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KntoyeBble cnosa:
dpakTan
MynbTUdpaKTan
coobulecTso
CTPYKTYpPa 3KOCMCTEMDI
TAaKCOHOMMYECKOoEe pas-
Hoobpa3une

Camapckas Jlyka

AHHOTaumA: B ocHoBe pasHOOOpPasMA KU3HM U CAOMKHOCTU 3SKOCUCTEM
NeXUT nopagok, obecneymsatowmin GpyHKUMOHMPOBAHNE GYyHAAMEHTAIbHbIX
du3mMyecknx n buonornyeckmx npoueccos. CTeneHHble 3aKOHbl OMUCbLIBAOT
3MNUPUYECKME OTHOLIEHWNS MAcLITabMpoBaHMA, KOTOPbIe MHTEPMNPETUPYLOTCA
KaK KO/MMYeCTBEHHble XapaKTePUCTUMKM OuopasHoobpasua. [as  3Tux
uener MCNONb3yloTCA MNPeACcTaB/AeHUs O camonogobum W anemMeHTbl
¢dpakTanbHOM reomeTpun. Camonogobure npennonaraet, YTO KONMPOBaHME U
MaclTabupoBaHMe HEKOTOPOrO «3TAJIOHHOro» 0bpasa MNo3BOASET NPUPOLE
JNIETKO  €03[3BaTb  C/IOXKHYKD MHOTOMaclWTabHyto CTPyKTypy. PeanbHble
OODBEKTbI MMEIOT [0BOJ/IBHO YETKO OFpaHWYEHHbIM WHTEpBas MacwwTabos,
B KOTOPbIX OHW MPOSABAAOT CBO (paKTanbHyto npupogy. CreneHHble
3aKOHbl MO3BO/IAOT OCYLLECTBAATb 3JKCTPAMNOAAUMIO WU MPOrHO3MpoBaTb B
WMPOKOM JAManasoHe MmacwTaboB. HekoTopble M3 HWUX MpeacTaBAAOTCA
YHUBEPCA/NIbHbIMM M BCTPEYAOTCA MPAKTUYECKM BO BCEX TaKCOHaX
OpPraHNU3MoB WM TUMOB OKpYyMKatower cpeabl. [JaHO KpaTKoe *KM3HeonucaHue
BblAaloLErocA matemMaTuKa, co3hateNia HOBOFO HamnpaB/JieHWs B FreOMeTpuu
— ¢paKkTanbHOl reomeTpun, — npodeccopa beHya MaHgenbbpota (Benoit
B. Mandelbrot, 1924-2010). PaspaboTaHHas um Teopua ¢paKkTasoB OKasana
CyLLEeCTBEHHOE BAMAHME Ha pasHble 06/1acTM YeNoBeYeCKol AeATEbHOCTH
W 3HAHWA — KOMMNbIOTEPHYIO rpadmKy, PUHAHCLI, 3Konormo u ap. Hambonee
obwee onuMcaHMe BHYTPEHHEro YCTPOMCTBA CaMoMNofobHbIX 0b6beKToB
NMo3BOJIAET AaTb TEOPUA My/bTUPAKTANIOB, XapaKTepulyembiXx 6E€CKOHEYHOW
nepapxmen pasmepHocteil. PaccmoTpeHbl OTAMYMA MOHOGDPAKTANbHOIO U
MyNbTUDPAKTaNbHOTO MNoAXoAoB. [py MpUMEHEeHUU MynbTUPPAKTaIbHOIO
dbopmanmsama K CTpyKType coobuiectBa, 3TO0 COObOLWECTBO paccmaTpmBaeTca
KaK MHOMEeCTBO, COCTOsILLee M3 OTAe/IbHbIX (pPaKTasibHbIX MOAMHOMKECTB,
KOTOPbI€ MOYHO MHTEPMNPETUPOBATL KaK COBOKYMHOCTM 0cobel, OTHOCALLMXCA
K BUOAM CO CXOAHOM NpeacTaBNeHHOCTbIO. 15 TaKMX NOAMHOMKECTB MOMKHO
BbIYMCANTL GPAKTANbHYIO Pa3MepHOCTb, KoTopaa M ByaeT xapaKTepusosaTb
BMA0BOE pa3sHoobpasue. O6CyKAaOTCA pe3ynbTaTbl MPUMEHEHMA NpPaBMAA
Bunnuca K aHanuM3y TaKCOHOMMYECKOro pa3Hoobpasua ¢nopbl CamapcKom
JNlykn (6accenH p. Bonrn). YTBEp:KAAETCH, YTO 3aKOHOMEPHOCTH, BbiABJEHHbIE
ONA  MynbTMOPAKTaNbHOTO CMEKTpPa BUAOBOM CTPYKTypbl coobuwiectsa, B
W3BECTHOMN Mepe, COXPAHAITCS U A/1A CNEKTPA POSOBOM CTPYKTYPbI.

© MeTp0o3aBOACKMI rOCYAaPCTBEHHbIN YHUBEPCUTET
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BsepgeHue

B cBOEN Nnekuum no coBpemeHHOMyY COoCTosA-
HUIO KOJINYECTBEHHbIX METOA0B B PUTOLLEHO-
norun (PoseHbepr, 2007), KoTopylo BMOJHE
MOXHO 6bl10 6bl Ha3BaTb «Mbl Bce BbIWAN U3
MoHorpadpum penr-Cmuta», a BKpaTue onu-
Can HeKOTOpPble MeToAbl GPaKTabHOIO aHaNn-
3a, ucnonb3yemble B akonorum (Morse et al.,
1985; Dicke, Burrough, 1988; Sugihara., May,
1990; Green, 1991; Scheuring, 1991; Zeide,
1991; Scheuring, Riedi, 1994; 0. lNy3ayeHKo,
A. My3auyeHko, 1996; Seuront et al., 1996; Tur-
chin, 1996; AsoBckuii, Yeptonpya, 1997, 1998;
tO. My3aueHkKo, 1997; Pachepsky, Ritchie, 1998;
Pachepsky, Timlin, 1998; Harte et al., 1999;
With et al., 1999; YepTonpya, Asosckuii, 2000;
Azovsky, 2000; Azovsky et al., 2000; Pacheps-
ky et al., 2000a,b; Li, 2000; WyauH, Fenawsu-
nu, 2002; Brown et al., 2002; ludin, Gelashvili,
2003; UyanH n ap., 2003; Po3eHbepr u gp.,

2003a,6, 2007; Green et al., 2003; l'enawsunam
n ap., 2004, 2006a,6, 2007a,6,8; Bossuyt, Her-
my, 2004; UyguH, 2006; Laurie, Perrier, 2006;
Zhang et al., 2006; Gelashvili et al., 2007).
Mpowno Aecatb NET U CErogHA MOMKHO noja-
BOAMTb HEKOTOpble WTOrM, KOHCTaTUPOBATh,
yto Mmoaenn ¢paKkTaNibHON reomeTpun BCe
lWMpPe HaxoAAT CBOE MPUJIOKEHUE B IKOJIOTU-
4yecKux nccnepoBaHusx (cm. [Fenawsunn n gap.,
2008a,6,8, 2009a,6,8, 2010a,6, 2011, 2012,
2013a,6; NyamH un ap., 2010; ludin et al., 2010;
Seuront, 2010; Po3eHbepr, 2013; AKumos wu
ap., 2014a,6,8, 2016a,6, 2017; Yakimov et al.,
2014 v MmH. ap.]) M1 peKoMeHa0BaTb 3TOT NOA-
Xo4, K 6bonee WMPOKOMY MPUMEHEHUIO KaK B
reoboTaHNYECKUX, TaK U IKOIOTMYECKUX UCC/ie-
[0BaHUAX.

AHanuTnuyeckmii 063op
Heckonbko cnoB o beHya MaHgenbbpore
CHayana — HeboNbLLOM NAaHETNPUK.

«BcnomnHaAa chasHble MMeHa NPOLLJIOro, Mbl He
AOJ/IKHbI 3a6bIBaTb O HAlUeM BE/IMKOM COBPEMEH-
HUKe, HecpaBHeHHOM beHya MaHgenbbpore... Kak

BbIACHWMNOCH, BCE 3TWU roAbl Mbl #UAu ¢ GpaKTanb-
HbIMW apTepUsMU Henopaneky oT dpakTaNbHbIX
PEeYHbIX cucTem, cobupatowmx BAary co CKAOHOB
dpaKTanbHbIX rop noa ¢pakTanbHbiMMU 0bnakamm
N KaTALWMX CBOM BOAbl K dpaKTa/ibHbIM Heperam
MOpPEN N OKeaHoB. Ho Kak 1 Mo/IbepoBY MeLLLaHUHY
BO ABOPAHCTBE, HAM He A0CTaBa/f0 Haj/exallemn
Npo3bl — CYWECTBUTENbHOIO (hpakmana u npuna-
raTeNbHOro (hpaKkmaseHsili (BblAENEHO ABTOPOM.
—T.P. u0dp.), KoTopblii Mbl 06penu 6narogaps beHya

Mangensbpoty» (Lpeaep, 2001, c. 18-19).

