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CpaBHUTEsNIbHbIN 3KONIOrM4YECKUM aHanus
opHuTodayHbl NapkoB ropoaa MuHcka

E.K. CBuctyn

MexmyHapoIHBIN TOCYTapCTBEHHBIN 9KOIOTHUECKUT MHCTUTYT nMeHU A.Jl. CaxapoBa
Benopycckoro rocynapcTBEeHHOTO YHUBEPCUTETA
Pecnybauxa beaapyco, 220070, Munck, ya. Jloaeobpoockas, 23/1

B pabGorte nipencrapieHbI JaHHBIE 00 9KOJIOTUTIECKIX 0COOEHHOCTSIX OPHUTOMayHbI HapKOB I. MUH-
cka. BbIsiBJIeHBI 9KOJIOTMYECKUe TPYIIIbl M 9KOJOTHYeCKHe cTaTychl NTUll. Haubosabimm pazHoo-
OpasueM xapakTepusyercst oTpsin BopodbrHooOpa3HbIe. JJOMUHUPYIOIIMMEI BUIAMMU SIBJISIOTCS JIeC-
HbI€ MITULIBI. YCTAHOBJEHO, YTO OOJILIIMHCTBO MTULL — THe3AsmMecs oceaibie. Hanbonee 6iaro-
MIPUATHBIM MECTOM JUTSI OOUTAHUST TITULL CITYKUT TePPUTOPUS TTapKa «JIpo3abi».

Kirouessie ciioBa: IITHUIIBI, OpHI/ITO(I)ayHa, 9KOJIOTUYECKUIA CTaTyC, 9KOJOTUYCCKHUE I'PYIIIIbI, ITJIOT-
HOCTb, BULOBOC pa3Hoo6pa3I/Ie

BBepeHue

IITuibl — 3TO HanMboJiee MHOTOYMCIEHHAs 10 KOJIMYECTBY BUIOB IpyIla TEILIO-
KPOBHBIX XKUBOTHBIX. OHU COCTABJISIOT BaXKHE I KOMIIOHEHT BCEX IIPUPOTHBIX 9KO-
CUCTEM U SIBJISIIOTCS CaMOU 3aMETHOM T'PYIIIION IMTO3BOHOYHBIX XKMBOTHBIX B TOPOJIE.
M3yyeHue NTUlL SBISIETCS BaXXHOM YacThio padOT IO MCCIIeTOBaHUIO pa3HOOOpa3us
>KMBBIX OPTaHU3MOB 100011 TeppuTOpUn. biarogapst BBICOKOMY BUAOBOMY pa3HOO0Opa-
3UI0 ¥ YMCJIEHHOCTHU TITULBI MOTYT CYUTATHCS XOPOIIUMU TTOKA3aTEAIMU COCTOSHUS
cpelbl, UBMEHEHMSI KOTOPOI B ITOC/IeHEE BpeMs MPUOOpETatoT Bce 0osiee HeraTUBHbIN
xapakTtep. OcoO0eHHO 3TO KacaeTcss KPYITHBIX TOPOJOB C TIJIOTHOM XXUJTOM 3aCTPONKOIA,
IJl€ CYIIIECTBEHHO U3MEHSIOTCS OOIbIIMHCTBO 3KOJOTMUYECKUX peXUMOB. [1oaTomy
BaXXHOU 3a1aueil SIBJISIETCSI COXpaHEeHMeE JTI00bIX yUaCTKOB ropojia, 0JIM3K1X K eCTECTBEH-
HBIM ITPUPOAHBIM KOMITIEKCaM. TaKMMU KOMIUIEKCAMU B TopoJax ciaykaT napku. iMeH-
HO OHMU SIBJISIIOTCS XapaKTePHBIMU TOPOACKUMU MECTOOOUTAHUSIMU, I1ie (POpMUPYETCS
KOMIUIEKC MTUL Pa3IAYHbIX 3KOJOTMYECKUX IPYIIM, aIalITUPOBAHHBIX K ypOAaHU3UPO-
BaHHBIM YCI0BUIM. [10 3TOi NpuUMHE rOpOACKME NApKX UTPAIOT OCHOBHYIO POJib B
COXpaHEeHMU BUIOBOTO pa3HOOOpa3us opHUTO(dayHsI [1].

Llenb maHHO# pabOThl — U3YyYEHNE IKOJOTMUECKMX OCOOCHHOCTEN OPHUTO(aYHbI
napkoB I. MuHcka.

© Csucryn E.K., 2018
M This work is licensed under a Creative Commons Attribution 4.0 International License

ECOLOGY 285



CsuctyH E.K. Becmnux PY/[H. Cepusi: Dxonoeus u 6e3onacnocms jcuzredesmesbHOCmuU.
2018. T. 26. Ne 3. C. 285—298

MecTo n meTOAbI

OpHUTOJIOTMYECKIE UCCIIETOBAaHNSI TIPOBOIMINCH HA TEPPUTOPUH 6 ITapKoB I. MUH-
cka: [Tapk um. YenrockuHieB coBMecTHO ¢ LleHTpanbHbIM O0TaHUYECKUM cafgoM, [Tapk
KyJBTYpBI U oTAbIXa nM. 50-n1etust Benukoro OkTsa6ps, Jlommikuit ycageOGHO-1apKo-
BbIil KOMILIEKC, TaMSITHUK IIPUPOALI pECITyOJIMKaHCKOro 3HaueHus «JlyopaBa», Jieco-
napk «MeaBexXMHO», TapK «{po3abl».
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[Figure 1. Studied areas on the map of Minsk]

Yuer YUCIEHHOCTH IITULL TPOBOAMIICS MapIIpyTHBIM MeTonoM. M3aMepeHue 1po-
TSKEHHOCTH MapIIpyTOB IIPOBOAMIIOCH 10 KapTe. YUeT NPOXOIUII B yTPEHHEE BpeMs,
IIPY YIOBJIETBOPUTEIBHBIX IIOTOAHBIX YCIOBUS, T.€. B OTCYTCTBUE CUJIBHOIO BETpa U
CHJIBHBIX aTMOC(EPHBIX 0CaIKOB. B Takux yc10BUSIX ITULIEI Hanboiee aKTUBHBI. W3-
y4eHHe OTUIl IIPOBOAMIMCH TP IIOMOIIM OMHOKJISI ¢ KPaTHOCTBHIO 8%24 1 ITOJIeBBIX
omnpenenureaeii. JIas oroOpaxkeHus IOJyYeHHbBIX JaHHBIX UCIT0JIb30BaJICs ITOJIEBOI
MHEeBHUK. B MHEeBHUKeE Iepel HayaJloM MCCJIeI0BaHMUs MapIlIpyTa 3allMchiBajlach AaTa,
XapakKTepUCTUKa OMOTOIIA, ITIOTOIHbIE YCIOBUS (TeMIlepaTypa, 00JIauHOCTb, HaJTUUMe
BeTpa 1 0CaIKOB), BpeMs Hauyajia MpoXoxXaAeHUsI MaplipyTa. Jlanee 3aHOCUIUCH pe3yib-
TaThl yuera [2].

151 06paboTKM cOOpaHHBIX JTaHHBIX MCITOIb30BAIMCH TAKME IIOKA3aTe/IM, KaK IIOT-
HOCTb HaceJeHUsI NTULL, UHIeKC Ouopa3HooOpasus [lleHHOHA, MHAEKC BUIOBOIO 00-
raTtcTBa Mapraneda, nnaekc noMmuHupoanust Cumrncona u beprepa — Ilapkepa.

ITnotHoCTb HaceneHus nTull (N) pacCUMTHIBAeTCS 110 Clenyrolei hopmylie

N=n/Lb, (1)

o n — KOJIMNYECTBO oco0elt KOHKPETHOTO BUaAa, L— 06]_1_[8.51 IIPOTAXKECHHOCTDb YYCTHOI'O
MapIlpyTa, BhIpaXkeHHast B KM; b — IIUPUHA YIETHOM MOJI0CHI, KM [3].

st oripeiesieHKsT BUIOBOTO O0raTCTBa MCIOJIb30BaIM MHAEKC Mapraneda, KOTophIi
paccuuTbiBaeTCs Mo opmylie

Dy, = (S—1)/InN, )

rae S — 4ucio BhISIBIEHHBIX BUIOB; N — o0liee uuciio ocobeii Bcex .S BunoB [3].
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Nupexc leHHoHa paccunuThiBaeTCs1 o (popmylie

H==3plnp;, 3)

rae p; — 0oJsl i-ro Buza B ouororne (p; = n;/ N, Tie n; — YUCIEHHOCTb i-ro Buaa; N — obLuast
YUCJIEHHOCTD NTUI) [3].
Nunexe nomrnHupoBaHus CUMIICOHA PaCCUUTHIBAETCS 1O (hopMyIIe

n;(n;
z‘N(N—l) @

e n; — YACII0 ocobeii i-ro Buaa; N — obiee yncio ocodeit [3].
Wnnekc paznoodpasus beprepa — Ilapkepa paccuuTeiBaeTcs 1o (popMyie

d= Nyax/ N, )

rae N — obiee 4ncio ocobeit; N, — YUCIO caMoro oOuIbHOro Buaa [3].

PesynbTaThl n nx o6cyxageHue

B xone opHUTOIOTHYECKUX MCCENOBAHMI MMAPKOBBIX KOMIUIEKCOB I. MUHCKA ObLIT
BBISIBJICH 61 BUI NITHUI, OTHOCSAIINXCS K 8 oTpsimam. Ha Tepputopnu napka «Ipo3abi»
3adukcrpoBaHo 42 suga rruil, B [Tapke nm. Yemockunies u LieHTpansHOM O0TaHM-
yecKoM cany — 36 BUAoB, B JIOIIMIIKOM ycaaeOHO-TapKOBOM KOMILIEKce — 36 BUIIOB,
B MaMSTHUKE MpUpoabl «JIyopaBa» — 34 Buna, B Jiecornapke «MenBexkuHo» — 24 Buaa
u B [Tapke um. 50-netust Benvkoro OkTsiopss — 20 BumoB nTull. M3 puc. 2 BUAHO, YTO
JTOMWHUPYIOIIMMHU BO BCEX MapKax SIBJISIOTCS MPeACTaBUTENUN oTpsiia BopoObrHOO-
opasHblie (Passeriformes) — 48 BumoB. Takke Bo Bcex ImapKax 3a(pMKCHUPOBAaHEI IIPeI-
ctaBuTeau oTpsiaoB JstioobpasHeie (Piciformes) — 3 Buna u Tonydbeobpa3Hbie
(Columbiformes) — 2 Buga. Kpome Toro, B Tpex napKax BbISIBJIEHbBI BUIbI, OTHOCSIIINE -
ca K otpsanam Iyceobpasnrie (Anseriformes), Pxxankooopasnseie (Charadriiformes) n Co-
kosnooOpa3Hbie (Falconiformes) 1o 2 Buna, Ctpuxxeodpasusie (Apodiformes) n Kykyui-
kooOpasnsbie (Cuculiformes) 1o 1 Bumy.

I1o 3Ko0MOrMYecKOMy CTaTyCy BBIACIISIOT: THE3MSIINECS, 3MMYIOLINE M MUTPUPYIO-
mwue BUABI NTuIl [4]. B cBOIO ouepens rHe3asIecs BUABI TOIpa3aeITIOTCS Ha THE3-
JSIIAECs OCeJIble, THE3MSIIMECs TepeieTHbIE, THEe3ISIIMeCs IepeeTHbIe U B Orpa-
HUYEHHOM KOJIMYECTBE 3UMYIOIIMe BUALI NTULl. K MUTPUPYIOIIUM TaKKe OTHOCSITCS
MUTPUPYIOIINE U B OTPAHMYSHHOM KOJIMYECTBE 3UMYIOIINe BUIbI. W3 puc. 3 BUTHO,
YTO Ha TEPPUTOPUHN TOPOACKHUX MTAPKOB MPeod1aatoT rHe3asuecs oceaibie (23 Buaa)
U THE3IsIIecs riepesieTHhIe (27 BUO0B) BUABI ITUIL. KpoMe TOTo, BEISIBICHBI €AMHIY -
HbIE€ BUIbI, OTHOCSIIMECS K MUTPUPYIOIIMM U MUTPUPYIOIIVM 1 B OTPAaHMYEHHOM KO-
JINYECTBE 3UMYIOIIUM BUaaM. Takoe pacrpeaeaeHue CBUIETEIbCTBYET O OJ1aronpusT-
HBIX YCJIOBMSIX JUISI THE3OBAHMSI IITULL,

Ha Ttepputopuu nsydyaembIx IapKoB cOOOIIECTBO MNTULL pa3nesieTcst Ha S 9KOJI0TH-
YeCKMX TPYIIIL: JIECHBIC, CMUHAHTPOITHBIE, ITULIBI OTKPHITHIX JIaHAIIAa(GTOB, BOTHO-00-
JIOTHBIE ¥ OKOJIOBOIHBIC IITUIIHI [5]. JlOMMHMPYIOIIMMY BUIaMU Ha BCEX MCCIIETYeMbIX
TePPUTOPUSIX SIBIISTIOTCS JIeCHBIe NTUIIHI (40 BUIOB), najiee MAYT CMHAHTpOITHbBIE (11 BI-
noB) (puc. 4).
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Figure 4. Ecological groups of birds in city parks

[IpeobGiaganue JIGCHBIX NTULL CBSI3aHO ¢ MHOTOOOpa3rueM TUIIOB HaCaXKIEeHUI, XO-
POIIO BBIPAXXEHHON SIPYCHOCTBIO U HAJIMYMEM KYCTApHUKOB B TOAJIECKE, TIE MTULIBI
HaXOMST OJIaronpusITHBIC MeCTa IS THE3IOBAHMS 1 IMTAHUSI, a TAKXKE MOTYT YKPBITh-
cs1 0T uejtoBeKa. Hanmmure CMHAHTPOMHBIX IPeICcTaBUTeIC OpHUTOMayHBI 00YCIIOBIIC-
HO T€M, 4TO U3ydaemasi TEpPpUTOPUSI HAXOIAUTCSI B TOPOJIE, Te JIOIN MOIKAPMINBAIOT
nTul. Hanmuue BonHO-00J10THBIX (2 BMIa), OKOJOBOIHBIX (2 BUAA) M NTULL OTKPBITHIX
JnanamadToB (6 BUAOB) CBI3aHO C OCOOEHHOCTSIMU B CTPYKTYpe caMux nmapkos. Ha-
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mpumMep, B LieHTpaabHOM O0TaHMYECKOM cafy, apke «Jlpo3asl» u Jlommuikom ycaneo-
HO-ITapKOBOM KOMITJIEKCE ITPUCYTCTBYIOT BOJOEMBI, [TO3TOMY OTMEYE€HBI BOTHO-00J10T-
HbI€ ¥ OKOJOBOIHBIE MITUIIHI.

s aHanu3a opHUTOMayHbl TOPOACKUX MAapKOB UCIIOIb30BAIMCh CICAYIOIINE 0-
KazaTeIu: IJIOTHOCTh HAaceJIeHUsI IITULI, MHIEKC OMopa3Hoo0pasus, MHIEKC BUIOBOTO
borarcTBa, MHAEKCH JOMUIHUPOBAHMSI.
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Figure 5. Total population density of birds in city parks
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CyMmMapHast INIOTHOCTh HaceJIeHUsI OpHUTOGayHBI T0OKa3bIBaeT HAJIMYME WU K
OTCYTCTBHE B ITAaPKOBBIX 30HAX 0JaroIpUATHBIX YCIOBUIA ISt oOnTaHUS NTUL. Yem
OoJIbllIe TIOTHOCTD HaceJIeHUS ITULL, TeM OoJiee TTOIXOISIINE YCIOBUS OOMTAHUS B
napke. VI3 puc. 5 BUIHO, 4TO B TapKe «/Ipo3/ibl» IIOTHOCTB paBHa 443,94 oc/kM> — 3T0
OoJibllle, YeM B IPYIUX ITapKax, cJieqoBaTe/bHO, Ha JaHHON TepPpUTOPUM IITUIIBI HaIII-
1 HanbOosee KoMdopTHOe MecTo oouTanue. Hanporus, B [1apke num. 50-netus Benu-
koro OKTSIGPSI TUIOTHOCTB cocTaBmia 83,02 oc/KM?, UTO yKa3bIBaeT Ha OTCYTCTBHUE YC-
JIOBUIA OKpYKaloIleit cpebl IJ1s1 THe3A0BaHUsI 1 IToMCKa MUy nTull. Jlecomapk «Mena-
BEKIHO» TOXKE MMeeT He OOJIBLITYIO TUIOTHOCTb HaceaeHnst opHuTodayHbl — 221,22 oc/ k>,
OcTanpHbIe TTAapKX 0071amal0T NPpUOJIU3UTEIbHO PAaBHON MJIOTHOCTHIO — OKOJIO
360 oc/KM?. DTO TOBOPUT O HAJIMYYE B JAHHBIX ITAPKAX GJIArOMPUSATHBIX YCIOBHIA IS
o0UTaHUS NTHULL.

[Tpu ananmn3e cooOIIeCTBA NTUILL AJISI XapaKTePUCTUKKY pa3HOOOpa3usl U BHIpAaBHEH -
HOCTH coo0lecTBa ucmnoJjib3oBaicsd uHaekc llenHona. Yem GoJiblie B cOOOIIECTBE
BUJIOB M YeM MEHBIIIE OTJINYASTCSI MX YMCIIECHHOCTh, TEM BhIIIE 3HaueHre nHaeKkca LlleH-
HoHa. Kak BugHo u3 puc. 6, Haubonbliee 3HaueHne nnaekc lllennona nmeer B Jlo-
IIMIKOM ycaaeOHO-ITapKOBOM KOMILJIEKCE U COCTaBsAeT 3,27. DTO 3HAYMUT, YTO B IaH-
HOM TTapKe COO00IIeCTBO OpHUTOMAYHBI 00JIee pa3HOOOPA3HO U YMCIEHHOCTh BUIOB
IITULL, €TI0 COCTaBJISIONINX, O0Jiee BoIpoBHEHA. [103TOMY maHHasi TEpPUTOPUS SIBJISIETCS
Haubosiee OaronpusiTHOI 1Jis oouTaHus NTull. HanMeHbllee 3HaueHUe UHAEKCA B
[Tapke uMm. 50-netuss Benukoro Oktsa6opst — 2,49. CnemoBaTebHO, BUAOBOE pa3HO-
oOpazue uMmeeT He 00JIbIIoe 3HAUCHUE.

7151 oripeneieHNsI ¥ CpaBHEHMS BUIOBOTO OOraTCTBa Ha HECKOJBKMX TEPPUTOPHUSIX
HCITIOJIb3yeTcsl mHIeKe Mapraneda. YeM BhIlIe moKa3aTe/lb MHAEKCa, TeM BBIIIIE BUIO-
Boe 00rarcTBo B BbIOOpKeE. Takum 00pa3oM, BUJOBOE OOraTCTBO OpHUTO(AYHBI Ha TeP-
puTopuu napka «/Ipo3mer» 0oJble, YeM B APYTUX IMTapKOBBIX KOMIUIEKCAaX, M COCTaB-
qset 4,11 (puc. 7). HauMeHnbluii mnokasarejab MHAeKca mojrydwiics B [Tapke um. 50-ye-
s Benaukoro Oxkrsaops — 1,32.

JJ1s1 MostydeHusI MOJIHOM KapTUHBI M3y4aeMOIro COO0IIecTBa HEOOX0IUMO UMETh
MpeACTaBIeHUE HE TOJIbKO O BUIIOBOM pa3HOO0pa3rM, HO 1 O CTEIIEHU TOMUHUPOBAHUSI.
s aToro paccuuthiBasics nHaekc CumrcoHa. OH OYeHb YYBCTBUTEJIEH K IIPUCYTCTBUIO
B BEIOOPKE HanboJIee OOMIIBHBIX BUIOB, HO CJIa00 3aBMCUT OT BUIOBOTO OoraTcTia. [1pu
pacueTe ObIIO BBISIBJIEHO, YTO MHAEKC BO BceX napkax Kosieosercs ot 0 1o 0,096 (puc. 8).
DTO 3HAYUT, YTO YPOBEHb JOMMHMPOBAaHUSI OTIEIbHBIX BUIOB He Beicokmii. Ho B [1ap-
ke uM. 50-1etusa Benukoro Oktsa6ps nnaeke Cummicona paseH 0,096, uto 61M3K0 K
BBICOKOMY YPOBHIO JOMUHUPOBAHMSI, U, CJIEA0BATEIbHO, pa3HOOOpa3re B 3TOM MapKe
MEHBIIIE, YeM B IPYIUX IapKax.

OnpenesieHe BO3MOXHBIX M3MEHEHHNI B JOMUHUPOBAHUM 1 OTPaXKeHUE OTHOCH -
TEJIbHOI 3HAUMMOCTH HanboJiee OOMJIBHOIO BHIA MITULI ITPOBOAUIINCH C TIOMOIIIBIO MH-
nekca beprepa — ITapkepa. Kak BuaHo u3 puc. 9, ToMMHUpPOBaHKE OJTHOTO HauboJiee
obunbHOro Buaa Habmonaercs B [1apke um. YemockuHueB u LleHTpaibHOM O0TaHU-
yeckoM cafy (3s101uK), a Takke B [1apke uM. 50-netust Bennkoro OkTs10ps (Oosblast
cuHuua). Mugexc paBeH cCOOTBETCTBeHHO 7,24 1 7,35. B maMsaTHUKe mpupoasl «/1y-
OGpaBa» MHAEKC cocTaBuiI 9,65, Bteconapke «MeasexxnHo» — 10,25. DTo o3HavyaeT, 4To
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Ha TaHHBIX TEPPUTOPHUSIX TAKKE MPUCYTCTBYET JOMUHUPOBAHKE OJHOIO BUAA, HO OHO
BbIpaxkeHHO cjiadee, yeM B [Tapke num. YemockuHieB 1 LleHTpasibHOM 60TaHMYECKOM

capy.

TakuM o6pa3oM, YCTAHOBJIEHO, YTO HA TEPPUTOPMHU NapKoB I. MuHcKa oburaer 61
BM/I TITULI, OTHOCSIIIUXCS K 8 OTpsiiaM. BoIbIIIMHCTBO BBISIBJICHHBIX IITULL IPUHAIJICKUT
K THE3ASIIMMCS BUJIaM, YTO yKa3bIBaeT Ha OJaronpusITHBIC YCIOBUS /151 THE3A0BAHUS
B IApPKOBBIX KOMILIEKCAX ropojaa. JJoMIHUPYIOIIMMH BUAAMHU M0 9KOJIOTMUECKUM TPYII-
I1aM SIBJISIIOTCSI JICCHBIE IITUIIBI, YTO TAaK3Ke YKa3bIBaeT Ha OJIarOIPUSITHBIC YCIIOBUS TSI
obuTaHus NTUll B Iapkax. [1o oTHOCUTENbHOM YMCIEHHOCTH IIpeo0IagaloiuMu sSIB-

JISIIOTCS OOBIYHEIE BHUbI.
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3aknioyeHue

ITpu ananu3e opHUTO(ayHbl TOPOACKMX MAPKOB OBLIO BBISBICHO, YTO OMOpa3HO-
o0pasue IITUIL YKa3bIBaeT Ha 9KOJIOTMYSCKUE YCJIOBUSI MX MecTa oOuTaHus. Tak, Hau-
0oJee GaronpUsSTHBIM MECTOM 151 OOUTaHUSI NTULL SIBASIIOTCS TapK «J{po3abi» u Jlo-
UKW ycaneOHO-TTapKOBEI KoMIieKe. Ha 5To yka3pIBaeT BEICOKast cyMMapHas
TUIOTHOCTH HaceJICHUST OpHUTO(ayHBI JaHHBIX ITAPKOB W BEICOKMI TTOKA3aTeIh MHICK-
coB lllennona n Mapraneda, T.e BRICOKOE BUI0BOE pa3HOOOpa3ue 1 TOCTAaTOUHO OTHO-
pOIHas YMCIICHHOCTD, UTO MOATBep:kKaaeTcs nHaekcamu Cumriicona u beprepa — IMap-
Kepa. JJaHHbIe ITapKy HAXOASITCS B YaCTSX ropoja, KOTOphle B MUHUMAaJIbHOM CTEIIEHN
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MoABEPKEHbl AaHTPOIIOTEHHOM U TEXHOT€HHOM Harpy3kaMm. MeHee npuBjeKaTeIbHbIM
MECTOM TSI XKU3HU IITUll cykuT Ilapk mm. 50-nmetusa Beaukoro OkTssOpst. D10 mom-
TBEPKIAETCs ITOKA3aTeIIMU pacCIMTaHHBIX MHIEKCOB, a TAKXKE MaJIbIM BUIOBBIM pa3-
HOOOpa3uM M BeIpaXKeHHBIM JTOMUHUPOBAHUEM OJHOTO B1aa (OombiIas cuHuia). JdaH-
Hasl TEpPUTOPUST HAXOAUTCS B CAMOM IIPOMBIIIIEHHOM paiioHe Topojia, CJeI0oBaTebHO,
BBICOKM aHTPOMOTreHHasl U TEXHOTeHHAsI Harpy3KU.
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Comparative ecological analysis of
the avifauna of the city parks of Minsk
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The paper presents data on the environmental features of the avifauna of the parks in Minsk.
Ecological groups and ecological status of birds are revealed. The greatest variety is characterized by
a group of Passerine. The dominant species are forest birds. It is established that the majority of birds
are nesting settled. The most favorable place for birds is the territory of the Drozdy Park.
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N3yyeHune CBOMCTB pacTeHUU NecyaHbiX KapbepoB
MockoBcKOW 06s1acTu N BOCCTaHOBJIEHUS
pPacTUTENIbHOCTU Nec4YaHbIX KapbepoB

A. JIa66ar

Poccuiickuii yHuBepcuTeT Apyk0bl HAPOIOB
Poccuiickan Qedepayus, 117198, Mockea, ya. Muxayxo-Maxkaas, 6

EcTecTBeHHbIE MPOLIECChl pereHepalii paCTeHUi U BOCCTAHOBJICHUS pa3pyLIEeHHBIX 3KOCUCTEM
B MOCTPaIaBIINX 001ACTSIX UIYT OUeHb MeUIeHHO. [TecuaHble Kapbepbl — 3TO TEXHOTEHHBIE (hOPMBI
peibeda, 4To BhI3bIBAET HEOOXOAMMOCTh BCECTOPOHHETO U3YUYeHUsI OCOOEHHOCTEI X PACTUTEIb-
HOCTH, KOTOpasi TOMOTAeT OCTAHOBUTH IBMKEHUE IMTeCYaHbIX CKIIOHOB, CTAOMIM3UPOBATh IeCUaHble
Macchl, peKyJIBTUBUPOBATh 3¢MJIU. BbLIM M3ydeHbI CKJIOHBI CEBEPHOM U I0XKHOIM 9KCIO3UIIUIA B He-
KOTOPBIX TTIeCYaHbIX Kapbepax (3BeHuropoackuii, JAzepxurckuii, Pamenckuii (I'OK), JIsiTtkapuH-
ckuit, JIp3noBo). OcHOBOI pabOThI CTaiM re000TaHMYECKHUE OTTMCAHMST HAa BKCTIEPUMEHTAJIbHbIX
IUIOLIAAKAX 5% 5 M2, BBIMOJHEHHbIE [0 CTAHAAPTHOI METOMMKe. Beero Ha 06¢/1e10BaHHbIX Y4acTKaX
HaiiieHo 93 Bua BBICIIMX COCYAMCTBIX pacTeHuii. Y1 CI0 BUIOB 3aBUCUT OT UCTOPUYECKHMX OCOOEH-
HOCTel pa3BUTHS JaHIadTa, HO OOJIbIIE BCETO OT IKOJOTMIeCKUX (DaKTOPOB MECTOOOUTAHUS,
TaKMX KaK KPYTU3HAa CKJIOHA, BJIAXKHOCTb, OCBEILIEHHOCTb M 6OraTcTBO MOYBBI. PacTUTEIbHBII TOKPOB
TecYaHbIX KapbePOB CUIILHO pa3pekeH, MPOeKTUBHOE TTOKphITHE TipeacTaBistioT 20—30 %, uTo sB-
JISICTCS XapaKTePHBIM JIIs1 ITecyaHbIx laHamadToB [ 1]. Cpeau pacTeHU B CIIEKTPe JKU3HEHHBIX (hOpM
o K. Paynkuepy nonasJsioliiee 60JIbIIMHCTBO — TeMUKPUTITOMUTHI, YTO TUITMYHO 15T GUTOIICHO-
30B cpeHeit mojiockl Poccrun. MOXHO OTMETUTD, YTO XaMe(UThI OTCYTCTBYIOT B OOJIBIIMHCTBE Ka-
pbepoB, Kpome JI3epxxkuHckoro. B cnekTpe xkuzHeHHBIX hopm 110 M.T. CepebpsakoBy Ha Bcex Kapbe-
pax ObUIO BBISIBJIEHO MpeodiajaHue TPaBSIHUCTBIX IMTOJMKAPITUKOB, U3 HUX JOMUHAHTAMU SIBJISTIOTCSI
JTUTMHHOKOPHEBUIITHBIE, CTEPXKHEKOPHEBBIE M KOPOTKOKOPHEBMIIIHBIE pacTeHust. Cpean pacTeHUit
MOJIMOCKOBHBIX MeCYaHbIX KAPhePOB MPeo0JI1afaloT JeTHe3eeHble. DTO CBA3aHO C UX Mpou3pacTa-
HUEM B YMEPEHHOM KITMMAaTUIeCKOM 30He. BUIbI pacTeHMIt MCCIeJOBaHHBIX ITeCYaHbIX KaphepOB
OTHOCSITCS K JIYTOBOI 3KOJIOrO-1IEHOTUUECKO# Tpyrrie. DTa rpyra cKjaaablBaeTCs U3 paCTeHUIA,
KOTOPBIE JOCTUTAIOT MTOJTHOTO Pa3BUTHS JTUIIb B YCIIOBUSIX XOPOIIETO OCBElleHU. AOOpUTEHHBIE
pacTeHwusI B TleCYaHbIX Kapbepax JOMUHUPYIOT.

KiroueBbie ciioBa: recuaHble Kapbepbl, OMOpa3HooOpasue, Xu3HeHHas Ghopma, 9K0J0ro-1eHo-
TUYECKHE TPYIIIIbI, 9KCITO3ULINSI CKJIOHA

BeepeHune

Ilecuanbie Kapbepbl SIBIISIIOTCSI HEOOBIYHBIMU MECTOOOMTAHUSIMU C OOJIBIION BhI-
PaKeHHOCThIO KPYTU3HBI CKJIOHOB U BRICOKOI ITOABIKHOCTBIO cyocTpaTa. [locie 3a-

© JJa60ar A., 2018
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BepIIeHUS padOT Kapbephl JOJLKHBI ITOABEPIaThCsl PEKYIBTUBALIMMI, KOTOPAs IIPEACTaB-
JIsieT o000 KOMIUIEKC paboT, HallpaBJIeHHBIX Ha BOCCTAHOBJICHUE TIPOAYKTUBHOCTHU
HapYyIIEHHBIX 3eMeJIb 1, CJIEA0BATEIbHO, Ha YIYIIICHUE YCIOBUI OKPYXKAIOIIEH CPeIbl.
s cocTaBieHusI IJlaHa OMOJIOTMYECKOM PEKYIbTUBAILIMM HEOOXOIMMO BCECTOPOHHEE
3HaHUE 0COOCHHOCTEl pacCTUTEILHOCTU MTeCUaHbIX KapbepoB. Pe3ynbraThl JaHHOTO
HCCIIeIOBaHMSsI, HAITPaBJICHHOTO Ha M3y4YeHUE PACTUTEILHOCTH ITIeCUaHbIX CyOCTpaToB,
MOXKHO MCIIOJIb30BaTh MIJIs IJTAHMPOBAHUS IIPOLIECCOB CTAOMIM3ALIMU IIeCYaHBIX CKIIO-
HOB M PEKYJIBTUBALIMN II€CYaHBIX KAPhePOB, OHU MMEIOT OOJIBIIYIO 3HAYUMOCTD IIJIsI
pa3pabOTKM peKOMEHIAIINI 110 BOCCTAHOBJICHUIO PACTUTEIbHOCTU WA UCIIOJIb30BAHUIO
HapYLIEHHBIX TEPPUTOPUIL B XO35IMCTBEHHBIX LIEISIX.

MaTtepuansi n meToabl

Martepuaisl coopanbl ieTom 2017 roma (c Hagaia MIOHS 110 KOHEI CEHTSIOPST) B XO/Ie
ITOJIEBBIX MCCAEA0BAHMI HAa TEPPUTOPUHU TIITHU TIeCUaHbBIX KapbepoB MOCKOBCKOI 00-
nactu (3BeHuropoackuit, JIzepxknackuii, Pamenckuii, JIsiTkapuHckuii, JIbI3m0BO).
OCHOBOI paGoTHI CTaIN Te0OOTaHNYECKUE OMMCAHMS Ha TLUIOMIAAKAX 5% 5 M2, BBITIOJN-
HEHHBIE T10 CTaHAapTHOM MeToauKe. OMurcaHus ITPOBOAMIINCH Ha CKJIOHAX CEBEPHOIM
1 FOXKHOM 3KCIO3UIIMI B KaxKI0M Kapbepe IJIsI IIOC/ICAYIOIIero cpaBHeHNs. 2K3HEeHHbBIS
dopmel onpenensumch o cucteMam K. Paynkuepa u U.I. Cepebpsikosa [2; 3]. OueH-
Ka 3KOJIOTUYECKMX XapaKTePUCTUK MECTOOOUTAaHUI ITPOBOAMIACH C UCITOJIb30BaHUEM
aKkosnornueckux mkain I. Dnnendepra [4]. DKoa0ro-1eHOTUUECKHE TPYIIIHI OITpeIeIs -
nuchk no M.B. KazakoBoii [5]. Ha3zBaHus pacTeHU# IpuBeaeHbBI IO OMPEASTIUTENIO
H.A. Iy6aHoBa u ap. [6]. s onpenesieHUsI pUTMOB CE30HHOI'O Pa3BUTHsI pACTEHUIA,
OTHOIICHMS K aDOPUTeHHOMY WA aABEHTUBHOMY KOMITOHEHTY (DJIOPBI UCIIOJIb30BAINCH
IaHHbIe yueOHOro mocodust «Pactenus ropona lyona» [3]. BctpegaeMocTh pacTeHHIA
onpeaesijiach ¢ noMolbio pamku JI.I. PameHckoro.

PesynbraTbl u 00CcyXaeHue

[TpoexTBHOE ITOKPHITHE PACTUTEILHOCTH ITECUaHBIX KapbePOB IIPeACTaBIISIIOT 20—
30 %, 9TO SIBIISICTCSI XapaKTePHbBIM IS IeCUaHbIX JaHamadToB [1].

Bcero Ha o6ciemoBaHHBIX y9acTKax KapbepoB ObIIO HalimeHo 93 BUma pacTeHUIA.
CrenyeT OTMETUTh, UYTO Ha CKJIOHAX F0XKHOM 9KCITO3UIIMY BUIOBOE pa3HOOOpa31e BhIIIIE
10 CPaBHEHUIO CO CKJIOHAMM CEBEPHOM 3KCMO3UIIUU (pUC. 1). DTO 3aBUCUT OT IKOJIO-
rmIecKux pakKTopoB MECTOOOUTAHMSI, KOT/IA I POKUIA AMAara30H 9KOJIOTMIECKUX (haK-
TOPOB (BJIAXKHOCTU MOYBKI, OCBEILICHHOCTH M T.1I.) TTO3BOJISICT ITOCEIUTHCS Ha I0KHOM
CKJIOHE OOJIbIIIEMY YMCITy BUIOB PaCTCHUIA.

BcrpeuaemocTth pacTeHU onpenensiiach ¢ noMollbio pamku JI.I. PameHckoro, nist
3TOTr0 paMKy 6pocrin 50 pa3 Ha CKJTOHE KaXKI0# 9KCIMO3UIIH, BCETO B pe3yabTaTe UC-
clieoBaHMs B npenesibl pamku PameHckoro monanu 80 u3 93 BunoB pacreHuit. I1o-
BTOPSIEMOCTbD ITOITaTaHNs BUIA B paMKY Ha KaxKJI0M CKJIOHE ObLIa pa3Hasi, HO BEICOKasI
BcTpeyaeMocTh B 30 % u GoJiee OblIa BuIsiBJieHa 1151 16 BuoB. Hanpumep, nyst 3BeHu-
TOPOACKOTI0 Kaphepa BICOKasI BCTPEYaeMOCTh OblJIa YCTAHOBJICHA MIJIsI ITOJIBIHY PaBHU-
HoIi (Artemisia campestris L.) — 34 % Ha 103KHOM CKJIOHe U 36 % Ha ceBepHOM CKJIOHE,
BeiiHuka HazemHoro (Calamagrostis epigejos L. Roth.) — 30 % Ha 1oxHoM u 34 % Ha
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ceBepHOM ckioHax. Jlist JI3ep:kuHCKOTo Kapbepa (I03KHbIN CKJIOH) — TPOCTHUKA 10XK-
Horo (Phragmitesaustralis Cav.) — 42 %, BepOeliHUKa OOBIKHOBEeHHOTO (Lysimachia
vulgaris L.) — 36 %; nis JIbITKapuHCKOIO Kapbepa (CeBEpHBIIA CKJIOH) ITOJIbIHU OOBIK-
HOBEHHOI1 (Artemisia vulgaris L.) — 34 %, BepOeitHrKa 0ObIKHOBeHHOTO (Lysimachia
vulgaris L.) — 30 %; nns PameHckoro kapbepa (10XKHbIE CKIOHBI) — MOIMapeHHUKa
6onotHoro (Galiumpalustre L.) — 44 %, mapbsiHHUKA nyOopaBHOTO (Melampyrum
nemorosum L.) — 48 %; 11s1 Kapbepa JIbI3710B0 (CeBepHbIE CKJIOHBI) — HUBSIHUKA OOBIK-
HoBeHHOTO (Leucanthemum vulgare Lam.) — 36 %, BeiiHMKa Ha3eMHOTO
(Calamagrostisepigejos L.Roth) — 34 %. O0IIMX BUIOB paCTeHUIT C BBICOKOI BCTpeyae-
MOCTBIO JIJISI BCEX KaphepoB He ObLI0 OOHAPYXKEHO, OAHAKO CTOUT OTMETUTD, YTO Hau-
0oJsiee YacTO BCTpeyaeMbIMUM BUIAMM B Kapbepax JJIsl CEBEPHOTO 1 F0XKHOTO CKJIOHOB
SIBJISIFOTCS BEMHUK Ha3eMHBI Y TPOCTHUK FOXKHBIM.

