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VIK 556.383/388:504(571.1)

HNCITOJIB30BAHUE YUCJIEHHOI'O DKCIIEPUMEHTA TP U3YYEHUU
MUT'PALIAN PA3TAYHBIX 3ATPASHAIOMUX BEIECTB B IIO3EMHbBIX BOJAX
KAJIYKCKOHU OBJIACTHU B 30HE PAIMOAKTUBHOI'O CJIEJA

© 2023 r. A.IL BeaoycoBa, E.J. Pynenko, K.I'. Biacos

HUncmumym 6o0nwvix npoonem PAH
Poccus, 119333, 2. Mocksa, yn. I'yokuna, 0. 3. E-mail: anabel@iwp.ru, belanna47@mail.ru

[Mocrynuna B pexpakiuto 27.02.2023. IMocne qopadorku 25.05.2023. [punsra k myoaukaiuu 26.05.2023.

Heﬂb CTaTb — M3YYCHUE MCTOAOM MATEMATHYCCKOIro MOACIUPOBAHHA IIPOLUECCOB MUI'PAINU
pa3IUYHBIX, OT ¢Jab0 J0 CUJIBHO copOMpyeMbiX 3arpsi3Hsionmx Bemiects (3B), Briroudas
pPaIuOHYKITUIBI, U3 TPYHTOBEIX B HAIMOPHBIE MOA3EMHBIC BOMABI Uepe3 Pa3elbHEIN CIOW — BOJOYIIOP
pa3IMYHON CTENEHU MPOHUIIAEMOCTHU. B MpakTUKe ruporeoJiornuyecKuX MUCCIENOBaHUN CYIECTBYET
TaKkO€ HampaBJIeHUE, KaK MOUCKA M pa3BelKa MECTOPOXKIAEHUM moja3emMHbIX Boj. IlepBas cramus —

IIOMCK, OCYILECTBJISIETCSI Ha IPAKTUYECKHM HEU3YYEHHBIX TEPPUTOPUAX, & BTOpass — pPa3BEIKa,
OTPaHUYMBAETCSI TEPPUTOPUSMH, TI€ MO JAHHBIM IEPBOM CTAaIUM BBIABISIIOT IEPCIIEKTUBHBIE
TEPPUTOPUH.

HaHHBIe HCCIICAOBAHHUS MOXHO OTHECTH K HepBOfI, MO CKOBOM cTagun, Korja MH3Yy4YCHHOCTH
TEPPUTOPHH B PaMKax 3aJlaHHOM TEMAaTUKU NPAKTUYECKH OTCYTCTBYET Ul BBIOpAaHHOH TeppUTOpUU
Kanyskckoit o0iactu, mocTpajaBiieli oT aBapuud Ha YepHOOBLIBCKOW aTOMHOM 3JICKTPOCTaHIIUU
(UADC). Iouck OBIT cocpemoTOYEH HAa M3YyUYCHUW MHTPAITUU 3arps3HSIONIMX BEIICCTB B TPYHTOBBIX
BOJlaX, a M3 HUX — dYepe3 BOAOYIOp B HANOpHbIX Bojax. HampasieHue moucka onpenensioch
CITIOCOOHOCTHIO BOAOYIIOPOB IPOITycKaTh depe3 ceds 3B ¢ omHo# cTOpoHBI (caMble HEeOIarompUsTHEIE
JUTSI TIOA3EMHBIX BOJ YCJIOBHSI), a ¢ JOpyrod — He mpormyckath 3B (OGmarompusartHbie ycioBus). B
IPUPOAHBIX M B TEXHOICHHBIX YCJIOBHAX o00a cilyyass HE CYLIECTBYIOT IO OTAEIbHOCTU (OHU
CIIUBAIOTCS), 4TO TpeOyeT XOpOWIeH IeoJOoro-ruIporeoJornieckoil M3y4eHHOCTH TEPPUTOPHH,
OTCYTCTBYIOIIEH mJIsi M3ydaemMod MecTHOCTH. Hamm wcciemoBanwsi ObUTM TPOBEAEHBI MO 00OMM
HAaIpaBICHUSIM IIOMCKOBBIX HCCJIENOBAaHMW, AJsl IEpBOrO  Clydyass BOAOYHOp IPHHUMAJICS
MIPOHULIAEMBIM, 11 BTOPOTO — HENPOHHUIIAEMBIM.

Jns KaXzmoro THIA IIOMCKOBOM CTaguu ObIIM IIPOBENEHbI Kak Obl pa3BeNOYHBIE YHCIEHHO-
9KCIEPUMEHTAIIbHBIC HUCCIIENOBAHUS (YMCIEHHBIH 3KCIEPUMEHT) ¢ NPUMEHEHHEM MAaTeMaTH4ECKOI0
MonenupoBanus. OOBEKTOM HCCIENOBAHUHI SABISETCS 4acTh Tepputopmu Kamyxkckoit obmactw,
HamOonee mocTpafaBmas oT aBapuu Ha YADC. HccrmepoBaHusi 1Mo mepBOMY HAIPAaBICHUIO OBLTH
3aBepIIeHbl u omyoankoBansl panee (bemoycosa, Pynenko, 2021a, 0). Pe3ynbraTsl BTOpol cTainu u
o0o0maromue pe3yapTaTbl HCCIAENOBAHWH OOOMX IIOMCKOBBIX HAIpPABICHUH NPUBOIITCA B
HacTrosel crtarbe. Ha naHHOM 3Tane npojomkaercs: HCCleqoBaHUE IPOLECCOB MUTPALIUH PA3IHYHBIX
3B, BKIOUYas paAUOHYKIWIbl, U3 TPYHTOBBIX BOJ B HANOPHBIA BOJOHOCHBIA TOPU30HT 4Yepes3
HENPOHHUIIAEMBII BOIOYIIOP II0 TEM XK€ pa3pe3aM, 4TO M UL IEPBOrO HAINPABIIEHUS, HO IO HECKOJIBKO
W3MEHEHHBIM CLIEHApUsIM H C IPYruM HabopoM ko3¢ uieHToB pacnpenenenus copounu 3B (Kd).
UucnieHHbBIE SKCIIEPUMEHTHI BTOPOT'O ATara MPOBOAUIIOCH IT10 cleaytommM ciieHapusim: 1 — (1-3-1), 2 —
(1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100). ITepas uudpa — 3HaAUEHUE
Kd (n/kr) B mepBoM cioe, BTOpas — BO BTOPOM CJIO€, TPETbsl — 3HAUYEHHE B TPETbEM CJIOE.
Taxo# nogbop k03hHUIMEeHTOB pacHpeneneHuss 00YCIOBIIEH 3aJaHMEM HX 3HAYeHUH Ha MOPAIOK
OonbIlie B BOZOYIIOPE, YEM B BEPXHEM U HIDKHEM BOJOHOCHBIX TOPU30HTAX.

Kaxxnplii crieHapuii mpoBOMWICS AJIsl IBYX YCIIOBHMM: C PaJMOAKTHBHBIM pacmaioM M 0e3 pacraia.
3a HavaNbHBIE YCNIOBHA ObUIa NPHUHSATA CTENEHb 3arpsi3HEHUS] TPYHTOBBIX BOJ IO AHAJIOTHMH CO
CTENEHBIO 3arps3HEHHs] IIOBEPXHOCTM 3€MJM B 30HE PAJMOAKTHBHOIO cliela Ha HU3ydaeMoi
TEPPUTOPHH, XOTS B MPHUPOAHBIX YCIOBHUSAX Ha ATOW TEPPUTOPUM B TPYHTOBBIX BOAAX TaKOIO
pacnpocTpaHeHUs] 3arps3HEHMs HH pPaJuoOHyKIWAamMu, HU japyrumu 3B He Habmronmaercs.
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NCTIOJIB3OBAHUE UMCJIIEHHOI'O SKCIIEPUMEHTA I1P1 U3YYEHUU ... 6

Konnentpanuu 3B moryt ObiTh 3aganbl B r/m, I1JIK, (OHOBBIX KOHIEHTpaUUsX; B HAIlEM Ciydae
ucnonszoBanuchk [1JIK. Koadduuuentsr pacnpenenenus copOoumu pasnuuHbsix 3B mopbupanuchk u3
W3BECTHBIX 3HAaueHUW i Tepputopuil bpsmckoit obnactu (bemoycoBa, Pynenko, 2021a, 20216),
JUIsl paquOHYKINA0B 3HadeHns Kd B OCHOBHOM OTHOCSITCS K HEHACBIIIEHHOH 30HE.

YcraHOBNIEHO, YTO TNIaBHBIMU (akropamu (OPMHPOBAHUS IMPOIECCOB MHUTpanuu 3B sBistorcs B
MepBYIO ouepeb paArOaKTUBHEIN pacnan 3B, Bo BTopyto — copOrrioHHbIe cBolicTBa 3B, a B TpeTpio —
TUAPOJMCIIEPCHs] TIOTOKOB TOA3EMHBIX BOJ, KOTOpas B CBOIO Odepedb 3aBHCUT OT TeO0Joro-
THIPOTEOIOTUYECKUX YCIIOBUI H3ydyaeMOH TEppUTOPUM M CTENEeHH IPOHUIIAEMOCTH BOJOYIIOpA.
PaccmotrpenHast cutyanusi CBUAETENBLCTBYET O TOM, YTO BOJOYIIOPHI HE ABJISIOTCS MOJHOW rapaHTuel,
obecriednBaronieil 3aIUIIEHHOCTh HATIOPHBIX MOJ3EMHBIX BOJ OT 3arpsA3HEHHUS.

Kniouesvie cnosa: rpyHTOBBIE BOJIbI, IOJ3EMHbIE HAIIOPHBIE BOJbI, MOJEIUPOBAHME IIPOLIECCOB
MUTPAIUH, 3arPSI3HSIONIEE BEIIECTBO, PAIMOHYKIN/IbI, COPOLIMA, paINOaKTUBHBIN pacmal.

DOI: 10.24412/2542-2006-2023-2-5-39

EDN: IBYXTQ

OOBEKTOM HCCIICIOBAHUI SIBIISIOTCS HAIMOPHBIC IMOJ3EMHBIC BOJBI HAa YacTH TEPPUTOPHU
Kamyxckoit obnactu, Haubojee nocrpajaBuieil oT aBapuu Ha YepHOOBIILCKOM aTOMHOM CTaHIIUU
(HAD0).

[ens paboOThl — W3Y4YEHHE METOJIOM YHCIEHHOTO JSKCIEPHUMEHTA IPOIECCOB MHTPAIUU
pasIUYHBIX, OT CcJab0 JO CHUJIBHO COpOMpyeMbIX 3arpsi3Hsomux BemectB (3B), Bkimouas
PaMOHYKIU/IBI, B TPYHTOBBIX W HAMOPHBIX IOJ3EMHBIX BOJAaX B paMKaX MaTeMaTHYeCKOTO
MoJienupoBaHus. B mpormecce paGoThl TPOBENEHBI CIENYIOIINE HWCCICAOBAHUS W TOTYYCHBI
OTIMCHIBAEMbIC HUXKE PE3YJIbTATHI.

UucneHHble SKCIEPUMEHTHI 110 BO3MOXHBIM CLIEHApUSIM 3arpsi3HeHUs Noa3eMHbIX Boa: 1 — (1-
3-1),2 - (1-6-1), 3 —(1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100).

[TepBas mudpa — 3nauenne Kd (JI/kr) B mepBoM ciioe, BTOpasi — BO BTOPOM CJIO€, TPEThSI — B
TpeTheM cjoe. Takod mombop Kod(D(HUIIMEHTOB pacrpeaeaeHuss OOYCIOBJICH 3aJaHUEM HX
3HaYEHUH Ha MOPSAO0K OOJbllIe B BOJOYIOPE, YEM B BEPXHEM U HUKHEM BOJIOHOCHBIX TOPU30HTAX.
Kaxxnprit crienapuii MpoBOIWIICS YIS IBYX YCIOBHUM: C paJMOAKTUBHBIM pacriajioM U 0e3 pacmaja.
MopnenupoBanue mpoueccoB wmurpamuu 3B mo  kaxaoMy CIEHApUI0  MPOBOIMIOCH C
HCIIOJIb30BaHUeM Maremarudeckoir moaenu MT3D (Zheng, Papadopulos, 1990). Jlannas monens
aBTOpPaMHU HCIIOJIb30BaJIaCh MPH MOJEIHPOBAHUHM MPOLECCOB TeoMIbTpAllUd U MUTPALUU
3arps3HAIONINX BEIIECTB Ha Tepputopun Kamyxckoit ob6iactu (AHTOHOB U 1p., 2013; benoycosa,
2015; benoycosa, Pynenxko, 2021a).

Jlia M3ydeHus MUTpalUU 3arpsA3HSIONIMX BEIIECTB Ha paHee CO3/IaHHOM YMCIEHHOM MOJAETU
MT3D O6bu1H BEIOpaHBI Ba pa3pe3a U HECKOJBKO OTAENbHBIX ToueK. OIeHHBalach SKOJIOrHIecKas
CUTYaIlMU B TPYHTOBBIX BOJIaX, B BOJOPA3/ICIbHOM CIIO€ M B HAIIOPHBIX MOA3EMHBIX BOJAX.

B pesynbrare MojaenupoBaHUs MPOBEICHO CPaBHEHHME BCEX CIEHAPUEB Pa3BUTHUS IMPOLIECCOB
3arpsi3HEHUsT U aHAIKM3 ONPEAENSIoNUX MX (PakTopoB. BbIABIEHO, YTO TIaBHBIMH (HaKTOpPaMU
(dbopMupoBaHHs MPOLECCOB MUrpanuu 3B ABIAIOTCA B MEPBYIO OuYepelb PaaHMOAKTUBHBIA pacra
3B, B0 BTOpYIO — cOpOIMOHHBIE CBOMCTBa 3B, a B TpeThI0 — MMAPOIUCIIEPCHS TIOTOKOB MO3€MHBIX
BOJI, KOTOpasi B CBOIO OUEPE/lb 3aBUCUT OT T'€0JIOT0-THAPOTEOIOTHYECKUX YCIOBHI TEPPUTOPHUH.

YcTaHOBIIEHO, YTO AJIsl HEMPOHHUIIAEMOTO THIIA BOJOYIIOPOB XapaKTEPHO MPAKTHYECKH IMOJHOE
OTCYTCTBHE NPOHUKHOBEHHS 3arpsi3HEHHBIX TPYHTOBBIX BOJI B HAMOPHBIN BOJOHOCHBIN TOPH30HT,
a TpY MPOHMUIIAEMOM THUIIE 3arpsi3HEHUE MPOHUKAET B HAMOPHBIE BOJABL. 37€Ch CIEAYeT OTMETHTb,
YTO B MPHUPOAHBIX YCIOBHUSIX KaK TOJHOCTBIO U TOBCEMECTHO «HEMPOHUIIAEMBIX», TaK U
«IIPOHMIIAEMBIX» BOJOYIIOPOB HE CYIIECTBYET, a UMEET MECTO PacCHpOCTpPaHEHHE BOJOYMOPHBIX
TOJII[ TOPOJ CJOXKHOTO JHUTOJIOTHYECKOTO CTPOEHUS C TEXHOTCHHBIMH W TPUPOTHBIMH
HapYIICHUSMH.

Pe3ynbTaTthl Hay4HBIX HCCIEAOBAHMNA MO JaHHON TeMaTHKE MOTYT OBITh MCIOJIB30BaHBI MPHU

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



7 BEJIOYCOBA, PYIEHKO, BJIACOB

OIIEHKE SKOJIOTUYECKOTO COCTOSIHUSI MOJ3EMHBIX BOJ Ha pPa3UYHBIX TEPPUTOPHUSIX CTpPaHbI B
Pa3IMYHBIX MacIITadax; Mpy MPOSKTUPOBAHUH U CTPOHUTEILCTBE BOJ03a00POB MPECHBIX MUTHEBBIX
MOJ3EMHBIX BOJI; MPU MPOEKTUPOBAHWU M OPraHU3allMK MOHUTOPWHIA 3a MOA3EMHBIMU BOJIaMU B
paiionax, mnoctpagaBmux oT aapuu Ha YADC (Hanweie ..., 2018; Pamuanuonnas
oOcTaHOBKa ..., 2019).

Monennponaﬂne MpouecCoB reoMurpalnmu 3arpsiSHAIOIKUX BEIIECTB

Ha npenpinymem srame uccnenosanuii (bemoycoBa, Pynenko, 2020) ObuUto moOKaszaHo, YTO
CYIIIECTBYET OMACHOCTh 3arpsi3HEHHS TPYHTOBBIX BOJ PATMOHYKIIMJIAMU 32 CYET UX MHUTPAIUU C
MOBEPXHOCTU 3EMJIH, 3arpsi3HCHHOW UYUepHOOBUILCKMMHU paJUOHYKIUJAaMHU, HAa JaHHOM JTare
HCCTIeIOBAaHUN pacCMaTPHUBAETCS U BO3MOJKHOCTH 3arpsi3HEHHS] HATIOPHBIX BOJI OT 3arps3HEHHBIX
TPYHTOBBIX BOJI.

l'uopozeonocuueckue  ycnoeuss  OTIWYAIOTCS  OOJBIIMM  pa3HoOOpa3sueM  BOJOHOCHBIX
TOPU30HTOB — Kak Oe3HamopHblXx, Tak u HanopHbeix (bemoycoBa, Pynenko, 2021a, 202106).
be3HanopHbie TOPU3OHTHI BKITIOYAIOT B ¢€0s1 BOJBI YETBEPTHUYHBIX (AJUTFOBUATBHBIX, TISIHATBHBIX,
(bITIOBHOTIIAIIMATBHBIX, 00JIOTHBIX, MTPOJIIOBHATBHBIX TOPU30HTOB), MEJIOBBIX U FOPCKUX OTIIOKEHUM.
Bce aTi TOpu30oHTHI CBsI3aHBI MEXAY COOON M HE UMEIOT BBIJIEPIKAHHBIX BOJIOYIIOPOB BHYTPH ITOU
TOJIIH (KOMILJIEKCA).

AHanu3 CymiecTBYIOLIETro 3arpsi3HEHUs MOA3EMHbBIX BOJI Ha TeppuTtopun Kamyxckoil obnacty,
MPOBEJACHHBI HAMH Ha TMPEIBIIYIIEM 3Tare, MOKa3aJl HaJWYue XHMHYECKOTO 3arps3HEHUS B
Pa3IMYHBIX BOJAOHOCHBIX TOPH30HTAX. 3arpsA3HEHUIO MOJIBEPKEHbI TOPU30HTHI OT YETBEPTUUHOIO
JI0 IEBOHCKOTO BO3pacTa, MPaKTUUYECKH BO BCEX FOPU30HTAX MPHUCYTCTBYET CTAOUIBHBIN CTPOHIIHIA,
Oapwuii, pTOp, HUTPATHI, XJIOPHUIBI U CYIb(ATHI.

Anamuz 3B mo crenmeHHW copOMpyeMOCTH W HMX KilacCH(pUKaus OBLIM TMPOBEJACHBI Ha
MpebIAyIIEeM 3Tare UCCIeNOBaHUMN MO JUTEpaTypHBIM NaHHBIM. Kak BUJHO M3 JAaHHBIX aHAU3a,
3HaueHns Kd MHOTHMX XMMHUYECKHX 3JIEMEHTOB 3HAYUTEIHHO MPEBBIMAIOT ThICSYH JI/KT (s Ni —
152-5365 n/kr), 4YTO 3aBHCHT OT JIMTOJIOTMYECKOTO COCTaBa BOJOBMEMIAIONIUX TIOPOJA U OT
COCTOSIHUSI CaMOro »JieMeHTa. {1 OLIeHKH 3alUIIEHHOCTH W YS3BUMOCTU HAMOPHBIX MOJA3EMHBIX
BOJl OT 3arpsA3HEHHUs, IOCTYMAIOIIET0 U3 TPYHTOBBIX BOJ, MBI HCIOJB3YEM YIPOIIEHHOE
MIpeJICTaBJICHUE O COOPUPYEMOCTH U BBIAENSAEM TOJIBKO 2 KaTerOpUU MO CTENEHH COpOUPYEeMOCTHU:
cmabo copoupyemsie (Kd = 0-6 n/kr) u cunsHO copobupyemsie (Kd ot 6 1o 1000 si/kr). Janee Oyayt
0oJiee IeTalIbHO PacCMOTPEHBI Auana3onsl u3mMeHenus Kd.

Crnenyer OTMETUThH, YTO W3YYEHHOCTh MUTPAIMH PATUOHYKIHIOB OTHOCHUTCS B OCHOBHOM K
HEHACBIIIEHHOW 30He — MOYBaM M MOPOJaM 30HbI a’paiuu (auanazoH uameHeHus Kd usmensercs
ot 1 1o Gonee yem 1000 /KT B 3aBUCUMOCTH OT JIMTOJIOTMYECKOTO COCTaB MOPOJ), a B MOA3EMHBIX
BOJaX TaKue HCCIEAOBAHMs MPAKTUYECKH HE IMPOBOJUIHNCH, MOCKOJIbKY CUHUTAlIOCh, YTO OHH
3alUIIeHbl OT MPOHUKHOBEHHS PAJMOHYKIUAOB, XOTs B bpsHCKON oOmactu OHM BCE ke ObUIH
0oOHapyXeHbI B TPYHTOBBIX BO/IaX (B HE3HAUUTEIbHBIX KOJNYECTBAX).

Takum o00pazoMm, IS MOJEIUPOBAHMSI TPOIECCOB 3arps3HEHHsS] TPYHTOBBIX WU HAMOPHBIX
0I3eMHBIX BOJI ObLTH BBIOpanb pamuonykausl (12’Cs u *°Sr) u apyrue cunbHO copbupyemsie 3B,
MMEIOIIUE aHAJIOTUYHBIA Jramna3oH Ko3(pQUIMeHTOB pacnpeaeNieHus, a TakKe HeUTpalbHbIe C1a0o
copbupyemslie 3B (HUTpaThl, Cynb(aThl, XJIOPHUIBI U HEPTETIPOIYKTHI).

Jlns MoaenupoBaHUsl MpoIlecca MaccolepeHoca B MOA3EMHBIX BoJax Oblia BbIOpaHa MOJEhb
MT3D, kotopast pabGotaer Ha ocHoBe TpaHcnopTHoii Monenn MODFLOW  (benoycosa,
Pynenko, 2021a, 20216). McxomHoe pacmpenelneHne KOHIIEHTpAIMH 3arpsi3HSIONINX BEIIECTB B
TPYHTOBBIX BOJAX YCIOBHO HPHHATO MO aHAJIOTMM C TOBEPXHOCTHBIM paclpeiesieHueM
PaIMOaKTUBHOTO 3arpsi3HEHUs] B UEPHOOBLILCKOM cliefie Ha TeppuTopun Kamyxkckoit obmacTw.
Wx xoHLeHTpamust MoxeT 3amaBaTbess B 1/, bx/m, TIJIK, (oHOBBIX KOHIIEHTpaIMsIX; MBI
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ucnosib3oBanu 3HadeHus IIJIK (puc. 1), HO cinemyer umeTb B BHUAY, 4YTO pPEAJbHO TaKOI'O
3arpsi3HEHUS B TPYHTOBBIX BOJaX B 30HE PAJIMOAKTUBHOTO 3arpsi3HEHHS HA M3y4aeMOU TEpPUTOPUU
He HaboaeTcsl.

JInist M3y4eHus: MUTPALMU 3arpsi3HAIONIMX BEIIECTB HAa paHee CO3JaHHOM YMCICHHON MOJenu
MT3D (AnTtonoB u 1p., 2013) Obum BBIOpaHBI Ba pas3pesa: mo JuHUM [-] 1Mo HampaBieHHIO C
CEBEpO-BOCTOKA Ha Ioro-3anaj u 1o juHuu II-II mo HampasiieHHIO ¢ Oro-3amajga Ha FOro-BOCTOK
M3y4aeMOl TEPPUTOPUH MO JHHUSAM TOKa IMOJ3EMHBIX BOJI OT BOJAOpasjesa K 00JacTu pasrpys3Ku,
T.€. K peke (puc. 2).

AHanmM3 SKOJOTHYECKOW CHUTyallud NPOBOIWICSA IO PA3IMYHBIM CIICHAPHUAM IS YETHIPEX
pacuetHbix cpokoB: 30, 60, 100 u 300 ner (yBsi3ka Cc mepuojamMu TOJypacrnajga paJdoHYKIHI0B
Y CPOKOM JICWCTBHUSI BOJ03a00poB). PaccMaTpuBaroTcst cleayromue CICHApUH 3arps3HeHUs:
C PaIMOAKTUBHBIM pACIaIOM Uil PaJMOHYKIUIOB M 0€3 pacmama s apyrux 3B, mns cmabo u
CUJIBHO COPOMPYEMBIX BEIIIECTB.

Puc. 1. Kaprocxema NOBEpXHOCTHOTO 3arpsisHeHHs pamuoHykaugoMm '°’Cs rora Kamyxckoit
obmactu (Kapra ..., 1991). Fig. 1. Cartographic chart of surface contamination with '3’Cs
radionuclide in the south of Kaluga Region (Kapra ..., 1991).

N3MeHeHNs KOHIEHTPALMH 3arPSA3HAIOIIUX BellecTB ¢ pa3ianunbiMu Kd ée3 pacnaoa nns
ABYX BpeMeHHbIX nepnoaos (30 et u 300 ner) qist ABYX pa3pe3oB

Paspe3s I-1, HauanbHbie KOHUEHTpauu 3B B Toukax: 1 — 8, 11 -6, 12 -4, 13 -2, 14 -4, 15 -
2 ITAK.

Yepe3 30 et mocne aBapuu (Tabn. 1), kak BUIHO HAa pHUCYHKe 3a, HAOMIOJAaeTCs YeTKas
TeHJIeHIIUs oObeuHeHns 3HaueHui koHueHTpaimu 3B ¢ Kd or 1 mo 10 (cuenapuu 1-3) u ot 6
1o 1000 (cuenapuu 4-6) B nepeom cnoe. B Touke 1 HaOMOJAIOTCS MaKCUMaJIbHBIE KOHIIEHTPAINH
3B 7-8 II/IK npu cuenapusax 4-6 u ymeHsllieHne KoHueHTpauuu 1o 6-7 I1JIK npu cuenapusx 1-3;
aHAJIOTMYHBIC CUTyallnu HabmogaroTes B Toukax 11 u 14, a B Toukax 12, 13 u 15, Haxoasmuxcs B
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30HE pasrpy3kd MOJI3EMHBIX BOJ, KOHIIEHTpPAIlMM NPU BCEX 3HAUCHHSIX CPABHHUBAIOTCA M PE3KO
ymenbmatorcs 10 2 [IJIK, 9To cBuUaeTensCcTBYyeT O OoJjiee 3HAYUTEIHLHOW POJIA THUIAPOJAUCIICPCHH
MOTOKA NO3eMHBIX BoA. KoHIleHTpanuu nocie aBapuu npu Beex 3HadeHusax Kd mano m3menunmch
10 CPAaBHEHHIO C HAYaJbHBIMH KOHIICHTPAIIMSIMH B TOUKaX paszpes3a 10 aBapuu. Bo eémopom cnoe —
6o0oynope (puc. 30) B Touke 1 HaOIIOAAOTCS HE3HAYUTENbHBIE KOHIIEHTpauu 3B mo crienapusm
1-3 (o1 0.1 1o 0.033 I1/JIK), mo 3Tum ke cuieHapusM B Toukax 11 u 14 HaGirogaroTcs emie MeHbIIne,
He npebrmatomue 0.1 [TJK xoHmeHTpamyu; B OCTaIbHBIX TOYKAaX HAOIIONAIOTCS MaJO3HAYMMEIE
ciensl 3B. 3arpssustomue BemectBa ¢ Oosnbmumu Kd npu cuenapusx 4-6 HaOIrOAarOTCS Takxke
B IIPAKTUYECKH HE3HAYMMBIX KOHIICHTpauusix. B mpemwbem cnoe BO Bcex TOUKax NpU BcCeX
cuenapusix 3B He HaOm0MaI0TCA, T.€. OHU HE IPOHUKAIOT Yepe3 BOIOYIIOP.

Puc. 2. Cxematndeckoe n3obOpaxkeHue pasmemnienus paspe3oB [-1 u II-II ¢ Toukamu HaOMIOMCHMIA
Ha Mojienii u3ydaemoro oobekTa. Fig. 2. Schematic representation of the location of sections I-I and
II-1T with observation points on the model of the object under study.

Yepesz 300 Jjer (tabm. 2) mocie aBapuu (puc. 3B) B HepeOM cC10€ TIPOUCXOIUT SIBHOE
nepepacnpenenenue 3B mo tuny Kd: 3B ¢ maneimu Kd (cuenapuum 1-3) cunmpHee MUTPUPYIOT
B 9TOM CJIO€, @ UX HE3HAYUTENIbHOE KOJMYECTBO MOTMaaaeT Bo BTOpoi cioif; 3B ¢ Beicokumu Kd
(cuenapuu 4-6) COXpaHSIOTCA B CI0€ MPAKTUYECKU B TeX K€ KOHILIEHTpauusx. Bo emopom cnoe —
6000ynope HabnoAaeTcs 3HaunTeNbHOE HakoIuieHue 3B ¢ manbivu 3HaueHusmu Kd (cuenapum 1-
3) no 3.5 IIJAK (puc. 3r), mpu 3TOM HaKOIUICHHE HAOJIFOJAaeTCs TOJIBKO B Touke 11, HE odYeHb
3HAYUTENbHOE — B ToO4YKax 1 u 14, B ocTajbHBIX — TONBKO cieabl. Cienyer OTMETUTh, YTO 3/1eCh
MPOM30ILIO0 CMEIeHNe MaKCUMaJIbHBIX KOHIeHTpanuii 3B ot Touku 1 yepe3 30 net mocne aBapuu
BTOuKy 11 3a cueT THAPOAMHAMHYECKOW AMCIIEPCHM MOTOKA MOA3EMHBIX BOJ, TAe Todka 1
HaxXOJHWTCS Ha BOJOpa3AeNie W M3 HEe MPOUCXOAMUT pacTEeKaHWEe IMOTOKa, KOHIeHTpauuu 3B B
KOTOPOM HAaKaIlJIMBAIOTCS 3a J0Jiroe Bpems. B mpemwvem cnoe B mpenenax NaHHOTO paspesa
HakoruieHne 3B He HaOmronaeTcs.

Paspes II-11, nayanbubie KOHUEHTpanuu 3B B Toukax: 1 —8,2-6,3-8,4—-12,5-6,6 -2,
7-2,8-10,9-8, 10— 12 ITJAK.

Yepes 30 et nocne aBapuu (Tadn. 1; puc. 4a) B nepeom cioe CKIaIbIBACTCS aHATIOTUYHAS C
paspe3om | cuTyarus ¥ IPOUCXOAUT Ta ke AudQepeHnanus no cueHapusIM, OTMEUaeTCs
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Taoauna 1. M3menenune xonuentparmu (ITK) cuibHo copOupyeMbIX 3arps3HSIONIMX BEUIECTB B
TPYHTOBBIX BOJaX, BOJOPA3JACIBHOM CJO€ W HAMOPHBIX BOJAX B TPOLECCe HUX MHUTPAIHH
(30 u 60 net). Table 1. Change in concentration of highly sorbed pollutants in groundwater,

watershed and pressure water during their migration (30 and 60 years).

g =§ Kd 1-3-1 Kd 1-6-1 Kd 6-60-6

§- E § CpaCl'la}IOMl be3 pacnana Cpacna)li be3 pacnana Cpacna)li Bbe3 pacnana

2 :é Homep cios

212§ 1 2 [ 1 2 [ 1| 2 1 | 2 [ 1| 2 [ 1] 2

30 aer

13 0.98910.00015 | 1.967 | 0.00020 |0.989 | 0.00008 | 1.966 |0.00010 [0.867| 0.00001 | 1.990 | 0.00001
12 |1.985/0.00037 | 3.945 | 0.00073 | 1.985[0.00028 | 3.945 |0.00037 | 1.736] 0.00003 | 3.990 | 0.00004
11 |2.891/0.00527 | 5.746 | 0.00695 |2.891[0.00266 | 5.645 |0.00351 |2.589|0.00031 | 5.950 | 0.00036

1| 1 [3.491]0.02430| 6.938 | 0.03180 |3.491]0.01230 | 6.938 [ 0.01610 |3.387]0.00148 | 7.786 | 0.00172
14 |1.8900.00465 | 3.757 | 0.00613 | 1.890 | 0.00235 | 3.757 |0.00309 | 1.719]0.00027 | 3.952 | 0.00032
15 10.96310.00033 | 1.913 | 0.00044 |0.963 [ 0.00017| 1.913 |0.00022 [0.863]0.00002 | 1.983 | 0.00002
16 |0.000|0.00000 | 0.000 | 0.00000 |0.000 | 0.00000 | 0.000 |0.00000 |0.000| 0.00000 | 0.000 | 0.00000
7 10.957]0.00066 | 1.902 | 0.00087 |0.957|0.00033 | 1.901 |0.00044 [0.862(0.00039 | 1.980 | 0.00005
6 10.976]0.00017 | 1.940 | 0.00045 [0.9760.00009 | 1.940 |0.00012 [0.865|0.00001 | 1.988 | 0.00001
5 [2.928(0.00033 | 5.829 | 0.00043 |2.9280.00017 | 5.819 |0.00022 [2.595|0.00002 | 5.965 | 0.00002
4 [5.873/0.00439 [11.670| 0.00581 |5.873[0.00222 | 11.6270.00293 [5.193] 0.00025 | 11.937 | 0.00030
3 [3.870{0.00075 | 7.691 | 0.00098 |3.870|0.00038 | 7.691 |0.00050 |3.454(0.00004 | 7.940 | 0.00005

S 2814] 002070 | 5.559 | 0.02730 [2.814]0.01050 | 5.593 | 0.00014 |2.575] 0.00123 | 5.920 | 0.00143
1 [3.491]0.02430 | 6.938 | 0.03180 |3.491]0.01230| 6.938 |0.01610 |3.387]0.00148 | 7.786 | 0.00172
8 [4.635]0.02040 | 9.212 | 0.02685 |4.635]0.01030 | 9.212 | 0.01300 [4.283]0.00120 | 9.845 | 0.00141
9 [3.887]0.01470 | 7.726 | 0.01943 | 3.8870.00743 | 7.726 |0.00980 |3.457| 0.00086 | 7.947 | 0.00100
10 |5.771]0.02050 | 11.470 | 0.02712 |5.771]0.01040 | 11.470 | 0.01300 |5.176| 0.00120 | 11.897 | 0.00141

60 Jer

13 ]0.4890.00024 | 1.933 | 0.00043 |0.490 [ 0.00012 | 1.933 |0.00022 [0.377]0.00001 | 1.978 | 0.00002
12 0.985/0.00079 | 3.890 | 0.01344 |0.985 | 0.00040 | 3.890 |0.00068 |0.755| 0.00004 | 3.979 | 0.00007
11 [1.381]0.00805 | 5.454 | 0.01424 | 1.381]0.00406 | 5.453 |0.00719 |1.118]0.00046 | 5.892 | 0.00075

I | 1 [1.474]0.03560 | 5.820 | 0.06137 | 1.4740.01800 | 5.819 |0.03100 |1.428|0.00216 | 7.530 | 0.00953
14 |0.8980.00637 | 3.545 | 0.01063 |0.897[0.00322 | 3.545 |0.00537 |0.741| 0.00036 | 3.909 | 0.00057
15 [0.46210.00049 | 1.826 | 0.00086 | 0.462 | 0.00025 | 1.825 |0.00043 [0.373] 0.00003 | 1.965 | 0.00005
16 |0.0000.00000 | 0.000 | 0.00000 |0.000 | 0.00000 | 0.000 |0.00000 |0.000| 0.00000 | 0.000 | 0.00000
7 10.458]0.00097 | 1.808 | 0.00167 [0.458|0.00049 | 1.808 |0.00084 [0.372|0.00006 | 1.962 | 0.00009
6 10.476]0.00026 | 1.882 | 0.00045 [0.4760.00013 | 1.882 |0.00023 [0.375|0.00001 | 1.976 | 0.00002
5 1.428(0.00048 | 5.640 | 0.00083 | 1.428|0.00024 | 5.640 |0.00042 |1.125|0.00003 | 5.929 | 0.00004
4 [2.870/0.00662 [11.335] 0.01164 |2.870]0.00334 [ 11.335]0.00587 [2.252] 0.00037 | 11.870 | 0.00061

o L3 [1.866/0.00118 | 7.367 | 0.00213 | 1.865|0.00060 | 7.367 |0.00107 |1.494] 0.00007 | 7.875 | 0.00012
2 [1.313[0.03050 | 5.185 | 0.05309 | 1.313]0.01540 5.185 |0.02080 | 1.107] 0.00180 | 5.896 | 0.00287
1 [1.474/0.03560 | 5.820 | 0.06137 | 1.474]0.01800 5.819 |0.03100 | 1.428] 0.00216 | 7.530 | 0.00953
8 12.134]0.03020 | 8.425 | 0.05249 [2.134]0.01520 | 8.425 |0.02652|1.836|0.00170| 9.679 | 0.00286
9 1.875(0.02280 | 7.406 | 0.04060 |[1.875{0.01150| 4.405 |0.02052{1.496|0.00130| 7.883 | 0.00213
10 |2.773]0.03040 [10.950| 0.05296 |2.773|0.01540 | 10.950 | 0.02674 |2.238| 0.00170 | 11.793 | 0.00279
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IIponosxkenue Tadaunsi 1.

s . E KB 1-10-1 Kd 100-1000-100 Kd 26-260-26

-} ¢ =

§- Z & C pacnanom |Be3 pacnajga Cpacna)li be3 pacnana Cpacna)li be3 pacnana

S :E Homep ciiosn

2| =g 1 2 |1 | 2 [ o] 2 (1| 2 [ 1] 2 [ 1] 2
30 ner

13 | 0.989 | 0.00005 [1.966| 0.00006 | 0.8430.00000|1.990| 0.00000 |0.842| 0.00000 | 1.998 | 0.00000
12 | 1.985 | 0.00017 {3.945| 0.00022 | 1.6860.00000|3.990| 0.00000 |1.684| 0.00001 | 3.998 | 0.00001
11 | 2.891 | 0.00160 |5.745| 0.00211 |2.528]0.00002|5.990| 0.00002 |2.524| 0.00007 | 5.988 | 0.00008
I 1 3.491 | 0.00739 |6.938| 0.00969 |3.366(0.00009|7.980| 0.00010 |3.350| 0.00035 | 7.949 | 0.00040
14 | 1.890 | 0.00141 |3.757| 0.00186 | 1.685|0.00002|3.990| 0.00002 |1.681| 0.00006 | 3.998 | 0.00007
15 | 0.963 | 0.00010 {1.913| 0.00013 |0.8430.00000|1.990| 0.00000 [0.841| 0.00000 | 1.996 | 0.00001
16 | 0.000 | 0.00000 {0.000| 0.00000 |0.000|0.00000{0.000| 0.00000 [0.000| 0.00000 | 0.000 | 0.00000

7 0.957 | 0.00020 |1.901| 0.00027 |0.843|0.00000|1.990 | 0.00000 |0.841| 0.00001 | 1.995 | 0.00001
6 0.976 | 0.00005 |1.940| 0.00007 |0.843(0.00000|1.990| 0.00000 [0.841| 0.00000 | 1.997 | 0.00000
5 2.928 | 0.00010 |5.819| 0.00013 |2.528(0.00000(5.990 | 0.00000 |2.525| 0.00000 | 5.991 | 0.00001
4 5.873 | 0.00134 |11.672| 0.00176 |5.056(0.00002|11.990 0.00002 |5.051| 0.00006 | 11.985 | 0.00007
3 3.870 | 0.00026 |7.691| 0.00030 |3.370|0.00000|8.000| 0.00000 |3.366| 0.00001 | 7.985 | 0.00001
. 2 2.814 | 0.00631 |5.592| 0.00830 [2.527]0.00008(5.990| 0.00009 |2.520| 0.00129 | 5.981 | 0.00033
1 3.491 | 0.00739 |6.938| 0.00969 |3.366(0.00009|7.980| 0.00010 |3.350| 0.00035 | 7.949 | 0.00040
8 4.635 | 0.00620 |9.212| 0.00816 {4.210(0.00008(9.990| 0.00009 |4.199| 0.00028 | 9.963 | 0.00021
9 3.887 | 0.00448 |7.726| 0.00591 |3.3710.00005|7.990 | 0.00006 |3.367| 0.00020 | 7.987 | 0.00017
10 | 5.771 | 0.00625 [11.470| 0.00824 |5.055]0.00007|{11.990, 0.00009 |5.047| 0.00028 | 11.975 | 0.00033

60 Jer
13 0.489 | 0.00007 {1.933| 0.00013 |0.355[0.00000(1.990| 0.00000 {0.354| 0.00000 | 1.997 | 0.00001

12 | 0.985 | 0.00024 {3.891| 0.00041 |0.710(0.00000{3.990| 0.00000 [0.709| 0.00001 | 3.995 | 0.00002
11 | 1.381 | 0.00245 |5.453| 0.00433 | 1.065|0.00003{5.990| 0.00005 |1.060| 0.00011 | 5.974 | 0.00018
I 1 1.473 | 0.01080 |5.819| 0.01870 |1.420{0.00013|7.970| 0.00022 |1.400| 0.00051 | 7.887 | 0.00083
14 | 0.898 | 0.00194 |3.545| 0.00323 | 0.710]0.00002{3.990| 0.00003 |0.707| 0.00009 | 3.978 | 0.00013
15 | 0.462 | 0.00015 |1.825]| 0.00026 |0.355|0.00000|1.990| 0.00000 [0.354| 0.00001 | 1.992 | 0.00001
16 | 0.000 | 0.00000 {0.000| 0.00000 |0.000|0.00000{0.000| 0.00000 [0.000| 0.00000 | 0.000 | 0.00000

7 0.458 | 0.00029 |1.808| 0.00051 |0.355|0.00000]|1.990| 0.00001 [0.353| 0.00001 | 1.991 | 0.00002
6 0.477 | 0.00008 |1.882| 0.00014 |0.355|0.00000|1.990 | 0.00000 [0.354| 0.00000 | 1.995 | 0.00001
5 1.428 | 0.00015 |5.640| 0.00025 [1.065(0.00000{5.990| 0.00000 | 1.060| 0.00001 | 5.983 | 0.00001
4 | 2.870 | 0.00201 |11.335| 0.00354 |2.130(0.00002|11.990 0.00004 |2.126| 0.00009 | 11.969 | 0.00014
3 1.866 | 0.00036 |7.367| 0.00065 |1.420(0.00000|7.990 | 0.00001 |{1.410| 0.00002 | 7.970 | 0.00003
i 2 1.313 | 0.00931 |5.185| 0.01620 | 1.064|0.00011|5.980| 0.00017 [1.050| 0.00042 | 5.967 | 0.00067
1 1.473 | 0.01080 |5.819| 0.01870 |1.420(0.00013|7.970 | 0.00022 |1.400| 0.00051 | 7.887 | 0.00083
8 2.133 | 0.00919 |8.425| 0.01590 [1.773]0.00011{9.970| 0.00017 | 1.760| 0.00041 | 9.923 | 0.00067
9 1.875 | 0.00694 |7.405| 0.01236 | 1.420|0.00008]|7.990| 0.00013 |1.420| 0.00030 | 7.972 | 0.00050
10 | 2.774 | 0.00925 [10.953| 0.01610 |2.129]0.00011{11.980, 0.00017 {2.120| 0.00040 | 11.951 | 0.00065

IIpumeuanue k Tadaumumam 1-2: uHpOpMaLUs MO TPETHEMY CIIOI0 HE MPUBOJIUTCS, MOCKOIBKY
3HA4YeHHUs B TOUKaX HAOJIIOJICHNUS PABHBI HYJIIO.

OKOCHUCTEMBI: OKOJIOT'UA 1 AMHAMUKA, 2023, Tom 7, Ne 2



NCTIOJIB3OBAHUE UMCJIIEHHOI'O SKCIIEPUMEHTA I1P1 U3YYEHUU ... 12

5 »
i.f 8
5 7
=8
== 6
-
xS mKd 1-3-1
Z2F 4 wKd 1-6-1
SE 3 mKd 1-10-1
i 2 . mKd 6-60-6
g 1 . mKd 26-260-26
0 ® Kd 100-1000-100
13 12 11 1 14 15 16
Homep Touku Had r01eHUS
0.035 5)
-5 00 mKd 1-3-1
R 3-
= gr: 0.025
§-§ 2 00 wKd 1-6-1
SEE 0015 mKd 1-10-1
Z8E 0005 = Kd 26-260-26
0 ; . . , mKd 100-1000-100
13 15 16
Homep Touku HadoneHus
- ? B)
2 8
7
g =
=2, 6
s 2 = mKd 1-3-1
|
525, " Kd 1-6-1
=
8% mKd 1-10-1
g >
5 m Kd 6-60-6
a 2
3 ~ WKd 26-260-26
0 = Kd 100-1000-100

13 12 11 1 14 15 16
Homep Touku HaO 01eHUSA

Puc. 3a, 6, B. Pactipenenenne xonnentpanuii 3B ans pazueix Kd, paspes 1 6e3 pacnana: a) 30 ner,
cioit 1; 6) 30 ner, cnoit 2; B) 300 ner, cnoit 1. Fig. 3a, 6, B. Distribution of pollutant concentrations
for different Kd, section I-I: a) 30 years, layer 1 without decay; 6) 30 years, layer 2 without decay;
B) 300 years, layer 1 without decay.
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Puc. 3r. Pacnipenenenne konnentpanuii 3B mis pasneix Kd, paspes 1 6e3 pacnaga: t) 300 ner,
cioit 2. Fig. 3r. Distribution of pollutant concentrations for different Kd, section I-I: r) 300 years,
layer 2 without decay.

HE3HAYUTEJIPHOE OTJIMYUE KOHIEHTpanuid 3B OT HayaJbHBIX 3HAYEHUU. DTOT pa3pe3 OTIMYACTCS
OospmuMU  KOHIIEHTpanusmMu 3B, makcumanbehbeie coctaBisitoT 12 IIJIK. Bo emopom cnoe —
6oooynope (puc.40) oOTMeUaloTCs aHAJIOTUYHBIE C pa3pe3oM | TEHAEHIWU: MPOUCXOIUT
HE3HauuTeNIbHOE HakoruieHue 3B no cuenapusm 1-3, Ho KoHIeHTpauuu He npebimaroT 0.33 TTIK
npu camoMm manioM Kd, a mpu 6oxpmmm Kd cinenpr 3B mano3nHaunmbel. Takke oTMedaercst poJib
TUAPOJIMCIIEPCUH TTOTOKA MOJI3EMHBIX BOJI, MPUBOAIIAS K HEKOTOPOMY CMEIICHH IO MaKCUMAIbHbBIX
KOHLIEHTpALMKA OT OJHHMX TOYEK K JAPYrUM: HAlpUMep, OT TOUYKH § B MEPBOM clioe K To4yke 1 BO
BTOpOM. Tpemuii cnoii — HyneBas KoHIleHTpauus 3B.

Yepes 300 ser (tabn. 2) nocie aBapuu (puc. 4B) B nepeom cjioe MPOUCXOIUT aHAIOTHYHOE
nepepacnpeneneare 3B mo tumy Kd: 3B ¢ mansimu Kd (cuienapuii 1-3) cunbHee MUTpupyroT B
3TOM CJIO€, a UX HEe3HAYMTEIbHOE KOJMYECTBO MomagaeT Bo BTOpoi cioii; 3B ¢ Beicokumu Kd
(cuenapun 4-6) coxpaHsSIOTCS B CJO€ MPaKTUYECKH B TMEpPBOHAYAIbHBIX KOHIIEHTpalusx. Bo
6mopom cioe —8000ynope HaOIIOJaeTCd HE3HAYUTENbHOE HAaKOIUIeHHe 3B ¢ ManbIMu 3HAaYeHUSAMU
Kd (cuienapum 1-3) — mo 0.22 ITJIK (puc. 4r), npu 5TOM HE3HAYUTEILHOE HAKOIIJICHUE HAOII0AaeTCs
BO BCEX TOYKax Kpome 5-7, rie oTMedaeTrcs MpakTHUYeCcKu HyJeBoe Hakoruienue. Cremyer
OTMETHUTH, YTO 37ECh TAKXKe MPOU3OILIO CMEIIEHHE MaKCUMAaJbHBIX KOHIEHTpauuii 3B ot ogHux
TOYEK K JAPYTUM 32 CUET T'MJIPOJIMHAMMYECKOW AUCIEPCHM MOTOKA MOJ3EMHBIX BOJA. B mpemvem
cnoe HakoruieHue 3B He HabmogaeTcs.

Kpome paccMOTpeHHBIX BPEMEHHBIX MHTEPBAJIOB ObLIN MpoBeneHbl pacueTsl Ha 60 u 100 e,
pe3ynbTaThl KOTOPBIX MPUBEACHHI B Tabmumax 1 u 2.

HN3MeHeHHMs KOHLEHTPALMU 3arPA3HAIOIIMX BelecTB ¢ padanuyabiMu Kd
¢ pacnaoom Jisi AByX BpeMeHHbIX nepuoaoB (30 jet u 300 JieT) 11 ABYX pa3pe3oB

Paspe3s I-1, HauanbHbie kOHUEHTpauu 3B B Toukax: 1 — 8, 11 -6, 12 -4, 13 -2, 14 -4, 15 -
2 IIJIK.
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Tadmmua 2. Wsmenenue xonnentpampu (I1JIK) cumbHO copOMpyeMbIX 3arpsi3HSIONINX BEIISCTB
B IPYHTOBBIX BOJAX, BOJOPA3JCIbHOM CJIO€ M HAlOPHBIX BOJAX B MPOLECCE HX MHUIPALUH
(100 1 300 ner). Table 2. Change in concentration of highly sorbed pollutants in groundwater,
watershed and pressure water during their migration (100 and 300 years).

3 §§ Kd 1-3-1 Kd 1-6-1 Kd 6-60-6

§- z § C pacnagom | be3 pacnana | C pacnagom | be3 pacnana Cpacnan0M| be3 pacnaga

2| & = Howmep cii0s

212§ 1 [ 2 [ 1] 2 [ 1] 2 | 1] 2 [1] 2 1 | 2

100 ner

13 10.191| 0.00027 | 1.891 |0.00066| 0.191 | 0.00014 | 1.891 | 0.00033 [0.110{0.00002| 1.978 |0.00003
12 10.386| 0.00100 | 3.820 |0.00241| 0.386 | 0.00050 | 3.820 | 0.00112 [0.220{0.00005 | 3.965 |0.00013
11 10.524|0.00926 | 5.193 |0.02200| 0.524 | 0.00468 | 5.193 | 0.01111 |0.325|0.00510| 5.837 |0.00119

I 1 10.503|0.04010 | 4.978 |0.09000( 0.503 | 0.02030 | 4.977 | 0.04570 |0.406|0.00244 | 7.309 |0.00551
14 10.328| 0.00808 | 3.246 |0.01900| 0.328 | 0.00408 | 3.246 | 0.00959 [0.214]0.00046 | 3.844 |0.00105
15 10.177| 0.00058 | 1.725 |0.00137| 0.174 | 0.00029 | 1.725 | 0.00069 |0.108|0.00003 | 1.944 |0.00007
16 10.000| 0.00000 | 0.000 {0.00000| 0.000 | 0.00000 | 0.000 | 0.00000 |{0.000{0.00000| 0.000 {0.00000
7 10.170| 0.00116 | 1.690 |0.00274| 0.170 | 0.00059 | 1.690 | 0.00138 [0.107|0.00007| 1.937 |0.00015
6 |0.183]0.00031 | 1.810 |0.00073| 0.183 | 0.00015 | 1.809 | 0.00037 {0.109[0.00002| 1.962 [0.00004
5 10.548| 0.00058 | 5.419 |0.00139| 0.551 | 0.00029 | 5.419 | 0.00070 {0.327]0.00003| 5.884 [0.00007
4 |1.106]| 0.00781 | 10.934 |0.01870| 1.060 | 0.00394 | 10.943 | 0.00945 |0.655|0.00043 | 11.790 |0.00099
3 10.709| 0.00132 | 7.018 |0.00313| 0.709 | 0.00066 | 7.018 | 0.00158 {0.433/0.00002| 7.803 [0.00017

i 2 10.480]0.03560 | 4.748 |0.08360| 0.479 | 0.01810 | 4.747 | 0.04233 |0.319|0.00204 | 5.738 |0.00470
1 10.503|0.04010 | 4.978 |0.09000( 0.503 | 0.02030 | 4.977 | 0.04570 |0.406|0.00244| 7.309 |0.00551
8 10.769 0.03490 | 7.608 [0.08130| 0.769 | 0.01770 | 7.607 | 0.04111 [0.528(0.00200| 9.493 |0.00462
9 10.709| 0.02590 | 7.017 ]0.06200| 0.709 | 0.01310 | 7.016 | 0.03134 {0.435/0.00140| 7.828 [0.00319
10 |1.010{ 0.03590 | 10.018 {0.08490| 1.012 | 0.01820 | 10.010 | 0.04291 |0.648|0.00200 | 11.661 |0.00464

300 aer

13 10.002| 0.00031 | 1.477 | 0.002 | 0.002 | 0.00031 | 1.477 | 0.00097 |0.000{0.00002| 1.936 |0.00011
12 10.004| 0.00108 | 3.483 | 0.006 | 0.004 | 0.00108 | 3.483 | 0.00313 [0.001{0.00006| 3.896 [0.00033
11 10.004|0.00927 | 3.673 | 3.520 | 0.004 | 0.00927 | 1.962 | 3.51700 [0.001|0.00055| 5.463 |0.00368

I 1 10.003|0.04170 | 1.550 | 0.177 | 0.003 | 0.04170 | 1.547 | 0.09070 {0.001|0.00260| 5.848 0.01580
14 10.002| 0.00857 | 2.229 | 0.041 | 0.002 | 0.00857 | 2.223 | 0.02000 {0.001|0.00048 | 3.571 |0.00260
15 10.001|0.00063 | 1.262 | 0.004 | 0.001 | 0.00063 | 1.262 | 0.00183 |0.000{0.00003 | 1.832 |0.00022
16 |0.000| 0.00000 | 0.000 | 0.000 | 0.000 | 0.00000 | 0.000 | 0.00000 |{0.000{0.00000| 1.676 |0.00000
7 10.001|0.00126 | 1.739 | 0.007 | 0.001 | 0.00126 | 1.739 | 0.00362 {0.000{0.00007| 1.817 {0.00042
6 10.002|0.00034 | 1.849 | 0.002 | 0.002 | 0.00034 | 1.849 | 0.00105 {0.000[0.00002| 1.887 [0.00012
5 10.005|0.00064 | 4.401 | 0.004 | 0.005 | 0.00064 | 4.401 | 0.00185 [0.001]0.00003| 5.656 [0.00021
4 10.009|0.00859 | 8.548 | 0.052 | 0.009 | 0.00859 | 8.550 | 0.02610 |0.002|0.00045 |11.360 |0.00298
3 10.005|0.00147 | 5.262 | 0.093 | 0.005 | 0.00147 | 5.262 | 0.00471 {0.001{0.00008| 7.387 [0.00056

I 2 10.004|0.03760 | 2.723 | 0.195 | 0.004 | 0.03760 | 2.716 | 0.09960 |0.001|0.00220| 5.213 |0.01360
1 10.003|0.04170 | 1.550 | 0.177 | 0.003 | 0.04170 | 1.547 | 0.09070 {0.001|0.00260| 5.848 |0.01580
8 10.005(0.03720 | 4.210 | 0.190 | 0.005 | 0.03720 | 4.201 | 0.09600 [0.001[0.00210| 8.476 [0.01350
9 10.006|0.02830 | 5.261 | 0.174 | 0.006 | 0.02830 | 5.257 | 0.08843 [0.001[0.00150| 7.415 {0.01050
10 |0.006| 0.04000 | 6.209 | 0.209 | 0.006 | 0.04000 | 6.206 | 0.10600 [0.002{0.00210|10.998 [0.01350
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IIponoskenne TadauubI 2.

BEJIOYCOBA, PYIEHKO, BJIACOB

§ =E Kd 1-10-1 Kd 100-1000-100 Kd 26-260-26
§- EngacnaJmM be3 pacnana | C pacnagom be3 pacnana |C pacnanom | Be3 pacnaga
E é% Homep ciios
=1 2 1 2 1 2 1 2 1 2 1 2
100 ser
13 10.191| 0.00008 | 1.890| 0.00020 | 0.101 |0.00000 | 1.990 |{0.00000| 0.100 | 0.00000| 1.995 |0.00001
12 ]0.386| 0.00030 |3.820| 0.00073 | 0.202 |0.00000 | 3.990 |0.00001 | 0.202 | 0.00001 | 3.990 |0.00003
11 ]0.525| 0.00282 |5.193| 0.00669 | 0.303 |0.00003 | 5.980 |{0.00007|0.301|0.00012| 5.961 |0.00028
I 1 ]0.503| 0.01226 |4.976| 0.02756 | 0.402 |0.00015| 7.950 |0.00035|0.396 | 0.00057 | 7.831 |0.00133
14 10.328| 0.00246 |3.246| 0.00578 | 0.202 |0.00003 | 3.990 |0.00006| 0.200 | 0.00010| 3.963 |0.00025
15 ]0.174| 0.00018 |1.725| 0.00042 | 0.101 |0.00000 | 1.990 [0.00000| 0.100 | 0.00001 | 1.987 |0.00002
16 10.000| 0.00000 |0.000| 0.00000 | 0.000 |0.00000 | 0.000 |0.00000|0.000 |0.00000| 0.000 |0.00000
7 10.171] 0.00035 | 1.690| 0.00083 | 0.101 |0.00000 | 1.990 |0.00009|0.100 | 0.00002 | 1.984 |0.00003
6 ]0.183| 0.00009 |1.809| 0.00022 | 0.101 |0.00000 | 1.990 |0.00000| 0.100 | 0.00000| 1.990 |0.00001
5 10.547| 0.00018 |5.419| 0.00042 | 0.303 |0.00000 | 5.990 |0.00000| 0.302 | 0.00001 | 5.972 |0.00002
4 |1.106| 0.00237 [10.943| 0.00569 | 0.607 |0.00003|11.980|0.00006| 0.604 | 0.00010 |11.950{0.00023
I 3 ]0.709| 0.00040 |7.018| 0.00095 | 0.404 |0.00000 | 7.980 |0.00001 | 0.402 | 0.00002| 7.953 |0.00004
2 10.479| 0.01090 |4.747| 0.02550 | 0.303 |0.00012 | 5.980 |0.00029| 0.300 | 0.00048 | 5.937 |0.00110
1 ]0.503| 0.01226 |4.976| 0.02756 | 0.402 |0.00015| 7.950 |0.00035|0.396 | 0.00057 | 7.831 |{0.00133
8 10.769| 0.01060 |7.607 | 0.02477 | 0.505 |0.00012 | 9.960 |0.00028|0.500 | 0.00047 | 9.878 [0.00109
9 10.709| 0.00791 |7.016| 0.01800 | 0.404 |0.00009 | 7.990 |0.00021 | 0.400 | 0.00033| 7.958 |0.00077
10 |1.012| 0.01090 {10.017| 0.02585 | 0.606 |0.00012 | 11.980{0.00028 | 0.603 | 0.00047| 9.917 {0.00108
300 aer
13 10.002| 0.00009 |1.476| 0.00059 | 0.000 |0.00000 | 1.990 |{0.00001 | 0.000 | 0.00000| 1.984 |0.00003
12 10.004| 0.00033 |3.483| 0.00188 | 0.000 |0.00000 | 3.990 |{0.00002| 0.000 | 0.00001 | 3.975 |0.00008
11 ]0.004| 0.00856 |3.672| 3.51600 | 0.001 |0.00003 | 5.965 |{0.00023|0.001 |0.00013| 5.869 |0.00088
I 1 ]0.002| 0.01300 | 1.544| 0.05480 | 0.001 |0.00016| 7.847 |0.00100| 0.001 | 0.00060 | 7.430 |0.00410
14 10.002| 0.00262 {2.227| 0.01249 | 0.000 |0.00003 | 3.972 {0.00016| 0.000 | 0.00010| 3.894 |0.00063
15 ]0.001| 0.00019 |1.262| 0.00410 | 0.000 |0.00000 | 1.980 |0.00001 | 0.000 | 0.00001 | 1.959 |0.00005
16 10.000| 0.00000 |0.000| 0.00000 | 0.000 |0.00000 | 0.000 |0.00000|0.000 |0.00000| 0.000 |0.00000
7 10.001| 0.00038 | 1.739| 0.00218 | 0.000 |0.00000 | 1.980 |0.00003|0.000 | 0.00002| 1.955 |0.00010
6 ]0.002| 0.00010 | 1.365| 0.00063 | 0.000 |0.00000| 1.990 |0.00001 | 0.000 | 0.00000| 1.973 |0.00005
5 10.005| 0.00019 |4.401| 0.00112 | 0.001 |0.00000 | 5.980 |0.00001|0.001 |0.00001 | 5.917 {0.00005
4 10.009| 0.00262 |8.548| 0.01575 | 0.002 |0.00003 |11.960|0.00018| 0.002 | 0.00010 |11.846|0.00070
" 3 10.005| 0.00045 |5.262| 0.01136 | 0.001 |0.00000 | 7.960 |0.00004|0.001|0.00002 | 7.851 {0.00013
2 0.003| 0.01170 |2.713] 0.06000 | 0.001 |0.00013 | 5.948 |0.00087|0.001 | 0.00050 | 5.804 |0.00332
1 ]0.002| 0.01300 | 1.544| 0.05480 | 0.001 |0.00016| 7.847 |0.00100| 0.001 | 0.00060 | 7.430 |0.00410
8 10.005| 0.01150 [4.198| 0.05845 | 0.001 |0.00013 | 9.890 |0.00087|0.001 | 0.00049 | 9.617 {0.00332
9 10.006| 0.00873 [5.255| 0.05339 | 0.001 |0.00009 | 7.960 |0.00066|0.001 | 0.00035| 7.858 |0.00251
10 10.006| 0.01190 |6.205| 0.06396 | 0.002 |0.00013|11.935]0.00084|0.001 | 0.00049 |11.755|0.00378
OKOCHUCTEMBI: OKOJIOT'UA 1 AMHAMUKA, 2023, Tom 7, Ne 2




NCTIOJIB3OBAHUE UMCJIIEHHOI'O SKCIIEPUMEHTA I1P1 U3YYEHUU ... 16

14
. a
= )
s 12
2]

=S 10
[<P]

£

8@ 8 - mKd 1-3-1

= o=

) %ﬂ 6 . mKd 1-6-1

g e mKd 1-10-1

28 44 !

2 ® Kd 6-60-6
;- 2 1 "~ mKd 26-260-26
") = Kd 100-1000-100
7 6 5 4 3 2 1 8 9 10
Homep Touku HaO/I01eHUS
0.035 6)
. § 0.03

E s 0025 mKd 1-3-1

gg = 0.02 wKd 1-6-1

EZE & 0015 ® Kd 6-60-6

L M M

E §- 5 0.01 mKd 1-10-1

Z % 5 0005 = Kd 100-1000-100

a 1 P— w Kd 26-260-26
7 6 5 4 3 2 1 8 9 10
Homep Touku HaOM01eHUA
14 B)

- mKd 1-3-1

- mKd 1-6-1

- ®Kd 1-10-1

m Kd 6-60-6

" mKd 26-260-26

® Kd 100-1000-100

Konunenrpauust
3arpsi3HSIOLIEro BelecTBa, /.

7 6 5 4 3 2 1 8 9 10
Homep Touku HaOar01eHUSA

Puc. 4a, 6, B. Pactipenenenne xonnentpanuii 3B mist pasasix Kd, paspes I 6e3 pacmaga: a) 30 ner,
cioit 1; 6) 30 ner, cnoit 2; B) 300 ner, cnoit 1. Fig. 4a, 6, B. Distribution of pollutant concentrations
for different Kd, section II: a) 30 years, layer 1 without decay; 6) 30 years, layer 2 without decay;
B) 300 years, layer 1 without decay.

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



17 BEJIOYCOBA, PYIEHKO, BJIACOB

0.25 r)

=]
2
5 x " mKd 1-3-1
4=
& 5. 0.15 mKd1-6-1
S g
= 3 o mKd 1-10-1
¥
=] = Kd 6-60-6

[P}
= KA
§ 0.05 Kd 26-260-26
=}
= N P = Kd 100-1000-100

Homep Touku HaOa01eHUSA

Puc. 4r. Pacnipenenenne konunentpanuii 3B mis pazueix Kd, paspes 11 6e3 pacnaga: r) 300 ner,
cioit 2. Fig. 4r. Distribution of pollutant concentrations for different Kd, section II: r) 300 years,
layer 2 without decay.

Yepes 30 aet nociie aBapuu (Tadi. 1; puc. 5a) B nepeom cnoe HabmroaaeTcs Ta K€ TCHACHITUS
rpynnupoBkr 3B mo Kd, uro u mis 3B ¢ pacmagom B 3TOM K€ CJIO€, HO KOHIIEHTPAIUH ITHX
BemecTB npakTuiecku BaBoe Menbie (3.5 T11K), yem y 3B 6e3 pacnaga, T.K. yXe MpOIIes OJUH
nepuoa monypacnaga (30 mer g paguMoOHYKIMIOB), a TaKke HAOMIOMAeTCs BIUSIHHC
TUAPOIMCIIEPCUH TOTOKA MOJ3EMHBIX Boj, Oojee sddextuBHoe Ha 3B ¢ menbmuM Kd u Ha ux
HAKOIUICHUHU ITyTeM MEePEeTEeKaHUs B COCEAHHME pacueTHhIC AYeiiku, HO MeHee Y(PPEeKTUBHOE HAa OUEHb
cwibHO copoupyemblie 3B. Bo emopom cnoe — eo0oynope nabnonaercs abCOMOTHO aHATOTHYHAS
kapTuHa (puc. 50), Kak U B clioe 2 Ha MEepBOM pa3pe3e, TOJbKO KOHLEHTpauuu 3B Heckosbko
YMEHBIAKTCS: Hampumep, B Touke 1 0e3 pacmama — 0.032 I1[IK, a c¢ pacmagom — 0.024,
T.€. B BOJIOYIIOpE HaKallJMBaeTcsi MeHblle ciabo copbupyembix 3B ¢ pacmagom, a CHIBHO
copbupymbie 3B ocTaBisIoT TOIBKO creAbl. Tpemuii cnoi — HyneBas KoHLeHTpauus 3B.

Yepe3s 300 ger (tabn. 2) mocie aBapuu (puc. 5B) B mepeom cioe TPOUCXOIUT MPAKTUUYECKU
nonHoe ynanenue 3B (mo < 0.001 IT/JIK) ¢ Beicokumu 3Hauenusimu Kd (cuenapuu 4-6) u oTMeuaercs
nuIb He3HauuTenbHoe cogepkanue 3B (1o 0.004 I1/1K) ¢ uuskumu 3Hauenusmu Kd (cuenapuu 1-3).

Takum o00pa3oM, MOXHO TOBOPUTH O TOYTH I[IOJIHOM pacmajie paguoakTHBHBIX 3B ¢
paznuunbiMu Kd. Bo eémopom cnoe — 6o0oynope (puc. 5t) Habnrogaercs HEKOTOPOE yBEIUYCHHE
KoHleHTpauuu 3B mo cpaBHeHuro ¢ mepuoaoM Ha 30 neT mocie aBapuH: Hampumep, B Touke |
nocne 30 yeT KoHIEHTpauus cinabo copbupyembix BemectB pocturana 0.025 TIJIK (puc. 56),
a Ha 300 ner yBenuuunace A0 0.042 ITJIK, uto Takxe He ABISIETCS 3HAUMMOMW BEJIMYMHOM, a TOJIBKO
CBUJCTENHCTBYET O HAIWYUU CJleloB JaHHeIX 3B B Bomoymope. Tpemuii cnoit — wHyneBas
KOHLeHTpauus 3B.

Paspes II-11, nayanbHble KOHUEHTpanuu 3B B Toukax: 1 — 8,2 -6,3-8,4—-12,5-6,6 -2,
7-2,8-10,9-8, 10— 12 I1AK.

Yepe3 30 Jer mnocine aBapuu (Tabn. 1; puc. 6a) oOuMe TEHISHIMHA pPacCHpeeIeHHs
KOHIIEHTpALMK paauoakTUBHBIX 3B B mepeom cnoe coBmamaloT ¢ HEpaauOAKTUBHBIMU (puc. 4a).
OTnnuus 3aKIT0YAIOTCS B 3HAYCHUSIX KOHIIEHTPAIUH: IS PAIMOAKTUBHBIX OHU BIBOE MEHBIIIE,
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Puc. 5a, 6, B. Pactipenenenue konuentpauuit 3B ans pasusix Kd, paspes I ¢ pacnagom: a) 30 ser,
cioit 1; 6) 30 ner, cnoit 2, B) 300 ner, cnoit 1. Fig. 5a, 6, B. Distribution of pollutant concentrations
for different Kd, section I: a) 30 years, layer 1 with decay; 6) 30 years, layer 2 with decay;
B) 300 years, layer 1 with decay.
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Puc. 5r. Pacnipenenenne konnentpanuii 3B st pasaeix Kd, paspe3 1 ¢ pacmagom: 1) 300 ner,
cioit 2. Fig. Sr. Distribution of pollutant concentrations for different Kd, section I: T) 300 years,
layer 2 with decay.
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Puc. 6a, 6. Pacripenenenne xonnentparmii 3B mist pasasix Kd, paspes Il ¢ pacmagom: a) 30 ner,
cioit 1; 6) 30 nert, cnoii 2. Fig. 6a, 6. Distribution of pollutant concentrations for different Kd,
section II: a) 30 years, layer 1 with decay; 6) 30 years, layer 2 with decay.
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Puc. 6B. Pacnipenenenue xonuentparuii 3B mis pasasix Kd, paspes Il ¢ pacmagom: B) 300 ner,
cioit 1. Fig. 6B. Distribution of pollutant concentrations for different Kd, section II: B) 300 years,
layer 1 with decay.

Hanpumep, B Touke 4 — 12 [1JIK (6e3 pacnana) u nopsnka 6 [1/IK (c pacmanom), u Tak — BO Bcex
TOYKaX, 4YTO OINpeAesaTcs OJHUM IEepUOJIOM TMojypacnaia paauoHykinaoB. Kpome storo
HaOmogaeTcsi cMeHa MakcuMymoB 3B: 0e3 pacmanma Hawmbombinve KOHIEHTparuu umenu 3B ¢
oompmuMu Kd, a ¢ pacmagom — ¢ menpmuMu Kd, 9T0 CBs3aHO C ACMCTBHEM THAPOAMCIICPCHH
MOTOKa TOJ3€MHBIX BOJ MyTeM OoJsiee MHTeHCUBHOro mputoka 3B ¢ mambimu Kd u3 cocemnnux
pacyeTHBIX sueek, yeM 3B ¢ Beicokumu ko3¢ dutiuentamMmu copouun. Bo émopom cnoe — eodoynope
(puc. 60) HabmIOMAIOTCS HAKOIJICHUE MPEUMYIIECTBEHHO Cl1ab0 copoupyembix 3B, mpuTekarommx
n3 nepBoro cios (mo 0.025 IIJIK) m crmensr cunmbHO copOupyromuxcs 3B. Tpemuit cnoii —
HyJeBasi KoHIeHTpauus 3B.

Yepes 300 et nociie aBapuu (Tadi1. 2; puc. 6B) B nepeom cioe OBTOPSIOTCS T€ K€ TSHICHIIUN
Y U3MEHEHUS, YTO ObLIM OTMEUEHBI JJIsl pa3pesa I, Toiapko KoHIEeHTpauuu ciabo copoupyembix 3B
yMmenbmmauchk ¢ 12 IIJIK B Ttouke 1 mo 0.009 IIJIK, uyTo ompenensTcs ACCATHIO MEPHOIaMH
noJjiypacnajza paguoHyKIHaAoB. Bo eémopom cnoe — eodoynope (puc. br) taike Habmomaercs
HE3HAYUTENIbHOE yBeIWYeHHe Bcex cinabo copOupyembix 3B mo cuenapusm 1-3 —go 0.04 TTAK B
touke 1 mo cpaBHeHuto ¢ 0.024 TT1JIK mocne 30 ner (puc. 60), Takke HaOMIOAAIOTCS CJICIBI CUIILHO
copbupyembix 3B. Tpemuit cnoit — nyneBasi koHeHTpaus 3B.

HN3meHeHNe KOHIEHTPALMH 3arPSA3HAIONINX BelleCTB
B 3aBHCHUMOCTH OT X ko3 duumenra copouumn

Cuenapuii (1-6-1). Paspes I-1. Pacnipenenenue xonunenrpanuii 3B 0e3 pacmana B nepsom
cll0e B HE3HAYUTENbHOM CTENEHW HU3MEHWIIOCh cmycTs 30 JeT mocie aBapuu MO OTHOLIEHHUIO K
UCXO/IHOM KoHUeHTpanuu (puc. 7a). Hanpumep, B Touke 1 npu HauanbHo# 8 I1/IK 3Hauenue mis
3Toro cpoka usmenuinoch Ao 7 [JAK, mis 60 ner — ayts mensiie — a0 6 [TJAK, mis 100 net — okono
S TIAK, mst 300 ner — camzmnock go 1.5 TIJIK, nmpudem, ckadok B MOCIEAHUN CPOK OOYCIOBJICH
B OOMbINIell cTereHu ruapoauciepcuei motoka. Konnentpanuu 3B ¢ pacmagom ymeHbIIaercs
BO BCeX Toukax Ooyiee yeM BaBoe (puc. 7a) 3a 30 mer, T.e. 3a OAMH TEPUOJ TOJIypacmaaa
PAAMOHYKIIMIOB M THAPOAUCIEPCUM MOTOKA MOA3EMHBIX BOA: €ciau B Touke | m3HaudanmpHasa 11K
coctraBmsa 8, To mocne 30 mer oHa ymensbmranack mo 3.5 IIJIK, a momkna Obima mo 4 K,
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cienoBarenbHo,  ymenbmienne Ha 0.5 [IJIK  oOycnoBieHo — ruipojucrnepcuell  MOTOKa,
T.C. IEpEeTeKaHUeM B cocefHue sueiku. Takas e TeHACHIUS HaONoJaeTcs B APYrHX TOUYKax
paspesa, u 3a 300 jieT coXpaHsAIOTCs TOJIBKO HE3HAUUTENbHbIE ciienbl 3B.
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= 2 T 0015 ® Kd 6-60-6
Z =
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Puc. 6r. Pacnpenenenune xonmnentpammii 3B mist pasueix Kd, paspes I ¢ pacnagom: 1) 300 ner,
cinoit 2. Fig. 6r. Distribution of pollutant concentrations for different Kd, section II: ) 300 years,
layer 2 with decay.

Bo emopom cnoe — 600oynope (puc. 70) 6e3 pacnaga 3B HaOIOMAOTCS MPAKTHYECKU TOJIBKO
cnycts 300 ner ¢ 3.5 TIJIK B Touke 1, a B mpeasiaymue CpoKH HAOIIOMAIOTCS HE3HAYUTEIHHBIC
koHneHTpammu (tabm. 1, 2). Konmentpanum ¢ pacmagom (puc. 7B) OUY€Hb HE3HAYMTEIbHBIC:
yepe3 300 ner B touke 1 onum cocraBistor 0.042 ITJK, mns Gosee panHux cpokoB — ot 0.012
1o 0.02 ITJK, B ocranpHbix TOukax He mpesimarT 0.005 ITJIK, 4yro mpakThudeckd oO3HA4aeT
HaJIM4Me TOJBLKO CiIeaoB 3B.

Pa3zpe3 II-II. Pacnpenenenne xounentpamuii 3B (puc. 8a) 06e3 pacmaga u ¢ pacnagom
B nepeomM c10e B 3HAUUTEIBHOW CTENEHH TMOBTOPSIET TEHICHIUU W3MEHEHUH, OTMEUCHHBIC
B aHAJIOTHYHOM cjioe paspe3a | (puc. 7a). Ornmuus oTMeyaroTcs BO emopom cioe (puc. 80).
Ecnu B mepBoM cji0e MakCUMyM KOHIIEHTPALlUi Ha BCE pacueTHbIE CPOKU MPUXOJUICS Ha TOUKY 4
(puc. 8a), TO BO BTOPOM OH CMECTWJICS B TOUKY 2 (pHC. 80) 3a cUeT yCHJICHHs THAPOIUCIIEPCHUH,
T.€. mepeTekanusi u3 Jpyrux sdeek. Ilpu stom makcumanbHOoe KommuecTBo 3B 0e3 pacmanma
BO BTOpOM clioe pa3pesa Il mo oTHOIIEHUIO0 K aHaJOTrHYHOMY ClI00 paspesa | ymenbmmnocs ¢ 3.5
(puc. 76) no 0.1 IIJIK (puc. 80), a konuyectBo 3B ¢ pacnagom ymensiminocs ¢ 0.04 go 0.02 TTJIK.
[IpoucxomuT yBennueHue, HakoruieHue 3B ¢ pacmagom Bo BpeMeHU: Hanpumep, B Touke 1 depes
30 ner mocne aapuu — 0.01 ITJIK, a gepe3 300 nmer — 0.04 IIJK. 3B Ge3 pacmama Toxe
HakarmBatorcs: B Touke 10 — ot 0.04 ITAK uepes 30 sner mo 0.11 ITAK uepes 300 ner.
Crnenyer OTMETUTD, YTO 3TU HAKOIUJIEHUS! MAJIO3HAUYUTEIbHBI, T.€. 3TO TOJBKO CJIEJIbI.

Cuenapuii (1-10-1). Paspe3 I-I. V3menenns koHuentpauuii 3B ¢ pacnagom u 06e3 pacnaga
B nepeom cioe (puc. 9) oueHb He3HAYUTENbHBI (Ta0M. 1, 2) U MOBTOPSAIOT U3MEHEHHUS TI0 CLIEHAPHIO
(1-6-1), Tonmpko B Touke 11 nHa 300 ner 3HayeHus Oe3 pacmana yBenmuuBaroTcs no 3.7 [TJIK
o cpaBHeHuto ¢ 2 IIJIK B cuenapun (1-6-1; puc. 7a), 4To CBSI3aHO C BIMSIHUEM T'MAPOAUCIEPCUU
MOTOKA 3a JUIMTENbHBINA BBIYUCIUTENbHBIM CpoK. Bo BTOpoM cioe HaOmOIaeTcsl MPaKTHYECKU
aHAJIOTMYHAS CUTYAIHs, YTO U B TIEPBOM.
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Puc. 7a, 6. Cuenapuii Kd 1-6-1, pacnpenenenue konmneHTpaumii 3B mo Bpemenu: a) paspes I;
0) paspe3 I, cmori 2, 6e3 pacmama. Fig. 7a, 6. Scenario Kd 1-6-1, distribution of pollutant
concentrations depending on time: a) section [; 6) section I layer 2 without decay.

Paszpes II-1I. M3menenus koHueHtpauuii 3B ¢ pacmagom u 0e3 pacmaga B nepeom cioe
(puc. 10a) mpakTUYECKH IMOJHOCTHIO HE3HAYMTEIbHBI (Tabna. 1, 2.) W MOBTOPSIOT H3MEHEHUS
KOHIICHTpamuii 1o creHaputo (1-6-1), Tompko B Touke 9 3a 60 jer 3HaueHus Oe3 pacmaga
yBenuuuBatorcs 10 6.7 [1JIK mo cpaBuenuto ¢ 4.2 [1/IK B cuenapuu (1-6-1; puc. 7a), 4to cBsizaHO
C BIMSIHUEM THAPOJUCIEPCUU TIOTOKA. Bo émopom cnoe nabmiogaercs mpakTHUeCKU aHATOTHYHAS
CUTyalusi, 4To U B nepBoM. [Ipoucxoaut yBenuuenue u Hakoruienue 3B (puc. 106) ¢ pacnagom
BO BpEMEHHU: Hanpumep, B Touke | uepe3 30 ner nocne aBapuu — 0.006 ITAK, a uepes 300 ner —
0.013 ITAK. 3B 0e3 pacnaga Toxe HakaluIMBaroTCs: Hanpumep, B Touke 10 — ot 0.008 ITJIK uepes
30 net mo 0.065 ITJIK uepe3 300 ner.

CpaBHMBasi JaHHbIE C MPEABIAYIIUM CIIEHApUEM, MOXKHO CKa3aTh, YTO B JTAHHOM CILIEHApUU
OTMEYAeTCs CHIDKEHHE HakoruleHuss 3B 3a cuerT yBenuueHus 3aJep>KUBAIOLIECH  CHJIBI
nponukHoBeHus 3B B Bomoymop. Hampumep, B Touke 10 3a 300 ner mo cuenapuro (1-6-1)
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Hakommwiock 0.11 I[IJIK 06e3 pacmaga, a mo cuenaputo (1-10-1) — 0.065 I[11K; ¢ pacmagom
o cuenaputo (1-6-1) — 0.04 1K, no cuenapwuto (1-10-1) — 0.012 ITIK.
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Puc. 7B. Cuenapuit Kd 1-6-1, pacnpenenenue konnentpaiuii 3B mo Bpemenu: B) paspes I, cioit 2,
¢ pacnagom. Fig. 7B. Scenario Kd 1-6-1, distribution of pollutant concentrations depending on
time:) section I layer 2 with decay.
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Puc. 8a. Cuenapuit Kd 1-6-1, pacnpenenenue konuentpauii 3B nmo Bpemenu, paspes II: a) cnoii 1.
Fig. 8a. Scenario Kd 1-6-1, distribution of pollutant concentrations depending on time: a) section II,
layer 1.
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Puc. 86. Cuenapuii Kd 1-6-1, pacnipenenenue konnentpanuii 3B o Bpemenu, paspes I1: 6) cioii 2.
Fig. 86. Scenario Kd 1-6-1, distribution of pollutant concentrations depending on time: 0) section

I1, layer 2.
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Puc. 9. Cuenapuit Kd 1-10-1, pacnpenenenue koHuentpauuii 3B no Bpemenu, paspes I, cioit 1.
Fig. 9. Scenario Kd 1-10-1, distribution of pollutant concentrations depending on time, section I

layer 1.
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Puc. 10. Cuenapuit Kd 1-10-1, pacnpenenenue konueHTpauuii 3B mo Bpemenu, pazpes II:
a) cnoii 1, 6) cmoii 2. Fig. 10. Scenario Kd 1-10-1, distribution of pollutant concentrations
depending on time, section II: a) layer 1, 0) layer 2.

Cuenapuii (6-60-6). Paspe3 I-I. B nepsom cnoe 6e3 pacmapga (puc. 11a) naGmromaercs
HE3HAUYUTEJIbHOE YMEHBIICHNE KOHIIEHTpaluu 3B 1o cpaBHEHHIO ¢ HaYaJIbHBIMU KOHLIEHTPALIMSIMU.
Hanpumep, B Touke 1 3a 30 ner — 7.8 IIJIK npu Hawansno# 8 IIJIK, ¢ pacmagom — 3.5 IIJIK
(poJib pacniazia). OTO CBHJETENBCTBYET O 3HAYMTENbHOM 3ajiepkku 3B B mepBoM ciioe 3a cyer
yBEIMUEHUs npolecca copounu npu Oonpmmx Kd kak B mepBoM, Tak ¥ BTOPOM (BOJIOYIIOPE) CIIOSIX.

Bo émopom cnoe (puc. 116) otmeuaercss ymenblieHne koHueHTpanuii 3B. Hanpumep, I1JIK
B Touke 1 0e3 pacmaaa 3a 300 ner cocrasnser 0.016, a B cuenapuu (1-6-1; puc. 76) — 3.5 I[T1K,
¢ pacnagom — 0.0025 ITJK u 0.042 ITJAK mpu cuenapuu (1-6-1; puc. 78).

