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OCOBEHHOCTHU JIMHAMUWKH TTOITYJISILIAN JIEPEBBEB B VCIIOBUSIX

OIIOJIBHEBO-OCBIITHbIX CKJIOHOB ITPABOBEPEXbA PEKUM BOJIT'

YK 58.05

M.b. @apoeesa, H. A. Komosa

Kasanckuu (Ilpusonsicckuil) pedepanvhuiii ynugepcumem, orchis@inbox.ru

OCOBEHHOCTHU JUHAMUKHU NONYJIALUI JEPEBBEB
B YCJIOBUSAX OITOJI3BHEBO-OCBIITHBIX CKJIOHOB
ITPABOBEPE’KbS PEKH BOJIT'U

MOHHTOPUHT COCTOSIHUSI PACTUTEIBHOCTH M OMOpPa3HO00pasusi (pJIophl B CKIIOHOBBIX COOOIIECTBAX
paBoOepexbs p. Boarn u Ky#ObIIeBCKOT0 BOTOXPAHMIIUIIA TIO3BOJISIIOT OIICHUThH CTCIICHb aKTUBHO-
CTH/yCTOﬁ‘IHBOCTH OK30I'CHHBIX ITPOLECCOB HAa JAaHHBIX YYaCTKaxX U NMPEAYNPEANTb pPUCKU BO3SHUKHOBE-
HUsI HOBBIX. B pabote npesicTaBieHbl pe3ynbTaThl HCClIeI0BaHust JIeCHbIX coodmiects B 2008-2022 rr.
Ha yCTOI‘/lI‘-II/IBOM, BpeMeHHO-CTa6I/IHLHOM 1 AKTHUBHOM OIIOJIBHEBBIX CKJIIOHAX MW IIOMCKHU 3¢)CbeKTI/IBHLIX
METOIOB (PUTOMHAMKALIMY TSI OLIEHKU UX COCTOsIHUS. OnpeneseHne CyKIECCHOHBIX CepUil (PUTOIEHO-
30B IO DJIEMEHTaM OITOJI3HA MO3BOJIWJIM BBIABUTH AE€MYTAIIMOHHO-ACTIPECCUBHBIC PAJIbl PACTUTEIILHO-
CTH, KOTOPBIE 3aBHUCST OT aKTHBHOCTH OIOJI3HEBO-OCHIIHBIX IIPOLIECCOB, a TAKKE YCIOBH cyOcTpara
1 KPYTU3HBI CKJIOHA, BO3MOXKHOCTEHN TMOCTYIUICHUA 3a4aTKOB U aHTPOIIOICHHBIX (baKTOpOB. [losiBnenue
2-3-7eTHEero MOAPOCTa AePEBbEB OTMEUEeHO uepe3 20 JIeT mocie MOCIeIHero K30reHHOTo mpoIecca.
Hcnonb3oBanue koddduunerra oduHoctn CepeHcena-UeKkaHOBCKOTO sl OLICHKH CXOACTBa (haHepo-
(GuTOB B PUTOIEHO3aX KOPEHHOTO y4acTKa M AJIEMEHTOB OIOJI3HS SBJIIeTCsI 3 (DEKTUBHBIM — YeM OJIHKe
€ro 3HaueHHe K 1, TeM HHTEHCHBHEE IPOXOJISIT IPOLIECCHI JieCOBOCCTaHOBIeHN. [1o pe3ynbraTam oleH-
KU JTUHAMHWKU YHUCIICHHOCTU U BO3paCTHOﬁ CTPYKTYPbI necoo6pa3ylom1/1x BUIOB NC€PEBHEB BLIABJICHO,
qTO yCTOfI‘-IPIBaS[ TMOJTHOWICHHAA MOMyIAIns Quercus robur oTMeueHa TOJIBLKO Ha KOpPCHHBIX y4JacCTKax
cxitonoB. [lonynsiunu Tilia cordata n Acer platonoides UMEIOT TIOTHOWICHHYIO CTPYKTYPY 10 yCTOWYH-
BBIM AJIEMEHTaM OII0JI3HsI, pOpMHPYsI JIECHBIE cOO0IIecTBa, 00eCIIeunBatoT 3aKperuieHue cyocrpara. Ha
OCHOBC OLEHKH BBLICOTHI U AUAMETPa CTBOJIOB PA3HBIX AC€PEBLEB BBIABICHO, YTO MHOTOAPYCHAA CTPYK-
Typa Jieca OTMEYeHa TOJILKO B AyOpaBax KOPEHHOIO ydyacTKa CKJIOHA. B HIDKHEH 4acTH yCTOHUYMBBIX,
1100 BPEMEHHO-CTAaOMIIBHBIX JIEMEHTOB OIIOJI3HS HAPYIIAETCS MHOTOSIPYCHOCTh COOOIIECTB, CHUXKA-
eTCs TYCTOTa X JIPEeBOCTOSl M COMKHYTOCTh KPOH, yBelquuuBaercs nons 1. cordata, A. platonoides,
B. pendula, P. tremula. JlunaMuka 3aracoB JIpeBECHHBI Pa3HbIX JIEPEBbEB OTPAXKAET MPOIYKTHBHOCTh
JIECHBIX COOOILIECTB U OCOOEHHOCTH JIECOBOCCTAHOBIICHHUSI B YCJIOBHUSIX IK30I€HHBIX MPOLECCOB, YTO
3aBUCHT OT BO3pacTa OIOJI3HS, OABMKHOCTH JIMOO YCTOHYMBOCTH €ro 3JIeMeHTOB. Benenue B npakTu-
Ky METO/I0B (pUTOMHIMKALMK obOecrieunBaeT d3Q(EeKTHBHOE ONpeesieHne aKTHBHOCTH/YCTOHYNBOCTH
CKJIOHOB 110 Oeperam KyiObIIIIeBCKOrO BOIOXPAHUIIUIIIA.

Kniouesvie cno6a: onoON3HEBO-OCHITHBIE CKIOHBI; CYKIIECCHBHBIE CEPUU (DUTOLIEHO30B; JAWHAMUKA
MOMYJISIUI IePEeBbEB; MPOAYKTHBHOCTB; Oepera KyiiObIIeBCKOTo BOIOXpaHMIIUIIA.

DOI: https://doi.org/10.24852/2411-7374.2023.2.04.17

Beenenue

MOHUTOPUHT OMOJI3HEBO-OCHIITHBIX ITPOIECCOB
mpaBoOepekbs pekn Bonrum mo3BOISET OIEHHUTH
COCTOSIHHE PACTHUTEIBHBIX COOOINECTB B YCIOBHUSX
TPaBUTAIMOHHON TIOABIKHOCTH TPYHTa Oeperos, 00-
YCIIOBIIEHHBIX KaK €CTECTBEHHBIM JEHCTBHEM PEKH,
TaKk ¥ aHTPONOTCHHBIM DETYIUPOBAHUEM YPOBHS
KytiosimeBckoro Bogoxpanmimina. CocTosiHEE pac-
TUTENBHBIX COOOIIECTB OIOJI3HEBHIX CKJIOHOB 3aBH-
CHUT OT IUIOMIaJIN U COCTOSHUS KOPEHHBIX YYaCTKOB
CKJIOHA, KOTOPBIE YaCcTO MOBEPrarOTCsi ”HTEHCHBHOM
pacraiike, a TakyKe 3aCTPOIKe W MPOKIIAJKE pa3iInd-
HeIX KomMmyHHKarmi (Nigmatullina et al., 2015).
OCO0CHHO OIacCHBIM CYHTACTCS KOMILIEKC adpaswu-
OHHO-OTOJI3HEBBIX MPOIECCOB, KaK CaMBIX 3HAuH-

TEJIbHBIX TI0 MHTEHCHUBHOCTH NepepaboTku Oeperos
U tiomaau nposisnenus. Ha npaBoGepeskne p. Bonrn
MoAO0OHBIE HAPYLIEHUS] YacTO MPHUBOIAT K YPE3BbI-
YalHBIM CUTYALUSIM, CBSI3aHHBIM C YTPO30H MOJIHOTO
paspylleHus 30aHUH U COOPYKeHUH, JOpOr, Aerpa-
JIAlMU 3€MEJIbHBIX PECYPCOB, a TAKKE K YXyALLICHUIO
9KOJIOTHYECKOTO cocTosiHus Bomoema (Yermolaev
et al., 2021). B cBs3u ¢ atuM HeoOxomuma paspa-
00TKa pa3IUYHBIX METOAOB MOHUTOPHHIA aKTUBHO-
CTH OTIOJI3HEBBIX JBIKEHUH, YTO MUMEET PEelIaloliee
3HAUCHHE JJIsl ONpelesiCHHs OMACHOCTH OIOJ3HEMH,
OLIGHKM UX BO3JCHCTBHUS Ha OOBEKTHI MHPPACTPYK-
Typsl U npuponHsie 3xocuctemsl (Papaeesa, 2021;
Kotova et al., 2022).

OCHOBHBIMU HalmpaBJICHUAMU I/ICCJIGZ[OBaHI/IfI

POCCHACHAT PRI PMERANAON SROnOrH



OKOJIOT'UA IMTPUPOAHBIX CUCTEM

OTIOJI3HEBBIX IPOIIECCOB SIBIISIIOTCS WHBEHTApHU3a-
must Mecrononokenus: omnonsHed (Cruden, 1991),
OIIGHKAa YCTOHYMBOCTH CKJIOHOB, pailOHUPOBaHHE
TEPPUTOPHIA IO CTENICHH OMTACHOCTH BOSHUKHOBEHUS
onoa3HeBBIX sABaeHUl (Van Westen et al., 2006; Fell
et al., 2008; Petschko et al., 2014; Nigmatullina et al.,
2015). MOHHUTOPUHT OMOJ3HEBBIX MPOIECCOB HEOO-
XOIUM JUTsl TIOHUMaHHsI MEXaHU3MOB MX BO3HHUKHO-
BEHUSI U PAaHHETO MPEAYNPERKICHUS IKOIOTUIESCKUX
puckoB (Casagli et al., 2010; Corominas et al., 2014;
Thiebes et al., 2014). IIpu 3ToM TPUMEHSIOTCS Kak
TPaJUIIMOHHBIE METOJIbI U3yUSHHs CBOMCTB TIOPOA U
TPYHTOB, HAOJNIOACHUS 32 YPOBHEM MOJ3EMHBIX BOJ|
B CIENHAaIbHO O0OPYIOBAHHBIX CKBa)KMHAX, UX W3-
MEpPEHHUsI Ha OIMOPHBIX perepax, Tormorpapudeckas
ChEMKa, TaK U COBPEMEHHBIE METOJbI JUCTAHIOH-
HOTO 30HIUPOBAHMsI: OECITMIIOTHBIC JIETATEIbHbIE all-
napatsl (UAV) u mobanbHas HABUTaLMOHHASL CITYT-
HukoBas cucreMa (GNSS) (Gafurov et al., 2021).

Jns GUTOMHAMKAIIMK OTION3HEBOW aKTHBHOCTH
CKJIOHOB 4acTO HCIOJIb3YIOTCS HHIUKATOPHBIE 0CO-
OCHHOCTH Pa3JIMYHBIX BUJIOB PACTCHUH, UX (Iopu-
CTHUYECKHE, OJKOJIIOTUYECKUE, (PUTOIEHOTUYECKHE,
OroMop¢oNOrHUecKre U APYyrue XapaKTePUCTUKH
(Typmanuna, 1964a,0; Bukropos, 1988; Guida et al.,
2008; Epmoxwuna, 2009; KoxepaukoBa u 1p., 2010).
DKOCHCTEMHBIC U TOMYJSIIUOHHBIC XapaKTePUCTUKH
PaCTHUTENBHOTO IMOKPOBa, 0COOCHHO COCTaB U CTPYK-
Typa GUTOIEHO30B I10 JIEMEHTaM CKJIOHA, OTPAKAIOT
WX TIOJIOKECHHUE B CYKIIECCUOHHOM PSiy COOOIIECTB,
KOTOpOE, 10 HAIIUM IPEIMOI0KESHUSM, 3aBHCUT OT
BO3pacTa OIOJI3HS, MOABMKHOCTH JTHUOO YCTOHYHBO-
ctu ero Mopdonornueckux eMeHToB (Fardeeva et
al., 2018; Koroga, 2020).

Llenp paOOTHI: OIIEHUTH COCTOSIHHE U MTPOAYKTUB-
HOCTb TIOIYJISIIIAINA JIECOOOPa3yIOIINX BH/IOB AEPEBb-
€B B CKJIOHOBBIX JI€CaX, IMOJIBEPIKEHHBIX IK30T€HHBIM
mporeccam.

MatrepuaJjibl 1 METOAbI HCCIIEIOBAHUS

Ky#iObImeBckoe BOIOXPAaHUIIMILE PACIIONOKEHO
B LIEHTpanbHOU yactu Oacceiina Cpexnneit Bonru na
NepeceueHNH JIECHOH U JIECOCTEHON JaHImad THBIX
30H [IpuBomKCKON BO3BBIIMIEHHOCTH. HopManbHbII
MOATIOPHBIN YPOBEHb BOJOXpaHMMIIA — 53 alc. M.
lonoBas amnuTyna xKoneOaHUl YPOBHSI COCTABIISIET
OKOJIO 6 M, UTO OKa3bIBAET CYILIECTBEHHOE BIHUSIHUE
Ha aKTHBM3AlMIO HK30T€HHBIX MPOLECCOB Ha CKIIO-
Hax W TpaHcopMmanuio (GUTOLEHO30B MO Oeperam
Bonru u Kamer (Yermolaev et al., 2021). Abcomtot-
HbIe BBICOTHI — 175215 M Ha ceBepe u 250-270 M
Ha IoTe.

Tepputopust uccnenoBanuii orocutcs k Ilpu-
BOJIKCKOMY  BO3BBIIIEHHO-PaBHUHHOMY  PErHOHY
MIMPOKOJIMCTBEHHBIX JiecoB (bakuu u ap., 2000). Ha

it
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Puc. 1. Mecmononoacenue ucciedyemuvix yuacmros
Fig. 1. Location of the studying sites

JTAHHOW TEpPPUTOPUM PA3BUTHI BEPXHEUETBEPTHY-
HBbIE U COBpEMEHHbIE 0NOoI3HU. Cpean COBPEMEHHBIX
OTIOJI3HEH YacTh UX OTHOCHUTCS K KaT€rOpuH CTaphbIX,
CTaOMIIBHBIX, HEKOTOPBIE SIBIISIOTCS ACHCTBYFOIIUMH.
BepxHeueTBepTHYHbBIE OMOI3HU MPEACTABISAIOT CO-
00l cpejHel BETUYMHBI OJIOKH, MOITHOCTHIO J10 30
M, COCTOSIIIIME U3 Pa3apoOIICHHBIX IIUH U Mepreien
C MPOCIIOSIMU M3BECTHSIKOB. B penbede o 00pasy-
10T JIOCTATOYHO BBIPA)KEHHBIE OTIOI3HEBBIE CTYTIEHH.
B nHacrosiiee Bpemsi B Tene IPEBHUX ONOJI3HEW Ha
OTJENIBHBIX y4yacTKaX, B 30HE BBIKJIMHHMBAHUS MOJ-
3eMHBIX BOJl M Ha OINOJ3HEBBIX OTKOCaX, pa3BUBa-
I0TCS1 COBPEMEHHBIE OTOJI3HU U oBparu. [Ipuunnamu
BO3HUKHOBEHMSI 3K30T€HHBIX IPOLIECCOB CIEAYET
CUNTaTh YBIAKHEHUE TaTapCKUX NIUHHCTO-Mepre-
JIUCTBIX TTOPOJ MTOJI3EMHBIMH, T0’KJIEBBIMU U TaJIBIMU
BOJIaMH, KaK BBINAJAIONIMMHU Ha CKJIOHE, TaK U CTe-
KalOMIMMHU TI0 HEMY, M 1mogbeM ypoBHsi KyiiObimes-
CKOTO BOJIOXpaHMJININA B BeCeHHUH nepuon (/[leaxos,
1970).

COop moneBbIX MaTepHanoB MPOBOAMIICS Ha Mpa-
BoM Oepery p. Bonru, Ha teppuropun Bepxueycion-
ckoro u Kamcko-YcteuHckoro paiionoB PecrnyOnukn
Tarapcran: yuactok 1 — tepputopus OOIIT «3o0-
craniust KI'Y — MaccuB [launblit»; yyacTok 2 — B
5.5 kM K woro-3anaay ot c. ClokeeBo, Iie aKTUBHO
MIPOTEKAIOT OMOI3HEBBIC MPOIIeCChI (puc. 1).

VYuacTok 1 mpeacraBiseT cTaOUIbHBINA OMOI3EHb
CKOJIBKEHUSI M NIPOCEAAHNs, MOKPBITHINA ecoM. BrI-
COTHI 37IECh BapbHUPYIOT OT ype3a BOJOXpPaHWIHIIA
(53 m) o 180—190 m Ha KOpeHHOM ckiloHEe. KpyTns-
Ha CKJIOHOB MpeBBIIIaeT 45 rpagycoB, YTO B LEJIOM
XapaKTepHO AJISl ATOTO ydacTka mpaBoOepexbs. Ha
JAHHOW TEPPUTOPHH PACHOIOKEHBI OMOCTAHIMS
«9xomnor» (1-s cTyneHb, BHYyTPUOIIOI3HEBOM OTKOC)
n «3ooj0ruyeckas OHMOCTaHLUS» (BHYTPHOIIONI3HE-
BOH OTKOC, 3-51 CTyI€Hb), /i€ YaCTUYHO CKaIllNBaIOT-
cs1 JIyra, BhIpyOaeTcsl MoIpocCT, OTMEUaeTcs peKkpea-
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Puc. 2. Cxema pacnooofcesz npoguetl
Ha yuacmuie 1
Fig. 2. Profiles at the 1* site

nuoHHas Harpyska. Ilocie koHcepBanum OuocCTaH-
M «OKOJIOr» Havajcs MpOLEcC JIECOBOCCTAHOBIIE-
HUSL — 371eCh (POPMUPYIOTCSI BTOPUYHO-ITPOU3BOAHBIC
Oepesnsiki. Ha ydacTke umccienoBaHUsl HaXOOsTCS
TpH OBpara, rJe aKTUBHbI 9PO3UOHHBIC TPOLIECCHI.

UccnenoBanus nposonuwiuck B 2008-2009 rr.,
2011-2012 rr., 2019-2022 rr. Ha YeThIpex MPOoPHIIX
(puc. 2, 3). B 2018-2019 rr. Ha KOPEHHOM CKIIOHE
ObuIa MpOBe/IeHa CIUIOLIHASA pyOKa jeca U CaHuTap-
Hasl — Ha OCTaBLIelcs onmyuike (puc. 3), 4TO yBEJH-
YHUJIO PUCKH aKTUBHOCTHU 3PO3UOHHBIX M OMOI3HEBBIX
NPOLIECCOB Ha JAHHOM TEPPUTOPHH.

Y4acTok 2 MHTEPECEH TEM, UTO 3/1€Ch HAXOIUTCS
BPEMEHHO-CTAOMUJIbHBIA OIOJI3HEBOM CKIIOH (CKOJb-
JKCHUS, IPOCEAAHUS), TA€ OMOJ3aHUE MTPOU3OLLIO B
1972—-1974 rr. (mpoduns 5, puc. 4, 5) u i 3akpe-
IUICHUsSI KOPEHHOTO CKJIOHAa OblLIa MPOW3BEACHA I0-
casika COCHbI ¢ TyOoM. OTHOCHUTENIBHO CBEXHIA OMOJ-
3€Hb BBIIABIMBAHUS U npoceaHus Bo3HUK B 2001 r.
(mpoduite 6), TAe HA KOPEHHOM CKJIOHE COXPaHUIICS
JyOoBO-MTIOBBIN Jiec. CKIIOH aKTUBHBIN, TalbHEH-
Hiee CMELICHUE OMOJI3HEBBIX MacC MPOMCXOAMIO B
2003, 2005 u 2016 rr., uccneaoBaHMs TPOBOAUINUCH
B 20182021 rr. AOCONMIOTHBIE BBICOTHI JOCTHUTAFOT
190 M Ha KOPEHHOM CKJIOHE, KPyTHU3HA CKJIOHOB Ha
OTKOCE OMOJ3HA NpeBbIiaet 35—45 rpagycos.

[Ipeanonaranock, YTO Ha OCHOBE ACHAPOJIOrUYE-
CKOro aHanu3a Bo3pacta Pinus sylvestris L. Ha ko-
PEHHOM CKJIOHE, OpOBKE M HAJOIOJI3HEBOM OTKOCE
(mpodumu 1-3, 5) MOKHO OyJIET TaTUPOBAThH BO3PACT
OTIOJI3HEBOTO CKJIOHA. 1o pesynbraraM JeHIpOIorH-

07.05.2011] .,

Puc. 3. Yuacmox 1 na pasnospemennvix cnumxax Google Earth

YyecKoro aHanusza P. sylvestris B CKIOHOBBIX Jiecax
OOIIT «3o0octannus KI'Y — Maccus JlauHblii» BO3-
pact cocen oneHuBaetcsi B 120—140 net, B mocanake
cocHbl Ha npodune 5 — B 48 ner (Dapaeesa u ap.,
2019). BozpacT coBpeMeHHOT0 0noi3Hst (poduis 6)
OIpe/ieNIeH Ha OCHOBE KOCMHUYECKUX CHHMKOB — 20
net (1999-2016) (puc. 4).

OCHOBHBIMH  J1€COOOpa3yIOUIMMH BHIAMH yC-
JIOBHO-KOPEHHBIX coobmectB [IpeaBoikbst  sBis-
torcsti: Quercus robur L., Tilia cordata Mill., Acer
platonoides L., Ulmus glabra Hubs., U. laevis Pall.,
PEIKO CONOMHHAHTAMU MOTYT ObITh Pinus sylvestris
L., Populus nigra L., P. tremula L., Betula pendu-
la Roth. JlyOoBbIe (UTOIICHO3BI MPABOOEPEKBS P.
Bonru paznooOpas3Hbl Ha BUIOBOM M 3KOCHCTEMHOM
YPOBHSX, YCTOMYMBBI M UMEIOT XOPOIIHE [T0Ka3aTe-
JIM pocTa U pa3BuUTHS — K 44—05-neTHEMY BO3pacTy
HaKaljuBalOT 3HAYUTEIBbHBIM OOBEM CBIPOpPACTY-
el cTBOIOBON JpeBecuHbl (Ynpaanosa, CaOupos,
2021). Kopennble coolriecTBa 1o CKJIOHAM CEBep-
HBIX U BOCTOYHBIX SKCHO3UIHUHA MpPEACTaBICHBI J1y-
OpaBaMu C JMIIOW U JOMHHHPOBAaHHEM B TPaBOCTOE
Aegopodium podagraria L., Mercurialis perennis L.,
Asarum europareum L., Galium odorata (L.) Scop.,
Carex pilosa Scop., 10 CKIIOHAM IOKHBIX WM 3amajl-
HBIX DKCIO3MLMI OTMEYaloTcsi AyOpaBbl ¢ KICHOM
u ymnoit ¢ Laser trilobum (L.) Borkh., Convallaria
majalis L.

Ha ckiione Beigensuim reoMopgonornyeckue sie-
MEHTBI OMNOJ3HA: KOPEHHOM (NEpBUYHBINA) CKIIOH,
OpoBKa HAJOMOJI3HEBOTO OTKOCA, HAJOMOI3HEBON
OTKOC, OIIOJI3HEBBIE CTYNEHHU, BHYTPHOIIOJI3HEBBIC
oTKochl, onon3HeBble Oyrpel o E.I1. EmenbsHoBoi
(1972). B (¢urorieHO3aX OIOI3HEBBIX 3JIEMEHTOB
MPOBOAMINCE TeoOoTanudyeckue omnucanus (Bopo-
HOB, 1973). BHYTpU KaxJ0ro 3JIeMEHTa 3aKIIabl-
Banack ydyeTHas miomans 200400 M2 Bee nepeBbs
KapTUPOBAJIHChH HA IIIOMIAAKE C YY€TOM BBICOTBI, -
ameTpa CTBOJIA [0 OHTOT€HETHYECKUM TpynnaM. Boi-
COTa CTBOJIA, KaK MPU3HAK KOHKYPEHTOCIIOCOOHOCTH
3a cer (Laughlin, 2013), u miomaas monepeyHoro
CEYEHUs CTBOJIOB, 3allac CTBOJIOBOM JPEBECHHBI, OT-
pakarolmue NpOSYKTUBHOCTbD, SIBISIIOTCS (PYHKIIHO-
HaJILHBIMU IIPU3HAKaMH AepeBbeB. OObeM JpeBecH-

03.06.2018

16.07.2021

Fig. 3. The I* site on multi-temporal images presented in the Google Earth
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Puc. 4. Cxema pacnonosxcenus npogunei na yuacmee 2
Fig. 4. Profiles at the 2" site

HBI onpeaensuics o Gopmyne ['ydbepa V=GxL, roe L
— IUTHHA cTBOMNA, G — TUTOIA s TOTIEPEYHOT0 CEYEeHUS
crBona (Tummn, 2011; Tumwua u gp., 2021). 3amac
JIPEBECHHBI OIIPENIEICHHBIX BHJOB JIEPEBHEB OIIpe-
JIeTSUICST Kak CyMMa 00beMOB JipeBecHHbl Ha 100 M2,
Jus oneHKH (DYHKIIMOHAJIBHOTO pa3HOO0Opasus [ie-
PEBBEB YUUTHIBAIH (DOPMYITY APEBOCTOSI U BUIOBOI
coctaB moApocTa. JlaHHBIE 3aHOCHIINCH B 0a3y I
OIIEHKH YHCJICHHOCTH, BO3PACTHOW CTPYKTYpPHI, JTH-
HaMUK{ W COCTOSHUS TIOMYISIAN JIECO00Pa3yIOIINX
BHJIOB JIEPEBHEB HA CKIIOHE.

OyHKIHOHAIEHOE  pa3HooOpazue  aHepodu-
TOB B (DUTOIEHO3aX PA3HBIX DJIEMEHTOB OTIOI3HS
MOApa3AeNuIn Ha 3 Tpynmbl: AepeBbs 1-U Bennyu-
HBI 15-30 M (TTepeuncieHHBIC BBIIIE) — Me3odaHe-
poduTEL; mepeBbs 2-i BenmmuuHBI 5—10 M — Malus
sylvestris Mill., Sorbus aucuparia L., Padus avium
Mill., Salix caprea L. — mukpodanepodursr; kycrap-
wukn — Corylus avellana L., Loniceras xylosteum
L., Euonymus verrucosa Scop., Viburnum opulus L.,
Cerasus fruticosa Pall., Rubus caesius L. — Hanoda-
Hepo(hUTHL. J{7151 OIEHKH CXO/ICTBA WU Pa3iINdus BU-
JIOBOTO cOCTaBa (PUTOIEHO30B OIMOJI3HEBBIX dJIEMEH-
TOB Ka)XIOTO MPOGHIST MUCIOIL30BaICT Kod(PPuIu-

et obmrHOoCcTH Cepencena-Uekanorckoro (KOCH),
YUUTBIBAIOIIUKN (PAKT MPUCYTCTBHSA TOI'O MJIM HMHOTO
BHJa B U3ydaeMbIX Quroneno3ax. 3Hadeane KOCY
n3Mmensiercst ot 0 1o 1, yeMm oHO OoJIbllle, TEM OOJIEe
uAeHTHYHb! (opel. [y HamuMX 3a7ad BaXKHO, Kak
OyaeT M3MEeHSThCS KOIPPUIMEHT OOIHOCTH MEXKITY
coobrmecTBoM (haHepo(hUTOB KOPEHHOTO CKIIOHA H
OTAETbHBIMUA (PUTOLIEHO3aMH OIIOJ3HEBBIX 3JIEMEH-
TOB B Cly4ae, KOrga caMO COOOIIECTBO KOPEHHOTO
CKJIOHA HE TIOJBEPraercsi CUJIbHBIM H3MEHEHUSIM.
3HauuTenbHoe paznuurne KOCY mexay aneMeHTaMu
OTIOJI3HS TOBOPUT O CYIIECTBEHHBIX PA3IUUUIX YCIIO-
BHW OMOTOTIOB.

Pe3yabrarhl u ux oocyxaenue

Cykyeccus ghpumoyeno308 u pasHoobpasue are-
pogumos Ha cKkloHaX

QDUTOIIEHOTHYECKNE HCCIIEOBAaHUS COOOIIECTB,
MTOCBSIIEHHBIE W3yUYEHUIO 3BEHBEB CYKIIECCHOHHBIX
PSAIOB PACTUTEIIEHOCTH, KOTOpasi pa3BUBAETCS TIOCIIE
3aBEPILEHUS SK30I€HHBIX BO3ICHUCTBUI, MO3BOJIIOT
BBISIBUTH Pa3HOOOpasue TUTPECCHUBHO-AEMYTAIHOH-
HBIX TIPOIIECCOB, UAYIINX B (PUTOIEHO3aX IO HIie-
MEHTaM OTIOJI3Hs B 3aBUCUMOCTH OT Pa3HBIX (PaKTo-

Puc. 5. Yuacmoxk 2 na 2o0oswix komnosumax cnumxoe Landsat 1999-2016 2e.
Fig. 5. The 2" site on annual composites of Landsat images 1999-2016.
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OIIOJIBHEBO-OCBIITHbIX CKJIOHOB ITPABOBEPEXbA PEKUM BOJIT'

poB. CyKIECCUOHHYIO JAMHAMHUKY PACTUTEIHLHOCTH
CKJIOHOB MOKHO MPOCIEIUTh B CPABHEHUH AKTUB-
HBIX OMOJ3HEH C yCIOBHO-CTaOWIBHBIMU (Tabm. 1),
I7e YK€ HAyajduCh WM 3aKAHYMBAIOTCSl MPOIECCHI
BOCCTAHOBJICHUSI COOOIIECTB, ONM3KUX IO CBOEMY
COCTaBy M CTPYKType K (PUTOIIEHO3aM KOPEHHOT'O
CKJIOHA.

WHaukaropaMu  TUTPECCUBHO-AEMYTAI[HOHHBIX
MPOLIECCOB SIBJIAIOTCS DKOJIOTO-IUHAMUYECKUE PSIIbI
pacTUTENBHOCTH, KOTOPBIE BBIACISIOTCS B YCIOBH-
sIX 9K30reHHbIX Bo3neictBuil (Typmanuna, 1963,
1964a,6; Kopxenerckuii, 1987; Bukrtopos, 1988;
Epmoxuna, 2009). Ilo manasim B.U. Typmanunoit
(1964a,0), nzyuusmieii 6oee 100 OmmoI3HEBBIX CKIIO-
HOB B MockBe 1 MOCKOBCKOW O0JIaCTH, O JaBHOCTH
3aBEPILCHUSI OMOJ3HEBOrO IMKJIA MOXHO CYIWUTb

M0 XapaKTepy 3BEHbEB CYKIIECCUOHHBIX cepuil: 1.
Martb-u-mMauexa M HEKOTOpPbIE NIPYTHME€ BHUABI TPaB
HMHOT/A CO3[al0T COMKHYThIM MOKPOB HA BTOPOU-Tpe-
il rox; 2. Uepes 10—15 net Ha 0OHaKEHUU TTOSIBIISI-
€TCsI HOAPOCT COCEH, Oepe3 UK UB, €CIIM OOHAKEHHE
cthopmupoBanock Ha Mecrte JiecoB, kK 50—-60 romam
3TH JIEPeBbsi 00PA3yIOT COMKHYThIC HACQXKICHHUS; 3.
KopeHHble THITBI JIECHBIX HACaKICHH (EJIBbHUKH,
JyOpaBbl U Jp.) BOCCTaHABIMBarOTCs b K 100 ro-
JlaM, a HEPEIKO 3HAYUTENILHO MO3/IHEE.

Bpemsi 3apacTaHusi OINON3HEBBIX 3JIEMEHTOB
CKJIOHA 3aBUCUT OT COXPAHHOCTU WJIM MOCTYIUICHUS
3a4aTKOB C OMMKaWIIMX (DUTOIIEHO30B U Pa3IMYHBIX
a0MoTHUYECKHUX (haKTOPOB, KOTOPHIC OBLIN BBHISBICHBI
HaMHU TI0 TUITY Pa3BUTHUs (PUTOIIEHO30B HA N3yUEHHBIX
ckioHax (Tadm. 1). Ha oceimaromuxcs yqactkax — Ha-

Tabnuya 1. Cykyeccuonnas OUHAMUKA TeCHBIX QUMOYEHO308 HA ONOAZHEBLIX YUACTIKAX
Table 1. Successional dynamics of forest phytocenoses in landslide areas

DIIEMEHT OIOJI3HS
Landslide element

YeToiuMBO-CTaOMIIBHBIN OTIOJI3¢HB
Ipoduis 1
Bospacr 6onee 100 net
Steady-stable stable landslide
Profile 1
Age over 100 years

BpemeHHO-CTaOMWIBHBLT ONONI3EHD
Tpodus 5
Bospacr oxorno 50 ner
Temporarily stable landslide
Profile 5
Age around 50 years

AKTHBHBIN OITOJI3¢HB
Ipodus 6
Bospacr oxono 20 ner
Active landslide
Profile 6
Age around 20 years

KopeHHoii ckiloH
Original slope

JIyOHsiK ¢ coCHOI 1 unoit
CHBITHEBO-IIPOJICCHUKOBBIH
4J13C3JI+K; ocs. 0.7; IIIT 100%

CocHsIK ¢ 1yOOM 371aKOBO-
pa3HOTPaBHbII
(nmocanka 1972 1),
8C2/1; ocs. 0.4; I1IT 100%

JIyOHsiK ¢ Tunoii 1 KieHoM
KOIIBITHEBO-CHBITEBBIN
4]14J12K+B; ocs. 0.7; I1IT 80%

bpoBka ckiiona
Crown

JIMMHSK ¢ KJIGHOM M COCHO#
JIAH/TBIIIEBO-CHBITHEBBIN
SJ12C1A2K; oc. 0.7; ITIT 80%

CocHsik ¢ 1yOOM pasHOTpPaBHBIN
(nmocaxa)
8C2/T; ocs. 0.4; TIIT 80%;
10 KPOMKE CKJIOHA OTMEUAIOTCSI
TPEIINHBI

JIunHsk ¢ KIeHoM 1 1yoom
CHBIThEeBO-JIaH 1bIIeBbIH 6J12/12K;
ocg.0.5; TIIT 60%; ormeuarorcst
TPELIUHBI U JIOKOUHBI

Haomnoa3HeBoi oTKoC

I[eMyTaHI/IS[Z JIMITHSK C KJICHOM U
I[y60M KOTIBITHEBO-CHBITHEBBIN

IlepBu4Has CyKIECCHS: PE/IKOICChE
KyCTPaHHKOBO- PAa3HOTPABHOE C
HOJIPOCTOM COCHBI, KJICHa, BUIIIHN

HeanqHaﬂ CyKLECCHs: y4aCcTKaMu
paspacTactcsa MaTb-u-Mayexa

Main sca SJI2A2K1C+Oc; ocB. 0.6; o ocB. 100%; ITIT 5%;
P A o ’ cremnHoit ocB. 0.3; TIIT 30%; ’ >
T1IT 80% OTMEUEHO OCBINaHUEe CKIOHA
OTMEYEHO OCBIIIAHUE CKIIOHA
JlemyTanus: umHsK ¢ 1yGom Jlurpeccusi: KyCTapHHKOBOE pas-
BOJ‘IOCI/ICTOOC‘OKOBO CHBIThCBLL JlemMyTanusi: KICHOBHUK C JIMIIOW 1 HOTpaBbe ¢ Rubus caesius, peaKui
1-s cTynens SIT3K1JT+C+B: oce. 0.7; TTIT 100%:; JlyOOM CHBITHEBO-Pa3HOTPABHBIN noapoct P. sylvestris (2-3 rona),
. .U, 0.
1% stage o OBHC’HHL]ﬁ '-Ié’iCTOK ’ TK2JI11; ocs. 0.5; ITIT 50%; Marb-u-mavexa, kiesep I1I1 30%;
P Y OyrpuCTO-JIOKOMHHBINA yY4aCTOK OyrpUCTO-TPELIMHOBATHII y4aCTOK €
BBIXOJIOM I'PYHTOBBIX BOJL
BuyTtpuononsueBoit
OTKOC MeXJy 1-ii u 2-#f | Jlurpeccus: 31aK0OBO-Pa3HOTPABHBbIH
CTYIIEHBIO JIYT ¢ peakosiecseM B. pendula [110X0 BBIIETISIEMBIH II10X0 BBIIETISIEMBIH

Intralandslide slope
between the 1% and 2™
stages

IIT 120%; oTmMeueHs! pyOka
JIePEBBEB, IIOKOC TPABbI, PEKPEALIHs

DJIEMECHT

DJIEMECHT

2-51 CTyneHb

JleMyTarst: JUIHSK C KICHOM H
0epe30if 0COKOBO-CHBITHEBEII

JleMyTanusi: TUITHSK ¢ TyOOM | Kie-
HOM CHBIThCBO-JIaH IbIIIICBHII

JlemyTarus: MoIooit xyOHsIK
(okomo 40 5et) pa3HOTpaBHbIH
6/1+4UB (S. caprea); oc.0.5; ITI1

2m stage 6J12K2B1/1, ocs. 0.7; TITT 80%; 6JI1212K+B, ocs. 0.7; ITIT 70%; o M
o o 80%; OyrpuCTO-TpEIMHOBATHII
BBIPOBHEHHBIN y4acTOK BBIPOBHEHHBIH y4acTOK yuacToK
BuyTtpuononsuesoit
o o Jlurpeccusi: KycTapHUKOBOE
OTKOC MExKy 2-if n 3-ii JlemyTanus: TUIHIK . .
o pa3HOTPaBbe C BUIIHEH CTEMHON 1
CTYIEHBIO KOTIBITHEBO-CHBITHEBBIN Her onementa

Intralandslide slope be-
tween 2™ and 3 stages

9JIIK+/L, ocs. 0.6; ITIT 60%

MaTh-u-Mauexoit, ocs. 0.1; I1I1 20%;
OTMEYEeHa OCBIITh

3-51 cTyneHb
31 stage

JlauHble yyacTKu

3a00JI09EHHOE PEIKOJIEChE C UBOIT
KO3bEH M TOINOJIEM YEPHBIM
TPOCTHHKOBO-OCOKOBOE

Her anemenra
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Puc. 6. [Junamuxa xos¢pgpuyuenma obwrocmu
(anepopumos na npochunsax 1-6:

b — 6posxka, ¢ — Haoononsnesolu omkoc, d — -2 cmynens, d-e —
GHYMPUONONZHEBOU OMKOC MedcOy 1-il u 2-ii cmynenamu, e — 2-5
cmynemb, e-f — BHYMPUONONZHEBOU OMKOC MeXHCOY
2-11 u 3-11 cmynenAMuU.

Fig. 6. Dynamics of Sorensen-Chekanovskii index of
phanerophytes on profiles 1-6:

b — crown, ¢ — main scarp, d — 1* stage, d-e — intralandslide slope

between the I°" and 2" stages, e — 2" stage, e-f — intralandslide
slope between the 2" and 3" stages

JIOTIO3HEBBIX U BHYTPHOIOJI3HEBBIX OTKOCax (Ipo-
¢ 5, 6) pazpacraercs pyaepanbHO-pa3HOTPaBHAS
pacturensHocTh (Tussilago farfara L., Lactuca ta-
tarica (L.) C.A. Mey., pexe Artemisia absinthium L.,
A. vulgaris L., Trifolium pretense L., T. medium L.),
npoektuBHOe MokpeITHEe 5—10%. Ha Gonee ycroituu-
BBIX 3JIEMEHTAxX OMOJ3HS — CTYINEHAX, €CIM OTMeya-
IOTCSI TPELIMHBI U BBIXOABI TPYHTOBBIX BOJ (Ipodunu
5, 6), hbopmupyercs penkoneche, B OTCYTCTBHE Ha-
pyuenus rpynta (npoduiu 1, 5) oTMedaroTcs mpo-
LECChI JIECOBOCCTAHOBICHUS U (YOPMHUPOBAHMS JIJTH-
TEJILHO-TIPOU3BOIHBIX JIUITHSAKOB C Y4aCTHEM KJICHA 1
Iy0a WM KIIGHOBHUKOB C JIMITOM.

Conocrapnenne  k03(p(UIMEHTOB  OOIMIHOCTH
(KOCY) cocraBa ¢anepopuToB B (UTOLEHO3AX
3JIEMEHTOB OIOJI3HA C KOPEHHBIM CKJIOHOM, paccMa-
TPHUBAaEMbIM HAaMH KaK STaJIOHHBIA (PUTOLIEHO3, TTPE.-
cranieHo Ha pucynke 6. KOCY BpeMeHHO-CcTaOMITb-
HOro ckiioHa (mpoduns 5) Bapbupyer ot 0.83 s
napbl «KKOPEHHOU CKIIOH — OpoBKa» 70 0.29 my1st mapst
«KOPEHHOMU CKJIOH — 2 CTYIEHbY.

KOCHY aktuBHOTO CKJI0HA (TPoduiIbL 6) BapbUpy-
et ot 0.89 ans mapel «KOPEHHOH CKJIOH — OpOBKa»
n0 0 ams map «KOPEHHOM CKJIOH — HaJOMOJI3HEBOM
OTKOC», «KOPEHHOW CKJIIOH — | CTyHeHb», «KOpEH-
HOW CKJIOH — BHYTPHOIIOJI3HEBON OTKOC Mexay | u
2 crynensiMm». Hu3kuil ypoBeHb 00IIHOCTH cOCTaBa
(hanepoUTOB MPSIMO YKa3bIBAECT Ha KapAMHAIbHBIC
OTJINYHMSL COOOLIECTB Pa3pyLICHHBIX MECTOOOUTAHUN
oT OMoTONa KOPEHHOro cKiIoHa. OTCyTCTBHE OOIIMX
BUJIOB B BHIOOPKE MOXET TOBOPHUTH O 3HAYUTEIHHOM
BO3/I€HCTBUU TIOABMYKEK OIIOJI3HSI HA CMEHY YCIOBHH
MECTOOOMTAaHMH M BUIOBOH COCTaB (PUTOLEHO30B U

it

¢danepopuToB.

KOCHY ycroitunBbix ckiaoHOB (rpodunu 1-4) mst
napsl «KKOPEHHOM CKJIOH — OpoBKa» Bapbupyet oT 0.9
o 1, rme onncaHus NPOBOAMIINCH €IE 10 Hadajaa
CIUIOIIHON pyOKH Jieca KopeHHOro y4actka B 2018
r. Hanbonee crnaskennasi nuHamuka koddduuuenra
obmuoctu ¢anepoduros (ot 0.98 no 0.76) B puro-
[IEHO3aX Pa3HBbIX 3JEMEHTOB ONOJ3HS OTMEYEHa Ha
npodune 3, re OTCYyTCTBYET Kakoe-mubo Bo3eil-
CTBHE.

Haumensmne nokazarenu KOCY 0.54 ormeua-
I0TCSI [T TIapbl «KOPEHHOM CKJIOH — 1 cTymeHp» (2
npoduis), 0.36 — 115 mapbl KKOPEHHOM CKJIOH — BHY-
TPHOMOJI3HEBOW OTKOC Mexnay 1 u 2 crymensmm» (1
npoQHIIb): 3TO YYaCTKU OMOCTaHLUH «DKOJIOr», Tae
HaXOJATCs IOPOTH, TPOITMHKH, TIOKOCHI, IPOUCXOIUT
BBIpYOKa TOZApOCTa JCPeBbEB U pekpeanus. Paszmu-
YKsl TOBOJBHO CYLIECTBEHHBI, HO MPHU 3TOM B BHI-
OopKax MPHCYTCTBYIOT OOILIUE BHIBI JEPEBLEB, UYTO
MOJKET YKa3bIBaTh HAa HAYaJI0 JIECOBOCCTAHOBIICHUSI.