B yetBepr, 14 oktabpsa 2010 r., B ropoae Kem-
6puaxK (wtat Maccauycetc, CLLA) nocne npogon-
XKUTENbHOM WU TAXKenoh 6onesHU CKOHYaACcs Bbl-
OAOLWMMNCA MAaTEMATHMK, CO34aTelb HOBOMO HaNpaBs- |
NIeHnA B reomeTpum — ¢GpakTaNbHOMU FreoMeTpum,
npodeccop beHya MaHaenbbpoT. Pa3paboTaHHas
UM Teopua GPaKTaNoB OKasana CywecTBEHHOE B/N-
AHME Ha pa3Hble 061aCcTM YeNOBEYECKOM AeATeNb-
HOCTW M 3HAHUA — KOMMbIOTEPHYIO rPadPUKy, GUHaAH-

Cbl, 9KO/IOTUIO U Ap. HeKponorn o Hem NoMecTUn
TaKune BAUATE/IbHbIE Fa3eTbl U KypPHabl, Kak «New
York Times» u «The Atlantic» (CLUA), «Telegraph»
n «Guardian» (BennkobputaHusa), «Le Monde»

(PpaHuma) u ap.
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«Ecnu Bbl 3HaeTe Havyano 1 KoHew,, TO Yy MeHA
Bbia camas 0bbl4HAA Kapbepa», — roBopw
MaHzensbpot B Menbckom yHuBepcuTeTe Ha
LEPEMOHUN MNPUCYKAEHMA eMy MOYETHOro
3BaHuA Sterling! Professor of Mathematical
Sciences. — «Ho 3710 He 6blna NpaAMaa ANHUA
MeXKAy Havyanom M KOHUOM. ITo Oblna 0YeHb
n30rHyTas, ¢paKktanbHaa Kpusaa» [http://
mathnotations.blogspot.com/search/  label/
mandelbrot].

BeHya MaHaensbpoT (dp. Benoit B. Mandel-
brot) poannca 20 Hosbpa 1924 r. B Bapwase
B CemMbe NMTOBCKUX eBpeeB. Ero otew 6bin
rafaHTepemriumnKkom, a maTtb — Bpayom. B
1936 r. BCcA cembsl, CNacasaCb OT HALMUCTOB,
aMUrpupoBana Ha tor PpaHumm (roposok Tionb
[Tulle]), a notom nepebpanacb M nocenmnach
B Mapwuxe. 3pgecb beHya nonan noa BAuAHMe
CBOMX QAsfel?, KoTopble M 3auHTepecoBanu
ero maTemaTtuKkomn. [pn 3Tom BbISCHUAOCD, YTO
y beHya BenukonenHoe npOCTPaHCTBEHHOE
BoOOpaxkeHMe — aa)ke anrebpauyeckue
33,341 OH peLlan reoMeTprUYeckMm cnocobom.
OH noctynaeTt B lMOAUTEXHUYECKYIO LWIKOAY B
MapuKe, a cpasy nocsie BOMHbI CTAHOBWUTCA
ctyneHtom CopboHHbI, rae obyyaetcAa nog,
pyKkoBoactBom lactoHa Mynuma [Gaston M. Julia]
n MNayna Neswn [Paul Lévy]. Mocne oKoHYaHUA
CopboHHbI, MaHaensbpotT nepeesxaer B
CLWWA, rae 3akaHuymBaeT KanndopHUNCKNIA
TEXHONOTMYECKUIN MHCTUTYT. Mo BO3BpaLLEHUMU
BOo ®paHumto B 1952 r. OH 3alMLLAET YUYEHYIO
cteneHb PhD no matemaTuke B MapuKCKOM
yHusepcuteTe, B 1955 r. KeHuTcA Ha AnbeTT
KaraH [Aliette Kagan] n nepee3srkaet B KeHesy,
«Hae3gamu» B [IPUHCTOHE NOBbIWAET CBOH
KBannoukaumio y K. ¢oH HermaHa [John
von Neumann]®, a B 1958 r. okoHYaTenbHO

1 Camoe Bbicokoe yyeHoe 3BaHMe B Menbckom yHu-
BepcuteTe, npucyxagaetca ¢ 1920 r. [IxoH Yunbam
Crepnutr (John William Sterling; 1844-1918) 6bin aa-
BOKATOM M GUNAHTPONOM; OH 3aBeLLan CBOE COCTOA-
Hue Menbckomy yHusepcuTteTy ($18 MAH., KoTopble B
2003 r. «npeBpaTUAncb» B $180 mMaH.). Ha 3Tu cpea-
CTBa NOCTpoeHa bubanoTeka, XummndyecKkas saboparto-
pus, pakynbTeTbl NpaBoBeaeHNs, BorocsoBUsA, WKoONA
MeZNLMHBI 1 Np.

2 OAMH 13 HUX BbLT NAPUIKCKUM MaTEMaTUKOM, Yie-
HOM Tpynnbl, U3BECTHOM MOZ4 06WMM NCEeBALOHMMOM
«Hwukona bypbaku [Bourbaki Nicolas]», kKoTopas Bbli-
CTynana C KOHLI,eI'ILI,VIeﬁ NOCTPOEHNA MaTEMATUKU C
TOYKM 3PEHMA MPUHLMMNOB NOTUKM M aKCMOMATUKU
TEOPUN MHOXKECTB.

3 NHTepecHbIn daKT: rpaHT Pokdennepckoro ¢poHaa
[A maverick’s apprenticeship.., 2004] no pekomeHga-
umn doH HelimaHa 6bin ycTpoeH Y. Yusepom [Warren
Weaver], Kotopsbiii ¢ 1932 r. 6onee 20 neT BO3IMaB-
NAN OTAEN ecTecTBeHHbIX HayK 3Toro ®oHAa M Kak

nocensetca B CLWA, rae npuctynaet K pabote
B Hay4HO-WMCCNen0BaTENbCKOM LUeHTpe |BM
(T. J. Watson Research Center) B MopKkTayHe
[Yorktown Heights].

B IBM MaHaenbbpot npopabotan 35 net
n 12 gHen (po 1987 r.). MNepBOHaYanbHO OH
3aHMMaNCcA BOMPOCAMM «YUCTOM» MaTEMATUKM.
MoTom peluaeT 33434y MccaefoBaHMA OWNOOK,
BO3HMKAIOLWMX NPU nepesaye KOMMNbOTEPHOM
nHbopmaumm no  TenedOHHbIM  KaHa/am
CBA3M  KOMMNaHMW. AHanusupys npupoay
9TWX, Ka3anocb Obl, COBEPLUEHHO C/yYalHbIX
owmnbok, MaHaenbbpoT HaxoguT nepuoabl
MX NOAIBNEHMA U onpenenser camonogobHyto
CTPYKTYpy 3TUX MepuogoB: OWMOKM  He
NOSBAAIOTCA XaOTUMYHO, a «cobuparoTca» B
CEPUN-KNIACTEPbI; KaxAabl KnacTtep COCTOUT M3
CBOMX K/lacTepoOB. ITO OTKPbITUE MO3BOMIO
He TO/NbKO COXPaHWUTb KOMMAHWUM OFPOMHblE
[EHEeXHble cpeacTBa Ha MpeogosieHMe Momex,
HO W CTaso NepBbIM TONYKOM AN HOBOTO,
reoMmeTpUYecKoro ocmblic/ieHna mupa. Pabotan
B IBM, MaHaenbbpoT BCce ganblie v ganblue
YXOAMUT B CTOPOHY OT YMUCTO MNPUKNAAHbIX
npobnem kKomnaHun. OH paboTtaeT B obnactm
JIMHTBUCTUKKN,  TEOPUWU  UIP,  IKOHOMMUKM,
A3POHaBTUKMN, reorpadum, dusmonoruuy,
aCTPOHOMWK, GU3UKK... U He pa3 nokuaaet
elule HEeOKOHYEeHHble UCCNefoBaHMA  pPaau
HOBOrO, «HE OCBOEHHOrO» MM pasgenia Hayku.
Tak, Hanpumep, ewe B 1951 r. MaHaenbbpoTa
«CNnerka 3amHTepecoBana 3aKOHOMEPHOCTb,
ONUCbIBAOLLLAA YAaCTOTHOCTb yNoTpebaeHmA cnos
B peyun, HasbiBaemasa 3akoHom Liunda, npuuem
Y3Han i O HEeM W3 KHUXKHOrO 0603peHus...
YnomaHyToe 0603peHua A BblyAUA U3 KOP3UHDbI
ANA  HEeHY)XHbIX Oymar oOAHOro «4mMcToro»
MaTeMaTUKa, UMeA B BUAY PA3KUTBLCA NIETKUM
YTEHMEM Ha BpemA MNOoe34KM B MAPUNKCKOM
MeTpo. 3akoH Lunda oKasanocb HecnoxKHO
06BACHUTL, @ B KadyecTBe NoboyHoro apdekTa
Mo pabota nocnocobcTBOBasa POXKAEHWUIO
HOBOM  AUCUUMAWHBI —  MaTemaTU4eckomn
NNHrBUCTUMKKY» (MaHaenbbpot, 2002, c. 584-
585). B akoHomuMKe MaHaenbbpoT obHapyKuA,
YTO BHELWHe MPOW3BOJ/IbHbIE (CyYalHble Ha
BMA) KoNebaHUA LieHbl Ha X/1I0MOK 3a 6onbLioin

MeHe Kep HayKu crnocobcTBOBan Moafeprkke Hau-
bosiee TanaHTAMBOM MosoAen. OoCTaTOYHO 4acTo,
MHOOPMALMOHHbIN UHAEKC pa3HOObpPasns HasbiBatoT
UHOekcom LlleHHOHa—Yueepa, XoTA B COBMECTHOM pa-
6ote c K. LeHHoHom [Claude E. Shannon] Hag KHurow
"MaTtemaTnyeckas Teopua casu", Ynsep «otsedan»
3a  ¢unocopcko-meTogosiornyeckoe 0b60CHOBaAHMUE
noctpoeHuii LLleHHoHa (cm.: [Po3eHbepr, 2010]). Ewe
OAHa «TO4YKa nepeceyeHMA», B KOTOPOWN «BCTPETM-
INCb» BUAOBAA CTPYKTypa coobLLecTs 1 dpaKTanbl...
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BPEMEHHOW MHTepBan (bonee cTa nert) cnepyrot

CKpbITOMY MaTeMaTU4yecKomMy nopsaaKy
BO BPEMEHW, KOTOpblii He OnucbiBaeTca
CTaHAAPTHbIMM  KPUBbIMK; OH  MpoC/Aeann

CUMMETPUIO B A/INTENbHbIX M KPAaTKOBPEMEHHbIX
KofiebaHUAX LieHbl. ITO OTKPbITUE OKa3anocb
HEOXMAAHHOCTbIO  ANA  3KOHOMUCTOB.  Kak
roBOPUTLCA, «MNPOLECC NOoLWen» W «A Hayan
obpawatb BHMMaHWME Ha  aHaNOrM4YHble
3MMUPUYECKME 3aKOHOMEPHOCTU B Pas/INYHbIX
obnactax  YenoBeyYecKoW  AeATeNbHOCTU...»
(MaHgensbport, 2002, c. 585).