40

30

20 -
. I I
0_
1 2 3 4 5 6 7 8 9

MecTtoobutaHune (Habitat)

Yucno BuooB
(Number of species)

Puc. 1. Bugosoe pa3Hoobpasne pacTeHUI necyaHblxX KapbepoB:
1 — 3BEHUIOpPOACKUIA Kapbep I0XHOMO CKJIoHA; 2 — 3BEHUIOPOACKNIA Kapbep CEBEPHOIO CKIIOHA;
3 — [13epXXNHCKNIN Kapbep OXXHOIO CKIoHAa; 4 — JIbITKAPUHCKNI Kapbep 0XXKHOIO CKII0HA;
5 — JIbITKapuHCKMIA Kapbep CEBEPHOI0 CKIOHA; 6 — PamMeHCKUIA Kapbep I0XXHOI0 CKI0Ha;
7 — PameHcKuii kapbep CEBEPHOMO CKNOHA; 8 — JTbI3N0BO Kapbep I0XKHOr0 CKJIOHA;
9 — J1bI3110BO Kapbep CEBEPHOro CKIoHA
[Figure 1. Species diversity of different sand pits plant:

1 — Zvenigorod sand pit of the southern slope; 2 — Zvenigorod sand pit of the northern slope;
3 — Dzerzhinsky sand pit of the southern slope; 4 — Lytkarinsky sand pit of the southern slope;
5 — Lytkarinsky sand pit of the northern slope; 6 — Ramensky sand pit of the southern slope;
7 — Ramensky sand pit of the northern slope; 8 — Lyzlovo sand pit of the southern slope;

9 — Lyzlovo sand pit of the northern slope]

Cpenu pacTeHUI ¢ BEICOKOI BCTPEIaeMOCTbIO ITOJABIISIIONIee OOJIBIIIMHCTBO — ME-
30¢uthl 56 % (puc. 2), o1HAKO 3HAYUTEIbHA 1011 KcepoMe3ouToB 19 %, uTo momHo-
CTBIO COTIaCyeTCsl ¢ JaHHBIMU, BCTpeUeHHBIMU HaMU B tutepartype [1; 7] Hebonbias
JIOJIsI TUTPOME30(UTOB (Harmpumep, BepoeiiHUK OOBIKHOBEHHBII ) CBSI3aHa, BEPOSITHO,
C KOHTPACTHOCTBIO YCIOBUI MECTOOOUTAHMS U MPUCYTCTBUEM COPHBIX BUAOB (Mapb
Oenast, MATIUK OOBIKHOBEHHBII).

TunuuHoM XXU3HEHHOI (OPMOI, IOMUHUPYIOLIEH B (PUTOLIEHO3aX CpeAHEN MOJI0-
cel Poccun, aBnsiercd remukpunrtodur. B apuanHeix 3oHax, cornacHo K. Paynkuepy,
JIOJIKHBI JOMUHUPOBATh TepopuThl. CornacHo MoaydyeHHBIM JaHHBIM, o K. PayHku-
epy CIIeKTp XKMU3HEHHbIX (DOPM pacTeHUI1 MJIs MecyaHbIX KapbepoB [ToaMOCKOBbS OT-
paxkaeT TUTTMYHBIE KIMMAaTUYECKUEe YCIIOBUS YMEPEHHOM 30HBI U CBOeOOpa3ue cyocTpa-
Ta, Ha KOTOPOM pacTyT pacTeHus. M Ha ceBepHbIX, U Ha I0XKHBIX CKJIOHAX KapbepoB
JTOMMHUPYIOT TeMUKPUIITOPUTHI (puc. 3).
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me3odput (Mesophyte)
kcepome3oduT (Xeromesophyte)

rurpoout (Hygrophyte)

B OO0 M.

rurpomesodut (Hygromesophyte)

Puc. 2. CoOOTHOLUEHNE 3KONOMMHYECKUX FPYMNN PACTEHUI U BNAXHOCTU AN PaCTEHUI
C BbICOKOW BCTPEYAEMOCTbIO Ha MecyYaHblX Kapbepax
[Figure 2. Ratio of plants ecological groups in relation to humidity
for plants with high occurrence on sand pits]
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Puc. 3. CnekTp X13HEHHbIX GOPM pacTeHn necyaHbix kapbepos no K. PayHkuepy
[Figure 3. Spectrum of life forms according to the system of K. Raunkiaer on different habitats]

JI1060MBITHO, YTO XaMe(PUTHI TTOJTHOCTBIO OTCYTCTBYIOT B OOJILIIMHCTBE KaphepOoB,
kpoMe JI3epxuHckoro. I[TogodHbie 0cCOOEHHOCTU, CKOpEE BCEro, CBSI3aHbl C BUTOBBIM
paszHooOpa3ueM pacTUTEIbHOCTU, CTIOHTAHHO CKJIabIBAIOIIIMMCS B KaXK/I0M Kapbepe.
Crout 06paTTh BHUMaHUE Ha I0BOJBHO BBICOKYIO 010 Te0(UTOB B 11€JIOM, UTO 3a-
BHUCHUT OT HEOJIArOIPUSATHBIX YCIIOBUIA, HAIIpUMED 3aCyLJIMBOCTU cyOcTpara [8].

Hanee mpoBoamiack Kiraccudukaums xxu3HeHHBIX hopm 1o U.T. CepebpskoBy. Ha
OCHOBE TaHHOM KJ1acCU(UKaIIUK BBISIBISICTCS BIMSHUE SKOJIOTUUEeCKUX (DaKTOPOB Ha
HU3yYEeHHbIE paCTUTEIbHbIE COOOIIECTRA.

B cnektpe xuszHeHHbiX ¢popm no N.I. CepebpsikoBy (puc. 4) njist BceX KapbepoB
OBUTO BBISIBIICHO Ipeo0JIagaHre TPABIHUCTBIX ITOJIMKAPIIUKOB, Cpeay HUX JOMUHAH-
TaMM SIBJITIOTCSI IUIMHHOKOPHEBUIITHBIE (HaIIpuMep, BEMHUK HazeMHbI — Calamagrostis
epigeios L.Roth. u maTb-u-Mauexa — Tussilago farfara L.), crep>XHeKOpHEBbIe (HAIIpu-
Mep, ONyBaHUYMK JIeKapCTBeHHBIN — Taraxacum officinale L. Weber) 1 KOpOTKOKOpHe-
BUILHBIE (HAIIpUMep, MOJIbIHb OOBIKHOBEHHAs1 — Artemisia vulgaris L.) pacTeHus.
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B ycnoBusix mecuaHbIX KapbepOB BbISIBIEHA BHICOKAS 10JIS1 CTEPXKHEKOPHEBBIX pac-
TEeHUIi1, YTO TUITMIHO IS ITyCTBIHHBIX (puTOLIeHO30B [9]. IlprcyTcTBUE CTep:KHEKOP-
HEBBIX PACTEHUI CBSI3aHO C MX IIPUCIIOCOOJIEHHOCTBIO K BEICOKOI MHCOJISILIMKA MECTO-
00MTaHUI U YCTOMYMBOCTBIO K 3acyxe. B 11e10M CTOUT OTMETUTD, YTO JJIMHHOKOPHE-
BUIIHbIE 1 KOPOTKOKOPHEBMIIIHBIE PACTEHUS TATOTEIOT K JIETKUM MOYBaM U PHIXJIbIM
cyocTpaTaMm, XOTs IocjiefHue 0oJiee MIACTUYHBI K YCIOBUSIM TpouspactaHus [10].
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Puc. 4. CnekTp Xun3HeHHbIX GopM pacTeHuii necyaHbix kapbepos no W.I. CepebpsikoBy:
TpaBsiHUCTbIE MOHOKaprivky: MOB — aBynetHuin; MOg — ooHONETHUIA;
TpaBsiHUCTbIE noavkapnkn: CK — ctepxHekopHeBoit; OK — ANMHHOKOPHEBULLHBINA;
KK — KOpOTKOKOPHEBULLHBIN; P, — pbixnoaepHOBUHHBIN; NOJ13 — nondyynii; KO — KOPHEOTNPbLICKOBbIN;
HC — Han3eMHOCTONOHHbIN; MK — nonykycTapHuyek
[Figure 4. The spectrum of life forms by I.G. Serebryakov on different habitats:

PMp — perennial monocarpic: BMp — biennial monocarpic; Amp — annual monocarpic;
Herbaceous perennial polycarpics: TRPp — tap root polycarpic; LRPp — long rhizome polycarpic;
SRPp — short rhizome polycarpic; LCPp — loose cespitose polycarpic; CPp — creeping polycarpic;
RSPp — root sucker polycarpic; OSPp — overground stoloniferous polycarpic; Sp — semishrub]

Cpeny npeacTaBIeHHBIX 9KOJIOT0-1IEHOTUYESCKUX IPYIIIT PACTEHUI ITOAMOCKOBHBIX
MecyaHbIX KapbepoB MpeodaagatoT JIyroBble BUIbI (puc. 5). [laHHas rpymra cKaaabl-
BaeTCs U3 PaCTEHUIA, JOCTUTAIOIIMX MTOJTHOTO Pa3BUTHS JIMIIb B YCJIIOBUSIX XOPOILIETO
OCBeIIICHMSI. DTO BIIOJIHE COTJIACYETCS C YCIOBUSIMU OCBEILIEHUSI B IIeCUYaHBIX Kapbhepax.
Ha cyxux mecyaHBIX ITOYBax 3HAYUTEIbHA IIPUMECh BUIOB, CEJISIIMXCS Ha MECTax C
HapyILIEeHHBIM PACTUTEIbHBIM IIOKPOBOM (COPHbBIE, COPHO-JIYTOBBIE, COPHO-JICCOIYTO-
BbI€ I COPHO-JICCHBIE BUIbI). XOTS B LIEJIOM JIyTOBbIEC LICHO3BI CJIAaraloT Me30(puIbHbIC
pacTeHMs1, OHU He TIPEICTaBIISIOT OHOPOIHOM SKOJIOIrMYEeCKOM IPYIIIBI U UX OTHOIIIE-
HUE K YCJIOBUSIM YBJIAaXKHEHUSI HEOJUHAKOBO.

Cpenu pacTeHUil ITeCYaHbIX KapbepOB TOMUHUPYIOT JIeTHe3eleHbIe (puc. 6). D10
CBSI3aHO C IIpoM3pacTaHUEM B YMEPEHHOM KIMMaTHIeCKOM 30HE, 71T KOTOPO XapaK-
TEePHBI JJIMTEJbHBINA 3UMHUI MEPUOJ IOKOSI M HeOIArONPUSITHBIC YCIIOBUS CPEIbL.
OcraibHbIC TPYIIIBI (JIETHE3UMHE3EICHbIC Y BEUHO3CICHBIC ) IIPEACTaBICHBI HE3HAY M -

TEJIbHO.
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[Figure 7. The ratio of aboriginal and adventive components of sandy pits flora]

Cpenu pacTeHMI TTecYaHbIX KapbepoB JOMUHUPYIOT abopureHHbIe (puc. 7). Cpeaun
aJIBEHTUMBHBIX pPaCTEHUI ObUIM BCTPEUEHBI: KJIEH aMepUuKaHCKU (Acernegundo L.), po-
MalllHUK Hemaxyuuit (Matricariaperforate (L.) Sch. Bip.), HUBSHUK OOBIKHOBEHHbII
(Leucanthemum vulgare Lam.).

BoiBoAbI

[IpoBeneHHOE McCaeOBAaHUE PACTUTEIBHOCTH IIeCYaHbIX KaphepoB I10AMOCKOBBS
ITO3BOJIAJIO BBISIBUTD U IIOATBEPAUTH Pal XapaKTePHBIX 0COOCHHOCTE (hOPMHUPOBAHUSI
LIEHO30B 3THUX CJIOXKHBIX 110 3KOJOTMUYECKUM YCIOBUSIM MeCT oouTaHus. B yacTHoCTH:

1. PacTuTenbHBIN MTOKPOB MeCYaHbIX KapbhepOB CUIILHO pa3pekeH (10 CpaBHEHUIO
C TUIIMYHBIMHU YCIIOBUSIMUA TYMUIHOM TaeXXHO# 30HbBI), IPOEKTUBHOE ITOKPBITHE CO-
craBisieT 20—30 %, 4TO B LIeJIOM SIBJISIETCS XapaKTEPHBIM [T IeCUaHbIX JTaHAIIAa(hTOB
1 CeMUApUIHBIX 30H.

2. B ciexrpe xu3HeHHBIX opm 110 K. PayHkuepy mis nmecuaHbIX KapbepoB [Tom-
MOCKOBBSI TIpe00J1aJatoT TeMUKPUIITO(UTHI, B CIIeKTpe XXn3HeHHBIX (popM 110 U.T". Ce-
peOPSIKOBY IIJIsI BCeX KaphepoB Mpeod/1afaloT TPaBIHUCThIE MOJIMKAPIIMKY, CPeId HUX
JTOMWHAHTAMU SIBJISIOTCS IJIMHHOKOPHEBUIIIHBIE, CTEPXKHEKOPHEBBIE 1 KOPOTKOKOP-
HEBUIIHBIC PACTCHUS.

3. Cpenu pacTeHMI ITecUaHbIX KapbepOB IIPe00IaatoT JTYTOBEIC.
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4. Buanl abopureHHOM (GJI0pHI B IECYaHBIX Kapbepax JOMUHUPYIOT HaJl alBEHTUB-
HBIMU.

Pactenusa necuyaHbIX KapbepoB 001a0aI0T PSIIOM 0coOeHHOCTe. OHM MepeHOoCsaT
3achlllaHUe MEeCKOM, TaK KaK Y HUX TMOBbIIIEHHAs! CIOCOOHOCTh 00pa30BbIBaTh MPU-
JIaTOYHbIE KOPHU WM BereTaTUBHbIC MO0eru, o0aanaoT nud@y3Hoi min riiydoko pac-
ITOJIOKEHHOM KOPHEBBIMU CUCTEMAMM, OOJIBIIIOI YCTOMYMBOCTBIO K 3aCyXe M MEXaHU-
YECKHMM IMOBPEXICHUSIM. DTH CBOMCTBA MTO3BOJISIOT UCITOIb30BaTh JaHHBIC BUIBI IJISI
CBSI3BIBAHMSI CHIITYYETO IIECYaHOI0 CyOCTparTa ¢ He/IbIO IPEeIOTBPAIleHHUS I YMEHb-
LIEHUSI €0 MOABMKHOCTH, YBEJIMYEHUS COIIPOTUBISIEMOCTH BETPOBOI 3pO31H, YIIyU-
LIeHUST cocTaBa MouBhl. [103TOMY peKOMEHIYyeTC sl MCIOJIb30BaTh UMEHHO 3TU BUIbI
JIISI BOCCTAaHOBJICHUM PACTUTEILHOCTU MECYaHbIX KAPhEPOB MPU UX PEKYJIbTUBALIUH.
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A study on Moscow region sand pits’ plants properties
for the restoration of sand pits vegetation

A. Dabbagh

Peoples’ Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Processes of plant regeneration and restoration of destroyed ecosystems, naturally occurring, in
such areas are very slow. Considering sand pits as a man-made form of relief necessitates a comprehensive
study of the features of sand pits vegetation, which helps stop the movement of sandy slopes, stabilize
sands, and land reclamation. We have studied the slopes of the northern and southern exposition in
some sand quarries (Zvenigorodsky, Dzerzhinsky, Ramensky (GOK), Lytkarinsky, Lyzlovo). Geobotanical
descriptions, performed according to a standard method on the experimental areas of 5x5 square
meters, are the basis of our work. The article shows that all the 93 species which we have found in the
surveyed area were species of vascular plants. In this case the number of species is not only determined
by the smooth running development of the landscape (taking into account the fact that the interference
was rude and had a man-made factors), but by other factors such as steep slopes, light, moisture, and
richness of the soil. The projective cover of sand pits constitutes 20—30 % which, in general, is a typical
characteristic of sandy terrain [3]. Plants overwhelming majority in the spectrum of life forms according
to K. Raunkiaer, are Hemicryptophytes, which is typical for the phytocoenosis of the Central Russia.
It can be noted that the Chamaephytes are absent in most quarries, except for Dzerzhinsky. According
to the classification of life forms by I.G. Serebryakov, sand slopes are dominated by herbaceous perennial
polycarpics, among which long and short rhizome plants and tap rooted plants are in majority. Meadow
plants are dominant in ecological-coenotic group. This group consists of fully developed plants, only,
under conditions of good lighting. The rate of adventive species is low.

Keywords: sand pits, biodiversity, life forms, eco-coenotic groups, exposure of slopes
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NHdopMaLMOHHO-aHANIUTUYECKUN LLeHTP
noanepXxKuv 3anoBenHoro gena

N.C. IIpoxopos, K.B. Kopueesen, C.A. Bbiukon

HHdopMalmoHHO-aHAIUTHYECKII LIEHTP TOIIEPKKI 3aITOBEIHOTO JIeTa
Poccuiickas Qedepayus, 123242, Mockea, nep. Kanpanosa, 0. 3, cmp. 3

B 2017 r., mpoweammem nox aruaoii [oga skonoruu, cBoii 100-1eTHUI 100UIEH OTMETHT TEPBBI
B cTpaHe bapry3uHckuii rocynapcTBeHHBII MPpUPOAHBII O1MocdepHblii 3anmoBeaHuK. CeroaHs B Poc-
cuiickoit Penepanun GyHKLIMOHUPYIOT 302 0c060 oxpaHseMble TpupoaHbie Tepputopun (OOTIT)
denepanbpHOro 3HaueHUs1. D10 105 3a110BeAHUKOB, 55 HALIMOHAIBHBIX MAPKOB, 58 3aKa3HUKOB, 17 na-
MSTHUKOB IMPUPOABI U 67 TEHAPOJIOTNIECKUX TTAPKOB M OOTAHMYECKHX CalOB O0IIIe TUIOIAIbIO
6ousiee 70 mutH ra. B 2018 . OynyT co3maHbl elle 2 HallMOHAIbHbIX ITapka B Pecriy6iuke [larectad u
Yensounckoii obmactu, a Takxke 6 OOIIT Ha tepputopun Pecniydmuku Kpbim.

B pamkax Konuenuuu paszsutus cucteMbl OOIIT denepaibHOro 3Ha4eHUS Ha TIepUOM 10
2020 roma 6bL1 co3aaH HayuyHO-MeToauueckuii eHTp (PI'BY «MHbopMalimoHHO-aHATUTUYECKU I
LIEHTP HNOIIEPKKH 3alI0BEIHOTO Aejia» MuHInpupoasl Poccun), cpeau 3agad KOTOPOro: 9KOJornye-
cKoe TIpocBelleHre (IMpoeKT «[TnchMa XXMBOTHBIM» ), pa3BUTHE 9KOJIOTMUECKOTO TypU3Ma 1 coXpa-
HeHue Oropa3HooOpasus (MmpoekT «/lukas npupona Poccun: coxpaHuTh U YBUAETH» ), OXpaHa Tep-
puTtopuii (MpoekT «3aroBeHbI CIIelHA3»), PA3BUTUE HAYYHBIX UCClIeqoBaHU (ITpoeKT «JleTomuch
npuposl EBpasun» u p.), a Takke MOBbIIIeHNE KBATU(DUKALIMU COTPYAHUKOB 3aITOBEIHOM CUCTe-
MBI (TIpoeKT «YueOHblii ieHTp OOTITT»).

KunroueBble clioBa: 0co60 oxpaHsieMble IPUPOIHBIE TEPPUTOPHH, 3aTIOBETHUK, HAIIMOHATbHBIIA
MapK, 9KOMPOCBElIeHNE U IKOTYPU3M, OMopazHooOpasue, oXpaHa, HayuyHble NCCIeOBAHUS, TOBbI-
IeHue KBaTM(pUKaIUN

Jlerom 2017 1. co3gaHo (enepanbHOE TOCYIapCTBEHHOE OIOIKETHOE YIPEXKICHIE
«MHDopMalIMOHHO-aHATUTUIECKUI LICHTP MOAAEPKKHU 3arioBeaHOoTo Aena» (Pocsa-
MOBEALEHTP), MOABEIOMCTBEHHOe MIUHUCTEPCTBY IIPUPOIHBIX PECYPCOB U IKOJIOTUM
Poccniickoit @enepanin. OCHOBHBIMU 3a/1a4aMU LIEHTPA OTpe/ieIeHbl 9KOJIOTMYeCKoe
MpOCBellIeHNe, pa3BUTHE IKOJIOTMYECKOTO TyprU3Ma M COXpaHeHUe OMopa3Hoo0pas3usl,
3alumTa 0cobo oxpaHseMbix pupoaHbIX TeppuTopuil (OOIIT), pazBuTHE HAYyYHBIX
HCCJIeNOBaHMIA, a TAK:Ke TTOBBIIIIEHNE KBATM(PUKAIINY COTPYIHUKOB 3aII0OBEIHOMN CH-
creMmbl Poccuiickoit @enepannm.

B okTs6pe 2017 . ctapToBai MexXKpeTMOHAJIbHBIN COLIMaIbHO-00pa30oBaTeIbHBI
npoekT «IInucbma KMBOTHBIM». B X0/1€ 3TOr0 MpoekTa BOCIIUTaHHUKAaM IIKOJI 1 IETCKUX
CaJoB IIpeUIaraeTcsl BCTYIUTh B TIEPENUCKY C JTI0OBIM MHTEPECYIOIIUM MX TUKUM K-

© ITpoxopos U.C., Kopueeseir K.B., berukos C.A., 2018
M This work is licensed under a Creative Commons Attribution 4.0 International License

ECOLOGY 309



ITpoxopoB U.C. u ap. Becmuux PYJ[H. Cepus: Dxonoeus u 6e30nacHocmy Jcu3HeO0essmeabHOCMU.
2018. T. 26. Ne 3. C. 309—314

BOTHBIM. COTPYAHUKHU 3KOJOro-rpocBeTuTebckux eHTpo OOIIT u negaroru op-
TraHM3YIOT CIIeLIAIbHBIC IIOUTOBBIC YTOIKH IJISI cOOpa KOPPECIIOHICHIINH, a 3aTeM Me-
TOAXCTHI ¥ BOJIOHTEPHI OTBEUAIOT Ha KaXKI0€ IOJyYeHHOE MUCHhMO OT UMEHU XKUBOT-
HOT0, KOTOPOMY OHO aJIpeCOBaHO, BKJII0UYasl B OTBET MHTEPECHYIO MH(OpMaIIMIO 00
o0pa3se >KM3HU JaHHOIO BUAA, €ro MOoBeAeHUN, MecTax oouTaHus. HaydHble mMOHATUS
U IIPUMeEPHI OOBSICHSIIOTCS AETSIM B JOCTYITHOM JJISI HUX (hopMe.

Llens mpoekTa — popMupoBaHMe 0€peXKHOIO OTHOIICHUS K OKPYKAIOIIEMy MUPY
1 TIPEICTaBICHNS BAXKHOCTH POJIM 0CO00 OXpaHsIeMbIX IIPUPOIHBIX TeppuTopuii Poc-
CHH — 3alIOBEIHUKOB 1 HAIIMOHAJIBHBIX ITAPKOB — B COXPAHEHUM IOITYJISILINN JUKIX
JKMBOTHBIX. Peanu3zaiys nmpoekra B IOIIKOJbHBIX 00pa30BaTe/bHbIX YUPEKIACHUIX 1
IIKOJIaX CTUMYJIMPYET MHTEPEC K XKUBOUW MPUPOJIE, TPEACTABUTENSIM (DayHbI CBOUX pe-
TMOHOB.

ITpoekT «ITncbma XMBOTHBIM» MHTEPECEH JAETIM B KaueCTBE UTPOBOro (hopmara,
HO B TO K€ BpeMsI OH II03BOJISICT BOBJICUb B peIlIcHHE IIPO0IeM COXpaHeHUs OMOpa3HoO-
o0pa3us u nipusieub BHUMaHue K OOIIT pogureneii n npyrux 4JeHOB ceMeli, T.c.
pa3Hble KaTeropuu HacejleHus. BMecTe ¢ neTbMuy poauTesin, a TakKe cTapiiue OpaThs
U CECTPbI UIILYT HEOOXOAMMYIO MH(OPMALIUIO, 111 TOTO YTOOBI TPaBUJILHO OIIPEACIUTh
«aapec» (MeCToO0MTaHKEe) TOTO UM MHOTO BUA, BBISICHUTH €TI0 «Ipodeccuio» (3KOo-
JIOTUYECKYIO HUIILY).

ITo nToram mepBoTo 3Tana npoekra, 3arponysiiero 17 OOIIT, BeimTyieHa KHUTA
«3apaBCTBYIi, CO0O0JIb, KaK KMBEIIb?» C JIYYIIMMH IMChbMaMM, HAITMCAHHBIMU XXKMBOT-
HBIM. B pamMKkax BToporo 3Tamna, KOTOpbIi TIpoajinTces B TedeHue ygeta 2018 1., K mpo-
exty nonkiouarcs eme 38 OOIIT. JIyuiiue nucbma, mojiydeHHbIE 3a 3TO BpeMsl, OyIayT
U3JaHbl BO 2-i yacTu KHUTK. OceHblo 2018 . cocToUTCs MoABeASHE UTOTOB MPOEKTa
«[lrchbMa XMBOTHBIM» 1 HaTpakKIeHME ero yYaCTHUKOB.

Iean npoekTa «/Iukasa npupona Poccuu: coOXpaHuTb M YBUIETb» — OMPENCIICHUE U
arpoOaIys MEXaHM3MOB COXPaHEeHHSI, BOCCTAHOBJICHMSI 1 yCTOMYMBOTIO MCITOIb30BaHMS
0MOJIOrMYECKOTo 1 JaHa11achTHOTO pa3HO00pa3usl, BKI0Uas pa3BUTHE 9KOTypr3Ma Ha
6aze 22 OOIIT, c yBenuuyeHuem Konuuectna rnocerureneit 1o 4 000 000 ven. k 2020 .

B guiciie yyacTHMKOB ITpOEKTa TOCyIapCTBEHHbBIE 3aII0BeTHUKM: AJiTalickuii, Tebep-
nuHckuit, KaBkasckuii, Haypckuii, CeBepo-OcetnHckuii, JlarecraHckuii, COXOHAUH-
ckuii, YocyHypckast KoTjaoBuHa, YepHble 3eMiv, bpsiHckmii ec, KamyKckue 3aceku,
Oxckuit, [1punokcko-TeppacHsbrit, OpeHOyprckuii, 3eMis neonapaa, Jla3oBckmii, a
TaKoKe HallMOHAJIbHEBIE TTapKU «30B TUTpa», «3anoBeaHoe [Tprbaiikaabe»; «3armoBegHoOe
ITopnemopne», «CounHckuii», «CaitnoreMckuii», «KucmoBoackuii», «Pycckas Ap-
KTHKa», «Kypickas koca», «OpnoBckoe mojiecbe», «CmoneHckoe [Toozepne» u «Jlo-
CUHBIU OCTPOB».

B mipoekT BKIIIOU€HO IBa MMPUOPUTETHBIX HaIlpaBlieHUs: «Pa3BuTre SKOTyprU3Ma» U
«CoxpaHeHne peIKrxX BUIOB». Peanm3anms rmepBoro HarnpaBieHns B 2018 . o pe3yib-
TaTtaM o0cJIeI0BaHMS 3aIlJTaHMPOBaHa Ha 7 MAJIOTHBIX TEPPUTOPUSIX: TOCYIAPCTBEHHBII
MPUPOIHBINI 3aM0BeAHUK « TebepauHCKUi» , HallMOHAIbHbIE TTapKU «I IprbaiikanbCKuii»,
«CoumnHCcKUit», «Pycckass ApkTukar, «JlocuHbIi ocTpoB», «Kypiickas koca» u «Kwuc-
JIOBOJICKHIA».

CdopMupoBaHa 3KCIIepTHASI IPYIINa C IPUBJIeUYeHEM BEICOKOKBATM(DULIMPOBAHHBIX
3apyOeXKHBIX 9KCIIEPTOB MEXKIYHAPOIHOTIO YPOBHSI, IIPY y4aCTUH KOTOPBIX pa3padora-
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HBI MeToamdeckue yKazaHus 1o (hOpMUPOBAHUIO IIPOrpaMM Pa3BUTHSI 0CO00 OXpaHSI-
€MBIX IPUPOIHBIX TEPPUTOPUI DeaepaabHOro 3HaUCHUS B chepe IKOJOTMIECKOTo
Typu3Ma, TpeOOBaHUS K MHBECTOPaM IPU peaan3aliii IPOSKTOB pa3BUTHS SKOJIOTH-
YeCKOro Typu3Ma Ha 0000 OXpaHsSIEeMbIX IIPUPOIHBIX TEPPUTOPUSIX, HOpMa COLJIalle-
HUS O COTPYIHUYECTBE C MHBECTOPOM.

B cocraB HanpaBineHus1 «CoxpaHeHHe peIKUX BUI0B», peaausyemoro Ha 21 OOIIT,
BKJIIOUEHBI CJIEYIOIIME BUIBI XKUBOTHBIX: IepeaHea3uaTckuii teonapn (Panthera pardus
ciscaucasica), nambHEBOCTOUHBIN Jieoniapa (Panthera pardus orientalis), nomanpb [pxke-
Banbckoro (Equus przewalskii caballus), 3yOp, BKirodasi 3yopa eBporeiickoro (Bison
bonasus) n 3yopa-ousoHna (Bison bonasus caucasicus), caiirak (Saiga tatarica), n3epeH,
WM 300actast antuiona ( Procapra gutturosa), v aprajiv, Uid aJITAailcKUii TOpHBIA 6apaH,
i apxap (Ovis ammon).

PeunTponykunst — nepecejecHue/3acejieHIe TUKUX JKUBOTHBIX MOIEILHOTO BUIA
Ha TEPPUTOPUIO, TJIe OHM paHee OOMTaIM, HO OTKYAa 10 KaKUM-JIM0O IpUIMHAM HC-
Ye3JIv, I CO3MaHUs HOBOU M YCTOMYNBOW MOMYJISALIAN.

Peakxnymarn3zaiiysi — BOCCTaHOBJIEHUE UMCIIEHHOCTH 0CO0eli M UICXOTHOTO apeaia
JTAaHHOT'O BHJIa OPTaHU3MOB ITOCJI€ BpeMEHHOTO (Ha 60J1ee W MeHee JUTMTEJIbHBII CPOK)
HX COKpAILIEHUSI B pe3yJIbTaTe X03sIiICTBEHHOM AeSTeIbHOCTY YeJIOBEKa.

Co3znaHue KOpMOBOIi 0a3bl — KOMILIEKC MEPOIPUSITHI, OCYIIECTBISIEMbIX ITOCIIE
PEMHTPOAYKIINH XKUBOTHOTO, C LIEJIbIO0 00ECIIEUeHUSI €0 MTUTaTeIbHBIMU DJIEMEHTaMMU.
711 TapHOKOMBITHBIX MJICKOITUTAIOIINX — O0YCTPOMCTBO ITOAKOPMOYHBIX IUIOIIAIO0K,
3aroTOBKa COJIOHIIOB, COJIOAEH, OCTABIICHWE O3MMBIX ITOJICH, IJISI XMIITHBIX KOIIIEK —
3UMHSISI IIOJKOPMKA KOIIBITHBIX, SIBJISIIOIIMXCSI OCHOBHOM KOPMOBOIT 0a3014.

OxpaHa — KOMITJIEKC MepONIPUATHUIA, HalIpaBJICHHBIX Ha COXpaHEHNE MMCIOIIIXCST
peaKUX BUIOB, BKIIIOYAIOLIUI B ceOs1: pa3aeieHue ctafaa (B YaCTHOCTH, 3yOpoB), orpa-
HUYCHME CBOOOIHI TTepeaABIKEHIS )KUBOTHBIX (B YaCTHOCTH, Jiomaneii [1pkeBanbcKo-
r0), CO3IaHNe TPaHCTPAHUYHBIX KOPUAOPOB (B YaCTHOCTH, [IJIsI AKTUBHO MUTPUPYIOLINX
aprajiv v 3epeHoB), a TAK:Ke MapKMpPOBKa 0COOEi ¥ TIPUHSATUE Mep 10 ITPOTUBOACH-
CTBUIO OpakoHbepcTBY. [Ipy 3TOM 0XpaHbI TPeOYeT 1 caMa cpea O0OMTaHUS SKUBOTHBIX,
IMO3TOMY HeMaJIOBa>KHBIM MEPOIIPUATUEM SIBJISIETCSI 00pb0a ¢ JIECHBIMU MOXKapaMu,
KOTOpasl TaKXKe BIMSIET HAIIPSIMYIO M1 KOCBEHHO Ha YMCJIEHHOCTh BUIOB.

B 2017—2018 rr. mpoBOANTCS KOMIIJIEKC OMOTEXHUYECKUX MEPOTIPUSITUI 1 MEepPO-
MIPUSITUI I10 OXpaHe CPeIbl OOMTAHUS (KMUBOTHBIX, HAIIPABJICHHBIX HA YBEINICHUE YUC-
JICHHOCTH IIOIYJISILIUK PEIKUX BUOOB KUBOTHBIX. B pe3yibraTte 3T0it pabOTHI JOCTUT-
HYTBI caeaylolue nokasareau. IlepeagHneasuarckuii geonapa (5 ocodbeit) ormMeueH B
Harectanckom u KaBkazckoM 3amoBenHukax. JlanbsHeBocTouHbIN eomap (90 ocobeit)
pacmpocTpaHeH B HAallMOHAJIBHOM ITapKe «3eMJIst Jieomapaa». Jlomans [1p:keBaibCcKoro
(36 ocobeii) peunrpoayuupoBaHa B OpeHoyprekuit 3anoBenHuk (I1peaypanbckas
crenb). 3yop, BKIIOYas 3yopa eBporeiickoro u 3yopa-ousona (1760 ocobeii), pacrpo-
cTpaHeH B 3aroBegHuKax «bpsHckuii tec», «Kamyxckue 3aceku», [Tprokcko-Teppac-
HoM, Okckom, KaBkazckom, CeBepo-OceTnHcKoM 1 TeGepaAHCKOM, a TaKKe B Ha-
LIMOHAJIBHBIX ITapKax «OpJioBcKoe noJjieche», «CmoneHckoe [Toozepbe» u «Yrpa». Caii-
rak (6000 ocobeii) oTMeYEeH Ha TEPPUTOPUHM 3arioBeIHMKA «HepHble 3eMan». d3epeH
(10 500 ocobeit) pactipocTpareH B Jlaypckom 1 COXOHIMHCKOM 3aIllOBEIHUKAaX. Apra-
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au (720 ocobeil) oTMeUYeHbl B HalMOHAAbHOM Mapke «CailitoreMckuii», AntaiickoMm
3aMoBeIHUKE U YOCYHYPCKOM KOTJIOBUHE.

Ilemb npoekTa «3anoBeHblii CrielHA3» — PAacIPOCTPaHEHUE MePEIOBOrO OMbITA BbI-
COKOKBaJIM(ULIMPOBAHHBIX TOCYJaPCTBEHHBIX MHCIIEKTOPOB IO OXpaHe MPUPOJIHI, KO-
TOopble cMOrM Ha cBoux Tepputopusix (ITpubaiikanbe, Xakaccusi, AnTailckuii Kpail u
IIp.) B KOPOTKME CPOKHU MPUHSTH 3(P(PEKTUBHBIE MEPbI MO TMPOTUBOAEHCTBUIO OpaKo-
HBEPCTBY U HE3aKOHHOMY 000pOTY IIPUPOIHBIX PECYPCOB.

IIpoekT «JleTomuch mpupoast EBpa3um» ObLT OpraHM30BaH COBMECTHO C YHUBEPCHU-
TeToM XeJIbCMHKH B paMKax crielnaabHoro rpanta Esponeiickoro Corosa. OH ITOCBSI-
1IeH 00paboTKe OrPOMHOTO MacCHUBa TaHHBIX (PeHOJOTMUECKNX HAOIIOACHUI, KOTOPHIE
Bexytcst Bcemu OOIIT denepanbHOro 3Ha4eHUS B paMKaX OCHOBHOM IEeSITEIbHOCTH T10
MEeTOIUKe «JleTonumch MpUpOabl». DTO exKeroJHbIe HaOIIOIeHUS 32 €CTECTBEHHBIM XO-
JIOM TIPOLIECCOB B IIPUPO/IE, KOTOPhIE IIOBTOPSIIOTCS HA OMHOM U TOM K€ MECTE B OJTHO
U TO Xe BpeMs. Bo3MOXKXHOCTh 00pabOTKM JTaHHBIX, ITIOCTPOCHUE MOACIICH pa3BUTHUS
SKOCHCTEM, a TJIaBHOE, ITyOJIMKAallMsI MaTepHUaIOB B BBICOKOPEUTHUHTOBBIX HAyYHBIX
>KypHaJiaxX ITO3BOJISIT IIPUIATh BBICOKMI CTAaTyC HaydyHbIM nccaenoBanusm OOIIT.