Pa3pe3 II-II. B nepséom cnoe 6e3 pacmaga (puc. 12a), kak u B paspese I, HaOmomaeTcs
HE3HAYUTEJIbHOE YMEHbIIIEHHE KOHIIEHTpalu 3B no cpaBHEHHIO ¢ HAYaJIbHBIMU KOHIEHTPAIMAMU
Ha Bce pacueTHble cpoku. Hanpumep, B Touke 12 3a 30 ner — 11.8 IIJIK npu HaganenoM 12 ITJK,
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¢ pacnaaom — 5.5 [1/IK (ponb pacnaga). DTO CBUACTEIBCTBYET O 3HAUMTENIBHOM 3a1epkku 3B
B IIEPBOM CJIOE 32 CYET YBEIWYCHHUS POJH Iporecca copOiuu mpu 6onbimmx Kd B 00oux ciosx.
Bo émopom cnoe (puc. 126) otmeuaercs ymeHbIIeHHEe KOHIeHTparuii 3B: Hanpumep, B Touke 1
0e3 pacnaga 3a 300 ner — 0.016 I11K, a B cuenapuu (1-6-1; puc. 76) — 3.5 IIIK, ¢ pacnagom —
0.0015 IMTAK u 0.042 ITAK mpu cuenapuu (1-6-1; puc. 78). B menom coOmrogaroTcss TEHACHIIMU
M3MEHEeHUs KoHUeHTpauuil 3B, ananornunsie cienaputo (1-6-1), Toapko B Touke 1 KOHILEHTpauus
0e3 pacnaaa caenana ckadok o 0.009 I1/1K 3a 60 et nmocne aBapuu. 31eCh MPOSIBIISIETCS BIUSAHHE
THJIPOMCIIEPCUH TIOTOKA MOI3EMHBIX BOJ B 001aCTH MX MHUTaHU (puc. 2).

a)

=<0—-30 ner 1 cioii ¢ pacmamgom

60 ner 1 cmoii ¢ pacnagoM

=<A=-100 ner 1 cnoii ¢c pacnagom

=X= 300 ner 1 cmoif ¢ pacnagom

=¥=30 ner 1 cioii Oe3 pacnaaa

=060 jer 1 cioit Oe3 pacnana

N W kA L YN 0 O

BemlecTBa, ea. IIJIK

100 ner 1 croit 6e3 pacnana

' ' 300 ser 1 cnoit 6e3 pacnana
< - _-—‘—--“*--- - . \\
0 +—X=F =X X .‘-><-—>¢—

13 12 11 1 14 15 16

—
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E" 5( 0.012 / \ == 100 ner 2 cnoii ¢ pacnagom
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S =
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§ ==>&=300 sret 2 coii 6e3 pacmana

Homep Touku HaOaI01eHUS

Puc. 11. Cuenapuii Kd 6-60-6, pactipenenenue konueHtpamnuii 3B no Bpemenu, paspes I: a) cnoii 1,
6) crnoit 2. Fig. 11. Scenario Kd 6-60-6 Distribution of pollutant concentrations depending on time,
section I: a) layer 1, 6) layer 2.
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Puc. 12. Cuenapuit Kd 6-60-6, pacnpenenenue konueHTpauuid 3B mo Bpemenu, paszpes II:
a) cnoii 1, 6) cmoii 2. Fig. 12. Scenario Kd 6-60-6, distribution of pollutant concentrations
depending on time, section II: a) layer 1, 0) layer 2.

JlanbHelilee pacCMOTpEHHE Pe3yIbTaTOB MOJETUPOBaHUA MO creHapusaMm (26-260-26) u (100-
1000-100) He wmmeeT cmbicna, T.K. Bce 3B KOHIEHTPUPYIOTCS B TEPBOM CIIO€, a BO BTOPOM
(Bomoymope) mpakTH4ecku OOHymstoTess (Tabm. 1, 2), 4Yro CBUAETEIBCTBYET O MOJHOMN
HEIPOHULIAEMOCTH BOJOYIIOPA B NIPEAEIaX PaCCMATPUBAEMBIX Pa3pe30B.

O0cyxaenne pe3yJbTaTOB IVIOIIATHOTO MOJEJIUPOBAHMUS

Pe3yJ'ILTaTBI miom@aaHoro MOZACIIMPOBAHUA MPOUECCOB MUT'pAUN 3B Ha HCCJ'ICI[y@MOﬁ
TCPppUTOPUN NPCACTABJICHBI HA PHUCYHKC 13. MOI[CJ'II/IPOBaHI/IC MMPOBOAWIIOCH IO JABYM CLCHAPHAM:
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(1-3-1) st cnmabo copobupyembix 3B u (100-1000-100) anst cuiibHO copOupyembix, 6e3 pacmaaa u
C pacmajoM, MO IMEPBOMY CIIOI0 — TPYHTOBBIE BOJBI, IO BTOPOMY CJIOI0 — BOJOYIIOp, Ha JBa
pacuetHbix cpoka — 30 u 300 ner.

3a HavabHOE 3arpsi3HEHHE IPYHTOBBIX BOJI B YCIOBHUSX JAHHOTO YHCICHHOTO SKCIIEPUMEHTa
ObUIO IIPUHATO IOBEPXHOCTHOE 3arpsi3HeHHe pamuoHykauaoM °'Cs rora Kamyxkckoit obmactu
nocne aBapun Ha YADC. Kak BuaHO Ha pucyHKe 1, KOHQHUrypauus 3arpsa3HEHHUS HPEACTaBISICT
co0oii Ba 000COOJIEHHBIX yJacTKa — 3amaJHbIi U BOCTOYHBIA — HA TEPPUTOPUHU PATHOAKTHBHOTO
ciiena, TAe KOHIEHTpauu paanonykiauaa npessimaroT [1JIK 6osee wem B 10 pas.

Murpauus ciado copoupyemsbix 3B mo cuenapuio 1-3-1 6e3 pacnaga Ha Bcell n3ydyaeMoil
tepputopun (puc. 13.1). Yepes 30 naer B nepeéom cnoe (A) KoHUrypaluu IUIOIIATHOTO
3arpsi3HEHUs] COXPAHSETCs, MaKcHUMallbHOe 3arps3HeHue ymenbnaercs no 9 IIJIK; Bo emopom
cnoe (b) oHa CHIIBHO M3MEHSIETCS, 3arpsi3HEHHE TOSIBIISIETCS B OCHOBHOM Ha BOCTOYHOM Y4YacTKe,
a ero crernenb ymensInaetcs a0 0.045 TTIK.

Yepes 300 et B nepsom cnoe (B) xoHpuUrypauu miomagHoro 3arpsi3HEHUS 3HAYUTEIIBHO
M3MEHSETCS, B OOJBIICH CTENEHW COXpaHSETCS 3alaJHbI y9acTOK, MaKCUMAalbHOE 3arps3HEHHE
ymenbmaercs 10 7 [1JIK; Bo emopom cnoe (I') oHa cuIbHO U3MEHSETCS, 3arpsS3HEHUE MOSBIISICTCS
B OCHOBHOM Ha BOCTOYHOM YydYacTKe, a €ro CTelNeHb YBEIWYMBACTCS TI0 CpPaBHEHHIO C
KoHueHTpanumeit 3a 30 net — no 0.8 TTJIK.

Murpanus cwiibHo copoupyembix 3B no cuenapuro 100-1000-100 6e3 pacnaaga (puc. 13.2).
Yepesz 30 ger B nepsom croe (A) KOHPUTYpaMH IJIOMIATHOTO 3arps3HEHUS MPaKTUYECKH
OTBEUYaeT HayalbHOMY 3arpsizHeHuto (puc. 1), MakcumanpHoe 3arpsizHeHue npesbimaer 10 [TK;
BO émopom cnoe (b) xoHburypanus CUiIbHO HW3MEHSETCS, 3arps3HEHUE MOSBISETCS B OCHOBHOM
Ha HE3HAYUTENIbHOW TEPPUTOPUM Ha BOCTOYHOM Y4YacTKE, a €ro CTelNeHb YMEHbBIIAeTcs [0
0.0003 TIJIK.

Yepez 300 saer B nepsom cnoe (B) kxoHburypanmuu IUIONIAJHOTO 3arps3HEHHS Mallo
M3MEHSETCS, MakcuMalbHOE 3arpsisHeHue ymenbinaetcs mo 9 I1JIK; Bo emopom cnoe (I') ona
CWJIBHO M3MEHSIETCS, 3arpsi3HeHUe MOSABISETCS B OCHOBHOM Ha BOCTOYHOM Y4YacTKe, a €ro CTeNeHb
YBEIIMYMBAETCSA 10 CpaBHEHUIO ¢ KoHIIeHTpanuen 3a 30 et mo 0.04 IT1K.

Murpanusi cwibHO copoupyembix 3B mo cuenapuio 1-3-1 ¢ pacmagom (puc. 13.3).
Yepe3 30 1er B nepeom croe (A) KoHGUTYpallUU IUIOLIAAHOTO 3arpsi3HEHUS COXpaHseTcs,
HO MakCHUMaJIbHO€ 3arpsisHeHune ymeHbinaetrcs a0 4.5 I[1J1K; Bo émopom cnoe (b) xondurypanus
CWJIBHO M3MEHSIETCS, 3arpsi3HEeHrE TOSBIISETCS B OCHOBHOM Ha BOCTOYHOM YYacTKE, a €ro CTEleHb
ymenbaercs 1o 0.02 I1/IK.

Yepe3s 300 ser B nepsom cnoe (B) xoHpurypaus MiomaaHOTO 3arpsS3HEHHs] 3HAYUTEIHHO
U3MEHSIETCS, HE3HAUMTEIbHOE 3arpsi3HEHHE B BUJE OrPAHMYCHHOTO YydYacTKa JCpXKHUTCS Ha
BocTtouHoM ydacTtke a0 0.02 Ha ¢one 0.004 IIAK. Bo émopom cnoe (I') oHa cUIbHO H3MEHSETCH,
3arpsi3HEHUE TMOSBISIETCS B OCHOBHOM Ha BOCTOYHOM YyYacTKe, a €ro IUIOIMIaJb YMEHBIIAeTCs
1o cpaBHeHUO ¢ momaasko 3a 30 net, [IIK yBennuusaercs no 0.04.

Murpanus cuiibHO copoupyembix 3B no cuenapuio 100-1000-100 ¢ pacnagom (puc. 13.4).
Yepes 30 Jger B nepeom cnoe (A) KoH(Urypaluu IUIOLIAJHOTO 3arps3HEHUs NPaKTUYECKU
OTBEYAET HAYaJIbHOMY 3arpsi3HeHHio (puc. 1), HO MaKCHUMalbHOE 3arps3HEHUE IMpPEeBBIIIAET
3.6 IIJIK; Bo émopom cnoe (b) xoHuUrypanus CHIBHO W3MEHSETCS, 3arps3HEHUE MOsBISIETCS
B OCHOBHOM Ha HE3HAYMTEJIbHOM TEpPUTOPUU BOCTOYHOIO y4yacTKa, a €ro CTENeHb YMEHbIIaeTcs
1o 0.0003 TTJIK.

Yepes 300 ser B nepeom cnoe (B) xoHdurypamus IIIOMIaTHOTO 3arpsi3HEHUS Majo
U3MEHSIETCS, MaKCUMallbHOE 3arpsizHeHue ymenbaercs 10 0.0009 IIJIK; Bo émopom cnoe (1) ona
CWJIBHO M3MEHSETCS, 3arpsi3HEHUE MOSBIAETCS B OCHOBHOM Ha BOCTOYHOM YYacTKE, a €ro CTENEHb
ymenbmaercs g0 0.0004 I1K.
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Puc. 13.1. Kaprocxema pacmpeneneHus KOHIEHTpanuili crmabo copOupyemoro (cueHapuii 1-3-1) u cunsHo copbupyemoro (100-1000-100) 3B nHa
MOJENUPYeMOM ydacTke ¢ pacnagom u 0e3 pacmana. Fig. 13.1. Cartographic chart of the distribution of concentrations of weakly sorbed (Scenario 1-3-
1) and strongly sorbed (Scenario 100-1000-100) pollutants in the simulated area with/without decay.
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Puc. 13.2. Kaprocxema pacmpeneneHus KOHIEHTparuii cmabo copOupyemoro (cueHapuii 1-3-1) u cunsHo copbupyemoro (100-1000-100) 3B nHa
MOJENUPYEMOM ydacTKe ¢ pacnagom u 0e3 pacmana. Fig. 13.2. Cartographic chart of the distribution of concentrations of weakly sorbed (Scenario 1-3-
1) and strongly sorbed (Scenario 100-1000-100) pollutants in the simulated area with/without decay.
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Puc. 13.3. Kaprocxema pacmpeneneHnus KOHIEHTpanuili cimabo copOupyemoro (cueHapuii 1-3-1) u cunsnHo copbupyemoro (100-1000-100) 3B nHa
MOJENUPYeMOM yudacTke ¢ pacranom u 0e3 pacmana. Fig. 13.3. Cartographic chart of the distribution of concentrations of weakly sorbed (Scenario 1-3-
1) and strongly sorbed (Scenario 100-1000-100) pollutants in the simulated area with/without decay.

OKOCHUCTEMBI: OKOJIOI'UA 1 AMHAMUKA, 2023, Tom 7, Ne 2



NCTIOJIB3OBAHUE UMCJIIEHHOI'O SKCIIEPUMEHTA I1P1 U3YYEHUU ... 32

Puc. 13.4. Kaprocxema pacmpeseneHus KOHIEHTpanuili crmabo copOupyemoro (cueHapuii 1-3-1) u cunsHo copbupyemoro (100-1000-100) 3B nHa
MOJIEIUPYEMOM ydacTke ¢ pacrnajgoM u 0e3 pacnaza. Fig. 1.4. Cartographic chart of the distribution of concentrations of weakly sorbed (Scenario 1-3-
1) and strongly sorbed (Scenario 100-1000-100) pollutants in the simulated area with/without decay.
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Takum oOpaszom, cmabo copbupyembie 3B 6e3 pacnaoa depes 300 ner coxpaHsOTCS Ha
3armagHOM y4acTKe B MEpBOM clioe, a 3B BOCTOYHOro ydactka B OOJbIICH CTENICHH MUTPUPYIOT
U 33JIEPIKUBAIOTCS 60 6MOPOM C10€ — 6000YNOPe B HE3HAYNTEIILHBIX KOJIMYECTBAX.

CunbHo copOupyembie 3B 6e3 pacnaoa yepe3 300 et coxpaHstoTcs Ha O0OMX ydacTKax B
MEPBOM CJIO€, MPUYEM KOHIEHTpAIUs MX HE3HAYMTEIhHO OTiIM4aercs oT 30-JeTHero mepuoja,
a BO BTOPOM CJIO€ OHHM 3aHMMAIOT HE3HAYUTEIBHYIO IUIOMAJh BOCTOYHOTO YdYacTKa B
HE3HAYUTEIIbHBIX KOHIICHTPAIUSX.

Cnabo copbupyemsie 3B ¢ pacnaoom depe3 300 neT mpakTHUECKA HE COXPAHSIOTCS HA BCEH
IUIOMIAJM  UCCIEAYEMOW TEPPUTOPHH, a BCTPEUAIOTCS B BHJC HE3HAYUTEIBHBIX CJIEJI0B Ha
BOCTOYHOM y4YacTKe B TIEPBOM CJIO€, a BO BTOPOM CJIO€ Ha BOCTOYHOM YYacTKE OTMEYASTCS
HE3HAYUTENIbHAS TUIOMIaab ¢ 3B B HE3HAUNTEIBHBIX KOJIMYECTBAX.

CunbHo copbupyemsbie 3B ¢ pacnadoom udepes 300 ner coxpaHsitoTcs Ha 000MX ydacTKax B
MEPBOM CJIO€, TPUYEM KOHIICHTpAIMS WX 3HAYUTEIBHO OTIWYaeTcs oT 30-JIeTHero mepuoa,
ymenbmasch 10 0.0009 TTJK, 4To cOOTBETCTBYET OUY€Hb HE3HAYUTEIHHBIM BEIMYMHAM — CJIE/IaM,
aBO BTOpoM cioe 3B 3aHUMAOT HE3HAYUTENBHYIO IUIOIIAJh BOCTOYHOTO ydYacTKa B
HE3HAYUTEIIbHBIX KOHIICHTPAITUSX.

DTO CBUJETENBCTBYET O TOM, 4TO paguoHykmuasl °'Cs u *°Sr 3a 10 mepuosoB momypacmaaa
MOJTHOCTBIO PacTalatoTCsl.

CpaBHeHue pe3y/ibTATOB JAHHOI'0 3TANA UCCIACAOBAHUI
¢ MpeAbLIYIIAM 3TANOM HCCJIeI0BAHUM

Paccmorpum ocobennoctn mwurpanuu 3B depe3 mpoHHUIIaeMbl  BOJIOYIOpP, paHEE HaMH
m3yueHnslie (benoycosa, Pynenko, 2021a, 202106), u ocobeHHOCTH MUrpanuu 3B, mpoBeneHHbBIE Ha
JAHHOM JTale MCCIeOBaHUN. Pe3ynabTaThl MOJENUpOBaHMS paHEe MPOBEICHHBIX M HACTOSAIINX
uccnenoBanuit npuBeacHs! Ha 3D kaptax (puc. 14).

[Ipu uccnenoBanum ¢ nmponunaeMbiM Bogoymnopom Kd (puc. 14A) 3amaBaiauch paBHBIMH IS
BCeX Tpex cioeB (6-6-6), ¢ nenponumnaembiM Kd (puc. 14b) 3agaBanoch 0oJibllie 4eM B ITO3EMHBIX
BOJIaX IMEPBOTO U TpeThero cios (1-3-1).

[Ipu npornuyaemom 6oooynope (puc. 14A) murpanus 3B 6e3 pacnaoa 3a 300 neT mpoucxoauT
BO BCEX Tpex ciosiXx. B mepBoM cioe (rpyHTOBBIE BOJbI) KOHIeHTparus He mpesbimaet 4 [1JIK,
BO BTOPOM CJIO€ MPOMCXOJUT JOBOJBHO MHTEHCUBHOE HaKOIUIeHHE ¢ KoHueHTpanueil no 4 IT/K,
B TPETheM cCJI0€ (HAmOpHbIE BOJbI) MPOMCXOJUT HAKOIUICHHE 3arps3HEHHs] BOJ HA OTIEJIbHBIX
yuactkax ¢ 3B o 2 [T/IK.

[Ipu nenponuyaemom éodoynope (puc. 14b) 6e3 pacnaoa 3a 300 1eT UHTEHCUBHOCTh MHUTPAITUN
3B cuibHO M3MEHSIETCsl BO BCEX CIIOSIX. B mepBoM clioe MpOUCXOAUT HAKOIJICHHE 3HAYUTEIbHBIX
koHueHTpauuit 6onee 5 [1/IK, Bo BTopom mpoiiecc 3HaUUTEIHLHO 000COONISIETCS M YMEHBIIAeTCs 0
wiomaau, a IIIK ymensinaercs 10 3, B TpeTbeM Cllo€ UMEET OTPaHMYEHHOE PACHpOCTpaHEHUE B
He3HauuTeNnbHbIX KoHueHTpauusx 1o 0.05 ITJIK. Cnegyer oTMETHTh, UTO HA PACCMOTPEHHBIX HAMH
pa3pes3ax HU B OJIHOM M3 TOYEK B TPETheM clioe Murpanus 3B mpakTuuecku He HabIOgaeTCs.

BriBoabI

OOBeKTOM WUCCIeIOBaHUN SBISETCST 4acTh TeppuTopuu Kamyxkckoit oOnactu Hambosee
MOCTpajaBIast OT aBapuu Ha YepHOOBLILCKON aTOMHOM CTaHITUH.

DKCHEpPUMEHTANBHBIX JAHHBIX O MPOLIECCaX MUTPALMU PAAUOHYKIMAOB M UX IMapameTpax B
HACBIIIEHHOW 30HE — MOA3EMHBIX BOJaX MPAKTHUECKU HET, cllabast u3y4YeHHOCTh OTMEYAeTCs TOJIBKO
B HEKOTOPHIX pailOHaX B 30HE paJuOaKTUBHOro ciena ot aBapuu Ha YADC Ha TeppuTopun
Bbpsinckoit oOmactu u OHM B OOJBIIEH CTENEHHM OTHOCATCS K HEHACHINICHHOM, 3alUTHOW 30HE.
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Puc. 14. CpaBHeHue clieHapueB ¢ NpoHHUIIaeMbIM (A) u HenmpoHHLaeMbiM (b) Bogoynopamu.
Fig. 14. Comparison of scenarios with permeable (A) and impermeable (B) aquiclude.
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[loaToMy Hamu OblIM BBIOpaHBI HE IIOJIEBBIE WJIHM JaOOpaTOpHbIE MYTH MCCIEA0BAHUM,
a YHCJIEHHbIE DKCIEPUMEHTAIbHbIE UCCIICOBAHMS, T.€. YHCICHHbIE IKCIIEPUMEHTHI, HA U3ydaeMOu
teppuTopuu Kanyxckoil 0671aCcTH B 30HE paJIMOaKTUBHOTO CIIEAA.

UYucneHHbIe 3KCIIEPUMEHTBI HAIIpaBJIeHbl HA U3y4eHHE MUrpanuu 3B B HacCBIIIIEHHOMN 30HE — U3
IPYHTOBBIX BOJ Y€pe3 BOJOYIOP B HAMOPHBIE MOJ3EMHbIE BOJbL. [Ipu 3TOM paccMaTpuBaiuch He
TONBKO paguoHykauasl °'Cs u *°Sr, Ho u apyrue 3B, oT ¢1a60 10 CUILHO COPOUPYEMBIX, KOTOPbIE
HaAOJI01al0TCS B HATIOPHBIX BOJAX MU3y4aeMOTO OOBEKTA.

Jlia MoaenupoBaHuUsl MPOIECCa MAccolepeHoca B MOJ3EMHBIX BoJax Obljia BbIOpaHa MOJEIb
MT3D, xotopas paboTtaer Ha ocHOBe TpaHncnopTHoil Monenn MODFLOW. Hapsany ¢ nponeccamu
TUIPOIMCIIEPCUN TOTOKOB OHA MO3BOJISIET YUYUTHIBATh copOLuio 3B U paguoakTUBHBIN pacmaj.

YuuteiBas, 4YTO CTENEHb TI€OJOTHYECKOW, THUIAPOr€OJOTHYECKON W TUIPOTr€OXUMHUYECKON
M3yYEHHOCTH BBIOPAHHOTO HAaMH OOBEKTa HE MO3BOJISET 00ECIEYUTh TOCTATOUHYIO JIOCTOBEPHOCTD
IIPOrHO30B, YTO OCOOEHHO KacaeTcsi BOJOYIOPOB, UCCIeA0BaHNE ObUIO OCYILIECTBICHO B J[Ba dTara.
Pesynbratel nepBoro stama, murpauus 3B uepe3 nmpoHHUIIaeMbIii BOJOYIIOpP, IPUBEIEHBI B HAILIUX
npenpinymux padorax (benoycosa, Pynenxo, 2021a, 20216), a pe3yapTaTsl BTOpPOrO 3Tara,
Murpanus 3B yepe3 HenpoHUIIaeMbIi BOAOYIIOP, IPUBEACHBI B TAHHOU CTaThe.

UucneHHble SKCIIEPUMEHTHI BTOPOTO 3Tara MPOBOAMIIOCH MO CeayromuM cieHapusam: 1 — (1-3-
1), 2 - (1-6-1), 3 —(1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100), rae neppast uudpa —
3Hauenne Kd (J1/kr) B mepBoM ciioe, BTopas — 3HadeHne Kd Bo BTOpom ciioe u TpeThs — 3HAUCHUE
Kd B tperbem cmoe. Takoit monbop xkodpdUIIMEHTOB pacripesesieHusi 00yCIOBIEH 3a/JlaHHEeM X
3HaYeHUH Ha MOPSA0K O0JbllIEe B BOJOYIIOPE, YEM B BEPXHEM M HM)KHEM BOJIOHOCHBIX TOPHU30HTaX.
Kaxxnprit crienapuii mpoBOIUIICS ISl ABYX YCIOBHMN: C PAJMOAKTHBHBIM pacmaaoM U 0e3 Hero.

3a HavanbHbIE YCIOBUS ObljIa MPUHATA CTETECHb 3arpSA3HEHUS TPYHTOBBIX BOJI M0 aHAJIOTUU CO
CTETEHbIO 3arpsA3HEHUs IOBEPXHOCTH 3€MJIM B 30HE DPAJUOAKTUBHOIO cjela Ha H3ydaeMou
TEPPUTOPUHU, XOTS, B MPHUPOJHBIX YCIOBHSIX Ha 3TON TEPPUTOPUU B TPYHTOBBIX BOJAX TaKOTO
pacnpocTpaHeHusl 3arps3HEeHUs HU paJuoOHyKIuAaMu, HU JApyrumu 3B He Habmomaercs.
Konnentpamuu 3B moryt 0b1Th 3amansl B /01, [TJIK, (GOHOBBIX KOHIIEHTpaIlUsIX, B HAIIEM CIIydae
ucnionp3zoBanuck [IJIK. Koaddummentsr pacnpenenenuss copomun (Kd) pasmuuneix 3B
MOAOMpaIUCh W3 W3BECTHBIX 3HAUYCHWW i1 TeppuTopuil bpsiHckoit obnactu  (benoycosa,
Pynenxo, 2021a, 20216), nns paauoHykiaugoB 3HadeHuss Kd B OCHOBHOM OTHOCATCA K
HEHACBILIEHHOU 30HE.

AHanu3 pe3ynbTaToB MOJEIUPOBAHUS B PaMKaX YMCICHHBIX SKCIIEPUMEHTOB MPOBOIUICS IS
JIBYX Pa3pe30B U B LIEJOM IO U3y4aeMOMY OOBEKTY 110 KapTaM.

Ycranosneno, yto no Mmepe yBenuueHuss Kd B IpyHTOBBIX BojAax coxpaHsieTcss HanOoJibliee
konnuecTBo 3B, a BemectBa ¢ MuHuManbHbIMU Kd (cmabo copOupyeMble) YaCTHUHO OCEAAI0T B
Bojoynope. Cienyer OTMETHTh, YTO B TPETheM cioe (B HAMOpHBIX BoAax) 3B B Toukax pa3pes3oB
HEe 00OHAPYKEHBI, XOTS B IPYTHX TOYKAX OHU MOABISIOTCS (0 4eM Oy/eT CKa3aHO HUXKeE).

ITo 3nauenusim Kd ycranosneno, uro npu Kd 6onee 60 ii/kr 3B B Bogoymnop He MPOHUKAIOT,
T.€. BOJIOYIOp MPAKTHYECKU «aOCOJIFOTHO» HE MPOHUIaeMbli. J{Ji paJuoHYKINI0B TJIaBHYIO POJb
B [IPOLIECCE€ MUIPALMM WrpacT paJuOaKTHBHBINA pacmal, koraa B mnepsble 30 JeT mocie aBapuu
Ha YADC KoHueHTpamus paguoHykmuaoB °’Cs u *°Sr yMmeHbIImMIach BBOe, T.K. 3TOT CPOK
COOTBETCTBYET UX IEPUOY Ionypacnana, a B ganpHeimue 300 JIeT OHM MOJIHOCTBIO PACHaLyTCsl.
Jns  HepaamoakTHBHbIX 3B mporecc mNpoMCXOOUT WHaue: OHU OyayT HakamjauBaTbcs B
BOJOYIIOPHOM TOJIIIE M IPOHUKATh B HANOPHBIE BOJBI, YTO B 3HAYUTENIBHOM Mepe yXyaulaeT
HKOJIOTUYECKYIO CUTYAlLlMIO, X0 JPYyrue JOJITOXKHUBYIINE PAaAUOHYKIMbI (HampuMep, IUTyTOHUM-
209) umerot nepuoa noiypacnana 24095 ner u OyayT NpeACTaBIATh OUYEHb CEPhE3HYI0 OIACHOCTD
Tam, I'Jie TOCJIe aBapuH BbINAIN (PparMeHTH SAEPHOTO TOIUIMBA (T.€. B paifoHe camoit HADC).

I'maBHBIMEU (hakTOpamMH GOPMHUPOBAHUS MPOILIECCOB MUTpaLuH 3B sABIAIOTCS B MEpPBYIO OUepelb
UX pPaJUOAaKTUBHBIM pacmaja, BO BTOPYHO — HX COpOIMOHHBIE CBOMCTBA, a B TPETBIO —
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THJIPOJMCIIEPCUsl TIOTOKOB TMOJ3EMHBIX BOJ, KOTOpas B CBOIO O4Yepelb 3aBUCUT OT Te€0JIOro-
TUAPOTE€0JIOTHYECKUX YCIOBUM U3y4aeMON TEPPUTOPHH.

Cpaenenue pesynomamos 2 smanos ucciedosanuti. llpu nponuyaemom 6odoynope Murpanus
3B 6e3 pacnama 3a 300 jmeT mMpOMCXOIUT BO BceX Tpex ciosix. [Ipu nemponuyaemom 6odoynope
0e3 pacnaga 3a 300 JeT MHTEHCHBHOCTh MHUTPAIMH CHILHO M3MEHSETCS BO BCEX CIIOSX: B MEPBOM
MIPOUCXOUT HAKOILJICHHE 3HAYUTEIIBHBIX KOHIICHTpAIMi, BO BTOPOM — IMPOIECC 3HAYUTEIHHO
000c00MsIeTCA U YMEHBIIACTCS 10 TUIOINAAN M KOHIEHTPAIMH, & B TPETHhEM — UMEET OTPAHUYCHHOE
pacrpocTpaHeHHe.

PaccmaTtpuBasi 1Ba BapuaHTa BOJOYIIOPOB, MOXHO CKa3aTh, YTO B MPHUPOJHBIX YCIOBHSIX HU
TOT, HA JIPYrOd MPAKTHYECKH HE MOTYT CYIIECTBOBATH OTMEIBHO, T.K. OOBIYHO BOJOYIOPHBIC
TOJIIU COCTOSIT M3 PAa3IMYHBIX YJaCTKOB, UMEIOMINX KaK HEMPOHHIIAEMbIC, TaK W MPOHHUIIAEMbIC
BOJIOYIOPBI, TPEACTABISIIOIINE B HEKOTOPOM CMBICIIE JIOCKYTHOE OJiesio. Bomoymopsl HE MOTyT
OBITh HEMPOHUIIAEMBIMH HAa BCEM CBOEM TPOTSDKCHHH, T.K. B MX COCTaBE €CTh IPHPOJHBIC
HapyIICHHS (JIMH3BI, MPOCIION MPOHUIIAEMBIX ITOPOJI, HEOTEKTOHHUYECKUE TPEIIUHBI) U TEXHOTCHHBIC
HapylIeHUs! (CKBa)KUHBI, KOJIOIbI).

W3 sToro cnemyer caenarh CICIYIONIUI BBIBOJ: JJISI M3YYCHHS IPOIECCOB Murparwu 3B n
MPOTHO3UPOBAHUS WX JATbHEHIIEr0 pa3BUTHS B CJIOXKHBIX THIPOTEOJOTHYCCKHX YCIOBHSX
HEOOXOIMMO JIETAIbHOE W3y4YeHHE T'€OJIOTHYECKOTO W THIPOTEOJIOTHYECKOTO CTPOSHHS, a TaKKe
THJIPOTCOXUMHUYECKIX YCIOBHH HM3ydaeMbIX OOBEKTOB M MPOBEJICHHE OSKCIICPUMEHTAITBHBIX
WCCIIEIOBaHUI MaccomlepeHoca ¢ IEeIb0 MapaMeTpH3aIlii BCEX IMPOIECCOB, O0YCIOBIMBAIOIINX
€ro, U TIOCJIEYIOMIETO YUCICHHOTO MOJICIIMPOBAHMS M TPOTHO3WPOBAHUS PAa3BHTHS PEaTbHOMN
9KOJIOTUYECKOU CUTYaIlMH Ha 00BEKTaX MCCIICIOBAHUM.

bracooapnocmu. ABTOPHI BBIpaXalT OJIArOJapHOCTh OE3BPEMEHHO VIIEIIIEH COTPYTHUIIS
MunsieBoii FO.B. 3a moaAroToBKy MarepuajioB K JaHHOW CTaThe.

Qunancuposanue. PaboTa BBITIOJIHEHA B paMKax TOCYIapCTBEHHOro 3adaHus MHcTuTyTa
BomHeIX mpobnem PAH: Ttema Noe FMWZ-2022-0002 «HcciaenoBaHusi TE0IKOJIOTHYECKUX
MPOIIECCOB B THAPOJIOTHYECKUX CHUCTEMax CYIIH, (OPMUpPOBAHHUS KayeCTBAa IOBEPXHOCTHBIX H
MMOJ3EMHBIX BOJ, MPOOJIEM YNPaBJICHHS BOJIHBIMH PECYpCaMH W BOJOINOJB30BAHHEM B YCIOBHSIX
W3MEHEHUN KJIMMAaTa U aHTPOIIOTEHHBIX BO3/ICHCTBUIN.
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USE OF A NUMERICAL EXPERIMENT IN STUDYING THE MIGRATION

OF DIFFERENT POLLUTANTS IN THE GROUNDWATER OF THE KALUGA REGION

IN THE AREA OF THE RADIOACTIVE TRACE
© 2023. A.P. Belousova, E.E. Rudenko, K.G. Vlasov

Water Problems Institute of the Russian Academy of Sciences
3, Gubkina Str., Moscow, 119333, Russia. E-mail: anabel@iwp.ru, belanna47@mail.ru

The purpose of this article was to use a mathematical modeling in order to study the migration of
various pollutants, including radionuclides, from weakly sorbed to strongly sorbed ones that travel
from groundwater to pressure groundwater through a separating layer, an aquiclude, and has varying
permeability. Among others, the field of hydrogeological researches performs search and exploration
of groundwater deposits. Search is the first stage which is carried out in unexplored territories,
followed by exploration, the second stage, which is performed in the promising territories that were
revealed during the first stage.

Our studies can be attributed to the first stage, because the territories of our choice, located in the
Kaluga Region and affected by the Chernobyl accident, were unexplored. We focused on studying the
migration of pollutants from groundwater through the aquiclude of the pressure waters. The direction
of our search was determined by the aquiclude’s ability to let the pollutants through, which is
considered the most unfavorable conditions for groundwater, or its ability to keep the pollutants out,
which is considered a favorable condition. However, both of these cases never exist separately in
natural and artificial conditions, because they simply merge together, but, in order to study that, a
thorough geological and hydrogeological knowledge of the territory is needed, which we do not
possess for the study area. Therefore, our research was carried for both cases: in the first one,
the aquiclude was assumed to be permeable, while in the second one it was assumed to be
impermeable.

For each case, exploratory numerical-experimental studies were carried out using mathematical
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modeling. The object of those studies was the part of the Kaluga Region, most affected by the accident
at the Chernobyl nuclear power plant. Studies concerning the first case have been already completed
and published by our crew (Belousova, Rudenko, 2021a, 2021b), while the results of the second case
and generalizing results of both studies are presented in this article. We studied the migration of
various pollutants, including radionuclides, from groundwater through an impermeable aquiclude to
the confined aquifer. We used the same profiles that were studied in the first case, but applied slightly
modified scenarios and used different coefficients (Kd) of pollutant sorption distribution.

Numerical experiments of the second case were carried out according to the following scenarios: 1 —
(1-3-1), 2 — (1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100). The first digit is
the Kd value (I/kg) in the 1* layer, the second digit — 2™ layer, the third digit — 3™ layer. This selection
of coefficients was determined by the fact that their values were assigned to be higher in the aquiclude
than in the upper and lower aquifers.

Each scenario was applied for two conditions: with and without radioactive decay. The starting
condition was the contamination degree of groundwater, just like the contamination degree of the
ground in the radioactive trace zone of the study area. However, such a spread of contamination by
either radionuclides or other pollutants is not actually (in natural conditions) observed in the
groundwater of this territory. Pollutant concentrations can be specified in g/l, maximum permissible
concentration (MPC) and background concentrations, but we used MPC. Kd of various pollutants
were selected from the known values for the Bryansk Region (Belousova, Rudenko, 2021a, 2021b);
regarding radionuclides, the Kd values mainly refer to the unsaturated zone of contamination.

We established that the main factors forming the pollutant migration are the radioactive decay of the
said pollutants, their sorption properties, and the hydrodispersion of groundwater streams, which, in
turn, depends on the geological and hydrogeological conditions of the study area and the aquiclude
permeability. The studied situation proves that aquicludes cannot ensure a full protection of pressure
groundwater from pollution.

Keywords: groundwater, underground confined waters, modeling of migration processes, pollutant,
radionuclides, sorption, radioactive decay.
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The purpose of this article was to use a mathematical modeling in order to study the migration of
various pollutants, including radionuclides, from poorly sorbed to highly sorbed ones that travel from
groundwater to pressure groundwater through a separating layer, an aquiclude, and has varying
permeability. Among others, the field of hydrogeological researches performs search and exploration
of groundwater deposits. Search is the first stage which is carried out in unexplored territories,
followed by exploration, the second stage, which is performed in the promising territories that were
revealed during the first stage.

Our studies follow the first stage, because the territories of our choice, located in the Kaluga Region and
affected by the Chernobyl accident, were unexplored. We focused on studying the migration of pollutants
from groundwater through the aquiclude of the pressure waters. The direction of our search was determined
by the aquiclude’s ability to let the pollutants through, which is considered the most unfavorable conditions
for groundwater, or its ability to keep the pollutants out, which is considered a favorable condition.
However, both of these stages do not exist separately in natural and artificial conditions, because they
simply merge together, but, in order to study that, a thorough geological and hydrogeological knowledge of
the territory is needed, which we do not possess for the study area. Therefore, our research was carried for
both stages: in the first one, the aquiclude was assumed to be permeable, while in the second one it was
assumed impermeable.

For each stage, exploratory numerical experiments were carried out using mathematical modeling.
The object of those studies was the part of the Kaluga Region, most affected by the accident at the
Chernobyl nuclear power plant. Studies concerning the first stage have been already completed and
published by our crew (Belousova, Rudenko, 2021a, 2021b), while the results of the second stage and
generalizing results of both studies are presented in this article. We studied the migration of various
pollutants, including radionuclides, from groundwater through an impermeable aquiclude to the
confined aquifer. We used the same profiles that were studied in the first stage, but applied slightly
modified scenarios and used different coefficients of pollutant sorption distribution (Kd).

Numerical experiments of the second stage were carried out according to the following scenarios: 1 —
(1-3-1), 2 — (1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100). The first digit is
the Kd value (I/kg) in the 1* layer, the second digit — 2" layer, the third digit — 3™ layer. This selection
of coefficients was determined by the fact that their values were assigned to be higher in the aquiclude
than in the upper and lower aquifers.

Each scenario was applied for two conditions: with and without radioactive decay. The starting
condition was the contamination degree of groundwater, just like the contamination degree of the
ground in the radioactive trace zone of the study area. However, such a spread of contamination by
either radionuclides or other pollutants is not actually (in natural conditions) observed in the
groundwater of this territory. Pollutant concentrations can be specified in g/l, maximum permissible
concentration (MPC) and background concentrations, but we used MPC. Kd of various pollutants
were selected from the known values for the Bryansk Region (Belousova, Rudenko, 2021a, 2021b);
regarding radionuclides, the Kd values mainly refer to the unsaturated zone of contamination.

We established that the main factors forming the pollutant migration are the radioactive decay of the
said pollutants, their sorption properties, and the hydrodynamic dispersion of groundwater flow,

40



41 BELOUSOVA, RUDENKO, VLASOV

which, in turn, depends on the geological and hydrogeological conditions of the study area and the
aquiclude permeability. The studied situation proves that aquicludes cannot ensure a full protection of
pressure groundwater from pollution.

Keywords: groundwater, underground confined waters, modeling of migration processes, pollutant,
radionuclides, sorption, radioactive decay.

DOI: 10.24412/2542-2006-2023-2-40-72

EDN: UEXKOC

In this research we studied the pressure groundwater in the part of the Kaluga Region most
affected by the accident at the Chernobyl nuclear power plant. Our purpose was to use the method
of numerical experiment as part of mathematical modeling to study the migration of various
pollutants (from poorly sorbed to highly sorbed), including radionuclides, through groundwater and
pressure groundwater.

Numerical experiments of the second stage were carried out according to the following
scenarios: 1 — (1-3-1), 2 — (1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100).
The first digit is the Kd value (I/kg) in the 1% layer, the second digit — 2™ layer, the third digit —
3" Jayer. This selection of coefficients was determined by the fact that their values were assigned to
be higher in the aquiclude than in the upper and lower aquifers. Each scenario was applied for two
conditions: with and without radioactive decay. The previously created MT3D was used to model
pollutant migration under each scenario (Zheng, Papadopulos, 1990). To study the migration using
this model, we made two profiles and several individual plots and assessed the ecological condition
of groundwater, watershed layer and in pressure groundwater. We used this model to simulate the
processes of geofiltration and pollutants migration in the Kaluga Region (Antonov et al., 2013;
Belousova, 2015; Belousova, Rudenko, 2021a).

While using the model, we compared each scenario for the pollution development and analyzed
the determining factors. We established that the main factors forming the pollutant migration are the
radioactive decay of the said pollutants, their sorption properties, and the hydrodynamic dispersion
of groundwater flow, which, in turn, depends on the geological and hydrogeological conditions of
the study area and the aquiclude permeability.

We discovered that in the case of the impermeable aquicludes, polluted groundwater usually
could not get into the confined aquifer at all, while in the case of the permeable ones, pollution
could reach the pressure waters. It should be clarified that entirely “impermeable” and “permeable”
aquicludes do not exist under natural conditions, because there is a thick layer of confining rocks of
a complex lithological structure with industrial and natural disturbances.

The results of our researches on this topic can be used in assessing the ecological conditions of
groundwater in different areas and at different scales; in designing and constructing the water
intakes for fresh groundwater; in designing and organizing groundwater monitoring in those areas
that were affected by the Chernobyl accident (Data on radioactive contamination ..., 2018;
Radiation situation..., 2019)..

Modeling of Geological Migration of Pollutants

At the previous stage of our research, we showed that there is a danger of radionuclides
polluting groundwater due to their migration from the surface that was contaminated during
Chernobyl accident (Belousova, Rudenko, 2020). At the current stage, we consider the possibility
of pollution entering the pressure waters from contaminated groundwater.

The hydrogeological conditions are characterized by a variety of non-pressure and confined
aquifers (Belousova, Rudenko, 2021a, 2021b). Non-pressure aquifers include waters of Quaternary
(alluvial, glacial, fluvioglacial, swamp and proluvial horizons), Cretaceous and Jurassic deposits.
They all are connected and do not have sustained aquicludes inside their complex.

The previously conducted analysis of the existing groundwater pollution in the Kaluga Region,
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showed the chemical pollution in various aquifers. From the Quaternary to the Devonian, every
aquifer is polluted and almost each of them contains stable strontium, barium, fluorine, nitrates,
chlorides and sulfates.

We analyzed the pollutants according to the degree of their sorption and classified them at the
previous stage of our research using literature sources. As the results of that analysis show, the Kd
values of many chemical elements significantly exceeded thousands of I/kg (Ni= 152-5365 I/kg)
due to the lithological composition of the water-bearing rocks and the state of the certain chemical
element. To assess the vulnerability of pressure groundwater to pollution coming from groundwater,
we used a simplified concept of sorption and divide the elements into 2 categories: poorly sorbed
(Kd = 0-6 I/kg) and highly sorbed (from 6 to 1000 1/kg). Further below, the range of Kd is explained
in detail.

We should emphasize that radionuclide migration was mainly studied in the unsaturated zone
before, i.e. in the soils and rocks of the aeration zone, where Kd varies from 1 to>1000 l/’kg
depending on the lithological composition. Such studies are almost non-existent for groundwater,
since it has been believed for some time that groundwater was protected from any radionuclides,
even though their insignificant amounts were still found in groundwater of the Bryansk Region.

Thus, *’Cs and °°Sr and other highly sorbed pollutants with a similar range of distribution
coefficients, as well as neutral but poorly sorbed pollutants, such as nitrates, sulfates, chlorides and
oil products, were chosen for our model to simulate the pollution processes in the groundwater and
pressure groundwater.

To model the mass transfer in groundwater, we used MT3D that works on the basis of the
MODFLOW transport model (Belousova, Rudenko, 2021a, 2021b). The initial distribution of the
pollutants concentration in groundwater was conditionally similar to the surface distribution of
radiation in the Chernobyl zone in the Kaluga Region. Their concentration can be determined in g/I,
Bg/l, maximum permissible concentration (MPC) or background concentrations; but we prefer to
use MPC (Fig. 1). Additionally, it should be noted that such contamination of groundwater in the
radioactive zone in the study area is not actually observed.

To study the migration with MT3D (Antonov et al., 2013), we selected 2 profiles: one along the
I-I line, from the northeast to the southwest of the study area, and one along the II-II line, from the
southwest to the southeast, along the groundwater flow lines stretching from the watershed to the
discharge area, i.e. to the river (Fig. 2).

The analysis of the ecological conditions was carried under various scenarios for 4 estimated
periods: 30, 60, 100 and 300 years (picked due to the half-life of radionuclides and the duration of
water intakes). We considered the following scenarios: with radioactive decay for radionuclides,
without the decay for other pollutants, for poorly sorbed pollutants and for highly sorbed pollutants.

Changes in the pollutant concentrations with different Kd without decay
for two time periods (30 years, 300 years) and two profiles

Profile I-1, initial pollutant concentrations throughout the individual plots: 1 — 8 MPC, 11 —
6 MPC, 12 -4 MPC, 13 -2 MPC, 14 -4 MPC, 15 -2 MPC.

30 years after the Chernobyl accident (Table 1; Fig. 3a) the pollutant concentration values in
the I'' layer are clearly grouped when the Kd is 1-10 (Scenarios 1-3) and 6-1000 (Scenarios 4-6).
On the plot No. 1, there are maximum concentrations (7-8 MPC) under Scenarios 4-6 and a drop of
MPC down to 6-7 under Scenarios 1-3. Similar situations are observed at plots No. 11 and 14, while
at No. 12, 13 and 15, in the area of groundwater discharge, every value of MPC, once equal, would
drop down to 2, which indicates a significant role of hydrodynamic dispersion of groundwater flow.
The concentrations at any Kd changes little compared to the initial concentrations that were
observed before the accident. In the 2" layer (aquiclude; Fig. 3b) the insignificant concentrations
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are found at No. 1 (from 0.1 to 0.033 MPC) under Scenarios 1-3, while at No. 11 and 14 they are
even lower and do not exceed 0.1 MPC. Other plots only have insignificant traces of pollution.
Pollutants with high Kd under Scenarios 4-6 are also found in insignificant concentrations.
In the 3™ layer there are no pollutants no matter the plot or scenario, which means that they cannot
penetrate the aquiclude.

Fig. 1. Cartographic chart of surface contamination with '*’Cs radionuclide in the south of Kaluga
Region (Map ..., 1991).

300 years after the Chernobyl accident (Table 2; Fig. 3¢) pollutants in the I* layer are clearly
redistributed according to their Kd: those with low Kd (Scenarios 1-3) migrate more intensely,
sometimes reaching the 2™ layer; while the ones with high Kd (Scenarios 4-6) are found in almost
the same concentrations. Pollutants with small Kd accumulate in the 2" layer (aquiclude; Scenarios
1-3) up to 3.5 MPC (Fig. 3d), with high concentrations only at the plot No. 11, low ones at No. 1
and 14, and only traces registered at other plots. It should be noted that the maximum
concentrations 30 years after the accident shifted from No. 1 to 11 due to the hydrodynamic
dispersion of the groundwater flow, because the plot No. 1 is located on the watershed and the flow
sources from it, bearing pollutants that have accumulated in it over time. No pollutants are found in
the 3" layer.

Profile II-11, initial pollutant concentrations throughout the individual plots: 1 — 8 MPC, 2 —
6 MPC, 3-8 MPC, 4 —-12 MPC, 5 -6 MPC, 6 —2 MPC, 7—-2 MPC, 8 — 10 MPC, 9 — 8 MPC, 10 —
12 MPC.

30 years after the Chernobyl accident (Table 1; Fig. 4a) the situation in the I*' layer is the same
with the I-I profile, with the same differentiation by scenarios, although with an insignificant
pollutants concentration from the initial concentration. The concentrations in this layer are high,
reaching their maximum of 12 MPC. The 2" layer (Fig. 4b) has the same tendencies with the I-I,
i.e. the insignificant accumulation of pollutants under Scenarios 1-3 that do not exceed 0.33 MPC
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at the lowest Kd and are considered insignificant at the high Kd. The role of the hydrodynamic
dispersion is important in this case as well, because it shifts the maximal concentrations from one
plot to another: for example, from No. 8 in the 1 layer to No. 1 in the 2™ layer. No pollutants are
found in the 3" layer.

Fig. 2. Schematic location of I-I and II-II profiles, including key plots on the model of the studied
object.

300 years after the accident (Table 2; Fig. 4c) the pollutants in the I* layer are redistributed the
same way according to their Kd: those with low Kd (Scenarios 1-3) migrate more intensely and reach
the 2™ layer in insignificant amount; while the ones with high Kd (Scenarios 4-6) are found in almost
the same concentrations. Insignificant concentrations of pollutants with small Kd accumulate in
the 2" layer (Scenarios 1-3) up to 0.22 MPC (Fig. 4d); however, insignificant accumulations can be
seen everywhere aside from the plots No. 5-7, where it’s almost zero. It should be noted that in this
case the maximal concentrations shifted as well from one point to another due to the hydrodynamic
dispersion of groundwater flow. No signs of accumulations were found in the 3" layer.

In addition to the aforementioned periods, we carried out calculations for 60 and 100 years,
the results of which can be found in Tables 1 and 2.

Changes in the pollutant concentrations with different Kd with decay
for two time periods (30 years, 300 years) and two profiles

Profile I-1, initial pollutant concentrations throughout the individual plots: 1 — 8 MPC, 11 —
6 MPC, 12 -4 MPC, 13 -2 MPC, 14 -4 MPC, 15 -2 MPC.

30 years after the accident (Table 1; Fig. 5a) there are the same tendencies of pollutants in
the I°' layer forming groups according to their Kd, as it was observed for the pollutants with decay
in the same layer. However, their concentration is twice as low (3.5 MPC) due to them reaching one
half-life (which equals 30 years for radionuclides).
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Table 1. Change in concentration of highly sorbed pollutants in groundwater, watershed and
pressure water during their migration (30 and 60 years).

S Kd 1-3-1 Kd 1-6-1 Kd 6-60-6

% z decay | no decay decay | no decay decay | no decay

a.-g E Layer No.

& 1 2 T 1] 2 Tt 2T 1] 21 2TT1] 2
30 years

13 {0.989|0.00015 | 1.967 | 0.00020 |0.989|0.00008 | 1.966 |0.00010|{0.867|0.00001 | 1.990 | 0.00001
12 {1.985|0.00037 | 3.945 | 0.00073 | 1.985|0.00028 | 3.945 | 0.00037 |1.736| 0.00003 | 3.990 | 0.00004
11 [2.891/0.00527 | 5.746 | 0.00695 |2.891|0.00266 | 5.645 |0.00351 {2.589|0.00031 | 5.950 | 0.00036
I 1 |3.491]0.02430| 6.938 | 0.03180 |3.491|0.01230| 6.938 |0.01610 |3.387|0.00148 | 7.786 | 0.00172
14 |1.890|0.00465 | 3.757 | 0.00613 |1.890|0.00235| 3.757 |0.00309 |1.719|0.00027 | 3.952 | 0.00032
15 (0.963|0.00033 | 1.913 | 0.00044 | 0.963|0.00017 | 1.913 |0.00022 |{0.863|0.00002 | 1.983 | 0.00002

16 {0.000|0.00000 | 0.000 | 0.00000 |0.000|0.00000| 0.000 |0.00000 |{0.000{0.00000 | 0.000 | 0.00000
7 10.957(0.00066 | 1.902 | 0.00087 |0.957]0.00033 | 1.901 |0.00044 |0.862| 0.00039 | 1.980 | 0.00005
6 10.976(0.00017 | 1.940 | 0.00045 |0.976|0.00009 | 1.940 |0.00012 |0.865|0.00001 | 1.988 | 0.00001
5 12.928(0.00033 | 5.829 | 0.00043 |2.928|0.00017 | 5.819 |0.00022 |2.595| 0.00002 | 5.965 | 0.00002
4 15.873]0.00439|11.670| 0.00581 |5.873|0.00222 |11.627|0.00293 |5.193| 0.00025 {11.937| 0.00030
3 13.870(0.00075| 7.691 | 0.00098 |3.870]0.00038 | 7.691 | 0.00050 |3.454| 0.00004 | 7.940 | 0.00005
i 2 12.814]0.02070 | 5.559 | 0.02730 |2.814|0.01050 | 5.593 |0.00014 |2.575|0.00123 | 5.920 | 0.00143
1 |3.491]0.02430| 6.938 | 0.03180 |3.491|0.01230| 6.938 |0.01610 |3.387|0.00148 | 7.786 | 0.00172
8 14.635/0.02040 | 9.212 | 0.02685 |4.635|0.01030| 9.212 | 0.01300 |4.283|0.00120 | 9.845 | 0.00141
9 13.887[0.01470 | 7.726 | 0.01943 |3.887|0.00743 | 7.726 | 0.00980 |3.457| 0.00086 | 7.947 | 0.00100
10 [5.771/0.02050 (11.470| 0.02712 |5.771|0.01040|11.470|0.01300 |5.176|0.00120 | 11.897| 0.00141

60 years
13 0.489(0.00024 | 1.933 | 0.00043 |0.4900.00012 | 1.933 |0.00022 |0.377|0.00001 | 1.978 | 0.00002
12 {0.985(0.00079 | 3.890 | 0.01344 | 0.985|0.00040 | 3.890 | 0.00068 |0.755|0.00004 | 3.979 | 0.00007
11 |1.381[0.00805 | 5.454 | 0.01424 | 1.381|0.00406 | 5.453 {0.00719|1.118|0.00046 | 5.892 | 0.00075
I 1 |1.474]0.03560 | 5.820 | 0.06137 | 1.474]0.01800 | 5.819 |0.03100 |1.428|0.00216 | 7.530 | 0.00953
14 10.898|0.00637 | 3.545 | 0.01063 | 0.897|0.00322 | 3.545 | 0.00537|0.741| 0.00036 | 3.909 | 0.00057
15 10.462(0.00049 | 1.826 | 0.00086 |0.462|0.00025 | 1.825 |0.00043 {0.373|0.00003 | 1.965 | 0.00005
16 {0.000|0.00000 | 0.000 | 0.00000 |0.000 | 0.00000 | 0.000 |0.00000 |0.000{0.00000 | 0.000 | 0.00000

7 10.458(0.00097 | 1.808 | 0.00167 |0.458|0.00049 | 1.808 |0.00084 |0.372|0.00006 | 1.962 | 0.00009
6 10.476(0.00026 | 1.882 | 0.00045 |0.476|0.00013 | 1.882 |0.00023 |0.375]|0.00001 | 1.976 | 0.00002
5 11.428(0.00048 | 5.640 | 0.00083 | 1.428|0.00024 | 5.640 | 0.00042 |1.125]| 0.00003 | 5.929 | 0.00004
4 12.870]0.00662 |11.335| 0.01164 |2.870|0.00334 | 11.335|0.00587 |2.252| 0.00037 | 11.870| 0.00061
3 11.866(0.00118 | 7.367 | 0.00213 | 1.865|0.00060 | 7.367 | 0.00107 | 1.494| 0.00007 | 7.875 | 0.00012
II 2 |1.313]0.03050 | 5.185 | 0.05309 |1.313|0.01540 | 5.185 |0.02080 |1.107|0.00180 | 5.896 | 0.00287
1 ]1.474(0.03560 | 5.820 | 0.06137 | 1.474|0.01800| 5.819 |{0.03100|1.428|0.00216 | 7.530 | 0.00953
8 12.134|0.03020 | 8.425 | 0.05249 |2.134|0.01520| 8.425 |0.02652|1.836|0.00170 | 9.679 | 0.00286
9 11.875[0.02280 | 7.406 | 0.04060 | 1.875]0.01150| 4.405 |0.02052|1.496|0.00130 | 7.883 | 0.00213
10 |2.773]0.03040 | 10.950| 0.05296 |2.773]0.01540 | 10.950|0.02674 {2.238(0.00170 | 11.793 | 0.00279
13 10.989|0.00005 | 1.966 | 0.00006 |0.843|0.00000 | 1.990 |0.00000 |[0.842(0.00000 | 1.998 | 0.00000
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Continuation of Table 1.
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Profile No.

Plot No.

Ks 1-10-1

Kd 100-1000-100

Kd 26-260-26

decay

| no decay

decay

no decay

decay

no decay

Layer No.

2

| 1

| 1]

2

| 1]

| 1|

2

30 years

1.985

0.00017

3.945

0.00022

1.686

0.00000

3.990

0.00000

1.684

0.00001

3.998

0.00001

2.891

0.00160

5.745

0.00211

2.528

0.00002

5.990

0.00002

2.524

0.00007

5.988

0.00008

3.491

0.00739

6.938

0.00969

3.366

0.00009

7.980

0.00010

3.350

0.00035

7.949

0.00040

1.890

0.00141

3.757

0.00186

1.685

0.00002

3.990

0.00002

1.681

0.00006

3.998

0.00007

0.963

0.00010

1.913

0.00013

0.843

0.00000

1.990

0.00000

0.841

0.00000

1.996

0.00001

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

II

0.957

0.00020

1.901

0.00027

0.843

0.00000

1.990

0.00000

0.841

0.00001

1.995

0.00001

0.976

0.00005

1.940

0.00007

0.843

0.00000

1.990

0.00000

0.841

0.00000

1.997

0.00000

2.928

0.00010

5.819

0.00013

2.528

0.00000

5.990

0.00000

2.525

0.00000

5.991

0.00001

5.873

0.00134

11.672

0.00176

5.056

0.00002

11.990

0.00002

5.051

0.00006

11.985

0.00007

3.870

0.00026

7.691

0.00030

3.370

0.00000

8.000

0.00000

3.366

0.00001

7.985

0.00001

2.814

0.00631

5.592

0.00830

2.527

0.00008

5.990

0.00009

2.520

0.00129

5.981

0.00033

3.491

0.00739

6.938

0.00969

3.366

0.00009

7.980

0.00010

3.350

0.00035

7.949

0.00040

4.635

0.00620

9.212

0.00816

4.210

0.00008

9.990

0.00009

4.199

0.00028

9.963

0.00021

O[O — [N W || WO

3.887

0.00448

7.726

0.00591

3.371

0.00005

7.990

0.00006

3.367

0.00020

7.987

0.00017

—_
(=]

5.771

0.00625

11.470

0.00824

5.055

0.00007

11.990

0.00009

5.047

0.00028

11.975

0.00033

60 years

0.489

0.00007

1.933

0.00013

0.355

0.00000

1.990

0.00000

0.354

0.00000

1.997

0.00001

0.985

0.00024

3.891

0.00041

0.710

0.00000

3.990

0.00000

0.709

0.00001

3.995

0.00002

1.381

0.00245

5.453

0.00433

1.065

0.00003

5.990

0.00005

1.060

0.00011

5.974

0.00018

1.473

0.01080

5.819

0.01870

1.420

0.00013

7.970

0.00022

1.400

0.00051

7.887

0.00083

0.898

0.00194

3.545

0.00323

0.710

0.00002

3.990

0.00003

0.707

0.00009

3.978

0.00013

0.462

0.00015

1.825

0.00026

0.355

0.00000

1.990

0.00000

0.354

0.00001

1.992

0.00001

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

0.000

0.00000

II

0.458

0.00029

1.808

0.00051

0.355

0.00000

1.990

0.00001

0.353

0.00001

1.991

0.00002

0.477

0.00008

1.882

0.00014

0.355

0.00000

1.990

0.00000

0.354

0.00000

1.995

0.00001

1.428

0.00015

5.640

0.00025

1.065

0.00000

5.990

0.00000

1.060

0.00001

5.983

0.00001

2.870

0.00201

11.335

0.00354

2.130

0.00002

11.990

0.00004

2.126

0.00009

11.969

0.00014

1.866

0.00036

7.367

0.00065

1.420

0.00000

7.990

0.00001

1.410

0.00002

7.970

0.00003

1.313

0.00931

5.185

0.01620

1.064

0.00011

5.980

0.00017

1.050

0.00042

5.967

0.00067

1.473

0.01080

5.819

0.01870

1.420

0.00013

7.970

0.00022

1.400

0.00051

7.887

0.00083

2.133

0.00919

8.425

0.01590

1.773

0.00011

9.970

0.00017

1.760

0.00041

9.923

0.00067

O ([0 | — [N |[W[hAh[fW |

1.875

0.00694

7.405

0.01236

1.420

0.00008

7.990

0.00013

1.420

0.00030

7.972

0.00050

—
(=]

2.774

0.00925

10.953

0.01610

2.129

0.00011

11.980

0.00017

2.120

0.00040

11.951

0.00065

Notes to Tables 1-2: the 3" layer is not included, because the values at the key plots were zero.
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The hydrological dispersion is also present here, affecting mostly the pollutants with the lower Kd,
as well as their accumulation that happens after they flow into the nearby computational cells;
however, the dispersion does not affect the highly sorbed pollutants too much. The 2™ layer
(aquiclude) is similar (Fig. 5b) to the Layer 2 of the I-I, with lower concentrations: plot No. 1
without decay — 0.032 MPC, with decay — 0.024 MPC, which means that aquiclude accumulates
less of poorly sorbed pollutants with decay, while the highly sorbed ones leave traces. No pollutants
were found in the 3" layer.

300 years after the accident (Table 2; Fig. 5c) the pollutants with high Kd (Scenarios 4-6)
are almost entirely absent in the I*' layer (up to < 0.001 MPC), while the amount of ones with lower
Kd (Scenarios 1-3) is insignificant (up to 0.004 MPC).

Therefore, we can affirm that radioactive pollutants with different Kd undergo the almost
complete decay. The concentration of pollutants in the 2" layer (Fig. 5d) increases slightly
compared to the ones 30 years after the accident: for example, the concentration of poorly sorbed
pollutants reached 0.025 MPC at the plot No. 1 after 30 years, increasing to 0.042 MPC after
300 years, which cannot be considered a significant value, but can indicate the traces of these
pollutants in the aquiclude. No pollutants were found in the 3™ layer.
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Fig. 3a, b. Distribution of pollutant concentrations for different Kd, Profile I-I: a) 30 years, Layer 1
without decay; b) 30 years, layer 2 without decay.
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Fig. 3¢, d. Distribution of pollutant concentrations for different Kd, Profile I-I: ¢) 300 years,
Layer 1 without decay; d) 300 years, Layer 2 without decay.

Profile II-II, initial pollutant concentrations throughout the individual plots: 1 — 8 MPC, 2 —
6 MPC, 3 -8 MPC, 4 - 12 MPC, 5 -6 MPC, 6 —2 MPC, 7 -2 MPC, 8 — 10 MPC, 9 —8 MPC, 10 —
12 MPC.

30 years after the accident (Table 1; Fig. 6a) the general tendencies of the radioactive pollutants
distribution in the 1*' layer are the same with the non-radioactive ones (Fig. 4a). The only difference
is the concentration values which are twice lower for the radioactive pollutants: plot No. 4 —
12 MPC (no decay) and 6 MPC (decay), with the same picture at other plots due to the one half-life
of the radionuclides. In addition, there is a shift of maximal concentrations that were registered for
the pollutants with high Kd and no decay, as well as for the ones with decay and low Kd. This is
due to hydrological dispersion that actively brings pollutants with low Kd from the nearby cells,
instead of those with higher Kd. The 2" layer (Fig. 6b) mostly accumulates the poorly sorbed
pollutants that come from the 1* layer (up to 0.025 MPC) and has traces of highly sorbed ones.
No pollutants were found in the 3™ layer.

300 years after the accident (Table 2; Fig. 6¢) the 1*' layer has the same tendencies and changes
with the layer from the I-I, however the concentration of poorly sorbed pollutants at the plot No. 1
has dropped from 12 to 0.009 MPC due to ten half-lives of the radionuclides. The poorly sorbed
pollutants in the 2" layer (Fig. 6d) have increased insignificantly under Scenarios 1-3 at the plot
No. 1 —up to 0.04 MPC compared to 0.024 MPC after 30 years (Fig. 6b); however, only the traces
of highly sorbed ones were found. No pollutants were found in the 3" layer.
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Table 2. Change in concentration of highly sorbed pollutants in groundwater, watershed and pressure
water during their migration (100 and 300 years).

2’ s Kd 1-3-1 Kd 1-6-1 Kd 6-60-6

o ~Z decay | no decay decay | no decay decay | no decay

g ;:‘:’ Layer No.

& 1 2 T v+ 7 27T 1] 27T 1] 2 712711712
100 years

13 ]0.191|0.00027 | 1.891 |0.00066| 0.191 | 0.00014 | 1.891 | 0.00033 (0.110{0.00002| 1.978 |0.00003
12 10.386| 0.00100 | 3.820 |0.00241| 0.386 | 0.00050 | 3.820 | 0.00112 [0.220{0.00005| 3.965 |0.00013
11 ]0.524]0.00926 | 5.193 |0.02200{ 0.524 | 0.00468 | 5.193 | 0.01111 |0.325]0.00510| 5.837 |0.00119
I 1 ]0.503|0.04010 | 4.978 |0.09000| 0.503 | 0.02030 | 4.977 | 0.04570 {0.406|0.00244 | 7.309 |0.00551
14 10.328| 0.00808 | 3.246 |0.01900| 0.328 | 0.00408 | 3.246 | 0.00959 [0.214|0.00046| 3.844 |0.00105
15 ]0.177]0.00058 | 1.725 |0.00137| 0.174 | 0.00029 | 1.725 | 0.00069 |0.108]0.00003 | 1.944 |0.00007

16 10.000| 0.00000 | 0.000 {0.00000{ 0.000 | 0.00000 [ 0.000 | 0.00000 |0.000{0.00000( 0.000 |0.00000
7 10.170] 0.00116 | 1.690 |0.00274| 0.170 | 0.00059 | 1.690 | 0.00138 [0.107|0.00007| 1.937 |0.00015
6 [0.183]0.00031 | 1.810 {0.00073| 0.183 | 0.00015 | 1.809 | 0.00037 |0.109{0.00002| 1.962 |0.00004
5 10.548| 0.00058 | 5.419 {0.00139| 0.551 | 0.00029 | 5.419 | 0.00070 |0.327]0.00003 | 5.884 |0.00007
4 |1.106| 0.00781 | 10.934 |0.01870| 1.060 | 0.00394 | 10.943 | 0.00945 |0.655|0.00043 | 11.790 |0.00099
3 10.709| 0.00132 | 7.018 {0.00313| 0.709 | 0.00066 | 7.018 | 0.00158 |0.433]0.00002| 7.803 |0.00017
i 2 10.480| 0.03560 | 4.748 |0.08360| 0.479 | 0.01810 | 4.747 | 0.04233 {0.319|0.00204 | 5.738 |0.00470
1 ]0.503|0.04010 | 4.978 |0.09000| 0.503 | 0.02030 | 4.977 | 0.04570 {0.406|0.00244 | 7.309 |0.00551
8 10.7690.03490 | 7.608 |0.08130| 0.769 | 0.01770 | 7.607 | 0.04111 |0.528{0.00200| 9.493 |0.00462
9 10.709] 0.02590 | 7.017 {0.06200{ 0.709 | 0.01310 | 7.016 | 0.03134 |0.435]0.00140| 7.828 |0.00319
10 |1.010] 0.03590 | 10.018 {0.08490| 1.012 | 0.01820 | 10.010 | 0.04291 |0.648]0.00200 | 11.661 |0.00464

300 years
13 ]0.002| 0.00031 | 1.477 | 0.002 | 0.002 | 0.00031 | 1.477 | 0.00097 {0.000{0.00002| 1.936 |0.00011
12 10.004| 0.00108 | 3.483 | 0.006 | 0.004 | 0.00108 | 3.483 | 0.00313 [0.001{0.00006| 3.896 |0.00033
11 ]0.004|0.00927 | 3.673 | 3.520 | 0.004 | 0.00927 | 1.962 | 3.51700 {0.001|0.00055| 5.463 |0.00368
I 1 10.003|0.04170 | 1.550 | 0.177 | 0.003 | 0.04170 | 1.547 | 0.09070 {0.001|0.00260| 5.848 |0.01580
14 10.002| 0.00857 | 2.229 | 0.041 | 0.002 | 0.00857 | 2.223 | 0.02000 |0.001[0.00048 | 3.571 |0.00260
15 10.001|0.00063 | 1.262 | 0.004 | 0.001 | 0.00063 | 1.262 | 0.00183 |0.000{0.00003 | 1.832 |0.00022
16 10.000| 0.00000 | 0.000 | 0.000 | 0.000 | 0.00000 [ 0.000 | 0.00000 |0.000{0.00000 1.676 |0.00000

7 10.001|0.00126 | 1.739 | 0.007 | 0.001 | 0.00126 | 1.739 | 0.00362 |0.000{0.00007| 1.817 |0.00042
6 10.002|0.00034 | 1.849 | 0.002 | 0.002 | 0.00034 | 1.849 | 0.00105 |0.000{0.00002| 1.887 |0.00012
5 10.005| 0.00064 | 4.401 | 0.004 | 0.005 | 0.00064 | 4.401 | 0.00185 [0.001{0.00003| 5.656 0.00021
4 10.009| 0.00859 | 8.548 | 0.052 | 0.009 | 0.00859 | 8.550 | 0.02610 {0.002{0.00045|11.360 |0.00298
3 10.005|0.00147| 5.262 | 0.093 | 0.005 | 0.00147 | 5.262 | 0.00471 |0.001{0.00008| 7.387 |0.00056
II 2 10.004|0.03760 | 2.723 | 0.195 | 0.004 | 0.03760 | 2.716 | 0.09960 [0.001{0.00220| 5.213 |0.01360
1 10.003|0.04170 | 1.550 | 0.177 | 0.003 | 0.04170 | 1.547 | 0.09070 {0.001|0.00260| 5.848 |0.01580
8 10.005(0.03720 | 4.210 | 0.190 | 0.005 | 0.03720 | 4.201 | 0.09600 |0.001{0.00210| 8.476 |0.01350
9 10.006|0.02830 | 5.261 | 0.174 | 0.006 | 0.02830 | 5.257 | 0.08843 |0.001{0.00150| 7.415 |0.01050
10 |0.006|0.04000 | 6.209 | 0.209 | 0.006 | 0.04000 | 6.206 | 0.10600 |0.002{0.0021010.998|0.01350

13 |0.1910.00008 | 1.890 [0.00020| 0.101 | 0.00000 | 1.990 | 0.00000 |0.100{0.00000| 1.995 |0.00001
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Continuation of Table 2.

2’ Kd 1-10-1 Kd 100-1000-100 Kd 26-260-26

@ z decay | no decay decay | no decay decay | no decay

g E Layer No.

& 1 2 T 1 T 27T 1] 27T 1] 2 JT1] 27172
100 years

12 10.386| 0.00030 {3.820| 0.00073 | 0.202 |0.00000 | 3.990 [0.00001|0.202 | 0.00001 | 3.990 |{0.00003
11 |0.525| 0.00282 |5.193 | 0.00669 | 0.303 |0.00003 | 5.980 [0.00007|0.301 |0.00012| 5.961 |0.00028
1 10.503| 0.01226 {4.976| 0.02756 | 0.402 |0.00015 | 7.950 {0.00035|0.396 | 0.00057 | 7.831 |0.00133
14 10.328| 0.00246 |3.246 | 0.00578 | 0.202 |0.00003 | 3.990 |0.00006|0.200 | 0.00010 | 3.963 |0.00025
15 |0.174| 0.00018 [ 1.725| 0.00042 | 0.101 |0.00000| 1.990 {0.00000|0.100 | 0.00001 | 1.987 |0.00002
16 |0.000| 0.00000 {0.000| 0.00000 | 0.000 |0.00000| 0.000 [{0.00000|0.000 |0.00000 | 0.000 |0.00000

7 10.171| 0.00035 [1.690 | 0.00083 | 0.101 |0.00000| 1.990 [0.00009|0.100 | 0.00002 | 1.984 |0.00003
6 |0.183| 0.00009 [1.809| 0.00022 | 0.101 |0.00000| 1.990 {0.000000.100 | 0.00000 | 1.990 |0.00001
5 10.547| 0.00018 [5.419| 0.00042 | 0.303 |0.00000| 5.990 {0.00000|0.302 | 0.00001 | 5.972 |0.00002
4 |11.106| 0.00237 10.943] 0.00569 | 0.607 |0.00003 | 11.980{0.00006| 0.604 | 0.00010|11.950/0.00023
3 10.709| 0.00040 |7.018| 0.00095 | 0.404 |0.00000| 7.980 {0.00001 |0.402 | 0.00002 | 7.953 |0.00004
. 2 10.479| 0.01090 |4.747| 0.02550 | 0.303 |0.00012 | 5.980 {0.00029|0.300|0.00048 | 5.937 [0.00110
1 10.503| 0.01226 {4.976| 0.02756 | 0.402 |0.00015 | 7.950 {0.00035|0.396 | 0.00057 | 7.831 |0.00133
8 10.769| 0.01060 |7.607| 0.02477 | 0.505 |0.00012| 9.960 |0.00028| 0.500 | 0.00047| 9.878 {0.00109
9 10.709| 0.00791 [7.016| 0.01800 | 0.404 |0.00009 | 7.990 [0.00021|0.400 | 0.00033 | 7.958 |0.00077
10 |1.012| 0.01090 {10.017| 0.02585 | 0.606 |0.00012|11.980|0.00028|0.603 | 0.00047 | 9.917 |0.00108

300 years
13 {0.002| 0.00009 |1.476| 0.00059 | 0.000 |0.00000| 1.990 [0.00001 | 0.000 | 0.00000 | 1.984 |0.00003
12 {0.004| 0.00033 {3.483| 0.00188 | 0.000 |0.00000| 3.990 |0.00002|0.000 | 0.00001 | 3.975 |0.00008
11 |0.004| 0.00856 {3.672| 3.51600 | 0.001 |0.00003| 5.965 |0.00023|0.001 | 0.00013 | 5.869 |0.00088
I 1 10.002| 0.01300 | 1.544 | 0.05480 | 0.001 |0.00016 | 7.847 {0.00100| 0.001 | 0.00060 | 7.430 |0.00410
14 10.002| 0.00262 {2.227| 0.01249 | 0.000 |0.00003 | 3.972 |0.00016|0.000 | 0.00010 | 3.894 |0.00063
15 {0.001| 0.00019 |1.262| 0.00410 | 0.000 |0.00000| 1.980 |0.00001 | 0.000 | 0.00001 | 1.959 |0.00005
16 |0.000| 0.00000 {0.000| 0.00000 | 0.000 |0.00000| 0.000 [0.00000|0.000 |0.00000 | 0.000 |0.00000

7 10.001| 0.00038 [1.739| 0.00218 | 0.000 |0.00000| 1.980 [{0.00003|0.000 | 0.00002 | 1.955 |0.00010
6 10.002| 0.00010 [1.365| 0.00063 | 0.000 |0.00000| 1.990 [0.00001 | 0.000 | 0.00000 | 1.973 |0.00005
5 10.005( 0.00019 [4.401 | 0.00112 | 0.001 |0.00000| 5.980 [0.00001 | 0.001 | 0.00001 | 5.917 |0.00005
4 10.009| 0.00262 |8.548| 0.01575 | 0.002 |0.00003 | 11.960|0.00018|0.002|0.00010|11.846|0.00070
3 10.005| 0.00045 [5.262| 0.01136 | 0.001 |0.00000| 7.960 |0.00004|0.001 | 0.00002 | 7.851 {0.00013
I 2 10.003| 0.01170 |2.713| 0.06000 | 0.001 |0.00013 | 5.948 [0.00087|0.001 | 0.00050 | 5.804 [0.00332
1 10.002| 0.01300 | 1.544 | 0.05480 | 0.001 |0.00016 | 7.847 {0.00100|0.001 | 0.00060 | 7.430 |0.00410
8 10.005| 0.01150 |4.198| 0.05845 | 0.001 |0.00013 | 9.890 |0.00087|0.001 [ 0.00049| 9.617 {0.00332
9 10.006| 0.00873 [5.255| 0.05339 | 0.001 |0.00009 | 7.960 |0.00066|0.001 | 0.00035| 7.858 |0.00251
10 {0.006| 0.01190 {6.205| 0.06396 | 0.002 |0.00013|11.935|0.00084 | 0.001 | 0.00049 | 11.755]0.00378

Changes in the pollutant concentrations with different Kd

Scenario 1-6-1, Profile I-I. 30 years after the accident the distribution of pollutant
concentrations without decay changed insignificantly in the I layer compared to the initial
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concentrations (Fig. 7a). For example, the initial 8 MPC at the plot No. 1 dropped to 7 MPC, then to
6 MPC after 60 years, to 5 MPC after 100 years and finally to 1.5 MPC after 300 years, the latter
change being the result of the hydrological dispersion of the groundwater flow. The concentration
of pollutants with decay halved at all plots (Fig. 7a) after 30 years, i.e. after one half-life of
radionuclides, affected by the groundwater dispersion: the initial 8 MPC at the plot No. 1 dropped
to 3.5 MPC after 30 years, but it should have been 4 MPC instead, which means that a 0.5 MPC
decrease was the result of dispersion as well, i.e. of the pollutants flowing into nearby cells.
The same trend was observed at other plots of this profile, and only minor traces of pollutants were
found over 300 years.

In the 2" layer (aquiclude; Fig. 7b) pollutants without decay were found only after 300 years
(3.5 MPC at the plot No. 1), with only insignificant concentrations observed for previous periods
(Tables 1, 2). Concentrations with decay (Fig. 7c) were very insignificant after 300 years:
0.042 MPC at No. 1, ranging from 0.012 to 0.02 MPC for earlier periods and never exceeding
0.005 MPC at other plots, which means that only traces of pollutants are present there.
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Fig. 4a, b. Distribution of pollutant concentrations for different Kd, Profile II: a) 30 years, Layer 1
without decay; b) 30 years, Layer 2 without decay.
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Fig. 4¢, d. Distribution of pollutant concentrations for different Kd, Profile II: c) 300 years, Layer 1
without decay, d) 300 years, Layer 2 without decay.

Profile II-I1. Distribution of pollutants (Fig. 8a) with and without decay in the I* layer is
mostly similar to those in the same layer of I-I (Fig. 7a). However, we registered differences in
the 2" layer (Fig. 8b). While the maximal concentrations for every period were noted at the plot
No. 4 in the I*' layer (Fig. 8a), they shifted to No. 2 (Fig. 8b) due to increasing hydrological
dispersion. However, the maximum of pollutants without decay in the 2™ layer of II-II decreased
from 3.5 (Fig. 7b) to 0.1 MPC (Fig. 8b) compared to the same layer of I-I, while the pollutants
with decay decreased from 0.04 to 0.02 MPC. Pollutants with decay accumulate and increase
over time: for example, at the plot No. 1 there is 0.01 MPC 30 years after the accident,
but 0.04 MPC 300 years after. Pollutants without decay accumulate as well: No. 10 — 0.04 MPC
after 30 years, but 0.11 MPC after 300 years. It should be noted that these accumulations are
insignificant and considered to be only traces of pollution.

Scenario 1-10-1, Profile I-1. Changes in the pollutant concentrations with and without decay
are very insignificant (Table. 1, 2) in the I*' layer (Fig. 9) and similar to the changes under Scenario
1-6-1. However, after 300 years pollutants without decay reach 3.7 MPC at the plot No. 11
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compared to 2 MPC under Scenario 1-6-1 (Fig. 7a), which can be the result of hydrological
dispersion over a long period of calculations. The situation in the 2" layer is almost the same.
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Fig. Sa, b, c. Distribution of pollutant concentrations for different Kd, Profile I: a) 30 years, Layer 1
with decay; b) 30 years, Layer 2 with decay; ¢) 300 years, Layer 1 with decay;
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Fig. 6a, b. Distribution of pollutant concentrations for different Kd, Profile II: a) 30 years, Layer 1
with decay; b) 30 years, Layer 2 with decay.
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Fig. 6c, d. Distribution of pollutant concentrations for different Kd, Profile II: ¢) 300 years, Layer 1
with decay; d) 300 years, Layer 2 with decay.

Profile II-II. Changes in pollutants concentrations with and without decay in the I*' layer
(Fig. 10a) are very insignificant (Tables 1, 2) and similar to those under Scenario 1-6-1. However,
60 years after the accident, the value without decay reached 6.7 MPC at the plot No. 9 compared to
4.2 MPC under Scenario 1-6-1 (Fig. 7a), due to the dispersion of the underground glow.
The 2" layer is quite similar to the 1%, i.e. its pollutants with decay accumulate and increase over
time (Fig. 10b): for example, there was 0.006 MPC at the plot No. 1 after 30 years, but 0.013 MPC
after 300 years. Pollutants without decay accumulate as well, from 0.008 MPC at No. 10 after
30 years to 0.065 MPC after 300 years.

Comparing this data with the previous scenario, we can say that accumulation decreased due to a
better confinement that prevents them from penetrating onto the aquiclude. For example, without decay
there was 0.11 MPC at No. 10 after 300 years under Scenario 1-6-1, but 0.065 MPC under Scenario 1-
10-1; with decay there was 0.04 MPC under Scenario 1-6-1, but 0.012 MPC under Scenario 1-10-1.

Scenario 6-60-6, Profile I-I. The concentration of pollutants without decay decreases
insignificantly in the I*' layer (Fig. 11a) compared to their starting values: for example, from
7.8 MPC at the plot No. 1 after 30 years compared to the initial 8 MPC and to 3.5 MPC with decay
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(due to decay itself). These numbers indicate that pollutants are well-confined in the 1% layer due to
the increased sorption at high Kd values in both layers.

The concentrations decrease in the 2" layer (Fig. 11b): without decay there is 0.016 MPC
at No. 1 after 300 years, but 3.5 MPC under Scenario 1-6-1 (Fig. 7b); with decay there is 0.0025
and 0.042 MPC under Scenario 1-6-1 (Fig. 78).
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Fig. 7. Scenario Kd 1-6-1, distribution of pollutant concentrations over time: a) Profile I;
b) Profile I, Layer 2 without decay; c¢) Profile I, Layer 2 with decay.
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Fig. 8. Scenario Kd 1-6-1, distribution of pollutant concentrations depending on time: a) Profile II,
Layer 1, b) Profile II, Layer 2.

Profile II-II. Just like in the I-1, the concentration of pollutants without decay slightly decrease
in the I*' layer (Fig. 12a) compared to the initial values for all studied periods. For example,
without decay it is 11.8 MPC at the plot No. 12 after 30 years compared to the initial 12 MPC;
with decay it is 5.5 MPC (due to decay itself). These figures indicate that pollutants are well
confined in the 1% layer due to an increasing role of sorption at high Kd in both layers.
In the 2" layer (Fig. 12b) the concentrations decrease: without decay it is 0.016 MPC at the plot
No. 1 after 300 years, but 3.5 MPC under Scenario 1-6-1 (Fig. 7b); with decay it is 0.0015 and
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0.042 MPC under Scenario 1-6-1 (Fig. 7¢). In general, there is a trend similar to Scenario 1-6-1;
however, the concentration without decay increased up to 0.009 MPC at No. 1 after 60 years due to
the influence of hydrological dispersion where the groundwater supply is located (Fig. 2).

