of
the environment. Nigeria as a nation is rich in natural resources which includes
water resources, the environment is an important source for its national and eco-
nomic development, it is, therefore, important to protect the environment from
degradation or pollution.

© Balogun O.R., Redina M.M., 2019
This work is licensed under a Creative Commons Attribution 4.0 International License
sv https://creativecommons.org/licenses/by/4.0/
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The country is facing a lot of challenges on environmental pollution, defo-
restation and erosion, emanating from activities of its individuals, industrialization
and urbanization. Individual activities such as improper disposal of waste, defo-
restation and the use of toxic chemicals on both plants and water are gradually
causing serious damage to the atmosphere (hydrosphere and lithosphere) which
are essential for the survival of both plants and human existence. Industrialization
and urbanization are also a major contributor to the generation of environmental
pollutions, hazardous and non-hazardous. Industries such as oil companies, phar-
maceutical, cement, food and beverages, plastic, textile, etc. are posing a serious
threat to the sustainability of the country. The country is increasingly growing in
urbanization which is paving room for the establishment of more industries.

The need for environmental control arises from the fact that it brings improved
health and better living conditions [3]. Environmental policies are supposed to ma-
nage, protect and preserve the environment in which we live. Environmental prob-
lems the country is currently facing is as a result of the ineffective implementation
of environmental laws. These challenges range from lack of governmental water
supply, infrastructure to properly implement those laws, poor governance and cor-
ruption to lack of maintenance of facilities that aids its implementation.

Water resources in Nigeria

Nigeria, with a land area of about 924,000 sq. km, is located within the tropics
where its climate is semi-arid in the North gradually becoming humid in the South.
The annual rainfall varies from over 4,000 mm in the South-East to below 250 mm in
the extreme North-East and is subject to significant temporal variation. The sur-
face water resources potential of the country is estimated at 267.3 billion cubic
meters while the groundwater potential is 51.9 billion cubic meters [4].

Nigeria has 36 states many of which are so rich in water resources and some
of these states were named after rivers. Apart from the surface water found in
nearly every part of the country, the country is also endowed with plenty under-
ground water. With a 215 cubic kilometers a year of surface water availability,
this amount is much higher than many African countries especially those in the sou-
thern and northern regions of the continent. South Africa, for example, has about
49 cubic kilometers a year [5].

The north with low precipitation of only about 500 mm in the northeastern cor-
ner, and the south with precipitation of over 4,000 mm in the southeast. This high var-
iability of rainfall in time and space is a significant characteristic of the tropical cli-
matic belt, especially the Sahelian part of the country, in which the country is located
and this needs to be factored into water resources management in the country [4].

Water system supply and management
The Federal Ministry of Water Resources (FMWR) is the foremost agency for
water, sanitation and hygiene (WASH) activities in Nigeria. The ministry works in
together with the National Task Group on Sanitation (NTGS) and development

partners on sanitation and hygiene issues. The national standards and targets being
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followed are as stated in the Water Sector Road Map of 2010, the Vision 20:2020,
the Millennium Development Goals (MDGs) and the African Water Vision [5].

The primary responsibility for the provision of municipal and domestic water
supply is by the state and local governments under the umbrella of the State's Water
Corporation. However, the Federal Government often intervenes to increase ac-
cess in order to meet these targets. Even though monitoring and evaluation of wa-
ter supply and regulation are not taken seriously enough, there are agencies whose
function is monitoring activities in the WASH sector.

However, effective legislation could not be made to ascertain the quality of
water supply and management. In compensation with the lack of insufficient qual-
ity water supply to the citizen, Alternative market of water production by the pri-
vate owners (traditional well water and borehole) took over the supply of water in
the country.

Water resources regulation mechanism in Nigeria

The Federal Ministry of Water Resources (FMWR) has authority over all the
formulation of national policy and strategy advice for the public provision of water.
But, it is up to each state to adopt and implement national legislation and policy, as
well as to decide on the institutional framework for delivering services. While the
local governments water sectors takes all formulations of policies on managements
from their state governments. The National Council on Water Resources (NCWR)
is the highest water resources policy formulating body, overseen by the FMWR and
with representatives from the Federal Ministry of Environment and all commission-
ers for state governments. State Ministries of Water Resources are responsible for
policy, regulation, and monitoring which are passed down to control the local gov-
ernments even though not all states have a stand-alone ministry of water resources
(e.g., the Rivers State Ministry of Water Resources and Rural Development —
RSWRRD - in Rivers State). Thus, while certain structures and policies related to
water supply prevail throughout the country, there is a great deal of variation in the
management and provision of water across jurisdictions [20].