B cepeguHe 60-x rogoB  MaHgenbbpot
3agan cebe BOMNPOC: KaKoW A/IMHbI Nobepexbe
BennkobputaHuu (Mandelbrot, 1967)?
OKa3anocb, YTO BCE 3aBUCUT OT UHCTPYMEHTA,
C MNOMOLIbID KOTOpPOro 3Ta [AauHa byaer

n3amepATbca. ONbIT MOKA3biBaeT, YTO AJ/IMHA
b6eperosoit AuMHMKM L 3aBMCUT OT MacwTaba
[, KOTOpbIM NPOBOAATCA WU3MEPEHUA, MU
YyBE/IMYMBAETCA C YMEHbLUEHWEM MOC/AeAHero
Nno cTeneHHOMY 3aKOHY

L=AI* A=const.

Tak, Hanpumep, ans nobepexba
Bennkobputanum a = 0,3. [MpoucxoxaeHune
TAKOM 3aBMCMMOCTM MOHATHO: YeM MeHblue
macwTtab Mmbl MCMonb3yem, Tem MeHblume
aetanu nobepexbs O6yayT ydyTeHbl U AaayT
BK/Ma4,Bu3mepsaemyr anmHy (puc.1). Haobopor,
yBenmumpaa macwTtab, Mbl «cnpamasem»
nobepexbe, YMeHbLUaeM Tem CcaMbiM €ro
OAnHy L. Takum obpasom, «noHatue "aanHbl"
06bIYHO HeccmbicneHHO anA reorpaduyeckux

50 kM

100 s

200 gnM

Puc. 1. beperoBas nMHUA nobepexbsa BenukobputaHum (http://en.wikipedia.org/wiki/Lewis_Richardson)
Fig.1. Coastal line of the Great Britain
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KpuBbix» (Mandelbrot, 1967, p. 636).B 1975 .4,
B M34aHHOM BO PpaHuum KHure "Les objets
fractals: forme, hasard et dimensiony,
MaHaenbbpoT BBOAMT B HaAy4yHblt 06opoT
noHATMe «dparTan»’. «TepmuH  ¢paKTan
A o6pa3oBan OT JIATUHCKOrO MNpU4YacTms
fractus. CooTBeTcTBYlOWMNIM rnaron frangere
nepeBoguTCA KaK JioMaTb, pPa3nambliBaTb,
T. €. co3gaBaTb ¢GparmeHTbl HenpaBUJIbHOWM
dopmbl. Takmm o06pasom, pPasymHO — WU
KaK KcTtatu! — Oyaetr npeanonoXutb, u4TO,
NOMMMO 3HayeHuA "dparmeHTUpPOBAHHbLIN"
(Kkak, Hanpumep, B cnoBax opakuMa wuan
pedpakuma), cnoBo fractus [OMXKHO WMMETb
M 3HayeHWe "HenpaBWAbHbIK MO dopme"»
(Mangenbbport, 2002, c. 18). UHbIMU cnoBamu,
«Bblpe3aB» HebONbLIYH YacTb U3 CTPYKTYpbI,
nmerowen ceoictea GppPakTasbHOCTU, MOXKHO
paccMoTpeTb eé B HEKOTOPOM YBENYEHUUN U
0bOHapYXUTb, YTO OHa NoAo6Ha BCEM CTPYKType
B LEe/OM; Bblgenns eule 6onee Mmenkyto
4acTb M3 Yy)Ke BblPe3aHHOW 4acTu U yBeNYMB
eé, onAaTb OOHApPYy)XMM, YTO U OHA NoaobHa
nepBoHaYasbHOW CTPyKType. [Ana maeanbHom
bpaKTanbHOM CTPYKTYpPbl, TaKyl onepaluio
MOKHOMPOAE/NbIBAaTbA0HECKOHEYHOCTH, aarKe
CamMble MWMKPOCKOMUYECKME 4YacTUUKkM OyayT
nogobHbl CcTpyKkType B uenom. Camonogobue
npeanonaraer, yTo KonupoBaHue n
MaclwTabupoBaHMe HEKOTOPOrO «3TAJIOHHOIO»
obpasa no3BonAeT NpMpoae Nerko co3aaBaTb
CNOMXHYK ~ MHOromacwTabHylo  CTPYKTypy.
PeanbHble 06bEKTbI MMEIT AOBONBHO YETKO
OrpaHMYEeHHbIN MHTepBan MacwTtabos, B
KOTOPbIX OHW MPOABAAIT CBOKO PPaKTaNbHYIO

npupoay.
«®dpakTanbl BOKPYr Hac noBsctody, M B
oYepTaHMAX Top, M B MU3BMAUCTON JIMHUM

MopcKoro bepera. Hekotopble 13 ¢pakTanos
HenpepbIBHO MEHSAOTCS, nogobHo
ABMXKYLWMMCA 0b6nakam WaM  mepuatoLemy
nJaMeHu, B TO Bpemsa KaKk gpyrve, nogobHo
AEPEBbAM UM HALWMM COCYAMUCTbIM CUCTEMAM,
COXPAHAIT CTPYKTYpYy, NpuobpeTeHHylo B
npouecce asontouum» (MaiireH, Puxtep, 1993,
c. 7). A BOT ewe oaHa uuTtata mM3 paboThbl
B.H. Beknemunwea (1964, c. 37): «...KMBOW
opraHusm (u akocucmema. — ILP. u Op.) He
o061azaeT NOCTOAHCTBOM MaTepuana — ¢opma
ero nogobHa ¢opme nnameHu, obpasoBaHHOIo
NMOTOKOM ObICTPO HECYLMXCA PACKaNEHHbIX

4 MNpaBaa, aHrNoA3bIYHbIE UCCAeA0BaATENM BEAYT CBOM
«OTCYET» OT nepeBoAa 3ToW PaboTbl Ha aHINIACKUI
A3blk (Mandelbrot, 1977).

5 «[JaiTe 4yynoBuLLy Kakoe-HMbyAb YOTHOE, AOMall-
Hee UM, U Bbl YAMBUTECH, HACKONIbKO Nerye byaeT ero
npupyuntb!» (Mangenbbpor, 2002, c. 18).

4acTULL,; YaCTULLbl CMeHALOTCA, POpMma OCTaeTCca».
MHbiMM cnoBamu, nNogobHO MONbepOBCKOMY
ypaeHy, 3KoNornm AaBHO «roBOPAT NPO30N»
(o dpakTanax), He poraapbiBasacb 06 aTom... U
BHOBb MaHaenbbpot (2002, c. 13): «Obnaka
He ABnAlTCA chepamu, ropbl — KOHyCamw,
beperosble JIMHUM HeNb3As M300pasUTb C
MOMOLLbIO OKPY)KHOCTEN, KOPY [AEpPeBbEB
He Haso0BelWb [Mafkoh, a MyTb MOJHUN —
npsAMo/InHEelHbIM. B 6onee obwem Buae
A 3aABMA0, 4YTO MHorue d¢opmbl [Mpupoabi
HACTO/IbKO HEMPaBUNbHbI U pParmeHTUPOBaHbI,
YTO B CPAaBHEHUW C EBKANAOBLIMU GUTYpPaMM...
Mpupoga [emMoHCTpMpyeT He npocto bonee
BbICOKYIO CTeneHb, HO COBEPLIEHHO WHOWM
YPOBEHb CNOXHOCTMY». Mpumep PppaKTanbHOro
MHOMeCTBa, CTaBLUEro KNACCUYECKUM,
npueeaeH Ha puc. 2.