Hunamuxa cocmasa u cmpykmypul nonyasyu oe-
pesves

OcoOeHHOCTH JAWHAMHMKH YHUCICHHOCTH M BO3-
pacTHON CTPYKTYpBI JIeCOOOpasyIomuX BHIOB [ie-
PEBBEB B (PUTOLIEHO3aX OMOJI3HEBBIX CKIOHOB TaKXKe
OTpaKaroT CTENEHb yCTOWYMBOCTH/aKTUBHOCTH M3-
y4aeMbIX y4acTKOB. Bo3pacTHbIE CIIEKTpPbI pa3HbIX
BUJIOB JIEPEBLEB MPECTABIEHBI HA IPUMEPE HUX I0-
MYJSLUUN B YCIOBUSIX CTAOMIBHO-YCTOWYHBOTO, Bpe-
MEHHO-CTaOUJIBHOTO M AaKTUBHOIO CKJIOHOB (pHC.
7-10). Ilo ocraBmieiicss KpoMKe Jieca KOPEHHOIO
ckioHa (mpoduik 1), rme ObuTa YaCTUYHO TPOBE/Ie-
Ha caHuTapHas pyOka aepeBbeB, B 2021 1. 3aoxunm
HOBYIO YUETHYIO TUIOILAKY.

OnnpuKaTopoM YCIOBHO-KOPEHHBIX LIMPOKOIH-
CTBEHHBIX JiecoB [IpenBoimkes siBisieTcst Q. robur.
[Momynsiumu xy0a depenrdaToro, KOTOpble COXpaHH-
JIMCh HA y4acTKaX KOPEHHOT'O CKJIOHA U OpOBKH (pHC.
6, mpoduib 1), XapakTepHbI A BCEX YETBIPEX MPO-
¢uneit OOIIT «3ooctanuust KI'Y — Maccus [au-
HbIlY». Bospacthas ctpykrypa Q. robur — monHo4Y-
JICHHAs! TOJIBKO MO OCTaBIIUMCS (pparMeHTaM 1yOpaB
KOPEHHOT'0 CKJIOHA, 3[€Ch Hapsy ¢ TeHepaTHBHBIMU
ny0aMu OTMEYaroTCsl MMMaTypHBIE U BUPTHHUJIBHBIC
pacrenus (puc. 6). BospacTHas cTpykTypa momysis-
uun P, sylvestris — HENOJIHOWICHHAsS, IPEICTABICHA
TOJIBKO T'€HEpaTHBHBIMU cocHamu. [logpoct P syl-
vestris n Q. robur, Kak caMbIX CBETOJIOOUBBIX [ie-
PEBbEB, HE BO30OHOBIISICTCS B HIYKHEH YaCTH CKJIOHA
B YCJIOBUSX CHJIBHOTO 3aT€HEHMS JUTUTEIbHO-TIPOU3-
BOJIHBIX JIMITHSIKOB C KJIEHOM. B 11e1oM mosHowIeH-
Hasl CTPYKTypa NOMYISILUN AepEBbEB SBISETCS MPH-
3HAKOM €€ YCTOWYMBOIO COCTOSIHHS B IPOCTPAHCTBE
U BPEMEHU U COOTBETCTBEHHO WHAWKATOPHBIM MPH-
3HAaKOM YCTOMUYMBOTO COCTOSIHUSA JIEca.
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Puc. 7. Bospacmuwie cnexmput Quercus robur u Pinus sylvestris na pasuvix yuacmrax:
1 — yemotiuugo-cmadbunbHulil ckioH (npoguns 1), 2 — epemenno-cmabunvhwlil (npoguis 5),
3 — akmuenwiil (npoguns 6)
a — KopenHoti cki1oH, b — bposka, ¢ — Hadononsnesou omkoc, d — 1-2 cmynens, e — 2-1 cmynenv, p — HPOPOCMKIL, j — I06EHUTbHbIE,
im — umMmamyphvle, v — GUpeuHuIbHble, g1 — Monodble u g2 — CPeOHe8O3PACHbIE 2CHEPAMUGHDLE.
Fig. 7. Age spectra Quercus robur and Pinus sylvestris on different profiles:
1 — steady-stable slope (profile 1),; 2 — temporarily stable (profile 5); 3 — active (profile 6)
a — original slope, b — crown, ¢ — main scarp; d — I* stage, e — 2" stage, p — seedling, j — juvenile, im — immature, v — virginile,
gl —young and g2 — middle-aged generative

[TonoOHass moONHOYIIEHHAST CTPYKTypa IOIMYJIs-
i Q. robur XapakTepHa M JUIsl KOPEHHOTO y4acT-
ka B Kamcko-YcTbrHCKOM paiione (puc. 7, npoduiib
6), 0 ocTaBIIMMCS 37ech (PparMeHTaM KOpPEHHBIX
IyOpaB MOXKHO IPEICTaBUTh, KaKWe y4acTKd Jeca
NOrHOJIM TIPU OTIOJI3HEBBIX TIPOIIECcCax Ha ydYacTKe
BPEMEHHO-CTa0MIIbHOTO CKJIOHA B 1970-X ronax, 4To,
MO-BUIAUMOMY, OBUIO OOYCIIOBJICHO HMHTEHCHBHOU
pacmarkoi 3emens (puc. 3, 4). Ha aktuBHOM o1mos3-
HEe OTMe4YeHO (opMHUpOBaHUE penKoiechs nyda Ha
2-ii CTyIeHH, B MOMYJISIIUU €AMHUYHO BCTPEUAIOTCS
MOJIOJIbIEe TeHEepaTUBHbIC AyObI (puc. 7, npoduib 6).
B cBeT0#i mocajke CoCcHbI ¢ 1y0oMm (puc. 7, npoduib
5) Hapsi1y ¢ MOJIOJILIMH T€HEPATUBHBIMU JyOaMH BbI-

cotoit 7-8 M, BO300HOBIIEHHE ay0a X0opolliee, HHTEH-
CHUBHO pa3pacTraercsi OIPOCT.

[To smeMeHTaM OIOJI3HEBBIX CKJIOHOB (TIpodumim
1-4, 5), B ATUTENbHO-IPOU3BOIHBIX JUMHIKAX (.
robur (puc. 7, otkocel, 1-s u 2-51 crynienu) u Pinus
sylvestris (puc. 6, npoduiab 1) oTMEUarOTCs €Iu-
HUYHBIMU TEHEPATHUBHBIMH 0co0siMu. MIMmaTypHbIe
(56 ner) u BuprunuibHbie (8—12 ner) P. sylvestris
paspacTaroTcsi 10 HaJONOJ3HEBOMY OTKOCY Bpe-
MEHHO-CTaOUIBLHOTO OMo3Hsl (puc. 6, nmpoduis 5),
YTO CIOCOOCTBYET HEKOTOPOMY 3aKPEIJICHUIO JTHX
y4acTkoB. Ha akTHBHOM OmoJ3He I0BEHMIbHbIE (2—3
roJia) COCHbI €IMHUYHO OTMEYEHBI Ha 1-i CTyneHn B

2021
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Puc. 8. Bospacmmuwie cnexmput Tilia cordata u Acer platanoides na paszuvix yyacmrax: 1 — ycmotiuugso-
cmabunvuslil cKI0H (npoghuns 1), 2 — epemenno-cmadbunvhviil (npoguis 5), 3 — akmusHwiil (npoghuis 6)
a — KopeHHotl CKI0H, b — 6poeka, ¢ — Hadononsnesou omkoc, d — 1-51 cmynens, e — 2-s1 cmynenv,; p — HPOPOCHIKUL, | — I08EHUTbHbIE,
im — ummamypmvle, v — upeunuIbHble, g1 — Monoovie u g2 — cpeoHe8o3pacmuvle ceHepamueHvle
Fig. 8. Age spectra Tilia cordata and Acer platanoides on different profiles:

1 — steady-stable slope (profile 1), 2 — temporarily stable (profile 5), 3 —active (profile 6)

a — original slope, b — crown, ¢ — main scarp; d — I* stage, e — 2" stage; p — seedling, j — juvenile, im — immature, v — virginile,
gl —young and g2 — middle-aged generative

[lo pesynbraraM MOMYJSHOHHOTO aHAIW3a BbI-
SIBICHO, 4YTO IIOJIHOYJICHHAs! BO3PAcTHAsl CTPYKTY-
pa ¢ XOpOLIMM MOAPOCTOM OTMEUAeTCsl TOJIBKO y 1.
cordata n A. platonoides Bo Bcex necax 1o dJeMeH-
tam yctoitunBoro ckiaona Ha OOIIT «3oocranuus
KI'Y — MaccuB [aunslit» (puc. 8). Ha npodune 6
AKTHBHOTO OTIOJI3HEBOTO CKJIOHA IOJIHOYJICHHBIE I10-
nymsiuu 1. cordata u A. platonoides oTmedeHbI Ha
COXPaHMBLIMMCSI KOPEHHOM CKJIOHE M OpOBKe, Ine
3TH BUBI (DOPMUPYIOT BTOPOH JIpeBecHEIH sipyc. Ha
BPEMEHHO-CTa0MIILHOM CKJIOHE (TIpOoIIb 5) yCIIOB-
HO-KOPEHHBIX COOOILECTB HE COXPaHMIOCh. A. pla-
tonoides npeacTaBlieH B MOCAJIKE COCHBI C ayOoM

it

pa3pacTaonMcs IOAPOCTOM U3 MPOPOCTKOB, IOBE-
HWIBHBIX, UMMAaTYPHBIX U BUPTMHWIBHBIX 0COOEH,
MOAPOCT JIMIBI OTMEUEH eanHnuHO. Ha Gonee mosto-
TUX ydacTKax — 1-i u 2-i cTyneHsiXx BPeMEHHO-CTa-
OMJIBHOTO CKJIOHA — MOJHOWICHHbIE momyasiuun 7.
cordata m A. platonoides ciocoOCTByeT 3aKperuie-
HUIO CKJIOHA M JIEMyTalllH JECHBIX (PUTOLEHO030B. B
JUTATENTbHO-TIPON3BOHBIX JIMITHSKAX TaKKe BCTpe-
vatorcst Ulmus glabra wim U. laevis, enuanano P,
nigra n P. tremula. Pa3pacraercst mogyiecok u3 Sor-
bus aucuparia, Padus avium, Salix caprea, Corylus
avellana, Loniceras xylosteum, Euonymus verrucosa,
Viburnum opulus.

Il
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Species

Species

Q. robur P. sylvestris T. cordata platanoides Ulmus sp. B. pendula

P. sylvestris  T. cordata platanoides

2011-2012 rr.

12,02

14,39
12,78
10,01

D YA T

19,17
791
11,39
6,25
8,61

0,00 5,00 10,00 15,00 20,00

Ulmus sp.  B. pendula

Q. robur

v, M3

“amb cidme

2021-2022 rr.

— 8

o020
Lol

T 166

1,63
2,08

7,66
11,06

25,00

0 i 15,02

S 4

T, e

5,39
5,40

12,21

12,17

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00

V, v

Wamb ¢ ndme

Puc. 9. 3anacer opesecunvt na 100 m? (yuacmox 1, npogpunn 1) ¢ 2011-2012 2e. u 2021-2022 ze.:

a — KOpeHHOU CKI0H, b — 6poeka, ¢ — HadononsHesou omkoc, d — 1-s cmyneno, e

— 2-1 cmyneHb

Fig. 9. Wood volumes on 100 m? by landslide elements (site 1, profile 1) in 2011-2012 and 2021-2022:

a — original slope, b — crown, ¢ — main scarp; d — I* stage, e — 2" stage

POCCHACHAT PRI PMERANAON SROnOrH



Species

Species

Puc. 10. 3anacwel Opesecunvl Ha 8pemeHHO-CMadUIbHOM CKI0HE (Yuacmok 2, npoghunv 5) 6 2018 e. u

T. cordata A. platanoides

P. sylvestris

Q. robur

._
(=]

0,06

5

IS
i

0,39

0,28

0,34

0,71

OKOJIOI'vA ITPUPOJHBIX CUCTEM

yuacTok 2, npopuis 5, 2018 .

N
[=N)
(=]

2,26
3,67

10,54
18,25

2,52
3,59

7,29
16,28

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00
v, M3
“a®mb  crdme
y4acTok 2, mpodmis 5, 2018 .

3
= 0,06
N h 0,44
S 2,60
X 3,67
~
S
]
E 0,39
S 10,54
R
£ 2,52
g 3,59
= 0,28
o
Q]
L 034
S 0o
N

. 7,29
Ql 16,28

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00

Vv

Mamb i ¢cnd me

Ha akmusHoM cKaoHe (yuacmox 2, npoguis 6) ¢ 2021 2.:
a — KOpeHHOll CKIOH, b — 6poeka, ¢ — HadononsHesou omkoc, d — 1-a cmynenv, e — 2-s cmynens

Fig. 10. Wood volumes on 100m? by landslide elements of temporarily stable landslide (site 2, profile 5) in 2018

and active landslide (site 2, profile 6) in 2021 :

a — original slope, b — crown, ¢ — main scarp; d — 1* stage, e — 2" stage




OCOBEHHOCTHU JIMHAMUWKH TTOITYJISILIAN JIEPEBBEB B VCIIOBUSIX

OIIOJIBHEBO-OCBIITHbIX CKJIOHOB ITPABOBEPEXbA PEKUM BOJIT'

IIpodykxmusnocms 1ecoodpaszyrowux oepesves 8
CKIOHOBbIX J1ecax

[Inomanm momepevyHoro ceueHusl pasHbIX BUIOB
JIEPEBBEB, KaK U 00BEMBI JPEBECHHBI, OTOOpaXKaroT
NPOAYKTUBHOCTh JIECHOTO COOOLIECTBa W CTaiuu
JIECOBOCCTAHOBJICHUS (PUTOLIEHO30B IO 3JIEMEHTaM
onon3Hs. Hanbonpime cpennue miomaay mnomneped-
HOTO CEUEHUS TeHEepaTUBHbIX (). robur oTMevaroTcs
Ha KOPEHHOM y4acTKe Jieca U OpOBKE CKJIOHOB: Ha
npoduie 1 cpeaHss miomans MonepeyHoro CeYeHus
ny6a cocrasmser 0.38 M2, cpenHsis BbICOTa CTBOJA
23.5 ™, na mpoduiie 6 —0.24 M2, cpeansis Beicota 20.2
M, Ha BPEMEHHO-CTAOMIBHOM CKJIOHE (podub 5) —
0.032 M2, T.K. cpeiHUl AUAMETP MOJOIBIX NEPCBHEB
tonbko 0.1-0.12 M, cpennas Beicota — 7.8 M. B pen-
Kosecbe 1y0a, Ha 2-i CTYNEeHM aKTHBHOTO OIOJ3HS,
TUIOLIAH MTOMIEPEUHOro ceueHus cocTaBistoT 0.04 M2,
[Inomann momnepedyHoro cedeHusl UCHOIb30BAIUCH
JUIsL OLICHKH O0BEMOB JIPEBECEHBI JIECO00Pa3yIOIINX
BUJIOB JIEPEBBEB M 3al1aCOB JIPEBECUHBI B IIEPECUETE
Ha 100 M? eca B pUTOLIEHO3aX HIIEMEHTOB OMOI3HEH

(puc. 9-10).
JluHaMUKa 3amacoB JPEBECHHBI Pa3HBIX BH/IOB
JICPEBBEB  OTPAKACT MPOAYKTUBHOCTH  JICCHBIX

coo0IIecCTB M MPOLECCHl JIECOBOCCTAHOBICHHUS B
YCIIOBUSIX 3K30T€HHBIX IporieccoB. [To nanusiM 2021
I, TOCJE CIUIOMIHOW pyOKM, 3amachl JApPEeBECHHBI
B LCHTPAJbHOM YAaCTH KOPEHHOTO CKJIOHAa Ha
teppuropun OOIIT pesko cokparmiuch (puc. 9,
npoduins 1). B mocaake cocusl (puc. 10, npodpwmis
5) 3amacsl apeBecunsl Q. robur u P. sylvestris He3Ha-
YHUTENbHBI, BO3pACT JAepeBbeB okojo 50 net. Hampo-
THUB, B YCJIOBHUIX CTaOMIBHBIX (puc. 10) snmemeHTOB
ckioHa (1-2 ctynenn) 3amacel qpeBecunsl Q. robur,
T’ cordata u A. platonoides 3Ha4nTENBHBI U CONIOCTA-
BUMBI C MOJOOHBIMH XapaKTEPUCTUKAMM Ha YCTOM-
YUBOM CKJIOHE (puc. 9, mpodunp 1), 9T0 yKa3biBaeT
Ha XOpolIee COCTOSHHE JIECHBIX COOOIIECTB U 3aKpe-
IUICHUE CKJIOHA.

Ha akxtuBHOM omon3HeBoMm ckione (puc. 10,
npouiab 6) 3HAYUTENBHBIC 3amachkl JPeBECHHBI Q.
robur n T. cordata coxpaHWINCH TOJIBKO HAa KOPEH-
HOM CKJIOHE U OpPOBKE M COTIOCTaBUMBI C TOAOOHBIMU
XapaKTepUCTHKAMHU YCJIOBHO-KOPEHHBIX yOpaB Ha
OOIIT «3ooctanmus KI'Y — Maccus [launbrity. Pes-
KO€ CHIDKCHHE 3aIlacoB JIPEBECHHBI ACPEBHEB HUKE
M0 CKJIOHY OTpPa)KaeT MOCJIEACTBUS MOTEPb MPOIYK-
TUBHBIX JIECOB B PE3YJbTare OMOI3HEBO-OCHITHBIX
IPOLIECCOB.

3akaouenune

BBenenue B MUPOKYHO MPAKTHKY METOJIOB (hu-
TOWHJIUKAIIMHA MOTIIO OBbI CTaTh OJHUM W3 PEIICHUH,
MO3BOJISIFOIIUM ONTUMU3UPOBATH IPOBECHUE MOHHU-
TOPUHTA OIOJI3HEBBIX MpoueccoB. OQHAKO, CKOPOCTh

1f

¢dopmupoBanus (UTOLEHO3a 3aBUCHT OT YCIJIOBUH
cyOcTpara, BO3MOXHOCTEH MOCTYIICHHS 3a4aTKOB C
OKPYKAIOIMX MPOCTPAHCTB, & TAKXKE OT KPYTHU3HBI,
9KCIIO3UIIMHU CKIIOHA X aHTPOIIOTEHHBIX BO3ICHCTBH.

[To Bennunne ko3¢ unmenta odmuoctu Cepen-
ceHa-YeKkaHOBCKOIO MOYKHO CyAMTb O Hayayle Ipo-
LIECCOB JIECOBOCCTAHOBIICHUS], YTO MOATBEPKIAETCS
BBICOKUMH HX IOKa3aTeJsIMH Ha CTAOMJIBHBIX BJie-
MEHTaxX OINOJI3HA WM B LEJIOM YCTOHYMBBIX CKJIO-
Hax. HanmpoTuB, akTHBHO MPOIOKAIOIINECS OTIOJ3-
HEBO-OCBIITHBIE MPOLECCHl B BEPXHEH YacTH CKJIOHA
(mpopmim  5-6) TpenATCTBYIOT (POPMHUPOBAHUIO
JlakKe COPHO-TI0JIEBOM paCTUTEIBHOCTH, pa3pacTaroT-
cs toneko 1. farfara, L. tatarica n R. caesius, npen-
CTaBJICHHBIE JUTMHHOKOPHEBUIIIHBIMU U KOPHEOTIPHI-
CKOBBIMHU BETeTaTUBHO-TIOBI)KHBIMU OHOMOp(hamH,
ObICTpO 3aKkperuistomuMucs B cyoctpare. [losiBnenue
2-3-netHero noapocta P. sylvestris 1o KpOMKe CKJIO-
Ha (mpodunb 6) B 2021 r. yka3pIBaeT Ha 3aKpeIicHUE
JIMacTiop AepeBbEB HA |- CTyNeHn U, BO3MOXKHO, 1-i
CTaJINH JIECOBOCCTAHOBIIEHUSI.

JluHaMuKa TOMyJISUHA JIecooOpa3yIomuX BHIOB
JIEPEBbEB U UX MPOAYKTUBHOCTH T10 AJIEMEHTaM CKJIO-
Ha OTpakaeT CTENEeHb HapYIICHHsI WIIM BOCCTaHOBJIE-
HUSI JIeca, YTO aKTyaJbHO AJIS 3aKperyieHus: Oeperon
p. Bonru u coxpaneHus 31ech €eCTECTBEHHON pacTu-
TelabHOCTU. OTCYTCTBHE BOCCTAHOBJICHHS JiEca IO
OTOJI3HEBBIM dieMeHTaM B TeueHue 10-20 net sBius-
€TCsl MHTErpaJIbHBIM [T0Ka3aTesieM aKTHBHO MPOJOJI-
JKAIOIIMXCSI OTIOI3HEBBIX MPOLIECCOB.

YcI0BHO-KOpEHHBIE TyOpaBbl OTINYAIOTCS MHO-
TOSIPYCHOM CTPYKTYpOM, I/ie UETKO BBIAENAI0TCA 1-1
u 2-ii 1peBecHbIe ApYCHI (A, A)), Apyc MOAPOCTa U
TOJIIECKA TAKKEe NPEICTaBIEeH JByMs sApycamu (B,
B,). JlecoBoccranoBienne B HUKHEN 4aCTH CKJIOHOB
(mpodmim 1-4, 5) NPOUCXOAMUT 3a CUET aKTHBHOIO
3apacTaHus CTyNEeHEH BEreTaTUBHO IOABHMKHBIMU
Bugamu — 1. cordata, S. caprea m ObicTpopacty-
KUMHU JepeBbsiMu — A. platonoides, B. pendula, P.
tremula. ns A. platanoides n T. cordata 3amMeTHO
Xopoliee  pa3BUTHE  MOJOIBIX  T'EHEPATHBHBIX
0oco0ell Mo »PIeMEHTaM OIMOJI3HS, YTO yBEJIHMYUBAET
MPOAYKTUBHOCTh (UTOLICHO30B HA ONpeesICHHbIX
CTaAMAX JIECOBOCCTaHOBIEHUs. BoccraHoBneHue
HIMPOKOJMCTBEHHBIX JIECOB IO 3JIE€MEHTaM OIOJI3HS
YCTOMYMBOTO W BPEMEHHO-CTAOMJIBHOIO CKJIOHOB
uaeT 3a cyeT (HOPMHUPOBAHHS UINTEIHHO-IPOU3BO-
JTHBIX JMIHAKOB. HO B oTiiM4Me OT yCIOBHO-KOpPEH-
HBIX AyOpaB, sSIpyCHasi CTPYKTypa JIMIIHSKOB Ipea-
CTaBJIEHA TOJILKO OJHUM JPEBECHBIM SPYCOM, 4YTO
CHIDKAET TYCTOTY JIPEBOCTOSI M €T0 MPOTYKTHBHOCTD.
Ha onon3HeBbIX 37IeMEHTax 3HAaYNTEIbHO CHIKACTCS
YHUCIEHHOCT (. robur 1 HapylmaeTcsi CTPyKTypa ero
nomynsauuii. IIpy OTCYTCTBHM aHTPOIIOTEHHBIX BO3-
JIECTBUM Ha KOPEHHOM CKIIOH M JAONOJHUTEIBHOM

POCCHACHAT PRI PMERANAON SROnOrH



OKOJIOI'vA ITPUPOJHBIX CUCTEM

YKPEIUIEHUH CKJIOHOB MCKYCCTBEHHBIMH MOCAIKaMU
COXpaHseTCsl Ha/leKJa Ha JIECOBOCCTAHOBHUTENIbHBIC
NPOLIECChl, COXPAHEHUE JIECHBIX COOOIIECTB U 4Ya-
CTUYHOE 3aKperieHre CKJIOHOB OeperoB KyiObimies-
CKOTO BOJOXPaHMWINIIA.

Paboma evinonnena 3a cuem cpedcms Ilpoepam-
Mbl CMPAMe2U4ecko20 aKademMuieckoeo Iuoepcmed
Kasanckoeo (Ilpusondicckozo) pedepanvrozo yHu-
sepcumema (I IPUOPUTET-2030)».
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Monitoring of vegetation condition and biodi-
versity of flora in the slope communities of the right
bank of the Volga River and the Kuibyshev reservoir
allows us to assess the degree of activity and stability
of the exogenous processes and prevent the risks of
new ones. The paper presents the results of a study
of forest communities in 2008—-2022 on stable, tem-
porarily stable, and active landslide slopes and the
search for efficient phytoindication methods to assess
their condition. Detection of succession groups of
phytocenoses on different landslide elements allowed
us to identify demutation-degressive vegetation se-
ries. They depend on the activity of landslide-scree
processes, substrate conditions, slope steepness,
the possibility of rudiments entering, and the influ-
ence of anthropogenic factors. The appearance of
2-3-year-old undergrowth of trees was detected 20

years after the last exogenous process. Using the
Serensen-Chekanovskii coefficient for assessing the
similarity of phanerophytes in phytocenoses of the
original site and other elements of the landslide is
effective. The closer its value to 1, the more intense
the reforestation processes. Based on the results of
assessing the dynamics of the amount and age struc-
ture of forest-forming species, it was revealed that
a stable full-membered population of Quercus robur
was found only on the original parts of the slopes.
The populations of Tilia cordata and Acer platonoi-
des have a full-membered structure on the stable el-
ements of a landslide, forming forest communities
that provide substrate fixation. Based on the trunk's
height and diameter assessment of different trees, it
was revealed that the multi-tiered structure was typi-
cal only for the oak forests of the original part of the
slope. In the lower part of the stable or temporari-
ly stable elements of the landslide, the multi-tiered
communities are disturbed, the density of their forest
stand and canopy density decrease, and the percent-
age of T. cordata, A. platonoides, B. pendula, and P,
tremula increases. The dynamics of wood reserves of
different tree species reflect the productivity of forest
communities and reforestation processes under ex-
ogenous processes, which depends on the landslide
age, activity, or stability of its morphological ele-
ments. The use of phytoindication methods provides
effective detection of the activity and stability of the
slopes of the Kuibyshev reservoir banks.

Keywords: landslide-scree slopes; successive se-
ries of phytocenoses; tree population dynamics; pro-
ductivity; banks of the Kuibyshev reservoir.

PackpriTre nadopmanmy o KOHQIMKTE HHTEpecoB: ABTOD 3asBIIsieT 00 0TcyTCTBUH KoH(IMKTa nHTepecoB / Disclosure of conflict

of interest information: The author claims no conflict of interest

HNudpopmanus o crarbe / Information about the article

Iloctynuna B penakmmro / Entered the editorial office: 28.03.2023
Onobpeno peuensentamu / Approved by reviewers: 18.04.2023
[MpunsiTa x myonukanmu / Accepted for publication: 24.04.2023

CaeeHusi 06 aBTopax

®apneesa Mapuna bopucosna, nokrop 6nonornueckux Hayk, npodeccop, Kazanckuii (ITpuBomkckuit) dpenepaibHbIi yHUBEPCH-
teT, 420008, Poccus, r. Kazanb, yn. Kpemnesckas, 18, E-mail: orchis@inbox.ru.

Korosa Haranust AuapeesHa, actupant, Kazanckuit (ITpuBomkckuit) henepanbubiii yausepeutert, 420008, Poccns, 1. Kazaus, yi1.
Kpemnesckas, 18, E-mail: kotova.natalia90@gmail.com.

Information about the authors

Marina B. Fardeeva, D.Sci. in Biology, Professor, Kazan Federal University, 18, Kremlevskaya st., Kazan, 420008, Russia, E-mail:
orchis@inbox.ru

Nataliya A. Kotova, Graduate Student, Kazan Federal University, 18, Kremlevskaya st., Kazan, 420008, Russia, E-mail: kotova.
natalia90@gmail.com.

it I




K BOITPOCY O ®YHKLIMOHAJIbHOM 30HMPOBAHNIU HAITMOHAJIBHOI'O ITAPKA «CAJIAWP»
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K BOITPOCY O ®YHKIIMOHAJIBHOM 30HUPOBAHUUN
HAIIMOHAJIBHOI'O ITAPKA «CAJIAUP»

Hammonanesiit mapk «Canmanpy» — denepanbHas 0co00 oxpaHsemMas IPUPOTHAsT TEPPUTOPHS, CO3-
nmanHas B 2020 1. B AnTaiickoM kpae. B cTarhe ommcaHBl XapakTepHBIE 0COOCHHOCTH TEPPUTOPUH Ha-
IIMOHAJILHOTO NapKa, MMEIOLIHE 3HAYCHNE IIPH TPOBEAECHUH (yHKIHOHAIBEHOTO 30HUpOoBaHust. O00CHO-
BaHBI NIPEATIOKEHHS 110 (YHKIMOHAIEHOMY 30HHPOBAHHIO C YYETOM COBMEIICHHS 3a]a4 COXPaHCHUS
MPUPOIHBIX KOMIUIEKCOB, TTOJJIep)KaHUs TPAIULHOHHOTO yKJIa a JKH3HU M XO3SHCTBOBAHUS MECTHOTO
HACEJICHUS] U Pa3BHTHS PEKPEalliOHHO-TYPUCTHYECKON NeSITeNbHOCTH. PacKpBITHI IPUHIUIIBI M MO~
XOZPBI, JIeXaIIue B OCHOBE (hPOPMHUPOBAHHS (PYHKIMOHAIBHO-PEKUMHON CTPYKTYPBI HAIlMOHAIBHOTO
napka, KOTOpble JOJDKHBI 00€CIIeUrBaTh OPraHMYHOE, HEIPOTHBOPEYNBOE COBMEIIEHHE CTPOrOH 0Xpa-
HBI TIPUPOJHBIX KOMIIIEKCOB M LIAIAIIEr0, HEHCTOIMTEIBHOTO HCIIOIb30BaHHs IPHPOIHBIX PECYypPCOB

MECTHBIMH COOOIIIECTBAMHU.

Kniouegvie cnosa: Hanmonansuslii napk «Canxanpy; QyHKIIMOHATIBHOE 30HUPOBAHUE; PEXHUM OXpa-

HBI; OXpaHa IPUPOJIBI; PEKpearsl.
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Beenenue

Ocobo oxpaHsieMble TPUPOAHBIC TEPPUTOPHU
(OOIIT) pa3nuuHbIX KaTEeTOPUN OTINYAIOTCS CBOUMHU
3aJa4aMy ¥ 0COOEHHOCTSIMH pekuMa oxpanbl. Haru-
OHaJIbHBIE Mapku Poccuu Mo nensM Ux co3gaHus U
yIpaBieHHs, 0COOCHHOCTSIM TEPPUTOPHH U ACHUCTBY-
IOLIEMY PEKUMY IMOJHOCTHIO WM B OCHOBHOM CO-
OTBETCTBYIOT KPUTEpPHUSAM OXPAHAEMBIX MPUPOIHBIX
tepputopuii kateropun Il (National Park) MCOIT
(Crymos, Hammu, 2018). denepalbHbIM 3aKOHOM
«O0 0c000 oxXpaHAEMBIX TPUPOAHBIX TEPPUTOPHIX»
oT 14.03.1995 Ne33-d3 Ha HalMOHAJIbHBIE MapKH
BO3JIOXKEH PsIJI 3a71a4, ONPEIEIISIONINX MOTUPYHKIIH-
OHAJIBHOCTb OXpaHseMoi Tepputopuu. ITomumo 3a-
MIOBETHOW OXpaHbl MPUPOBI, HAIMOHAJIBHBIE TAPKH
JOJDKHBI COXPaHSITh HCTOPUKO-KYJIBTYpHBIE OOBEK-
ThI, CO3/1aBaTh YCIOBHS JJIsl PEryJIUPYyeMOro TypusmMa
U OTJbIXa, OCYIIECTBIATh Hay4HO-HCCIIEA0BaTENb-
CKYIO JIeSITEIbHOCTh M BOCCTAHOBJIEHHE HapyIlIEH-
HBIX IPUPOAHBIX U HCTOPUKO-KYJIBTYPHBIX KOMITJIEK-
COB U OOBEKTOB.

B o0memupoBbIx MacmTabax MpOCIekKUBAIOTCS
TEeHJCHLMN K PaCIIMPEHHIO 33734 HAIMOHAIBHBIX
napkoB. Oxpansiemble Tepputopun Il kareropuu
JOJDKHBI (DYHKIIMOHUPOBATH TAKKE W Uil PEIICHHUS
COLIMAJIBHBIX ¥ SKOHOMHUYECKHUX 3a/1a4; I Typu3Ma,
CIOCOOCTBYIOIIETO POCTY MECTHOM SKOHOMUKU. Tep-
PUTOPHUH JOJKHBI ABISATHCS OOIIECTBEHHO-KYIBTYP-
HOH LIECHHOCTBIO B KaYE€CTBE yYaCTKOB JIEBCTBEHHOU
MIPUPOABI M CO3aBATHCS MPEUMYIIECTBEHHO B CHITY
HAy4YHBIX, COIMAJIbHBIX U ISKOHOMHUYECKUX MPUYHH

I}

(Sheppard, 2006). MCOII npusHaer, 4To pacnpene-
JICHWE Pa3IMYHbIX CTpaTeruil yrpasJieHUs B Mpeje-
Jlax OIHOW OXpaHsSEeMON TEPPUTOPHUH SIBIAETCS 000-
CHOBaHHBIM U MOXXET BHECTH CYILICCTBEHHBIH BKIaJ
B coxpanenue npupozst (Dudley, 2008).

CormacHO pPOCCHICKOMY 3aKOHOAATENBbCTBY, B
rpaHMLbl HAIMOHAJIBHBIX MApKOB MOTYT BXOIHUTH
TEPPUTOPUM HACEJICHHBIX ITyHKTOB, a 3€MEJbHBIC
YYACTKH BKIIOUAThCS 0€3 U3BATHS U3 XO3SIHCTBEHHO-
o Ucrosib30Banusl. TakuM oO6pa3om, HEOOXOAUMOCTh
(YHKIIMOHAIBHOTO 30HMPOBAHMS HAIMOHAJBHBIX
MapKOB OYEBUIHA, OHA OOBSICHIETCS HE TOJBKO pa3-
HOOOpa3ueM M CTENEHBI0 COXPAHHOCTH MPUPOIAHBIX
KOMIIJIEKCOB B TpaHMLaX Jr000ro U3 HUX, HO M COOT-
BETCTBYIOLIMX UM METOJOB YIPABICHUS M BEICHMS
X03s1CTBa, a TaK)Ke THIIOB BO3JCHCTBHS CO CTOPOHBI
Pa3INUHBIX TPYII IOCETUTENeH, MECTHOrO Hace-
JeHus 1 xo3siicTByomux cyobektoB (Ilomos u ap.,
2001). Bce atn mpuumHbI U JIeXkKaT B OCHOBE LIEJIECO-
00pa3HOCTH YCTaHOBIICHHS B IPaHUIAX HAIIMOHAJb-
HBIX MapkoB AU depeHIpOBaHHOTO PEKUMa OXpa-
HBI ¥ UCTIONIb30BAHUS C YUE€TOM IIPUPOAHBIX, HCTOPH-
YeCKUX W UHbBIX ycnoBui (Umxosa, 2000).

Pexxum ocoOoli OXpaHBl TEPPUTOPHU M COCTaB
(YHKIMOHANBHBIX 30H YCTAHABIUBAETCS IIOJIOXKE-
HUEM O HAIlMOHAJILHOM mapke. B HacTosee Bpems
B HAlMOHAJBHBIX mNapkax DenepanbHbIM 3aKOHOM
«0O6 0cob0 oxpaHIEeMBIX TPUPOIHBIX TEPPUTOPHIX
MPEAYCMOTPEHBI CICAYIOLINE 30HBI:

a) 3amoBeAHAsl 30HA, NMpeIHa3HaYeHHas Ui CO-
XpaHEHUs IPUPOITHON CPEbl B €CTECTBEHHOM COCTO-
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SIHUH, B TPaHUIAX KOTOPOM 3alpernaeTcsi OCyIlecT-
BJIeHHE 0001 SKOHOMHYECKOH AEATEILHOCTH;

0) oco0o oxpaHsiemas 30Ha, MpeJHA3HAUYCHHAs
JUTSL COXPAHEHUsSI IPUPOAHOM CPEibl B €CTECTBEHHOM
COCTOSIHMHM, B TPaHUIAX KOTOPOH IOMYCKAIOTCS Mpo-
BEJICHUE DKCKYpCUH, MOCEIIEHNE B LEISIX MMO3HaBa-
TEIBHOTO TypU3Ma;

B) peKpealuoOHHasl 30Ha, MpeJHa3HAuYeHHAs IS
o0ecrieueHUs] M OCYLIECTBJICHUS DPEKpealnOHHON
JESITebHOCTH, Pa3BUTHs (U3MUECKON KYJIBTYypBl U
CIIOpPTA, a TAKXKE Pa3MEIIeHUs] OOBEKTOB TYPUCTCKON
MHIyCTPUHU, My3€eB U HH)OPMALIMOHHBIX LIEHTPOB;

T') 30Ha OXpaHbl 00BbEKTOB KYJIBTYPHOTO HACTIEIHS
HaponoB Poccuiickoit @enepannu, koTopas npeaHa-
3HaueHa I COXPAHEHUS! YKa3aHHBIX OOBEKTOB M B
rpaHUIaX KOTOPOW JOIyCKAaeTcs OCYILIECTBIECHUE
HEOOXOIMMOM U1l MX COXPAaHEHHMs AEATEIbHOCTH, a
TaK)Ke pEeKpeallioHHON AeATEIbHOCTH;

) 30HA X035 HCTBEHHOT0 Ha3HAYEHUS, B IPaHHULIAX
KOTOpPOH JIOMYCKAeTCsl OCYIIECTBIEHHUE AEATEIbHO-
CTH, HaIpaBICHHOH Ha obOecreueHue (yHKIHOHH-
pPOBaHUs rOCyJApCTBEHHOTO YUPEKIEHHS, OCYILECT-
BJISIFOIIETO YNpaBJIEHUE HAllMOHAJIBHBIM MapKoM, H
JKU3HENEATENbHOCTH Tpak[aH, MPOKHUBAIOIINX Ha
TEPPUTOPHUH HALIMOHAIBHOIO MapKa;

€) 30Ha TPAJULHUOHHOTO SKCTEHCHBHOIO IPH-
pPOAOIONIB30BaHNA, KOTOpas MpelHa3HaueHa It
o0ecrieueHUs] JKU3HENEATEILHOCTH KOPEHHBIX Ma-
JOYMCIeHHBIX HapoaoB Poccuiickoil denepanun u
B T'paHMIAX KOTOPOH JOIMyCKaeTcs OCYIIECTBIECHHE
TpaJMLIMOHHON XO35IICTBEHHOU 1€ATENBHOCTH U CBS-
3aHHBIX C HEM BHUJIOB HEHCTOLIUTEIBLHOTO MPUPOAO-
MOJIb30BAHMA.

IIpu mpoBeaeHnn 30HUPOBaHUS, OTHAKO, HE Clle-
JOyeT CTPEMHTBHCS K BO3MOXKHO OOJbIIEMY YHCITY
(YHKUIMOHAIBHBIX 30H M M3JIMIIHE CIOXHOH CHCTE-
M€ 30HHpPOBAHHUSA, €CIIH TOJBKO 3TO HE ONpeneiseTcs
0COOEHHOCTBIO MPUPOAHBIX YCIOBUH U XapaKTepoM
ucnons3zoBanusi treppuropun (Ilomos u ap., 2001).
ComnacHO MPaKTUYECKUM PEKOMEHJAlMSIM M0 CO3-
JAHMIO TUIAHA YIPaBJICHHS HAMOHAJIBHOIO IapkKa
(byiiBomnos, 2002), npouecc 30HUPOBAHUS MPEICTAB-
JsieT coOOH MTOT CPaBHUTEIBHOM MHOTONPU3HAKO-
BOM OIIEHKH NPHUPOIHBIX M HCTOPUKO-KYJIBTYPHBIX
KOMIIJICKCOB Ha (DOHE OMNpeAeNeHHON COLUaNbHO-
9KOHOMHYECKOH OOCTaHOBKM B OKPECTHOCTSIX Ha-
LIMOHAJBHOTO Mapka. ABTOpP PEKOMEHIyeT B Kaue-
CTBE 0OBbEKTa OLEHKH OpaTh MPUPOIHBIC TEPPHUTO-
puanbnbie komruiekcel (IITK), otoOpaxkaembie Ha
naHqmadTHON KapTe, TaKk Kak OHM 00JaJaloT HeoO-
XOIUMOM /711 OLIEHKH OJHOPOAHOCTBIO NMPHUPOIHBIX
YCIIOBHI 1 CBOWCTB B mpenenax cBoux rpanui. Hc-
MOJIb30BaTh BCE JOCTYITHBIE MaTepHalibl (JIUTEPATyp-
Hble, (DOHIOBBIE W BEJOMCTBEHHBIC), MPEIIOKEHHUS
YUEHBIX M CIIELUAINCTOB, MPUPOAOOXPAHHBIX Op-
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raHu3aluid, JaHHbIC CIEHUAJIBHBIX HCCIEeIOBAHHM.
BbIsIBISTE M aHANM3UPOBATh MO3ULHMH 3aHHTEPECO-
BaHHBIX CTOPOH.

Lenpio faHHOM paboOTHI SIBISICTCS MOATOTOBKA M
000CHOBaHNE TPEATIOKEHUN 10 (YHKIHOHATBHOMY
30HMPOBaHMIO TeppuTopuu HamuonansHOro mnapka
«Cananp» ¢ y4eToM COBMELIEHMUSI 3a/1a4 COXPAaHEHMSI
MIPUPOIHBIX KOMIUIEKCOB, MOJAEPKAHNS TPAJULOH-
HOTO YKJIa/1a )KU3HU U XO35I1ICTBOBaHMSI MECTHOT'O Ha-
CEeJIeHNs M Pa3BUTHUS PEKPEALMOHHO-TYPHUCTUIECKOM
JIESATEIBHOCTH.

MarepuaJjibl 4 MeTOAbI UCJIEI0OBAHUS

Harmmonanenbeiii mapk «Camaupy» ObLT CcO37aH
B 2020 r. B AnTaiickoM Kpae, OH pacrojaraercsi B
BOCTOYHOM €ro 4acTH, BJOJb aJMUHHCTPATHBHOMN
rpanubl ¢ KemepoBckoil 001acThio B 3apUHCKOM,
Torynbckom, EnbrioBckom u CONTOHCKOM paiioHax.
Tepputopusi mapka COCTOMT U3 IIECTH 000COOeH-
HBIX KJIacTepoB oOrmied ruromaapio 161220.8 ra (B
toMm umcie 1005.47 ra 3eMenb CenbCKOXO3SIICTBEH-
HOT'O Ha3HAUYEHUsI, BKIIOUCHHBIX 0€3 M3BATHS UX U3
XO35IICTBEHHOTO HCIIONB30BAHUS), YTO JETacT JaH-
Hyto OOIIT kpynHeimenn oxpaHseMoil TEppUTOPH-
eif B AntalickoM Kpae. B 0oCHOBHOM Haxomsch Ha
3amagHoM MakpockiioHe Cananpckoro Kpsbka, OKpy-
JKEHHOTO OCBOEHHBIMH CTEITHBIMHU M JIECOCTEITHBIMHU
naHAmapTamMu, HallMOHAJIBHBIN MapK CIOCOOCTBYET
COXPaHEHUIO €r0 YHHUKAJIbHBIX M TUIHAYHBIX JAHI-
ma)TOB: HU3KOTOPHOM YEPHEBOM TaliI'Ml ¢ HEMOPAJIb-
HBIM PEJIUKTOBBIM LIUPOKOTPABBEM; PEIUKTOBBIX
POLL JINIIBI CHOUPCKOM; MaCCHBOB CTAapOBO3PACTHBIX
Kezipaveli; 3a00JI04CHHBIX CMEIIAHHbBIX JIECOB U T.JI.
(I'pubkoB u ap., 2015; 3omoToB 1 Ap., 2019; bEIKOB U
np., 2021; 3s6munnesa u ap., 2022).

[ToMmumo MHOrooOpas3uss MPUPOIHBIX KOMILICK-
coB, Tepputopus HanuonanbHoro mapka «Canaupy
WHTEPECHA CBOUM HCTOPHUKO-KYJIBTYPHBIM HACIEoU-
€M, 3/1eCh NPUCYTCTBYIOT HCTOPUYECKHE OOBEKTHI
XVII-XVIII BekoB: MecTa MepBbIX PYCCKUX MOcCee-
HUH B peruone, « ExaTepuHUHCKHIA TPAKT», OObEKTHI
BocToyHOH 4Yactu KombiBano-Ky3Hernkoit 060poHH-
TEJIbHOU JIMHUMU.