Water regulatory bodies in Nigeria

Historically, beginning from colonial Nigeria, the Water Works Acts, 1915
is the only pan Nigerian law passed specially to keep water from being polluted.
It bans the pollution of water works in Nigeria by noxious or harmful matter or
substances. The Minerals Act, 1917 (as amended) bestows the president of Nige-
ria with power to make regulations for the prevention of pollution of any natural
water supply or watercourse. The Public Health Act, 1917 forbids contamination
of water and pollution of the atmosphere. It embodied provisions against introduc-
tion of harmful substances into the various sources of water supply for human and
animal consumption. All these laws were made by the colonial authorities before
the attainment of sovereignty [20].

There are several water regulation laws in Nigeria and a summary is given
in Tables 1 and 2.
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Table 1

Statutory bodies for water regulation in Nigeria [12; 20]

No. Statutory body Key provision
1. The Oil in Navigable Waters Act, 1968 Prohibits water pollution by oil spillage
2. The Petroleum Act, 1969 Covers prevention of pollution by inland waters, rivers,
lakes and watercourses
3. The River Basin Development Authority | Inits present form Cap. 396 spells out diverse functions
(RBDA) Decree 25 of 1976 (repealed by | and objectives for these authorities to ensure a Pan-
No. 87 of 1979 and also latter by the RBDA | Nigerian programme for water resources development
Act, Decree 35 of 1987, i.e. Cap 396)
4, The Environmental Impact Assessment | This law seeks to protect the physical and aquatic envi-
(EIA) Decree, No. 86 of 1992 ronment
5. Water Resources Decree, No. 101 of 1993 | Vests the right to use and control all surface waters and
groundwater and of all water in any watercourse affecting
more than one state in the Federal Government, with
provisions that any person may take water without charge
for his domestic or livestock watering purposes (in any
watercourse to which the public has free access)
6. The 1999 Constitution of the Federal | The Constitution puts in the Exclusive Legislative List (ELL)
Republic of Nigeria shipping and navigation on the River Niger and its afflu-
ent and on any such other inland waterway as may be
designated by the National Assembly to be an interna-
tional waterway or to be an interstate waterway. The ELL
also includes water from such sources as may be de-
clared by the National Assembly to be sources affecting
more than one state
Table 2
List of other regulations bearing on water resources in Nigeria [20]
No. Name of regulation Key provisions
1. National Policy on Environment 1989 Protection of the environment
2. National Guidelines and Standards for Environ- | Pollution control in watercourses as part
mental Pollution Control in Nigeria 1991 of the environment
3. National Effluent Limitation Regulation 1991 Control of discharge of industrial waste
and sewage into watercourses
4. Pollution Abatement in Industries and Facilities | Control of industrial pollution
Generating Wastes Regulation 1991
5. Waste Management Regulation 1991 Waste management

Water supply agencies in Nigeria

As mentioned above, however there are numerous regulatory bodies for wa-

ter regulation in Nigeria. Their enforcement, implementation and service respon-
sibilities are carried out by the government under three main levels: the federal
government, state government and local government.
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Governmental water supply services responsibilities

There are three major level of government that share responsibility for
the delivery of water supply services. Whereas the responsibility for sanitation is
not always clear, the state government are mostly responsible for sanitation espe-
cially in urban areas.

Federal government. The Nigeria Federal Ministry of Water Resources, was
part of the Ministry of Agriculture until 2010, is responsible for large water re-
sources development projects and water allocation between states of the federa-
tion. There are 12 River Basin Development Authorities under this Ministry, re-
sponsible for planning and developing water resources, irrigation work, the collec-
tion of hydrological and hydro-geological data and also provide water in bulk to
cities from dams [1].

State government. Responsibility for portable water supply is entrusted to
State Water Agencies (SWAS) or state water departments in the 36 Nigerian states.
The SWAs are responsible to their state governments, generally through a State
Ministry of Water Resources. SWAs are responsible for urban water supply,
and in some states also for rural water supply. As of 2000, 22 states had separate
state-maintained rural water and sanitation agencies, mostly set up to implement
a UNICEF program [1; 2].

Local governments. The country’s Local Government Authorities (LGAs),
of which there are 774, are responsible for the provision of rural water supplies
and sanitation facilities in their areas although only a few have the resources and
skills to handle the problem. Only few LGAs have rural water supply divisions.

Other water supply services

Communities. In some rural area or rural communities water and sanitation
committees (WASCOs) are formed to operate and maintain water facilities. These
committees are tasked with the duty of collecting water tariffs from inhabitants of
these communities. Donors such as the African Development Bank have set a re-
quirement that at least 30% of members of WASCOs must be women [6]. In 1993
the government committed itself to reinforce community participation in rural water
supply in a policy document which as of the year 2000 but the policy had not been
dispersed or administered in all government or donor-financed programs.