Further consideration of the model results for Scenarios 26-260-26 and 100-1000-100 is
meaningless, because all pollutants are concentrated in the 1% layer, practically reaching zero in
the 2" (aquiclude; Tables 1, 2), which indicates the complete impermeability of the aquiclude
within the studied profiles.
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Fig. 9. Scenario Kd 1-10-1, distribution of pollutant concentrations depending on time, Profile I,
Layer 1.

Discussion of results obtained during areal modeling

The results of areal modeling of pollutants migration in the study area are shown in Figure 13.
We carried out modeling according to two scenarios: 1-3-1 for poorly sorbed pollutants and 100-
1000-100 for highly sorbed ones, with and without decay, for the 1% layer (groundwater) and the 2"
layer (aquiclude), for two estimated periods of 30 and 300 years.

For this experiment, the surface contamination with '3’Cs radionuclide that appeared in the
south of the Kaluga Region after the Chernobyl accident was taken as the initial contamination of
groundwater. The Figure 1 shows that it consists of 2 isolated sections, western and eastern, within
the radioactive zone, where the concentration of '*’Cs exceeds the MPC by more than 10 times.

Migration of poorly sorbed pollutants under Scenario 1-3-1 without decay throughout
the study area (Fig. 13.1). 30 years after, the configuration of areal pollution is still preserved
in the 1* layer (Fig. 13.1A), but its maximum decreases to 9 MPC; in the 2" layer (Fig. 13.1B)
it changes greatly, appearing mainly in the eastern section and decreasing to 0.045 MPC.

300 years after, the pollution configuration changes greatly in the I* layer (Fig. 13.1C),
mainly remaining in the western section, while its maximum decreases to 7 MPC. In the 2" layer
(Fig. 13.1D) it also changes greatly, appearing mainly in the eastern section and increasing to
0.8 MPC compared to the initial concentration after 30 years.

Migration of highly adsorbed pollutants under Scenario 100-1000-100 without decay
(Fig. 13.2). 30 years after, the pollution configuration in the I1*' layer (Fig. 13.2A) practically
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matches the initial one (Fig. 1), and its maximum exceeds 10 MPC. In the 2" layer (Fig. 13.2B),
it changes greatly, appearing mainly in a small part of the eastern section and decreasing to
0.0003 MPC.

300 years after, the configuration changes slightly in the I* layer (Fig. 13.2C), and its
maximum decreases to 9 MPC. However, in the 2™ layer (Fig. 13.2D) it changes noticeably,
appearing mainly in the eastern section and increasing to 0.04 MPC compared to the initial
concentration after 30 years.
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Fig. 10. Scenario Kd 1-10-1, distribution of pollutant concentrations depending on time, Profile II:
a) Layer 1, b) Layer 2.

Migration of highly sorbed pollutants under Scenario 1-3-1 with decay (Fig. 13.3).
30 years after, the configuration of areal pollution remains in the I* layer (Fig. 13.3A), but its
maximum decreases to 4.5 MPC. In the 2" layer (Fig. 13.3B) it changes greatly, appearing mainly
in the eastern section and decreasing to 0.02 MPC.
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Fig. 11. Scenario Kd 6-60-6 Distribution of pollutant concentrations depending on time, Profile I:
a) Layer 1, b) Layer 2.

300 years after, the pollution configuration in the I* layer (Fig. 13.3C) changes greatly, with
insignificant pollution in a limited part of the eastern section — up to 0.02 MPC compared to the
initial 0.004 MPC. It changes greatly in the 2" layer (Fig. 13.3D), appearing mainly in the eastern
section; its area decreases compared to the initial area after 30 years, and its MPC increases to 0.04.

Migration of highly sorbed pollutants under Scenario 100-1000-100 with decay (Fig. 13.4).
30 years after, the areal pollution configuration in the 1* layer (Fig. 13.4A) practically matches the
initial one (Fig. 1), but its maximum exceeds 3.6 MPC; in the 2" layer (Fig. 13.4B) it changes
greatly, appearing mainly in an insignificant part of the eastern section and decreasing to 0.0003
MPC.

300 years after, the configuration changes slightly in the I* layer (Fig. 13.4C), and its
maximum decreases to 0.0009 MPC; in the 2" layer (Fig. 13.4G), however, it changes greatly,
appearing mainly in the eastern section and dropping to 0.0004 MPC.
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Fig. 12. Scenario Kd 6-60-6, distribution of pollutant concentrations depending on time, Profile II:
a) Layer 1, b) Layer 2.

Therefore, poorly sorbed pollutants without decay remain in the western section after 300
years in the 1% layer, while pollutants of the eastern section tend to migrate and their insignificant
amounts can be found in the 2" layer (aquiclude).

Highly sorbed pollutants without decay remain in both areas in the 1% layer, with slightly
different concentration compared to the ones after a 30-year period; in the 2" layer their
insignificant concentrations occupy a small part of the eastern section.

Poorly sorbed pollutants with decay are practically absent in the study area, but their traces can
be found in the 1* layer of the eastern section, forming a small area in the 2" layer in insignificant
concentrations.

Highly sorbed pollutants with decay remain in both areas in the 1% layer, and their
concentration significantly differs from the 30-year period, decreasing to 0.0009 MPC, which is
considered small, meaning those are only traces. In the 2™ layer, their insignificant concentrations
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occupy a small area of the eastern section.
This indicates that *’Cs and *°Sr radionuclides will completely decay within 10 half-lives.

Comparison current results with the previous research stage

Further below we consider specificity of the pollutant migration through a permeable aquiclude
that we studied on the previous stage of this research (Belousova and Rudenko, 2021a, 2021b) and the
one studied at the current stage. Modeling results of both stages are shown as 3D maps in Figure 14.

To study the permeable aquiclude (Fig. 14A), we set Kd equal for all three layers (6-6-6), while
for the impermeable aquiclude (Fig. 14B), we set Kd higher than its values in the groundwater of
the 1% and 3" layers (1- 3-1).

With the permeable aquiclude (Fig. 14A), the migration of pollutants without decay occurs in
all layers over 300 years. In the 1% layer (groundwater) MPC does not exceed 4; in the 2" layer
pollutants accumulate intensively up to 4 MPC; in the 3™ layer (pressure waters) accumulation is
up to 2 MPC in some areas.

With the impermeable aquiclude (Fig. 14B) without decay the intensity of migration varies
greatly in all layers over 300 years. In the 1% layer there are significant concentrations above 5 MPC;
in the 2" layer this process is very isolated, its area decreases, and its MPC drops to 3; in the 3™ layer
this process is limited and the concentrations are insignificant — up to 0.05 MPC. It should be noted
that pollutant migration was not found in any of the points of the 3™ layer of both profiles.

Conclusions

The object of our studies was the part of the Kaluga Region, most affected by the accident at
the Chernobyl nuclear power plant.

There is almost no experimental data on the radionuclides migration in the saturated zone
(groundwater) and their parameters, and only some parts of the Bryansk Region were explored
superficially in the radioactive zone caused by the accident. However, they mostly belong to the
unsaturated or protective zone. Therefore, instead of field or laboratory studies, we chose numerical
experiments and carried them out for the region.

Numerical experiments study the migration of pollutants in the saturated zone, i.e. their flow
from groundwater through the aquiclude to pressure groundwater. In this study, we considered both
137Cs and *°Sr and other pollutants, from poorly sorbed to highly sorbed ones, found in the pressure
waters of the studied territory.

To simulate the process of mass transfer in groundwater, the MT3D model based on
MODFLOW was chosen. Along with flow hydrological dispersion, this model takes into account
the sorption of pollutants and radioactive decay.

Given that geological, hydrogeological and hydrogeochemical data concerning the studied
object do not guarantee a sufficient reliability of our forecasts, especially in the case with
aquicludes, the study was carried out in two stages. Results of the first stage (migration of through
a permeable aquiclude) have been already completed and published by our crew
(Belousova, Rudenko, 2021a, 2021b), while the results of the second (migration through an
impermeable aquiclude) are given in this article.

Numerical experiments of the second stage were carried out according to the following
scenarios: 1 — (1-3-1), 2 — (1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), and 6 — (100-1000-
100), where the first digit is the Kd value (I/kg) in the 1% layer, the second digit — 2™ layer, the third
digit — 3™ layer. This set of coefficients was determined by the fact that their values were assigned
to be higher in the aquiclude than in the upper and lower aquifers. Each scenario was applied for
two conditions: with and without radioactive decay.
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Fig. 13.1. Cartographic chart of the distribution of concentrations of we poorly akly sorbed (Scenario 1-3-1) and highly sorbed (Scenario 100-1000-
100) pollutants in the simulated area with/without decay.
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Fig. 13.2. Cartographic chart of the distribution of concentrations of poorly sorbed (Scenario 1-3-1) and highly sorbed (Scenario 100-1000-100)
pollutants in the simulated area with/without decay.
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Fig. 13.3. Cartographic chart of the distribution of concentrations of poorly sorbed (Scenario 1-3-1) and highly sorbed (Scenario 100-1000-100)
pollutants in the simulated area with/without decay.
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Fig. 1.4. Cartographic chart of the distribution of concentrations of poorly sorbed (Scenario 1-3-1) and highly sorbed (Scenario 100-1000-100)
pollutants in the simulated area with/without decay.
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Fig. 14. Comparison of scenarios with permeable (A) and impermeable (B) aquiclude.
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The degree of groundwater contamination was taken as the initial conditions, similar to the
contamination degree of the surface in the radioactive zone of the study area. However, such a wide
spread of contamination by radionuclides or other pollutants is not observed in the groundwater
under natural conditions in this area. The pollutants concentration can be determined in g/1, Bq/l,
maximum permissible concentration (MPC) or background concentrations; but we prefer to use
MPC. Coefticients of pollutant sorption distribution (Kd) of various pollutants were selected from
the known values for the Bryansk Region (Belousova, Rudenko, 2021a, 2021b); the radionuclides
Kd values mainly refer to the unsaturated zone of contamination.

Analysis of the modeling results obtained during the numerical experiments was carried out for
2 profiles and for the studied territory, using maps.

We established that, as Kd increases, the high concentration of pollutants remains in
groundwater, while poorly sorbed pollutants with minimal Kd can partially remain in the aquiclude.
It should be noted that in the 3" layer (pressure waters) pollutants were not found at all, although
they appear at other plots.

According to Kd values, we found out that at Kd > 60 1/kg, pollutants cannot penetrate into the
aquiclude, i.e. the aquiclude is almost impermeable. For radionuclides, the radioactive decay plays
the main role in their migration: for example, 30 years after the accident at the Chernobyl nuclear
power plant, the concentration of '*’Cs and *’Sr decreased by half, because 30 years is their actual
half-life; therefore, in the next 300 years they will completely decay. For non-radioactive pollutants,
the process is different: they accumulate in the aquiclude and penetrate into pressure waters,
significantly worsening the local ecology, while other long-lived radionuclides (such as plutonium-
209) have a half-life of 24,095 years and will pose a severe danger in those areas of the nuclear fuel
fallout (such is the area of the Chernobyl nuclear power plant itself).

The main factors forming the pollutants migration are their radioactive decay, their sorption
properties and, finally, the hydrological dispersion of groundwater flows, which in turn depends on
the geological and hydrogeological conditions of the area.

Results of both research stages. With the permeable aquiclude, the migration of pollutants
without decay occurs in all layers over 300 years. With the impermeable aquiclude without decay the
intensity of migration varies greatly in all layers over 300 years: in the 1% layer there are significant
concentrations found; in the 2™ layer this process is very isolated, its area and concentration decrease;
in the 3™ layer this process is limited.

However, neither of these aquicludes can exist separately under natural conditions, because
usually confining strata is like a patchwork quilt, since it is made of several areas with both
impermeable and permeable aquicludes. Aquicludes cannot be impenetrable throughout their entire
length, because they contain natural disturbances, such as lenses, permeable rocks, neotectonic
cracks, and artificial disturbances, such as drilling wells.

Therefore, in order to study the processes of pollutant migration and predict their further
development under complex hydrogeological conditions, it is necessary to study thoroughly the
geological and hydrogeological structure, as well as the hydrogeochemical conditions of the chosen
objects territories, and to conduct experimental studies of mass transfer in order to parameterize all
the processes causing it, for the further numerical modeling and forecasting of the development of
the real ecological situation at the research areas.
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ens craThu — HW3y4EHHE METOAOM MATEMAaTHYECKOTO MOJEITHUPOBAHUS IIPOIECCOB MHUTpPAITIH
pa3IU4YHBIX, OT ¢Jab0 J0 CUIBHO copOupyeMbix 3arpsi3Hstonmx BemiectB (3B), Brirouas
pPaTuOHYKITUIBI, U3 TPYHTOBEIX B HAIMOPHBIE MOA3EMHBIE BOMIBI Uepe3 Pa3elbHEIN CIOW — BOJOYIIOP
pa3anH0171 CTCIICHU NPOHUIIACMOCTH. B IMMPAKTUKE TUAPOr€OIOrMICCKUX I/ICCJ]CI[OBaHI/Iﬁ CymieCTBY€CT
TaKoe HampaBlICHHWE, KaK MOMCKA M pa3BelKka MECTOPOXKICHUN MOA3eMHBIX BoA. llepBast crammst —

IIOMCK, OCYILECTBJISIETCSI Ha IPAKTUYECKHM HEU3YYEHHBIX TEPPUTOPUAX, & BTOpass — pPa3BEIKa,
OTPaHUYMBAETCSI TEPPUTOPUSMHM, TIZ€ IO JAaHHBIM IIEPBOM CTaguM BBISABISIOT IEPCIEKTHBHBIC
TEPPUTOPUH.

JlaHHBIE WCCIIEOBaHUSI MOXKHO OTHECTH K TIEPBOM, ITOMCKOBOM CTaJ M, KOTJa HM3YYCHHOCTb
TEPPUTOPHH B paMKax 3aJIAHHOW TEMAaTHUKU MPAKTUYECKH OTCYTCTBYET JUIsi BBIOpAHHOH TEppUTOPUHU
Kanyskckoit obOnactu, mocTpajaBiieid or aBapuud Ha UepHOOBUIBCKOH aTOMHOW 3JICKTPOCTAHIIUU
(HADC). Ilouck ObT cocpemoTOYEH HA M3YYEHHH MHUTPAIMN 3arpsi3HSIONINX BEIIECTB B TPYHTOBBIX
BOJaX, a M3 HUX — 4Yepe3 BOAOYINOp B HANOpHbIX Bojax. HampasieHue moucka onpenensuioch
CITIOCOOHOCTHIO BOAOYIIOPOB IPOITycKaTh depe3 ce0s 3B ¢ omHo# cTOpoHBI (caMble HEOIarompUsTHEIE
JUTSI TIOA3EMHBIX BOJ YCJIOBHS), a ¢ JApyroil — He mpomyckarh 3B (OmarompusrtHeie ycioBus). B
IPUPOAHBIX M B TEXHOICHHBIX YCJIOBHAX o00a ciyyass HE CYLIECTBYIOT II0 OTAEIBHOCTU (OHU
CIIUBAIOTCS), 4TO TpeOyeT XOpoIlied IeoJoro-ruiporeoJoruueckoil M3y4eHHOCTH TEPPUTOPUH,
OTCYTCTBYIOIIEH IjIs H3ydyaeMoil MecTHOcTH. Hammm wcciaemoBaHusi ObUIM MPOBEACHBI MO 00OMM
HaIpaBICHUSIM IIOUMCKOBBIX MCCJIENOBAaHMM, M1 IEpBOrO Clydyass BOAOYIOp IPUHUMAJICS
MIPOHULIAEMBIM, JI1 BTOPOTO — HENPOHHUIIAEMBIM.

Jns KaXmoro THIA IIOMCKOBOM CTaguuM OBIIM TIPOBENEHBl KakK Obl pa3BeNOYHBIE YHCIEHHO-
9KCIEPUMEHTAIIbHBIC HCCIIENOBAHNS (YMCICHHBIM SKCIIEPUMEHT) C NIPUMEHEHHEM MaTeMaTHYeCKOro
MonenupoBanus. OOBEKTOM HCCIENOBAHUHI SABISETCS YacTh Tepputopmu Karyxkckoit obmactw,
HambOonee mocTtpafaBmas oT aBapuu Ha YADC. HccrmemoBaHusi 1Mo MepBOMY HAIPaBIICHUIO OBLITH
3aBepIIeHbl U omyoanKoBanbl paHee (bemoycosa, Pynenko, 2021a, 6). PesynsTaTsl BTOpO#i cTamnu u
o0o0maromue pe3yapTaTbl HCCIAENOBAHMH OOOMX IIOMCKOBBIX HAIpPaBICHUH NPUBOIIATCA B
HacTrosel crtarbe. Ha naHHOM 3Tane npojomkaercs: HcCleqoBaHUE IPOLECCOB MUTPALIUH PA3IUYHBIX
3B, BKIOUYas pPaAUOHYKIUIbl, W3 TPYHTOBBIX BOJ B HANOPHBIA BOAOHOCHBIA TOPU30HT YEpe3
HENPOHHUIIAEMBIH BOIOYIIOP II0 TEM XK€ pa3pe3aM, 4TO M UL IEPBOrO HAINIPABIIEHUS, HO IO HECKOJIBKO
M3MEHEHHBIM CIIEHapHusIM U ¢ ApyruM HabopoM ko3 dummenToB pacupenenenus copobunu 3B (Kd).
UrcneHHpIe KCIIEPUMEHTHI BTOPOT'O ATara MPOBOAUIIOCH 110 cieAyroumm ciueHapusm: 1 — (1-3-1), 2 —
(1-6-1), 3 — (1-10-1), 4 — (6-60-6), 5 — (26-260-26), 6 — (100-1000-100). IlepBas mudpa — 3HaYeHUE
Kd (w/kr) B mepBoM ciioe, BTOpas — BO BTOPOM CJIO€, TPETbsl — 3HAUYEHHE B TPETbEM CJIOE.
Taxo# nogbop k03hHUIMEeHTOB pacHpeneneHuss 00YyCIOBIIEH 3aJaHMEM WX 3HAYeHHH Ha MHOPAIOK
OonbIlie B BOZOYIIOPE, YEM B BEPXHEM U HIDKHEM BOJOHOCHBIX TOPU30HTAX.

Kaxxnplii crenapuii mpoBomwiIcs Al IBYX YCIIOBHMM: C PaJMOaKTHBHBIM pacmajzoM M 0e3 pacmaja.
3a HavanbHBIE YCIOBHMA ObUIa NPUHSTA CTEHEHb 3arps3HEHUS TPYHTOBBIX BOJA IO aHAJOIMU CO
CTENCHBIO 3arps3HEHMs] IIOBEPXHOCTHM 3€MJM B 30HE PAJMOAKTHBHOIO cjliela Ha HU3ydaeMoin
TEPPUTOPHUH, XOTA B HPUPOAHBIX YCIOBUSX Ha 3TOH TEPPUTOPUM B TPYHTOBBIX BOAAX TAKOr'O
pacmpocTpaHeHHUsl 3arps3HeHHs HHU pPAAMOHYyKIMAaMH, HHA JApyrumMud 3B  He Habmromaercs.
Konuentpanuu 3B moryt ObiTe 3agansl B r/m, I1JIK, (OHOBBIX KOHIEHTpalusX; B HAIlleM Ciydae
ucnonszoBasuchk [1JIK. Koadduuuentsr pacnpenenenus copouuu pasnuusbsix 3B mopbupanucek u3
W3BECTHBIX 3HaueHWH i Teppuropuil bpsHckoit obnactu (benmoycoBa, Pynenko, 2021a, 20216),
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JUIsL paiioOHYKITHIOB 3HaueHUs] Kd B OCHOBHOM OTHOCSITCSI K HEHACBIIIICHHOM 30HE.

VYCTaHOBIICHO, YTO TJIABHBIMH (akTopamMu ()OPMUpPOBAaHUs HpoleccOB murpauuu 3B sBisiorcs B
MEePBYIO OYepe/ib PaJMOAaKTUBHBINA pacnan 3B, Bo BTopyto — copOuuoHHbIe cBoiicTBa 3B, a B Tperbio —
THIPOAMCIIEPCHUS] TMOTOKOB IOJ3EMHBIX BOJ, KOTOpas B CBOI OuYepelb 3aBUCHT OT T'eOJIOro-
THIPOTr€OJIOTHUECKUX YCIOBHH H3y4aeMOW TEPPUTOPHH W CTEICHU IMPOHHUIAEMOCTH BOIOYIIOpA.
PaCCMOTpCHHaSI CUTyanus CBUACTCIILCTBYET O TOM, YTO BOAOYIIOPEI HE ABJIAIOTCA MOJTHOM FapaHTI/ICI\/'I,
00eCIIeunBalOIIeH 3alUIIIEHHOCTh HATIOPHBIX MTOJ3EMHBIX BOJ] OT 3arpsA3HCHUS.

Kntouegvie cnosa: TPYHTOBBIC BOJbI, IOA3EMHBIC HANOPHBIC BOJbI, MOJCIMPOBAHHE IIPOLIECCOB
MUTPAIUH, 3arPSI3HSIONICE BEIECTBO, PAUOHYKIIHIBI, COPOIUs, paIHOAKTUBHBIA pacma.
brnacooaprocmu. ABTOPHI BRIpaXKaroT OJaroJapHOCTh OE3BPEMEHHO yIleAlleld coTpynHuie MuHseBoi
10.B. 3a moAroToBKY MaTepHaloB K JaHHOH CTaTbe.

Qunancuposanue. Pabora BBINOIHEHa B paMKax TOCYAAapCTBEHHOro 3ajaHusi VIHCTHTyTa BOIHBIX
npobiiem PAH: tema Ne FMWZ-2022-0002 «VccnenoBaHusi TeO’KOJIOTMYECKAX IPOIECCOB B
THUAPOJIOTNYCCKUX CUCTEMAX CYIIH, q)OpMI/IpOBaHI/IH KadeCTBa IMOBCPXHOCTHBIX M INOA3EMHBLIX BOI,
HpO6ﬂeM Y1ipaBJICHUSA BOAHBIMU PECYpCaMU U BOJOITIOJIL30BAHHUEM B YCIIOBUAX W3MEHEHUM KIMMaTa U
AHTPOIIOT€HHBIX BO3JIECHCTBUNY.
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TenaeHUMM B Ppa3BUTHHM aKBaKyJIbTYyphl IIOCIEAHEr0 BPEMEHH IO3BOJSIIOT MPEANOJOXKHUTH, YTO
B Poccuiickoii  @epepanuu  MOpCKash — akBakyJbTypa SBISETCS OJHOM M3 TOYEK pocTa
PBIOOXO3SHCTBEHHOTO KOMILIEKca. MacmTaOsl aKBaKyJbTYpHOTO MPOM3BOACTBA U TOPTOBIHU
Bo3pactaroT. Kak u umo0ast japyras uenoBeuecKkas AEATEIBHOCTb B MPUPOAHBIX BOJIOEMax,
MPOMBIIIJICHHAs. aKBaKyJbTypa OKa3blBaeT BO3ACHCTBHE Ha OKPYXAWIIYI0 BOJHYIO Cpeny,
B OCOOCHHOCTH Ha TPHOpEeXHBIE aKkBaTOPUH. BO3MOXKHOE TpUMEHEHHe CepTUHUKAUU B 00JaCTH
aKBaKyJbTYPbl PaccMaTpUBacTCd Kak OAWH U3 3((EKTUBHBIX MHCTPYMEHTOB Ui MUHUMH3ALUH
BO3MOXHbBIX HETaTHBHBIX HOCHCI[CTBHﬁ B Opr)KaIO].[ICfI cCpeac, a TAaKXKC I MOBBINICHUA OOBCPUA
€O CTOpOHbI oTpeduTens. CylecTBOBaHUE CTUXUMHOM aKBaKyJIbTYpbl 0€3 BHEAPEHHUS CePTUPHUKALUT
9KOJIOTHYHOCTH TIPOM3BOJACTBA B OYAyIIEM MOXET CEphe3HO OrPaHUYUTh PAa3BUTHE OTPACIH.
B a7T0i1 cBsI3M aHanM3 MEXAYHAPOIHOTO OIbITa B cepe cepTHHUKANNH aKBAKYJIbTYPHBIX XO3SHCTB
[ToneuuTenbckoro coBera 1O akBakyiabType (Aquaculture Stewardship Council) sBisercs
aKTyanbHbIM A71s1 Poccnu ¢ 11enp10 OOHOBIICHHSI M Pa3BUTHS UMEIOLIEHCsS HOPMAaTUBHO-IIPABOBOM Oa3bl.
Knioueswvie cnosa: akBakynbTypa, cepTH(QUKAIMS aKBaKyJIbTYPbl, MOHUTOPHHT .

DOI: 10.24412/2542-2006-2023-2-73-87

EDN: HOBXMW

AKBaKynbTypa — 3TO pa3HOOOPa3HBIN MTPOU3BOCTBEHHBIN CEKTOP, OOBEIUHSIONMINI MHOKECTBO
Pa3NUYHBIX CHCTEM, OOBEKTOB, MOIIHOCTEH, TEXHOJIOTUM, MPOLECCOB M MPOAYKTOB, KOTOPBIH
JeCTBYeT B paMKaX IIHPOKOrO CHEKTpa HSKOHOMHUYECKMX M DSKOJOTMYECKUX  YCIOBHM
(Texnnuyeckoe pykoBoaAcTBO ..., 2011). Mopckass akBakylbTypa pa3BHBAaeTCs B MPUOPEKHBIX
aKBaTOPUAX, KOTOpbIE SBIAIOTCS OJHMMU U3 Haubosiee YSI3BUMBIX HPUPOJIHBIX 3KOCHCTEM
B YCJIOBUSIX aHTPOIOI€HHOIO BO3AeHCTBUA. CTUXMIHBIE METOABI XO3SIIICTBEHHOIO HCIOJIb30BAHUS
MIPUPOJHON cpenbl 0e3 HaJUIekKallero Tocy1apcTBEHHOIO MOHUTOPUHIA B Ipejaenax NpuOpekHOM
aKBAaTOPHMHM 3a4aCTYyI0 HaHOCST HEMONpPaBUMBbII Bpell UX BBICOKOM OMOMPOIYKTUBHOCTU U 3KOJOTHU
pailoHa B 1IEJIOM, a TaK)K€ CYIIECTBEHHO CHMKAIOT KayeCTBO OMOJIOTMUYECKOTO CHIPbS U MOTYT
co3JlaBaTh CUTYAIMH, OTIaCHBIE [T 310pOBbs uesoBeka (Belineman u ap., 2001).

Ilo cratuctuyeckuM JaHHBIM IIpOTOBONBCTBEHHON M CENBCKOXO3SMCTBEHHONW OpraHM3aluu
O6venunennsix Hanwmit (Food and Agriculture Organization, FAO), o06beM mpou3BojacTBa
MIPOYKIIMM aKBaKyJIbTypbl B Mupe B 2018 roxy BeIpoC 10 peKopAHOTo ypoBHS — 114.5 MuH. TOHH
B xkuBOM Bece (puc. 1). ITo manusiM PocpriGonioBcTBa, MpOM3BOJCTBO aKBaKyJabTypel B Poccuu
3a 2018 rox BeIpocio Ha 5.6% — 10 232 Teic. TOHH (puc. 2). B Poccuiickoit deaepannu Ha OKTIOpb
2020 r. ¢yHkuroHupoBago okoiao 4600 pbIOOBOAHBIX XO3SHUCTB, MPHU 3TOM TaKkKe BO3POCIH
OlaceHUsl MO IMOBOAY HX BO3MOYKHOIO HETAaTHBHOIO BO3JEHCTBUS HAa OKPYXAIOLIYIO Cpeny M
norpebureneii. CoriacHo MeEXIyHapOJHOMY OIBITY, NpPUMEHEHUE cepTUQHUKauu B 00JacTu
aKBaKyJbTYpPhl PAacCMATPUBAETCS KaK OAMH W3 IOTEHLUUAIbHBIX PBIHOYHBIX HMHCTPYMEHTOB JUJIS
MUHUMU3ALIUN BO3MOXKHBIX HETaTUBHBIX IIOCIEACTBHUM, MOBBILIEHUS YpPOBHS OOIIECTBEHHBIX
U TIOTPEOUTENbCKUX BBITOJ M JOBEPHs K MPOU3BOJICTBY M COBITY MPOMYKIIMHM aKBaKYJIbTYpHI.
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B ciiydae mpaBuwiIbHOM OpraHM3alMy aKBaKyJbTypa SBISETCA albTEPHATUBOW HPOMBIIIICHHOMY
PBIOOJIOBCTBY IIPU MPOM3BOJICTBE U OOECIICYCHUH HACETICHUs OETTKOBON MHIIEH.

OxpaHa OKpy’Karomenl Cpeabl CTAaHOBUTCS CETOTHS OJAHMM M3 KIIIOUEBBIX BOIIPOCOB B cdepe
pa3BUTHS aKBaKYJbTYpbl, AKBAKYJIbTYPHBIX TEXHOJOTHH U cucTeM. CyleCTBOBaHUE aKBaKYyJIbTYphl
0e3 BHeIpeHUs CepTU(PHUKAIMHU MPOU3BOACTBA U TNPOAYKIMH MOXET B OYAyIIeM CEepbe3HO
OIPaHUYUTh PA3BUTHE OTpPAciId B CBSA3M C PACTyLIeW KOHKYypEHIMEeH €O CTOPOHBI APYrHX
pecypconosib3oBareneil. Kak W aHTpoONOreHHas [JeATelIbHOCTh B MNPUPOAHBIX BOJOEMAX,
aKBaKyJIbTypa OKa3blBa€T BO3JEHCTBHE Ha OKPYKAIOUIYI0 BOJHYIO Cpely, B OCOOEHHOCTH Ha
npUOpEXKHBIE IKOCUCTEMBI. Mopckas akBakynbTypa (poTto 1-2) TpaaWIIMOHHO OCHOBBIBACTCS Ha
JBYX MPUHLKIIAX NOJYYEHHs TOBAPHOH MPOJYKIINHU PUPOIHBIX SKOCUCTEM.

Puc. 1. TIpon3BoACTBO MPOAYKIIMK aKBAaKYJIBTYPhl B MHUPE — BOJHBIC XHUBOTHBIC W BOIOPOCIIH,
1990-2018 rr. (Coctosinue MupoBoro ..., 2020). Fig. 1. Worldwide aquaculture production, i.e. of
aquatic animals and algae, 1990-2018 (The state of worldwide ..., 2020).

1. aTeHCcHBHOE PHIOOBOJACTBO, NMPU KOTOPOM MOpPCKasi aKBaTOpUs HCIOJIb3YETCs, KaK MECTO
Ui pa3MelleHus caikoB ¢ pblOoi. Ilpu 3TOM 3adacTyro HUCHONB3yeTcsl BHJBI HE MECTHOTO
MIPOMCXOXACHUS, a Haryl 0OecleyrMBaeTcsl 3a CYeT HMCKYCCTBEHHBIX KOPMOB M BETE€PUHAPHO-
TEXHOJIOTUYECKUX Ipoueayp. B MaHHBIX ycIOBHSX BCE OTXOHBI OT TEXHOJOTMYECKOIO Ipoliecca
YTUJIM3UPYIOTCS 3@ CUET MPUPOTHON SIKOCUCTEMBI.

2. VYcroitunBoe ppIOOBOACTBO — Haubojee COBPEMEHHOE HalpaBlieHHe, IpH KOTOPOM
UCIONIb3YeTCSl  MOTEHIMAadl  MOPCKOM  3KOCHUCTeMBbl ISl  BBIPAIlMBAaHUS  MECTHBIX
BBICOKOTIPOJYKTUBHBIX BHUAOB THAPOOMOHTOB, COCTABJISIOIIMX €CTECTBEHHYIO KOMIIOHEHTY
MECTHBIX OMOIIEHO30B. TO €CTh ATO HAIPaBJIEHNE OCHOBBIBAETCS HA 3HAHUSX O (DYHKIIMOHUPOBAHUU
MOPCKHX 9SKOCHCTEM, BOCCTAHOBJICHMM U pealu3allMd OHONPOAYKIIMOHHOIO MOTEHIHMAJA.
[IpupoaHas sKocUCTEMa HE CTAJIKMBAETCS C MOBBILICHHBIMU HArpy3KaMu MO YTUJIU3alUU OTXOJI0B
KyJIbTUBUPOBaHMS, T.K. BCE€ BbIpallliBaeMble THAPOOMOHTHI  SIBJISIOTCS ~ KOMIIOHEHTaMHU
Tpo(prueckoil 1enu 1 BKIIFOUEHBI B €CTECTBEHHBIE TOTOKU BELIECTBA U SHEPTUU, TPOXOSAIINE Yepes3
coobmectBa (Macnennukos, Illykuna, 2018). Ilpumepom Takoil JesATEIBLHOCTH BBICTYNAET
MHTETpUPOBAaHHAS MYJIbTUTpOpHUUECKas aKBaKyJbTypa, KOTOpas oOecreuyuBaeT M0O0OYHBIE
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NOPOXYKTHI, BKJIIOYAs OTXOJBI, OT OJHOTO KYJNBTHBHPYEMOTO BHAAa B KadeCTBE HCXOIHBIX
MmatepuanoB (yaoOpeHus, ena) ans apyroro. Bo3moxHa KOMOMHAmMs TUAPOOHMOHTOB TIO
TpO(UYECKUM YPOBHSIM B aKBaKyJIbType Ui CO3JaHHs COAJaHCHPOBAHHBIX CHCTEM C IIEJBIO
CHIDKEHUS PHCKOB JUIS IPUPOTHOM CpEeIbl.

Puc. 2. O6beMbl Npon3BOACTBA MPOAYKLHUN TOBApHOM akBakyJabTyphl B Poccuiickoit @enepanuu,
teIc. T (CocTosiHue MupoBoro ..., 2020). Fig. 2. Production of commercial aquaculture in Russia,
thousand tons (The state of worldwide ..., 2020).

®oto 1. AxBakynbtypa wMumguu (Mytilus ®oto 2. Munuu M. galloprovincialis, Kpsim, 2021
galloprovincialis), Katusenu, Kpsiv, 2021 r. 1. (poro E.B. Uymnpunsi). Photo 2. Mussels (M.
(boto E.B.Uynpunsi). Photo 1. Aquaculture galloprovincialis) in Crimea, 2021 (photo by
of mussel (Mytilus galloprovincialis), Katsiveli, E.V. Chuprina).

Crimea, 2021 (photo by E.V. Chuprina).
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[Ipy MHTEHCHMBHOM pBIOOBOACTBE MOTYT BO3HHMKAaTh CIEIYIOLIME HKOJOTHYECKUE YIPO3bl
OKpY>Karollen cpenie:

® OpraHumveckoe 3arpsisHeHue (3BTpo(UKaIusa) — U30BITOK MUTATEIbHBIX BEIIECTB M3 IHIIU
U KCKPEMEHTOB THAPOOMOHTOB, BBIPALIMBAEMBIX Ha (epmax, KOTOpble, IOBBIIAs YpPOBEHb
COJIEp’KaHUsl OPraHUKHU B BOJIE, 00pa3yIOT TIOHHBIE OTJIOKEHHUS, YTO KpaiiHE HEraTUBHO OTPAYKAETCs
Ha MOPCKHMX 3KOCHCTEMax; 3BTPO(UKALUS MOXKET BbI3BaTb M3MEHEHUS B MOPCKUX HOIMYJISALMIX
1 cooOIiecTBax (pUTOMIIAHKTOHA, a TAKXKE 3HAYUTEIIBHYIO JIErPaJIalliio KIFOYEBBIX MECTOOOUTaHHH,
Harpumep, JIyroB MOPCKUX TPaB;

e XMMHUYECKOE 3arpsi3HeHHMe — Ha (epmMax HCIONB3YIOTCS  MPOTUBOMNAPA3UTAPHBIE
JICKapCTBEHHbIE Tpernaparhl, CPeiCTBA A OYUCTKH OT OOpacTaHui, aHTUOMOTHKH, KOPMOBBIC
KpacuTeNlIH, KOTOpble MOTYT HMMETh HENpe/iCKa3yeMble IMOCIEACTBUSA Ul MOPCKHUX OPraHU3MOB
U 3[I0pPOBbS YEJIOBEKA;

® TEHETHYECKOE 3arpsi3HEHHE — BBIPALICHHbIE THAPOOMOHTHI MOTYT KOHKYPHPOBATh C TUKUMHU
BUJAMU M CKPEUIMBATBCA C MECTHBIMH JUKUMM CTaJaMM, YXyAllas HX TEHEeTHYECcKoe
pasHooOpasue; Mpy MOMaJaHuN UCKYCCTBEHHO BBIPAIICHHBIX T'HIPOOMOHTOB B MPUPOAHYIO CPEIy
OOUTaHUs MOTYT OBbITh BHITECHEHBI, @ MHOTJ]a ¥ OTMOHYTH LeJIbI€ IPYIIIIbI TAKUX K€ THIPOOMOHTOB
IUKUX TIONYJSIIANA, HECHOCOOHBIE Tak ke A(P(PEKTUBHO MPOTUBOCTOSTH OOJIE3HSIM, KOTOPBIC
MEPEHOCAT UX aKBaKyJIbTYpHbIE COOpAThs; B TO YK€ BPEMs PbIObI, MOSABIISAIOIINECS B HCKYCCTBEHHON
Cpele Ha MPOTSHKEHWHM HECKOJbKUX IIOKOJIEHHMHM, MPHOOPETal0T TE€HETUYECKHE W3MEHEHUs,
CHIJKAIOIINE MX CIIOCOOHOCTh BBDKHMBATh B €CTECTBEHHOM Cpelie; MPHU CKPEIIMBAHUU 3T MYTallUU
NEepefaroTCss  HOBBIM  TOKOJEHHSM  JUKAX  pbIO, HEraTUBHO  BiIWsAs  Ha  OOmIwid
€CTECTBEHHbII reHOOH]T;

e yHQEKIMOHHbIE O0Je3HH (BUPYCHblE, OakTepualbHble) U Napa3uThl, KOTOPbIE MOIYT
nepenaBatbes AUkuM nonyasuusaM (Ilosunus ®onpa ..., 2022).

MaTepnauu U METObI

Hecmotpss Ha TO, 4TO KadecTBO OOJBIIMHCTBA NPUOPEHKHBIX HKOCHCTEM IPEACTABISAETCS
MOAXOJALIMM JJIsl BEJCHMS AaKBaKyJIbTYypbl, 4acTb WX IOJBEP)KEHA BO3JCHCTBUIO IPHUPOIHBIX
SBJIIGHUN WM aHTPONOIeHHbIX u3MeHeHuil. Ha HuX BIusoT Kak T1J100ajgbHBIE IPOLIECCH
TMJIPOAMHAMUKH, TaK ¥ Pa3IU4Hble POPMBI CYXOMYTHONH U MOPCKOM aHTPONOT€HHOHN AeSTelbHOCTH
MECTHOro 3HaueHus. Jlake Mpu HCKIIOYUTENbHON pa30aBisionieil crocoOOHOCTH OKEaHWYECKOU
LUPKYJIALMN KAaueCTBO MPHOPEkKHBIX BOJA, TI/I€ OCYILECTBIsAETCS OoJbIIasg YacTh MOPCKOU
aKBaKYJbTYPhl, B HEKOTOPBHIX HE3ALIUIIEHHBIX MPUOPEKHBIX 30HAX 3aBUCUT OT MOBEPXHOCTHOI'O
CTOKa C KOHTMHEHTAJIBHBIX BOJOCOOPHBIX IJIOLIAJCH, a Takke OT Jpyrux (opM MOpCKOH
NeSITEIbHOCTH YeNloBeKa (HaBUTalH, cOpoca OTXO0JI0B, JOOBIUM IOJE3HBIX HCKOIMAEMBIX, B T.4.
He(TH, TPOMBICIOBOM M  aKBaKyJIbTYpHOM OKCIUTyaTallud, ypOaHM3allud M  TYypU3Ma).
Jliig onpesiesieHns BO3MOKHOTO PacrojoKeHus: pepMbl B TOM MM MHON akBaTOpUM HEOOXOIUMO
poBecTU psl uccienoBanuil. Ha ceromusmnuii nens B Poccun HEOOXOOMMBIM U JAOCTaTOYHBIM
KOMILUIEKCOM TaKHUX HCCIEIOBAHUMN SIBJISETCS PHIOOBOIHO-OMOIOTHYECKOE OOOCHOBaHME (/1anee —
PBO). PriboBogHO-OM0OTHYECKOE 0OOCHOBAaHHE — 3TO KOMILUIEKC MEPOIPHUATUH, KOTOpPBIE JAIOT
BO3MO>XHOCTH IMOJIYYUTb JIaHHbIE O COCTOSTHUM BOJAHOTO O0BEKTa (€ro y4acTtka) U ero MXTuo(ayHsbl
M Ha OCHOBAHMU aHaIM3a COOpaHHOM WHPOPMALMU JaTh PEKOMEHJAIMH 110 BEACHUIO
XO3SIMCTBEHHOM AesrtenbHOCTH. [naBHas wnenb PBO — ngare MONHYHO THAPOXMMHYECKYIO,
TUJIPOJIOTUYECKYIO XapaKTEPUCTUKY, BBIICHUTH ONTHMAJIbHYIO BO3MOXHOCTb HCIOJIb30BaHUS
BOJHOTO OOBEKTa (€ro y4yacTka), MOKa3aTh XO3SMCTBEHHYI0 M OHOJIOTHYECKYI0 HEOOXOJIMMOCTH
peanu3any  phIOOXO3SMCTBEHHBIX MEPONPHUATHA M 00ECNednuTh MOJHYI0 O€30MacHOCTh JUIs
skocucteMbl. Ilocne mpoBenenust PBO 3aka3zumk (depma, akBaKyJIbTYpHOE XO3SHCTBO) JOJIKEH
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IOJYyYUTh JOKYMEHT, OIpPEIeNIAIOIMI XapakTep W MpoueNypy PpbIOOBOJHON AEATENbHOCTU
NPEANPUATHS B YCIOBUAX KOHKPETHOTO BOJHOTO OOBEKTA, a TAK)KE PEKUM IKCIUTyaTallui BOJIOEMa
WIN y4acTKa BOJIOEMA C YY€TOM HKOJIOTHYECKOH 0€301MacHOCTH MPOU3BOICTBA.

PBO Bkitouaer B ce0s perieHUe CICIYIONIUX 3a1a4:

* OILIEHKA IPUTOJAHOCTH BOJHOTO OOBEKTA ISl BEICHUS HA HEM PHIOOBOIHOM AEATEIBHOCTH;

* omnpeneneHue OMONPOIYKIIMOHHOTO NTOTEHIMAalla AKBaTOPUH;

* HaxoXKJEHHE CBOOOIHBIX SKOJIOTMYECKUX HUIII,

*  moa0Op cOoCTaBa MOJUKYIBTYPHI PhIO (MMPHU HEOOXOAMMOCTH);

*  1oa00p pHIOOXO3AHCTBEHHOM CUCTEMBI SKCILTYaTalluu 00bEKTa;

* OLIEHKAa  I1eNecoOOpasHOCTH  BKJIIOYEHHMs ~ KOHKPETHOrO  BOJoeéMa B COCTaB
noJu(pyHKIMOHATBHOTO X03s1iicTBa (PrIO0BOIHO-0MOMOTHYECKOE ..., 2022).

[To pesyabraram PBO ¢opmupyroTcs pekOMEHAaluud [0 MOHUTOPUHTY HEOOXOIUMBIX
mokaszarenei B mepuon HJKcrutyaranuu (epmbl. OJHAKO OCHOBHOE BHHUMAaHHE MOHHUTOPHHTA
yIeJIeTCsl TOBApHOMY BHJly PbIOBI, NMPUIOJHOCTH BOJOEMa MM €ro 4acTH JIs HCIOJIb30BAHUS
B PHIOOXO3SMCTBEHHBIX LEJAX, IPU 3TOM BO3JCHCTBHE XO034HCTBAa Ha JKOJIOIMYECKOE COCTOSHUE
BOJloeMa B OOJIBIIMHCTBE CIy4aeB KOHTPOJUPYETCS HEJOCTAaTOYHO. Tak, HalpuMep, B JaHHOM
KOMIUIEKCE MEPONPUITHIA HETOCTATOYHO BHUMAHMUS YJENSIETCS MOHUTOPUHIY COCTOSIHUS JIOHHBIX
OTJIOKEHUH, KOTOpble MOT'YT HaKalJIuBaTh B ceOe 3arpsi3HEHUs OT JESTEeIbHOCTH aKBaKyJIbTYPHOTO
xo3siictBa. [1o nanusiM PocpribonoBcTBa, 45% BHUIOBOrO cocraBa akBakyJabTypbl PO npuxoaurcs
Ha MUJUIHBIE W yCTpUYHbIE (QepMbl WINM KOJUIEKTOPHYIO aKkBakyjiabTypy. IIpu 3TOM, coryiacHo
naHHbIM  BceepoccuiickoMy HaydHO-MCCIIEIOBATENbCKOMY HMHCTHUTYTY PpBIOHOTO XO3SHCTBA U
okeanorpaduu (BHUPO), B mpeiickypante nen (IIpelickypant 6a30BbIxX IieH ..., 2021) Ha oka3zaHue
YyCIyr TO BBIIOJHEHHWIO HaydyHO-HccienoBarenbckoi padoter (HUP) mo paspaborke PBO He
IIPEJCTAaBICHbl TaKHE BBl THAPOOMOHTOB, KaK MOJUIIOCKH, T.€. MUJUM U ycTpullbl (Ppi60BOAHO-
ouosornyeckoe ..., 2022). B 95TOH CBSI3M TOJE3HO PACCMOTPETh W YUYECThb B JaJbHEHIIEM
MEX/TyHAPOAHBII ONBIT MOHUTOPUHTA U CEPTU(UKALIUN MAPUKYIIBTYPBI IO STUM BUAM.

B P® cymecTBylOT TroCyJapCTBEHHbIE HOpPMaTUBHbIE TpeOOBaHUsS CEepTUGUKALUU U
JEeKJIapUpPOBaHUs Ul NMPOAYKIUU aKBAKYJIbTYpbl, HO HET TOCYAAPCTBEHHOTO MOHUTOPHMHIA WIIU
cepTu(UKalMM  BEJCHHMS  aKBaKyJbTYpHOTO XO3SHCTBA. DKOJOTMYECKass U  ColMaJIbHas
OTBETCTBEHHOCTh NPU UCKYCCTBEHHOM pa3BEeIE€HUU I'MJIPOOMOHTOB CTAaHOBUTCS Bce 0ojiee BaXKHBIM
TpeOOBaHMEM COBPEMEHHOr0 pbIHKA. [lofHMMaTh YpOBEHb XO3SHCTBOBAHMS B aKBaKyJbType
HE00XO0AMMO MyTEeM BHEAPEHMs CTAaHIAapTOB MPOLIECCOB TOBAPHOTO BHIPAIIMBAHUS, MEHEPKMEHTA,
KOHTpPOJISI KayecTBa, BHEAPEHHUS JIYYIIMX IPAKTUK, TaKUX KakK IPOBEJIEHUE CepPTUPHUKALUHU IO
npumepy [loneuntensckoro coBera akBakyabTypsl (Aquaculture Stewardship Council).

B naHHON cTaThe pacCMOTPEH OIBIT MEXAYHApOAHOW HKOJIOTMYECKOM cepTHU(pHUKaLUU IO
cranfapty Aquaculture Stewardship Council (ASC), a Takxe mo HopBexxckoMy cTaHAapTy OLIEHKU
BJIUSIHUSL MapUKYJIbTYPhl BhIpallMBaHUs Jococel Ha BojaHyto cpeny (Modelling — Ongrowing Fish
Farms — Monitoring, MOM).

ASC 6511 ocHoBaH B 2010 rogy BeemupnubiM ponaom aukoit npupoast (WWF) u T'omnanackoi
MHUIMATUBON No ycroiumBoi Topromie (Sustainable Trade Initiative, IDH) u ¢ tex mop Bener
CBOI0O paboTy B 00sacTu pa3pabOTKH HamboJiee HKOJIOTHYECKU-TIPUEMIIEMBIX MEXaHU3MOB
DKOJIOTMUECKH YCTOMYMBOIO CYHIECTBOBAHMS aKBaKyJbTYpHbIX Xo3siiicTB. (CornlacHo €ro
MPUHIIMIIAM, «AKBaKyJIbTypa WIPaeT BaXHYIO pOJIb B OOECIIEYEHHH YeJIOBEYECTBA MPOAYKTAMU
NUTAHUS M COLMAIBHBIMU OJlaraMy, MUHUMH3UPYsS HETaTHBHOE BO3/ICHCTBHE Ha OKPYXKAIOIIYIO
cpeny». Muccus ASC — «mpeoOpa3oBaTh akKBaKyJlIbTypy B HaNpaBICHUU HSKOJOTHUYECKOU
YCTOMYMBOCTH U COIMAJIBHONH OTBETCTBEHHOCTH C HCHOJIb30BaHHEM 3(P(GEKTUBHBIX PHIHOYHBIX
MEXaHNU3MOB, KOTOpBIE BIIMSIOT Ha CTOMMOCTh MO Bceil menoudke». ASC sBIeTCS NPUMEPOM
yIIpaBJIEHUs] C Y4acCTHEM MHOTHX 3aMHTEPECOBAHHBIX CTOPOH M IMOJHOMpaBHBIM uieHoM ISEAL
Alliance, ycTaHaBiIMBarOIIEro CcTaHAapThl YycToWuuBoro pas3Butus. Crangaptel ASC cramu
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pEe3yNbTaTOM [HAJOrOB [0 AaKBaKyJIbType, WHULUUMUPOBAHHBIX MOOHIOM IHUKOW HPUPOABI H
IIPOBOAMBIIMXCS B TEUYEHUE jAecATd JieT. B Hux mpussuin ywactue oxono 2000 yuensix, HIIO,
NPEJCTaBUTENICH OTpPaciii M JAPYTHX 3aWHTEPECOBAHHBIX CTOPOH ((hepMepoB, MepepadOTUUKOB,
PO3HUYHBIX TOPTOBLIEB U TOCYaPCTBEHHBIX YUPEKICHUN).

B cBs3u ¢ aKkTUBHBIM pa3BUTHEM pBIOOBOACTBa B EBpome BO3HUKIA HEOOXOIUMOCTH B
pa3paboTKe cTaHzapTa [Uisl OLUEHKHM BIUSHUS MapuUKYJIbTYpbl Ha BOAHYIO cpeny. Ha ocHoBe
KpuTepHueB KadecTBa INpuOpexHbIX BoJ B 1997 r. B HopBerun ObuUT MOATOTOBIEH HAMOHAIbHBIN
CTaHAApT JJIS MOHUTOPHUHTa PBIOHBIX ¢epM, Oasupyromuiics Ha cucteme MOM. Hrorom
pa3paboOTOK HOPBEKCKUX HCCIENOBATENEeH CTajla Cepusi MOJeled, PYKOBOASIIUX MPUHIIMIIOB,
MIPOLIECCOB MOHUTOPWHIA W CTaHAApPTOB KauyecTBa OKPYXKAloIIeW cpenbl, OPUEHTUPOBAHHBIX Ha
BEIpAlMBaHUE JIOCOCEH B XOIOAHOBOAHBIX ycnoBusix (Hansen et al., 2001).

B pamkax nporpammbel MoHuTOprHra MOM uH3ydaetcss BO3IEMCTBUE OPraHUYECKUX OTXOIO0B
MOPCKHUX DPbIOOBOIYECKUX X03sicTB. OHA COCTOMT M3 TPEeX THUIIOB HCCIICAOBAHHS BO3pacTaromien
CIIOKHOCTH M TOYHOCTH: A-uccredosanue, B-uccredosanue n C-uccredosanue. Bce Tpu sTama
JOJDKHBI TPOM3BOJUTHCA C YacTOTOW, MNPONOPILUOHAIBHOW CTENEHM BO3AECHCTBUS CAJKOB Ha
OKPY>KAIOIIYIO CPELy.

A-uccnedosanue — TIPOCTOE H3MEPEHUE CKOPOCTH OCAXJIEHUS KOpMa M IPOJIYKTOB
MeTabonr3Ma MoJ| CaIkaMH, KOTOPOE MO3BOJISIET MOJIYYUTh OMEPATUBHYIO HH(OPMALIHUIO O HArpy3Ke
nox cerkamMu. CKOpPOCTh OCEaHUsl 3aBUCUT OT KOJMYECTBA OPraHMYECKHUX TBEPHbIX OTXOJOB,
aTakke OT TEUEeHUH M TIOyOMHBI U MOXKET 3HAYUTENBHO BapbUpOBaTh B 3aBUCHMOCTH OT
CTpaTeruu KOPMJICHUS.

CKOpoCTh OCaKIEHUSI U3MEpSIeTCs MyTeM pa3BepThIBAHUS JBYX CEIUMEHTAIIMOHHBIX JOBYILIEK
Ha BbICOTE 2 M HaJ THOM Ha nepudepuu cajkoB, B KOTOPBIX COAEPKUTCS HAMOOJIbIIIEE KOJIUYECTBO
pBIOBI U TMOCTymaeT HamOombliee KonuyecTBo kopma. Cuctema MOM mpenmonaraer, 4ro A-
uccreodosanue IPOU3BOIUTCS CAMUM PhIOOBOIOM.

B-uccnedosanue — uccnejoBaHue JOHHBIX OTJIOKEHUM, MOHUTOPUHT TEHICHIIUN UX COCTOSHUS.
B 3TOT »Tam BXOAUT MOHUTOPUHI TpPEX IPyHN HapaMeTpoB: MaKpOOEHTOC, T'MIAPOXUMHYECKHE
IIOKa3aTeIn U OpraHojienTHYecKue napamerpsl. [lo pesynpTaTam M3MepeHUI Ka)KJOW TPYIIbI Ha
CTaHLIMSIX JaeTcs OajibHas OILIEHKAa, KOTOpas 3aTeM YCpEOHSeTCsl M el MpPHCYXKIaeTcs OJHAa W3
YEeTBIPEX KaTErOpHui, XapaKTEpPU3YIOIIMUX CTENEHb BIMSHHUS CaJKOBOIO XO3sMCTBA Ha BOJOEM.
Uewm BbIIIEe KAaTErOpusi, TEM 3HAYUTEIbHEE BO3IEHCTBUE (DEPMBI.

C-uccnedosaniue — KOMIUIEKCHOE UCCIIEIOBAHUE CTPYKTYPBI COOOIIECTBA JOHHOM Makpo(dayHBbI.
MOHMTOPUHT 3KOJIOTMYECKOTO COCTOSIHUS HEOoOXOoIuM Juisl JIIOObIX BOJOEMOB, YYUTBIBAs
0COOEHHOCTH OaTUMETPUU BOJOOOMEHAa M THAPOXMMHYECKOIO peXHMa. IJTO HCCIel0BaHHE
MPEACTABISIET CO0OM M3ydyeHHUE CTPYKTYphl cooOiiecTBa O€HTOCa BOJOJIA3HBIM  METOIOM
(Hansen et al, 2001).

Pe3yabTaThl H 00cyxKI1eHUE

B cootBerctBumn ¢ xonuenuueir ASC, chepa mpumenenust Crangapra ceprudukanuu ASC
OXBAaThIBACT KJIFOUEBHIE HETATUBHBIE 3KOJOTMYECKHE M COLUAIbHBIE IIOCIEACTBUS, CBS3aHHBIC
C OTpaciibl0 akBakyJdbTypbl. ASC sBisSieTCS HE3aBUCUMOMW HEKOMMEPYECKOW M MapKHUPOBOYHOMH
OpraHu3aiyei, IpoBOIAIIEH CePpTUPHUKAINIO 110 BEIPALIMBAHUIO MOPEIPOIYKTOB IIPH 00eCIeUeHUH
YCTOMYMBOM B HSKOJIOTMUECKOM IUIaHE aKBaKyJIbTyphl. B HacTosiee Bpemsi cepTUdHKAIUs IO
crangaptam ASC npoBoauTcs Uit 17 GHOIOrMUYECKUX TPYII BHIOB THAPOOMOHTOB aKBaKyJIbTYpHI:
Mopckoe ymko (ceM. Haliotidae'), nBycTBOpUaThie MOTIOCKH (MOJITIOCKH, MUK (ceM. Mytilus)),

! JlaTuHcKMe Ha3BaHWs CEMEWCTB MpHMBOAATCAS 10 paboram: «Mopckas akBakynbTypa» (MouceeB u ap., 1985),
«IIATHSI3BIYHBIA  CJIOBaph Ha3BaHWUU JKUBOTHBIX. PriOB» (PemernmkoB u ap., 1989), «CocrossHue MHPOBOTO
PBIOOJIOBCTBA M aKBAKYIBTYPHI ...» (2022).
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yctpunbl (ceM. Crassostrea), tpedemku (ceM. Pectinidae), kambana (ceM. Pleuronectidae),
npecHoBoHAs (hopenb, 1ocock (cem. Salmonidae), manracuyc (cem. Pangasius), MOpCKOH OKyHB
(ceMm. Scorpaenidae), Topobub (cem. Sciaenidae), makenpa (cepuona; cem. Oligoplites), xobus
(cem. Rachycentron), kpeBetku (cem. Caridea), tanamus (cem. Tilapia). Taxke cCyliecTByer
COBMECTHBIN CTaHIApT JUIst MOPCKUX Bojopocieid. Ceprudukanus no crangapty ASC npunsTa Bo
MHOTHX CTpaHax, Takux kak ABctpus, benwrusa, Kanana, Yexus, anus, Ounnsaaus, Opanuus,
I'epmanusi, Uramus, Benrpus, JliokcemOypr, Hunepnamnei, Hopserusi, CnoBenus, Mcmanws,
[Berus, HBeinapust u Benukodbpuranusi.

OCHOBHOW CMBICIT CepTH(HKAINU aKBaKyJAbTYpbl MO cranaapTy ASC 3akiroudaeTcs B TOM,
YTO BCEM Yy4YaCTHUKaM OTPACIM TapaHTUPYETCs, 4TO cepTU(UIMPOBAHHAs OpraHU3allus CTPOro
NPUAEPKUBAECTCA  NPAKTUK, MHUHUMH3UPYIOLUIMX BO3JECHCTBUE HAa OKPYXKAIOUIYI0  Cpeny,
Y UCTIOJIb3YeT JIYYIIME COIUAIbHO-OTBETCTBEHHBIE METOJbl  YCTOMYMBOIO IPOU3BOJCTBA
MOPEIPOIYKTOB.

Crannaptel ASC 0XBaThIBAIOT CEAYIOLINE TPUHIUIIBL:

1. cooTBeTCTBUE MpEANpUATUS HOPMATUBHO-NIPAaBOBOM 0a3ze rocynapcrtBa (peruoHa),
B KOTOPOM OCYIIECTBIISIETCS JESATEIbHOCTD;

2. COXpaHEHHE €CTECTBEHHOH cpellbl 0OUTaHMsI U Pa3HOOOpa3us BUIOB;

3. coxpaHEHHE BOJHBIX PECYPCOB U MUHUMU3AIUS BO3ACHCTBUS;

4. coxpaHeHHe pa3zHOOOpa3usi BUJOB M JAUKHUX MOMYJSALUI pbIO (Harpumep, NIpeJoTBpalleHue
yTe4eK, NOTEHIIUAIbHO OMACHBIX Ui JUKOH PBIOBI);

5. OTBETCTBEHHOE UCII0JIb30BAaHUE KOPMOB U JPYTUX PECYPCOB;

6. 3M0pOBbE KUBOTHBIX (HCKIIOYash HEOMPABJAHHOE HCIOJb30BAHHE AHTHUOMOTUKOB H
XUMHUYECKUX BEIIECTB);

7. couuanbHas OTBETCTBEHHOCTb (HAmpuMep, MPEAOTBPAILlEHUE HCIOIb30BAHMS JIE€TCKOTO
TpyAa, OXpaHa 3/I0pOBbs M TPyZa paOOTHUKOB, CBO0O 1A cCOOpaHMiA, OOIIECTBEHHBIE OTHOILICHHS).

ASC mnpenocraBisieT NPOU3BOAUTEISIM AaKBaKyJIbTYpbl CTPOTYIO CXeMy cepTU(dUKAINU
MIPOM3BOJICTBA M TMPOJIYKLUHU, TApaHTUPYIOLIYI0 MOTPEOUTENSIM M TOCYAApCTBY, HAa TEPPUTOPHUHU
KOTOPOTO BENETCS JAEATeTbHOCTb, YTO MOPEMPOAYKTHI SBISIOTCS O€30MacHBIMHU MPOAYKTaMU
MUTAHUS, BBIPAIIIMBAIOTCS B 9KOJIOTHYECKH U COIMAIIBHO TOJIOKUTENBHBIX ycroBusx (ASC, 2022).

Ceptudukanus xo3sicTBa aKBaKyJIbTYpPhI, €CIIM Pa3HO0Opa3ue BHIPAIIMBAEMBIX BHIIOB BXOIHT
B niepedeHb 00beKTOB cepTrdukanuu ASC, NpoBOAUTCS B HECKOJIBKO 3TAOB CIEAYIOLINM 00pa3oM.

1. Iepsblii aTan ceprudukayn — HopMaTHBHO-IPaBOBOM.

[TpuHuMn: HE06XOAMMOE COOTBETCTBUE 3aKOHY U COOJIOJEHHE BCEX NMPUMEHUMBIX MPABOBBIX
U IODUIMYECKUX TpeOOBAaHUN ¥ HOPMATHUBHBIX aKTOB B COOTBETCTBUU C  PETHOHOM,
I'JI€ PacIookKeHO (pepMepCKOoe aKBaKyIbTYPHOE XO3SIHCTBO.

CormacHo 1.1, HEOOXOAMMO COOTBETCTBHE MPEANPUSATHS HOPMATHBHO-IIPABOBON 0aze
rocynapcrBa (peruoHa), B KOTOPOM OCYILECTBIseTCs jaedarenabHocTh. [Ipoucxomut cobop
JOKYMEHTOB Ha TMOATBEPKIACHHE COOTBETCTBHS BCEM IMPUMEHUMBIM MPABOBBHIM TPeOOBAHUSIM
U IpaBUJIaM, B KOTOPBIX OCYILECTBISETCS CEIbCKOXO3SHUCTBEHHAs! JEsTeNbHOCTh (Hampumep,
paspelieHus, JIMIEH3UH, CBUACTETHCTBA 00 apeH/ie U MpaBaxX Ha 3eMITIO H/HIIKM BOJOMOIB30BaHNUE).

[TpoBoauTCs MpoBepKa MPEANPUITHS IO HECKOJIBKUM KPUTEPHUSIM:

e (COop Komuil TOKYMEHTOB, MOATBEPKIAIOIIMX MPAaBO HCIOIb30BaHUS ydacTka Oepera wiu
aKBaTOpUH, 3aHUMaeMoro ¢epMol UIsi  COBETYIONEH  XO3SMCTBEHHOM  JESTEIbHOCTH.
Wcnonp3oBaHrue 3eMiIM HE JIOJDKHO MPOTUBOPEUYHMTH 3aKOHaM O 3€MJICNOJNb30BAaHUM U
BOJIOIOJIb30BAHUU CTPAHBI, B KOTOPOIl HAXOUTCS CEPTUDUIIUPYEMBII 0OBEKT;

e (COop TOKYMEHTOB Ha IPaBO apeH/Ibl U COOCTBEHHOCTH;

e AHanM3 Ha MpPeaMET COONIOACHUS HAIIMOHATHHBIX W MECTHBIX 3aKOHOB U IMPaBWJI (TOJBKO
B TOM CIy4ae, eCIH TaKue MPOBEPKH 10 3aKOHY TPEOYIOTCS B CTpaHE IKCILTyaTallnn);
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e 3ampammBaercs moApoOHas kapra ¢epmbl ¢ He MeHee deMm 4 koopamHatamu GPS
JUIS OIIPEJICIICHUS MECTOIONIOKEeHHE (DepMbl OTHOCUTENIFHO HAIIMOHAIBHBIX 3aIlI0BEHBIX 30H;

e Ecmu ¢depma pacnosnoxkeHa B mpeenax HallMOHAIBHON 3alIOBEIHOM 30HBI WM OXpaHsIeMOU
MOPCKOW 30HBI, 3alpalIiBalOTCS JIOKYMEHTHI, MOATBEP)KIAIOIINE, YTO JEATENbHOCTh (epMbl
COOTBETCTBYET TpeOOBaHUIM 3aKOHOIATEIbCTBA U IIPABUIIAM OXPAHSIEMON TEPPUTOPUH;

e Ecimu ywactok (¢epmbl He OTHOCUTCS K 30HE aKTUBHOTO OCaJKOHAKOIUJICHHS,
OCYILIECTBIISIETCS IPOBEPKA, UTO MOHUTOPUHT C ITOMOIIBIO BUAECO WU U300paKEHUI MOPCKOIO JTHA
MIPOBOAMIICS HE MO3/IHEE, UeM 3a 5 JIeT 10 ayAuTa.

2. Bropoii stan ceprudukanuu — DKOJIOTUICCKHUA.

[IpuHnMn: coxpaHeHuWe eCTeCTBEHHOM cpelbl OOWTaHHs, MECTHOTo OHopa3zHOOOpa3us,
CTPYKTYpHI U QyHKIMI dKkocucteM. CepTUhHUIIUpyeMOe XO3SIMCTBO JODKHO M30eraTh, YCTPaHSTh
WU CMATYaTh Jr000e HEOJaronmpusTHOE BO3JICHUCTBHE HAa Cpely OOMTaHUsA, OMOpa3HOOOpas3ue
Y DKOJIOTUYECKUE TIpOLECChl. B YacTHOCTH, paccMaTpUBAIOTCA W AHAIM3UPYIOTCS KIIHOYEBBIE
o0nacTv BO3ACHMCTBUS HA JOHHBIE OTJIOXKEHUS M OEHTOC, KayeCTBO BOJbI, B3aUMOACHCTBUS C
KPUTHYECKUMHU UJIM YyBCTBUTEJIHBIMU CpelaMyu OOUTaHUS U BUIaMU JUKOW MTPUPO/IBIL.

OnHOW W3 OCHOBHBIX OKOJIOTMUECKHUX YIPO3, CBSI3aHHBIX C aKBaKyJIbTypOH, SIBISETCA
MHTEHCUBHOCTh IIPOM3BOJCTBA U €€ BIUSHUE HAa SKOJIOIMUYECKHUE COOOIECTBA, KOTOPHIE HAXOIATCS
B HEMOCPEJICTBEHHOW OJIM30CTH OT CEIbCKOXO3UCTBEHHBIX paboT. [1ocKOIbKY THAPOOHOHTHI AJs
HYXKJl aKBaKyJIbTYpbl BBIPAIMBAIOTCS B JUHAMHUYHBIX YCJIOBHSX BOJHOW CpeIbl, BO3JCHCTBHE
CEJIbCKOTO XO35ICTBA HA HKOCHUCTEMY TPYIHO M3MEPUTH TaKUM 00pa3oM, YTOOBI €ro MOKHO ObLIO
MOCTIeIOBATEIBHO PUMEHSTH OT pepmbl Kk pepme. s pemenns stor mpodiaemsr ASC pazpaboran
MHOTOYPOBHEBBI TOJXOJl, OCHOBAHHBI Ha IMEPBOHAYAIBHON OLIEHKE PUCKOB C IMOCIEIYIOIINM
MOBBIIICHUEM YPOBHS MOHMTOPHUHIA B 3aBUCHUMOCTH OT KOHKPETHBIX YCJIOBHM MECTOOOMTAHMS.
Kpome Toro, mist mpoBepKU SKOJIOTMUYECKON yCTONYMBOCTH CYILIECTBYIOIIHE TPeOOBAHUS JTOKHBI
TaK)X€ YUUTHIBATh COBOKYITHOE BO3EHCTBHE HECKOJIBKUX (DepM, HAXOAIIMUXCS B OJJHOW MECTHOCTH
(B 0IHOM yuacTKe BojioeMa — 3aJIiBe, OyXTe UM B OJTHOM BOJIOEME).

Jlj1s coxpaHeHMs €CTECTBEHHOU Ccpeibl OOMTAaHUS aHAIM3UPYIOTCS CIIEAYIOIINE TOKA3aTEeH.

2.1. IIpoBouTCS MCCAENOBAHNE JOHHBIX OTJIOXKEHUI, MOHUTOPUHI TEHJEHIUI UX COCTOSHHS.
Ceprudunuporannsie ASC dhepmbl 003aHBI OTCIICKUBATH U3MEHEHUS B JJOHHBIX OTJIOKEHHUSIX O]
¢dbepmamu B cpaBHEHUHU C (POHOBBIMH (30Ha B JaHHOHM reorpaduyeckoil 006JacTu BHE BO3/EHCTBUS
(dbepMbl) yTeM OTCICKUBAHUS YPOBHS CYJb(PUIOB B OTIOKEHUSAX Yepe3 PEryJsipHbIE IPOMEKYTKI
BpPEMEHH, a 3aTE€M IOATBEPKIATh, YTO UX YPOBEHb OCTAETCS B YCTAHOBJICHHBIX IIpE/eax.

JlomycTMble KOHIICHTPAlIMK OOIIEro KOJIMYEeCTBAa «CBOOOIHBIX» CYIb(UIOB B JOHHBIX
omnoxeHusx (0-2cM OT MOBEPXHOCTU [JHA) IO CPAaBHEHHIO C KOHTPOJBHBIMH YYaCTKaMU:
HarpuMep, aHaJIU3 MPOBOJAUTCS COTIACHO cleayronum TpedoBanusam: pu < 1500 mxm Tpebyercs
MOHMUTOPHHI Kaxnaple 5 jyer, npu > 1500 Mxkm m < 3000 MKM — e€XerogHslii MOHHUTOPHHT,
pu > 3000 MM pepma He TOUIeKUT cepTudukanuu. MHpopmanus n1omkHa ObITh IPEIOCTaBICHA
C OJPOOHBIM OMUCAHHUEM HCHOJIb3yeMON cXeMbl 0TOOpa Mpod M pe3ysIbTaTOB OLEHKH OTIOXKEHUH.
B ciyuasix, korza ectecTBeHHbIN (POHOBBIN ypoBeHb Cyab(huaoB npesbimaeT 3000 MKM, €XKeroiHbIe
KOHLEHTPAallUl HE JOJDKHBI 3HAUUTEIBHO IPEBBINIATH YPOBHHM, MU3MEPEHHBIE HA KOHTPOJIBHBIX
y4acTKax, pacloJiO’KEHHBIX 3a MpeneiaamMu pepMbl B UccaenyeMoi reorpaduueckoil 30He.

2.2. [IpoBouTCs aHanM3 MEXAaHMUYECKOTO 3arpsA3HEHUs JOHHBIX OTJIOKEHHH moxa Qepmoit
U PSIOM C HEW W H3MEpPEHHE CKOPOCTH OCAXKJEHUS KOpMa U MPOAYKTOB MeTabojau3Ma Moj
depmamu. Eciin KOHIIEHTpALlMU TOHHBIX OCAJKOB I0/1 CEJIbCKOX03IHCTBEHHBIMU aKBAaKYJIbTYPHBIMU
coopykeHusimu He Bblme (p <0.05) KOHTPONBHBIX YYacTKOB, TOTAa MOHUTOPUHI JOJIKEH
IIPOBOAMTHCS KayKbIi TOJ.

2.3. IIpoBOIUTCS KOMIUIEKCHOE HCCIIEIOBaHUE CTPYKTYpPhI COOOIIECTB JOHHON MakpodayHbl U
OlLleHKa (DayHHCTHUYECKOT0 MHJEKCa OEHTOCHBIX COOOIIECTB, YKa3bIBAalOIlasi Ha XOpollee, CpeaHee
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WIM BBICOKOE SKOJIOIMUYECKOEe KauyeCcTBO OTJIOXKEHHH 3a mpeaenamu ¢gepM. OleHHBaEeTCS Takxke
KOJINYECTBO TAKCOHOB MakpodayHbl B OTIOKEHUAX B MPEJIEIaX aKBaTOPUH U JHA MOJT (epMOI.

DTO HCCIEe0BaHNE H3YYaeT CTPYKTYPY cooOmiecTBa OEHTOCAa BOJOJIA3HBIM METOJOM BJOJIb
TPaAHCEKTHI (OTMEpPEHHAsI Ha TEPPUTOPUH IKOCUCTEMBI y3Kasi MPSIMOYTOJIbHAS TIOJIOCA JIJISl U3YUYECHUS
pa3MelicHHsl BUIOB, YHUCJICHHOCTH, TPOCKTUBHOTO TIOKPBITHS, TMPOJYKTUBHOCTH | Jp.),
MPOXOANIeH OT pPhIOOBOAYECKOTO XO34iCTBa K pallOHaM OCaJKOHAKOIUICHMSI, T.€. MPOUCXOAUT
aHaJIN3 pacHpeAesieHUs OPraHMU3MOB I10 TPATUEHTY MpearojaraeMoro 3arpsisHeHus. beHtocHas
(dayHa 4yBCTBUTENbHA K OpraHumyeckoil Harpyske. lccienoBaHue CTPYKTypbl OEHTHUYECKUX
COOOIIECTB HIMPOKO HCIOIB30BAIIOCH ISl OLIEHKM BO3ACUCTBUS OPraHUYECKHX MOCTYIJICHUN
c ppiOHBIX ¢epm. [log cagxkamu BHONb TPAHCEKT MPOU3BOAUTCS OTOOp MpoO mpeacTaBUTENEH
OEHTOCHBIX COOOIIECTB. 3aTeM KBAIU(DUIMPOBAHHBIN THMAPOOHONIOT ONpeeisieT BHIOBOW COCTaB
opranu3moB B npo0ax. [1o pezynbraraMm paccUMTHIBAIOTCA UHIAEKCHI OMOIOTHYECKOT0 pa3Ho00pa3us
JTOHHBIX CcOOOIIECTB. VCronb3yloTesi MHIEKCH BHIOBOrO pasHooOpaszus lllennona m XynsOepra
(Shannon, Weaver, 1949).

2.4. IIpoBouTCs aHAIM3 KayecTBa BOJIBI B aKBAaTOPHH (DEPMBI M B 30HE €€ BIUSHUS:

e lccnenyroTcst Takue MOKa3aTenH, Kak KOJMYECTBO PACTBOPEHHOTO KUCIOponaa B Boxe, pH,
BIIK, comepxxanus N, NHa, NO3, obmee conepkanue P u (hochopHBIX cOeaMHEHUN, MPUBHOC
B3BEIICHHOTO OpPraHMYecKOro BeIllecTBA ¢ KopMaMmu (epmbl, 00Iiee KOJUYECTBO B3BEIICHHBIX
TBEPABIX BEHICCTB W MPOYHE IOKA3aTEIM, COBETYIOIIME HANMOHAIBHBIM WM PETHOHATBHBIM
L[EJIeBBIM TOKa3aTeNIIM KauecTBa MPUOPEk)HBIX BOI. [ depM, HE MMEIOMINUX HAIIMOHAIBHBIX WIH
PETHOHAIBHBIX IICJIEBBIX IIOKa3aTeliell KadecTBa MPHUOPEKHBIX BOJ, IMPOBOIUTCS MOHHTOPHHT
ypoBHEH a3oTa u Gochopa B CpaBHEHUH € STATIOHHBIMU ydacTKamu. Hampumep, I0coceBbIM BUIAM
JUIS YCTOMYMBOTO CYIIIECTBOBAHUS B Uj€aje HEOOXOIUM YPOBEHb PACTBOPEHHOTO KUCIOpoaa bomee
5 MI/n, XOTS OHH CHOCOOHBI JKUTh MpH O0Jiee HU3KMX KOHIEHTPAIMIX KHCIOPOAa, HO KOPOTKUH
MePHUOJ] BpEMEHU;

e AHanmu3upyercs OTHOIIEHHWE CKOPOCTHM OUYUCTKM K CKOPOCTH BOJOOOMEHa HCCIIeAyeMOi
aKBaTOPUHU BOJHOTO 00bekTa. PaccunThiBaeTCs TUIOIIaAb BIUSIHUSA (PEpMBI Ha OKPYKAIOIIYIO CPEY.
depma OMKHA COBETOBAThH CIEAYIONIEMY TpeOOBaHUIO — OOMIas IJIOMIAgh BCEX ITOAOOHBIX
aKBaKyJbTYPHBIX XO3SHCTB B aKBATOPUHU JAOJDKHA COCTaBIATH MeHee 10% orT oOmieil riomanu
aKBAaTOPHH BOJHOTO 00BEKTA, B KOTOPOM BENETCS NeATeNbHOCTh. [l ATOTO 3amparnmnBaeTcs Kapra,
Ha KOTOpOH TIOKa3aH BOJOEM U BCE MecTa pacnoiiokeHuss ¢epM (BKIouUas eIUHUILY
ceprudukanmm). PaccunteiBaeTcs MpoIeHT IIOIIAAN BOJHOTO 00bEKTa, 3aHUMaeMol epmMamu.

2.5. PaccMaTpuBaroTCsi OCHOBHBIE THAPOOMOIOTMYECKHE TIOKA3aTeNId BOJAHOM Cpebl:

e PaccunteiBaeTcsi cpeaHeronoBasi Ouomacca (GUTOIIAHKTOHA U TEPBUYHAS MPOTYKIIHS IS
BCETO BOJHOTO O0BEKTa. 3ampammuBaeTcs BCsi MHQopMaius o0 HCIOIb3yeMbIX METOJaX O0TOopa
po0o, a TAaKXKEe O MECTOIOJIOKEHUH U BPEMEHH KaXKJ0ro o0pasia;

e [IpoBoAWTCS MOHUTOPHUHT COMYTCTBYIOIIMX BHUAOB, HAXOISAIIUXCS TMOJA  YIpo30i
WCYC3HOBCHMSI WJIM BHECCHHBIX B KpacHyl0O KHHTY, ONPEICIICHHBIX  HAIMOHAIBHBIM
3aKOHOAATENTBCTBOM WM MEXIyHAapOIHBIM COI030M oxpaHbl npupoas! (International Union for
Conservation of Nature). [IpoBepsieTcst BO3aelCTBHE OT XO3SMCTBEHHOM ACATEIHLHOCTH (hepMbI Ha
cpeny ux obuTaHus, Juia 4ero mpepoctarisercs kapra (I'MC-daiinbl), mokas3piBaomias TpaHUIBI
(bepMBl  OTHOCHTETHPHO W3BECTHBIX apeajioB pACIpOCTPaHEHHs] HCYE3AOIIUX BHIOB U
KPUTHYECKHX MeCT OOMTaHHs B 3TOM paiione. Ecnu B pailioHe (hepMbl BBISIBICH BU, HAXOMSIIUNACS
OJT YTPO30i MCUYE3HOBEHHMS, MJIH KPACHOKHW)KHBIC BUJIBI, TIPOBOJHUTCS pa3paboTKa M yTBEPKICHHE
KOHKpETHBbIE MEp U JeWUCTBUH, KOTOpble NpeanpuHUMaeT QepMa isi MUHUMHU3ALUUA CBOETO
Bo3neiictBus. He nomyckaercss cymectBoBaHue (epmMbl B JIOOBIX  30HAaX  BBICOKOM
MPUPOJIOOXPAHHOW IIEHHOCTH, 0CO00 OXpaHSAEMBIX NPUPOAHBIX OOBEKTOB, 3allOBEIHUKOB,
3aKa3HHUKOB U T.I1.;
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e Ha ocnoBanuu nansbeix 10-1eTHEr0 mepruoaa 10 MOMEHTa CepTU(UKAIINY MTOATBEPKIACTCS,
YTO KYJIbTUBUPYEMBIM BHJ HE SBISAETCA HHTPOAYLIEHTOM, BpPEOUTEIEM WM NAaTOT€HOM MJis
aKBaTOPHUH, B KOTOPOM OH KYJbTUBUPYETCSI.