Baxnass 0cOOCHHOCTh HAIIMOHAJIBHOTO MapKa —
3TO ero KiacTepHocTb. OHa 00ycCJIOBIEHA TEM, YTO
Ha IJaHUPOBABIICHCS M3HAYaIbHO LIEJIOCTHOW Tep-
pUTOpUH OBLIM TPEACTABICHBI WHTEPECHI Pa3IUy-
HBIX MPHUPOJOIOIB30BaTEIeH, BKIJIIOYAsl JIeco3aro-
TOBUTEJbHBIC MNPEANPUSITUS, MOJIb30BaTENCH Henp,
oxoTnonb3oBareneil U apyrux. K MomeHty opranu-
sanun OOIIT ¢denepanbHOro 3HaUEHHS HEKOTOPHIC
paccMaTpuBaeMble YY9aCcTKU OBUIH TIEPEIaHbl B JIOJ-
TOCPOYHYIO apeHJy M TOJIb30BaHUE, a XapaKTep UX
SKCIITyaTallil ObLI HECOBMECTHM C 3aKOHOJAATEIb-
HBIMH TPEOOBaHMSIMH K HAIlMOHAJIBHOMY mapky. Ha
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Puc. 1. Ilocmpoiiku u Opyeue xo3saticmeenHvle 00beKmul,
00OHApYIHCEHNbIE HA CHYMHUKOBOM CHUMKE 8bICOKO20 PA3PeULeHUs
6 knacmepe «Aumpony Hayuonanvnozo napxa « Canaup»
Fig. 1. Buildings and other economic objects found on a
high-resolution satellite image in the «Antrope» cluster of the

National Park «Salairy

JTare COIIacCOBAaHUS TPAaHUI] JaHHBIE YYAaCTKU OBLITH
HCKITIOYEHBI U3 OXPAHAEMOU TEPPUTOPHH, U eIuHAas
II0MIab OKaszajach (hparMeHTHpOBaHA Ha IIECTh
M30JIMPOBAHHBIX KIIACTEPOB.

Kiacreprnocts HanimonansHoTO Mapka «Camaupy»
HE TOJBKO OCIOXKHSIET 3aJadd OXpaHbl U yIIpaBlie-
HUS, HO ¥ HaJIaraeT CyIeCTBEHHBIE OTPaHUYCHNS Ha
MIPOCTPAHCTBEHHYIO OPTaHU3AIMIO €T0 TePPUTOPHH,
BKJTIOUast (PyHKIIMOHAIbHOE 30HMpoBaHue. [lmomanp
pa3HBIX KJIACTEePOB MapKa CHIIbHO pa3HuTcs. Ecnu ca-
MBI 60m1bII0H yuacTok « Torym» 3annmaer 113053 .4
ra (70.1% ot obmieli mIomaan), T0 CaMblii MaJIeHb-
Kui ygacTok «Hymbrmn — tonmpko 463.3 ra (0.3%).

MuHuMu3aua U3JEpKeK KIaCTepHOW MOIEIH U
MaJol TUIOMAJAN OTAETHHBIX yYAaCTKOB HAIMOHAIb-
HOTO TapKa BUAWTCA B CO3JaHUM B JajbHEHUIIEeM
oxpaHHoU (OyhepHOW) 30HBI BOKPYT €r0 BHENTHUX
rpaHuIl. OTO TO3BOJIUT YMEHBIIUTH HETaTHBHOE
AHTPOTIOTEHHOE BO3/ICHCTBUE W3BHE W KYIHPOBAThH
«xpaeBbie» 3(DDEKTH A OXpaHSEMBIX MPHUPOIHBIX
KOMITJIEKCOB.

ITonrotoBka cxeMbl (yHKIMOHAIFHOTO 30HUPO-
BaHus HammonanpHOoTOo mMapka «Camanpy» Hadajach
emie Ha JTare npoektupoBanms. OmHaKo, 3a 2 TOma
CYIIIECTBOBaHUS Tapka 00beM CBEJIEHUH O TEPPUTO-
pHH, BKJIIOYAsl JaHHBIE O MEHHBIX MPUPOIHBIX KOM-
IJIEKCaX W XO3SMCTBEHHBIX OOBEKTaX, 3HAYNTEIHHO
YBEIHYHIICS.

Coop wmHbOpManuu i oOoCHOBaHUS (DyHK-
[MOHAFHOW CTPYKTYpHI Mapka BKIIOYad 3 JTama:
MIpeJIoJieBbie, MOJNIeBble W KaMepajbHble pPadOTHI.
[IpenmoneBrsie pabOTHI BKIIOYANHA aHAIHA3 JIUTEpa-
TYpPHBIX M KapTOTpapUUeCcKNX UCTOYHUKOB, TaHHBIX
JTUCTAHIIMOHHOTO 30HAMPOBAHMSA 3€MJIM IO 0O0IIe-
JIOCTYITHBIM KOCMHUYECKAM CHHUMKaM BBICOKOTO H

!l

cpeanero paspemenus. I1o ux nroram
ObUl COCTaBlIeH IPEIBAPUTEIbHBIN
MepedeHb XO3AWCTBEHHBIX OOBEKTOB,
HaXOASALIMXCS HA TEPPUTOPUHU U B He-
MIOCPENICTBEHHON OIM30CTH OT MPAHMIL
Hanmonansnoro mnapka «Camaup»,
OIpe/iesieH UX KOHTYp M Ha3HaueHHE.
Ha panHoM sTame ObUI MOATOTOBJICH
I'MC-nnpoekT, BKIIIOYAIOMUI CeTyto-
e 6a30Bble U TEMAaTHYECKHE CIIOH:

—  Tomorpauyeckas  OCHOBa
(mcxomuwnid  macmrTab:  1:200000;
1:100000; 1:50000);

— ruaporpaduyueckas ceTb Teppu-
topun HanumonansHoro mapka «Ca-
Jaup»: PeKd U Jpyrue MOCTOSHHO U
BPEMEHHO JIeHCTBYIOLINE BOAOTOKH, &
TaKxe o3epa u 00J0Ta;

— JIeCOXO3AWCTBEHHBIC T'PAHHILIBI
(J1lecHbIE KBapTaJbl M JIECOTAKCALIMOH-
HBIE BBIAETIBI 10 MaTepHaIaM HOoCIe-
HETO JIECOyCTPOICTBA);

— JOPOJKHAsi CETh MO JaHHBIM TONOrpaduuecKux
KapT Pa3HBIX JIET X MaclITa0oOB, a TAKXKE [0 JaHHBIM
MaTepuasoB JIECOYCTPONCTBRA;

— CYILECTBYIOILAS JIOPOXKHAsI CETb, BBISBICHHAS
M0 JaHHBIM JUCTAHIIMOHHOTO 30HAMPOBAHHS 3€MIIH
(pe3ynbraTshl BU3yaJIbHOTO JCIIU(PPUPOBAHUS CITYT-
HUKOBBIX CHUMKOB BBICOKOTO pa3pemenus Esri, Goo-
gle u 1p.);

— XO3SICTBEHHBIE OOBEKTHI M0 JTAaHHBIM TUCTaH-
LUOHHOTO 30HIUPOBAaHUS 3eMJIH — BU3YaJIHOTO Jie-
MHU(PUPOBAHUST CITyTHUKOBBIX CHHUMKOB BBICOKOTO
paspemenust Esri, Google, u np.: noma, X03siicTBeH-
HBIE TIOCTPOWKH, TaeKHbIe U30YIIKH, TACEKH, CECHO-
KOCBI, OBIBILIME IPUUCKH U T.II. (puc. 1);

— LICHHbIE TPUPOJHBIC OOBEKTHI, B TOM YHCIIE TOU-
KA HaXOXKJCHUS PEAKMX M HAXOISILUXCS MO yrpo-
301 MCUE3HOBEHUS BUIOB KUBOTHBIX, PACTCHUH, JIHU-
[IaHHUKOB U IPUOOB, 3aHECEHHBIX B KpacHyto KHUTY
Anraiickoro kpas u Kpacnyro kuury Poccuiickoit
®denepannn.

Takum 00pa3om, KaMepaibHBIM CIIOCOOOM ObLia
coOpaHa ¥ ouuQpoBaHa OCHOBHAs HMHGpOPMALUS O
NPUPOIHBIX LEHHOCTSIX M XO3HCTBEHHOM HCIIOJb-
30BaHuU Tepputopun HaumonansHoro mapka «Ca-
naupy». Jlanee Oblma HeoOxomuMma ee BepU(UKAIUS
Ha MectHOocTU. Kpome Toro, ocraBaiuch «Oeible
MSITHa» C HEAOCTATKOM MH(pOPMALMH, KOTOpPBIE Tpe-
OoBaJu MMOJICBOH POBEPKH, HAPUMEP, ObUT HE SICEH
MacmTad W XapakTep HCIOJB30BAHUS TEPPUTOPHU
Kjactepa «AHTPOI», HACENSAIOUIMMU €ro cTapooo-
psALAMH.

Jist yTOYHEeHUS] UMEIOIUXCSI M cOOpa HOBBIX JIaH-
HBIX OBUTM TPOM3BEICHBI TOJIEBBIE 00CIEIOBaHMS

POCCHACHAT PRI PMERANAON SROnOrH
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TEPPUTOPHH HALIMOHAIBHOTO MapKa U MPHUIIETAOIINX
YUYacTKOB, INIaBHBIM 00pa3oM knactepoB «Capbl-Uy-
MBIII» U « AHTPOID), KaK HAUMEHEe M3y4eHHbIX. O0-
CJICZIOBAHbI XO3SHCTBEHHBIE OOBEKTHI, MIPOU3BEICHO
ux ¢ororpadupoBanue u xKapruposanue. IIposenen
OIPOC MPOXKUBAIOILETO B TApKe M BOJIN3U €ro IPaHMIl
HaCceJIeHUs O Pa3MEIICHUH OObEKTOB, UX Ha3HAUYCHUN
U 0COOCHHOCTSIX MCIOJIb30BaHUs. BBIsBIEHBI MecTa
TPaJULMOHHOTO TPHUPOAONONIB30BAHUSI — OTAbIXa,
pbI0anKy, cOopa KeIpoBBIX OPEXOB, IPUOOB, SITO,
NUILIEBBIX U JICKAPCTBEHHBIX PACTEHHUH, CEHOKOLIE-
HUSI, BBIIIAca CEJIbCKOXO3SIMCTBEHHBIX >KUBOTHBIX,
pa3MeIIeHUs MAaceK, 3arOTOBKU BaJICKHHMKA, PacIio-
JIOKEHHSI CYLIECTBYIOLIMX U OTCHIUAIBHBIX (C yue-
TOM TPAHCIIOPTHOM JOCTYITHOCTH) MECT 3arOTOBKU
JpOB.

Ha cnenyromem srane Obuia mpou3BeeHa KaMe-
panbHas oO0paboTka, 00o0meHne 1 onu(poBKa Ma-
TEpUaAJIOB JUCTAHIIMOHHOTO 30HAMPOBAHMS, TAHHBIX
NOJEBbIX 00CIeIOBaHUN, ONMPOCHBIX CBEACHUH U
NPOYMX UCTOYHUKOB HH()OpMALIUH.

[IpoBeneHHass KOMIIEKCHAsI OLIEHKA TEPPUTOPUH
Jana BO3MOXKHOCTb TIPEIBapUTENbHO 00OCHOBAaTh
(YHKIMOHAIBHO-PEXKUMHYIO  CTpYKTYpy Hanmo-
HaJIbHOTO napka «Canaupy. Y TOUHEHHE IPaHULl 30H
MPOXOIUIIO C YYETOM MO3ULUH BCEX 3aMHTEPECOBAH-
HBIX CTOPOH — XO3SHCTBYIOIUX CYOBEKTOB, OPraHOB
MECTHOTO caMOylpaBiieHHs (BKJIOYas aAMUHHCTPa-
UM TPaHUYAIIMX C HAIMOHAJILHBIM IAapKOM CElb-
cKuX mnoceneHuit) 3apunckoro, Torymeckoro, Eib-
110BcKoro, CONTOHCKOTro paiioHOB AJNTalCKOro Kpas,
HoBoky3sHenkoro pationa KemepoBckodi oOmactu
(3aropckoe n Ky3zeneeBckoe celbCKUE MOCEICHUS).
[lonmy4enHble OT pecTaBUTENEH OPraHOB MECTHOTO
CaMOYIPABJICHUS U JKUTEJCH 3aMeuaHus U Mpesio-
JKeHUs1 ObLIM yuTeHbI IpH pa3pabotke mpoekra [lo-
noxenust o0 Harmonansuom napke «Cananpy.

Pesyabrarsl U HX 00Cy:KIeHHe

B xone anannza coOpaHHBIX MaTepHaloB O LIEH-
HBIX TIPUPOJHBIX OOBEKTaX M KOMIUIEKCAX, BHIAX,
XapakTrepe M MaciuTadax Xo3sHCTBEHHOTO HCIIOJb-
30BaHUsl TEPPUTOPHUHU, C YUETOM MonokeHuil Dene-
panbHOro 3akoHa «O0 0co00 OXpaHsIEeMbIX TPUPO.-
HBIX TEPPUTOPUSIX», pa3paboTaH MpoeKT (QyHKUIHO-
HAJILHOTO 30HUPOBAaHUS M MPOEKT PEXHMa 0COO0O0H
oxpanbl HarmonansHoro napka «Canaup».

B rpannnax mapka, B COOTBETCTBHH C LENAMU U
3a/layaMi €ro CO3JaHUsl, CIOKHUBIIUMCSI HCTOpHYe-
CKUM OOJIMKOM JaHIIaTOB U CUCTEMOM X035 CTBO-
BaHMS, NPEAJIOKEHO BBIICIUTH YEThIpe BUAa (PyHK-
LIUOHAJBHBIX 30H:

— 3aII0BEHYIO 30HY;

— 0c000 OXpaHsAEMYIO 30HY;

— PEKpeaIoHHYIO 30HY;

it

— 30HY XO3SIlICTBEHHOTO Ha3HaYEeHMs.

Pazpaborannas cxema (yHKIHOHAIBHOTO 30HH-
poBaHMA NpescTaBiIeHa Ha pucyHke 2. [Ipu nposene-
HUH 30HUPOBAHUS, B COOTBETCTBHUHU C PEKOMEH/IAIIHSI-
mu (ITomos u ap., 2001), cTpeMUIKUCH K TOMY, YTOOBI
TPaHMLBI 30H MPOXOIUIIN 110 XOPOILIO BBIPAKEHHBIM
Ha MECTHOCTH OPHEHTHpaM — A0pOraM, pyciaM pekK,
KBapTaJbHBIM POCEKaM, CYIIECTBYIOIINM KOHTYpaM
Pa3HbIX BUAOB IPUPOAOTIOIB30BAHUS H T. II.

3anoseonas 30na. [lowaos 105734.5 ca.

3amoBegHas 30Ha cocTaBisleT 65,6% oT o01el
TUIOIA/IM HAIMOHAJIBHOIO MapKa. PexuM oxpaHsbl
3aM0BETHOM 30HBI MOJPa3yMEBAET MOJIHBIN 3alpeT
XO3SHCTBEHHON M pEKpeallMOHHON JAeATeIbHOCTH.
JonyckatoTcss aMinb Hay4dHasl (HaydyHO-HCCIIEAOoBa-
TEJIbCKAs) eSTEIBbHOCTb, OCYLIECTBICHUE TOCYAAp-
CTBEHHOTO JKOJIOTUYECKOI0 MOHHUTOpUHra (rocy-
JAPCTBEHHOTO MOHUTOPWHIA OKPYXKAIOLIEeH cpembl),
MPOBEICHNUE NPUPOJOOXPAHHBIX, OMOTEXHUYECKUX U
MIPOTHUBOIIOKAPHBIX MEPOTIPHATHH, JI€COYyCTPOUTEIb-
HBIX U 3€MJICYCTPOUTENBHBIX PA0OT.

CrouT OTMETUTH, YTO COOTHOLIEHHE IUIOLaAeH
NpY BBIACTICHUU (DYHKLIMOHAIBHBIX 30H HAllMOHAJb-
HBIX MapKOB HHMKAK HE PErIaMEHTUPYETCS! ACHCTBY-
IOLUM 3aKOHOAATENIBLCTBOM, OJHAKO, COIVIACHO pe-
koMmenpanmssM MCOII, mromaas 3armoBeIHON 30HBI
JIOJKHA COCTaBIATh pumMepHo 75% (Dudley, Nigel,
2008; bopeiiko u ap., 2018). ITo mueruto H.M. 3a-
oemmnou (1987) u B.I1. Ynxosoii (2006), ycraHOB-
JICHWE KaKHX-TMOO ONTHMAJbHBIX MPEAEIOB COOT-
HOILIEHUS MJIOLaiel OTAEIbHBIX 30H HEJOMYCTHMO.
[Tpn mpoBenenny (HYHKUHMOHAIBHOTO 30HUPOBAHMS
TEPPUTOPUM HALMOHAIBHOIO IapKa cJeayeT OIH-
parbCsl Ha KOMIUIEKCHYIO OLICHKY TEPPUTOPHH, a HE
Ha (QopMaIbHO yCTaHOBJIEHHOE cooTHomieHue. He-
00XOIMMO YUYHTBIBaTh MHOTHE (DAaKTOPBI, KPUTEPUHU U
noaxonsl. BaxxkHeime n3 HUX — NPUPOJOOXPaHHAsS
1 UCTOPUKO-KYJIBTypHast IEHHOCTh TEPPUTOPHH, PEK-
pealoHHbIE PeCypChl U BOBMOYKHOCTD UX UCIIOJIB30-
BaHMsI, COLMAIBHO-9KOHOMUYECKUE YCIIOBHS, UHKE-
HEepHO-CTpouTenbHass oueHka Tepputopun (byiiBo-
708, 2002). CooTHOLIEHHE PAa3MEPOB KaXKAOH 30HBI
B pa3IMYHBIX HAIMOHAIBHBIX TapKax BapbUPYeT B
Oo4yeHb OomplIMX mpenenax. Tak, mons 3amoBexHON
30HbI B HanmonansnoMm mapke «IIpuansOpycre» co-
crasiser 72.8%, a B «Pycckom Cesepe» — 1%. On-
HaKo 3TO HU B KOEH Mepe He ABISAETCS MoKa3aTeaeM
OTHOULICHUS K COEPEKEHHIO MPUPOIHBIX KOMIUIEKCOB
B mauHbIX OOIIT (Umxosa, 2006; Banosa, 2012).

[Ipeobnaganue miomaay 3alOBEIHON 30HBI HaJl
OpyrUMH OOYCJIOBIICHO TEM, YTO BCS TEPPUTOPHS
NpeAcTaBiIseT coO00W YHUKAIbHBIE IPUPOAHBIE KOM-
TUIEKCHl TACKHBIX HU3KOTOPUH, C TPUCYIIUM WM
naHIAa@THBIM U OMOJOTMYECKUM pa3zHOoOpasueM,
BKJTIOUAIOIIUM PEJIMKTOBBIE PACTECHHS JOIECAHUKOBO-

0l
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ro nepuoaa, a TakKe BHUIbI, BHeCeHHbIe B KpacHble
KHUTU Pa3jInYHOro ypoBHs. B memom, cnenuduka
naHqadTOB JAHHOW TEPPUTOPUM OOJbIIE MOAXO-
JUT TIOZl CTAaTyC 3all0BEJHMKA, K ToMY ke B 90-X IT.
NPOLUIOTO BEKa IJIAHUPOBAJIOCh CO3JaTh B OCEBOH
yactu Canaupckoro kpsixa CanaupcKuil 3anoBeTHUK
(beikoB 1 1p., 2021), HO TaK Kak TEPPUTOPHUST UMEET
OCBOCHHBIC JIOKAJIbHBIE OOBEKTHI, HE MO3BOJISIOLINE
OPraHU30BaTh 3all0OBEHUK, OBbLI CO3/1aH HALlMOHAIb-
HBI mapk. B 3amoBenHyr0 30HY BOIIIM YYacTKH,
oOnamarone HauOoNbLIEH NPUPOJOOXPAHHOM u
€CTECTBEHHO-HAY4YHOH LIEHHOCTbIO, KOTOpas OIpe-
JIeNsIach Ha OCHOBAaHMM BCTPEUACMOCTH PEAKHX U
PEIMKTOBBIX BUIOB JKUBBIX OPIraHU3MOB, 3TAJOHHbBIX
Y YHUKaJIbHBIX IPUPOAHBIX 00BEKTOB, M KOMIJICKCOB
C MUHUMAJIbHOM aHTPOIIOT€HHOM HapyLIEHHOCTBIO.
Hecmotpst Ha TO, 4TO MECTaMH Ha YaCTH TEPPHUTO-
PHH BETHCh PyOKH Jieca ¥ 100bIYa POCCHITHOTO 30J10-
Ta, XO3HCTBEHHAs! IESATEIbHOCTD YEJIOBEKA HE pas-
pyLINIa IPUPOJHbIE KOMIUICKCHI ITOJTHOCTBIO, U IS
COACHCTBUS MX BOCCTAHOBJICHUIO OHU OBLIM BKIIO-
YeHbI B TPAHULIbl HALIMOHAIBHOTO Napka. Hexkotopeie
HapyUICHHBIE KOCUCTEMBbl OBUIM BHECEHBI B 30HBI
CO CTPOTUM PEKUMOM OXPaHbI 11 MOHUTOPUHTA UX

.
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BOCCTAHOBJICHHA, HAIIPpUMCP, CYKLECCUU qepHeBoﬁ

~ Taliru mocjie cHIomHbIX pyOok. Kpome Toro, B 3a-

MOBCAHYI 30HY BOLlJIa Ta 4aCTb TCPPUTOPUU Iap-

: Ka, KOTOpasd HC HCIIOJIb3YCTCA B JKA3HE00€eCIIeYeHU N
* HACCJICHUS, MPOXUBAIOIICTO B I'PAHUIAX ITApKa U B

OKPECTHBIX HACEJICHHBIX ITYHKTaX.

Oco60 oxpansiemas 3oua. Ilnowaows 4000.8 ea.

B ocobo oxpansiemyto 30HYy (2.5% OT TuTOImagm
HAIlMOHAJIBHOTO TIapKa) BKJIIOYEHBI YYacTKH, 00-
najaromye HauOonbLIeld eCTeCTBEHHO-HAYyYHOH H
HUCTOPUKO-KYJIBTYPHOH IIGHHOCTBIO:  yYHHKAJbHBIC
MIPUPOJIHBIE KOMIUIEKCHI, MECTOHAXOXKICHHUS TTaJICOH-
TOJIOTUYECKUX OOBEKTOB, MPEACTABUTENICH JPEBHUX

~ (nop u dayn, ueHnsle reonornueckue 0obeKTHl. Ha-

npumMep, B 0co00 oxpaHseMoi 30He HaxonsaTcs JIu-
MOBast polia — Y4aCTOK IMPOU3PACTAHHS PEITUKTOBOTO
Buja junbl cudbupckoit (7ilia sibirica), JKeHuXoBCcKOE
MECTOHAXOKICHHE CHITYPUHUCKON (IIOpPHI U (hayHBbI.

B03MOXKHOCTB MOCEMICHUsI TAKUX YYacTKOB 00Y-
CJIOBJICHA WX BBICOKMM MOTEHIMAJIOM C TOYKH 3pe-
HUSl TI03HABaTEIILHOTO TypH3Ma W JKOIOTHYECKOTO
mpocBenieHns. B To ke BpeMs OHU HYXKIAIOTCS B
CHEIHMAIbHBIX Mepax OXxpaHbl. TakuMm oOpazom, pe-
KUM 0c000 OXpaHSIEeMOM 30HbI HAWITYYIITUM 00pa3oM
OTBEYAET 3a/1a9aM COXPAHCHHS U IAISIIEr0 UCIOb-
30BaHUS JIaHHBIX OOBEKTOB, JOMYCKash KPaTKOBpe-
MeHHoe (0e3 JUTMTEIbHBIX CTOSHOK M HOYJIera) Io-
CEIIeHHEe TypUCTaMU OOYyCTPOCHHBIX MapUIpyTOB H
AKOJIOTHYECKUX TPOIL.

OTnenpbHO CTOUT OTMETHTh, YTO B KJAacTepe
«AHTpoOI» B 0C000 OXpaHSIEeMyK 30HY BOIILIH
HEKOTOPBIE YYACTKH 3€MEIIb CEIIbCKOXO3SHCTBEHHOTO
HA3HAUEHUs, BKJIIOUCHHBIE B MMapK 0€3 WU3bATHS
U3  XO3AHCTBEHHOTO  HCIONb30BaHus. JlaHHBIC
Y4aCTKH HE HWMEIT COOCTBEHHHUKOB, BIIAJCIBIICB
WM TIOJIB30BaTeliel, M MPEACTaBISIOT COOO0W YacTH
MacCHMBa YEpHEBOM Taliru, B JEHCTBUTEILHOCTU
HENPUTOTHOTO JIISi BEJCHHS CEIIbCKOTO XO3SHCTBA.
[Ipu >TOM OHM XapaKTEpU3YHOTCS HAINYHEM MECT
00WTaHUS PEIKUX W HMCYE3AIOIINX BHUJOB PACTEHHIA
U OKUBOTHBIX. Takum 00pa3oMm, HEOOXOAMMOCTbH
KaKkoro-iu0o0  WHOTO  HWCIOJB30BaHUS  KPOME
KpPaTKOBPEMEHHOTO TIOCEIICHHSI TAHHON TePPUTOPHUH
OTCYTCTBYET.

10.A. ByiiBonos (2002) ormeuaert, 4yTo mpodiema
30HUPOBAHHS 3€Mellb, BKIFOUEHHBIX B TPaHUIIbI Ha-
[IMOHATILHOTO TIapKa 0e3 U3bATUS U3 XO3SHCTBEHHOM
JKCIUTyaTanuu, TucKyTupyercs. [lo qaHHbIM aBTOpAa,
3eMJIH JIPYTHX MOJIb30BaTENIeld MOTYT OTHOCUTHCS HE
TOJIBKO K XO3SIICTBEHHOM 30HE, HO U K 0c000 OXpa-
HSIEMOI 30HE, YTO IMO3BOJISICT aIMUHUCTPAIUY HAIU-
OHAJILHOTO IMapka 0ojiee 000CHOBAaHHO KOHTPOIUPO-
BaTh IMPHUPOJIOIIONB30BaHME Ha ITUX ydyacTkax. Of-
HAaKO, B CJIy4ae C 3eMEJIbHBIMH yJacTKaMH KjacTtepa
«AHTPOIT» HUKAKOTO MPHUPOOIOIB30BAHMS HA ITUX

POCEHMCHNA APHAN IPHRATHON SKOnOrHH
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3eMJISIX HET, IOATOMY UX OTHECEHHE K 0CO00 OXpaHsi-
€MOH 30HE BIIOJHE PALIMOHAIBHO.

Pexpeayuonnas sona. Inowaos 49588.8 aa.

Pekpeaunonnast 3ona 3anuMaet 30.7% oT o0wei
IUIOIIAIM HALMOHAIBHOTO TMapka. B cumy 3amad,
BO3JIOKEHHBIX Ha AaHHyto kareroputo OOIIT dene-
pabHBIM 3aKOHOM, 3TO OJHA W3 BaKHEHIIMX (QyHK-
OUOHAJIBHBIX 30H, MPEAHA3HAYCHHAS sl Pa3BUTHS
peryimpyeMoro Typusma u otabixa. Ho He MeHb-
1Iee 3Ha4eHUE JaHHAs 30Ha UMEeT AJs peanu3alun
3aKOHHBIX NPaB U MHTEPECOB, YAOBIECTBOPEHUS Ha-
CYIIHBIX TOTPEOHOCTEH MECTHOTO HaceJeHHUsl, IPo-
JKUBAIOLIETO B MpEAesax Mapka ¥ Ha MPHUIIETaoIINX
TEPPUTOPHSIX.

OO0ume 3akoHOAATENbHBIC TPEOOBAHUS K PEIKUMY
JAHHOW 30HBI MO3BOJISIIOT HE TOJIBKO CO31aBaTh ycC-
JIOBUSL AJISl PEKpealuy, pa3BUBaTh TYPHUCTHUECKYIO
UHPPACTPYKTYpy, HO M OCYLIECTBISTH B €€ I'paHH-
Hax Maasiue BUIbI HEUCTOLIUTEIBHOTO MPUPOIO-
MOJIb30BaHMs, TaKUE KaK JIIOOMTENbCKOE PHIOOSIOB-
CTBO, 3arOTOBKa M COOp IpakJaHaMH HEIPEBECHBIX
JIECHBIX PECYpCOB, MHILIECBBIX JIECHBIX PECYPCOB U
JIEKapCTBEHHBIX PACTEHUHN AJIs1 COOCTBEHHBIX HYKI,
CCHOKOIIEHUE U BBINAC CENbCKOXO3SICTBEHHBIX KH-
BOTHBIX, ITYEJIOBOJICTBO.

OpraHn4Hoe COYeTaHUE HIEMEHTOB TPaIULMOH-
HOTO XO3HCTBa U OXPaHbl MPUPOIHBIX KOMIIEKCOB
B PEKpPEALMOHHON 30HE HE TOJILKO HE POTUBOPEUUT
CMBICITY U 33J]a4aM HallMOHAJIbHBIX MAPKOB, HO U SB-
JSIeTCsl AONOJHUTEIBHBIM BaXXHBIM PECYPCOM IS
Pa3BUTHUS TypU3Ma, a TaKkxkKe (YTO elle BaKHEe) CIIy-
JKUT rapaHTHEel BOBJICYCHHOCTHU U 3aMHTEPECOBAHHO-
CTH B 9TOM JIeJIe MECTHBIX coolmiecTB. IMeHHO mpu
TAaKUX YCJIOBUSIX HAIIMOHAJBHBIM MapK MOXET pac-
CMAaTpUBaThCsl HE KaK OrpaHUYeHUe WK Oapbep JUis
MECTHOM SKOHOMHKH, a KaK NOTEHLIHAI 151 yCTOWYH-
BOTO Pa3BUTHS M B3aUMOBBITOIHOTO COTPYAHUYECTBA
C HaceJICHHUEM.

[lepeunciennbie 00CTOSATENBCTBA UMEIOT 0c000€
3HauYEHHE eIle M B CUIIy TOro, 4To Tepputopus Ha-
OUOHAIBHOTO napka «Canaupy MMeeT psil OrpaHH-
YeHUH A7 pa3BUTHUS TypusMa. Bo-mepBhIX, oHa HE
00nasaeT SpKo BBIPAKCHHOW OAHO3HAYHOM IpHBIIE-
KaTeJIbHOCTBIO AJIsl TYPHCTOB. [l cTaHAapTHOTO pe-
KpeaHTa — 3TO TPyAHOAOCTYITHAsS, YIaJeHHAsl Talra,
0e3 spkux «(aaroBeIx» OOBEKTOB M AOCTONPUME-
YaTeJIbHOCTEH, a TaKKe OYEBUAHBIX aTTPAKTaHTOB.
Bo-BTopbIX, 0O0JIBIIOE KOJIMYECTBO KPOBOCOCYIIUX
HACEKOMBIX, OCOOCHHOCTH KJIMMaTra paclpeaes-
0T KOM(OpTHOE MpeObIBaHUE HA TEPPUTOPHUU IO
Ce30HaM rofa (KOpOTKasi 30JI0Tasi OCeHb, HEMHOTO
BECHa, AJsl OTACIBHBIX BHJOB OTAbIXa — 3MMa, Jie-
TOM — KpailHe JTUMHTHpPOBaHO). B-TpeTbux, CTOHUT
OTMETUTh OTHOCHUTEJIbHYIO HEPa3BUTOCTb JOPOKHON
CETH, MPAKTUYECKH MOJHOE OTCYTCTBHE TYPUCTHYE-
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ckoii uH(ppacTpykTypsl. HecmoTps Ha Bce 3TO, TEp-
puTOpHs 00JIaAaeT MPENNOChUIKAME ISl Pa3BUTHS
YCTOMYUBOTO 3KOJIOTCHYECKOrO TYpU3Ma, Pa3BUTHE
KOTOPOT'O MOXKET ONUPAThCsl HA TMPUTPAHUYHBIE K
MapKy TEPPUTOPUU U OKPECTHBIC HACEICHHbIC IyH-
KTHI (3si0nuHIEeBa, YepHbix, 2022).

Takum 00pa3zoM, B peKpearioHHY 30HY OBLIH
BBIZICJICHBl YYaCTKH, YK€ HCIOJb3yeMbl€ MECTHBIM
HACEJICHUEM U HEMHOTOUHCICHHBIMU PEKPEaHTAMU
JUTst cOOpa MUIIEBBIX JIECHBIX PECYPCOB JIsT TMUHBIX
HYXKJ, JOOUTEIHCKOTO pPHIOOJIIOBCTBA, CEHOKOIIE-
HUs, BbIIIaca CKOTa U MUYENOBOACTBA. (s oTabixa u
TypuU3Ma UCIONb3YIOTCSI YUACTKHU Psifia PeK, IPUrof-
HbIE JUIsI CIUIABOB, HapUMeEp, TEPPUTOPHUS KIacTepa
«YyMbIlD» MOTHOCTHIO OTHOCHUTCS K PEKpealuoH-
HOIl 30HE, TaK KaK BKJIIOYACT TPATULMOHHBIC MECTa
CIUTaBOB, PHIOANIKK U OT/bIXA. Tepputopus Kiacrepa
«AYHTryC» MONHOCTHIO OTHOCUTCS K PEKPEalliOHHOM
30HE JiJIs1 o0ecnieueHus TOTPEOHOCTEH B MIPUPOTHBIX
pecypcax sKuTenei HaceleHHbIX MyHKTOB HoBoky3-
Henkoro paiioHa KemepoBckoil oOnmactu, rpanuya-
LIUX ¢ HAIIMOHAJbHBIM napkoM. Ha TeppuTtopun kia-
crepa «Torym» B peKpealliOHHYIO 30HY BbIICICHBI
JIOCTYTIHBIE YacTH JOJMH OCHOBHBIX KPYIIHBIX pPEK
— Yywmsbima, Toryna, Yasl, Ykcynas u Cpennero Yk-
CyHasi, y4aCTOK CYyILI€CTBOBABILEH B MPOIIIOM UCTO-
pudeckoil nmoporu — «EKaTepUHUHCKOTO TPaKTay,
KOTOPBIN HCTIONB3YETCs HACEIICHUEM OKPECTHBIX Je-
pEeBEHb JUTS MTpoe3Ja K MecTaM COOUPAaTeNbCKON pe-
Kpealnu, a TaKKe SIBISIETCS] NEPCIEKTUBHBIM TypH-
CTUYECKHM OOBEKTOM.

Bce nepeuucnennbie TpaAULIMOHHBIE BUIbI MPHU-
POIOMNOIB30BAHUSL U OTABIXA Pa3peIlCHbl PEKUMOM
OXpaHbl PEKPEaALMOHHOM 30HBI, pa3pellieHa TaKXKe
3aroTOBKa T'paKJIaHaMHU JPEBECUHBI JUII COOCTBEH-
HBIX HY>KJlT HA OCHOBAHUM JIOTOBOPOB KYILIU-IIPOJA-
KU JIECHBIX HACAXKICHUM.

3ona xoszsaticmeennoco HasHaueHus. Iliowaos
1896.7 aa.

B  nmamnyro 3omy (1.2% ot muomamm
HAI[MOHAJIBHOTO TIApKa) BOILIM YYacTKH 3eMellb
CEIbCKOXO3SIICTBEHHOTO HA3HAUCHUS, B TOM YHUCIE
MIPEI0CTaBICHHBIC IPaKIaHaM B apeHAY JUIsl BEICHUS
XO3SIICTBEHHOW AESTENbHOCTA WM HAXONALIUECS
B COOCTBEHHOCTH; MecTa  TPaJAULUOHHOTO
NPUPOAOIONIB30BAHUS. U KUZHEICATEIbHOCTH
MIPOKUBAIOLIIUX Ha TEPPUTOPHUH napka
CTapoOOpSIIIIEB;  yY4acTKH, HEOOXOIUMBIC IS
OCYILECTBIICHUS JEIATEIbHOCTH CaMOro Mapka.
PexxumMoM  30H  XO3SIMICTBEHHOTO  Ha3HAUYEHUS
JIOIYCKAeTCsl ~ BEACHWE  JIMYHOTO  TOJCOOHOTO
XO3sIiCTBA  MPOKUBAIOIIMMH ~ HAa  TEPPUTOPHUU
rpaxkJaHamH, a TaKxke COOCTBEHHHKAMH,
BIAACNbLIAMA UM  IOJB30BAaTEISIMU  3€MEJIbHBIX
Y4aCTKOB, BKIIFOYEHHBIX B HAI[MOHAJIBHBIN MapK 0e3
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U3BATHS U3 X034HCTBEHHOHN SKCIITyaTaluu.

VYyacTku 30HBI XO3AHCTBEHHOIO Ha3HAu€HUs
pacronaratrorcsi NpEeUMMYIIECTBEHHO B YpPOUHIIAX,
COOTBETCTBYIOIIMX OBIBIINM AEPEBHSAM U MOCEIKAM,
MPEKpPaTUBIIUM CBOE cyllecTBoBaHue B 60—80-x
rojiax NMpoLUIOr0 BeKa. I'paHMIBI 30HBI MPOBEAECHBI
M0 KOHTYpaM HCHOJIb3YEMBIX MECTHBIM HaceJleHHEM
TEPPUTOPHUH,  YCTAHOBIEHHBIM IpPU  MOJEBBIX
o0cIie1oBaHusX.

Pacnonoswcenue 30n u munonoeus @yHKyuoHab-
HO20 30HUPOBAHUSL

ITo pacnonoxeHHIo 30H ¢ HauboIee CTPOruM pe-
JKUMOM OXPaH#bI (3aroBeHast, 0c000 oxpaHsemas) A.
Mennyma (Mennyma u ap., 1982) pasnenser mone-
1 GYHKIHOHATBLHOTO 30HUPOBAHNUS HAIIMOHAJIBHBIX
NapkoB Ha KOHIEHTpHueckue U cBoOoasbie. Ilpu
MIEPBOM THUIIE 30HMPOBAHUS TaKasl 30HA HAXOAUTCS B
nenTpanbHoi yacti OOIIT. ITpu BTOpOM THIE 30HU-
pOBaHUE UMEET MO3aUYHBIN PUCYHOK.

B.I1. Ymxosoii (2006) Beigensiercs 3 Tuna QyHK-
[IMOHAJIBHOTO 30HUPOBAHUS: KOHIIEHTPUUECKHH, JIU-
HEUHBIN 1 nonuneHTpuyeckuil. Konuenrpuyeckuit,
WIM MOHOLEHTPUYECKHH THII, KOTJa 3allOBEIHOE
ApO MapKa 3aHUMAET OAWH KOMIAKTHBIH YYacToK,
pacroyIoKeHHbIN B LEHTpanbHON yacTu. OT 1eHTpa
K nepudepun B BUIE KOHLIEHTPUYECKHUX TOJIOC Ha-
XOIATCS Apyrue QyHKIMOHAIBHBIC 30HBI, IPHYEM B
9TOM JK€ HAIPaBJIEHUHM YMEHBIIAETCSl CTPOTOCTh pe-
JKMMa OXpaHbl U YBEJIIMYMBACTCS aHTPOIOTEHHAs, B
OCHOBHOM pEKpEallnOHHas1, Harpy3Ka.

JIuHeWHbI THI 30HMPOBAHUS XapaKTEepeH st
MapKOB, TEPPUTOPHUS KOTOPBIX BHITSIHYTa BAOJb I0-
Oepebsi MOpsi, 03epa MM KPYMHOH pexu. B stom
cilydae ONmmKaiIuMM K 00epexbio (pyHKINOHAb-
HBIMH 30HaMH, KaK MIPABUJIO, SBJISIOTCS 30HBI C HaU-
MEHEee CTPOTUM PeXUMOM oxpaHbl. 1 HaobopoT, Hau-
Oosiee ynanena ot Oepera 3amoBeiHast 30Ha.

W Tpetuii Tun, XapakTepHBIA A OOJIBIIMHCTBA
napkoB Poccun, — nmonmunentpudeckuit. Emy coort-
BETCTBYIOT HAIlMOHAJbHBIE MAPKH, PACIOJIOKEHHBIE
B paliOHaX CTaporo OCBOEHUS U HE UMEIOIINE 3HAUU-
TENBHBIX 110 pa3Mepy U LEJNbHBIX MaCCUBOB MPUPOI-
HBIX JaHmaToB.

Takke cpenu TUIOB (YHKIHMOHAIBHOTO 30HUPO-
BaHUS BBIJIEISIFOTCS OHOSIIEPHBIE U MHOTOSIIEPHBIE.
Jli1st HaUMOHANBHBIX MTAPKOB, 00PAa30BAHHBIX 110 aMe-
PUKAaHCKON MOJENH, AIpOM SIBISIOTCS 3allOBEIHAs
U 0c000 oxpaHsemasi 30Hbl. SApo mapkoB, 00pazo-
BaHHBIX 10 €BPONENCKON MOJIENIN, COCTABIISIIOT 30HBI
OXpaHbl HCTOPUKO-KYJIBTYPHBIX 00BEKTOB. OmHOS-
nepusle OOIIT moapasnenstoTcss Ha KOMIAKTHBIE U
JIMHEWHbIE, MHOTOSIIEPHBIE — HA JIMHEHHO-Y3JI0BbIE U
mucnepcHble (ActanuH, 2018).

Bcero B Hanmmonansnom napke «Canaup» Bblae-
JIeHO: 6 Y4acTKOB 3allOBEAHON 30HBI; 3 ydacTKa 0co-
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00 oxpanseMoii 30HbI; 10 y4acTKOB peKpealuoHHON
30HBI; 21 y4acTOK 30HBI XO3SIIICTBEHHOIO Ha3Haue-
Hus (puc. 2). OqHO3HAYHO ONPEETUTh TUIl 30HUPO-
BaHUS MMapKa HeJb3s, TaK KaK €ro TEpPUTOPHsI COCTO-
UT U3 IECTH 000COOICHHBIX KJIACTEPOB, TPU U3 HUX
MIOJTHOCTBIO 3aHATHI OJHON 30HOW. Bes tepputopus
knactepa «CyHrail» OTHOCHTCA K 3allOBEIHOM 30HE,
KjacTepoB «UyMbIID» U «AYUTyc» — K peKpearyioH-
HOM 30HE.

B xnactepe «Torym» mpeacTaBieHbl BCE BHJBI
BBIJICJICHHBIX (YHKIMOHAJIBHBIX 30H. MOXKHO CKa-
3aTh, YTO LEHTPAJIBHOE MECTO 3aHMMAaeT OOJbIIOE
3aII0BETHOE S/IPO, a K PAaHUIaM TapKa YMEHbBIIAETCS
CTPOTOCTh PEKUMa OXPaHbI, TAKUM 00Pa30M 30HUPO-
BaHUE ITOTO KJIACTEPA ONHOSIEPHOE KOHIIEHTpHYE-
ckoe. ['paHuIBI 3aMOBEIHON M pEeKpEaiOHHBIX 30H
3[1€Ch B OCHOBHOM MJyT MO JOJMHAM pPEK, OTAENs-
IOIUM HETPOXOJUMBIH U HEMOCEIAaeMblii MacCHB
YEpHEBOW Talrm OT TPaAMLMOHHBIX MECT OTABIXA,
COOMpaTenbCKOW peKpeald W PHIOOTOBCTBA. XO-
3SMICTBEHHBIE 30HBI NPEUMYIIECTBEHHO OTpaHHye-
HBI O€3JIECHBIMHU YpOUuHuIaMu (OBIBIINE HACEJICHHBIC
MYHKTBI) BOJIU3U IPaHUIL] MapKa.