B 2018 1. Ha 6a3e Poc3amoBeaiieHTpa co3naH Y4eOHblil EHTpP, KOTOPBIM MPpU3BaH
pacnpoCTpaHsITh HAWIYYIlIMe MPaKTUKM 3alI0BEIHO CUCTEMbI M CIIOCOOCTBOBATH UX
BHenpenuto Ha OOIIT denepansHoro 3HaueHus. Cpenn 3amad YueOHOro 1eHTpa op-
raHu3anys KoH(pepeHIuii, COBEIIaHUi, CEeMUHAPOB, KPYIJIbIX CTOJIOB KaK /IS TIOITY-
nsspusannu aesteabHocty OOITT, Tak 1 1isl TOIyIeHUS UX COTPYIHUKAMM HOBBIX 3HA-
HU OT BEAYIIUX POCCUIACKMX 1 3apyOeKHBIX YICHBIX, 9KCIIEPTOB U IIPAKTUKOB.

baarogapHocTu:
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In 2017, which was held in the Russian Federation under the aegis of the Year of Ecology, its 100"
anniversary marked the first Barguzin State Natural Biosphere Reserve. Currently, there are 302 specially
protected natural areas (PAs) of federal significance in the Russian Federation. There are 105 nature
reserves, 55 national parks, 58 sanctuaries and 17 natural monuments and 67 dendrology parks and
botanic gardens with a total area of more than 70 million hectares. In 2018, 2 more national parks in
Dagestan Republic and Chelyabinsk region and 6 PAs will be created on the territory of the Republic
of Crimea.

Within the framework of the Concept for the Development of the System of Naturally Specially
Protected Areas of Federal Significance for the Period to 2020 the Scientific and Methodological Center
(FSBI “Information-Analytical Center for Specially Protected Natural Areas Support” of Ministry
for Natural Resources and Ecology of the Russian Federation) at once two projects in the field of
environmental education “Letters to animals” and in the field of development of ecological tourism
and biodiversity conservation “Wild Nature of Russia: to Preserve and to Watch”, protection of areas
“Immediate Response Unit”, development of scientific researches “European Chronicle of Nature”
and “Educational Centre”.
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BnusHue 3aCyX HaA aHTUOKCUAAHTHYIO aKTUBHOCTb KYKYPY3bl
n3 pa3/JIN4YHbIX NO4YBEHHO-KJIMMAaTU4YeCKUX permoHoB

A.P. Cykuacsn

HanunoHabHbII TOMTUTEXHUYECKU YHUBEPCUTET APMEHUN
Apmenus, 0009, Epesan, ya. Tepvsana, 105

M3yueHa aHTHOKCHUAHTHAsSI aKTUBHOCTb OJTHOJIETHETO PACTEHUST — CaxapHOU KyKypy3bl apMsTH-
CKOI1 MOMyJsILIMKY, KOTOpasi Mpou3pacTala B pa3IMuHbIX MOYBEHHO-KJIMMAaTUYECKUX perMoHax Ap-
MEHUU. AHTUOKCUJIAHTHYIO aKTUBHOCTb OTIPEEIISIIIN 110 YeThIpEM OMOXMMUYECKUM TTOKa3aTesIsIM,
KOJIMYECTBEHHbIE NU3MEHEHMSI KOTOPBIX OLIEHUBAJIUCH B YCIIOBUSIX MOJEIMPYEMOIi 3acyxu (YMEpeHHO
U CUJIbHOI). B KauecTBe OMOJIOTMUECKOTO KOHTPOJISI B AKCTIEPUMEHTAX UCTIOIb30BaIN KYKYpY3y
uHOpenHo# 1uHuK B73. B xome sKcriepuMeHTOB ObLJIO YCTAHOBJIEHO, UTO YIIAKEPTCKKME 00pa3iibl
pacTteHuii 00J1aJaloT MOBBIIIEHHBIM 3HAUEHUEM KOHIIEHTPAIIMM MaJIJOHOBOTO auajibiaeruaa u ¢a-
BOHOUIOB. B Ouonornyeckom Marepuaie Kykypy3bl 13 Texyra oOHapyKeHbl BBICOKKE€ KOHLIEHTpa-
LIMOHHBIE 3HAYEHUS TT0 BOCCTAaHOBJICHUIO aHTUOKCUAAHTAMU XXeJe3a 1 rnojmdeHosnoB. OnpeneiaeHo,
YTO MOBBIIIEHUE 3aCyX1 OT YMEPEHHO 10 CUIBHOM KaK y 00pasiia KyKypy3bl OMOJOTHYECKOTO KOH-
Tposist B73, Tak 1 'y apMsHCKHX 00pa31ioB KYKYPY3bl BbI3BaJIO aKTUBALIMIO aHTUOKCUIAHTHOW CUCTE-
MBI 3aILMTHI IO BCEM YEThIpeM MoKa3zaTtessiM. biaronaps aToMy BO3MOXHO paclIUpPEeHUeE B UCITOJb-
30BaHUU KYKYPY3bl B KaUeCTBE PACTEHUSI-MHANKATOPA, & TAKKE €€ MOXXHO CUYUTATh (DYHKIIMOHATbHBIM
MPOIYKTOM MUTAHMSI, TAK KaK OHa SIBJISIETCS] XOPOILIUM UCTOYHUKOM €CTeCTBEHHBIX aHTHOKCUIAHTOB.

KuroueBbie c10Ba: KyKypy3a, 3acyxa, aHTUOKCHUAAHT, MaJIOHOBBIN AUAIbAETHT, BOCCTAHOBIEHHOE
KeJe30, MoanheHObI, (GJIaBOHOUIBI

BBepeHue

Okpyxxatolas cpe/ia TOCTOSTHHO TIOJIBEPraeTcs BO3ICMCTBUIO a0MOTUYECKOTO CTPeC-
ca, 9YTO HETaTUBHO CKA3bIBAETCH B 11€JI0M Ha SKOHOMUYECKOM CUTYalluy U B YaCTHOCTH
Ha CeJIbCKOM XO035I1CTBe. DBOMIOLMOHHOE pa3BUTHE PACTEHUI B CYXUX YCIIOBUSIX CO-
IIPOBOXIAIOCH SKCTPEMaIbHBIMU TeMIIepaTypHBIMU AuaItazoHamu | 1]. Brocaenctsum
MPOLIECC OKYIbTYPUBAHUS CEIbCKOXO3IMCTBEHHBIX PACTCHUIA IIPOUCXOAI B OJIaro-
MPUSTHBIX yea0BuUsX [2]. @akTrdecKu BO3HMKaIA IIOTPEOHOCTD B CO3MaHUM TAKUX COP-
TOB pacTeHUIi, Y KOTOPBIX CTPECCOBBIE (PAKTOPHI HE BIUSIM Obl Ha MPOAYKTUBHOCTD
[3].

Ha ceromasimHmii 1eHb YeI0BEYECTBO CTAJIKUBAETCS B OCHOBHOM C IBYMSI ICTOIIIA -
IOIIMMKCS BO BpeMEHU pecypcaMy — II0YBOI M BOIOI. B 3TOM KOHTEKCTe ITpOrHO31-
pYyeTCs CUTYyalus ¢ JaJbHEUIIIMM ApaMaTUIeCKUM Pa3BUTUEM, TTIOCKOJIBbKY IJTI00ATbEHOE

© CykuacsH A.P., 2018
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MOBBILIEHUE TEMIEPATYPhl U YBEIUUEHUE YIJIEKUCIOro ra3a BlIeKyT 3a CO00M n3MeHe-
HIE JJOKaJIbHOTO MUKPOKJIMMATA, YTO IIPUBOIUT HETIOCPEACTBEHHO K CHIDKEHHIO YPO-
KAHOCTH CeTbCKOXO3STMCTBEHHBIX KYIBTYD [4].

Wcxons u3 BelleckazaHHOIO BOZHUKAET HEOOXOAMMOCTh IIPOBEACHMSI CTpaTernye-
CKM HeOOXOIMMBIX UCCIIeIOBaHU I, HaIPaBAEHHBIX HA pa3paboTKy U U3yYeHue reHe-
THUYEeCKM MOAU(PUIIMPOBAHHBIX pACTeHUI, TTOJYYEHHBIX Ha OCHOBE aHaJIi3a TUITePIK-
CIpPECCU TEHOTUIIOB C LI€JIbIO MOBBILLIEHUST UX TOJAEPAHTHOCTHU K AOMOTUYECKHM CTpeC-
caM [5; 6]. AHanM3 SKCIpPecCUU TeHOB PACTCHUI B OTBET Ha aOMOTUYECKUE CTPECCHI
IMOKa3bIBAeT, UYTO HAaMOOJIbIIIasI YaCTh TeHOMAa MOXKET OBITh pa3pylleHa 3a CYeT HeIlo-
CpPeACTBEHHOTO OTKJIMKA (OTpakasiCh) Ha 3allMTHBIC peakiini | 7]. CIOKHOCTh OTBETHBIX
peaxkiiii caMoro pacTUTEILHOTO OpraHM3Ma Ha paspyliaioliue (pakTopbl aOMoThYe-
CKOIO CTpecca B TAHAEME C €r0 TEHETUYECKOM KOHCTUTYIIMEN BhIPAXKAETCS B CIAXKEHHOM
pabore MopdHOoPU3NOTOTMYECKUX U OMOXMMUYECKUX MEXaHU3MOB [8].

HMMeHHO Ipu ncclief0BaHMU MOCISIHINX MOKHO ONIPEIEINTh OCHOBHBIC IIPUHITUTIBI
pabOoThI aTanTallMOHHBIX MEXaHU3MOB, KOTOPbIE U IIPUBOIST K SKCIIPECCUU TOJIEPaHT-
HOCTH M ajanTalluy B OKpyKarlleil cpefe. B mpeacraBieHHOM paboTe M3ydyeHa OT-
BEeTHasl peakilys Ha 3aCyXy aHTUOKCHIAaHTHOM CUCTEMBbI 3allIUThl OTHOJIETHETO pacTe-
HUS — caxapHOU KyKypy3bl Y IPOBEAEHO €ro CpaBHEHHUE C KOHTPOJbHBIM T€HHO-MO-
IU(PUIMPOBAHHBIM 00pa3LioM KYKYpy3bl MHOpeaHOU TuHuu B73.

MaTtepuanbl u meToabl

B xagecTBe 00BeKTa MCCICIOBAaHNI OBLIM BHIOPAHBI COPTa ApMSITHCKOM ITOITYJISIITIN
Ho1y3y0OBUIHOM KYKYpY3bl, paclipocTpaHeHHOM B JIopuiickoM palioHe ApMeHUU 0,113
pexku Jdeber (IIHox — 41°08'52" c.u1., 44°50'16" B. 1., Texyr — 41°07'05” c.ui.,
44°50'45" B. 1.) u Kykypy3bl B73 (Iowa Stiff Stalk Synthetic) B kauecTBe OMOIOTUYECKO-
ro KOHTpoJs [9].

Modeauposanue 3acyxu. MonenvpoBaHue aOMOTUYECKOI 3aCyXU OCYIIECTBIISIOCH
COIIACHO METOIUKE, OIMCAaHHOM B paboTe [24]. C 1ebio onpeaeIeHUsI OCHOBHBIX IT0-
Kazarejell aHTUOKCUIAHTHOM CUCTEMBI CPE3bIBAJICS IISITHINA JIMCT KYKYPY3bl HA TPETUM
IIeHb ero pocTa. 3arem 30Ha pocTa ucta (10 cM OT OCHOBaHMS JMCTa) pa3aessiach 10O
1 cM, ToTydyeHHBIe 00pa31bl MOMEIIATNCH B CIIelIMaIbHYI0 KIOBETY B yciaoBusax —80 °C
(CKMAKMIA a30T) IUIST UCTIOIb30BaHMSI BO BCEX SKCIIEPUMEHTAX.

Onpedenenue konuenmpayuu 2-muodapbupymosoii kucaomst (ThK) — axmuenbix npo-
dykmoe. OGpasibl PaCTCHUI SKCTparupoBaauch B 2 M 80%-ro ataHoja. 3aTeM U3Me-
psiiach MHTEHCUBHOCTH 00pa30BaHUSI MHTEHCUBHOM pO30BOI OKpPacKu Ipo0 B IIPU-
cyrctBun ThK mo metonuke [11]. KonnyectBo MmanonoBoro auansaeruaa (MJIA) pac-
CUMTBIBAJIM 1O (hOopMyJie

[6,45 X (A532 - A600) - 0,56 ° A440] / 0,478

Onpedenenue dicenezosoccmanogumensroli akmuenocmu naasmol (FRAP). Kene3zoBoc-
CTAHOBUTEJIbHASI aKTUBHOCTb TUIa3Mbl [MO3BOJISIET YCTAHABIMBATD AHTUOKCUAAHTHYIO
aKTUBHOCTb PACTUTEIBHOTO 9KCTpaKkTa [12]. DKCTpaKThl pacCTeHUSI TOTOBUJINCH Ha OC-
HoBe 80%-ro aTaHona, 3areM cMmeluBanuch B 0,3 M aueratHoM oydepe (pH = 3,6),
conepxaiueM 10 MM 2,4,6 tpuc (2 nupuaun) s-tpuaszut (TTIT3) u 200 MM FeCl,.
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Onruyeckasi INIOTHOCTh U3Mepsiach mpy 600 HM Ha IUIAHIIETHOM CIIEKTPOGOTOMETPE.
B kauectBe cranmapTa (KOHTPOJISI) MCITOJIb30BaIach 6-ruapo-2,5,7,8-TeTpa METUIIXPOM -
2-KapOOKCUIIbHASI KUCI0Ta (TPOKCOJ).

Onpedenenue noaughenono6. PacTuTenbHBIN MaTepHUal SKCTPAarupoBayICsI B BOTHOM
pactBope 80%-10 3TaHoJj1a ¢ HoMollblo peakTrBa @omHa — YakonTey, 1 onpeneisiach
KOHIIeHTpauus nonrdeHoos [13]. OnTudeckast INIOTHOCTh U3MepsIIach Ipu 765 HM,
a rajutoBad kuciaora (I'K) ucnonb3oBanach B KauecTBe cTaHaapTa (KOHTPOJIS).

Onpeodenenue ghrasonoudos. s onpeneaeHNsI KOHIEHTPALMU 00IINX (hJIaBOHOUIOB
OBbLIM TIPUTOTOBJIEHBI 3KCTPAKTHI PACTUTEIbHOM TKaHU Ha ocHoBe 10%-ro xjiopuaa
amoMuHus u 1 M auerara kanus [14]. I[Tocae 30-MUHYTHOM MHKYOALIMK TPU KOMHAT-
HOI TeMIIepaType B TEMHOTE U3MepsUIach ONTUYECKas INIOTHOCTH ITpu 415 HM, B Kaue-
CTBe cTaHAapTa (KOHTPOJIsI) UCITOAb30BaJICI KBEPLIETUH.

Cmamucmuueckas obpabomka. Bce nipoBeieHHbIE 9KCepUMEeHThI nmeau 10 6uo-
JIOTMYECKUX U J0 5 TEXHUYECKUX MOBTOpHOCTe. KoHLIeHTpaluy BceX OMOXMMUYECKUX
rokasareJjieii peacTaBIeHbl B COOTBETCTBYIOIINMN eAMHUIIAX, TTPUBEACHHBIX K TPaMMy
cBexero Beca ouosiornyeckoro marepuania (r CB). PesynbraTsl ObLIM 00paboTaHbI C
moMoIIbio mporpamMbl MatLab ¢ yaetom t-kputepust CtoeiogeHTa. Habmomaemble pas-
JINYMSI CTATUCTUYECKU 3HAYMMBbI, TaK KakK Ipu ypoBHe 3HauuMocTu p < 0,05 paccuu-
TaHHbBIE 3HAYEHUS KPUTEPHs ObLIIM 00JIbIlIE KpUuTUYECKOTO [15; 16].

PesynbTaThl n nx o6cyxaeHue

PacTeHust yacTo CTaJIKMBAIOTCS C IIMPOKUM CIIEKTPOM abMOTUYECKUX CTPECCOB,
BKJIIOYAsl BBICOKYIO TeMIIepaTypy, 3aCOJICHHE, 3aCyXy, 030H U T.I. Cpeau rmepedncicH-
HBIX CTpecc-(haKTOPOB 3acyxa SIBJSIETCS CEPbEe3HOM YIpo30ii A5l MoAAepKaHuUsI IPo-
JIOBOJILCTBEHHOI 0€30IMaCHOCTU C YyY€TOM IPOTHO30B I100aTbHbBIX KIMMaTUYECKUX
W3MEeHeHU B OvkariieM oyayieM. PacTUTeIbHBIN OpraHu3M B OIlpee/IieHHO cTe-
MEHU CNOCO0EH BbIAEPXKUBATh OFPAHUYEHHOCTb B IOCTYITHOCTU BoJbl. HO B oTBeT Ha
3acyxy JU1s1 OOJIBIIMHCTBA KYJIBTUBUPYEMbBIX PACTEHUIA B KAUYECTBE OTBETHOM peakiuun
3aUKCHUpOBaHa MNPOKAs TeHOTUITNYEeCKass M3MeHYNBOCTE [17]. OrpaHnndeHue mo-
cTynaroliieii B pacTeHue BOJbl IPUBOIUT K HEOOpaTUMBIM U3MEHEHUSIM B (DU3MOJIOTH -
YeCcKMX Ipolieccax, BKIoUas 1 aHTMOKCUIAHTHBIN anmapar 3alliuThl pacteHust [18].

B Hammx npeabiayyx padotax ObLId UCCAeA0BaHbI UBMEHEHUSI HEKOTOPBIX (PU3H0-
JIOTUYECKUX MTapaMeTpOB pocTa KyKypy3bl IpU MoayaupyemMoii 3acyxe [24]. B yacTtHo-
CTU, OBbLIO YCTAHOBJIEHO, YTO OTPAaHUYEHHOE MOCTYILJICHWE BOABI BKIIOYACT afanTaliy-
OHHbBIE MEXaHM3MbI, BEI3BIBAET OIIpeAe/IeHHbIe (PU3M0JIOrMIeCKIe M3MEHEHHSI B BBICIIIMX
pacTeHUSIX, 3aMeJIsIsl MX POCT U MPOAYKTUBHOCTL. [1pu 3TOM amanTallMOHHbBIE Mexa-
HU3MbI pAaCTEHUI PEryIMPYyIOT BhI3BaHHBIE U3MEHEHUEM CTEIEHU 3aCyXU C ITOBEPX-
HOCTH JIUCTheB (TpaHcnupanus). M3ydeHrne KUHETUUECKMX MapaMeTpOB poCTa pac-
TEHUS B YCIOBUSIX MOJEIMPYEMOI 3aCyXU MOKa3ajJ0, UTO BeJIMUMHA TpaHCOUpaLUun
MOXET OBITh UCIOJb30BaHA B KAYECTBE KPUTEPHS MPU OLIEHKE MOCIESACTBUI aOUOTH -
YeCKOT0 cTpecca Ha psj (U3MOJIOTUUEeCKUX TToKa3artelieit pocta pacTeHus [25].

B naHHOM KOHTEKCTe BO3ZHMKJIa HEOOXOAMMOCTD UCCAEIOBAHUI 110 BHISIBJIEHUIO
MEXaHU3MOB PEryJIMpOBaHUs IeHCTBUS 3aCyXy Ha aHTMOKCUIAHTHYIO CUCTEMY KYKY-
PYy3bl IO KOJIMYECTBEHHBIM U3MEHEHUSIM HEKOTOPBIX ee MmokKa3aTeseil. Ha HayanbHOM
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CTaauM SKCIIEPUMEHTOB OBLJIM BHISBIIEHB KOHIEHTpallMOHHbIEC n3MeHeHUsT THhK-
aKTUBHBIX ITPOAYKTOB OKUcaeHUs1. CoracHO MoJydeHHBIM pe3yibTaTaM (CM. TabJIuiy),
y 00pa31oB M3 HaceJIEeHHOTO MyHKTa YinakepT KoHLeHTpauus M/IA Oblia B 1Ba pasa
0OJIBIIIE TIO CPAaBHEHMIO C KOHTPOJIBLHBIM 00pa3iiom B73. KoHIileHTpast BTOpUIYHOTO
MPOAYKTa OKUCICHUS TUTIUACOAEPXKALIMX CTPYKTYp Ouojiornyeckoro oobpasua us Te-
XyTa IpeBhIlIajia 3HAYSHUS TOTO Ke ITapaMeTpa y KOHTPOJIbHOTo o0pa3ia Ha 50 %. [Tpu
HCCIeIOBaHUM 00pa3loB U3 HaceJaeHHBIX IyHKTOB LIlIHox 1 On3yH nu3MeHeHu s 3Haue-
Hust M/IA ObLIM B Tipeaeiax cpeJHeKBaapaTUuecKoro. YMepeHHas 3acyxa Bbl3Bajia
AKTHUBALIMIO B 3aIlIMTHBIX MEXaHN3MaX, YTO BBIPA3WJIOCH B ITIOBBIIIEHNN KOHIICHTPALIN
MJIA y 6M0J10r14ecKoro KOHTpoJIsl 0oJjiee ueM B TP pa3a. AHAJOTMYHOE TTOBBILIEHUE
yuciaeHHoro 3HauyeHust MJIA HabomaeTcss COOTBETCTBEHHO Y 00pa3ioB u3 On3yHa u
Texyra Ha 19 %, y 6uonornyeckoro Matepuana u3 ymakepra — Ha 47 %, a B cliyuyae
00pa3uoB u3 HaceJaeHHOro nyHkTa [ITHOX KOHLeHTpaLMOHHbIe U3BMeHeHUsI MIA Obu1n
BBILIE OoJiee yeM B 1Ba pasa.

CHIMXEeHME OTHOCUTEIBbHOM BIIasKHOCTH ITOYBHI 10 34 % MO3BOJIMIO CMOACIMPOBAThH
CIJIBHYIO 3acyXxy. JdeUiInT moIMBOYHOM BOIBI BRI3BaAJ Pe3KOE MOBHIIICHE KOHIICH-
Tpauuu MJIA y Guonornyeckoro KoHtposst B73 (nmoutu B nsaith pa3). CoOTBETCTBEHHbIE
U3MEHEHMSI B JIMITUACOIEPKALINX CTPYKTYpaxX UCCIIEAYyeMOro OMOJIOTMYECKOro MaTte-
pMaja KyKypy3bl HaOJI0aIUCh U Y OCTaJIbHBIX 00pa3ioB. Tak, Mpu CUIbHOI 3acyxe
KoHIeHTpauust MJIA, Mo cpaBHEHHIO C KOHTPOJIbLHBIM 3HAUCHUEM, YBEJIMYMIIACh Y BCEX
00pa3LoB KyKYpy3bl apMSIHCKOM MONYJISILUU B CPpeHEM B 2,5 pa3sa.

Tabnvua

KoHueHTpaumsa 6MoxXxuMmmnyeckux nokasaresnieit aHTMOKCUAAHTHOW aKTUBHOCTU KYKYPY3bl
npuv MmoaenupyemMon sacyxe

BapvaHt
sacyw TexyT LLIHOX Op3yH YwakepT B73
MZA (MkMonb/r CB)
KoHTponb 3,733 0,203 2,366 + 0,047 2,382+ 0,059 4,662 +0,818 2,372 +0,079
YmepeHrHas
3acyxa 4,476 + 0,561 5,455 £ 0,046 2,853 0,141 6,888 + 1,465 7,707 £ 0,225
CunbHas
3acyxa 8,416 +2,118 6,435+ 0,035 6,543 = 0,296 10,486 = 1,721 11,669 0,125
FRAP (mkn Tpokcosn/r CB)
KoHTponb 3005,186 + 38,238 | 1930,249 + 48,0194 | 1042,218 £ 12,763 | 1532,627 + 12,527 | 1250,237 + 12,228
YmeperHas
3acyxa 4645,731 £ 10,724 | 3402,707 £ 10,535 | 1123,674+ 17,786 |2082,828 + 14,873 | 2636,328 + 16,308
CunbHas
3acyxa 8371,859 + 24,963 |4363,721+ 11,160 |3023,069 +20,017 | 1811,548 + 15,814 | 2945,556 + 15,737
MonudenHonbl (Mr FK/r CB)
KoHTponb 148,25 £ 5,444 122,452 + 4,237 116,347 £ 2,686 126,928 + 1,983 90,554 + 3,836
YmepeHHas
3acyxa 181,454 + 4,289 177,759 £ 1,666 108,881 17,134 122,62 £ 1,488 210,120 + 2,262
CunbHas
3acyxa 391,261+ 3,533 316,945 + 4,736 324,154 + 3,380 147,885+ 2,271 281,302 + 2,227
®naBoHouabl (Mr KeepueTtuHa/r CB)
KoHTponb 208,72+ 2,037 240,281 + 1,997 218,255+2,819 318,703 + 2,254 233,946 + 1,508
YmepeHHas
3acyxa 263,8 £ 3,868 422,828 + 2,347 216,798 + 1,246 441,055+ 3,810 520,036 + 1,483
CunbHas
3acyxa 605,996 + 56,560 |630,219 + 13,408 538,201 + 3,061 435,211 + 3,403 606,820 + 25,518
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Table
The concentration of biochemical parameters of the antioxidant activity
of maize under drought stress
Drought type Tekhut Shnogh | Odzun Hushakert B73
MDA (umol/g FW)
Control 3.733£0.203 2.366 £ 0.047 2.382+£0.059 4.662+0.818 2.372+£0.079
Mild stress 4.476 +0.561 5.455 £ 0.046 2.853+0.141 6.888 = 1.465 7.707 £0.225
Severe stress | 8.416£2.118 6.435 £ 0.035 6.543 £ 0.296 10.486 £ 1.721 11.669+0.125
FRAP (uITrolox/g FW)
Control 3005.186 +38.238 | 1930.249 +£48.0194 | 1042.218 £ 12.763 | 1532.627 + 12.527 | 1250.237 + 12.228
Mild stress 4645.731 £ 10.724 | 3402.707 £10.535 | 1123.674 +17.786 |2082.828 + 14.873 | 2636.328 + 16.308
Severe stress | 8371.859 +24.963 | 4363.721 +11.160 |3023.069 +20.017 | 1811.548 + 15.814 | 2945.556 + 15.737
Polyphenols (mg GA/g FW)
Control 148.25 £5.444 122.452 + 4.237 116.347 + 2.686 126.928 + 1.983 90.554 + 3.836
Mild stress 181.454 + 4.289 177.759 + 1.666 108.881+7.134 122.62 +1.488 210.120 +£2.262
Severe stress | 391.261 + 3.533 316.945 +4.736 324.154 + 3.380 147.885 + 2.271 281.302 + 2.227
Flavonoids (mg QA/g FW)
Control 208.72 +2.037 240.281 £ 1.997 218.255+2.819 318.703 £ 2.254 233.946 + 1.508
Mild stress 263.8 + 3.868 422.828 +2.347 216.798 + 1.246 441.055 +3.810 520.036 + 1.483
Severe stress | 605.996 + 56.560 |630.219 + 13.408 538.201 +3.061 435.211 + 3.403 606.820 + 25.518

Hccnenyempie 00pa3ibl apMsSHCKOM TTOMYJISIIAM CaXapHOM KYKypy3bl OTIMYAINCh
I10 apeajy Ipou3pacTaHusl, B TOM YKCJIE 10 KOHIIEHTPAIIMHM XXeJie3a B IOUBEHHOM I10-
Kpose [26]. Mcxoas u3 BeIllIECKa3aHHOTO LIEIbI0 PA0OTHI OBbLIO BHISBIEHUE KOHIEH-
TPALIMOHHBIX U3MEHEHMI1 TI0 BOCCTAHOBJICHUIO HU3KOMOJIEKYISIPHOTO aHTUOKCHUIAH-
tamu xene3a (ferric reducing/antioxidant power — FRAP) [27] (cm. Tabmmiry).

Taxk, 3HaueHnne FRAP y oOpa3sia Kykypy3sl u3 Texyra Obu10 B 2,4 pa3a BbIIIE, a Y
0G1OJIOrMYECKOro Mareprana Kykypysbl u3 OnsyHa — Ha 17 % Huxe. YMepeHHas 3a-
cyxa BbI3BaJsia MOBbIIIeHHE KOoHIIeHTpauuu FRAP y 6uonornyeckoro KoHTpoJjs B
2,1 paza, a y Bcex oOpa31LoB apMSIHCKON MOMyJSLUU KyKypy3bl — Mo4Tu B 1,5 pa3a.
[Tpu ycreHnm pexkxuma BOZHOTO AeUIIATa ITOYTH BABOE CHJIbHAS 3acyxa IpUBeiIa K
HE3HAYNTEIbHBIM KOHIIEHTPAIIMOHHBIM U3MEHEHNSIM BOCCTAaHOBJICHHOTIO KeJie3a.
Y KOHTPOJIBHOTO OMOJIOTUYECKOro 00pa3iia CHJIbHAS 3acyXa YBeJIMUMIa 3HAaYeHIE KOH-
nentpaunu FRAP B 2,4 pa3za, a B cirydae ¢ o6pa3iiaMu 13 HaceJIeHHBIX MyHKTOB On3yH,
IIHox n Texyr — B cpenHem B 2,7 pa3a. JInib 06pa3iibl U3 YirakepTa UMean CpaBHU -
TeJIbHO HE3HAUUTEJIbHbIE KOHILIEHTPAlIMOHHbIE U3MeHeHUs (yBeaudyeHue B 1,8 pa3za).

[TomdeHomsI 1o cBOE IPUPOE SABJISIOTCS CUITBHBIMU ITOTJIOTUTEISIMA CBOOOTHBIX
paaukanoB. Ucxoas U3 3Toro, B MOCJIEAYIOLINX 9KCIIEPUMEHTAX UCCIe0Balach TMHA-
MMKa KOHIIEHTPALMOHHBIX M3MEHEHUI TOMM(EeHOI0B B OMOJIOTHYECKOM MaTepuaje
KYKypy3bI (cM. TabiunILy). Bce 00pa3ibsl pacTeHII apMSHCKO TTOTYIISIIINI TMEJT 00JTh-
1Iee coaepkaHue ooIunX MoJu¢eHOJIOB M0 CPAaBHEHUIO C KOHTPOJIbHBIM 00pa3lioM
B73. Ho ymepeHHas 3acyxa BbI3Bajia OTBETHYIO peaKLMIO Y 0MOJIOTMUEeCKOTro KOHTPOJIS
MMOBBIIICHMEM KOHLIEHTpaLMy NoJndeHoJ0B B 2,3 pa3a. B ciydae Xe ¢ apMSIHCKUMH
00pa3lamMu ¢ yueToM AedUuinTa moJruBOYHOMN BOIbI 0XKMIaeMOe KOHIICHTPAllMOHHOE
MTOBBIIIICHNE aHTUOKCHUIAHTa 0Ka3aJI0Ch HE3HAUYNTEIFHBIM M COCTaBIJIO IJISI BCeX 00-
pasuoB B cpenHeM 15 %. [1pu cHDKEHUM OTHOCUTEIbHOM BIaXXHOCTH IOYBBI IIPOU3-
pacTaHus KyKypy3bl 10 34 % y OM0JI0TMYeCKOr0 KOHTPOJIBHOTO 00pa3iia KOHIIEHTPALIKS
noaungeHoa0B yBeauuuiaack B 3,1 paza. Ho KoHlLieHTpallMOHHbIE U3MEHEHUSI MoJIUde-
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HOJIOB y 00pa3loB apMSIHCKOM MOMYJISILIUY OKa3aJI1MCh HEOAHO3HAYHBIMU. Tak, B O1O-
JIOTUYECKOM MaTepuraie U3 HaceJeHHBIX TyHKTOB TexyT, IlIHox 1 Oa3yH 0TME4eHO
MMOBBIIIIEHNE OOIIMX TTOJM(EHOJIOB B 2,7 pa3a, a B ciydae ¢ YIIaKkepToM — JIMIITb Ha
15 %.

®naBoHOMUIBI, 0COOCHHO ITPOM3BOAHBIC KBEPLICTUHA, B 3HAUUTEIBHOM CTETIEHM BJIU-
SI10T Ha IBVKEHNE ayKCMHA Ha BHYTPUYTPOOHOM M MEXKKJIETOYHOM YPOBHSIX U, CJIEHO0-
BaTeJIbHO, XECTKO PETYIMPYIOT pa3BUTHE OTIASIbHBIX OPraHOB U Bcero pacteHus [30].
C 3T0i1 TOYKY 3peHUSI MPaKTUISCKUI MHTepeC IIPeICTaBIsIeT NCCIeI0BAHNE BIUSIHUS
a0MOTUYECKOTO CTpecca, BEBI3BAHHOIO Ae(PUIIMTOM BOIbl HA aHTMOKCUAAHTHYIO CUCTe-
MY pacTUTEJbLHOTO o0pas3lia 1o KOHIeHTpauusam ¢iaBoHouaoB. [IpoBeneHHbIE
9KCIIEPUMEHTHBI MOKa3aJIM, YTO BO BCeX OMOJIOTMYECKHUX MaTepuaiaX YMCIEHHOE 3Ha-
yeHue (PpaBOHOUAOB OBLJIO ITOYTH OAWHAKOBBIM, YTO COCTABIISIJIO B CPEAHEM OKOJIO
225 mr KBepuetuna/r CB, 3a nckiiroueHueM OTHOTO U3 HUX (cM. Tabnuiy). B aTom
ciydJae yIIaKepTCKUiA 6M0I0rnIecKuii MaTeprall KyKypy3bl coaepxai Ha 15 % Gobliie
¢1aBoHOMOOB. BeaenacTBue ymepeHHOM 3acyxul Ae(PUIIAT BOALI IPUBOIUT K MOBHIIIIE-
HUIO conepxXaHus (hJIaBOHOUIOB y Onoornyeckoro oopasua B73 B 2,2 paza, a 'y 00-
pa3loB apMSIHCKOI TOIYJISILIMY U3 HAaCeJIEHHBIX MyHKTOB Yinakeprt, [IIHox, Texyr — B
MoJITopa pasa.

Hnst uccnenyemoro obpasiia u3 Oa3yHa yCTaHOBJIEHO, YTO KOHIIEHTPAIIMOHHbIE U3-
MeHeHUs (hJIaABOHOMUIOB HAXOMWIIMCH B IIpeesiaxX TOIyCTUMOTO OTKJIOHEHMS OT ITOKa-
3aTenst cpenHero. Kak v B IpeabInyIivx CIyJasx, 31ech TaKKe IIPOBEISHO MCCIe0Ba-
HUE BIUSHUS CUJILHOM 3aCyXy Ha KOHIIEHTPAllMOHHbIE U3MEeHEHMST (DJIaBOHOUIOB B
ourosornyeckom Marepuaie. CoriaacHO MOJyYeHHBIM pe3yJibTaTaM, OTBETHAS peaKIIvsl
00pa31oB BhIpakanach B MOBBILIEHUY KOHIIEHTpalnyu (DJIABOHOKUIOB B HUX. Y OMOJIO-
rUIecKoro KoHTposist B73 cunbHas 3acyxa IpUBOAUT K ITOBBIIIEHUIO KOHLIEHTPALIUK
(maBoHOMIOB B 2,6 pa3a. Y UccieayeMbIX 00pa31oB apMSIHCKOM MOIYJISLIUN U3 Ha-
ceJieHHBIX ITyHKTOB On3yH, I1IHox 1 TexyT oTMeueHO yBeInueHe KOHLIEHTpaIuy (Jia-
BOHOMIOB B cpelHEM B 2,7 pa3a, a Iuist o00pa3ioB u3 Yiakepta — B 1,4 pa3a.

DakTUYeCKU HU3KOMOJIEKYJISIPHBIC aHTUOKCUAAHTBI MPUBOIAT K MOBPEXICHUIO
CTPYKTYPHI M PYHKIIMY KJIETOK 3a CUeT HAJIMYMSI HeCTTApEHHBIX 3JICKTPOHOB B BaJICHT-
HOIT 000JI0uKe Kuciopoaa. PacturenbHble KJIETKH HEIIPepbIBHO MpoaynupyioT ADK
Jaxke B HOPMaJIbHBIX YCIOBUSIX, ITOIACPXKUBAs CTAOVIILHBIN OajaHC MEXIY IIPOU3BO/I-
ctBoM ADK 1 3aIIIUTHBIMUA MEXaHM3MaMM OT OKHUCIUTETLHBIX TOBPEXIeHMIA. AOMO-
TUYECKUII CTpecc, B IIEPBYIO OUEPElb, HAPYIIAET 3TOT OajaHC, CITOCOOCTBYSI HEKOHTPO-
JmpyemMoMy Beriecky BHyTpukieTouHoit ADK [31; 32]. Ho pactutesibHBI OpraHu3M
C LIe/IbI0 KOHTPOJIUPOBAHUS CKOPOCTH IIPOU3BOACTBA ITOCIIEIHUX «pa3padoTan» 3¢-
(eKTUBHBIE OTBETHBIE MeXaHU3MHI Ie3akTuBanun ADK, peryaupyloine Takue mpo-
LIECCHI, KaK POCT PaCTCHMUSI.

3aknioyeHue

B pesynbraTte mpoBeaeHHBIX UCCIeI0OBAHMI MOXHO CAeaAaTh BHIBO, YTO aHTUOKCHU-
JTAaHTHAasI aKTUBHOCTD B LIEJIOM Y apMSIHCKMX 00pa310B BblIllle, YeM Y KOHTPOJbHOTO
ob6pasia B73. [1pn momenmpyemoii 3acyxe y BceX 00pa3iioB aHTHOKCUIAHTHAS aKTHB-
HOCTb ITOBBIIIAETCS IO CXOXKEMY CLIEHapHIO: YeM CHIIbHEE 3acyxa, TeM OOJIbllle KOH-
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LIEHTPALIMOHHbIE 3HAYEHUS BCceX OMOXMMUYECKUX MoKa3aTeleil. Habmogaemoe oTin-
4ye B PsiIy CPABHEHUSI MOXKET OBITh OOYCIIOBICHO OTINYKMEM ITOYBEHHO-KIMMATHIECKIX
PETMOHOB IIPOMU3PACTAHUS PACTEHUSI.
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Effect of drought on the antioxidant activity of corn
from various soil and climatic regions

A.R. Sukiasyan

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

The antioxidant activity of an annual plant Maize Zea of the Armenian population, which grew in
various soil-climatic regions of Armenia, was studied. Antioxidant activity by four biochemical
parameters was evaluated, the quantitative changes of which under conditions of simulated drought
(mild and severe) were determined. Maize Zea of the inbred line B73 was used as the biological control
in the experiments. During the experiments, it was found that the Hushakert plant samples have an
increased concentration of malonic dialdehyde and flavonoids. In the biological material of corn from
Teghut, high concentration values for the restoration of iron and polyphenols by antioxidants are
established. The increase in drought from a moderate to the severe biological control of B73 as well as
from Armenian maize samples caused the activation of an antioxidant protection system in all four
indices was established. This makes it possible to expand the use of maize as a plant indicator, and can
be considered as functional foods, as they are a good source of natural antioxidants.