B apceHane CcoBpeMEHHOM MaTeMaTUKK

MaHaensbpot Hawen yAO0OHY
KOJIMYECTBEHHYIO  Mepy  «HenaeanbHOCTU
06BEKTOB»  —  M3BUAUCTOCTU  KOHTYpa,

MOPLLNHUCTOCTM MOBEPXHOCTU U MOPUCTOCTU
obbema (e€ npeasoKuMnM ABa MaTemaTuka
— @&. Xaycgopd [Felix Hausdorff, 1868-1942]
n A.C. besnkosuy [1891-1970]), — KoTOopasn
HOCUT CerogHs WMeHa CBOWX CO34aTenen
(pasmepHocmes Xaycdopga—bezuxkosuya [oHa
e — xaycdopgosa pasmepHocms]). Kak wu
nobas  KONMYECTBEHHAs  XapaKTepPUCTUKA,
3Ta pa3MepHOCTb Mpowsa MNPOBEPKY Ha
paboTtocnocobHoCTb. B npeaenbHbIX cay4dasnx
(NnpmeHUTENBHO K KMAeanbHbIM 0b6beKTam
KNacCcM4YecKon eBKAWAOBOM reoMeTpum) OHa
[laBasia Te e YWUC/NEHHble 3HAYeHUs, YTO U
M3BECTHAA 3aZl0Nr0 A0 Hee, TaK HasblBaemas,
monoso02uYeckaa pasmepHocme (MHa4Yerosops,
6blna paBHa HYNO ANA TOYKKU, eamHULe — Ana
rNaZKom NNaBHOM IMHUK, ABYM — A151 K POBHOM»
burypbl M NOBEPXHOCTU, TPEM — ANA Tena U
npocTpaHcTea). OgHAKO HOBas Pa3MeEpPHOCTb
obnagana 6onee TOHKOM YyBCTBUTENbHOCTbIO
KO BCAKOro poAa HECOBEPLUEHCTBAM pPeasbHbIX
06BbEKTOB, NO3BO/IAA PA3/1MYATb TO, YTO NpeEXKAE
6bl10 6Ee3MKO M HepasNMYMMo — CcTeneHb
«M3BMAUCTOCTMY. HO camoe HenpuBblYHOE®

6 XoTs, yero TyT HenpwuBbliuHOro? Jltobble ycpeaHe-
HUA «yXOA4AT» OT WM3HAYa/bHOM LEeNOYUCNEHHOCTH
NCXOAHbIX 3HAYeHU. Hanpumep, «Mo aaHHbIM LLPY
CLLA, B cpegHem xeHwwuHbl B Poccnm poxatot 1,39
pebeHka» (MaseTa "Begomoctun", 22 Hosbpa 2007 r.)
WKW feTcKaa Knaccuka Camyuna Mapliaka — CTUMXOT-
BopeHue "lMpo ofgHOro yyeHWKa M WeCTb eguHuL,":
[Ba 3emnekona v age TpeTu.

—3aga4y 3a4aau y Hac.

Eé pelwan a uenbii yac,

M BbILWNO Y MeHA B OTBETE:
[Ba 3emnekona un age TpeTtu.
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Puc. 2. ®pakTanbHoe MHoXKecTBo MaHaenbbpoTa, MHOIAA Ha3blBaeMoe ero astTorpapom
Fig.2. Fractal set of Mandelbrot called sometimes his autograph

B pa3mepHocTM  Xaycpopda—-besnkosuua
COCTOWUT B TOM, YTO OHa MOXET NpPUHUMaTb
He TONbKO Lenble, HO U APOobHble 3HAYeHuA
(MMeHHO 4YTO6bI NOAYEPKHYTH 3TY CMOCOBHOCTb
TAKOro poga pasmepHoctei, MaHaenbbpoT
N NPeasioKMA Ha3biBaTb UX PaKMasabHeIMU
pasmepHoCcMAMU).

Echm  «nepesectu»  BbIWEU3NOMKEHHbIE
PaCCYXKAEHWUS HA «IKONOTMYECKUI A3bIK», Mbl
MMeem f[eno C NPMMepom MPOTUBOCTOAHMUA
ANCKPETHOCTU n KOHTUHYYMa npwm
ONUCAHUWN CNOXKHBIX CUCTEM (B TOM yucne U
3KONOTrMYecKMx; CM., Hanpumep, [MUpPKUH,
Haymosa, 1998; LUutnkos n gp., 2005, KH. 1,

c. 77]): Tomonoruyeckasa pasMepHOCTb —
AMCKpeTHa (yBenmumBaeT CBOe 3HauvyeHue
CKAyKom), ¢paKTanbHas — HenpepbiBHa.
M B 3TOM KOHTEKCTe, Yy dpaKTanbHOM

pasmepHocTM MaHaenobpota OTKpbIBatOTCA
AOMNONHUTENbHbIE MeToA0N0rn4ecKme
NnepcrneKTmBbI.

NHTEepecHOOTMETUTb, YToCamoonpeaeneHme
NoHATUA «dppakTan» («ppaKTanom HasbiBaeTcA
CTPYKTYypa, COCTOAWAA M3 4acTel, KoTopble
B KAaKOM-TO CMbicne MogobHbl  Lenomy»)
npeaocTaBAAeT NULLY AA CUCTEMOOTUYECKUX
paccykaeHwuin. [1encTBUTENbHO, B  CBOEW
MoHorpadpum, MaHgenbbpotr (2002, c. 31)
AaeT  maTtemaTuyeckm 6Honee KoppekTHoe
onpeaeneHue: «dppaKTtanom HasbiBaeTcs
MHOYecCTBO, pa3MepHOCTb Xaycpopda—
BesnkoBmMuya  KoToporo  cTporo  6onblie
ero TOMO/IOrNYECKOM pPa3mMepHOCTU Y.
3T0 onpeaeneHne  AOCTAaTOYHO  CTPOro
B MaTeMaTU4YeCKOM naaHe; Of4HaKo
MMEHHO 3TO W ABNAETCA €ro HeAOCTATKOM,
NOCKONbKY OHO TpebyeT onpezeneHusa ewe
M MNOHATUA pPasMepHOCTU (TOMoNOrnYecKom
n xaycaopdoBoi), K TOMy e OHO UCKIoYaeT
MHOTMe Knaaccbl @paKTanbHbiX 0OBEKTOB,
BCTpevatolwmeca B PaA3/IMYHbIX  obnacTax.
OAHaKo Bce BMAbI MaTeMaTMYeCKUX GpaKTaios
ABNAOTCA abCTpaKUuMAMM, HenocpeacTBeHHoe

NPUMeEHEHNE KOTOPbIX 418 ONUCAHUA PEAJTbHbIX
06BHEKTOB BO3MOXHO TO/IbKO C HEKOTOPbIMMU
oroBopkamu. MaTemaTtmyeckoe ¢pakTanbHoe
MHOXEeCTBO, Kak 3To cneayet U3 ero
onpeaeneHuns, 4OMKHO 06134aTb HEKOTOPbLIMM
«HeecTecTBeHHbIMM» CBOMCTBaMU (Hanpumep,
Yy Hero AOJ/IKHbl OTCYTCTBOBaTb Hambonbliuni
M HaMMeHblMA MmacwTabbl camonogobus).
C Aapyron CcTOpOHbI, B ntobon dusmyeckomn
CTPYKTYpe [O/KEH CyLWecTBOBaTb KOHEYHbIM
HaMmeHblWMA MacwTab. Kpome TOro, Takas
CTPYKTYpa BCerga orpaHMyeHa B 3aHMMAemMoMm
€10 MPOCTPAHCTBE, YTO MPUBOAUT K HAPYLUEHUIO
camonoaobusa B6aM3M rpaHuUupbl ([OCTAaTOYHO
Mmanas obnactb, cogep)Kawaa  rpaHuuy
MHOXecTBa, He nogobHa obnacTn TOro e
pa3mepa, HaxogAllenca BAaM OT FpaHuUUbl).
«Cnna noHATUA ppaKTanbHON Pa3MepHOCTU NO
Xaycgopdy B TOM, YTO OHA NO3BONAET PA3/INyaThb
KaTeropuu "rnaakuin' n"'xaotmyHbin". Cnaboctb
e e€ B TOM, YTO He YyaaeTcs pPasIMyuTb
KaTteropumn''HeperynapHbiin, HOCaMonoao6HbIN"
n "reomeTpuryeckm XaOTUYHbIN". o710
npPoOuCXoguT M3-3a TOro, 4YTO onpeaesneHue
ABNAETCA BeCbma obwmm, uto u Tpebyetca gna
MmatematMkn. Ho pans KoHKpeTHoM obnactu
HayKu o061 XapaKkTep 3TOro onpeaeneHus
OKa3blBAETCA Ype3MepHbIM: OHO CTAaHOBMUTCA
He TONbKO HeyaobHbIM, HO M COBEpPLUEHHO
Henoaxoasawmm» (Mangenbbpot, 1993, c. 139).
MHbIMK cnoBamu, Ha nNpumepe onpeaeneHus
NOHATUA «PaKTaN» XOPOLLO UANKOCTPUpPYETCA
OOMH M3  BaXHbIX  CMCTEMOJIOrMYECKUX
NPUHLUMNOB — MPUHUUN HecoeMmecmumocmu
3aode [Lotfi Ali Asker Zadeh, 1921-2017]: uem
rnybxke aHanu3upyeTcA peanbHas C/AOXKHaA
cUcTeMa, TeM MeHee onpeaeneHHbl Hawwu
CyaeHus o eé nosegeHumn (PoseHbepr un ap.,
1999). Mostomy, ANs pelleHua 33a4aum o
dpaKTanbHOCTM, Hanpumep, BUAOBOM WU
POAOBOM CTPYKTYpbl coobuiectBa, BMOJHE
noaxoAswmMm aBAseTca nepBoe (MOXeT 6bITb,
boneeBepbanbHOE)onpeaeneHne «ppakTana».
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MOHO CKasaTb, YTO @paKTaNbHbiA OOBEKT
CTAaTUCTUYECKM €eaMHO06paseH B  LIMPOKOM

AuvanasoHe  macwTaboB. B umaeanbHom
cnyyae (maTtemaTnueckui dpakTan)
Takoe camonogobue npuBOAMT K TOMY,

yto ¢paKTaNbHbIl  OOBEKT  OKa3blBaeTcs
WHBApPMaAHTHbIM OTHOCUTE/IbHO MaCLITAabHbIX
M3MEHEHUN NPOCTPAHCTBA (pacTaXKeHUn wn
cXKaTuii; cm., Hanpumep, [fenawsuan u ap.,
20078, 20086]).