OpnHa U3 3amoBenHBIX 30H Kiactepa «Capsl-YUy-
MBIID BKJIIOYAET YYacTKH A0JIMH pek Capbl-UyMsi,
Canma n EnoBka. [lpyras 3anoBeqHasi 30Ha KiacTe-
pa orpaHudeHa c¢ 3amaga pexamu Capbsl-Uymbim u
Tysc, ¢ BocToka — TpaHMIaMy Hapka (Boaopaszel
OacceitnoB Capbl-Uymbima 1 Konznomsr). 30HbI X0-
351ICTBEHHOTO HAa3HAYEHHUsl PACIOIOKEHBI B MECTax
pasMelIeHUs TaceK U BeIEHHs JIMYHOTO MOJCOOHOTO
XO35HCTBAa MECTHBIMH KHUTEIISIMHU.

B xmactepe «AHTpom» 0cob0 oxpaHseMas 30Ha
1 JIBE 3aII0OBEIHBIE 30HBI PACIONIArarTCsl B MAaCCUBaxX
YepHEBOW TalirM B pa3HbIX YacTIX Kiactepa. Pekpe-
aIOHHAs 30Ha OTHEISETCS OT 30H ¢ Ooyiee CTPOruM
PEKHMOM peKaMU, pydbsIMHU, TpUBaMH. XO35CTBEH-
HBIE 30HBI 3/I€Ch PACTIONAral0TCA MPEUMYIIIECTBEHHO
no Oe3JecHBIM ypOYMIaM, HMEHHO B UX Ipeenax
MIPO>KUBAIOT U BEAYT XO3SIMICTBEHHYIO JIEATENBHOCTD
CTapOOOPSIILIBI.

3oHupoBanue kactepoB «Cappl-HyMbI» 1 « AH-
TPOII» MOKHO OTHECTH K MHOTOSJIEPHOMY JHCHEpPC-
HOMY TuMy. JlaHHBII THN TpeAnosaraeT HECKOJIBKO
3aIIOBEIHBIX 30H, OCHOBAHHBIX Ha Pa3HOPOIHBIX JKO-
Jorudeckux ysnax (Acranus, 2018).

3akiiloueHue

JlanmmadTHRIM M OHOJOTHYECKUM  CBOE-
obpasuem HammonaneHoro mapka «Canaupy,
a TaKxKe O0COOCHHOCTSIMH CJIOKUBLIETOCS
MIPUPOJIOTIONB30BAHMS HA TEPPUTOPUH MTPOAUKTOBAH
Takol TOAXON OOOCHOBaHUSA (PYHKIIMOHAIHHOTO
30HUPOBAHMS, TIPU KOTOPOM OOJIbIIAsl 4acTh MapKa
(68.1% mumomaam) 3aHsATa SKOJOTHYECKHM SIPOM

POCEHMCHNA APHAN IPHRATHON SKOnOrHH



OKOJIOI'vA ITPUPOJHBIX CUCTEM

(3amoBeTHOM ¥ 0CO00 OXpaHsIeMOl 30HaMH ), KOTOPBIE
JOJDKHBI ~ O0ECIIEUUTh COXPAaHEHHWE MPUPOJHBIX
KOMIIJICKCOB 9KOCHUCTEM UEPHEBOW TaWIu, PEIKUX
Y HaXOISIIMXCSl MO YIPO30H MCUE3HOBEHHUSI BUAOB
pacTeHUH M KUBOTHBIX, PEJIMKTOBBIX BHIOB YKHMBBIX
OpPraHu3MOB M UX COOOIIECTB.

Pekpeaunonnas 3ona 3anumaet 30.7% oT o0mei
[UIOIA/IM, a 30HA XO3SMCTBEHHOTO HAa3HAYCHHUS
- 12% or oOmeii mmomanu. OTO MO3BOIUT
o0ecrneunTh MPUPOAHBIMU  pPECcypcaMu  JIMYHBIC
HYXXJIbI MECTHOI'O HACeJICHHs, NPOKUBAIOILETo B
OKPECTHBIX HAaCEJICHHBIX TYHKTaX, U CTapOOOPSILEB,
NPOKUBAIOLINX HA TEPPUTOPHM Tapka. B cBszn
C  OTHOCHUTENBHO HEBBICOKOW  MOMYJSPHOCTBIO
TEPPUTOPHH y TYPHCTOB, BbIJICJICHHAS
peKpealoHHass 30Ha CHOcOoOHAa YIOBJIETBOPHUTH
CYIIECTBYIOLINH CIIPOC HA PEKPealuio.

Takum oOpa3zom, raBHas 3aja4a (pyHKIHOHAIb-
Horo 3oHupoBanus Haunonansrnoro napka «Cananp»
— o0ecrneynTs OpraHuyHOEe, HEPOTHBOPEUYHUBOE CO-
BMEILEHUE CTPOTOH OXpaHbl MPUPOIHBIX KOMILICK-
COB M INAASAIIETO, HEHMCTOLUIMTEILHOIO HCIIOJIB30Ba-
HUSI IPUPOJHBIX PECYPCOB MECTHBIMU COOOILECTBA-
mu. OOpeTeHue Takoro danaHca — BeCbMa HENpocTast
3a1a4a, HO IMEHHO OT €€ PELICHHUS 3aBUCUT YCTONYH-
BOCTb U JIOJITOCPOYHBIN 3PeKT BEIOpaHHON Mozenu
TEPPUTOPHATILHOMN OXpaHbl IPUPOABI.

Hccneoosanue svinonneno 6 pamxax Ioczadanus

UBJIII CO PAH, nomep FUFZ-2021-0007.
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Zyablintseva M.V. On the issue of functional
zoning of the National park «Salair».

The National Park «Salair» is a federal specially
protected natural area created in 2020 in the Altai Ter-
ritory. The article describes the characteristic features
of the territory of the National Park «Salair», which
are important in carrying out functional zoning. The
proposals for functional zoning are substantiated,
taking into account the combination of the tasks of
preserving natural complexes, maintaining the tradi-
tional way of life and management of the local popu-
lation and the development of recreational and tourist
activities. The principles and approaches underlying
the formation of the functional regime structure of
the national park are disclosed, which should ensure
an organic, consistent combination of strict protec-
tion of natural complexes and sparing, sustainable
use of natural resources by local communities.

Keywords: National Park «Salair»; functional
zoning; protection regime; nature protection; recre-
ation.
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CONTAMINATION OF LANDS AND HABITATS OF WILD UNGULATES
BY EGGS AND LARVIES OF HELMINTHS OF THE STRONGYLATA

SUBORDER

Different types of forest land are not the same, as are the places of circulation of eggs and larvae
of helminths of the Strongylata suborder. Plant formations with a low risk of infection are young pine
forests, middle-aged and old pine forests, old mixed forests, spruce forests. Potentially dangerous in
terms of infection are bushes of river floodplains and forest meadows. Plant formations with a high risk
of infection are young mixed forests, middle-aged mixed forests with undergrowth. The most dangerous
for infection are swampy forests and forest swamps. The degree of contamination and accumulation of
invasive larvae of helminths of the Strongylata suborder in different lands and habitats is different and
differs depending on the season of the year. The most favorable for mass infection is the end of summer,
the beginning of autumn, namely August-September. The distribution of eggs and larvae of helminths
of the Strongylata suborder in forest lands has a mosaic character. The number of plots depends on the
areas preferred by wild ungulates. The movement of wild ungulates across the land occurs also under
the influence of the anthropogenic factor, which affects the distribution of infection. If we know the
habitats of wild ungulates, we can assess the degree of contamination by eggs and larvae of species and
characterize the risk of infecting wild ungulates with them. The number of eggs and larvae of helminths
of the Strongylata suborder in excrement may vary over time depending on weather conditions. Infec-
tion with helminths of the suborder Strongylata occurs through the trophic links of wild ungulates. The
addition of young grass vegetation to the diet of wild ungulates in spring leads to an increase in eggs
and larvae of helminths of the Strongylata suborder in excrement. In the autumn season, when wild un-
gulates switch to rough forages, the number of eggs and larvae of helminths of the Strongylata suborder

in excrement decreases.

Keywords: contamination; helminths of the Strongylata; wild ungulates.
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Introduction

The biosphere in the evolutionary-ecological time
was structured by episodes of geographic and host
colonization, which led to the spread of complex
complexes of micro- and macroparasites, including
circulating among vertebrates’ helminths. Biological
invasion is a complex phenomenon, often associated
with «out-of-range dispersal» and the establishment
of exotic (non-native) species and populations sub-
stantially outside their natural range (Hoberg, 2010).
As a biotic factor, the state of populations of wild
ungulates and their numbers are significantly affect-
ed by helminths of the suborder Strongylata. When
studying the biological diversity of species of the
suborder Strongylata, it was found that infection rates
depend on the ecological characteristics of biotopes
(Akhmedov et al., 2022). The most dangerous bio-
topes where wild boar is heavily contaminated with
parasite germs are young pine forests, oak forests,
birch forests, floodplain willow forests, alder for-
ests, abandoned villages and mixed deciduous forests
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(Penkevich, 2012).

When considering the influence of various risk
factors on the prevalence of most genera of gastroin-
testinal tract nematodes, the highest were noted in roe
deer from coastal areas, where climatic conditions are
more favorable for the development and survival of
third-stage larvae. In terms of animal sex, prevalence
is generally higher in males than females, likely due
to behavioral and physiological sex differences. On
the contrary, no differences were found depending on
the age of the animals (Pato et al., 2013). Exposure
of wild animals to dangerous parasitic diseases often
ends in death, loss of commercial qualities of meat
and other products. They cause damage to the abun-
dance of species and reduce the prestige of hunting
game animals (Kokolova et al., 2019).

It has been established that individuals of wild un-
gulates of different species infested with helminths,
including those belonging to the suborder Strongyla-
ta, have a significant decrease in slaughter rates with
an increase in the content of bone and cartilage tissue
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in carcasses. This indicates a decrease in meatiness
at a high intensity of helminth invasion (Golubev,
2017). With regular monitoring of the parasitic eco-
system of game animals, it is possible to prevent their
negative impact on public health. An important ele-
ment of the epizootological analysis of this problem
is the preservation of the species composition of wild
game animals, an increase in their numbers (Kokolo-
va et al., 2019), which is possible if a set of preven-
tive veterinary measures aimed at maintaining the
sanitary well-being of biocenoses is observed (Tret-
jakov et al., 2021). Measures to prevent strongylosis
should be aimed at dispersing animals from danger-
ous to safe lands (Samoilovskaya, 2014).

Kristjanovski showed a comparative analysis of
the intensity of strongylates infection of wild un-
gulates in protected areas without deworming and
with deworming. He found that with a low infesta-
tion in the autumn period and without deworming
in the spring, the infestation increases. Carrying out
deworming reduces infection or heals. Routine de-
worming of wild ungulates kept in small protected
areas is recommended. (Kristjanovski et al., 2021). In
natural habitats, various species of strongylate pose a
serious threat to the health and productivity of wild
animals. Therefore, control of these parasites is nec-
essary (Mutviri, 2013).

However, there is another point of view. With the
transformation of wilderness into wilderness parks
and the return of developed areas to the forces of na-
ture, intermediate hybrid areas are emerging in which
wilderness and managed nature are increasingly in-
tertwined. The lack of intervention such as deworm-
ing allows these mixed territories to be left relatively
unexplored (Claver, 2002). Human activity interferes
with wild animals and results in the loss of many an-
imal populations. It has been shown that deworming
will negatively affect the intestinal microbiome of
wild animals, significantly changing the number of
microorganisms (Mustafa et al., 2021).

Thus, the question of the need to control the
spread of helminths in the natural habitat remains
controversial. However, the inclusion of deworming
in the management of biological resources leads to
indisputable benefits. This allows to reduce the an-
tigenic load on the organism of animals, free them
from helminths (for a while), and increase their re-
sistance.

The aim of our work was a comparative ecolog-
ical and helminthological assessment of the habitats
of wild ungulates, regarding the sources of infection
of the Strongylata suborder.

Materials and methods

Study Area and Data Collection

The work was carried out in the Osipovichi exper-
imental forestry. The forestry is located in the north-
ern part of the Mogilev region of the Republic of Be-
larus. The area of forestry grounds is 45.7 thousand
hectares, of with: 32.3 thousand hectares — forest,
10.5 thousand hectares — field, 2.9 thousand hectares
- wetlands (fig. 1) from 2017 to 2019.

To determine the source of infection in the exter-
nal environment we regularly examined the excre-
ment of wild ungulates throughout all seasons.

Laboratory Assays

Excrement of wild ungulates was regularly ex-
amined during all seasons to establish the source of
infection in the external environment. To do this, we
used the Fiilleborn method in the classical version
and in modification (Jimenez-Albarran and Odda,
1994; Karmaliyev et al., 2017), and later, the Mc-
Master test method in the original and in modification
(Moriya, 1954; Cringoli et al., 2004). The Fiilleborn
method consisted in the fact that 3 g of excrement
was first filled with water and left for a while. Then
they were thoroughly crushed, the supernatant liquid
was left until clear, and it was poured off. Washing
was carried out several times. Then the sediment was
microscopically examined for the presence of larvae
and eggs of helminths.

The modification of the Fiilleborn method was
as follows: 3 g of excrement was preliminarily filled
with water and left for 24 h. Filled with saturated salt
solution and centrifuged at 3000 rpm for 15 minutes.
The surface of the film was examined with a parasi-
tological loop 5 mm in diameter. Three loops were
taken from each sample and the average number of
helminth eggs in the sample was calculated.

When using the Mac-Master test, the studies were
carried out as follows: 3 g of feces were thoroughly
mixed with water and filtered. The filtrate was placed
in centrifuge tubes and centrifuged for 3 min. The
supernatant was discarded and the precipitate was
re-diluted with brine and thoroughly mixed. With
a Pasteur pipette, the suspended sediment was col-
lected from the test tube and filled with it into the
McMaster chamber and microscoped at 10x4 lens-
es. Helminthes eggs and larvae were counted in the
chamber.

When establishing the accumulation of larvae on
plants, studies were carried out in all seasons. When
evaluating the lands, the biomass of grass stand per
unit area was considered. The average number of lar-
vae per 1 g of vegetation was determined.

The sex of wild ungulates was determined by ex-
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Fig. 1. Map of the location Osipovichi experimental forestry
(https://disk.yandex.ru/i/4r6vEQzIBTZW7A open original)

crement according to (Romanov et al., 2005).

Data Analysis

The computational program used was Excel ver-
sion 2010.

Results

Seasonal dynamics of environmental contamina-
tion by eggs and larvae of helminths of the Strongyla-
ta suborder in the natural lands of the Osipovichi Ex-
perimental Forestry

Climatic factors and weather conditions have a
direct impact on the accumulation of eggs and the
survival of larvae of helminths of the Strongylata
suborder. In different seasons of the year, the number
of allocated eggs is different.

It has been established that helminths are charac-
terized by two periods with the greatest accumula-
tion of eggs in excrement of female and male of wild
ungulate. This is the spring (April-May) and autumn
(September-October) periods. Less helminth eggs ac-
cumulate in late autumn, winter and early spring. In
the event of a long warm autumn, warm winter with
little snow cover, the number of eggs in excrement
reaches a maximum in May (tab.1).

The presence of frosts and frequent snowfalls in
spring leads to a delay in the grass cover develop-
ment and reduction of accumulation of helminth eggs
in excrement.

High humidity in autumn and high ambient tem-
perature contributes to the abundant growth of herba-
ceous vegetation and, accordingly, increased survival
of larvae of helminthes of the Strongylata suborder.

Dry summer periods contribute to the active
movement of larvae to plants, shifting the biological
development cycle with a later infection of wild un-
gulates. Therefore, in autumn, the presence of eggs

it

and larvae in the excrement of wild ungulates was
minimal. When the previous year is rainy, in spring
the number of eggs and larvae in the excrement is
small, and in summer, when there is an abundance of
precipitation, it is high. When there is a period with-
out precipitation, the number of larvae in the excre-
ment decreases and remains low until early October.
A warm autumn and snowless winter contribute to
an increase in the number of helminth larvae in the
excrement of wild ungulates. The maximum num-
ber is reached by the middle of winter. At the end of
winter and beginning of spring, the number of hel-
minth larvae in excrement decreases. With a warm
beginning of spring, already at the end of March to
mid-May, an increase in the number of helminth eggs
in excrement is noted. Then their number decreases,
remaining at the same level until mid-autumn, and
then increases again. At the end of autumn and the
beginning of winter, when low temperatures set in,
the number of eggs and larvae of helminths decreas-
es. So, in 2018, which was preceded by 2017 with
high humidity, warm autumn and late snow cover, the
spring peak of eggs and larvae in excrement was high
in May. During the cold March with frosts, the grass
growth was delayed. The number of helminth eggs of
the Strongylata suborder was less than usual during
this period. The accumulation of moisture in the au-
tumn of the previous year led to an abundant grass
growth in the spring and summer of the current year,
which determined the high survival rate of larvae in
all forest habitats (fig. 2).

The distribution of the infection of the Stron-
gylata suborder of wild ungulates in natural lands in
different periods of the season is not the same and
is determined by weather conditions. The time and
duration of periods of intensive accumulation of hel-
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Table 1. Introduction of helminths eggs of the Strongylata suborder
in wild ungulates into hunting lands
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Average number of eggs 05 | 52 | 242 | 196 | 36 | 48 | 172 | 196 | 184 | 14
in 3 g of excrement
The number of helminth eggs 1600 | 17140 | 82430 | 66820 | 10250 | 16810 | 62200 | 68780 | 65240 | 4480
in the excrement of females / day
The number of helminth eggs 2520 | 25160 | 142320 | 104160 | 18640 | 24780 | 86200 | 105730 | 5880 | 6420
in the excrement of males / day

minth eggs in the excrement depends on the ecolo-
gy of wild ungulates. An increase in the number of
helminth eggs in excrement in spring begins after
the appearance of young grassy vegetation. At the
beginning of summer, wild ungulates are freed from
helminths that got to them last autumn. Therefore,
until the middle of summer, few eggs and larvae of
helminths get into natural areas. There is no mass in-
fection of wild ungulates with helminths at this time.
Periodically occurring dry periods reduce the surviv-
al rate and movement activity of invasive larvae. In
summer time, wild ungulates (Cervus elaphus and
Alces alces) eat only the tops of herbaceous plants,
which helps to prevent active infection in dry times.
During the rainy season, wild ungulates spread out
over the lands, which also protects them from mass
infection. In spring, the intensity of the accumulation
of invasion in excrement significantly depends on
weather conditions. In autumn, wild ungulates switch
to roughage, which also protects them from intense
infection. In late autumn and winter, the alternation
of snowy periods and periods without snow leads to
fluctuations in the intensity of accumulation of hel-
minth eggs of the Strongylata suborder in the excre-
ment of wild ungulates.

Distribution of eggs and larvae of helminths of
the Strongylata suborder in the natural lands of the
Osipovichi Experimental Forestry. Characterization
of forest lands with respect to contamination by hel-
minths of the Strongylata suborder of wild ungulates

The degree of contamination of lands with hel-
minth eggs and larvae depends on the food and top-
ical preferences of wild ungulates. Each landscape
has its own peculiarities in the distribution of various
species of wild ungulates. The degree of their prefer-
ence and significance for wild ungulates in different

seasons of the year is different. In the conditions of
the Osipovichi experimental forestry, deer constantly
live near feeding areas, salt licks and fodder fields,
and heaps of excrement were mainly found near
them.

Cervus elaphus and Alces alces prefer young pine
forests, which are their winter feeding stations, there-
fore there, in early spring, contamination with eggs
and larvae of helminths of the Strongylata suborder
is the highest per unit area. There are almost the same
numbers of them in the mixed forest.

Sufficiently high contamination of medium-aged
mixed forests is observed. In the middle of spring, elk
excrement was more often found in swampy forests
along river floodplains, in mixed young forests, and
also in young pine forests. It has been established that
in winter with snow cover, there is a high contamina-
tion with eggs and larvae of helminths of the Stron-
gylata suborder of the feeding habitats of the Alces
alces. Low contamination is registered in winter in
open areas and in light forests. In the spring, feed-
ing habitats change and animals are redistributed. In
spring, the number of eggs and larvae in the excre-
ment is high, and the lands are heavily contaminat-
ed with wild ungulates. The highest concentration of
them was noted in swampy areas of the forest and
in mixed young forests. Almost wild ungulates vis-
it forest and floodplain meadows, agrocenoses less
frequently and their degree of contamination is insig-
nificant. Alces alces avoids open areas of land, pre-
ferring forests.

For the circulation of helminths of wild ungulates
of the Strongylata suborder, climatic conditions and
geobotanical characteristics of the habitats of wild
ungulates are important. This is confirmed by the
study of the timing of their biological development,
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the features of the physical activity of larvae and their
survival in forest lands. This means that different
types of forest land are not the same in terms of the
places of circulation of helminths of wild ungulates
of the Strongylata suborder.

The main habitats of wild ungulates, especially
Alces alces, are young pine forests. In the winter sea-
son, a significant number of animals are concentrated
there. At the same time, contamination with eggs of
helminths of the Strongylata suborder is more than
69 thousand per 1 ha. While in the spring this indi-
cator is more than 42 thousand per 1 ha. From late
spring to the beginning of the autumn season, young
pine forests are passing stations for wild ungulates,
therefore eggs and larvae of helminths are rare there.
In these plant formations, the height of the grass
layer is low. Young pine forests can be attributed to
lands with a low risk of infection with wild ungulate
helminths of the Strongylata suborder. Middle-aged
pine forests can also be classified as low-risk areas
for wild ungulate helminth infestation, as they are
predominantly resting and passing habitats for wild
ungulates. The level of contamination in the winter
season was more than 4.8 thousand per 1 ha, and in
the spring more than 8.8 thousand per 1 ha. Old pine
forests are only passing habitats and all year round.
In the winter season, their contamination is 0.1 thou-
sand per 1 ha, in the spring - more than 2.1 thousand
per 1 ha. Therefore, this type of plant formations can
also be attributed to lands with a low risk of infection.
Young mixed forest formations with abundant mot-
ley grass are of high food value for wild ungulates
(Cervus elaphus and Alces alces) in all seasons of the
year. Contamination in the winter season here is more
than 58.4 thousand eggs per 1 ha, in the spring sea-
son - more than 27.4 thousand. Therefore, this type of
vegetation formations can be attributed to lands with
a high risk of infection. Middle-aged mixed forests
with deciduous undergrowth are frequently visited by
wild ungulates in the winter season. Contamination
there is up to 29.5 thousand per 1 ha. In other sea-
sons, the forests of this formation are used by wild
ungulates as food partially. In the spring season, con-
tamination is 4.1 thousand per 1 ha. The grass cover
is also abundant here. This type of formation can also
be classified as a land with a high risk of contam-
ination. Old mixed forests with sparse herbage are
migratory habitats for wild ungulates and belong to
lands with a low risk of contamination. Spruce for-
ests with low herbage and sparse vegetation are lands
with a low risk of contamination. In winter, swampy
forests serve as passing and partially feeding habitats
for Alces alces. Their contamination is 1.7 thousand
eggs and larvae per 1 ha. In the spring season, the
appearance of grassy vegetation in wetlands attracts
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Alces alces. They are the richest in food, since the
herbaceous cover is represented by plants, the height
of which reaches the feeding layer and the Alces al-
ces remains there throughout the summer-autumn
season. Swampy forests with abundant vegetation
are among the lands with a high risk of infection with
helminths of the Strongylata suborder of wild ungu-
lates. In the winter season, wild ungulates rarely visit
the bushes along the river floodplain. During this pe-
riod, contamination is less than 0.026 thousand per
1 ha. In the spring, visits to these habitats become
more frequent, and contamination also increases to
3.5 thousand per 1 ha. In summer, the Alces alces
changes its location, but these lands serve as feeding
habitats for Cervus elaphus and Capriolus capriolus.
Shrub thickets along the river floodplain belong to
the lands with the risk of infection with helminths
of the Strongylata suborder of wild ungulates. Con-
tamination of forest meadows with helminths of the
Strongylata suborder in winter and spring is low, al-
though in the spring season these habitats are rich in
food, and in the winter season they are rarely visited
by wild ungulates. More often these habitats are vis-
ited by a Cervus elaphus. Alces alces usually avoid
open areas and after using them as food, they move
to forest lands. Forest meadows are dangerous in
terms of infection with helminths of the Strongylata
suborder for Cervus elaphus and potentially danger-
ous for Alces alces. Wild ungulates in different sea-
sons of the year prefer to visit different lands. This
preference depends on the availability of food at the
habitats. Most preferred are habitats with abundant
vegetation (mixed young growth, forest meadows).
Features of the herbage of these lands are reflected in
the mobility of larvae of helminths of the Strongylata
suborder. Contamination with eggs of helminths of
the suborder Strongylata per 1 ha in the spring period
in a swampy forest can exceed that by more than 10
times in mixed young stands and more than 100 times
in forest meadows (tab. 2).
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Fig. 2. Seasonal dynamics of contamination
of wild ungulates by helminths of the Strongylata
suborder
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Table 2. Distribution of eggs of the Strongylata suborder
in lands and habitats of wild ungulates

Season of the year
Lands and habitats Winter | Spring
Number of eggs per 1 ha, ind.

Forest meadow 0 4124
Swamp forest 172 486422
Young mixed forest 58442 27462
Medium aged mixed forest 29545 4168
Old mixed forest 42 0
Young pine forest 69284 42420
Middle-aged pine forest 4882 8865
Old pine forest 100 2146
Shrubs along the floodplain 26 3546
Agrocenoses 0 2436

Accumulation of larvae of helminths of the Stron-
gylata suborder in the natural lands of the Osipovichi
Experimental Forestry

In forest lands, larvae of helminths of the Stron-
gylata suborder accumulate on plant parts corre-
sponding to the food layer of wild ungulates. The
contamination degree of plants by larvae of hel-
minths of the Strongylata suborder in habitats with
dense herbage differs depending on the season of the
year. The smallest contamination is observed in April
and Maj. Then there is a gradual increase until the
middle of summer. After a slight decrease is regis-
tered with an increase in early August. The maximum
contamination of plants with larvae of helminths of
the Strongylata suborder is recorded in September.

Different lands differ in the composition of veg-
etation, incl. biomass, especially depending on the
season of the year. The maximum biomass is record-
ed in summer, especially in swamp parts of the forest.
It is slightly less in meadow areas and old fellings.
A significant biomass of herbaceous vegetation was

recorded in separate areas of pine forests, both mid-
dle-aged and old, in mixed young forests, as well as
in areas with rare crown density. Insignificant bio-
mass of herbaceous vegetation is in young pine for-
ests and spruce forests. The accumulation of larvae of
helminths of the Strongylata suborder in forest lands
has a localized character. Their horizontal migration
is negligible. It was established that the invasive lar-
vae were mainly within a radius of 30 cm from the
place of excrement excreted by wild ungulates. In a
number of habitats, a significant number of such lo-
cations can be found per unit area (one heap - 0.5 m?)
and mass number of infective larvae (tab. 3).

In this way, the infection of Capriolus capriolus
and Alces alces with helminths of the Strongylata
suborder in the habitats of this region can occur from
mid-summer to early autumn (July-September) with
a peak in the second half of August and the first half
of September.

Differences in the biomass of herbaceous veg-
etation of forest formations determine their signifi-
cance in relation to helminths of wild ungulates of

Table 3. Distribution of larvae of helminths of the Strongylata suborder
by habitats and areas (2017)

Habitats and lands Biomgs/soo.glrlgbage, Nuﬁz.ej g.fsla;;\;ae,

Forest meadow 1179.0 16152.0
Swamp forest 1600.0 6560.0
Old felling 1208.0 16504.5
Young pine forest 50.0 250.0
Middle-aged pine forest 342.5 3409.0
Old pine forest 96.7 3980.5
Old pine forest with dense herbage 388.0 15946.5
Young spruce forest 30.0 0
Old spruce forest 41.5 0
Young mixed forest 333.0 6357.5
Medium-aged mixed forest 300.0 1230.0
Old mixed forest 220.5 150.0
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the Strongylata suborder, especially of the genus
Trichostrongylus. The biomass of herbaceous veg-
etation in swamp forests exceeds by more than 5
times the biomass of mixed young forests and by 1.3
times the biomass of forest meadows. The activity of
movement of larvae of helminths of the Strongylata
suborder on the herbaceous vegetation of meadows
is lower than that of forests, especially mixed young
forests. The highest activity of the movement of hel-
minth larvae is recorded in swampy forests with de-
ciduous undergrowth and dense herbaceous vegeta-
tion. In the rainy and warm summer season, up to 21
larvae can be counted in 1 g of herbaceous vegetation
in mixed forest areas, up to 5 larvae in swampy for-
ests, and 11 larvae in forest meadows. At the same
time, the safety and activity of the larvae is also very
high.

It should be noted that anthropogenic impacts also
have a significant impact on the ecology of the Capri-
olus capriolus (agricultural and active logging opera-
tions). Therefore, in the helminth fauna of the Cervus
elaphus, there are species of the Strongylata suborder
which are found at livestock. However, Alces alces
most often choose small areas of swampy forests and
forest swamps. In the summer season, females with
young animals move over short distances. Their con-
centration in a limited area contributes to the pres-
ence of an increased risk of infection with helminths
characteristic of this species. Unlike females, males
are more dispersed geographically and the risk of in-
fection is much lower.

Discussion

Historically, the role of parasites in the function-
ing of ecosystems was considered trivial, since a cur-
sory examination reveals, that their relative biomass
is low compared to other trophic groups. However,
there is increasing evidence that parasite-mediated
effects may be significant: they shape the dynamics
of the host population, alter interspecific competi-
tion, affect energy flow and appear to be important
biodiversity contributors (Hudson et al., 2000).

Pathogens and parasites are fascinating to epide-
miologists and ecologists alike; as well as causing
disease in individual species, they can perturb the
normal functioning of a community and thus give in-
sights into the way that the community ‘functions’.
Several recent studies on diseases in animal popu-
lations have confirmed the importance of pathogens
and parasites as components of ecological systems,
while also revealing the underlying structure of com-
plex multispecies communities (Dobson, Hudson,
1986).

Shrinking ecosystems concentrate both individu-
als and species into restricted areas, promoting trans-
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mission and exchange of parasites. Fragmentation in-
creases edge and brings an influx of new species into
the disturbed or agricultural habitats between frag-
ments, introducing new parasites and possibly lead-
ing to the development of new and more pathogenic
strains of parasite. Environmental contaminants act
as stressors, and may compromise immune systems.
Global climate changes challenge the adaptability of
organisms, and may allow the invasion of new para-
sites. Because each of these effects increases the po-
tential for parasites to become pathogenic, the impor-
tance of disease is expected to increase in shrinking
ecosystems, with the emergence of new diseases and
increasing numbers of epidemics. Increased pathoge-
nicity of generalist parasites may pose a threat to spe-
cies with restricted distributions or small populations
(Holmes, 1996).

The host-parasite interaction is often seen as an
arms race, when parasites try to overcome the host's
resistance to infection. Herbivores are a common
route of transmission for parasites, which represents
the most common problem for the growth and repro-
duction of mammals. The starting point is that for-
aging seeking behavior can mitigate the impact of
parasitism in three ways; hosts could: (1) avoid seek-
ing foraging in parasite-infested areas; (2) choose
diets that increase their resistance to parasites; (3)
choose products that contain antiparasitic properties
(self-medication). We know the skills required by
herbivores if they want to fight parasitism through
behavior, i.e. herbivores are capable: (a) determine
their parasitic state and change their behavior in rela-
tion to this state (behavior 1, 2 and 3); (b) determine
the spread of parasites in the environment (behavior
1); (c) distinguish plant species or plant parts that
increase their resistance to parasites (behavior 2) or
possess anti-parasitic properties (behavior 3). Her-
bivorous mammals cannot detect the presence of par-
asites themselves and must rely on such signals as fe-
ces. Despite the use of these signals, contact with par-
asites may be unavoidable, so mechanisms to combat
parasitism are needed. Herbivorous mammals have
the skills of finding foraging, necessary to exploit the
heterogeneous distribution of nutrients and parasites
in difficult foraging conditions, to avoid parasites and
increase their resistance to them. Current evidence
of the use of plant secondary metabolites (PSM) by
herbivores for self-medication remains questionable
(Hutchings et al. 2003).

When considering the influence of various risk
factors on the prevalence of nematodes of the gastro-
intestinal tract of roe deer in the northwest of the Ibe-
rian Peninsula, the highest prevalence for most gen-
era was observed in ungulates from coastal regions,
where climatic conditions are more favorable for the
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development and survival of larvae in the coastal
zone (Pato et al., 2013).

Spatial heterogeneity in parasite susceptibility and
exposure is a common source of mixed differences in
disease ecology research. However, it is not known
whether spatial autocorrelation affects immunity on
small scales in wild animal populations and whether
it predicts spatial infection patterns. Spatial heteroge-
neity is an important factor affecting immunity and
parasitism in a wide range of research systems (Al-
bery et al., 2019).

The type of habitat, as well as livestock, signifi-
cantly influence the number of parasitic larvae in roe
deer, which is higher in competitive scenarios and in
lower quality environments (Horcajada-Sanchez et
al., 2018).

Many of the parasites in mammals are acquired
through contact with infected stages, which are pres-
ent in soil, faeces, or vegetation, which makes it pos-
sible to assume, that behavior at a distance will have
a great influence on their distribution (Nunn et al.,
2011).

Parasitism in wild mammals can vary due to a va-
riety of internal and external factors, many of which
change with the season (Albery et al., 2018).

It is known that the burden of parasites in wild an-
imals varies with the season, and precipitation is one
of the key aspects of seasonality that is associated
with parasitism in a number of systems. Rainfall can
have a direct effect on parasitism levels, affecting the
survival and movement of parasites in the environ-
ment (Shearer, Ezenwa, 2020).

They can influence the host's susceptibility to
parasites through changes in the host's health condi-
tion (Marshal et al., 2008) or immune function (Fair,
Whitaker, 2008).

The seasonal output of eggs of gastrointestinal
parasites of wild ungulates of the Mediterranean pro-
tected area, in the Monti Livornesi park (Livorno,
Tuscany region, Central Italy) showed, that egg out-
put peaks in different months in accordance with dif-
ferent biology and parasite survival strategies (Magi
et al., 2005).

Heavy rainfall may also improve survival and de-
velopment of parasites in the environment (O'Connor
et al., 2007, 2008).

Active soil ingestion is often observed in popula-
tions of wild mammals. Soil material is never eaten at
random locations in animal's habitats, but from spa-
tially limited areas (Klaus, Schmidg, 2009).

Helminth eggs were found more often in the soil
of active and abandoned feeding sites than in control
plots. This may reflect a parasitic infestation or in-
dicate that, that supplementary feeding areas are ap-
propriate habitats for soil-dwelling nematodes (Oja
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etal., 2017).

A ubiquitous aspect of human intervention in for-
est landscapes is the edges of the forest. In mammals,
the proportion of individuals with multiple infections
is higher in edging forest groups than in inland forest
groups. The prevalence of specific parasites varies
between edging and intra-forest groups. Oesopha-
gostomum sp., potentially dangerous parasite, was
found in mammals at the edge of the forest 7.4 times
more often than in the depths of the forest. Parasitic
contamination (measured as parasite eggs/g faeces)
of wild animals from edging and inland forest areas
differed similar to the prevalence for one species, but
did not differ for the other species. For example, the
number of eggs of Oesophagostomum sp. in one spe-
cies on the edge was 10 times higher than in another
species from the inside (Chapman et al., 20006).

Therefore, wildlife health surveillance programs
should include routine parasite screening, because
gastrointestinal parasites can influence wildlife pop-
ulation dynamics, affecting fertility and survival of
the host (Davidson et al., 2015).

Conclusion

Different types of forest land are not the same,
as are the places of circulation of eggs and larvae
of helminths of the Strongylata suborder. Plant for-
mations with a low risk of infection are young pine
forests, middle-aged and old pine forests, old mixed
forests, spruce forests. Potentially dangerous in terms
of infection are bushes of river floodplains and forest
meadows. Plant formations with a high risk of in-
fection are young mixed forests, middle-aged mixed
forests with undergrowth. The most dangerous for in-
fection are swampy forests and forest swamps.

The degree of contamination and accumulation of
invasive larvae of helminths of the Strongylata sub-
order in different lands and habitats is different and
differs depending on the season of the year. The most
favorable for mass infection is the end of summer,
the beginning of autumn, namely August-September.

The distribution of eggs and larvae of helminths
of the Strongylata suborder in forest lands has a focal
character. The number of foci depends on the areas
preferred by wild ungulates.

The movement of wild ungulates across the land
occurs also under the influence of the anthropogenic
factor, which affects the distribution of infection. If
we know the habitats of wild ungulates, we can as-
sess the degree of contamination by eggs and larvae
of species and characterize the risk of infecting wild
ungulates with them.

The number of eggs and larvae of helminths of
the Strongylata suborder in excrement may vary over
time depending on weather conditions. Infection with
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helminths of the suborder Strongylata occurs through
the trophic links of wild ungulates. The addition of
young grass vegetation to the diet of wild ungulates
in spring leads to an increase in eggs and larvae of
helminths of the Strongylata suborder in excrement.
In the autumn season, when wild ungulates switch
to rough forages, the number of eggs and larvae of
helminths of the Strongylata suborder in excrement
decreases.
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[Tono3 C.B. 3arpsi3HeHue 3emMeJib 1 MeCT 00H-
TAHUS JMKUX KONBITHBIX siilaMM M JIMYHHKAMU
reJJbMHUHTOB NOAOTPsiAa Strongylata.

Paznuunble THUIBI JIECHBIX YTOAUH HEOAMHAKOBBI
KaK MeCTa LUHUPKYJSILUUU UL ¥ JIHYUHOK FeJIbMUHTOB
noporpsina Strongylata. PacrtutensubivMu  (opma-
LIUSIMH C HU3KUM PUCKOM 3apa)KCHUS SIBIISIIOTCS CO-
CHOBBIE MOJIOJHSIKH, CPEIHEBO3PACTHBIC M CTaphle
COCHOBBIE JIeca, CTapble CMEIIAHHbIE JI€Ca, CILHUKH.
[ToTeHunanbHO ONACHBIMU MO 3aPAKECHUIO SBIISIIOTCS
KyCTapPHUKOBBIE 3apOCIIH IOWMBI PEK U JIECHBIE JyTa.
PacturenpHbiMU (OpMALMSIMU C BBICOKMM PHCKOM
3apayKeHUsl SABJSIIOTCS MOJIOABIE CMELIAHHBIE Jieca,
CPEAHEBO3PACTHBIE CMELIAHHBIC JIECa C IOIPOCTOM.
HauOosnee omacHbIMH 10 3apa)XEHUIO SIBIISIOTCS 3a-
OosioueHHBIE Jieca U JiecHble Oonora. CTeneHb KOH-
TaMUHALUKY 1 HAKOIUICHHE MHBA3MOHHBIX JIMYMHOK
reJbMUHTOB TopoTpsina Strongylata B pa3nuyHbIX
YTOABSX U CTalMAX PA3IMYHO U OTIMYACTCS B 3aBU-
CHUMOCTH OT ce30Ha ropa. Hanbonee 6i1aronpusiTHbI-
MH JUIsl MACCOBOTO MH(UIIMPOBAHUSI ABJISIETCSI KOHELL
JeTa, Hadajlo OCEHH, & MMEHHO aBIyCT-CEHTSIOpb.
Pacnpenenenue sy U JIMYMHOK T€IbMUHTOB I0O/0-
Tpsina Strongylata B JI€CHBIX yroabsix MMEET MO3a-
WYHBIA xapakrep. KoianuecTBo miiomanok 3aBUCHUT
OT YroAui, KOTOpbIC MPEANOYUTAIOT JUKHE KOIBIT-
Hble. [lepemenieHne QUKUX KOIBITHBIX IO YTOABSIM
MPOMCXOIUT U IOl BO3ACHCTBHEM AHTPOIIOTCHHOTO
(baxTOpa, 4TO OKA3bIBACT BIUSHUE HA pacIipeacieHIe
nH(peKkuuu. 3Hasi MecTa OOUTaHUS AUKUX KOIBITHBIX
MOYXHO OLICHHUTbH CTEIIeHb KOHTAMMHUPOBAaHUS AlLa-
MU U JIMYMHKAMH BHJIOB M OXapaKTEPU30BaTh PUCK
3apa)KeHUs1 UMM TUKUX KOIBITHBIX. KonndecTBo siui
U JIMYMHOK TeJIbMHUHTOB monxoTpsiza Strongylata B
IKCKPEMEHTAX MOKET U3MEHSITHCS BO BPEMEHH B 3a-
BUCUMOCTH OT HOTOIHBIX ycioBuil. Peannsanus 3a-
paskeHMs reJIbMUHTaMHU NofoTpsiaa Strongylata mpo-
UCXOIUT 4epe3 TPopUUEeCKHE CBSI3U TUKUX KOIBIT-
HbIX. BKiltoueHue Moi040i TpaBsiHOM PacTUTENbHO-
CTH B PallMOH JUKHX KOIBITHBIX BECHON MPUBOAUT K
YBEJIUUCHHIO SIML U IMYMHOK I'eJIbMUHTOB MOAOTPSAA
Strongylata B sxckpemeHTax. B oceHHmii ce30H npu
MIEPEXO/i€ TMKUX KOMBITHBIX Ha IpyOble BETOUHBIC
KOpMa KOJIMYECTBO SIML U JINYMHOK T'€JIbMUHTOB I10-
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NCITOJIb3OBAHUE MHAEKCOB 3AT'PASHEHHOCTU BOJbI 1JI51 OUEHKU
MHOTI'OJIETHEN UBMEHYMBOCTU COCTOAHUA BUCIIMHCKOI'O 3AJIMBA
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Unemumym oxeanonoeuu um. ILI1 [Hupwosa PAH

NCHOJJIB3OBAHUE UHAEKCOB 3AT'PA3SHEHHOCTH BOJAbI A1
OLEHKUA MHOT'OJIETHEW U3MEHYUBOCTHU COCTOSIHUS
BUC/INHCKOI'O 3AJIUBA

Bucnuncknit 3a5uB npeacrasiseT co0Ol TpaHCIpaHWYHYIO JIArYHHYIO 3KocucteMy banruiickoro
MOpsi, KOTOpasl MOABEPIKEHA 3arpS3HEHUIO U3 Pa3IMYHbIX aHTPOINOTEHHBIX UCTOYHUKOB. J{sl poccuii-
CKOH 4aCTH aKBATOPHUHU 3aJIMBA BBHINOJIHEHA OLIEHKA KaueCTBa BOJ HA OCHOBE pacueTa UHJEKCOB 3arpss3-
nHennoct — 3B, YKU3B u CCME WQI 3a nepron 2007-2020 rr. Hanbonbimii ypoBeHb 3arpsisHEHUS
xapakrepeH i1t Boctounoro paiiona u IIpumopckoii OyxThl, KyJa nocrynaer ctok p. IIpeross u ctou-
Hble Bo/bl KanmuuuHrpana. 3HaueHust UHAEKCOB IEMOHCTPUPOBAIIN CXOXKYIO CE30HHYIO U MHOTOJIETHIOIO
N3MEHYMBOCTh C MAaKCHMYMaMH B [1€pU0J1 Hanbosee SBTPO(HOT0 COCTOSIHUS U «IIBETSHUS» BOJ| 3aJIMBa.
Bcenenne mosutiocka-¢punsrparopa Rangia cuneata otpasuiioch Ha cHmkennn 3B, YKU3B u CCME
WQI B 2013-2017 rr. C 2016 ., mocinie BBEJEHUsI B CTPOIl OUUCTHBIX coopyxeHull . Kanununrpana,
OTMEeYaeTcs yIydIlIeHHEe KaueCcTBa BOJ B akBaTOpHH I IpuMOpcKoii OyXThI.