Keywords: maize, drought, antioxidant, malonic dialdehyde, ferric reducing/antioxidant power —
FRAP, polyphenols, flavonoids
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OecTpykuusa repbeuunaa atpa3dvnHa COJIHEYHbIM U3JTyYEHUEM
B cucteme ¢poto-PeHToHa

K.M. 3aruo6anosa, I.I'. Maracdonosa, B.b. Baroes

Bbaitkanbckmii uHCTUTYT pupoxononb3oBanus CO PAH
Poccuiickas Qedepayus, 670047, Yaan-Y03, ya. Caxssnosoii, 6

B pa6ore nccienoBana 3¢ GeKTUBHOCTH COJIap-UHAYLMPOBAHHOM ASCTPYKIIMY repOnIInIa aTpa-
3MHAa B TPUPOIHOI BOJIE M BOAHBIX BHITSIKKAX U3 TTAXOTHOM U LIEJIMHHOM 1MOYB B cucteMe (poro-DeH-
ToHa. Bo Bcex BOMHBIX MaTpullaxX TOCTUTHYTO pasinoxkeHue 80—90 % arpasuna. [1pu ncrnoab3oBaHUN
KCEHOHOBO JTaMITbl KaK CUMYJISITOPA COJTHEYHOTO U3JIyYeHH sl HaliIeHO, YTO CKOPOCTh AECTPYKIIMHU
aTpa3rHa B BOJAHBIX TOYBEHHBIX BBITSKKAX BBIIIIE, YeM B IIPUPOIHOIM Bojie. BMecTe ¢ TeM 3HaUMMBbIX
pas3nuuurii B AMHaMUKE ero AeCTPYKIMU B MPUPOIHON BOAE U MOYBEHHBIX BBITSKKAX MO BO3ACH-
CTBMEM €CTECTBEHHOTO COJTHEYHOTO CBETa HE BBISIBICHO. DTO, BOBMOXHO, O0YCJIOBJIEHO 00Jiee BbI-
COKMM YPOBHEM I'eHepalluu TMAPOKCUIBHBIX PAAUKAIIOB MPpHU 00Jiee BHICOKON MHTeHCUBHOCTH YD-
nznydyeHust ConHua.

KunioueBble cioBa: aTpa3uH, 1eCTPYKIMS, IPUPOIHAsT BOJA, BOJHAS BBITSKKA U3 TIOYB, (DOTO-
DeHTOH, CONTHEYHOE U3TYYeHUE

BBepeHue

ATtpasuH (2-xJ10p-4-3THIaMUHO-6-130nponmiIaMuHo-1,3,5-rpuasun, AT3) aBis-
€TCsI MOCTYITHBIM U IIIMPOKO MCIIOJIB3YEMbBIM B CEJIbCKOM XO3SICTBE CeJIEKTUBHBIM I'ep-
OMIIMIOM U3 IPYIIILI CUMM-TPUA3MHOB JJISI 00PHOBI ¢ IIMPOKOJUCTBEHHBIMU COPHSI-
KaMU B MMOceBax KyKypy3bl Ha 3epHO, CUJIOC U 3eJieHbli KopM. B pactenus AT3 mpo-
HUKaeT MPEeUMYILECTBEHHO Yepe3 KOPHU U MHIMOMpyeT npouecc porocunTesa [1]. AT3
CBSI3bIBAETCS TOYBOM, HO C OOMIBHBIMU OCaIKaMU, TAJTBIMUA BOAAMU U TIPY OPOILIEHUH
€ro OCTaTOYHBIE KOJIMYECTBA B COCTABE IIOYBEHHBIX BOJ MOTYT BBIIIIEIAUMBATHCS U T10-
CTYIIaTh B MOBEPXHOCTHBIC ¥ TPYHTOBBIC BOALI, BHI3BIBAS X 3arps3HeHue. B PO AT3
OTHOCUTCS K 3 KJIaCCy OIIaCHOCTU U HOPMUPYETCS B BOJE BOAHBIX O0BEKTOB PHIOOXO-
3aiicTBeHHoro 3HayeHus ¢ [TJIK 5 mxr/a [2]. BMecTe ¢ Tem gaxke mpy OTHOCUTEIbHO
HU3KHMX OOHAPYKMBAEMBIX KOHIICHTPALIWSIX B IPUPOIHBIX ITOBEPXHOCTHBIX ¥ TPYHTOBBIX
BojJax (B OCHOBHOM 10 2 MKT/J [3]), AT3 BbI3bIBacT XpOHWYECKHUE TOKCUUECKHE I(D-
(¢ eKThI TJIaBHBIM 00pa30M Mopakast SHIOKPUHHYIO CUCTEMY BOAHBIX OpraHM3MOB. M 3-
BecTHO, 4To AT3 HapylllaeT OHTOreHe3 36MHOBOIHBIX M BBI3BIBACT X (DeMUHU3ALINIO,
MPeICTaBIIsIsl ONACHOCTD JIJISI XKUBBIX OPTaHM3MOB, B TOM UMCJIe U YeaoBeKa. [1oaTomy,

© 3arubanosa K.M., Maradonosa I'T., baroes B.b., 2018
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nockoJbKy AT3 10CTaTOYHO YCTOMYMB K Pa3IOKEHUIO, ITpobdjeMa MUHUMU3ALUHY 3a-
IpsI3HEHUS ITOAOOHBIMHU T pOMIIMIAMI BOIHBIX 9KOCHUCTEM, BKIII0UYAsI BOTOUCTOUYHUKH,
OCTAETCS aKTyaJIbHOM.

[TomaB B mpupoaHbIe BOAbI, OPTaHUUYECKHE 3arpsI3HSIONINE BEIIEeCTBA, KaK U3BECT-
HO, TToABeprarTcs GOTOXUMMUYECKON 1 OMOJIOrMYeCKOi AeCTpYKLIMU. M3BeCTHO, UYTO
Mpu 00Iy4eHUHU BOAbI yabTpaduroneToBbiM (YD) cBETOM B MPUCYTCTBUU OKUCIUTEEH
WJIM KaTaJu3aTopoB, KpoMe MPsIMOTo (pOoToIM3a, OpraHuYeCcKOe BEIIECTBO OKUCIISIETCS
00pa3yIOIINMUCS aKTUBHBIMU (hOpMaMU KHCIIOPO/Ia, B IIEPBYIO OUYepeab THIPOKCUIIb-
HeiMU paaukantamu (OH «) ¢ KoHcTaHTamu ckopocti (Koy.) mopsiaka ~10° M~! ¢!
[4]. [unpoKcUIIbHBIE paAuKaJbl B €CTECTBEHHBIX YCIOBUSIX MOI'YT T€HEPUPOBAThCS MPU
00sryyeHur Boabl YPD-cBETOM B IPUCYTCTBUM (POTOAKTUBHOIO PACTBOPEHHOTO Opra-
Huueckoro seuiectsa (POB), nepokcuna Bonopona (H,0,) wnu nonos xene3sa (11, I1I).
Tak, cogepxxanre OH ¢ B MpUpOIHBIX MOBEPXHOCTHBIX BOJAX BApbUPYET B Mpeaesiax
10~"*—10""> M [5], a KoHLIeHTpaLus H,0, moxet nocturarb 107> M [6]. B pe3ysbra-
Te MO PaIUKAIBHO-IIEITHOMY MEXaHU3MY MOTYT IIpoTeKaTh peakimuu Oenrona (Fe’*/
H,0,) u dporo-Dentona (Y®/Fe?*/H,0,) (1—5):

Fe?" + H,0, —» Fe’" + «OH + OH™; (1)
«OH + H,0, — HO,* + H,0; Q)
Fe’* + HO,* — Fe** + H" + 0,; (3)
Fe?" + HO,+ — Fe’" + HO;; (4)
Fe’* + «+OH — Fe** + OH™. ®)

Oxkucnenne AT3 B cucteMme ¢poTo-PeHTOHA C UCITOJIB30BAHUEM COJIHEYHOIO U3JTY-
yeHMS U ApyruX YDO-UCTOYHHUKOB B YIBTPAYMCTBIX BOJAX M3YUYEHO JOCTATOYHO MTOJTHO,
TOIJa KaK B IPUPOIHBIX BoJax MajouccieqoBaHo. [loBepXHOCTHbBIE TPUPOIHBIE BOIBI
00pa3yloTcsl B pe3yJibTaTe OCajJKoB, T.€. B peKH IoMaaaeT Boja, CTeKaollas ¢ moBepX-
HOCTHU II0YB, a TAaK3Ke BOJAA, IPEHUPOBaBIIast yepe3 nouBy. [loaToMy mpupomHas mo-
BEpXHOCTHAsI BOJa pEKM HECET OTIIEYaTOK IIpeodIafaolliX OB CBOEro 6acceiita.
B cBs3u ¢ aTuM oToxumMuueckast AecTpyKLust AT3 B TOUBEHHBIX BBITSIKKAX U B TIPU-
pomHoii Boae, a Takxke BausiHue POB, comepxaniyxcs B 3TUX BOAHBIX MaTpuliaX, Ha
3G GEKTUBHOCTD ASCTPYKILIMU aTpa3ruHa IMPeICTaBIsieT HayYHbIN 1 MPaKTUIeCKUI MH-
Tepec.

I eabio padOTHI SIBUJIOCH YCTAHOBJICHIE 3aKOHOMEPHOCTEH IeCTPYKIIUM repOrLImaa
aTpa3rHa B IPUPOAHOI BOIE U BOIHBIX ITIOYBEHHBIX BBITSIKKAX B cucTeMe poTo-DeH-
TOHA {yCI)/FeZ+/H202} Mo BO3AEHCTBUEM €CTECTBEHHOIO U CUMYJMPOBAHHOTO COJI-
HEYHOTO U3JTy4eHUs.

MaTtepuanbl u meToabl

B pabote ucnonb3oBanbl atpasuH (99,1 %, Sigma-Aldrich), rentaruapar cyibbara
xkenesa (II) mepokcua Bogopoaa («XumpeakTuBcHab», I. UpkyTck). Bee paboune pac-
TBOPHI OBIJIM NMPUTOTOBJICHBI C MCIIOJIb30BAaHMEM JNEMOHU30BAHHON BOIBI
(Simplicity® U Vsystem, Millipore, 18,2 MQ cMm).
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IIpupoanast Boga 6bu1a orodpaHa B peke CejieHre, IJlaBHOM NPUTOKeE o3epa baiikan
(N51°43"; E107°27', WGS 84), oTrdumiasrpoBaHa 4epe3 (PUIBTP «CHHSIS JIeHTa» (pa3Mep
mop 3—35 MKM) ¥ LeJUTIONO03HbIe GUALTPHI (pa3mep 1op 0,45 MmxM). O6pa3ibl HeTUHHON
1 MaXOTHOH 1ToYB 0ToOpaHbl Ha Tepputopun nosurona ®IBHY «byparckuit HUNCX»
B 11. UBonruHck Pecriyonuku bypsatusa (N51°73; E107°24"). ITouBa KaluTaHoBasi, MyY-
HUCTO-KapOOHATHasI, CpeaAHeMOIIIHas, Jerkocyrimauctas. CogepxkaHue rymyca B Iia-
XOTHOM cJj1o€e cocTtaBisieT 1,0—1,5 %. O6pasiibl T0YB ObUIH ITPOCESHBI OT TOCTOPOHHUX
BKJIIOUCHUI 1 TOBEICHBI O BO3MYIITHO-CYXOTo cocTosiHus. Jlanee mo Metoauke [7] u3
LIEJIMHHOM Y TTAXOTHOM MOYB ObLIY ITOJIYYeHBI BOTHBIE BBITSIKKY C COIEPKaHMUEM pac-
TBOPEeHHOT0 opraHuyeckoro yriepoaa (POY) 34,8 u 28,1 mr/n coorBeTrcTBeHHO. POY
onpenaensau Ha aHanu3atope Shimadzu TOC-L CSN. KonuenTpaius POY B nmpupon-
HOI1 Boze cocTaBuia 7,2 Mr/n. Bee TIpoObI 1UIst 5KCIIEpMMEHTOB TIpeaBapUTEIbHO pa3-
6aBisumn 1o 5 mr/n POY. Jlnst oueHKY BIMSIHUASL (POHOBOI HEOPraHMYEeCKOil MAaTPUIIbI
B BOIHBIX ITp0o0ax TaKKe OMpeneieHbl OCHOBHBIC aHMOHBI, CIIOCOOHBIE TeHEPUPOBATh
WJIN CBSI3BIBATh T€HEPUPYEMbI€ paauKaJbl, C UCIIOJb30BaHNEM CTaHAAPTHHIX METOIUK
(Tabmn. 1).

Tabnvua 1

Mpapoxnmmyeckue xapakTepucTUKu NPoo NpPUPoOAHOI NOBEPXHOCTHOW BOAbI
1 BOAHbIX MOYBEHHbIX BbITSXKEK rnocne pa3baeneHus o POY 5 mr/n

BopaHas BbITSXKa U3 BopgHas BbITSIXKa U3
lMokazaTenb MpupogHasa Boga o o
NaxoTHOW MO4BbI LLEeNIMHHOW NOYBbI
pH 7,2 6,7 6,6
NH,, mr/n <0,05 0,72+0,14 0,64+0,13
O6uwee Fe, mr/n 0,08 0,02 0,17 +0,03 0,23 0,05
HCOj, mr/n 84,7+ 14,6 12,20+2,6 18,30 + 3,84
COZ~, mr/n 6,3+1,9 <6,0 <6,0
NOgz, mr/n <0,1 0,5+ 0,06 <0,1
NO,, mr/n <0,1 <0,1 <0,1
SO2Z~, mr/n 89+1,7 1,1%0,1 1,0+0,1
CI~, mr/n 1,3%£0,2 0,7+0,1 0,97 +0,13
POZ-, mr/n <0,1 <0,1 <0,1
XMK, mrO/n 7627 31,0+4,7 33,0+4,9
Table 1
Hydrochemical characteristics of natural surface water and aqueous soil extracts
after dilution to DOC 5 mg/L

Parameter Natural water from agrogonis soil_| _ from unbroken s
pH 7.2 6.7 6.6
NH,, mg/L <0.05 0.72+0.14 0.64+0.13
O6wwee Fe, mg/L 0.08 £0.02 0.17+£0.03 0.23+0.05
HCO3, mg/L 84.7+14.6 12.20+2.6 18.30 £ 3.84
COZ-, mg/L 6.3+1.9 <6.0 <6.0
NOg, mg/L <0.1 0.5+0.06 <0.1
NO5, mg/L <0.1 <0.1 <0.1
SO2", mg/L 89+17 1.1£0.1 1.0£0.1
Cl-, mg/L 1.3+0.2 0.7+0.1 0.97+0.13
POZ-, mg/L <0.1 <0.1 <0.1
XMK, mgO/L 7627 31.0+4.7 33.0+4.9
328 TEODKOJIOTA



Zagibalova C.M., Matafonova G.G., Batoev V.B. RUDN Journal of Ecology and Life Safety,
2018, 26 (3), 326—334

DKCIEePUMEHTHI 10 AecTpyKIUKU AT3 B IpUpPOIHOIT BOJE ¥ BOTHBIX BBITSKKAX M3
TIOYB IIPOBeIeHHI B crcTeMe (poTo-PeHToHa {YD/Fe?*/ H,0,} npu Bo3neiicTBuu ecre-
CTBEHHOTO COJTHEYHOT'O M3JIyYEeHUS IIPU SICHBIX METEOYCIOBUAX B JIETHUI MEPUOL
2017 roga 1 CUMYJIUPOBAHHOI'O COJIHEYHOTO U3JIYYEHMUSI C UCIIOIb30BaHMEM KCEHOHO-
Boit mamnel 6000KH1 (MaxLight, FOxnas Kopest). TeMHOBBIE KOHTPOJIBHEIE DKCIIE-
PUMEHTHI OCYILIECTBICHBI TIPH TeX Xe YCIOBUSX, HO Oe3 o0myueHus (cuctema Fe?'/
H,0,). BonHyto matpuny, conepxayto AT3 (1 mr/m), moaBepranu o0Jay4eHUIO COJI-
He4HbIM cBeTOM B ipucyrctsun H,O, n Fe?* nipu pasimmunsix pH cpensl B cTaTidecKoM
(oTopeakTope IIpU MOCTOSTHHOM IlepeMelnBaHny Ha MarHuTHOI Metnake (IKA®Color
Squid, 300 06/muH). MHTEeHCMBHOCTH MAAAIONIETO COJITHEYHOTO U3TyUeHUST U3MEPSIIN
¢ nomoupio paguoMerpa TKA-TTKM-06 (HTII «TKA», . Cankr-IletepOypr). B xone
KaxJ10ro 9KCcrepuMeHTa MPoObl 0TOOPAaHbI Yepe3 onpeaecHHbIe TPOMEXYTKH BpeMe-
HU o0sydeHUs1, orpuaprpoBaHbl yepes [1DTD-dpunbrpel mociae nopeaecHust pH 1o
8,0—8,5 u manee rmpoaHaIM3MPOBaHBI Ha coAepxKaHue ocTaTOUHOro AT3 MeTOmOM BEI-
cokoa(dPekTUBHOIM KuAKoCcTHOM XpomaTorpadun (BOXKX). CreMKy nmpoBoguin B
M30KPaTUYECKOM PEXMME CO CKOPOCThIO amornpoBaHus 0,5 Mi1/MUH Ha XxpoMaTorpadgde
Agilent 1260 Infinity ¢ Y®-geTexTopoMm. B KauecTBe moaBuzKHOM a3kl KCITOJIb30BaIN
auetoHuTpua («Kpuoxpom», r. Cankr-IlerepOypr) u 75 MM CH;COOH («Xumpeak-
TUBCHAO», T. UpKyTcK) B cootHoeHnu 60:40. Pe3ynbraThl rpadrdecKy NpeacTaBIeHbI
B BUIE 3aBUCHUMOCTEI COOTHOIIeHUS ocTaTouHo (C) 1 HavyaJlbHOM KOHIIEHTPALIUKN
(Cy) arpasuHa (cTeneHu AeCTPYKLUNN) OT NPOAOJKUTEIbHOCTH OOIY4EHNS.

Pe3ynbTaThl n nx o6cyxaeHue

Ha navyanbHOM 3Tamne yctaHOBAEHBI 3((HEKTUBHbIE KOHIIEHTPALIMM OKUCIUTENS
H,O0,u Fe’" B IerOHI30BaHHOM 1 TPUPOIHOIL Boze Mt fecTpyKimu 1 Mr/m AT3 ecre-
CTBEHHBIM COJTHEUHBIM cBeToM. McxoaHas konueHTpauus H,0, (0,2 MM winu 6,8 Mr/m)
ObLIa B3gTa Ha OCHOBE MOJIyUeHHBIX paHee pe3y/IbraToB WIs AecTpyKumuu 1 mr/1 AT3 B
cucreme YO/H,0, [8]. U3 Tabx. 2 caenyet, yTo HanOobIast 9PpGeKTUBHOCTD IECTPYK-
uu AT3 B 1eMOHM30BaHHON U MPUPOIHOI BOIAX TOCTUTAETCS IIPU KOHIIEHTPALIUKN
Fe?* 2 mr/n B xucnoii cpene pu pH 4,4—4.,6. TTocnenytomiye S5KCIepUMEHTHI B BOIHBIX
IMOYBEHHBIX BBITSIKKAX MPOBEACHBI TTPU JaHHBIX YCJIOBUSIX.

Tabnuua 2 Table 2
AdPeKkTMBHOCTL AecTpyKumun atpasuHa (X) Efficiency of atrazine destruction (X)
B cucteme poto-PeHTOHA Npu obnyyeHun in photo-Fenton system under natural
€CTeCTBEHHbIM COJIHEYHbIM CBETOM solar light exposure for 15 min;
B TeyeHue 15 muH; [H,0,]5 = 6,8 mr/n [H205]p = 6,8 mg/L
[Fe?*1,, mr/n pH X, % [Fe?*],, mg/L pH X, %
[levoHn3oBaHHas Boaa Deionized water
1 5,5 80 1 5.5 80
2 4,6 96 2 4.6 96
MpupoaHasa Boga Natural water

1 7,2 20 1 7.2 20

1 4,8 45 1 4.8 45

2 4,4 90 2 4.4 90
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Kaxk BunHo u3 puc. 1, nocie BHeceHus Fe(Il) Habntoganoch CHUXXEHUE COAepKaHUS
AT3 na ~60 % 3a cueT TEeMHOBOM peakLU BO BCEX BOAHBIX MATPULIAX, JaJIe€ KOHIIEH-
TpaLus TepOUIIMIA OCTaBaIaCh ITOCTOSTHHOM. [1pn 00 1ydYeHMM COTHEYHBIM CBETOM BO-
JHBIX BBITSDKEK, MOJIYUeHHBIX KaK U3 LEJTUHHBIX, TaK W U3 IaXOTHBIX IT0YB, B TEUEHHE
15 MmuH Habmonanock pasnoxenue ~90 % AT3 (kak u B IpupoaHoii Bozae). B nemonu-
30BaHHOM BOJIE, B OTCYTCTBHE (POHOBOI OpraHUYEeCKON U HEOPraHMYECKO MaTpUIIbI,
3P OEKTUBHOCTD JECTPYKLUMHU TepOuLInaa Obljia Beilie u gocturaia 90 % yxe dyepes
5 MuH obsrygeHus (puc. 1).

C/C;J o —@— [lenoHn30BaHHas Boaa
—24A— MpupoaHas Boaa

0.8 1 —<— BopHas BbITSXKKA U3 NaxOTHOM NoYBbI
0,6 - —&— BopHas BbITSXKA U3 LLENIMHHOM MOoYBbI
0,4 @&

0,2

0
0 5 10 15

Bpems, MuH

Puc. 1. JyHamuka oecTpykumm atpasmnHa B NpupoaHON BOAE Y BOAHbIX MOYBEHHbLIX BbITAXKAX
€CTECTBEHHbIM COJTHEYHbIM U3/y4YeHrem B cucteme poto-deHToHa; [H,0,], = 6,8 mr/n, [Fe2+]O =2 wmr/n,
pH = 4,4. TyHKTUPHbIE KPUBLIE COOTBETCTBYIOT TEMHOBBLIM 3KCNEepPUMeHTam
[Figure 1. Dynamics of atrazine destruction in natural water and aqueous soil extracts under natural solar
light exposure in photo-Fenton system; [H,0,], = 6.8 mg/L, [Fez"]O =2mg/L, pH=4.4.

Dashed lines correspond to dark experiments]

[Jajee ObUIH ITPOBEIEHBI SKCIIEPUMEHTHI 10 AecTpYKUMY AT3 B pa3InuHbIX BOTHBIX
MaTpUIIaX C UCIOJIb30BaHUEM KCEHOHOBOI JJaMITbl KaK MICTOUHMKA CUMYJIMPOBAaHHOTO
COJIHEYHOTO U3JIyueHUsl. BhISBICHO, YTO IPY MCXONHOI KoHLeHTpauuu Fe?™ 2 mr/n
(pH =4,4) u 3 mr/a (pH = 4,2) u Toi1t xe koHueHntpauuu H,0, (6,8 Mr/mn) B 1eroHu-
30BaHHOI Boje npoiecc poro-DeHroHa MaoaddeKTUBEH B CHTy OoJiee HU3KOM MH-
TEHCUBHOCTH YMD-U3IIydeHUsI KCCHOHOBOI JIaMIIbl. Tak, CpeIHsIst MFHTEHCUBHOCTD Ia-
JAIOLIETo M3Ty4eHHsI KCEHOHOBOI TaMITbl B YD-nuamna3oHe (A+B) cocrasuna 7,6 Bt/ M2,
TOraa KakK CpeIHSISI MTHTEHCUBHOCTh €CTECTBEHHOTO COTHEYHOTO M3 TyIeHUSI ObLIa BHIIIE
B 3 pa3a u B IHM C BBICOKOII nHcousueit nocturana 40 Br/m?. TIpu MOBHIIIEHNN Xe
McxoqHoit KoHnenTpaunu Fe?™ 1o 4 mr/n u caskenust pH no 3,7—3,8 uepes 2 MuH
00JIydeHUST TOCTUTHYTO pasnoxeHue okosio 90 % AT3, mpuyem 3a c4ET TEMHOBOI pe-
aKuuu pasnoxuiaock 50 % AT3 (puc. 2).

[Tocnenytoiiye 3KCIIEPUMEHTHI ¢ PUPOIHON BOMOI 1 MOUBEHHBIMY BBHITSIKKAMU
OBLIM MPOBEIEHDI TP BhIILIEYKa3aHHBIX YCI0BUSIX. Pe3yibsTaThl MOKa3aiu, YTO CKOPOCTh
necTpykuuu AT3 Kak rpu 061y4eHU |, TaK 1 B TEMHOBOM BapuaHTe B IIPUPOIHOM BOIe
HIKE, YeM B 000MX TTOYBEHHBIX BRITSIKKaX (puUC. 3).

ITocne pazdaBiaeHust JaHHBIX BOAHBIX MaTpull 10 POY 5 mr/i conepxxaHue cyiabda-
TOB B IIPUPOIHOI BOAE COCTABUIO 8,9 MT/J1, YTO 3HAYUTEJILHO BhIIIIE, YeM B 000UX T10-
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YBEHHBIX BBITSKKAX. B cBsA3U ¢ 3TM Oosiee HU3Kast apheKTUBHOCTD pasioxeHus AT3
B IIPUPOIHOI BOJE, BOBMOXHO, 00YCIOBIeHA MEIIAIOLINM BIIMSIHUEM CYJIb(hAaTOB, pe-
arupytommx ¢ OH * pagukanamu (k= 1,5 x 108 M~! ¢7!) [9]. HanpoTus, xummnueckoe
notpednenune kuciaopona (XITK) BogHbIX BRITSKEK M3 TTOYB ObLJIO B ~4 pa3a BhIIIIE, YeM
MpupoaHOH Boabl (Tabu. 1). Tem He MeHee (hPOHOBOE pacTBOPEHHOE OPraHUYECKOe Be-
IIIECTBO MOYBEHHBIX BBITSDKEK, HE cofepxkaliee yriaepon (1o mokasatento XI1K), cro-
cobcrByet reHepauun OH ¢ pagukanos. [Ipu aTOM, KaK 1 B cllydyae eCTECTBEHHOTO
COJIHEYHOTO O0Iy4eHMSI, CKOPOCTU AeCTPYKUMU AT3 B BOTHBIX BHITSKKAX M3 ITAXOTHOM
M LIeJTMHHOM MOYB GbUTM ONMHAKOBBIMU (kK = 0,6 MUH ), 4TO CBSI3aHO C WX GJIM3KUM
TUIPOXUMUYECKMM COCTABOM.

C/C;) —@— 2 mr/n Fe2+
—4A— 3 mr/n Fe2+
0,8 A
—— 4 mr/n Fe2+
0,6 -
0,4 -
0,2
0 T T T T 1
0 1 2 3 4 5

Bpems, MuH

Puc. 2. luHamuka 4eCcTpyKkLumM aTpa3rHa B LEVOHM30BAHHOM BOAE CUMYIMPOBAHHbLIM CONTHEYHbLIM
nanyyeHvem B cucteme GpoTo-MeHToHa NPY PA3NINYHBIX MCXOAHBIX KOHLIEHTpaLmsx Fe?'; [Hy05]g = 6,8 mr/n.
MyHKTUPHbIE KPUBbIE COOTBETCTBYIOT TEMHOBbLIM 3KCENPUMEHTam
[Figure 2. Dynamics of atrazine destruction in deionized water under simulated solar light exposure
in photo-Fenton system at different initial Fe?* concentrations; [Hy05]g =6.8 mg/L.

Dashed lines correspond to dark experiments]

C/Cy —@— J[lenoHn30BaHHasa BoAa

1 1 —2A— lNpupoaHas Boja
! —<— BopgHas BbITSXKA U3 MaxOTHOW MoYBbI
0,8 - —HE— BopaHas BbITSXKA U3 LLESIMHHOM MOYBbl

Bpewms, MuH

Puc. 3. JyHamuka oecTpykummn atpasmnHa B NpUPOOHONM BOOE Y BOAHbIX MOYBEHHbIX BbITSXKaX
CUMYNNPOBAHHBLIM CONTHEYHbLIM U3NydeHnem B cucteme poto-PeHToHa; [H,0,], = 6,8 mr/n, [Fe2+]0 =4 wmr/n,
pH = 3,8. MMyHKTUpPHbIE KPUBbLIE COOTBETCTBYIOT TEMHOBBLIM 3KCNEPUMEHTaM
[Figure 3. Dynamics of atrazine destruction in natural water and aqueous soil extracts under simulated solar
light exposure in photo-Fenton system; [H,0,], = 6.8 mg/L, [Fez"]0 =4 mg/L, pH=3.8.

Dashed lines correspond to dark experiments]
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3aknioyeHue

B pesysibrate mpoBeaeHHOro UCClIeAOBaHMS YCTAHOBJIEHA BbICOKast 3G (EKTUBHOCTh
(80—90 %) comap-UHAYLIMPOBAHHOTO OKUCICHUS TepOMLIMIA aTpa3uHa B IIPUPOIHOMN
BOJIC Y BOIHBIX TOYBEHHBIX BBHITSIKKaX B cucTeMe oTo-PeHToHa. [TokazaHo, 4To cKO-
POCTB pa3JIOKEHMS aTpa3lHa B IOUBEHHBIX BBITSKKAX C MCITOJIb30BaHNEM KCEHOHOBOI
JIAMIIBI BBILIE, YeM B IPUPOIHOI Boie. BMecTe ¢ TeM 3HAYMMBIX pa3Iuuuvii B AUHAMU -
K€ IEeCTPYKILIMM aTpa3rHa B IPUPOTHOM BOJE W BOJHBIX TOYBEHHBIX BBITSIKKAX IO
BO3JIEICTBUEM €CTECTBEHHOIO COJTHEYHOIO CBETa HE BEISIBIIEHO, YTO, BO3MOXKHO, 00-
yCJIOBJIEHO OoJiee BEICOKUM ypoBHeM reHepaunu OH ¢ pagukaios rpu 6osiee BbICOKOM
nHTeHCUBHOCTY YD -13nyueHus CoaHIIa.
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Destruction of herbicide atrazine by solar radiation
in photo-Fenton system

C.M. Zagibalova, G.G. Matafonova, V.B. Batoev

Baikal Institute of Nature Management of SB RAS
6 Sakhyanovoy St., Ulan-Ude, 670047, Russian Federation

The efficiency of solar-induced destruction of herbicide atrazine in natural water and aqueous
extract from agrogenic and unbroken soil by using photo-Fenton system was studied in this work.
80—90 % atrazine was removed in all water matrices. Using xenon lamp as a solar simulator, the rate
of atrazine destruction was found to be higher in aqueous soil extracts than that observed in natural
water. However, no significant difference was found between the destruction dynamics in natural water
and soil extracts, exposed to natural solar light. This could be attributed to the higher hydroxyl radical
exposure under the higher UV irradiance of the Sun.

Keywords: atrazine, destruction, natural water, aqueous soil extract, photo-Fenton, solar radiation
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OueHKa XXN3HEHHOro COCTOSIHUS AAPEBECHbIX pacTeHUin
no UHAEKCY aCUMMETPUM JINCTbEB HA TePPUTOPUN KamMmnyca

P.X. MamamkaHoB

Poccuiicknii yHUBEPCUTET APYKOBI HAPOIOB
Poccuiickas Qedepayus, 113093, Mockea, Ilodoasvckoe wiocee, 0. 8, kopn. 5

B paboTe BriepBbIe MpeIIOXKeH METO/ OLIEHKH XKM3HEHHOTO COCTOSTHUS pACTeHUI ITO0 CyMMapHO-
MY MHIEKCY aCUMMETPUU JIMCThEB, BKIIOYAIOIIEMY U3MEPEHNE aCUMMETPUH JIUCTHEB MO CEMU MOP-
(bosormyecknM mapaMeTpam, a TakxKe IMPUBEACHBI Pe3yIbTaThl 3aMepoB 18 Mopdosornyeckmx ma-
paMeTpoB JIMCThEB y 5 BUIOB IpeBecHbIX pacteHuit Tilia cordata, Quercus robur L., Betula pendula,
Tilia platyphyllos, Castanea sativa, Tpou3pacTalolnX Ha TpeX MPOOHBIX TUIOLIAIKAX, Pa3MeIlIeHHbIX
BOJIM3U U 3a IIpeieJlaMu aBTOMOOWIbHBIX 10por JICHMHCKOTrO IpocIieKkTa 1 yiauiibl Mukiayxo-Makiasi,
OIIEHEHO BO3MOXHOE BIIMSIHHE 3TUX 00bEKTOB Ha MOPGhOIOTMUECKIE TTapaMeTPhl TUCThEB.

KunoueBbie ciioBa: OouHauKalysi, 0MOMOHUTOPUHT, MOP(OJIOTUYECKHE TTapaMeTPhl JIMCTHEB,
JKM3HEHHOE COCTOSTHUE PAaCTeHUI, MHAEKC aCUMMETPUU JIUCTLEB, APEBECHBIE PACTEHUSI, SKOJOTH -
YeCKUI MOHUTOPUHT, HETaTUBHOE BO3/IEHCTBHE, OKpYXKarollasi IpUPOIHas cpena

BBepeHue

B HacTosiiee BpeMs mpekpallieHue Impoliecca yTpaThl 0Mopa3HO00pa3us — oJHa U3
LIeJIeil YCTOMYMBOTIO pa3BUTHSI, pelllalolasicss Ha caMOM BBICOKOM ypoBHe. Tak, B IT0-
ciianuu TeHepanbHoro cekpetapss Opranuzanuu OobveauHeHHbIX Hauuii (OOH) no
cJTy4aro Tpa3aHoBaHM JIHS OMOJIOTMYeCKOTro pa3HOO0pa3nusd oTMeueHa HEOOXOIMMOCTh
COXpaHEeHUS OMopa3sHOOOpa3nsd 1 YMEHBIIICHUS TOJIN 00e3/IeCEeHHBIX 3eMeb B MHAY-
CTpUAJIBHO Pa3BUTBLIX Troponax U cTpaHax [1]. OmHako He Bceraa Takue 3aJauu sIBIIsI -
IOTCSI 1IeJIECO00pa3HBIMU, OCOOEHHO KOT1a 00beKThI OKPYKalollleli TPpUPOIHON cpeabl
HaXOMASITCS B YCJIOBUSIX MHTEHCUBHOTO aHTPOIIOTEHHOTO BO3IEHCTBUS 1 AeMorpadu-
yeckoro pocra [2].

C 1IeJTbI0 KOHTPOJIS ¥ OLIEHKH COCTOSTHUS PACTUTETLHOCTH B KPYITHBIX METATTOJINCAX
7 ypOaHM3MPOBAHHBIX IIEHTPaX pa3padOTaHbI CIiellnaabHbIe METOIBI OMOMHINKAIINH.
OIHUM 13 TAKKUX METOJIOB SIBJISIETCS METOJI OLICHKH XKM3HEHHOTO COCTOSTHUS paCTeHU
10 MHJIEKCY aCUMMETPUU JTUCTOBOM MIaCTUHKU [3—5].

O 1e1eco00pa3HOCTH U TIEPCIIEKTUBAX MPUMEHEHNS UHAEKCA JTUCTOBOM acCuMMeE-
TPUM TIPU OLICHKE COCTOSIHUSI OKPYKaloIlIeil cpeabl Ha ypOaHNU3MPOBAHHBIX TEPPUTO-
PHSIX BBICKA3bIBAJIMCh N3BECTHHBIC YUEHBIE M CIIELMAIMCTHL B 3T0i obyactu: M.C. Ti-

© Mamamxanos PX., 2018
@-@A This work is licensed under a Creative Commons Attribution 4.0 International License

GEOECOLOGY 335



MawmamxanoB P.X. Becmuux PYJ[H. Cepus: Dxonoeus u 6e30nacHocmby Jcu3HeO0esmeabHOCmU.
2018. T. 26. Ne 3. C. 335—345

asipos [6], FO.A. Ypmanues [7], B.M. 3axapos [8], J.b. I'enamBunu u ap. [9],
A. Palmer [10].

HyxHO OTMETUTBH, YTO MMEHHO MOKa3aTe/Ib (QIYKTYUPYIOLIEe aCUMMETPUH SIBJISI-
€TCsI TJTaBHOM XapaKTepUCTUKOM M3MEHEHMSI TOMeOCTa3a [0 BHEIITHUM ITpU3HaKaM [3].
DOayKTYyupyloias acuMMeTpus (ajee — aCUMMETPHS) — MOKa3bIBaeT HeHAIIpaBJIeH-
HbIE, WUIM CJTydaiiHble, N3MeHEeHMsI MOp(OJIOrMIeCKHX ITapaMeTpOB JIEBOI 1 ITPaBoii
CTOPOHBI JINCTA/9aCTU TeJIa y PACTEHUI WJIM XKMBOTHBIX [5].