Individual water supply services also known as alternative water supply sys-
tem; mostly everywhere in the country, the residents practice or are engaged in
this part of water supply service due to the shortcoming of water supply from the
governmental water supply services.

Water supply scheme in Nigeria

There are several means by which the people in the country get water for
their daily needs (Figure 1).

1. Pipe Borne Water. Pipe borne water is provided by State Water Corpora-
tion and it has been the primary source of water supply for many years, but due to
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lack of funds and inadequate maintenance, it is not as functioning as it was back
and this has led to sourcing for water through alternatives methods.

2. Boreholes. Most common in big urban areas of the country; boreholes are
small holes dug by machine into the ground. Also some communities in the rural
areas get to have at least a bore water supply built by non-profitable agencies. They
range from 100 feet to 200 feet deep and their construction is usually carried out by
designated borehole companies. Because of the high price of boreholes, only the
rich people can afford to get one in their homes and political office holders and in-
ternational organization also build boreholes for communities in the country.

LWater supply scheme in NigeriaJ

Governmental / State water
L Corporation (pipe borne water J L Boreholes J LRivers/ StreamsJ l Wells J
supply)

Figure 1. Major water supply sources in Nigeria

3. Wells. Due to inadequate water supply to the masses, the average resi-
dents could only afford a well water. A well water is an excavation or structure
created by digging into the ground in order to access groundwater.

4. River/streams. In some remote areas of the country where there are no ac-
cess to pipe borne water and there were not wells, the inhabitant of this places rely
solely on water from rivers for consumption.

Problems and challenges

There are several problems that plague water supply and enforcement of water
regulation in Nigeria. In the next section, we discussed some of these problems.

Rural to urban migration. There have been an increase in water supply de-
mand due to high population growth rate coupled with increasing urbanization,
and rising living condition as a result of economic growth. The state water corpo-
rations all over the country could not meet this demand because the corporation
faces a lot of problems such as inadequate funding and monitoring of the projects
of the sector has not been carried out on regular basis.

Environmental pollution. The nation’s water sources are under serious threat
from inadequate catchment management and widespread pollution, including the
indiscriminate disposal of hazardous substances. The oil-producing region of Nige-
ria, the Niger Delta, suffers a lot from the improper implementation of environmen-
tal policies and activities associated with petroleum exploration, development and
production. They have been experiencing a wide range of environmental degrada-
tion and pollution and are at high risk of health hazards and socio-economic prob-
lems [7]. These regions often have to deal with oil spillage in their rivers from oil
and gas industries thereby causing serious damage to aquatic life and plant as well.
Since the environmental policies in Nigeria are not very effective, these communi-
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ties have to deal with these situations by themselves most of the time. Consuming
water and plants contaminated with oil is dangerous to health.

Irregular supply of water. In most part of the country, water has been a scarce
commodity whereby give no chose to the citizens than to search for another means
of water supply for their daily needs and activities. This led to an increase in the rate
of alternative water supply in the country.

Lack of stringent environmental regulation. Over the years, threats to the na-
tion’s water resources are as a result of poor and uncoordinated management of
the resource. Federal and state governments have a much bigger role in the overall
management of the nation’s water resources. In most cases, stakeholders are not
consulted or otherwise involved in planning, development and management of
the nation’s water resources [11]. The result has been a sequence of unsubstantial
projects with lacking services that do not meet consumer needs and thereby lead-
ing to the consumers’ unwillingness to pay.

Water production rate and problems of alternative water supply systems
It has become a common practice where almost every building has its own
traditional well water and boreholes. This has been the major water supply system
every individual rely on for water in the country. The WHO/UNICEF Joint Moni-
toring Program (JMP) data showed a significant decline in the proportion of
households with access to piped water to premises, which dropped from 33 per

cent in 1990 to 6 per cent in 2012 [8]. This is as a result of non-utility-improved
water sources, such as boreholes in compounds and private households.
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Figure 2. Water production per state
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The graph in Figure 2 above shows the water production per state in Nigeria
for the year 2014 to 2016. It could be seen that water production for some states
are drastically reduce with time. Some of the most populated states in the country
like Lagos, Kaduna and River States have low water production for 2016 and
these states have witnessed an increase in population ever between these years [9].

Solutions to water challenges in Nigeria

Some solution to the challenges facing water regulations and production in
Nigeria are as follows:

—regular update of water regulation laws and policies;

— provision of constant water supply;

— provision of standard infrastructure and water treatment facilities;

— incorporating a standard method of water treatment using the international
treatment guidelines;

— enforcing strict compliance to environmental law;

— implementation of new law to reduce the amount of alternate water supply.