2.6. IIpoBonuTcst aHanNM3 ACSITENBHOCTH (EepMbl Ha MPEIMET COOTBETCTBUS PETHOHAIBHBIM
Y TOCYAQpCTBEHHBIM 3KOJIOTMYECKUM HOPMaM U MPOTrpaMMaM:

o [lpenocraBisieTcs TOKyMEHTAIHSI, KOTOPAst MOATBEPKAAET, YTO KYIJICHHBIC UM COOpPAHHBIE
JUKOPACTyIIUE MalbKU WM MOJIOAb KYJIbTUBUPYEMBIX THIPOOMOHTOB HE COOpaHbl U3
HEPETyJIUPYEMOr0 MCTOYHUKA C OTKPBITBIM JOCTYIIOM, a MMEIOT CEePTU(DHKAIUIO 1O MPUHSATHIM
B 3TOH CBS3M CTaHAAPTaM;

e CeprudunupoBannbie ASC depMmbl JTOMKHBI COONIONATH CTPOrHE TpeOOBaHUS Ui
MUHUMU3ALUN BCTIBIIICK 3a0oyeBanmii. MM He pa3peimiaeTcs UCIOJIb30BaTh BPEIHBIC TECTHIIUIBI.
Ecnn mcnonb3yroTcss XMMHUYECKHE BEUIECTBA, TO JOIYCKAKOTCS TOJIBKO TE€, KOTOPbIE HE HAHOCAT
Bpe/Ia MOPCKOM CpeJie U AUKUM BUIAM B HX €CTECTBEHHOU cpesie oouTanus. DepMbl TaKkKe TOJIKHBI
o0ecrieunBaTh JEHCTBUS MO MNpOQMIAKTUKE 3a00NeBaHU W HE HAHOCUTHh BpEI BHUAAM,
HaxOJSIIIUMCS TI0J] yTPO30U HCUE3HOBEHUS,

e [lpoBepsiercs HalIWyMe METOAMYECKOM JOKYMEHTAIIMM O BEACHUHM JCSATEIBHOCTH Ha
aHanu3upyemMon QepMe ¢ y4EeTOM HCIOJNB30BaHHS TMEPEIOBBIX METOAOB YIpPABICHUS IS
MPEIOTBPAICHUST W OOpPhOBI C BO3MOXHBIMU OOJIC3HSIMH W BPEIUTSISIMH  (IIapa3uTaMHM)
BBIPAIIMBAEMBIX BUJOB THIPOOHOHTOB, a TaKKe ISl MPEJOTBPAIICHUS UX MOMAJaHUsI C MOJOJIBIO
IpH 3acelieHHH (epMbl W/WIM TPH YCTAaHOBKE oOOpynoBaHms. Tarkke JOKyMEHTAIMs JOJDKHA
BKJIIOYATh CHHCOK BO3MOXKHBIX 3a00JIeBaHMI W Tapa3UTOB Ui KYJIbTHBHPYEMOIrO BHIA, B T.4.
KOHTPOJIb MEIUIIMHCKON OTYETHOCTH O CMEPTHOCTH BHYTPHU BBIPAIIMBAEMOM MOMYJISALINH, a TAKXKE
O MPUHATBHIX Ha KOHKPETHOH ¢epme Mepax ne3uH(eKuu o00pyAOBaHUS IEpesa MOrpyKeHUEeM
B BOIHBIA OOBEKT;

o Jlns 3acemsiemori Ha ceprudummpyeMoit Qepme MOIOIM  KYJIBTHBUPYEMOrO BHJA,
BBIPAIICHHOW Ha MCKYCCTBEHHBIX MHKYOAIIMOHHBIX YCTaHOBKaX, MPOBEPSIOTCS BCE MPEANPUHATHIC
MEpBI IS PEUICHUS TEHETHYECKUX MpoOJeM, Crenu(PUUHBIX ISl JAHHBIX KOHKPETHBIX BUOB
U reorpadu4eckoro peruoHa, B KOTOpOM JIaHHasi MOJIOIb OYJIET BHICAXKEHA;

o [lpenoctaBnsercs TexHU4Yeckas HHPopManus o000 BCeX XUMHUYECKHX BEIIECTBaX,
UCIIONB3YEMBIX Ha ¢epMe (MyTareHHbIC, KaHIIEPOTE€HHBIE WM TEPAaTOTCHHBIC TMECTUIIUIBI,
XMMHUYECKHE BEIIeCTBa, KOTOPHIE COXPAHSIIOTCS B BHJIE TOKCMHOB B MOPCKOM cpene Ha (epMme miu
Ha CEJIbCKOXO3SHUCTBEHHBIX J>KUBOTHBIX) M TOATBEPXKICHHE OO0 OTCYTCTBUU OMOAKKYMYIISIIIUH
UCIOJIb3YEMBIX XMMHUYECKUX BEIIECTB Ha epme;

e [IpenocraBnsercs CHUCOK BCEX CPEICTB OOPHOBI C XUIIHUKAMH WM BpPEAUTENSIMHU, B T.4.
ouonorndyeckux. CoMyTCTBYIOUIME BHU[BL, HCIONb3yeMble B ILEJIAX OOpbObI € BpEOUTENSIMU
BBIPAIIUBAEMBIX BUJOB, TaKXKe JOJKHBI OBITh MECTHBIMH BHJIAMHU JJISl TUKOWU CPEIbl, B KOTOPOM
pacniosioxkeHa dpepma. MHTpOIyIIEHTHI HCKITFOYAIOTCS;

e [lpenocraBmnsieTcss aHaIM3 KPACHOKHUKHBIX BHUJOB M PEKOMEHJAIMU TIO0 UX COXPaHEHUIO
B paMKax BO3MOKHBIX MOCIEICTBUN OT XO35MCTBEHHOU JIEATEIIbHOCTH;

e JloaTBepxaaeTcss MaKCHMaJIbHOE COKpAIEHHE OTXOJIOB B TPOW3BOJCTBE C OIHMCAHHEM
TEXHOJIOTUYECKOW CXEeMbl (Hampumep, paslieJeHHe OTXOJOB IMPOU3BOJCTBA, IOBTOPHOE
WCIIOB30BaHUE M TiepepadOTKa), ydacTHE€ B COOTBETCTBYIOIIMX TOCYAAPCTBEHHBIX MECTHBIX
mporpaMMax. B JaHHOW CBs3M TPENOCTaBISETCS ONMHUCaHWEe Hauboiee pacnpoCTpaHEHHBIX
MIPOM3BOJICTBEHHBIX OTXOJIOB C YKa3aHUEM TOTO, KaKHe U3 HUX NepepadaThIBAIOTCS;

e [lpemocTaBisieTcss OMUCAaHUE CXEMBbI YTHIIM3AIIMHA OMOJIOTMUYECKUX OTXOJOB MPOW3BOJICTBA,
aTaKke TIJIaH, B KOTOpPOM TMOAPOOHO OMHUcaHO, Kak QepMa obOecrneuynBaeT HaAIEKAIIYIO
YTHJIM3AIUI0 BCEX OTXOJOB, BKJIIOYAsh OTIEJCHUE M CETPEeramuio0 OMOJIOTHYECKUX OTXOJOB OT
HEOHMOJIOTMYECKHX
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e [lpenocraBnsieTcsi ONHCAHUE CHUCTEMbl HAJUICKALIETO XPAaHEHHWsS W/WIM  yJaJleHUs
XMMHMYECKHX OTXOJOB IIPOU3BOJCTBA, €CIIM TAKOBBIE UMEIOTCS;

e [IpenocraBnsdercs IUIaH MEPONPUITHH, HANPABICHHBIX HA IPENOTBPALLEHUS aBapUIHBIX
pa3aMBOB  XMMMUYECKHX OTXOJOB, O0Opa3ylolMxcs B pe3yJbTaTe CeIbCKOXO03HCTBEHHOU
NesTelNbHOCTU. B 1uiaHe A0JKHO OBITh yKa3aHO MPO(UIAKTHUECKOE TEXHMUYECKOe 00CITyKMBAaHUE
CYIIECTBYIOILIETO W JICHCTBYIOMIETO OOOPYAOBaHUS Uil TNPEIOTBPALICHUS Pa3IMBOB TOIUIMBA
U3 TPAHCIOPTHBIX CPE/ICTB, JIEOEI0K, KPAaHOB M MEXaHUYECKOI0 00OPYA0BaHUS Ha CYIIE U BOJE;

e [Ilym, cBer u 3anax, ucxonasuye ¢ Ghepmbl, T0JHKHbI ObITh CBEIEHBI K MUHUMYMY B pailoHax,
I/le OHM MOTYT OKa3bIBaTh HEraTUBHOE BO3/ICIICTBHUE;

e [IpenocTaBidroTcsi JOKYMEHTaJIbHbIE MOATBEPKICHHUS OYHUCTKM OEpEeroBOdl JUHUM WM
IUBDKEH OT NOTepsHHBIX 4YacTed o0opynoBaHus (Oyd, KaHAThl, 4acTU CETKH, CTPOUTEIIbHBIN
MaTepuai U Ip.) B 3aBUCHUMOCTH OT MECTHBIX T'MIpOJOrudeckux yciaosuil. IIpu sTom panee Bce
OCHOBHOE 000pynoBaHHE (GEpMbl JOKHO OBITh MAapKUPOBAaHO M WACHTU(GHUIMPOBAHO Kak
npuHamnexamee ¢epme. Kak MHHUMYM MapKUpOBaHHOE CHApsOKCHHE JOJDKHO BKIIOYATh
NOTIJIABKH, OyH, KJIIETKU, KaHAThl, CETU JJIs1 XUIIHUKOB U CTOUKH.

3. Oran ceprudukanyy — ColraabHbIN.

e [loaTBepkmeHne TOro, 4ro Ha QepMe CYIIECTBYET IMOJUTHKA B OOJIACTH pa3pelIeHUs
KOH(UIMKTOB, BO3HUKIINX B PE3yJIbTaTe HapyLUICHUsS UHTEPECOB MEXYy (HepMOil U MpHieralouuMu
XO3sMCTBAMH WM TOcelieHussMu. [IpemocraBnenue ¢epMoil KOHTAKTHOH WH(OPMAIUH IS
oOpalieHus 10 KOH(PIUKTHBIM BOIIPOCAM, KajJo0aM U IpeasIoKEeHHIM;

e OcymecTBisercs mpoBepka (hpepMbl Ha IPEIMET TOTr0, YTO €€ X034HCTBEHHAs J1eATeIbHOCTh
HE HapyllaeT NpaB KOPEHHBIX HAPOJIOB, €CIM TAKOBBIE UMEIOTCS B 30HE HHTEPECOB (PEPMBI;

e [loaTBepxneHue TOro, 4Yro Ha epMe UCKIIIOUEH NETCKUM TPYA, a MUHUMAJbHBIA BO3pPACT
IIOCTOSIHHBIX PaOOTHUKOB COCTaBisieT 15 yieT uiau Bele (B COOTBETCTBUU C HAIMOHAJIbHBIM
3aKOHOJATeIbCTBOM). [loTBEpKA€HUE CYIIECTBOBAHUS CUCTEMbl MOHUTOPUHIA pabouero BpeMeHu
U YCIIOBUH TpyJa, B YaCTHOCTH, TOr'O, YTO MOJIOJIble pabOTHUKHU B Bo3pacTe oT 15 no 18 ser He
UMEIOT KOH(IMKTOB MEXAy paboToit u yueboi; He TparaT Oosee 10 4acoB B JiIeHb Ha TPAHCIOPT,
yueby M paboTy; He BBINOJHSIOT oOmacHyl pabory. IloaTBep)kIaeHHE TOro, 4TO HCKIIOYEHA
JUCKPUMHHALINS paOOTHUKOB 10 JTI000MY MTPU3HAKY;

e [loaTBepxaeHue TOTO, 4TO OOy4YeHHE B OOJACTH OXPaHbI TPy/Aa M TEXHUKH O€30MaCHOCTH
JIOCTYIIHO JUIsl BCEX COTPYJIHUKOB 0€3 UCKIIOUYEHMUS, a TAKXKE TOr0, YTO JEeSTEIbHOCTh PYKOBOJICTBA
¢depMbl HampaBieHa Ha MHUHUMH3AIMIO ONAcHOCTEH/PUCKOB B paboueil cpene, BKIIOYas
OOLIEeIOCTYIIHYIO /ISl BCEX COTPYAHUKOB JIOKYMEHTALIUIO0, TEXHUYECKOE PYKOBOJCTBO U IMOJIUTUKY
10 MIPEJOTBPALLECHHUIO OMACHBIX CUTYaIMil Ha paboyeM MecTe U CBSA3aHHBIX C HUMHU PUCKOB.

[lo oOKOHUAaHMU TPOXOXKIAEHHUS MPOLUEAYPhl CEpTUPUKALUU HA MPOAYKIHI KOHKPETHOM
cepruduuupyemoit (pepmbl npucauBaercsi MapkupoBka ASC, yYTO rapaHTHpyeT MOKyNaTelsM
BBICOKOKAUECTBEHHbIE M 0€30MacHble MPOAYKTHl MHUTAaHUSA, a TaKXkKe MOATBEPXKIAeT, 4To ¢epma,
Ha KOTOPOW BBIpAIllEHA JaHHAas NPOAYKLMs, BBINOJHAET BCE MACUCTBHA JUIsI MHHMMM3ALUU
HEraTUBHOTO BO3JEHCTBUS HA OKPYKAIOIIYI0 Cpeay U HCIOJb3yeT JIydlllde COLMaJIbHO-
OTBETCTBEHHBIE METO/Ibl YCTOMUMBOTO NTPOU3BOICTBA MOPENPOAYKTOB. IIpu 3TOM BCe aynuTopckue
OTYeTHl M0 BceM cepTuduurpoBaHHbiM ASC ¢epMaM AOCTYNHBI [l O0IIECTBEHHOCTH 4epe3 BeO-
cait ASC (2022).

BriBoabI

B ycnoBusix pocra o0bemMa MpoOU3BOACTBA MPOIYKIMU aKBaKylbTypbl B Poccun oueBUIHBIM
[IarOM CTaHOBUTCS HEOOXOJUMOCTHh MPOBEACHHMS paboT 1O ONTHMM3ALMU HUMEIIUXci U
pa3paboTKaM HOBBIX TEXHOJOTHM U 3aKOHOJATENbHBIX MeEp, IO3BOJSIONIMX COKPAaTUTh U
pErlaMeHTHPOBATh BO3/IEMCTBUE aKBAKYJIBTYPHBIX XO35MCTB HA OKPY/KAIOIIYIO CPENY.
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PazButue ycToWuyMBON aKBaKyJIbTYpbl, OCHOBAaHHOE€ Ha 3HAHMIX O (QYHKIMOHUPOBAHUU
MOPCKHUX 9KOCHCTEM, MOXKET CTaTh (PyHIaMEHTOM JJIsl CO3/IaHUS] YCTOWYHBOTO C T€03KOJIOTHYECKON
TOYKM 3PEHUS HCIOJB30BAHUS BOJHBIX pPECypcoB. BpemeHHbIE Opranbl IUIAHHPOBAHUS, CIa00
pa3BUTBIE METOABl IUIAHUPOBAHMSA, MOHUTOPHMHIA M  KOHTPOJIA, OTCYTCTBYIOLIEE WM
(bparMeHTUPOBAHHOE HAIIMOHAIBHOE 3aKOHOJATEIbCTBO HA MAKpO- U MHKPOYPOBHSX CTaBST IOJ
yrpo3y nepcrnekTuBbl 3()()EKTHBHOrO YHOpPaBICHHUS AaKBaKyJIbTypOH C IEIbI0 peanu3aluu
YCTOMUMBOTO TMOAXOJa B YIPaBICHUU BOJHBIMU pecypcamu. D(PPEeKTHBHOE HCIOIb30BAaHHE
MOPCKHX IIPUPOJIHBIX PECYPCOB CETOIHS CTAHOBUTCS 3aTPYAHUTEIbHBIM.

MexayHaponHasi cucteMa cepTu(UKaluy MPOU3BOACTBA akBakyiabTypsl ASC cymiecTByer ¢
2010 r. 1 HA CErOMHANIHUN JIEHb SBISICTCS BEAYyIIEeH B MUpPE CepTUMUKAITMOHHOW MPOTPaMMOM IO
akBakyibType. MapkupoBka ASC Ha NpoJyKTaxX akBaKyJIbTYpbl MOATBEPKAAET, YTO XO3SIMCTBO
ClIeAyeT 3KOJOIMYECKOMY IPUHIUITY pa3BeAeHUs pblObl U MOpenpoaykToB. OCHOBHOE BHHUMAaHUE
yrensiercsi coxpaHeHuio cpensl obutanus. ASC OTCIEeXKHBAET MOPENPOIYKTHI OT (EpMBI 10
IpUJIaBKa, YTO JaeT BO3MOXKHOCTb IOKYNAaTeNsM ObIThb YBEPEHHBIMM B TOM, 4YTO MNPOLYKLHS
SIBJISIETCS] KAYECTBEHHON U DKOJIOTUYECKH YUCTOM.

3HAaKOMCTBO C MEXAYHApOIHBIM ONBITOM B c(hepe MOHUTOPUHIA U CEPTUPHUKALMU YCTONUNBOI
aKBaKyJIbTYphl SBISIETCA AKTYaJIbHBIM M HEOOXOJUMBIM Ui JAJIBHEHIIEro pa3BUTHS OTPACIH.
B nacrosimee Bpems (Ha Hauyasio 2023 r.) B P®D He cymecTByer HalMOHAJIbHOM CHCTEMBI
HKOJIOTUYECKON CepTUHUKAIMKM DPHIOHOW MPOAYKIIMM W XO3SIMCTB aKBaKyJIbTYpbl. B mpuHsTON
«Ctpareruu pa3BUTHs PbIOOXO3AHCTBEHHOr0 KomIuiekca Poccuiickoit denepanuu Ha nepuoa 10
2030 roga» (2019) xkoHcTaTupyeTcsi OTCYTCTBHE SKOJOIMYECKMX CTaHJIApToB B o0nacTu
pPBIOOBO/ICTBA, @ TAKXKe MOJITBEPXKAAETCs, YTO JAAHHBIM (akT BIMSET HA KOHKYPEHTOCIIOCOOHOCTb
pPOCCHUHCKOrO  pbpIOOXO3AHUCTBEHHOr0 KoMmIuiekca. OJHUM U3 HMHCTPYMEHTOB  IIOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH MOKET CTaThb pa3paloTKa W BHEIPEHHWE HALMOHAJIbHON CHCTEMBI
HKOJIOTUYECKON cepTUUKAIIMH PHIOHON U MHOW MPOIYKIIMH U3 BOJHBIX OMOJOTHYECKUX PECypCOB
U IPOAYKLIMH aKBAKYJIbTYPBI.

OTcyTcTBHME HAIMOHAJIBHOW CHUCTEMBbl MOHHUTOPHHIa U cepTU(UKAIMM XO3SHCTBEHHOU
JESTEIBHOCTH aKBaKyJbTypbl B POCCHMM NPUBOAUT K HaHECEHUIO HETMOIPABUMOIO YKOJIOTMYECKOTO
ymiepba okpyxkaromiet cpene. IlpoBeaeHHBI B JaHHOM paOOTe BCECTOPOHHUN aHAIU3
MEXYHAPOJAHOTO OMbITa CePTU(PUKALNU aKBAKYyJIbTYpHl, SBISETCS aKTyalbHbIM M MOXET CTaTh
HEOOXOIMMOM OCHOBOM, I JaJbHEHIIeH pa3pabOTKH HAIMOHAIBLHOTO POCCHICKOrO CTaHAapTa
cepTU(UKAIMU aKBAKYJIbTYPHBIX XO3SIHCTB.

Qunancuposanue. Pabota BbImonHeHa 1o TeMme locymapcTBeHHoro 3anaHus HMHcTuTyTa
BoaHbIX mpodseM PAH Ne FMWZ-2022-0002 «MccnenoBanusi re03KOJIOTHYECKUX IPOLIECCOB B
THJIPOJIOTHYECKUX CHCTEeMax CYyIIH, (OpMHUPOBAaHUS KauecTBa MOBEPXHOCTHBIX M MOA3EMHBIX BO/,
po0JieM yrnpaBieHUs! BOJAHBIMHU PECYpCaMU U BOJIOIOJIb30BaHUEM B YCIOBUSAX U3MEHEHHUH KiIMMaTa
Y aHTPOIIOTEHHBIX BO3IEHCTBUINY.
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INTERNATIONAL CERTIFICATION EXPERIENCE
IN THE SUSTAINABLE DEVELOPMENT OF AQUATIC CULTURE
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Recent trends in the development of aquatic culture suggest that marine aquaculture is one of the
foundations of the fishery in Russia. Here, the scale of fish production and trade is increasing.
Like any other human activity that takes place in natural waters, industrial aquaculture has an impact
on the surrounding environment, especially coastal waters. Possible certification of aquaculture is an
effective tool to minimize any negative effects on the environment, as well as increase the trust of
potential consumers. In the future, the existence of spontaneous aquaculture without any
environmental certification of production may seriously limit the development of this industry in
Russia. In this regard, the analysis of international experience in the field of aquaculture farms
certification of Aquaculture Stewardship Council is relevant for Russia as well and can help with
updating and developing the existing regulatory framework.
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B cratne MIpoaHaJIM3UPOBAHbI PAHHUEC CTaOAWN BOCCTaHOBUTEIBHON HHpOFeHHOﬁ CYKIOECCHU Ha rapu
B MIMXTOBOM C KEAPOM Jiecy. Y4YacTOK WCCIEIOBAaHUS TUIMYEH ISl CPEJHETrOphsS CEBEPHOIO
MakpockiioHa Xamap-J/labaHa; mokap UMEEeT eCTeCTBEHHOE MPHUPOTHOE MpoucxoxaeHue. OTMedeHbl
MMPOTeHHBIE U3MEHEHNS BO (PIIOPUCTHYECKOM COCTaBE, a TaKXKe B CTPYKTYpE JIECHOTO (PUTOIEHO3A.
3aduKCUPOBAHO YIIPOIIEHUE SPYCHOCTH, YMEHBIICHHWE OOIEro YHCia BUIOB M Pa3HOOOpasms
OKOJIOTO-UCHOTHYCCKUX TPYIII paCTeHI/Iﬁ Ha Yy4YaCTKC rapm B ICEPBBIC I'OAbI ITOCIC IMPOXOXKIACHUSA
noxkapa. [IpoBegeHO cpaBHEHHE TMOCIENOXKAPHOTO PACTUTENHFHOIO COOOIIECTBA C HEHapYyIIEHHBIM
necoM. OLIEHEHO y4acTHe PEIKUX U OXpaHseMbIX BUAOB PACTEHUIN Ha rapH.

VY CTaHOBIICHO, YTO JIECHBIE MOXKAphl B NMXTOBBIX JIECax IPUBOIAT K IIONHOW THMOEIM APEBOCTOEB
U 3aIlyCKal0T BOCCTAHOBHUTENIBHYIO MUPOTEHHYIO CYKILIECCHUIO, KOTOPAsi B JaHHBIX YCIOBUSAX IPOXOIUT
CO CMEHOH IOpOj Ha BTOPHYHBIC MEIKOINCTBEHHBIE. B mepBbIe roapl mocie noxapa Kodddumuent
CXOzcTBa (pIIOPUCTUYECKOTO cocTaBa (PUTOIEHO3a Tapu M HEHapyLIeHHOro jieca He mpesbimaer 0.5;
TAKXKE MEHSETCsl CHEKTP 3KOJIOrO-LIEHOTMYECKUX TpYyIMI, BO BCE OBl JOMUHUpYeT TIpynma Br
(TaexHOE MeENKOTpaBbe). IIpu 3TOM Ha rapu BCTpedaroTCs BHUABl PACTEHUN, HE OTMEUEHHbIE B
KOPEHHOM JIeCy, a OOWJINME OTHENbHBIX PENKUX BUAOB yBenuuuBaercs. CTpyKTypa pacTUTEIbHOTO
cOO0IIeCTBAa Tapy YIPOILACTCSl: YMEHBILIAETCS YHCIO SIPYCOB M HMX COMKHYTOCTh / IPOEKTHUBHOE
MOKpBITHE. B Teuenue 5 et mociie noxxapa TpaBsiHO-KYCTaPHUYKOBBIN SIPyC BOCCTAHABJIMBAET 00LIee
MIPOCKTUBHOE IIOKPBITHE, XapaKTepHOe U1 ()OHOBOI'O HEHAPYIIEHHOTO Jeca; KyCTapHUKU PE3KO
YBEJIMYMBAIOT COMKHYTOCTh 33 CUET MAJIMHBI, a IPEBECHBIM SIPYC B BUAE IMOAPOCTa U MOXOBOU sIpycC
JIMILIb HAYMHAIOT CBOE BOCCTAHOBIICHHE.

OnHOKpaTHOE MOXKapHOE HapyLIeHNEe TEMHOXBOMHOIO jeca MPU OTHOCUTENBHO HEOONBIION MIomann
rapu HE BBI3bIBACT HEOOPAaTHUMOH aerpazaiumu (urtomeHo3a. TaeXHbIE 3KOCHCTEMBI COXPAHSIOT
MOTEHLIMAaJl BOCCTAHOBJICHUS, JOCTATOUHBIN AJIS1 YCTICIIHOTO MIPOXOXKIEHNS CYKLIECCUU.

Kuroueguvie cnosa: Xamap-J/labaH, necHple TIOXKapbl, MUKXTOBBIE Jieca, TUPOT€HHBIE CYKIIECCHH JIECHOMH
PacTUTENBHOCTH, PEIKUE BUIBI, FKOIOT0-IIEHOTUYECKUE IPYIIIbI BUJIOB.

DOI: 10.24412/2542-2006-2023-2-88-112
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JlecHble TOXapbl — BaXHEHIIMN Jecoobpasyromuii (QakTop, MOCKOIbKY OHHU SBISIOTCS
OCHOBHOM MPUYMHON MPUPOJHBIX CYKIIECCHOHHBIX IIPOLIECCOB B TAa€XKHBIX HKOCUCTEMAX
(McaxoB u np., 1986; Bonokutuna, Codpponos, 2011). BeneacTBue JiecHBIX MOKapOB CYIIECTBEHHO
peoOpa3yroTcs PaCTUTEIHHOCTh U IOUYBEHHBIN MOKPOB. Takke Ha y4acTKaX CKJIOHOB, TPOHICHHBIX
MO’KapoM, OOHa)KaeTcs MOBEPXHOCTh MOYBHI U CyOCTparTa, BCIEICTBHE YEro MOXKET CYIIECTBEHHO
yeunuthesi dpo3ust ([opmikos, 1982). [lo cBoemMy BO3HUKHOBEHHIO IMOXAapbl MOTYT OBITh Kak
MIPUPOJTHBIMU, TaK ¥ QHTPOTIOTCHHBIMU, MPUYEM MX YacTOTa U PACIPOCTPAHEHHOCThH B MOCIIEIHHE
roJsl BO3pAacTalOT BBHUJY KOCBeHHOro Bo3zeiictBus uenoBeka (Chuvieco at al, 2008;
Pausas, Keeley, 2009; Girardin et al., 2010).
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Baiikanbckuii 3anoBenHuk HaxomutTcss B HOxxunom [lpubaiikanbe W 3aHMMAET ILEHTPATLHYIO
qacTb TOpHOTO xpeOra Xamap-/laban. bonpmias YacTh €ro IUIOMIAMM OTHOCHUTCS K
MaJIOHapYyIICHHBIM JIECHBIM TeppuTopusiM (AkceHoB u np., 2003; Potapov et al., 2021). Takxe 3ta
TEPPUTOPUS BXOAMUT B LEHTPAJIbHYIO 3KOJOTMYECKYIO0 30HY o3epa baiikanm B cocraBe oOBbeKTa
BceMupHoro npupoanoro Hacieauss FOHECKO «Ozepo baiikan» (UNESCO ..., 2022). JlecHble
MoKapbl UMEIOT 3/IeCh €CTECTBEHHOE MPOUCXOKICHUE, UTO TAKKE OTMEUACTCS M B JPYIHX TOPHBIX
perunonax rora Cubupu (Banenmux, MBanosa, 2001; Npanos, MBanosa, 2010). Bonpmas yacte
M0KapoB B 3alOBEAHUKE MPOUCXOJUT BCIIECJACTBUE BO3TOPAHUM OT pa3psiioB MOJHHUHN MpHU T'po3e,
HO 1oI00HOe TpoucxoauT He Kaxnaeld ron ([amoa, 20176). Ananu3 (akTudeckoil TOpUMOCTH
necoB IOxnoro IIpubaiikanbs (Codponos u np., 2008) mokazan, 4To Ha TEpPUTOPUHU baliKkaibCKOTO
3aroBeJHIKAa OHA MUHUMAaJIbHA I TAaHHOTO pernoHa. KopeHHble TEMHOXBOWHBIE JieCa CEBEPHOTO
MakpockiioHa Xamap-JlabaHa MajmOoyCTOWYHMBBI K OTHIO; KEAp U THUXTa OTIMYAIOTCS BBICOKOM
YyBCTBUTEIBHOCTHIO K OTHEBBIM TOBPEXKJICHUSIM KaK MPU BEPXOBBIX (MOBPEXKICHUE KPOHBI), TaK
Y TIPU HU30BBIX (MMOBPEXKJACHHUE CTBOJIA, B T.4. IPUKOPHEBOM IIECHUKH ).

B necHbIx coolmiecTBax, HapylIEHHBIX MMOXapaMM, 3alyCKAaIOTCs MPOLIECCHl €CTECTBEHHOIO
BOCCTAHOBJIEHHUsI — THpOreHHble cykreccuu (MenexoB, 1947). Hx oOmas JIUTETbHOCTh U
HarpaBJieHHe, a TAK)KE TEMIbl U CTaJIMA BO30OHOBJICHUS 3aBUCAT OT psjna (aKTOPOB: HCXOIHOTO
THTA JIeca W TIOJIOKEHHUS (PUTOIEHO3a B CHCTEME BBICOTHOUM TOSICHOCTH, CTETICHH MOBPEKICHUS
PacTUTENHLHOTO COOOIIECTBA, KPYTU3HBI CKIIOHA U yBIaKHEeHUs 6uoTtomna. B ycnoBusax [Ipubaiikanbs
BBIJIETIEHBI ClIeyIOLUe, Hanbosee oOIIMe CTaJuu MUPOTreHHOW CyKIeccuu: 10 1 roga — «uepHas
rapp» 0e3 TpaBsHOTO TOKpoBa, OoT 1 mo 3-5 mer — tpaBsiHas ctamus, o 20-25 mer — cragus
KYCTapHUKOB U MEJIKOTO JIPEBECHOTO MOJIPOCTA IO CMBIKaHUSA KPOH, A0 40 JeT — XBOWHBIN KEPAHSIK
WM BTOPUYHBIA MEJKOJUCTBEHHbIA Jiec; A0 60 JeT — CcpeaHeBO3pacTHBIA XBOWHBINM WM
MEJIKOJIMCTBEHHBIN C MOJIPOCTOM XBOMHBIX mopof Jiec, 10 80-100 et — npucneBaromuii XBOWHBIN
HJIM MEJKOJIMCTBEHHO-XBOWHBIN Jiec, cBhime 100-120 mer — cmenblii XBOMHBINA JIeC, BO3MOKHO,
C IpuMechI0 UCTBeHHBIX TopoA (I"amoBa, 2014, 2017a). ITpu npubmmwkennun xk Bozpacty 120-150
JIeT Toclie MoKapa B OTCYTCTBHE IOBTOPHBIX HAapyIIEHUH cooOmiecTBa MPUXOIAT K COCTOSIHHIO
YCIIOBHO-KOPEHHBIX  JIecOB. B Xoae  MOCHenoKapHOro  BO30OHOBJIGHUS — M3MEHSETCS
(bIOPUCTHUECKUN COCTaB U CTPYKTypa (UTOLIEHO30B. 3HAUUTENbHbIE M3MEHEHHs INpEeTepIieBacT
nouyBeHHbIN TOKpoB (Certini, 2014). Cpenu BakKHBIX TOCICACTBUNA HY)KHO OTMETUTh M3MECHECHHE
TaKUX XUMHYECKUX, (PU3NUECKUX U (PU3UKO-XUMHUUECKUX CBOMCTB MOYB, KaK COJEpKaHUE U COCTAB
OpraHMYECKOTo BEIIeCTBa, BeJIMYMHA Nokazatens pH, conepaHue M JOCTYIMHOCTh OMOTE€HHBIX
2JIEMEHTOB, a TaKXke yckopeHHas sposus mouB (Kpacnomexos, 2004, 2007, 2018; Effects of
Fire ..., 2005; Thomaz et al., 2014).

W3ydyeHne  mOCHENOXKapHOrO  BO30OOHOBJICHHS  JIECOB B €CTECTBEHHBIX  YCIIOBHUAX
MaJOHAPYIICHHBIX TEPPUTOPUNA HCKIIOYUTENHFHO BAaXXHO M TOHMMaHUsA OCOOEHHOCTEH
MIPUPOIHBIX CYKIIECCHOHHBIX MPOIIECCOB U MPOTHO3UPOBAHUS AMHAMHUKHU HApPYIIEHHBIX MOXKapaMu
PaCTUTETBHBIX COOOIIECTB.

O0BbeKThI U MATEPHUAJIbI HCCJIEIOBAHUS
dusuko-reorpaguyeckoe onucaHue 00beKTa UCCIeI0BAHUS

B roxHoit uyactm Boctounoit Cubupu pacnpocTpaHeH pPe3KOKOHTHHEHTAIbHBIM KIMMaT
yMepeHHoro nosica (MakyHuHa, 1985), oqHako ceBepHbIF MakpockioH Xamap-JlabaHa oTHOCAT K
YMEPEHHO-KOHTUHEHTAIBHOMY KJIMMAaTy BCIIEICTBHE OTEIUIAIOLIETO BO3JEUCTBHUA O3epa baikai.
Xpeber otHocAT k Xamap-/laGaHCKOW TOPHO-TOJIBIIOBO-TAEKHOM KIMMAaTHUECKOW NPOBUHIIUH
(Kaprymmn, 1969). KnuMar ceBepHOro MakpoCKIOHa B IeHTpaJbHOH dYacTu Xamap-ZlabGana
oTHOCcHUTENIbHO MSAroK Juist FOxHo#t Cubupu. CpenHerooBble TeMIepaTypbl BapbHPYIOT 3/1€Ch OT
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Munyc 0.3°C na mereocraniuu «Tanxoit» (460 m H.y.M. BC) no munyc 3.4°C Ha mMeTeocTaHIIMH
«Xamap-/laban» (1420 m H.y.M. BC); cpenHue temneparypsl SHBaps COCTABISIOT COOTBETCTBEHHO
Munyc 17°C u munyc 17.9°C, a uronga — 14°C u 12.7°C. Ha uccnenyeMbIX BbICOTaxX BbINIaJacT
npumepHo 1100 MM ocaixoB B roJ; B TEIJIOE BPEMs IoJla UX MAKCUMYM HPUXOJUTCS HA HIOJb.
MOIIIHOCTh CHEXKHOTO MOKpOBa cocTaBiseT okono 1.5-2 M. U romoBas cymma 0cajikoB, U BbICOTA
CHE)KHOTO TIOKpoBa B 9Tod yacth Xamap-Jlabana wakcumanbuel s [lpubaiikanbs
(JIape#ukoB u np., 1977).

BaxHO OTMETUTBH, YTO B CBSI3M C TUIMYHOW JUISI 3TOW TEPPUTOPHUM 3aTSKHOW U JOBOJIBHO
TEIUIOW OCEHbIO, a TaKK€ C OOWJIMEM OCaJKOB M MOIIHOCTHbIO CHEKHOI'O IOKPOBAa IOYBHI Ha
CEBEPHOM MAaKpOCKJIOHe 3adacTyto He mpomep3atorT ([Ipenbaiikanbe u 3alaiikanbe, 1965).
TastHUe CHEKHOTO MOKPOBa PAaCTAHYTO J0 MO3JHEN BECHBI, YTO CHIKAET PUCK Pa3BUTHUS MOXKApOB
B OTHOCHUTEJIBHO 0€3/10°KIHbIN Tiepuo B anpene u Mae (Kaprymmn, 1969).

Cpenneroppre xpebta Xamap-/laban B ero I[EHTPaJbHOW YacTH OTIUYACTCS PE3KO
nepeceueHHbIM  penbedom  (Bockpecenckumii, 1962; Bockpecenckuit, Tpomkuna, 1971).
I'yctoTa peunoii cetn coctapisieT 0.28 kM Ha 1 kM? pu ydeTe BOJOTOKOB JJIMHOMN cBbimIe 10 KM;
JIOTIOJTHUTEIBHO JTOT MapaMeTp BO3pacTaeT 3a CuUeT MHOTOYHUCIEHHBIX pPYy4YbeB MEHbIIeH
npotsokeHHocTH (ITpoekt ..., 1981). VYka3zaHHble OCOOEHHOCTHM CHOCOOCTBYIOT MOJAJEPKAHUIO
oOmieil BIaXKHOCTH TEPPUTOPUU HA 3HAUMTEIHLHOM YPOBHE, a KPOME TOTO, CIIy’aT €CTECTBEHHOU
MIperpaioi pacpoCTPaHEHUIO YK€ BO3HUKILINX M0KapPOB.

[TouBBl TOPHBIX CKJIOHOB (DOPMHUPYIOTCS HA MAJOMOIIHOM JIEIIOBUM TPaHUTOB, rabopo
Y MOHIIOHUTOB TMepMckoro Bo3pacta (buuypckuit komruiekc; ['eonmormyeckas xkaprta, 1972).
B nmoyBeHHOM NOKpOBE permoHa B BEPXHUX YACTAX TOPHBIX XpeOTOB MpeoOiafaroT MOI30JbI
rpy0borymycoBble W MOAOYpHI, MEpeMeXarolluecs ¢ JUTO3eMaMH  OMOA30JEHHBIMU U
0’KEJIC3HEHHBIMU, a B HIDKHUX BBICOTHBIX MOSCaX MOSBISIOTCS JIE€PHOBO-MOAOYPHI M OypO3eMbl
(Yoyrynos u 1p., 2012; beno3zeprieBa, 2016; KpacHomexos, 2018; Xyrakosa, Antaes, 2020).

CornacHo palloHMPOBaHUIO, IPUHATOMY B paboTe «30HBI U THUIIBI MOSICHOCTU PACTUTEILHOCTH
Poccuny» (1999), Teppuropus xpedbra Xamap-Jladban otHocuTcst k bopeanbHOMY Kitaccy MOsICHOCTH
(Xamap-/labanckomy reorpaduueckomy BapuaHTy Boctouno-CasHckoro Tuma TyBUHO-
IOxHO3a0alKaIbCKON TPYIITBI THIIOB MOSCHOCTH). [Tosic cpeHeropHO# TalTru 3aHUMAET BBICOTHI OT
500 mo 1000-1200 M nH.y.M. BC Ha HaBeTpeHHBIX CKIOHaX M oTporax xpebra mo 1400-
1500 m H.y.M. BC B HamboJsiee ymajJeHHBIX OT OalKaJbCKOTO MOOEpPEk,bs IOJUHAX KPYITHBIX PEK
(MonoxuukoB, 2014). bonee 70% Tteppuropun balikanbCkoro 3amoBeJHHKA 3aHSATHI JIECAMH.
Ha ceBepHOM  MakpocCkioOHE MpeoONagaloT TEMHOXBOWHBIE IMOPOJbI, YTO  CBSI3aHO C
pacmpocTpaHeHHeM Hempomeps3arommx mnouB u  obuimmem ocaakoB  (IlemkoBa, 1985).
B TeMHOXBOWHOW Taiire coOXpaHsSeTCs psii HEMOPAIbHBIX BHUJOB, OCTaBIIUXCA C TPETUYHOTO
nepuoja (Emosa, 1956). MIx BeDKHMBaHME HAa CEBEPHOM CKIIOHE TaKKe 00YCIOBICHO OCOOCHHOCTSAMU
TEMIIEPaTYPHOTO U BOJIHOTO PEXUMa MOYB.

Bo3HHKHOBEHHE JIECHBIX MOXKApOB B LIEHTpalbHOM yacTu Xamap-/labaHa cBsi3aHO B OCHOBHOM
C MPOXOXKICHHEM Tpo3, B T.4. «Cyxux» (06e3 moxzs). CpenHee 4ucio AHEH € Ipo30il B HIOHE-
aBrycTe Ha METEOCTaHIUU «Xamap-Jlaban» COCTaBJISAET B CpelHeM 16-19
(Atnac 3abaiikanes ..., 1967). B To ke Bpems, ucxoas u3 oOmMX (GU3HKO-TeorpapuuecKux
YCIOBUM TEPPUTOPUH, HYKHO OTMETHTb, YTO YHCIO MPEANOCBUIOK JUId JaJbHEUIIETO
pacrpocTpaHeHHs MOKapoB OTHOCUTENBHO HeBenuko. Ha 3To BiMseT u nepeceuyeHHOCTh penbeda,
U TYCTOTa pEYHOM ceTu, M oOIiee KOJUYECTBO OCAJKOB C JIETHUM MAaKCUMyMOM M MOIIHBIM
CHEXXHBIM IOKPOBOM, U IIMPOKOE PACIpPOCTPAHEHUE NANOPOTHUKOBBIX M BBICOKOTPABHBIX THIIOB
Jeca, TJIe HaOYBEHHBIN MOKPOB 3alMIIEH OT BbICHIXaHUSA. TakuM 00pa3oM, JHIIb OTAEIbHBIE
I'po3bl IPUBOJAT K BO3rOpPaHMIO, a 3aTEM M K pa3BUTHIO Moxkapa. [lojkapHas omacHOCTb MOXKET
BO3pacTaTh B OTJENbHbBIE I'OJIbl C HEJJOCTATOYHON MOLIHOCTBIO CHEIKHOIO MOKPOBA M MOCIEAYIOIEN
paHHell u cyxoil BecHoil (Banenauk, MBanosa, 2001). J{ns Xamap-/labana Oblia moka3zaHa BbICOKas
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KOPPETSAIHUs MKy Ce30HHBIM YUCIIOM TI0KapPOB U MX IUIOMIAABI0 C YHCIIOM JHEH 0e3 0CaJKOB N
c ocaakaMu MeHee 3 MM. Tarke MOKapHYIO OMACHOCTH JIETOM YCHIJIMBAET PO SBIISIOIIANACS 37€Ch
Ha BeIcoTax 800-1100 M H.y.M. BC TemmeparypHas unBepcusi a0 6-10°C, cmocoOcTByromas
BBICBIXaHMIO omnaja u nmoactuiku (Codponosa, 2005).

YuacTok uccjie10BaHus

UccnenoBanus MpoBOAUINCH HA TEPPUTOPUMU MUIIHMXUHCKOTO JIECHHUYECTBA baillKabCKOTO
3amoBeqHuka (KabGaHckuit paiioH pecryOnuku Bypsiths) — Ha CEeBEPHOM MAaKpPOCKJIOHE XpeOTa
Xamap-/laban. I'app pacronoxkeHa B HUKHEM TedueHuu p. Jleas Mulnxa U 3aHUMAeT CPETHIOO
4acTh CKJIOHA IOr0-BOCTOYHOM M BOCTOYHOM KCIO3UIIUU 110 €€ JIEBOOEepekbI0 B JOJUHE CaMOil peku
1 0e3BIMSIHHOTO PY4bsi, €€ JieBoro mputoka. Kpyrusna ckiiona Bapeupyet oT 15 mo 30°, mepemnan
BBICOT — OT 670 mo 1000 m H.y.M. BC. YuacTok rapu BBITAHYT BBEpPX MO CKJIOHY; €r0 IIUPHHA
nocruraet 250 M, a obmas mmHa — 750 M. Yiap MOJIHHMM NPHUILIENCS Ha BBICTYNAIOLIUN I'peOeHb-
BOJIOpa3/ie]l Ha CThIKE JOJUH PEKH M pyubs, yTo XapaktepHo s rop HOxnoit Cubupu (MBaHoB,
NBanosa, 2010). Tloxap Bo3HHK OT rpo3bl 2 wuions 2011 roma W mpooJDKaiCs YeThIpe IHS,
B T€UEHHE KOTOPHIX gocTur momand 12.8 ra (10 ra TpoHIeHO YCTOWYMBHIM HHU30BBIM
nokapom, 2.8 ra — KOMOWHUPOBAHHBIM HHU30BBIM + BepXoBbIM). PacrnosioxkeHue ydacTka
UCCIIEIOBAaHUS MPECTABIEHO HA PUCYHKE 1.

HenapymienHas pacTHTENBbHOCTh Ha YYacTKE MCCIEAOBAHMS TMpEACTaBlIeHA CHENbIMU
MUXTOBBIMU Jiecamu (Abies sibirica Ledeb.) ¢ yuactmem kenpa (Pinus sibirica Du Tour),
oJyIecKoM U3 pssounsl (Sorbus sibirica Hedl.) n pa3pexeHHBIM KyCTapHUKOBBIM sipycoMm (Lonicera
pallasii Ledeb., Spiraea flexuosa Fisch. ex Cambess.) BerpeHuiieBo (Arsenjevia baicalensis
(Turcz.) Starod.)-3makoBo-pazHotpaBHbiMU (Calamagrostis langsdorffii (Link) Trin., Galium
triflorum Michx., Melica nutans L., Milium effusum L., Thalictrum minus L.) ¢ manopoTHUKaMHu
(Dryopteris expansa (C. Presl) Fraser-Jenk. & Jermy) u TaexxHbIiM MenkoTpaBbeM (Gymnocarpium
dryopteris (L.) Newman, Maianthemum bifolium (L.) F.W. Schmidt, Phegopteris connectilis
(Michx.) Watt, Trientalis europaea L.). Ha oTHenbHBIX ydacTKaX B KYCTAPHHUKAX TAKKE€ OTMEUYCHBI
ManuHa Rubus idaeus L. u 6y3una Sambucus sibirica Nakai, a B TpaBsHOM sipyce — O6anan Bergenia
crassifolia (L.) Fritsch. u opnsax Pteridium pinetorum C.N. Page & R.R. Mill. Iluxtapuuku c
y4acCTHEM BETPCHHUIIBI OalikanbCckoul (Arsenjevia baicalensis (Turcz.) Starod.) xapakTepHbI s
CpeIHeropuii HaBeTpeHHbIX CKJIOHOB Xamap-/laGana u baprysunckoro xpe0Ta, JIsl KOTOPBIX ObLI
OTIMCaH 0COOBIN BJIAYKHBIN MpUOaWKaIbCKUN TUI TIOSICHOCTH pacTuTeabHoCTH (TronuHa, 1976).

[louBeHHBII MOKPOB  KIIOYEBOTO  ydyacTKa NPEACTAaBICH  BapualusMd Oypo3eMOB
0’KETIC3HEHHBIX U JIUTO3EMOB CEPOTYMYCOBBIX 0KEJIE3HEHHBIX Ha MO3ULUAX C OJM3KUMH BBIXOJIaMU
KOpPeHHBIX mopoJ. OpraHudeckue TrOpU30HTHI (POHOBBIX TOYB TMPEACTABICHBI OMAJAOM U
otopdoBaHHOI noacTUIKOW O, OpraHOMHHEPAIbHBIE TOPU30HTHI — CEPO-TYMYCOBBIM TOPU30HTOM
AY wu mnepexoanbiMu ropuzoHTamu Ay/Bm u Bm/Ay. CpeauHHBIM TOpPU30HTOM SIBIISIETCA
CTPYKTypHO-MeTaMopduueckuid ¢ mpusHakamu oxenesHeHus BMTE. TlouBbl oTimuarorcs Manoi
MOIIIHOCTBIO OKOJO 30 cM, BBICOKOW CKEJIETHOCTHIO, TPAHYIOMETPUUECKUN COCTaB BEPXHHX
TOPU30HTOB JIETKOCYTJIMHUCTBIN U cynecdanblii (Komosckuii u nip., 2022).

Marepuajbl 1 METOAbI

Onucanne pacTUTEIBLHOCTH HA y4dacTKe NpoBoawiock exeronHo ¢ 2011 mo 2019 rr. mexny
TpeTbel JAeKaloil WIOHA W TEPBON €KAo aBrycra Ha pa3MEUYEHHBIX MOCTOSIHHBIX MPOOHBIX
mwiomaasx 10 x 10 M. Kpome Toro, Obiin 3alioskeHbl «()OHOBBIE» ITUIOMIAJKH B IPHIIETAOIIEM
HEHAPYIICHHOM JIeCHOM (PUTOIIEHO3€, KOTOPhIE BBIOMPATUCH COTJIACHO OOIIETPUHATON METOIUKE
MpOBEJIeHUs  Tre00OTAHUYECKUX  HCCIICTOBAHHMA JUHAMHUKU  PACTUTEIILHOTO MOKpOBa
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(Merogpt ..., 2002; Monwurtopusr ..., 2002). Takxe Obul coOpan repbapuii, 0Opa3Ibl KOTOPOTO
nepenanbl B Lepbapuit  mm. [I.IL. CeipeiimukoBa B MIY (MW) u JAOCTYHnHBI OHJIAMH
(Ceperun, 2023).

Puc. 1. Kaptocxema rapu u npriieraromiero jeca ¢ TOukaMu re000TAaHUYIECKUX OTACAHHH.
Fig. 1. Schematic map of the burnt area and the adjacent forest showing the sites of relevées.

Jlnst ananu3a uiopsl rape ¥ HEHAPYIICHHBIX COOOIIECTB OBLIM paccuuTaHbl KOA(DPHUITMEHTHI
akTUBHOCTH BHAOB 1o Mmetonuke JI.M. MansimeBa (1973). Mbl HCHONB30BAIM  KJIACCHUYECKYIO
dbopmyny R = V(A -B), rie A — mocrosHCTBO BHma (B 5 Kmaccax), a B — obmime Buga
(B 10 xnaccax). 3nauenus kodpdunuenta BapbupytoT ot 0 g0 7.1 (kBaapaTHblit KopeHb u3 50 mpu
MaKCUMAaJbHOM IISITOM KJIacCe€ IMOCTOSIHCTBA U MAaKCHMAaJbHOM JIECATOM Kjacce OOMIIMS BUIA).
Jliis Gonlee TOYHOM OIIGHKH CTEMEHH CXOJCTBA (IOPHUCTUYECKOTO COCTaBa ydyacTka Tapu U
HEHapPYIIEHHOTO Jieca Obul ucnoab30BaH kodddunueHt XKakkapa (Kj), KoTopblii paccuuThiBaeTcs
o gopmyne Kj=c/(a+b—c), rue a — 9ucino BUAOB B IEPBOM COOOIIECTBE, b — YUCIO BUAOB BO
BTOPOM COOOIIECTBE, C — YMCIIO BHUJOB, OOLIUX IS JBYX COOOIIECTB. 3Ha4eHUs KO3 UIMEHTa
MOTyT BapbupoBaTh OT 0 (1MosiHOe HECXOACTBO) /10 1 (MaeHTu4Hble coobuiecTa; Hemaraes, 1987).

Jnst oneHKH (pIOPUCTHYECKOTO pPa3HOOOpa3usi Mbl MCMOJIb30Balu olliee OOraTcTBO BHJIOB,
a TakKe pazHooOpasue skoJoro-eHoTnueckux rpymni (SLUI'; CmupHOB 1 11p., 2006). [Tox sxonoro-
LEHOTUYECKUMHU TPYNIaMu MOHUMAIOTCS TPYHIbI BUJIOB PAacTEHUH, CXOAHBIX MO IKOJIOTUYECKUM
TpeOOBaHMAM M MPUYPOUCHHOCTH K OIpENeNIeHHbIM THUIaM coo0mecTB (3ayrojibHOBA,
CmupnoBa, 2000). Ilpunamnexsocts BuaoB k O ycranaBiamuBanacs no mkaigam LIDITT (2023),
a Takke 1Mo paboTaM, MOCBsAIIEHHBIM ropam tora Cubupu (Hazumona, 1975; Mcmaumnosa, 2007).
Howmenknatypa npuseznena cornacto Plants of the World Online (2023).
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Pe3yJ’[LTaTLI H 06cy>K):[eHl/1e

[Tocne mpoxoxaeHUsT moXkapa JIeCHbIE COOOIIecTBa MPETEPIeNN CYIIECTBEHHbIE U3MEHEHUS.
JpeBocToii, 00pa30BaHHBIN MaJIOYCTOMYUBEIMHU K BO3JICHCTBHUIO TMOKapa KEIPOM W MUXTOH, MOrud
Ha oOcimemyemom ydactke mosHOCTRIO. C 2013 roma OoTMEUeHO HAyYalo BBIMIAJACHUS CTBOJIOB
ropenbHuka, U K 2016 romy Ha rapu BbINATK TOYTH BCE KPYIHBIE CTBOJIBI KEAPOB; CpEIu
MOTUOIIETO MUXTOBOTO JAPEBOCTOSI HA KOPHIO OCTaBaJloCh HEKOTOpas 4acTh cTBosioB. K 2019 rony
Ha y4acTKe rapu OCTaJIMCh JUILb €JUHUYHBIE CTBOJIBI CTOPEBLINX MUXT.

JHpeBecHbIil moapocT (mepBbie BCXOAbl Kenpa) Ha rapu otmewaincs ¢ 2012r., B 2013 r.
OTMEYEHO 1IeCTb nopo: Pinus sibirica, Abies sibirica, Betula platyphylla Sukaczev u B. pubescens
Ehrh., a Taxxe nopoast nomiiecka Salix caprea L. u Sorbus sibirica. C 2016 T. 0oTMeUYeH € IMHUYHBIN
MOJPOCT €Ile OJTHOM KOPEHHOW TEeMHOXBOWHOUM mopoisl — Picea obovata Ledeb. UnTepecHo, uto
ydacTue MBBI KO3b€H B UYHUCIIE BTOPUYHBIX MOCIEMOMXAPHBIX JIECOB (YTO OTMEYEHO M Ha JIPYrHx
ydacTkax rapeil balikambckoro 3amoBeiHHKa) cONM)KAaeT CEBEpHBI MakKpocKiIoH Xamap-/laOana
c ropamu [Ipumopss, rae naHHel Bux Ha rapsx oobrdeH (Komaposa, 1986). Cpenn npeBecHbIX
BHJIOB, IPOM3PACTAIONIMX B HEHAPYIIEHHOM (POHOBOM JIeCy, HO OTCYTCTBYIOIIMX HA T'apH BIUIOTH
1o 2019 r., moxHo ormeruts Padus avium Mill. B 1O e Bpems, HECMOTpPS Ha BHJOBOE
paszHooOpasue nopoj; BO300HOBJIEHUS HA y4acTKe rapH, IPeBECHbII MOIPOCT BCE IoJ1bl HAOIIOACHUS
ocraBasics ManounciaeHHsM. K 2016 1. MakcuMaibHas BeICOTa ero mocturaia He 6osee 0.3-0.4 m
JUTst XBOWHBIX U 0.5 M J1s1 TUCTBEHHBIX MOopo1. Takxke HaunHas ¢ 2016 r. Mbl HaOMIOaeM TTOETaHNE
noapocta Oepe3bl M MBBHI 3alIleM U KOCYJIEW, KOTOpbIE CKYCBHIBAIOT BEPXHUE YaCTH MOJIOJABIX
no6eros. [Togo6HOe siBNeHHE OBLIO OTMEUEHO Ha APYTUX TapsAX ¢ MEIKOJHUCTBEHHBIM MOJIPOCTOM;
3TH Y4acCTKU CIIy’KaT KOPMOBBIMH CTaIlMsIMH >KMBOTHBIX. [lockoibKy uccienyemas rapb B LIEJIOM
HaXOJUTCS B JOCTAaTOYHO OJIArONPUSTHBIX YCIOBHUSIX OTHOCUTEIIBHO BO3MOKHBIX HCTOYHUKOB
ceMsH (B OKpPY)KEHHUU HEHApYIICHHBIX JECHBIX COOOLIECTB), TO, IO-BUIUMOMY, OTCYTCTBHUE
MaccoBOTO BO300OHOBJICHHUS JPEBECHBIX TIOPOJ MOXKHO OOBSCHUTH COMKHYTOCTBIO SIPYCOB
KYCTapHUKOB W TpaB, MPEMIATCTBYIOIMX 3aceneHuio aepeBbeB (I'amoma, 2014, 2017a). B 2017-
2019 rr. mMpl HaOmoganu oOIIee YBEIMUYEHUE UYHUCICHHOCTH MOJIPOCTa U YCUJICHHE aKTUBHOCTHU
oepe3. Ilo-BunumMomy, Oepe3bl OyayT COCTaBISTH OCHOBHYIO IOPOJY BO30OHOBIEHHS HA Tapu,
U IOpU HX CKOPOCTH pOCTa, OONbIIEH 4YeM y TEMHOXBOWHBIX MOpPOA, 3Aech chopMupyeTcs
BTOPUYHBIA MEIKOJMCTBEHHBIN JIpeBocToil. B TO ke Bpemsi Haiuyue MOJpocTa KeApa U IMUXThI
Cpa3y Ha pPaHHUX CTagUSIX CYKIECCHUU TOBOPUT O TOM, YTO YCIOBHO-KOPEHHBIE PACTHTEIbHbIC
coo0IecTBa MOTYT BOCCTAaHOBUTBHCS Ha JaHHOM YYacTKe ObICTpee M YCHEIlHee, YeM B cllydae
MOSIBJICHUSI UX MOJPOCTa JUIIb HAa CTaJAMM B3pOCIOro Oepe3Hska. JpeBecHBIH MOIPOCT ObLI
HEMHOTOYHCIICH U Ha (JOHOBOM Yy4YacTKe, HO TJIaBHOE OTJIMYHE MOJPOCTa Ha Tapsx OT MOAPOCTa
B HEHAPYIIICHHBIX JIeCaX — €ro pacrpeieseHue Mo Bo3pactaMm. B yCIIOBHO KOpPEHHOM Jiecy MOAPOCT
pPa3HOBO3pACTEH, TOTJa KaK HapylIeHHbIE (DUTOIEHO3bl OTJIMYAIOTCS MACCOBBIM IOJIPOCTOM
MpUOIM3UTENBHO OJUHAKOBOIO BO3pacTa, BBIPOCIIMM B IMEpPBbIE TOABI IOCIE TOXKapa U
dbopMUPYIOIUM BIOCIEACTBHH OJHOBO3PACTHBIE BTOPHUYHBIE APEBOCTOU, MO KOTOPHIM MOXKHO
MHAMLMPOBATH MOKaphI Jaxe yepe3 anurenbHoe Bpems (KpacHoiekos u nip., 2010).

KycTapHHMKOBBI Spyc Ha rapy NpeicTaBlieH B OCHOBHOM Rubus idaeus, KoTopas 3acenuia 3TOT
yuyactok ¢ 2012 r. Taxxe Ha rapu B HEOOJIBIIIOM KOJIMYECTBE OTMEUEHbI Sambucus sibirica, pexe —
Spiraea flexuosa Fisch. ex Cambess. u Ribes nigrum L. OOuee NpoeKTUBHOE TOKPHITHE
KYCTapHHUKOBOTO sIpyca B Ipelenax rapu HenocrtossHHo. Tak, Hampumep, B 2013-2014 rr.
Habro1a1csd MakKCUMyM OOWIINSL MAJIMHBI Ha BeeX ydacTkax rapu. B 2016 r. coxpassiicst oOMMpHbIN
y4acTOK OOMJIBHO IUIOJIOHOCSIIEr0 MaJMHHHMKA B HMXKHEH 4YacTH CKJIOHA C rapblo, TOrJa Kak IO
Mepe MPOJBIKEHHS K BEPXHEH 4acTH CKJIOHA KycTapHUKHU Obutn penku. K 2019 r. oOmine MaiuHbl
CHHU3UJIOCH, YTO JEMOHCTPUPYET MOCTENEHHBIM MEPEXO] K CIEAYIOUIEH CTaJuu CYKLECCHH, KOrja
O0JBIIYI0 POJIb HAYMHAET NpUoOpeTaTh APEeBECHBIH MmoapocT. Takke OTMETHM, YTO MAJUHHUK Ha
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rapu OOMJIBHO TUIOJIOHOCHT, M HA TAHHOM YYacTKEe KOPMSITCSI MEBE/IN.

Haubospmmm pasHooOpa3ueM Ha rapu OTIUYASTCs sIpyC TPAaBSIHUCTHIX pacTeHuil. Ero coctas u
oO11ee 4McI0 BUIOB 3HAYUTEIBHO MEHSUIMCH B NEPBbIE I'OJbI MUPOTEHHOHN CyKieccuu. B Teyenune
nera 2011 r. 37mech Hadald BOCCTAHABJIMBATBHCS TOJIBKO YEThIpe Buua: Bergenia crassifolia,
Gymnocarpium dryopteris, Maianthemum bifolium wn Trientalis europaea L. B 10 e BpeMms B
2012 r., T.e. B NEpBbIH NOJHBIA BEreTALlMOHHBINA NEPUOJ NOCIE MPOXOXKJEHUS OrHS, HAa ydacTKe
rapu y)xe ObUIO OTMEYEHO 25 BUAOB TPaBSIHO-KyCTapHUUYKOBOIO sipyca. B mocnenyrouiue rojasl B
TPaBOCTOE IMOCJENOXKAPHOTO (PUTOIIEHO3a MPOSIBMIIMCH THUIMYHBIE JOMUHAHTHL: Calamagrostis
langsdorffii, Chamaenerion angustifolium (L.) Scop. u Pteridium pinetorum. B 2019 r. B cpenneit
4acTH TapeBOro CKJIOHA CPEeIu JOMHHAHTOB MO’KHO OTMETHUTH OpJISIK M BEWHHUK, a B BEPXHEH 4acTH
CKJIOHA C Tapbl0 OJHOTO SIBHOTO JOMHHAHTa He ObUIO, 31ech 00bIuHBI ObLTH Calamagrostis
langsdorffii, Chamaenerion angustifolium, Galium boreale L., Pteridium pinetorum wu Rubus
saxatilis L. c mpuMepHO paBHBIM oOuiueM. B BepxHell 4YacTu CKJIOHa C Tapbl0 MPOEKTUBHOE
MOKPBITUE TPaBSHO-KYCTAPHUYKOBOTO sApyca OblIo cHIkKEHO /10 70-75%, a KyCTapHUKOBBIN spyc
paspexeH. [lpu 3ToM Moj CIIOMIHBIM MOJIOTOM MAJIMHBI U OpJIIKa TPaBSIHUCTHIE PacTeHUs ObUIM
Mpe/ICTaBJIeHbl B OCHOBHOM BHJAMHU TaeKHOro MenkotpaBbsi (Gymmnocarpium dryopteris,
Maianthemum bifolium, Phegopteris connectilis, Trientalis europaea, Viola selkirkii Pursh
ex Goldie u ap.), a Ha y9acTKax ¢ BEHHUKOM U 0€3 BBIPAKEHHBIX JOMUHAHTOB OOBIYHBI OBLITN TAKKE
Anthoxanthum alpinum A. Love & D. Love, Bergenia crassifolia, Galium boreale, G. triflorum,
Melica nutans.

Obmee coctosiHHe (UTOLIEHO30B HEHAPYIIEHHOTO Jieca U Trapu B XOJ€ BO300HOBJIECHHUSA
MPEJICTABICHO HA PUCYHKE 2.

HamouBeHHbIli TOKPOB B (POHOBOM COOOIIECTBE TMPEACTaBICH HEOOJBITUMU KypTHHAMU
3eneHbIXx MX0B (Pleurozium schreberi (Willd. ex Brid.) Mitt., Hylocomium splendens (Hedw.)
Bruch et al., Dicranum spp.) n Polytrichum commune Hedw.; numaitHuku He oTMedeHbl. OOrmiee
MIPOEKTUBHOE MOKpBITHE ObLIO He Ooiiee 5%. B mepBble ronpl mocine mnoxkapa Ha rapu IpakKTUYECKU
MOJIHOCTBIO OTCYTCTBOBAJI MOXOBOW MOKpPOB; ¢ 2013 r. OTMEUEHO HAYaJl0 OTpACTaHUS KYPTUHOK
Dicranum wu Polytrichum ot oco6eii, COXpaHUBILIUXCS Ha MPUCTBOJIbHBIX MOBBIIICHUSIX MOTHOIINX B
noxape aepeBbeB. B 310t ke nepuon, 2012-2013 rr., Ha BCeM y4acTKe rapd MaccoBO€ MOKPHITHE
naBan neyeHouHuKk Marchantia polymorpha L., XapakTepHbIi A7 paHHUX CTaJud MUPOTCHHBIX
cykueccuil. B mocnenyrommue roapl ¢ YBEIMYEHHEM IPOEKTUBHOTO TMOKPBITUS TPaBOCTOSI U
KYCTapHUKOB €ro 0OuIue CHU3WIOCH, M HaunHas ¢ 2016 1. on npaktuuecku ucues. K 2019 r. HoBbIe
BU/JIBl MXOB Ha yYacTKE Tapu HE MOSBUIIHUCH.

BakupIM mokazarereM B MOCIEHNOXKApPHOW JWHAMUKE DPACTUTENBHBIX COOOIECTB SBISETCS
obuiee yncno BuAoB. Ha mpencraBieHHo# cTonbuaToil nuarpamme (puc. 3) oTpa)xkeHa AMHAMHKA
yrcna BUJI0B Ha rapu 3a nepuoj 2011-2019 rr. no cpaBHeHHIO ¢ (OHOBBIM HEHAPYHICHHBIM JIECOM.

Hapsiny ¢ 3akoHOMEpHBIM pE3KUM CHIDKEHHEM 4YHWcia BCEX BHUJOB B TEPBBI Troa H
MOCTETICHHBIM TIOBBIIIICHUEM YHCJIa BHUJAOB JPEBECHO-KYCTAPHUKOBBIX IMOPOJ BO BTOPOU-ISATHIM
Ce30HBl MOCJIE TOXapa, JAWHAMUKA JUIsl TPaBSHUCTBIX pPACTEHUH OTIWYaeTcs JApYyrUuMU
ocobeHHOCTsIMU. Tak, 3aMeTeH OTHOCUTENbHBIN MakcumyM (29 Bunos) B 2013 r., onnako B 2014-
2016 rr. UX YUCIO0 BHOBH YMEHBIIAETCS, XOTSI M IOCTEMEHHO. DTa 0COOEHHOCTh — «BCIUIECK) YHCIIa
BUJIOB TPABSHUCTBIX PACTEHH — CBONCTBEHHa MHOTHUM JIECHBIM TapsM U CBsi3aHa C
HECJIOKUBIICHCS eIe CTPYKTYpOoll cooOIecTBa Ha pPaHHUX CTAIAUsIX MUPOTEHHBIX CYKIECCUI
(puc. 3). B 2018-2019 rr. uncio BUAOB TPABSIHUCTBIX pACTEHUI BHOBB yBeJW4MBaeTcs. Bo3mMoxkHO,
3TO CBS3aHO C MOCTENEHHBIM CHIKEHHEM YYacTHsi MAIMHBI B XOJ€ CyKIlecCHH (M, TAaKUM 00pa3oM,
CHIDKEHHEM KOHKYPEHIIMH) M OCBOOOXKJICHHEM HKOJIOTHYECKOW HUIIK/pecypcoB. B To ke Bpems
3aMeTuM, 4T0 Tipu MakcuMyme B 2013 r. 9ucio TpaBSHUCTBIX PACTEHHM HA Tapy JOCTUTIIO YPOBHS B
67.4% (29 BunoB 0T 43) OT aHAJIOTUYHOTO MOKa3aTess Ul HEHAPYIIEHHOTO COO0IIeCcTBa.
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Puc. 2. Henapymennsiii nuxtoBsiii jec (2.1), raps: B 2011 1. cpazy nocne noxapa (2.2), B 2013 1.
(2.3), 2015 (2.4), 2017 (2.5) m 2019 rr. (2.6). Fig. 2. Undisturbed Siberian fir forest (2.1), burnt area
just after the wildfire: in 2011 (2.2), in 2013 (2.3), in 2015 (2.4), in 2017 (2.5), in 2019 (2.6).

Takum oOpa3oMm, TOBOPUTH O IOJHOM BOCCTAaHOBICHHUU TPABSHOTO Sipyca HE MPUXOIUTCA.
OOpamraer Ha ce0s BHMMaHHME TaKKe TO, YTO HE TOJBKO B JIECHOM COOOIIECTBE €CTh BUJBbI,
He BcTpetuBmuecs Ha rapu (B 2011-2019 rr. Ha y4yacTke rapu He ObUIM OTMe4YeHbI 14 JecHBIX
BUJIOB), HO ¥ Ha rapy MPOU3PacTaroT BUJIbl, HE XapaKTepHble JuIsd Jieca (9 BUJIOB 3a TOT K€ MEePHOJ).
OpnHako ecny BO BTOPOM IpyIIe Ha rapu MOSBUIMCH TaKWe XapaKTEpHbIE MOCIIENOXKapHbIe BUJIbI,
kak Chamaenerion angustifolium WM ONMyIIEYHBIM CcBeTOMIOOUBBIM BUN Rubus saxatilis,
TO B OTHOIIEHUM JBYX BMJOB 31akoB Festuca altissima All. w Brachypodium pinnatum (L.)
P. Beauv. MOXXHO MHpeAINOJIOKUTb, YTO Ha Tapu OHHM Ooyiee OOMJIBHBI W MOTOMY XOPOILO
JMarHOCTUPYIOTCS, T.K. HA OCBEIIEHHOM YYacTKE €XEroJHO IUIOJOHOCAT. BeposTHO, OHU Takke
MOTYT MpOU3pacTaTh B IMpPUJIETAIONIEM HEHApYIIEHHOM COOOIIECTBE, IJe B YCIOBHUSAX OOJIBIIErO
3aTE€HEHUs OCTAIOTCS JIUIb B BET€TATUBHOM COCTOSIHUH, YTO 3aTPYJHSET UX UACHTHU(PHUKALIHIO.
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Puc. 3. V3meHenune umcia BUAOB AepeBbeB (1), KycTapHUKOB (2), TpaBSHUCTBIX PACTCHHH H
kyctapHudkoB (3) B 2011-2019 rr. Fig. 3. Change in the number of species of trees (1), shrubs (2),
herbaceous plants and dwarf shrubs (3) in 2011-2019.

I'oBOpst 0 BUIOBOM OOraTCTBE MOCIENOXKAPHBIX (UTOLIEHO30B, HENb3sl HE OTMETUTh PEAKHE U
oxpaHsiemble pacTeHus. Ha maHHOM ydacTke, B HW)KHEW 4acTW rapu ObLIM OTMEYEHBI 2 BHUJA,
BHeceHHbIe B KpacHble kauru (KpacHas kuwmra ..., 2008, 2013): Festuca altissima u Arsenjevia
baicalensis, KOTOpble, MO-BHIMMOMY, YCIEIIHO PACHPOCTPAHUIUCH Onaroaapsi CHUKEHHOU
KOHKYpPEHILIUU Tociie moxapa. B o0oux ciydasx Ha rapu OHM oOWJIbHEE, YeM B HEHAPYHICHHOM
necy. [lomoOHOEe OTMEUEHO M Ha JIPYTUX rapsix B CpPEeTHErOpbe CEBEPHOI0 MaKpOCKIOHa Xamap-
Jlabana (Anekceenko, ['amoma, 2015; I'amoBa, 2017a). AHajJOTHYHBIE TEMIIBI BOCCTAaHOBJICHHS
OTIENbHBIX  pEIKUX  BHUAOB  XapakTepHbl rapsm  Casno-lllymeHckoro  3amoBenHUKA
(Iukamosa, 2019).

Ba)KHbIM aclIeKTOM M3y4€HUs BOCCTAHOBUTENIbHOW AMHAMUKH MOCIEHOKAPHBIX PACTUTEIbHBIX
COO0O0I1IEeCTB SABJISETCS CpaBHEHUE (IOPHUCTUYECKOTO COCTaBa (PUTOIIEHO30B Tapy U HEHAPYIIEHHOTO
neca. Koapduuuent Kakkapa (Kj) — oauH U3 caMbIX pacnpOoCTpaHEHHBIX U IIUPOKO MPUMEHIEMBIX
B pa3NMYHBIX Te000TaHMUYECKUX HCCleAoBaHUAX. JlMHaMKKa 3HadeHus Kod(pduimenta npuBeaeHa
Ha PUCYHKeE 4.

Haumnas co BTOpPOro BeEreTallMOHHOTO CE€30Ha OT MPOXOXKIACHUS IOXKapa 3HauYeHHE
koadunmenta npudbnmxkaercss k 0.5 U coxpaHseTcs TakUM B TeUYeHHE 8 JeT, C HEOOJBITUMHU
KoJieOaHUsMHU, BBI3BAHHBIMH HETOCTOSSHCTBOM BHJIOBOTO COCTaBa B TEPBBIE TOAbl MUPOTEHHOM
cykueccud. [lo OmMBITY HalIero HCCiaeIOBaHUS MOCIENOXKAPHOTO BO30OHOBIICHUS MUXTAPHUKOB
CXOJHOW TPYIIBI OTMETUM, YTO ITOT TMOKa3aTellb MOXKET BO3PACTH M MPHUOIM3UTHCS K EIUHHIIC
JUIIb HA TMO3JHUX CTAIUSX BOCCTAHOBJIEHUS Jieca, KOT/a B JPEBECHBIN SpPyC HAYHET BBIXOAUTH
MOJIPOCT KOPEHHBIX TEMHOXBOWHBIX opo (I'amoBa, 2014, 2017a).

[Tomumo oOmiero (IOPUCTHYECKOTO pa3HOOOpa3usi TMOCIEMOXKAPHBIX COOOIIECTB HHTEpEC
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IIPEJICTABIISIET paCIPEEIIEHUE BUJOB 110 IKOJIOTO-IIeHOTHYecKUM rpynnam (OL1) — rpynnam BuaoB
pacTeHuil, KOTOpBIE CXOJHBI IO CBOMM JKOJOTHYECKUM TpPeOOBAaHUSM M MPHYPOUECHHOCTH K
ornpeneneHHbM TuaM cooduiects. st rop FOxknoit Cubupu u Ipubaiikanbs BeIACIEH psifl TPYIIIL,
B T.4. Ha y4aCTKE UCCIICJOBAHUS HAMH OBUIM OTMEUEHBI CIeIyonue: Aa — apKTOAIbIIHICKUE BUBI,
Br — taexHoe MenkoTpaBbe, Md — JIyroBo-JIeCHOE ¥ OIYIIEYHOE Pa3sHOTPaBbE M 3J7TaKU, Nm —
HeMopaJsibHbIe BUBI, Nt — HUTpoQuibl, Pn — BuIel 60poBoii rpynmbl, Rp — ckanbnbie Buasl, TH —
TaeXHOE KPYMHOTPaBhe U MANOPOTHUKHU, 1 Wt — BIIarojitoOMBO€E pa3HOTPABLE, IPUPYUbEBBIEC BU/IBI.
Bmecre ¢ nuHamukoil oOmiero pasHooOpas3usi BHAOB Ha PAaHHUX CTaJAUAX CYKIIECCUU OBICTpbIE
M3MEHEHHUS OT rojia K roy nperepresaet u cnekrp DI (puc. 5).
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Puc. 4. Jlunamuka cxojacTtBa (IOPUCTHYECKOTO COCTaBa Tapu W HeHapymeHHoro jeca B 2011-
2019 rr. mo xoadpdunuenty XKakkapa. Fig. 4. The dynamics of similarity of the floral composition
of burnt area and undisturbed forest in 2011-2019 (Jaccard Index).

Puc. 5. Cnexrpel OII" BunoB B HeHapyleHHOM Jecy U Ha rapu B 2011-2019 rr. Fig. 5. Spectrums
of coenotic (eco coenotic) groups in the undisturbed forest and in the burnt area in 2011-2019.
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[lepBbie rOABI TOCIIE MPOXOXKIACHUS MOXKapa — MEpHOJ] OBICTPOH CMEHBI M HENOCTOSHCTBA
BHJIOBOTO COCTaBa PAaCTUTEIBHBIX COOOIECTB, YTO APKO OTPAKEHO Ha quarpammax. B To ke Bpems
BO BCE TOJbl 3aMETHO SBHOE NpeoOnagaHue BUAOB TPYNIBl TAeKHOTO MeENKOoTpaBbs (Br),
JOMUHHPYIOIIEH 1 B (OHOBOM HEHapyIeHHOM cooOriecTBe. Takke Ha JaHHOM y4acTKe JOBOJIBHO
OOMJIBHBI TIPENICTABUTENH TPYNI HEMOpaltbHBIX BUAOB (Nm) m TaexHoro kpymHotpasbs (TH).
Wx npucyrcTBue Ha rapu C MEpBBIX JIET IOCIE [O0Xapa CBHUJETENbCTBYET 00 YMEpEHHOM
(OTHOCHUTENPHO HEBBICOKOW) CTENEHU U ITyOWHE MUPOTE€HHOW HApYIIEHHOCTH IMOYB, IPU KOTOPOI
COXPAHSAIOTCS MOJ3EMHbIE OpraHbl pacreHuil (kinyOHuM M kKopHeBumia). Ognako B rpynne TH Ha
JAHHOM W MHOTHX JPYTHUX CXOJHBIX y4acTKax rapei Ha J0Jroe BpeMs IOCIe IoXapa MporajgaroT
MHOTHE KpYIIHbIE€ MarnopoTHUKM, Hanpumep, Dryopteris expansa, KOpPHEBHIA KOTOPOIO
pacnojiaratorcst 6JIM3K0 K MOBEPXHOCTH MOYBBI M BCIEACTBUE 3TOTO CHUJIIbHEE CTPAJAIOT OT OTHS.
Baxwneiimee otnuune crekrpoB LT mMexay NUpPOreHHbIMH COOOIIECTBAMU M HEHApPYILIEHHBIM
JIECOM 3aKJIIOYAeTCs B MOSIBIIEHUU HA Tapy Ipynnbl HUTPOPUiIbHbIX BUAOB (Nt): nBaH-4ast, Oy3uHBI
U MaJIUHBI, — KOTOPbIE AKTUBHO y4YacTBYIOT B CJIOXEHUH IOCIJIENOKAPHBIX (PUTOLIEHO30B B MEPBBIC
roJibl CyKIIECCUH B CBSI3U C OOOTallleHUEM IOYBBI a30TOM, MOCTYNUBLIUM C 30J0U. B KOpeHHBIX
jJecax 3T BUbl TaKKE€ BCTPEUAIOTCSA, HO TaM TOpa3f0 MEHEe MHOTOYMCIEHHbI U B OCHOBHOM
MIPUYPOYEHBI K OIYILKaM, MporajaM U NpoYrM OTHOCUTEIbHO OTKPBITHIM ydacTkaMm. OTMETHM, YTO
B HAIlleM CJlydae Ha Tapu He BO BCE TOJbI OTMEUEHO MPUCYTCTBUE OMyIIeuHo-TyroBoro (Md) Buma
Hieracium ganeschinii Zahn wu apkroanenmiickoro (Aa) Anthoxanthum alpinum, KoTopbIe
MIPOU3PACTAIOT B CMEKHOM C rapbio JieCy. ITO MHOTOJIETHHE PACTE€HHUs, U MIOTOMY BO3MOKHO, YTO
OHM HE€ NpONaJajd M3 COCTaBa MHPOTEHHOro COOOIIeCTBa, HO OBLIM YrHETEHbl B TEPUOJ
JOMHHUPOBAHMS OpJIAKA, MAJIMHBI M BEHHHKA BBHJlY 3aT€HEHHUS STHUMH BUAAMH HIKHUX SPYCOB
TpaBocTos. OCOOEHHO OTMETHUM IOJTHOE OTCYTCTBHE KaK Ha rapu, Tak U B (GOHOBOM HEHAPYIICHHOM
coo0IllecTBEe TMpEACTaBUTENECH pylaepalbHBIX TPYNN BUIOB, UYTO OOBICHAETCA YyIAJICHHBIM
MOJIOKEHUEM Tapy OT aHTPOIOTIeHHO MPeoO0pa3oBaHHBIX TeppuTopuil. B 1emom ke Toabko B
2011 rogy HemoCpenCTBEHHO MOCJE MPOXOXKIAEHUSI OTHS Ha rapu oTMeuanoch Bcero ase OLI.
Haunnas ¢ 2012 r. cnekTp uX CYIIECTBEHHO PACIIMPUIICS M CTall CPaBHUM C TaKOBBIM A
HEHAPYIIEHHOTO Jieca, 4YTO TOBOPUT 00 YCIEIIHOCTH XOJia MOCIEHOXKAapPHOTO BO300HOBIICHUS.
B 2016-2019 rr. nons BumoB OopeanbHOU rpymnmbl (Br) B coolmectBe rapu mpuOIMKaeTcs K
3HaueHUsAM 0K0JI0 50%, 9YTO COOTBETCTBYET MOKA3aTeNsIM HEHAPYILIEHHOTO Jieca.

CrtpyKTypa pacTUTEILHOTO COOOIIECTBA B MEPBbIE HECKOJIBKO JIET MOCIIE MoKapa MpeTepreBaet
HaubOoJee 3HAUUTENIbHbIE M3MEHEHHsS. OCHOBHOE OTJIMYME — HCUE3HOBEHHUE JAPEBECHOro spyca,
Ha BOCCTAHOBJICHHE KOTOPOTO B YCIOBHSIX TEMHOXBOMHBIX JiecoB [Ipubaiikanbsi yXOIuT MUHUMYM
30-40 neT, ¥ mpu STOM B Hayalle CyKIECCHH MOSBISETCS BTOPUYHBIA MEIKOJIMCTBEHHBIH (B HallleM
ciydae — Oepe3oBbiif) nec. [logoOHOE OTMEUYEeHO Ha ydacTKax rapei Mo rKHOMY MOOEpEeXbIo
baiikana (Cusbix u ap., 2019). [Ins npouux sipycoB JecHOTO (pUTOIIEHO3a 3aMETHBI U3MEHEHHS B
obmiem npoekTuBHOM MoKpbITUH (OIIIT)/comknyTOCTH (pHC. 6).

OIIIl TpaBsHO-KYCTapHUYKOBOIO sipyca Tocie mnoxapa cHusuiocb ot  50-95% B
HeHapyleHHoM coobmectBe 10 0% cpa3y mocie noxapa. Boccranosienne OIIII mio noBosiabHO
ObICTPO: 5% OBLIO OTMEUEHO K KOHILY BeretanmoHHoro ce3oHa 2011 r.; B 2012 r. 3TOT nokasareib
pocturan 15-25%, B 2013 r. — 25-35%, B 2014 1. — 40-50%, B 2015 1. — 70-100%. B 2016 r. Ha
HEKOTOPBIX YYACTKaX TPABSHUCTHIE PACTEHUS HAYaJId BBITECHATHCS KYCTapHUKAMHU U JPEBECHBIM
MIOAPOCTOM U NOSBUINCH ydyacTku, rae OINII causunocs 1o 40%, HO COXpaHUIUCH U TAKKE, II€ OHO
nocturano noutu 100%. Takum oOpa3omM, 3a mepBble 5 JIET mocje Hoxapa 3TOT HOoKa3aTeib A
rapy CpaBHSJICS C AMANa30HOM BEJIMYMH, XapaKTepHBIX sl HEHapylIeHHoro coodmectBa. B 2017-
2019 rr. Habmomanuch HeOONbIIME KOJIEOAHUS MOKa3aTeNs MPOEKTUBHOTO MOKPBITHS TPABSIHOTO
sgpyca, HO B LIEJIOM OHO COXpaHseTcs B Ipefenax, ONM3KUX K KopeHHoMy Jecy. IIpoexTuBHOE
MIOKPBITUE KYCTAPHUKOBOTO sIpyca Ha y4acTKE Tapy CTaJI0 3HAYMTEIBHO BBILIE B IIEPBBIE HECKOJIBKO
JeT TOcCle MoXKapa 3a CYeT PEe3KOT0 YBEIMYEHMs YHCIEHHOCTH MalldHbl, HO OOBIYHO OHa HE
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COXpaHsAeTCs Ha rapu J0JjbllI€ IEPBBIX IBYX JECATKOB JeT. Ha gaHHOM ydacTke 3aMeTHO
IIOCTENIEHHOE CHWKEHHUE ITPOEKTUBHOI'O MOKPBITUS MAIMHBI Tociie MakcuMmyma B 2013-2015 rr.
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Puc. 6. /lunHamuka TPOEKTUBHOTO TOKPBITUS ApeBecHoro moapocta (1), kycTtapHukoB (2) u
TpaBsiHO-KycTapHUYKOBOTO sipyca (3) B 2011-2019 rr. Fig. 6. Dynamics of the projective plant
cover of forest undergrowth (1), shrubs (2) anf herbaceous plants ans shrublets (3) in 2011-2019.

CymMmapHo o0111ee TpOeKTUBHOE TIOKPBITHE TPABSHO-KYCTAPHUYKOBOTO SIpyca U COMKHYTOCTh sipyca
KycTtapHukoB Ha rapu B 2013-2019 rr. nocturamu He mMeHee 80%. DTOT moka3arenb BaXKEH IS
OIIEHKH OITACHOCTH Pa3BUTHS IMOYBEHHOM IPO3HH, T.K. HE3aJCPHOBAHHBIC YYaCTKU KPYTHIX CKIOHOB
B TYMHJHBIX YCJIOBHUSAX CpenHeropbs Ha Xamap-J[abane mnoaBep)KeHBI pa3MbIBYy, TOTJa Kak
MMOBEPXHOCTH, HAXOJSIIMECS TIOJ COMKHYTBIM  PAacTUTEIbHBIM  IOKPOBOM,  YCTOWYHBBI
(KpacnomekoB, YepennukoBa, 2012, 2022). Hcciemyemblii ydacTOK Tapu C TYCTBIM TpPaBSHO-
KYCTapHUYKOBBIM U KYCTAPHHKOBBIM SIpycaMH, TaKMM 00pa3oM, YCUIICHHOH PO3HH HE MOABEPIKCH.

OpnuM ©3 moOKazaTened ydacTus BHJAa B COOOIINECTBE MOXHO CYHTATh €ro aKTUBHOCTD,
T.€. MPOU3BOIHYIO BEJIMYMHY, YUUTHIBAIONIYIO KaKk OOWJIME JAaHHOTO BHJIA HA OTAEIHHOW MPOOHOM
IUIONIA/IKe, TaK M TIOCTOSHCTBO €ro NPHUCYTCTBHS Ha BCEX TOYKaX OMNMHCAHWNA. 3HAYCHUS
K03(h(UIIMEHTOB aKTUBHOCTU KaXKJOTO BUJAA JUIS IPEBECHOTO MOAPOCTA, KYCTAPHUKOB M TPABSHO-
KYCTapHHUYKOBOTO sIpyca MPUBEACHbI B TaOIUIIE.

Kak Bu1HO 13 TaONHIIbI, aKTUBHOCTh OJIHUX U TEX K€ BUJOB PACTCHUN B HEHAPYIIEHHOM JIECY
M Ha YYacTKE rapu HEOJUHAKOBA. AKTHUBHOCTBH JIPEBECHOIO MOJAPOCTA HA Tapu YBEIUYMBAETCA,
MOCKOJIbKY YCJIOBHSI OCBEIIEHHOCTH, JOCTYIMHOCTH 3JEMEHTOB MHMHEPAJIbHOTO IMUTAaHUA, & TAKXKE
KOHKYPEHIIUM Ha OTKPBITOM y4yacTKe Oojiee OIarompusiTHbl, 4YeéM B BBICOKOCTBOJIBHOM
HEHapyIIeHHOM Jecy. JIisg KycTapHHKOB, OJIHAKO, Mbl HaOIIOaeM JBE pPa3HOHAIPAaBJICHHBIX
TeHJeHIMHU. TunuuHble necHble BUAbl Lonicera pallasii w Spiraea flexuosa, oObIYHBIE B
TEMHOXBOWHBIX JI€CaX CpPEAHETOpPbs CEBEPHOTO0 MakpockjoHa xpedra Xamap-/laban, Ha Tapu
HaOmoganuch Toapk0 B 2012-2013 rr.: 3T0 0cO0M, TOBPEXKACHHBIE OTHEM U HE BOCCTAHOBHBILIHUECS
nocie noxapa. o 2019 roma Mo1010ro NoIpocTa KUMOJIOCTH U CIIUPEU HA Tapu HE OTMEUEHO.
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Tadauua. AKTUBHOCT BHJIOB Ha YYaCTKE rapy U B HEHAPYIIEHHOM JIECHOM COOOIIECTBE.
Table. Species’ activity in the burnt area and in the undisturbed forest.