Opyrum BaxXHbIM CBOMCTBOM (paKTanos
ABNAETCA UX UEPAPXUYHOCMb, T. €. CNOCOOBHOCTb

NOBTOPATLCA B pasHbIX MacLuTabax
npocTpaHcTBa UM BpemeHu.  CyliecTByeT
YeTKUM Kpumepud NpuHadaexHocmu

obvekma K pakmanam — O6BEKT Henb3s
cymTaTb GpaKTaNbHbIM, €CIM OH He obnagaet
CBOMCTBOM camonogobusi, HO MOXKHO — ecnu
OH He nepapxuyeH.

Kpome camonogobus wm unepapxmyHoCTy,
ANArHOCTMYECKMMU NPU3HAKaMU PPAKTANIbHOO
obbeKkTa asnatTca (Pepep, 1991; LWpeaep,
2001; Mopo3sos, 2004):

e CmeneHHAs 308UCUMOCMb  YUCNA
CTPYKTYPHbIX 31€MeHTOB OT MacliTaba,
MOCKO/IbKY MaTEMATUYECKMM BbIPaXKeHUem
camonopobms ABNAIOTCA CTENEHHbIE 3aKOHbI
BMAA:

flx) =

e MacwmabHas UHBAPUAHMHOCMb
(ckelinuHe; oT aHrn. scaling -
MacwTabrpoBaHue) - BO3MOXHOCTb

BOCMPOM3BOAUTb OOBEKT MPU M3MEHEeHUU
MmacLTabos.

e (Crporoe otanune ppakmansHol
pasmepHocmu (o), KOTopas MOXKET BbITb Kak
LEe/I0YNCNEHHOM, TaK U ApObHOM (Hanpumep,
pasmepHOCTb a = 2,87), OT TONONOrNYECKOM
(Bceraa uenouuncneHHom). «PpakTanbl 6bi1n
YyXKAbl YIOTHOMY €BKANZ0BOMY MUPY C €ro
perynapHbIMM CTPYKTYpamu» (MakapeHKo,
2002, c. 122)".

7 Npueesem ewe ogHy umtaTty u3 pabotbl H.I. Ma-
KapeHKo (2002, c. 122): «[llo3gHee OKa3anocb, 4YTO
dpaKkTanamm ABNAIOTCA U JABHO U3BECTHblE B aHaNU-
3e HeperynapHble GyHKLMN, Bbi3blBaBLIME OTBpaLLe-
HME aHAIMTUKOB NPOLUNOTOo BeKa». MNoaTeepAeHUeM
TOMY CAy»KaT cfioBa u3 nucoma 20 mas 1893 r. dpaH-
Ly3ckoro matematmka LU. 3pmuta [Charles Hermite,
1822-1901] — HUaepnaHAcKomy matematuky T. CTun-
Tbecy [Thomas Johannes Stieltjes, 1856-1894], KoTo-
pble Takxe npnsoanT MakapeHko: «C omep3eHuem u
Y’KacoM A OTBOPAYMBAOCH OT 3TOM 3/10BPeHOM A3BbI
- Hel'lpeprBHbIX bYHKUMIA HUTAE He MMEIOLMX NPOou3-
BOAHbIX...». MaHaenbbpot (2002, c. 61) Tak uuTHpyeT
3TW Ke cnoBa: «ITO HaKasaHue focnoaHe, 3TW XKan-
Kne GyHKUMM 6e3 NPOU3BOAHDIX...».

Ons  peanbHoro npupoaHoro d¢pakTana
cywiectsyeT HeKOTopblﬁ MUHUMabHbIN
MmacwTab asnHbl [, TaKOW, 4TO Ha PaCCTOAHMUAX
[=1_ero OCHOBHOG CBOMCTBO — camonoaobue
— nponagaeTr. Kpome TOro, Ha A0CTaTO4YHO
6onblWKX macwTabax ANnH

[>1

rae |- xapaKTeprM reomMeTpUYecKmi
pa3smep Oé'beKTOB 3TO CBOMCTBO ca:v\ono,u,o6vm
TaKXKe  Hapywaetca. [loatomy cBOMCTBA
NPUPOAHbIX  $PAKTaNoOB  paccMaTpuBaloTCA
Wb Ha macwTabax [, ypoBneTBopAKOLWMX
cootHoweHuo [ <[<]

MpoJo/MmKUM  KpaTKOe  KU3HeomnucaHue
BeHya MaHgenbbpota. [MMapannenbHo c
pabotoit B IBM, «Aa cTan nonynapHbiMm B
Pa3HbIX KPYMHbIX YHUBEPCUTETAX KaK Visit-
ing professor, HO HW OAWH W3 HUX He XoTen
BMAETb MEHA Ha MOCTOAHHOM [LO/IKHOCTU B
CUNY HenpeacKasyeMoCcTM MOUX [Hay4yHbIX]
nHTepecos®. OgHaxAabl, Korga a Bce ewe bbin
OTHOCUTENIbHO MOJIOAbIM, A NOAYYUA OT O4HOIO
M3 BeAyLWMX aMePUKAHCKMUX YHUBEPCUTETOB
o4YeHb o4YapoBaTesibHOe npeanoxeHue,
OT KOTOPOro OTKa3a/MCb Ha APYroh [AeHb,
KaK TONbKO [JieKaH 3auHTepecoBasicA MOEW
npodeccMoHanbHON AEeATeNbHOCTbIO B APYrnx
[cmekHbIX cmaTemaTuKoM] obnactax» (Amaver-
ick’s apprenticeship.., 2004). B 370 ke Bpems (B
1974 r.) MaHaenbbpoTy NnpucBanBaeTcsa 3BaHue
MoyeTHoro coTtpyagHuka IBM (IBM Fellow)?,
KOTOpOe ABNAETCA CAaMbIM BbICOKMM 3HAKOM
OTAMYMA ANA  TEeXHUYECKUX CMeLmanmctos
KOMMNaHUMU M NPU3HAHMEM WX BblAAIOLLUXCA
TEXHUYECKUX  OOCTUNEHWM U Anaepcrsa
B Takux 0651acTAX, KaK MPOEKTUPOBAHME,
NporpammmpoBaHue, ycnyrm, Hay4Hasn
AeATeNbHOCTb M TexHonornu. [o4veTHbIm
COTPYAHUKAM npeaocTaBAATCA bonee
LUMPOKME BO3MOXKHOCTH, YTOObI NOAAEPHKNBATD
X AeATeNIbHOCTb NOo pa3paboTKke MHHOBALMM
(MaHgenbbpot  BO3raBnfeTr  Hebonblyko

rpynny).

max’

8 MaHaenbbpoT npuBoanT Takyto aHanoruio (In his
n.., 1985): «CopeBHOBaHWE Ba)KHO B XKU3HMU, Clie-
[0BATe/IbHO, M B HAyKe; HO Mo4YyemMy HayKa AO/KHa
noAapa)Katb CNOpPTY, rae roHky Ha mua n 1500 me-
TpoB (TonbKo Ha 7,3% Kopoue!) yacto BbIUrpbIBAOT
pasHble Y4eMMMOHbI? U XyrKe TOro, B TO BpeMsA Kak Je-
caTnbopbe aBnsetca ONMMNUIACKON AUCLUNANHOMN,
"Hay4yHoe aecaTnbopbe", KoTopoe A, Ka3anocb, Npak-
TUKOBAJ, HE NMPUBETCTBOBAJIOCH B aKaZeMUmn».

9 3a Bcto uctopuio komnaHuu IBM ("Tony6oro Mmran-
Ta") aToro 3BaHMA BbIN YAOCTOEHbI YyTb 6bonee 200

cneunanncrTos.

10
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Tonbko nocne yxoga w3 IBM, ¢ 1987 r.
MaHnzensbpot Hayvan CUCTEMATUYECKHM
npenoAasaTb Ha MaTeMaTMYECKOM dakynbTeTe
Menbckoro  yHMBepcuTeTa, a  LWTATHbIM
npodeccopom ctan Anwb B 1999 r. — Kak OH
cam otmetnn (A maverick’s apprenticeship..,
2004), «WMenbCckM YHUBEPCUTET, BO3MOKHO,
cnegyet CcyYMTaTb MUPOBLIM PEKOPACMEHOM,
B MOEM C/y4yae, T. K. B LUTAT A Obln 3a4MCNEH B
CTO/Ib NPeKNoHHom Bo3pacTe (75 nem. — I.P.
u 0p.)». Caton gonxkHoct MaHaenbbpoT ywen
B 2005 r., cTaB, KaK yXe OTMe4dyanocb Bbllle,
Sterling Professor. Cpeay orpoMHOro 4mcna ero
Harpaz v NoYeTHbIX 3BaHWUN CielyeT, HABEPHOE,
Ha3BaTb YPEe3BblYANHO MPECTUXKHblE NPEeMUN
AnekcaHgpa lymbonbara (Alexander von Hum-
boldt Prize, 1988), Bonbda no ¢pusmke (Wolf
Prize, 1993), AnoHuu (Japan Prize'°, 2003) n ap.
OHO6blnakagemmMkoM HauMoHaIbHOM aKageMnm
Hayk CLUA (c 1987), AMepuKaHCKON aKagemum
WUCKYCCTB U HayK, AKkagemun IBM TexHonorum,
NnoYyeTHbIMYNeHOMHOpBEXCKOMaKa4EMUMHAYK
N NTepaTypbl, NOYETHbIM AOKTOopom (Honoris
causa) 6onee 15 KpynHenwmnx yHMBepcuTeToB
Mupa, B Mae 2010r. oH 6611 ygocToeH MNoyeTHOM
yyeHoM cTeneHn YHuBepcuteTa  [KOHa
XonkuHca (Bantumop [Baltimore, Maryland]);
MaHzensbpoT 6bin HarpaXkgeH opaeHamu u
MeAanAMM MHOTMX cTpaH (opgeHom MNoyeTHoro
nernoHa [®paHumal, mepanbio [lpe3naeHTa
Pecnybnnkn Wtanua, mepanbto PuyapacoHa
[Lewis Fry Richardson Medal] EBponeiicKkoro
reopumsnyeckoro obuiectsa u np.).