Regular assessment of water supply

For the performance of a community or central water-supply system, a number
of factors must be considered. Some countries that have developed national strate-
gies for the surveillance and quality control of water supply systems have adopted
quantitative service indicators for application at community, regional and national
levels.

These usually include:

1) quality — the proportion of samples or supplies that comply with guideline
values for drinking-water quality and minimum criteria for treatment and source
protection;

2) coverage — the percentage of the population that has a recognizable (usu-
ally public) water-supply system;

3) quantity — the average volume of water used by consumers for domestic
purposes (expressed as liters per capita per day);

4) continuity — the percentage of the time during which water is available
(daily, weekly or seasonally);

5) cost — the tariff paid by domestic consumer.

Together, these five service indicators provide the basis for setting targets
for community water supplies. They serve as a quantitative guide to the compara-
tive efficiency of water-supply agencies and provide consumers with an objective
measure of the quality of the overall service and thus the degree of public health
protection afforded [15].

Implementations of water regulations

The aim of national drinking-water laws and standards should be to ensure that
the consumer enjoys safe potable water, not to shut down deficient water supplies.
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Effective control of drinking-water quality is supported ideally by adequate le-
gislation, standards and codes and their enforcement. The precise nature of the legis-
lation in each country depend on its national, constitutional and other considerations.

Legislation should make provision for the establishment and amendment of
drinking-water quality standards and guidelines, as well as for the establishment
of regulations for the development and protection of drinking-water sources and
the treatment, maintenance and distribution of safe drinking-water.

Policy challenges

The Water Decree 101 from 1993 is the principle legislation governing the
utilization and pollution control of the water resources. This legislation do not ad-
equately meet present and emerging water resources management challenges and
the requirement emerging from this water policy. Thus, the legislation needs to be
reviewed in order to address the growing water management challenges [16].

A central issue of a new water legislation will be the definition of access to
water resources through permits, the establishment of water protection zones and
the fees related to water raw water abstraction and fines for water misuse and pol-
lution. This is to respect the “user-pays” principle. Access and the application of
royalties for water abstraction will not be applied in a general manner but limited
to the commercial use of water resources only.

Methodology

In this section, we discuss the methodology used to access the effect of wa-
ter regulation and production in Nigeria.

Population is one of the most important factors for design of the water sys-
tems, so it should be estimated, so as to know the increasing demand and ensure
continuous supply to them. Population data is obtained by previous records and
the rate of increase is found out and this used for further analysis. Using the geo-
metric method of population forecast in order determine the continuous growth of
people in the country [10].

A=P1+nt

where 4 — population at some time in the future that is, nth years’ time; P — pre-
sent or baseline population (190.9 million) of 2018; » — average percentage increase
(geometric mean) that is the annual population growth rate (2.6 %) [17]; n — peri-
od of projection in decade; the number of years from the baseline population year
to the future population year of 2020, 2030, 2040 and 2050.

Results obtained were 200.114 million, 259.761 million, 335.775 million,
and 434.032 million respectively as shown in section “Results and discussions”.

This method assumes that the percentage of increase in population from
decade to decade is constant. This method gives high results, as the percentage
increase gradually drops when the growth of the cities reach the saturation point.
This method is useful for cities which have unlimited scope for expansion and
where a constant rate of growth is anticipated.

Capital expenditure, or CAPEX, are funds used to acquire, upgrade, and
maintain physical assets such as property, industrial buildings, or equipment. It is
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often used to undertake new projects or investments by the firms. This type of fi-
nancial outlay is also made by companies to maintain or increase the scope of their
operations. Using the Drinking Water Supply in Nigeria: Transforming Funding
to AEPA Services, the capital investment (CAPEX) is required annually to meet
the water supply MDG+ targets estimated of US $1,716 million per year for Nige-
ria. We can calculate the current CAPEX per current population [14].

Current CAPEX (US$)

Current CAPEX per current population = = US $8,99 per person.

Current population (person) -

The US $8.99 per person obtained X forecasted population for 2020, 2030,
2040, and 2050.

Result obtained were US $1,806.54 million, US $2,335.25 million, US
$3,018.62 million and US $3,901.95million respectively.

The benefit-to-cost ratio (BCR) is a financial ratio that is used to determine
whether the amount of money made through a project will be greater than the costs
incurred in executing the project. Benefit-cost ratios (BCR) of sanitation and wa-
ter programs in Nigeria from a new global study estimated that the benefit-cost
ratio of investments in water supply and sanitation for Nigeria, are to be at least
3.1 times the costs for water supply and at least 2.8 times the costs for sanitation,
under the most conservative cost assumptions taking into consideration the im-
provement of health and time savings (“Global costs and benefits of drinking-
water supply and sanitation interventions to reach the MDG target and universal
coverage”. World Health Organization. 2012) [13].