Knrouesvie cnosa: BucnuHCKku 3a/IUB; MHAEKCHl 3aTPSI3HEHHOCTH BOA; JAMHAMMKA KadecTBa BOJ;

E)BTpO(i)I/IpOBaHI/IC; OYHUCTHBIC COOPYIKCHUA.
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Beenenne

MOHUTOPUHT 3arpsi3HEHHOCTH TTOBEPXHOCTHBIX
BOJTHBIX OOBEKTOB BKIIOYAET OOpPabOTKy OOIBIINX
MacCCHBOB ITPOCTPAHCTBEHHO paclpeelieHHbIX JTaH-
HBIX, TTOTy4eHHBIX 33 JITUTENbHBIH niepro. C 1enbo
KOMIUTEKCHOM OIICHKH pe3yJbTaToB HaOIIOMEHHHA
BBITIOJTHAIOTCSA PacdyeThl WHICKCOB 3arpsi3HEHHOCTH,
KOTOpBIE TTO3BOJISIIOT YYUTHIBATH BKIIA]] aHAIIN3HPYe-
MBIX THAPOXUMHYECKHUX TTapaMeTpoB B 00Ul ypo-
BEHb 3arpsi3HEHUs] BOJAHOTO 00BekTa. Jlonroe BpeMs
JUTSL OTICHKH COCTOSTHUSI TIOBEPXHOCTHBIX BOJI IPHUMe-
HSUICS MHAEKC 3arpssHeHHoCcTH Bos! (M3B) (MeTo-
qugeckue ..., 1988), ¢ 2002 1. oH OBLT 3aMECHEH Ha
yAENbHBI KOMOMHATOPHBIN WHICKC 3arpSI3HEHHOCTH
Bonbl (YKU3B) (P 52.24.643-2002). OcHOBHBIM
otnuneM YKUN3B sBisieTcss BO3MOXKHOCTh MCITOJIb-
30BaHUs TIPH €r0 pacdyerax OONIbIIEro KOJMYeCcTBa
THIPOXMUMHUYECKUX TTApaMETPOB, a TaKXKe y4eT U Xa-
PaKTEepUCTHKA TTOBTOPSEMOCTH M KPATHOCTH TIPEBHI-
IIEHUHN.

B mexnyHaponHOH NpakTUKE MOHUTOPHMHIA W3-
BECTHBI pa3JMYHBIC THAPOXUMHUYECKHE WHICKCHI,
B TOM 4YHCIIE KaHAJICKUWA WHIIEKC Ka4decTBa BOJIBI
(Canadian Council of Ministers of the Environment
Water Quality Index, CCME WQI) (CCME, 2017).
OH ucnonp3yeTcsl A OIEHKH COCTOSHHUS PEUHBIX
¥ 03EpHBIX KOCUCTEM, a TaK)Ke MPUOPEKHBIX 30H H
nary" (Lumb et al., 2006; Teshome, 2020; Miyittah
et al., 2020). B ommrune ot YKM3B, pacuer CCME

il

WOQI mo3BosSeT UCIoab30BaTh HE TOIBKO THIPOXU-
MUYECKHE IMOKa3aTeH, MO KOTOPHIM YCTAHOBIIEHBI
HOPMAaTHUBBI, HO U JIPyTHUE KPUTEPUH, BEIOOP KOTOPBIX
00yCJIOBNIEH 3ajjadaMM HccliefnoBaHus. Pa3nnuus B
Metomonorun pacdetoB 3B, YKU3B, CCME WQI
00yCIIOBIMBAIOT Pa3HOOOpa3re BO3ZMOXKHBIX OIEHOK
COCTOSIHHSI BOJHBIX OOBEKTOB IPH OJHOBPEMEHHOM
WX UCIOJIb30BAHHU.

Bucnunckuii 3anuB bantuiickoro mopsi mnpea-
CTaBISIET COOOH BBITSIHYTYIO JIAaryHY, OTJ/EICHHYIO
OT MOPSI Y3KHUM TPOJINBOM, OOJIbINasi 4acTh €ro aK-
Baropun (496 kM2, 61%) pacrmonokeHa B mpeaenax
Kamuaunarpanckoit obmactu. B BocTounsnii paiion
3anmuBa MocTtymnaet cTok p. [Ipeross, popmupyrommii
OCHOBY TTPECHOBOJHOTO CTOKa ¢ Tepputopuu Poccun
u Ilonpum (Chubarenko, Margonski, 2008). Buc-
JUHCKUH 3aJIMB MOYKHO OXapaKTEePH30BaTh KaK CHIIb-
HO ONPECHEHHBIH MOPCKOM BOJIOEM, B KOTOPOM CO-
JIEHOCTH BaphupyeT OT <1%o B YCTHSIX pek 10 6—8%o
Y MOPCKOTO TIPOJIMBA, COCTaBIsAA B cpemHeM 3—4%o.
[To xnaccuduranmu O.A. AyiekrHa BOJABI 3ajUBa
MIPUHAJUIEKAT K TPEThEMY THIy HATPHUEBOW TPYIIIIHI
KJlacca XJIOPUIHBIX BOJI. B 3amiBe Habmronaercs me-
PEXOA OT YIIIEKHCIOKAJIbIIMEBBIX BOJ Yepe3 XJIOpHU-
CTO-KaJIbIIMEBbIE K XJIOPUCTO-HATPHUEBHIM (AJIeKCaH-
npos, 2010; XKypasnesa, Tmocunscka, 1971). bymy-
Y TPAHCTPAHUYHBIM BOIOEMOM, 3aJTHB HCTIBITHIBAET
3arpsi3HEHHUE C MOJIBCKOW M POCCUICKOW CTOpoH. B
BOCTOYHOM 4YacTH 3ajuBa HaxoauTcs KanuHuHrpan-
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Ir'MAPOJIOrus CyLIN, BOAHBIE PECYPCBI, THAPOXUMUA

cKas armoMepanus ¢ HaceneHueM cBbime 800 ThIC.
YEJIOBEK, CTOYHBIE BOABI M3 KOTOPOH IOCTYIMAOT
B Boctounsiii paiion u Ilpumopckyro Oyxty. Buc-
JUHCKHUM 3aJIMB HCIBITBIBAET CHUIIBHOE BIMSHUE BOJ
Bantuiickoro mops, ocobenHo B Ilpubantuiickom
paiioHe. Pa3HOTHUIIHBIE NMPUPOIHBIE M AHTPOINOIEH-
HBIE yCJIOBUSI ()OPMUPYIOT B 3aJIMBE BBIPAKECHHYIO
MIPOCTPAHCTBEHHYIO HEOIHOPOJHOCTH TMJIPOXHUMHU-
YeCKUX Mokazarenei (Anexcanapos, Cramko, 2021).

IIpuponHsie ycnoBHsS W MHOTOJIETHEE 3arpsi3He-
HUE OMOTEHHBIMU AJIEMEHTaMH 00yCIOBWIH (OPMU-
POBaHME B 3aJIMBE BBICOKOIBTPO(HOI SKOCUCTEMBI, B
KOTOPOH B OTIENIbHBIE MIEPHO/IbI HAOIIONATOCH «IIBE-
TeHue» BoAbl. Hanbonpive ypoBHH 3arps3HEHUs U
9BTpo(HpOBaHMs BOZ XapaKTepHbI i BocTouHoro
paiiona u Ilpumopckoii OyxTsl (Anekcanapos, 2011;
Anekcannpos, [opOyHosa, 2012).

Ilo pesynbraraM ucciaenoBaHMH THAPOXUMHYE-
CKHX T[IOKa3aTellell KayecTBa BOJ Ha POCCHICKOU
yacTu akBaTopuu BucnmHckoro 3ammBa Obl1 cdop-
MHpPOBaH 3HAYUTENBHBIII MacCUB AaHATUTHUYECKHUX
JAHHBIX, KOTOPBIH TO3BOJISIET alpoOUPOBATh pa3iny-
HbIE PACUETHbIE WHJAEKCHl IJI aHaIn3a JTUHAMHKHU
MIPOCTPAHCTBEHHOW N MHOTOJIETHEN 3arpsiI3HEHHOCTH
BO/I.

MatrepuaJjibl 1 METOABI HCCIIEIOBAHUS

B pacuerax ucnonb3oBaiyu JaHHbIE MOHUTOPHH-
TOBBIX HCCIe0BaHNN BucnuHCckoro 3anuBa, BBION-
HeHHbIX ATnantHHPO B 6e3nenuslii nepuon (MapT—
anpens — HoAOpp—aekadpp) 2007-2020 rr. Otbop
po0 BOABI OCYLIECTBISUIM €KEMECSYHO B IOATO-
BepxHOCTHOM cioe (0—0.5 M) Ha 9 cTaHnMAx, OXBa-
TBIBAIOIINX POCCUHCKYIO aKBaTOPHIO 3ajmBa (puc. 1).
Bcero 3a ykazaHHBIN epHoz MPOBEAEHO 98 CheMOK,
BBINOJHEH aHaiu3 8§70 THAPOXMMHUYECKUX MPOO 1O

Tabnuya 1. Xapaxmepucmuxa 3a2psa3zHeHHOCIU 800

Table 1. Characteristics of water pollution

54748’
c.am.

Bammuiickoe

54°36' - \ope

sqe4 |

54°12' 1 1 1
19712 19°36" 20° 20724 20°48' B 1.

Puc. 1. Pacnonoocenue cmanyuti ombopa npoo
6 Bucnunckom 3anuse
(1 — Bocmounwtii, 11 — Ilpubanmuiicxutl,
111 — Jenmpanvnouii, IV — [lpumopcras 6yxma
(Anexcanopos u op., 2017))

Fig. 1. Location of the sampling stations in the Vistula

Lagoon (I — Eastern region, Il — Baltic region,
1l — Central region, 1V — Primorsky Bay
(Aleksandrov et al., 2017))

KaXJIOMy HCCIIeyeMoMy Tokaszarento. [lomydeHHble
Ha KQXKJIOW W3 CTAHIMH 3HAYCHUS THUIPOXUMUICCKUX
rokasaresiell ycpemHsui 1o padionam: Boctounomy
(crarmmu NeNe 1, 2, 3), [pubantuiickoMy (CTaHITUH
NeNe 5, 9, 10), Lienrpaneaomy (ctanimm NeNe 6, 7)
u Ilpumopckoit OyxTsl (ctanius Ne 4), KoTOpble OT-
JIMYAFOTCSL (PU3UKO-TEOTrpaPUUeCKUMU U THIIPOJIOTH-
YECKUMHU XapakTepucThkamu (AJIEKCaHIPOB U Jp.,
2017). T'ugpoxuMHUUeCKUE HCCIEIOBAaHUSI COCTaBa
BOJI BBITIOJHSUIMCH CTaHAAPTHBIMEU MeTonamu (Pyxo-
BOJZICTBO ..., 2003).

Pacuer wHnekca 3arpsisHeHHOCTH BOjbI (M3B)
MPOBOIWIN 110 (popMyIe At MOpckoi Bojsl (MeTo-
nudeckue ..., 1988). Crucok mokasareneild, Kpome
PacTBOPEHHOTO KHCIIOpOna (HI[KPX 6.0 mrO/nm?),
BKIIFOYAJl OMOXUMHYECKOE MOTPEOICHNE KHUCIOpPO-
na (2.1 mrO,/nm*), pocdop pocdaros (200
MKrP/nM?®) 1 amMmmonuitHbIi a30T (400 MKTN/
am®). Tlo aTuM mokazarensM B BucinHckoM

3aJIMBC NICPUOANYCCKU Ha6J'IIO,Z[aJ'II/ICB IMPECBbI-
ICeHUS MPEACIbHO A0ITYCTUMBIX KOHIICHTPA-
HHﬁ. DTH Ke MOKa3aTeIu ObLIH UCIIOIB30Ba-

HbI JIs1 pacucTa yACJIbHOTO KOM6I/IHaTOpH0-

ro nHjekca 3arpssaenHocty Boj (YKU3B) u

nnaaexkca CCME WQI (Pl 52.24.643-2002;

CCME, 2017) (Tabm. 1).

3nauenns uHaekca CCME WQI nomny-

YaroT MyTEeM pacuera Tpex (pakropoB: oObe-

Ma, 4aCTOTbI U aMIUVIUTYABbI. <DaKTop o0BeMa

OIMpeaCIACTCA ,Z[OJIeﬁ napaMeTpoOB, KOTOPHBIC

HE COOTBCTCTBYIOT BI)I6paHHLIM HOpMAaTu-

BaM, €TI0 BKJIaJd B 3HAQUCHHEC HMHJCKCaA SABJIA-

ercss HambompmmM. YactoTa OTO6pa)KaCT

Jlnana3oH 3HauCHMIT XapaKTepuCTUKa 3arPsI3HCHHOCTH / KaueCTBa BOJIbI
Measuring range Characteristics of pollution / water quality
3B

<0.25 OueHb uncras
>0.25-0.75 Yucras
>0.75-1.25 YMepeHHO 3arpsi3HeHHasl
>1.25-1.75 3arpsisHeHHas
YKU3B
<1 1 x;acc, YCIOBHO YHCTAs
>1-2 2 kiacc, cnabo 3arps3HeHHast
>2-3 3 Kyacc, paspsiji «ay, 3arpsisHeHHas
>3-4 3 KItacc, pa3psig «0», OUeHb 3arpsI3HCHHAsS
CCME WQI
94 — 100 Excellent (ominuHoE)
80— 94 Good (xoporuee)
65—-79 Fair / satisfactory (ymoBieTBOpHTEIbHOE)
45— 64 Marginal / bad (Huskoe / moxoe)

JIOJII0 MHAMBUAYAJIbHBIX OINPEACICHUN IMO-
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Kaszareiid, HC COOTBETCTBYIOIIMX HOPMATHUBY. AMim-
TyAa XapaKTCPU3yCT CTCIICHb OTKIIOHCHUA 3HAYCHUHN
THUAPOXUMHYCCKOI'O IMOKa3aTeyisl OT HOpMAaTHBa JIA
TEX 3Ha‘l€HHﬁ, rac Ha6J'IIO}_'[aIOTC$I IMIPCBBILLICHUS.

Pesyabrartsl U HX 00Cy:KIeHHe

Hnoexc 3aepssnennocmu 600bl

C 2007 mo 2020 rr. cpenHEroJoBbIE 3HAYEHUS
WHJIEKCA 3arpsi3HEHHOCTH BOJ B Pa3HBIX pailoHax
Bucnunckoro 3anuBa Bapsuposanu ot 0.55 no 1.04,
a ero BOJIbl XapaKTEPU30BAINCH KaK YHCThIE U yMe-
peHHo-3arpsizHeHHble. Hanbonpime nokaszarenu 3a-
IpsA3HEHHOCTH HaOmonanuck B BocTouHom paiione
(ot 0.63 mo 1.04) u Ilpumopckoii 6yxte (ot 0.67 10
0.99), koropeie B CpeIHEM COOTBETCTBOBAIH yMe-
PEHHO-3arpsiI3HEHHBIM BoJaM (puc. 2).

HaunbGonsmmii Bxitag 8 3B BHOCHT OMoxumude-
ckoe morpebnenue kucnopona (BIIK,), Benuuunnbl
KOTOpPOTO HE COOTBETCTBOBAJIM HOpMaThBaM B 97%
npoO, IpH 3TOM 3arpsA3HEHHOCTb BOJ OLIEHMBAJACh
KaK «yCTOWYHMBas.

B nepuon ¢ 2008 r. u no 2017 r. B BocTounom
paiione u [Ipumopckoii OyxTe, B OTIIMYHE OT APYTUX
paiioHOB, OTMEYAJIOCH MTOCIIEA0BATENLHOE CHIYKEHUE
3arpsI3HEHHOCTH BOJ.

OCOOEHHOCTBIO CE30HHON IMHAMHUKHM 3HAUYCHHUN
N3B, ocpennennbix 3a 2007—2020 T, OBLIO HATHYNE
JBYX IUKOB: B aripedie (B cpeguem 0.88), B urone u aB-
rycre (0.85-0.90), KOTOpBIM COOTBETCTBOBAJIO yMe-
PEHHO-3arpsI3HEHHOE cOocToAHNE BOA. CamMble HU3KHE
BesimunHbl 3B (1o 0.60) xapakTepHsl 115 IeproAa,
MPEIIECTBYIOIIETO JIEAOCTaBY, KOIJla KaueCTBO BOJ
COOTBETCTBOBAJIO KATETOPUH YHCTHIX (puc. 3).

Yoenvuolii xombOuHamopHulii UHOEKC 3acpsi3HeH-
HOCmU 800bl

C 2007 mo 2020 rr. cpenHEroJoBbIE 3HAYEHHS
YKHN3B B pasHeix paiioHax BucauHckoro 3anu-
Ba BapbupoBanu oT 1.46 no 3.64 ¢ mMakcuMymamu
B Ilpumopckoii Oyxre (1.84-3.64, B cpennem 2.35).
B npyrux paiionax 3HaueHUs] MHICKCa ObUIM HIKE,
HaOJo1a1Ccad ¥ MEHBLINH IMaa3oH UX MEXToZ0BON
W3MEHYHMBOCTH: B Boctounom patione 1.60-2.67 (B
cpenrem 2.00), TlpubGantuiickom 1.55-2.08 (1.90),
HentpansaoMm 1.46-2.09 (1.82) (puc. 4).

B Ilpubantuiickom u LlenTpansHoM paiionax 3Ha-
YEeHHUs1 MHIEKCAa COOTBETCTBOBAJIM clabo0 3arps3HEH-
HBIM BozaM (2-if xiacc), B [Ipumopckoii Oyxre — 3a-
rpsi3HeHHBIM (3 Kiace, pa3psa «ay), a B Bocrounom
paiioHe - MOTPaHUYHOMY MEXAY 3arps3HEHHBIMH U
cimabo 3arpsisHeHHbIMHE (2.00). B 2008 1. B [Ipumop-
CKOM OyXTe BOJBI XapaKTepU30BaJIHCh KaK OYCHb
3arpsisHeHHbIe (3 Kiacc, paspsn «o»). Ilepuoguue-
ckuil poct YKM3B B [Ipumopckoil OyxTe, KOTOpbIi
HaOmoancs BIUIOTH 10 BBoga B 2016 I. HOBBIX To-
POZICKUX OYHMCTHBIX COOPY)KEHHI, OBbILI CBS3aH C I0-

fl

CTYIUIEHHEM B 3Ty 4acThb aKBaTOPUU HEAOCTATOYHO
OYMILEHHBIX XO3IWCTBEHHO-OBITOBBIX CTOYHBIX BOJ
r. Kanuaunrpaga. B ngpyrux palioHax JuHamuka
YKU3B Hocuna Gonee criaxkeHHBINH xapakrep (puc.
4).

Amnanu3 cezonnoit nunamuku YKU3B B akBato-
pun BucnmHCKOro 3anmBa MOKAa3bIBaeT, YTO C Map-
Ta 1O aBTyCT €ro 3HA4€HUs JepiKaTcs Ha YypOBHE
1.91-2.06, 3arem HaOIrOmaeTcs MOCTEIIEHHOE CHH-
JkeHue wmHaekca a0 1.35-1.54, cBugerenbCTBYst 00
YIY4IIEHNN KauecTBa BOJ 110 HUCCIET0BaHHBIM TOKa-
3arensMm (puc. 3).

CCME WQI

C 2007 mo 2020 rr. B pa3HbIX paiioHax Bucnun-
CKOTO 3aJliBa CPEIHETO/I0OBbIE 3HAYEHHSA MHIEKCA
BapbupoBanu oT 49 no 80. HauMeHnbine 3HaueHus,
COOTBETCTBYIOILIME OOJBLIEMY YpPOBHIO 3arpsizHe-
HUS BoJ, oTMeuaiuch B [lpumopckoit Oyxre (49-77,
B cpeaneM 70). B ormmune ot Ilpumopckoii OyxXThl,
nIpyrux paiionax 3anua uajgekc CCME WQI kosne-
Oascs B Gosee y3KoM Juana3oHe: B Bocrounom paii-
one ot 62 mo 79 (B cpemuem 75), Ilpubantuiickom
ot 73 o 80 (77) u B Llenrpanbrom ot 73 mo 80 (78)
(puc. 5).

3nagennas CCME WQI xapakTepusyloT kauecTBO
BOJI 3aJIMBa B OCHOBHOM KaK YJJOBJIETBOPUTEIBHOE.

Cesonnas auHamuka CCME WQI Breiensercs
HaJIMYUEM JIByX MHHHMYMOB: B alpelie U UIoJIe-aB-
rycTe, KOTZla COCTOSIHME BOJI OLICHMBAJIOCh KaK Y/IOB-
JIETBOpUTENbHOE. BBICOKME 3HaueHMs] MHAEKCa Ha-
OJroaMCh B KOHIIE OCEHH M Hadase 3UMbI, YTO COOT-
BETCTBOBAJIO MOTPAHUYHOMY COCTOSIHUIO BOJI MEXK]TY
XOPOLIMM H YAOBJIECTBOPUTEIBHBIM (pHC. 3).

K venocrarkam unaexcos 3B, YKU3B u CCME
WQI 00BIYHO OTHOCAT HEOOXOJUMOCTBH HCIIOJB30-
BaHUS B MX pacueTax MOpPOTOBBIX 3HAUEHWI — Ipe-
JIENIBHO JIOITYCTUMBIX KOHIIEHTPALU, KOTOpBIE CO
BpEMEHEM IO/IBEpP)KEHBI nepeoleHke. Kpome Toro,
pe3ynbTaThl OLIEHKH MOTYT CHJIBHO BapbHUpOBaTh B
3aBUCHUMOCTH OT IIEpEYHsI BHIOPAHHBIX MOKa3aTeleH.
YacTHO 0COOEHHOCTBIO NMPUMEHEHUSI MHICKCOB, B
pacueT KOTOPHIX BKJIIOYEHBI KOHIIEHTPALMU PacTBO-
PEHHOTO KHCJIOPOAa, SIBISETCS MPUBSA3Ka K aTMOC-
¢depubiM mponieccaM. Mcmonp3oBaHuE MEHBLIETO
Habopa mapaMeTpoB MPHUBOIUT K YBEIHMUCHHIO Beca
Ka)/10r0 M3 HUX B MHJIEKCE U, COOTBETCTBEHHO, BIIU-
sIeT Ha OLIEHKY COCTOSIHMSI BOJI.

B dopmyne pacuera U3B anst Mmopckux Box UcC-
MOJIB3YIOTCS 4 THAPOXUMHUYECKUX [TOKa3aTeNs, BKIIO-
Yasg pacTBOPEHHBIN kucnopon (Meromnmueckue ...,
1988). Ontumansubim s pacueta YKU3B sBaser-
cs1 HaOop ot 10 mo 25 mokasareneii, a 00s3aTeIbHbI-
MU siBisiroTest 15 mokaszareneit (P/] 52.24.643-2002).
Nupexc CCME WQI paccunTsIiBatoT MUHUMYM 110 4
napameTpaM, HO PEKOMEHIyEeMbIM SBIISIETCSI HAOOP
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Fig. 2. Long-term dynamics of the water pollution
index in different areas
of Vistula Lagoon in 2007—2020
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Fig. 3. Seasonal dynamics of the values of the WPI,
SCWPI and CCME WQI

in Vistula Lagoon in 2007—2020
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Puc. 4. Muoconemmusia Ounamuxa yoenvHozo
KOMOUHAMOPHO20 UHOCKCA 3A2PAZHEHHOCIIU 800
6 axgamopuu Bucnunckoeo 3anuea ¢ 2007-2020 ze.
Fig. 4. Long-term dynamics of the specific
combinatorial water pollution index (SCWPI) in
Vistula Lagoon in 2007-2020

ot 8 mo 20 (CCME, 2017).

B ormmume or U3B, mpu pacuerax YKU3B u
CCME WQI yuuTsiBaeTCsl IOBTOPSIEMOCTD CIydacB
sarpsisaeHms, a 111 CCME WQI Ha utoroBeIit pe-
3yJIBTAT TaK)Ke BIUACT PakTop 00beMa, 3HAYCHHS KO-
TOPOTO U3MEHSIFOTCS Jja’Ke ITPH OJTHOKPATHOM TTPEBBI-
[ICHUHU TIOPOTOBBIX YPOBHEH TP JTF0OOOM KOJIMYECTBE
OIpeIeIICHU .

WNHpekepl 3arpsi3HEHHOCTH BoA, BucnuHckoro 3a-
JUBA XapaKTepU3YIOTCS OJIM3KOW AMHAMHKOU (pHC.
6). IIpu stom YKN3B u CCME WQI Gomee ueTko
0003HAYaIOT KPAaTKOBPEMEHHOE JIOKAIbHOE 3arps3-
HEHHE, TaK KaK pacueT aMIUTUTY/IbI B HUX TPOBOJIUT-
Csl TONIBKO IS TIOKa3aTresel, 3Ha9YeHUs KOTOPBIX Ha-
XOISTCS BBIIIE MTOPOTOBBIX ypoBHeH. MHmeke M3B,
B pacueTax KOTOPOTO YYUTHIBAIOTCS BCE MOKA3aTEIH
KadecTBa BOJI, BKJIIOYAsl T€, 3HAYSHHS KOTOPBIX HAXO-
narcst Hwke TIJIK, nydine xapakrepusyer ycTondu-
BOCTb 3arpsI3HEHHSL.

B 2018 r. B 3aiuBe oTMeqasicsi pOCT KOHIIEHTpa-
Ul aMMOHUITHOTO a30Ta. JTO MOBJIKSIIO U HA TIOJIO-
JKUTENBHYIO JMHAMUKY BCEX WH/IEKCOB 3arpsi3HEHHO-
ctu (puc. 6). HanbombIee Koaum4ecTBO OMOTEHHBIX
9JIEMEHTOB MTOCTYIAET B BOJIBI 3AJIMBA B MTaBOJIKOBHII

it
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Puc. 5. Muoeonemnss ounamuxa undexca CCME WQI
6 axgamopuu Bucnunckoeo 3anuea ¢ 2007-2020 ze.
Fig. 5. Long-term dynamics of the CCME WQI in
Vistula Lagoon in 2007-2020

MepHoJl, TIPU CMBIBE MOYB C BOJOCOOPHBIX TEppH-
Topuii. BecHoil B 3aymBe HaOMIOMAeTCs HEOOIBITON
pPOCT YHCJICHHOCTH W OWOMacchl (DUTOIUIAHKTOHA,
CJIEJICTBHEM KOTOPOTO SIBIISIETCS] YBEIIMUECHHUE COMIEP-
YKaHWS B BOJIE JIETKOOKHUCIISIEMBIX OPTaHUYECKUX CO-
eIMHCHHH. B wroe-aBrycre pa3sutue GUTOMIAaHKTO-
Ha MPHOOPETAET MaCCOBBIN XapaKTep, B OCHOBHOM 3a
CYeT CHHE3eJICHBIX BOJIOPOCIIEH, 9TO 00yCIIOBINBAET
BBIPAKCHHYIO IOJIOKHUTENbHYI0 auHaMuKy bBIIK
(Anexcannpos, 2010; Anmekcanmapos u np., 2017). B
JIETHUH TIEPUOJ] TPOTPEB MEITKOBOTHOTO 3aJTMBA U BE-
TPOBOE MEepeMeNTuBaHIe BOJHBIX MacC BEAyT K 3Ha-
YUTETHFHOMY POCTY KOHIICHTpAIHA B Bojie pochaToB
3a CYET UX IMUCCUH U3 JIOHHBIX OTIIOKeHHH. OCEHbIO
KOHIIEHTPAIIM! OWOTEHHBIX 3JIEMEHTOB BAPBUPYIOT
B 3aBUCHUMOCTH OT TEPMHUYECKOTO PEKHMa, KOTOPBIH
CKJIQ/IBIBACTCS B aKBAaTOPHH 3aJIMBa B 3aBHCHMOCTH
OT KITMMAaTHYECKUX yCIOBHI TO/IA.

B menmom ruppoxuMudeckre ¥ THAPOOHOIOTHYE-
CKHE JIaHHbIE XapaKTepu3yroT BuciuHckui 3amuB
KaK 3BTpodHO-THHepTpodHBIH (Aleksandrov, 2010).
Jlo 2010 1. KOHIIEHTpamuu XJIOpoPIIIIa «a», Kak
mmokasaresst oowmms (HUTOTUIaHKTOHA, B BocTouHOM
patiore u [IpuMopckoit OyXTe COOTBETCTBOBAIIN TH-
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Fig. 6. Long-term dynamics of the values of the WPI,
SCWPI and CCME WQI
in Vistula Lagoon in 2007—2020

neprpoHOMY ypoBHIO. OTpaXeHHeM 3TOro ObLIH
Bbicokue BennunHbel 3B, YKI3B u CCME WQL.

Otmeuaemoe ¢ 2010 r. maccoBoe pa3Burue B Buc-
JMHCKOM 3aJIMBE MOJUTIOCKA Rangia cuneata CUITBHO
OTpaswiIoch Ha ero skocucreme. [lpu yBenmueHun
ouomaccel Oenroca B 30 pa3z (mo 800 r/m?) cpennss
32 BETeTAlMOHHBIN IMEpPHOJl KOHIEHTPAIUS XJIOPO-
(mnna «a» B POCCHUICKON YacTH 3aMBa YMEHbIIH-
nmack B 2 paza: ¢ 38 mkr/n B 2001-2010 rr. go 20
Mmkr/n B 2011-2017 rr. (Anekcanapos, 2018). CHu-
JKEHHE YHUCIIEHHOCTH W OHOMAacChl CHHE3EIIEHBIX
BOJIOPOCIIEH, COAepIKaHUs XJIOpOpWIIa, OOIIEro
azora u ¢docdopa HAOIIOMAIOCH B ITO K€ BpeMs H
B Imoyibckoi yactw 3anuBa (Kownacka et al., 2020).
Bceenenne wmosumrocka-huiasTparopa Croco0CTBOBa-
JI0 3HAYMTEIBHOMY YMEHBIICHUIO KOHIIEHTPAIlUN B
BOJIE JIETKOOKHUCIIIEMBIX OPTaHUYECKUX BEIIECTB (110
BIIKj), uTo Takxe OTpasuiIoCh Ha BEIMYMHE UHJIEK-
COB 3arpsI3HEHHOCTH.

3akioueHnne

BucnuHCckmit 3amB nipencraBiser co0oi TpaHC-
rpaHUyHyI0 JaryHy bantuiickoro mops, KoTtopas
MOABEPIKEHA Pa3IMYHBIM BH1aM aHTPOIIOTEHHOTO 3a-
rpsi3HeHns. Hanbonpime Benmmyunab! nHAeKCOB U3B,
YKU3B u CCME WQI xapakrepns! 1151 Boctounoro
paiiona u [Ipumopckoii OyXTbl, Ky/ia MOCTynaer ped-
HOH cTOK p. IIperons u mpoucxogur cOpoc CTOYHBIX
Boa I Kanunuurpana. Ilpu 5ToM Bce MHIEKCHI Je-
MOHCTPHUPYIOT CXOXKYIO CE30HHYIO M MHOTOJIETHIOIO
U3MEHYUBOCTD.

Bcenenne wmommocka Rangia cuneata T10I0-
JKUTEJIBHO TOBIHUUIO HA KayecTBO BOJA B 3aJIMBE B
2013-2017 rr. BBeneHnue B CTpOil HOBBIX OUUCTHBIX
coopyxeHuil B 2016 1. ciocoOCTBOBAIIO CHIKEHHIO
nokasareJeii 3arpssHerus [[puMopckoit OyXThI.

bnacooaprnocmu. T'mapoxuMuueckue Hccieno-
BaHUS BBINONHEHbI B pamkax roc3ananus OI'BHY
«BHUPO» Ne076-00004-23-00, aHanu3 mpocTpaH-
CTBEHHOTO pacmpeneneHust — roczaganus 1O PAH

i

(rema Ne FMWE-2021-0012).
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Aleksandrov S.V., Stashko A.V. The use of water
pollution indices to assess the long-term variability
of the state of the Vistula Lagoon.

The Vistula Lagoon is a transboundary lagoon
ecosystem of the Baltic Sea, which is subject to
pollution from various anthropogenic sources. In
2007-2020 for the entire Russian water area of the
lagoon, the calculation of the water pollution indices
WPI and SCWPI and the CCME WQI was performed.
The highest level of water pollution is typical for the
Eastern region and Primorskaya Bay, where the river
Pregolya runoff and sewage of Kaliningrad enter. The
values of all indices in the lagoon showed similar
seasonal and long-term variability with the highest
values during the period of the most eutrophic
state and the algae «bloomy». The invasion of the
filter-feeding mollusk Rangia cuneata resulted in a
decrease in the values of the WPI, SCWPI and CCME
WQI in 2013-2017. The commissioning of treatment
facilities of Kaliningrad in 2016 led to a significant
decrease in pollution of the Primorskaya Bay.

Keywords: Vistula Lagoon; water quality indices;
water quality dynamics; eutrophication; treatment
facilities.
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UCHOJb30BAHUE UCKYCCTBEHHBIX HEMPOHHBIX CETEM
JJIA PEHHEHUA 3ATIAY UHTEPHOJIALUAA PYCJIOBOI'O CTOKA
(HA ITPUMEPE PEKHN KA3AHKHN)

AHanu3upyOTCS BO3MOXKHOCTH HCIIOJIb30BAHUS MCKYCCTBEHHON HEHpPOHHON CeTH Ha Mapajurme
MHOTOCJIOHHOr0 NepCenTPOHA AJIsl UHTEPHOJSLIMY 3HAYEHUI PYCIOBBIX PACXOI0B BOJIBI IO ATMHE PEKU
Kazanku. DKCIIEpUMEHT MTPOJEMOHCTPUPOBAI BBICOKYIO 3 PEKTUBHOCTD TOJy4YEeHHON HEHpOceTeBOi
MOJIENIU, KOTOpasi OKa3ajJach TOUHEE JTMHENUHBIX U MOJMHOMHAIBHBIX AIPOKCUMATOPOB, TPaJAULHOHHO
UCTIONB3YIOIUXCS JUIsl PelIeHusl Mogo0HbIX 3anad. [lomydyeHHass MojeiIb MOXKET OBbITh MCHOJIB30BaHA
IIPU OIIEHKaX HOPMATHBHO-IOITyCTUMBIX COPOCOB Ha JIIOOOM YHaCTKE PEKH.
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Brenenune

PazButme IT cucrem, METO/I0OB MAaIlTUHHOTO OO0Y-
YEeHUs1, HAKOTIJICHNE 3HAYUTEIbHBIX 00bEMOB ITaHHBIX
MHOTOJIETHUX HaOJIONCHUH, a TaKkke o0Ias crpare-
rust t(POBU3ALMY CUCTEMBI TOCYIAPCTBEHHOTO KO-
jJoruyeckoro Mmouutopusra B Poccuiickoit ®enepa-
1M (GOPMUPYIOT MPEAIOCHIIKI K BKJIIOYEHUIO TAKUX
HanOojee AaKTHMBHO PAa3BHUBAIOIIMXCS B MHOCIECIHHE
roJIbl METOJIOB aHAJIN3A AAHHBIX KaK HCKYCCTBEHHBIC
Heliponnsie cetu (MHC) B cocTaB MHCTpYMEHTOB Ha-
YUHOT'O HCCIIEJOBaHMsI B 00JIACTH KOHTPOJIS 32 Kaue-
CTBOM OKpY>KaroIeil cpepl.

Kak u apyrue Meroapl aHAJIUTHYECKHX OLle-
HOK, HCKYCCTBEHHBIC HEHpPOHHBIC CETH SIBIISIIOT-
Cs MareMaTH4YeCKHMM aJrOpUTMOM Hpeodpasyro-
MM BEKTOP BXOAHBIX CHUTHAJIOB X B BEKTOP BBI-
xoaubix curganoB Y. Ormmmumem UHHC saBisteTcs
TO, YTO uX (YHKIUOHMPOBAHHE OCHOBAaHO Ha
HCKYCCTBEHHOM HEHPOHE, KOTOpBIH SIBIAETCS €e
KJIFOYEBBIM CTPYKTYPHBIM 3JIEMEHTOM M pean3yeT
npeoOpa3oBaHue CUTHAJIA, IOXOXKee Ha BO30YKICHHE
HEHpOHa B HEPBHOU TKAHU KUBBIX cylecTB. [loaTomy
napaaurma UHC paccmarpuBaercss B Hacrosliee
BpeMsi Kak Ipy0asi, HO peaslbHO (yHKIMOHHUPYIOIIast
MOJIeNIb HEpBHOU crcTeMbl yenoBeka (Kpyrmos, bo-
pucos, 2002). O6nactu npumenenuss MTHC npakru-
YECKH HE OIpaHMYEHBbl U 0COOCHHO aKTyaJlbHBI MIPU
peLIeHnn 3ajad KJIacTepu3alyy, anlpOKCUMALUH,
KJIaccu(pUKaLUU U TPOTHO3UPOBAHUS.

OcuoBuble nocrouncrBa MHC coctodar B creny-
fomieM: OJIN30CThb K MPUPOAHON peann3aluy MaremMa-
THYECKOTO aJITOPUTMa, CHOCOOHOCTh K aJanTalu,
MHOTOKaHaJIbHast cucTeMa 00padoTKu MH(OpPMaInH,

it

YCTOHYHUBOCTH M CTAOMIBHOCTH (PYHKITMOHUPOBAHUS
3a CUET paclpeie]ICHHOTO MTPUHIINTIA PACUETHOTO ajl-
roputMa (SAcaumknii, 2008).

B nmacrosmem necnenoBannu pacemorperna MHC,
peanu3yromas HanboJiee 9acTo BOCTPESOOBAHHYIO B
CHCTEMax aBTOMaTH3MPOBAHHBIX OLEHOK MOJIENb WH-
TEPIIONIALNHY TaHHBIX.

MatepuaJbl 1 METOAbI MCCIeT0BAHUS

B kagecTtBe HeiipoceTeBoi mapagurMbl OBLT HC-
MOJTF30BaH TIEPCENTPOH HAa OCHOBE KIIACCHYECKOTO
CUTMOHMJIAJILHOTO HEWpOHa, 3amporpaMMHUPOBAHHBIN
Ha s3p1ke Object Pascal (byd, 1992) B cpene Delphi
7 (puc. 1).

B3Bemennas cyMMa BXOIHBIX CHTHAJIOB 1-TO HEH-
pOHa BeIUUCIAETCS TI0 (hopMyIie

_Vv'N
Ui=Lj=0 WijX;

[Ipu aTOM B3BEIIEHHASI CyMMa BXOJTHBIX CUTHAJIOB
Ui cly’>kKUT apryMEHTOM CHUIMOHMIAIbHON (DYHKIHH
axruBamun f (Ui, onpenensionieil 3HaYCHHE BBIXOJI-
HOT'O CUTHAJIA Y,

u;) =
fQw) 1+ exp(—by;)
Koaddumnment b onpenenser kpyTu3Hy rpaduka
(YHKITUH ¥ TIOAOUPASTCS SMITUPHUISCKH.
Hamu wucnons3oBanack OHIIONSIpHAs CHUTMOM-
JayibHasi QYHKIMS, TaK Ha3bIBAEMBbI rUrepOosmye-
CKHI TaHTEHC, OTIpeneIeHHbIN B nHTepBaie (-1; 1):

flu) =

1+ exp(—2buy;) -1
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x=1

> Sl ) —>),

Puc. 1. Cmpyxkmypa netipona MHC:

X, X, X, X, — 6eKMOP 6X0OOHbIX CUSHANIOB (CUHANCHL);
X, — cmMeujenue, CUHANC ¢ NOCMOAHHbIM 3HAYEHUEM
paenvim 1; W, — 6ecosvie Kooghduyuenmol cunancos;
U, — 636CUEHHASL CYMMA 6XOOHbIX CUSHANIOB;

V= @lxodﬁou-cu-znaﬂ; Jfu)— qbyHKu’uﬂ akmusayuu
Fig. 1. Artificial neural network's structure:

X, X, X, X, — vector.of input signals (synapses);
x, — offset, synapse with constant value equal to 1;
W —weight cpeﬁiqents of synapses; u, .—welghted
sum of input signals; y, — output signal;
ftu) — activation function

[Tpoun3BoaHAs CUTMOUAATBHON (QYHKIIMN aKTHBaA-
11U, [TO3BOJISIIOLIAs IPEACTABUTH €€ B BUJIE KOJIOKO-
7000pa3HOM KPUBOH, UMEET BHL:

df (u)

——=hf(u)(1—f(u

C = b (1 - F()
[Tpou3BoaHas TUIIEPOOIUYECKOTO TAaHTEHCA, CO-

OTBCTCTBCHHO:

ar ) _
—~ = b1 - f2w)

PeanuzoBano o0ydeHNe HEHPOHOB «C yUUTEIEM.
B sToM cityuae UM MpeabsBISIFOT HAOOP Map BEKTO-
poB <X, Y*> | rie k — uncmo map B Habope «3Haue-
HHE BXOJIa — O’KU/Ia€MOE 3HAYCHUE BBIXO/Ia», TO €CTh
oO0ydeHHe ¢ yduTeneM IMpe/royaraeT arnpuopHOe
3HaHUE O COOTBETCTBHM 3HAYCHMH BBIXOAA TEM WIIN
WHBIM BXOJIHBIM CHTHAJIaM.

B wurore rpynimsl HEMPOHOB NPEACTABIEHHOW MO-
aenu (GOpMUPYIOT CIIOH, a CJIIOU — OJHOHAIpaBIICH-
HYIO CeTh, MHOTOCJIONHBIN nepcentpon (Multilayer
Perceptron), oOy4yeHHBINI METOIOM 0OOpaTHOroO pac-
npoctpanenusi omubku (error backpropagation),
CYTBIO KOTOPOTO SIBIISIETCSI KOPPEKIHsI CHHANTHYE-
CKHX BECOB, MUHHMH3UPYIOIIAS Pa3IHIHe MEXKIY
paccYMTaHHBIM BBIXOJOM CETH M €T0 3TaJIOHHBIM 3Ha-
YEeHUEM, OCYLIEeCTBIsIeMasi B 00paTHOM HarpaBlieHUN
— OT BBIXOJ1a CeTH K ee Bxoay (Xaiikun, 20006).

Pe3yabrarhl U UX 00CYyKIeHHE
3anaua, pemaemast pazpadorannoit MHC, coctos-

Y1

! e
k!
X000
are N
4 RS,
SR

e
B “': 9’7&

Puc. 2. Cmpyxmypa UHC (3enenvim ysemom
NOKA3aH 6XOOHOU CILOU, KPACHBIM — CKpbIMble CIO0U,
CUHUM — 8bIXOOHOU C10U, +1 — HellpoH cmeuyeHust)
Fig. 2. The structure of the artificial neural network
(green — input layer, red — hidden layers,
blue — output layer, +1 — bias neuron)

JIa B IOCTPOCHUM KPUBOM pacpeieieH sl pyciIOBOTO
ctoka p. Kazanku. Tak Kak IpOTSKEHHOCTh PEKH CO-
craniser Bcero 140 kM, a ee BOIoCOOp BOBJIECUYCH B
AKTHBHYIO XO35IICTBEHHYIO AEATEILHOCTD, TO 3HAHHUE
0 3HAUCHMAX pacxoa BOIbI 110 BCel MPOTSHKEHHOCTH
pyciia, ocobeHHO MexeHHOro ypoBHs (50%-o0ii 00e-
CIIEYCHHOCTH), SIBIACTCS HEOOXOAMMBIM YCIOBHEM
IpaMOTHOM M 3(QQEKTUBHON OLIEHKU KPUTHUYECKHX
NIPEAETIOB KPaTHOCTH Pa30aBiCHHs aHTPOIOTCHHBIX
CTOKOB.

B kauectBe 0OydaromMX AaHHBIX HCIOJIb30Ba-
JMCh Pe3yNIbTaThl CPEAHEMHOTOJETHUX MEKEHHBIX
pacxoloB Ha Pa3HBIX ydacTKax peku. OOyuwarommii
Habop BKIroyan 50 map 3aMepoB pacxoza Bosl (M*/c)
C MpUBS3KOM No anuHe pycna p. Kazanku (paccros-
HHUE OT yCThsl, KM). JlaHHBIC PSIIOB NPEABAPUTEIILHO
HOpMAaJIM30BAIKCh MeToioM Min-Max:

X = Xmin

Xmax _Xmin

rae X — HOpMaJIu3yeMoe 3HaueHue, X . — MUHHU-
MaJlbHOE 3HaYeHue pana, X — MaKCMMaJbHOE 3Ha-
YeHHE pAJa.

B pesynprate smmmpuueckoro mnogoopa mnapa-
METpOB ceTd Haubosiee 3(P(HEeKTUBHOIN TOmONOrHeH
WHC nna perieHust JaHHOW 3a1a4l ObLIa MpU3HAHA
CIeqyromasl.