Mpumepbl GpaKkTaNnoB pasNUUHbIX cUCTEM

CBOMCTBO  YyacTeh  ObiITb  NOAO0OHbIMMK
BCEM CTPYKType B LENOM  HasblBaeTca
camonodobuem. WHTepBan camonoaobus
Pa3IMYHbIX NPUPOAHbLIX OOBEKTOB MONKET
cogepKaTb MacwTabbl OT AoNeln MUKPOMETPa
(NMpM  paccmoTpeHun CTPYKTYpPbl MOPUCTbIX
FOPHbLIX MNOpPoA) A0 AOECATKOB KWUAOMETPOB
(Npn paccmoTpeHun penbeda MECTHOCTU M
dopmbl o0bnakos). Mpumepbl camonoaobus
MOYHO HaWTU B Pa3/INYHbIX, Ha NepBbIi
B3rnA4, OObEeKTax waM npoueccax. Tak,
OPOYHOBCKOE ABUMKEHUE ABNAETCA XOpOoLueWn
WNNOCTPaLME BEepOATHOCTHOro camonoaobms,

B MaTemaTMKe npumepamum camonogobusn
ABNAOTCA KaHTOPOBbI MHOXecTBa n
bYHKUMA BenepuwTpacca, B My3blKe

10 3Ta B BbICLUEN CTENEHM NPECTUNKHAA MEXAYHAPOA-
HaA npemua yupexgeHa PoHAOM HayKM M TeXHONO-
rmin AnoHnn. OHa BpyyaeTca B npucyTctemun Mmnepa-
TOpa exerofHo B ABYX 06/1acTAX 32 KOPUTMHA/IbHbIE
N BbIAAIOLLMECA JOCTUKEHMA, cnocobcTByOWME Npo-
rpeccy HayKun 1 TEXHOIOTMIN U NPOABUMKEHUIO YenoBe-
4yecTBa K MUPY U NPOLBETAHUIO».

camonoaoobue cBA3aHO C TEMMNEPUPOBAHHbIM
ABEHaALATUTOHOBbIM CcTpoem baxa, pycckue
AepeBAHHbIE MAaTPELLIKK, TaK XKe KaK KUTaCKune
KOPOBOYKM — UANOCTPALUMM  AUCKPETHOTO
OrpaHMYeHHOro camonozobusa, akycTMyeckue
cucTtembl (B YaCTHOCTW, OCHOBHasa MembpaHa
BHYTPEHHEro yxa) TakKe GYHKUMOHMPYHT Ha
OCHOBEe MpWHUMNA camonogobua; nepeyeHb
camonofobHbIX NPUPOAHbLIX OOBEKTOB MU
ABNEHUA MOXKHO MPOAO/IKUTb, BKIKOUMB B
Hero KpoHy AepeBbeB, MMdpbl aKTMHOMULLETOB,
paspas MOJHMW, OpPOHXMANbHOE AEepeBo,
KPOBEHOCHYID W PEeYHYH CUCTEMbI U T. A4.;
HaKoHel, camonogobue Yacto npucyle
TAaKUM  MEPAPXMYECKMM  CTPYKTypaMm, Kak
dunoreHeTnyeckne pepesbsa (cm. puc. 3).
Camonogobuenpegnonaraet,YToKoNMpoBaHue
MMaCLITabMpPOBAHMEHEKOTOPOrO«3TaIOHHOIO»
obpasa no3BonseT NpuUpoae Nerko co3naBaTb
CNOYKHYI0 MHOTOMACLUTabHYO CTPYKTYPY.

dpakTanbHbINA aHanus CTPYKTYpblI
IKocUcTem

PaccmoTtpum BMAOBYIO CTPYKTYpPY
coobuiecrsa. 3aBMCUMMOCTb BMA0BOrO

boratctBa (S) OT «BbIOOPOYHOrO YyCUAUAY,
BblpPa*KeHHOroYyepes naowanb obcnegoBaHHOM
Tepputopun (A) unm obvem BblbOpKK (N),
[aBHO MHTepecoBana uccregosaTtenen. 3aecb
ymecTHo npusectu cnosa K. Oayma (1975,
c. 196-197): «nopobpas ypaBHEHUA ANA TAKUX
KpUBbIX (3as8ucumocmu mexcdy 4uciom sudos
u ux obunuem 8 pasnuUYHsIX MECMOOBUMAHUSAX.
—I.P. u0p.), MOXXHO MOMOYb BbIACHUTb, KAKNMU
MaTemaTMyeckumm "3akoHamn" onpegensaetca
3aBMCMMOCTb MeXay S n N».

Ewe B 1859 r. OpuTaHCKMA BOTAHUK-
nobutens, asontounMoHUCT X. YotcoH (Hewett
Cottrell Watson, 1804-1881) npepnoxun
3aBMCUMOCTb S OT A 4719 COCYAUCTbIX PACTEHUM
BpuTaHun B Gunorapnpmmnyeckmnx KoopamHatax
(umT. no: [Pounds, Puschendorf, 2004]):

lgS=lgc+2zIgA, S=cA’.
rae € U Z—HeKoTopble KOHCTAHTHI.

Opyrmm unccnegosatenem, ONUCaBLIMM B
20-x ropax XX B. 3aBUCMMOCTb S oOT A, cTan
LUBEACKNI arpoXMMmK n 6otaHnK O. AppeHunyc
(Olof Wilhelm Arrhenius, 1896-1977):

S/S, = (A/A)",

rae S, >S, A, >A 1 n<1-KOHCTaHTbI (S —
YMC/I0 BUAOB, BCTPEYEHHDBIX Ha naowaaun A, S,
— 4MCNO BMAOB Ha niowaam A ). dakTnyeckn,
AppeHnyc «nepeoTKpbIN» YypaBHEHME YOTCOHa:
lgS =n(lgA—1gA,) +1g5S = (IgS, — nigA)) + nigA,

ecam ¢ = Sl/Aln M z=n. Takum obpasom,
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dpaKTanbl XKUBOMK NpUpoabl

Paguonapusa Kobanbl CeTb KPOBEHOCHbIX
(puc. 2. Tekkens, 1902 r.) P cocyaoB cepaua

Cbpa KTa/ibl TEXHUYECKUX CU-

®dpaKTanbl HEXXMBOW NPUPOAbI
p pupoa, cTem

PeyHasn cetb MonHusa

dpakKTanbl B UCKYyCCTBE

BaH lor B. (Vincent Willem van Gogh, 1853—
1890)
«3Be3aHaA Houb. CeH Pemun», 1889,
Myseii coBpemeHHOro UcKyccTsa, Hbro-Mopk

BaH lor B.
«LiBeTywmit nnogosbii cag», 1888 .,
Myseii BaH lora, Amctepgam
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Kauycuka Xokycai (Hokusai Katsushika, 1760-1849)

«bonbwasn BonHa B KaHarase», ok. 1831-1833; nepBas rpastopa cepum «36 Bunaos ropbl dyasums-
ma»; MeTtpononuteH-myseit, Hoto-UopK; BputaHckuit myseit, JIoHO0H

Yrarasa [AHp0] Xupocura (Utagawa [Ando] Hiroshige, 1797-1858)
a— «BogoBopotbl B nponuse nog, moctom KoHapyto», locyaapcTBeHHbIM My3eit u3obpasnuTtenbHbIX
ucKycctB um. A. C. lNMywknHa, MockBa;
6 — «BogoBopoTbl nponusa Hapyto B nposuHuuu Asa» (oK. 1820-1836); BputaHckuii myseii, JIoH-
OOH

13
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B nponunee HapyTo mexxay ANOHCKMMMU
ocTpoBamu ABaasun U CMKOKY HaxoamTcA
OAMH M3 cambix 60NbLIMX NPUANBHO-
OT/INBHbIX BOA0BOPOTOB B Mmpe. CKOpoCTb
BOAbl MOXeT AoxoauTb A0 20 Km/yac,
Torga AnameTp BOPOHKKM goctmraeT 20 m.
[http://nature.1001chudo.
ru/japan_979.html, http://
nature.1001chudo.ru/japan_
979_gallery.html?show=wel-shikokugrjp.

ipgl.

Danu C. (Salvador Doménec Felip Jacint Dali
i Doménech, Marqués de Dali de Pubol;
1904-1989) «J/luuo BoiiHbI», 1940 r., My3eii
boiimaHca-BaH-BéHUHreHa, PoTttrepaam, Huaep-
NaHAbl.