HeobxommMmo mmoguepKHyTh, UTO pa3pabOTaHHBIE Ha CETOOHSIIIHUN JeHb NHICKCHI
acCMMMETPUH JIMCTHhEB BKIIIOYAIOT He 00JIee TpeX-YeThIpeX IToKa3aTesIeii 1 3a4acTyio He
B IIOJIHOM Mepe OTpaxkaloT COCTOSIHME PACTUTEIbHOTO MOKPOBA M KaU4€CTBO OKpPYXKalo-
et npupogHoii cpeant [10; 11].

PaspaboTtanHast HaM1 METOAMKA OLIEHKU JKU3HEHHOT'O COCTOSTHUS BKITIOUAET U3yUe-
Hue 18 Mopdoornuecknx napaMeTpoB JINCTHEB 1 BEIYMCICHIE CYMMapHOTro MHAeK ca
ACMMMETPHUHU 0 CEMH MOP(OIIOTMISCKUM ITapaMeTpaM. YUMThIBasl BEIIIIECKa3aHHOE,
HacTosIIIee UCCIeNOBaHMEe IPUOOPETAET JOTIOIHUTEIbHYIO aKTyaIbHOCTD 1 IIPaKTHU-
YECKYI0 3HAUMMOCTb.

Ieabio viccaenoBaHUs SIBJSIETCS OLICHKA XKU3HEHHOT'O COCTOSTHMST APEBECHBIX pac-
TEHUWI IO CyMMapHOMY MHIEKCY aCUMMETPUH JIMCThEB Ha TEppUTOpUN Kamityca Poc-
CUIACKOI0 yHMBepcuTeTa ApyKObl HapoaoB (PYIIH).

MaTtepuanbl u meToabl

HccnenoBanus npoBoauianck B Mae 2017 roga Ha Tepputopuu Kamiryca PY/IH.

Bri6op uccienyeMoii TeppuTOpUU 00YCIOBJIEH, BO-IIEPBBIX, HATUUYMEM JBYX aHTPO-
MOre€HHBIX 00bEKTOB — aBTOMOOMJIbHBIX JOPOT JIEeHMHCKOTO IMpocneKkTa U yaulibl Mu-
KIyxo-Makiiasi, TpoXOoAsIIUX B HETIOCPEICTBEHHOI OJIM30CTU OT peKpeallMOHHOTO
secomnapka «kOro-3amaaHblii», BO-BTOPBIX, PACTIOI0XKEHUEM COLIMATbHO-3HAYMMBbIX
00BEKTOB — YYEOHBIX KOPIYCOB M KopiycoB obiiexutuii PYJIH B6a131 aBTOMOOUIb-
HBIX JOPOT.

OT100p MUCTHhEB paCTEHUI IIPOUCXOAN Ha TEPPUTOPUHU TPEX MPOOHBIX IUIOIIAI0K
(CM. pUCYHOK).

ITpu BbIACIEHUM TPOOHBIX TUIOIIAIOK YYMTHIBAINU PACCTOSTHUE 10 aHTPOMOTEHHBIX
00BEKTOB — aBTOMOOMJIBHBIX 1OPOT JIECHMHCKOTO MpOCHeKTa U yaulibl Mukiyxo-Ma-
KJ1as1, reorpaueckoe MojJ0XeHNe Y4aCTKOB OITPOOOBaHMS , KTUMATUYECKE TapamMe-
TPHI HA MOMEHT IIPOBEACHNSI MCCIICAOBAaHMUI, TIOYBEHHBIC YCIOBUSL.

[lepBas mpoOHasI TUIONIAAKa PacIoI0oXeHa Ha TEPPUTOPHUHU JIECOIIAaPKOBOM 30HbI
kammyca PYJIH nHa paccrosauu uyth 6osee 300 M OT aBTOMOOMJILHOM JOPOTH YIAUIIBI
Muxiyxo-Makias u 700 M — ot JIeHuHCcKoro npocriekTa. Bropas mpo6Has mioma-
Ka HaXOJUTCS B HEITOCPEACTBEHHOM OJIM30CTU OT aBTOMOOWJIbHOM JOPOTH YJIMLIBI Mu-
KJyxo-MakJasi, TpeThbsl — BOM3Uu JIeHMHCKOro TnpocriekTa. Inomanb Kaxaoun 1mio-
manku — 100 2.

Heob6xonumMo momuyepKHYTh, UYTO BO BpeMsl IIPOBENCHMS UCCAEA0BaHUI Ha TeppU-
TOPHUHM TPEX IUIOIIAIO0K ObUIM OTMEUEHBI ITOBBIIIIEHHbBIE KOHLIEHTPALIMY 3arPSI3HSIOIIMX
BEIIECTB B aTMOC(EPHOM BO3AYyXe U IMTOBEPXHOCTHOM CJIO€ TTIOUYBBI, B TOM YUCJIE JJIsI
TaKMX MAaKPOKOMITOHEHTOB, Kak nuokcun yriepona (CO,) u azora (NO,).
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PucyHok. Mpo6Hble nnoLwankm Ha Tepputopun kamnyca PYOH (macwTtab 1 cm: 200 m):
——— [DaHVUA kamnyca; [l — npo6GHbie nnowanxm ans otéopa nucTbes
[Figure. Sample plots on the RUDN University campus (scale 1 cm: 200 m):

— campus boundary; [l — sampling sites (1,2,3)]

[Ipu onpeneneHUK BUIOB AePEeBbEB UCIIOIb30BAINCh OMPEACINTEIN PaCTCHUI
C.K. Yepenanona [12], FO.B. Perunna [13] m M. A. IybanoBa [14]. OT6op TMCTBEB ITPO-
Boamicst mo Mmetony A.C. boromo6osa [15], ¢ pa3HBIX CTOPOH cBeTa Ha BeicoTe 1,5—2 M.

C 1eN1bI0 COXpaHEHUS MO IepPeBbeB ¢ KaXKI0T0 AepeBa B3sut 1o 10 TMcTheB,
Bcero 6b110 cobpaHo 120 TUCThEB pacTEHUIA.

Mopdoaornueckue rmapamMeTphl (JIMHBI, ITUPUHBI) TUCTheB U3MEPSUIMCH IIPU T10-
MOIIM JIMHENKU. YTJIBI MEXIY XIIKAMU JJUCTheB — C TIOMOIIBIO TpaHCcTIopTUpa. Toi-
LIMHY JIUCTa — IIPY TOMOIIM MUKpoMeTpa. [1pu n3mepeHnu miomany KOHTYp JINCTa
00BOIMIM KapaHIAIlIOM Ha MUJIMMETPOBOI Oymare, 3aTeM BBIYMCIISLIN ILIOIIAAb B
cM?. Beero 6buU10 nccienoBaHo 18 MOpdoIornyecKnx mapamMeTpoBs: WINHA (CM), IIH-
puHa (CM), TOIIMHA (MKM), TUIOMAAb (M), IUTMHA TIepBOil XIJIKH cieBa (CM), UTHHA
BTOPOI >KUJIKY clieBa (CM), JUTMHA TIEPBOI XKWJIKU cripaBa (CM), IJIMHA BTOPO KUJTIKU
crpasa (CM), IUIMHA OT BEPIIMHBI JIMCTA IO KOHIIA YeTBEPTOM KUJIKU cJieBa (CM), IJI1-
Ha OT BEePIIMHBI JIUCTA J0 KOHIIA YeTBEPTOM XKIIKK CIIpaBa (CM), IJIHA JIEBOM MOJIO-
BUHBI JIMCTa OT BTOPOM XXUJIKM cjeBa (CM), JUTMHA JIEBOI MOJOBUHBI JINCTA OT BTOPOIt
JKUJIKM CITpaBa (CM), IIMPUHA JIEBOU MOJOBUHKHU JIMCTA (CM), IIMPUHA TTPaBOii MOJI0-
BUHKH JIMCTA (CM), PACCTOSIHUE MEXTY KOHIIAMU KUJIOK cJieBa (CM), paCCTOSTHUE MEX-
JIy KOHLIAMU >KMJIOK cripaBa (CM), YroJl MexX1y BTOpOI U TJIaBHOM XXUIKoi ciea (°),
YTOJI MEXIY BTOPOI 1 TJIABHOM KMJIKOM cripaBa (°).

WHpieke aciMMeTpUH JIUCTBEB (A5 ; 3. 7) ONPENETISIIN [0 CEMU MapamMeTpam: JUIMHA
HIepPBOM M BTOPO#A XKWUJIOK (A4S ;) COOTBETCTBEHHO, [UTMHA JIUCTA OT BEPXYIIKHU 10 KOHIIA
4YeTBEPTOM XKWIKU (ASs3), IJIMHA BTOPOI XWUIIKU (AS,), lLMpUHA 1ucTa (ASs), pacCTOsSIHUE
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MEXy KOHLIAMU TIEPBOI U BTOPOI >KWIJIOK (ASg), YTOJl MEXy BTOPOii U INIABHOM XKWJI-
Kamu (A4s;) (1).

(x—y) (1)

A51,2,3...7 = (x+y)’

IJie X — MCCIelyeMblii I0Ka3aTeb CJIeBa; y — UCC/IeAyeMblii I0Ka3aTesb ClpaBsa.

Yewm Oobliie MHASKC aCUMMETPUU OTJIMYAJICS OT HYJIsI, TeM 00Jibllle Obljla aCUMMe-
TPUSI JIEBOM M IIPABOM CTOPOHBI JIUCTA.

[To moslydeHHBIM JaHHBIM BBIYUCIAIN CpeJHee apuPMeETUYECKOe 3HAYEHNE
(AS¢p1 2,3..7) ISt KAKIOTO MOKA3aTesl.

CyMMapHbIii NTHIEKC ACUMMETPUH (AS, ) A1 KAXKI0T0 BUIA paCTEHUs Ha KaxXI0i
IUIOUIaKe ONpeesIsin 1o ¢popmyiie (2).

2 A51,2,3...7
A = S22 @

roe N — ob1iee YucJio mokasaTesaeii acCuMMEeTPHUM.

Heob6xonumMo oTMETUTb, 4TO METOJL OLIEHKH >KU3HEHHOTO COCTOSIHUS PACTEHMIA 11O
CyMMapHOMY MHIIEKCY aCUMMETPUU JIMCThEB, BKJIIOYAIOLLEMY CEMb MOP(HOIOTUYECKUX
MapaMeTpoB, HAMU pa3pabOTaH BIEPBbIE, IPU 3TOM 32 OCHOBY IPUHUMAaIIN OaJUIbHYIO
LIKaJIy OLIEHKU XKU3HEHHOTO COCTOSIHUS 110 (PIIYKTYyHPYIOLLel aCUMMETPUM, Pa3pado-
tannyo [1.A. KpuBonyukum [12].

KusHeHHOE COCTOSHUE 110 CYMMapHOMY MHIEKCY aCUMMETPUM OLICHUBAJIU B OasI-
nax ot 1 no 3. Tak, npu As,,; o1 0,01 10 0,029 cocTossHME pacTeHMIT OLIEHMBATIOCH KAK
«xopotuee» (1 6ar); mpu As,,; ot 0,030 10 0,049 — Kak «yn0BIETBOPUTEILHOE» (2 OasI-
na), npu Asy,; = 0,05 — kak «kputuueckoe» (3 6ayuia).

JIs1 IpOBEPKU HYJIEBO TMIIOTE3bI PACIIPENEJICHUS] CYMMAPHOTO MHIEKCA ACUMMe-
TPUM Ha TpeX NPOOHBIX ILIOIIAAKaX ucnob3oBanu X-kputepuit b.JI. BaH nep BapaeHa
[13].

Pe3ynbraTbl

Pesynbrarbl n3aMepeHuss MOP(OIOrMYeCKUX ITapaMeTPOB JIMCThEB paCTEHUI TTpe -
CTaBJIEHBI B Ta0JI. 1.

W3 1abu. 1 BUgHO, YT0 MOpdoIOTHUECKHE ITapaMeTPhl JIECBOM U ITPaBOil CTOPOH JIM -
CTBEB Y PACTEHMII Ha TpeX MPOOHBIX IUIOMIAAKAX OTIMYAIOTCS APYT OT Ipyra 1 IMOCTO-
STHHO M3MeHSI0TCsL. O 3TOT CBUIETEILCTBYIOT 3HAUCHNUS IUCTIEPCHH (6°) M CTAHIAPT-
HOTO OTKJIOHEHUS (0), KOTOPBIE Ha BCEeX TPeX INIOIIaaKaXx ISt KasKI0To BUAa pacTeHUS
OTJIMYAJIMCh ¥ MTPAKTUYECKH Beerma ObUTH OOJIbLIIE HYJISS. DTO MOKHO OOBSICHUTD, BO-
MEPBBIX, 0COOEHHOCTIMU MOPGOJOrMUECKOr0 CTPOSHUS KaXK/I0i OTACIbHO B3SITOM
ocobu (B IpUpoJe HEBO3MOXKHO BCTPETUThH JIBa aOCOIIOTHO OJMHAKOBBIX IT0 MOpdhO-
JIOTUIECKUM ITapaMeTpaM KUBBIX OpraHU3Ma), BO-BTOPHIX, BO3AEHCTBUEM Ha OKpYyXKa-
FOIITYIO TPUPOIHYIO Cpely KaMITyca aHTPOITOTEHHBIX 00BEKTOB — aBTOMOOMIBHEIX JIO-
pOT, MPOXOASAIINX B HETTOCPEICTBEHHOI OJIM30CTH OT KaMITyca.
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B cBo0 04Yepenb, MUHMMAJIbHbBIC 3HAYCHMST JUCIIEPCUM Y CTAHAAPTHOTO OTKJIOHEHMST
(6> =0; 6 = 0) 6bUIH OTMEUeHBHI y JUCcTbeB Quercus robur L. Ha IepBoii IIPOGHOI TUIO-
LIagKe Mo MoKa3aTe/IsaM: TOJIIMHA JUCTA, JJIMHA IIEPBOM U BTOPOI XKUJIOK cjieBa U
CIIpaBa, JUIMHA JICBOM ITOJIOBUHBI JIMCTA OT BTOPOI JKUJIKU CJIeBa U pACCTOSTHUE MEXITY
KOHIIAaMM XMJIOK cIipaBa. Takxke y JIMCTheB KalllTaHa moceBHoro Castanea sativa Ha
TPETheil MPOOHOI TIOIIAAKE 0 TToKa3aTeIsIM: TOJIIIMHA, JJIMHA BTOPOI KUJIKY CJeBa,
paccTosiHue MeXTy KOHLIAMU KUJIOK cJieBa U cripaBa. TakuM 00pa3oM, MOKHO CKa3aTh,
YTO MepeUYrCcIeHHBIe MOP(OIOTUIECKIE ITapaMETPhl IPAKTUISCKU HE U3MEHSIOTCS 1
MEHEee YYBCTBUTEJIbHBI K U3BMEHEHUIO OKPYKAIOLLIEH MPUPOIHON Cpebl KaAMITyca.

Pe3ynbrarel BHIYMCICHNS UHAEKCA aCUMMETPUHM JIUCThEB 110 ceMU MopdoJiornye-
CKMM IMapaMeTpaM, a Tak:Ke CyMMapHOTro MHAeKCa aCUMMETPUHU /11 KaXI0ro BUIa

pacTeHus TIpeaCcTaBIeHbI B Ta0I. 2.
Tabnuuya 2/Table 2

UHpekcbl acuMMeTpun NNCTbEeB APeBeCHbIX pacTeHnih Ha TeppuTopumn Kamnyca PYAOH
[The fluctuating asymmetry indexes of trees species in the RUDN University campus]

OueHKa XN3HEHHOrO
Bup [Species] | ASgyt | ASep2 | AScps | AScpa | AScps | AScps | AScp7 | AStotal ([:S?;Z:::S(gzﬂt;z
the tree species (points)]
lNepBasi npobHasi nioLyaaka [First site]
Tilia cordata 0,01 | 0,03 | 0,01 | 0,01 | 0,01 | 0,00 | 0,05 | 0,01 1
Quercusroburl. | 0,07 | 0,02 | 0,01 | 0,00 | 0,02 | 0,13 | 0,08 | 0,02 1
Betula pendula 0,06 | 0,00 | 0,02 | 0,04 | 0,04 | 0,02 | 0,07 | 0,03 2
QuercusroburL. | 0,09 | 0,08 | 0,00 | 0,06 | 0,00 | 0,03 | 0,15 | 0,04 2
BTtopas npo6Has ruiowanka [Second site]
Tilia platyphyllos | 0,02 | 0,18 | 0,01 | 0,01 | 0,52 | 0,95 | 0,04 | 0,04 2
Tilia cordata 0,00 | 0,12 | 0,08 | 0,11 | 0,49 | 0,04 | 0,07 | 0,05 3
TpeTbs npobHas naowasaka [Third site]
Tilia cordata 0,04 | 0,04 | 0,00 | 0,02 | 0,00 | 0,02 | 0,04 | 0,02 1
Tilia cordata 0,01 | 0,02 | 0,00 | 0,00 | 0,01 | 0,20 | 0,02 | 0,08 2
Tilia cordata 0,03 | 0,01 | 0,01 | 0,01 | 0,03 | 0,02 | 0,07 | 0,03 2
Tilia cordata 0,02 | 0,02 | 0,00 | 0,01 | 0,06 | 0,10 | 0,28 | 0,01 1
Castanea sativa | 0,07 | 0,07 | 0,00 | 0,05 | 0,03 | 0,07 | 0,01 | 0,01 1

W3 Tabi1. 2 BUIHO, YTO Y BCeX BUIOB PACTCHUI HA TPeX MPOOHBIX TUIOMIAIKAX BhI-
YUCIEHHbIA MHAEKC ACUMMETPHUHM OOIbIIE HYJISA (AS), 3 7 > 0; ASy > 0). Makcumaib-
HbIC 3HAYCHUSI ACUMMETPUH (A, 5 ¢ 7= 0,04), a Takke CyMMapHbIN HHIEKC aCUMMETPUM
OBLTM OTMEYEHBI Ha BTOPOI1 TIpoOHO Tiowmanke y pacrenuii Tilia platyphyllos w Tilia
cordata (Asy, = 0,04 1 As, 1, = 0,05 COOTBETCTBEHHO).

MaxkcuManbHbIe 3HAUCHUSI MHIEKCa aCMMMETPUH JINCTHEB ITOIYIEHBI IIPU U3Mepe-
HUMU JUTMHBI BTOPOM XWIKU (AS,), INUPUHBI IUCTA (AS5), pACCTOSIHUS MEXIY KOHLIAMU
MEPBOIi ¥ BTOPO XXNJIOK (AS4), yIi1a MKy BTOPOIA U INIaBHOM XXuUiIKaMu (As,). Cieno-
BaTeJIbHO, MOXHO CKa3aThb, YTO TaKue IoKa3aTeI Haubojee TOUHO OTPaKaroT U3Me-
HEHUS JIEBOI 1 IIPABOM CTOPOH JIUCTA Y UCCIIEAYEMBIX PACTEHUI, U UX MOXXHO CUUTATh
WHAWKATOPaMM IPU UCCIIEIOBAaHUM aCUMMETPUM JINCTHEB APEBECHBIX PACTEHMIA.

V pacTeHuii, mpou3pacTallIX Ha BTOpoi MpoOHOoM rtoiaake (Tad. 2), SKM3HeH-
HOE COCTOSIHKE IT0 CYMMapHOMY MHICKCY aCMMMETPHUH JIUCThEB OLICHUBAETCS KaK «YIOB-
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JIETBOPUTENIbHOE» (2 0ajia) U «<kputrudeckoe» (3 6auta). Takoe XKu3HEHHOE COCTOSTHUE
MOXHO OOBSICHUTBH T€M, UTO BTOpasl IIpoOHasI MIOIIAaKa paclIoJoXeHa B OMHOM U3
CaMbIX YSI3BUMBIX C TOUKU 3pEHUS aHTPOIIOTEHHOTO BO3IEMCTBUS MECTE, BOJIM3H aBTO-
MOOMIBHBIX JOpoT JIECHMHCKOTro IMpocneKTa 1 yauilsl Mukinyxo-Makas.

Xopolilee XXM3HEHHOE COCTOSIHME OTMEUEHO Ha IIepBOii MPOOHOM MIolaake y pac-
tenuii Tilia cordata, Quercus robur L., Ha TpeTbeli mpoOHOI miowanake y 7Tilia cordata
u Castanea sativa. 3Ha4WT, JaHHbIC BUJbI PACTEHU MOXHO CUYMTATh Haubosiee yCToii-
YUBBIMHU K BO3IEHCTBUIO aHTPOIIOTEHHBIX 00BEKTOB — aBTOMOOMJIBHBIX TOpor JICHMH-
CKOTI0 mpocIieKTa U yiaulbl Mukiyxo-Makias.

HeobxonnmMo oTMETUTD, YTO MPU CPaBHEHUU pacIipeAe/IeHUs CYMMapHOTo MHIEK -
Cca aCUMMETPHUHM Ha TpeX IMPOOHBIX IUIOIIAaKaxX Mo X-KpUTepulo BaH aep BapneHna ycra-
HOBJICHO cJieyioliee: pacrpeaejeHrue CyMMapHOTro MHIEKCa aCMMMETPUM Ha TIEpBOi
1 BTOPOI MPOOHBIX ITOIIAIKAX OKA3aI0Ch CTATUCTUYECKU HEOCTOBEPHBIM Uy, = 0,06 <
< Uy = 2,30 npu ypoBHe 3HaUUMOCTHU p = 95 %, Ha BTOPO# U TPeTbeil TUIOIIALKAX —
HenocToBepHbIM 1pu Uy = 1,150 < Uy = 2,30 u ypoBHe 3HaunMocT p = 95 %.

Tak Kak HyJIeBY10 runotesy (H,) OTBEprHyTb HEJIb351, BCE TUIOLIAKU SIBJISIOTCS OIU-
HAKOBBIMU C TOUKM 3pEHUS pacIpeaeseHUs CyYMMapHOTO MHIEKCa aCUMMETPUU.

TakyuM 00pa3oM, MOKHO TMPEATOJOXUTh, YTO BCE pacTeHHsI, TPOU3pacTaoline Ha
TpeX MPOOHBIX IJIOIAAKAX, HAXOISATCS B 30HE aHTPOTIOTEHHOTO BO3/IEHCTBUSI — aBTO-
MOOWJIBHBIX TOpor JIeCHMHCKOTO IPpOCIeKTa 1 YNl MUKITyXo-MakJjiass — 1 UCIIBI-
THIBAIOT HETAaTUBHOE BO3ICHICTBHE, KOTOPOE IIPOSIBIISIETCSI B MUBMEHEHUN MOP(OIOTH -
YeCKUX MapaMeTpPOB 1 MHAEKCAa aCUMMETPUHM Y JTUCThEB IPEBECHBIX PACTEHUIA.

BbiBOAbI

YuuTthsiBasl BeIIIECKa3aHHOE, a TAKKe TOT (baKT, UTO BO BpeMsI IIPOBEACHMS MCCIe-
JIOBaHUIi HA TEPPUTOPUH BCeX MPOOHBIX IJIOIAJ0K OTMEUEHBI TTOBBIIIIEHHbIE KOHIICH -
TpaLMU 3arpsI3HSIONIMX BEILIECTB, B TOM YMCJIe TAKMX MAKPOKOMITOHEHTOB, KaK JUOK-
cup yraepoaa (CO,) u azora (NO,), MOXHO caesiaTh BbIBOZ O TOM, YTO:

— Mopd0I0TUUECKIE TapaMeTPhl TUCThEB IPEBECHBIX PACTEHMIA Ha TPeX IPOOHBIX
IUTOLIAAKAX OTIMYAIOTCS IPYT OT APYyra U MOCTOSTHHO M3MeHsttoTes (o2 1 ¢ > 0), 3a vic-
KJIIoueHueM pacteHuit Quercus robur L. Ha niepBoii mpoOHoit miowanke u Castanea
sativa — Ha TPETbe Npu 6”11 6 = 0 COOTBETCTBEHHO;

— Y BCeX BUIIOB PACTCHUI Ha TPeX MPOOHBIX IUIONIAAKaX BEIYMCICHHBINM MHISKC
acMMMeTpUH OOJbILe HYTIS (A4S}, 3. 7> 05 ASioy > 0). MakcuMabHbIe 3HAYCHUST aCUM-
MeTpuu (As, 5 ¢ 7 > 0,04), a Takxe CyMMapHbIil MHICKC aCUMMETPUU ObLITA OTMEYCHBI
Ha BTOpO¥ NpoOHoi rowanxke y pacreuuit Tilia platyphyllos v Tilia cordata (Asy, =
= 0,04 u As,,,; = 0,05 COOTBETCTBEHHO);

— cpeau mokasaTesieil aCUMMETPUU, Haubosee TOUHO OTpakarollnuX U3MEHEHNE
JIEBOIA U MPaBOii CTOPOH JIMCTHEB PACTEHU I, MOXKHO BBIICIUTD: IJIUHY BTOPOI XKUJIKU
(A4s,), upuHy aucta (Ass), pacCTOsIHUE MEXIY KOHLIAMU MEPBOM U BTOPOI XKUITOK
(Asg), yrost Mex 1y BTOPOii ¥ INIaBHOM XUJIKaMH (AS;), 3HaYEHHS KOTOPBIX ObLIN 00JIb-
ure 0,039;

— XKM3HEHHOE COCTOSIHHUE pacTeHU, TPOU3pacTalollnX Ha BTOPOii MPOOHOM T110-
1IaaKe, 1o CyMMapHOMY MHAEKCY aCUMMETPHUU JIMCTHEB OLIEHUBAETCSI KaK «yIOBJIET-
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BOpUTEJIbHOE» (2 0asuia) U «<KpuTUIecKoe» (3 6asia), Tak Kak MUMEHHO BTOpasi TpoOHast
TJI0IIa/IKa PACTIONIOXKEHA B OTHOM M3 CaMbIX YSI3BUMbIX C TOYKU 3pEHUST aHTPOITOTeH-
HOTO BO3JIEUCTBUS MeCT — BOJIM3U aBTOMOOMJIBHBIX J0pOT JICHMHCKOTO MpOCIeKTa 1
ynuibsl Mukinyxo-Makiias;

— XUW3HEHHOoe cocTosiHue pacteHuit Tilia cordata, Quercus robur L. Ha TiepBoOii Tpo0-
Holi riomaake u pacrenuii 7Tilia cordata v Castanea sativa — Ha TpeTbel XapaKTepu-
30BajJioCh KakK «xopoliee». CienoBaTebHO, JaHHbIE BUIbI pPACTEHU MOXHO CUUTATh
Haun0oJIee YCTOMYMBBIMU K YCIIOBUSIM ITOCTOSTHHOTO BO3AEHCTBUSI aHTPOIIOTEHHBIX 00b-
€KTOB — aBTOMOOWJIbHBIX JOpOor JIECHMHCKOro npocnekTa v yaulbl Mukinyxo-MakJiasi.

C 1L1e/1bI0 OLIEHKM BIMSIHUS YKa3aHHBIX aHTPOIIOT€HHBIX 0ObEKTOB Ha pacTCHUS,
npouspacraroliye Ha Tepputopuu Kamiyca PY/IH, B OyayiiemM HeoOX0auMO Mpoa0JI-
JKUTh MUCCJIEI0BaHMUs B JaHHOM HAMpaBJIeHUM U CPABHUTH UMEIOIIMECS Pe3yIbTaThl C
JMaHHBIMU, TOJIyYeHHBIMU Ha OTHOCUTEIBHO YHUCTBIX, TO €CTh PACIIOJIOKEHHBIX BIAJIN
OT aHTPOITOTeHHBIX O0BEKTOB, TEPPUTOPHUSIX (Camax 1 MmapKax).

MpakTuyeckne pekomeHzauumn

Ha ocHOBaHUM TTOJTyYeHHBIX JaHHBIX 00 OLIEHKE XKN3HEHHOT'O COCTOSIHUS IEPEBLEB
HE0OXOAMMO COCTaBUTh ACCOPTUMEHT PAaCTeHUI, BKIIFOYAIOLINI Han0oJIee YCTOMYMBEIE
K aHTPOIIOIT€HHOMY BO3IEHCTBUIO BUBI pACTCHUN U 301 (UKATOPOB, CLIOCOOHBIX MO~
JepKuBaTh (DYHKIIMOHMPOBaHUE €CTeCTBEHHOI 3KOCUCTEMbI KaMITyca.
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Plant life assessment by the total fluctuating asymmetry index
in the RUDN University campus

R.Kh. Mamadzhanov

Peoples’ Friendship University of Russia (RUDN University)
8 Podolskoye Shosse, bldg. 5, Moscow, 113093, Russian Federation

The article proposes a new method of plant life assessment by the total fluctuating asymmetry index
that includes seven asymmetry parameters of leaves growing in three experimental areas near the
Leninsky Prospekt and Miklukho-Maklaya highways. The data on 18 morphological parameters of
leaves of the tree species growing in these experimental areas has been presented. The potential impact
of the Leninsky Prospekt and Miklukho-Malkaya highways on the morphological parameters of leaves
has been estimated.

Keywords: bioindication, biomonitoring, morphological parameters of leaves, plant life assessment,
fluctuating asymmetry index of leaves, tree species, environmental monitoring, anthropogenic impact,
environment
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leoakonornyeckue acnekrbl
rpa>xxgaHCcKoro CctpourtesibCtBa Ha neckax

T./. ABepkuHa

MockoBcKMit TOCyIapCcTBEHHBINM yHUBepcuTeT nMeH M. B. JlomonocoBa
Poccuiickas Qedepayus, 119991, Mockea, Jlenurckue eopol, 1

IpaxkmaHCKOe CTPOUTETBCTBO YACTO OCYIIECTBIISIETCS HA TIeCKaX, KOTOPbIE IIMPOKO pacipo-cTpa-
HEHbI B BEpXHEI YaCTU reoJIOTMYECKOro pa3pesa. DTU IpyHTbI 0OBIYHO CJIY>KAT HaJIeXXHbIM OCHOBA-
HUEM MHXEHEPHBIX COOPYXEHMI, HO TIPU OTIPEICICHHBIX YCIOBUSIX MOTYT BbI3bIBaTh CEPhE3HbIE
OCJIOXXKHEHMSI U Jaxe co3laBaTh yrpo3y 0€30MacHOCTU KM3HEAeSTeIbHOCTU. AHAIU3 U 0000I1eH1e
CYIIECTBYIOIIETO OIBITa CTPOUTEILCTBA TTO3BOJISIET BBIICIUTD TPY TPYIIITHI TPOOJIeM, KOTOPhIe He-
00X0IMMO CBO€BPEMEHHO BBISIBJISITh U YCTPaHSITh. boJibiiie Bcero mpobiem CBSI3aHO C BOMOHOCHBIMU
rneckamu. BogonpuToku, MpopbiBbl HAIIOPHBIX BOJ U TIJILIBYHOB — OYE€Hb PacIpOCTPaHEHHBIE SIB-
JIEHWS1, 3aTPYAHSIOINE TPOXOJKY CTPOUTEIbHBIX KOTIOBAHOB U YCTPOMCTBO MOA3EMHBIX COOPYKEHUIA.
JI71s1 321U THI OT TTOA3eMHBIX BOJ YACTO MPUMEHSIOT BOIOTIOHMXKEHHUE, KOTOPOE B YCJIIOBUSX TUIOTHOM
TOPOICKOM 3aCTPOKM MOXKET HAPYIITUTh YCTOMYMBOCTb OKPYKAIOIINX 3MaHuii. Bropas rpyria rmpo-
6s1eM cBsI3aHa ¢ mpoieccoM cyddosun. Hanbosee ormacHbIM €ro MposiBIICHUEM SIBIISTIOTCS cyddo-
3MOHHbIE TTPOBAJIbI, MPUBOAALINE K ABAPUITHBIM CUTYALIUSIM, @ MHOTAA U K pa3pyIIEHUIO COOPYKEHUIA.
Tpetsbs rpymnmna mpobiaeM o0ycaoBIeHa cieurupruIecKoil peakiimeil IeCKoOB Ha IMHAMUYECKIEe BO3-
NIECTBUS, B YaCTHOCTH Pa3XMKEHUEM BOIOHACHIIIIEHHBIX ITecuyaHbIX TPYHTOB. [TocnencTBus Takoit
peakiLMu MOTYT ObITh OYEHb CEPbE3HBIMU: TTOIPYKEHUE COOPYXKEHHUSI B TPYHT, BBITIOP CBail MU MO-
CTOBBIX OIOP, BCIUIBITUE MOI3EMHBIX eMKOCTE1, BLITIOP Pa3kKUKEeHHbIX TPYHTOB U3-TI01 DyHIaMeH-
Ta BIUIOTh 10 00pa30BaHUs KpeHa UM OMPOKUIBIBAHUST COOPYKEHMSI.

KiroueBble clioBa: rpak1aHCKOE CTPOUTENLCTBO, MIECKM, BOJOHOCHBIE MeCKU, cy(doaus, pa3-
JKIDKEHUE TIECKOB, MHXKEHepHast 3alluTa

BeepeHune

B rpaxxmaHCcKOM CTpOUTENBCTBE MOCIEIHUX JIET MOKHO OTMETUTD HECKOJIBKO OOIIINX
TeHaeHIui. [1pexne Bcero, HabM0aeTCs yBEIMUYEHME 9TaXKHOCTH HAI3EMHBIX U MO -
3eMHBIX YacTell 30aHUIi, TO €CTh TOPOJA «PACTYT BBEPX ¥ BHMU3». [IIMPOKO UCITIOIb3Y-
I0TCSI pa3IMYHbIC BUIBI CBAaiHBIX (DYHIAMEHTOB, a TAKXKE METO/IbI YIyUILIEHUSI CBOMICTB
1 UCKYCCTBEHHOTO 3aKpeIieHus: TpyHTOB. M3-3a orpaHMYe€HHOCTH CBOOOIHOTIO IPO-
CTpaHCTBa B TOPOJaX MHOTHE HOBBIE OOBEKTHI IIPUXOIUTCS BOZBOIUTD B YCIOBUSIX IJIOT-
HOM 3aCTPONKHM, 2 TO MOXKET MPUUUHUTD BPel OKPYKalolInM coopyxeHusim. C apyroi
CTOPOHBI, MO HOBOCTPOWKY CTaJIM OTBOJWUTD 3€MJIN, paHEe CUUTABIIIMECS HEYTOOHbI-
MU WU JaxKe HeIIPUTOTHBIMM IIJISI CTPOUTENBCTBA — ITOMMBI PeK, CKJIOHBI, ITOApado-
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TaHHbIE TEPPUTOPUU U T.A. B TaKMX yCA0BUSIX TpeOYIOTCS crieLiMaabHast JOPOroCTOS LA
npeaBapuTesibHasl MOAr0TOBKA CTPOUTEIbHBIX IIJIOIIAA0K M MEPOIPUSITUS 110 UHXKE-
HEpHOM 3a11uTe 0ObEKTOB.

Ha HauGonee oCBO€HHBIX paBHUHHBIX TEPPUTOPHUSIX IPAXKIAHCKOE CTPOUTEILCTBO
0YEHb YaCTO OCYIIECTBIISIETCS Ha TeckaX. OHU IMIMPOKO paclpOCTPaHEHbI B BEpXHEH
YaCTU T€0JIOTUYECKOT0 pa3pe3a v B OOJIBITMHCTBE CTyYaeB BBICTYITAIOT KaK TOCTaTOYHO
HaJeKHble OCHOBAaHUSI MHXEHEPHBIX coopykeHni. OnHaKo naxe Takue IPYHTHI pu
OIpPEeNeJCHHBIX YCIOBUSIX MOTYT CO3[1aBaTh CEPbE3HbIC IMTPOOJIEMbI U OCIOKHEHUS, KO-
TOpbIE HEOOXOAMMO 3HATh M YIUTHIBATh A1 00eCIIeUYeHUsI pallMOHAIBHOTO IIPUPOH0-
MOJIb30BAHUSI.

I'Ip06neMb|, CBfi3aHHble C BOOOHOCHbLIMU NecKamMu

CamMble pacipocTpaHEHHbIE SIBJIEHUS, CBSI3aHHbBIE C BOMOHOCHBIMU TTeCKaMU, — BO-
JIOIIPUTOKH, IIPOPHIBBI HAIIOPHBIX BOJ U ILUIBIBYHOB, KOTOPHIE 3aTPYIHSIIOT IIPOXOIKY
KOTJIOBAHOB U CTPOUTEIBCTBO MOJA3EMHBIX COOPYKeHUM. JIJTsI 3a1IUThI OT MOA3EMHBIX
BOJ IIPUMEHSIIOT BOIOIIOHIKEHIE, YCTPONCTBO IMIPOTUBOMDUIBTPAIIMOHHBIX 3aBEC WIIN
KOMOMHAIIMIO 3TUX METOHOB.

Boodononumcenue ocylmecTBIsSIETCS C TOMOIIBIO OTKPBITOTO BOJIOOTIMBA WJIU TTyOUH-
HOT'0 BOJIOIIOHWKEeHUS. B yCc/IOBUSIX MIOTHOM TOPOACKOM 3aCTPOMKU 00E3BOXKBAHNE
MAacCHUBOB He BCeTAa yAaeTcs MPoBeCcTH 0e3 yiepoda s OJau3aekalnx 301aHUi U co-
opyxeHuii. Tak, B Mockse B 1930-e ronpl Impu CTPOUTEIbCTBE TIEPBBIX JIMHUN METPO
TYHHEJIY ITPOXOIWIA OTKPBITHIM CITOCOOOM 1O/ 3aIIUTOMN 3aKOHTYPHOTO IpeHaxa, 1 3TO
B psJie ClTydyaeB HETaTUBHO CKa3aJ0Ch Ha OKpyXarllei 3acTtpoiike. Hampumep, B no-
JHe p. HernmmuHky ocyliieHre TOMIIM a/TIOBUAIbHBIX ITIECKOB BbI3BAJIO UX YILJIOTHEHUE,
COIPOBOXABIIIEECS HEPABHOMEPHOI OCaIKON U MOBPEXICHUEM HEKOTOPBIX 3MaHUI
MCTOPUUYECKOTO IIeHTpa, B ToM ynciie bonbmoro n Mamoro teatpos. ledopmarins mo-
clieAHero ObL1a CTOJIb CYIIECTBEHHA, YTO JaXe MOJAHUMAJICS BOIIPOC O €ro CHOCeE.