I'aps, rona
onr Jle¢ 1012|2013 [ 2014 [2015 | 2016 | 2017 | 2018 2019
depeBbs (moapocT, BCXOAbI)
Br Abies sibirica 3.0 - 1.7 1 26 | 28 | 1.4 | 32 | 2.6 | 2.8
Betula
Br (pubescens + platyphylla) 2.2 - | 2832 |32 |28 |32 |32
Br Picea obovata — — — — — 1.4 — — 2.0
Br Pinus sibirica 1.4 20 (22 26 |28 | 14|32 |26 |24
Br Salix caprea 1.4 — — 2. |32 | 14 — 26 | 32
Br Sorbus sibirica 2.8 — 1.7 | 2.0 | 1.7 — 32 | 2.0 | 2.8
Kycrapuuku
Br Lonicera pallasii
Nt Rubus idaeus
Nt Sambucus sibirica 1.4 | 22]28 323224 |22]32]
Nm Spiraea flexuosa 1.4 1.4 — — — — — — —
Kycrapuuyku u TpaBsiHUCTbIE
TH Aconitum septentrionale 2.4 1.4 | 22| 2.0 - 1.4 - 20 | 14
Nm Anemone reflexa — 2.0 | 1.7 — — — — — —
Aa Anthoxanthum alpinum 1.7 1.4 | 1.7 — — — — — 1.4
Nm Arsenjevia baicalensis - 30 (28 | 32 | 1.7 | 14 | 1.7 | 2.0 | 3.5
Rp Bergenia crassifolia 1.7 20 | 22 |26 | 28 |28 |28 |20 28

Nm | Brachypodium pinnatum —

TH | Calamagrostis langsdorffii 2.4 20 | 3.2

Br Calamagrostis obtusata 1.7 1.4 | 1.7 — — 1.4 — 2.6 | 24
Br Carex iljinii 2.2 — — — — — — — 1.4
Pn Carex macroura — 20 | 1.7 | 2.0 | 1.7 — — 20 | 32
Nt | Chamaenerion angustifolium — — 32 32 (32 |20 | 17| 20| 3.2
Br Circaea alpina 2.2 — 1.7 — — 2.0 — — —

TH Cirsium helenioides 1.4 1.4 | 1.7 — 1.7 — — — —

Br Dryopteris expansa [N 2.0 | 22 | 2.0 [ 22 [ 20 [ — [20 ] 14
Wt Equisetum hyemale — — 1.7 — — — — 20 | 1.4
Nm Festuca altissima — — — 32 | 1.7 | 14 | 1.7 | 26 | 24
Br Galium boreale — 22 122120 1.7 14|32 |26 14
Nm Galium triflorum 2.2 14 | 22 | 2.0 — 14 | 1.7 | 20 | 1.4
Br | Gymnocarpium dryopteris - 26 | 28 | 2.0 — 20 | 22 | 20 | 2.8
Md Hieracium ganeschinii 1.4 1.4 | 1.7 — 2.2 — — — —

Nm |Lamium album ssp. orientale| 1.4 1.4 — 2.0 — 1.4 — 32 | 2.0
TH Lilium pilosiusculum — 1.4 — — 1.7 — — — 1.4
Br Luzula pilosa 2.2 — 2.8 | 2.0 — — — 26 | 2.4
Br Lycopodium annotinum 1.7 — — — — 1.4

Br | Maianthemum bifolium | 3.2 | 3.2 B8N 3.2 | 2.8 | 2.0 | 22 [ 2.6 [ 32
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IIpoxonxenue Tadaunbl.

I'aps, rona
our IeC 0122013 | 2014|2015 ] 2016 | 2017 | 2018 | 2019
Nm Melica nutans 2.4 20 | 32 | 26 | 22 | 20| 32 | 3.2 | 28
Nm Milium effusum I 26 [32 2622 - [ - [32]32
Br Oxalis acetosella 2.8 1.4 | 1.7 — — 1.4 — — 1.4
Nm Paris obovata 1.7 22 | 22 — — — — — —
Br Phegopteris connectilis 3 22 | 1.7 — 28 | 1.4 | 1.7 | 2.6 | 2.8
Pn Pteridium pinetorum 2.2 22 | 1.7 | 3.7 ‘
Br Rubus saxatilis — 1.4 — — 1.7 — — — —
TH Senecio nemorensis 1.4 — — — — — — — 1.4
Br Solidago dahurica 2.2 3.0 | 2.8 — — — — — —
Br Trientalis europaea 3.2 32 | 28 | 26 | 28|32 |32 | 32 | 32
Br Vaccinium myrtillus 2.4 1.4 | 1.7 — — — — — 1.4
Br Viola selkirkii 2.2 — 22126 1.7 1] 20| 17 — —

IIpumeuanue Kk TaldjauMue: rpajanusMU IBETa BBIACIEHBI BHUABI CO CpeaHeil (po30BbIA) H
HauOOJbIIed aKTUBHOCTHIO ((UONETOBBIN); HU3KHE 3HAueHHA Kod(p(UIMEHTAa HE OTMEYEHBI.
Notes to Table: pink color marks the species with average activity, while dark pink marks the ones
with the highest activity; the lowest values are unmarked.

B 10 e Bpems 1Ba 1pyrux Buaa, onyiieuHbie 1 HUTpopmibHabie Rubus idaeus n Sambucus sibirica,
B TIOCJIEMIO’KapHOM COOOIIECTBE TOpasno OoJsiee akTUBHBL B cimydae ¢ manuuoi B 2013 u 2014 rr.
3HauYeHHe Kod((HIMeHTa TOCTUTaeT ero BO3MOXKHOTO MakcuMmyMa 7.1, dyero He HaOmrOAaeTCs HU
Ui Kakoro apyroro Buaa. Cpenu BUIOB TPaBsSHO-KYCTApHUYKOBOTO sSpyca BO Bce ToJbl Hanbosee
aktuBHbl Calamagrostis langsdorffii m Pteridium pinetorum (10 5.5), Torma Kak B JICCHOM
coo0IecTBe JaHHbBIN NOKa3aTesb Oosiee yeM BABoe HUke. Kpome 3Toro, B IpyIiiy akTUBHBIX BUJIOB
BxoaiaT Chamaenerion angustifolium, Maianthemum bifolium w Trientalis europaea, a Taxxke
Arsenjevia baicalensis. HexoTopble BUABI aKTUBHBI TOJBKO B HEHApPYLIEHHBIX JIeCaX, a Ha rapu
MOJIHOCTHIO OTCYTCTBYIOT WJIM K€ BPEMEHHO BBINAJAIOT U3 COCTaBa COOOIIECTB B IMEPBBIE T'OJbI
nocie noxapa. Cpeau HUX MOXKHO OTMETUTh Anemone reflexa, Anthoxanthum alpinum, Carex
iljinii, Lycopodium annotinum L., Senecio nemorensis L., Solidago dahurica Kitag., Vaccinium
myrtillus L. Onu otHOCATCS K pasHbiM DLII, HO Bce MOBOJIBHO CBETONIOOMBHEI. BeposTHee Bcero,
WX BpEMEHHOE OTCYTCTBHE Ha YyYacTKe rapu OOBICHSETCS OOJBIION 3aTEHEHHOCTHIO SpycaMu
MaJHHbl, OpJsIKAa M BEHHHKA, MaccOBOE pa3BUTHE KOTOPBIX MPHUXOJIUTCS HA TEPBHIE TOJbI
MUPOTeHHON CyKleccuu. B manpHeleM MOXHO OXHUJATh IOCTETIEHHOTO YBEIMYEHUS MX
aKTUBHOCTH. B JecHOM cooOmiectBe HauOOJbIIeH AaKTUBHOCTBIO OTIMYAOTCA Arsenjevia
baicalensis, Dryopteris expansa, Gymnocarpium dryopteris n Milium effusum — 4.2-4.5.
Ilocnennue nBa BUAAa TakXke OTMEUEHBbl Ha Trapu €O CpPEeIHUMH 3HAYeHMIMHU Ko3(dduimeHra
aKTUBHOCTH, a Dryopteris expansa Bunote no 2019 roga He Berpeuancs. llo-Buaumomy, ero
BO300HOBJIEHHE TOCJIE TMOKapa BO3MOXHO Ha 0ojee MO3JHMX CTaJusX CyKueccuu. Buabl pona
Calamagrostis u Pteridium IUPOKO YYaCTBYIOT B PAHHUX CTaIUSAX MHPOTEHHBIX CYKIIECCHH
Pa3IUYHBIX PETHOHOB YMEPEHHOI'O KJIMMAaTa, BpEMEHAMHU yrHeTas MpovHe; MoJ00HOE OTMEUEHO KaK
B paborax mno 3amagHoi Cubupu (ManuHoBckux, 2014,2017), Tak M B TOpPHBIX pPETHOHAX
[Beitapuu (Delarze et al., 1992).

WNuTepecHo Takxke oOOpaTuTh BHUMaHME HAa CPaBHHUTEIbHYIO aKTUBHOCTH  BHUJIOB
pasznuusbix DI Ha pucynke 7 mpencraBieHa AMHaMMKa 3Toro mnokasarens 3a 2011-2019 rr. na
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rapy B CpPaBHCHHH C HEHAPYIICHHBIM JIECHBIM (DUTOIICHO30M.

Ha paHHHX CTaausx BOCCTAHOBHUTEIBHOW CYKIIECCHH  BBIJICISIOTCS  HUTPOQIIbHAS
(Chamaenerion angustifolium, Rubus idaeus, Sambucus sibirica) n 6opoBas rpynmsl (Pteridium
pinetorum). 910 OOBACHSAETCS B MEPBOM CIllydae YBEIMYEHHEM KOJHYECTBA JOCTYIMHOTO a30Ta B
MOYBE TIOCIIE TI0Xkapa, a BO BTOPOM — BO3POCIIEH OCBEIIEHHOCTHIO YJacTKa rapy MO CPaBHEHHIO C
(OHOBBIM COOOIIECTBOM. AKTHBHOCTH BHUOB OOpEaqbHOM W HEMOPATBHOW TPYII, a TaKKe
TaeKHOTO BBICOKOTPABbS HA Tapd B IIEJIOM, CPAaBHUMA CO 3HAYCHUSMH JUISI HCHAPYIICHHOTO Jieca.
3aMeTHO, YTO Ha Tapu TOJ OT Troja TNoKa3atequ akTuBHOCTH MHOTHX O’ 3HAaYMTENHEHO
M3MEHSIOTCS, a OOIMNA auana3oH cocTaBisieT 4.5 equHullbl. B HeHapylieHHOM Jiecy Moka3areian
akTUBHOCTH BUJOB Bcex OIII' moBonbHO Onu3ku Mexay coboit — 1.4-2.5. Cronb cyiiecTBEHHAS
pa3HUIla B TIOKA3aTeNIIX AKTUBHOCTH BHJIOB MEXIY JBYMS COOOINECTBAMHU BBI3BaHA, C OJTHOM
CTOPOHBI, KOHTPAaCTHOCTHIO YCIOBHH Trapyd MO CPaBHEHHIO C JIECOM, a, C JPYroid CTOPOHHI,
(dhopMHpOBaHHEM Ha TapU BPEMEHHBIX IMAPIEIII, CMEHSIOMIMX JIPYT JApyra B TEYCHHE TEPBBIX JIET
MoCIIe MoKapa, KOTAa CTPYKTypa coolmiecTBa emie He chopMUpoBaach.

3arIoueHne

[IpoBenenHoe mOAPOOHOE HCCIEAOBAHME YYacTKa Tapd B CPEIHETOPHOM IHXTapHUKE
CEeBEPHOrO0 MakKpockioHa Xamap-/[abana — mepBbli OMNBIT U3Yy4EHUS JOJTOBPEMEHHOMN
MOCJIETIOKapHOW JMHAMUKHU JiecoB ballkaabCKOro 3amoBeJHUMKAa HAa MOCTOSHHBIX MPOOHBIX
wiomaagax. Psa ocobeHHOCTeH, OTMEUEHHBIX HaMU Ha PaHHUX CTaJUsIX MUPOTEHHOW CYKIECCHH,
nMeeT O6IIII/Ie YEPTHI C TCHACHLOUAMU IIOCIICIIOXAPHOTO BO300HOBJIEHUS TEMHOXBOWHBIX JIECOB,
paHee MoOKa3aHHBIX I bailkambckoro permoHa. B To ke Bpemsi MATKMI M BJIaXHBIA KIUMAT,
a TaKKe IHUPOKOE PACIPOCTPAHEHUE 3/1€Ch PEIKUX WU PEIMKTOBBIX BUIOB PACTCHHUM OMpPENeNnsioT
crenu(UUHble 4YepThl PACTUTENBHOCTH Trapel u OOIIero XoJa BOCCTAHOBJICHHS JIECHBIX
¢uTonieHo30B. [losyueHHble MaTepuabl NPEACTABISAIOT COOON YaCTh MHOTOJIETHETO UCCIIEeI0OBAHUS
Pa3HOBO3PACTHBIX Tapeid M BTOPUYHBIX IMOCIEHOMXKAPHBIX JIECOB ballKambCKOTO 3alOBEIHMKA,
Ha KOTOPBIX 3aJI0KEeHa CETh NOCTOSHHBIX MPOOHBIX TUIOIIA IEH.
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Puc. 7. Jlunamuka akTUBHOCTH BUAOB pa3inyHbiX DI Ha rapu U B HEHApYLIEHHOM JIECYy.
Fig. 7. Dynamics of activity of different coenotic (eco coenotic) groups in the undisturbed forest
and in the burnt area in 2011-2019.
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BrIBOaBI

1. JlecHble mokapbl B MUXTOBBIX JIeCcax MPUBOJAT K MOJHON T'MOETH APEBOCTOEB U 3aIyCKAIOT
BOCCTAHOBHUTCJIbHYIO TMPOTrCHHYIO CYKICCCHUIO, KOTOPAasa B JaHHBIX YCIIOBHUAX IIPOXOAUT CO CMEHOM
IIopoJa Ha BTOPUYHBIC MCJIIKOJIUMCTBCHHBIC.

2. B mepBeie ToABl TOcie ToXxapa KodpdHIMEHT cxonacTBa (DIOPUCTHYECKOTO COCTaBa
¢buTOLIEHO3a TapH U HEHApYIIEHHOTO Jieca He npeBbimraet 0.5; Takxke mensiercs cnektp DL, Bo Bce
rojipl JoMuHUpyeT rpymmna Br (taexxHoe menkoTpasbe). [Ipm 3TOM Ha rapu BCTpeyaroTCsl BUJIbI
paCTCHHﬁ, HC OTMCYCHHLIC B KOPCHHOM JIECY, a obunue OTACJIbHBIX PCAKHUX BUAOB YBCIMYNBACTCA.

3. CTpyKTypa pacTUTEIBHOTO COOOIIECTBA Tapyu YIPOIIAETCA: YMEHBIIAETCS YHUCIIO SPYCOB U
WX COMKHYTOCTh / TIPOCKTHBHOE TOKpHITHE. B TeueHWe 5 JeT mocie MpPOXOXKACHUS IMoKapa
TPaBsIHO-KYCTapHUYKOBBIM SIpyC BOCCTaHABJIMBAET O0Ile€e MPOEKTHBHOE MOKPBITHE, XapaKTEpPHOE
Ui (POHOBOTO HEHAPYIIEHHOTO Jieca; KYCTapHUKU PE3KO YBEJINYMBAIOT COMKHYTOCTh 3a CUET
MaJIMHBI, a JPEBECHBIM SApPYC B BHAEC IOAPOCTA M MOXOBOM SPYyC JIMIIb HAaYMHAKOT CBOE
BOCCTaHOBJICHUE.

4. OnHOKpaTHOE MOKApHOE HapyIIEHHE TEMHOXBOWHOIO jeca MPU OTHOCUTEIBHO HEOOJIbIION
miIomaanu rapu HE BbBI3BIBACT HeO6paTI/IMOI\/'I JAcrpaaanvn q)HTOHeHOSa. TaexHBIE PKOCHCTEMEBI
COXPAaHAIOT MOTCHIWAJI BOCCTAaHOBJICHHA, lIOCT&TO‘IHBIfI JJIA yCIICHIHOTO TPOXOKACHUA CYKIIECCHUU.

bracooaprocmu. ABTOpBI BRIpaKalOT 0JIar0JapHOCTH KOJUIEKTUBY baiikaabCcKkoro 3amoBeTHUKA
3a coZieiicTBHE B OpraHU3aIy MOJIEBBIX padoT.

Qunancuposanue. Pabora H.C. T'amoBoit B MI'Y um. JlomoHOCOBa (MOArOTOBKA CTaThU)
BoInosTHEHa B paMkax HUP Ne 121032500090-7 «TakcoHoMHYEeCcKOE pa3HOOOpa3ne peruOHATbHBIX
¢bnop Poccun u compenenbHbIX rocynapctB. Hayunas obpaborka xosutekiuii ['epbapust MI'Y kak
OCHOBA M3y4YEeHHs] perHoHaNbHBIX (uiop»; moiessle uccinenoanus H.C. ['amoBoil mpoBeneHbl B
paMKax TOCyJapCTBEHHOTO 3amaHus baiikaabCKOro 3amoBelHUKa MO0 TeMe «JIeTomuch mpupoap;
aHaJIM3 TMOJy4YeHHBIX NaHHbIX ObuT mpoBeaeH T.C. KomoBckuM B paMkax rocOIOKETHOM TEMBI
«AHTpOIIOTeHHAsT reoXuMHUYeckass TpaHchopmanus KOMIIOHEHTOB JaHfamadra»  (HOMep
HOUTHUC 121051400083-1).
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In this article we analyzed the early stages of long-term post-fire vegetation change in a burnt area of a
Siberian fir forest. The study area is typical for the middle altitudes of the northern slope of Khamar-
Daban Ridge; the wild fire was of a natural origin. We registered the post-fire changes in the floral
composition and in the structure of the forest plant community. As a result of the fire, the structure of
forest layers simplified, and the total number of species, as well as the species diversity of coenotic
(eco-coenotic) groups of species decreased in the first years after the fire. We compared a post-fire
forest plant community with an undisturbed one, and evaluated the participation of rare and Red Data
Book plant species in the burnt area.

We established that wild fires in fir forests lead first to the complete death of a tree stand, and then to
the restorative vegetation change, which, in our case, caused a change of conifer tree species to
secondary small-leaved deciduous species. In the first years after the fire, the similarity coefficient of
the floristic composition between the plant community of the burnt area and of the undisturbed forest
did not exceed 0.5. The ranges of eco-coenotic groups of species also changed, making the Br group
(taiga small herbs) dominant in all years. At the same time, some plant species of the burnt area were
not recorded in the undisturbed forest, while the abundance of some rare plant species increased. The
structure of the plant community in the burnt area became simpler as the number of layers, and their
closeness / projective cover reduced. Within 5 years after the fire, the herb-dwarf shrub layer restored
the general projective cover to the values typical for the undisturbed forest; projective cover of
raspberry increased sharply; and the tree layer, formed with new growth, and the moss layer finally
began to recover.

It is concluded that a single case of wild fire in a dark coniferous forest with a relatively small area of
the burnt area does not cause irreversible degradation of the forest plant community. Taiga ecosystems
retain the potential for restoration sufficient for a further proper and successful vegetation change.
Keywords: Khamar-Daban ridge, forest fires, Siberian fir forests, post-fire vegetation changes, rare
plant species, coenotic (eco-coenotic) groups.
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In this article we analyzed the early stages of long-term post-fire vegetation change in a burnt area of a
Siberian fir forest. The study area is typical for the middle altitudes of the northern slope of Khamar-
Daban Ridge; the wild fire was of a natural origin. We registered the post-fire changes in the floral
composition and in the structure of the forest plant community. As a result of the fire, the structure of
forest layers simplified, and the total number of species, as well as the species diversity of coenotic
(eco-coenotic) groups of species decreased in the first years after the fire. We compared a post-fire
forest plant community with an undisturbed one, and evaluated the participation of rare and Red Data
Book plant species in the burnt area.

We established that wild fires in fir forests lead first to the complete death of a tree stand, and then to
the restorative vegetation change, which, in our case, caused a change of conifer tree species to
secondary small-leaved deciduous species. In the first years after the fire, the similarity coefficient of
the floristic composition between the plant community of the burnt area and of the undisturbed forest
did not exceed 0.5. The ranges of eco-coenotic groups of species also changed, making the Br group
(taiga small herbs) dominant in all years. At the same time, some plant species of the burnt area were
not recorded in the undisturbed forest, while the abundance of some rare plant species increased. The
structure of the plant community in the burnt area became simpler as the number of layers, and their
closeness / projective cover reduced. Within 5 years after the fire, the herb-dwarf shrub layer restored
the general projective cover to the values typical for the undisturbed forest; projective cover of
raspberry increased sharply; and the tree layer, formed with new growth, and the moss layer finally
began to recover.

It is concluded that a single case of wild fire in a dark coniferous forest with a relatively small area of
the burnt area does not cause irreversible degradation of the forest plant community. Taiga ecosystems
retain the potential for restoration sufficient for a further proper and successful vegetation change.
Keywords: Khamar-Daban ridge, forest fires, Siberian fir forests, post-fire vegetation changes, rare
plant species, coenotic (eco-coenotic) groups.
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Wild fires are the most important factor to form the forests, because they are the main cause of
natural vegetation changes in taiga ecosystems (Isakov et al., 1986; Volokitina, Sofronov, 2011).
They significantly transform the vegetation and soil cover, exposing the surface of the soil and
substrate on the slopes, which can severely worsen soil erosion (Gorshkov, 1982). Wild fires can be
both of natural and anthropogenic origin, but an indirect human impact has certainly increased their
frequency and prevalence in recent years (Chuvieco at al., 2008; Pausas, Keeley, 2009;
Girardin et al., 2010).
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The Baikal Reserve is located in the southern Baikal Region, occupying the central part of the
Khamar-Daban mountain range. Most of its area is covered with undisturbed forests
(Aksenov et al., 2003; Potapov et al., 2021). This reserve is part of the UNESCO World Natural
Heritage Site “Lake Baikal” and belongs to the central ecological zone of Lake Baikal
(UNESCO ..., 2022). It’s affected by the natural forest fires, which is common for other
mountainous regions of southern Siberia as well (Valendik, Ivanova, 2001; Ivanov, Ivanova, 2010).
Most of the fires there, albeit not happening every year, are caused by lightning bolts during the
thunderstorms (Gamova, 2017b). An analysis of the actual fire frequency of the Southern Baikal
forests (Sofronov et al., 2008) showed the lowest rate for the territory of the Baikal Reserve
comparing with other sites in this region. Indigenous dark coniferous forests of the northern slope of
the Khamar-Daban Ridge are vulnerable to fires due to Siberian pine and Siberian fir being
extremely sensitive to such damage both during crown fires and creeping fires (that affect trunks,
including its very base).

After being disturbed by fires, forests undergo a natural regeneration, i.e. a long-term post-fire
vegetation change (Melekhov, 1947), the total duration and direction of which, as well as the rates
and stages of it, depend on many factors; for example, on the original type of forest and altitudinal
location of the plant community, or on the degree of damage caused to the forest, as well as on the
steepness of the slope, and the moisture level of the biotope. For the Baikal Region the most
common stages of vegetation change are as follows: 0-1 year — black burnt area with no herb cover,
1 to 3-5 years — herb stage, up to 20-25 years — shrubs and small tree new growth with no crowns
closure, up to 40 years — young coniferous forest or secondary small-leaved forest, up to 60 years —
medium-aged coniferous or small-leaved forest with coniferous undergrowth, up to 80-100 years —
maturing coniferous or small-leaved-coniferous forest, over 100-120 years — mature coniferous
forest, possibly with some deciduous species (Gamova, 2014, 2017a). 120-150 years after the fire,
if no other disturbances took place, plant communities reach the state of conditionally original type
of forest. In the course of post-fire vegetation change, the floristic composition and structure of
plant communities change; the soil cover undergoes significant transformation as well (Certini,
2014). The most important consequences are the change in such chemical, physical,
and physicochemical soils properties as the content and composition of organic matter, pH, content
and availability of biogenic elements, and accelerated soil erosion (Krasnoshchekov, 2004, 2007,
2018; Effects of Fire ..., 2005; Thomaz et al., 2014).

The study of post-fire regeneration of forests growing in natural conditions of almost undisturbed
territories is extremely important for understanding the features of natural long-term post-fire
vegetation change and for predicting the dynamics of plant communities disturbed by wild fires.

Materials and Methods

Physical and geographical description of the study object. The southern part of Eastern Siberia
is characterized by a severely continental climate of the temperate zone (Makunina, 1985);
however, the northern slope of the Khamar-Daban Ridge belongs to the temperate continental
climate due to the thermal effect of Lake Baikal. The ridge is part of the Khamar-Daban
mountainous-bald peak-taiga climatic province (Kartushin, 1969). The climate of its northern slope
in the central part is relatively mild for Southern Siberia: the mean annual temperatures vary from -
0.3°C at the Tankhoy Meteorological Station (460 m ASL) to -3.4°C at the Khamar-Daban
Meteorological Station (1420 m ASL); the mean January temperatures are -17°C and -17.9°C, while
the mean July temperatures are 14°C and 12.7°C, respectively. It is shown that the annual
precipitation at the studied altitudes is about 1100 mm, with its maximum in July. The depth of the
snow cover is about 1.5-2 m. Both the annual precipitation and the snow cover in this part of the
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Khamar-Daban Ridge are the maximal in the Baikal Region (Ladeyshchikov et al., 1977).

It is important to note that due to the long and warm autumn that is typical for this territory,
as well as to the abundant precipitation and deep snow cover, the soils of the northern slope often
do not freeze through in winter (Baikalia and Transbaikalia, 1965). The snow cover usually
continues to melt until late spring (i.e. late May — early June), which reduces the risk of fires during
the relatively rainless period of April-May (Kartushin, 1969).

The middle mountains of the Khamar-Daban Ridge in its central part are characterized by
a highly dissected relief (Voskresensky, 1962; Voskresensky, Troshkina, 1971). The density of the
river network is 0.28 km per 1 km* when taking into account all rivers over 10 km long, but it is
much higher when taking into account numerous streams of shorter length (Project ..., 1981).
This helps to maintain the overall humidity of the territory at a significant level, working as a
natural barrier to stop the fires from spreading.

Soils of mountain slopes are formed on a thin talus made of granites, gabbro and Permian
monzonites of Bichurian Complex (Geological Map, 1972). The soil cover along the peaks of the
ranges is dominated by coarse-humus podzols and podburs, alternating with podzolized and
ferruginous lithozems, while the cover of the lower zone has soddy podburs and burozems
(Ubugunov et al., 2012; Belozertseva, 2016; Krasnoshchekov, 2018; Khutakova, Altaev, 2020).

According to “Zones and Types of Zonality of Vegetation in Russia” (1999), the territory of the
Khamar-Daban Ridge belongs to the Boreal class (the Khamar-Daban geographical variant of the East
Sayan type of the Tuva-South Transbaikal zonality group). The mid-mountain taiga zone stretches
along the windward slopes and spurs of the ridge from 500 to 1000-1200 m ASL up to 1400-1500 m
in the remote valleys of large rivers far away from Baikal Lake (Molozhnikov, 2014). More than
70% of the territory of Baikal Reserve is covered with forests. Due to the high share of never
freezing soils and the abundant precipitation, dark coniferous species predominate on the northern
slope (Peshkova, 1985), with some nemoral relict plant species that have survived there since the
Tertiary period (Epova, 1956) thanks to the peculiar temperature and water regimes of the local soils.

Forest fires in the central part of the Khamar-Daban Ridge mainly occur as a result of
thunderstorms, including the dry ones. The average number of stormy days in June-August at the
Khamar-Daban Meteorological Station is 16-19 (Atlas of Transbaikalia ..., 1967). However, based
on the general physical and geographical conditions of the territory, it should be noted that there are
not many prerequisites for the further spread of fires there. This is due to the dissected relief,
density of the river net, total precipitation with a summer maximum, heavy snow cover, wide
distribution of fern and tall herb types of forests, the ground cover of which is protected from drying
out. Thus, only some thunderstorms cause fires. Of course, the risk may increase during the years
with insufficient snow cover and subsequent early and dry spring (Valendik, Ivanova, 2001). The
Khamar-Daban Ridge showed a high correlation between the seasonal number and total area of wild
fires with the number of previous days without precipitation or with precipitation less than 3 mm.
Additionally, the fire hazard in summer is increased by the temperature inversion up to +6-10°C
that can be registered at 800-1100 m ASL, which contributes to the drying of forest litter
(Sofronova, 2005).

Study area. We studied the northern slope of the Khamar-Daban Ridge in the Mishikhinskoye
Forestry located in the Baikal Nature Reserve (Kabansky District, Republic of Buryatia). The burnt
area is situated in the lower reaches of the Levaya Mishikha River, occupying the middle of the
slope of the southeastern and eastern exposition along the left bank in the valley of the river and its
unnamed left tributary (stream). The steepness of the slope varied from 15 to 30°, the overall height
varied from 670 to 1000 m ASL. The burnt area was extended upward the slope, 250 m wide and
750 m long. The lightning bolt struck a protruding ridge that functions as a watershed where the
valleys of the river and its tributary meet, which is typical for the mountains of Southern Siberia
(Ivanov, Ivanova, 2010). The fire broke out during a thunderstorm on July 2, 2011 and lasted for
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4 days, during which it has reached an area of 12.8 ha (10 ha by a creeping fire, 2.8 ha by a creeping
fire + a crown fire). The location of the study site is shown in Figure 1.

The undisturbed vegetation of the territory was formed by the mature forest of Siberian fir
(Abies sibirica Ledeb.) with Siberian pine (Pinus sibirica Du Tour), rowan undergrowth (Sorbus
sibirica Hedl.) and sparse layer of bushes (Lonicera pallasii Ledeb., Spiraea flexuosa Fisch. ex
Cambess.), with herb layer of Arsenjevia baicalensis (Turcz.) Starod. and grasses with
miscellaneous herbs (Calamagrostis langsdorffii (Link) Trin., Galium triflorum Michx., Melica
nutans L., Milium effusum L., Thalictrum minus L.) and ferns (Dryopteris expansa (C. Presl)
Fraser-Jenk. & Jermy), with taiga small herbs (Gymnocarpium dryopteris (L.) Newman,
Maianthemum bifolium (L.) F.W. Schmidt, Phegopteris connectilis (Michx.) Watt, Trientalis
europaea L.). In some spots among the bushes there were red raspberry (Rubus idaeus L.) and
elderberry (Sambucus sibirica Nakai), with bergenia (Bergenia crassifolia (L.) Fritsch.) and
bracken fern (Pteridium pinetorum C.N. Page & R.R. Mill) in the herb layer. Siberian fir forests
with Arsenjevia baicalensis (Turcz.) Starod. are common for the middle mountains of the windward
slopes of Khamar-Daban and Barguzin Ridges with their peculiar humid Baikal zone type of
vegetation (Tyulina, 1976).

Fig. 1. Schematic map of the burnt area and the adjacent forest showing the sites of relevées.

The soil cover there was formed by variations of ferruginous burozems and ferruginous gray-
humus lithozems close to bedrock outcrops. The organic horizons of the background soils were
represented by litter and peaty litter O, the organomineral horizons — by the gray-humus AY and the
transitional Ay/Bm and Bm/Ay. The middle horizon was the BMf structural-metamorphic horizon
with signs of ferrugination. The soils had a poor depth of about 30 cm and a high skeletal structure;
the granulometric composition of the upper horizons was light loamy and sandy loamy
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(Koshovsky et al., 2022).

The relevées in the study area were carried out every year from 2011 to 2019 between the 3™
decade of June and the 1% decade of August on permanent key plots (10 x 10 m). Additionally, we
selected reference plots for relevées in the adjacent undisturbed forest plant community according
to the generally accepted methodology for conducting geobotanical studies of vegetation cover
dynamics (Methods ..., 2002; Community monitoring ..., 2002). We had also collected herbarium
specimens, which are stored in the Moscow University Herbarium (MW) and can be accessed
online (Seregin, 2023).

To analyze the vegetation of the burnt area and the undisturbed forests, we calculated the
coefficients of species’ activity according to L.I. Malyshev’s method (1973) and using the classic
formula:

R=1(A - B),
where A is the constancy of species (5 classes), and B is the species’ abundance (10 classes).
The coefficient values can vary from 0 to 7.1 (i.e. V50 for the 5™ class of constancy combined with
the 10" class of abundance). To provide an accurate assessment of the similarity degree of the
floristic composition of the plant communities in the burnt area and the undisturbed forest, we used
the Jaccard index (Kj), which is calculated using the following formula:
Kj=c/(a+b-c),

where a is the number of species in the 1% community, b is the number of species in the
2" community, and ¢ is the number of species found in both communities. The Jaccard index values
can vary from O (total dissimilarity) to 1 (identical plant communities; Neshataev, 1987).

To assess the floristic diversity, we used the total species richness and the diversity of
ecological and coenotic groups, or ECG (Smirnov et al., 2006), which are the groups of plant
species that share ecological requirements and a certain plant community type (Zaugolnova,
Smirnova, 2000). The ECG was determined according to the CEPL scales (2023) and the researches
carried out in the mountains of Southern Siberia (Nazimova, 1975; Ismailova, 2007). The
nomenclature of plant species is given according to the Plants of the World Online (2023).

Results and Discussion

After the fire, forest plant communities had undergone significant changes. A tree stand of
Siberian pine and Siberian fir that are vulnerable to fire was completely destroyed in the studied
area. Since 2013, burnt trunks began to fall out, and by 2016 almost all large Siberian pine trunks
had disappeared. Among the dead fir stands, only some of the burnt trunks remained standing. By
2019, there were only single standing trunks of burnt Siberian fir trees in the area.

The new growth (the first Siberian pine seedlings) had been observed in the burnt area since
2012, and by 2013 there were 6 species: Pinus sibirica, Abies sibirica, Betula platyphylla Sukaczev
and B. pubescens Ehrh., as well as Salix caprea L. and Sorbus sibirica. Since 2016, a single new
growth of another indigenous dark coniferous species (Picea obovata Ledeb.) was found there as
well. It is interesting to note that the presence of S. caprea in secondary post-fire forests (the
presence of which was also noted in other parts of the burnt areas of the Baikal Reserve) makes the
northern slope of the Khamar-Daban Ridge somewhat similar to the mountains of the Far East
(Primorsky Krai), where this species is common in burnt areas, too (Komarova, 1986).

Among the tree species that were registered in the undisturbed forest, but did not grow in the
burnt area until 2019, Padus avium Mill. can be noted. However, despite the diversity of the tree
species in the burnt area, the tree new growth remained rare during all the years of our observations.
By 2016, the maximum height of coniferous new growth barely reached 0.3-0.4 m, while the
deciduous tree new growth was 0.5 m high. Moreover, hares (Lepus timidus L.) and Siberian roe
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deer (Capreolus pygargus Pall.) started eating birch and willow new growth, biting off the upper
parts of their shoots, a phenomenon that was observed in other burnt areas with small-leaved new
growth, since those areas served as feeding stations for animals. Since the studied area is
surrounded by undisturbed forests, which provide fairly favourable conditions for possible sources
of seeds, then, apparently, the lack of mass renewal of tree species can be explained by the density
of shrubs and herb layers that prevent the tree growth (Gamova, 2014, 2017a). In 2017-2019, the
number of new growth was increasing along with the activity of birch new growth, which,
apparently, will become the main tree species of this vegetation change, forming a secondary small-
leaved forest stand due to their growth rate that significantly exceeds the growth rate of dark
coniferous species. At the same time, the presence of Siberian pine and Siberian fir new growth at
the early stages of the vegetation change indicates that conditionally indigenous plant communities
could recover in this area much faster and more successfully compared to another scenario in which
their post-fire new growth would appear only at the stage of the ripe birch forest.

Tree new growth was not numerous in the undisturbed forest as well. However, the main
difference between new growth in burnt areas and undisturbed forests is its age distribution, varying
in the primary forests and staying approximately the same in the post-fire plant communities, where
it appears in the first years after the fire and eventually forms a secondary forest stand with all the
trees of the same age that acts as the indicator of past fires many years after the fire accident
(Krasnoshchekov et al., 2010).

The shrub layer of the burnt area is mostly formed by Rubus idaeus that first appeared there in
2012. There are also a few Sambucus sibirica, and sometimes Spiraea flexuosa Fisch. ex Cambess.
and Ribes nigrum L. The total projective cover of the shrub layer is variable. For example, in 2013-
2014, raspberries peaked there throughout the entire burnt area. In 2016, a big patch of fruiting
raspberry shrubs still remained at the bottom of the burnt slope, while growing much sparser at its
top. By 2019, raspberries were not that abundant anymore, signifying the next stage of vegetation
change with the introduction of tree new growth. It is important to note that due to their fertility, the
raspberry thickets in this area are used as a feeding station by the brown bears (Ursus arctos L.).

The herb layer in the burnt area turned out to be the most diverse. Its composition and the total
number of species changed significantly in the first few years of the post-fire vegetation change.
During the summer of 2011, only 4 species began to recover there: Bergenia crassifolia,
Gymnocarpium dryopteris, Maianthemum bifolium and Trientalis europaea L. Simultaneously,
in 2012, i.e. in the first growing season after the fire, there were already 25 species of the herb-
dwarf shrub layer. Over the following years, typical dominant species were found in the grass stand
of the post-fire plant community: Calamagrostis langsdorffii, Chamaenerion angustifolium
(L.) Scop. and Pteridium pinetorum. In 2019, bracken and reed grass were among the dominants in
the middle part of the burnt slope, while there were no obvious dominants in its upper part,
however, Calamagrostis langsdorffii, Chamaenerion angustifolium, Galium boreale L., Pteridium
pinetorum and Rubus saxatilis L. were present with approximately equal abundance. In the upper
part of the burnt area, the projective cover of the herb-dwarf shrub layer was reduced to 70-75%,
and the shrub layer was quite sparse. Herbaceous plants under a thick canopy of raspberry and
bracken were mainly represented by taiga small herbs, such as Gymnocarpium dryopteris,
Maianthemum bifolium, Phegopteris connectilis, Trientalis europaea, Viola selkirkii Pursh ex
Goldie, while Anthoxanthum alpinum A. Love & D. Love, Bergenia crassifolia, Galium boreale,
G. triflorum and Melica nutans were common in the areas with reed grass and in the areas with no
obvious dominants.

The general state of plant communities of undisturbed forest and burnt areas during the post-
fire vegetation change is shown in Figure 2.

The ground cover in the undisturbed forest was represented by small tussocks of green mosses
(Pleurozium schreberi (Willd. ex Brid.) Mitt., Hylocomium splendens (Hedw.) Bruch et al.,
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Dicranum spp.) and Polytrichum commune Hedw.; but no lichens were registered there. The total
projective cover of mosses in the forest was about 5%. In the first few years after the fire, the moss
cover was almost absent in the burnt area. Since 2013, Dicranum and Polytrichum tussocks begun
to regrow there from individual plants that were preserved on elevations near the trunks which were
destroyed by the fire. In the same period of 2012-2013, a liverwort (Marchantia polymorpha L.),
which is a common species for the early stages of post-fire vegetation changes, provided most of the
projective cover of the ground layer for the burnt area. In the following years, as the projective cover
of grass stand and shrubs increased, the abundance of M. polymorpha decreased until 2016, since then
this species almost disappeared. By 2019, we found no new moss species in the burnt area.

Fig. 2. Undisturbed Siberian fir forest (2.1), burnt area just after the wildfire: in 2011 (2.2), in 2013
(2.3),in 2015 (2.4), in 2017 (2.5), in 2019 (2.6).

An important indicator in the post-fire dynamics of plant communities is the total number of
their species. The bar chart in Figure 3 shows the dynamics of species number in the burnt area for
2011-2019 and its comparison with the undisturbed forest.
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Along with a natural but sharp decrease in the number of all species in the 1% year after the fire
and a gradual increase in the number of tree and shrub species in the 2™ to 5" years, the dynamics
of herbaceous plants is characterized by specific features. For example, a relative maximum of
species (29 in total) was registered in 2013, but in 2014-2016 this number slowly decreased.
This feature, a “burst” in the number of herbaceous plant species, is common for many burnt forests
and is associated with the fact that the community structure does not fully develop at the early
stages of post-fire vegetation change (Fig. 3). In 2018-2019, the number of herbaceous plant species
grew again, possibly due to a gradual decrease in raspberries during the vegetation change (which,
in its turn, reduced plants competition) and an increased availability of ecological niches/resources.
It should be noted, however, that at its maximum of species in 2013, the number of herbaceous
plants in the burnt area reached 67.4% (29 out of 43) of the species for the undisturbed forest.

Therefore, a complete restoration of the herb layer is not finished within the first decade after
fire. It is noteworthy that there are species in the forest plant community that were not found in the
burnt area (i.e. in 2011-2019, a total of 14 forest species were not found in the burnt area), as well
as species in the burnt area that are not typical for the forest (9 species, for the same period).
However, while such species as Chamaenerion angustifolium or the light-loving Rubus saxatilis
that tends to grow in the margins are common for the post-fire communities, a couple of grasses,
such as Festuca altissima All. and Brachypodium pinnatum (L.) P. Beauv., turned to be more
abundant and, therefore, well noticeable in the burnt areas due to, presumably, proper illumination
that allows them to bear fruit annually. They can probably grow in the adjacent undisturbed forests
as well, where they remain in a vegetative state due to the thicker shade and, therefore, are harder to
identify among other grasses.
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Fig. 3. Change in the number of species of trees (1), shrubs (2), herbaceous plants and dwarf shrubs
(3)in 2011-2019.
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It is also worth noting the rare and protected plants in the species richness of post-fire plant
communities. In the lower part of the burnt area, 2 Red Data Books species, Festuca altissima and
Arsenjevia baicalensis, were found (Red Data Book ..., 2008, 2013), apparently, successfully
spreading due to the fire reducing the plants competition. They were much more abundant in the
burnt area than in the undisturbed forest. A similar phenomenon was noted in other burnt areas in
the middle mountains of the northern slope of the Khamar-Daban Ridge (Alekseenko, Gamova,
2015; Gamova, 2017a), and similar recovery rates of certain rare species were typical for the burnt
areas of the Sayano-Shushenski Nature Reserve (Shikalova, 2019).

An important part in the study of the recovery dynamics of post-fire plant communities is the
comparison of the floristic composition of the plant communities between the burnt area and the
undisturbed forest. The Jaccard index (Kj) is one of the most common and widely used indices in
various botanical studies. Its dynamic is shown in Figure 4.
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Fig. 4. The dynamics of similarity of the floral composition of burnt area and undisturbed forest in
2011-2019 (Jaccard Index).

Since the 2™ growing season after the fire, the Jaccard index value was about 0.5 and remained
so for 8 years, occasionally fluctuating due to the variability of the species composition in the first
years of post-fire vegetation change. Based on the experience of our study of the post-fire
regeneration of Siberian fir forests of a similar group, it can be noted that Jaccard index value can
increase and reach the value of 1 only at the late stages of the vegetation change, when the new
growth of primary dark coniferous species gets mature and becomes part of the tree layer (Gamova,
2014, 2017a).

In addition to the general floristic diversity of post-fire plant communities, the distribution of
plant species according to their ECG is significant as well. A number of groups was distinguished
for the mountains of Southern Siberia and the Baikal Region; while the following ones were noted
for our study area: Aa — arctic-alpine, Br — boreal (taiga small herbs), Md — meadow-forest and
margin miscellaneous herbs and grasses, Nm — nemoral, Nt — nitrophilous, Pn — pine-forest, Rp —
rupicolous, TH — taiga tall herbs and ferns, Wt — wetland (moisture-loving herbs, brook species).
In the early stages of vegetation change, together with the dynamics of the general diversity of
species, the ECG spectrum undergoes rapid changes from year to year (Fig. 5).

In the first years after the fire there is a rapid change and lasting variability in the species
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composition of plant communities, as reflected in our diagrams. At the same time, for all years,
we noticed a clear dominance of the Boreal group (Br), which also was dominant in the undisturbed
forest. Aside from it, the Nemoral group (Nm) and Taiga tall herbs (TH) were quite abundant in the
burnt area. The fact that they were present in the burnt area starting from the very first year after the
fire indicates a moderate or relatively low degree and depth of pyrogenic soil disturbance that does
not affect the underground plant organs, such as tubers and rhizomes. However, in the case of the
TH group, many large ferns disappear for a long time after the fire in our study area and in many
other similarly burnt areas: for example, Dryopteris expansa, because its rhizomes grow close to the
soil surface, and therefore suffer from fire.

The most important difference between the ECG spectra of post-fire plant communities and
undisturbed forests is the Nitrophilous group (Nt) growing on the burnt areas: e.g. willowherb,
elderberry and raspberry, which actively form the post-fire plant communities in the first years of
vegetation change, since the soil becomes enriched with nitrogen due to the ashes left by the fire.
These species can be found in the primary forests as well, but are less numerous and usually grow
only along the forest edges, in the clearings and other relatively open areas. It should be noted that
in our case, the presence of the Meadow-forest (Md) species Hieracium ganeschinii Zahn and the
Arctic-alpine (Aa) species Anthoxanthum alpinum in the burnt area, which both grew in the
adjacent forest, was not found continuously in every year of our study. Those are perennial plants,
and therefore it is possible that they did not actually disappear from the post-fire plant community,
but were severely oppressed while bracken, raspberry and reed grass were dominant and casted a
thick shade on the bottom layers of the grass stand. We should also note the complete absence of
representatives of ruderal groups in the burnt area and in the undisturbed community, which can be
explained by the remoteness of the burnt area from anthropogenically transformed territories. In
general, only in 2011, immediately after the fire, plant species only of 2 ECGs were found in the
burnt area. Since 2012, this spectrum expanded greatly and was quite comparable to the spectrum of
ECG of the undisturbed forest, which was a sign of a successful post-fire regeneration. In 2016-
2019, the proportion of the Boreal group (Br) inthe burnt area reached 50%, therefore
corresponding to the values common for the undisturbed forest.

Fig. 5. Spectrums of coenotic (eco-coenotic) groups in the undisturbed forest and in the burnt area
in 2011-2019.
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The structure of the plant community in the first few years after the fire underwent the most
significant changes, the main one being the disappearance of its tree layer, which takes at least 30-
40 years to restore for the dark coniferous forests of the Baikal Region. At the same time, in the
early stage of the post-fire vegetation change, a secondary small-leaved deciduous forest (in our
case, birch forest) appeared. A similar situation was reported for the burnt areas along the southern
coast of Lake Baikal (Sizykh et al., 2019). Changes in the total projective cover (TPC) were
registered in other layers of the forest plant community as well (Fig. 6).

The TPC of the herb-dwarf shrub layer after the fire decreased from 50-95% in the undisturbed
plant community to 0% immediately after the fire. However, its recovery was quite fast: 5% by the
end of the 2011 growing season; 15-25% in 2012, 25-35% in 2013, 40-50% in 2014, and 70-100%
in 2015. In 2016, in some plots within the burnt area, shrubs and tree new growth extruded
herbaceous plants, creating local parcels where the TPC dropped to 40%, although there were some
parcels where it reached almost 100%. Thus, 5 years after the fire, the TCP of the herb-dwarf shrub
layer for the burnt area finally became equal to one typical for the undisturbed forest. In 2017-2019,
there were slight fluctuations in the projective cover of the herb layer, but it remained within the
limits close to the primary forest. The projective cover of the shrub layer in the burnt area
significantly increased in the first few years after the fire due to a sharp growth of raspberries,
which usually do not persist in the burnt areas for more than two decades in our region of Southern
Siberia. In the study area, a gradual decrease in the projective cover of raspberries after its
maximum in 2013-2015 was noticed. In total, in 2013-2019, the TPC of the herb-dwarf shrub layer
together with TCP of shrub layer in the burnt area reached at least 80%. Knowing this value is
important for assessing the risk of soil erosion, because sod-lost post-fire areas of steep slopes in the
humid conditions of the middle mountains of the Khamar-Daban Ridge are subject to soil erosion,
while the soil wunder the dense vegetation cover remains stable (Krasnoshchekov,
Cherednikova, 2012, 2022). Therefore, the studied burnt area with the dense herb-dwarf shrub and
shrub layers is not a subject to severe soil erosion.
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Fig. 6. Dynamics of the projective plant cover of forest new growth (1), shrubs (2) and herbaceous
plants and dwarf shrubs (3) in 2011-2019.
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One of the indicators of the species’ participation in a plant community is species’ activity, i.e.
a derivative that takes into account the abundance of species on one sampling site and constancy of
species presence on every relevée. The values of the activity coefficients of each species in tree new
growth, shrub and herb-dwarf shrub layers are given in the Table below. As it indicates,
the activities of the same species in the undisturbed forest and the burnt area are not equal.
The activity of tree new growth in the burnt area increased due to a more favorable conditions of
illumination, availability of mineral nutrition, and plant competition in an open area, compared to
those in a tall undisturbed forest. However, shrubs showed two opposite trends. Such typical forest
species as Lonicera pallasii and Spiraea flexuosa, common in the dark coniferous forests of the
middle mountains of the northern slope of the Khamar-Daban Ridge, were observed in the burnt
area only in 2012-2013. They were damaged by fire and have not recovered afterwards. Until 2019,
their young growth was not observed in the burnt area.

Table. Species’ activity in the burnt area and in the undisturbed forest.

Burnt area, years
ECG Forest 1 012 [2013 [ 2014 2015 | 2016 | 2017 2018 2019
Trees (under new growth, seedling)
Br Abies sibirica 3.0 — 1.7 | 26 | 28 | 14 | 3.2 | 2.6 | 2.8
Betula
Br (pubescens + platyphylla) 2.2 - | 2832 |32 | 28|32 |32
Br Picea obovata — — — - - 1.4 - - 2.0
Br Pinus sibirica 1.4 20 (22 26 |28 | 14|32 |26 |24
Br Salix caprea 1.4 — — 2. (32 | 14 — 2.6 | 3.2
Br Sorbus sibirica 2.8 — 1.7 | 2.0 | 1.7 - 32 | 2.0 | 2.8
Shrubs
Br Lonicera pallasii 2.4 1.4 | 1.7 — — — — — —
Nt Rubus idaeus
Nt Sambucus sibirica 1.4 22 | 28 | 32 | 32 | 24 |22 | 32
Nm Spiraea flexuosa 1.4 1.4 — — — — — — —
Dwarf shrubs and herbaceous plants
TH Aconitum septentrionale 2.4 1.4 | 22| 2.0 - 1.4 - 20 | 14
Nm Anemone reflexa — 20 | 1.7 — — — — — —
Aa Anthoxanthum alpinum 1.7 1.4 | 1.7 — — — — — 1.4
Nm |  Arsenjevia baicalensis  [JNGSNN 3.0 | 2.8 | 32 | 1.7 | 1.4 [ 1.7 [ 2.0 [ 35
Rp Bergenia crassifolia 1.7 20|22 |26 |28 |28 |28 |20 28

Nm | Brachypodium pinnatum — — — — — 20 | 1.4

TH | Calamagrostis langsdorffii 2.4 20 | 3.2 _—-

Br Calamagrostis obtusata 1.7 1.4 | 1.7 — — 1.4 — 26 | 2.4
Br Carex iljinii 2.2 — — — — — — — 1.4
Pn Carex macroura — 20 | 1.7 | 20 | 1.7 — — 20 | 32
Nt |Chamaenerion angustifolium| — — 32 | 32 |32 | 20 | 1.7 | 20 | 3.2
Br Circaea alpina 2.2 — 1.7 — — 2.0 — — —

TH Cirsium helenioides 1.4 1.4 | 1.7 — 1.7 - - - -

Br Dryopteris expansa [N 2.0 | 22 [ 20 [22 [ 20 [ - [20 ] 14
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Continuation of the Table.

Burnt area, years

ECG Forest 1 012 [2013 [ 2014 ] 2015 | 2016 | 2017 2018 2019
Wit Equisetum hyemale — — 1.7 — — — — 20 | 1.4
Nm Festuca altissima — — — 32 | 1.7 | 14 | 1.7 | 26 | 24
Br Galium boreale — 22 122120 1.7 14|32 |26 14
Nm Galium triflorum 2.2 14 (22|20 ]| - 14 (1.7 |20 ]| 14
Br | Gymnocarpium dryopteris - 26 | 2.8 | 2.0 — 20 | 22 | 2.0 | 2.8
Md Hieracium ganeschinii 1.4 1.4 | 1.7 — 2.2 — — — —
Nm |Lamium album ssp. orientale| 1.4 1.4 — 2.0 — 1.4 — 32 | 2.0
TH Lilium pilosiusculum — 1.4 — — 1.7 — — — 1.4
Br Luzula pilosa 2.2 — 2.8 | 2.0 — — — 26 | 24
Br Lycopodium annotinum 1.7 — — — — — — — 1.4
Br Maianthemum bifolium 3.2 3.2 32 | 28 | 20 | 22| 26 | 3.2
Nm Melica nutans 2.4 26 | 22 |20 | 32| 32| 28

2.6

Nm Milium effusum . 2.6 | 2.2 — — 32 | 3.2
Br Oxalis acetosella 2.8 1.4 | 1.7 — — 1.4 — — 1.4
Nm Paris obovata 1.7 22 | 22 — — — — — —
Br Phegopteris connectilis 3 22 | 1.7 — 28 | 1.4 | 1.7 | 2.6 | 2.8
Pn Pteridium pinetorum 2.2 22 | 1.7 | 3.7 ‘ ‘

Br Rubus saxatilis — 1.4 — — 1.7 — — — —
TH Senecio nemorensis 1.4 - - - - - - - 1.4
Br Solidago dahurica 2.2 3.0 | 2.8 — — — — — —
Br Trientalis europaea 3.2 32 | 28 | 26 | 28 | 32 | 3.2 | 32 | 3.2
Br Vaccinium myrtillus 2.4 1.4 | 1.7 — — — — — 1.4
Br Viola selkirkii 2.2 — 22 126 |17 ] 20| 17 — —

Notes to Table: pink color marks the species with average activity, while dark pink marks the ones
with the highest activity; the lowest values are unmarked.

At the same time, a pair of Md and Nt plant species, Rubus idaeus and Sambucus sibirica, were
much more active in the post-fire community. In 2013 and 2014, the value of activity coefficient of
raspberries reached its maximum of 7.1, which was never observed for any other species. The most
active species in the herb-dwarf shrub layer in all years were Calamagrostis langsdorffii and
Pteridium pinetorum (up to 5.5), while in the forest community their activity coefficient was twice
as low. Additionally, the group of active species included Chamaenerion angustifolium,
Maianthemum bifolium, Trientalis europaea, and Arsenjevia baicalensis. Some species were active
only in undisturbed forests, while completely or temporarily absent in the burnt area in the first
years after the fire: Anemone reflexa, Anthoxanthum alpinum, Carex iljinii, Lycopodium annotinum
L., Senecio nemorensis L., Solidago dahurica Kitag., Vaccinium myrtillus L. They belong to
different ECGs, but at the same time they are all light-demanding species. Their temporary absence
from the burnt area could be explained by the thick shade cast by raspberry, bracken and reed grass
that massively developed in the first years of the post-fire vegetation change. Therefore, in the
future, a gradual increase in their activity can be expected. The most active species of the forest
community were Arsenjevia baicalensis, Dryopteris expansa, Gymnocarpium dryopteris and
Milium effusum (4.2-4.5). The last two were also found in the burnt area with an average activity
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coefficient, while D. expansa did not grow there until 2019, but, apparently, its regeneration after
the fire is possible at later stages of vegetation change. Calamagrostis and Pteridium species
significantly participated in the plant community at the early stages of the long-term post-fire
vegetation changes in various temperate regions, sometimes even oppressing other species;
for example, this phenomenon was described for Western Siberia (Malinovskikh, 2014, 2017)
and the mountainous regions of Switzerland (Delarze et al., 1992).

It is also worth noting the comparative activity of species of different ECGs. In Figure 7
we show the activity dynamics for 2011-2019 in the burnt area and the undisturbed forest.

At the early stages of the post-fire vegetation change, the Nitrophilous (Chamaenerion
angustifolium, Rubus idaeus, Sambucus sibirica) and Pine-forest (Pteridium pinetorum) groups
were the most active ones. The presence of the first one can be explained by an increased amount of
available soil nitrogen in due to the fire, while the second one was influenced by the better
illumination in the burnt area compared to the forest community. The activity of these two groups in
the burnt area, as well as activity of species of the Taiga small herbs group, is comparable with
the activity the same groups in the undisturbed forest. It is quite noticeable that in the burnt area,
the activity of many ECGs changes significantly through years, with its overall range about 4.5.
In the undisturbed forest, the activities of all ECGs are quite close to each other, ranging from 1.4 to
2.5. Such a significant difference in the species’ activity between these two communities is caused,
on the one hand, by the obvious difference between the conditions of the burnt area and the forest,
and, on the other hand, by the formation of temporary parcels in the burnt area that replaced each
other during the first years after the fire, when the community structure was still not formed.
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Fig. 7. Dynamics of activity of different coenotic (eco-coenotic) groups in the undisturbed forest
and in the burnt area in 2011-2019.

Conclusions

This detailed study of the burnt area in the Siberian fir forest of the middle mountains of the
northern slope of the Khamar-Daban Ridge is the first attempt to study the long-term post-fire
dynamics of the forests of the Baikal Nature Reserve on permanent sample sites. A number of
features that we noted in the early stages of the post-fire vegetation change have common features
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with the trends in post-fire regeneration of dark coniferous forests that were previously shown for
the Baikal Region. Additionally, the mild and humid climate, as well as the wide distribution of rare
or relict plant species, determines the specific features of the vegetation of burnt areas and the
general course of regeneration of forest plant communities. The data obtained during this research
are a part of a long-term study of burnt areas of different ages and secondary post-fire forests of the
Baikal Reserve where a network of permanent sample sites has been created.

1. Wild fires in Siberian fir forests cause a complete death of the tree stand and trigger a
restorative post-fire vegetation change, which under specific local nature conditions develops with
the temporal replacement in tree species from the primary dark coniferous to the secondary small-
leaved deciduous ones.

2. In the first years after the fire, the similarity coefficient of floristic composition in the plant
community of the burnt area and undisturbed forest does not exceed 0.5. The ECG spectrum also
changes, with the Br group being dominant in all years. Moreover, there can be plant species in the
burnt areas that are not found in the primary forest, and the abundance of some rare species
can increase.

3. The structure of the plant community in the burnt area becomes simpler as the number of
layers, and their density/projective cover decrease. Within 5 years after the fire, the herb-
dwarf shrub layer restores the value of total projective cover, typical for the undisturbed forest;
the shrubs density increases sharply due to raspberries, and the tree layer formed by the new growth
as well as the moss layer just begin to recover.

4. A single fire disturbance in a dark coniferous forest with a relatively small burnt area does
not cause an irreversible degradation of the forest plant community. Taiga ecosystems retain the
potential for a future recovery that is sufficient for a proper and successful vegetation change.
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PAHHUE CTAIUHN HHPQFEHHOﬁ CYKHECCHHU B IIUXTOBBIX JIECAX K07KHOI'O
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B craTtbe mpoaHanu3upoBaHbl paHHUE CTAIMH BOCCTAHOBUTEIBHOM HMUPOIC€HHOW CYKLIECCHMM Ha rapu
B INXTOBOM C KEAPOM JIeCy. YYacTOK HCCIEJOBAHUS THIWYEH [UI1 CPEOHEropbsi CEBEPHOrO
MakpockiioHa Xamap-JlabaHa; moxap MMeeT ecTECTBEHHOE MPUPOIHOE MPOoHCcXOkIeHne. OTMEeUeHbI
MUPOTEHHBIE N3MEHEHUSI BO (IOPUCTUYECKOM COCTaBe, a TAKXKE B CTPYKTYpPE JECHOro (PUTOLEHO3a.
3auKCHpPOBAaHO YNPOIIEHUE SPYCHOCTH, YMEHbLIEHHE OOLIero 4uciia BUAOB WU PasHOOOpas3us
9KOJIOTO-IIEHOTHYECKUX TPYIN PACTEHMH HAa Y4acTKe rapud B IEPBbIE T'OABI MOCIE MPOXOKICHUS
noxapa. IIpoBeneHo cpaBHEHHE IOCIENOKAPHOTO PACTHUTEIBHOIO COOOILIeCTBA C HEHApYyLIEHHBIM
secoM. OLIEHEHO yJacTHE PENKHUX U OXpaHsIEMbIX BUJIOB PACTEHUM Ha TapH.

VYcTaHOBNIEHO, YTO JIECHBIE MOXKapbl B MHUXTOBBIX JIeCax MPHUBOIAT K IOJNHOW THOENH IPEBOCTOEB
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1 3aIlyCKAalOT BOCCTAHOBUTEIBHYIO MUPOT€HHYIO CYKIIECCHIO, KOTOpas B JAHHBIX YCIOBUSAX MPOXOIUT
CO CMEHOI MOpoJ Ha BTOPUYHBIC MEIKOIUCTBEHHBIC. B mepBbIe TOABl mocie mokapa KodQQHUIUEHT
CXOACTBa (PJIOPHCTUYECKOrO COCTaBa (UTOLIEHO3a rapy M HEHapylIeHHOro jeca He mpesbimaer 0.5;
TaKXXe€ MEHSETCS CIEKTP 3KOJOro-IIEHOTUYECKUX TIpyNI, BO BCE TOABI JOMHUHMpYyeT rIpynna Br
(TackHoe MenkorpaBbe). [Ipu 3TOM Ha TapuW BCTPEYAIOTCS BHUIBI PACTCHUN, HE OTMEUCHHEBIC B
KOPEHHOM JIeCy, a OOWJIME OTACIBHBIX PEIKUX BHJOB yBenmuuuBaercs. CTPYKTypa pPacTUTEIBLHOIO
cOO0IIIeCTBa Tapy YIPOIIAETCS: YMEHBIIAECTCS YUCIO SPYCOB U HUX COMKHYTOCTh / MPOEKTHBHOE
MOKpBITHE. B Teuenue 5 jer mociie nmoxxapa TpaBsHO-KYCTaPHUYKOBBIN SIpyC BOCCTAHABIMBAET 00IIee
MPOEKTUBHOE TOKPBITHE, XapaKTepHoe Uis (POHOBOTO HEHAPYIICHHOTO Jeca; KYCTApHUKU PE3KO
YBEJIMYMBAIOT COMKHYTOCTb 332 CUET MaJlMHbI, & IPEBECHBIN SIPYC B BHUJE MOJPOCTa U MOXOBOH SIPYC
JIUIIb HAYWHAIOT CBOE BOCCTAHOBJIEHHE.

OpHOKpaTHOE MOYXKapHOE HapyIIeHHEe TEMHOXBOWHOTO Jieca MpH OTHOCUTEIHHO HEOOJBIION MIoaan
rapu HE BBI3bIBACT HEOOpaTHUMOH jaerpazanuu (urtoreHo3a. TaeKHbIe DKOCHCTEMBI COXPaHSIOT
IIOTCHIIHMAJI BOCCTaAaHOBJICHH A, IlOCTaTO‘IHBIﬁ IJIA YCIICHTHOI'O IMPOXO0XKACHUA CYKIIECCUH.

Kniouesvie crosa: Xamap-/laban, jiecHbIe TOXKaphl, TUXTOBBIE Jieca, TMPOr€HHbBIE CYKIIECCHH JIECHON
PaCTUTCIILHOCTH, PCAKHNEC BUABI, 9KOJIOIO-LICHOTUYCCKUE I'PYIIIIBI BUI0B.

bracooapnocmu. ABTOPHI BBIpaXKaloT OJarofapHOCTh KOJUIEKTHBY balikaibCckoro 3amoBeJHHKA 3a
COJIEICTBHE B OPTaHMU3AIINHU TIOJEBBIX PaboT.

Qunancuposanue. Pabora H.C. I'amooit B MI'Y um. JlomoHOCOBa (TIOATOTOBKA CTATHhH) BINOJIHEHA B
pamkax HUP Ne 121032500090-7 «TakcoHoMuueckoe pazHooOpasue peruoHanbHbIX (iop Poccum n
COTIPEACNBHBIX TocyaapcTB. Hayunas oOpabotka kosutekmuii ['epbapuss MI'Y kak OCHOBa M3ydeHUS
permoHanbHBIX  (Quiop»; ToneBbie  uccnenoBaHus H.C. TamoBod mpoBemeHbl B paMKax
rOCyJapCTBEHHOr0 3a/JaHnsg baliKambCKOro 3amoBeAHHKA MO TeMme «JleTormnch MpHUpOobl»; aHaIM3
MOJIy4eHHbIX JaHHbIX Obl1 mpoBeneH T.C. KomoBckuM B paMKax TIOCOHOUKETHOH TEMBbI
«AHTpOIIOreHHAas.  reoXUMHUYeckass  TpaHchopManus  KOMIIOHEHTOB  JiaHmmadTtay  (HOMep
IUTHUC 121051400083-1).
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PaccMoTpeHbl OCOOEHHOCTH TPOCTPAHCTBEHHOW M CTPYKTYPHOM HM3MEHYMBOCTH IUIAHKTOHHBIX H
JOHHBIX COOOIIECTB Ha YdYacTKax Mayioi paBHHHHOW pekn Yca (nputok KyiiObimesckoro
BOJIOXpaHWININA) Ha (POHE KOMIUIEKCHBIX HMCCIICNIOBAHHN DKOJOTHYECKOTrO COCTOSHUS M KayecTBa
Bomel B peke. Ilo pesympraram wmccienoBanmid B 2017-2018 TomoB  BBISIBIIEH  XapakTep
MIPOCTPAHCTBEHHOTO  pACIpeneNeHns BHAOB COOOmECTB (UTOIUIAHKTOHA, 300IUIAHKTOHA W
Makpo3000eHTOCa IO TPOJOIBHOMY MPOPHII0 PEKU C YIeTOM THUAPOXMMHUYECKHX IOKa3aTeneh.
BrimonHeH CcpaBHHUTENBHBIN aHaNW3 W3MEHEHHWS BHIOBOTO OOraTCTBa IIJIAHKTOHHBIX W JIOHHBIX
COOOIIECTB, OIEHOK JKOJOTMYECKOIO COCTOSIHHS YYacCTKOB PEKH C YYeTOM IPOCTPaHCTBEHHOMN
W3MEHYMBOCTH BHJOBOTO pPa3HOOOpa3usi W KOJIMYECTBEHHBIX XapakTepucTuk. [lo pesympraTtam
W3MEHEHWI YHCIEHHOCTH W OHOMAacchl OCHOBHBIX TaKCOHOMHYECKHX TPYII C HCIOJIH30BAHHEM
Pa3TUYHBIX METOJOMOTHYECKIX MOIXOJ0B M3yUeHHUS NWHAMHKU TUAPOOMOIOTHYECKUX IOKa3aTenen
ObLTa yCTaHOBJIEHAa MX HECTAI[MOHAPHOCTD ¥ CYIIECTBOBAHUE 3aKOHOMEPHBIX TPEH/IOB B 3aBUCHMOCTH
OT THUIPONIOTUYECKHX M THAPOXHMHYECKHX (aKTopoB. BmepBrie mana oleHKa OWoOpa3sHOOOpasus
aITBbrOIIEHO30B JIETHETO TIUIAHKTOHA p. Yca B 3aBHCHMOCTH OT THIPOJIIOTHYECKUX yCIIOBHIA,
AHTPOIIOT€HHOT'O BIUSHIS, U3MEHEHHs CONep)KaHus OMOreHHBIX BemiecTB. YcraHoBieH 201 TakcoH
anpropIopel paHTOM HIDKE poma w3 7 OTHAENOB Bomaopocied. JIOMUHUPYIOIIMMHU —SBISFOTCS
Bacillariophyta (56%) u Chlorophyta (28%). B numMHOIITaHKTOHE Y CHHCKOTO 3ajTUBa COOTHOIIICHHE
BHJIOB B COCTaBE OTJIENIOB BOJOPOCIEH MEHAETCS B CTOPOHY BO3pPACTaHHS JONH 3eNEHBIX
Bozmopocieit — Chlorophyta (45%). Homst Cyanoprokaryota m3mensiercst or 4% B peke mo 12% B
3aInBe.

YcTaHOBIEHO, YTO IPOCTPAHCTBEHHAS JHHAMUKA CTPYKTYPHI aIbIOIIEHO30B B P. Y ca XapaKTepu3yeTcs
YBEIMYEHHEM BHJIOBOTO Pa3HOOOpa3usi, UYHUCIEHHOCTH, OMOMACCHI, COAEPIKAaHUS XJIOPOPIILIa-«a
OT UCTOKa K yCThbI0. KOppemsinoHHBIN aHanIwW3 BBISBAI Hamudne AOCTOBepHBIX cBs3erd (P <0.05)
MEXKIy CKOPOCTBIO TEUEHWsI, KOHIIEHTpamuel XJIopo(hHuIlia-«a», YUCIEHHOCTHIO, YASNbHBIM YHCIIOM
BUIOB M Omomaccoi: r=-0.65, r=-0.69, r=-0.82 u r=-0.79 coorBerctBenno. Ilo Ouomacce
Y KOHIIGHTPAIUU XJIOPOPHIIIa-«a» TPOPUIECKOE COCTOSHHUE PEK B BEPXHEM M CpPEIHEM TEeUSHHH
SIBJIIETCSI OJTUTOTPO(PHBIM, B YCTHEBBIX y4aCTKaX — OJUT0-Me30TPO(HBIM, B Y CHHCKOM 3aJIMBE BOJHBIS
MacChl COOTBETCTBYIOT Me30TpopHOMY THIy. OCHOBHBIM 3arps3HSIONIMM BEIIECTBOM Ha BCEM
MPOTSDKEHUHN sIBIIsieTcss KOoHUeHTpanus Posy, (7-18 IIJJK), 9To conmpoBokmaercs yBemu4eHUEM IOIH
MUKCOTPO(HBIX GHUTOGIATEIIAT — WHIUKATOPOB OPTraHMYECKOro 3arps3HeHus. Bospacranue
YHCIIEHHOCTH W Owomacchl QuroruianktoHa B 2017 romy OOYCIIOBIEHO BBICOKHUM COJIEpIKaHUEM
OnoreHHbIx 31MeMeHTOB N u P. 300mIaHKTOH BOMHOW cHCTeMBI p. Yca BKIO4YaeT 45 BHJIOB,
U3 KOTOPBIX KOJIOBPAaTOK — 28, BETBUCTOYCHIX — 13 u BecnmoHorux pakooOpasubsix — 4. CocraB
300IJIaHKTOHA TUIIUYEH Ui BOJOEMOB Boimkckoro OacceliHa, TpeACTaBieH (QUTOGUIBHBIMU
Y TUTAaHKTOOGHTOCHBIMH KOJIOBPAaTKaMH, BETBHCTOYCBIMU pakooOpasHeIMH poaa Alona. Brepsbie
B 300IJJAHKTOHE YCThEBOM 30HBI PEKHM 3aperMCTPUPOBAH BHJI-BCEJeHel — KonoBpaTka Kellicottia
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bostoniensis (Rousselet), oOuTaTens BOZOEMOB CEBEpHBIX IMUPOT. Hanbonpime BenMUUHBI OOMIIUS
300IJJAHKTOHA OTMEYEHBbI B TJIyOOKOBOJHOM Y4YacTKE pPEKa—BONOXPAHWJIMIIE, TJEC YHUCICHHOCTh
1 6MoMacca 300MIaHKTOHA pocThraioT 0.4 Teic. JKk3./M° um 5.4 1/™M° ¢ npeobnaganuem Daphnia
galeata Sars. JluHaMuyHOCTh THAPOMH3UYECKUX M THIPOJIOTMYECKUX TApaMeTpoOB  ONpEIessieT
MPOJIOJIbHOE PACIIPEICIICHNE KOJIMYECTBEHHBIX M CTPYKTYPHBIX TOKa3aTeNei COOOIIECTB TIAHKTOHHBIX
OpraHn3MoOB I10 THUITY SKOKJIMHA B YCJIOBUAX O6I/ITaHI/ISI B Me30-3BTpO(1)HI)IX BOAHBIX Maccax.
YcranoBieHa MMPOCTPAaHCTBCHHAA HW3MCHUYMBOCTL INJIAHKTOHHBIX W AJOHHBIX COO6HICCTB C Yy4€ToM
JIOKQJIbHOW ~ OMOTONMHMYECKOW HM3MEHYMBOCTH, OIPEACIAEMO OCOOCHHOCTSMU TeoMop(oIoruu
naHana(bTa U 3aKOHOMCPHLIM TPEHAOM KOJIWYCCTBCHHBIX oka3aTesei TaKCOLICHOB 6I/IOTI/ILICCKI/IX
COOOIIIECTB.

OHeHKa KadyeCTBa BOJABI M DKOJIOIMYECKOI'O COCTOAHHA BOAOTOKA BBIIIOJIHEHA C HCIIOJIB30BAHUEM
MHTErPAJIBHBIX METOJO0B U METpHUK. llomydeHHbIE pe3ysbTaThl OLIEHKM KadecTBa BOABI p. Yca MOTYT
6BITB HCIOJB30BaHbI B KadY€CTBE€ OTAJIOHHBIX [JIA pacd€ra MYJILTUMCTPUYCCKUX nokasaTejei
9KOJIOTHYECKOI'0 COCTOAHHNA THUITOJIOT'MYCCKH CXOAHBIX MaJIbIX PAaBHUHHBIX PEK.

Kniouesvie cnosa: pexa Yca, Masibie peKd, IUIAHKTOHHBIC M JIOHHBIE COOOIIECTBA, TAKCOHOMUYECKOE
pasHooOpasue, abOuoTudeckue (aKTOpbl, MPOCTPAHCTBEHHOE pACHpPEICICHHE, JKOJIOIMYEeCKOe

COCTOSIHME, Ka4eCTBO BOJBI.
DOI: 10.24412/2542-2006-2023-2-137-175
EDN: HGMMEE

[Ipob6meMbl yCTOWYMBOTO COIMO-IKOJIOTO-OKOHOMHUYECKOTO PAa3BUTHUSI CTPAaHbI B IIEJIOM U
OT/JCNBHBIX €€ PETMOHOB B YACTHOCTH TECHO CBSI3aHBI C PEIICHHEM BOIPOCOB OXPaHBI H
peadbmIMTali BOJHBIX OOBEKTOB — B MEPBYIO OYEpPENlb, KAK MCTOYHHUKOB CHAOKEHUS HACEIICHHS
MpecHo# BOJIOW. B 3TOM cBs3M mccnenoBanuio Maibix pek OacceitHa Cpenneit u Hwxneirt Bonru
yaensercs: mnpuctanbHoe BHuMaHue (buwomnmumkamms ..., 2007; Ocobennoctu ..., 2011;
I'maposkonorus ..., 2015; Kpsuios, 2005; 3unuenko, ['onoBatiok, 2010; [IutukoB, 3UHYEHKO,
2011; 3unuenko, Pozenbepr, 2012; 2021; [llutuko u ap., 2021). BaxkxHOCTb M3ydeHUsT PEK COCTOUT
eme M B TOM, YTO OHHU SIBJISIFOTCS OCHOBOM CO3/aHMsI BOJOXPAHIIIMIL (Pa3HOW pPa3MEpPHOCTH),
KOTOPBIE KOPEHHBIM 00pa30M MOTYT W3MEHATh KIMMAT W JaHamadr, a 3HAYUT, CTPYKTYPY H
(YHKIIMOHUPOBAHUE KaK BOJHBIX, TaK U Ha3€MHBIX SKOJOTHYECKUX CUCTEM. BMecTe ¢ TeM ciemyer
HMETh B BUJLY, UTO JI0 HACTOAILIETO BPEMEHU KOMIUIEKCHBIE OLIEHKH KOJOTHUUYECKOTO COCTOSHUS PEK
3aTPY/AHEHBI B CBSI3M C HEJIOCTATKOM MHGOPMAIMH 00 IKOJOTHYECKUX MPOIECCax, MPOUCXOIAITNX
B Pa3HOTHUIIHBIX PABHUHHBIX pEKax IpPU AHTPONOTCHHOM BO3ACHCTBMM HA HHMX, JMHAMUYHOCTH
TUAPOJIOTHYECKUX (PaKTOPOB U B CBSA3H C M3MEHEHHUEM MPUPOJTHBIX KIMMATHYECKUX YCIOBHI.

HecomHeHHO, 4TO cucTeMa S5KOJIOTMYECKOM OIIEHKH COCTOSIHMSI BOJOTOKOB HYXKIAETCS B
nanpHeiem coBepuieHcTBoBanuu (boraros, 1994; boraros, ®enoporckuii, 2017). OcobeHHo 310
KAacaeTrcsi PEYHbIX SKOCHCTEM, XapaKTEPU3YIOIIMXCA MPOTEKAIOUMMU B HHUX CIIOXHBIMU
9KOJIOTUYECKHMH IPOIECCAaMH, CBSI3aHHBIMH C OCOOCHHOCTSIMHU IPOCTPAHCTBEHHOW JIMHAMUKH
OMOTHI. AHAJIN3 3aKOHOMEPHOCTEH ITPOCTPAHCTBEHHOTO PACIIPECIICHHS COOOIIECTB THAPOOHMOHTOB
OTHOCHUTCSI K (yHIAMEHTAJIbHBIM 3a/ladyaM SKOJIOTUM M TuapoOuonoruu (AmumoB u np., 2013).
JlJig TOTUYECKUX CHUCTEM BeIylass poJib OTBOJAUTCSA MpoOJeMe TeTEepOreHHOCTH BUAOBOM
CTpyKTYyphl Omotnueckux coodmiectB (IlutuxkoB u ap., 2005, 2010; IlIutukos, 3unuenko, 2011,
2013, 2014; 3unuyenko u ap., 2017), rae 3HAUUTENBHOE BIUSHUE OKA3bIBAIOT TUJIPOJIOTHMUECKHE,
naHamadTHO-TeOMOpPOTOTHYECKHEe H  Jpyrue  abuotuueckue  (aKTOpbl  BO3JCHCTBHSL.
HccnenoBanue mpoCTpaHCTBEHHOW AMHAMHUKH OMOTHYECKHUX COOOIIECTB SBISIETCS HEOOXOIUMBIM
ATaoM B U3Y4E€HUHU MaibIX pek Bomkckoro Gacceiina.

L]envio cTaThu ABISETCS 0000IEHNE KOMIUIEKCHBIX HCCIISOBAHUN SKOJOTHYECKOTO COCTOSIHHS
Manoil paBHUHHOM p. Yca, mputoka p. Bonru B paifone KyiiOblmeBckoro BOJOXpaHMIMIIA,
BbINMONHEHHBIX B 2017-2018 rr., ¢ aKkIeHTOM Ha OLEHKY COCTOSIHUS IUIAHKTOHHBIX U JOHHBIX
COOOIIIECTB.
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MarepuaJjbl 1 METOABI

Pexa Yca 6epér Hauano Ha Boimkcko-CBHSDKCKOM BOJOpas3zese Helaleko OT moc. I'peMsumnii
(koopauHatel: 53° 26' 32.2" c.u., 48° 09' 26.5" B.1.) u Bnagaet B Y cuHCcKui 3anuB KyiObIeBckoro
BOJIOXpaHWINILA y CEBEpO-3ana Hoi okoHeuHocTH XKurynesckux rop (puc. 1).

Pation uccneoosanuu. Jlnuna peku — T6KM, ¢ ydeToM YCHHCKOro 3anuBa — 143 kwm,
BOJOCOOpHas miomans — 2240 kM?, MakcuMmanbHas riayOuMHa — 4 M, cKOpocTh TeueHus — 0.4-
0.7 m/c, mpo3paqHoCTh BoABI — OT 40 10 60 cMm (Tadim. 1). Penbed BogocOOpa BOTHHUCTHIN, MECTaMH
nepeceyéH KpyThIMU U OOpBIBUCTHIMU OBparaMmi. JlojimHa peku nolMeHHas, LIUpUHOH 10 2.5-4 kM.
Cxionsl onuHbl BbicoTo 20-30 M, mosorue, cynecyaHble, OTKpBITbIE. Pyciio peku ymepeHHO
u3BUIUCTOC, cnabo naedopmupyromeecs. CpeaHemecsyHash TeMIleparypa BOJBI B peKe B
BereTaluoHHbIi nepuon kosebnercs ot 2.8°C B mae a0 4.8°C B OKTsAOpe, C MaKCHMalIbHOU
temreparypoit B utone — 18.7°C. B 2017 rogy 3apeructpupoBaHbl KIMMaTHUYECKHE AHOMAJIHUU:
paHHee MOJI0BObE, BECEHHEE MOX0JIOJaHNE U BBICOKAs BJIAXKHOCTh (CPEU CaMbIX BJIA’KHBIX JIET 3Ta
BECHA 3aHUMAET 5 MECTO), 0OUJIIe BECEHHUX OCaJKOB (BbIIIe HOPMBI Ha 29 MM B Mae). B cpennem
mo oOmactu 3a Mecsr Bbmaigo 63 mm ocagkoB win 185% ot HOpmbl. Mait 2017 roma Bomien
B JIBA/IIATKy CaMbIX XOJIOTHBIX JeT ¢ 1936 rona (Hoknarx ..., 2018).

Puc. 1. Cxema pacnoioskeHus CTaHIMi 0TOOpa mpoo Ha p. Yca.
Fig. 1. Scheme showing the location of sampling stations along the Usa River.
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[TpupoHO-Teorpaduyeckas XapakTepUCTUKA BOJOOXPAHHON 30HBI U KpaTKas XapaKTepPHCTUKA
OXpaHsSEMbIX [PUPOIHBIX TEppUTOpPUM  OacceilHa peKH  NPUBOJWIMCH HaMU  paHee
(3Bunuenko u ap., 2019). OcHoBHBIE TuUApOrpadUUYEcKUe W TUAPOJOTUYECKHAE JaHHBIE PEKH U
ee MpUTOKOB AaHbl B Tabmume 1. Ot6op mpo6 Bomer B 2017-2018 rr. (MIOHB-MIONB) IS
TUAPOXUMHUYECKOIO AaHaju3a OCYIIECTBIISICS C IOBEPXHOCTHOTO Tropu3oHTa Ha 10 craHIusax
BEPXHEI0, CPEJTHETO U HUYKHETO T€UEHUs PeKH (puc. 1) B IETHIOIO MEXEHb.

Taéauua 1. ['uaporpaduyueckue u ruapoIOrHIecKue XapakTePUCTUKH p. Yca.
Table 1. Hydrographic and hydrological characteristics of the Usa River.