Mocewaa Mysei Hayk (Museu de la Ciencia) B
BapcenoHe, 6. MaHaenb6poT 3ameTnn ero au-
PEeKToPY, YTO KapThHa «Jluuo BolHbI» C. danu
Jana eMy « MHTYUTMBHOE NOHMMaHWe NPEeBOCXOA-
CTBa $paKTasIbHOM reOMeTPUM, AeNasf NOHATHbIM
BceobbemtoLLLee CXOACTBO B popMax NpUpoabi»
(Wagensberg, 2010, p. 37)

Xpam LWpu-LLUuea-Cybpamanba (Sri Siva
Subramaniya temple) — camblii 601bLION UH-
AYUCTCKUI xpam KOxkHoro nonywapwmsa (r. Hagu,
dugu)

14
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FeomeTpuueckuii ppakran

Norapudmuueckas cnupanb (rnagkas camonogobHas Kpueas; B yray —

dparmMeHT pakoBUHbI MOIIFOCKA eMUYXHbIl Kopabnauk [Nautilus pompilius])

Puc. 3. Mpumepbl GpaKkTanbHbIX CTPYKTYP

AppeHnyc nonbiTanca dbopmanmnsosatb
N3BECTHOE 3MMMPUYECKOE NPaBUIO, COMMACHO
KoTopomy Ha 6onblwen nnowagnm obutaer
6o/bLIee YNCNo BUAOB, YKa3aB B KayecTBe CBOUX
npeawecTBeHHMKOB 6OTAaHUKOB - LWiBeMuapLa
M. *akKapa (Paul Jaccard, 1868-1944) n ¢unHHa
3. ManmrpuHa (Alvar Palmgren, 1880-1960).
MpaKTUYECKMBITO XKEBPEMSA, PE3KOKPUTUKYSA
ypaBHeHue AppeHnyca (NpAaMon NoaACTaHOBKOM
AaHHbIX 6bina NPOAEMOHCTPMPOBaHA
HEepPeasIMCTUYHOCTb  OLLEHOK,  MOJlyYaeMblx

CTEMEHHOM 3aBUCUMOCTbIO, NPEANONKEHHOM
AppeHuycom Ans  uenoro psga BMAOB
pacTeHMn), cxoQHOEe YypaBHEHWE MNPeasoKUN
N amepuKaHcKMin 6oTaHuK I. u3oH (Glea-
son, 1922) npu oOnNUCaAHMU 3aBUCUMOCTU
B nosynorapudmmyeckmnx KoopAaMHaTax
BMAOBOro 6oraTcTea OT n/owaau apeana Ana
TOMOJIMHbIX accoumaunii ceeepHoro MuuuraHa
(nor-nuHeHas mopenb OUEHKU BWAOBOro
pa3Hoobpasua; cm. Tabn. 1):

S=c+zIgA.

Tabnuua 1. 3HayeHne napameTpa z (species-area relationship, SAR) ans pasnnyHbIX mectoobuTa-
HUI (no: BuroH n gp., 1986 ¢ UsmeHeHUaIMM)

MecTtoobutaHue

Jwnana3oH 3HaueHuit

MpoKn3BO/IbHO BbiIOPaHHbIE YH4ACTKM MATEPUKOBOM CyLIN 0.10+0.16
OKeaHu4yeckme ocTposa 0.18 +0.37
MN301nMpoBaHHble MecToobUTaHMA 0.17+0.72
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CreneHHble 3aKOHblI, onucbiBatowme
3aBMCMMOCTb BMAoBoOro b6oratctea (S) ot
«BbIDOPOYHOrO  yCcuMAuaAY, BbIPaXKeHHOro
yepes naowaab obcnenoBaHHOM TEPPUTOPUM
(A), HawnKM cBoe NOrMYecKoe 3aBeplueHue B
paMKax pasHogsecHoli meopuu OCmpoBHOLU
buozeoepagpuu (MacArthur, Wilson, 1967).

MTak, OCHOBHOW BbIBOA, M3 3TOr0 KPaTKOro
MCTOPUYECKOTO 3KCKYpCa COCTOMT B TOM,
yto 8udosaa cmpykmypa coobuecmsa
camonodobHa, 4TO W OTPa*KaeT CTeneHHas
3aBMCMMOCTb 4YMCNa BMAOB OT MNJaoWaau
obcnepoBaHHOM TEPPUTOPUN.

[NaBHOM KONMYECTBEHHOM XapaKTEPUCTUKOM
bpakTanbHOro  obbekta  ABNAETCA  ero
pasmepHocms. Haubonee npocto noHATUE
Pa3sMepPHOCTU MOMKHO BBECTU KaK KONMYECTBO
nepemMeHHbIX (U1 n3mepeHnin), HeobxoaAnMbIx
ANA NOMHOTO OMNUCaHMA MONOXKEHUA TOYKU B
npocTpaHcTBe. Tak, 418 ONUCAHUA NONOXKEHUA
TOYKM Ha NIOCKOCTU, HEOBXOAMMO YKa3aTb ABe
KOOpAMHaTbl, MO3TOMY MJIOCKOCTb, TaKX¥e Kak
n nobana apyran rnagKas noBepxHocTb, UMeeT
pa3MepHOCTb, PaBHYyl 2, TO eCcTb ABYMEpHa.
OnucaTb NONOXKEHME TOYKM HA IMHUN MOXKHO
C MNMOMOLbI OAHOW KOOPAMHATbI, MO3TOMY
JIMHWA OAHOMEPHA, eé pasmMepHOCTb paBHa 1.
AHANOrMyHo, pPasMepHOCTb TOYKM paBHa
HY/Il0, @ MPOCTPAHCTBO, B KOTOPOM Mbl BCe
KMBEM — TpexmepHo. BBeaeHHOe TaKum
WMHTYUTUBHbLIM 06Pa30M NOHATME Pa3MEPHOCTU
COOTBETCTBYET TOMY, 4YTO B MaTemaTuKe
Ha3bIBaeTCA Moroso2u4eckol pa3mepHOCMbIO
(0603Hauaetca D,). 3ta pasmepHOCTb
BCerga SBASETCA LLeNblM YAC/IOM.

Onsa paKkTanos e Yalle BCEro XxapakTtepHa
Apob6Haal, Heuenas pasmepHocTb. B
COOTBETCTBME C 3TUM KNACCUYECKMM NOAXOA0M
(pasmepHOCTb perynapHbIX 06beKTOB) 06BEKT
MMeeT N U3MEPEeHWUI, ecan ero MOXKHO
Pa3bUTb Ha YaCcTU T’MNEPNIOCKOCTAMU, KOTOpble
camu asnaTca (N — 1)-mepHbIMK 0OBEKTAMM.
Takum 06pa3om, NosyyvaeTcAa PeKYPPEHTHOe
onpeaeneHne pasmepHoCcTU: 06bemMbl — YacTu
NPOCTPAHCTBA, MOBEPXHOCTU —  TPAHULbI
06bEMOB, NIMHUM — TPaAHULbI MOBEPXHOCTEMN,
a TOYKM — TPaHULbI JIMHUNA; KNPOMENKYTKU»
MeXAy LUenblMM  YMC/laMu d cnepyet

11 MoHATMe APOOHOM pa3MepHOCTM Ha NepPBbLIN B3MAL
MOMET MOKa3aTbcA abcypaHbIM, 0AHaAKO Npu paboTe
¢ OpakTaNbHbIMM OOBEKTAMM OHO COBEPLUEHHO
HeobxoAMMO 1 nTepaTypa M306UAYeT MHOKECTBOM
NPUMEpPOB, CTaBWKUX XpecTomatuiiHbimn (Peaep,
1991; NawreH, Puxtep, 1993). 3ameTnm, 4TO MaTemMa-
TMKaM [aBHO M3BECTHbl 3TW NPeACTaBAeHMA U Hele-
Nible pa3MepHOCTM U HEKOTOPbIE OCHOBHbIE CBOMCTBA
bpaKTaNbHbIX O6BEKTOBU3YHaANUCh, HaUMHas CXIX-ros.

«oTAaTb»  ¢dpakTasbHbIM  (camonogobHbIM)
obbeKkTaM (ppakmaneHble pazmepHocmu).
«Camononobuio, B KOHLE KOHLLOB, BCE PABHO,
LLeNOYMCNEHHBIA Y HAc MOKasaTelb WKW HeT»
(Wpenep, 2001, c. 165). bydem cyumame
06veKm, Komopblli MOMCHO 8ocrpouzsecmu
nymem yeenu4yeHUs Kakol-nubo e2o 4Yacmu,
camorno0obHbIM, UAU UHBAPUAHMHbLIM pu
npeobpazosaHuu nodobus, m. e. hpaKkmMasnom.

®dpaKTa/IbHOCTb BNA0BOM CTPYKTYPbl
coobwecTBa  BbIparkaetca B CTEMNEeHHOM
3aBMCMMOCTU MeXKay BUAO0BbIM boratcteom (S)
M YMCNeHHOCTbO coobulecTtBa (N, sKBUMBANEHT
maciTaba):

S=N*, k=InS/Inn, (1)

raoe 0<k<1-npegnaraetca P. Mapranepom
(1992, c. 143) paccmaTtpuBaTb Kak WHAEKC
pa3Hoobpa3uma: «3aBUCMMOCTb mexay S u N
MOXHO BblPasnTb cneayowmm obpasom:

S=N° S=Nk S=N?
0bblYHan My3eiiHasna
xemocTaT
sKOCUCTEMA 9KCNO3NLMS.
CteneHb k — npeKpacHbl® UHOeKC

pa3Hoobpasua. OH HaxoguTca B npeaenax
mexgy O m 1. OH MmOXeT BblparkaTb CBA3b
C 3Heprvein (aHeprua, npoxogAwan uyepes
cucTemy, Hanbosnbluaa B XeMocTaTe U HyneBan B
Mmy3ee). OH He xapaKTepu3yeT AeTaNn, HO MOXKeET
BblparkaTb (QpPaKTa/ibHYl0O CamMOOpPraHM3aumio
BHYTPU CUCTEMbI».