B 1980-¢ romsl, Korma B IIEHTPE CTOJIMIIBI BEIX PaOOTHI IO CTPOUTEIBCTBY CTAHIINU
MeTpo «bopoBuIIKasi», 3TOT HEraTUBHBIH OIIBIT IBITAIUCH YU4€CTh, U IIPOXOAKY HAKJIOH-
HOTO 3CKAJIATOPHOTO TYHHEJSI OCYLIECTBIISUIU MO 3alIUTON 3aMopaxxuBaHust. OTHAKO
9TO JIMIIb YaCTUYHO 00JIerdmiio cutyaunio. KpoMe TyHHeIsI ObLI BBIPHIT KOTJIOBaH IJTy-
O6uHoit 10 M 111 HA3eMHOTO MaBWJIbOHA, COOPYKAJIMCh HOBBII Ha3eMHbBIN BECTUOIOIb
craHUuu «bubanoreka umeHu JIeHuHa» U MOA3eMHBbIN TIepexo OT cTaHLuu «bopo-
BMIIKas» K CTAaHILIMU «ApOaTcKasi», co3laBajlach CUCTEMa TPaHIleH 11l TOABOIKU CeTeil
U KOMMYHUKaLUWi. B pesyabrare npoBeaeHUs 3TUX MACIITAOHBIX MEPONPUITUIA 13-
OexaTh nechopMaliy CYIIECTBYIOIIMX COOPYKEHUI HE YIalI0Ch.

CrpoutenbHbie paboThl HOTPEOOBAIN OTKAUYKHM MOA3EMHBIX BOJA U3 UeTBEPTUUYHOTO,
PaTMHPOBCKOTO 1 IEPXYPOBCKOIO BOTOHOCHBIX TOPU30HTOB, JIJI 4eT0 OBbLIN ITPo0ype-
HbI 36 BO103a00pHBIX CKBaXKUH. CyMMapHBIi 00beM BOJIbI, OTOOPAHHOI U3 paTMUPOB-
CKOTO ropu30HTa ¢ (heBpastst 1982 1o moHb 1985 I, cocTaBmi 5,6 MITH M°, 13 IEpXypoOB-
cKoro — 3,0 MJIH M°, U3 4eTBePTUUYHBIX OTIOKeHHi — 7,1 MitH M>. OTKauka BOIbI IIPO-
noJekaiach 1o anpeiisg 1986 1 [1]. [TpoBeaeHHBIE pabOTHI CITPOBOLIMPOBATINA OCAIKY
MMOBEPXHOCTU 1 AepopMaIINIO TOUTH BeeX 3maHnit [ocymapcTBeHHOM OMOIMOTeK NMe-
Hu B.N. Jlenuna (I'BJI) u ucropuyeckoii 3acTpoiiku B pailoHe yaullbl BoJixoHKH
(puc. 1). [losIBUIMCH TPEIIMHBI B HECYIIIUX KOHCTPYKIIMSX ITUPUHOMN OT HECKOIBKUX
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MWIJTMMETPOB 10 HECKOJIbKUX CAHTUMETPOB, HAOJII0JaTUCh OTKOJIbI 0eTOHA KOHCOJIeH
1 KOHIIOB 0aI0K, IIepeKOCHl OKOHHBIX IIEPEIUIETOB, PACTPECKMBAHNE W BhIIIaJCHNIE
crekoJ. OCOOGEHHO CUILHO MOCTPanaio KHUTOXPaHWINIIE, 3TaH1e TUIOTpaduu Ipy-
LIJTOCH B34Th B Kapkac. [TorpedoBaoch mpoBecT 00JIbII0NH 00beM PEMOHTHBIX 1 BOC-

CTaHOBUTECJIbHBIX pa60T.
2 -60 -45
S
- [
-

=15

Puc. 1. Kapta cymmapHoi ocapgku penepos (MM) Ha Tepputopun 'BJ1 B dpespane 1982 — mione 1986 rr. [1]:
LIMpUHa 30HbI 0cafok — 190 M; MakcmMarnbHasi BeiMyinHa ocaikm penepoB — 122 mwm;
MakcumasbHas ckopoctb — 11 Mm/Mec; T — Jom Mawkosa; 2 — ceBepHbli pnavrens Joma MNawkosa;

3 — kopnyc 'BJ1; 4 — 3paHuve Tunorpadumn; 5 — kopnyc 'BJ1; 6 — Xpam ceatutens Hukonas Mnpamkminckoro
[Figure 1. A map of the total subsidence of reference marks (mm) on the territory of GBL
in February 1982 — July 1986 [1]:
wideness of the subsidence zone — 190 m; maximum of the subsidence of reference marks — 122 mm,;
maximum speed is 11 mm/month; 7 — the Pashkov House; 2 — north wing of the Pashkov House;

3 — campus building of the Lenin State Library; 4 — building of the printing-office;

5 — campus building of the Lenin State Library; 6 — Church of St. Nicholas]

s 31U ThI IyOOKMX KOTJIOBAHOB M ITOA3EMHBIX COOPYKEHUIA OT BOJAOIIPUTOKOB
BMECTO TJIyOMHHOI'O BOJOOTJ/IMBA JOBOJIBHO IITMPOKO MCIIOJIB3YIOT YK€ YIIOMUHASMBbII
METOJI UCKYCCMEEeHH020 3amopadicusanus epynmog. OMHAKO U B 3TOM CJIydae MOTYT BO3-
HUKAaTb OCJIOXHEHUs. [J1TaBHBIM 00pa30oM OHM CBSI3aHBI ¢ HEPaBHOMEPHBIMU OCaIKaMM
IIpU IIPOMOPaAXKMBAHUM U TTOCIEIYIOIIEM OTTauBaHUM MaccrBoB. Hampumep, B CaHKT-
[TetepOypre nmocjie OKOHYaHUSI CTPOUTEIbCTBA HEKOTOPBIX CTAHILIMI METPO 1 OTTaBaHUSI
3aMOPOXKEHHBIX TPYHTOB ObUIM 3a(DMKCUPOBAHBI CJIydau, KOTJa IPUIILIOCh pa30oupaTh
WJIA BOCCTaHABJIMBAaTh MHOTME aBapUITHBIE JIOMa — B OKPECTHOCTSIX cTaHIMit « HeBckmit
IpocIIeKT», « MasikoBcKasi», «BacuireoctpoBckas», «Ilnomane Mmupa» u ap. Iloctpanma-
JIM ¥ TAMSITHUKY apXUTEKTYPhl — 30aHUsI AIMUpaITeiCTBa (B IIPOIOJIbHBIX CTeHaX 00-
pPa30BaIUCh 3USTIONINE TPEIIMHBI), 31aHUe OBIBIIEH ropoacKoli IyMbl BO3jie CTaHIIMU
«Joctunsiii gBop», Cobop Anekcanapo-HeBckoii J1aBpbl (TpelIMHBI B Kyrone) [2].

OueHb MHTEPECEH OIBIT CTPOUTEJIBCTBA BEICOTHOTO 31aHus Y KpacHbIx Bopot B Mo-
ckBe. OCHOBaHME 3TOrO 3IaHUS UMEET CJIeAYIOLIUIA pa3pes (CBepXy BHM3): 1) iiroBUO-
MIsiuMalibHbIe IecK MOLTHOCThIO 10—11 M ¢ Moaynem nedpopmanuu £= 11—13 MlIlIa;
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2) NIMHUCTBIE MeCKU BOXKCKoro sipyca ¢ £ = 11 MIla; 3) topckue rrHbl MOIITHOCTbIO
6—7 M ¢ £F= 15 MIla; 4) npouyHble KAMEHHOYTOJIbHbIC U3BeCTHIKU. Korma Beiroch
CTPOMTEIBCTBO BBICOTKH, IO HEM IO 3alIMTON 3aMOpPaKMBaHMUs OCYILECTBIISIACh
MPOXOJKa HAKJIOHHOTO 3CKaJaTOPHOIO TYHHENsI cTaHIMU MeTpo «KpacHbie BopoTar.
brL1a yrposa Toro, 4To rmocjie oTTauBaHUsI 3aMOPOKEHHBIX TPYHTOB MOXKET ITPOU30UTH
HepaBHOMEpHasl 0cajKa 3JaHusl, BRICTPOEHHOTro B (popMe OyKBbI «I1», 1, 4TO 0cOOEH-
HO OMacHO, 3aKPOIOTCS OCAA0UYHbIE LIBBI MEXY OTAEAbHBIMU €ro Koprnycamu. YToobl
3TOr0 M30eXaTh, OBUIO IIPUHSITO CMEJIO0E PEIICHIE — IIOCTPOUTD 3MaHUE C HEOOIbIITIM
HAKJIOHOM, YTOOBI ITOCJI€ OTTaBAaHUS TPYHTOB OHO IMPUHSIO BEPTUKAIBHOE TOJIOXKE-
Hue. Pacuer ce0s onpaBman. HabmogeHus mokasanu, 4To cHavaja (Tipy poMOpaKu -
BaHMM) MPOU3OIILIO BHIITyYMBaHUE JHA KOTJOBaHA Ha 5 CM, 3aTeM Obljla OTMeYeHa
HepaBHOMEpHasl ocajka ¢ pa3HOCTbIO B 8 cM (0T 9,5 1o 17,5 ¢M), a MOTOM 3JaHUE BbI-
poBHsOCH. [1pr 9TOM KOHEYHas ocajika 0Ka3ajaach 3HAUUTETbHO MEHBIIIE PACUETHON —
13,4 cm BMecTO 28 cM [2].

PRI Err Yy
’/:’///2//// - /
“tp :

r A

Puc. 2. KoHCTpyKLMK, COOpY>KaeMble COCOO0M «CTeHa B rpyHTe» [3]:
a — KOT/I0BaHbl B rOPOACKUX YCNOBUSX; 6 — noAanopHble CTEHKU; B — TOHHENNU;
r — NpoTUBOMUALTPALMOHHbIE Anadparmel; 4 — NOA3EMHbIE pe3epByapbl
[Figure 2. Structures by soil mix wall method [3]:

a — excavation pit in an urban setting; 6 — headwalls; B — tunnels;

r — impervious diaphragm; 4 — underground reservoirs]

B nocneaHue roabt INPOKOC paCIIpoOCTPaHCHUC MOJTYyUYNJI cnoco0 3alIuThI CTpou-
TeJIbHBIX 00BEKTOB OT MOJA3EMHBIX BOJI T10Jl HA3BaHUEM «CHICHA 8 cpYHme». OH ucnojb-
3yCTCA IpU CO3JaHNUN (I)YHI[aMCHTOB II0, TAKEJIBIC COOPYKCHUA, BOSBCACHUH ITOA3EM -
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HbBIX YACTEe! M KOHCTPYKIMI TPOMBIIIIJIEHHBIX ¥ TPaXIaHCKUX 30aHUl 1 T.]1. 3ariy0Je-
HME CTeH B BOJOYITOPHBIE TPYHTHI MO3BOJISIET TTOJIHOCTBIO OTKA3aThCs OT BOJOOTIINBA,
[JTyOMHHOTO BOJOTIOHMKEHUS U 3aMOPaXKMBAaHUS U JaeT BOBMOXHOCTb CPaBHUTEIBLHO
Oe3omacHoO co3/1aBaTh IJy0OKHe KOTI0BaHbI BOJU3U CYHIECTBYIOIIMX CTPOEHUI, YTO
0COOEHHO BaxkHO TMPU CTPOUTEIILCTBE B CTECHEHHBIX TOPOACKUX YcsioBMsx. Ha puc. 2
MPUBEACHBI PUMEPHI HEKOTOPLIX KOHCTPYKIIUIA, TTOCTPOSHHBIX C MCTIOJIb30BaHUEM
CTEHBI B TPYHTE.

Mpo6nembl, cBA3aHHbIE ¢ npoueccom cyddosun

Hawnbomnee omacHBIM IIposiBieHHEeM Iipoliecca cyddo3nn, OCIOXKHSIIOIINM CTPOU -
TEJIbCTBO 1 AKCIUTyaTallMIo 0ObEKTOB, BO3BEICHHBIX Ha IIeCKaX, CYMTAIOTCS CydDdo3m-
OHHBIe IMpoBaibl. Ha 00XXKUTHIX TEPPUTOPHUSIX OHM Yallle BCETO CBSI3aHbI C TCXHOTEHHBI-
MU (paKTOpaMU — HEYIOBIETBOPUTEIILHBIM COCTOSIHIEM O0BEKTOB MH(PPACTPYKTYPhI
WIN TPYOBIMU HAapyIICHUSIMU B IIPOILIeCCe CTPOUTENIbHBIX paboT. B pa3HbIX ropomax
OTMEYaJICh aBapUITHBIC CUTYALIMK, O0YCIOBIEHHBIE pa3BUTHEM CyDdO31u pu yTeu-
Kax 13 BOOOHECYIIX KOMMYHMKALINI, MHQUIBTpaIlui U3 NCKYCCTBEHHBIX BOTOTOKOB
1 BOJOEMOB, CTPOUTEILHOM BOJOIIOHVKEHUM U T.1.

B Cankr-IleTepOypre B KauecTBe ONHOM M3 TUTTMUHBIX MPUYMH 1e(OpMaLMi CTapbIX
3nanuii B.M. Yimuukuii u A.T. I1lalknH Ha3bIBalOT pa3pylieHue ASPEBIHHBIX JIEMEH -
TOB 1 cy(p(D0O3MOHHOE pa3yIJIOTHEHNE TTECKOB MO MOAYIIKOM (pyHAaMeHTOB. Oco0eH-
HO 4acTO TaKue SIBJICHUSI HAOJII01aI0TCs B HEOJHOPOIHBIX HACHIITHBIX TPYHTAX, MOIII-
HOCTb KOTOPBIX JOXOIMT 10 4—7 M, ¥ IbLIEBAThIX ASIBTOBBIX IIECKAX HA yIacTKaxX, TIe
IPYHTOBBIE BOABI TUAPABINYCCKH CBSI3aHbBI C peKaMU 1 KaHaJaMM JIM0O ITOAIINThHIBA-
I0TCS yTeUKaMU 13 KOMMYHUKAIIWI. YCTaHOBIICHO, YTO JIJISI IEJIBTOBBIX IICCKOB OIaceH
TUApaBINYECKUN rpaaueHT, mpesbiiatoliumii 0,1 [4]. ABTOpbI onMcain HECKOJIbKO Xa-
PaKTEepHBIX aBapUITHBIX cuTyaruii. OnHa U3 HUX — CTPOUTEIBCTBO ITOA3EMHOTO IIepe-
XxoJa 1noj riaowanbo Tpyna (obiBiiei biaropenieHckol), pacnogloXeHHO B Moiime
p. HeBsl. [Ton TexHOre HHBIMU TPYHTaMU MOLTHOCTBIO 2— 3 M 3[1eCh 3aJIeraloT AeJIbTOBbIC
MEeCKM MEJIKKE U TTbuieBaThie (5—6 M), HUXKe — MITKOILJIACTUYHBIE MOPCKUE CYTJIMHKI
(12—16 M), Mo HUMU BCKPBIBAIOTCSI TYTOIJIACTUYHBIE MOPEHHbBIE CYTJIMHKH. YPOBEHb
TPYHTOBBIX BOJ, 3aJjieTall Ha TiyouHe 1,7 M oT moBepxHOCTU. PaboTa B KOTJI0BaHe I1y-
OuHOI 5,8 M BeJlach ¢ OTKPBHITHIM BOAOOTIMBOM U MO, 3aIIIUTOM IITTYHTOBOM CTEHKU
(14 M), KoTopast ObIJIa BEITIOJTHEHA HE OUeHb KaUeCTBEHHO U ITPOITycKajia Bomay. 3a 4 roma
CyIIIeCTBOBAaHMS KOTJIOBaHA BOKPYT HEr0 00pa30oBajiach ACIPECCUOHHAS BOPOHKA, B KO-
TOPYIO IIOITAJIA OKPYXKAIOIIKE 3MaHUsI, TPYHTOBBIC BOIBI OITYCTINCH HIZKE YPOBHSI BOIIBI
B HeBe 1 psimoM pacmoioxkeHHBIX KaHajlaX. 3a cueT pa3BUBIIeiics cyddo31M ITpOr30III-
JIM IOITOJTHUTEJIBHBIE HEPaBHOMEPHBIE OCAIKH U ITOSIBUJINCH TPEIIMHBI B HECYIIIUX KOH-
CTPYKIIMSIX Y OMHOTO U3 IPUJICTaloIINX JOMOB. UTOOBI UCTIPaBUTh CUTYALIWIO U 3aBEp-
LIUTH PaOOTHI ITO CTPOUTEILCTBY IIEPEX0/1a, ITOTPe00BAICH MEPOITPUSITIS MHKEHEPHOM
3amuthl. [loa pyHmamMeHTOM neOpMUPOBAHHOM YAaCTU CTapOTo 31aHUS ITPOBEJIU 3a-
KpeIUIeHUE Pa3yIJIOTHEHHBIX IECKOB METOIOM LIEMEHTALIMU, a TI0 KOHTYPY TOA3EM-
HOTO MepexoJa BLIMTOJIHUIN MPOTUBOGMILTPALIMOHHYIO 3aBecy ryonHoi 10 M ¢ Bpe-
3aHMEM B BOJOYITOPHBIE MSITKOILJIACTUYHBIE CYTJIMHKM [4].
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CyllecTBYIOT ONMCaHMSI MHOTOUYMCIICHHBIX clTydyaeB Cy(pdo31MOHHBIX IIPOBAJIOB Ha
TeppuTopun MockBbl. OIMH M3 HUX — IIPOBaI, Ipou3oleauii B 1998 r. mpu mpo-
XOJIK€ KOJJIEKTOPHOI'O TOHHEJIS M BhI3BaBIINI pa3pylIeHHEe IBYXATaXKHOTO J0Ma Ha
Bbonbmoit iIMmutpoBke. B xome n3bickaTeIbcKMX padOT Obljia MPOTTyIeHa MoTrpedeHHas
JIOJIMHA, 3al0JIHEHHAs! BOJOHACBIIIIEHHBIMM TTeCKaMU, B KOTOPYIO U «Bpe3aJICsI» TOH-
Heqb [3].

B npeaenax MockBbl, TOMUMO YUCTO Cy(p(PO3MOHHBIX IPOBAJIOB, HAOIIOJAI0TCS
IIPOBAJIBI APYIOTO TUITA — KAapCTOBBIE, HO cy(dd0o3us B X (OPMUPOBAHUM TOXE yda-
ctByeT. KapcToBble MpoBajbl B CTOJIUIIE IIPOUCXOAST pexke, 4eM COOCTBEHHO cydhdo-
3MOHHBIE, U, T0 MHEHUIO HEKOTOPBIX CIIeIIUAIMCTOB, UHTEHCUBHOCTh 0O0Opa30BaHUsI
MEePBBIX TOCTEIIEHHO CHIUKAETCS, @ BTOPBIX — CTOJIb XK€ IIOCTOSIHHO YBeJIUuunBaeTcs [5].

Mpo6nemsl, CBA3aHHbIE C peaKuueil NecKoB Ha AuHaMUu4Yeckmne BO3aeNCcTBus

[lecuanblie TpyHTHI 001aMa10T CIIEIMDUISCKON peaklell Ha IMHAMUYIECKIE BO3-
IeiiCTBUS, KOTOPask MOXET UMETh KaK ITOJIOXKUTEIbHbBIC, TAK M OTPUIIATEIbHBIC T10-
cnenctBusd. [TonoxutenbHbIN 3dEKT HAOIIOAAETCS, KOTIa C [TOMOIIBI0 BUOPAIIMOHHBIX
1 BUOPOYIAapHBIX MAIlIMH IIPOMU3BOIUTCS YHAOMHEHUE PbIX/AbIX NeCK08 IJIsI TIOBBIIIICHUS
UX Hecyllel crnocoOHOCTU. TpaMOOBKY BBIIOJHSIIOT IIPU BIaXHOCTH, OJIM3KOM K OIT-
TUMAaJIbHOM, MHOTA IIPOBOAUTCS YIIOTHEHNE ITOJBOIHBIMYU B3PhIBAMMU.

OnacHolt peakiiueil Ha AMHAMUYeCKUE BO3ACCTBUS SIBJSETCS pazicudiceHue 8000-
HACHLUEHHbIX NecYAHO-Nblaeaamblx epyHmos. Ero MOTyT BbI3BaTh 3€MJICTPSICEHUSI, IBU -
KYIIUICS TPAHCTIOPT, B3PHIBBI IIPY 9KCKABAIIMIX, pab0Ta TSLKEJIBIX MAIlH, BETPOBBIC
U BOJIHOBBIE Harpy3ku U T.A. [locienctBus pa3xukeHusi ObIBalOT 0YeHb CEPbe3HBIMU
[6]: 1) moBpeskaeHre 0OBEKTOB 3a CYET 3HAUMTEIbHBIX HEPAaBHOMEPHBIX OCAI0K; 2) TI0-
IpyKEeHUE COOPYKECHUS B Pa3KIKEHHBIN I'PYHT 110 MEpE €ro YINIOTHEHMS 1100, Ha000-
pPOT, — BCIUIBITHE TPYOOIIPOBOIOB WJIM ITOA3EMHBIX €MKOCTEI C yIIIEBOAOPOAAMH, T'a-
3aMHM 1 T.11.; 3) YaCTUYHBII BBIIIOP CBall MJIM MOCTOBBIX OIIOP; 4) BBITIIOP Pa3KIKEHHBIX
IPYHTOB M3-T1011 (pyHIaMeHTa BIUIOTh 10 00pa30BaHUS KpeHa WM 1axKe OTIPOKUIbIBA-
HUSI COOPYKEHMUSI; 5) pa3pylleHue HAChIIei; 6) cMellleHUe ITOPOJ Ha CKIIOHAX.

Elte onyH npuMep IMHAMUYECKOT0 BO3AEMCTBUS Ha ITeCUYaHble TPYHTbI — YCTPOii-
CTBO C8aliHbIX (hyHOameHmMOo8, KOTOPHIe, KaK yKe ObLJIO OTMEUYEHO, B HACTOSIIIIEE BPeMsI
MOJYYWJIM OYEHb IIIMPOKOE paciipocTpaHeHue. B ycloBUsIX TIOTHOI rOpOACKO 3a-
CTPOMKM 3a01BKa 1 BUOPOIIOIPYKEHKE CBaii MOTYT BhI3BaTh OITACHOE HEPABHOMEPHOE
VIUIOTHEHUE WM, HAIIPOTUB, pa3XMKeHUE IMIECKOB B OCHOBAHUSIX OJIM3/IeXKAIINUX CO-
opyxeHuii. B Takoit o6cTaHOBKe cBau 1100 BAABAMBAIOT, TMOO BBUHYMBAIOT. OMBIT
crpoutenbcTBa B CaHKT-IleTepOypre mokasa, 3a01MBaTh CBau MOXKHO TOJIBKO B IIpeIe-
JIax KOHTYpa MPOEKTUPYEMOTO COOPYKEHUS, a yCTPOIMCTBO CBAlfHOTO 1MoJIs1 B 20-MeTpo-
BOI1 30HE BOKPYT 3IaHMS TOJKHO BBIIOJIHSITHCS TOJBKO METOAOM BIaBIUBaHUS [7].
Takure npaBuia 1eaecoodpa3Ho coOTI0AATH BO BPeMsI CTPOUTENLCTBA U B IPYTUX FOPO-
Jlax IMPY aHAJOTMYHBIX IIPUPOIHBIX YCIOBUSIX.

3akJioyeHue

AHanus u 00001IeH1e CYLIECTBYIOIIEro OMbITa CTPOUTENbCTBA MOKA3bIBAET, YTO
CIIOXKHOCTH U IIPOOJIeMbI, BOSHUKAIOIINE IIPU CTPOUTEIBCTBE Ha MECYaHBIX TPYHTAX,
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CBsI3aHbI IJTaBHBIM 00pa30M ¢ TpeMs MpUYMHaMU: 1) BOTOHOCHBIMY TOPU30HTAMU, MIPU-
YpOUYEHHBIMU K ITecKaM; 2) mporeccoM cyhdo3un; 3) peakuneil IeCKOB Ha TMHAMU-
yeckue Bo3aeincTBus. HToObI 3TU Mpo0JIeMbl HE CTaIU YIPO30ii 0€30MaCHOCTU KU3HE-
NIeSITeIbHOCTU, HEOOXOIMMO X CBOEBPEMEHHO BBISIBJISITh M IIPeAyCMaTpUBAaTh MEPO-
MPUSTUS 110 MHKEHEPHOM 3alIUTe TEPPUTOPUIA U TEXHUUECKUX OOBEKTOB.
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Geoecological aspects of civil engineering on the sands

T.I. Averkina

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

Civil structures are often built on sands, which are widespread in the upper part of the geological
section. These soils usually serve as a reliable basis for engineering structures, but under certain conditions
can cause large complications and even endanger the life safety. Analysis and generalization of the
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construction experience allows us educe three groups of problems that need to be identified and
addressed timely. Most of the problems are related to water-bearing sands. Water flows, breakthrough
of pressure water and quicksand are very common phenomena that complicate the excavation of
construction pits and the device of underground structures. To protect against groundwater is often
used dewatering, which can disrupt the stability of the surrounding buildings in high-density urban
development. The second group of problems is related to the process of suffusion. The most dangerous
of its manifestations are suffusion failures, leading to emergency situations and sometimes to the
destruction of structures. The third group of problems is caused by specific reaction of sands to dynamic
impacts, in particular, by liquefaction of water-saturated sandy soils. The consequences of such a reaction
can be very serious: the immersion of the structure in the ground, the uplift of piles or bridge supports,
the float up of underground tanks, the uplift of liquefied soils from under the foundation until the
formation of a building tilt or overturning of the structure.

Keywords: civil engineering, sands, aquifer sands, suffusion, sand liquefaction, engineering protection
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MporHo3anpoBaHue 3KOJIOrM4ecKux nocrieacTeum
3arpsi3HeHHOCTU BO34yXa CBaJIOYHbIM ra3oM B XXWUJI0i 3acTpoiike

A.B. Cayn

Cankr-IlerepOyprcKuii yHUBEPCUTET TEXHOIOTUIA YIIPABICHMS I 9KOHOMMKU
Poccuiickas Qedepayus, 190103, Cankm-Ilemepbype, Jlepmonmosckuii np., 0. 44, aum. A

B craTbe BBITTOJIHEHO MPOrHO3UPOBAHUE SKOJIOTUYECKUX ITOCTEICTBUI 3arpsi3HEHHOCTH KOMIIO-
HEHTaMM CBaJIOUHOIO ra3a BO3ayXxa B XXUJIO 3aCTPOMKe, pacio0XeHHON Ha TEppUTOPUU BOIM3U
TOJIMTOHOB 3aXOpOHEeHUs 0TX00B. [IpeniokeHa MeTonMKa pacuera pacceMBaHUsI CBaJIOUHOTO ra3a
C YYETOM BJIUSIHMS 3aCTPOMKHM, OCHOBAHHAS HA YMCIEHHOM pellleHUU ypaBHeHU I n1uddy3un, Terio-
oOmeHa, PeitHombICca, TTOKa3aTeIbHOTO pacipeleeHUs, JOTTOJTHEHHBIX COOTBETCTBYIOLIUMU MOJIE-
JISIMUA TypOYJIEHTHOCTH, HAYAJIbHBIMU Y TPAHUYHBIMU YCJIOBUSIMU. MeToIMKa MO3BOJISIET YYUTHIBATh
MPOCTPAHCTBEHHYIO HEOJTHOPOAHOCTD MOJTUTOHOB 1 CBAJIOK KaK MCTOYHUKOB 3arpsi3HSIIOIIETO Be-
1IeCTBA, a TAKXe MPoLecC MTPOHUKHOBEHUS 3arPSI3HEHHOr0 BO3/1yXa B MoMelleHus. BoinmonHeHa
MporpaMMHasi peajusaiivs 1 Bepudrkalys MeTOIMKHY Ha ipuMepe nojmroHa «Hosocenkuy» (1. CaHKT-
[letepOypr) u npuiieraloluX K HeMy CKJIaICKUX 3AaHUM 1 KUJIOr0 KOMIUIEKca Il HauboJiee He-
0J1arOINPUSITHOTO BETPOBOTO peXUMa TEPPUTOPUHN C YUETOM OCpeaHeHus 1o BpeMmeHU. [IpoBeneH
5KO0JIOT0-TOKCUKOJIOTMYECKU I aHATU3 CBAJIOYHOTO ra3a ¢ TOYKU 3peHUsI OCHOBHBIX €r0 KOMITOHEH-
TOB, a TAKXKE aHAJIM3 KAHLIEPOTEHHOTO M HEKAHIIEPOT€HHOT'O PUCKOB MPU XPOHUUYECKOM BO3IECTBUN
Ha a0CTPaKTHOTO YeJI0BeKa, MTPOKMUBAIOLIETO B TOMEILEHUHU, B KOTOPOE TPOHUKAET 3arpsi3HEHHBII
CBAJIOYHBIM ra3oM Bo3ayX. Pe3ynbrarsl paboThl MOTYT OBITh MCTIOJb30BAHbI IS OTIPEICIEHUS BEJIU -
YUHBI IPEIEIbHO J0MYCTUMOTO BEIOPOCA KOMITOHEHTOB CBAJIOYHOTO ra3a, pa3MepOB CAHUTAPHO-3a-
IIATHBIX 30H MOJIUTOHOB Y CBAJIOK, BBISIBJIEHUST HanboJIee 3arpsSi3HEHHBIX MECT Ha YJIMIE U B [TOMe-
LIEHUU, OLIEHKHW PUCKA [IJIs1 300POBbS XXWJIbLOB B Pe3yJbTaTe XPOHUUECKOTO NEUCTBUS SIOBUTHIX
BEILIeCTB, CUHIPOMAa «00JIbHOTO 3MaHUST», BRI3BAHHOTO TPOHUKHOBEHUEM 3arpsi3HEHHOTO BO3/1yXa B
MOMEILIEHUS Yepe3 HEMJIOTHOCTU OTPaXKIAI0IIMX KOHCTPYKIMIA, TPU PEILIEHUU MPUKIAIHbIX 3a1a4
9KOJIOTUYECKOI 0€30MaCHOCTH CTPOUTEIBCTBA, XXKWJINITHO-KOMMYHAJIbHOTO X03s1iCTBa U 00111e-
CTBEHHOT'O 3/IPaBOOXPAHEHUS.

KiroyeBble ¢J10Ba: CBAJIOYHBIN a3, MOJUTOHBI 3aXOPOHEHUST OTXOA0B, CUHAPOM «OOJIbHBIX 31a-
HUi», KAHIIEpOTeH, XPOHUYECKUIA PUCK

Beenenne. CBajlouHbIi ra3 MpeacTaBisieT COO0M ra30BYI0 CMECh, 00Pa3yIOLIYIOCs B
pe3yabTaTe pa3IoKeHMS Ha IOJIMTOHAX U CBAJIKAX TBEPABIX OBITOBBIX Y ITPOMBIIIUIEHHBIX
otxoq0B (ThO u I10), mpeacrapasiolIyo OMacHOCTD AJIs1 OKpYy»Katoleii cpeabl. B co-
CTaBe CBAJIOYHOIO r'a3a IOMMMO METaHa M YIJIEKMCJIOro Ta3a MOTYT IIPUCYTCTBOBATh
amMMuak, 0eH30J1, CepoBOIOpo, OeH3(a)MupeH, (heHO, KCUI0J, IMOKCUHBI, MepKarl-
TaHBI, 3(PUPHI, ATKMHOESH30JIbI ¥ IPYTHE SKOTOKCUKAHTHI. B YCIIOBHSIX yIUIOTHUTEIBHOM
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TOPOJICKOM 3aCTPOMKY pacnoa0XeHe 3NaHUI, B TOM YMCJIE KUJIbIX U TOPTOBBIX KOM-
IUIEKCOB, HEPEJKO OKAa3bIBAETCSl B 30HE HEraTUBHOIO BIUSIHUS MOJUTOHOB U CBAJIOK.
Ha npakTuke cobtoaeHue rpaHull CAaHUTapHO-3allMTHBIX 30H YacTO He obecrneyrBa-
eT coOstoaeHre TpeOOBaHMIA K KauecTBY BO3AyXa B 3acTpolike. B pe3ynbraTe B 30He
BJIMSTHUS TTIOJIUTOHOB CO3/1aeTCsl HeOJIaronpusTHas aKojorudeckas ooctaHoBka. CtaH-
JapTHast MeToauKa [ 1], meiicTByrolas B HacTos1ee BpeMs Ha Tepputopuu PD, a Tak-
ke ee nmporotun OH/1-86, peanuzoBaHHble B mporpaMMHoOM KoMIuiekce YITP3A «Dko-
JIOT», HE YYUTBIBAIOT MPOLIECC MPOHUKHOBEHUS 3arPsI3HEHHOTO BO3/1yXa B TOMELIEHNS,
He nmpeaHa3HauYeHbI JIS1 pacyeTa paccerMBaHUs 3arpsI3HAIOIIMX BEIECTB OT MPOCTPaH-
CTBEHHO-HEOJHOPOAHBIX UICTOUHUKOB Y MPOTHO3MPOBAHUS IKOJOTMUYECKUX MOCIeI-
CTBUI 3arpsI3BHEHHOCTU BO3AyXa.

Ieab nccneaoBanusi — MPOrHO3MPOBAHUE IKOJIOTUYECKUX MTOCAEACTBUIA 3arpsI3HEH-
HOCTH BO3/lyXa CBAJIOYHBIM ra30M B >KMJIOU 3aCTpOUKE.

MeToapl U pe3yabTaThl ucciaeaoBanusa. Pacuet nuddy3nun nacCMBHON MPUMECH KOH-
LEHTpaLMeil ¢, MI/M>, IPOM3BOIHUTCS IO YPABHEHUIO

ac -
§+ V(cV -k, Ve)-

AW,0) _

0z ! M)

rae t — Bpems, C; V= I7(u; V; W) — BEKTOp CKOPOCTHU JABMKEHUsI Bo3ayxa, M/c; I — amuc-
cus BelecTsa, Mr/(m>c); k,,, = diag{k,; k; k.} — KnHeMaTnueckasi TypOyIeHTHasI BSI3KOCTb,
M2/c; w ¢ — CKOPOCTb OCeJaHUsI WIN IToIbeMa IIPUMECH B BO3IyXe, M/C.

ITpu pacuete 1oJist CKOpOCTeH IBUKEHUSI HAPY>KHOTO BO31yXa MPUHSTHI TOMYILIEHUSI,
YTO cpea SIBASIETCS U30TEPMUUECKON U HecXKrMaeMo. {1 pacyeToB MpUMEHSIIOTCS
CJICYIOLIUE TTOAXOIbI.

1. I1pu GonbIIOM yaaJIeHMU MOJIMTOHA OT 3[aHUs UCIIOJIb3YeTCsI CUCTEMAa YpaBHEHUI
HaBbe — Ctokca 1151 HecxkuMaeMO BSI3KOM KUIKOCTH:

paa—lt/+p(V-V)VzV[n(VV+VVT)—p1 @

V=0
rae p — MIOTHOCTb, Kr/M%; 1N — IMHaAMUYecKasl BI3KocTh, [1a-c; p — nasnenue, [la.

s onpeneneHus TypOyJICHTHOM CTPYKTYPbI IIOTOKA cUCTeMa (2) TOOIHSIETCS Me-
TEOPOJIOTUYECKOM MOIeIbi0 TypOyaeHTHOCTH JIK. CMaropmHCKOro:

k. =k, = AxAykg,, / A?