IMapameTpbl 3HayeHus
I'eorpaduueckue KoOpAUHATHI Ucrox: 53°24° c.m1., 48°12° B.1.
MOJIOKEHHUS Oacceiina VYeree: 53°20° ¢, 48°41° B.1.
CpenHuii yKIOH Bog0ocOopa, %o 23
Jlnuna peku,

. 143
BKJIIOYAst Y CHHCKHI 3alINB, KM
JlnuHa peku 76
JIO BIIQJCHUS B Y CHHCKHI 3aJIUB, KM
[Tmomane BomocbopHOTO Oacceiina, 3350
BKJTIOUas Y CHHCKHIA 3a7THB, KM?
Cpennsist BIcOTa BoAocOopa, M 184
OcHOBHBIE IPUTOKH (OT YCThA), KM:
MypaHnka 18
Tumepex 38
KampimumHckas 26
TepeHnryinbka 54
Koka 57
bopia 61
MakcumainbHas TIIyOuHa, M 3-4
I"'ycToTa pedHoi ceTH, KM/KM> 0.13
CkopocTb Te4eHus1, M/C 0.4-0.7
OO1ee mageHue, M 180
Cpennss riryouHa Ha Tuiecax, M 2-3
Cpennsas riiyOMHa Ha miepeKarax, M 0.1-0.5
I'myOuna 1-2
B MECTE BIJICHUA B 3aJIUB, M
[[lupuna peku, M:
B BEPXOBbE 0.9-2.5
B MECTE BIIAJICHUS B 3aJIUB 20-50
B YCTbEBOM 4aCTH 1o 110
CpeaHero0Boii pacxo BOJBI, M>/c 6.2
KoadduimenT n3BUINCTOCTH peKu 1.3
Cpennuii yKJIOH pekH, %o 3.6

B PEKUME D. Yo MPOCIICIKUBAKOTCA BCC (1)2131;1 rogoBOI0 IHKJIA: IMMOJOBOALE, MaBOAKH, JICTHSIA
U 3UMHASA MCKCHH. I[O 80% TOAOBOIO CTOKa PpPCKU NPpUXOAATCA Ha IMOJOBOALE, KOTOPOC
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HaOroaeTcsl B cepeHe ampens — Mae. B 3TOT mepuona pacxoJsl BOJBI BO3pacTaloT Oojiee 4eM
B 20 pa3, a ypoBeHb BOJIbl NOBBIIIAETCs B 1.5 pa3a (rugponoct — c. balinepsakoBo, B 23 KM OT ycThA,
MeCTa BIAJCHUS PEKU B Y CHHCKUI 3aJIUB).

Coop u obpabomka anveonrocuyeckux npod M ONPEACTCHUE COICPKAHUS XIOPOPUILIA-«a»
B BOJIC TPOBEJACHBI B COOTBETCTBHUM C METOJAMH, IPHHITBIMH MPH THIPOOHOJIOTHICCKHX
uccnepopanusix (SCOR-UNESCO, 1966; Meronuka wusydenus ..., 1975; Meroauueckue
pEeKOMEHIANuH ..., 19846). MOHUTOPHHTOBBIE UCCIIEIOBAHMS MTPOBOIMINCH B BEPXHEM, CPETHEM U
HUKHEM T€UEHUH peku (MtoHb, urosb 2017-2018 rr.) u B YcuHckoM 3anuBe.

JUig XapakTepUCTUKU ajbI'OLIEHO30B HKCIIOJIb30BaIM CJEAYIOIIME IOKAa3aTelHu: YHUCICHHOCTh
(MnH. K1./11), OWoMacca (Mr/n), yIelIbHOE BHUIOBOE OOraTCTBO (WHMCIO BHAOB B Tpo0e),
KOHLIEHTpalusl XxjJopodmiia-«a» B cectoHe (Mkr/m). K MaccoBeiM Bujam (CyOZOMHUHaHTaM H
JIOMUHAHTaM) OTHeceHBbI BUIbI, (popmupyromue 5-10% u Gomee 10% cymMmapHOW UYHMCIEHHOCTH
i Ouomaccsl (puromiaHkroHa. CTeneHb CX0ACTBAa BUAOBOTO COCTAaBa OLIEHEHA M0 KO3 (PUIUEHTY
Cépencena. Knacrepuzamusi JaHHBIX JUIsi MOCTPOCHMs ACHAPOTpaMM B mporpamme Statistica
MPOBEJICHA MyTEM CPAaBHEHMSI TIOJHBIX CIIMCKOB BUJIOB, a JIJISI BHISIBICHHUSI 0COOCHHOCTEH JIOKAIbHBIX
anprouiop — MyTeM CpaBHEHHEM COCTaBa MaccoBbIX (opMm ydacTkoB pek. OlieHKa CBSs3U
nokasarenel (UTOIUIAHKTOHA ¢ a0MOTHYECKMMHM TlapaMeTpaMH TIpOBeJeHAa C IOMOUIbIO
koa¢¢unmenta panrosoi koppensiuuu Crnupmena. Ot6op npod GpUTOIUIAHKTOHA U X 00paboTKa
BEJIMUCh MO CTAaHIAPTHBIM MeTojaM wuccienoBanuii (Mertonuka wsydenus ..., 1975; Karlson et
al., 2010) ¢ ucnonpzoBanuem mukpockona Leica DM-4000-B.

Kamepanvnas obpabomrxa npob 300nnrankmona BBITIOJHEHA IO CTaHJAPTHOM METOJUKE
(Metonuka u3ydeHus ..., 1975). OCHOBHBIE HCCIIEIOBaHUS P. Yca U €€ NMPUTOKOB BBIMOTHEHBI
B ntoHe-utosie 2017 u 2018 rr. OHM BKITIOYAIM MOAPOOHOE HM3Yy4E€HUE CTPYKTYPHI BOJHBIX Macc
Y 3001JIaHKTOHA Ha 10 cTaHIMSIX C aKIEHTOM Ha MCCIEeI0BAaHUE YCTHEBOM 30HBI PEKH M €€ MallbIX
puUTOKOB: pp. Tepenrynpka, Mypanka u Tumepek. OT60op mpoO 300IJIAHKTOHA MPOU3BOIMIH
nyreM npouexkuBanus 100 g1 Boabl 4yepe3 KOJUYECTBEHHYIO ceTh Jlkeau. B HMKHEM TeueHHH
oTOupanu mpoOsl Boabl 6atomeTpoM (V'=2.5 1) oo6bemom 10 1 B cTOJIOE BOJBI OT MOBEPXHOCTH
no nHa. ConepkumMoe 0aToMeTpa MpOLEKUBAIH Yepe3 KanpoHOBYIO ceTh U3 ra3za Ne 64 (c pazmepom
suen 0.076 mm) u puxcupoBanu 4% pactBopoM dopmanpaeruga. Kamepanbayo 06paboTky mpoo
300IUIaHKTOHA MPOBOAWJIM TIO CTaHAapTHOW Metoauke (Meroawka wW3ydeHus ..., 1975).
[TapamnensHo ¢ oTOopoM MpoO HM3MEPSUIM TMOPTATHBHBIM 30HIOM Y SI-85 35IeKTponpoBOIHOCTH
(Ec, MxkCwm/cMm) u Temmiepatypy (t, °C) Bombl. 300IJIaHKTOH OIICHWBAIM IO BHIAOBOMY OOTaTCTBY,
yAETbHOMY  pa3HooOpa3uio, YHCICHHOCTH, OuoMacce, palMoOHy MHPHBIX M  XHIIHBIX
0ECIO3BOHOYHBIX U mpoaykiuu (Meroauueckue peKoOMeHAaluu ..., 1982; Onpenenenue
MPOIYKIIMU MOMYJSui ..., 2000).

Omobop npob maxpozoobenmoca tpoBogunu B wuioHe-utone 2017-2018 rr. Ha craHIuUAX
BEPXHEr0, CPEIHEr0 M HIDKHEro y4dactkoB p. Yca. KonmuecTBeHHBIE MpoOBI Makpo3000eHTOca
oTOupanu aHouepmartensmMu DkMaHa-bepmxu (0.04 M2, mo 2 momsema Ha ctanmmu) n JJAK100
(0.01M%, o 2 noabema Ha cTanuuu). [Ipy KOJIMYECTBEHHOM ydeTe B COCTaB «MATKOIO» OEHTOCa
BKJIFOUEHBI MEITKHE MOJLTIOCKHU (10 <1 cM) 6e3 yueTa KpYIMHBIX YHUOHU/I, BUBHIIAPHU U JPEUCCEHU .
Ot60p mpoO® B pUTpaIM OCYHIECTBISUIA THAPOOHMOIOTHYECKUM CKpeOkoM (amuHa HOoxka — 20 cM,
nporarusanue ckpebka — 0.5 M, pasmep suen — 0.23 MM) U IITAaHTOBBLIM JHOuepnareneM (1/400 m?
1o 2-8 moabeMOB, B 3aBUCUMOCTU OT TUMA TPyHTA). [ pyHT MpoMBIBaliM 4yepe3 KapOHOBOE CHUTO C
pazmepom siuer 300-333 mxm. OT6op pod Makpo3000eHTOCa B Y CHHCKOM 3allUBE OCYILECTBIISUIH
nparoit (mmHa Hoxka — 40 cMm, mpotsruBanue aparu — 5 Mm). KamepanbHas u craTucTUdeckas
00paboTka 00pa3oB 3000€HTOCA MPOBOIMIACH COTIIACHO CYIIECTBYIONIUM MeToAnkaMm (MeToauka
u3ydeHus ..., 1975; Meroauueckue pekomeHmauuu ..., 1984a,06; PykoBoactBOo 1O
rugpoduonornyeckomy ..., 1992; 3unuenko, 2011; 3unyenko u ap., 2000) B mabopatopuu
HKOJIOTUH MaJIbIX pek MHcTUTyT sKostoruu Bomkckoro 6acceitna PAH.
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B p. Yca Beimenensl BepxHuih (cT. 1-4), cpemnuii (cT. 5-6), HIWKHUN y4yacTku (CT. 7-8)
Y CTaHIIUM B 30HE CMEIICHUs peyHbIX BoJ 1 KyiiObimeBckoro Bogoxpanuiuma (ct. 8-10; puc. 1).

Oyenky kawecmea 600bl U IKOAOSUUECKO2O COCMOSAHUSA PEKU BBIMOIHSIIA C HUCHOJIB30BAHUEM
OMOTHYCCKUX U HHTErpaibHBIX UHACKCOB: EPT Index, 6motnueckmii uagekc p. Tpent (Trent Biotic
Index, TBI; Woodiwiss, 1964), wuHaekc pabodel Tpymmbl OHOJOTUYSCKOTO MOHUTOPUHTA
(Biological Monitoring Working Party Index, BMWP), unaekc cpemHux 3HAYeHHH TaKCOHOB
(Average Score Per Taxon Index), nHTerpanbHbli HHAEKC 3Kojgorudeckoro coctosnus sog (MNIC;
3uHYeHKo u jap., 2010), naaekc BuaOBOTO pazHoodOpasus lllennona (Hn). Micnonp30BaHHBI HAMH
i pacuetoB uHAeKe EPT ocHOBaH Ha coOTHOIIEHUU HanboJiee UyBCTBUTENBHBIX K 3arpsi3HEHUIO
npencrasuteneid otpsiioB Ephemeroptera, Trichoptera u Plecoptera. Jlng pacuera mHaekca Ha
KaXI0H cTaHIMA OTOOpa MpoO IMOJCYNUTHIBAIM TAKCOHBI IOJCHOK, PYYEHHUKOB M BECHSHOK,
CYMMHUpPYs YHCIO BHJAOB U3 yKa3aHHBIX OTpsoB. buornueckuit mnzaekc p. Tpenr (Woodiwiss,
1964) ocHOBaH Ha COOTHOIIEHUH KOJMYECTBA BUJIOB YCTOWYMBBIX U HEYCTOMUYMBBIX K 3arps3HEHUIO.
[Ipu yBenwueHWH CTETNEHW 3arps3HEHHS pPEeK W3 COCTaBa JIOHHOW (ayHbl B OIpeNeIeHHOU
MOCIIEIOBATEIILHOCTH BBINMAJAIOT HauOoJiee ysA3BUMBIEC TPYNIBI THIPOOMHTOB: BECHSHKH —
MOJACHKHM — pY4YeWHUKH — pakooOpasHble. HMHnekc paboueil rpynmbl  OHOJOTHYECKOTO
MOHHTOPUHTA OCHOBaH Ha OaNIbHOW OIICHKE MOJCEMEHCTB JOHHBIX OECIO3BOHOYHBIX, A09TOMY
ATOT TIOKa3aTeslb uMeeT S5 rpamanuii kadecTBa Boa (Leeds-Harrison et al., 1996). Unnekc 'yanaiita
n Yutiu (G/WI) xapaktepu3yeT COCTOSHHUE BOJHBIX SKOCHCTEM IO COOTHOIIEHUIO YUCICHHOCTH
OJINTOXET K oOmieil uucieHHOCTH THApOoOMOHTOB 3000eHTOca (Barbour et al, 1995), umeer
3 rpaganMu KavyecTBa BOJ M JIOCTaTOYHO MH(POPMATHUBEH JUIsI OIEHKH KadecTBa BOJ MaJbIX PEK
Oacceitna Cpenneit u Hwkneit Bonru (I'onoBatiok, 3unuenko, 2020).

HccnenoBanue SKOJIOTHYECKOTO COCTOSHHUS p. Yca W €€ IPUTOKOB IPOBEAEHO C
UCIOJb30BAHUEM PA3HBIX METOAOJIOTUYECKUX MOAXOJ0B, U3JIOKEHHBIX U MOJAPOOHO ONUCAHHBIX B
HaIUX Npeasiaymux padorax (3unueHko u ap., 2019; I'onosatiok, 3undyerko, 2020).

Pe3yabTarsl ucciie0BaHuii

IMunpoxumudeckuii GoH peku popmMupyercs IlIaBHBIM 00pa3oM 3a cYeT MPUBHOCA XUMHUYECKUX
BEILIECTB C IMPUTOKAMHU, MOBEPXHOCTHBIM CTOKOM U BBILIEIAYMBAHUEM BBICTUJIAIOMINX PEYHYIO
JIONUHY ocafoyHbix mopoa. Ha ¢QoHoBrle mMoOKa3aTeny OKa3bIBAIOT BIUSHUS IOCIEICTBUS
XO3SIIICTBEHHOW JAeATeIbHOCTH Ha BojocOope. HakamnmBarommuecs Ha BOJOCOOPHON IUIOIIAIU
OMOTEHHBIE DJIEMEHTBI, CHOCSTCS TIOBEPXHOCTHBIM CTOKOM B PEKy, YCHJIUBas MPOILECChHI
€CTECTBEHHOT'0 ABTPO(UPOBaHMS BOJOTOKA. TOUeUHbIE HCTOYHHUKH 3arPSA3HEHUS IPUOPEKHON 30HbBI
(MHOTOUHCIIEHHBIE 0a3bl OTIbIXa, CEIbCKOXO3SMCTBEHHBIE MMOJIs) CIMOCOOCTBYIOT B OIpEAEICHHON
CTETIEHH 3arps3HEHHUI0 BOJHBIX MAcC U JIOHHBIX OTJIOKEHMH OWOTEHHBIMH U OPraHHMYECKUMU
BEI[ECTBAMHU.

AHTPONOreHHas HArpy3Ka

Ilo HEOTHOpPOIHOCTH KauyecTBa BOJABI M IO THUILy aHTPONOIEHHOTO BO3JEHCTBHA Ha p. Yca
BBIICIISIOTCS TPH Y4acCTKa:

® VYUYACTOK 6epXHe2o meyeHusi PeKHu — OT UCTOKa peku 10 BrajgeHus p. Koka B paiioHe
c. Emmanka, c1abo noBepKeHHbIH aHTPOIIOT€HHOMY BO3/EH CTBHUIO;

® YYaCTOK cpeoHe2o meuenus peKku — HWxke c. Emmanka no BnageHus p. TepeHbrysbka,
UCIBITBIBAIONINN BO3JCHCTBHE CTOYHBIX BOJ OT KOMMYHAaIbHBIX XO3SHCTB c. benoropckoe
u III'T TepeHnrynsbka;

® YYACTOK HUJICHE20 medeHuss — HIKE BHaAeHUs p. TepeHryiabka 10 YCTbsl PEKH,
HaxOJIIMNCA MO BIMSHUEM BOJI CTEKAIOIIMX C PACIIOJIOKEHHBIX BBIILIE YYaCTKOB PEKU U BOJHBIX
Macc Y CHUHCKOIO 3ajIuBa.
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Pexka VYca oTHOocHTCS K paBHHUHHBIM pEKaM, MCHBITHIBAIOIIMM Ha OTIEIBHBIX YydacTKax
JIOKAJIbHYIO aHTPOIMOreHHYI0 Harpy3ky. OCHOBHBIMM MCTOYHHUKAMH TOCTYIUICHHS 3arpsi3HSIOIINX
BEILIECTB B BOJIOTOK SIBJISIIOTCA COPOCHI KOMMYHAJIbHO-OBITOBBIX CTOYHBIX BOJ U MOBEPXHOCTHBIN
CTOK C IUIOIIAJICH, 3aHSITHIX CEIbCKOXO3SIMCTBEHHOM NIEATEIbHOCTHIO U C BOJOCOOPHOM ILIONIAIN
peku (HaceneHHbIe MyHKTHI, Jlareps, TypOasbl U Jip.; Tadi. 2-4).

Taéauua 2. Copoc cTounblx Boja B p. Yca 3a 2017 r. Table 2. Wastewater discharge in the Usa
River in 2017.

Bua cTouHbIX BOJA O6beMm copoca, ThiC. M*/T0O1
Bcero 176.24
3arpsi3HEHHbIE 159.44
HopmatuBHO oumIlieHHBIE 16.8

IIpumeuanue Kk Tabauuam 2-4: JaHHbIE TOCCTATOTYETHOCTH MpeANpHUATHH naHbl o ¢opme 2TII
(Bogxo3). Note to Table 2-4: data of state enterprise statistical reports are provided according
to 2TII (vodkhoz).

Tab6uamua 3. [Ipennpustus, cOpacbiBaBiIne cTouHble Bojbl B p. Yca B 2017 r. Table 3. Enterprises
that discharged wastewater into the Usa River in 2017.

PaccTrosinme O0beM CTOYHBIX BO/,
IMpennpusitue I'on 3
OT yCThs1, KM ThIC. M
BepxHmuii yuacTok peku
COpacsIBaronux NpeanpusITHN HET ‘ 57 ‘ 2017 ‘ -
Cpennnii y4acToK peKku
benoropckoe koMMyHaIbHOE XO3SIHCTBO 63 2017 16.8
TepeHrynbckoe KOMMYHAIbHOE XO3SICTBO 58 2017 142.9
HuxHMH y4acTOK pekun
VYnpasinsonias KOMIaHUS KUITUIIHO-
P m ! m 9 2017 16.54
KOMMYHaJIbHOTO X03sicTBa LIIUroHs!

Tabauna 4. 3arps3HsOIINME BEIIeCTBa, cOpachiBaeMbIe CO CTOYHBIMHU BoJaMu B p. Yca 3a 2017 r.
Table 4. Wastewater pollutants discharged into the Usa Rive in 2017.

Macca 3arpsa3HsIOLIero BenecTa
3arpsi3HsiloIMe BelecTBa
B CTOYHBIX BOJIaX, TOHH
Cyxoii ocTaTok 4.23
Cynbdat-anuoH (cynbgatsl) (SO4) 0.73
Xaopugst (Cl°) 0.23
Hurpat-auuon (NO ) 0.20
B3BemenHslie BemecTsa 0.13
BIIK nomHbIi 0.05
A30T aMMOHUMHBIN 0.00
Bceero 5.57
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XHUMHYECKHI cOCTAB BOJALI M JOHHBIX OTJI0KEeHUI

B cBs13u ¢ TeM uTO BOJHBIE pECYpPCHI P. Yca OJHOBPEMEHHO HUCIIOJIB3YIOTCS B PA3IMYHbBIX LIETAX
(pexpealioOHHbIX, PHIOOXO3SUCTBEHHBIX, XO3SHCTBEHHO-OBITOBBIX), JJI OMPENEICHUS COCTOSHUS
BOJIHBIX Macc peKH, CoryacHo nocraHosyieHuto Pocrugpomera Ne 140-287 ot 22.02.96, ObLau B34THI
Haunbouee sxectkue HopmatuBsl [1/1K, XapakTepHble 1Isi BOJHBIX OOBEKTOB PHIOOXO3SIIICTBEHHOTO
HazHaueHUs. M3 oOIiecaHUTapHBIX MOKa3aTellell COCTOSHUS p. Yca ONMpeesuiuch MpO3pavHOCTh
BO/JIbl, BOJOPOJHBIN Mokazarenb (pH), coaepikaHue pacTBOPEHHOTO KHUCIOPOJa U OMOXMMHUYECKOE
noTpebIeHne KUCIopoa.

IIpospaunocms 600bI IMEET ONPEEIEHHYIO HAIIPABICHHOCTh: OT UCTOKA K YCThEBOMY YUaCTKY
UJEeT HapacTaHue BeJIUYuHBbI Ipo3padyHocTH oT 0.3 M (BepxoBbe) 10 1.3 M (YcuHCKMl 3amuB).
Maunbie riy6unst (0.3-0.5 M) B BepXHEM TEUEHUU PEKH, CIIOCOOCTBYIOLIME B3MYUUBAHHUIO TPYHTOB U
MOCTYIUIEHHIO B3BELIEHHBIX BEIIECTB B BOJY, NMPUBOIAT K CHIDKEHUIO IMPO3PAYHOCTH HA 3TOM
y4acTKe.

Booopoonvui noxazamens (en. pH). Ilo koHmeHTpanuu BOJOPOJHBIX HOHOB Boja p. Yca B
BEPXHEM TEUEHUHU HMeeT HeHTpaibHyto (6.71-7.46), a B cpelHEM U HMXKHEM — CIIa0OLIEIOYHYIO
peakuuto (7.90-8.22). UsmenunBocth pH mo niuHe pexku HeBennka, KodhGUIIMEHT Bapualliy paBeH
5%. Cpennue 3Hauenust pH Boasl B BepxHeM TeueHuu — 7.08, B cpennem — 8.12, B HikHeM — 7.90
(puc. 2).

Kucnopoouwiii pesxxcum pexu OIaronpusiTeH i CYIIECTBOBAHUSA U Pa3BUTHS THAPOOMOHTOB;
KOHLIEHTpallMsg KHUCJIOpoJa 3a IMEepHoJ HCCIEJOBaHUM He CHIKajJach HIDKE HOPMATHUBHBIX
HoKa3areseil ¥ HaXoIuwiack B guanazone 7.7-7.9 mr/mM?, aro COOTBETCTBYET 75-83% HaCKIIIECHUS.
OmnpeneneHHoro TpeHaa B MU3MEHEHHM COJIEp)KaHUSl PACTBOPEHHOTO KHUCIOPOAA MO JJUHE PEeKU
HE BBISIBJIICHO; XapaKTep €ro M3MEHUYMBOCTH HEYCTOWYMB, C OTHOCUTEIILHO HEBBICOKOW CTENEHBIO
BapualeTbHOCTH.

buoxumuuecxoe nompebnenue xuciopooa. Conepxxanue JaOUILHON (PpaKky OpraHUYECcKOTo
BemectBa (BIIKs) He mpeBblmaeT yCTaHOBJCHHBIC IS MPHUPOIHBIX BOJ PHIOOXO3SHCTBEHHOTO
HazHaueHus: HopmatuBbl. Ilo konumentpamuu bBIIKs Boma B pexke Ha BceM NPOTSKEHUH
XapakTepu3yeTcs Kak «auctas» (mo knaccudukanuu A.J[. CemeHoBoii ¢ coaBropamu (1977)).

Obwasa  munepanusayusi 600bl B LEJIOM I PEKM HE MPEBBIIIACT 3HAYCHUM
peiboxo3siictBerHoro I[IJIK u maxomutcs B muamazone 90-535 mr/am>. HaunGosbinne 3HaueHUS
MuHepammzanun  (491-535 mr/aM®)  XapakTepHBl I CPEJHETO M HIDKHErO TEUeHMH peKH,
muHUMabHbIE (90-401 Mr/am?) — am1s BepxHero yuactka. 110 COOTHOIIEHHIO TIABHBIX MOHOB BOJA
PEKHU Ha BCEX y4acTKax OTHOCHUTCA K TUAPOKapOOHATHOMY Kilaccy, Tpyme Kaibius (AnekuH, 1970)
(Tabmn. 5). I3MeHeHus B COOTHOIIEHUH HOHHOTO COCTaBa U oOIIei MUHEpaIU3aluy BOJIbI CBA3AHBI C
XMUMHYECKUM COCTaBOM OCaJOUYHBIX MOPOJI peYHOro OacceliHa U BIMSIHUEM TOYEYHBIX UCTOUYHUKOB
3arpsizHeHus. COOTBETCTBEHHO POCTY MUHEpPATU3allid U3MEHSETCS JKECTKOCTh BOJIbI: B HCTOKE
peKu Boja XapakTepusyercs Kak odeHb msarkas (1.1-1.2 Mr-sks./nm’), Ha BepXHEM, CpEIHEM U
HUKHEM Y4acTKaX — KaK YMEPEeHHO kecTkas (4.5-5.5 mMr-skB./mm?).

Taoauna 5. MakpokoMIoOHEHTHBII cocTaB Bojbl p. Yca. Table 5. Macro-component composition
of the Usa River water.

YuacTok pekn Komnonent, Mr/a CyMMa HOHOB
Ca? | Mg Na'+K* Cr S04 | HCOy
Bepxnuii 20.0 2.4 0.6 7.0 15.0 45.0 90.0
Cpennuit 85.6 10.6 29.6 17.0 36.0 235.7 414.5
Huwxuunit 77.0 43.7 23.0 32.7 08.2 175.3 449.9
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buocennvie anemenmol. B a30THON IpymIe coaepKaHUE HUTPATHOIO a30Ta HA BCEX Y4acTKaX
pexu B Heckoabko pa3 Hwke [1JIK. KoHueHTpanum aMMOHMIHOIO a30Ta HaXOIATCA B IIpeeax oT
0.039 50 0.37 mr/am*, uto coorserctByer 0.1-0.9 TIJIK, cooTBercTBeHHO. JMana3oH HUTPUTHOI
dopmsl azora 0.02-0.066 mr/mm? (1-3.3 IIJK). Ipesbimenue konnentpanuu N-NO> oTMeuaercs Ha
NpOTSDKEHUH Bcel peku (Tadm. 6). Comepxkanue ¢ochaToB B BOAE PEKH B BEPXHEM TEUCHUH
npesbimaer IIJIK B 8-18 pa3, B cpennem ywactke — B 1.4-13 pa3, B HuxHeM — B 8-9 pas;
npeobnajfaromye KoHUeHTpamud  1.68-2.57 mr/nm®  (puc. 2). 3HauYUTENbHOE IIPEBBHIICHUE
HOPMAaTUBHOTO Mokazarens coaepxkanust P-PO4 B Bozie 00bsICHAETCS MOCTYINIEHUEM O0OTaIlleHHbIX
docdaramu BOJ ¢ TOBEPXHOCTH BOJOCOOpPHOTO OacceliHa, 4TO OTMEYeHO Hamu Kak B 2017 T.,
tak U B 2018 rr. m xapaktepHo ywyacTky peku Hmke c. lluronesl. B nenom, mo copepxaHuio
¢docdaros B Bojie, p. Yca OTHOCUTCS K BOJOTOKAaM 3BTPO(HOTO THUIIA.

KoHuenTtpauun oOmiero ’xene3a Ha BceM NpoTshkeHMM peku Obiu Beime I1/IK; nuanmazon
W3MeHeHui nexut B mpenaenax — ot 1.1 go 7.6 ITAK (0.11-0.76 mr/am*; puc. 2). MakcumanbHOE
npesbimenue [TK (7.6 mr/am®) XapakTepHo il BEDXHETO TeYEHHs PEKH.

Cpenu crienn(uyuecKkux OpraHMYECKHX COeIMHEHUN uccienoBaiuch HegrenpoaykTsl (HIIP)
u penoner. Conepkanne HeTENMPOAYKTOB Ha BCeM NpOTsbKeHMH peku Obuio Hmxke [IJIK.
B BepXHEM U HUKHEM ydacTKax BojoToka koHnenTpanuu HIIP B cpemnem coctapisror 0.03 Mr/om?
(0.6 TIJIK), B cpeanem yuactke peku — 0.033 mr/am? (0.7 TIJIK; puc. 2).

@eHOoJIbHBIE COCAVHEHUS Ha BceM MnpoTshkeHnun p. Yca npessimaror [IJIK B 1.9 pasa;
YIX KOHIIEHTPAIMS Ha KaKJI0M U3 ydacTkoB coctauna 0.0019 mr/am® (tabm. 6).

OCHOBHBIMU TOKCHUKaHTaMH HEOPTaHUYECKOTO MPOUCXOXKIECHUS B BOJE PEKH, BCTPEUAIOIIHECS
B KOHIIEHTpanusx, npesbimatomux [1JIK, sBastorcs mapranen u Meas (tabmn. 6; puc. 2). Beicokmii
YpOBEHb TOKCUYECKOTO 3arpsi3HEHUs] peKr MaprasieM 3ahuKCHpOBaH JOKaJIbHO, B UCTOKE, I/I€ €ro
conepxkanue pocturano 7 IIJIK; Ha ocTanbHBIX ydacTKax KOHILIEHTpAIMM MapraHiia COCTaBWJIN
0.8 IIIK. IIpeBbilieHne KOHIEHTpauid Meau Ha ypoBHe 2.0-2.6 T1JIK 3apeructpupoBaHo Ha Bcex
o0cieoBaHHBIX yyacTKax peku. [IpeBblllieHus: KOHIEHTpauui [IMHKA, CBUHIIA, HUKEJS U KaMUs B
BOJIE PEKU HE 3apPETUCTPUPOBAHO.

Kauecmeo 600w1 B p. Yca, olleHHBaeMoe MO 3HAYEHUIO YAEIbHOTO KOMOMHATOPHOTO MHJEKCA
3arpssHeHHOCTH BoAbl (YKM3B) Ha ocHOBe KOMIUIEKCA KOHTPOJUPYEMBIX IOKa3aTeleH,
npessimatomux [[IJIK, B BepxHEM W HWKHEM TEUYEHHHM COOTBETCTBYET IV kiaccy, paspsay «a» —
«rpszHas», B cpeanem — 11 kiaccy, pa3psany «0» — «oueHb 3arpsi3HeHHas» (Tadi. 7, puc. 3).

K mnpuopuTeTHbIM 3arps3HSIOIIMM BeUIeCTBAM B BOJE Ha BCEM NPOTSHKEHUH p. Yca,
MPEBBIIAIONIMM B Pa3HOM CTENeHM HOpPMATUBHBIE IIOKAa3aTeNId, OTHOCSTCS: MeE[b, JKEeJe30,
HutputHas (opma azota, pocdarsl, denomnsl (Tabn. 7). B Boge MCTOKa peKH 3aperucTpUpPOBAHO
MpeBBIICHNE  HOPMATUBHBIX  MOKa3arteneil  mapranma.  KpuTudeckumu — MoKaszaTensiMu
3arpszHenHoctd Boabl (KII3) B BepxHeM WM HIKHEM TEUEHUU SBISIOTCS docdarbl U kKenezo, B
CpeIHeM TeueHUHU peku — hochaThl.

OCHOBHBIMHU 3arpsA3HSIONIMME BEIECTBAMH SBISIIOTCS kene30 U ¢gocdatel. [IproputeTHbIMU
3arps3HAONIMMU  BElIeCcTBaMH, MakcuMaibHO mpesbimatomumu [IJIK, sBrnsiorcs Ha pasHbIX
y4acTKax peKu HUTPUTHI, hocdatel, Meab, Mapranell, xeie3o, heHosbl. MakcuManbHbIE BETHUYNHBI
I[NOK xapakrepusl s ¢ocdaroB (18 IIJIK), xemeza (7.6 IIIAK), mapranmma (7 IIIK).
KoHuenTpanuu G0JBIIMHCTBA U3 UCCIEIOBAHHBIX XUMUYEeCKHX MHTpeaneHToB Hmwke [TJIK wnmm He
MPEBBIIAIOT HOPMATUBHBIE TTOKa3aTenu OoJee ueM B 1.3-2.6 paza.

Bo/Hble Macchl PeKH MMEIOT MIMPOKUH JMana3oH MUHepaiuszanuu — oT 90 1o 535 mr/av’.
Hau6osbime 3HaueHus (535 mr/am®) XapakTepHbl Ui CPEIHErO TEYEHHs; BOJAa B BEPXHEM
TedyeHMHM M B YCHHCKOM 3aluMBe MeHee MuHepanusoBaHa (90-415 mr/am®) 1o cpaBHEHHIO cO
CPEIHUM Y4acTKOM M 30HAMU CMEIIECHUsl peKa—TIpUTOKHU. [Io COOTHOLIEHUIO TIIaBHBIX MOHOB BOJA
pPeKM Ha BCEM IMPOTSDKEHUH OTHOCHTCS K THAPOKAapOOHATHOMY KJIAcCy, TpyHNe KaiblMs.
COOTBETCTBEHHO POCTY MUHEPAIU3ALUN U3MEHSETCS U )KECTKOCTh BOJIBI: B BEPXHEM y4acTKE BOJa
XapaKTEepPU3yeTCsl KaK OUEHb MATKasl, B CPEAHEM U HIDKHEM — KaK YMEPEHHO KECTKasl.
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Taéauua 6. Cocrostaue 3arpsisHeHus BoJbl B p. Yca. Table 6. The state of water pollution in the

Usa River.
HaumMeHOBaHHe 3arpsi3Hsi- Conepxanue 3a nepuoa Hadmoaennii (B [IAK p/x)
Ne Yuacrok =
/| TOHIX BfllleCTB U MOKa3a- pekn IIpenennb kosedanui Cpennee
TECJIECH 3aIrPASHCHUSA min max 3JHAYCHHUE
BEPXHUI 0.8 7.0 3.9
1 Maprasnen CpeIHuit 0.8 0.8 0.8
HIDKHHAH 0.8 0.8 0.8
BEPXHUI 0.5 2.6 1.6
2 Menn cpenHuit 2.0 2.6 2.3
HIDKHHAA 2.1 2.2 2.2
BEPXHUI 0.5 0.6 0.6
3 BIIK;s CpenHuit 0.5 0.6 0.6
HIDKHUT 0.5 0.6 0.6
BEPXHUI IAK 2.6 1.8
4 A30T HUTPUTHBII CpeIHUi 1.2 3.3 2.3
HIDKHUT 1.8 1.9 1.9
BEPXHUH 0.5 0.9 0.7
5 [unk cpenHuit 0.6 0.7 0.7
HIKHUN 0.6 0.8 0.7
BEPXHUI 1.9 1.9 1.9
6 DeHOoIIBI CpemHuit 1.9 1.9 1.9
HUKHAN 1.9 1.9 1.9
BEPXHUI 1.1 7.6 4.4
7 Kemeszo CpenHuit 1.2 4.8 3.0
HIKHUN 4.4 4.8 4.6
BEPXHUI 0.5 0.7 0.6
8 Hedrenpoaykrs CpeIHuii 0.6 0.8 0.7
HIKHUN 0.5 0.7 0.6
BEPXHUI 0.1 0.9 0.5
9 A30T aMMOHUMHBIN CpenHuit 0.1 0.2 0.2
HIDKHUH 0.1 0.3 0.2
BEPXHUI 8.0 18.0 13.0
10 docdatsr cpenHuit 1.4 13.0 7.2
HIKHUN 8.0 9.0 8.5
BEPXHUI 7.7 7.9 7.8
11 [PacTBOpEeHHBIN KUCIOPO MI/J| cpemHuit 7.6 7.8 7.7
HIKHUN 7.5 7.8 7.7
BEPXHUI H/0 H/0 H/0
12 XIIOPOPTaHHIECKHe cpeaHuit H/0 H/0 H/0
TIECTUITU/TBI -

HVKHAN H/0 H/0 H/0

IIpumeuanusi Kk Tadamue 6: aHamuTHueckas 0O0pabOTKAa THIPOXUMHUYECKHX OOpa3LoB BOJbI
NPOU3BEJICHAa aKKPEeIUTOBAHHOW Tuapoxumudeckoil madopatopueir OOO «lleHTp MOHMTOpPUHTa
BOJHOW W Teosoruueckoit cpeas» r. Camapa. Notes to Table 6: Analytical processing of
hydrochemical samples was carried out by an accredited hydrochemical laboratory Center for
Monitoring the Aquatic and Geological Environment, Samara.
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Puc. 2. I3MeHeHne KOHIEHTpaluii XUMHUUECKUX JIEMEHTOB B BOJIE Ha pa3HbIX ydacTKax p. Yca B
2017-2018 rr. Fig. 2. Changes in chemical concentrations at different sites of the Usa River
in 2017-2018.
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YKHN3B

Bepxumii Cpennuid Huxuuii

Y4acTku pexn
Puc. 3. 3menenue BennunHbl nHAeKca 3arpssHenus Boasl (YKU3B) na yuactkax p. Yca.

Fig. 3. Change in the value of the water pollution index in the Usa River.

Taduauna 7. XapakTepucTUKa KauecTBa BOABI P. Yca MO0 XUMUYECKUM MTOKA3aTEIIsM.
Table 7. Characteristics of the water quality of the Usa River according to chemical indices.

IMoka3arenu YyuacTku
KavyecTBa BepxHuii Cpennmii Huxani
YKIN3B 3.91 3.30 3.80
Knacc, pa3psin IV, «a» 111, «O» IV, «a»
XapakTepAcTHKa rps3Has OueHb 3arpsA3HeHHAs rpsi3Hast
Ka4yecTBa BOJIbI
Mpuopuremssie | (7C6‘; (if)’( 10, | Cu6).Fe@s) Cu (2.2), Fe (4.8),
3arpAsHAIoMue -0), M L7.E), docdatsr (13.0), ocdarsr (9.0),
BelllecTsa, Gocdatsi (18.0), N-NO: (3.3) N-NO; (1.9)
MaKCHMaJIbHO N-NO2 (1.3), berost (1.9) denomnsi (1.9)
npessbimaromue [TJIK dbenosr (1.9)

IIpumeyanue k Tadauie 7: B ckoOkax nano npesbienue [1/IK. Note to Table 7: excess of MPC
is given in the brackets.

ConepxaHue  pacTBOPEHHOIO  KHCIOpOJa Ha  BCEM  MNPOTSHDKEHHH  PEeKH  ObLIO
YIOBJIETBOPUTENBHBIM. CTENEHb HACBIIIEHUE BOJABI KHCIOPOJIOM Haxoauiach B npenenax 75-83%
HaCBIIIECHUS.

K OuoreHHsIM »3J€MEHTaM, OIpEICNSAIOUIMM YPOBEHb IPOJAYKTUBHOCTH PEKH, U
INPUCYTCTBYIOIUX B KOHIEHTpauusx, npesbimaronux [1JK, oTHocsaTcs: mMuHepanbHbI (ocdop
(mo 18 ITAK), murputHsiii azor (makcumyMm 3.3 IIJIK). CopnepkaHue HMTpaTHOrO aszoTa B
HECKOJIBKO pa3 wix Ha nopsaok Huxe [1/IK.

ITo ypoBHIO KOHUEHTpammu (ocdaToB p. Yca OTHOCUTCA K IBTPOPHOMY TUIY MPUPOIHBIX
BOJIOTOKOB.

O060011IeHHOE PKOJOTMYECKOE COCTOSIHME BOAHBIX Macc p. Yca Mo BeJIWYMHAM KOHIIEHTPALUU
NPUOPUTETHBIX  3arpsi3Hstomux BemecTB  ((ocdarer), cormacno kpurepusim  (Kpurepuu
OILICHKH ..., 1992), OTHOCHUTCS K CIIEIYIOIUM KaTerOpUsIM: B BEPXHEM TEUEHHH — «3KOJIOTUYECKOE
Oe7IcTBHE», B CPETHEM U HMXKHEM T€UEHUU — «Upe3BbIUaifHas 3KOoJIOTHYecKas cuTyauus» (tadi. 7).
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[To HAKOIUIEHWIO MUKPOJIEMEHTOB, COTJIACHO Kod(duuueHTy nonHoi akkymymsiun (KA —
OTHOIIICHHE BEJTMYUHBI KOHIIEHTPALIMH BEIIECTBA B TPYHTAX K €r0 COJCPIKAHUIO B BOJE), COCTOSHHE
JOHHBIX OTJOXEHUH M3MEHSETCS OT «OTHOCUTENBHO YAOBJIETBOPUTEIBHON HSKOJIOTHYECKOM
CUTYALMN» JI0 «YPE3BbIYaHOMN 3KOJOTHYECKOU cuTyarum» (Tadi. §).

Bemuunna KA 18 Meaqu M IWHKAa HaxomuTcs B mpexenax 1.8 -10°-6.5-10° u
1.4-10°-4.5-10° COOTBETCTBEHHO, 4To CBUJECTEINBCTBYET 00 «OTHOCHUTEIIFHO
YIIOBJIETBOPUTEILHON HKOJIOTUYECKON CHTyallMi» B TPYHTAX IO 3THM XUMHUYECKHM TTOKa3aTEIsIM.
[To BenmuuuHe HakomeHus xenesa (4.4 - 10*- 7.9 - 10%) cocTosHMe 0CaaKOB OTHOCUTCA K KJIAcCy
«Upe3BBIYAHOM IKOJIOTMYECKON CUTYaLUN).

Takum 00pa3oM, COCTOSIHHE IKOCHUCTEMBI PEKH OMPENEISeTCs] 0COOCHHOCTAMH BOJOCOOpPHOM
IUIOUIAIM, MAacIITadOM XO3SIICTBEHHOTO, OBITOBOTO M CEJIbCKOXO3SIICTBEHHOTO HCIIOJIb30BAHUS.
OCHOBHBIMU 3arpsi3HSIONIMMHU BEIIECTBAMH Ha BCEM TPOTSHKCHUU PEKH SBISIIOTCA  (pocdarbl
Y HUTPATHI, YTO OOYCIOBJIIEHO CMBIBOM yJI00peHU ¢ BOJOCOOPHOM TUIONIaau B peKy (Tadm. 1).

Tabumua 8. Conepxanue 3arpsA3HSONIMX BEIIECTB B JOHHBIX OTIIOKEHUAX p. Yca.
Table 8. Pollutants presence in the bottom sediments of the Usa River.

Ne | Barpsiusiromee Conep:kanue, MI/Kr
n/n BELIECTBO Jluana3on KojeGanuii Cpennee
1 Cunen 7.4 7.4
2 Kenezo 9500-14000 11960
3 Mapranerg 245-630 402
4 Menp 6.8-14.0 11.2
5 uuk 11.5-29.3 23

Boanrie coodmecrBa. ®UTONIAHKTOH.
Pa3nooOpa3ue U CTPYKTypa aJIbroueH030B

I'unpoOuonornyeckoe coCTOsSIHUE p. Yca BKIIOYAeT JIaHHbIE aHalu3a paclpeaeieHUs
CTPYKTYPHBIX XapaKTE€PUCTUK IJIAHKTOHHBIX M JIOHHBIX COOOUIECTB, M0 KOTOPHIM MOKHO OLIEHUTh
3aKOHOMEPHOCTh U3MEHEHUS SKOJIOTMUECKUX MTapaMeTPOB BOJHBIX MACC, Ka4YeCTBO BOJbI U CTEIICHb
3arpsi3HeHuss Bojoema. [lo pesynpTaTaM HW3MEHEHUH UHCICHHOCTH W OMOMAacChl OCHOBHBIX
TaKCOHOMHYECKHUX TPYIIN, HCIOJIb3ysd pPa3Hble METOJOJOTUYECKUE MOAXOIbl OLUEHKU ITUHAMUKU
TUAPOOMOIIOTUYECKUX TOKa3aTeseil, BBIABISETCS HMX HECTAllMOHAPHOCTh M 3aBUCHUMOCTH OT
TUAPOJIOTUYECKUX M THAPOXUMHYECKHX (PAKTOPOB MPH KOMIUIEKCHOW OIEHKE SKOJOTHYECKOIrO
COCTOSIHUS PEKH.

B ¢wuronnankrone p. Yca 3apeructpupoBan 201 TakcOH paHroM HHXE poja U3 7 OTAEIOB
Bojiopoceil (tabu. 9). [lo unciny BUIOB B peoruiaHkToHe p.Yca npeobnaaarot Bacillariophyta (56%
coctaBa) u Chlorophyta (28%), a B TMMHOIJIAHKTOHE Y CHHCKOTO 3aJlBa COOTHOIIEHHE BEIYIIUX
OTIIETIOB B anbrodiope M3MEHSETCS 3a CUET YBEIMUEHHUS YHUCIa BUAOB 3€JICHBIX BOJOPOCIEH —
Chlorophyta (45%), Bacillariophyta (24%). Jons Cyanoprokaryota usmensercs ot 4% B p. Yca
1o 12% B YCcHHCKOM 3ajIuBeE.

B oskonoro-reorpadm4eckoM  OTHOIIEHWHW  (PUTOTIAHKTOH  COCTOUT M3  HIUPOKO
pacipoCTpaHEHHBIX MPECHOBOAHBIX (OPM, MPEANOYUTAIONINX HEHTpadbHbIE U cIaboIIeTouHbIe
BoJbl. K mimaHkToHHBIM OTHOCUTCS O0see 50% BUIOB; 3HAYMMYIO POJIb B allbropiiope peKu Urparot
oburarenu 6eHToca u obpacranuii (22 u 10% TakcoHoB). B cocTaBe MHAUKATOPOB OPraHUYECKOTO
3arpsi3HeHUs TpeoOnamaroT  f-me3ocanpoObr  (45%), MacCOBBIMH M3 KOTOPBIX — SIBISIOTCS
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nmatoMoBeie Fragilaria capucina Desmaz., Melosira varians Ag., Navicula tripunctata (O.F.M.)
Bory u 3enensie Bonopociu Monoraphidium irregulare (G.M. Smith) Kom.-Legn.
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Jns p. Yca, HUKHee TeYeHHE KOTOpPOW MpesCTaBiseT COOOM YdYacTOK HOJNOpa BOJAMHU
KyiiObI11eBCKOro BOJAOXPAaHMINIIA, CTPYKTYPHBIE [TOKA3aTeNU Pa3BUTHS aJblrOLIEHO30B BapbUPYIOT
(tabn. 10; puc. 5, 6), 4TO CBA3aHO C TUHAMUYHOCTBIO TMIPOJIOTMYECKUX YCIOBHH (IIIyOMHOM,
CKOPOCTBIO TEUEHHsI, TPO3PAUHOCTHIO), a TAK)KE ¢ OMOTOMMUYECKONH HEOJHOPOAHOCTBIO BOJAHBIX Macc
(HanmMuYMe yCThEBBIX YYaCTKOB B MPUTOKAX, 30HBI SKOTOHA HA yYaCTKE peKa—3alluB).

Y CcTaHOBIIEHO yBETMUEHUE BUIOBOIO pa3HOOOpas3us (PUTOMIAHKTOHA, YUCIEHHOCTH, OMOMACCHI,
KOHIIEHTpALUU XJIOPO(PHIUIAa-«a» OT UCTOKA K YCThIO PEKH. XapaKTepHOW 0COOEHHOCTBIO SBISAETCS
BBIPQ)KEHHOE YBEJIMUYEHHE KOJMYECTBEHHBIX (YMCICHHOCTb, OMOMacca) M MPOAYKIMOHHBIX
(comepxkanue xyopoduiuia-«a») Mokaszareneld, a TakkKe HU3MEHEHUE CTPYKTYpPbI ajabrogopbl Ha
yJacTKaxX CMeLIeHHs M TpaHchopMalMM BOJHBIX MacC B MPUTOKaxX Ha TpaHUIE C PEKOi
(pp- Mypanka, Tumepek) u B camoil peke B Mecrte e€ moamopa Bojamu KyiiObImeBcKkoro
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BOJIOXpaHWINIIA — Y CHHCKHI 3auB (puc. 6-7).

OCoOeHHOCTBIO pa3BUTHS (UTOIUIAHKTOHA B p. Yca SBIAETCS JUIUPYIOUIEe pa3BUTHE
OUaAmMoMo8biX 8000pocJieli, COCTaB KOTOPHIX OTIIMYAETCS HA PA3JINYHBIX YYaCTKAX PEKH.

B BepxHeMm u cpenHEM TEUCHHH PEKH pPa3BUTHE (UTOIUIAHKTOHA 3aBUCHUT IPEXKIE BCETO OT
CBETOBOTO PEXMUMA. 3HAYUTEIbHAsT MYTHOCTh BOJBI IPU BBICOKMX CKOPOCTSX TEUYEHHUS M HHU3Kas
OCBEIICHHOCTh pyclia TOJ TIOJOTOM Jieca TPHBOIIT K TOMY, 4YTO, HECMOTpPS Ha BBICOKOE
cojepkaHue OWOTeHOB, (HUTOINIAHKTOH HE C(OPMHPOBAH WM COCTOMT W3 CIMHUYHBIX U
ciydaiftabeix (¢opm (B ocHoBHOM Bacillariophyta), BbiHeceHHBIX W3 oOpactanmii W OeHTOCA.
UucneHHOCTh W OMOMacca BOJOPOCIEH, a TakkKe COJEpX)aHHe XJIOPOPHIUIa-«a» B BOJE HHU3KHUE.
B Toke BpeMms, Ha MeCYaHBIX M KAMEHHCTBIX TPYHTaX MOTYT OBITh OOWJIBLHO Pa3BUTHI HUTYATHIC
dopmer u3 ponoB Cladophora, Monostroma (Chlorophyta), Vaucheria (Xanthophyta). Ha nux
pPa3BUBAIOTCS JTMATOMOBBIE oOpacTtaHusi pazHooOpaszHoro cocraBa (Cocconeis, Gomphonema,
Cymbella).

Ha ydwacTkax cpemHero TedeHHs, B 3ampyAax, a TakKe Ha OTKPBITBIX MeCcTaX, CO3/al0TCs
YCTIOBHSI TIOBBIIIEHHON OCBENICHHOCTH M TPO3padyHOCTH. B Takmx Owotomax HabIromaeTcs
YBEIMYCHUU BUIOBOTO pa3HOoOpasws. Pa3BuTel HUTUATHIE (OPMBI BOJOPOCIIEH B 0OpacTaHUSIX Ha
cyocrpare. Ilo BenmumHe OWOMacchl (PUTOMIAHKTOHA COCTOSTHUE PEKM M3MEHSETCS OT
OJUTOTPO(PHOTO Ha BEPXHEM U CPEIHEM €€ ydacTKax A0 Me30TpodHoro. Hirke mpuBOAsATCS NaHHBIE
0 CTPYKType anbrogmops (tadm. 9, 10).

Tabumua 9. TakcoHoMuyeckuil coctaB ¢puTomankToHa p. Yca B 2017-2018 rr.
Table 9. Taxonomic composition of phytoplankton of the Usa River in 2017-2018.

Otnedbl YucJio BUI0B M BHYTPHBHUIOBBIX TAKCOHOB
Bacillariophyta 85
Chlorophyta 70
Cyanoprokaryota 17
Euglenophyta 12
Dinophyta 9
Cryptophyta 6
Chrysophyta 2
Bcero 201

BenuuuHbl MHACKCOB calpoOHOCTH Ha BCEX CTAHIUAX HAXOMWIMCh B mpeaenax 1.19-2.46.
B BepxHeM TedeHHH BOJBI peKkd Yca Mo (PUTOTIIAHKTOHY OTHOCSITCSI K OJIUTOCANIPOOHBIM, «IHCTHIE
BOJIbI». B cpenHeM TedeHMH M B YCHHCKOM 3aJIMBE, YKOJOTMYECKOE COCTOSIHME BOJHBIX MacC
XapaKTepHU3yeTcsl KaK «yJOBJIETBOPUTEIBHOE» M  «OTHOCUTEIBHO  YJOBJIETBOPUTEIHLHOE.
[To campoOHOCTH BOJA 3TUX YY4AaCTKOB OTHOCHUTCS K [B-Me30CcanpoOHBIM, YMEPEHHO 3arpsi3HEHHBIM,
III xknacca xkayecTBa. ITO MOKET CBHJIETEIBCTBOBATH O MPOLIECCaX YBEIMYECHHS 3arps3HEHUS PEKU
OpraHMYECKMMHU BEIIECTBAMHU U CHH)KEHHUS CAaMOOYHCTHTENBHOM CIOCOOHOCTH peKH B
YCHHCKOM 3ajIuBe.

YpoBeHb OMOMacChl U cojepKaHue XJIopoduina-«a» B p. Yca U e€ MpUTOKaX, B OCHOBHOM
COOTBETCTBYIOT OJIUTO- ME30TPOPHOMY COCTOSHMIO BOJHBIX Macc. B JneTHeM IUIaHKTOHE
VYcunckoro 3amuBa mo jgaHHbIM 2017-2018 rr. OGuomacca W cojep:kaHue XJIOPO(UIIa-«a»
3HAQUUTENIbHO MPEBOCXOAAT BEIWYHMHBI, XapaKTEpHbIE [UIsi PEKM W HAXOJATCA B Mpenenax
9BTPO(HBIX 3HAUCHUI.
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Taoauna 10. OcHOBHBIE CTPYKTYPHBIE XapaKTEepUCTHKHU GHUTOTIaHKTOHA p. Yca B 2017-2018 1T.
Table 10. Main structural characteristics of phytoplankton of the Usa River in 2017-2018.

Y4yacTku peku
Ne IokazaTenu
Bepxuui Cpennuii Huxuni
1 |YuciIeHHOCTh, MITH. KJI/71 0.02-0.48 0.47-0.83 6.10-14.84
2 |buomacca, Mr/n 0.01-0.98 1.41-1.49 1.98-5.93
3 | HACKC BHIOROTO pasRoOOPASHA | ) 46 5 39 2.09-2.22 1.84-2.36
[IleHHOHA 1O YMCIIEHHOCTH
4 |VIHACKC BIAOROTO PASHOOOPAIMA | ) 39 5 1 1.49-2.32 1.35-2.18
[IlenHona mo Ouomacce
5 |Hliaeke canpodHocTH o 1.19-1.27 1.24-2.05 2.01-2.46
YHCIIEHHOCTH
6 |Hupexc campoOHocTH 1o Ouomacce | 1.16-1.44 1.33-2.35 1.88-2.52
Ouuro- Ouuro- B-mes0-
7 |3oHa canmpoOHOCTH
canpoOHas -me3ocarpoOHas canpoOHast
II-1II — «uucras, 11 —
Knacc kauectBa BOIEI
8 II — «amcras» YMEPEHHO YMEPEHHO
(o cammpoOHOCTH)
3arpsi3HEHHas» 3arps3HEeHHas
OtHOCHUTETBHO
Xopomuiee —
9 | DKOJIOTMYECKOE COCTOSIHUE Xopomuiee YAOBJIETBOPH-
YJIOBJIETBOPUTEIBHOE TOILHO
34.8%
8.5%
O Bacillariophyta
6.0% O Dinophyta
@ Chlorophyta
4.5% O Cryptophyta
3.0% @ Cyanoprokaryota
1.0% O Chrysophyta
O Euglenophyta
42.3%

Puc. 5. Cocta anprogopsl IiiaHkToHa p. Yca.
Fig. 5. Composition of plankton algoflora in the Usa River.
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Puc. 6. M3menenus yncnenHoctu (1) u Guomaccsl (2) Boopociiell pa3HbIX TAKCOHOB Ha CTaHIIMSIX
(cT) oTtbopa mpod p. Yca B 2017, 2018 rr. Fig. 6. Changes in the abundance (1) and biomass (2)
of algae of different taxa at the sampling stations (ct) of the Usa River in 2017 and 2018.

Pe3ynbrathl ucciieoBaHM MPOCTPAHCTBEHHOTO pacrpeaeneHus: (UTOIIAHKTOHA B HIOJe-
asrycre 2017 roma TmMO3BOJIMIM YCTAaHOBUTh OCOOEHHOCTH (OPMHUPOBAHUS TIJIAHKTOHHBIX
aJIbrOIIEHO30B B P. Yca.

B ycnoBusix BBICOKOTO cojep:kaHMsl OCHOBHBIX OuoreHHbIx 31emeHToB (N, P) B Boze p. Yca u
ee MpUTOKaX, (aKkTOpaMu, BIUSIOUMMH Ha pacIpelelieHue, XapakTep U CTENeHb pPa3BUTHS
(GUTOMIIAaHKTOHA SBISAIOTCA THAPOJOTHYECKHE — CKOPOCTbh TE€UEHHMsI, TPO3PAYHOCTh, TEMIIEpaTypa.
KoppensiiimonHplli aHaau3 BBISBHII HaJdu4mMe TO0CTOBEepHBIX cBszei (P < 0.05) mexmy cKopocThio
TEYEHMs] U TaKHUMH TOKa3aTeNIMU Kak: KOHIICHTpalus XJIopouilia-«a», YUCIEHHOCTb, YAEIbHOE
YHUCIJIO BUJIOB U OMomacca ¢utoruiankTona (r =-0.65, r =-0.69, r = -0.82, r = -0.79).

BoisiBneHa AuHaMuKa CTPYKTYpHI ajbrOLIEHO30B pEK OT HUCTOKa K YCThbIO, KOTOpas
XapaKTepHU3yeTcss HepaBHOMEPHBIM PACIPEICICHUEM YUCICHHOCTH U OMOMAcChl, 4TO 0OYCIOBIEHO
B 3HAUUTENBHON CTEMEeHH OMOTOMMYECKUM pa3HoOOpa3reM M aOMOTHUYECKUM BO3JCHCTBUEM.
Jus peku VYca xapakTepHa KOHTHHYAIbHOCTh pAaclpeiefieHUs] YHUCICHHOCTH U OHOMAcChI
¢utomnankrona (puc.7). B cBa3um ¢ 93BTpoQupOBaHMEM U TIOBBIIIEHHBIM COJEPKaHUEM
koHueHTpauuu docdopa (Posw.) Ha BCEX ydacTKax peKH, B pe3yJibTaTe MOIIHOTO CMbIBA yI0OpeHU
C CETbCKOXO3SIICTBEHHBIX TIOJIEH, 3aperucTpUPOBaHbl H3MEHEHUS BUIOBOTO COCTaBa U
KOJIMYECTBEHHOTO Pa3BUTHS (PUTOIIAHKTOHA, KOTOPBIE BBIPA3UIUCH B 3HAYUTEILHOM YBEIHMUECHUU
YUCIIEHHOCTH MHUKCOTPO(HBIX (pUTOGIAreNnsT — HHAWKATOPOB OPraHWYeCKOro 3arpsi3HEHHS U
YBEJIMYEHHS KOJIMYECTBA (PUTOIIAHKTOHA.

B VYcunckom 3ammBe (puc. 7) HabOmomaeTcs 3HAUYMTEIBHOE YBEIMUYEHUE COJACPKAHUS
XJopo(uIIIa-«a», YUCIEHHOCTH (DPUTOTUIAHKTOHA, a TAaKKe pa3BUTHE BUOB, JOMUHHUPYIOMIUX B
Bomkckux BOJOXpaHWIHINAX, HAPUMEDP TakuX Kak Microcystis aeruginosa Kiitz. emend. Elenk.,
Microcystis wesenbergii Kom., Aphanizomenon flos-aquae (L.) Ralfs., Anabaena flos-aquae f. flos-
aquae (Lyngb.) Breb.
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Takum 00pa3oM, TaKCOHOMHUYECKUH COCTaB Ha KaXJOM M3 y4YaCTKOB PEKH cnenuduyeH u
¢dopmMupyeTcsi B COOTBETCTBHH C COBOKYIMHOCTBIO OCOOCHHOCTEW HKOJOTHMUYECKHX YCIOBUH,
CBSI3aHHBIX C BO3/ICHCTBYIOIIMMHU MPUPOAHBIMH U aHTPOMOTCHHBIMH (haKTOpaMHU.
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12 A

1.980 1.981

22 035" 033 048" 0.48' ' ' ' 0
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—@— (Ouomacca
—— Chl_"a"
= =YKiCJI0 BU/IOB (110 JONMOJTHUTEJIbHOI OCH CIIPaBA, TOJCTAsSK JIUHUS)

Puc. 7. JlunamMuka cymMMapHOW YHCICHHOCTH U OMOMACCHI, COJAEPXKAaHUA XJIOpOoPHILIa-«a» u
YACIBHOTO YMCJIa BUAOB B alIbI'OIIEHO3aX TUIAHKTOHA Ha CTaHIUAX (cT) oTOopa mmpob p. Yca B 2017,
2018 rr. Fig. 7. Dynamics of the total abundance and biomass, the content of chlorophyll-«a»
and the specific number of species in algocenoses of plankton at the sampling stations (ct) of the
Usa River in 2017 and 2018.

Coo01mecTBa 300ILTAaHKTOHA:
CTPYKTYpPHBbI€ 0CO0€HHOCTH CO00IIECTB 300MJIAHKTOHA, COCTAB U pacnpe/ejieHne

3a mepuon netHux ucciuenoBanuii B 2017-2018 rr. B p. Yca 3apeructpupoBaHo 45 BHIOB
300IJJAaHKTOHA, B TOM yHcie 28 — KOJOBPATOK, 13 — BETBUCTOYCHIX pakoB U 4 BHJA BECIOHOTHX
pakooOpa3HbIX (B ToMm uucie 3 — mukionouaa u 1 — xamaHouja). Hambonbliee 4ncio BHJIOB
OTMEYEHO Ha CPEJHEM y4acTKe peKd U B MPUTOKax, IJe oOHapyxkeHO 13 BUAOB, U3 KOTOPBIX IO
YKCIIEHHOCTU TIPe00IaaloT KOMENOAUTHbIE CTaauK HUKIONoB (470 sk3./mM%). TakcoHOMHYECKHil
COCTaB B II€JIOM TUIIMYCH JJIsl PABHUHHBIX PEK M MPEICTaBIeH QUTODIILHBIMHA BUIAMH KOJIOBPATOK
ponoB Cephalodella Bory de St.Vincent,1826, Lepadella Bory de St.Vincent,1826, Testudinella,
Bory de St.Vincent, 1822, Epiphanes senta (Miiller,1773), Mytilina mucronata (Miiller,1773) u np.
U pakooOpasHbix — Pleuroxus aduncus (Jurine, 1820), Simocephalus serrulatus (Koch, 1841), a
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TaKXKe TUIAHKTOOCHTOCHBIMU BHUAaMH W TakcoHamu (konoBpatku Bdelloidea, Hudson, 1884,
BETBHCTOYCBIE pakooOpasHbie pona Alona Baird, 1843). Ha pa3HbIX ydacTkax mpeoOiagaloniuMu B
JIETHUHN TIEPUO/T SIBIIIIOTCS KOJIOBPATKH, IPEJCTABUTENN POIOB M BUIOB Synchaeta Ehrenberg, 1832,
Brachionus Pallas, 1766, Euchlanis Ehrenberg, 1830, Asplanchna priodonta, Gosse, 1850, Platyias
quadricornis Ehrenberg, 1832; BeTBuctoycsie pakoobpasusie Chydorus sphaericus (Miiller,1776) u
nukionsl Thermocyclops crassus (Fischer, 1853).

BunoBoii cocraBa peku Yca M €€ NPUTOKOB XapaKTEPU3YETCs JIOKATbHOW CIENU(PUKOH,
CBS3aHHOH C TPAJAMCHTOM YCIOBUH Cpelbl W OTMEUYCHHBIM KOMIIO3UIIHOHHBIM CTPYKTYPHBIM
enMHCTBOM. Ha BceM IpOTSHKCHHH MMOKA3aTeIl YMCICHHOCTH M OMOMAcChl 300IUIAHKTOHA 3aBUCST
OT KOMIUIEKCA THAPOIKOJOTUICCKUX YCIOBHM M HM3MEHSIOTCS B IIMPOKUX mpeaenax (puc. 8).
MunuManbHble ux 3HadeHus (400 ok3./m>; 1.26 mr/m®) xapakTepHbl Ijis BEPXHETO MPOTOYHOTO
y4acTKa peKH U OOYCIOBIEHBI Pa3sBUTHEM KOJOBPATOK; MaKCHMalbHble BeauuuHsl (750 5K3./m°;
2.6 Mr/M’) — B 300MJIAHKTOHE Y4acTKa PEKH, PAacloJIOKEHHOTO B HIDKHEM TeueHMH. buomacca Ha
pasIMUHEIX y4acTKax peku BapbupyeT oT 0.2 mr/m® no 3.5 mr/m’. B ycTheBoif 06mactd peku
o6miHe 3001uIankToHa nocturaet 0.25 MitH.9K3./M>, a 6romacca — 1.5 r/m>. HanbosipIme BeTnauHbL
OOMJINS 300TUTAHKTOHA OTMEYCHBI Ha TITyOOKOBOJHOM YYacTKE PEKH, B MECTE€ CMEIICHHS BOJ PEKU
VYca n KyHObIIeBCKOTO BOJOXpAaHWIINING, TJe OMomacca 300IJIaHKTOHA MOXKET MpeBbIaTh 5.4
r/M°, uTO yKa3bIBaeT HA HEOJTHOPOHOCTH BOJHBIX MacC.

OCHOBY YHCJICHHOCTH COCTABIISIFOT BECJIIOHOTHE paKkooOpa3Hble, a OMOMACChl — BETBHUCTOYCHIC
pakooOpazusie — Daphnia galeata Sars 1864. Wunexc BumoBoro paszHooOpasus IllenHoHa,
pacCUMTAHHBIA 10 YHCIEHHOCTH W OWoMacce THAPOOMOHTOB B 300IIAHKTOHE BCEH PEKH HMEET
CXOJHBIC BeMUYUHBI — 2.9-3.1 6uT/5K3. Ha BCceM MpOTSHKEHUHM PEKHU 1O COCTAaBY U KOJTMYECTBEHHBIM
MOKa3aTeIsiM 300TUTAHKTOHA BOJIOTOK OTHOCUTCSA K [-me3ocampoOHO# 30HE (MO HWHIEKCaM
canpoOHOCTH). B cpenHeM TeueHUH JOKaJIbHO OTMEUYEHBI 3arpsi3HEHHBIE YYaCTKU 33 CUET BBICOKOM
YHCIIEHHOCTH ME30CarpOOHbBIX BUJIOB.
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I~ ' g 2 2 2
g & & = s & &

2 & & a & Q& @S
Q,WQ R D <
a) 0)

Puc. 8. Pacnipenenenue uncneHHOCTH (a) 1 OuoMacchl (0) 300MIaHKTOHA Ha PA3IMYHBIX YUaCTKax
p. Yca B 2017-2018 r. Fig. 8. Distribution of the abundance (a) and biomass (6) of zooplankton in
various areas of the Usa River in 2017-2018.

[To koMmmuiekcy mokasareneil (MHIEKC BUAOBOTO pa3HOOOpas3us, campoOHOCTh, YHUCICHHOCTH,
O6uomacca) Boja peku otHocutcs k 11l kmaccy kadecTBa («ymMepeHHO-3arps3HeHHass»). B YcuHckoM
3amuBe Kiacc KadectBa Boabl u3aMeHsercs oT Il mo IV («ymepeHHO-3arps3HEHHAs) —
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«3arps3HeHHas»; Tabmn. 11).
DKOJIOTHYECKOE COCTOSIHUE PEKU Yca Ha BCEM €€ IPOTSHKEHUH 110 MOKa3aTelsIM 300IIaHKTOHA
XapaKTepU3yeTCsl KaKk OTHOCHTENBHO YIOBJIETBOPUTEIbHOE (Tabm. 11).

Tabamua 11. OcHOBHBIE CTPYKTYpPHBIE XapaKTEPUCTUKH COOOILIECTB 300IUIAHKTOHA P. Yca JIeTOM
2017-2018 rr. Table 11. Main structural characteristics of zooplankton communities of the Usa

River in summer of 2017-2018.

Y4yacTku peku
Ne IToxa3arenn — — —
Bepxuui Cpennuii Huxuuit
1 qI/ICJ‘IGHHO}CTb, 400 530 750
9K3./M
2 Buomacca, mr/m? 1.26 2.12 2.6
Euchlanis sp.,
Euchlanis sp. Brachionus sp., Daphnia galeata,
Jlovunn e BUILL Chvd Asplanchna Synchaeta sp.,
3 pyrom g yAorus priodonta, Thermocyclops
sphaericus Chvd
vdorus crassus
sphaericus
CooTHoureHue
OCHOBHBIX I'pynn, %
(uncneHHocTh/Onomacca):
4 KOJIOBPATKH 67.5/39.7 29.3/29.8 29.4/2.7
BETBUCTOYCHIC 7.5/7.1 9.3/31.9 37.8/68.7
BECJIOHOTHE 25.0/53.2 58.7/35.8 25.0/21.1
KaJIAHUIBI - 2.71/2.5 7.8/17.5
WNunexcel BUIOBOTO
5 | pa3HooOpa3us lllerHoHa 2.9/3.1 2.6/2.7 2.7/2.7
(urcneHHocTh/Onomacca)
6 Wnnexcel canpoOHOCTH 17 173 156
(YMCIIEHHOCTB)
7 30Ha canpoOHOCTH B-me3ocanpoOHas | [-me3ocanpoOHasi. | B-me3ocampoOHas
III — ymepenHo III — ymepenno IV = ymepenmo
8 Knacc xadectBa BOJIbI 3arpsi3HEHHas —
3arpsi3HeHHas 3arpsi3HEHHAas
3arpsi3HEHHas
OTHOCHUTEIBHO OTHOCHUTEIBHO OTHOCHUTEIBHO
DKOJI0THYECKOE
9 yJIOBJIETBO- yIIOBJIETBO- YIIOBJIETBO-
COCTOSIHUE
pHUTENBHOE pHUTENBHOE pHUTENbHOE

Jlnist BBISBIICHHS M aHAIM3a CTPYKTYPHBIX XapaKTEPUCTUK COOOIIeCTB 300Iu1aHKToHa B 2017 1.
MPOBEACHO T'MIPOJIOro-rupodu3ndeckoe H3ydeHHEe peKd YCbl Ha BCeM €€ MNPOTSKEHHU
(KOHIYKTOMETPUYECKOE BEPTHKAIbHOE MNpOo(UIMpoBaHKE), KOTOPOE IMOKa3ajlo BBIPAKEHHYIO
HEOJTHOPOJHOCTh BOJHBIX MAacC C Y4€TOM MPHUTOKOB (puc. 9). YCTaHOBJIECHO, YTO B HUKHEM TECUCHUH
PEKH MPOUCXOIUT cMemeHne pedHbiX (~530 MmxkCm/cM) u BogoxpaHuauIHbIX (370 MxCm/cMm) BOI.
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3HauMMbIe OTJINYMS B TEMIIEPAType BOJbI, €€ MPO3PAUYHOCTU M IJIEKTPONPOBOJAHOCTH IO3BOJIMIN
OTIPENICNIUTh TPAHUIBl YCThEBOH 00JACTH OTHOCHTEIBHO 30HBI CBOOOJHOTO TeueHUs peku (/)
C OJIHOM CcTOpOHBI U Bopoxpanwauuia (/I7) ¢ apyroil. C yuyeTom 3TOro W npuHuUMas BO BHUMaHUE
PEXHUM PpErYIMpPOBAaHUS CTOKA, BBINOJHEHO THUAPOIKOJIOTHUYECKOE PAaHOHUPOBAHHE YCTHEBOM
00J1acTH ¥ BBIICJICHBI JIBE€ OCHOBHBIE 30HBI — mepeMeHHoro (/la) u crabunbHOTO (/160) MOAMOpa
(puc. 10). OcoOGeHHOCTBIO 30HBI MEPEMEHHOTO TOJIOPA SBISETCS HECTAOMIBHOCTh W ITYJIbCAIIHS
BOJHOM MacChl C CyTOYHBIM/HEACTBHBIM XOJIOM, YTO HapsAy C MaJbIMH TIIyOMHAMHU OTIpENENseT
IIOCTOSIHHOE U IOJIHO€ NEPEMEUIMBAHUE PEYHBIX U BOJOXPAHWJIMIIHBIX BOJ. 30Ha CTAaOMUIIBLHOTO
MOANOPAa B CHIY OOJBUIMX I[NIYOMH OTJIMYAETCSl MOBBIIIEHHBIM IIOCTOSTHCTBOM BOJHBIX Macc,
YCTaHOBJIEHUEM TIYOMHHOTO CJIOSI «MEpPTBOTO 00BEMa», Majo MOJBEPKEHHOTO TEXHOT€HHOMY
PEryIUpPOBAaHUIO YPOBHS BOJIOXPAHUIIUIIIA.

Puc. 9. Cxema paiioHa uccieIOBaHUH p. Yca M NPUTOKOB C YKa3aHUEM CTaHIMK O0TOOpa mpod
3oomnankroHa. Fig. 9. Schematic map of the research area of the Usa River and its tributaries with
marked zooplankton sampling stations.

Knaccudukamus cooOmecTs 1O BHAOBOMY COCTaBy II03BOJISICT BBINCIUTH OCHOBHBIC
JTaHIAaQTHO-THAPOIKOJIOTHYECKUE KIIACTEPhl, a UIMEHHO, CpPEJHEE M HIDKHEEe TeUeHHs pP. YCBI U
BOJIOXPaHMJIMIIE, HU30Bbs, CPEIHEE TEUEHHE M BEPXHHE YYaCTKH MPUTOKOB. [Ipu 3TOM BHIOBOI
COCTaB COOOIIECTB 300IUIAHKTOHA XapaKTEPU3YETCSI MO3aUYHOCTBIO PACIIPENICIICHHS, YTO OCOOCHHO
BHIDOKEHO B MAUBIX MpPUTOKaX Ycbl. Tak, peku, Bhaaaromue B p. Yca, XapaKTepH3YITCS
JOKaJIBbHOW  CIelM(UKONW CTPYKTYpHl COOOLIECTB 300IUIAHKTOHA B  YCIOBUSX  CXOJHOTO
THPOIKOJIOTHYECKOTO pexrMa. Hampumep, B BepXHEM TEYEHHUHM PEK LEHO3bl JOMHHHUPYIOIIMX
BUJOB 3aBUCAT OT KOHKPETHBIX SKOJOTHMYECKHMX YCIOBHI: B OHOTONAX C pPacCTUTEIBHOCTBHIO
JOMUHHUPYIOT KOJOBpatku ponoB Euchlanis, Platyias quadricornis n xnanouepa Chydorus
sphaericus (pp. Mypanka u TepeHrynbka), Ha OBICTPOTEKYIIMX y4YacTKax M B 3aBOJIX
npeoOnagaloT pakooOpasHeie — Daphnia pulex Leydig, 1860, HemomoBo3pemnbie ITHKIOIBI,
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Eucyclops serrulatus Fischer, 1851. B cpeanem TeueHMH JOMUHHPYIOT TJAaBHBIM 00pa3oM
KoJIOBpaTku poaoB Euchlanis, Brachionus, Asplanchna n Synchaeta n HENOJIOBO3PEIbIC ITUKIIOIIBI.
JIOMUHaHTaMu  COOOILECTB HU30BHEB PpEK SBIAIOTCA NPEUMYIIECTBEHHO BETBUCTOYCHIC
pakooOpa3HbIe, B T.4. HHIUKATOPBI Me30-3BTpodHBIX Boa — Ceriodaphnia pulchella Sars, 1862,
Chydorus sphaericus, WHOT1a KOJIOBpPAaTKH pona Synchaeta.

PEKA YCTbEBAA OB/IACTb BOAOXPAHUTULLLE

0 I(cr.1-7) lla(cT.8) 116 (ct.9) Il (cr.10)
2
=
S 4
T
=
S
E 6 oBosHAEHMA:
|—30Ha cBOHQAHOO TEYEHUS PEKM
8 | lla—30Ha nepemeHHOro Noamnopa
116 —30Ha cTrabunbHoro nognopa
lll—BoagoOXpaHUMLLE
10+~ \ \ \ \

60 50 40 30 20 10 Okm

Puc. 10. BepruxkanbpHplii TpoQrIib 3JIEKTPONMPOBOAHOCTH BOJBI HA y4acTKE HIDKHETO TCUCHHS
p. YCBI B 30HE CMeIIeHUs PEUHBIX W BogoxpaHuauiiaeix Boa. Fig. 10. Vertical profile of the water
electrical conductivity in the lower reaches of the Usa River in the area where river and reservoir
waters meet.

Oco0OeHHOCTH TUIPOJIOTHUYECKOTO PEeXHMa YCTHEBOM 00JacTH ONpEeAeNsIOT paclpeesieHne
300MJIaHKTOHA, XapaKTEepPHU3YIOIIeecs €ro MHHHUMAIbHBIM KOJMYECTBEHHBIM DPAa3BUTHEM B pEKe
(0.015 r/M*) 1 MakcuManbHBIM — B Bojgoxpanuuie (14.5 r/m*). O1n 0coGeHHOCTH pacipeaeneHns
YCTOMYMBBI B pa3Hble TOJbl, B T.4. B BereranmoHHbld nepuona 2017 roma, oTMYarOUIUMHCS OT
CPEHEMHOT0JIETHEHl HOPMBI BBICOKUM KOJMYECTBOM aTMOC(HEpHBIX OCAJIKOB W TMOHUKEHHOMN
Temneparypoid Bo3ayxa. B 2017-2018 rr. oTMeueHbl CXOJHBIE YepThl IPOCTPAHCTBEHHOMU
OpraHu3aIy COOOIECTB 300IUIAHKTOHA HE3aperyJIMPOBAHHOTO yJacTKa PEKH, YCTheBOU oOmactu
u BojoxpaHwiuma. I[Ipu sTom cBoeoOpa3HBIM TOJIOKEHHUEM OTJIMYAeTCsl COOOIIECTBO 30HBI
MEPEeMEHHOTO MOAINOpa, T.€. 30HAa CMEIIEHUS PEYHBIX W BOJOXpaHWIMINHBIX BOJ (puc. 11 Ila),
MOJIBEPKEHHOTO BJIMSHUIO CYTOYHBIX KOJEOaHUN YPOBHS BOJOXpPAaHWIMINA. YCTheBas 00JaCTh
(puc. 11) oTnuyaercs OT TpaHUYAIIUX CHUCTEM PEKM M BOJOXPAaHWIHILA JOMUHHUPOBAHHUEM
BETBHCTOYCHIX HIJIM BECIOHOTHX PaKoOOpa3HBIX, B T.4. MHAUKATOPOB ME303BTPO(MHBIX YCIOBHIA
BOJIHBIX Macc.

OneHka BEpTUKAIBHOTO pACHpeNeieHus 300IUIaHKTOHA C YYeTOM JaHHBIX OOBEKTHBHOTO
KOHTPOJIS TO3BOJIMIIA YCTAHOBUTH TPAHUILY KOHTAKTa OMPECHEHHBIX U MPOTPETHIX PEYHBIX U Ooee
MUHEPAIM30BaHHBIX U XOJIOJHBIX TPYHTOBBIX BOJ Ha riayoune 3 M, Gopmupys (GpoHTaIbHYIO
MOBEPXHOCTh pazfena BoAHbIX cpen (puc. 11). Ilpu 3ToM B obrmactu cMmemieHUs BOJ yCTONYHMBO
OTMEUAeTCs] TOBBIIIEHHOE BHUAOBOE OOTaTCTBO 300IJIAHKTOHA, €ro0 MaKCUMalIbHOE OOWIHE H
MpOoayKIus. BeposTHas MNpUYMHA JOKAIW3alUKd pPa3HoOOpa3usi, TOBBIIIEHHOW OHOMAacChl H
MPOIYKIIMM COOOIIECTBa 300IJAHKTOHA HA TPAHUIE JBYX CJIOEB BOJB — IUJIOTHOCTHAs

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



159  3MHYEHKO, ABPOCHUMOBA, I'OPOXOBA, I'OJIOBATIOK, KY3HELIOBA, OJIOTOB

cTpatudukanus. Kak n3BECTHO, MOBBIIICHUE 3IEKTPONPOBOJHOCTH MPOUCXOTUT TMPU YBEIUUCHUU
MUHEpAJIM3aluK BOJBI, YTO HAPSAY C MEHBIIMMH TEMIIEpaTypaMu CIIOCOOCTBYET BO3PACTAaHUIO €
IUIOTHOCTH ¥ BSI3KOCTU. B 3TOM cilyyae rpaHuiia TpaHC(OPMUPOBAHHBIX TPYHTOBBIX BOJ CITYKHUT
TaK Ha3bIBAEMBIM «BTOPBIM JTHOM», Ha KOTOPOM 3aJICPXKUBACTCS YacTh CEAMMCHTA W JaOWIbHAs
9acTh OPraHUYEeCKHX BEIIECTB, O YeM KOCBEHHO CBHUCTEIHCTBYIOT MAaKCHMAaJbHBIC 3HAUCHUS
WHJCKCA CcanmpoOHOCTH Ha TpaHUIle KOHTakra Boja (puc. 11). B pesynpratre B 3TOH 30HE
dbopmupyercs Ooraras KoOpMoBas 0a3a, CO3JaroIas OJIATONPUSTHBIC YCJIOBHS JUIS Pa3BUTHS
pa3zHo00pa3HOro ¥ OOUIHLHOTO 300TUTAHKTOHA.

CooOriecTBa 300IUTAHKTOHA TPAHC(HOPMHUPOBAHHBIX PEYHBIX W TPYHTOBBIX BOJI, a TAKXKE 30HBI
WX CMCIICHHUS pa3IUYaloTCsS CBOeoOpa3WeM BHJIOBOW CTPYKTYPBI C XapaKTEPHBIM KOMILIEKCOM
JOMHHAHTOB. TakK, OTHOCHTEIHHO TPaHHYAIINX TOPU30HTOB B 30HE CMEIICHHS BOJ HAMOOJIBIIYIO
IIEHOTHYECKYIO POJIb WIPAlOT NPEUMYIIECTBEHHO HAYILUTMYCHl IUKIONOB, XWIHAs Asplanchna
priodonta, a Ttaxxe pauku Thermocyclops crassus Fischer, 1853 u Chydorus sphaericus —
WHIUKATOPBI ME309BTPO(HBIX ycloBUi cpenbl. CTaTHCTHYECKOE TECTUPOBAHHME YUTECHHBIX
($akTOpOB Cpeapl MOATBEPKIACT HAIIE TMPEANOIOKEHHE 00 ONPEICIISIONEM XapakTepe CBS3H
OCOOCHHOCTEH BEpPTUKAILHOTO paclpesesicHUus] 300IUIAHKTOHA Ha YydYacTKe CTpaTU(UKAIWUA C
WI0THOCTBIO Bobl (NMDS: R?= 0.983, ppermuy = 0.024).

Haubonpime BenuynHBI OOMIHMS 300TUTAHKTOHA OTMEYEHBI Ha TIIYOOKOBOJHOM YYacTKE
«peka Yca — KyiOpIlmeBckoe BOJOXpAaHUIUIIEY», TJA€ YUCICHHOCTh W OWoMacca 300TUTAHKTOHA
nocturator 0.4 Teic. 7k3./M° u 5.4 r/M> ¢ npeobnaganuem Daphnia galeata Sars,1864.
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Puc. 11. BeprukanpHoe pacnpeneneHue  (QU3NKO-XUMHUECKHUX  XapaKTepUCTUK BOJBI U
300IJJAaHKTOHA ydyacTKa crparudukanuu Boja B mputoke p. Yca. Fig. 11. Vertical distribution of
physico-chemical characteristics of water and zooplankton at the water stratification site in the
tributary of the Usa River.
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Takum 00pa3om, BUAOBOE 0OraTcTBO 300IJIAHKTOHA PEKH BO3PACTAaET OT MCTOKA K YCTBIO B
YCIOBHSAX Pa3BUTUS 300IUIAHKTEPOB B ME30-3BTPOQHBIX BOJHBIX MaccaxX. M3MeH4HMBOCTH
rUIpO(OU3NYECKUX M TUAPOJOTHYECKUX IapaMeTPOB OTMPEACIseT IMPOJOIbHOE paclpe/ieieHne
KOJIMYECTBEHHBIX M  CTPYKTYPHBIX IIOKa3aTelieil COOOMIECTB IUIAHKTOHHBIX — OPraHW3MOB
1o Muny 3KOKIUHA.

Crnenyer OTMETHTb, YTO B YCThEBOW 30HE peKu BIepBble asi Oacceitna KyiiObImeBckoro
BOJIOXpaHWJIMIIA 3aperucTpupoBana konoBpatka Kellicottia bostoniensis (Rousselet, 1908) —
oOuTarenb BOJOEMOB CEBEpHBIX MUPOT. Haxonka Buaa-BceneHna B 6acceifne p. Yca COOTBETCTBYET
I0O’KHOU TpaHMIIE apeasia BCeseHIa B mpeaenax Oacceiina Cpennei Bourn.