Using the estimated benefit-cost ratio of investment in water supply, report-
ed in a new global study to be at least 3.1 times the cost of Nigeria water supply,
a calculated benefit-to-cost ratio (BCR) is done for the years from 2020 to 2050.

Results and discussions

Geometric population forecast and other indicators were used to determine
the economic cost and economic benefit-cost of water supply in the country. It is
shown that the country population will continue to increase.

Using the geometric method of population forecast in order determine the
continuous growth of people in the country [10].

A=P(1 +r).

The formula of this estimation is: 4 — population at some time in the future
that is, nth years’ time; P — present or baseline population (190.9 million) of 2018;
r —average % increase (geometric mean) that is the annual population growth rate
(2.6%) [17]; n — period of projection in decade, i.e. 2020, 2030, 2040 and 2050.

Population for 2018 = 190.9 million person (1 + 2.6 %)™

(1 + 2.6)2

Populati 2020 = 190.9
opulation for 100

where n =2020 - 2018 = 2.
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Population for 2020 = 200.95 million persons.
Where n=2030 - 2018 = 12.
(1 + 2.6)'2

100
Population for 2030 = 259.76 million persons.

Where n =2040 — 2018 = 22.

Population for 2030 = 190.9

(1 + 2.6)%2
100 '
Population 2040 = 335.77 million persons.

Where n =2050 - 2018 = 32.

Population for 2040 = 190.9

(1 + 2.6)32

Population 2050 = 190.9 100

Population 2050 = 434.04 million persons.

Taking into account the population forecast for 2020, 2030, 2040 and 2050,
the CAPEX and benefit-cost ratio of investments in water supply calculated in
dependence to the population were 1806.54, 2335.25, 3018.62, 3901.95 and 3.25,
4.22,5.45, and 7.048 respectively.

BCR calculation. A new global study estimates the benefit-cost ratio of in-
vestments in water supply and sanitation for Nigeria, which took into considera-
tion health improvements and time savings. The economic benefits are estimated
to be at least 3.1 times the costs for water supply and at least 2.8 times the costs
for sanitation, under the most conservative cost assumptions [14].

Using the benefit cost ratio estimated at 3.1 for water supply, the benefit
cost ratio for the projection population year 2020 to 2050 can be calculated as;

Year 2018 with the pop 190.9 million = 3.1.
Year 2020 with the pop 200.95 million = X.

3.1 = 200.95
= W = 3.26.
Table 3
Population, CAPEX and benefit-cost ratio

Year Population, million CAPEX, US $ million Benefit-cost ratio
2018 190.9 1716.00 3.1

2020 200.95 1806.54 3.26

2030 259.761 2335.25 4.22

2040 335.775 3018.62 5.45

2050 434.032 3901.95 7.05
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Figure 3 shows the population projection through 2050. It shows that the
population will continue to grow so as the CAPEX. CAPEX requirements cost for
forecasted years results showed increase in price as the years go up.

Also, the results on the benefit-cost ratio on water supply has a significant
increase in the benefit-cost of investment as the years runs up.

Nigeria population and CAPEX projection for the year 2020
to 2050

4500

3901.95
4000

500 3018.62

3000

2335.25
=00 2018 2020 M 2040 2050
2000 .’W

1500

1000

4345
500 190.9 20095 259.76 S
0
1 2 3 4 5
——year —— population forecasted (million persons) ——CAPEX ( USS million)

Figure 3. Population forecast and CAPEX
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Figure 5. CAPEX and benefit-cost ratio
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BENEFIT-COST RATIO

m 2018

E m 2020
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-

m 2050

Figure 6. Benefit-cost ratio

The chart in Figure 6 shows the BCR percentages for the calculated years.
It shows that the BCR will continue to have a higher BCR for the country in
the future years.

Conclusion and recommendations

Water and effective water supply system management cannot be overempha-
sized due to its importance for maintaining public health as well as providing and
controlling quality and quantity of water. In order to efficiently manage water sup-
ply for the country, an adequate funding of the water sector is of utmost importance
to ensure improved well-being of the people through regular supply of clean water
while also improving the return on investment for the government through payment
of utility (water) bill users. The enforcement of environmental regulations needs to
be a joint work between government, individual and NGOs. The country could meet
with the 2030 Agenda for Sustainable Development Goals if there are immediate
and effective actions taken by the government on the CAPEX investment on water
supply and enforcement of adopted regulation from the European water regulations
and laws or international standards on water regulations.