(3)
kz = kGa3AZZ /A2

rae A — macuTad a4erku, M; kg,, — 0a30BbII KO3DPULIMEHT TYpOYJICHTHON BA3KOCTH,
MZ/C, oIpenelIsieMbIii 1o hopMyIaM
k +€A2| Def|N1-Ri /72, Ri<1

“)
kys Ri 21

Gas —
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Maciutad A npsIMOYTOJbHBIX siueeK pazmepamu Ax, Ay, Az onpeaesnseTcs Kak:
— IIpU YMEPEHHOM aHU30TPOIUU CETKHU

A =3/ AxAyAz; (5)
— IPU CUJIbHOM aHU30TPOIIMU CETKHU
A = max{Ax; Ay; Az}, (6)

rae kg = 1—15 m2/c; € = 0,1—0,4 — xoHcranta CMaropuHckoro; Def — IycCUIIATUBHAS
uiu aeopmallmoHHast (PyHKIIMS:

(aujz v Y (awjz (v auY (ow avY (au awj2
Def = | — | +|=— | +|=— | +=||==—F+=— | +|=—F+=— | +|=—F+=— | || (D
ox dy 0z 2(\ox dy dy 0z dz7 ox

Ri — xputepuii PuuapacoHa, onpenessieMbiit o hopmyJie

g 9| L _ )
Rl—gaZ [Tq) +[v¢(2) Ya]j/[Def] ; ®)

rie v4(2) = —dTy/dz — rpagueHt GpoHoBoii TemMneparypsl, °/M; T'— Temrieparypa Bo3iyxa
B pacyeTHoi Touke, K; 7y — onosas Temnepatypa, K; y, = 0,01 °/M — annabarnueckuit
rpagueHT; Ri~ 0 npu T~ T,

2. [Ipu mpoBeneHNM a3poaMHAMUUYECKUX PACUeTOB HEMOCPEICTBEHHO BOJIM3H 3a-
cTpoiiku Mojes b CMaropuHCKOIro MOXKET IaBaTh JIOXKHbIE Pe3yabTaThl. B ¢BsI3M ¢ 3TUM
BOJIM3U NPENATCTBUM (hOPMUPYIOTCS TOMOJHUTEIbHBIC pacyeTHbIE IToao0aacT (puc. 1),
B KOTOPBIX IJISI paCUeTOB UCIOJIb3YyeTCs ypaBHeHUE PeiiHobaca, 1ONOJIHEHHOE MO/JIe-
JIBIO TYPOYIIEHTHOCTH «k-£»:

W == R r7dd
po¥+pO(V-V)V=VI:(T]+T];)(VV+VV )—p}

V=0

*k - 7w\
po§+PoVVk—V[(n+nt/Gk)Vk]=0,5n,(VV+VV ) ~Poe . O

de . = € 7oy e’
Po5+PoV Ve=VI(+n, /6)Vel=0,5C, -1, (VV+VV" | —pyCoy—

_ 2
N, =poCuk~ /€
rine k — KuHeTuueckast SHeprusi TypOyJEeHTHOCTH; € — CKOPOCTb AUCCUTIALIMU TYPOYJIEeHT-

HOCTU; Cn =0,09;C,=144;C,=192;6,=1;0,=1,3.
KunemaTtnueckast TypOyaeHTHas BI3KOCTb OMPEALISETCS MO BhIPAXKEHUIO

Kyye = i/ Po- (10)
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Puc. 1. [NocTpoeHue oonosHUTeNbHOW pacyeTHO nogobnacTtn B6an3u 3gaHuin
[Figure 1. The construction of additional settlement subareas in close proximity to buildings]

B nmomenieHUAX 30aHUI pacyeT BEHTWISILIMOHHBIX TEUSHUI ITPOU3BOIUTCS C I10-
MOIIbIO cucTeMbl ypaBHeHUT HaBbe — CTOKCa M TEIUIONMPOBOIHOCTU B MPUOIMKEHU N
byccunecka — ObGepoexka:

oV = o= = =T -
Pog"‘Po(V‘V)V:V[T}(VV‘*‘VV )—P}'Pog[BT(T—To)—l]

oT A ~ B
pcPE—V( VT)+pchVT—Q , (11)

VV =0

r1ie py — MJIOTHOCTB BO3yXa, KI/M>, TIpH HeKoii paBHOBecHOit Temniepatype Ty, K; Br —
K03(hGUIIMEHT TePMUYECKOTO paciiupenus Bosayxa, K—!; @ — yckopeHue cBo60IHOTO
HageHus1, M/c?; ¢, — U300apHasi TeTI0eMKoCTb, JIx/(Kr K); | — koadduimeHt rerionpo-
BogHocTH Br/(M'K); Q — MCTOUHMK MM CTOK Teruta, Br/m?.

JJ1s1 YMCeHHOrO pellleHMs MPUBEISHHBIX UM depeHIIMalbHbIX YpaBHEHUH 3a1a-
FOTCS COOTBETCTBYIOIIIME HAYaJIbHbIE U TPAHUYHbBIC YCIOBUSI.

BiausiHue nmoauroHa uiau CBaJIKM KaK MCTOUHUKA MPUMECH OTIPEaesIsieTCsl ¢ TOMO-
1LIbIO ypaBHEHUS [2]

1= 11574,07mZ/(ToorsVoson) (12)

I1e m — 3MUCCHUS CBAJIOYHOTO rasa, T/rof (paccuutbiBaeTcs o Meroguke AKX nMeHu
K. ITamdunosa); Z— BbICOTa MacCUBa OTXONOB, M; 1., — MEPUO rola, THEM, BO Bpe-
mst kotoporo Ty, > 273,15 K; V;,,; — 00beM MOIMIoHa Wil CBAJIKH, M.

OMUCCHUIO BEIIECTB, MOCTYNAIIINUX B MIOMEILIEHUE 3a CYET HEIJIOTHOCTU Orpaxkaa-

IoIIeil KOHCTPYKIIUM (OKOHHBINM 0JI0K), MOXKHO HalTH Kak [2]

1= y¢u,mAp/(puR,), (13)

rae y — Kodh@uureHT nepecyera pa3oBoii KOHIEHTPALMU B CPEIHECYTOUHYIO [ 3]; Cripur —
pa3oBasi KOHLIEHTPALIUS 3arPSI3HSIIOLIETO BELECTBA B IPUTOYHOM BO3IYXe, MI/M>; Ap —
rnepemnaj 1aBJIeHUI BO3Ayxa MeXI1y Hapy>KHOI U BHYTPEHHEM MOBEPXHOCTSIMU OTpak1aro-
LIMX KOHCTPYKLMH, [1a; p,, — MIOTHOCTb HApyXXHOT'0 BO3/1yXa, Kr/m>; R,— conporusieHue
BO3IYXOIPOHUIIAHNIO OIPaKIAIONINX KOHCTPYKLIMIA, KT/(M? ¢).
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OMUCCUIo 3arpA3HAIOIINX BEILIECTB, ITOCTYITAIOIIMX B IOMEIICHNE YEPE3 OTKPLITOC
OKHO WY BEHTWISILIMOHHBIN KJiariaH, MO>XKHO HaWTU KaK

€= YCopur- (14)

Ha BxogHo#1 rpaHuiie HApy>KHOM pacuyeTHOM 006;1acTH MPOMUIIb CKOPOCTH BETpa 3a-
JaeTcst ypaBHeHneM Kapmana:

u= u*ln[(z - Hcp + ZO/C)/ZO]/Q’ (15)

rae u* — CKopocThb BeTpa, M/c; H , — cpeHsis BbICOTA MPETIATCTBHI HA YT BETPA, M;
Zy — LIepOX0OBaTOCTh MOBEPXHOCTH, M; ¢ = 0,4 — Koapduument Kapmana; C — xkoapdu-
LIMEHT COMPOTUBJICHUSI, M.

CKOpOCTb NOCTYIJICHUS TIPUTOYHOTO BO3AyXa MPUHUMAETCSI pABHOMEPHOI 10 Beei
TUTOIIA I OKOHHOTO 0JIOKA 1 OTIpeAeIsieTCs Kak

Vi=Ap/(pyR,). (16)

ITocTaHoBKa 3aga4yu MPUHSITA CTALIMOHAPHOI, €€ pellIeHNEe BhITIOJIHSIETCS C UCITOJIb-
30BaHMEM MeTojlla ycTaHOBIeHMsI. [IporpaMmHas peaiusalivs MOAEIU BbINIOJIHEHA B
cpene ComsolMultiphysics 3.5a aj1s1 HanboJee HeOAaronpUsITHOrO MeTeopexKumMa IJist
nonauroHa «Hoseceaku» (r. Cankr-Iletepoypr), Ha pacctossHur 500 M OT KOTOPOro
pAacIoyIoXeH aBTOMOOUIIbHbINM 3aBo1 «Huccan ManydakuypuHr Pyc», a Ha pacCTOSTHUU
5 KM — xwutoil KomIuieke «/JIom Ha Huskne-KamMenckoi yauie» (puc. 2).

Puc. 2. PacnonoxeHune nonuroHa «Hoeocenku», 3aBoga «HuccaH MaHydak4ypuHr Pyc»
1 XMN0ro komnnekca «om Ha HuxHe-KameHckon ynuue»
[Figure 2. The location of the “Novoselki” landfill, plant “Nissan Manufacturing Rus”
and residential complex “Apartment house on the Nizhne-Kamenskaya street”]
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ITosyuennsie pe3yabTaThl 1 MX 00cyxkaenune. Ha puic. 3 mpuBeaeHbI pe3yabTaThl pac-
YeTOB KOHIICHTpALMii aMMHaKa 1 OeH30J1a B 30He BIUSHUS noauroHa «HoBoceakm».

bonee neTanbHBI pe3ysbTaT pacyeTOB KOHIIEHTpAaLMil aMMHUaKa 1 OeH30J1a BOJIM3U
JKMJIOTO KOMILIEKca IPpUBEAeH Ha puc. 4.

Pacuetsl 3arpsi3HeHUs BO3Ayxa aMMUaKoM U O€H30JI0M TakKe MPOM3BEACHbI 15
IMOMEIIEHU 3MaH1s Ha IEPBOM 3Taxe >KIUJIOTO IoMa C HaBETPEHHOU U MOABETPEHHOMN
cTopoH (puc. 5). Pe3yabsraThl pacueToB MpUBeaeHbI Ha pUc. 6 1 7.

PesynbraThl pacueToB KOHIIEHTpALIMI CPaBHUBAIMCH C 3aMepaMM, IIPOM3BEACHHEI -
MM ¢ TazoaHamm3aTopoM YI'-2. BTa6:. 1 cpaBHeHME pa30BBIX ITPU3EMHBIX KOHIIECHTPA-
LM B HAPY>KHOM Bo3yxe npuBeieHo B nosisix 1K makcnumanbroi pasosoit (ITIAK,,),
B TabJI. 2 — CpeIHECYTOUHBIX KOHIIEHTPALMiA B LIEHTPE IMTOMEIIEHUST C HABETPEHHOMN
croponsl B nossx [TIJIK cpeanecyrounoit (ITIK,.).

Han 31 514 Blas 21N

Lo gl B

Puc. 3. Mone pasoBbix NPU3EMHbIX KOHLIEHTPaLMi amMuaka (a) u 6eHsona (6), Mr/me,
B pairioHe nonuroHa «Hoeocenku» (11.03.2014)
[Figure 3. Field of single surface concentrations ammonia (a) and benzene (6), mg per m?,
near the landfill “Novoselk” (11.03.2014)]

*® 4
w 7

r

a 4]

Puc. 4. Mone pa3oBbix NPU3eMHbIX KOHLEHTpaLMii ammuaka (a) u 6ensona (6), mr/me,
B6M3K xunoro komnnekca (11.03.2014)
[Figure 4. Field a single ground level concentrations ammonia (a) and benzene (6), mg per m?,
near the residential compound (11.03.2014)]
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Puc. 5. MecTta pacnonoxeHus nccnenyemMbix NOMeLLEHNM B MHOFOKBAPTUPHOM 0OME:
1 — C HaBETPEHHOW CTOPOHbI; 2 — C NOABETPEHHOMN CTOPOHbI
[Figure 5. Locations of the studied premises in an apartment building:
1 — on the windward side; 2 — on the leeward side]

T | TR

b

Puc. 6. lMone cpeHeCYTO4HbIX KOHLIEHTpaLMil aMmmuaka (a) v 6ensona (6), mr/m®,
B MOMELLEHMN C HaBETPEHHOM CTOpOoHbI (11.03.2014)
[Figure 6. Field of average daily concentrations of ammonia (a) and benzene (6), mg per m?,
in the room from the windward side (11.03.2014)]
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Hn T

Puc. 7. Mone cpeHeCYTO4HbIX KOHLIEHTpaLMil aMmmumaka (a) v 6eHsona (6), mr/m®,
B MOMELLEHNN C MOABETPEHHOV CTOPOHbI (11.03.2014)
[Figure 7. Field of average daily concentrations of ammonia (a) and benzene (6), mg per m?,
in the room from the leeward side (11.03.2014)]

Tabnvua 1

3HauyeHns pa30BbIX NPU3EMHbIX KOHLIEHTPaLUUuii KOMMOHEHTOB CBaJIOYHOrO ra3a
B HapyXHom Bo3ayxe, aonv NAK,,,, nony4yeHHble pa3nMyHbIMn cnoco6amu

K B6nwau cknanos B6A13M XUNOro Komriekca
OMMOHEHT NAaK,,, [4] aBTOMOGUSILHOTO 3aB0Aa
CBaJI04HOro rasa P =
OkcnepumMeHTansHoe | PacyeTHoe | dkcnepumeHTansHoe | PacuéTtHoe
AmMmumak 0,2 61,5+154 75,0 24,5+6,1 34,5
BeHzon 0,3 39,7+£9,9 47,3 16,74 4,2 1,7
Table 1

The value of a single near-surface concentrations of components of landfill gas in the outer air,
the share of the maximum single MPC, obtained in different ways

Maximum Near the warehouses of . .
Compqnent of single the automobile plant Near the residential complex
landfill gas - -
MPC [4] Experimental Calculated Experimental Calculated
Ammonia 0.2 61.5+154 75.0 24.5+6.1 34.5
Benzene 0.3 39.7+9.9 47.3 16.74£4.2 1.7
Tabnua 2

3HauyeHus cpeaHeCyTO4YHbIX KOHLEHTPaLUMii KOMMNOHEHTOB CBasIO4YHOrO rasa B BO3ayxe
B LIeHTPe NOMELLEeHUs C HaBeTPEHHO CTOPOHbI, fonu MAK,., nony4yeHHbIe pa3nuYHbIMU ciocoGamu

KomnoHeHT 3Hayenus, gonv MAK,
MK [4]

CBaJIo4YHOro rasa SKcneprvMeHTanbHoe PacyeTHOE
Ammmak 0,04 32,5+ 8,1 32,5
Benson 0,1 10,0+2,5 12,0

Table 2

The average daily concentrations of landfill gas components in the air in the center of the room
from the windward side, the proportion of MPC average daily, obtained in various ways

Component . Values of the share of the average daily MPC
. MPC average daily [4] -
of landfill gas Experimental Calculated
Ammonia 0.04 32.5+8.1 32.5
Benzene 0.1 10.0+£2.5 12.0
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Tenepb MpoaHaIM3UPYyEM MOCIEICTBYS 3arPSI3HEHHOCTH BO3lyXa CBAJIOUHBIM ra30M
B 3acTpoiike. [Ipu pyMTebHOM BO3eHICTBUM Ha YeJIOBEUECKHIT OpraHM3M METaH CIo-
COOEH BBI3bIBaTh ACHUKCUIO, U3BMEHEHNE KPOBSHOTO MaBJICHUS U TOJJOBHYIO 007b [5].
YIyleKucblii ra3 y 4eJloBeKa 1 XKMBOTHBIX TaKXKe CITOCOOEH BhI3bIBATh aC(OUKCUIO U
KpOMe TOro Bo30y>Kaalolile JefiCTBOBaTh Ha IbIXaTeJbHbIE LIEHTPHI B TOJIOBHOM MO3T¢€,
YTO MPUBOAUT K YBEJIMYEHMIO YACTOTHI U IIYOMHBI IbIXaHus [6]. AMMUax y toaeii u
JKMBOTHBIX B OOJIBIIIMX KOHIIEHTPALIUSIX CIIOCOOEH BhI3bIBATh pa3IpaKeHUE AbIXaTe/Ib-
HBIX IMyTel, MyJIbMOHOJIOTUYECKME 3a00JIeBaHMS, TOLIHOTY, PBOTY, ITOBBIIIIEHHYO HEPB-
HYIO BO30YIMMOCTh, 0eCCOHHUILY U T.1. CepoBOIOPOI IPU JJIMTEIHHOM BIBIXaHUH BbI-
3bIBaeT TOJIOBHYIO 00JIb, CIE30TEUCHHUE, pa3apaeHNe B HOCY, IPU IJIMTEIHOM BO3-
JNeCTBUM — YCTaJIOCTh, TOLIHOTY, TOJOBHYIO 60Jib [5]. IlepeurcieHHbIE CUMIITOMBI,
HaOJIIoMaeMble Y XKMIbIIOB UCCIEAYeMOIO IoMa, SIBJISTFOTCSI HanOoJiee TUITMIHBIMY ITPHU
BO3HUKHOBEHUU CUHApPOMA «00JIbHOTO 31aHus». [1pu aTOM 6€3 MpoBeeHUSI COOTBET-
CTBYIOIIMX PACYETOB WIM 3aMEePOB OyIeT TOCTATOYHO TPYAHO YCTAHOBUTH UCTUHHYIO
IMPUYMHY €T0 MOSIBJICHUSI U pa3BUTHS, TAK KAK HEKOTOPbIE KOMIIOHEHTHI CBAJIOUHOTO
rasa He UMEIOT 3aItaxa Wiu UMEIOT BHICOKUIA OOOHSATEbHbBINM MTOPOT YyBCTBUTEILHOCTU
(kpoMe aMMHaKa 1 CEpoOBOIOPOA).

OlLIeHUTh HEKAHLIEPOTEHHBIM pUCK R MPU XpPOHUUYECKOM BO31eHACTBUM KOTOKCU -
KaHTOB MOXHO C ITIOMOIIIBIO 0€CTTOPOrOBOIT MOAEIN BO3AECTBUS [4]:

bC
R=1-0,84 KK (17)

e C — cpefHeCcyTOUHAs! KOHIIEHTPALMS 3aTPA3HSIONIET0 BELIECTBa, MI/M>; b — Koaddu-
LHMEHT 1303 (GEKTUBHOCTH, BEJIMYMHA KOTOPOI'O 3aBUCHUT OT KJIACCa OIIACHOCTH BEILIECTBA
(b=12,4 mna 1 xnacca, b = 1,31 ma 2 knacca, b = 1 s 3 kimacca, b = 0,86 m1st 4 Kitacca);
K, — koadduumeHT 3amaca, BeTMIMHA KOTOPOTO 3aBUCUT OT KJIacca OTTACHOCTH BEIIECTBA
(K, = 7,5 s 1 knacca, K, = 6 113 2 xnacca, K, = 4,5 nns 3 knacca, K, = 3 1151 4 kiacca).
HexoTtopble KOMIOHEHTHI OMora3a, Harmpumep 6eH30J1, 00J1a1al0T KaHLIEPOTeHHBIM
neiictBrueM. OLIeHUTh MHAMBUAYAIbHbBINA KaHIIEpOTeHHbIN pucK CR KOTOPBIX MOXHO,
JIOTIOJIHUB MOCTPOEHHYIO0 MaTeMaTUUeCKy0 MOAE/b CJIeAYIOLIUM YpaBHEHUEM [J]

CR=1— ¢ SFLADD (18)

rae SF — ¢hakTop KaHLEepOreHHOTo MoTeHIMana, Kr 1eHb/Mr; LADD — cpenHecyTouHast
Jlo3a B TeYCHUE XXKU3HU, MT/(KT IeHb), olpeaeiasieMast Kak

c-CR-ED-EF

LADD = —FF—, (19)
365BW - AT

Ie ¢ — KOHILIEHTpALKs BelllecTBa B 3arpsi3HEHHOI cpefe, Mr/M>; CR — CKOpOCTb TIOCTY-
IUTeHNUSI BO3IEHCTBYIOLIEH cpelbl (BO3ayXa), M>/neHb; ED — Ipof0JLKUTETbHOCTb BO3IEH -
cTBUA, JieT; EF — gactora Bo3aeiicTBus, nHeli/ron; BW — macca tena yenoseka, Kr; AT —
MepUo. YCpeIHEHUST 3KCHOo3ULMK (17151 KaHueporeHoB AT = 70 neT).

PacueT pucKoB Mo UMEIOLIMMCS TTOJISIM KOHLIEHTpaLIMii KOMITOHEHTOB OMora3a Bbl-
MOJIHEH B mporpaMMHoii cpene Surfer 11. B kayecTBe mpumepa Ha puc. 8 1 9 nmpuBene-
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HBI PE3YJIbTaThl PACYETOB [IJIsSI MCCJIEAYEeMOT0 ITOMEIIEHUSI C HABETPEHHOI CTOPOHHI.
[Ipu 3TOM 17151 pacyeTa KaHIEpOTeHHOTO PHCKa, BRI3BAHHOTO ITapaMu OeH30J1a IIpu
WHTAJIIIAOHHOM BO3ICHCTBUM, pACCMAaTPUBAETC CPEIHECTATUCTUYCCKUI aOCTpaKT-
HbIii B3POCJIBIIL KUTEb Maccoii 70 Kr, Babixaoiiii 20 M> Bo3ayxa B I€Hb Ha POTSIKE-
Huu 337 nHeit B roay (MpeamnojaraeTcs, YTo OTITYCK SKMJIEl TIPOBOAUT BHE JOMa), TIPO-
JKMBAIOIIMI B KBapTUpe B TedeHue 70 JeT.

SYSRRdAddid RIRENE

Puc. 8. PacnpeneneHune HekaHLiepareHHOro prMcka npy XxpoHN4eCckomM BO3A4eNCTBMM aMMumaka (a)
1 6eH3ona (6) B MOMELLEHUN C HABETPEHHOW CTOPOHbI (LLEHTPasbHbI pa3pes BAOJb MOMELLEHNS)
[Figure 8. Distribution of non-carcinogenic risk in chronic exposure to ammonia (a) and benzene (6)
in the room from the windward side (central incision along the room)]
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Puc. 9. PacnpeaeneHne kaHLEpPOreHHOro pucka, Bbi3BaHHOro napamuv 6eH3o1a Npu MHransUMOHHOM
BOS,EI,eIZCTBI/IM B NnomMeLleHnn c HaBeTpeHHOI7I CTOPOHbI (LI,eHTpaHbeIVI paspes BOoJib I'IOMeLLI,eHWFl)
[Figure 9. Distribution of carcinogenic risk caused by benzene vapors under inhalation exposure

in the room from the windward side (central incision along the room)]

B noMmeltieHuM ¢ MOABETPEHHOM CTOPOHBI AMAIla30H KaHILIEPOT€HHOIO pUcKa J10-
MyCTUM [UTsE TIPOoeCCHOHATBHBIX TPYITI, HO He ZOMYCTHM uts XbLoB (1074 < CR <
< 1073) [7]. Anama3oH HeKaHLIEPOTEHHOTO PUCKA ITPY XPOHMIECKOM BO3IEHCTBUM aM-
MMaka 1 OeH301a He TIpreMIeM HU IS PO eCCUOHAIBHBIX TPYIIIT, HU IJISI XXUJIbLIOB
(R>1073)[7].

3akimouenne. B naHHOIT paboTe BHIIIOJHEHO IIPOTrHO3MPOBAHKE 3KOJIOTHUYECKUX I10-
CJIEICTBUI 3arpsi3HEHHOCTU BO3/1yXa CBaJIOUHbBIM ra30M B XUJI0i 3acTporike. McroJib-
30BaHME MPEUTOKEHHO METOMKM pacyeTa Mo3BOJISIET BBISIBUTh HAM0OJIEe 3arpsi3HEH-
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HbI€ MECTa, BBIMOJHUTb OLIEHKY 3KOJOTMYECKUX MOCAEACTBUI 3arpsiI3HEHHOCTU BO3-
IyXa, pacCUMTaTh BEJIUIMHY IIpeneIbHO gJommycTuMoro Beiopoca (I1J1B), pasmepos
CaHUTAapPHO-3aIIUTHBIX 30H, YTO IIPEACTABIIICT IPAKTUISCKYIO0 3HAUMMOCTD B pEeILICHUN
3a7a4 9KOJIOTUYECKOM Oe30IacHOCTH cTpouTeNbcTBa, KK X, 00111ecTBeHHOTO 31paBo-
OXpaHEHMSI.
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Forecasting the environmental effects of
air pollution with landfill gas in residential areas

A.V. Sauts

Saint-Petersburg University of Management Technologies and Economics
44 Lermontovsky prospect, litera A, Saint Petersburg, 190103, Russian Federation

In the article the prediction of ecological consequences of contamination of components of the
landfill gas air to a residential building, located on the territory close to the landfill. A method for
calculating the dispersion of landfill gas taking into account the influence of the building, based on the
numerical solution of differential equations, heat transfer, Reynolds, exponential distribution,
supplemented by corresponding models of turbulence, initial and boundary conditions. The technique
allows to take into account the spatial heterogeneity of landfills and rolling pins as the source of the
pollutant, as well as the process of penetration of polluted air into the interference. Performed software
implementation and verification of the method on the example of the range “Novoselki” (Saint
Petersburg) and the adjacent warehouse buildings and residential complex for the most unfavourable
wind conditions taking into account the averaging over time. The ecological and toxicological analysis
of landfill gas taking into account its main components, and also the analysis of carcinogenic and non-
carcinogenic risk at chronic influence on the abstract person living in the room in which the air polluted
by landfill gas penetrates is carried out. The results can be used to determine the amount of maximum
permissible emissions of landfill gas components, the scale moat sanitary protection zones of landfills
and dumps, detecting the identification of the most polluted places on the street and indoors, the health
risk assessment of residents as a result of chronic action of toxic substances, the syndrome of “sick
building” caused by penetration of contaminated air into the room through openings in the walling,
the solution of applied problems of ecological safety of construction, housing and communal services
and public health.

Keywords: landfill gas, landfill sites, syndrome of “sick buildings”, carcinogen, chronic risk
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Groundwater Management Protection Program for Nigeria

N.N. Kalu

Peoples’ Friendship University of Russia (RUDN University)
& Podolskoe Shosse, bldg. 5, Moscow, 113093, Russian Federation

This article looks into groundwater pollution in Nigeria; groundwater uses and suggests how to go
about protection of Nigeria’s underground water. There were case studies of wells at different regions;
content analysis indicated physical, chemical and organic factors with parameters that surpassed upper
boundaries established by World Health Organization. The public full understanding of economic and
social importance of underground water will help in Full integration of Comprehensive Regional
Groundwater Protection Program for Nigeria.
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Introduction

Groundwater protection programs are the point of convergence for a new collaboration
and cooperation between Environmental Protection Agencies, various institutions and
firms to achieve a more economical, systematic, competent, extensive and infinite
approach to protecting groundwater resources. Ground water protection programs are
crucial steps in implementing groundwater protection motives and principles.

Environmental Protection overall motive is to thwart, avoid and hinder adverse effects
to human health and the environment, and to preserve the environmental integrity and
purity of the world’s Groundwater. Environmental protection will consider the use, value
and vulnerability of the resource, as well as social and economic values. This signals for
Groundwater Safeguarding Programs that certify protection of drinking water supplies,
sustention and conservation of the environmental integrity of ecosystems related with
groundwater. Correspondingly, environmental protection perspective should be defining
appropriate prevention and protection policies, plans and approach.

Nigeria is not exempted in adopting a Comprehensive Regional Groundwater
Protection Program (CRGWPP). Yearly rainfall fluctuates from over 4000 mm in the
south to less than 250 mm in the north, the national average being 1180 mm. Recent
years have seen declining rainfall totals in Northern Nigeria and drought is a recurrent
problem in the region. The mean yearly temperature in Northern Nigeria is around
25 °C[1].
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Nigeria is divided into 6 regions. Each is made up of different states as Nigeria is made
of 36 states. Concerning the wide-ranging use of underground water, high importance,
exposure to pollution, social and economic consequences of such exposure to
contamination, it is important that groundwater is protected through the collaboration
of Government, agencies and public.

Regional Groundwater Protection Objectives

Inhibition of pollution whenever feasible

To avert and avoid adverse effects to human health and environment, inhibit
environmental decency, prevention of pollution must be the primary focus of the CRGWPP
method.

Inhibition of pollution at any time feasible must be the primary focus of CRGWPP. If
prevention of all discharges and pollutants to all groundwater is not possible. This should
not be a reason to allow groundwater to be neglected or abandoned. There should be con-
sideration for all groundwater resources. The exposure of the groundwater should help
regulate the level of source control measures necessary to prevent pollution. The relative
use, value and exposure of groundwater at different regions and location should be well-
thought-out in conclusions concerning the siting of facilities or activities. Also, due to
limited government personnel and financial resources, the use, value, and exposure of
groundwater should be reasons in setting priorities for daily operations of relevant programs.

Discussion and deliberation of the risks and the benefits of activities that may bring
about health issues and environmental concerns could result in prevention measures to
those regions where groundwater are considered to have certain uses and values that, if
not protected and conserved would bring about an unwarranted risk to human health or
the environment now or future generations. Regions are encouraged to pursue prevention
whenever possible.

Remediation in which is based on both
the comparative use and value of groundwater

The prominence of groundwater protection ought to be on the inhibition of pollution.
Remediation must be pursued as a final option when inhibition fails or where pollution
already exists. Knowing the cost of cleaning up groundwater pollution and the necessity
to concentrate on effort and resources on inhibition, National Environmental Standards
and Regulations Enforcement Agency (NESREA), Nigeria Hydrological Services Agency
(NIHSA) and the regions must take a specific realistic approach to a restoration based
on reasonably expected usage of the resources and also that of social and economic values.
It is important for the NESREA, NIHSA regions to work together in order to guarantee
reliable methods to decide clean-up purposes

Groundwater pollution is a national concern

For many years groundwater was in general considered to be untouched resource.
Experts and the public thought that the surface waters were certainly protected by layers
of soil and earth and were purified naturally. Pollution was thought to occur results of
septic systems operations.
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Threats to groundwater

A study on the groundwater pollution from abattoir waste located at Minna state.
Carefully examined wells indicated physical, chemical and organic factors and parameters
that surpassed upper boundaries established by World Health Organization (WHO). The
waters are generally and mostly hard water which contained elevated concentrations of
CaCOj;, MgCOs, sulphates, nitrates, phosphates and heavy metals [2]. Overall of 194 kg
of solid waste is generated and produced on a daily basis in Nsukka metropolitan abattoir,
deprived of any sanitized and clean dumping and discarding or management approach
and methodology. There are multiple and increased information of drinking water
pollution in Nigeria [3]. As a result of exploration, investigation, examination, news
reports, and studies, there has been an awareness that there are so many dangers and
threats to groundwater which includes synthetic and artificial chemicals of so many
categories and usages, together with synthetic organic compounds; fertilisers; pesticides;
wastes from mineral and petroleum exploration, production, transportation, storage and
usage; and pollution have all been detected. All these arise from underground storage
tanks, surface sites, pesticides storage, mixing, and application sites, septic tanks,
underground injection wells and variety of other sources.

Effects and concerns of water pollution in Nigeria

Most important effects and concerns of water contamination and pollution in Nigeria
are health, ecological/environmental, socio-ecological problems. Nigerian government
is suffering from terrifying and devastating cost inconsistencies. Contaminated or polluted
water having residues, deposits and parasites is very costly to purify to wanted requirement
for domestic and industrial use. This is also associated with the financial consequences
of eliminating related illnesses. There by affecting children and infants, as can be seen
from the high infant mortality rate in Nigeria. Adults are not excluded from suffering
from poverty. The burden of malaria is vast and overwhelming enough to affect economic
and social growth in Nigeria [4].

Water related diseases are the most common causes of illness and death, affecting
mainly poor inhabitants in the local communities. Several cases have been reported. In
October 2010, 29 115 cases involving 1191 deaths of cholera had been reported in just 15
out the 37 states including Federal Capital Territory. The figure increased from 1616 and
1260 deaths in 2004. It was detected that the epidemic and occurrence is still in present
in new neighborhoods and districts attributable to endless water pollution. Pond water
equals more than 75% of total water used in Idere community of Oyo state. Pollution
assessment and evaluation in the 80’s made known no appropriate hygienic and healthy
approaches for discarding of human waste, making the ponds the instantaneous objects
exposure to these wastes. Intensity and concentration of pollution was linked with Guinea-
worm infections in the community. Polluted ponds were noticed and discovered to be the
of the spread of this infection (Dracunculus medinensis), other parasites and bacterial
infections [5]. Survey approved and supervised by World Health Organization indicated
that about 96 000 people had Guinea-worm infections in 1991, with Nigeria as one of
the 13 African countries with unceasing drinking of polluted water.

The rural communities and areas have been responsible for the spread of disease and
infections. May 2009, Society for Gastroenterology and Herpetology in Nigeria
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(SOGHIN) uncovered excessive occurrence frequency of hepatitis with 19 million people,
regularly deprived people being infected. Hepatitis B and C continues to kill people and
major hepatitis infections that are currently diagnosed in Nigeria. 2001, Rahman et al.
gave details that, 1984 and 1999, 954 children underneath the age of 15 years were detected
with typhoid fever in western region, of which 108 had puncture long-established at
surgery. Statistical data estimates that about 52% of all documented cases of typhoid fever
isin adults and children. Statements and details from different health institutions in Lagos
state indicated serious situations of multi-drug resilient salmonella typhoid in teenagers
between the ages of 16 and 30, with 635 occurrences diagnosed in less than 15 months
that is from May 1997 to July 1998. Not long ago [6], give an account of an occurrence
of 441 patients diseased from same illness in the same community. Matter of life and
death is that most of the patients are diagnosed with other pollution diseases such as
malaria, cholera. Poisoning as a result of heavy chemicals is a worrying health and
environmental problem; most Nigerians give an account, which results from assimilation
of polluted water or food. Not long ago | 7] organized a study on 240 people, encompassing
of children, pregnant/nursing women and men in Eastern Nigeria, Enugu state to be
precise.

These elements nickel, manganese and chromium were uncovered with concentrations
over and above the acceptable boundaries permitted by WHO, the blood tests of the
respondents. The poisoning was largely understood to be water poisoning. In a connected
occurrence, over 400 children from several communities roughly near Gummi and
Bukkuyum local government areas of Zamfara state died of lead poisoning in six months
in the year 2010. Medical specialists and professional’s descriptions and statements from
the state Ministry of Health and Medicines Sans Frontiers (MSF) defined the concerned
children to reveal and disclose overwhelming and distressing symptoms for instance,
gastro-intestinal aches, skin inflammations with rashes, fluctuations of mood; some were
sluggish, partially paralyzed, become blind and deaf. The worst concerned victims came
into the Ministry of Health with seizures that lasted for an hour and occasionally lead to
coma and then to death. The poisoning which largely has a lot to do with mineral
exploitation, pollution in water, food and air, have so far raised high level of concern for
3,600 children, with additional expectancies and anticipations that 180 communities
sheltering up to 30,000 people may be influenced and involved with concern issues. Many
of these occurrences can be seen today also in different Nigerian and international
publications, the major concern remains how the problems could be fully addressed and
resolved.

Importance of groundwater in Nigeria

Simultaneously as dangers to ground water came into being clearer and detected, the
consequence and significance of protecting groundwater has also turn out to be obvious
and well-defined, not just as a resource of which we get drinking water from. 95% percent
of the population of Nigeria gets drinking water from groundwater. 85% of the drinking
water used in urban areas is gotten from groundwater resource, 75% of the consumable
water in rural areas is gotten from groundwater.

90% of the ground water exploitation and extractions in South-South region, South
West, South East and North Central regions are mainly for used agronomic activities. In
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the South East, South-South and South Western regions, 40% of the groundwater
exploitation and extractions is majorly used for industrialised purposes.

Importance of groundwater on ecological functions can’t be over looked. There is an
interconnection between groundwater and surface water. Annual streamflow in Nigeria
is derived from groundwater, or baseflow. In humid zones, 80% of the stream flow is all
gotten from groundwater. Intrinsic ground water ecology suggests that there are several
species living organisms in groundwater, which leads to the conclusion there should be
concerns about the quality of groundwater. Obviously, maintaining ecosystem and habitats
are also importance of ground water.

Groundwater quality and quantity
Groundwater level in Nigeria

Groundwater recharge

The complete renewable groundwater resources capability and capacity in Nigeria is
projected to be at least 155.8 billion cubic meters per year (BCM/year), obtained after
calculated total annual groundwater recharge [8]. Water recharge fluctuates and differs
throughout diverse regions in Nigeria, regulated and influenced basically by climate. In
northern part of Nigeria, water recharge is very low as a result of low rainfall and high
evapotranspiration.

The projected groundwater recharge at a regional level is expressed below (Table 1).

Table 1
The projected groundwater recharge at a regional level
Region Estimated groundwater recharge (BCM/year)
Niger North (Northwest Nigeria) 5.0
Niger Central (West-Central Nigeria) 20.5
Upper Benue (East-Central Nigeria) 19.3
Lower Benue (East Nigeria) 18.6
Niger South (South-Central Nigeria) 31.9
Western Littoral (Southwest Nigeria) 23.4
Eastern Littoral (Southeast Nigeria) 32.8
Chad Basin (North-East Nigeria) 4.3
Total 155.8
Groundwater quantity

Issues with drought keep leading to drop of groundwater levels, together with seasonal
issues, in dry seasons, and all through elongated phases of low rainfall. This is predominantly
a subject of matter for local, low storage basement aquifers, equally in the northern part
of Nigeria where rainfall is at a low level and in the southern part, where rainfall is above
average. The thinkable influence of climate alteration on groundwater levels, with altering
climate patterns fused with changing water necessity, is acknowledged and known in the
National Water Resources Master Plan.
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Groundwater quality

There is information about sea water intrusion into southern coastal aquifers
accompanied with over extraction

There has been information with details of residential pollution of groundwater in the
Lagos state by industrial chemicals all also associated with metal pollution of groundwater
from mining activity (Ministry of Water Resources, 2013) (Table 2).

Table 2
Concluded trace-element data for ground waters from southern part of Nigeria [9]
(All standards are in pg/I, n = 250 (150 boreholes, 100 dug wells))

Element Minimum Maximum Mean guid(lll\il:(gvalue
Al 22 270 94 200*
As 0.40 6.9 1.9 10
Ba 9.48 1150 420 700
Br 41 210 95
Cd 0.06 1.1 0.27 3
Cs 0.09 3.7 0.61
Cr 0.18 9.1 1.1 50
Co 0.09 6.1 0.60
Cu 0.23 54 9.3 2000
Pb 0.61 14 2.8 10
Mn 1.4 290 55 500
Mo 0.90 30 4.1 70
Ni 0.80 37 5.2 20
Rb 1.8 530 68
Se 2.3 22 71 10
Sn 0.23 1.5 0.59
Sr 23 150 76
Vv 0.27 2.8 1.2
Zn 8.6 1700 100 3000

* aesthetic, rather than health based, value.

Groundwater organization and management institutions in Nigeria

Lots of bodies are in authority with responsibility for groundwater organization and
management in Nigeria. They consist of the government agencies:

1. Nigeria Hydrological Services Agency (NIHSA) is in authority for water resources
(groundwater and surface water) estimation and evaluation; groundwater quantity, quality,
availability and distribution in time and space.

2. Nigeria Integrated Water Resources Management Commission (NIWRMC) is in
authority for regulation of water use and allocation.

3. National Water Resources Institute (NWRI) is in authority for promote and develops
training courses in water resources. Promote necessary codes of practice in water resources
development and management suitable for Nigerian conditions.
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4. Gurara Management Water Authority (GMWA) is in authority for invitation for
technical and financial bids for the implementation of 2016 Capital Appropriation in
compliance with the Public Procurement Act 2007.