CoobmecTBa Makpo3000eHTOCA: pa3HOO0pa3ue, CTPYKTYPHbIE H KOJINYeCTBEeHHbIE
U3MeHeHHs, HHIUKAIMA KayecTBa BO/bI

3a mepuox wuccinenoanuii (2017-2018 rr.) B coctaBe OOHHBIX coOOHIECTB B p. Yca ObLIO
3aperucTpupoBaHo 127 BuA0B TuApoOHOHTOB. Benymiell 1o BHIOBOMY COCTaBy TIpynmon
OpPraHU3MOB SIBJISIFOTCSI ABYKPBLIbIE, U3 KOTOPBHIX HauOOIbIIUM 4yKciaoM BUJIOB (50) mpeacTaBiieHbl
auuuHk  xupoHoMup, (Chironomidae). W3 japyrux TaKCOHOMHYECKMX TIpymnm 3000eHToca
3apeructpupoBano 20 BHIOB MaJIOIIETUHKOBBIX 4depBed (onuroxer), 13 — mosttockos, 12 —
JUYUHKU TPOYMX JABYKPBUIBIX (MyX, LI€paTONOrOHH[), 7 — pakooOpa3HbIX, 7 — MOJEHOK, 5 —
pYYEHHUKOB, 3 — KJIOTOB, MO | — BECHSHOK W CTpPEeKo3. B cocTaBe JOHHBIX COOOIIECTB OTMEUCHBI
Takke 8 mpejacraBuTeneil Meiio0eHToca — BOASIHBIX KIIelel, HeMaTol U MmaykooOpa3HbIX (Tabm. 12;
puc. 12). TakcoHoMmueckoe OOrarcTBO Makpo3000€HTOCAa Ha ydacTKaxX PEKH B 3HAYUTEIIBHOU
CTENeHN 00YCIIOBJIICHO OMOTONMMYECKUM pa3HooOpasueM. Tak, B MCTOKE peKH KaMEHHUCThIE OMOTOIIBI
NEPEMEKAIOTCS 3aUJIEHHBIMUA NOYBAMM U IIECKOM, B BEPXHEM TEUEHHM INpeoOJafaloT I'paBHIHO-
IIECYAHNUCTBIC TPYHTHI, a B CPEIHEM U HWKHEM yYacCTKax — 3aWJICHHBIE IIECKH, YacTO C IPHUMECHIO
PACTUTEIBHBIX OCTATKOB U PAKYILH; CEPbIC Wbl U 3aWJICHHAS ININHA C IIECKOM.

Tabauna 12. TakcoHOMUYECKHI COCTaB 3000€HTOCA p. Yca (Ha mpubOpexnse U pyciie) B BECCHHE-
netHuid niepuoa 2017-2018 rr. Table 12. Taxonomic composition of zoobenthos of the banks and
riverbed of the Usa River in the spring-summer of 2017-2018.

TaxkcoHBI

BepxHee TeueHnue

CpenHee TevyeHnme

Husknee Teuenue

Oligochaeta

10

10

11

Hirudinea

1

1

1

Chironomidae

98]
(98]

25

Plecoptera

Ephemeroptera

Trichoptera

[\S AR\

Coleoptera

Insecta*

Crustacea

Mollusca

[\ORRV, I\

[Ipoune (xnemry,
MayKH, HEMaTO/Ibl)

0 (IO |||~

Bcero BunoB

88

58

51

Ipumeuyanue Kk Tadauue 12: * — JTUYMHKH JABYKPBUIBIX (KpOME XUPOHOMHUI) U CTPEKO3, KIIOTIHI.

Note to the table: * — larvae of Diptera (excluding Chironomids) and dragonfly, Hemiptera.
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B eepxnem yuacmre p. Yca ycraHOBICHO 88 BHIOB W TakCOHOB (Tabi. 12), cpeaw KOTOPBIX
npeoOagaroT TuTopeodriibHbie (GopMbI OeHTOCa (0OMTAaTEeTM KAMEHHCTBIX TPYHTOB Ha y4acTKaxX
¢ OBICTPBIM TE€UYEHHUEM): JIMYMHKH XUPOHOMHUJ, TIOJICHKH, PyUYEHHHUKH, BECHSIHKU. BriepBbie s pex
Bomxkckoro OacceitHa 3apeructpupoBanbl peoduibHbIe MOACHKN Paraleptophlebia cincta Ritzius,
1783 wxuponomunasl  Guttipelopia  guttipennis, Wulp, 1874. CpenHss YHCICHHOCTH
Makpo3oobeHToca coctaBuna 2521 ok3./m?, 6uomacca — 7.0 r/M°. OcHOBa UMCIEHHOCTH
IpeJCTaBiIeHa JMYMHKaMH xupoHomuna (55% oT cymmapHONl 4HMClIeHHOCTH O€HToca),
MaJIOIIETHHKOBBIMH uepBsiMU (16%) 1 oTpsiiaMul MOAEHOK, py4eHHUKOB U BeCHSIHOK (9%; Tabmn. 12;
puc. 12). B 2017-2018 rr. o 4YMCIEHHOCTH B BEPXOBBSIX PEKH MPeoOIagani peoPriIbHbIe TNIHHKH
xupoHoMus Micropsectra gr. praecox Meigen, 1818, nonenxu Baetis rhodani Pictet, 1843,
KoMapbl-0010THULB! Dicranota bimaculata (Schummel, 1829), a Takke Ha OTAENbHBIX y4acTKaxX B
3aBOJSIX OTMEUYEHBI CKOTUIEHUS NenoduiIbHbIX onuroxet Tubifex tubifex (Miiller, 1774).

17 20

53 18

S0
@ Manow eTMHKOBLIE YepBU @ MOIIMKOC KK
0 KOMapbI-3BOHLbI 0O pakoobpasHble
@ NnoaeHKK O pyYEenHUKN
@ Krnonsl O npoyune

Puc. 12. TakcoHoMHuueckuii coctaB 3000eHTOCa p. Yca B 2017-2018 1.
Fig. 12. Taxonomic composition of zoobenthos of the Usa River in 2017-2018.

B cpeonem ydactke peku B cocTaBe COOOIIECTB MAaKp0O3000E€HTOCAa OTMEUYEHO 58 TaKCOHOB U
BHJIOB C JOMHHHPOBAHHEM JSBPUOMOHTHBIX oyuroxer Limnodrilus hoffmeisteri Claparede, 1862,
Tubifex tubifex (Miiller, 1774) n muunnok xuponomun Polypedilum scalaenum (Schrank, 1803),
Paralauterborniella nigrohalteralis (Malloch, 1915) Ha cTpexHeBbIX ydacTKax B pPacTUTEIbHBIX
ocTaTkax npeobnanant guropeodunbabie xuponomuabl — Orthocladius oblidens (Walker, 1856).

Cpennsisi ynciaeHHOCTh OeHTOca coctaBmia 730 9K3./M%, nocturas 1170 sk3./M%, a Guomacca —
0.98-1.71 r/M%. Tlo cocTaBy GEHTOCA y4acTOK CPEIHEro TEUEHMsSl XapaKTEpPU3YeTCs pPa3sBHUTHEM
TUYUHOK XupoHOMUI (47%) m onuroxer (34%), a MOAEGHKM M PYy4YEHHHUKH CcOCTaBIsAOT 6%
(tabm. 12, 13). CHukeHHE 4YHCIEHHOCTH U pa3HOOOpaszus 3000€HTOCAa B CpPEAHEM TEUYCHHH
00yCIIOBJICHO pa3BUTHEM MAJIOIIETUHKOBBIX YepBEeW Ha CephIX HIaX TMPU BO3PACTAIOLIEM
3arpsizHeHuH peku pocdatamu B paiione c. [1IUronsr.

B Huoicnem meuenuu B 30He ToAmopa BojgamMu  KyHOBIIIIEBCKOTO  BOJOXpaHUIIMINA
TaKCOHOMHYECKHI COCTaB JOHHBIX COOOIIECTBaX CHIXKAETCS, TOT/Ia KaK BO3pPAcTaeT YUCICHHOCTh
ne10(pUILHBIX TUAPOOHOHTOB — 10 6463-15200 5k3./M> 3a cueT pa3sBUTUs IBPUOUOHTHBIX BHIIOB
xuponomut: Cladotanytarsus mancus, P. nubeculosum, Chironomus plumosus, Dicrotendipes
nervosus u onuroxet L. hoffmeisteri (tabn. 12, 13; puc. 13).

Panee MBI mokazasu, 4TO MPU aHATH3€ MHOTOMEPHBIX METOJIOB CTATUCTHUCTUYECKON 00pabOTKH
JAHHBIX OILICHKH pacIpeleleHuss MaKpo3000EeHTOCca OT MCTOKOB K YCThIO p. Yca OblI YCTaHOBIJICH
MIPOJIOJILHBIN TPAJIUEHT a0MOTUYECKUX (DAKTOPOB, OMPEACIAIONINI pa3BUTHE JOHHBIX COOOIIECTB, a

OKOCHUCTEMBI: OKOJIOT'UA 1 AMHAMUKA, 2023, Tom 7, Ne 2



COCTOSIHUE TNTAHKTOHHBIX U JOHHBIX COOBIIECTB PABHUHHOM PEKU ... 162

Takke Oblja IaHa OIIEHKa XapakTepa MPOCTPAaHCTBEHHOTO paclpeieieHuss BHJIOB OeHToca
(Bunuenko u np., 2017; lutukos, 3unuenko, 2018). Kak Bumno, B 2017-2018 rr. xapaxrep
MPOCTPAHCTBEHHOTO pacIpeielieHUs] CTPYKTYpPbI, YACICHHOCTH M OMOMACCHI IOHHBIX COOOIIECTB Ha
y4acTKaX PEKH CBHUJETEILCTBYET O BO3PACTAHWU KOJMYECTBEHHBIX IOKa3aTeliell TUApOOHOHTOB
B HIDKHEM TeueHHUH (puc. 13), B T.4. 3a cUET pacHpOCTPaHEHUs UyKEPOIHBIX BUIOB (Tabdi. 13).

Ta6auna 13. BugoBoii coctaB uyKepoIHbIX BUJIOB 3000eHTOCa B Y cMHCKOM 3anuBe B 2017-2018 rr.
Table 13. Species composition of alien zoobenthos species in the Usinsk Bay in 2017-2018.

TakcoHbl | Pycao | Ipudpexne
Polychaeta
Hypania invalida (Grube, 1860) ‘ + ‘ +
Oligochaeta
Potamothrix vejdovskyi (Hrabg, 1941) ‘ + ‘ —
Crustacea

Chaetogammarus warpachowskyi (G.O. Sars, 1894) —
Pontogammarus maeoticus (Sowinsky, 1894) —
P. robustoides (G.O. Sars, 1894) —
P. obesus (G.O. Sars, 1896) +
Paramysis ullskyi Czerniavsky, 1882 —
P. lacustris (Czerniavsky, 1882) —
P. intermedia (Czerniavsky, 1882) —
Katamysis warpachowskyi (G.O. Sars, 1893) —
Pterocuma sowinskyi (G.O. Sars, 1894) —
Mollusca
Dreissena bugensis (Andrusov, 1897) +
D. polymorpha (Pallas, 1771) +
Monodacna colorata (Eichwald, 1829) —
Lithoglyphus naticoides (Preiffer,1828)
Bcero TakconoB — 15 5

++ |+

||+

[+ +

—
[98)

HauOosiee BocIpUMMYMBBI K HWHBa3usAM  3aperyjliipoOBaHHbIE BOJOTOKM U  YYacTKH,
XapaKTepU3YIOIUECs TUHAMUYHOCTbIO AOMOTHUUYECKUX YCIIOBUH, T.€. 3aJIUBBI U ycThs pek. B 2017-
2018 rr. B JOHHBIX cooOIIecTBaX YCHHCKOTO 3aJIiBa 3aperucTpUpPOBAaHO 15 BUIOB-BCENCHIIEB
(Tabn. 13), u3 KOTOPHIX 9 mpeacTaBieHbl PAaKOOOPa3HBIMM MOHTO-KACHHICKOro Komiuiekca (4 —
Mysidacea, 4 — Amphipoda, 1 — Cumacea), 4 — IBycTBOpUaThIMU U OPIOXOHOTMMH MOJUTIOCKAMH,
Takke ObUM 0OHapyxeHbl nonuxetsl Hypania invalida (Grube, 1860) u onuroxetsl Potamothrix
vejdovskyi (Hrab€, 1941). B yctbeBOM yuacTke p. Yca 3aperucTpupoBaH | 4yKepoaHbIH BHUJI —
ampunons! Dikerogammarus caspius (Pallas, 1771). B npubpexxHoii 30He BblsiBieHO 11 BHIIOB
BceneHieB [lonto-Kacnuiickoro kommuiekca (Kypuna, 2014, 2018). [To nanueim 3a 2009-2017 rr.,
B 3aJIMBe 3aperucTpupoBano 15 uyxepoansix BunoB (Kypuna, 2020). B 2018 r. cnucok BceneHueB
3aJMBa TMOMOJHWICH Kacnuiickumu amdunonamu Chaetogammarus warpachowskyi (G.O. Sars,
1894) u xymoBbIMU pakamu Pterocuma sowinskyi (G.O. Sars, 1894), koTopble Takke HIMPOKO
pacripoctpanensl B KyHObIIIEBCKOM BOJIOXPAaHMIIUIIE U TPOI0JDKAIOT PacIpoCTpaHEHHE BBEPX 10
TeueHuto p. Bonra. [Togasistomiee 60IBIIMHCTBO YYKEPOIHBIX BUJIOB 0OUTAET B MPUOPEKHOI 30HE
3aJIMBa, a B pycioBOil yactu BcTpevaercs equauyHo (Kypuna, 2018).

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



163 SUHYEHKO, ABPOCHUMOBA, I'OPOXOBA, I'OJIOBATIOK, KY3HELIOBA, bOJIOTOB

HaubGonee BakHbIMH (DaKTOpaMU pPaCHpPOCTPAHEHUS TUAPOOMOHTOB B JIOHHBIX COOOIIECTBAX
p. Yca SABIAIOTCS HACBHIIEHHE KHUCIOPOJIOM, cojaepkaHue obmero ¢ocpopa u  oOmas
MUHEpaIN3alus BOJIbI, YTO O0OYCIOBIMBACT OOLIMI XapakTep pacmpeneseHus: cooomecTs OeHToca
B YCJIOBUSIX JIOKAJIbHBIX OMOTONMYECKHUX U CE30HHBIX n3MeHeHul (Illutukos, 3unuenko, 2018).

Hwxke pmaercst omeHka KadecTBa BOJBI M OOIIETO HKOJOTHYECKOTO COCTOSIHUSI PEKU TI0
COCTOSIHUIO JJOHHBIX COOOIIECTB.

WNunexc BugoBoro pasHooOpasus llleHHoHa 111 JOHHBIX COOOIIECTB BEPXHETO TEUEHUS PEKU
VYca uamensuics B npenenax 1.5-3.1 Out/3k3., st coobuiectB 6eHTOCa cpenHero teueHus — 1.9-
3.5 OUT/3K3., [UIA ydacTKa HIDKHEro TeueHHus — 1.9-3.3 OuT/3K3., 9TO COOTBETCTBYET MOKA3aTENsIM
CpPEIHEro M BBICOKOTO pa3HOOOpa3us Ha BCEX y4acTKaX PeKH.

8
7 - O4YMCcneHHoCTE
Bbwomacca
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=
T 9
=
& 4
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3 3
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Puc. 13. M3meHeHne 4YHMCIEHHOCTH W OuWoMacchl 3000€HTOCAa Ha pa3IMYHBIX y4dacTKax p. Yca
B 2017-2018 rr. Fig. 13. Changes in the population and biomass of zoobenthos in various parts of
the Usa River in 2017-2018.

[To cocTaBy TOHHOTO HaceleHus: MPUOPEXbs (PUTpain) U IITYOOKOBOJHBIX YYaCTKOB (MEAHAIIN)
BEPXHUN Yy4YaCTOK PEKU OTHOCHUTCA MPEHMYILECTBEHHO K OJHMrocarnpoOHO#l u [-me3ocanpoOHOi
30He. CanpoOHOCTh B MPUOpPEXKBE CPEIHEro TeUeHHs p. Yca HU3MEHsIach OT OJUrocampoOHOi 10
noJmMcanpoOHoii, B pycie — oT B-me3ocanpoOHoi 10 momucanpoOHoi. HukHMi ydacTok peku B
MpUOpeKbEe XapaKTePH30BAJICA KaK OJMIOCAampoOHBIM, a B pycle — KaK 0-Me30CampoOHBIN H
nosmcanpoOHsIi (Tadi. 14).

KauecTBO BOJIbI BEpXHETO ydacTKa peKH, OIlCHMBaeMoOe MO MoKaszaTesM MHAekca Bynusucca,
Haxomuiocek B npenenax II-III kmaccos, T.e. «uncras» — «yMEpeHHO 3arpsi3HEHHas». B cpenHem
TEYCHHH KAayeCTBO BOJbI MPUOPEKHBIX YUACTKOB XapaKTEPU30BANOCHh KAK «UHUCTas» — «TPA3HAS»
(II-V xmaccel); B pyciie OHO M3MEHSAJIOCHh OT «YMEPEHHO 3arpsi3HeHHas» 10 «Boda rpssHasy» (I1I-
V knacchel); B HXKHEM TEYeHUHU MpuOpekHas 30Ha oneHuBanack [I-IV kiaccamu, T.e. «uucras» —
«3arpsi3HEHHas», a Ka4ecTBO BOJbI Ha TIYOOKOBOJHBIX y4acTKaX COOTBETCTBOBANO V KIaccy —
«TpSI3HAS.

DKOJOTHYECKOe COCTOSIHUE P. Yca, OIEHUBAEMOE 110 COCTOSIHUIO COOOIIECTB MaKpO3000EeHTOCa
B MPUOPEXKHE BEPXHETO, CPETHETO U HUKHETO YYACTKOB, «OTHOCUTEIIBHO YIOBJIETBOPHUTEIHLHOE)»
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(Tabn. 14),

COCTOSIHUE TNTAHKTOHHBIX U JOHHBIX COOBIIECTB PABHUHHOM PEKU ...

TOTJa KaK JIOKaJIBbHO,

«aKkoJiorudeckoro kpusuca» (Kpurepuu ..., 1992).

Ha PpYCJIOBBIX Yy4yacTKax,

BOJa

164

COOTBCTCTBYCT 30HC

Taboauna 14. OCHOBHBIE CTPYKTYpPHBIE XapaKTEPUCTUKH M OLIEHKA HKOJIOTHYECKOTO COCTOSHHS
p. Yca o 3006enTocy B 2017-2018 rr. Table 14. Main structural characteristics and assessment of
the ecological state of the Usa River by zoobenthos in 2017-2018.

Yuyactoxk pexn
Ne Iloxa3aTeau - — —
Bepxuuii Cpennuii HuxHuii
YHCIIeHHOCTD, 3K3./M%:
1 CPemHSI 2521 730 6463
MaKCUMaIbHas 11750 1170 15200
Buomacca, r/m*:
2 CpemHss 7.0 0.98 4.8
MaKkcUMaJbHas 20.3 1.71 11.1
TITIMHKI XHPpOHOMH MaJIOIICTHHKOBbBIC
Micropsectra gr. wepsu Limnodrilus JMMHHKA XHPOHOMHL
Jomunupyiomue b, | P7ICo, HOACHI hoffineister, Polypedilum
3 i — Baetis rhodani, Tubifex wbifex nubeculosum,
smuMoHuunsl Dicranota ’ Chironomus plumosus,
(110 YN CJIEHHOCTH) . JIMYMHKU XUPOHOMU/T . .
bimaculata, Polvpedil p Limnodrilus
MaJIOIIETUHKOBBIE (0))/ l;le ll uc?? scabclzzzum, hoffmeisteri
uepBu Tubifex tubifex rthocladius oblidens
WNHnekc BunoBoro
4 | pasHooOpasus lllenHoHa 2.8-3.1/1.5 2.5-3.5/1.9-2.9 1.9-3.2/3.3
(MuH./MaKC.)
5 buornyeckuii nHIEKC
ByauBucca 6-9/6 2-7/3-6 4-7/3
(mpubpexbe/pycio)
WHneke carmpoOHOCTH 10
6 YUCIIEHHOCTHU BUIOB 1.0-1.6/1.8 1.5-:3.6/1.7-3.8
(mpubpexbe/pycio) 14-29/3.7
oJIUToCarpoOHas — OIHrocanpofnas — onMrocanpoOHas —
30Ha carmpoOHOCTH roycanpooHas /
7 -me3ocanpobHas / a-Me3ocanpoOHas /
(mpubpexbe/pycio) B-me3ocanpobHas —
-me3ocampobHas nomkcanpoGHas nonucanpoOHast
T 0
g | O/IMrOXCTHEIH HHACKS, o 0-48 /15 19-38/0-16 1-12/5
(mpubpexbe/pycio)
[I-IIT: yucras —
Knacc xadectBa Bozpl (110 YMEPEHHO II-V: yncras — rpsasuas / [I-1V: uncras —
9 nHAekcy Bynusucca) 3arpsi3HeHHast / II-V: ymepenno 3arpsA3HeHHast /
(mpubpexbe/pycio) III: ymepenHno 3arpsi3HeHHas — rps3Has V: rpsasHas
3arps3HeHHast
OTHOCUTENBHO
OTHOCUTENBHO OTHOCUTENBHO
DKoJIornueckoe YJIOBJICTBOPUTENHHOE —
YIOBIETBOPUTETBHOE / YJIOBIIETBOPUTEIBHOE/
10| cocrosiHHE BOIOTOKA 30Ha SKOJIOTMYECKOTO
OTHOCHUTEJIBHO 30Ha IKOJIOTHYECKOT0
(mpubpexbe/pycio) Kpu3uca / 30Ha
YAOBIETBOPUTENBHO |/ W o Kpr3Hca KpH3Hca

Mo>xHO KOHCTATUPOBATb, YTO BCpXHI/Iﬁ Y49acCTOK pP. Yca no COCTOSHUIO KOpMOBOfI 0a3bl JJIsL
6CHTOCO${,[[HBIX pBI6, coriaCHO pBI6OXOS$II>iCTB€HHOfI IIKaJIC, XapaKTCPU3YCTCS KaK «BBIIIC CpCI[Heﬁ

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



165  3UHYEHKO, ABPOCHUMOBA, I'OPOXOBA, I'OJIOBATIOK, KY3HELIOBA, OJIOTOB

KOPMHOCTH», CPEAHUMN Y4aCTOK — «MAJIOKOPMHBIN», HUKHUM — «CPEIHEKOPMHBIN».

ITo cocrosiHMIO 3000€HTOCA KAYEeCTBO BOABI BEPXHET0 y4acTKa PEKH HAXOAUTCA B quanazoHe l1-
III kiaccoB, T.€. BOJA «YUCTAsH» — «YMEPEHHO 3arps3HEHHas». KauecTBO BOJBI CPEAHETO ydacTKa B
punanu usmenserca ot II go V kmaccoB: «umcrasny» — «rps3Has». Menuanb CpeJHero TEeYeHUs
xapakrepusyercs [II-V  knmaccamu kadecrBa. Pumane HuwkHero tedeHuss oueHuBaercs [I-
IV kiaccom, T.e. «aucTass» — «3arps3HEeHHas», a MEAUaIb — V KIIacCoM, T.€. «rpsi3Hash (Tadm. 14).

Omnpenenenne KayecTBa BOJHBIX MAcC BBINIOJHEHO HaMH JOMOJHUTEIBHO C MCIOJIb30BaHUEM
unaekca 3arpsizHeHus Bogbsl (YMK3B), a xomiuiekcHass OLIEHKA COCTOSIHMSI 9KOCHCTEMBI PEKU
BBIIIOJIHEHA HAa OCHOBE MHTETPAJIbHOTO MHJIEKCA HKOJIOTMUYECKOTO COCTOSIHUSI C YYETOM JaHHBIX I10
TUAPOXUMHUYECKUM U ruapoduosiorndeckuMm mokazarensm (MUDC; 3unuenko u np., 2000) u ¢
HCIIOJIb30BAHMEM OIICHKM JKOJIOrMueckoil cocrostHust OacceiiHa pexu (Kpurepum ..., 1992;
tabin. 15). MccnenoBanus mokasajiy, YTO peKa HCHBITHIBAET Clab0€ YMEPEHHOE aHTPOIIOTEHHOE
BO3JICHICTBUE B BEPXHEM U CPEJIHEM TEUEHUSX, a B YCTHEBOM Y4aCTKE OHA OTHOCHUTCS B OCHOBHOM
K 3arpsiI3HEHHBIM BOJIOTOKAM C OTHOCHUTEJIBHO YAOBJIETBOPUTENIHHON 3KOJIOTHYECKOW CUTyaluen
Ha OTJEJIbHBIX y4acTKaX. bbII0 yCTaHOBJIEHO, UTO MPUTOKU P. Yca HE YBEIUYUBAIOT BHYTPEHHIOIO
OMOTeHHYIO Harpy3Ky U He OKa3bIBalOT BIHMSHUE Ha OMOpa3zHOOOpa3ue U OHopecypchl caMOl peKu
(3unyenko u ap., 2019).

DKOJIOTUYECKUI CTAaTyC PEKH Yca YCTAaHOBJIEH HaMHW paHee Ha OCHOBAaHWU JAHHBIX
KOMILJIEKCHOM ~ XapakTepUCTUKH TEXHOTEHHOM Harpy3kli UM CYMMHPOBAaHHUU  PE3yJIbTaTOB
MOHUTOPMHIa IO OIEHKE KauecTBa yJYaCTKOB pPEKM Ha BCeM €€  MPOTSKEHUU
(3unyenko u ap., 2019).

Tadoamma 15. XapaktepucTuka SKOJOTMYECKOIO COCTOSHHUS p. Yca € HCHOJIb30BAHUEM
WHTETrpaIbHBIX MeTO/I0B onleHKU. Table 15. Characterizing the ecological state of the Usa River
using integral estimation methods.

Metoambl BepxHee Teyenue Cpennee Teuenue HuxHee TeueHue
OTHOCHUTEJIbHOE OTHOCHUTEJIbHOE
N3B, YUK3B YAOBJIETBOPUTEIIBHO 3KOJIOTUYECKOE AKOJIOTUYECKOE
OJyiaromoJryure OsaromnoJryure
OTHOCHUTEIIbHOE OTHOCHUTEJIbHOE MEDEHIO
NnNoC 3KOJIOTUYECKOE 3KOJIOTUYECKOE yMEp

3arpsi3HEeHHAas

Onarormnosyudue Onaromnoy4due

OTHOCHUTEIILHOE

«Kputepuu ...», yIIOBJIETBOPUTEIIbHAS
9KOJIOTHYECKOe 3arpsi3HEHHAas
1992 3KOJIOTUYECKAasi CUTyalus
Onaromnoy4dne

Onenka kadecTBa BOJBI B P. Yca, pacCUMTaHHAas MO TMOKa3aTelsiM Makpo3ooOeHToca (pa3aen
Martepuansl ¥ METOJIbI) C UCHOJIB30BAaHHUEM KOMIUIEKCAa OMOTHYECKMX TOKa3aTeneld M WHICKCOB
nmokazana B Tabnwuie 16. Ha cTBopax BepxHero TedeHUs peKd BenuuMHbl mokazatens EPT
W3MEHSUTUCH OT 5 710 7 GalljioB, YTO CYIIECTBEHHO HUKE MOKa3aTemei s 3TaJOHHBIX y4acTKOB, TJIe
ynciao BUgoB EPT o00braHO nmocturaer 13-15. CornmacHo 3HAYeHHAM bBHOTHYECKOro HHEKCA
BynuBucca, kauecTBO BOABI M3MEHSIIOCH OT «OY€Hb YHUCTOM» 0 «ducToi» (Tabm. 16), mHIEKC
BMWP xapakrepu3oBall KaueCTBO BOJbI KaK «OYEHb XOpollee», MHACKC [In — «BoJa 4ucTasy,
unaeke G/WI — «peka B XOpoIIeM COCTOSTHUN.

B cpemHem TeuyeHMH pPEKHM OTMEUYaeTCsl CHW)KEHHE KadecTBa BOJABI 1O OHOTHYECKUM
nokasarensm (tabn. 17). Tak, Benuuunsl nokazarens EPT we mpesbimanu 4 6amia, a BeTUYHUHBI

OKOCHUCTEMBI: OKOJIOT'UA 1 AMHAMUKA, 2023, Tom 7, Ne 2



COCTOSIHUE TNTAHKTOHHBIX U JOHHBIX COOBIIECTB PABHUHHOM PEKU ... 166

TBI manu oumeHKy BOJBI KaK «4UCTas-yMEpEHHO 3arpsizHeHHas», BMWP — kak Boga «xopoiiero»
kadgectBa, G/WI — «peka B XxopolieM coCcTosHUI», H — BoJja «yMepeHHO 3arpsi3sHEHHAas.

B HmXHEM TeYeHUM BOJHBIE MACChl p. YcCa XapaKTEPHU3YIOTCS COCTOSHHMEM Ipajallid — OT
«BOJIa B XOPOIIIEM COCTOSIHMH» (corjlacHO pacyery wHuekca G/WI) 1o «Boaa odeHb Tps3HAS)
(uanexc TBI) u «Bosa moxoro kauectBay (mHaekc BMWP).

OO01ree 3KOJOTHYECKOE COCTOSIHUE P. Yca XapaKTepU3yeTcsi COBOKYIHOCTBIO BO3JEHCTBUS
abMOoTHYECKNX (PAKTOPOB, YCTAHOBJICHHBIX CTPYKTYPHBIX M KOJUYECTBEHHBIX XapaKTEPHCTUK
IUIAHKTOHHBIX M JOHHBIX COOOIIECTB, YTO IIO3BOJIAET OTHECTH p. Yca K paBHUHHBIM pEKaM,
HCIIBITBIBAIOIIMM YMEPEHHBIM AHTPOIIOTEHHBIA IPECC € JIOKAIBHOW IOBBIIICHHOW Harpy3kou B
MeCTax BbIIIyCKa CTOYHBIX BOJ U B Y CHHCKOM 3aJIMBE.

Tab6auna 16. Ouenka KkadecTBa BOJbI M DKOJIOTHYECKOTO COCTOSIHHSI Y4acTKOB p. Yca
o onotnueckum mokazarensiM. Table 16. Assessment of water quality and ecological state of the
Usa River parts according to their biotic indicators.

3HavyeHUe UHAEKCA YuyacTok pexn
Hupexc | n onleHKa KavyecTBA B . C i H i}
BOBI epxXHuii peaHuii WOKHHH
EPT 3HAYCHHUE 5-7 2-4 0
3HAYCHHE MHCKCA
AEKER, 8-10 6-7 1-3
Oann
TBI
Ka4yeCTBO OYCHb UNCTAs — | YUCTasg — yMEPEHHO rpsi3HAsi — OUYEHb
BOJIBI qucTas 3arpsi3HEHHas rpsi3Has
3HAYEHUE
5 136-141 68-76 23-25
MHJIEKCa, Oa
BMWP ’
Ka4yeCTBO
O0YEHb XOpollIee Xopoliee IJI0X0€
BO/JIbI
3HAYEHUE
o 8-11 25-27 45-50
nHaeKca, %
G/WI )
Ka4yeCcTBO peKa B XopoIiiem peKa B Xopoliem peKa B XopoIiiem
BO/JIbI COCTOSIHUM COCTOSIHUM COCTOSIHUM
3HAYEHUE
3.05-3.15 2.3-2.5 1.9-2.07
HUHJIEKCa
Hn
Ka4yeCcTBO MEpPEHHO MEpPEHHO
yycTas yMep yMEp
BOJIBI 3arpsA3HEeHHas 3arpsI3HCHHAsA

K OCHOBHBIM HCTOYHHMKAM TOCTYIUIEHMs 3arpsA3HSIONIMX BEIIECTB B PEYHON BOJOTOK
OTHOCSTCS: COpPOC 3arps3HSIONIMX BEIIECTB B COCTaBE KOMMYHAJIbHO-OBITOBBIX CTOYHBIX BOJ,
IIPOMBIIIJIEHHBIX MPEANPUATHHI, TOBEPXHOCTHOTO CTOKA CEIbCKOXO3HCTBEHHBIX NMPEANPUATUHI U C
BOJOCOOpHON TMomag. MOKHO KOHCTaTUpOBaTh, YTO IPOBEAEHHAs HMHTErpajbHas OIICHKA
COCTOSIHUS p. Yca MO pe3yiabTaTaM KOMIUIEKCHOTO OOCII€OBaHUS, BBIMOJIHEHHAs C Y4eTOM
THJIPOXUMUYECKUX M THJIPOOHUOJIOTHYECKUX XapaKTEPUCTUK, B COOTBETCTBUM C PEKOMEHJAIMSIMHU,
U3J0OKEHHBIMM B pabore «Kputepuu OIEHKM JKOJIOTHYecKOoi o6ctaHoBkH ...» (1992)
CBHUJIETENILCTBYET OO0 OTHOCUTENBHO YJOBJIETBOPUTEIBHOM COCTOSSHUM pEKH Ha BCEM ee
MIPOTSHKEHUU C BBIJECIIEHUEM JIOKAJIBHBIX y4acTKOB PEKH, XapakTepuzyemblx B 2017-2018 rr. mo
COJIEpKAHUIO OMOTEHHBIX 1eMEHTOB ((PochaThl) KaK «IKOJIOTHUECKOe OeICTBHEY.
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BrIBOaBI

Takum o0Opa3om, pacCMOTPEHBI 3aKOHOMEPHOCTH CTPYKTYPHOH H3MEHYHMBOCTH TUIAHKTOHHBIX
Y JIOHHBIX COOOIIECTB HA y4acTKaxX paBHUHHOW peku Yca Oacceitna Cpennedt Bonrum. Brnepbie
BBISIBJIEHO TAKCOHOMUYECKOE pa3HOOOpa3ue ajlbrolieH030B P. Yca U €€ IPUTOKOB B 3aBUCUMOCTHU OT
TUIPOJIOTUYECKUX YCIIOBUM, AHTPOTIOTEHHOTO BIUSHUS, W3MCHEHHUS COJCPKAHUS OWOTESHHBIX
BemecTB. B 2017-2018 rr. 6bu1 3apeructpupoBan 201 TakCOH BOJOpOCIEH PAHIOM HUXKE poja U3
7 otnenoB ¢ mpeoOnamanueMm B pekax Bacillariophyta (56% ot coctaBa) u Chlorophyta (28%).
JlnanasoH YHCICHHOCTH B albrorieHo3ax cocraBmi 0.02-5.4 muH. ki1./1, 6momaccsl — 0.01-2.1 mr/m;
cogepxkanue  xynopodpmmia-«a» —  0.01-3.1 mxr/n.  [IpocTpaHCcTBeHHasT  AKOJOTHYECKas
HEOJHOPOJAHOCTh p. Yca 0O0YCIIOBIMBAaET JUHAMHKY TaKCOHOMHUYECKOTO COCTaBa M CTPYKTYpBHI,
XapaKTePU3yeMbIX MO3aUYHOCTHIO KOJMYECTBEHHOTO paclpenesieHus] anbro(uopsl. IKOTOHHBIN
ahdexT B 30HE cMelieHus U TpaHCHOPMAIMK BOJl HIDKHETO TEUYEHHUsS BOJIOTOKOB M Y CHHCKOTO
3anuBa KyiOBIIEBCKOTO BOJOXPAHHMIININA BBIPAKEH B YBEIHMUCHHH Pa3sHOOOpasus W KOJIMYECTBA
BOJIOpOCTel, ycuiieHun LeHoTuueckor ponu Cyanoprokaryota, a Takxke 3eN€HBIX BOAOPOCIEH
nopsinka Chlorococcales, noMuHUpYIOIMX B YCHHCKOM 3anuBe. [lo Omomacce W KOHIICHTpAIUH
xjopoduiuia-«a» TpodUYECKOe COCTOSIHME p. Yca B BEPXHEM U CpelHEM TEUYEHHM SIBIISIETCA
OJIMTOTPO(HBIM, B YCTHEBOW 30HE W B YCHHCKOM 3aJIUBE — Me30TPO(PHBIM. BeTMuuHBI MHIEKCOB
canpoOHOCTH HA BCEX CTaHLHUAX He MpeBblaiy 3HadeHus 1.19-2.46.

B coobmecTBax 300TUTaHKTOHA BOJHON CHUCTEMBI P. Yca getom 2017-2018 rr. OBI7I0 OTMEYECHO
45 BUJIOB, U3 KOTOPBIX KOJIOBPAaTOK — 28, BETBUCTOYCHIX — 13, BECIOHOTHX pakooOpa3HbIX — 4.
CoctaB 300IUTAaHKTOHA THUIMYEH Ui BOJOEMOB Boipkckoro  OacceifHa, TpeaCTaBIICH
(bUTODUIBHBIMU M TUIAHKTOOEHTOCHBIMH KOJIOBPaTKaMH, BETBHCTOYCHIMH PaKOOOpa3HBIMHU poja
Alona. CymiecTBeHHO, YTO B YCTHEBOM 30HE PEKH W NMPUTOKE THIIEpeK BHEpBbie is OacceiiHa
Hwxkneit Bonru 3apeructpupoBana kosoBpatka Kellicottia bostoniensis (Rousselet) — oOurarens
BOJIOEMOB CEBEpHBIX MUPOT. Haumbonbline BeNTUYMHBI OOWIUS 300MJIAHKTOHA OTMEYEHBI B
ri1yOOKOBOJHOM Y4YacCTKE peKa—BOJOXpaHWIMILE, IA€ YHUCICHHOCTh U OHoMmacca 300IUIaHKTOHA
nocturanu 0.4 Teic. 3k3./M° U 5.4 /M’ coOTBeTCTBeHHO ¢ mpeobnananueM Daphnia galeata Sars.
JIMHAMUYHOCTh TUIPO(MU3UUECKUX U THAPOJIOTUYECKHX IapaMeTpOB OINpEAesieT MPO0JIbHOE
pacrnpesiefieHue KOJMYECTBEHHBIX U CTPYKTYPHBIX IOKa3aTeleid COOOLIECTB IUIAHKTOHHBIX
OpPraHU3MOB 10 MUNY IKOKIUHA B YCIOBUSAX OOMTAHUS B ME30-3BTPO(HBIX BOJHBIX Maccax.

Takconomuyeckoe ©OorarctBo Makpo3oobentoca (127 BUAOB M JUYMHOYHBIX (OpPM C
nomunupoBanueM 50 BumoB nIBYKphUIbIX Chironomidae) Ha y4yacTkax peKd B 3HAYUTEIBHOM
cTeneHn oOycloBJieHO OuoTomuyeckuMm  paszHooOpasuem. [lonmaBnsitoniee  GONBIIMHCTBO
YyXKEepOAHBIX BUIOB — 15, W3 HUX 9 mpelncTaBieHbl PaKOOOPa3HBIMU MOHTO-KACIIHICKOTO
KOMILJIEKCa, OOUTAIOMINX B MPUOPEKHOU 30He. BhieraeHHbIe 11eHO3bI COOTBETCTBYIOT XapaKTEPHBIM
30HaM BOJIOTOKA B YCIOBHSX AMHAMHUKHU THAPOJIOTO-TUAPOXUMUYECKUX (HAaKTOPOB, OMPEAEISIONINX
KOMILJIEKCHBIN TPAJIeHT CPE/bI.

Pe3ynbratel uccienoBaHUS MPOCTPAHCTBEHHOTO pacIpeneieHusi BUIOB B cooOlIecTBax
300MJIaHKTOHA M MakKpo3000eHToca p. Yca CBHUIETENBCTBYIOT O TOM, YTO BHUIOBOW COCTaB Ha
KOKJIOM U3 YYacTKOB pekHu crenuduyeH U ¢GopMUPYETCS B COOTBETCTBUU C COBOKYIMHOCTBHIO
OCOOCHHOCTEH DJKOJOTHYECKHX YCJIOBHM, CBS3aHHBIX C BO3JCHCTBYIOUIUMHU TMPUPOTHBIMUA U
aHTPOTIOTEHHBIMU (haKTOPAMHU.

HaubGonee BaxHbIMU (hakTOpamMu pacmpoCTpaHEHUs THAPOOHMOHTOB SBISIOTCS HACHIIICHUE
KHCJIOPOJOM, coziepkaHue obuiero ¢ocdopa u obias MUHEpaau3alus BOAbI, YTO 00YCIOBINBAET
o0l xapaktep pacrpeefeHus cooOmecTB OEHTOoca B YCIOBHUSX JIOKATbHBIX OHMOTOMHUYECKHX
Y CE30HHBIX U3MEHEHHIA.

[IpoBeneHne KOMIUIEKCHON OCMBICIICHHON OIIEHKH SKOJOTHYECKOTO COCTOSIHHSI PaBHHUHHON
peku Oacceitna Cpenneit Bonru mmeer cyliecTBEHHOE 3HAUY€HHE MPH OOBSICHEHHH MEXaHH3MOB
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(yHKIIMOHUPOBAHUS PEYHBIX SKOCUCTEM.

DKOJIOTUYECKOE COCTOSIHUE y4acTKoB p. Yca B 2017-2018 rr. mo KOMIUIEKCY HMHTErpajbHBIX
[I0OKa3aTeael  XapakTepu3yeTcsi KaK  «OTHOCUTEIBHO  yIOBJIIETBOPUTEIBHOE» U  «30HA
9KOJIOTMYECKOro Kpusuca» (3uHueHko u 1p., 2019). B pesynbrare mpoBeIEeHHBIX HCCIEAOBAHUN
MO>XHO KOHCTAaTHPOBAaTh, YTO BOJbI PEKU HA COBPEMEHHOM JTale YIOBJIETBOPSIOT TPeOOBaHMSIM,
MPEIbABISEMBIM Ul BOJOEMOB PbIO0XO03SIIICTBEHHOTO Ha3HAYEHMUS.

@unancuposanue. PaboTa BbINIOJIHEHA B paMKax rocynapcrseHHoro 3azanuss WUOBB PAH
Noe AAAA-A17-117112040040-3 «OrieHKa COBPEMEHHOTO OHMOpPa3HOOOpa3uss M MPOTHO3 €ro
M3MEHEHHUs Ui dKocucteM Boimkckoro OacceiiHa B YCIOBUSAX MX MPUPOJHOM M aHTPONOTE€HHON
tpanchopmarnum» u UBBB PAH Nel21051100109-1 «Cucrtemartuka, pazHooOpasue, OUOIOTus U
9KOJIOTHSI BOJHBIX U OKOJIOBOJHBIX O€CIIO3BOHOYHBIX, CTPYKTypa MOMYJISLUUNA M COOOILIECTB B
KOHTHHEHTAJIbHBIX BOJAAX», a Takxke Npu (puHaHcoBol mopajepkke rpaHtoB PODOU (17-04-00135;
17-44-63019) «DxocuctemHoe pa3sHOOOpa3uWe paBHUHHBIX pek OacceitHa Cpenneit Bonru B
COBPEMEHHBIX YCIOBHUSIX U3MEHEHHUS KJIMMaTa U aHTPOIOTEHHOTO BO3JICHCTBUSY.
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CONDITION OF PLANKTON AND BOTTOM COMMUNITIES OF THE
LOWLAND USA RIVER (BASIN OF THE MIDDLE VOLGA RIVER, KUYBYSHEV
RESERVOIR) UNDER CLIMATE CHANGES
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We studied the specific features of spatial and structural variability of plankton and bottom
communities of the small lowland river Usa, a tributary of the Kuibyshev Reservoir, as part of
comprehensive studies of the ecological condition and water quality of the river. Based on the results
of 2017-2018 studies, we established the type of spatial distribution of phytoplankton, zooplankton
and macrozoobenthos community species along the longitudinal profile of the river with regard to
hydrochemical indicators.
A comparative analysis of changes in the species richness of plankton and bottom communities and
assessments of the ecological state of river with regard to the spatial variability of species diversity
and quantitative characteristics was carried out. Based on the results of changes in the number and
biomass of the main taxonomic groups using different methodological approaches to study the
dynamics of hydrobiological indicators, their non-stationarity and the existence of regular trends
depending on hydrological and hydrochemical factors were established.

The biodiversity of summer plankton algocenoses of the Usa River depending on hydrological
conditions, anthropogenic influence, and changes in the content of biogenic substances was assessed
for the first time. 201 algoflora taxons ranked below genus from 7 algae divisions have been
identified. The dominant ones are Bacillariophyta (56% of the composition) and Chlorophyta (28%).
In the limnoplankton of the Usinsk Bay the species ratio in the composition of algae divisions changes
in the direction of increasing share of green algae — Chlorophyta (45%). The proportion of
Cyanoprokaryota varies from 4% in the Usa River to 12% in the Usinsk Bay.

It was found that the spatial dynamics of algocenosis structure in the Usa River is characterized by an

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2


http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf
http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf
http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf
http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf
http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf
http://www.igce.ru/wp-content/reports/Доклад2017%20о%20климате%20РФфинSam.pdf

175  3UHYEHKO, ABPOCHUMOBA, I'OPOXOBA, I'OJIOBATIOK, KY3HELIOBA, OJIOTOB

increase in species diversity, abundance, biomass, chlorophyll-«a» content from the source to the
mouth. Correlation analysis revealed reliable relations (P < 0.05) between flow velocity, chlorophyll-
«a» concentration, abundance, specific number of species, biomass (r = -0.65, r = -0.69, r = -0.82,
r =-0.79, respectively). In terms of biomass and chlorophyll-«a» concentration, the trophic state of
rivers in the upper and middle reaches is oligotrophic, in the estuaries - oligo-mesotrophic, in the
Usinsk Bay water masses correspond to mesotrophic type. The main pollutant throughout the river is
the concentration of total P (7-18 MAC), which is accompanied by an increase in the proportion of
myxotrophic phytoflagellates — indicators of organic pollution. The increase in the number and
biomass of phytoplankton in 2017 is due to the high content of biogenic elements (N, P).

Zooplankton of the Usa River water system includes 45 species, of which there are 28 Rotifera,
13 Copepoda and 4 Cladocera. Composition of zooplankton is typical for Volga basin water bodies
and is represented by phytophilic and planktonic rotifers, planktobenthic crustaceans of Alona genus.
For the first time in zooplankton of the mouth zone of the Usa River an invasive species, rotifer
Kellicottia bostoniensis (Rousselet, 1908) — inhabitant of water bodies of northern latitudes was
registered. The highest values of zooplankton abundance were recorded in the deep-water section of
the “river — reservoir”, where the number and biomass of zooplankton reached 0.4 thousand ex/m’ and
5.4 g/m’ with predominance of holarctic Daphnia galeata (G.O. Sars, 1864). Dynamism of
hydrophysical and hydrological parameters determines longitudinal distribution of quantitative and
structural indicators of planktonic organisms communities by ecocline type in conditions of inhabiting
meso-eutrophic water masses.

The spatial variability of plankton and bottom communities has been established, taking into account
local biotopic variability determined by the landscape geomorphology features and the regular trend of
quantitative indicators of biotic communities taxocenes.

Assessment of water quality and ecological state of the watercourse was performed using integral
methods and metrics. The obtained results of the water quality assessment of the Usa River can be
used as a reference for calculating the multi-metric indicators of the ecological state of typologically
similar small plain rivers.

Keywords: Usa river, small rivers, plankton and bottom communities, taxonomic diversity, abiotic
factors, spatial distribution, ecological state, water quality, the basin of the Kuibyshev reservoir
(Middle Volga Basin, Russia).
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5 anpens 2023 roma Ha uHTepHET-pecypce «Tenemopt.PD» (2023) co ccbuikoii Ha TACC ObuIO
OIyOJINKOBaHO COOOIIEHHE O TOM, YTO KommaHus «Pycl'mapo» mpuHsIa perieHne O CTPOUTENLCTBE
B Amypckoit obmactu  Cenemmpkunckod u  Hwkae-3elickoit  ruapoasiektpocrannmid. [locie
HOIITOH.HCHI/IfI HECKOJIBKUX HACCIICHHBIX ITYHKTOB Ha HaHLHeM Bocrtoke TUAPOCTPOUTEIHN IOJYUYHUIIN OT
(enepaibHBIX BIACTEH MOpYUYEHUE «CIPOCKTUPOBATH U CO3/IaTh B OacceiiHe AMypa rHIpOCcOOpYKEHHUsI
JJIA 3allIUTBI HACCIICHUA OT HaBOHHeHHﬁ)). cDOpMaJIBHBIﬁ MMOAX04 K BBIINOJHECHUIO O3TOIO MOPYUCHUA
MOXKET TPUBECTH K HKOJOTHMYECKOH KaTacTpode permoHampHOro Macmrada. s p. Amyp uee
MPUTOKOB XapaKTEpHBI KOJIOCCAIbHBIE €CTECTBEHHBbIE KollebaHUs 00BEeMOB CTOKa, Jo 270 kpaT —
ot 150 10 40000 m’/cex. DTO MaKCHUMaNbHBIHA TOKa3aTenb s Hamrell crpanbl. Co3faHue KPYIHBIX
BOJIOXPAaHWIUILl ¢ HEOOXOAMMBIMU IPOTHBONABOIKOBBIMH E€MKOCTSMH COIPSDKEHO C LIETBIM PAIOM
HEeraTUBHBIX 3KOJIOTHYECKUX U COLUAJIBHBIX MOCIEACTBUH.

CrpoutensctBo Cenmemmkuackord W HmkHe-3eHCKOH THAPOIIEKTPOCTAHIIMN HE PEIIUT BOMPOC
O0OprOBI ¢ HABONHECHHUSIMH, HO TapaHTHPOBAHHO CO3JacT Maccy ocTpedmmx mpodneM. Ilocme
BO3BeEHUsI MIOTUHBI CeNeMIPKUHCKON CTaHLMY 110 BOLY YWIET HECKOJIbKO KPYIHBIX HACEJICHHBIX
IYHKTOB, YYacToK baiikamo-AMypCKOi Marucrpaid W aBTOAOPOTH PETHOHAILHOTO 3HAYCHUS.
ITnomans akBatopun coctaBuT okono 800 km’. B Hapymenue 3akona P® or OOIIT CeneMmKHHCKOE
BOJIOXPAaHWIUILE 3aTONUT 3HAYUTENbHYIO 4acTh TeppuTopun Hopckoro 3amoBenHuKa, a OCTaBIIMMCS
OXpaHseMbIM Ha3eMHBIM 9KOCHCTEMaM OyIeT HaHECEH HEBOCTIONHUMBIH yiiepO. TH BOIHO-00I0THbBIE
Yroibsi NPEACTABIAIOT LEHHEHIINEe MECTOOOMTAaHUs He MeHee 29 penKkux OXpaHseMbIX BUAOB ITHII.
J1s1 HEKOTOPBIX M3 HUX 3aTaIllJIMBAaeMble MECTOOOUTAHUS UMEIOT BasKHEHIIIEe PETMOHATIBHOE WM JIaske
MHUPOBOE 3Ha4YeHHUE. Y YEPHOI'0 aucTa OTMEYEHa YHHUKAJIbHO BBICOKAsI IUIOTHOCTh HACEIEHUSI — OKOJIO
1 ocobu Ha 100 kM>. Y HaTbHEBOCTOYHOrO AMCTa M SAMOHCKOTO JKypaBjsl 37eCh HAXONSATCS caMble
CEBEPHBIC MECTa THE30BaHUA. 31eCh XKe OOMTAIOT KpyIlHasi 000COOJIeHHAs THE3[0Basi IPYNIMPOBKA
YEpHOT0 KypaBJisl U COUHCTBEHHAs Ha TEPPUTOPHUH AMYPCKOH 00JacTH yCcTOWYMBas IPYyIIHPOBKa
pBIOHOTO (hUITHHA.

[Tnotuasr Cenemskauackod U HinkHae-3eliCKOi THIPOIIEKTPOCTAHINN OYIyT PaCIONOKEHBI TaKUM
o0pa3oM, dYTO HEM30EXKEH KOJIOCCANBHBIA KyMYISATUBHBIA 3(PQPEKT OT B3aWMHOIO YCHIICHHUS
HEraTUBHOTO BO3ACHCTBHA OOOMX BOJOXPAHMJIMIL Ha 3KOCUCTEMBbl. OCHOBHBIMH IPOSBICHUSIMU
takoro d3Qdexra Oyayr ¢aKTUYeCKOe YHUYTOXKEHHE [MOCIHeNHUX KPYIMHBIX MHUTPHPYIOUTIX
IPYIITUPOBOK CHOMPCKONH KOCYJIH, YTO MPOTHBOPEUUT 3aKOHY O KUBOTHOM MHpE, U PE3KOE MaJeHue
OuopaszHooOpazus ceBepa Amypckoil oOnactu: CeleMIXMHCKOE BOJOXPAaHWIMILE —CIelaeT
HEIIOCTYITHBIMH OCHOBHBIE MecTa pa3MHOKeHHs, a HmxkHe-3elickoe MepeKpoeT MyTh K 3MMOBKaM
KOCYJIb; OIHOBPEMEHHOE 3aTOIJICHUE JOJIMHHBIX OMOTOIIOB B CpeHeM TedeHHH pek 3es u Cenemmxa
MEPEKPOET MAarucTpajbHbIE 3KOJIOTMUYECKHE KOPHIOPHL, YHHUYTOXKUB MECTOOOMTAHUS MHOXKECTBA
PEIKUX BUJOB )KUBOTHBIX U PACTECHHH.

OnacHOCTh YHOMSHYTBIX MPOEKTOB ITOATBEPKICHA UCCIEIOBAHUAMH U MHEHUEM SKCIEPTOB: MPOEKT
CememxuHCKOH (larMapckoil) THAPOIEKTPOCTAHINN OB OTKJIIOHEH SKOJIOTMYECKON 3KCIIEPTH30U
CCCP; skonoruueckasi onacHocTb HuskHe-3eMCKOM THIpPOANEKTPOCTAHIMU IMOKAa3aHa B OTYETE IO
nporpamme Musnmnpupoasl Poccun — IIporpamma passutus OOH/IoGansHbIi 5K010rndeckuii GoHI.
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OnTuMalbHBIM BBIXOJOM OBUIO OBl PAacCMOTPETh CTPOMTEIBCTBA HOBBIX THAPOY3JIOB HE Kak
YHHMBEpPCAJIBHYIO Mepy, a KaK OJWH U3 IYyHKTOB MpPEACTaBIEHHOM KOMIUIEKCHOW MpPOTrpaMMBI IO
MIPEIOTBPAIICHNIO HETaTUBHBIX COL[MAJIBHBIX MOCIEACTBUN HaBogHeHMH. Ha tepputopun Amypckoit
o05lacTi ecTh BapHaHTBl Pa3MEIICHHS THAPOAJIEKTPOCTAHLINH, IMOJHOCTHIO OTBEYAIOIIHE TAKOMY
B3BEILIEHHOMY Toaxoay. Oro OkuMyaHckuil (BepxoBes p. Cenemmxa) u Bepxne-Humanckuit
(BepxoBbst p. Human, neBoro mputoka p. bypes) — mepcrneKTHBHBIE CTBODBI, I/Ieé CTPOHTENHCTBO
CTaHIMI OBUIO OBl CONPSXKEHO C HAaWMEHBIIMMHU COLUAIBHO-OKOJIOTHYECKUMH  U3JEP’KKaAMHU.
OOBEeKTHBHBINM aHaIM3 TOKAa3bIBaeT, 4TO peuieHne o crpoutenscrBe CenmemmkuHcKod U Hipkhe-
3eiickolf  THIPO3JEKTPOCTAHIIMH  OTBeYaeT TJaBHBIM 00pa3oM BEJOMCTBEHHBIM HWHTEpecam
THIIPOCTPOUTENECH W DHEPreTUKoB. Hemb3si HOMyCTUTh CHUTyallMH, KOTAa H3-3a TAKOrO OJHOOOKOTO
noaxona [Ipuamypsio Oyner HaHeCeH KOJOCCAJbHBIN HKOJOTMYECKUH M COIUABHO-IKOIOTHYECKUH
yiep0. [Tpu 3ToM OyAeT TUCKpEIUTUPOBAaHA MO3UTHBHAS HJlesl (heliepalibHbIX BIACTEH O JeHCTBEHHON
nomomy HaceneHuto. C Opyrodl CTOPOHBI, BBHIOOp ONTHMAaJbHBIX CTBOPOB M OTKa3 OT HambOomee
JKOJIOTUYECKH OINACHBIX HapAQy C KOMIUIEKCHBIM IIOIXOJOM K TIPEAOTBPAIEHHIO HEraTHBHBIX
COIMAJTIBHBIX TIOCIEACTBUNA HABOAHEHUN IIO3BOJIAT CAENaTh IIar K SKOJOTHYECKH YCTOWYHMBOMY
Pa3BUTHIO PETHOHA.

Knroueswie cnosa: 6oprda ¢ HaBomHeHusamu, CeneMmmxuHckas u Hikae-3etickas ['OC, skonorudeckas
OIaCHOCTh, HApYIIEHWE MUTpalyii, CHOWpPCKas KOCYyNs, pEAKHE BHIBI TMTHI, CHUXXEHHE
OMOIIOrHYEeCcKOro pazHooOpas3usl.
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5 anpens 2023 roga Ha uHTepHET-pecypce «Tenenopt.PDy» (2023) co cepuikoit Ha TACC 65110
OMyOJIMKOBAaHO COOOIIEHUE O TOM, UTO KommnaHus «Pycl'uapoy» npussiia pemieHne o CTpOUTEIbCTBE
B Awmypckoit obmactu  Cenemmpxuackoil u Hwmxne-3elickoir rumposnextpoctanmmii (I'2C).
[TocTapaemcsi pa3oOparbcs, 4eM BBI3BAHO TaKO€ pEIIEHHE, HACKOJIbKO OHO OOOCHOBAHHO U YEM
MOKeT 00epHyThes A [Ipuamypbs.

B nacrosiee Bpemst OOJBITUHCTBO SKCIEPTOB CUMTAIOT, YTO dHEPruu 3eickoil, bypeickoit u
Hwxnue-bypeiickoit '9C nmoctatouno misi obOecriedeHuss MOTPEOHOCTEH XO3SIMCTBA POCCHUHCKOTO
HanbHero Boctoka Ha 0003pumyro mepcrekTuBy. llonTBepikIeHHEM ATOMY SBISETCS IKCHOPT
anektposneprun B KHP. ITlocie moarorsieHWii HECKOJBbKUX HACEJICHHBIX NMYHKTOB Ha JlanbHem
BocTroke rugpocTpouTenu MOJy4YHiid OT (elepalbHBIX BiacTeld MOpy4YeHHE: «CHPOEKTUPOBATh U
co3gath B OacceiiHe AMypa THAPOCOOPYKEHHUS s 3alUThl HACEJIEHUS OT HaBOJHEHUID.
@dopMmanbHbI MOAXOA K BBIIOJHEHHIO 3TOT0 MOPYYEHHS MOXKET MPHUBECTU K HKOJIOTHMYECKOM
KaracTpode pernoHabHOro MaciTada.

Bonoxpanunuma crnocoOHbl MPOTUBOCTOSATH KPaTKOCPOYHBIM BBICOKMM I[aBOJKaM U
HABOJHEHUSAM IPH HU3KOM U CpeqHeM oO0beme cToka. OIHAKO BO3MOXHOCTH BOJIOXPaHWIIHII
MpeloTBpallaTh HABOJHEHHUS TPU BBICOKOM M DJKCTpEMalbHOM o00beMe cToka Oosiee yem
comHuTenbHa. Jlyis AMypa U ero mMpUTOKOB XapaKTEPHbI KOJIOCCAIbHBIE ECTECTBEHHbIE KOJIeOaHUs
o06beMoB ctoka (1m0 270 kpatr — ot 150 mo 40000 M3/ceK). OTO MaKCUMAJILHBIN MOKa3aTelb I
Hame crpanbel. Co3/laHue KPYMHBIX BOJOXPAHWIMI] C HEOOXOJUMBIMU MPOTHUBOIABOAKOBBIMU
€MKOCTSIMU COTIPSDKEHO C IIENIBIM PSIIOM HETaTUBHBIX 9KOJOTHYECKHX U COLMATBHBIX TIOCIEICTBUM.
[ToTpeGyeTcs 3aTONUTH OTPOMHBIE TEPPUTOPHUH HanboJsiee MPOAYKTUBHBIX CEThCKOXO3SIHCTBEHHBIX
yroAMii W  TPHUPOJHBIX KOMIIIEKCOB C MAaKCHMAalbHBIMH  TOKa3aTelnsiMu Ouopa3zHooOpasus.
[Ipu 5ToM MOHAHOOUTCS NUKBUAALMS MHOXKECTBA IMOCEIKOB W TEpEecelieHue JECATKOB ThICSY
yenoBeK. (CTBOPHI OONBIIMHCTBA TEPCINEKTUBHBIX TUIOTHH HAXOAATCS B 30HAX TEKTOHHUYECKHX
pa3ioMOB C BBICOKOW CEHCMHUYHOCTBIO. WX CTPOUTENBCTBO CYHIECTBEHHO MOBBICUT PHUCK
TEXHOTEHHBIX KaTacTpod.

CymiecTByeT u KOHOMUYECKHI acmekT mpoOieMsl. [IpakThka mMokas3bIBaeT, YTO IHEPTETHKU
BCEMHU CHJIAMHU CTaparoTcs U30eraTh XOJOCTHIX COPOCOB, TUIIAIOIIUX UX JOMOJTHUTEIBHBIX BHITUIAT
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3a anekTposHepruto. Bemomaum sero 2014 1., korma cOpockl ¢ minotuHbl 3efickoit ['DC
CocOOCTBOBAJIM MOATOIUICHUIO HACENICHHBIX IIYHKTOB B HIKHEM Obede. IlpuTouHocts B 3eiickoe
BOJIOXpaHWJIMIIE CTaa ObICTPO YBEIMYMBATHCA B Hayase uiois 2014 r., HO TOJIBKO yepe3 MecHll,
2 aBrycra, 3HEPreTUKH HECKOJBKO YBEJIMYMWIM cOpoc Bojbl. Ho He HacTonbko 4YTOOBI CHU3UTH
YPOBEHb BOJOXPAHMIUIIA U OCBOOOIAMTH HEOOXOAMMYIO pE3EepPBHYIO €MKOCTh ISl IpUeMa IHKa
naBojka. B urore x muKy maBojKa YpOBEHb BOJbl B BOJOXPAaHWIMILE JOCTUI KPUTHUECKOMN
OTMETKH yrpo’Karouieil 6e30MacHOCTH IJIOTUHBL. BbIHYXAEHHBIN cOpoc yCyryOmsl KpUTHYECKYIO
cUTyaluio B HUxkHeM Obede. Ilo aHasormuyHOoMy clieHapHuio pa3BopaduBanuch coObiTus B 2007 T.
KOT'J1a, IPY CPEeTHEM YPOBHE MPHUTOYHOCTH, aBapuiiHbIe cOpochl BoabI ¢ 3eiickoii [DC nmoaronmmm
r.3es u moc. OBcauka (Ilomonbekuii, 2014). IToxokue cuTyallum MOTYT MOBTOPUTHCS WU Ha
HoBbIX ['DOC.

PaccMOoTprM BO3MOKHOCTH OLIEHKM TEpPCHEKTUBHBIX BapUaHTOB pa3MEIIEHUs IUJIOTUH
TUAPOIJIEKTPOCTAHINM C TOUKH 3pEHHUS] MUHUMU3allUd HETraTUBHBIX 3KOJOTMYECKUX U COLIMAJIbHO-
9KOJIOTMYECKUX TMOCIEACTBUM, BKIOYas BIMSHHE HA KUBOTHBIA MUp. KoppekTupoBKa JIAaTUHCKUX
Ha3BaHUM BUIOB KUBOTHBIX BBITIOJIHEHA JJIS1 MJIIEKOMUTAIOLIUX — 110 CBOJIKE 300JI0THYECKOTO MYy3€es
MI'Y (JlucoBckuit u np., 2019), nns nrun — no nyonukanuu «Payna ntun, CeseprHoii EBpazuu B
rpanunax OsbBaiero CCCP: cnucku Bugo» (KobGnuk, Apxumnos, 2014), mns am¢pubuit u
penTwinii — no kHure «3emHoBoAHble M mnpecMbikaomuecs CCCP (bannukoB u ap., 1971),
JUTst pbI0 — 110 KHUTe «Onpenenutens npecHoBoAHBIX pbid Gaynsr CCCP (Becenos, 1977).

MeTOJIOJIOFI/IH OLCHKHU MEPCIHCKTUBHLIX CTBOPOB

BopoThcst CTOMT HE € pPEIKUMHU SKCTPEMAIBHBIMA HABOJHEHUSIMH, KOTOPBIC SBIISIOTCS
HEOTHEMJIEMOH TPUPOJHON 0COOCHHOCThIO [lpmamypbs, a C WX HETATHBHBIMH COIMATbHBIMH
nocneAcTBUSIMHA. [T 3TOro HEOoOXOIMM KOMIUIEKCHBIA TOJXOJ, BKIIOYAIONINA HECKOJBKO
OCHOBHBIX HANpaBJCHUN: 1) mepecereHne JTIIei U3 MecT, HanboJiee OMaCHBIX MPH HABOIHEHHUSIX;
2) oropaxxuBaHue 1aMO0aMHU HEKOTOPBIX MOCEICHUH U 00BEKTOB HHPPACTPYKTYPHI; 3) ONTUMHU3AIIHS
WCIIOJIb30BaHUS TIPOTUBOIABOJAKOBBIX €MKOCTEH CYIIECTBYIOUIMX BOJOXPAaHWIHII; 4) MOBBIIICHUE
OTEPATUBHOCTH M TOYHOCTH IPOTHO30B HAMOJHAEMOCTH BOJOXPAHMJIMI 332 CUET YBEIHUCHHS
quciaa  THUAPONOCTOB;  5) CcO3JaHUME B BEPXOBBSIX  PEK  HEOOJBIIMX  BOJOXPaHWIMIIL,
HE MPEMSITCTBYIONINX COXPAaHCHHIO OMOpa3HO00pa3usi, He yXYIIIAIONINX COIHAIBHYI0 00CTAaHOBKY
B PETMOHE M CIIOCOOCTBYIOIIUX pPAa3BUTHIO MECTHBIX IPOU3BOJICTB; 6) 3a01aroBpeMEeHHOE
TUTAHUPOBAHHE TOMTYCKOB U3 BOJOXPAHWIUII (B T.4. SKOJIOTUYCCKHX).

Ha ocHOBe M3J105)K€HHO!N KOHIICTIIIMH, a TAKXKE UCXOJIS U3 OIBITAa 300JIOTHIECKOT0 MOHUTOPHHTA
B 30HAaX BIIMSHHUS CYIIECTBYIOIIUX W NPOEKTUPYEMBIX THUIPOY3JIOB Ha pekax 3es u bypes,
MPEJUIAratoTCsl CIICAYIONINE KPUTEPHH BhIOOPA MEPCIICKTUBHBIX THAPOY3IIOB:

e HEOOJIBIIAS TUIONIA/Ib AKBATOPHH,
CPaBHUTEILHO HEOOJIBIINE 3aTPaThl HA CTPOUTENLCTBO (MeHee 40 mipa. pyo.);
COOTBETCTBEHHO, HEOOJIIIIOE BpeMsl CTpouTebcTBa (MeHee 10 ser);
MUHUMAaJbHBINA WM HE3HAYUTEIbHBIA YPOBEHb CEHCMHUECKON OMacHOCTH;
OTCYTCTBHE B 30HE 3aTOTUICHUS U MOATOIJICHHS HACEIIEHHBIX TyHKTOB;
ONaronpusTHBIC YCIOBHS ISl PA3BUTUS MECTHBIX SHEPTOEMKHX MPOU3BO/ICTB;
OnaronpusTHbIC YCIOBHS TSl pPA3BUTHS PEKPEAIINU;
OTCYTCTBHE€ WHTCHCHUBHBIX BO3JCHCTBUH Ha OKOCHUCTEMBI, YK€ IMOJBEpraBIIHecs
BO3JICHCTBUIO THIPOCTPOUTENHCTBA (B YACTHOCTH, PAcMojioXeHHe TUIOTHUHBI aanbine 90-100 kM
OT 30HBI BBIKIIMHUBAHUS TIOJIIIOpa CIEAYIONIEro BOAOXPAHIINIIA KacKaaa, pacloOKEHHOTO HIKE
10 TEYEHUIO);

® COXpPaHEHHE YYaCTKOB «HEHAPYIICHHBIX JOJIMH» MEXAY THIPOCOOPYKEHUSIMU;
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® OTCYTCTBHE B 30HE 3aTOIUICHUS U BJIMSHHS BOJOXPAaHUJIMILA OCHOBHBIX IyTe€d MUIpaluil
JUKUX KUBOTHBIX;

® OTCYTCTBME B 30HE 3aTOIJICHUS U BJIMSHUSA BOJOXPAHUIIUIIA MECT MAaCCOBOI'O Pa3MHOKEHHUS
JUKUX KUBOTHBIX;

® OTCYICTBME B 30HE€ 3aTOIUIEHUS M BIIMSHUSA BOJOXPAHWIMIIA Ba)KHBIX MECTOOOMTAHUI
SH/IEMUYHBIX, PEAKUX OXPaHIEMbIX BUJOB KUBOTHBIX U PACTEHUM;

® OTCYTCTBHE MpPSIMOTO /WM KOCBEHHOTO BO3JCHCTBHUS Ha 3alOBEIHUKH WM HWHBIE 0CO00
oxpansiemble ipupoiHbie Tepputopun (OOIIT) dpenepanbHOro 3HaYEHUSL.

Ha xaprocxeme (puc. 1) nokazaHbl akBaTOpUM BOJOXPAHUIIUIL [IEPCIIEKTUBHBIX U CTPOSIILIUXCS
ruaposnextpoctaniuii (I'93C).

[IpoBenena cpaBHHUTENbHAs OajulbHasl OLIEHKAa IEPCHEKTHUBHBIX CTBOPOB IO BbIOpaHHBIM
kputepusMm (tabm. 1). OueBHOHO, YTO MO COBOKYIMHOCTH JKOJOTMUECKHX U  COIMAJIbHO-
skonornueckux mnoxasareneii CenempkuHckas, umolickas u Hwmkae-3elickas 19C cuibHO
MIPOUTPHIBAIOT JIPYTMM NepcreKTUBHBIM cTBopaM. CenemHmkuHckas ['DC mnpexacrasiser
MaKCHMAaJIbHYIO 3KOJOTHYECKYI0 OMAacHOCTh. JKMMuaHCKyio U Bepxne-Humanckyro I'C moxkHO
paccMaTpuBaTh, KaK ONTUMAJIBHBIE MEpCHEeKTUBHBIE ruapoysnbl. IIpoext Cenemmxunckont I'9C
ObLT OTKJIOHEH KaK 3KOJIOTHYECKH OMacHbIN erie rocyaapcrseHHon skcneptuzoir CCCP (B To Bpems
oHa HazpiBasiack [larmapckoil). Henmomyctumble SKOJOTMYECKHE W3ACPKKH, CBSA3aHHBIE C
BO3MOXHBIM co3aanueM Hmxne-3elickoit '9C, moapoOHO H3yd4eHBI U ONMCAHbI B paMKax
cnenanbHoro mpoekta «lIporpamma paszsutus OOH/['moGanbHBI 3KOJIOTHYECKUN (GOHT —
Munnpuposl Poccun» (Ilononbckuii, 2017).

Puc. 1. J[lelictBytomne u nepcnektuBHble [DC Ilpuamypesi. Vcenosuwie o6o3nauenus.
HevictByronme cranuuu: 1 — 3elickas, 2 — bypeiickas, 3 — Huxne-bypelickas. [lepcniekTuBHbIE
cranuuu: 4 — I'mmrotickast, 6 — Hmwkne-3eiickas, 7 — Cenmempkuackas, 11 — Dkumuanckas, 12 —
Bepxune-Humanckas, 15 — Hwxuae-Humanckas. Fig. 1. Active and planned hydroelectric power plants
of the Amur Region. Legend. Active plants: 1 — Zeya, 2 — Bureya, 3 — Lower Bureya. Planned plants:
4 — Gilyuy, 6 — Lower Zeya, 7 — Selemdzha, 11 — Ekimchan, 12 — Upper Niman, 15 — Lower Niman.
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Taoauna 1. Ouenka nepcnexTuBHBIX [ DC mo BeiOpanHbIM kputepusim. Table 1. Evaluation of
planned hydroelectric power plants according to certain criteria.

Kpurepun

epcnexTuBubie 'IC

HwuxHe-
3eickas

I'miaroiickas

IKUMUYaAHCKAsA

CeJleMIKHHCKA
A1

Hukne-
Humanckas

Bepxne-
Humanckasy

IInomans
aKBATOPHUH
<200 km?

+

3aTpathl Ha
CTPOUTEIBCTBO
< 20080 mipm. p.

H.IIL.

H.II.

Hwuzkas
CEUCMHUYHOCTDb

H.II.

OtcyTcTBHE
HaceJIEHHBIX
MTyHKTOB

Ycnosusa qusa
OpraHu3aIuu
MECTHBIX
DHEProeMKUX
MPOU3BOJICTB

Hanee 100 xm ot
CYIIECTBYIOIIHMX
BOIOXPaHHUIIUIIL

Het ocHOBHBIX
MHTPAITIOHHBIX
nmyTei 3Bepeit

Her
OCHOBHEBIX MECT
Pa3MHOKEHHS
IM03BOHOYHBIX

Her
HA3BECTHBIX MECT
KOHIICHTPAIMH
Ha3eMHBIX
IM03BOHOYHBIX

H.O.

Her ocHOBHEIX
MECTOOOHTaHUMH
OXPaHAEMBIX
BUJIOB

H.1.

H.IO.

Her npsimoro
BO3JICHCTBUS HA
3all0BEIHUKA

Her
CYIIECTBEHHOT'O
KOCBEHHOI'0
BJIMSIHUS HA
3aITOBEAHUKHI

CymmapHBIit
Oan

+6

-8

+4

+6
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Pe3yJ’[LTaTLI H 06cy>K):[eHl/1e

CrpoutensctBo Cenemmxuackoir u Hwmxkne-3eiickoit 'DC He pemmt Bompoc OOpbOBI C
HAaBOJHEHHUSAMH, HO T'apaHTHUPOBAHHO CO3JACT MacCy OCTPEHIIMX COLMAJIbHBIX U 3KOJIOIMYECKUX
npobnem. Ilocme BosBenenms tuotuHbl CenemmkuHckoi ['DC mox Body yiIeT HECKOJBKO
KPYIIHBIX HACEJIEHHBIX IIYHKTOB, yuacTok BAM u aBTOIOpOTH peruoHanbHOro 3HaueHus. [lnomanpb
aKkBaTopuu cocTaBuUT okoso 800 kM2 ByayT 3aTomieHsl oOmUpHBIE GOJOTHBIE MaccuBbl Hopckux
1 AnbIMKOHCKUX Maped. OHU mNpeacTaBisioT 3()(EeKTHBHBIM CTaOMIM3ATOP CTOKA, CIIOCOOHBIN
aKKyMYJIMPOBATh OTPOMHBIN 00bEM BOJIBI U MPEIATCTBOBATH KAaTACTPO(YUIECKOMY ITObEMY YPOBHS
HUOKE 10 TEYEHHIO. OJTOT MOUIHBIM €CTEeCTBEHHBIM IPOTHBONABOJKOBBINM Oapbep He TpedyeT
JOTIONTHUTENBHBIX 3aTpaT M HaJeXKHO paboTaeT BHE 3aBUCUMOCTH OT TEXHOJIOTHYECKUX WIIN
SKOHOMMUECKUX (akTopoB. Kpome Toro, mo JaHHBIM POCCHHMCKHMX Yy4eHbIX, Oonora Cubupu
u [lanpHero Boctoka nHanbosnee 3¢pGEeKTUBHO aKKyMYJIHPYIOT YIJIEPOJ, MPENATCTBYS Pa3BUTHIO
rJ100aJTbHOTO MOTEIUICHHUS.

['maBHast »KoJOTMYECKass OMACHOCTh KPYMHOMACIITAOHBIX pPabOT MO CO3JaHUI0 OOJIBIINUX
MIPOTUBOMNABOJIKOBBIX IJIOTUH — KapAWHAJIbHOE HapyIIEHHWE E€CTECTBEHHOI'O TI'HJIPOJIOTHYECKOrO
pexumMa A0JIMH AMypa U €ro KpyImHbIX IPUTOKOB, Beyllee K Jerpajallui MOUMEHHBIX SKOCUCTEM.
3aor WX COXpaHHOCTH — TMEPUOJMYECKOE 3allMBaHUE, COMNPSHKEHHOE C  PeryaspHbIMU
3HAYUTENbHBIMU KOJIEOAHUSIMU YPOBHSI TPYHTOBBIX BojA. Ecim 3Tu ycnmoBusi He coOnroparoTcs,
TO MOWMEHHasi PacTUTENBHOCTh ObICTpo AerpaaupyeT. CrapuuHble 03€pa 0€3 MepHOIUYECKOrO
MPOMBIBaHUSI BBICOKMMM TaBOJIKAMU MOCTENEHHO 3aunuBarorcs. [locrme mnosiiaeHust 3eickoi
u bypelickoit ['DC pexuM 3aTorsieHust momMel AMypa yXe ImpeTepnes 3HaYUTEIbHbIE U3MEHEHUS.
JlanbHeiee CHUKEHUE YacTOThI BHICOKUX MaBOJKOB M aMIUIUTY bl KOJIEOaHHUM YPOBHS TPYHTOBBIX
BOJl MpPHUBEAET K KaTacTpO(PUUECKOMY CHUKEHHMIO OHOJIOTHYECKOro pPa3HOOOpa3us MOWMEHHBIX
9KOCUCTEM, B T.4. K PE3KOMY YMEHBIIECHHUIO YHCICHHOCTH PEIKUX BHUJIOB KypaBieil M auCTOB,
THe3JAIMUXcsi B XHUHTAHCKOM  3alOBEJHUKE W HA  COMNpEAEIbHOW  TEeppUTOPUU
(ITapuiioB u ap., 2006), K MameHUIO MPOAYKTUBHOCTH CEIbCKOXO3SMCTBEHHBIX YIOJWW, TMOJTHOM
yTpaTe pbl00X03sICTBEHHOTO 3HAYCHHS 3apEryTMPOBAHHBIX PEK.

Hapymas 3akona P® 06 OOIIT, CeneMKHMHCKOE BOJOXPAHUIIMIIE 3aTOTHUT 3HAYUTEIHHYIO
yacTh Tepputopun Hopckoro 3amnoBeiHMKa, a OCTaBIIMMCS OXPaHSIEMbIM Ha3eMHBIM SKOCHCTEMAaM
OyZeT HaHeCeH HEBOCIOIHUMBIN yiiepO. ITH BOAHO-00JOTHBIE Yro/ibs MPEICTABISIOT LIEHHEHIINe
MeCTOOOUTaHUsI HEe MeHee 29 pEeIKux OXpaHseMbIX BUIOB NTHI. J[1s HEKOTOPBIX W3 HUX
3aTarIMBaeMble MECTOOOUTAHUS UMEIOT BasKHEHIIIee PernOHAIIbHOE UIIM JIa)Ke MHUPOBOE 3HAUCHHUE.
VY uyepnoro aucta (Ciconia nigra) OTME4€Ha YHHUKAIIbHO BBICOKAsl TUIOTHOCTh HACEJICHHSI — OKOJIO
1l ocobu ma 100 kM>. DTO MaKCUMANbHBIA [MOKa3aTelb IS BCEil MHPOBON  MOMYJISIIUU.
VY nanpHeBocTOuHOTO aucra (Ciconia boyciana) n snoHckoro xypaisi (Grus japonensis) 31ech
HaXOJITCsl caMble CEBEpPHbIE MeCTa THEe3/IOBaHUs. 3/ech ke oO0uTaer KpymHas o0ocoOyieHHas
THE37I0Basi TPYIIUPOBKA YepHOro kypasis (Grus monacha). BogHo-00710THBIE YyroJbsi B palloHe
ycTheB pek Hopa u ANbIUKOH IPEACTAaBISIIOT BTOPOM MO 3HAYMMOCTH B AMYpPCKOW 00JacTH oyar
rHe3ioBanus cyxoHoca (Cygnopsis cygnoides) u KIOKTyHa (Anas formosa). B mexnaypeube
cpeanero TeueHus pek Cenemku u Hopbl cyliecTByeT eAMHCTBEHHAs Ha TEPPUTOPUH AMYPCKON
oOnacTu ycroluuBas TrpynnupoBka peiOHoro ¢uiuna (Ketupa blakistoni), coctosmas u3 5-6
rHe3aammxcst nap. OHa MpeacTaBIseT CEeBEpO-3alaJHbIi  (OPIOCT PAaCHPOCTPAHEHUSI STOTrO
YHUKaJIbHOTO BHJa. B ciyuae co3manus Cenemmpkunckoil ['DC Bce ynmoMsiHyTble T'PYNIIUPOBKH
OyayT (pakTUUEeCKH YHUUTOXKEHBI.

Baccelin cpennero teuenus pek 3eq u CeneMpka — eTMHCTBEHHOE MecTo B Pocecun, rae 1o cux
MOp MPOUCXOAT MAaCCOBBIE CE30HHBIE MUTpanuu cubupckoit kocynu (Capreolus pygargus; puc. 2).

Coznanne Hmxne-3elickoro n  CelneMUKMHCKOTO THIPOY3JIOB IEPEKPOET BaXKHEMIINE
MUTpAIMOHHBIE MyTH CHUOMPCKON KOCYIM M OKaXET Pe3KO HeraTMBHOE BO3/elicTBUE Ha BepxHe-
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Henckyro, Hopckyto u  AJNBIAMKOHCKYIO MWIPHUPYIOLIIHME IOMYJISLUOHHBIE TIPYNIHUPOBKHY,
YTO SIBJISIETCS NPSIMBbIM HapylieHueM denepanbHOro 3aKOHa O KUBOTHOM MHpE, 3alpeLIarollero
HapylIeHHEe MUIPAIMOHHBIX IMyTel AMKUX >KUBOTHBIX. st Hopckod rpynmupoBKu 3TO OyneT
(aKTHUECKH CMEPTHBIM MpHroBopoM. Mexaypeube pexk Hopel m CeneMmpku Ha TEppUTOPUU
Hopckoro 3anoBeiHuKa IpeICTaBiIsIET OCHOBHBIE MeCTa OTENA U JIETHUE MACTOMINA KpyHHeHIIeH
MUTPUPYIOLIEH NOMYIALUN KOCYIb — 6-7 ThIC. 0co0eil. JIeTtom minoTHOCTh Hacenenust focruraet 40-
50 ocobeit Ha 1000 ra. Ocenpio kocynu oTkodeBbiBatoT Ha 100-150 kM k 1oro-3amamy. B mecrax
TpaJMLIMOHHBIX Tepernpas 3a cyTku MokHO yBuneTh 100-200 >xuBoTHBIX. [locnennue B Mupe mMecrta
MaccoBBIX  IepenpaB  KOCYJlb  MNPEACTaBIAIOT  OAHY M3  BAXHEHIIMX  IPHUPOJHBIX
JoCTONpUMeUaTenbHOCTe  AMypckoit obmactu. CeleMKMHCKOE BOJOXPAHWIIHUINE CleIacT
HEJOCTYIMHBIMH MECTa pPa3MHOKEHHUs OSTHUX KOMBITHBIX, a HmxHe-3elickoe mepekpoer MyTu
K 3MMOBKaM B MHOTOCHEHbI€ TrojJpl. Takum o0pa3zoM, [Uisl KOCyldb ceBepa AMypcKoi obiacTtu
HaJIOXEHUE BIMSHMUS JIBYX HOBBIX BOJOXPAaHWIMIL JIACT  KOJIOCCAJIBHBIM  HETaTHUBHBIN
KyMyJsTUBHBIN 3¢dekt. Ciydyan maccoBoil rubenu kocynb (puc. 3) oTMEYaauch Ha 3elckoM
u bypeiickom Bopoxpanunumax (Mraarenko u ap., 2007), oqnako Ha Cenemmke u Huxueil 3ee
ClIeIyeT 0’KHMJaTh HAcTOAIIeH KaTacTpodsl Uil 3TUX *KUBOTHBIX. Hampumep, B HosiOpe 2015 rona
yepe3 TEPPUTOPHIO MPOoeKTHpyemMoro HukHe-3eMCKoro BOJOXpAaHWIMINA BbIIIE MOcenka YarosH
Ha mpaBbIii  Oeper p.3es mepenuio okoysio 3 Thic. Kocyab (puc. 2). Ilpm Hamwmuum 371€Ch
HCKYCCTBEHHOT'O BOJI0€Ma OOJIbIIIMHCTBO KUBOTHBIX 0XHAaIa Obl CMEPTh.