MHOTrOoCIONHBIH NEPCENTPOH, ¢ OJHUM BXOJOM,
TPEMsI CKPBITBIMH CIIOSIMH U OHUM BbIX010M. CTpyK-
Typa CKPBITBIX CJI0€B: 7 HEHPOHOB B MIEPBOM, 8 — BO
BTOPOM U 5 HEMPOHOB B TpeTbeM ciioe. DyHKIMS
AKTHBALUKN — TUNEPOOIMUECKUIl TaHI'€HC, CKOPOCTh
oOyuenust — 0.01, kpyTusHa — 1, UMIyJIbC (MHEPLHS)
cetu — 0.7 (puc. 2).

WHC ucnonb3oBaia npsiMble cBs3M, 00ecrieunBa-
IOIME NepeAady CUrHajla TOJIBKO 110 HANpaBIEHHIO
0T BX0J1a K BbIxoty. O0yueHHe CeTH OCYLIECTBISIIOCH
METOJIOM 00PaTHOTO PACIPOCTPAHEHHUS OLIMOKH, KO-
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Puc. 3. I'paghux cnudicenus owubox yenesoi (yHKyuu:
KPACHAs1 KpUusasi — mecmosas 8ubloopka,

uepnas — obyuarouas, ocb X — yucio npoueouux dnox
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Fig. 3. Error reduction graph of the objective function:

red curve — test sample, black — training,
X-axis — the number of training epochs passed,
Y-axis — the error value
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Puc. 4. Pezyriomam unmepnonayuu 3HAUEHUl pacxo008
60001 no daune p. Kasauku
Fig. 4. The result of interpolation of the values of water
discharge along the length of the Kazanka river
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Fig. 5. Graph of changes in water consumption in the
Kazanka river
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TOpPO€ KOHTPOJIMPOBAJIOCH C MOMOLIBIO pacueTa
OLIMOKN MEX]y 3TaJTOHHBIM (LIENEBbIM) ¥ U (ak-
THYECKHM (PAaCCYMTAHHBIM) ) BBIXOAOM MOJIEIH
Ha oOyyaroieil BbIOopke JIHON N:

N
E_]‘Z( f)2
N, 13’ y

1=

YenenrtHocTs 00y4eHUs CETU OIPEeIeIIsIach Mo
CHUKCHUIO PACCUUTHIBAEMOU MO KAKIOMY LIUKITY
oOyuenus (dMOXe) OMIMOKU, M, KOTNa CHIDKEHHE
OIIMOKHU TIPEKpaIlaioch, a €€ 3HAYCHHE OKa3bl-
Bajach JOCTATOYHO MallbIM, CETh CYMTANIACh 00y-
4eHHOH (puc. 3).

B cBs3u ¢ TeM, yTO pemianach 3agada UHTEp-
MOJISIIUY U TIepeo0ydeHne CEeTH OBbLIIO0 HEKPUTHY-
HBIM, OJTUH U TOT € Psil HAOIIOACHUN UCTIOIB30-
BaJICs U B 00y4YaroIleH, U B TECTOBOU BRIOOPKAX.

B pesynbrare ynanocs noiyuuTh MOIEIb, OXBa-
THIBAFOIIYIO PsiJi HAOIONEHUH 32 PacXoI0M BOJIBI
B p. Kazanke ¢ Bbicokoii TouHOCTHIO (R*=0.94).
Jus cpaBHeHUS, KOA(POUIUEHT JeTePMUHAIIH
nuHeHON Momenu R?=0.68, a manbonee moaxo-
JSIIel TTOJTMHOMHUANIBHOM (ITOJIMHOM 5 CTETIeHH)
R?*=0.85 (puc. 4).

Ha pucynke 4 mokaszaH pe3yibTaT UHTEPIIO-
JISIIMN 3HAYEHHUH pacxomoB BoAbI (MP/c) mo Bcei
muHe p. Kazanku: cuHss KpuBas paccuuTaHa
WHC, yepnas — moTMHOMHAIBHON QyHKIMEH 5-T0
MOpsiJIKa, KPAaCHBIMU MapKepaMu 0003HAuEHBI H3-
MEPEHHBIC 3HAYEHHS] PACXOJO0B, K KOTOPBIM OCY-
IIECTRIISLIACH TTOJITOHKA.

Hononuutensno MHC Obl1 3a1aH KOHTPOJIb-
HBII psill 3HAUEHUU PACCTOSHUS MO PYCILY DPEKH,
BKJIIOUAIOLIMN 3HAYeHUs], KpaTHble 1.4 KM, U MO-
Tynupyroumil paccrosHue ot yctbs: 0; 1.4; 2.8;
4.2;5.6; 7 kM U T.1., Bcero 100 Toyek, Mo KOTOPHIM
HEHPOCETh BBIUMUCIUIA TOUHBIC 3HAYCHUS] MEKEH-
HBIX pacxonoB (puc. 5). [lomyueHHslil rpaduk siB-
JISIeTCS HEUPOCETEBON MHTEPHOISIUEH PacXoaoB
BOJIBI I10 BCEMY PYCIIY U MOXKET ObITh HCITOJIb30BaH
JUTSL pacdeTa KpaTHOCTEH pa30aBlieHUs 3arpsi3Hsi-
IOIIUX BELIECTB MPHU XAPAKTEPUCTUKE pa3auy-
HBIX Y4acTKOB OacceifHa, pacuerax HOpPMaTHBHO-
JOITyCTUMBIX COPOCOB.

3akiaouenune

[IpoBeneHHbII SKCHEPUMEHT MPOAEMOHCTPHU-
poBai BBICOKYIO 3((EKTHUBHOCTh HEHPOCETEBBIX
Mozeel, B YacCTHOCTHU, MHOTOCJIOMHOIO Iep-
CENTPOHA, NPU PELICHUU 3a7a4 HHTEPHOJISLUU.
ITonyyennast mMozenb okKazajach TOUHEE JUHEH-
HbIX M TOJMHOMHUAJBHBIX AaMMPOKCUMATOPOB,
TPAOUIIMOHHO MCIONb3YIOMIMUXCS ISl PELICHUS
MOIOOHBIX 3a7ad. JIoCTOMHCTBOM ITOIX0/aa SIBJIS-

Ul
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€TCsl TaK)Ke BO3MOXKHOCTH oo0y4denust UHC npu mo-
JTy4eHUH OOHOBIICHHBIX JIAHHBIX, & TAKXXe MPOCTOTA
UHTETPUPOBAHUS B JPYTHE aJrOPUTMBI JIJIsl UCTIONb-
30BaHUs B COCTaBe 0o0Jiee CIIOKHBIX CUCTEM. DPPek-
TUBHOCTh alpOOMPOBAHHOTO aJITOPUTMa IT03BOJISET
000CHOBaHHO WCIIOJIb30BaTh AaIMMPOKCUMATOPHI Ha
ocHoBe MHC mpu pemeHuu 3agad MHTEPIONISALNY,
HAXOXKJICHUSl TMPOMYLICHHBIX 3HAYEHUH, MPOrHO3U-
POBaHUS TEHICHUUH.
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The possibilities of using an artificial neural net-
work based on the multilayer perceptron paradigm for
interpolating the values of channel water discharges
along the length of the Kazanka River are analyzed.
The experiment demonstrated the high efficiency of
the obtained neural network model, which turned
out to be more accurate than linear and polynomial
approximators traditionally used to solve such prob-
lems. The resulting model can be used in assessing
the normatively permissible discharges in any part of
the river.
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MUKPOBHAS BUOMACCA U PEPMEHTATUBHASA AKTUBHOCTb
JIECHBIX ITOYB PAUDPCKOI'O YHACTKA BOJ’KCKO-KAMCKOI'O

3ANIOBEJHUKA

B crarbe mpuBeneHBI pe3ysibTaThl ONpPEACICHUS 3aMacoB MHUKPOOHOTO yIvIepoja, IOoKa3arelsei
AKTMBHOCTH KaTajas3bl ¥ MHBEPTa3bl B IOYBAX PAa3HOBO3PACTHBIX JiecoB Pamdckoro yuactka Bomk-
cko-Kamckoro rocynapcTBeHHOTo npupoaHoro onocdeproro 3anoseanuka. Copepxanne MUKpOOHOTO
yIIIeposia B BEpXHHUX TOpPH30HTaxX 1mouB Konebdiercs ot 0.44 mo 1.24 mrC/r, a B cmoe 0—30 cM ero 3armacsl
BappupyioT oT 1.33 10 2.69 TC/ra. OTHOCHTENIFHOE CoAepKaHne MUKPOOHOTO yIvieposia oT 001Iero op-
TaHUYECKOTO yIVIepo/ia MOYBHI ¢ NIyOHMHOW yBeNn4nBaeTcs. B TyMycOBBIX TOPH30HTAX OHA COCTABIISET
2.5-4.4%, B nnmoBuaiibHbIX gocturaer 14—70%. MuHuManbHble 3HaUE€HUS COIEPIKaHUs YIIIEpOoAa MHU-
KpOoOHOIi OMOMAaccChl, ”HBEPTA3HOM 1 KaTala3HOH aKTHBHOCTH HAaOJIIOAt0TCs B TIOUBAX 110/ COCHIKAMH,
B ITOYBAX MO/ JIMCTBEHHBIMH JI€CAMH 3THU ITOKa3aTeln BbIe. [lokazaHa KOPpENSIMOHHAs CBSI3b MEXK-
JIy KOJIMYE€CTBOM MHUKPOOHOW GHOMAcChl B IOYBAX M aKTUBHOCTHIO HHBEpTa3bl (1=0.87), aKkTHBHOCTBIO
karanasbl u rymyca (0.73), aktuBHOCTBIO Kartanassl U uHBepTasbl (0.79). Cpenuss KoppensiuoHHas
3aBUCHMOCTBH OTMEUEHA MEXKIy COJIepKaHHEeM MUKPOOHOT0 yIieposia U TyMyca B BEpXHUX TOPH30HTAX
mouB (r=0.53), akTHBHOCTBIO HHBEPTA3kI U coziepkanneM rymyca (0.48), akTHBHOCTBIO KaTaias3bl U CO-

nepxaareM MEKpoOHoro yrirepona (0.60).

Kniouegvie cnosa: I104Ba,; MI/IKPO6H3§I 6I/IOMaCC3; HWHBEPTA3a; Karajia3a, 3aracbl MI/IKpO6HOl"O yrie-

poxa.
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Beenenne

MuxkpoOHasi 6GuoMacca TIO4B U MOYBEHHBIE (ep-
MEHTBl UTPAIOT BaXKHYIO pOJb B KPYroBOpOTE Be-
IIECTB B JIECHBIX DKOCHCTEMAax, OTBEYAIOT 3a Pas-
JIO)KEHHE TOCTYNAIOIIMX B IOYBY OPraHHMYECKUX
OCTaTKOB, 00pa3oBaHHE TyMyca H IOCTYIUICHHE
MAPHUKOBBIX ra3oB u3 moys B armocdepy (Lin et al.,
1999; CronpuukoBa u ap., 2011; Xaszues, 2018). B
CBSI3U C YCHJICHHEM MHTEpeca K OLIEHKE POJIU JIECOB
B IpOLECCax CEKBECTPAllMM M SMHUCCHUHU YIIepoAa,
OIpe/ieNiCHHE 3amacoB MUKPOOHOM OMOMAacChl U IMO-
Kazareyiell aKTUBHOCTH (DEPMEHTOB B IIOYBAX JICCHBIX
3KOCHCTEM TPUOOPETAOT 0COOYIO 3HAYUMOCTb.

Lenb paboThl — OonpeAenuTh 3anackl MUKPOOHO-
0 yIliepoja, COOTHOLIEHHE MUKPOOHOH OHOMacChl 1
OPraHNYEeCKOro yIepoaa, a TAkKe UX B3aUMOCBSI3b C
(hepMEHTATHBHON aKTUBHOCTHIO IMOYB JICCHBIX OHO-
reoneHo30B Bomkcko-Kamckoro rocygapcTBeHHOTO
npupoaHoro ouocgepuoro 3anoennuka (BKI'TIE3).

MarepuaJjbl 1 MeTOAbI HCCJIEIOBAHUS

Marepuanom s MCCIENOBAaHUM TOCITYXKUIU
npoObl TOuYB, 0TOOpaHHble B Mae—uioHe 2022 T. Ha
HIECTH YYETHBIX Iuomankax Paudcekoro ywacrtka

it

BKITIB3. YyacTok pacnoyio;keH B 3€JIe€HOJ0IbCKOM
paitone PecniyOonmukum TarapcraH, 3aHUMAET TUIOIIAH
5921.2 ra. B cTpykType MOYBEHHOIO MOKPOBA Ipe-
00J1a1al0T MecyaHble W JIETKOCYIIMHUCTBIE Pa3HO-
BUAHOCTH JEPHOBO-NOA30IUCTHIX M0YB. [1o nanHpIM
JecoTakcaluy, Ha Tepputopun Paudcekoro yuactka
3armoBenHUKa MpeodnagaroT cocHsku (3552.0 ra),
munaskd (1003.6 ra) u 6epe3usiku (885.5 ra). MeHb-
[IMe TJIOIIAAM 3aHUMAIOT EJIbHUKH, TOMOJICBHHUKH,
OJIbIIAHHUKHY, KJICHOBHHMKH, TAJbHUKH, OCHHHMKH.
Paudckuii nec — crapoBo3pactHblii. MononHsAKH 3a-
HUMAIOT 10 1.5% oT 001Iel ero miIoIaIm.

[IpoOHBbIe TUIOMAAKK OBUIM 3aJI0KEHBI C yYETOM
npeo0siafaouMX MOPOA M BO3PACTHBIX TPYIN [e-
peBbeB (Tadm. 1). Ha xakmoi U3 1miomaaoK BhIIOI-
HEH 0TOOp MPoO MOYB U3 TYMYCOBBIX TOPU30HTOB Me-
TOAOM KOHBEpTa. B meHTpe ruomanky 3akiapiBaiu
MOYBEHHBIN pa3pes, U3 KOTOPOro o0pasubl 0TOMpanu
10 TEHETUYECKUM TOPU30HTAM.

VYrmepon MukpoOHo# OGromaccsl (C ) B mousax
OMpenessid peruapaTaliMoHHbIM criocobom o T.IL.
Mupuusk u H.C. IlaHuKoBY, aKTUBHOCTb KaTasa3bl
—MeTonoM J[>xoHcoHa u Temiuie, akTHBHOCTh HHBEP-
ta3el — 1o T.A. Illep6axoBy, rymyc — mo 1.B. Tio-

0




MUKPOBHASI BUOMACCA 1 PEPMEHTATHBHAA AKTUBHOCTD JIECHBIX [TOYB
PAUDCKOI'O YHACTKA BOJIKCKO-KAMCKOTI'O 3AIIOBEJHUKA

Tabnuya 1. Xapakmepucmura 6uo2eoyeno306 npooHbIX NI0WAOOK
Table 1. Characteristics of biogeocenoses of test sites

ITpoGHas
P Ksapran Tun 6uoreonenosa I'pynma Bospacra ITousa
IUIOIIA KA . . .
L Quarter Type of biogeocenosis Age group Soil
Trial site
1 25 CocHsIKI Iepecroiinble JlepHOBO-TI0130THCTAsT TICEBIOGHOPOBas IecuaHast
2 81 JIunnsku Ilepecroiinble JlepHOBO-11030/1MCTast IETKOCYTIMHUCTAs
o €PHOBO-TIOJ30JIUCTast KOHTAKTHO-
3 150 Bepesusiku Iepecroiinbie Hep &
riryOoKorieeBaras JISrKoCY NIMHUCTAs
€pHOBO-TI0/1301KCTas cnadboauddepennupoBanHas
4 174 CocHsikn CpeiHeBO3pacTHbIE Hep (bdpep P
riecyaHas
5 151 JIunnsaxu CpenHeBo3pacTHBIE JlepHOBO-110A30/1MCTast TETKOCYTIMHUCTAs
6 151 Bepesusiku CpeiHeBO3paCTHbIE JlepHOBO-110A3011MCTas JIETKOCY ITIMHUCTAs

puny. CreneHb 00OTralieHHOCTH MOYB (PepMEHTAMH
onenuBaiu o mkainam J1.I" 3psrunnesa (1978).

JlaGoparopHble HCCIEIOBAaHHS TYMYCOBBIX TO-
PHU30HTOB MPOBOIWIN B MATH MOBTOPHOCTSIX, MUHE-
paJIbHBIX — B JBYX.

3amac yriaepoaa MUKpOOHOH OMOMAacchl paccyu-
TBIBAIM Uil BepxHero 30-cM ciosi MOYBBI, JieCHas
MOJICTUJIKA B PAacUeThl HE BKIIIOYAJIACh.

[lokazarenu BapHaluM HCCIEIYEMbIX IOYBEH-
HBIX CBOMCTB PACCUMTBHIBAJIH TONBKO IJISi TyMYCO-
BBIX TOPHU3OHTOB. ISl OLEHKM pa3IHuUi MEXKIY
BBIOOPKaMHM MCIIONB30BaIM AUCIEPCHOHHBIN aHAIN3
(ANOVA) c nocieayromuM anocTepruOpPHbIM CpaB-
HEHHMEM I'PYIIOBBIX CPEAHUX MPH IIOMOILIN KPUTEPHUS
Tetoku (¢=0.05). Jlns ydera B3aUMOCBSI3eH MEKITY
MOKa3aTeNsIMi MCIIOIb30BaH KOPPEISIIMOHHBIN aHa-
mu3 o Criupmeny (a.=0.05).

Pe3yabTathl u ux 00cyxaeHne

Conepsxanue Mukpo6noro yrmepona (C ) B ry-
MYCOBBIX TOpH30HTax moyB Paudckoro ywacrtka 3a-
oBeIHNKa u3MeHs10ch oT 0.44 1o 1.24 mrC/r (Tadn.
2), 9TV 3HAUSHHMS B LIEJIOM MOYKHO 0003HAUUTh KaK Xa-
paKTepHbIE AJIs JEPHOBO-IOA30IUCTHIX MTOYB JIECHBIX
ouoneno3oB (CronpHUKOBa U p., 2011; Kypranosa n
ap., 2022; IMapuakuna u ap., 1995). Koapduunent
BapualMy MOKa3aTelsl Ha MPOOHBIX IUIOMIAIKAX H3-
mensuics ot 21.3% mo 90.7%.

MuxkpoOHasi 6uomacca JECHBIX MOYB TECHO CBS-
3aHa C MX MOPOAHBIM cocTaBoM (lyOpoBuHa u ap.,
2021; MoctoBas u 1ip., 2015). B nepecToiHbIX necax
BKTITIB3 cpennsisi MukpoOHast Gmomacca ryMyCOBBIX
TOPU30HTOB BO3pacTaja B PsALy: COCHSIKN — JTUMHIKI
— OepesHsiku (Tabm. 2). OTHOCUTEIHHOE HAKOIUICHHE

C,,. B ouBax noj Oepe3HsAKaMh MOXKET ObITh CBs3a-
HO C MX W30BITOYHON YBIIQYKHEHHOCTHIO, TPU3HAKOM
KOTOPOH SIBIISIETCS TJIEEBATOCTh HIKHHMX TOPHU30H-
TOB. CTaTUCTUYECKH 3HAYMMBbIC PAa3IUIUsi OTMEUCHBI
MEXJ1y MUKPOOHOW OMOMAcCOM MouB 1moj1 Oepe3HsKa-
MU U cocHsikamu U (p=0.002), Oepe3HskaMu U JUII-
Hsikamu (p=0.038).

B rymycoBBIX TOpPH30HTaX MOYB CPEIHEBO3PACT-
HBIX JIECOB XOPOIIO 3aMETHA TEHIEHIIMS K yBeJIHye-
Huto C B pAly COCHAKH — OEpE3HAKH — JIMITHIKH
(Tabn. 2), omHako HaOIOmaeMble pa3iH4Hs CTaTH-
CTHYECKH HE 3HAYUMBI.

B mouBax nox nepecroiinbiMu 6epesnsaxkamu C
oKazascs B 2.5 pasa BblIllle, YeM MO CPEIHEBO3PACT-
Hpivu (p<0.01). Jlns xaByx apyrux tunos seca C
B [I0YBAX Pa3HOBO3PACTHBIX JIECOB HAXOAUTCS MPH-
MEpPHO Ha OJHOM YpOBHe. Panee A eOBBIX, JHIIO-
BO-yOOBBIX M CMEIIAHHBIX JECOB OBLIO MOKa3aHO,
YTO MOCIIE TOCTHKEHUSI MU CPETHETO BO3pacTa MH-
KpoOHast Onomacca mous, Ha000poT, cHrxkaercs (Ly-
OposuHa u ap., 2021; Mocrosas u ap., 2015; Kypra-
HOBa H 1Ip., 2022).

BrionHe oXugaeMbIM pe3ylbTaTOM —0Ka3aloch
HaJIMYME TECHOM B3aMMOCBSI3M MEXIY MHUKPOOHOMN
OromMaccoil 1 cofepKaHueM OpPraHn4ecKOro yriaepo-
Jia B TYMYCOBBIX ropu3onTax nous (r=0.53). [Tpuuem
B MpeJiesiaX OfHOTO MOYBEHHOTO MPOQUIIS B3aHMOC-
BSI3b MEK/IY YKa3aHHBIMHU CBOMcTBamMH Oblia emie 00-
Jiee BbIpakeHa: KO3()(OUIMEHT KOppensuu 1Jisi uc-
CJIEIOBaHHBIX pa3pe3oB konedancs ot 0.89 o 0.98.

BHuz no mpoduiaio comepkaHue rymyca U MH-
KpOOHOH OHMoMacchl MOYB 3aKOHOMEPHO CHIKAETCS
(Tabn. 2). Ha aTom ¢oHe nomns yrnepona MEKpOOHOH
OuomMacchl B O0ILEM MyJie OPraHu4ecKoro yrieponaa
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Tabnuya 2. Yenepoo mukpoOHot OuomMaccol u e2o 00jist 6 00UieM OP2aHUYECKOM Yerepooe nous
Table 2. Carbon of microbial biomass and its share in the total organic carbon of soils

MHuUKpOOHBIit yriepos
Microbial carbon
Topu3oHT, O06umit yrnepon,
n1yOuHa, cM Mr/t Ie
) peaHee conepKaHme, 3anac B cioe 30 cm,
Horizon, depth, Total CZ;I‘bOl’l, MuH. — maxkc., mrC/t mrC/r Josst ot obrero, % 1C/ra
cm me/g Min — max, mgC/g Average content, Share of the total, % Stock in 30 cm layer,
mgC/g tC/ha
TIpo6Has momanka 1. COCHSIK nepecTonHbIiH
Trial site 1. Overmature pine forest
Al 3-12 12.80 0.40-0.72 0.56 4.4
A2B 12-20 4.20 0.38-0.43 0.41 9.8 133
B120-49 2.60 0.18-0.23 0.21 7.9 ’
B2 49-105 0.40 0.24-0.32 0.28 69.6
IIpoGHas mromanka 2. JINITHSIK IepecTOHBIH
Trial site 2. Overmature lime tree
Al2-18 25.00 0.53-1.29 0.77 3.1
A2 18-38 3.88 0.07-0.30 0.19 4.8 139
A2B 38-46 1.68 0.14-0.18 0.16 9.6 ’
Bl 46-75 2.09 0.16-0.18 0.17 7.9
B2 75-100 2.03 0.32-0.36 0.34 16.8
IIpoGHast muomaka 3. bepe3Hsik nepecToinblit
Trial site 3. Overmature birch forest
Al4-19 20.53 0.79-1.64 1.24 6.0 262
A2 1947 2.03 0.49-0.58 0.54 26.6 )
Ipo6uas miomanka 4. COCHSIK CpeTHEBO3PACTHBIIH
Trial site 4. Middle-aged pine forest
Al 5-14 11.4 0.19-1.01 0.44 3.9
A2 14-23 0.87 0.34-0.38 0.36 414 1.39
B 23-65 1.16 0.27-0.40 0.34 29.3
ITpoGras montaznka 5. JINIHAK cpeHEBO3PACTHBII
Trial site 5. Middle-aged lime tree
Al3-18 30.97 0.27-1.43 0.78 2.5
A2 18-40 2.67 0.47-0.48 0.48 17.9 2.25
B 40-80 1.22 0.26-0.32 0.29 24.0
IIpoOHas nnomanaka 6. bepe3Hsk cpeTHeBO3paCTHBIN
Trial site 6. Middle-aged birch forest
Al 3-18 12.29 0.34-0.68 0.54 4.4
A2 1845 3.48 0.21-0.26 0.24 6.9 1.34
B 45-83 1.74 0.24-0.25 0.24 13.8

MIOYB BO3PACTAET OT HECKOJBKUX MPOLIEHTOB B TyMYy-
COBBIX ropuzoHTax 10 14-70% B WIIIOBHANBHBIX.
Takoli XapakTep pacrnpeneneHus MUKpOOHOTO yrie-
pona cornacyercs ¢ pedynsratamu E.B. CtonbHuKo-
Boii (CtonbHuKOBa U 1p., 2011) u O.A. domuuesoit
(®omuuesa u ap., 2006) 1, MO-BUIANMOMY, CBSI3aH C
YBEITUUCHUEM JOJIM JIAOWJIBHBIX OPraHMYeCKUX Be-
HIeCTB, HanOoJee MPUTOAHBIX JUIA MUTAHUSI MHKPO-
OpPraHu3MOB, B WIIIOBHAJIBHBIX TOPU30HTAX JIEPHO-
BO-TIO/I30JIUCTBIX TIOYB.

B abcomrotnom BhIpakenun 3anacel C B Jep-
HOBO-TIOA30JIMCTHIX TouBax Pamdcekoro ywacrtka
BKI'TIB3 (tabn. 2) He3HauntenbHbI. [Ipu 3TOM OHU
B 1.5-5 pa3 BeIlIe, 4eM B ISPHOBO-IIO30IMCTHIX MO~
yBax JsiecoB Kapenuu (Ayoposuna u ap., 2021), uro,
MO-BUIUMOMY, CBSI3aHO C KITUMAaTHUYECKUMH 0COOCH-
HOCTSIMH CPaBHUBAEMBIX TEPPUTOPHIA.

OneHuBas Mokaszaresid aKTHBHOCTU (PEPMEHTOB,

it

CJIEyeT OTMETUTD, YTO aKTUBHOCTh MHBEPTA3bI B Ty-
MYCOBBIX TOPHU30HTaX MCCIEAYEMBIX TOYB MPOSBIIs-
et OoJee CUITbHYIO KOPPEISIHOHHYIO 3aBHCUMOCTB C
cojJiepanreM MHKpoOHoTo yriepoaa (r=0.87), yem
rymyca (r=0.48). DTo CBUAETENBCTBYET O €€ MPeHMy-
[IECTBEHHO MUKPOOHOM, a HE PaCTUTEILHOM IPOMUC-
xoxnaennn (I'ponnunkas u ap., 2016).

B mpenenax moYBeHHOTO MPOQUIS B3aUMOCBS3b
MEXIY COACpKaHHEM T'yMyca M aKTUBHOCTBIO WH-
BepTas3sl BhIpakeHa cwibHee (1=0.98-0.99), uto B
LEJIOM COIJIacyeTcsl C JINTepaTypHBIMH JTaHHBIMH
(I'pogaunikas u ap., 2016; Mumenko u ap., 2021;
Kazees u ap., 2012).

WuBeprasa sBIsSETCS KaTalu3aTOpoOM MPOLIECCOB
THIPOJNU3a MOJU- U IMCaxapua0B M MPUHUMACT aK-
TUBHOE YYacTHE B Pa3JI0KEHUH JIAOMIBHOTO TyMyca
(Kazees u ap., 2012). B mouBax Paudckoro yuact-
Ka aKTUBHOCTb HMHBEpPTa3bl TOJ COCHSIKAMH HHXKE,




MUKPOBHASI BUOMACCA 1 PEPMEHTATHBHAA AKTUBHOCTD JIECHBIX [TOYB
PAUDCKOI'O YHACTKA BOJIKCKO-KAMCKOTI'O 3AIIOBEJHUKA

HuBeprasa, Mr/r 3a 4 yaca
Invertase, mg/g in 4 hous

S = W R N 3

1 2 3 4 5 6

TIpoGHBbIe MIOMRAIKH
Trial sites

Puc. 1. Akmusnocmo uneepmasvl @ 2ymyco6bix
eopuzonmax nous (M+m):
1 — cocHax nepecmotinwiii, 2 — MUNHAK Nepecmotinblil,
3 — bepesnsax nepecmotitulil,

4 — cOCHAK cpeoneso3pacmublll, 5 — IUNHIK
cpeoneso3pacmmuulil, 6 — bepe3usK cCpeoHeBo3PACHbILL
Fig. 1. Invertase enzyme activity in the humus
horizons (M+m):

1 — overmature pine forest, 2 — overmature lime forest,
3 — overmature birch forest,

4 — middle-aged pine forest, 5 — middle-aged linden
forest, 6 — middle-aged birch forest

4YeM IO/ TUCTBEHHbIMH Jiecamu (puc. 1). CormacHo
orneHouHbsIM TKaam JI.I. 3psarunnesa (1978), ak-
TUBHOCTh WHBEPTA3bl HA BCEX MPOOHBIX TUIOMIAIKAX
OTHOCHJIACH K KATETOPHU KCPEIHSISD).

Pesynbrarel  AByX()aKTOPHOTO JAUCHIEPCHOHHOTO
aHalm3a C TOCJIEAYIOINIUM MOMAPHBIM CPaBHEHHEM

Karanasa, ma 0,15 KMNO, 3a 20 Mmun
Catalase, ml 0.INKMNO, in 20 min

3
3,0

2,5

2,0

15

1,0 -

0,5

0,0 -

2 3 4 5 6

TIpoGHble oAk
Trial sites

Puc. 2. Akmusnocms kamanasol 6 2ymycosvix
eopuzonmax nous (M+m):

1 — cocHak nepecmoiinsiii, 2 — TUNHAK
nepecmotinslil, 3 — OepesHsaK nepecmouHbsll,
4 — coCHAK cpeOHe8O3PACMHbIU, 5 — NTUNHAK

cpeonego3pacmublil, 6 — OepesHsK
Cpeoneso3pacmmulil
Fig. 2. Catalase activity in the humus horizons
of the soils (M+m)
1 — overmature pine forest, 2 — overmature lime
forest, 3 — overmature birch forest,
4 — middle-aged pine forest, 5 — middle-aged
linden forest, 6 — middle-aged birch forest

3HAUCHHUU TIOKA3aJH, YTO, B OTJIMYHE OT CPEIHEBO3-
pacTHBIX JIECOB, B IMOYBAX MEPECTOWHBIX JIECOB Pa3-
JUYUSl B aKTHBHOCTH HWHBEPTa3bl ObUIM CTATHCTH-
YeCKH 3HaduMBI (Tadn. 3). Mexay jecamu OJHOTO
MOPOJIHOTO COCTaBa, HO PA3HOTO BO3PACTa, CTATHCTH-
YECKH 3HAuMMasl Pa3HUIA B aKTUBHOCTH MHBEPTA3bl

Tabruya 3. Pe3ynsmamul RONAPHOSO CPABHEHUs. 3HAYEHUL CO2NACHO Kpumeputo ToloKu no akmugHocmu
UHBEPMA3bL 8 NOYBAX NPOOHBIX NIOUWAOOK (P—3HAYEHUE)
Table 3. Results of pairwise comparison of the values according to the Tukey test for the activity
of invertase in the soils of the test plots (p—value)

CocHsk JIunusx Bepesnsik Cocusik cpen- JIunnsx cpen- Bepesnsik cpen-
IIpoGuble miomaaku NepECTONHbIH MEPECTONHbIH | NepecTOoiHbII HEBO3PACTHbII HEBO3PACTHBbIH HEBO3PACTHbII
Trial sites Overmature Overmature Overmature Middle-aged Middle-aged Middle-aged
pine forest lime forest birch forest pine forest linden forest birch forest
CocHx nepecToifHeii - 0.035% <0.001* 0.472 <0.001% 0.016*
Overmature pine forest
JLnHAK nepecTOf il 0.035* - <0.001* 0.881 0.524 0.999
Overmature lime forest
bepesusik nepecroiinblii % % * « %
Overmature birch forest <0.001 <0.001 - <0.001 0.006 <0,001
COCHSIK CPEeIHEBO3PACTHBII % B
Middle-aged pine forest 0.472 0.881 <0.001 0.121 0.731
JInmHsK cpesHeBO3pacTHBIH « « B
Middle-aged linden forest <0.001 0.524 0.006 0.121 0.739
Bepesnsik cpenneBo3pacTHblit £ % _
Middle-aged birch forest 0.016 0.999 <0.001 0.731 0.739

* CTATUCTHYECKH 3HAYNMAs PasHULA
* statistically significant difference
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Tabnuya 4. Pe3ynomamul nonapro2o CpagHenus 3nadeHuli coenacio kpumepuio Toloxu no axmugnocmu
Kamanasvl 6 NOY6ax NPOOHLIX NIOWAOK (p—3HayeHue)
Table 4. Results of pairwise comparison of the values according to the Tukey test for the catalase activity
in the soils of the test plots (p—value)

Hoo6Hsic CocHsik Jlunnsix Bepesnsik CocHsik cpef- Jlunnsx cpen- Bepesnsik cpen-
an :b:m NepECTONHBIN NepeCTONHbIH NepeCTONHBIH HEBO3PACTHbIH HEBO3PACTHbIH HEBO3PACTHbIH
Tr(i)zﬁlsﬁes Overmature Overmature Overmature Middle-aged Middle-aged Middle-aged
pine forest lime forest birch forest pine forest linden forest birch forest
CocHsK nepectofibii - <0.001* <0.001* <0.001* <0.001* <0.001%
Overmature pine forest
s nepecTofibit <0.001* - 0.999 <0.001* 0.999 0.024*
Overmature lime forest
Bepesiiic niepectofiiibiit <0001 0.999 - <0.001* 0.999 0.057
Overmature birch forest ' ’ ’ ’ ’
CocHsIK CpeIHEBO3PACTHBIM « % % «
Middle-aged pine forest <0.001 <0.001 <0.001 - <0.001 0.704
JIMnHsAK cpeqHeBO3PACTHBII « « ) %
Middle-aged linden forest <0.001 0.999 0.999 <0.001 0.038
bepesHsik cpeHeBO3paCTHBIH « % %
Middle-aged birch forest =0.001 0.024 0.057 0.704 0.038 .

* CTATHCTHYECKN 3HAUMMAst Pa3HUIIA
* statistically significant difference

HaOJI0IAIach TOIBKO Y OEpPEe3HIKOB.

Karanaza y4acTByeT B pacIleIUICHUH MEPEKUCH
BOJIOPOJIA, TOSIBIISIIOIICHCST B TOYBAaX B pe3yJbrare
mpornecca aeixanus (KaszeeB m mp., 2012). Ee ak-
TUBHOCTh B T'YMYCOBBIX TOPH30HTaX MOYB JIECHBIX
O6moreHo30B Pandsr TecHO CBS3aHA ¢ AKTUBHOCTHIO
uaBepTasbl (1=0.79), a Takke MoOKazaTessIMu COfep-
skaHust obmero (r=0.73) U MUKpPOOHOro yriepoja
(r=0.60), uTo cormacyercs ¢ TUTEPaTyPHBIMU JTaHHBI-
MU (3aBasmmmuH U ap., 2018; Mumenko u ap., 2021;
Marnma u np., 2022).

B mouBax NHMCTBEHHBIX JIECOB aKTHBHOCTH Kara-
Ja3bl OKa3ajach yCTaHOBJICHA HA YPOBHE, IPUMEPHO
B 2 pasa BBIIIE, UM B [TI0YBAX COCHOBBIX JIECOB (PHLC.
2). J11st mepecTOMHbIX JIeCOB HAMMEHBIIIHNE TIoKa3are-
JIM aKTUBHOCTHU XapaKTEPHBI JUIS TI0OYB COCHSIKOB, UX
paznuaus ¢ 6epe30BBIMH U JIMTIOBBIMH JIeCaMU ObLITH
CTaTUCTUYECKH 3Ha4MMbI (Tadi. 4). [lociennue mo
AKTHBHOCTH KaTalla3zbl HE UMEIU JIPYT C JIPYTOM CTa-
TUCTUYECKU 3HAYMMBIX paziuuuid. B psne uccueno-
Banuii (ITepmunosa u ap., 2018; Cheng et al., 2013)
Takxke Oblla OTME4YeHa Oosiee BBICOKAsl aKTMBHOCTh

it

KaTana3pl B MHHEPAIBHBIX TOPU30HTAX MOYB JIHU-
CTBEHHBIX JIECOB 10 CPAaBHEHHIO C XBOWHBIMH.

B nouBax, pa3BUBarOLIUXCA MO CPEIHEBO3PACT-
HBIMH JIECAMH, MaKCHMaJlbHasg aKTUBHOCTH Karaja-
3Bl OTMEYAETCS O] JTUIHIAKAMH (puc. 2); OTIUYNSA C
MOKa3aTesIMU KaTaJla3HOM aKTMBHOCTH TOYB CpPE-
HEBO3PACTHBIX OEPE30BBIX M COCHOBBIX JIECOB OBLIH
CTaTUCTUYECKH 3HAYUMBI (Tabn. 4). UTo Kacaercs ak-
THBHOCTH KaTaJla3bl B OYBAX JIECOB Pa3IMYHBIX BO3-
PaACTHBIX TPYMII, HO OJHOTO MOPOJHOTO COCTaBa, TO
pasiauyuus MeX1y HUMH ObUTH OOHAPYKEHBI TOIBKO
JUTSI TIOYB COCHSIKOB.

3akilouenue

ConepxkaHue yriaepoja MHUKPOOHOW OHOMACCHI
B TYMYCOBBIX TOpPHU30HTax ICPHOBO-IIOA30JIUCTBIX
nmouB Pandcroro yqactka Bomxkcko-Kamckoro 3aro-
BeaHMKa Koneosercst ot 0.44 mo 1.24 mrC/r. Ero 3a-
nacel B ci1oe 0-30 cM BapeupytoT ot 1.33 10 2.62 TC/
ra, 4TO AJIA JAaHHOI'O THUIIA IIOYB MOXHO OIICHHWBATH
KaK 3HAYUTCJIbHBIC.

Jloist MUKpOOGHOTO yIiiepoaa B TyMyCOBBIX TOPH-
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30HTax MOYB U3MEHsIETCA B Ipeaenax ot 2.5 10 4.4%;
B WUIIOBHAJBHBIX TOPU30HTAX OHA BO3PACTAET 0
13.8-69.6%, 4TO MOXKET OBITH CBSI3aHO C HAKOILJICHH-
eM B CpefHel 4acTu mpodwis 1a0UiIbHOTO TyMyca,
XOPOIIIO MOIAOIIETOCS MUKPOOHOMY Pa3IOKEHUIO.

AKTUBHOCTh MHBEpTa3bl, KaTala3bl U COJAEpPIKa-
HUE yriepoja MUKpOOHOW OMOMacchl B TIOYBAX TIOJ
COCHSIKAMH HIDKE, YeM IOl OCpe3HSKaMH ¥ JIAITHS-
KaMH, YTO MOXET OBITh CBSI3aHO, KaK C IOPOIHBIM
COCTaBOM Jieca, Tak U ¢ Ooyiee JeTKHM TpaHyIoMe-
TPUUYECKUM COCTABOM MOYB MO COCHSIKaAMHU.

AKTHBHOCTh WHBEPTa3bl TPOSBISET Oojiee Tec-
HYIO KOPPEJSIMOHHYI 3aBHCUMOCTh C MHUKPOOHOM
Oromaccoii MmouB, 4eM C COJIeP)KaHUEeM B HUX TyMyca
(r=0.87 u 0.48, COOTBETCTBEHHO), UYTO YKa3bIBacT Ha
ee MPEUMYIIECTBEHHO MUKPOOHOE ITPOUCXOXKICHUE.
AKTHBHOCTh KaTalla3bl, HA000POT, KOPPEIUPYET C
COJIepXKaHUeM TyMmyca, YeM C YIIepOoioM MHKPOO-
HOU Omomacchl (K0d(D(PUIIMEHT KOppENsIuA COOT-
BercTBeHHO (.73 m 0.60). CpenHsisi, a HE BBICOKaS,
KOPPEJSILIMOHHAS 3aBUCUMOCTb C YIJIEPOAOM MH-
KpOOHOI OMOMAcChI, BEPOSITHO, CBSA3aHA C TEM, YTO
HMCTOYHUKOM 3HAYUTENILHOM JT0JIM KaTana3bl B [IOYBE
SIBJISIFOTCS BBIICTICHUSI KOPHEN PACTEHUIA.
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The article presents the results of determining the
reserves of microbial carbon, the share of microbial
carbon in the total soil carbon, the activity of catalase
and invertase enzymes in forest soils of different ages
and species composition. The objects of study were
soddy-podzolic soils of six sample plots established
in 2022 on the territory of the Raifa area of the Volz-
hsko-Kamsky state natural biosphere reserve. The
soils under pine forests, birch forests, linden forests
belonging to two age groups were studied: “mid-
dle-aged” and “overmature”. It has been established
that the average content of microbial carbon in the
humic soil horizons ranges from 0.44 to 1.24 mgC/g,
decreasing with depth. The share of microbial car-
bon in the total soil organic carbon, on the contrary,
increases with depth. In the humus horizons, it was
2.5-4.4%; in the illuvial horizons it reaches 14-70%.
The reserves of microbial carbon in the 0-30 cm lay-
er range from 1.33 to 2.69 tC/ha. The lowest values
of carbon content of microbial biomass, invertase
and catalase activity were observed in soils under
pine forests. In soils under deciduous forests, these
figures are higher. A high correlation was shown be-
tween the amount of microbial biomass in soils and
invertase enzyme activity (r 0.87), catalase activity
and humus content (0.73), catalase and invertase ac-
tivity (0.79). An average correlation was noted be-
tween the content of microbial carbon and humus in
the upper soil horizons (r 0.53), invertase activity and
humus content (0.48), catalase activity and microbial
carbon content (0.60).

Keywords: the soil; microbial biomass; invertase;
catalase; microbial carbon reserves.
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OIEHKA 3AITACOB YIVIEPOJAA B JIECHBIX ITIOJACTHUJIKAX
PAU®CKOI'O YYHACTKA BOJIKCKO-KAMCKOI'O 3AITIOBEJITHUKA

[TpyuBeeHBI YHCIICHHBIE XapaKTEPUCTHKH 3aIIacoB yIIepoJa B MOACTHIIKAX Pa3HOBO3PACTHBIX JIec-
HBIX (uToreH030B Pamdckoro yuactka Bomxkcko-Kamckoro rocynapcTBeHHOTO IPUPOAHOTO Grochep-
HOTO 3aII0BEIHNKA. 3arackl yIiepo/a B MOACTHIKAX Pa3IMYHBIX THIIOB JIeca OTIINYAIOTCS BapuabeIbHO-
CTBIO U B CpeiHeM paBHBI: 0epe3usku 4.1 1C/ra, munasaxn 4.8 TC/ra, cocuaxu 12.9 1C/ra.

Knrouesvie crosa: 3ammachl yriieposa; CeKBeCTpaLys yriieposa; JIeCHas MOoACTHIIKa; Bomkcko-Kam-

cKnit OnocQepHBIil 3aIOBETHUK.

DOI: https://doi.org/10.24852/2411-7374.2023.2.57.62

Brenenne

W3yyeHne 3amacoB yriepoAa B KOMIIOHEHTax
JIECHBIX OMOTeOLIEHO30B BBI3BIBACT UHTEPEC B CBA3ZU
¢ I00aJbHBIMH M HAMOHAJBHBIMU NMPOEKTaMH 10
OrpaHMYCHHIO YMUCCUH NTAPHUKOBBIX ra30B U JACKap-
OOHM3aLNK KIIOYEBBIX OTpaciei skonoMuku (Pacro-
psokeHue ..., 2021). Munnpuponst PO ycTaHoBIeHBI
CIpaBOYHBIC 3HAYCHHUS 3aIaCOB yINIEpoJa B JICCHBIX
MOACTHIIKAX M MOYBaX, (OPMUPYIOLIUXCS B YCIOBH-
SIX Pa3HOBO3PACTHBIX THIIOB JIECOB Pa3HbIX KIMMAaTH-
YECKHUX 30H U (PU3HKO-reorpauuecKux TeppUTOpUi
(Pactiopspxenue ..., 2017). Umerorcst 0000IIeHHBIE
JaHHBIC 110 3aracaM yIriepoaa MOACTUIOK Ul peru-
OHOB U MakpoperuoHoB P® (YectHbix u mp., 2007,
2018, 1BanoB u ap., 2018; Ocwumos, 2017). Cnexyet
OTMETHUTh, YTO 3TU MOKAa3aTeIH XapaKTEPHU3YIOT 00-
HIyI0 KapTUHY 110 pernoHaM P®, Torna kak rmiaHupo-
BaHME MEPOINPHUATUI I yCTOWYMBOTO YNpaBJICHHUS
JecaM, COXPaHEHHI0O HMX OWOJOrMYEcKOro pasHo-
o0pa3usi ¥ 3KOCUCTEMHBIX (YHKIHUH HEOOXOIUMO
NPOBOAUTH C YYETOM OOBEKTMBHOM M TOYHOU HWH-
(hopmaLum ISl 3J€MEHTAPHBIX JIECOXO35HCTBEHHBIX
CIMHMII.