Water has profound impact on the quality of life indicators and is a major
determinant of productivity as well as poverty levels in the country in the sectors
such as agriculture, health, education and industry are vulnerable to water supply
and sanitation. Unsafe drinking water is still widely used and constitutes severe
health problems in the country.

Of the five basic human needs (water, food, health, education, peace) water
is a common factor to the other four. Food production as well as most of societies’
other socio-economic activities depends on availability of water. Furthermore, the
efficiency of food production is currently measured on the basis of a unit increase
in the volume of production per unit volume of water [18].

In order to efficiently manage water supply for the country, a quick action is
to be taken by the governments, investors, local and international bodies and even
the citizen on how to achieve the target on adequate funding of the water sector
which is of utmost importance because regular supply of clean water will ensure
improved well-being of the people and also improve the return on investment for
the investors and government through payment of utility (water) bill users.
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Investment needs in Nigeria are sizable, and considerably greater than cur-

rent government spending. Spending in Nigeria will need to increase significantly
in order to meet the water supply. Investing in sanitation and water can help Nige-
ria both improve health and tackle economic challenges. Hence, government poli-
cy should be not only to increase its own funding, but to catalyze investments
from other sources. Also its should implement policies that lead to increased pub-
lic and private spending on water and sanitation services, especially sanitation,
in areas where the country is most off-track. This includes a focus on increasing
demand for services among the population through sensitization and marketing
campaigns, which will encourage households to invest.

[9]

[10]

[11]

[12]

[13]
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AnnoTtanusi. Hurepust u3BecTHa cBoeit 60raToil pacTUTEIILHOCTHIO U TPOIMYECKOH MOTo-
JIOH 1 HajieneHa N30BITOYHBIMHI BOJTHBIMU PECYpPCaMU, HECMOTPSI Ha ATO OHA BCE CIIIE CTAITKUBALT-
cs1 ¢ mpobsieMaMu obecriedeHus BCeH CTPaHbl YHCTON BOJIOW M BO MHOTOM 3aBUCHUT OT allbTEP-
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HATHBHBIX CHCTEM BOJOCHA0)KEHHS, TAKMX KaK KOJIOIIBI, CKBXXHHBI U peku. OIHAKO abTep-
HATHUBHBIC CHCTEMBI BOJIOCHAOXKEHHS HE SIBIAIOTCS S((PEKTUBHBIMU M HEJJOCTATOUHBI TSI CHCTEM
BOJIOCHA0)KEHHS1, OCOOEHHO B CTpaHe ¢ OOJIBIINM HACEJIEHUEM, B CBS3U C YeM BOJOCHAOKEHHE
HMEeT HeperyJsIpHBINA XapakTep. 3aKOHBI 00 YIIpaBIEHHH BOJHBIMHU PECYPCAMH TAKIKE CIIAOBI
H B OCHOBHOM HE COOTBETCTBYIOT CETOIHSIIHMM CTaHAApTaM M MoTpeOHOCTsAM. IIpaBuTein-
CTBO HE yIENIeT MODKHOTO BHHMAHHS HAIUICKANIEMy YIIPABICHHUIO U COXPAHCHHIO YCIYT U
pecypcoB BomocHaOxeHus1. 110 3Toi NMpUUYKMHE BaXKHO BBISBUTH (DAKTOP, KOTOPBIN MPEMATCTBYET
OCYIIECTBJIEHHIO MPAaBUJI BOJOCHAOKEHHMSI, U TIPEVIOKNTH peleHue mpobiieMbl. B ctpemienun
MOHSTH MOCJEICTBUS BHEIPEHHUS M 00ECIEUEHHUsI CTPOrOro peryjIupoBaHus B 00JIACTH BOJO-
CHAOXXEHHS ¢ IETIBI0 HAJISKAIIETO BOJOCHAOKEHHUSI CTPAHBI, Mbl CPABHHUBAEM IIPOTHO3UPYEMYIO
YHCIIEHHOCTh HACEJICHUsI ¢ MHBECTHIHOHHBIMU KarmTanosioxenusmu (CAPEX) B BomocHaOxe-
HHE B COOTBETCTBUH C LieNsAMH pa3BuTus Thicstuenetus (L[PT +). Pe3ynbTarsl MoKa3pIBaloT, 4TO B
Hpe}ICTOHHIeM FOI[y CTpaHa HOJ'Iy‘II/IT 3Ha‘lI/ITeHLHyI-O BI)IFO,Z[y oT I/IHBGCTI/ILII/Iﬁ 158 O6eCHe‘leHHH
PETYJISIPHOTO BOAOCHAOKEHHS Oylaromapsi HaJIHYUIO pab0YUuX MECT M TOXOOB, IMOJy4aeMBbIX
3a CYeT KOMMYHAIIBHBIX BOJ, 3aTPadyrBasi IPH 3TOM MEHbIIE CPEACTB HA IMHUICMUYECKUE 00-
JIC3HH, TIepeIaBaeMbie Yepe3 BOY, [IPU ITOM YIIydIliast )KU3Hb U 37I0POBHE CBOUX IPAXKIaH.