Puc. 2. MaccoBasgs murpanuus CHOMPCKONH KOCYyIW B 30HE BIUSHMS MpoekTHpyemoro Himxhe-
3elickoro rujpoysia; CHUMOK cienaH c ¢elnepaibHON Tpacchl Ha ydacTke Mexay H.n. CHuBaku
u MyxuHo B paifoHe uctokoB p. Ty, Bblie noc. YarosH, B HosiOpe 2015 1. (dpoto [[.B. Acradrena).
Fig. 2. Mass migration of the Siberian roe deer in the influence zone of the planned Lower Zeya
hydroelectric complex; the photo was taken from the federal highway, between Sivaki settlement
and Mukhino settlement near the sources of the Tu River, upstream from the Chagoyan village,
in November 2015 (photo by D.V. Astafiev).
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Tonwpko Ha HmwkHeit 3ee MaciTaObl €TMHOBPEMEHHOM THOEIH KOCYIb IIPU MAacCOBOM IEPEX0/Ie
4yepe3 BOJOXPAHIIUIIE MOTYT COCTaBUTh MO Pa3HBIM OIleHKaM OT 3 10 10 Teicsd ocobell; HUKaK He
Menbiie ux noruObuer Ha Hope u Cenemmke. Kocyns HaBcerma mortepsieT poJib MacCOBOTO
OXOTHMYBETO BUJA, UTPAIOIIETO 3HAYUTEIbHYIO POJIb B KU3HEOOECIIEUEHUH MECTHOTO HACEJICHUS.
Heo0x01uM0 OTMETHTbH, YTO MAaJCHHWE YUCICHHOCTH KOCHETCS W JIPYTHUX IMPOMBICIOBBIX BHJIOB.
VYroaps, BKIIOUYAIOUIME CPEIHEE TEUYEHUE JOJMHBI 3€M, BCErja BbIAEISUINCH HCKIIOUUTEIbHO
BBICOKOW IJIOTHOCTBIO HACEJIEHUs OXOTHUYbUX >KUBOTHBIX. Hemapom 31ech Obuio ydpexaeHo J1Ba
KPYIIHBIX 300JIOTMYECKUX 3aKa3HUKa, YcTb-ThIrquHCKUI U MBepckuil, koTopele OyAyT 4acTHYHO
3aTomieHbl. borareimmne OXOTHHYbHM yroips IIlumanoBckoro u Ma3aHOBCKOrO palioOHOB,
MpuUMBbIKaImue K jgoiduHaM pek 3es u Cenemipka, (akTUYECKH TMOTEPSIOT CBOE IMPOMBICIOBOE
3HaueHue. To ke caMoe MOXKHO CKa3zaTb O pbIOHBIX pecypcax. B ¢dopmupyromuxcs
BOJIOXPaHWIMILAX M UX MIPUTOKAX PE3KO COKPATUTCS YUCIECHHOCTh LIEHHBIX MOPOJ phIO-peoduson
xapuyca (Thymallus grubii), nenxka (Brachymystax tumensis), Ttaiimenss (Hucho taimen) u
cura (Coregonus lavaretus). 3a KpaTKOBPEMEHHBIM BCIIJIECKOM IOTOJIOBbS MAJOLIEHHBIX 03€PHBIX
BHJIOB, TaKUX KakK O3EpHBIA ToybsH (Rhynchocypris percnurus), cepeOpsubiii kapack (Carassius
gibelio) u amypckas myka (Esox reicherti), mocienyetr ObICTpO€ HEOOPAaTUMOE OCKYJCHUE PHIOHBIX
3armacoB HMCKYCCTBEHHBIX BOJOEMOB. Pe3koe CHIKEHHE MPOAYKTUBHOCTH OXOTHMYBUX YrOJIUil U
OCKYJICHHE PBIOHBIX PECYPCOB MPHUBEAYT HE TOJBKO K CYIIECTBEHHOMY CHM)KEHHIO KaueCTBA JKU3HU
MECTHOTO HaceJIeHHs M €ro jajbHeimeMy oTTOKy u3 IlpuaMypbs, HO M K 3HAYUTEILHOMY
YMEHBIIIEHUIO OMOpa3HO00pasusi TEPPUTOPHUH.

Puc. 3. Ocranku yroHyBIIEH KOCYnIHM, BMep3uied B Jen YeyrauHckoro 3aimsa bypeiickoro
BOoJIOXpaHWiuia, rae B gekabpe 2006 roma moru6mno He MmeHee 400 3TuxX KHUBOTHBIX ((oTO
C.}O. Urnatenko). Fig. 3. The remains of a drowned roe deer in the frozen Cheugda Bay of the
Bureya Reservoir, where about 400 of roe deer died in December 2006 (photo by S.Yu. Ignatenko).

B Gacceitne p. AMyp MOWMBI U IOJUHBI KPYIHBIX PeK MPEJCTABIAIOT CUCTEMY MaruCTpaibHBIX
«OKOJIOTHYECKHX KOPHIOPOB», MO KOTOPHIM JIECATKU ThICSUENeTH (HauWHas C TPETHYHOTO
Meproja) UIeT MEKpPEruoHaIbHBIH 0OMEH BHJAMH KMBOTHBIX W pacTeHuil. OOUH U3 BaOKHEHIINX
KOPHUJIOPOB PETHOHAIBLHOTO YPOBHS CBsi3aH ¢ gonuHaMu pek 3es u Cenemkna. MHorooOpasue
JOMUHHBIX OHOTOMOB OO0ECIEeYnBaET MPOHUKHOBEHHWE MAaHBWKYPCKHX BHUJAOB (JaTbHEBOCTOYHAS
kBakima (Hyla japonica), nanbHeBocTOuHas isrymka (Rana dybowskii), aMmypckuil 10103
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(Elaphe schrenckii), y3opuaterii mono3 (Elaphe dione), dba3an (Phasianus colchicus), MangapuHka
(dix galericulata), amypckuii ex (Erinaceus amurensis), yccypuiickas Oeno3yoka (Crocidura
lasiura), nanpHEeBOCTOUHAS MONeBKa (Microtus fortis), amypckuii 6apcyk (Meles leucurus amurensis),
eHoToBUIHAS coOaka (Nyctereutes procyonoides), NAIBHEBOCTOUHBIN Jecoil kot (Prionailurus
bengalensis euptilurus), xaban (Sus scrofa)) manexko K ceBepo-3amagy, a JaypCKO-MOHTOJIBCKUX
BHJIOB (MOHTOJNbCKasi kaba (Bufo raddei), yHrypckas moneBka (Microtus maximowiczii),
Oapabunckuii xoMsuok (Cricetulus barabensis), nmaHHOXBOCTBIN cycinuk (Urocitellus undulatus),
cononroit (Mustela altaica raddei), cremnoit xopws (Mustela eversmanii amurensis)) — IaJIeKO
K CEBEPO-BOCTOKY OT OCHOBHbIX apeanoB ([lomonmbckuii, 2017). Kpome Toro, ¢ monuHo# 3eu
CBsI3aHBI MeCTa OOMTaHUS W JIOKAIBHBIX KOHIICHTPAIIM HECKOJIBKO PEAKHX OXPaHAEMBIX BHUIOB
3aHeceHHbIX B KpacHyto kHuHry Amypckoit obmactu (2020) u  (umm) Poccum  (2021),
HE OTHOCSIIIUXCSI K YIOMSHYTHIM (DayHUCTUYECKHM KOMILIeKcaM: Kyropa (Neomys fodiens),
aMmypckuii teMMuHT (Lemmus amurensis), depublii auct (Ciconia nigra; puc. 4), caxajaumHCKas
ramtoka (Vipera sachalinensis; puc. 5).

Jlo co3nmanus 3eHCKOTO BOJOXpPAHHMIIMINA HEKOTOPBIE BHIBI C «IOKHBIM THIIOM apeaia»
MIPOHUKAJN Ha CEBEP BIUIOTH 0 BepxHeseickoit Hu3MeHHOCTH | npearopuit CtaHoBoro xpeodTa.

Puc. 4. YepHsle aucTsl, napsiige Hajxl BOAHO-OOJOTHBIMU Yro/ibsIMU B paifoHe ycThs p. Jlen B 30He
3aTomyieHus  mpoekTupyemoro  HimpkHe-3elickoro  BOJOXpaHMIMINA,  CeHTsOpp  2015T.
(¢poto C.A. ITogonsckoro). Fig. 4. Black storks over wetlands near the mouth of the Dep River,
in the flood zone of the planned Lower Zeya Reservoir, September 2015 (photo by S.A. Podolsky).

BrIBOABI

Yro ke B uTore? I[Ba HOBBIX KPYITHBIX BOAOXPAaHUIIMIIA, PACIIOJIOKCHHBIX HAa CAMBIX YSA3BHUMbIX
C DKOJIOTMYECKON TOYKHU 3pCHUA Y4YaCTKaxX, HC n30aBsIT HpI/IaMpre OT HaBOJHEHMI npu
OKCTPEMAJIbHBIX o0beMax CTOKa, a CKOpPEC IMOBBICAT PHCK BHCIUIAHOBBIX TCXHOJIOTHYCCKUX
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MOIYCKOB W aBapUHHBIX 3ajlMOBBIX cOpocoB, kak 3710 Obuto Ha CasnHo-Lymenckoir I'D9C.
A BOT OrpOMHBIE PKOJIOTUYECKUE U COLIMANIBHBIE U3AEP>KH rapaHTHPOBAHBI.

Koneuno, HoBeie ['DC nmaayT NOMOJHHUTENBHYIO 3JEKTPOIHEPTHI0, KOTOPOH Ha POCCHUUCKOM
JameHem Boctoke m ceiiuac m30bITOK. He BBI3BIBaCT COMHEHHM, 4TO OOJIbIIas €¢ 4acTh IMOWJIET
Ha 3KCIopT. B cpencTBax MaccoBoi HHPOPMALIMK MOKHO YCIIBIIIATh MHEHUE O TOM, YTO «ITOCTABKH
JNEKTPO3HEeprun B Kurtail ABISAIOTCS HE DKCIIOPTOM CHIPBS, 4 IIPOJAXEH BBICOKOTEXHOJOTHYHOTO
toBapa». OJHAKO MO CYTH D3JEKTPOSHEPrus SIBISETCS BAKHEHIIMM CTPATETUYECKUM CBIPHEM,
IIOJIy4EHUE KOTOPOTO CONPSIKEHO CO 3HAYMTENIBHBIMU COLIMAIBHO-3KOJOTHYECKUMU U3JEPKKAMU.
Hackonbko 310 BhIrogHO s Ilpuamypesi? Henb3st He yuuThIBaTh, YTO PE3KHIl POCT 3KCIIOPTa
anekTposHepruu B Kuraiickyto Hapomnyro PecnyOnuky mo 1ieHam HIDKE, YeM Ha POCCHUUCKOM
JHansHeM BocToke, CHU3UT KOHKYPEHTOCIIOCOOHOCTh HAILIMX TOBAPOB MO CPABHEHUIO C KUTAMCKUMHU
U TEM CaMbIM KOCBEHHO BOCIIPEMATCTBYET FTAPMOHUYHOMY Pa3BUTHIO X03s1icTBa [Ipnamypssi.

Puc. 5. CaxanuHckas rajrooka Ha npaBooOepexbe p. Jlen B HIXKHEM TE€YeHUH, B 30HE 3aTOILICHMS
npoektupyemoro Hmxue-3elickoro Bogoxpanmnumia, Maii 2015 r. (poto C.A. Ilomombckoro).
Fig. 5. Vipera berus sachalinensis on the right bank of the lower reaches of the Dep River, in the
flood zone of the planned Lower Zeya Reservoir, May 2015 (photo by S.A. Podolsky).

[Tocne Bo3Beaenus miuotuHbl 3eiickod ['DC B 1974 romy mmmHa 3€MCKOTO 3KOJIOTMYECKOTO
kopuzaopa cokparmiack Ha 150-200 kM. PacnipocTpaneHne «t0KHBIX» BUJIOB Ha CEBEP CTAIO YETKO
OTPaHUYMBATHCS IOKHBIMU IpearopbsiMu xpe6toB Tykypunrpa u CoxraxaH. B ciydae coznanus
Huxne-3elickoit 'DC paccMaTpuBaeMblil DKOJIOTHYECKUH KOPHUIOP COKpPATHTCS €lIe IOYTH Ha
300 kM u Oyzmer orpaHuueH paiioHoM ycTba p. ['pamaryxa. Ilossrnenne Hrinkne-3eiickoi
u Cenemmkunckoir I'DOC mpuBener K CyIIECTBEHHOMY OOEIHEHMIO JKMBOTHOTO HAaceJIeHHUs
U CHIDKEHMIO OMOpa3HOOOpa3us ceBepHOM yacTu AMypCKoii o0aacTu.

B nocnenuue ronsl Ilpnamypee crano apeHoil MaciTabHON MPUPOJOOXPAHHOM 1EATENTbHOCTH:
co3gaH bypeiickuii npupoaHeli mapk W psag  Apyrux pernoHanpHelx OOIIT; B pamkax
rOCyJapCTBEHHOM MporpamMMbl «IKOJIOTHsS» YUpekJeH NepBblii B oOmact TokuHcko-CTaHOBOM
HanuoHanpHbId mapk; OAO «Pycl'mapo» moanepKUBaeT SKONPOCBETUTENBCKYIO JESTEIBHOCTh
3eiickoro u XwuHraHckoro 3amnoBeaHuUkoB (Ilomonmbeckuit m np., 2019). Ho mnpoextupoBanue
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Cenemmxunckorn u Hwmxne-bypelickoit I'DC MOXET J€rko NepedyepKHYTb BCE JIOCTUTHYTbHIE
ycniexu. [IMOTHHBI 3TUX THAPOCOOPYKEHUH OYIyT PacmoIoKEHbl TAKUM 00pa3oM, YyTo Heu30ekeH
KOJIOCCATbHBIA KyMYISATUBHBIN 3()()EKT OT B3aMMHOTO YCHJICHUS HETAaTUBHOTO BO3JICHCTBUS 000MX
BOJIOXpaHWJIMII Ha SKOcucTeMbl. OCHOBHBIMU MPOSIBJICHUSIMU Takoro dddexra OyayT pakruueckoe
VHUYTOXCHHUE TIOCICIHUX KPYIHBIX MHUTPUPYIOIIMX TPYNIUPOBOK CHOMPCKON KOCYIH H PE3KOE
najzeHue ouopasHoobpasus ceBepa Amypckoit obmactu: CelleMDKHHCKOE BOJIOXPAHUIIHUIIE CICIAeT
HEJIOCTYITHBIMU OCHOBHBIE MECTa pa3MHOkeHus1, a HuxHe-3elickoe nmepekpoeT MmyTH K 3UMOBKaM
KOCYIIb; OJHOBPEMEHHOE 3aTOIUICHHE JOJMHHBIX OHOTOIOB B CpEAHEM TEYCHUH peK 3esd U
Cenemmxa NepeKpoeT MarucTpajibHble 3KOJOTMYECKHE KOPUIOPBI, YHUUYTOKHUB MECTOOOMTAHUS
MHOECTBA PEIKUX BUJIOB )KUBOTHBIX U PACTECHUH.

TpynHo mnpuaymath uro-Inb0 Oosiee paspylIUTENbHOE MJIs MPUPOABl M COLMAIbHOMN
CTAaOMJIBHOCTH pPETHOHA, KOTOpPOMY OyAyT YrpokaTh CHHKEHHE OHOpa3sHOOOpasus, MaJeHHE
YUCJICHHOCTH OCHOBHBIX IPOMBICIIOBBIX BHUJOB JKUBOTHBIX, IOTEPS 3aTOIUICHHBIX JOJWHHBIX
CEJIbCKOXO3SMCTBEHHBIX YIOJUM M yTpaTa MPOTYKTUBHOCTH OCTABIIUXCS, a TaKXKE HOBBIM OTTOK
HaceJeHusl. DHEPreTUKaM JOJKHBI ObITH XOPOIIIO U3BECTHHI ATH CJIa0ble MeCcTa 000UX YIIOMSIHYTHIX
BapuantoB pazmernieHus: ['IC. [Ipoekt Cenemmxuackoit 'DC ObUT OTKIOHEH KaK YKOJIOTHYECKH-
onacHbll emnie rocyaapcrseHHou skcneptuzon CCCP. Ilocnme co3manust Hopckoro 3anoBegHuka
K 3TOMY J00aBJIsieTcsl ¥ MPSMO€E MPOTUBOPEUNE C POCCUIUCKUM 3aKOHOATEILCTBOM, 3alpelaroiiiM
paspyiieHne NpupoaHbIXx KomruiekcoB (enepanpapix OOIIT. HepomycTumbie SKOTOTHYECKHE
W3/IEPKKH, CBSI3aHHBIC C BO3MOXHBIM co3ganueM Hwxne-3eiickoit ['DC, moapoOHO omucaHbI
B npepocTtaBieHHoM  «Pyc  T'mapo» otuere Ilporpamma  passutuss  OOH/I'mobanbHbIiM
skojornueckuii ¢oug — Munnpuponsl Poccun «OpraHum3anys ¥ BBITIOJIHEHHE MOHHUTOPHHTA
(BKJIFOYAss TPEANPOCKTHBIH MOHUTOPHHT) COCTOSIHHSI OnMopa3zHooOpasusi B 30HAX BO3ICHCTBUS
MIPOEKTUPYEMBIX, CTPOSIIIMXCS U KCILTyaTUPYEMBIX THIPOIHEPTETHUECKUX 00BEKTOB B AMYPCKOI
obmacti» (2016).

OnTUMalbHBIM BBIXOJOM U3 CIIOKMBILEHCS CUTyallMM ObIJIO OBl pacCCMOTPETh CTPOUTEIHCTBO
HOBBIX THJPOY3JOB HE B KAueCTBE YHUBEPCAJIbHON MeEphl, a B KauyecTBE OJHOTO M3 IyHKTOB
MIPEJICTABJICHHOW KOMIUJIEKCHOW MpOorpamMMbl IO MPEJOTBPAIICHUIO HETATUBHBIX COLIMATIBHBIX
nocieacTBuil HaBoHeHuid. Ha Tepputopun Amypckoit o6iacTu ecth BapuaHThl pazmerienus ['OC,
MOJIHOCTHIO OTBEYAIOIINE MPEAJI0KEHHOMY B3BEHICHHOMY MOAXO0AY. DTO DKUMYAaHCKUN (BEPXOBBS
p. Cenemmika) u Bepxne-Humanckmii (BepxoBbsi p. Human, neBoro mputoka p. bypen)—
MEePCIIEKTUBHBIE CTBOPBI, Te cTpouTenbcTBO ['DC Obu10 OBl CONPSHKEHO € HAaUMEHBIIMMHU
COLIMANIbHO-3KOJIOTMYECKUM u3epkkamu (puc. 1; tabin.l). IIpumeuarenbHo, 4TO B MOPYyYEHUU
[Ipesugenta 2021 roga roBopuiioch 0 MpopabOTKE BOIMpPOca BO3MOXKHOCTU cTpoutenscTBa ['DC
Ha pp. Human u Cenemmxka. Kak oTmeuanoch, B BEpXOBBAX 00€UX YHNOMSHYTBIX pPEK €CTh
9KOJIOTHYECKU TpuemMiemMbie cTBOpbl. OHAKO SHEPreTUKU BhIOpaiu HauboJiee OMacHBIA BapUaHT
pasmemiennss ['OC na CeneM ke M BO3BEICHUE HOBOHM IUIOTUHBI B JIOJMHE 3€U, SKOCHUCTEMBbI
KOTOpO#l yX€ HCIHBITHIBAIOT HHTEHCHUBHOE BO3JeicTBHE KpymHeimero Ha JlanpbHem BocToke
Bojoxpanminia. O Bo3MoxxHOCTh coznanus [ DC na p. Human B coobmenuu «Pycl'uapo» naxe He
ynoMHUHaeTcsi. BeposTHO, OTKa3 OT CTpOMTENbCTBA IUIOTMH B BepxoBbAx Cenemmxu u Humana
CBSI3aH C MEHBIIEH TPaHCMOPTHOW JOCTYMHOCTBIO ATHX YYAaCTKOB M MEHBIIMMH MacliTabamMu
npoekToB. Ho moaxoa «cTpoum, e jerye u JI0poxke, HEB3upas Ha MOCIEACTBUS» OTBEUYAET JIUIIb
KOpPHOpaTHBHBIM HHTEpecaM ruapocTpouteneil. Ilpu sTom Hemb3s 3a0bIBaTh O TOM, UTO
OAO «Pycl'uzpo» — He yacTHas, a rOCy1apCTBEHHAs: KOMITaHHUS.

OOBeKTUBHBIN aHAIN3 OKA3BIBAET, UTO pelIeHHe 0 cTpouTenbcTBe CeneMkMHCKOM 1 HikHe-
3eiickoit 'DC oTBewaeT TIaBHBIM OOpa30oM BEAOMCTBEHHBIM U KOPIOPATHBHBIM HMHTEpPECaM JIHII
Y OpraHu3aliii, 3auHTEPECOBAHHBIX B OCBOCHMM MAaKCUMAJbHBIX CPEACTB IMPU MHUHUMAIIbHBIX
TPYJOBBIX M OPraHU3ALMOHHBIX 3aTparax. Henb3s OOMyCTUTh CUTyallMM, KOTJa M3-3a TaKOTrO
onHobokoro moaxoaa Ilpumamypbio OyneT HaHeCeH KOJIOCCANBHBIN AKOJIOTHMUYECKUH M COIMAIBHO-
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skosorndeckuii ymep6. [lpu stom Oyaer IUCKpeauTHpOBaHAa MO3UTHBHAA uIes (enepantbHbIX
BJIACTEM O AEWCTBEHHOH momoluu HaceseHuto. C qpyroil CTOpOHbI, BBIOOP ONTHMAJIbHBIX CTBOPOB
M OTKa3 OT HamboJjiee SKOJIOTWYECKH OINACHBIX HapsiIy ¢ HEOOXOAMMBIMH KOMIIEHCALIMOHHBIMU
MEPOIPUATUSAMU U KOMIUIEKCHBIM MOJXOJOM K MPEJOTBPAIICHUI0 HEraTUBHBIX COLMAJIbHBIX
IIOCJIEACTBUM HABOJAHEHUM MO3BOJIAT CHElaTh PEAJbHBIA IIAr K OSKOJOTHYECKH-YCTONYMBOMY
Pa3BUTHUIO PErHOHA.

Qunancuposanue. VccnenoBaHus BbIIIOJHEHB B paMmkax Tembl Ne FMWZ-2022-0002
rocyIapcTBeHHOTO 3amanus MHcTuTyTa Bogubix mpodiem PAH «MccnenoBanus reosKoI0rHIECKUX
MIPOLIECCOB B THUJPOJIOTMUECKUX CHUCTEMaX CYIIH, (OPMUPOBAHUS KaueCTBA IMOBEPXHOCTHBIX M
MOA3EMHBIX BOJI, IPOOJIEM YIpPaBJIEHUs BOJHBIMU PECYpPCaMU U BOJOIOJIB30BAHMEM B YCIOBUSX
W3MEHEHUW KJIMMara W aHTPONOTE€HHBIX BO3JEHCTBUI», a TAaKKE B paMKaxX TOCYIapCTBEHHOIO
3amanust Ne 051-00007-22-00 3efickoro rocyaapCTBEHHOTO MPUPOTHOTO 3aroBenHuKa «JluHaMuka
SIBJIGHUN U TIPOLIECCOB B 3KOCHCTEMAaX 3€MCKOro 3amoBeHUKA M HAIIMOHAJIBHOTO napka “TOKMHCKO-

CranoBoii”».
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On April 5, 2023, Teleport.RF (2023) cited the Russian News Agency TASS that reported about
RusHydro’s decision to build the Selemdzha and Lower Zeya Hydroelectric Power Plants in the Amur
Region. After several settlements in the Far East were flooded, the federal authorities ordered
hydroconstructors “to design and create hydraulic structures in the Amur River basin to protect the
local population from floods”. An exact fulfillment of this order can lead to an ecological catastrophe
for the entire Amur Region.
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The Amur River and its tributaries have extremely high (up to 270 times) natural fluctuations in
runoff, from 150 to 40,000 m’/sec, the maximal volume for this country. The creation of large
reservoirs with the necessary flood protection tanks will be followed by many negative environmental
and social consequences.

The construction of Selemdzha and Lower Zeya Plants cannot control the floods, but it will guarantee
many critical problems in the future. The Selemdzha Dam will cause several large settlements,
a section of the Baikal-Amur Mainline and regional highways disappear under water. The final water
area will be about 800 km?. Violating the Russian law on specially protected nature areas, Selemdzha
Reservoir will flood most of the Nora Nature Reserve, while irreparably damaging the remaining
protected terrestrial ecosystems. These wetlands provide valuable habitats for at least 29 rare and
protected bird species, for some of which the seasonally flooded habitats are of major regional and
sometimes global importance. For example, the black stork has a uniquely high population density
there, about 1 ind. per 100 km? while the Oriental stork and the red-crowned crane use it for their
northernmost nesting site. Additionally, it’s the habitat of a large and isolated nesting group of the
hooded crane and the only stable group of Blakiston’s fish owl in the Amur Region.

The future location of the Selemdzha and Lower Zeya dams, while amplifying the negative impacts of
both reservoirs, will have an inevitable and severe cumulative effect on local ecosystems. First of all,
this will destroy the last large migratory groups of the Siberian roe deer, contrary to the Russian law
on wildlife, and cause a sharp drop in the biodiversity of the north part of the Amur Region.
The Selemdzha Reservoir will make the main breeding grounds inaccessible, while the Lower Zeya
Reservoir will block the paths leading roe deer to their wintering sites. Simultaneous flooding of
valley biotopes in the middle reaches of the Zeya and Selemdzha Rivers will block the main ecological
corridors, therefore destroying the habitats of many rare species of both animals and plants.

The danger of these projects has already been confirmed by expert’s researches and opinions.
Thus, the Selemdzha (Dagmar) Hydroelectric Power Plant project was rejected by the USSR
environmental review; the environmental hazard of the Lower Zeya Plant was proven in a report
provided as part of the program “Russian Ministry of Natural Resources — United Nations
Development Program/Global Environment Facility”. The optimal solution to this problem is to
consider the construction of new hydroelectric facilities not as a universal measure, but as a part of the
presented comprehensive program to prevent negative social consequences from floods. In the Amur
Region the hydropower plants can be placed in a way that fully complies with such approach:
e.g. Ekimchan (upper reaches of the Selemdzha River) and Upper Ninam (upper reaches of the Niman
River, left tributary of the Bureya River) promising sites where the construction of hydroelectric plants
would require the lowest social and ecological costs. An objective analysis shows that the decision to
build the Selemdzha and Lower Zeya Plants meets only the departmental interests of hydro and power
engineers. This one-sided approach cannot be allowed, because it will cause enormous environmental
and socio-ecological damage to the region. Among other things, the positive idea of the federal
authorities about effective assistance provided to the locals will be pretty much discredited. On the
other hand, the choice of optimal sites and the rejection of the most environmentally hazardous ones,
as well as an integrated approach to preventing the negative consequences of floods, will make it
possible to take a step towards the environmentally sustainable development of the Amur Region.
Keywords: flood control, Selemdzha and Lower Zeya Hydroelectric Power Plants, environmental
hazard, disrupted migrations, Siberian roe deer, rare bird species, biodiversity decline.
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HAYYHBIA U TBOPUYECKHWM ITYTH EJIEHBI TEPMAHOBHBI CYCJIOBOM
(17.01.1952-18.04.2023)
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CraThs TOCBSIEHA HAYYHOMY M >kH3HeHHOMY TyTu Enensl ['epmanHoBHbI CycrnoBoi — moleHTa
kadenpsl 6noreorpaduu Mockosckoro I'ocynapcTBennoro YHuBepcutera nmenn M.B. JlomoHOCOBa.
Best sxu3npb Enenbl 'epMaHoBHBI cBsi3aHa ¢ kadeapoii. OHa okoHuwmna kadenpy ouoreorpaduu B 1974
rofly U OcTajlach Ha Hell paboTaTh — CHayana acCUCTEHTOM, IOTOM, Ha MPOTSHKEHUH MHOTHX JIET, —
nmorieHToM. B 1996 romy 3ammTHia KaHAWAATCKYIO AWICCEpPTAIlMio. 3a JOITHE TOAbl paboThl Ha
kadenpe Enmena ['epmaHoBHa BocHTaga HECKOIBKO MOKOJIEHHWH OuoreorpadoB, MPOBOAS 3aHATHUS B
My3see 3emieBeneHus. bonblioe BHIMaHHWE OHA YZAENsuia MPakTUKaM: 3aHWMajlach WX Pa3BUTHEM B
CatuHo, IpoBOIMIIa AabHUE MPAKTUKA BO MHOTHX perumoHax Poccum, paspabaTeiBaia METOAHYECKHE
nocoobus. Enena ['epmanoBHa Oblia OsiecTsmmM 3HaTokoM (hiiopsl EBporneiickoii Poccuu un KaBkasa, a
€€ BKJIaJl B U3YYEHHE U OXpaHy PEJIKUX PACTEHHUN HEBO3MOXKXHO mepeolieHUTh. Jonrue roasl Enena
I'epmManoBHA coTpyaHHMYAla C TMPUPONOOXpaHHBIM (GoHAOM «BepxoBhe» B 00JIaCTH MOHUTOPHHTA
peIKUX BHIOB pacTeHWd MOCKOBCKOH 00JIaCTH H CO3MaHHUS OCO00 OXpaHSAEMBIX TPHPOIHBIX
tepputopuii. OrpoMHBIN BKJIaJ OHa BHeca B co3ganue KpacHoi kaurun MockoBckoit obiactu. Enena
I'epmanoBHa OblIa BBIAAIOIIMMCS II€AaroroM, TIOATOTOBUBIIMM MHOXECTBO BBICOKOKIIACCHBIX
CTELNAaJINCTOB.

Kniouesvie cnosa: Enena T'epmanoBHa CycioBa, 3HATOK (IIOpBHI, MENAror, OXpaHa pPEIKHX BHJIOB
pacTeHui.
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Enena ['epmanoBHa CycnoBa
OKOHYMJIA Teorpaduueckuii (paKyaIbTeT
MockoBckoro rOCYAapCTBEHHOTO
YHUBEpPCUTETA uM. M.B. JlomoHocoBa
B 1974 ronmy. Bcs ee npanbpHeimas
Hay4YHO-TIelaroruyeckast  JAesATelIbHOCTh
Oblla CBf3aHa ¢  Treorpaduueckum
bakyabTETOM MockoBcKoro
YHHUBEpCHUTETA, TJe OHA MPOIUIA MyTh OT
CTapIIero nabopaHTa KadeIpbl
Ouoreorpadun 10 JOLEHTa, OJecTsie
3alUTUIA KaHIUJATCKYIO TUCCEPTAINIO,
onybiukoBana Oomee 250 HaydHBIX
TPYJIOB.
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pPacTUTENILHOCTH PaBHUHHBIX M TOPHBIX Tepputopuii MockoBckol obmactu, LleHTpanmpHOTO U
3ananHoro KaBkasa.

B rTewenne mnocneguux 20 JeT oHa ydacTBOBaja B paboTax [0 MHBEHTApPU3allWH,
peopraHu3ai U OpraHu3aluu (QeaepanbHbIX U PETHOHAIBHBIX 0C000 OXPaHSEMBIX TEPPUTOPHUI
(OOIIT), MOHUTOPUHTY PEIKUX OXPaHSIEMBIX BHIOB pacTeHHUU u rprO0B MOCKOBCKOW 00nacTu u
Kpacnonmapckoro kpas. byayunm unenom Komuccuu 1o peaxuM M HaXOIAIIMMCS II0J Yrpo30u
WCYE3HOBEHHsI BHJIAM >KMBOTHBIX, PAacTeHM W TpuOOB MOCKOBCKOW 007acTh, OHA SBISETCS
aBTopoM U penaktopoM Kpacnoil kuuru MockoBckoit o6iactu (2008, 2018). bonee 10 ner ona
BBICTYIIAJIA JKCIIEPTOM-3KoJioroM Tio 3eneHbiM crangapram BREEAM (Building Research
Establishment Environmental Assessment Method) B pamkax skonorudeckoi cepruduxanuu psjaa
00bekToB . MockBbI, MoCKOBCKOH U Apyrux obnacreir Poccun.

bonee 45 ner Enena ['epmanona CycnoBa Bena meIaroruueckyro JaesTeabHocTh. OHa unTana
aBTOPCKHME KypChI JIEKIIMH UM CEMHHaphl Mo KypcaMm «Pa3HooOpa3ue opraHu3MOB: CUCTEMAaTHKa U
reorpadust pacteHuiD», «CTpykTypa opranu3moB. Pactenus: Mmopdosiorus u anatoMus», «Pactenus
B JaHAmAa(QTHOW apXUTEKType W OCHOBBI JaHAIMIAPTHOTO au3aitHa», «MeToabl ornpeaeneHus
COCYIUCTBIX  pacTeHUH, MXOB M  JIMIIAHHUKOBY,  «COBpEeMEHHas  MEXAyHapoJHas
ouoreorpaduyeckas U SKOJIOrHUecKas TEPMUHOJIOT U, TPOBOIIIIa CEMUHAPCKHUE 3aHATUSI B My3ee
3eMJIeBEJIeHUsI TI0 Kypcy «DKoJIoTHsi ¢ OcHOBaMU Ouoreorpadguu». B pamkax [Iporpammbl
JIOTIOTHUTEIBHOTO MOCJIEBY30BCKOTO o0Opa3oBaHUs «DKoJIorUs u paroHanbHOE
MIPUPO/IOTIOJIL30BAHUEY €KETOJHO Bejla AUCTAaHLUMOHHBIN Kypc «ICTeTHKa M JU3aiiH JaHamadray.
MHorue roapl OHa pYKOBOJWJIA JIETHUMU Y4YeOHBIMH M MPOU3BOJCTBEHHBIMU IPAKTUKAMHU
cTyaeHToB. [log ee pyKOBOJICTBOM BBINIOJIHEHBI JECATKUA KYPCOBBIX, IUIIOMHBIX, OaKalaBPCKUX
paboT U MarucTepCKUx AUCCepTaALU.

Enena I'epmanoBHa CycnoBa Bena OONBIIYI0 YYEOHO-METOIMYECKYIO M OPraHU3aIlMOHHYIO
pabory. OTBewasia Ha Kadeape 3a METOIUWYECKYI0 paboTy, OOHOBJICHHE M pEJaKTHPOBAHUE
y4eOHBIX IporpaMM. SBisiyiach OJHUM U3 pa3pabOTUYMKOB pasjiena caifTta Mo TeMaM CEeMHHAPCKUX
3aHATUH CTYJIEHTOB TeEpBOro Kypca B Mysee 3emseBencHus. Eif ObUIO TPUCYXICHO 3BaHHUE
«[TouetHbIil mpemnonaBareiab MockoBckoro yHuBepcurera umeHu M.B. JlomoHocoBa», oHa Oblia
HarpaxkjaeHa mnpemued mo Ilporpamme passutus MI'Y 3a cosznmaHue SJIEKTPOHHOTO Y4eOHOTO
nocobusi «buoreorpaduueckas xapakTepucTUKa TPUPOIHBIX 30H Poccum u compeaenbHBIX
TEPPUTOPUI». 3a MHOTOJIETHIOI IIJIOJIOTBOPHYIO DPAa0OTy IO COBEPIICHCTBOBAHUIO Y4eOHOTO
mpouecca, pa3BUTHIO HAy4YHBIX HCCIEJOBaHWM, IOATOTOBKE BBICOKOKBATU(UIIMPOBAHHBIX
CHeHaTuCTOB U B cBsA3U ¢ 80-nmetueM reorpaduueckoro ¢axyapbTeTa OHa Obljla HarpaxjaeHa
rpamoToit «bmaromapHocts pektopa MI'Y».

Bbonpmiyro penakropckyro padotry Enena ['epmManoBHa Benla B HaAy4HBIX JKypHalIax «ApuaHbIe
9KOCHUCTEMBI» U «DKOCHUCTEMBI: 3KOJIOTUS U JUHAMUKa». C caMOro OCHOBaHUS KypHaja «ApUIHbIE
skocuctemb» B 1995 rony Enena I'epmaHoBHA Oblila aKTUBHBIM U OECCMEHHBIM PELIEH3EHTOM HE
TOJIBKO PYCCKOSI3bIUHBIX aBTOPOB, HO B OOJbINEH CTENEHU AHIJIOS3BIYHBIX CTaTed, OObEKTUBHO U
BJIyMUYHUBO MOJIXOJS K OT3bIBAM Ha KaXKIyI0 paboTy, 4acTo AaBasi aBTOpaM HEOOXOAMMBIE COBETHI I10
YIAyULIEHUIO TOJAHHbIX MaTtepuanoB. Co JHA OCHOBaHUS DJIEKTPOHHOIO HAY4YHOIO >KypHasa
«OKocHucTeMbl: d3Kojoruss W auHamuka» B 2017 romy Enena I['epmaHoBHa Obla aKTUBHO
paboTaroMM YJIEHOM pEeJaKIMOHHOW KOJUIETMH >KypHasla, TakKe BBICTYHas U B KadyecTBe
pELIEH3€eHTa OCTYNAIOUINX CTaTe 110 CBOEMY HAYYHOMY HAIIPaBJICHMIO.

Muoro cun u mo6Bu Enena ['epmanoBHa yaensina cembe. OHa BbIpacTUiia ChIHA, KOTOPBIN
3akoHYMI MHCTUTYT OU3KYIbTYpbl, CcTal uwieHoM cOopHoil Poccum u  MactepoMm cropta
MEXJIyHapoAHOTro Kiacca. Jlawa, ee mo0Oumoe Jeruile, Bcerja ObUla HaloOJHEHAa IBETaMH
u apy3bsmu. Enena I'epmMaHoBHa Bcerja NMOMHWIA M JIIOOMJIA CBOMX YYHTENEH, C yBaXCHHEM
OTHOCHJIACh K COTPYOHMKaM IO Kadeape, ¢ MOJABISAIOMNUM OOJBIIMHCTBOM MO-4€JI0BEYECKU

JpYyXKHIa.
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18 ampens 2023 roma mocie Tshkenmo Oonesnn Ha 72-om roxy Enena I'epmaHoBHa yiuia

U3 KU3HH. YXOJ €€ — HEBOCIIOJIHUMAs MoTepst Aist Kadeapsl, pakyabTeTa, yHUBEPCUTETA, PeIAKIIHIA
KYPHAJIOB «ApHUIHBIE SKOCUCTEMBD) U «DKOCHUCTEMBI: HKOJIOTHS U AUHAMUKa». CBeTias el namsTh.
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®oto 1. Enena ['epmanoBHa CycnoBa (B IIEHTpE) ¢ TPYMION CTYIEHTOB Ha MpakTuke, I. Ya, 1978 1.
(¢oto T.B. [Tukapesoii). Photo 1. Elena Germanovna Suslova (center) with students, field practice
in Ufa, 1978 (photo by T.V. Dikareva).
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®ot1o0 2. Enena TI'epmanoBHa CycrmoBa B OKCHEIUIIMU CO CTyAeHTamMu B bamkupuu ¢
H.H. Ipo3noseimM, 1978 1. (doto T.B. lukapeBoii). Photo 2. Elena Germanovna Suslova with
N.N. Drozdov, on a student expedition to Bashkiria, 1978 (photo by T.V. Dikareva).

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2023, Tom 7, Ne 2



195 JIMKAPEBA

®oro 3. Enena ['epmanoBHa Cycnosa B skcniequuuu B Ytpuie, 2005 r. (oto A. KageroBoii).
Photo 3. Elena Germanovna Suslova on an expedition to Utrish, 2005 (photo by A. Kadetova).
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®oto 4. Enena ['epmanoBHa Cycnosa ¢ O.A. JleonTheBo#i B s3xcniequuuu B Ytpuie, 2005 1. (poto A. Kagerosoii).
Photo 4. Elena Germanovna Suslova with O.A. Leontieva on an expedition to Utrish, 2005 (photo by A. Kadetova).
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®oro 5. Enena I'epmanoBHa CycnoBa 3a paboroil B skcneauiuu B Ytpume, 2005 1. (doto
A. KageroBoii). Photo 5. Elena Germanovna Suslova working on an expedition to Utrish, 2005
(photo by A. Kadetova).
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®oto 6. Enena I'epmanoBna CycinioBa Ha xadenpe ouoreorpaduu MI'Y B repbapuu, 2006 r. (dpoto
T.B. /Tukapesoii). Photo 6. Elena Germanovna Suslova in the herbarium room of the Biogeography
Department of Moscow State University, 2006 (photo by T.V. Dikareva).
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®oto 7. Enena I'epmanoBna CyciioBa (BTOpOii psifi, B LIEHTPE) U COTpYAHUKH Kadeapsl 6uoreorpaduu MI'Y, 2006 1. (poto A. Kagerosoii).
Photo 7. Elena Germanovna Suslova (second row, center) and other employees of the Biogeography Department of Moscow State University, 2006
(photo by A. Kadetova).
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®oto 8. Enena I'epmanoBna CycnoBa B MockoBckoil obmactu, rae, paboras Ha monpsjae y KoMmmnaHuu «BepxoBee», roToBuiaa 00OCHOBaHHUS VIS
MIPU3HAHUS OTJENbHBIX TeppUTOpHil 0co0o oxpansiembiMu, 2014 r. (dpoto A. Kagerosoii). Photo 8. Elena Germanovna Suslova in Moscow Region,
working with the nature conservation fund “Verkhovye” to make it possible to recognize some nature areas as specially protected territories, 2014
(photo by A. Kadetova).
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®oto 9. Enena I'epmanosna Cycnosa, 2017 r. (dpoto A. KanetoBoit).
Photo 9. Elena Germanovna Suslova in 2017 (photo by A. Kadetova).
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®oto 10. Enena I'epmanoBHa CycrnoBa Ha koH(pepeHuun B Cankr-IlerepOypre, mocBsieHHON
oounero  kadenpel  O6uoreorpadpun  Canxr-IlerepOyprckoro  yHusepcurera, 2018 . (¢oto
T.B. ukapesoii). Photo 10. Elena Germanovna at the conference in Saint-Petersburg dedicated to
the anniversary of the Biogeography Department of St. Petersburg University, 2018 (photo
by T.V. Dikareva).
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[Znacheniye biogeografii dlya melioratsii].
Moscow: Moskovskiy filial GO  SSSR,
1979:109-117.

Taskaeva NYa, Suslova EG. Addition to the
flora of the Satin’s training ground
[Dopolneniye k flore Satinskogo uchebnogo
poligona] Proc. of geographical studies of the
Satin’s training ground and adjacent territories
in the basin of Sr. Protva (deposited by VINITI,
No. 4550-77) [Materialy geograficheskikh
issledovaniy Satinskogo uchebnogo poligona i
smezhnykh territoriy v basseyne Sr. Protvy].
Moscow: VINITI, 1977:3:123-131.

Maksimova VF, Suslova EG. Patterns of the
formation of the aboveground phytomass of
grass-shrub and grass layers in the forests of the
USSR [Zakonomernosti formirovaniya
nadzemnoy fitomassy travyano-
kustarnichkovogo i travyanogo yarusov v lesakh
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1977. 3aKOHOMEPHOCTH
(hopmupoBaHus Ha/I3eMHOM
¢uromaccsl TpaBsHO-
KyCTapHHYKOBOIO U TPaBSHOTO
apycoB B gecax CCCP //
C6. buoreorpaduyaeckue u
WH/IUKAlMOHHBIC WCCIIEIOBAHMS:

noknaasl MockoBckoro ¢umana I'O.
M. C. 29-32.

Cycnosa E.I.  1977.  OcHoOBHBIE
3aKOHOMEPHOCTHU pacnpeneneHus
pacTUTENBHBIX COO0O0IIIECTB

CaTrHCKOro y4eOHOTO TIOJIMIOHA M MX
AKOJIOTO-(PUTOIICHOTUYECKUI ~ aHAITN3
// C6. Martepuanbl reorpapuyeckux
uccrneaoBanuii CaTHHCKOTO Yy4e0HOTO
MOJIATOHA U CMEXKHBIX TEPPUTOPHI B
OacceiiHe Cp. IlpoTBBI
(menmonnpoBano BUHUTU, Ne 4550-
77). M.: BUHUTH. T. 3. C. 100-122.

Crarbu B cOOpHHKAX

Cycnosa E.I., Kaoemos H.I. 2023.
[TpoOeMbl cOXpaHEHHsI PACTUTEITLHBIX
cooOrrectBs B OmpkHEM [loaMockoBbe

// C6. Bompocel  reorpaduu.
CoBpemeHHas ouoreorpadus
CeBepHoii  EBpazuun. M.: Menua-

[Ipecc. T. 156. C. 134-143.
Apucmapxosa E.A., Myunux E.O.,
Tlacxuna  AA., Cycnosa  E.T.,
Yepenenuna /[.A. 2023. CoBpeMEHHOE
pacrmpocTpaHeHue paMaIHBI
eBporelickor (Ramalina europaea) B
MockoBckom  permone  //  CO.
Teopernueckue ¥ MPUKIAIHBIC
poOJIeMbl JTaHamaTHOW reorpaduu.
VII MunbKOBCKHE YTEHUS: MaTEpUAIIbI
XIV MexyHapoHoi jaHuadTHOM!
koH(pepeHuuy, r. Boponex, 17-21 mas
2023 r. B 2 1. / Pen. A.C. I'opOyHoOB,
A.B. Xopowes, O.II. bbikoBckas.
Boponex: M3amarensckuii nom BIY.
T.2.C.24-27.

Hempywuna M.H., Cycnosa E.I.
2022. IloctnuporeHHass JUHAMHUKA
cyOCpeIM3eMHOMOPCKHUX JTaHA(TOB

JIUKAPEBA

112.

SSSR]| Biogeographical and indicator studies:
reports of the Moscow branch of GO
[Biogeograficheskiye i indikatsionnyye
issledovaniya: doklady Moskovskogo filiala
GOJ. Moscow, 1977:29-32.

Suslova EG. Basic regularities in the distribution
of plant communities of the Satinsky training
ground and their ecological and phytocenotic
analysis [Osnovnyye zakonomernosti
raspredeleniya  rastitel’'nykh ~ soobshchestv
Satinskogo uchebnogo poligona 1 ikh ekologo-
fitotsenoticheskiy analiz] Proc. of geographical
studies of the Satin’s training ground and
adjacent territories in the basin of Sr. Protva
(deposited by VINITI, No. 4550-77) [Materialy
geograficheskikh issledovaniy  Satinskogo
uchebnogo poligona i smezhnykh territoriy v
basseyne Sr.  Protvy]. Moscow: VINITI,
1977;3:100-122.

Articles in Collections

Suslova EG, Kadetov NG. Problems of
conservation of plant communities in the near
Moscow  region  [Problemy  cokhraneniya
rastitel 'nykh soobshchestv v blizhnem
Podmoskov’ye| Questions of geography [Voprosy
geografii]  Contemporary  Biogeography  of
Northern Eurasia [Sovremennaya biogeografiya
Severnoy  Yevrazii]. Moscow: Media-Press,
2023;156:134-143.

Aristarkhova EA, Muchnik EE, Paskhina AA,
Suslova EG, Cherepenina DA. Modern
distribution of European ramalina (Ramalina
europaea) in the Moscow region [Sovremennoye
rasprostraneniye ramaliny yevropeyskoy
(Ramalina europaea) v Moskovskom regione]
Theoretical and applied problems of landscape
geography  [Teoreticheskive i  prikladnyye
problemy landshaftnoy geografii] VII Milkov's
Readings: Proc. of the XIV International
landscape conference, Voronezh, May 17-21,
2023 [VII Mil’kovskiye chteniya: materialy XIV
Mezhdunarodnoy landshafinoy konferentsii] / eds.
A.S. Gorbunov, A.V. Khoroshev,
O.P. Bykovskaya. Voronezh: Izdatel’skiy dom
VGU, 2023;2:24-27.
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noiryoctpoBa A6pay // CO. [Ipupomau 3.

00IIIeCTBO: MHTETPAIlMOHHBIE
IIPOLIECCHI. Marepuainsl
MEXYHAPOTHOMN HAYy4HO-

NpaKTHIecKoil KoHpepeHuun «lIsToie
JTaHIAPTHO-IKOJIOTHYECKAE YTCHUS,
nocesameHHsie  [.E. ['puimankoBy».

Cumpeporions: UT  «APUAJTI».
C. 233-238.
Bapnvieuna T.1., Cycnoea E.T".,

Kaoemos H.I' 2021. Bugpl Kpachoit
kHUrH MockoBckoil obnactu  6nu3
BOCTOYHOTO npenena
pactipoctpanenust // CO6. BectHuk
Tymeckoro TOCY/IapCTBEHHOTO
YHHUBEPCHUTETA. Bceepoccuiickas
Hay4Has KoH(pepeHmms «/3ydenwe n
COXpaHEHHe OropazHooOpazus
Tyneckoit  obmacth  u  Apyrux
pernoHoB  Poccum», MOCBsIIEHHAs
TIEPCIIEKTHBAM CO3JTaHUS
HalMoHaIbHOrO mapka «Tynbckue
3acekn», 23-26 Hosops 2021 r. Tymna:
MznarensctBo Tynl'y. C. 24-31.
Ermolaeva E., Suslova E.,
Bocharnikov M., Tikhonova E. 2020.
Forest Cover Types Map and
Vegetation Classification Made Using
Remote and Terrestrial Methods
(Case Study for Valuevo Forest Park,
Moscow) // C6. Proceedings Inter
Carto/Inter GIS-26 “GI Support of
Sustainable Development of
Territories”, September 27-28, 2020,
Tbilisi. Thilisi:  Thilisi  University.
P. 49-52.

Bapnvieuna T.H., Cycnoea E.T",
Kaoemos H.I. 2019. M3yuenuwe u
COXpaHEHHME pEeIKUX pacTeHHH Ha
OOIIT MockoBckoit  obmactu  //

C6. BectHuk Tynbckoro
rOCYJIapCTBEHHOT'O YHUBEPCHUTETA.
N3zy4enue u COXpaHEeHHue
ouopazHooOpazust Tynbckoit obnactu
u conpe/IebHbIX PErMOHOB
Poccuiickon ~ ®epepanmu.  Tyna:
N3narenscTBO Tynbckoro
rOCyIapCTBEHHOTO YHHBEPCHUTETA.
C. 225-232.

Petrushina MN, Suslova EG. Post-pyrogenic
dynamics of sub-Mediterranean landscapes of the
Abrau Peninsula [Postpirogennaya dinamika
subsredizemnomorskikh landshaftov poluostrova
Abrau] Nature and society: integration processes
[Priroda 1  obshchestvo:  integratsionnyye
protsessy] Proc. of the International scientific and
practical conference “The Fifth Landscape and
Ecological Readings Dedicated to
G.E. Grishankov” [Materialy mezhdunarodnoy
nauchno-prakticheskoy  konferentsii ~ “Pyatyye
landshaftno-ekologicheskiye chteniya,
posvyashchennyye G.Ye. Grishankovu”].
Simferopol: IT “ARIAL”, 2022:233-238.
Varlygina TI, Suslova EG, Kadetov NG. Types of
the Red Data Book of the Moscow Region near
the eastern limit of distribution [Vidy Krasnoy
knigi  Moskovskoy oblasti bliz vostochnogo
predela rasprostraneniya] Bulletin of the Tula
State University [Vestnik Tul’skogo
gosudarstvennogo universiteta] Proc. of the All-
Russian  scientific ~ conference  “Study and
conservation of the biodiversity of the Tula region
and other regions of Russia”, dedicated to the
prospects for the creation of the national park
“Tulsky  Zaseki”, November 23-26, 2021
[Vserossiyskaya nauchnaya konferentsiya
“lzucheniye i sokhraneniye bioraznoobraziya
Tul’skoy oblasti i drugikh regionov Rossii”,
posvyashchennaya  perspektivam  sozdaniya
natsional'nogo  parka  “Tul’skiye  zaseki’].
Tula: Izdatel’stvo TulGU, 2021:24-31.

Ermolaeva E, Suslova E, Bocharnikov M,
Tikhonova E. Forest Cover Types Map and
Vegetation Classification Made Using Remote
and Terrestrial Methods (Case Study for
Valuevo Forest Park, Moscow). Proc. of the
Inter Carto/Inter GIS-26 “GI Support of
Sustainable  Development of  Territories”,
Thilisi, September 27-28, 2020. Thbilisi: Tbilisi
University, 2020:49-52.

Varlygina TI, Suslova EG, Kadetov NG. Study
and conservation of rare plants in specially
protected nature areas of the Moscow Region
[lzucheniye i sokhraneniye redkikh rasteniy na
OOPT Moskovskoy oblasti] Bulletin of the Tula
State University [Vestnik Tul’skogo
gosudarstvennogo  universiteta]  Study  and
conservation of biodiversity in the Tula region and
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10.

I1.

Boesooun I1.B., Cycnoea E.T",
Kaoemos H.I". 2019. OOIIT 3aoxckoii
YacTH FO2KHOTO [ToamockoBbst:
OuopasHooOpaszue,  MmpoOJieMbl U
nepcriektuBel  /  CO.  BectHuk
Tynbckoro rOCYJIapCTBEHHOTO
YHUBEPCHTETA. Nsyuenune 5
COXpaHEeHHe OropazHoobOpazus

Tynbckoit obmacTu M CompeneNTbHBIX
pernoHoB Poccuiickoit  ®enepanmu.

Tyma:  WzparensctBo  Tynbckoro
rOCYJIapCTBEHHOIO YHHUBEPCUTETA.
C. 164-168.

Bapnvieuna T.U., Cycnosa E.I. 2019.
Pe3ynbraThl  MOHUTOPWHTA  PEIKHX
BHUJIOB  COCYIMCTBIX DAacTeHHA B
MockoBckoit  obmactu  // CO6.
Marepuanst  VII  MexayHapoHoi
HayyHOU KoH(pepeHimn «lIpuHIUTIBI
u Coco0bI COXpaHEHHUS
Oropa3ZHOOOpa3Us» / Pen.
I'.O. Ocmanosa, JI.A. )KuBOTOBCKHIA.
Wormkap-Ona: Tunorpadus
«Beprtukanby. C. 169-172.

Kaoemos HI., Cycnoea E.I. 2019.
CoBpemeHHOE  cocTOsSiHME  (IIOpBI
okpecTHocTel CaTHHCKOW y4eOHO-
HayuyHor  cranmmm  (Kamykckas
obnacte) // C6. KamenuHckue yTeHuUs
«boTanuko-reorpaduyeckue
nccaenoBanusy / Pea. C.A. OBécHOB,
O.I'. bapanos. Ilepmb: M3garenscTBO
[lepmckoro HAIMOHAJIBHOTO
HCCTIeI0BATENBCKOTO
MOJIUTEXHUYECKOTO
C. 65-67.

Cycnoea E.I. 2018. AxoHOroH (i
Taran) QTBITUHACKUI (T'opent
anmprmiickuii) // CO6. KpacHast kuura
MockoBckoii obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruna, B.A. 3y6akuH,
H.b. Hukurckui, A.B. CBupuzos.
MockoBckass obmactb: M3marenbcTBo
[1D «Bepxosber. C. 548.

Cycnoea E.I. 2018. Actpa
UTaNbsHCKas1, Win pomarikosas // CO.
Kpacnas kaura MockoBckoii obiactu
(3-e mn.) / Pen. T.N. Bapneirusa,
B.A. 3ybakuH, H.b. Hukurckui,

YHUBCPCUTCTA.
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10.

adjacent regions of the Russian Federation
[Izucheniye i sokhraneniye bioraznoobraziya

Tul’skoy oblasti i sopredel’nykh regionov
Rossiyskoy  Federatsii].  Tula:  Izdatel’stvo
Tul’skogo gosudarstvennogo universiteta,
2019:225-232.

Voevodin PV, Suslova EG, Kadetov NG.

Specially protected natural areas in the Zaoksky
part of the southern Moscow Region: biodiversity,
problems and prospects [OOPT Zaokskoy chasti
yuzhnogo  Podmoskov'ya:  bioraznoobraziye,
problemy i perspektivy] Bulletin of the Tula State
University [Vestnik Tul’skogo gosudarstvennogo
universiteta] ~ Study and  conservation  of
biodiversity in the Tula Region and adjacent
regions of the Russian Federation [lIzucheniye i
sokhraneniye bioraznoobraziya Tul skoy oblasti i
sopredel 'nykh regionov Rossiyskoy Federatsii].
Tula: Izdatel’stvo Tul’skogo gosudarstvennogo
universiteta, 2019:164-168.

Varlygina TI, Suslova EG. Results of monitoring
of rare species of vascular plants in the Moscow
Region [Rezul’taty monitoringa redkikh vidov
sosudistykh rasteniy v Moskovskoy oblasti] Proc.
of the VII International Scientific Conference
“Principles and methods of biodiversity
conservation” [Materialy VII Mezhdunarodnoy
nauchnoy konferentsii  “Printsipy i sposoby
sokhraneniya  bioraznoobraziya”] /  eds.
G.0. Osmanova, L.A. Zhivotovsky. Yoshkar-Ola:
Tipografiya “Vertikal’”, 2019:169-172.

Kadetov NG, Suslova EG. The current state of the
flora of the vicinity of the Satinskaya educational

and scientific  station (Kaluga region)
[Sovremennoye sostoyaniye flory okrestnostey
Satinskoy uchebno-nauchnoy stantsii
(Kaluzhskaya oblast’)] Kamelin’s Readings
“Botanical — and  geographical  research”
[Kamelinskiye chteniya “Botaniko-
geograficheskiye  issledovaniya”] |  eds.

S.A. Ovesnov, O.G. Baranov. Perm: Izdatel’stvo
Permskogo natsional’'nogo issledovatel’skogo
politekhnicheskogo universiteta, 2019:65-67.

Suslova EG. Alpine knotweed [Akonogon
(ili Tatan) al piyskiy (Gorets al piyskiy)] Red Data
Book of the Moscow Region (3" ed.) [Krasnaya
kniga Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
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A.B. CBupuos. MockoBckas
o0JacThb: W3narenscTBO 30
«BepxoBbey.

Cycnoea E.I. 2018. bapanen

oObikHOBeHHBIH // CO6. KpacHast kaura
MockoBckoit obmactu (3-¢ w3m.) /
Pen. T.M. Bapnsiruna, B.A. 3y0akus,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckast obnacts: M3maaTenscTBo
[1D «Bepxosney. C. 458.

Cycnoea E.IT. 2018. bepesa
npuzemucras // C6. Kpacnas kuura
MockoBckoit obmactu (3-¢ uzm.) /
Pen. T.W. Bapnsiruna, B.A. 3y0akuH,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckass oOnactb: M3narenscTBo
[1D «Bepxossey. C. 529.

Cycnoea E.I. 2018.  byOenuux
munenuctHbii // CO. KpacHas kHura
MockoBckoit obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruaa, B.A. 3yOaxuH,
H.b. Huxnrckuid, A.B. CBupuos.
MockoBckass oOmactes: M3marenscrBo
[1® «Bepxosben. C. 582.

Cycnoea E.I. 2018. Bonsauka
yepHasi, uu Boponuka, v [nkina
// C6. Kpacnas kHura MOCKOBCKOM
oOmactu (3-e u3m.) / Pen.
T.W. Bapnbiruna, B.A. 3y0akuH,
H.b. Huxknrckuid, A.B. CBupuios.
MockoBckass obnacte: M3narenscTBo
[1D «Bepxoswen. C. 540.

Cycnoea E.I. 2018. I'openg
xuopomsami / C6. KpacHas kuura
MockoBckoit obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruna, B.A. 3y0akuH,
H.b. Huxkurckwmii, A.B. CBupuos.
MockoBckass obnacte: M3narenscTBo
[1D «Bepxosbey. C. 549.

Cycnoea E.I. 2018. l'opuner
BeceHHuit // C6. KpacnHas kHura
MockoBckoii obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneirnna, B.A. 3y6akuH,
H.b. Hukurckui, A.B. CBupuzos.
MockoBckass obnactb: M3narenscTBo
[1D «Bepxosber. C. 597.

Cycnosa E.I.  2018. I'po3noBHUK
Buprunckuit // C6. Kpachas kuura
MockoBckoii obmactu (3-¢ wu3m.) /

11.

12.

13.

14.

15.

16.

17.

18.
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2018:548.

Suslova EG. European Michaelmas daisy
[Astra ital’yanskaya, ili romashkovaya] Red
Data Book of the Moscow Region (3™ ed.)
[Krasnaya kniga Moskovskoy oblasti] /| eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018.

Suslova EG. Northern firmoss or Fir clubmoss
[Baranets obyknovennyy| Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:458.

Suslova EG. Shrubby birch [Bereza prizemistayal
Red Data Book of the Moscow Region (3 ed.)
[Krasnaya kniga Moskovskoy oblasti] /| eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:529.

Suslova EG. Ladybells [Bubenchik liliyelistnyy]
Red Data Book of the Moscow Region (3 ed.)
[Krasnaya kniga Moskovskoy oblasti] /| eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:582.

Suslova EG. Crowberry, Black crowberry, or
Blackberry [ Vodyanika chernaya, ili Voronika, ili
Shiksha] Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:540.

Suslova  EG. Alpine  bistort [Gorets
zhivorodyashchiy| Red Data Book of the Moscow
Region (3™ ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:549.

Suslova EG. Pheasant’s eye or False hellebore
[Goritsvet vesenniy]l Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:597.

Suslova EG. Rattlesnake fern [Grozdovnik
virginskiy| Red Data Book of the Moscow Region
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19.

20.

21.

22.

23.

24.

25.

Pen. T.W. Bapneiruna, B.A. 3ybakwH,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckast obmacte: M3narenscTBo
[1®D «Bepxosber. C. 452.

Cycnoea E.I.  2018. 1'po3noBHUK
MHoropaznensheii  // CO. Kpachas
kHura MockoBckoii obmactu  (3-¢

m3n.) / Pen. T.W. Bapmeiruna,
B.A. 3y6akun, H.b. Huxurckui,
A.B. CBupuos. MockoBckas
o0nacTs: WznarenscTBO
[1®D »Bepxoswey. C. 453.

Cycnosa E.I.  2018. I'po3noBHUK

poMamkonuctelii  // CO. Kpachas
kaura MockoBckoit oOmactu  (3-e

w3n.) / Pen.  T.W. Bapnbiruna,
B.A. 3y6akuH, H.b. Huxurckui,
A.B. CBupuioB. MockoBckas
001aCTh: WsnarenscTBo
[1® »Bepxoswen. C. 455.

Cycnosa E.I.  2018.  JXuBoxocTh

Beicokass // CO. KpacHas xnura
MockoBckoit obmactu (3-¢ wuzm.) /
Pen. T.W. Bapneiruaa, B.A. 3yOakuH,
H.b. Huxnrckuid, A.B. CBupuos.
MockoBckass oOmacte: M3marenscrBo
[1D «Bepxosben. C. 599.

Cycnoea E.I. 2018. 3MeerojoBHUK
Proitma // C6. Kpachas xuura
MockoBckoit obmactu (3-¢ u3m.) /
Pen. T.W. Bapneiruaa, B.A. 3y0akuH,
H.b. Huxknrckuid, A.B. CBupuios.
MockoBckass obnacte: M3narenscTBo
[1D «Bepxossey. C. 553.

Cycnoea E.I. 2018. Uga
Bunorpanosa // C6. Kpacnas xuura
MockoBckoit obmactu (3-¢ wu3m.) /
Pen. T.W. Bapneiruna, B.A. 3y0akuH,
H.b. Huxkurckwmii, A.B. CBupuos.
MockoBckass obnactb: M3narenscTBo
[1D «Bepxosber. C. 576.

Cycnoea E.I'. 2018. VBa uepHuunas //
C6. Kpacnas xHura MOCKOBCKOH
obmactm  (3-e  wm3m) /  Pen
T.M. Bapisiruna, B.A. 3y6axkuH,
H.b. Hukurckuid, A.B. CBupuzos.
MockoBckass obmactb: M3narenscTBo
[1D «Bepxosber. C. 577.

Cycnosa E.I., Hosuxosé B.C. 2018. 26. Suslova
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20.

21.

22.

23.

24.

25.

(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:452.

. Suslova EG. Leathery grapefern [Grozdovnik

mnogorazdel nyy| Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:453.

Suslova EG. Chamomile grape-fern [Grozdovnik
romashkolistnyy| Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:455.

Suslova EG. Alpine delphintum [Zhivokost’
vysokaya| Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:599.

Suslova EG. Northern dragonhead
[Zmeyegolovnik Ryuysha] Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:553.

Suslova EG. Vinogradov’s willow [/va
Vinogradova]l Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:576.

Suslova EG. Swamp willow [lva chernichnaya)
Red Data Book of the Moscow Region (3" ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:577.

Suslova EG, Novikov VS. Small bog cranberry
[Klyukva melkoplodnaya] Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:538.

EG. Nepeta

pannonica  [Kotovnik
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27.

28.

29.

30.

31

HAYYHBII 1 TBOPYECKHIA [TYTh EJIEHbI TEPMAHOBHBI CYCJIOBOI

KmroxkBa  wmenkxomnomgnass  // CO.
Kpacnas kaura MockoBckoii 061acTu
(3-e mn.) / Pen. T.W. Bapmwirusna,

B.A. 3y6akun, H.b. Huxurckui,
A.B. CBupuos. MockoBckas
00JacTh: W3narenscTBo
[1®D »Bepxosber. C. 538.

Cycnoea E.I. 2018.  KoroBHuk
BeHrepckuii, wm toneiii // CO.

Kpacnast kuura MockoBckoit o0nactu
(3-¢ m3n.) / Pen. T.W. Bapnbiruna,

B.A. 3y6akuH, H.b. Huxurckui,
A.B. CBupuos. MockoBckas
001acTh: NznarenscTBO

[1® »Bepxossey. C. 554.

Cycnosa E.I., Hosuxose B.C. 2018.
JlarmuaTka Oenas / CO. KpacHast kaura
MockoBckoit obmactu (3-e wmzm.) /
Pen. T.W. Bapneiruna, B.A. 3yOaxuH,
H.b. Huxnrckuid, A.B. CBupuos.
MockoBckass o6macte: M3naTenscTBO
[1® «Bepxoswen. C. 627.

Cycnoea E.I., Hosuxos B.C. 2018.
Jlarmuatka mpsimast // CO. Kpachas
kHura MockoBckor obmactu  (3-¢

mwn.) / Pen. T.W. Bapneiruna,
B.A. 3y6akuH, H.B. Hukurckuid,
A.B. CBupuioB. MockoBckas
00JacTs: WznarenscTBO
[1® »Bepxoswen. C. 628.

Cycnoea E.I. 2018. Jlunms
KyapeBaras, win capanka // CO0.

Kpacnas kaura MockoBcko# o6sacTtu
(3-¢ m3n.) / Pen. T.W. Bapnbiruna,
B.A. 3y0akuH, H.b. Hukurckuii,
A.B. CBupuioB. MockoBckas
00JacTh: WznarenscTBO
[1® »Bepxossey. C. 480.

Cycnoea E.I. 2018. Menynuia
y3komuctHasg // CO. KpacHas kuura
MockoBckoii oonactu (3-e u3a.) / Pen.
T.M. Bapisiruna, B.A. 3y6axkuH,
H.b. Hukurckui, A.B. CBupuzos.
MockoBckass obnactb: M3narenscTBo
[1D «Bepxosber. C. 535.

Cycnosa E.I., Hosuxoe B.C. 2018.
Mopomka // C6. KpacHas kuura
MockoBckoii obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruna, B.A. 3y6akuH,

27.

28.

29.

30.

31.

32.

33.
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vengerskiy, ili golyy]l Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:554.

Suslova EG, Novikov VS. White cinquefoil
[Lapchatka belaya] Red Data Book of the Moscow
Region (3 ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:627.

Suslova EG, Novikov VS. Sulphur cinquefoil
[Lapchatka pryamaya]l Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:628.

Suslova EG. Martagon lily [Liliya kudrevataya, ili
saranka] Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:480.

Suslova EG. Blue cowslip [Medunitsa
uzkolistnaya]l Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A.Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:535.

Suslova EG, Novikov VS. Cloudberry [Moroshka]
Red Data Book of the Moscow Region (3 ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:629.

Varlygina TI, Suslova EG. Swamp mytnik
[Mytnik bolotnyy| Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A.Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:611.

Suslova EG. Ledebour’s Head Head [Nagolovatka
Ledebura] Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:644.
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32.

33.

34.

35.

36.

H.b. Hukurckuid, A.B. CBupuos.
MockoBckast obmacte: M3narenscTBo
[1D «Bepxosber. C. 629.

Bapnvieuna T.U., Cycnoea E.I. 2018.
MeitHuk Oonotabid // CO. Kpachas
kHura MockoBckoii obmactu  (3-¢

m3n.) / Pen. T.W. Bapmeiruna,
B.A. 3y6akun, H.b. Huxurckui,
A.B. CBupuos. MockoBckas
o0nacTs: NznarenscTBO

[1® »Bepxosber. C. 611.

Cycnosa E.I. 2018. Haronosarka
Jlenebypa // CO. Kpachas xuura
MockoBckoit obmactu (3-¢ uzm.) /
Pen. T.W. Bapnsiruna, B.A. 3y0akuH,
H.b. Huxurckuid, A.B. CBupuos.
MockoBckas o6macte: M3naTenscTBo
[1® «Bepxoswen. C. 644.

Cycnosa E.I., Kaoemos H.I 2018.
Oxpana OuopazHoo6pazust Ha OOIIT
MockoBckoi 00nacTu: MmpodeMbl U
JOCTHKEHUS TMOCJIEHETO
necatunerust  //  CO.  AKTyanbHBIC
BOIpOCHl Onoreorpadun: Marepuaib
MesxyHapoHoH KOH(EpEHITHNH,
r. Cankr-IlerepOypr,  9-12 okTsa0ps
2018 r. CII6.: Canxkr-IlerepOyprekuit

rocy/lapCTBEHHBIN YHUBEPCHUTET.
C. 397-399.

Maxeesa B.M., Cmypos A.B.,
Tonumos JI.B., benoxono M.M.,

benoxonsv FO.C., Cycnoea E.I. 2018.
Onenka cocrosiHus TeHodoHIa U
KU3HECTIOCOOHOCTH JIECOTOCAI0K eln
eBporneiickor (Piceaabies (L.) Karst.)
U3 mapkoB ropoga MOCKBE U
ITogmockoBest // CO6. Jleca Poccun:
MOJIUTHKA, TPOMBIIUICHHOCTh, HAyKa,
oOpazoBanue. Marepuansl Tperbeit
MEKTyHApPOJHOM HaYy4HO-
texunueckoi koHgpepenuuu. CII6.:
CIIeI'JITY. T. 1. C. 187-190.

Cycnosa E.I., Hosuxoe B.C. 2018.
ITyxonoc anbnuiickuii // C6. Kpachas
kHura MocKoBckol obOmactu  (3-¢

m3n.) / Pen. T.W. Bapneiruna,
B.A. 3ybakuH, H.b. Hukurckuii,
A.B. CBupuos. MockoBckast
o0JacThb: NznarenscTBO

JIUKAPEBA

34.

35.

36.

37.

38.

39.

Suslova EG, Kadetov NG. Biodiversity protection
in specially protected nature areas of the Moscow
Region: problems and achievements of the last
decade [Okhrana bioraznoobraziva na OOPT
Moskovskoy oblasti: problemy i dostizheniya
poslednego  desyatiletiva]  Proc.  of  the
International Conference “Topical issues of
biogeography”, St. Petersburg, October 9-12,
2018 [Materialy Mezhdunarodnoy konferentsii
“Aktual’nyye voprosy biogeografii”]. Saint-
Petersburg: Sankt-Peterburgskiy gosudarstvennyy
universitet, 2018:397-399.

Makeeva VM, Smurov AV, Politov DV,
Belokon MM, Belokon YusS, Suslova EG.
Assessment of the state of the gene pool and the
viability of forest plantations of European spruce
(Piceaabies (L.) Karst.) from the parks of the city
of Moscow and the Moscow region [Otsenka
sostoyaniya  genofonda i  zhiznesposobnosti
lesoposadok yeli yevropeyskoy (Piceaabies (L.)
Karst.) iz parkov goroda Moskvy i Podmoskov ya)
Proc. of the Third International Scientific and
Technical Conference “Forests of Russia: politics,
industry, science, education” [Materialy Tret'yey
mezhdunarodnoy nauchno-tekhnicheskoy
konferentsii “Lesa Rossii. politika,
promyshlennost’, nauka, obrazovaniye”]. Saint-
Petersburg: SPbGLTU, 2018;1:187-190.

Suslova EG, Novikov VS. Cotton deergrass
[Pukhonos al’piyskiy] Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:523.

Suslova EG. Crepis sibirica [Skerda sibirskayal
Red Data Book of the Moscow Region (3" ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:650.

Suslova EG. Leafless Hawk’s-beard [Skerda
tupokornevishchnaya, ili obgryzennaya) Red Data
Book of the Moscow Region (3" ed.) [Krasnaya
kniga Moskovskoy oblasti] / eds. T.. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:649.

Suslova EG, Novikov VS. Common rock-rose
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37.

38.

39.

40.

41.

42.

43.

HAYYHBII 1 TBOPYECKHIA [TYTh EJIEHbI TEPMAHOBHBI CYCJIOBOI

[1®D »Bepxosber. C. 523.

Cycnoea E.I. 2018. Ckepna
cudbmnpckast // CO. Kpacnas xuura
MockoBckoit obmactu (3-¢ w3m.) /
Pen. T.W. Bapnbiruna, B.A. 3y0akun,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckast obmacte: M3narenscTBo
[1D «Bepxosber. C. 650.

Cycnoea E.IT. 2018. Ckepna
TYINOKOPHEBUILIHAS, WK 0OrphI3eHHAas
/| C6. Kpacnas kuura MOCKOBCKOM
obmactu (3-e u3n.) / Pen.
T.W. Bapnbiruna, B.A. 3y0akuH,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckas o6macts: M3naTenscTBo
[1® «Bepxoswen. C. 649.

Cycnosa E.I., Hosuxose B.C. 2018.
ComHIenBeT MOHETOIUCTHRINA, WIN
koneeunblid // CO. KpacHas kuura
MockoBckoit obmactu (3-¢ wuzm.) /
Pen. T.W. Bapneiruaa, B.A. 3yOaxuH,
H.b. Huxnrckuid, A.B. CBupuos.
MockoBckass oOmactes: M3marenscrBo
[1D «Bepxoswen. C. 592.

Cycnosa E.I.  2018. ConoHEYHUK
toueunbli // CO. Kpacnas kHura
MockoBckoit obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruaa, B.A. 3y0akuH,
H.b. Huxknrckuid, A.B. CBupuios.
MockoBckass obnacte: M3narenscTBo
[1D «Bepxoswen. C. 651.

Cycnoea E.I., Hosuxos B.C. 2018.
Tpuoctpennuk npumopckuii //  CO.
Kpacnas kaura MockoBcko# o0sacTu
(3-¢ m3n.) / Pen. T.W. Bapnbiruna,

B.A. 3y0akuH, H.b. Hukurckui,
A.B. CBupuioB. MockoBckas
00J1aCTh: H3narenscTBO
[1® »Bepxossey. C. 525.

Cycnoea E.IT. 2018. YKOBHUK

o0bIkHOBeHHBIH // C6. KpacHast kuura
MockoBckoit obnmactu (3-e uzm.) /
Pen. T.W. Bapneirnna, B.A. 3y6akuH,
H.b. Hukurckui, A.B. CBupuzos.
MockoBckass obnactb: M3aatenscTBo
[1D «Bepxosber. C. 456.

Cycnoea E.I. 2018.  Yemepuua
yepnas // CO6. KpacHas kuura
MockoBckoii obmactu (3-¢ wu3m.) /

40.

41.

42.

43.

44,

45.

46.
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[Solntsetsvet monetolistnyy, ili kopeyechnyy] Red
Data Book of the Moscow Region (3" ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:592.

Suslova EG. Galatella punctata [Solonechnik
tochechnyy] Red Data Book of the Moscow
Region (3 ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:651.

Suslova EG, Novikov VS. Arrow-Grass
[ Triostrennik primorskiy| Red Data Book of the
Moscow Region (3" ed.) [Krasnaya kniga
Moskovskoy oblasti] / eds. T.I. Varlygin,
V.A. Zubakin, N.B. Nikitsky, A.V. Sviridov.
Moscow Region: Izdatel’stvo PF “Verkhov’ye”,
2018:525.

Suslova  EG.  Adder’s-tongue  [Uzhovnik
obyknovennyy] Red Data Book of the Moscow
Region (3" ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:456.

Suslova EG. Black false hellebore [Chemeritsa
chernaya| Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:484.

Suslova EG. Marsh pea [China bolotnaya] Red
Data Book of the Moscow Region (3™ ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:533.

Suslova EG. Black Pea [China chernaya] Red
Data Book of the Moscow Region (3" ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:534.

Suslova EG. Glutinous sage [Shalfey kleykiy] Red
Data Book of the Moscow Region (3" ed.)
[Krasnaya kniga Moskovskoy oblasti] | eds.
T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:558.
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44,

45.

46.

47.

48.

49.

Pen. T.W. Bapneiruna, B.A. 3ybakwH,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckast obmacte: M3narenscTBo
[1D «Bepxosber. C. 484.

Cycnoea E.I'. 2018. Yuna 6onoTHas //
C6. Kpacnas xHmra MOCKOBCKOH
oOnact (3-e u3nm.) / Pen.
T.W. Bapnbiruna, B.A. 3y0akuH,
H.b. Hukurckuid, A.B. CBupuos.
MockoBckas o6macts: M3naTenscTBo
[1®D «Bepxosber. C. 533.

Cycnosa E.I. 2018. Yuna yepnas //
C6. Kpacnas xuHura MOCKOBCKOM
obmacti (3-e u3n.) / Pen.
T.W. Bapnbiruna, B.A. 3y0akuH,
H.b. Huxurckuid, A.B. CBupuos.
MockoBckas o6macte: M3naTenscTBoO
[1® «Bepxoswen. C. 534.

Cycnoea E.I. 2018. [Mandeit
knevikuit  // C6. Kpacnas kuura
MockoBckoit obmactu (3-¢ wmzm.) /
Pen. T.W. Bapneiruaa, B.A. 3yOakuH,
H.b. Huxnrckuid, A.B. CBupuos.
MockoBckass oOmactes: M3marenscrBo
[1® «Bepxosben. C. 558.

Cycnoea E.I.  2018. Ileitxuepus
o6onotnas // CO. Kpacnas xnwura
MockoBckoit obmactu (3-¢ u3m.) /
Pen. T.W. Bapneiruna, B.A. 3yOakuH,
H.b. Huxknrckuid, A.B. CBupuios.
MockoBckass obnactb: M3narenscTBo
[1® «Bepxoswen. C. 527.

Cycnoea E.I. 2018. [Inemuuk
konbenucTHbI // C6. Kpachas kuura
MockoBckoit obmactu (3-¢ wm3m.) /
Pen. T.W. Bapneiruna, B.A. 3y0akuH,
H.b. Huxkurckwmii, A.B. CBupuos.
MockoBckass obnacte: M3narenscTBo
[1D «Bepxossey. C. 559.

Kaoemos H.I', Cycnoea E.I. 2017.
WuBasnoHHbIe pacTeHus Ha
pPETHOHAIBHBIX  0C000  OXpaHSEMbIX

MIPUPOIHBIX TEPPUTOPUAX
MockoBckoit  obmactu  //  C6.
buopaznooOpasue: HNOJXOAbl K
U3y4EHHIO u COXPaHEHHUIO.
Marepuainst Mex yHapoIHoM
HAYYHOM KOH(EPEHITUH,

nocesieHHon  100-neturo  kadeapbl

JIUKAPEBA

47.

48.

49.

50.

S1.

Suslova EG. Rannoch-Rush [Sheykhtseriya
bolotnaya] Red Data Book of the Moscow Region
(3" ed.) [Krasnaya kniga Moskovskoy oblasti] /
eds. T.I. Varlygin, V.A. Zubakin, N.B. Nikitsky,
A.V. Sviridov. Moscow Region: Izdatel’stvo
PF “Verkhov’ye”, 2018:527.

Suslova EG. Norfolk Skullcap [Shlemnik
kopvelistnyy] Red Data Book of the Moscow
Region (3 ed.) [Krasnaya kniga Moskovskoy
oblasti] / eds. T.I. Varlygin, V.A. Zubakin,
N.B. Nikitsky, A.V. Sviridov. Moscow Region:
Izdatel’stvo PF “Verkhov’ye”, 2018:559.

Kadetov NG, Suslova EG. Invasive plants in
regional specially protected natural areas of the
Moscow region [Invazionnyye rasteniya na
regional nykh osobo okhranyayemykh prirodnykh
territoriyakh Moskovskoy oblasti] Proc. of the
International Scientific Conference dedicated to
the 100™ anniversary of the Botany Department of
the Tver State University  “Biodiversity:
approaches to study and conservation”, Tver,

November 8-11, 2017 [Materialy
Mezhdunarodnoy nauchnoy konferentsii,
posvyashchennoy  100-letiyu  kafedry botaniki
Tverskogo gosudarstvennogo universiteta

“Bioraznoobraziye: podkhody k izucheniyu i
sokhraneniyu”]. Tver: lzdatel’stvo Tverskogo
gosudarstvennogo universiteta, 2017:131-133.

Petrushina MN, Suslova EG. Landscape
indication of mudflow activity in the North
Caucasus [Landshaftnaya indikatsiya selevoy
aktivnosti na Severnom Kavkaze] Proc. of the V
International scientific and practical conference
“Indication of the state of the environment:

theory, practice, education” [Trudy V
Mezhdunarodnoy nauchno-prakticheskoy
konferentsii “Indikatsiya sostoyaniya
okruzhayushchey sredy: teoriya, praktika,
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The article is devoted to the scientific and life path of the Associate Professor of the Department of
Biogeography of the Moscow State University named after M.V. Lomonosov Elena Germanovna
Suslova. The whole life of Elena Germanovna is connected with the department. She graduated from
the department in 1974 and stayed there to work — first as an assistant, then, for many years, as an
assistant professor. In 1996 she defended her PhD thesis. For many years of work at the department,
Elena Germanovna brought up several generations of biogeographers, conducting classes at the
department, in the Museum of Earth Science. She paid much attention to practices: she was engaged in
the development of practices in Satino, conducted long-distance practices in many regions of Russia,
and developed methodological manuals. Elena Germanovna was a brilliant connoisseur of the flora of
European Russia and the Caucasus, and her contribution to the study and protection of rare plants
cannot be overestimated. For many years, Elena Germanovna collaborated with the Verkhovye Nature
Protection Fund in the field of monitoring rare plant species in the Moscow Region and creating
specially protected natural areas. She made a huge contribution to the creation of the Red Book of the
Moscow Region. Elena Germanovna was an outstanding teacher who trained many highly qualified
specialists.
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