HauOonee uHpOpMATUBHBIMH [JaHHBIMH B CH-
creMe HaOmoneHW 3a (opMHpOBAHHEM 3aracoB
yriaepoja B KOMIIOHEHTaX JICCHBIX OHMOTeoleHO30B
SBJSIFOTCSL. YUCJICHHBIE XapaKTCPUCTUKH, MOIy4YeH-
HBIC TI0 pe3ynbTaTaM HCCIEeIOBaHHUs Ha 3TaJOHHBIX
y4acTKax, HaXOISIIMXCSl B YCIOBUSX MUHUMaJIbHON
AHTPOIIOTEHHONW HAarpy3KH, B HEpBYIO Ouepeib, Ha
0c000 OXpaHsAeMbIX IPUPOJHBIX TEPPUTOPHUSIX.

IlogcTunka sBISIETCS OCHOBHBIM HMCTOYHHKOM
MIOTIOJTHEHUS! JIEMEHTOB MUTAHUS B MOYBAX JICCHBIX
(bUTOLICHO30B, a TAKXKE PE3EPBYapOM OPraHUIEeCKOro
BEILIECTBA, BHOCSALINM BKJIaJ B OOIINH IyJ yriepona
necHbIX dKocucteM (3amonomunkoB, 2011). Coxmep-

it

KaHWE yIIepofa B TMOJCTHIKAX Pa3IUIHBIX THIIOB
neca BapsupyerT oT 41 10 53% (3amonomuukos, 2011;
Ocwurios, 2017; [Ipuctosa, 2020).

Llenp pa®oTBI — OIEHWTH 3amachkl yIvepoja B
MOJICTHITKAX PAa3HOBO3PACTHBIX JIECOB TpeolIaaaro-
IUX JPEeBECHBIX Mopon Pamdckoro ydactka Bomxk-
cko-KaMCcKoro rocynapcTBeHHOTO TIPUPOIHOTO OHOC-
(depnoro 3amoBeaauka (BKI'TIE3).

MarepuaJbl 1 METOAbI MCCIe0BAHUS

Pandckuit yaacrok BKI'TIB3 mpexncrasmsier co-
OOl JeCHON OHOTEOIeHO3, PACIIONOKCHHBIH Ha
FOKHOW TpaHWIlE 30HBI JIECOB YMEPEHHOTO Tosica
cpennero IloBomkns. I'eomopdomornueckue oco-
OEHHOCTH y4acTKa OIPE/EeNIIOTCS CTPOCHHUEM TTajie-
OJIOJIUHBI P. Bosru, 0ClnOXXKHEHHON TEKTOHUYECKUMHU
1 KapCTOBBIMH HApYyIISHUSIMHA SPO3UOHHOTO perbeda
Y TIEPEKPHITON TOJIIEH YETBEPTUUHBIX OTIIOKEHUM,
00yCIIOBIMBAIONTUX TEPPacoBBId perbed Pamdckoro
nmeca (Taiicun, 2008). [TouBooOpa3yromrie MOPOIBI
3[1ECh TIPE/ICTABICHBI KPYITHO3EPHUCTHIMH MECKaMH,
TEMHO-KOPUYHEBBIMH TITMHAMH U CYTJIHHKaMH C ITPO-
CIIOWKaMHU CBETJIO-CEPBIX KBAPIEBBIX MECKOB, IIOH-
HeIME Tieckamu (Kamumymmuaa, 2002). B ctpykrype
MTOYBEHHOTO TTOKPOBA MPE0OIaIatoT MPECTaBUTEIH
NIepHOBO-TIOM30MHCTHIX MouB (Kamumymmmaa, 2002;
Anexcanaposa u ap., 2014).

Pacturensrnocts Pamdckoro ywactka BKITIB3
MIpECTaBlieHa XBOWHBIMH ¥ JIMCTBEHHBIMH (HUTO-
neno3zamu (Porosa m ap., 2005). IIpeobmanaroT co-
CHSAKH JINITAHHUKOBBIC, JIHIIAWHUKOBO-OPYCHUY-
HO-MIITACTHIE, YEPHUYHO-OPYCHUIHO-MIITHCTEIE,
YepHUYIHO-KUCITUIHO-MIITUCTHIE, OpPYCHUYHO-TPaBs-
Hele. JINCTBeHHBIE (OpMaLINK TIPEACTABICHBI IITUPO-
KOJIMCTBEHHBIMH MTOPOJIAMH, a TaKxke Oepesoil, ocu-
HOH U OJbXOM.
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Wccnenosanns nposonmnu B 2022 1. B
mecTd OMOTeoleH03aXx C YYETOM JaHHBIX
JIECHOM Takcaluu: 1— COCHSIK MePeCTONHBIN; 16
2 — IUIHSK TePEeCTONHBIN; 3 — Oepe3HsIK Ie-
PECTONHBIN; 4 — COCHSIK CPETHEBO3PACTHBIN;

5 — IMNHAK CPEAHEBO3pacTHBIN; 6 — Oepes- 12
HSIK CpeiHeBO3pacTHBIN. Pa3Mepbl mpoOHBIX
wiomanaok Bapbuposaiu ot 0.05 o 0.36 ra.
B ux rpanunst Bxonuno 200 nepeBbeB oc-
HOBHOM MOPOJABI ¢ MOJHOTON ApeBocTost 0.7.

OT100p npo0 JIeCHON NOACTHIKU Ha TPO0- 6
HBIX IUIOMIAAKaX MPOBOAMICS MPU MOMOIIU
pamku 20%20 cMm B 24-KpaTHOH MOBTOPHO-
CTH B NPHUCTBOJBHOM M MEKKPOHOBOH 30- 2
Hax. Bcero oro6pano 144 nmpoOwr. O6pasib
BBICYILIIMBAIH 10 a0COMIOTHO-CYXOTrO COCTO-

14

10

1C/ra
tC/ha

lallor

1 2 3 4 6 [B] Mean
BHoreomeHo351 1 Mean+SE

Biogeocenoses

AHUA, B3BelIUBAIU. PacueT 3amaca yrmepo- Puc. 1. 3anacul yenepooa 6 1ecHblx ROOCMUIKAX OUO2e0YEeHO308

Ja B IyJ€ TOACTHIIKU MIPOBOAMIM C yYETOM
CPEIHEro CoAepKaHus yIiepoaa B MOACTHII-
K€ IyTeM YMHO)KEHHSI CyXOro Beca Ha Ko (-
¢unment 0.4 (Pacnopsixenwue ..., 2017).

Craructudeckas 00pabOTKa JaHHBIX BbI-
nojHeHa B mporpamme Statistica 8.0. s
BBIBJICHUSI Pa3IM4Uil BBIOOPOK HCIOJb-
30Basi  Kputepudd Manna-Yutan (M-W
U-tect). OueHKy 4YMCIEHHBIX XapaKTepu-
CTHK MPOBOAWIM O cpenHeMmy apudmeTu-
YECKOMY 3HAUCHHIO.

Pesyabrarsl u HX 00Cy:KIeHHe

3aracel yrieposa B JIECHBIX TOJACTHIIKAaX Pawd-
ckoro ydactka BKIIb3 BapbupoBanu B IIMPOKHX
npeaenax: ot 1.7 no 40.1 1/ra (koadduuuent Bapua-
uu 78.5%) (puc. 1). MuUHUMAaIbHBIE 3a11achl XapakK-
TEPHBI JIJIS INCTBEHHBIX OMOT€OIIEH030B — 0KOJI0 4.0
T/ra.

3aracel yriepoja B MOJCTHIIKE OEPE3HSKOB pa3-
JUYHOIO BO3pPACTa HAXOAUIUCH B nuamna3zone 1.7-9.6
TC/ra, B 1Ie]IOM XapaKTepHOM Kak Jiisi Oepe30BBIX Ha-
caxaenuit Pecnyonmuku Tarapcran (Ilypses, 2006;
Vnpmanosa, 2017), Tak U YISt U FOXKHO-TACXKHBIX (HU-
torieHo30B PD ([lonseszennas, 2011), u He mmenu
MEX]ly COOOM CTaTUCTHUYECKU 3HAYUMBIX Pa3INYHMA
(p<0.05).

CoBeplilieHHO WHas KapTHHA Ha0I01a1ach B JIUI-
HSIKaX, IJIe CPEAHHE 3aIlachl yIiepoaa MOJICTHIIKH B
JUIMHSIKaX CpeIHeBO3pacTHhIX (4.4+0.2 T/ra) ObutH
JIOCTOBEPHO HIDKE, 4eM B mepecToiHbIX (5.6+0.4
T/ra) (puc. 1), 4TO OOBSCHSIETCS Pa3ITUYHON CKOPO-
CTBIO PA3JIOKEHUsI KOMIIOHEHTOB onaja. [lo qaHHbIM
T.A. IlpuctoBoii (2020), TUCTBS JIUIIBI PA3JIATAFOTCS
Ha 30-50% Oosee MHTEHCUBHO, Y€M BETKH. Y YUThI-
Basl, YTO MO MPOYHOCTH CTBOJIA U CBOEH yCTOMYMBO-
CTH K BETpY JIMIIA yCTynaet Oepese, B IePeCTOMHBIX
OHMOreoIeH03ax ¢ JOMUHUPOBAHUEM JIUIIBI B CTPYK-

il

Paughcrozo yuacmra BKITIBE3: 1 — cocusik nepecmoiinwiil, 2 —
JUNHAK nepecmouinblil, 3 — 6epesHsK nepecmouinblll, 4 — COCHAK
CPeOHeBO3PACMHbIL, 5 — TUNHAK CPeOHe803PACMHbII,

6 — Oepe3HsK cpedHe8o3PACHbI

Fig. 1. Carbon reserves in the forest litter of the biogeocenoses
of the Raifa site of the VKGPBZ: 1 — overstoy pine; 2 — over-
stoy linden; 3 — overstoy birch; 4 — medium—aged pine;

5 — medium—aged linden, 6 — medium-aged birch

Type TMOACTUIIKA HAKOIUIEHHE Oosiee IpyOBIX KOM-
MOHEHTOB, TAKUX KaK BETKH, IPOUCXOIUT JIOBOJIBHO
AKTHUBHO.

CpenHue 3amachl yriepoja MOJACTUIKA B JIUITHS-
Kax cpenHeBo3pacTHbIX (4.4+0.2 T/ra) u mepecToii-
HBIX (5.6+0.4 T/ra) Pandckoro yuactka BKITIB3
CYLIECTBEHHO HIXKE, YeM B JIUIHSAKAX, MpOH3pac-
TAIOMIMX B YCJIOBUSX JIECHBIX X03siicTB Pecry6mu-
ku Tarapcran (9.5 1/ra) (Ilypsies, 2006). OnHoit u3
NPUYUH HAOIIOIaEMOT0 SBICHHUS, KaK MbI ITPEAIoIa-
raem, sIBIsieTCs OoMbILas TaOMILHOCTh MEKIO0BOM
CTPYKTYpBI COOOILECTB IMOYBEHHBIX OECIIO3BOHOY-
HBIX, OOMTAIOMINX B TIOICTHJIKE U [TOYBE, YTO, B CBOIO
oyepenb, OOYCIOBIMBAeT PAa3IUYHYI0O WHTEHCHB-
HOCTh MUHEPAJIN3AIMHU TTIOJCTUIIKU U BIMSET HA CKO-
POCTh HAKOIUICHUS YIIIEPOAa MOACTHIIKH JIUIOBBIX
ouoreorieno30B (['opauenko u np., 2016).

MakcuManpHbIe 3amachl YIiepoJa XapaKTepHbI
JUI TIOJICTUJIOK COCHOBBIX OHOreoneHo3oB. Jlua-
Ma30Hbl UX BapbHUPOBAHUS B COCHSKE MEPECTOMHOM
cocraBuiu 5.7-40.1 (B cpennem 15.2+1.8) 1/ra, B co-
cHsIKe cpenHeBo3pacTHOM — 5.4-23.0 (10.5+0.7) 1/ra.
AHanoruyHsle TaHHble ObUTH MOMy4eHbl P.A. Yipaa-
HOBOHM (2017) myiss COCHOBBIX (DPUTOIICHO30B HCCIIe-
nyemoro peruona — 12.7-15.3 1C/ra. XBos, BEeTKH
Y LIMIIKA XBOWHBIX MOPOJ Pa3jararTcs MEJICHHO,
nostomy 6onee 70% ux ornajia HaKarnJIMBaeTCs B MO~
crunke (IIpucrosa, 2020).

CyuiecTBeHHBIM 00pa30M yTOYHSIIOT M JOTOIHS-
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Puc. 2. 3anacvel yenepooda 6 necrnoti noocmuike
NPUCBONLHOU U MEHCKPOHOBOU 30H
Fig. 2. Carbon reserves in the forest floor of the
near and inter-crown zones

10T KapTUHY 3aracoB YIIeposa JaHHbIe 00 0COOEHHO-
CTSIX HaKOIUIEHUS PACIpeesICHHUs ONaja B IPUCTBOJIb-
HOM M MEXKPOHOBOW 30HaX AepeBbeB. M3BECTHO, UTO
OHH MOTYT pa3Inyarbcs MeX Ty co0oii 1o 3 pa3 (Marse-
eB u ap., 2016, Ypumues. 2016). B necHoit moacTuike
Paudcroro yuactka BKI'TIB3 B mpucTBonbHOM 30HE
3aracsel yriaepoja B cpegsHem 1.3—2.3 pasa Belle, 4eM B
MexkpoHoBo# (p<0.05) (puc. 2).

Haunbonee 3HaunTEeNBHBI pa3auyms B 3amacax yrie-
pola MOACTUIKM B COCHSKax NepecToWHbIXx — 13.5
T/ra. B crapoBo3pacTHBIX (DUTOLIEHO3aX EPEBbsI-31H-
(ukaropsl, co3maromye MOIIHOE (UTOTEHHOE IIOJIE,
OKa3bIBaIOT CYLIECTBEHHOE BIMSHHME Ha paclpenele-
HHUE YHMCICHHOCTH U OMOMAacChl TTOUYBEHHBIX MUKPOOP-
TraHU3MOB B MOJAKPOHOBBIX MPOCTPAHCTBAX M «OKHAX»
MeXIy KpoHamu. Hambonee OnaronpusiTHbIE Ui HUX
YCIIOBHUSI MUTATEIbHOIO PEKUMa PA3BUBAOTCS B Op-
TFaHOT€HHBIX T'OPU30HTAaX MPUCTBOJBHBIX 30H, MOYBBI
KOTOPBIX 00O0TaIleHbl TYMyCOM M HEOOXOAUMBIMHU dJie-
MeHTaMH nurtaHus. Kpome Toro, muraTenbHbIE Belle-
CTBa B IIPUCTBOJIBHBIE 30HBI TAK)KE MOTYT MOCTYNATh C
KPOHOBBIMH U CTBOJIOBBIMU Boflamu (Domwuuesa, 2008;
Ydumnes, 2016; Marsees, 2016). B xBoiiHBIX Jecax
JUMUTHPYIOMIMM (aKTOPOM, BIHSIOLIMM Ha HaKoIUIe-
HUE MOJCTUIKH U 3aMeJISIONINMH aKTUBHOCTb MUKPO-
OpPraHMU3MOB 10T KPOHAMH JIEPEBBEB, BBICTYAET BBICO-
KO€ cofepikaHue (PEHOJIOB B CTBOJIOBBIX M KPOHOBBIX
Bonax (Yduwmres, 2016).

boénpmme 3amacel MOACTMIKK KOHLIEHTPHPYIOTCS
0]l KPOHAMH, YTO CBSI3aHO C HAKOIIJIEHHEM Y ITOJIHO-
JKUSI CTBOJIOB CYXHMX BETOK, KOTOpBIE, IIEPErHUBAs, 0-
MONHSIOT Maccy ¢utonerpura (MarseeB u ap., 2016).
B Bo3pacTHBIX HaCAKAECHUAX B CTPYKTYpeE omaja J0Js
OTMEpIINX BETBel elle 0ojee Bo3pacTaeT.

C MeToaMyecKol TOYKHM 3pEHUs] MPEACTaBIIOCH
Ba)KHBIM CpaBHEHME (PaKTHUECKHX JAHHBIX O 3amacax
yriaepoja B JIECHOH MOJCTUIIKE MpeodiaJaroIux Mo-
pon Paudckoro yuactka BKITIB3 ¢ ycpemHeHHBIMU
JAHHBIMH, cofepXkaluMucs B «MeToan4ecKkux yka-
3aHUSAX MO0 KOJUYECTBEHHOMY OMNpEAEICHUIO 00beMa
MOTVIOIIEHUS MApHUKOBBIX Ta30B» (Pacmopsikenue ...,
2017) (tabm.).

B 3aBucumoctu or mpeobnanaromieil ApeBeCHOM
MOPOABl Pa3IN4Md MEXJY CpPaBHUBAaEMBIMU 3Hade-
HUsMU pocturanu ot 1.9 mo 3.9 1/ra. [lpu sTOM Mak-
CHUMaJIbHBIE PACXOXKIEHUS MEXIy HaTypHBIMH M pac-
YETHBIMH JAaHHBIMM 3aIlacoB YIVIEpoJa OTMEYaiCh B
COCHOBBIX (HTOLEHO3ax. PacueTsl mokasanu, 4Tro B
noactuike cocHsaxkoB Pandcekoro yuactka BKI'TIB3 co-
cpenorodyeHo B cpeaneM Ha 30.2% Oonbiue yriepona,
YEM B MOACTUIIKAX COCHSIKOB FO’KHO-TA€KHOM 30HbI EB-
poreiicko-Ypanbckoro makpoperuona (Pacnopsokenne
..., 2017). HampoTus, 3anackl yriepoja MOACTUIIKH B
JMCTBEHHBIX Jecax Pandckoro ydactka 3amoBeiHUKa
okazanuch Ha 28.4-33.9% HmKe, UeM B TAaKOBBIX FOXK-

o
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Tabnuya. 3anacuvl yenepooa 6 noocmunxax arecog Paugcroeo yuacmxa BKI'TIBE3 no npeodnadarowum
nopooam
Table. Carbon reserves in the forest litter of the Raifa section of the Volga-Kama Nature Reserve
by dominant tree species

IIpeotnanaromas dakTHUeCcKue 3aracsl yrepoaa Cpenuue 3amachl yriepoza B Jiecax EBporneiicko-Ypansckoro
nopoja B siecax Paudsi, C/ra makpoperunona P®, rC/ra*
Dominant Actual carbon stocks in Raifa forests, Average carbon stocks in the forests of the European-Ural
tree species tC/ha macroregion of the Russian Federation, tC/ha*
CocHa 12.9 9.0
Jluna 4.8 6.7
bepesa 4.1 6.2

*Pacniopspkenue ..., 2017
*QOrder ..., 2017

HO-Ta€KHOH 30HBI EBponeiicko-Ypaibckoro Makpo-
peruoHa.

3akiouenne

B necHpix mopctmnkax Pandckoro yuactka Bomk-
cko-Kamckoro 6uocgepHoro 3amnoBeaHuKa cpegHHE
3arackl yrepoaa 1ocTuratotT 13.9 1/ra B XBOWHBIX U
4.9 T/ra B IMCTBEHHBIX OHOTEOLIEHO3aX.

YCTaHOBJICHBI CTATUCTUYECKHU 3HAYMMBbIE Pa3iiu-
YHsI 3a11aCOB YIVIEPO/a ITOJCTUIIKY B IPUCTBOJILHON 1
MEKKPOHOBOH 30HaX A€PEBbEB COCHOBBIX U JIMITOBBIX
JIecoB. 3amnacel yriepoaa B MOACTUIIKE MEPECTONHbBIX
XBOWHBIX (PUTOIIEHO30B B MPUCTBOJIBHOM 30HE B 2.3
pasa BbIILIE YeM B MEKKPOHOBOH, B INCTBEHHBIX (H-
TonieHo3ax B 1.4—1.7 pa3.

ITpu pacuere 3amacoB yriepoaa MOACTHIKU KOH-
KPETHBIX JIECHBIX MACCHBOB LIEJIECOOOPa3HO HCIIOb-
30BaTh JIaHHbIE HATYPHBIX UCCIIEIOBAHHM.
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Carbon reserves in the litter of various types of for-
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MN3YYEHUE BO3MOXHOCTHU IPUMEHEHUS OCAJIKOB CTOYHbIX

BOJI 1151 BUOJIOTMUYECKOM PEKYJIGTUBALIUA
HE®TE3ATPS3HEHHBIX CEPBIX JIECHBIX ITOYB

B 11abopaTtopHbIX YCIOBHSX U3YUEHO BIMSHAE TEPMOMEXAaHNUECKH 00pabOTaHHOTO IpaHyINpOBaH-
HOTO 0CaJIKa FTOPOACKNX CTOYHBIX BOJ] HA JIIXaTEIbHYI0 aKTUBHOCTH PEKYIBTHBUPYEMOIl HedTe3arpss-
HEHHOU cepoii JIECHOH CpeHeCyNIMHNCTON 1O4BHI. [IpesicTaBieHsl OCHOBHBIE XapaKTEPUCTHKI TPaHy-
JIMPOBAHHOTO OCAJIKa CTOYHBIX BOJI, CBEJCHUS O BIMSHUM COJEp)KaHHs HE(YTEIIPOIYKTOB Ha CKOPOCTh
0a3anbHOTO M CYOCTpaT-MHAYLMPOBAHHOTO JbIXaHHMS, 3HAUCHHS Kod((UIMeHTa MUKPOOHOTO JIBIXaHUS
MIOYBEHHBIX 00pa3l0B, MHKYOMPYEMBIX C IPaHyJSATOM MM 0e3 Hero. IIpuBeneHs! 1aHHbBIE O BIHSHUH
BBIPAIMBAHMS pacTeHNH Ha 3(P(HEeKTUBHOCTH AECTPYKINH MOJTIOTAHTA U OMOXUMHUIECKYIO aKTHBHOCTD
TIOYBBI, COZIEPIKAIIEH TPAHYIISAT OCalKa CTOUYHBIX BOJ. YCTaHOBJIIEHO, YTO BHECEHHE I'PaHyINPOBAHHOTO
ocanka u3 pacuera 10 1/ra B mouBy, comepxanryro 2.7, 6.1, 14.4 u 19.7 r/kr HEPTEPOAYKTOB, IPUBO-
JIIT K MHTEHCU(HUKAIIMN OKUCINTEIBHBIX TIPOIIECCOB, CHIDKAET TOKCHYECKOEe AeHCTBHE, CIIOCOOCTBYET
TIOBBIIICHUIO YCTOHYMBOCTH TIOYBEHHOTO MUKPOOOIIEHO3a. B pucyTcTBIM rpanyssTa Mpy KOHIEHTpa-
nun HerenpoaykroB 6.1-19.7 r/kr 3¢ dexTHBHOCTS UX AecTpyKuuu B 1.7-2.5 pasa Beime, yem 0e3
HETO0, YTO TIOJITBEPKAACT EPCIIEKTHBHOCTh UCTIONB30BAHMS OCA/IKOB CTOUHBIX BOJL JUISl PEKYJIBTUBALIUH

HG(I)TGBan?[BHGHHBIX ITIO4YB.

Kniouesvie cnosa: OCaaKH CTOYHBIX BOJ; IIOYBa, He(i)TerO,I[yI(TBI; JAbIXaTCiibHass aKTUBHOCTD,

PCKyJIbTHUBAIUA.

DOTI:https://doi.org/10.24852/2411-7374.2023.2.63.69

Beenenue

3arpsi3HeHre MoYB HEPTHIO M He(TempoxyKTa-
MU SIBIISIETCS KOJOTHYECKOW MpoOIeMOoi MHPOBO-
ro ypoBHs. B muteparype monpoOHO paccMOTpEeHbI
W3MEHEHHsI CBOICTB M XapaKTEPUCTHK TOYB MPU UX
TEXHOTEHHOM 3arpsi3HeHUN HEe(TSIHBIMU YIJIEBOAO-
ponamu. ITokazaHo, 4YTO MOJ BO3ACHCTBUEM CBIPOU
He()TH 1 IPOJYKTOB €€ MepepadOTKN U3MEHSIOTCS He
TOJBKO (PUBUKO-XMMUYECKHE, HO U OMOIIOTHYECKUE
XapaKTEepUCTUKH TTOYB, HAPYIIAETCs CTPYKTypa Oax-
TEepHUAIBLHBIX COOOIIECTB, CHUKAECTCA TaKCOHOMHYE-
CKO€ pasHooOpasme, YHCICHHOCTh U Onomacca mod-
BEHHBIX MUKPOOPTaHU3MOB (AHUyTOBa 1 1p., 2016).

Boccranosnenne nonseprimmxcst HepTIHOMY 3a-
TPA3HEHMIO TIOYB TIPEATONIaraeT BBITOJIHEHHE KOM-
meKkca paboT MO TEXHWYECKOH W OMOJOTHYCCKOU
pekyapThBauu. Ha 3Tane TeXHU4eCKOl peKyJIbTUBa-
IIUH OCYIIECTBISETCS MOATOTOBKA 3eMEIh K IMOCIIey-
IOIIEeMY IIeJIEBOMY MCTIOIB30BAHNIO, OMOJIOTHYECKAs
PEKYNBTUBAINA TPETyCMaTPUBAET MPOBECHHIE arpo-
TEXHUYECKUX 1 (PUTOMEITHOPATUBHBIX MEPOIIPUATHH,
HAIpaBICHHBIX HAa BOCCTAHOBJIEHHE TIUIOAOPOAUS
HapymeHHsix 3emens ([OCT P 59057-2020). Hau-
0oriee TIEPCHEKTUBHBIMU SBISIOTCS OMOJIOTHYECKIE
METO/IbI PeKyabTHBAIUHU. Bricokas 3(ppexTuBHOCTS,

it

SKOHOMHUYHOCTh M JKOJIOTMYHOCTH METONIOB Omope-
MEaranun yBCIMYUBACT UX BOCTpe6OBaHHOCTI) JUTISL
LHIMPOKOr0 CIIEKTPa OPraHUYEeCKHUX 3arpsi3HUTENCH,
BKJIIOYAst yTiieBoiopo/sl HedT (Bepmmnuna u ap.,
2021; I'msizos, aiicun, 2003; Kupeesa u ap., 2001;
Alotaibi et al., 2021; Zhang et al., 2012).

B HACTOAICC BPpEMA HAa OYHUCTHBIX COOPYKCHHUAX
MYVII «Bogokanain» . Ka3zaHu BHeApEeHa TEXHOIOTHS
TEPMOMEXaHIMICCKOH 00pabOTKH OCAIKOB CTOYHBIX
BOJI, TIPE/ICTABISIONINX COOOH CMECh M3OBITOYHOTO
AKTHBHOI'O WJia 1 OCEBUIUX B IEPBUYHBIX OTCTOMHHU-
Kax BeIecTB. B pe3ynsrare 06paboTkm oOpasyercs
TpaHyTMPOBAHHBIA TPOIYKT (J1ajiee — «TpaHyisiT),
KOTOPBIN XapaKTepU3yeTCs BHICOKUM COJIEpKaHUEM
OMOJIOTHYECKHA JOCTYIIHBIX OPraHMYC€CKUX BECIICCTB,
OTCYTCTBUEM YCJIOBHO MAaTOT€HHOW M MaTOT€HHOU
MUKPO(]IOPHI, yCTOHUNBOCTHIO K BO3/ICHCTBHUIO Blla-
ru. ['panynsat ceprudumupoBaH Kak OpraHHYECKoe
ymobpenune (Dxomormdeckuii ..., 2022) U MOXET
OBITH UCTIONB30BAH JJIsI OMOJIOTHICCKON PEKYIBTHBA-
o He(bTe?,anHBHeHHBIX II0YB B KQUCCTBC CTUMYJIA-
TOpa MOYBEHHBIX MHUKPOOHOIOTHYECKUX IMPOIIECCOB
(YTombaenra u mp., 2023).

]_ICJ'IB HCCIICA0BAHUS — H3YYUTH BJIIUSAHHUEC BHC-
CCHU TpaHyJIMPOBAHHOI'0 OCa/lka CTOYHBIX BOJ Ha

bi
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AbIXaTCIbHYI0 AKTUBHOCTbH cepoﬁ JIECHOM IIOYBBI B
3aBUCUMOCTU OT YPOBHA He(i)TfIHOFO 3arps3HCHU,
OIpeACINTb 3(1)(1)CKTI/IBHOCTL €ro MPpUMCHCHUA IIpU
OHOJIOrHYECKOI PEKYJIbTHBAlIUU ITOYB.

MarepuaJjibl 1 METOAbI HCCIIETOBAHUS

B pabore ucronb3oBaHa cepasi JecHasl CpelHe-
cyruHucTas nousa (Tali. 1), rpaHynaT TepMomexa-
HUYECKH 00pabOTaHHOTO OcajKa CTOYHBIX Bog MY
«Bogokanan» 1. Kazanu (Tabm. 2).

OO0Opasupl  cepoil  JeCHOW  TOYBBI  OBUIH
HWCKYCCTBEHHO  3arpsi3HEHBI  pPasHBIMH  JI03aMU
napaHUCTONW, CEPHHCTOM  CMOJIMCTOTO  THUIMA
He(ThIO SImammuHCKOTO MECTOPOXKICHUS

(Pecriyonuka Tarapcran). Ilocne TpexHenemnbHOro
BBIBETPUBAHMs TIOYBCHHbIE 00pas3lbl C pPa3HBIM
conepxanneM  Hedrenpoaykro  (HII)  Obuim
pas3zieneHsl Ha TPH 4YacTH, B JIBE M3 KOTOPBIX OBLI
BHECEH I'paHyssT u3 pacueta 10 1/ra.

WccnenoBanusi BKIIOYATM TPH IApajlieNIbHBIX

OnoayrMeHTaluu U OMOCTUMYISALUN a0OPUTeHHON
MHUKPOQIIOPBl NPU BHECEHHM TPaHy/sTa YCIOBHO
Obutn  oOo3Ha4deHbl Kak: 1 — TexHUYecKas
pekynsTuBamMs; M —  MHKpoOMoOJOrHueckas
pexynsruBanus; @M — Guro-MUKpoOHOIOrHIeCcKas
pexynbruBanus (tadn. 3). B ombite T koHTponem
(K) cmyxuna HezarpsisHeHHas cepas JieCHasl M04Ba,
B onbiTax M 1 @M — He3arpsi3HEeHHasl cepasi JecHast
MI0YBa C IPAHYIISITOM.

B kauecTBe ONBITHBIX €MKOCTEH HMCIOJIB30BAIH
TUTaCTUKOBBIE TOPLIOYKK AuameTrpoM 11 cMm u oObe-
MoM 550 mi1, conepaxarue 400 r noussl. KoianuecTBo
MOBTOPHOCTEH B KaxJ0M Bapuante — 3. MIHKyOupo-
BaHUE OCYILIECTBIIANM Npu Temneparype 19-25°C,
BiiaxkHoctu 20-25%, 16-4acoBOM CBETOBOM JHE C
nutencuBHOCThIO ocBelrennst 4000 mroxc. B xoxme
MHKYyOauuu npoOs! onbeiToB T 1 M exxeHenensHo me-
pEMEINBaIH.

Conepxxanne HII B wmccnemyembix obOpasmax
onpenaensuin MK-ciekrpoMeTpruueckuM METOI0OM Ha

OIIbITA, KOTOpbIE c y4eTOM apdexroB  anamuzatope KH-2m (ITHJ @ 16.1.2.2.22-98). B
Tabnuya 1. Ochouble Xapakmepucmuku cepoti 1eCHoll cpeOHeCyenUHUCIOU NOYGbl
Table 1. Main characteristics of gray forest medium-carbonaceous soil
Tymye, % b ot PH, Nog,,> %o P %0
Humus, % p aqueous |n|.’% Pm(.’ %
Mmr/r / mg/g
4.4 103 81 6.3 0.21 0.07
Tabnuya 2. OcHo6Hble XapaKmepucmuky Spanyisama 0caoka CmouHblx 600
Table 2. Main characteristics of granulate sludges
- 0,
Baaxuocts, % Op(grga?l?é g 3051bHOCTD, % s> 70 Pg%“-’ K o %0 P s MI/KD pH onlggsgz_m
M 0, 0, 0, 0,
Moisture, % matter, % Ash content, % s /o % o /o on» ME/kg pH _, Hazard class
6.3 60.4 39.6 3.0 15 0.18 2000 6.2 v
Tabruya 3. Bapuanmol onvimos
Table 3. Variants of experiments
BapwuanTs! onbiToB / Variants of experiments
T M oM

He3arpﬂ3HeHHme U 3arpsA3HECHHBIC He(bTB}O oy-
BCHHBIC O6p8_3HI)I

Hesarpsi3HeHHbIE U 3arpsi3HEHHBIE HEDTHIO MOYBBI,
cozieprKaIiue TpaHyIsT u3 pacuera 10 1/ra

42—cyTouHas MHKYOaIHs B yCIOBHSAX MEPEMeEILIH-
BaHUS M YBIQXKHCHUSI

42—cyTouHasi HHKYOaIHs B YCIOBHSIX Iepe-
MELINBAHUS U yBIKHECHUS

42—CcyTOUHOE KYJIBTHBH-POBAHHE pacTe-
HUH B YCIIOBHSIX yBIIQKHEHHUS

POCCHACHAT PRI PMERANAON SROnOrH
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HCXO/IHBIX OMBITHBIX 00pa3lax OHO COCTABIISUIO: Bapu- 2
ant B1 — 2.7 r/kr, Bapuant B2 — 6.1 r/kr, Bapuant B3 18 —
— 14.4 r/xr, Bapuant B4 — 19.7 r/kr. 16 VATl

B ocnoBy onbita @M Obula MOJNIOKEHA OMHMCAH- . 1 ] K
nas 8 FOCT P MICO 22030-2009 metomuka. C yue- - ° -
TOM pe3yIbTaTOB paHee MPOBENECHHBIX MCCIENOBaHMH O . et i
(YrombaeBa u np., 2022), B HeM ObUTH HCIIOIB30BAHBI =2 . = M
JIBa BHJIa PacCTEHUH: OIHOJOJIBHOE — POXKb MOCEBHAs 4 —
(Secale cereale L.) n nBymonmpbHOE — BUKa IOCEBHAs 2
(Vicia sativa L.), cMecbh KOTOPBIX BBICEBAJIU B COOTHO- T T T T T T
menun 1:1 (6+6 pacrenwii). [lns BeIpaBHUBaHUS yC- Bapwanrs / Variants
JIOBHUI OCBCIHICHUA MCCTOIIOJIOKCHHUE BEICTAIIMOHHBIX Puc. 1. BazanvHoe OvixaHue nous
COCYZIOB €KEIHEBHO MEHSUIM, BAPUAHTHI PaACIIOIarain Fig. 1. Soil basal respiration

pannomHo. Yepes 14 cyTok HHKyOauuu B KaXI0H eM-
KOCTH OcTaBisuid 1o 6 pactenuii (3+3). Ha 42 cyTku
9KCIIEPUMEHTa PACTEHUS YAaJsud, IOYBEHHBIE 00pa3-
LBl aHAJTU3UPOBAIIH.

MHTEeHCUBHOCTh MOYBEHHOI'O JBIXAHUS OINpPEes-
oM razoxpomarorpaduueckum MetopoM (Beprmnun

o
(=]

%
(=]

SN
/ N\

-
=R

=]

/ N\ T

Mxkr CO,/r yac
M kg COy/g - hour
(%) g W (=)

u ap., 2011) Ha razoBom xpomarorpage «Xpomarek 0 -_::ZM
Kpucrann 5000.2», xononka muymHoi 3.0 M, BHYTpeH- 20 ¢

Hui quametp 3 mm, agcopbent Hayesep N 80/100. B 10

KauecTBe JETEKTOpa ObUT HMCIOJb30BAaH KaTapoMETp. LR BI = B B4
OueHuBany ciaenyromye napaMeTpsl AbIXaTeIbHON ak- Bapuantst / Variants

THBHOCTH II04B: CKOPOCTH GasanbHOro mpixanus (V6a-  pyc. 2. Cy6empam-undyyuposannoe dvixanue nous
3all), CKOPOCTh CyOCTpaT-uHIYHMPOBAHHOTO JbIXaHHUs Fig. 2. Sois substrate-induced respiration

(Venn), xoapduunent MukpobHoro neixanus (Qr =
Vo6a3an/Veun). THTEHCHBHOCTb JBIXaHUS BBIPAKAIH B
MKr CO,/r Cyxo¥ 104BHI B Yac. 04

/
Pesyabratsl U HX 00Cy:KIeHHE 0.3 /K
IIpn u3ydeHnn BAMSHHA IPaHYIMPOBAHHOIO OCA- 502 ovo// // !
= =

0,5

Ka CTOYHBIX BOJ Ha JAbIXaTeJbHYI0 aKTHBHOCTH CEpPBIX
JEeCHbIX Mo4YB W 3dexkTuBHOCTh AecTpykumu HIT 0,1
ObUIM PacCMOTpPEHBI JIBa MOAXOAa K OMOJIOrHYecKon
PEeKyIbTUBALMN: NIEPBBII — BHECEHUE B 3arpsA3HEHHBIC

=DM

Bl B2 B3 B4

K
He(ThIO 00pa3ubl MOYB rpaHyisiTa (onslT M), BTOpOit BapmanTsi / Variants
— BHECCHHE B 00pa3LbI MOYB TPAHYNIATA M KYIBTHBH- Py 3, Kosppuyuenm muxpobHozo Ovixanus nous
POBAHNE B HUX CMECH BBICIINX pacTenuii (onbiT ®M). Fig. 3. Soil microbial respiration quotient

[TapaminensHO OBLT MOCTABICH OMBIT MO TEXHHYECKOU
pexynbsruBaiuu (T), 6e3 moOaBiIeHUs TpaHyIIATA.
ITokazaTenu MOYBEHHOTO JBIXaHUS IUPOKO MPUME-
HSIFOTCSL TIPY OLIEHKE COCTOSHUS MX MHKPOOHOTO TyJia
(Huxwutue n ap., 2022). Benuunaa Vo6azan orpaxkaer
JIOCTYITHOCTh MUTATEIbHBIX BEIIECTB JJIsi MIOYBEHHOU

90

(=)
=1

W
=]

=T

DddexTnBHOCTD, Yo
Effectiveness, %

40
=M

MUKpoQIopsl. BEICOKHE ee Toka3arenn yKa3bIBarT Ha 30 - oM
WHTEHCUBHbBIC MPOLIECCHl OKHUCICHUS MNPUCYTCTBYIO- 20 -
[UX B TIOYBE OPraHMYECKUX CyOCTPaTOB. 10 1

(v 0 -

[locne 42—cyTouHON HMHKYOAMM WHTEHCHUBHOCTD B B B3 B4

IbIXaHUsl HE3arpsi3HEHHOM, IOJABEPTIICHCS pBhIXJIe- Bapmantsi / Variants
HHUIO U YBJIQKHEHUIO TOYBBI, cocrabisna 4.69 Mkr p, . 4 Dppexmusnocms decmpyryuu HIT 6 nousax
CO,/r-uac. Ilpucyrcreue rpanynsra B ombitax M u Fig. 4. Petroleum hydrocarbons destruction
®M B paBHO# creneHu (B 1.6 pa3a) yBeaMuUBaIO efficiency in soils

Vo6azan (puc. 1).
B ormbITe M0 TEXHUUYECKO PEKyIBTHBAIUK TIPH TI0-

it b




N3YYEHUE BO3MOXHOCTHU [TPUMEHEHU T OCAZIKOB CTOYHbBIX BOI JUJISL
BUOJIOT'MYECKOU PEKVYJIBTUBALIMY HEGTE3ATPASHEHHBIX CEPBIX JIECHBIX I[10UB

Tabnuya 4. Kosghguyuenmol koppensayuu mexncdy ocmamounvim cooepoicanuem HIT u buoxumuyeckumu
NOKA3amensiMu noye
Table 4. Correlation between the residual content of petroleum hydrocarbons and soil biochemical

parameters
Omerit / Experiment
INokasarens / Indicator
T M dM
BasanpHoe npixanue / Basal respiration 0.94 0.89 0.83
Cybcrpar unayimposanHoe asixanue / Substrate induced respiration 0.90 -0.86 -0.94
Qr 0.66 0.98 0.99

BeimeHnu coxepxkanuss HII B mousax naOmronmancs
MIPaKTHYECKN JMHEHHBIN pocT V0asal, 4To 3aKOHO-
MEpHO, TaK KaK BHECEHHE He(TH, KaK IPaBHUIIO, CIIO-
coOCTBYeT pocCTy MOYBeHHOro abixanus (bmaronmar-
ckas, AnanbeBa, 1996; Kupeesa u ap., 2001; Ilerpos
u ap., 2016). IIpu npoBenernn GuTOo-MUKPOOHOITO-
THUYECKOH peKyIbTHBALMK 0a3albHOE JbIXaHUE TI0YB
BO3PAcTaji0 OTHOCHUTEJIBHO onbITOB T M M Kak mpu
HU3KOH (BapmaHT B1), Tak W Tipy BBICOKMX KOHIICH-
tparmsix HII (Bapuanter B3 u B4).

CkopocTh  CyOCTpaT-HHAYLMPOBAHHOTO  JIbIXa-
HUS, XapaKTepHU3ylollas aKTUBHOCTb MHUKPOOHOTO
IyJla He3arpsA3HEHHON IOYBBI IOCJIE HMHKYOMpOBa-
nus, cocrapnsa 20.77 mxr CO,/r-vac. Buecenue
rpaHysiTa CIOCOOCTBOBAJIO IOBBILICHUIO VCHI B
onblTax M u ®M no 31.56 u 46.67 Mxr COz/r-qac,
COOTBETCTBEHHO (puc. 2). Hanmenbine 3HaueHus
Vcena MHKYOMpPOBAHHBIX MOYBEHHBIX 00pasloB 00-
HapyXEHBI B OMBITE 10 TEXHUUECKON PEKyJIbTUBALINN
(28.22-38.37 mxr CO,/r-vac). B onbire T yBenuye-
Hue koHueHTpaunu HII B mouse npuBoamio K pocty
HCCIIeyeMOro IoKa3ares.

MakcumanbHO BBICOKHE 3HAaUCHMs CyOCTpar-uH-
JOYLUPOBAHHOTO AbIXaHHS 3aperUCTPUPOBAHBI B Ba-
puanTte Bl ombiTa 10 MUKPOOMOIOTHYECKON PEKYITh-
tuBannu (84.99 mxr COz/r~qac) C TOCJEIYIOIINM
CHIDKEHHEM 110 Mepe yBeiudeHus copepskanus HIT
B II0uYBE. B OTCyTCTBHHU NEpHOINUECKOTO EepEeMEIIH-
BaHUA MO4YBHI B Bapuante Bl onbita @M 3HaueHue
Veun Obuto Hke (63.26 MKT COz/r-qac), OIHAKO
B BapuanTtax B3 u B4 Vcug Osina Ha 12.5 u 27.0%
BBIIIIE, YeM B OIBITE M, YTO yKa3bIBaeT Ha CHMXKE-
HHUE TOKCHYECKOTO INpecca BBHICOKUX KOHLIEHTpALMH
HIT ra MuKpoOHBIH Tyl MpU GUTO-MHUKPOOHOIIOTH-
YECKOM PEeKyJIbTUBALMM He(Te3arps3HECHHBIX IOYB.
B Bapuante B4 Bo Bcex onbITax ypoBeHb Vcuj noy-
BEHHBIX 00pa3IioB UMen Onn3kue 3HadeHus (puc. 2).