Professional Organizations

Nigerian Association of Hydrogeologists (NAH) [10] is in authority for inspection,
improvement, development and organisation of Nigeria’s water resources. NAH spreads
out information and data of condition of Nigeria’s water resources by annual summits.
National Technical Committee on Water Resources (NTCWR), National Council of
Water Resources (NCWR), and NAH influences and impacts to the development of
water resources policies and legislation, together with the Water Resources Act 100 and
the Nigerian Standard for Drinking Water Quality.

Legal framework for groundwater management

Management, instructions and parameters with guideline have been established, as
well as the Water Resources Decree 101 propagated in 1993 (present day referred to as
Water Resources Act 100).

Groundwater Monitoring

Nigeria Hydrological Services Agency is in authority for groundwater monitoring.
Nigeria has National Groundwater Level Monitoring Programme with 43 monitoring
points, 32 of which are set up with data loggers. These are located in basement and
sedimentary aquifers. The regularity of observation at sites with data loggers is every day
and every so often twice daily.

NIHSA realized a programme of drilling new monitoring boreholes for monitoring
groundwater level. The new boreholes are concentrated on sedimentary aquifers utilized
for urban water supply; with borehole penetration of 80 to 100 m. Groundwater level
monitoring information and data are kept at NIHSA head office.

Groundwater designed for future

Groundwater conceivably will influence increase in expectations of water demand in
future. Modernization of existing borehole installation and substructure, substituting
hand pumps to power-driven pumps.

During the project to modernize Nigeria’s Water Resources Master Plan, uncovered
issues that influenced generation and quality of groundwater in Nigeria:

— unjustifiable and unnecessary oversimplification of water level deterioration;

— pollution of groundwater from sea water encroachment and penetration of domestic
and industrial pollutants.

Stipulated and proposed that climate alteration will lead to a decline in groundwater
recharge in Nigeria; utmost consequence will be in the northern part of Nigeria and Chad
basins. Declining groundwater heights would take place, leading to functioning boreholes
becoming dry.
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CRGWPP as the focus of a new federal/state/regional partnershiping
on groundwater protection

CRGWPPs are projected, planned, proposed and anticipated to make up and develop
what we have been educated on about groundwater protection and remediation. CRGWPP
approach and methodology conjoins many of the lessons learnt directly into CRGWPP
activities and pursuits. When there are limitations to federal and state laws to successfully
and productively uphold the lessons learnt from groundwater protection and remediation,
the CRGWPP approach/methodology will support and uphold all necessary changes in
existing and emerging laws, regulations, and policies essential to address the remaining
lessons.

Henceforth, CRGWPPs will uphold the following:

Prevention. A regional ambition should be on preventing ground water pollution. States
and regions are encouraged to consider the relative exposure of ground water in defining
necessary prevention procedures and consider the comparative use and value, as well as
exposure of groundwater when determining where to position potential pollution sources.

NESREA and other government agencies are required to identify, uncover the economic
and social influences of prevention measures. They may need to be evaluated against the
use and value of specific and restricted groundwater resources. Nevertheless, prevention
and reduction of pollution are supposed to be the main concern of each region CRGWPP,
some level of protection ought to be taken into consideration for all ground waters in a
region and state.

Regions and states ought to give some level of authorization or give the go-ahead order
to local governments or local authorities to determine and conclude on what is competent
for preventing groundwater pollution in rural areas and low populated towns of Nigeria.
Federal standards and regulations will still be followed when stipulating and specifying
what is achievable and feasible. A region and state’s goal is required to be grounded on
non-degradation or anti-degradation. NESREA and other agencies had better acknowledge
that it might get to a point where there will be occasional rise for harmonizing economic
and social costs of prevention against groundwater use and value. Conclusions and
resolutions should conserve, support and safeguard resources for future generations.

Remediation. A region and state’s aim/target is required to be fully grounded on
groundwater that are hydrologically connected to surface waters for drinking water.
Reduction of pollution on ground waters which are hydrologically connected and linked
to surface waters so that its discharge to surface water does not go beyond water quality
standards and guidelines. A state’s and region’s target and objective for cleaning of polluted
groundwater possibly will also be grounded on “relative risk to human health and the
environment.

Program organization. The CRGWPP method and methodology will make certain
programs work with respect to its aims and purposes in a coordinated conduct. Actions
of several programs that influences ground water, directly or indirectly, cross-purposes,
leading to confusion and inefficient expenses of efforts. Combining all programs and
pursuits through a regional-directed, resource-based approach, a CRGWPP has to reduce
or eliminate such situations. Regions and states will collaborate with NESREA and other
agencies in designing and implementing programs to protect the resource.
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Increased recognition and identification of the interrelationship between groundwater
quantity and quality. States should be encouraged to coordinate their groundwater quality
and quantity objectives, particularly in maintaining aquatic habitats.

Public participation and support. CRGWPP mandated develop public understanding
of the ground water protection related complications and problems. Every region and
state should offer an all-encompassing means for public participation and support. This
will enhance better understanding for addressing concerns, of social and economic
environmental implications. CRGWPP highlights public participation will help gain
public support for state ground water protection decision-making.

What will make-up
a Comprehensive Regional Groundwater Protection Program

A Comprehensive Regional Ground Water Protection Program is made up of a set of
four strategic activities which relatively are more efficient and effective in protection of
groundwater. Harmonized operation of all relevant federal, state, and local programs
within a region and state. The four strategic activities are:

— instituting a groundwater protection aim and priority to influence and recognize
sources of pollution, and programmatic needs in all related federal, state, and local
programs operating within a region and state;

— determining roles, responsibilities, and managing system sources, of all federal,
state, and local programs for focusing on recognized groundwater protection priorities.
instigating all that is essential to achieve regional groundwater protection aim;

— improving public education and participation in all aspects of groundwater
protection to achieve support of the state’s protection aim, priorities, and programs.
Planning is compulsory in creating and affecting these strategic activities, a plan does
not by itself make up a CRGWPP. The strategic activities of a CRGWPP are meant to
influence all groundwater connected programs within the region;

— information awareness is creating enormous computer databases to gather and
store the information including e-mails, social networks, phone calls, medical records,
and numerous other sources.

Relation to federal agency programs and other agencies

CRGWPP methodology will be a very effective and efficient guard to Nigeria’s
groundwater resources centered on a resource-oriented decision-making process.
CRGWPP approach will offer a considerable medium for improved state flexibility and
management including policymaking under many federal programs. This helps and makes
sure states can concentrate efforts on protection to convene their distinctive groundwater
protection requirements and main concerns. The CRGWPP methodology will realize
these advantages by relating different federal programs into a partnership with the states.

CRGWPPs offer a basis for groundwater protection endeavors and activities for both
federal, state and local; all can be properly managed and organized. This management
and organization will decrease excessive repetition of effort and bring about use of program
resources to address groundwater protection needs within a region and state.
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CRGWPPs provide the groundwork for state-directed and regional instituted, resource-
based main concerns. Environmental protection agencies will work together to adopt a
reliable methodology to state groundwater policymaking across all relevant federal
programs and guidelines. This will lead to increases in state tolerance to various federal
programs; through pursuit of CRGWPP a state will realize full, reliable, technique to
address its groundwater protection priorities in all related programs. Chapter 4 focuses
on how CRGWPPs put regions and states in the lead position of making resource-oriented
conclusions about groundwater protection endeavors.

Conclusion

Pollution can minimize right to use safe and reliable supplies. Monitoring of Nigeria’s
groundwater by NIHSA has uncovered that activities on the land have polluted and
exposed, surficial aquifers impurities and pollutants. Moreover, naturally occurring
pollutants and impurities are also found in Nigeria’s groundwater in different geopolitical
regions of the country. These pollutants consist of arsenic, manganese, fluoride and others
as earlier explained.

Regarding to human health, the environment and legal policies, it is important for
the Federal Government of Nigeria, Federal Ministries, State Government, State
Ministries, local governments, local authorities and all environmental protection agencies
to be strict with laws on disposal of sewage waste, municipal waste and monitor activities
at abattoirs in all geopolitical regions. Recommending approaches and activities to protect
groundwater degradation from pollutants and impurities, it is essential to think of the
fact that groundwater and surface waters are part interconnected. Enhancements are
required in principles and guidelines to handle more pollutants, and advance protection
procedures to meet up with legal requirements, which might involve extra funding.

The public full understanding of economic and social importance of underground
water will help in full integration of Comprehensive Regional Ground Water Protection
Program. Estimated cost of cleaning up one groundwater site is $1 100 000. In most cases,
due to complexity of contaminants and geological characteristics cleanup is difficult.
Nigeria’s Yearly budget is estimated at =N 150 000 000 000 ~ $392 000 000. The complete
removal of contaminants from groundwater at possibly thousands of complex sites in
Nigeria is unlikely, and no technology innovations appear in the near time horizon that
could overcome the challenges of restoring contaminated groundwater to drinking water
standards.

Regional and state programs on protection of groundwater must be strengthened to
guarantee that safe and satisfactory water supplies are accessible to meet growing demands.
Increased data collection and management for better decision making and planning
related to groundwater use, ought to be among the top priorities for funding by Federal
Government and Federal Ministries.
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Mporpamma 3awunTbl 1 ynpassieHUs rPyHTOBbIMU Bogamu Hurepun

H.H. Kany

Poccuiickuii yHuBepcuTeT ApyKObl HAPOIOB
Poccuiickas @edepauus, 113093, Mockea, [lodoabckoe wocce, 0. 8, kopn. 5

B cTtaThe paccMaTpuBarOTCS 3arpsi3HEHUE W MCIIOIb30BaHKE TIOA3eMHBIX Box B Hurepuu, mpen-
JIAraloTCst CIoCcO0bl UX 3alUThl. BbUIM MPOBEIEHBI UCCIEA0BAHUSI CKBAXUH B Pa3HBIX PErMOHAX;
aHaJIN3 COIePKaHUsI TIPOO BBISIBUIT (PU3MUYECKUE, XUMUIECKUE M OpTaHUIEeCKHE (haKTOPHI C ITapame-
TpaMu, MPEBbIIIAIOIINMYU BEPXHUE TPAHULIbI, YCTAHOBICHHbIE BceMUpHOI opraHu3aiiueit 3mpaBo-
oxpaHeHUs1. [ToHMMaHMe 00IIIeCTBEHHOCTHIO 3KOHOMUYECKOM 1 COITUATbHOM BasKHOCTH ITOI3EMHBIX
BO/I TOMOXET MMOJIHOM MHTerpainu KoMIieKCHO permoHaIbHOM TPOrpaMMbl 3aIIUThI TOA3EMHBIX
Boa (CRGWPP) B Hurepuu.

Kmouesbie ciioBa: Hurepusi, mon3eMHbie Bojibl, KauecTBO U KosimuyectBo, CRGWPP
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AvuHamuka naHpwadToB Kocbl [lonrasa

A.M. Aneiinnkosa', B.B. KpbLienko’

' Poccuiickuit yHUBEpCUTET IPYKOb HAPOIOB
Poccuiickas @edepayus, 113093, Mockea, [lodoabckoe wocce, 0. 8, kopn. 5
2 110 PAH nmenwu I1.11. Llupiuosa (FOxHOE oTaeIeHNE)
Poccuiickas @edepauyus, 353467, Kpacnooapckuii kpaii, leaenodxcuk, ya. [lpocmopuas, 1I'

Hacrosimast pabota rmocssiiieHa aHaIM3y IMHAMUKY JJaHIahToB Kockl Jloaras TaraHporckoro
3asinBa A30BcKoro mops. [IpuBoasiTcS aHaIU3 AUHAMUKHU JIMTOJIOTUYECKOTO COCTaBa, pejibeda, mo-
YBBI, PACTUTEIBHOCTHU, aHTPOIIOTEHHOTO Bo3aelicTBUsI. PopMupoBaHUe HOBBIX BaJIOB TUISKEOOpa-
3YIOLIEro MaTepuajia u3 recka M pakylliu HEMpepbIBHO MPOUCXOIUT Ha 3aMaHON CTOPOHE KOCHI.
MakcHUMabHOM BBICOTHI TOCTUTAIOT HeJaBHO C(pOpMHUPOBAHHBIC BaJIbI Ha 3aITaHON YacTH KOCHI,
10 Mepe MepeBUXKEHMS K BOCTOKY BbICOTa BaJIOB CHUKaeTcsl. CKOpoCcTh hOpMUPOBAHMS TyMYCOBO-
ro Hajerta gocturaet B cpenHeM 0,05—0,1 MmM/ron. [TocTosiHHOE BIUSHUE MOPSI TIOCPECTBOM T10-
najaHusi MOPCKOI BOJBI B JIaryHbI 00ecTieunBaeT exeMecsiuHoe 00pa3oBaHue COJOHIIOB U COJIOH-
yakoB. [TMoHepHas pacTUTEILHOCTh MOXKET MOSIBJISITBCS B TeUeHUE HECKOJIbKUX MecstieB. [IpumMep-
HO C TaKOM e CKOPOCTbIO MPOUCXOIUT NEerpagalisl PACTUTEIbHOIO MOKPOBA MO aHTPOTIOTEHHbBIM
Bo3aeiicTBUEM. BricoKast aHTpOIOreHHasT Harpy3ka MpUBOIUT K YHUYTOXEHUIO PACTUTETbHOCTH.

KuroueBble ciioBa: nnHamMuKa JaHamadra, peabed KOochl

JlanamadThl MOPCKMX TTeCYaHBIX KOC 00JIaaloT CBOSOOpa3reM MPUPOIHBIX YCIOBUI
U peKpeallMOHHOM IpUBJeKaTebHOCThI0. OHU Ipeodpa3yroTcs ¢ ropas3ao 0oblei
CKOPOCTBIO, YeM MaTepUKOBbIE JIaHAIIA(THI. B ¢BSI3M C 3TUM MpOBENeH aHaIU3 TUHa-
MUKH JJaHAIa@ToB Kockl Jloirasg Kak «BeYHO MOJIOJOTIO» IPUPOIHO-TEPPUTOPHUATIb-
Horo komiuiekca (ITTK). 3agauamu nccieagoBaHus cTalu u3ydyeHue Gru3nKo-reorpa-
(ruecknx 0coOeHHOCTE! yKa3aHHOTO paiioHa, IOKOMITOHEHTHBIN aHAIN3 TMHAMUKHA
JaHama@ToB, XapaKTepUCTUKA aHTPOIIOTEHHOM AMHAMMKY JTaHIIIa(hTOB.

OCHOBHBIMM METOJAMU MCCIIETOBAHUS SIBUIMCh: METO KOMILIEKCHOIO MOJIEBOIO
(puzuKo-reorpapuuecKoro onucaHus, JMTepaTypHbIi aHaJIM3 JaHHBIX, AeIT(PUpPO-
BaHME U KapTUPOBaHNE KOCMUUECKUX CHUMKOB, LM poBas poTorpammeTtpus. Ousu-
KO-Teorpaduueckoe onrcaHne BKIIOYAIO0 NAeHTU(MUKAIINIO Me30(OopMBI pebeda 1
ee BJIEMEHTOB, XapaKTepUCTUKI MUKpoOpeibeda, ITOI0XKEeHUS pa3pe3a 1 00TaHNIeCKOi
IUTOIIAIKM, TTOKA3aTe 1 YBJIaXKHEeHNsI, CBEICHMS O 3aJIeTaHNU TPYHTOBBIX BOJI, YKa3aHUE
YTO/Ibs1, UHAEKCHI ITOYB 1 (PUTOLIEHO3a, OMMCAaHMsI O0TAaHMYECKOM TUIOIIAAKM, XapaK-
TePUCTUKHU ApeBocTosl. Ocob0e MECTO YAEISIIIOCh OIMMMCAHUIO TPABOCTOS, T KaxKA0MY
BUIY pacTeHUS AaeTcs BbICOTa, 00UIMe, MPOESKTUBHOE MOKpbITUE, (heHodaza. Takxke
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MOAPOOHO (UKCHPOBaAach Ha TOYKAX HAOIIOAEHWI aHTPOIIOIreHHAsI HApPYIIEHHOCTh
naammadToB. [1pu moMomm nemmdprupoBaHUs KOCMAYECKIX CHUMKOB COCTABIISLINCH
JaHgmadTHBIE KAPTOCXEMBI, pesibed McCIeToBaHHON TEPPUTOPUN (PUKCHUPOBAJICS TP
oMoy uugpoBoit (poTorpaMMeTpUn.

HenpepsiBHast sipko BbIpaxkeHHas IMHAMUKa JJaHAIIA(GTOB KOChl MOXET CIIYXKUTh
MoJebo 115 u3ydeHus: opmupoBanus u aerpagauuu I[TTK. Kaxabiit KOMIOHEHT
I[ITK MeHsIeTCs ¢ OIpenelIeHHOM CKOPOCThIO M YaCTOTOI. AHTPOIIOTeHHAs TMHAMUKA
JaHAIa@TOB 3a4acTyIO IIPEBHIIIACT CKOPOCTh IPUPOTHON TUHAMMKIU.

Koca Jlosrast, mpoTsKEHHOCTBIO OKOJI0 12 KM U IIMPHUHOM B OCHOBAaHUM OKOJIO 6 KM,
pacmoJioXeHa Ha 3amagHoi okoHeuHocTr Elickoro moyyocTpoBa, Ha 3aajgHoOM Oepe-
ry Taranporckoro 3aiuBa A30BcKoro Mmops (puc. 1).

24102013 r,

Puc. 1. Koca Jonras

24.10.2013

Figure 1. Sandbar Dolgaya
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05.11.1968

Figure 2. The initial stage of sandbar formation (shown by yellow shading) in a modern image

Bo3spacTt xocsl coctapnsieT He 6osiee 2000 sieT (1o JaHHBIM aHaJIu3a Pa3HOBPEMEH -
HbIX KapT) (puc. 2). OCHOBHbIEC MOCTAaBIIUKY TLISKE00pa3yolero Mmatepuaia ajs mu-
TaHWS1 aKKYMYJISITUBHBIX TeJsl EIiCKOro 1mosyocTpoBa — NpoayKThl TOCTOSTHHOM adpa3uu
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KOPEHHBIX O€peroB U MaTepual OMOreHHOIO MPOUCXOXKACHMS (paKyllia), MOCTyMaoui
co mHa mops [1; 2].

®DopMUpOBaHUE HOBBIX BAJIOB ILISKEOOPA3yIOIIero MaTepuraa U3 recka U pakyiiu
HEIPepPbIBHO MPOMCXOIUT Ha 3aMagHOM CTOpOHE KOChl. I10cKOIbKY 0TMeb KOochl J1oJ1-
rast UTpaet poJib «0apbepa» Ha BXoJe B TaraHpOrcKuii 3ajiuB, y €€ OKOHEYHOCTH U B
IIpopaHax BO3HUKAIOT IITOPMOBBIE TEUYECHHUSI, CKOPOCTh KOTOPBIX MOXET JIOCTUTATh
1—1,5 M/c, cnocoOCTBYIOIINE aKTUBHOMY Pa3MBIBY ITeCUaHbBIX aKKYMYJISITUBHBIX TSI
[1; 3]. B manpHeiimeM Baibl IIOCTEIICHHO CMEIAIOTCSI K BOCTOKY (pHUC. 3), TEM CaMbIM
IIPOMCXOAUT IIOCTOSIHHBIM CMEIIIEHHEM BaJIOB ¢ 3amaaa Ha BOcToK. I1o KocmMuueckomy
CHUMKY XOPOIII0 BUIHO (puc. 1), uto manmmadTHBINA pUCYHOK KOCBI HOCUT CETMEHTHO-
BEEePHBIIA XapaKTep, CBSI3aHHbIN ¢ (hOpMUPOBAHUEM MPUWICHEHHBIX IPYT K APYTY Tec-
YaHBIX BaJIOB W JIOXKOMHHBIX MOHMKEHUI MexXny HUMK. HeoO0XonuMo oTMETUTh, YTO
MaKCHMAaJIbHOM BBICOTBI JOCTUTAIOT HeAaBHO c(hOPMUPOBAHHBIC BaJIbl HA 3aIlagHOMI
YaCTH KOCHI, TI0 Mepe IIepeIBUKEHIS K BOCTOKY BBICOTa BaJIOB CHIKaeTcs (puc. 3).

Puc. 3. Penbed kocbl Jonras: HanbosnbllMe BbICOTbl ONPEenenaioTcs KOPUYHEBLIM LIBETOM,
HanMeHbLUNE — TEMHO 3eJIEHbIM
[Figure 3. Relief sandbar Dolgaya: the greatest heights are determined by brown color,
the smallest ones are dark green]

MoHO cKa3aTb, YTO CKOPOCTb AMHAMUKU JIUTOJOTUYECKOTO COCTaBa KOChI COCTaB-
ssieT okoJsio 100 seT, a pesbeda — HECKOJIbKO MECSILIEB.

[TouBbl Kockl [10T0M OYEeHb MOJIOABIC, MAJIOMOIIIHBIC C TUIOX0 ChOPMUPOBAHHBIM
npoduieM. OCHOBHBIE TUTTBI — aBTOMOP(HEBIEC, OeTHBIE TYMYCOM COJIOHIIEBATHIC CBET-
JIO-KaIlITAHOBBIE U COJIOHILIEBAThIe Oypble IyCTHIHHO-CTEITHBIE ITOYBHI. S pKO BhIpaxkeHa
MO3aMYHOCTb Pa3HBIX TUMOB MoYB. CKOPOCTh (hOPMUPOBAHUS T'YMYCOBOI'O HajleTa 10-
cruraeT B cpeaHeM 0,05—0,1 mm/roa. [TocTosiHHOE BAUsSIHUE MOPSI MOCPEACTBOM T10-
rajaHusi MOPCKOI BOJIbI B JIaTYHbI 0OECIIEUMBAET exKeMeCsIYHOe 00pa3oBaHeE COJIOHIIOB
1 COJIOHYAKOB. TakmM 00pa3oM, HaOIIOgaeTCS exXKeroaHas JMHaMUKa IT0YB.

[IpakTuecku BCsl MOBEPXHOCTH KOCHI ITOJABEPIIach TEXHOT€HHOMY IIpeo0pa3oBa-
HUIO, HO YaCTUYHO €CTeCTBEHHbIC pacTUTEbHbIE acCollMalluu coxpaHwiuch. Ha tep-
pUTOPUN MPUKOPHEBOM YacTu KOochl JLoroit coxpaHUIMCh parMeHThl MICKYCCTBEH-
HOT'0 XBOMHO-JIMCTBEHHOTO (COCHA, JIOX Y3KOJIMCTHBII, TOTOIb CEPeOPUCTDIN, TTeTUIMS,
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CKYMIHUS$I, TAMAPUKC, IIIMIIOBHUK) JJeCHOTro MaccuBa. Jlec 6bL1 BhicaxkeH B 1970-x rogax
IIJIST 3aIATHL KOCBHI OT BETPOBOI 3PO3MH, IIOATOIICHHS IPYHTOBBIMU BogaMu. JIecHbIe
HacaxIeH!sI CUJIBHO ITOCTPanajid BO BpeMs II0XapOB, 3aCOJICHUS 1 IIOATOILJICHMS MOP-
CKMMU Bomamu. J1j1s OCHOBaHMSI KOChI XapaKTEePHBI CTEITHbIE COOOIIECTBA TPUMOPCKO-
IO JIUTOPaJIbHOTO THIIA C TIpeo0IaTaHeM OBCSIHULIBI BaJIMCCKOM. B palioHe peJTMKTOBbIX
JIaTyH pacIpoCcTpaHeHbl KEPMEKOBO-TTOJIBIHHBIE I KEPMEKOBO-COJIEPOCOBBIE COODIIIE-
CTBa C MMPOCKTUBHBIM MOKPHITHEM 10 50 %. Takke BCTpedaroTCsl TPOCTHUKOBBIC 3a-
pociu, raouiIbHbBIe OeCKIIBHUIIEBBIE COOOIIECTBA C KepMeKoM Mefiepa, CoOlIepoCcoM.
Ha mecyanoM miske MMOHEPHYIO PaCTUTEILHOCTD COCTABIISIIOT MOJIOYail OyTepiak,
MOPKOBHHUIIA TIpUOpPEXKHAasI, MOAOPOXHUK IeCUYaHblii, BOPOHbS JIallKa yelryiyarasi,
LIMHAHXYM OCTPBII, ropell IpUMOPCKUIA; Ha paKyllIeUHUKE BCTPEUYaloTCs KaTpaH Mpu-
MOPCKUI, CHHETOJIOBHUK MpUMOpPCKUIi. [TnoHepHas pacTUTENbLHOCTD IMOSIBISIETCST Ha
roJIOM CyOCTpare MocesieTCs Bbllle HaMbIBHOM MOJI0CHI. ITepBbIMU YKOPEHSIIOTCS O/ -
HoJIeTHUE BUIbl. BOIM31M Gepera ypoBeHb TPYHTOBBIX BOJ PACIOJIOXKEH Ha TJTyOMHE
BCET0 OIHOI0 ASLIMMEeTpa OT IIOBEPXHOCTH, BOJA COJIOHOBATAasI, II0O3TOMY ITMOHEPHEIE
pacTeHus: HUTpoWIbHBIE 1 coyieycToliuuBbie. [1MoHepHast pacTUTEIbHOCTh MOXKET
MOSIBJISITBCS B TEUEHUE HECKOJIBKUX MECSIIEB.

ITpuMepHO ¢ TaKOM e CKOPOCThIO MPOUCXOAUT Aerpagalusl paCTUTEIbHOIO I0-
KpOBa MOoJ1 aHTPOIIOTreHHbIM Bo3aeicTBrEeM. [Ipu moaIHOM U Aaxke YaCTUYHOM YHUUTO-
JKeHUH PaCcTUTEIBHOTO ITOKpoBa (OpMBI peitbeda moaBepraiorces aedIsiiuy ITOYBEL U
pa3pylIapTcs. DTOMY CIIOCOOCTBYIOT BHITAIITHIBAaHME, €3[4 Ha KBaAPOLIMKIIAX, MAIIIH-
HaxX. DKOCHUCTEMBI KOCHI ITOJl aHTPOIIOT€HHBIM BO3IAEHCTBUEM IIPEeBPaIarOTCs B IPO-
MU3BOJHbBIE PACTUTEIbHBIE KOMILIEKCHI C (pparMeHTapHbIM pa3MellieHrueM. I1o tTaHHbIM
JIelpupoBaHus KOCMUYECKUX CHUMKOB, aHTPOITIOTEHHOE BO3ACICTBUE MPOCIEKM -
BaeTcs mpuMepHo Ha 70 % TeppUTOPUU TTPUPOTHOTO KOMILIEKCa, 0COOEHHO OHO 3a-
METHO B IICHTPaJbHOI YaCTH KOCHI.

I1peobmamaromue maHamadTel Kockl Jdonras mpeacTaBiasioT co00i TpsIoBO-BOJI-
HUCTYIO MOBEPXHOCTD CO CTEITHBIMM COOOIIECTBAMHU IMTPUMOPCKOIO JIUTOPATbHOTO TH-
IaHa COJIOHLIEBAThIX CBETJIO-KAIIITAHOBBIX M COJIOHIIEBATHIX OYPBIX ITYCTHIHHO-CTEITHBIX
nous. JlanamadTsl Kockl Jloaras Mojoabie U o4eHb IMHAMUYHBIE. [ITOKOMIIOHEHTHYIO
JTUHAMUKY MOXHO BbIPa3UTh CAEAYIOLIMM 00pa3oM (CM. TadJ1.).

Tabnuua
NMokoMnoHeHTHas AnHamMmuka naHgwadpToB
KomnoHeHT MTK CpefHsisi CKoOpoCTb Npeobpas3oBaHUs
JluTonornyecknii coctas 100 net
Penbed Heckonbko mecsues
MoyBbl ExerogHo — HEeCKOsbKO MecsiLeB
PacTtutenbHOCTb Heckonbko mecsiues
Table

Dynamics of landscape components

PTK component The average rate of conversion
Lithological composition 100 years
Relief Several months
Soils Annually — several months
Vegetation Several months
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ITox aHTpONOre HHBIM BO3AEMCTBUEM, KOTOPOE MpOcaexKuBaeTcs nmpumepHo Ha 70 %
TepPUTOPUM, TAHAIITA(PTHI KOCHI MEHSIOTCS B TeYeHME HECKOJIBKIX MECSIIEB.
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Dynamics of landscapes of the spit Dolgaya

A.M. Aleinikova!, V.V. Krylenko?
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1G Prostornaya St., Gelendzhik, Krasnodar region, 353467, Russian Federation

This paper is devoted to the analysis of the landscape dynamics of the Dolgaya Spit, Taganrog Bay
of the Sea of Azov. The analysis of the dynamics of the lithological composition, topography, soil,
vegetation, anthropogenic impact. The formation of new shafts of beach-forming material from sand
and shell occurs continuously on the western side of the spit. The maximum height is reached by the
newly formed ramparts on the western part of the spit, as the height of the shafts decreases to the east.

384 KPATKME COOBIIEHHA



Aleinikova A.M., Krylenko V.V. RUDN Journal of Ecology and Life Safety, 2018, 26 (3), 379—385

The rate of formation of humus plaque reaches an average of 0.05—0.1 mm/year. The constant influence
of the sea through the ingress of seawater into the lagoons provides monthly formation of salt licks and
salt marshes. Pioneer vegetation can appear within a few months. Around the same rate of degradation
of vegetation occurs under anthropogenic influence. High anthropogenic stress leads to the destruction
of vegetation.

Keywords: landscape dynamics, spit relief
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Becthuk PYOH
Cepusi: 3KONOrUS U BE3OMNACHOCTb &
XUSHEOEATEJSIbHOCTU http://journals.rudn.ru/ecology

NPABUNA ODOPMJIEHUS CTATEN, NPEAHA3HAYEHHbIX
ANngd onysJIMKOBAHUA B HAY4YHOM XXYPHAIJIE
«BECTHUK PYAH. CEPUA: 3KOJ10IN'el " BE3OINACHOCTb
XUSHEQEATEJIbHOCTWU»

1. TexcT cTaThu O0JXKEeH ObITh HAOpaH Ha KOMITbIOTEPE B TEKCTOBOM peAdakTope
Microsoft Word gepes 1,5 nnreppana mpudrom Times New Roman (pa3mep mpudra
14 rit) Ha cTaHmapTHBIX JucTax A4 (TioJis cieBa — 3 cM, cripaBa — 1 CM, CBEpXy U CHU-
3y — 1o 2,5 cMm). O6beM cTaTbU (BMECTe C TabJULAMU, WLTIOCTPALMSIMU U OMOaorpa-
¢ueii) He TOJKeH MpeBhIIaTh 12 CTpaHuII.

2. CtaTbs J0KHA colepKaTh B YKa3aHHOM MOPSIIKe:

— Ha3BaHUE CTaTbU; UMsI, OTYECTBO 1 (DaMMIJIMIO aBTOPOB; IIOJIHOE Ha3BaHUE Opra-
HU3aLMU U €€ CTPYKTYPHOTO Mopa3aeeHus ¢ yKa3aHWeM IMOYTOBOro aapeca (CTpaHa,
IMOYTOBBIIA MHIEKC, TOpoI, yauma, No moMa); aHHOTaluoo (5—7 CTPOK) M KIIIOYEBBIE
cJioBa (He MeHee 5 CJIOB WM CJIOBOCOYETaHU);

— Ha3BaHME CTaTbW; MHULIMAJILI U (paMWIMIO aBTOPOB; ITOJIHOE Ha3BaHME OpraHM-
3allMY U €€ CTPYKTYPHOTIO MOoapa3nesieHrs ¢ yKazaHueM IoYTOBOTo aapeca (Ne moMma,
yJIMlLa, Topoji, MOYTOBBIN UHAEKC, CTpaHa); KpaTkoe coaepxkaHue (1o 200—250 cioB)
1 KJTI0YEBBIE CJI0Ba (HE MEHEe 5 CJIOB WJIM CJIOBOCOUYETAHMI) HA AHIIMICKOM SI3bIKE;

— TEKCT CTaTbhU;

— CIIMCOK JIUTepaTypsl (110 andaBuTy; CHaYaja — Ha PYCCKOM SI3bIKe, 3aTeM — Ha
aHMiickoM). CIIMCOK JIATepaTypbl J0JKEH ObITh epeBeieH HA AHITHICKUIA A3bIK ¥ PO~
JyOJIMPOBAH JIATHHCKMMH OYKBAMH.

3. K cratbe HE0OXOTMMO MPUITOKUTD:

— JIBE 3aBEpEHHbIC PELICH3UN;

— CBeleHUs 00 aBTOpax — IIOJHBIC UMsI, OTYECTBO, (paMUIKsI, YIeHasI CTEIICHb,
Hay4yHOE 3BaHME, MECTO PabOThI, SJIEKTPOHHBII aapec.

Ob6pasey, wanku cmamou:

CocTosiHMe aHTUOKUCIUTESIbHbIX CUCTEM B KPOBU MbILLEN
nocine o6ny4eHus

N.1. Usanos', T1.I1. ITetpos’

! Poccuiickuit yHUBEpCHUTET IPYXObI HAPOLOB
Poccuiickas Dedepayus, 115093, Mockea, ITodoavckoe wocce, 0. 8, Kopil. 5
2 MoCKOBCKUiT FOCYIapCTBEHHBIN YHIBepcHTeT MMeHr M. B. JloMoHOCOBa
Poccuiickas Pedepayus, 119899, Mockea, Jlenurckue opbt, 0. 1

4. [loBTOpPEHME B CTaThe OTHUX U TEX K€ JAaHHBIX B aHHOTAILIMM, TEKCTE, TaOIMIIaxX
u rpadukax He goryckaercs. TaOnauiibl U pUCYHKU ClIeIyeT IIPOHYMEepOBaTh; B TEKCTE
CTaTbhU CChLJIKA Ha HUX 00s13aTe/IbHa. TaOaMIIbl 1OKHBI KIMETh 3ar0JIOBOK, 8 PUCYHKU —
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MOAPUCYHOUYHYIO MOANKUCH. IIpuHIMAaKOTCSA TOJIBKO YepHO-0elibie pUCYHKH (B (hopMarax
.tif, .bmp, .jpg) B BuAe oTaeabHbIX rpaduyeckux (haiiios.

5. Cnenyet orpaHMYMBATLCS OOLIETIPUHSATHIMU COKPAILIEHUSIMU Y U30eraTh BBEICHUSI
HOBBIX COKpAILlEHU O3 TOCTaTOYHBIX OCHOBaHUI1. BBeieHHBIE coKpallleH1sI He00XO0-
IUMO paciiipOBLIBATE.

6. CcblIKM Ha JTUTEPATypy B TEKCTE CTAThbU MPUBOASTCS B KBaApPaTHBIX CKOOKaX,
Hanpumep: [2] unm [5—7], [5. C. 15].

B crincke nuTepatypbl IPUBOASATCS 7M01bK0 ICTOUHUKU, HA KOTOPBIEC B TEKCTE CTaThU
nmerorcs cebliki. Crimcok popmupyetes 1o andaBUTy (CHavYajla MICTOYHUKHU Ha pyc-
CKOM sI3bIKE, 3aTeM Ha aHIJIMIACKOM). B criicke mutepatyphl JOJKHBI OBITh YKa3aHBHI:

045 KHue: (paMWINK M MTHULIKAJIBI aBTOPOB, Ha3BaHWE KHUTW, MECTO U30aHUsI, U3-
JATeILCTBO, TOJl U3IAHMSI,

ons cmameli u3 Henepuoouyeckux uzdanuii (coopHuxog): GaMuINy 1 MTHULIMAJIBI aB-
TOPOB, Ha3BaHME CTATbU, HA3BaHWE KHUTY (COOPHMKA), MECTO U3IaHUs, U3ATEIbCTBO,
roJl U3IaHUS;

ons cmameii u3 nepuoduieckux uzoanuil: haMUInKU U MUHULIMAJIBI aBTOPOB, Ha3BaHUE
CTaTbM, Ha3BaHME XXypHaJjia, TolI N3IaHus, TOM 1 HOMep XXypHaJia, IIepBasi U IIOCIICTHSISI
CTpPaHUIIbI CTAThU.

Obpaseuy:

Cnucok nutepaTtypsbl

[1] Bouo B.B. CpaBHUTeAbHas KJIETOYHAsl U BUJOBAsl PaMOYyBCTBUTEIbHOCTb. M.: ATOMU3/AT,
1974. C. 5—17.

[2] Poyu III. O30HO0BBIN 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. CTaTbs D0JKHA ObITH MOANMMCAHA BCEeMH aBTOPaMHU (Ha TMOCJAeaHel CTpaHUule) U
MMETh BU3Y (Ha IIepBOi1 CTpaHMIIS) 3aBeayIoliero Kadgeapoii (1 corpyaaukoB PYJIH)
WJIM MHOTO PyKOBOIUTEIIS (IMpeKTopa, IeKaHa, 3aBeayioliero Kadgeapoil uiu sadbopa-
TOpHYeil — ISl aBTOPOB M3 CTOPOHHUX OpraHM3alinii) ¢ pacummgpoBKoii MOINMCH U YKa-
3aHHeM JI0JKHOCTH.

8. B KOHIIe cTaTbu HEOOXOAMMO yKa3aTh (haMUINIO, UMsI U OTYECTBO aBTOpPa, C KO-
TOPBIM HauboJiee 1eIeco00pa3HO KOHTAKTUPOBATh MO BOMPOCAM MOATOTOBKU CTaThbU
K OIy0JIMKOBAaHMIO, ¥ €T0 KOOPAMHATHI (e-mail, HoMep KOHTaKTHOIO TeaedoHa).

OT3bIBBI Ha OTKJIOHEHHBIC PEAKOJIICTUEI CTaThb HE TIPEAOCTABIISIIOTCS, PYKOIIMCH
He Bo3BpalaloTcs. OTBETCTBEHHOCTD 3a COAEPXKaHME CTaTeil HECYT aBTOPHI.

Koumaxmmuas ungpopmauusa: mgmakarova@yandex.ru, +7 (903) 782 37 33, Makaposa
Mapuna Iennaovesna
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