KaroueBrnle cioBa: BO,I[OCHa6)KeHI/Ie; PEryJIMpOBaHUC; BHEAPCHNUEC,; NHBECCTUIINUH, JIBI'OTBI
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1. Tekcr ctaThu JOMKEH ObITH HAOpAaH HA KOMITBIOTEPE B TEKCTOBOM pEIaK-
Tope Microsoft Word uepes 1,5 untepsana mpudrom Times New Roman (pazmep
mpudTa 14 nt) Ha cTaHAapTHHIX ducTax A4 (mmomst cimeBa — 3 ¢, crpaBa — 1 ¢,
CBEpXy W CHH3Y — 110 2,5 cM). OO0beM cTaThi (BMECTE C TaOIHMIIAMHU, UILTIOCTPAIIH-
saMH 1 Oubnrorpadueii) He TOJDKEH MpeBhIaTh 12 cTpaHwuIl.

2. CtaThsl JOMKHA COJIepKaTh B YKa3aHHOM MOPSIKE:

— Ha3BaHHUE CTAaThbU; UMEHA, OTYECTBA U (PaMUIIMH aBTOPOB; MOJTHOE HA3BaHUE
OpraHU3aIMM U €€ CTPYKTYPHOTO MOJpa3esieH s C YKa3aHHeM MOYTOBOTO aapeca
(cTpana, MOYTOBBIA MHJEKC, TOPO, yaula, Ne noma), aHHOTaMiO (5—7 CTPOK) U
KJIIOUEBBIE CITOBA (HE MEHEE 5 CIIOB WM CIIOBOCOUYETAHUN);

— Ha3BaHUE CTAaThbU; UHUIMAIBI U (aMUIMKU aBTOPOB; TIOJHOE Ha3BaHUE Op-
TaHU3aLUHU U €€ CTPYKTYPHOTO MOJApPa3AesIeHHus C yKa3aHHeM MOYTOBOTO ajapeca
(Ne moma, ynuia, ropo, MOYTOBBIA UHIEKC, CTpaHa), aHHoTamuo (10 200-250
CJIOB) M KJIIOUEBBIE CJIOBA (HE MEHEE 5 CJIOB WJIM CJIIOBOCOUYETAHUI) HA aHTJIMM-
CKOM SI3bIKe€;

— TEKCT CTaThU;

— CIHCOK JIUTepaTypsl (1o andaBuUTy, CHayala — Ha PyCCKOM SI3bIKE, 3aT€M —
Ha aHrauickoM). CIMCOK JTUTepaTyphl J0JKeH ObITH NepeBe/ieH HA aHIJIWii-
CKMii I3bIK M MPOAY0JIMPOBAH JIATHHCKUMH OYKBaMH.

3. K craTbe 1OKHBI OBITH MPUIIOKEHBI:

— JIBE 3aBE€PEHHbIEC PELECH3UU;

— cBelleHUs 00 aBTOpax — MOJHBIE UMsI, OTYECTBO, (DaMUIINs, YUCHAsI CTETICHB,
Hay4HOE 3BaHUE, MECTO pabOTHhI, AIEKTPOHHBIHN ajipec.

Obpaszey wanku cmamvu:

CocTosiHMEe aHTUOKUCIUTESIbHbIX CUCTEM
B KPOBU MbliLLei nocne o6nyyeHns

W.H. Upanos!, ILIIL Ilerpos’

"Poccuiickuii yHUBEPCUTET APy kOBl HAPOIOB
Poccuiickaa ®edepayus, 115093, Mockea, [looonvckoe wocce, 0. 8, kopn. 5
2MOCKOBCKHI TOCYIapCTBEHHBIMA YHHBEPCUTET
Poccuiickan @edepayus, 119899, Mockea, Jlenunckue eoput, 1