BaxHbIM 3K0JI0r0-(QHU3MOIOrHYECKUM TOKa3aTe-
JIeM, OTPaKarollUM CTEHEeHb BO3/EHCTBHS Hebnaro-
MPUATHBIX KIMMATHYECKUX U AHTPOIIOTEHHBIX (ak-
TOPOB Ha IOYBY U IO3BOJISIIOILIUM OLEHUTH CTA0MIIb-
HOCTb COOOIECTBA MOYBEHHBIX MHKPOOPraHU3MOB,
sBIsieTcs KodhGuImenT MukpoOHoro asixanus (Qr).

il

Cunraercs, 4T0 NpHU OJAroNpUATHBIX KIMMaTH4e-
CKUX YCJIOBHSIX M IIPU OTCYTCTBHM aHTPOIIOTCHHBIX
BO3/ICUCTBUN BelmnurHa Qr HAXOAUTCA B JUAINa30HE
0.1-0.3. Bricokue, mpubnmxaromuecs x 1.0 u Boie,
3HaueHus Qr yka3bplBalOT HA TO, YTO B IIOYBE Hapy-
IEH €CTECTBEHHBIN X0 OOMEHHBIX IIPOLIECCOB, a CH-
CTeMa MUKPOOPTraHU3MOB HeycToiuuBa (bmaromart-
ckast, AHaHbeBa, 1996).

3HayeHns Qr KOHTPOJIBHBIX 00Pa3IIOB Cepoi Jec-
HOI mouBbl BappupoBanu B uHTepBase 0.16-0.23
(puc. 3). Ilpu TexHUYECKOH pPEKyIbTHBAIlUK B Ba-
puantax Bl u B2 MukpoOHOE cOOOIIECTBO HAXON-
JIOCh B COCTOSTHMH, KOTOPOE XapaKTEePHU3yeTCsl Kak
«HOpMaJIbHOE», NpU MHKpoOHonornyeckod u ¢u-
TO-MHUKPOOHOIOTHYECKONW PEKyIbTHBALUK B JMama-
30H «HOPMAaJIbHOE)» COCTOSIHUE BXOJUT TAaKKe BapH-
auT B3. IIpu stoM B onbiTax M 1 @M B BapuaHtax
B1-B3 3navuenus Qr Obutd HUKE, YEM MIPH TEXHHYE-
CKOM pEeKyJIbTHBALMM, YTO YKa3blBaeT HA IOBBIIIE-
HUE YCTOWYMBOCTH MMKPOOHOTBI K ACHCTBHIO aH-
TPONOTEeHHBIX (PAKTOPOB B IPUCYTCTBUHU I'PAHYIIATA.
B koHIue 3kcnepuMeHTa B 00pasnax, CoIepkKaBIIMX
MakcuMalnbHble KoHleHTpanuu HII (Bapuant B4),
3HadeHus Qr Oputy HIOKE (0.5, 9TO CBHIIETENILCTBYET O
BO3MOKHOCTH BOCCTAHOBJICHHUS CBOWCTB MOYBHI B KO-
POTKHH CPOK NMPH MHHHUMAJIbHBIX BOCCTAHOBUTEIIb-
HBIX MeponpusTHsx (Bepmwans u np., 2017).

Omnpenenennie HII B mouyBeHHBIX 0OOpasmax IO
3aBEPIICHUIO 3KCIIEPUMEHTA I10Ka3aJlo, YTO B MPH-
CYTCTBUU TpaHyJIsATa B BapuaHTtax B2—B4 s dexTus-
HOCTh WX JecTpyKnuu Obuia B 1.7-2.5 pasa BbIe,
geM B o0Opasiax 0e3 rpanyisTa (puc. 4), 9To yKasbl-
BaeT Ha NEPCIEKTUBHOCTh €r0 MCIIOJIB30BAHUS IS
PEeKyIbTUBALMU He(Te3arpsi3HEHHBIX ITOUB.

Menee sddexruBnas aectpyknus HII B ombiTe
®M, no cpaBHEeHHIO ¢ M, BEpOSITHO CBSA3aHAa C OTCYT-
CTBHEM IIE€PEMEILINBAHNS OYBbI IPH KYJIBTHUBHPOBaA-
HUU PACTCHUM.

ConocraBnenue ocratrounoro coaepxanus HIT u
JIBIXaTEeJIbHON aKTUBHOCTH TIOYB I1OKAa3aJI0, YTO CKO-
pocTh 06a3aJbHOTO JIBIXAHUSI BO BCEX ONBITaX Harpsi-
MYIO OIpeessulach KOHLEHTpalunei MouIloTanTa, a
CKOPOCTb CyOCTpaT-MHIYyLHPOBAHHOTO [IbIXaHUS B
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OTBITaxX C TPaHyJIATOM M Oe3 Hero mMesa pa3HOHa-
MIPaBICHHYIO 3aBUCUMOCTH (Tabi. 4). Koaddurment
JIOCTOBEPHOCTH aIMPOKCUMAIINN HKCIIEPUMEHTAIb-
HbIX 3HaueHu# Qr B onbiTax M u @M coctasmisin 0.96
(y=0.0483x-0.0462) u 0.98 (y=0.0287x-0.1163), uro
MO3BOJISIET MTPOTHO3UPOBATh YPOBEHb CTAOMIBHOCTH
MOYBEHHOTO MUKPOOOIIEHO3a B IPUCYTCTBUH TPaHY-
JsTa B 3aBHCUMOCTH OT OCTaTOYHOTO COJIEPIKaHUS
HII B mouBax.

3akiouenne

Buecenne tepmuuecku 00pabOTaHHOTO OcCajaKa
CTOYHBIX BOA HWHTEHCH(DUIUPYET OKHCIUTEIbHBIC
NPOLIECCH B 3arpsI3HEHHBIX HE(PTHIO CEphIX JIECHBIX
NoYBax, NOBBIIAsS ASPPEKTUBHOCTh AECTPYKIHMU
HeQTAHBIX yrIeBogoponoB. [lpu KoHUEHTpauuu B
nousax HII 6.1-19.7 r/kr s¢dextuBHOCTS MX I€E-
CTPYKLUMHU B NPHUCYTCTBUM TI'PAaHYNISATa BO3PACTAET B
1.7-2.5 pa3a, 4T0 yKa3pIBaeT Ha BO3MOYKHOCTH HC-
MOJIBb30BaHMsl TEPMUUECKH O0OpaOOTaHHBIX OCAIKOB
CTOYHBIX BOJ JUIs PEKYJIBTUBALIMN [TOYB MIPH pa3iny-
HBIX ypOBH:X 3arpsizHeHus. [1pu copepxxannnm HII o
14.4 r/kr rpanynaT obecneynBaeT BHICOKHE MOKa3a-
TEJIM aKTUBHOCTH MOYBEHHOT'O MUKPOOHOTO coo01Ie-
ctBa. Ilo Mepe pocra konnenrpanuiit HII nporekrop-
HBIE CBOMCTBa BHOCHUMBIX B TIOYBY OCAJKOB CTOYHBIX
BOJI IOCTENIEHHO HUBEIUPYIOTCSL.

KyneruBupoBanue pacteHuil B npouecce OHomo-
TUYECKOM pEeKyJIbTUBALMM TOYB MOBBIMIAET JOCTYII-
HOCTh OPraHWYeCcKOro cyOcTpara M CHHIKaeT TOKCH-
yeckoe aeiictsue HII Ha mouBeHHbIE MUKPOOPraHU3-
MBI IIPU UX KOHUEeHTpauuu A0 6.1 r/kr. [Ipu sTom He
BBISIBJIGHO CYIECTBEHHBIX Pa3IM4YMil B MMOKa3aTelsax
spdexruBHocTH mectpykumu HII m gpixarenbHon
AKTHBHOCTH TIOYB MPU BBIPAIIMBAHUN PACTCHUH U
0e3 HUX.
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The effect of thermomechanically treated granu-
lar urban sewage sludge on the respiratory activity
of recultivated oil-contaminated gray forest medium
loamy soil was studied in laboratory conditions. The
main characteristics of granular sewage sludge, in-
formation on the effect of the content of petroleum
products on the rate of basal and substrate-induced
respiration, the values of the microbial respiration
coefficient of soil samples incubated with or without
granulate are presented. Data on the effect of plant
cultivation on the efficiency of pollutant destruction
and the biochemical activity of the soil containing
granulate sewage sludge are presented. It has been
established that the introduction of granular sediment
at the rate of 10 t/ha into soils containing 2.7, 6.1,
14.4 and 19.7 g/kg of petroleum products leads to
the intensification of oxidative processes, reduces the
toxic effect, and increases the resistance of soil mi-
crobiocenosis to pollutants. In the presence of granu-
late at a concentration of oil products of 6.1-19.7 g/
kg, the efficiency of their destruction is 1.7-2.5 times
higher than without it, which confirms the promise of
using sewage sludge for the recultivation of oil-con-
taminated soils.

Keywords: wastewater sludge; soil; petroleum hy-
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OCOBEHHOCTHU JINHAMUKU HEMATOITMIHOM AKTUBHOCTHU ITMPAHTEJIA

YAK 615.284

A.B. Ecoposa, A.D. I'amusamynnuna, T.5. Karunnukoea

Hnemumym npobnem sxonoeuu u neopononvzosanusi AH PT, tbkalinnikova@gmail.com

OCOBEHHOCTHU JUHAMUKU HEMATOILIMTHON AKTUBHOCTHU

IIUPAHTEJIA

B skcmepuMeHTax ¢ IByMS BHIAMH CBOOOJHOXKHBYIIMX TOYBEHHBIX Hematon — Caenorhabditis
elegans v Caenorhabditis briggsae — vccnenoBana TMHaMHAKa HEMATOITUTHON aKTUBHOCTH MHUPaHTEA.
[TupanTen — 3TO arOHUCT HUKOTHHOBBIX PelenTopoB L-cyOTHIa, KOTOpbIii IPUMEHSIETCS TS JICICHUsI
Pa3lIMuHbIX FeJIbMUHTO30B y YEJIOBEKa U )KUBOTHBIX. B paboTe BhISIBJICHBI 0COOCHHOCTH JMHAMHUKHU TOK-
CHYECKOTO JICHCTBUS MUpaHTena Ha opraum3mel C. elegans u C. briggsae. Ilupanrten B Auana3oHe KOH-
meHTparmii 62.5-250 MxM B niepBbie 60 MUH. HHKYOAIIMH BBI3BIBAJ 10303aBUCUMBIC HAPYIICHUS ITOBE-
nenust C. elegans. YBennduenue BpeMeHU dKcro3unuu 10 90—180 MUH. MPUBOIUIIO K BOCCTAHOBIEHUIO
HOPMaJILHOH JIOKOMOIIMH y YacTH HEMAaToJl 3TOro BHJa. boree /utuTenbHast SKCIO3UIHS K MTUPAHTETy
(240-360 muH.) BHOBB yMeHbInaNa 100 C. elegans ¢ HopMaabHOU Tokomonnel. C. briggsae Ob1au 60-
Jiee YyBCTBUTEIBHBI K HETAaTUBHOMY JIeHCTBHIO upanTena, yem C. elegans. CHUKEHHE TOJIM HEMATO]T C
HOpPMaJIbHON JIOKOMOITMEH 0TMEYasoch B repBbie 90 MUH. MHKyOauu ¢ nupaHTesnoM. boiee niuurens-
Hasl SKCIIO3MIIMSI BbI3bIBaJa HE3HAUUTEIBHOE YBEJIIMUCHHE JIOJM HEMATO/l C HOPMaJIbHOM JIOKOMOIIMEH
TOJIBKO TIPH KOHIIEHTpanuu nmupanTtena 125 MmxM. IIpu Oonee Hu3koi koHIeHTparmu (62.5 MxM) gons
HEMaTo/l, He CIIOCOOHBIX MOJICPKUBATh KOOPIMHAIIMIO ABMKECHHUI TeJa IPH IUIaBaHUHU, OCTaBallaCh Ha
OJIHOM YPOBHE ITpU YBEJINYEHHN BPEMEHH dKcro3uiuu 10 360 mun. [loBTOpHOE BBE/ICHHE MUpaHTENa
B cpeny uepe3 60 MuH. Tocie Hayajia HKCIIepUMEeHTa IPUBOIIIO K pe3koMy cHikeHuto noiu C. elegans
¢ HOpMaJIbHOM JoKoMonreil. BO3MOXHOCTB OBICTPOIl afanTaiiii HEMaTo [ K MUPAHTEINy MPH €r0 OTHO-
KpaTHOM TIpHEMe, BBISIBICHHAsI B ATOW paboTe, MOATBEPKIACT HEOOXOAUMOCTh CTPOrOro COOTIOACHUS
PEKOMEH/IOBAaHHBIX JIO3UPOBOK TPH MCIIOIB30BAHUH aHTHI'€JIBMUHTHBIX ITPETIApaToB JUIs MPEAOTBpalIe-
HUSI Pa3BUTHS JICKAPCTBEHHOH yCTOHUYMBOCTH T€JIbMHUHTOB.

Kniouesvie cnosa: Caenorhabditis elegans; Caenorhabditis briggsae; aHTUTEIbBMUHTHBIC TIperniapa-

TBI; TUPAHTEI.

DOI: https://doi.org/10.24852/2411-7374.2023.2.70.76

Beenenue

B crpykrype 3a00neBaeMOCTH HACENCHUS Iellb-
MHUHTO3bI 3aHUMAIOT BTOPOE MECTO IMOCJIE TPHIINa U
OCTPBIX pecrnupaTopHbIX 3a0oneBanuii. [lo qaHHBIM
oUIHaATBEHON CTATUCTHKH, TEILMHUHTO3BI €KETOTHO
SIBISIIOTCS TIPUYMHON cMepTh 135 ThicsY denoBeK.
OnHako, IO MHEHHUIO psijia CIICIMAINCTOB, peabHast
3apaKCHHOCTb HACEJICHUSI TeJIbMUHTAMHU IPEBbI-
HI1aeT AaHHble OQHUUIUAILHONW CTATUCTHKH 10 MEHb-
mei mepe B 10 pa3 (Knapurckas u ap., 2010). Ot
reJIbMUHTO30B, MEPENaIOINXCsl Yepe3 MOouBY, CTpa-
JA0T HE MEHee OJHOT0 MWJIJIMapJa YeOBEK, OHXO-
LEPKO30M H JIMM(aTHUECKUM (QUIIPHO30M OOJIEIOT
npumepHo 40 u 120 mummonoB uenosek (Hahnel
et al., 2020; Weaver et al., 2017). Y nanuenTos, 3a-
PaKEHHBIX T'eJIbMUHTaMHM, HAONIONAETCsl CHUKECHHUE
UMMYHHTETA, Pa3InyHble alJIepruiecKue peaKiyH,
HapylIeHus] paboThl KEMyIOYHO-KHIIEYHOTO TpPaK-
Ta, aHEeMHs, HEBPOJIOTUYECKHE MPOSBICHUS M Ha-
pYLIEHHE SHIOKPHHHOTO romeocTasa. B koMmruiekc-
HOW Tepamuy TeIbMUHTO30B IJIaBHYIO pOJb UTpaeT
NPUMEHEHUE CHHTETHYECKHX aHTHI€JIbMHUHTHBIX

0l

npenaparoB. B Hacrosmee Bpemsi Bcemuphas op-
raHu3anus  31paBOOXPAHEHHUs] PEKOMEHAYeT JUis
JIeYeHUs] TeIbMUHTO30B YeThIpe Ipernapara, 1Ba U3
KOTOPBIX (IMPAHTEN M JIEBAMM30JI) SIBJISIOTCS aro-
HUCTaMH HUKOTHHOBBIX PELENTOPOB alleTHIIXOIMHA
(H-XOIIMHOPETIETITOPOB), a eIle JBa — ajJbOeHIa30I]
1 MeOeH1a30J1 OTHOCATCS K OEH3MMHUAa301aM, aHTH-
reJIbMUHTHOE JCHCTBHE KOTOPBIX ONpenessieTcs MX
CIOCOOHOCTBIO HApyIIaTh CHHTE3 (-TyOynuHa, yTH-
JU3AIUI0 TJIFOKO3Bl W yTHETaTh oOpazoBaHue ATD
(Dent, 2001; Ding et al., 2017; Holden-Dye, Walker,
2014; Weaver et al., 2017). Ilpu saTom nake mpena-
parbl OJHOH XMMHUYECKOH TpyNIbl OTIMYAIOTCS MO
cBOEH OMOJIOTMYECKON aKTUBHOCTH M OHMOZOCTYII-
Hoctu. Hanpumep, 31eKTpou3n0I0rn4ecKuMu uc-
CJIEAOBaHMSMH OBIJIO MOKA3aHO, YTO arOHUCTBI H-XO-
JIMHOPELETITOPOB MOPAHTEI, TUPAHTEI U JIEBAMH30JI
UMHUTHUPYIOT IeHCTBUE alleTHIIXOIMHA Y Ascaris suum
u Caenorhabditis elegans c yOpIBaHHEM aKTHUBHOCTH
B PsAIy: MOpPAHTEN = NMHUPaHTEN > JIEBAMU30J1 > are-
trxonuH (Holden-Dye, Walker, 2014). buogocryr-
HOCTh OCH3MMHA30J1a U JIEBAMH30JIa B OpraHu3Max
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KO3 3HAYMTEJILHO HUXKE, YeM B opranusmax osen. Co-
OTBETCTBEHHO ISl JETreIbMUHTU3AIMN KO3 HE00X0-
JuMa J103a IpenaparoB B 1.5—2 pa3a npeBblIaronas
7103y, HEOOXOAUMYIO JUIsl AETeIbMUHTH3ALUU OBELl
(Holden-Dye, Walker, 2014).

OnHUM W3 TMOCHEICTBUN UIMTENBHOTO HpUME-
HEHMS AHTHTeIIbMHHTHBIX IIPEraparoB SBISETCS
MOSIBJICHUE YCTOMUMBOCTH K HUM. B Hacrosiiee
BpEMsl YCTOMUMBOCTh T'€JIbMUHTOB K JIGKAPCTBY pac-
CMAaTpUBaeTCs KaK CHIDKCHHE OTBETA IMOMYJISIIUU Ha
UCIIONIb30BaHUE Tpenapara B TEUCHUE AJTUTEIbHOTO
Bpemenu (Coles, 2006). ITpu 3TOM ocTaercs OTKphI-
TBIM BONPOC O TMHAMUKE YYBCTBHTEJILHOCTH K TIpe-
napary OTIEJNBHBIX 0coOeil NpU ero OJHOKPAaTHOM
npumMeHeHun. Panee nHamu Oblia mokaszaHna OblcTpast
anantamusi Caenorhabditis elegans x uuskum (30
MKM) no3am numpanrtena (Koicanosa u ap., 2011).
Lenbio HacTosimiel paboThl SBUIOCH M3y4YEHHE BO3-
MOYKHOCTH aJlanTallid HeMaTof K BBICOKUM (110 250
MKM) 703aM IHpaHTesa B 3KCIEPUMEHTAX C ABYyMs
OJM3KOPOJACTBEHHBIMH BHIAMH CBOOOIHOXKHBYILIUX
nouBeHHbIX HeMmaron — Caenorhabditis elegans u
Caenorhabditis briggsae. C. elegans ycnemHo uc-
MOJB3YeTCs Uil OLIGHKM OMONIOTHUYECKON aKTHBHO-
CTH aHTUTEIbMUHTHBIX IIPENapaToB Onarogaps CXoa-
CTBY CTpOCHHMS Tena, (PU3NOJIOTUU U HEUPOXUMHUH C
napasuTHYeCKUMH Hematonamu. llpenmyiectBamu
ucnons3oBanus C. elegans npu UCIbITaHUK (dapma-
KOJIOTHYECKHX BELIECTB, 10 CPABHEHUIO C Mapa3uTH-
YEeCKMMH HeMaTOJlaMH, SIBJISIETCSI O€30MacHOCTb IS
UCCIIeIoBaTeNsl, MPOCTOTa W JACHIEBU3HA BBIPALIM-
BaHMA B J1a00OPATOPUHU, KOPOTKUH >KUZHEHHBIA LIUKII
¥ BO3MOXKHOCTH TOJyY€HHs OOJIBIIOTO KOIWYECTBA
ocobeit s axcriepumenTa (Avila et al., 2012; Dent,
2001). C. briggsae wucnonb3yercss Kak JOTOJIHH-
tenbHBId K C. elegans MONENbHBIA OpPraHu3M Mpu
U3yYCHUH BIMAHUS (DAKTOPOB CPEbl HA OPraHU3MbI
Metazoa. ITH BUIBI O4EHB CXOIHBI IO MOP(OIOTHH,
0COOEHHOCTSIM XKM3HEHHOT'O IIMKJIA U CUCTEMBI Pa3-
mHoxeHus (Baird, Chamberlin, 2006; Gupta et al.,
2007).

O0beKThI U METObI UCCJIeOBAHUS

B pat6ore ucnonbzoBanu C. elegans TMHANA TUKO-
ro tuna N2 u C. briggsae nuauu nuxoro tuna AF16,
nonyueHnsle u3 Caenorhabditis Genetics Center.
Hemaron BeipammBanu B vamkax Iletpu (d=10 cm)
CO cTaHzapTHOH cpenoii BoipamyBanus (3 r/n NaCl,
17 r/n Gakroarap, 2.5 r/n OakTONENTOH, 5 ML/ XO-
necrepun, 1 MM CaCl, 1 MM MgSO,, 25 MM ka-
muiipocdarueii Oydpep (pH 6.0)) (Brenner, 1974).
OKcnepuMeHThI TpoBowIn 1pu 22°C ¢ MOJNOABIMH
ITOJIOBO3PENBIMU 0CO0siMH. HemaTon oTMbIBaiH OT
CpeIbl BBIpAIIMBaHUS, OAKTEpU W dK30MeTabOoIu-
ToB Kak omucano panee (Kalinnikova et al., 2012,

it

2016) u paccaxuBaind MHIUBHIYaIbHO B IPOOUPKU
¢ 6ydepom M9 (3 r/n KH,PO,, 6 r/n Na,HPO,, 5 r/n
NaCl, 1 MM MgSO,) (Brenner, 1974). [lnsa npuro-
TOBJICHUS pacTBOpa MUPAHTENA UCIIOIb30BAIN IUME-
TUICYNIB(OKCHA, KOTOPBIA B KOHLEHTpauuu 10 2%
HE OKa3bIBAaeT HETaTUBHOTO BIMSHUS HA OPraHU3MBI
Hemarop (Katiki et al., 2011). [lupanren godaBsiiu
B NPOOUPKH Cpasy IMOCie paccaKMBaHUsI HEMATOI.
Koneunslit 00beM cpenpl nHKyOannu 1 mil, KOHLIEH-
Tpauusi aumetwicyibpokeuga 0.5%. Kpurepuem
TOKCHYECKOTO IeHCTBUS MUpPAHTENa CIIyKUIIU Hapy-
LIEHUS] MOTOPHOW MPOTrpaMMBbl IUIaBaHHUS HEMAaToJ,
MHIyIHPOBAaHHOTO MEXaHHUYECKUM CTHMYJIOM. OTH
HapyLIeHUs! MPOSIBISUIMCH B yTpare KOOPAMHALMH
JIOKOMOTOPHBIX MBIIIL, HEOOXOOUMOH Il CHHYCO-
WAAJbHBIX JBMKEHUH Tenla MPH IUIaBaHUU U HECTIO-
COOHOCTH MOJJIEPKUBATH MJIaBaHue B TeueHue 10 ¢
rocjie CTUMYJa. DKCIEPUMEHTHl NMPOBOIMWIN B Ye-
TBIPEX MOBTOPHOCTSAX, U KaXKIOM KOHLIEHTPALMH
nupanTena ucnonb3oBann 30 Hemaroa. Craructu-
YECKYH 00pabOTKy MPOBOIWINA C HCIOJIb30BAaHUEM
yrioBoro npeoOpaszoBanus Oumiepa ¢*.

Pesyabratel u uX o0cyKIeHne

[Mupanten B xoHuentpauuu 62.5-250 MKkM BbI-
3bIBaJI J10303aBHCHMBIE HapylleHus noseneHus C.
elegans B mepBble 60 MuH. (puc. 1). YBenuuenue
BpeMeHH dkcno3uuud 10 90—180 MuH. npUBOAUIIO K
BOCCTaHOBJIEHHIO HOPMaJIbHOH JIOKOMOLIUU y YacTH
Hemaron. Haubonee cunbHO 3TO yBennueHUe ObLIO
BBIPaXEHO MPH KOHIEHTpauuu nupanrena 250 MxM
(puc. 1). bonee mmmrenbHas 3xcro3urus (240-360
MUH.) BHOBb yMeHbInana aonto C. elegans ¢ HOp-
MaJIbHOH JIoKOMoIueit (puc. 1).

C. briggsae Obmn Oosee 4yBCTBUTENBHBI K He-
raTUBHOMY ACWCTBHIO mupantena, uem C. elegans
(puc. 1). CHmxKeHHE JO0NH HEMATOoJ] ¢ HOPMAIIbHOM
JIOKOMOLIMEH 0TMe4aoch B nepBble 90 MUH. HHKYOa-
MU ¢ MUpaHTenoM. bonee nnurenbHast SKCIO3UIUS
BBI3bIBAJIa HE3HAYUTEIBHOE YBEINYEHHUE JOJIA He-
MaToJl ¢ HOPMaJbHON JIOKOMOLIMEN TOJIBKO MPH KOH-
neHTpauuu nupantena 125 mxM. Ilpu 6onee Huzkoi
KOHIIeHTpanuu (62.5 MkM) mois Hemarof, He CIIo-
COOHBIX MOJICPKUBATH KOOPAWHALMIO BHXKEHHUN
Tesa MpH IUIaBAaHUM OCTABaJIaCh Ha OJHOM YPOBHE
MIPH YBEIMUYEHUH BPEMEHH 3KCIO3UINK 10 360 MuH.
(puc. 1).

st mpoBepku dddexruBHoCcTH anantanuu C. el-
egans K MUpPaHTeTy ObUIM MPOBEACHBI HKCIIEPUMEH-
ThI, B KOTOPBIX MCCIEI0BATIACH PEAKIMS HEMATO]] Ha
MTOBTOPHOE BBEJIEHUE AHTUTEIbMHUHTHKA. J[J15 3TOTO
yepe3 60 MUH. TIOcIIe Havalla HKCIIEPUMEHTA B CPELy
MHKYOallMy MOBTOPHO A00aBisiiu nupanren. Kon-
LEHTpauus Ipernapara npu 3TOM yBEJIHMYUBajIach B
JIBa pasa M0 CpaBHEHUIO ¢ McXonHOU. IloBbIeHne

Ml
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Fig. 1. Pyrantel action on C. elegans and C. briggsae
locomotion

KOHLIeHTpauuu nupantena ¢ 250 MxkM no 500 MmxM
u c 125 MM go 250 MxM OpUBOAMIIO K PE3KOMY
CHIKEHUIO JI0JIM HEMATOJl C HOPMaJIbHOM JIOKOMOLIH-
eil (puc. 2). IloBbllIeHNe KOHIEHTPALMH THPAHTENA
¢ 62.5 MkM 10 125 MxkM Takke BBI3LIBAJIO CHIKE-
nue nomu C. elegans ¢ HOpPMalbHOM JIOKOMOLUEH,
HO 9TO CHMJKEHHE OBbUIO MEHbIIE, YeM IMPH MEPBBIX
JBYX KOHIIEHTpaLUsX (puc. 2). AHAJIOTUYHBIE IKCIIe-
pumenTsl ¢ C. briggsae He TPOBOAUIIHICE, IIOCKOJIBKY
B IIEPBOW CEpUH OMBITOB aJanTalys HEMaTol 3TOrO
BUJA K NUpaHTeNTy Oblia BBIpaKeHa ciadee, yeM B
skcniepumenTax ¢ C. elegans (puc. 1).

[MupanTen siBASETCS OAHUM U3 CEJIEKTUBHBIX aro-
HHUCTOB HUKOTHHOBBIX perenTopos L-cyoruna (Dent,
2001; Gottshalk et al., 2005; Sleigh, 2010). Panee xo-
JI0KOI000pa3Has KpuBasi «103a—3¢p¢dexT» Obuia onu-
caHa MpH ACHCTBUU MUPAHTENa Ha MBIIILBI HEMATO-
1l Ascaris suum (Harrow, Gration, 1985). Bersasiien-
Hasi HaM{ 3aBUCUMOCTb M3MeHeHHs noseneHus C.
elegans OT BpeMEHHU 3KCIIO3ULNHU K IUPAHTENY CXOA-
Ha ¢ TOH, KoTopasi onucana s HukotuHa (Fleming
et al., 1997). Pa3BuTHE TOKCUYECKOTO JACHCTBHUS HH-
xotuHa Ha C. elegans BO BpeMEHH OTpaHUYMBACTCS
MIPOTHUBOIIOJIOKHO HAIPABICHHBIM NPOLIECCOM Obl-
cTpoii agantanuu Hemarox K Hemy (Gottshalk et al.,
2005).

[IpoBeneHHbIE HAMH JKCIIEPUMEHTHI MO3BOJISIIOT
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Puc. 2. Bruanue nosmopnoeo esedenus nupanmend 6
cpedy unxyoayuu na roxomoyuio C. elegans:
A — ucxoonas xonyenmpayus nupanmena 62.5 mxM;

B — ucxoonas xonyenmpayus nupanmena 125 mxM; C

— ucxoouas xonyeumpayus nupanmena 250 uxM
Fig. 2. The influence of repeated pyrantel addition on
C. elegans locomotion:

A — initial pyrantel concentration was 62.5 uM; B —
initial pyrantel concentration was 125 uM; C — initial
pyrantel concentration was 250 uM

CZIeNaTh BEIBOA O BOZMOXKHOCTH OBICTPOI aanTaIiu
Hemaron K mupanteny (puc. 1). Ilpu yBenmuenun
JI03bI TTUPAHTENIa TIOBTOPHBIM BBEACHHEM B Cpeay
WHKYOAIlMi YyBCTBUTEIHHOCTH K HEMY BOCCTaHAaB-
nuBaercs (puc. 2). BbIgBICHHAS HAMU IWHAMHKA

POCCHACHAT PRI PMERANAON SROnOrH



OKCIIEPUMEHTAJIbHAS1 DKOJIOI'UA

JeiicTBUs nMpanTena Ha Jokomouuto C. elegans co-
IJ1aCyeTCsl C pe3ylbTaTaMH OMyOJMKOBaHHBIX paHee
paboT Apyrux aBTOPOB, MOCBSIICHHBIX HCCIEIO0Ba-
HUIO JICHCTBUSI aHTUI'CJIbMUHTHKOB Ha OpPTaHU3MBbI
HemaroJ| 3Toro Buja. B padore (Weaver et al., 2017)
MOKa3aHO, YTO MHUPaHTEN B JAWAa3oHe KOHLEHTpa-
i 0.17-1700 MxM He BeI3biBat rudenu C. elegans
B TEUEHHE TPEX CYTOK HKCIO3MIMHU K Hemy. [locie
CEMHIHEBHOM HKCTIO3UIIMH K MUPAHTETY OTMEUaIach
J0303aBUcHMasl TuOenb Hemaroi. [lpu KoHLeHTpa-
muu npenapara 1700 MM nmorubamu moutu 100%
ocobeit. [Ipu konnentpauusx nupanrena 170, 17 n
1.7 MxM noru6aio 75, 35 u 10% HemaTom cOOTBET-
ctBeHHOo. Hapymenus crnontanHoit jmokomoumu C.
elegans MOSBISITNCDH Yepe3 CyTKU MTPH KOHLIEHTPAIUN
nupantena 170 u 1700 MxM, uepe3 ABoe CyTOK MpH
KOHICHTpaLUK upaHTena 17 MKM, U uepes Tpoe cy-
TOK IIpH Oo0Jiee HU3KUX KOHLEHTPAMSAX MUpPaHTeNa.
B pabote (Lycke et al., 2013) npuBeneHsl pe3yiib-
TaTbl UccaenoBanus aeictus Ha C. elegans aronu-
CTOB H-XOJIMHOPELENITOPOB MTUPAHTENa, JIeBaMHU30J1a,
TpuOCHIUMUANHA U MeTupuauHa. Habmonenus 3a
YyepenoBaHUEM U JUIMTENBHOCTBIO TEPHOIOB MOKOS
U CIOHTaHHOW JBUTATEIbHOM aKTHBHOCTH HEMAaTOJ
MOKa3aJM, YTO MPH YBEIUYCHHUH BPEMEHHU KCIIO3H-
1M K JIEBAMHU30.1Y, TPUOCHANMUINHY U METHPUINHY
JUITMTENTBHOCTh TEPUOI0B MMMOOMIIM3allUU BO3pac-
TaeT, a MPOJOKUTEIBHOCTD TIEPHOIOB CIIOHTAaHHON
AaKTHUBHOCTH, HampoTHB, yObiBaeT. [lpu skcrnozunmn
C. elegans Kk TmMpaHTelly AJUTEIBHOCTH MEPHOIOB
MMMOOMIIM3aLKH Oblila HAaMOOIbLICH B HaUaJIe SKCIIe-
pUMEHTa ¥ YMEHbIIAJAch [0 MEpe YBEIUUCHHS Bpe-
MEHM JCWUCTBHsI mpenapata. JIUTeIbHOCTh MEpUo-
JIOB CIIOHTaHHOM aKTUBHOCTH Maji0 OTJIMYajIach Mpu
JeCTBUM BCEX MCCIIEJOBAaHHBIX Ipenaparos. B atoi
xKe paboTe mokaszaHo, uto nocie 40-MUHYTHOH JKC-
MO3HULUH K TUPAHTENTy ObUIN HENPEPHIBHO WM IEPH-
oMYecKy UMMoOMIn30Banbl 53.33 u 46.66% nHema-
TOJ COOTBETCTBEHHO, B TO BPEMs KaK NP ACHCTBUU
apyrux npenaparoB 20-60% C. elegans coxpansinu
MOCTOSIHHYIO JIBUTATENIbHYIO aKTHBHOCTBH /0 KOHLA
skcniepumenTa (Lycke et al., 2013).

Paznuuust B 4yBCTBUTENBHOCTH K JACHCTBHIO
nupanTena aByx BuaoB Hemarton — C. elegans n C.
briggsae — MoryT 00yCIIaBIHUBATHCSI 0COOCHHOCTSIMU
UX HEPBHBIX cucTeM. [TupaHTe:n sSBiseTcst arOHUCTOM
H-XoIMHOpeuenTopos L-cyoTumna. Panee namu Obuin
BBISBJICHBI Pa3lU4Yusi B YCTOMYMBOCTH J1a0OpaTop-
HbIxX uHui C. elegans n C. briggsae K NPeBBILICHUIO
¢uznonornyeckoro onTuMyma Temmneparypsi (Kalin-
nikova et al., 2011), cBA3aHHBIE ¢ MOIYJISAIMEH Kak
HUKOTHHOBOM, TaK W MYCKapHHOBOW XOJIWHEprude-
ckoit Tpancmuccuu (Kalinnikova et al., 2016). boxnee
BBICOKas, 10 cpaBHeHuIo ¢ C. elegans, 4yBCTBUTEIb-
HocTh C. briggsae K MOHAM MEIH, CBUHIIA U KaAMUs
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TaKKe CBsI3aHa C PA3IMYMSIMH HUKOTHHOBOHM XOJIH-
Heprudeckoit Tpancmuccun (Eroposa u np., 2021).

3akaouenune

B menom pesynbTarsl, NpeAcTaBICHHbIE B 3TOW
paboTe, MOKa3bIBAIOT BO3MOXXHOCTH OBICTPOH ajar-
tauu C. elegans He Tonbko K Hu3kuM (Kosncanosa
u 1p., 2011), HO u k BbIcOKUM (10 250 MKM) no3am
MUpaHTENa yXKe MPU ero OAHOKPATHOM PUMCHEHHH.
AHasioruuHasi TUHAMUKa HEMaTOLUUJIHOW aKTHBHO-
CTH MUpaHTeNa ObUla BBISIBICHA HAMH U B SKCIIEPH-
Mmenrax ¢ C. briggsae Npu KOHIIEHTPALUK TUPAHTEIIA
125 MxM. IIprunHOi OBICTPOH aganTanyuyu HEMATOR
K TIMPAHTEIy MOXET OBITh COKpAIICHUE JITUTEIBHO-
CTH TIEPHOIOB HUMMOOWIM3ALUN TPU yBEITUUCHUH
skcnioumu C. elegans K MUpaHTENy, ONMCAHHOE B
pabote (Lycke et al., 2013). Bo3amoxHOCTH OBICTpO#
anantauuu C. elegans n C. briggsae K MUpaHTely
NpY ero OAHOKPAaTHOM NpHEME, BBISBICHHAs B Ha-
[IMX SKCIEPUMEHTaX, MOXKET OTpa)kaTb 0COOCHHO-
CTH AMHAMHMKH HEMaTOIMJHON aKTUBHOCTH MHUpaH-
TeJa MU B OTHOLICHUH JAPYTHX BHJIOB HEMAaTod. JTO
MOATBEPKAAET HEOOXOOUMOCTh CTPOTOro COOMIoIe-
HUS PEKOMEHIOBaHHBIX JO3UPOBOK P UCIOIb30Ba-
HUM aHTUTCIbBMUHTHBIX MPENapaToB, MOCKOIbKY HX
NpUMEHEHHUE B CyOTeparneBTHUECKUX /103aX SIBISETCS
CYLIECTBEHHBIM (DaKTOPOM, CIIOCOOCTBYIOLIUM pPa3-
BUTHIO JICKAPCTBEHHOW YCTOWYMBOCTH T'eIIbMHHTOB
(Shalaby, 2013). [loBropHOE IpUMEHEHUE MTUPAHTE-
J1a TOBBIIIAET 3PPEKTUBHOCTD €r0 aHTUTEIIBMUHTHO-
O JIeHCTBUS, TOCKOJIBKY BOCCTaHABINBACT YYBCTBH-
TEJILHOCTh HEMATO/] K ITperapary.
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Egorova A.V., Gatiyatullina A.F., Kalinnikova
T.B. The characteristic of dynamics of pyrantel
nematocidal activity.

The dynamics of pyrantel nematocidal activity
was investigated in experiments with two soil nem-
atodes, namely Caenorhabditis elegans and Caenor-
habditis briggsae. Pyrantel is agonist of L-subtype
nicotinic acetylcholine receptors, which is used to
treat different helminthiases of humans and animals.
The characteristics of dynamics of pyrantel toxic ac-
tion on C. elegans and C. briggsae organisms were
revealed in this work. 60-minutes exposition to py-
rantel in concentrations range 62.5-250 uM caused
dose-dependent behavior disturbances of C. elegans.
When exposure time was increased up to 90-180
minutes, some C. elegans repaired their coordinated
swimming. The prolonged exposition to pyrantel (up
to 240-360 minutes) decreased the percentage of C.
elegans with normal locomotion. C. briggsae were
more sensitive to negative pyrantel action. The de-
crease of percentage of nematodes without behavior
disturbances was revealed during first 90 minutes of
incubation with pyrantel. The prolonged exposition
caused slight increase of nematode percentage with
coordinated behavior only at pyrantel concentration
of 125 uM. At lower pyrantel concentration (62.5
uM) the percentage of nematodes unable to sustain
coordinated swimming was at the same level when
exposure time increased up to 360 minutes. The re-
peated pyrantel addition into incubation medium after
60 minutes from experiment beginning led to drastic
decrease of percentage of C. elegans with normal
locomotion. The possibility of quick nematodes ad-
aptation to single intake of pyrantel, revealed in this
work, confirms the requirement of close adherence to
recommended doses of anthelmintic drugs to protect
the development of drug resistance of helminthes.

Keywords: Caenorhabditis elegans; Caenorhab-
ditis briggsae; anthelmintic drugs; pyrantel.
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ITPABUJIA J1JIS1 ABTOPOB

K ny6nukanuu B «PoccuiickoM sKypHae IpuKiiaIHON
SKOJIOTUMY TPHUHUMAIOTCST HAay4HbIE CTaThU, COOOIIEHHS,
pelieH3un, 0030pbI IO BCEM paszieiiaM dKOJIOTMYeCcKOH Ha-
yKu. B kypHane nedararoTcs He MyOIHKOBaBIIHECS paHee
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CTaThsAX JOJDKHO COJEpIKAThCSI 0OOCHOBAaHUE AKTyaJIbHO-
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TpeboBaHUSI K TEKCTY PYKOIHCH:

Crarby MyOJIMKYIOTCSI Ha PYCCKOM U aHIIMHCKOM SI3bI-
Ke.
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TekcT cTarthu JOMKEH ObITH HaOpaH B Qopmare MS
Word 1997-2003, mpudt Times New Roman, kerib 14,
gyepe3 1.5 unrepnana. Ilonsa pyxomucu 20 MM, aO3arHbIH
orctyi 0.5 cm. TekcT HabupaeTcs 6€3 MepeHOCOoB.

TekcT cTaThy JTOJIKEH OBITH Pa30UT HA pa3ienbl. Peko-
MEH/IyeTCsl HCIIOJIb30BaTh CTaHIapTHBIE pyOpuku: «BBee-
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TaThl U UX 00CYXIEeHUE», « BBIBOABI» MK «3aKIIOYCHUEY,
«CrUCcOK TUTEPATYPBI».
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JICHHBIE HUKE MTPaBUIIa.

1-s cTpoxa — Y/IK (BeIpaBHMBaHUE 110 JIEBOMY KPaio);

2-51 CTpOKa — MHUIKAAJIBI U aMUIIUK aBTOpa (aBTOPOB),
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My Kparo);

3- cTpoka — Ha3BaHUE CTaThbM — HAa PYCCKOM M aH-
DIIMACKOM sI3bIKaxX (IIPONMCHBIMU OyKBaMH, TOJIYXKHPHBIN
mpu T, BEIpaBHUBAHUE 110 LICHTPY);

4-s1 cTpoka — aHHoTanus (He MeHee 200 CIOB) U KIItO-
4eBbIe CiIoBa (He Oolee S5, OTIEINSIOTCS TOUKOM C 3arsiToi)
— Ha PYCCKOM M aHTJIMMCKOM sI3bIKax (BBIPABHUBAHHE I10
HIMPHHE);

5- CTpOKa — TEKCT CTaThU (BBIPAaBHUBAHUE TIO IIHUPHU-
He).
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WM aJIbOOMHOM OpHEHTALUH.

PucyHku K cTaTbe OIKHBI OBITH COXPAHEHBI B OT/ICIIb-
HBIX (haiiax ¢ COOTBETCTBYIOMNM pacupenueM (xls, jpg,
tiff). PacrpoBble n300pakeHNs TOIKHBI HMETh pa3pelie-
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MS Equation. ITosicHeHnsi 3Ha4eHUI CHUMBOJIOB M YHCIIO-
BBIX K03(p(hUIMeHTOB HEOOXOIMMO J1aBaTh HETIOCPEICTBEH-
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eTCsl OT APOOHOU TOUKOH.

JlatuHckue Ha3BaHMsI BUJOB IEUaTAIOTCS KYPCHUBOM.

CcbUIKH Ha TUTEPATyPHbIE HICTOYHUKH B TEKCTE JAIOTCS
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[IpuHsTas K pacCCMOTPEHUIO CTAThsl HANPABISETCS pe-
LIEH3EHTY, IPU HAJIMYUU 3aMEYaHUl OHA OTCBUIAETCS aBTO-
pam Ha nopaboTky. OKOHYATEIbHOE PEIICHNE O MPUHITHH
CTaTbM K ITyOJIMKAM¥M TIPUHUMACTCS PEIKOJUICIUEH Kyp-
Haua.

Bepctka crarbu Ui OKOHUATENbHOH MPOBEPKH U
YTBEPKJICHHS BBICBUIAETCA aBTOpaM IO AJIEKTPOHHOI
1ouTe.

POCCHACHAT PRI PMERANAON SROnOrH






Q

POCCUMNCKUI KypPHAN NPUKIAAHON 3KON0TUN
420087 r. KasaHb, yn. [laypckas, 28
WWW.rjae.ru