4. IloBTOpEeHME B CTaThe OTHHX M TEX K€ JaHHBIX B AaHHOTAIIMH, TEKCTE, TaOJH-
1ax u rpadukax He Jomyckaercs. Tabauibl M PUCYHKH JOJDKHBI ObITH TIPOHYMEpPO-
BaHBI; B TEKCTE CTaThU CCHIIKA HA HUX 00s3aTeNbHa. TaOanIIbl JOIKHBI HMETh 3aroJio-
BOK, & PUCYHKHU — MOJPHUCYHOUHYIO MOAMUCH. [IpHHUMAIOTCSI TOIBKO YepHO-Oebie
pucyHkH (B popmarax .tif, .bmp, .jpg) B BHIE OTACTBHBIX Tpadudecknx (haitios.
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5. Cnenyer orpaHU4MBaThCs OOIICTIPUHATBIMU COKpAIICHUSIMU U H30eraTh
BBEJICHUSI HOBBIX COKpallleHUH 0e3 0CTaTOYHBIX OCHOBaHWH. BBeneHHbBIE COKpa-
IIEHUST HEOOXOAMMO paciIupOBIBATh.

6. CChUIKM Ha JUTEpaTypy B TEKCTE CTAThU MPUBOISTCS B KBAJIPATHBIX CKOO-
Kax, Harpumep [2] wim [5-7], [S. C. 15].

B criicke nutepatypbl MPUBOISTCS TONBKO UCTOYHHUKH, HA KOTOPHIE B TEKCTE
CTaThu MMEIOTCs cChUTkH. Crrcok (opmupyercs mo andaBuTy (CHavajga MCTOY-
HUKH Ha PYCCKOM $I3bIKE, 3aT€M Ha aHTIUICKOM). B criucke muTepaTyphl JOTKHBI
OBITH YKa3aHBI:

— 01 KHue: (paMUITMK W WHUIHAIBI aBTOPOB, HAa3BaHUE KHWUTHU, MECTO M3J1a-
HUSl, U3/1aTeIbCTBO, TOJ U3/IaHuUs;

— 051 cmametl U3 HenepuooUYecKux uz0anull (coopHuKos): GaMUINA U UHU-
[Maiabl aBTOPOB, Ha3BaHHWE CTAThH, Ha3BaHWE KHUTH (COOpHMKA), MECTO W3JIaHMUS,
W3JIaTENbCTBO, TO/I U3/IaHUS;

— 0151 cmameti U3 nepuooudeckux uzoanutl. GaMuIuy 1 HHALUAIBI aBTOPOB,
Ha3BaHHE CTAThH, Ha3BaHUE KypHaja, TOJ U3JIaHus, TOM U HOMEp KypHala, mep-
Bas U MOCIEAHSISI CTPAHUIIBI CTaThHU.

Obpaszey:

Jintepartypa

[1]  Bowno B.B. CpaBHUTEJbHAS KIIETOYHAS ¥ BUIOBasl PaJlOYyBCTBUTENBHOCTE. M.: ATOM-
uznat, 1974. C. 5-17.

[2]  Poyn Il O30HOBBIN Kpusuc. M.: Mup, 1993.

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

7. Ctarhsi MOJDKHA OBITH MOJMMCAaHA BCEMU aBTOpaMH (Ha MOCJIEIHEH CTpa-
HUIIE) 1 UMETh BU3Y (Ha MEpBOil CTpaHMIE) 3aBeAyIoUlero Kadenpou (st co-
tpynaukoB PYJIH) unu uHOTO pyKOBOIUTENS (AUPEKTOpA, IeKaHa, 3aBEIYIOIIETO
kadenpoit mnu nabopaTopueit — Al aBTOPOB U3 CTOPOHHUX OpraHHU3aIMii) ¢ pac-
U (POBKON MOAMHUCH M YKa3aHUEM JOKHOCTH.

8. B koHIle cTaThbu HEOOXOIUMO yKa3aTh (aMHUIIUIO, UM U OTYECTBO aBTO-
pa, ¢ KOTOpeIM Hambosee 1e1eco00pa3HO KOHTAKTHPOBAThH 110 BOIPOCAM IOATrO-
TOBKH CTaThH K OIYyOJIMKOBaHHIO, U €r0 KOOPAMHATHI (e-mail, HoMep KOHTaKTHOTO
TenedoHa).

OT3BIBBI Ha OTKJIOHEHHBIE PEIKOJUIETUEN CTaThbU HE MPENOCTABISIOTCSA, PYKO-
IIMCH He BO3BpalatoTcs. OTBETCTBEHHOCTD 3a COAEPIKaHUE CTATEH HECYT ABTOPBI.

KonTakTHast nundgopmanus:
Peouna Mapzapuma Muxaiinoena
Tenedon: +7 (495) 952-04-41
E-mail: redina_mm@rudn.university
Cunaesa Ilonuna IOpvesna

E-mail: silaeva pyu@rudn.university
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