OpHako, Kak U nwbasa  ¢pakTanbHanA
pa3smepHocTb, uHaekc k = (InS) / (InN) He
[AeT  MCYepnblBAKOWEr0  KOAMYECTBEHHOO
NpeacTaBNeHUss O  BWUOOBOWM  CTPYKType
6moTmyeckoro coobuiecTsa: dopmyna
Mapraneda KoOHCTaTUpyeT Auwb cam  akT
HanuumMa BMAA B BbIODOPKE, HO HE COAEPIKMUT,
Hanpumep, CBEAEHWM O pacnpeseneHun
BMAOB MO YWUC/NEHHOCTU MAU O CTEMEHU WX
AOMUHUpPOBaHMA. Hanbonee obuee onmcaHne

BHYTPEHHEro  YCTPOMCTBA  CamMonoAobHbIX
06beKToB nossosAeT AaTb meopus
Mynbmugppakmanoe  (OCHOBHble  MOHATUSA

M MONIOXKEHMA 3TOoM Teopunm Obinv BBEAEHbI
b. MaHaenbbpoTtom B Havane 70-x rogos npo-
LU/IOrO BEKA.), XapaKTepmn3yemblx 6ECKOHEYHOMN
nepapxmen pasmepHoOCTer; OHa AO0CTATOYHO
nogpobHo u3noxkeHa E. depepom (1991) um
ON. UyauHbim (2006). Mynemugppakmarnsl
— HeoAHopogHble @paKTasbHble OOBEKTDI,
ANA MOMIHOTO OMNUCAHUA KOTOPbIX, B OTAUYME
OT perynapHbix ¢paKTanos, HeAoCTaTOYHO
BBEAEHWS BCEro /MWb OOHOW BEAUYUHDI
(dpaKkTanbHOM pasmepHocTM D), a HeobxoaUM
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LeNbli CNeKTp TaKMX pPa3MepHOCTEM, 4UCOo
KOoTOpblX, BoOOWe roBops, 6GeCcKOHeYHOo
(3TO 0b6bACHAETCA Tem, YTO HapAAy C YUCTO
reomeTpuyecKkMmm XapaKTepPUCTUKAMMK,
onpeaensieMbiMM  BEIMYMHOWN D, Takue
¢pakTanbl  06namaAlOT U HEKOTOPbIMM
CTaTUCTUYECKMMM CBOMCTBAMM).

PaccmoTpuMm OTAMYMA MOHOPPAKTANbHOO
n mynbTudpakTanbHoro noaxonos. Ewe pas
nogyYepKHEM, 4YTO TNaBHOW XapaKTePUCTUKOWM
bpaKTanbHOrO  MHOXecTBa ABNAETCA  ero
pa3mepHocTb. OAHAKO CTaHAapTHaA Npoueaypa
onpeaeneHna  QGpakTaNbHOW  PA3MEPHOCTU
He  no3sosnser  OOHapyXWTb  pasInuuAa
MeXAY OOHOPOOHbLIMU W HEOOHOPOOHbLIMU
(MynbTUdpaKTanbHbiMK)  obbekTamu.  [na
3TOro BBOAATCA HOBble XapaKTepuUCTUKW. Mpu
3TOM npoueaypa onpeaeneHns pPasmepHoOCTU
HECKO/IbKO  YC/IOXKHSAETCA:  ANA  Kaxkaom
3aNONHEHHOW AYEMKU NOACYUTLIBAETCA YMCNO
copepyKalmxca B HeM TOYeK, KoTopoe 3aTem
npeobpasyeTca B gonto, rae N — obuiee 4ymncno
ToyeK. [lanee WUCNonb3yetTca MNOMAYYEHHbIN
Habop {p}.

Myctb Habop {p, = n/N; n.—uncno ocobei
i-oro Buaa, N — pa3mep npobHoOM BbIGOPKK, A i
npoberaeT 3HaYEHUA OT eaNHMLbBI 40 MOJHOIO
yncna BMAOB S, obOHapy)KeHHbIX B npobe}
XapaKTepusyeT  OTHOCUTE/IbHble  YacTOTbl
pacnpegeneHua ocobeit no Buaam. Beegem
MOMEHTbI pacnpeaeneHus ocobel no sMaam
M BbIACHAM XapaKTep WX MoBeAeHuA npwu
yBeNn4YeHUn YncneHHoctn N:

5
M, =3 ps =N®,
i=1

rae -oo < g < °© — Ha3blBaeTCA NOPSAAKOM
MOMEHTa, a MoKas3aTenb T XapaKkTepusyeT
CKOPOCTb  M3MEHEHWUA  COOTBETCTBYHOLLENO
MOMEHTa NPU yBEMYEHUN pa3sMmepa BbIGOPKMU.
Bropoe paBeHCTBO B 3TOM  BblpaKeHUU
XapaKTepum3ayeT MaclTabHyt0 MHBAPUAHTHOCTb
¢dpaKTanbHOro obbveKta (CKennuHr), saensetcs
obobuweHnem dopmynbl Mapraneda (1) w,
o4YeBMAHO, COBMNaZaeT ¢ nocnegHen npu q = 0.

O6obuweHHol pazmepHocmobto PeHbu (Dq)
pacnpeaeneHuanaBnaeTcaybbiBatoLwas pyHKLMA
g, BBOAMMaA onpeaeneHmem (Peaep, 1991):

3 1 InM
D, = lim 2| _o60)
Nowl]l—g InN l-g
O606weHHble pa3mepHOCTM PeHbM He
ABNAIOTCA, CTPOro roBopsA, ¢GpaKTaNbHbIMM

pPasmepHOCTAMN B O6UJ,EI'IpI/IHFITOM NOHUMAHUU
3TOro Ccnosa. nOSTOMy Hapagy C HUMMU
MCNnosb3yeTcda, TaK Ha3biBaemas, prHKHUFl

mynbmuppakmansHo2o cnekmpa  f(a), van
«crnekmp cuHaynsapHocmeli». Ons eé nonyyeHma
HeobxoAMMO npou3BecTM npeobpasosaHue
JlexcaHopa dbyHkumMn t(q):

d
Q(Q)__d_qf.

f(a'):qaurr

Mpn nNpuMeHeHUU MynbTUPAKTANIbHOTO
dopmanmama K CTPyKType coobLLecTBa,
3TO  coObWEecTBO  paccmaTpuBaeTca  Kak
MHOECTBO,  COCTOSILLEe W3  OTAE/NbHbIX
dpaKTanbHbIX NOAMHOXECTB, KoTopble
MOYHO MHTEPNPEeTUPOBATb KaK COBOKYMHOCTU
ocoben, OTHOCALMXCA K BMAAM CO CXOLHOM
npeAcTaBNeHHOCTbIO. N5 TaKMX NOAMHOXKECTB
MOYHO BbIYNCANTb GPAKTANbHYH PA3MEPHOCTD,
KoTopaa u byaeT xapaKTepu3oBaTb BMAOBOE
pasHoobpa3ve. WMMEHHO  TakoM  CMbICA
MMeeT oOpaMHaTa TOYeK a  Ha rpaduke
MyNbTUPPaAKTaNbHOrO CcrekTpa; abcumcca ke
Toyek f(a) xapaKTepusyeT OTHOCUTENbHYIO
npeacTaBAeHHOCTb (A4onto) BMAOB TOro MAM
MHOro noamHoxkectsa (cm. puc. 4). Hanuuue
Ha rpaduKe CneKkTpa TOYEK, NexKalmx Mo ocu o
(«MHAOEKC cUHTyNspHoOCTM») 6n3KO K Hynto (1),
03Ha4aeT NPUCYTCTBME B COOOLLLECTBE CU/bHbIX
AOMWHAHTOB (Npuyem, 4yem meHblue abcumcca
TOYEK, TeM CU/ibHee [OMUHUPOBaHUE —
coobuiectBo B); Hannume e ToYeK, neralmx
6/U3KO K eanHULEe, O3HavyaeT MPUCYTCTBUE B
coobuecTse peaKkmx BUao8 (2; coobuiectso A).
Mnowaab nog, KpuBow crnektpa [fla) moxKHO
MHTEPNPETUPOBATb KaK MOKasaTesnb, 06paTHO
NPOMNOPLMOHANbHbIN BbIPaBHEHHOCTU BUAOB
B coobulecTse: 4em oHa H6onblue (coobuiectso
A), TeM MeHblle BblpaBHEHHOCTb, U HA0HOPOT.
KpaHMM BapMaHTOM BblpaBHEHHOCTU ABNSETCA
paBHOMNpPeACTaB/NeHHOCTb BWAOB; NPUM 3TOM
BECb CMEKTP «CX/I0NbIBAETCA» B OA4HY TOUKY.

Ha npakTtuke BennumHbl D, MOXHO OLLEHUTD,

ncnonbsys HECKOJIbKO pa3nyatoLwmxca
3HayeHu N, no 6onee npocTon popmyne:
1 InM,
f 1-qg InN
MpumeyatenbHo, HO  aKT:  MHOrMe
0606LeHHbIE pa3mMepHOCTH PeHbu
ABNAIOTCA  HOPMWMPOBAHHBIMW  BapMaHTaMMU
TPAAULMOHHbIX NHAEKCOB BMO0BOIO

pasHoobpasua. Tak, ana g = 0 pesynbrat
ouyeBMAEeH — 3T0 MHAEKC Mapraneda-2:

In§

Dy =k = ﬁ
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Puc. 4. MynbTudpaKTaNbHbIN CNEKTPbI BUAO0BOM CTPYKTYPbl COO6LLECTB.
Mo ocK abcumce OTNOMKEH MHAEKC CUHTYASPHOCTM o, MO OCU OPAMHAT — 3HAYEHUS GYHKLMM
MynbTUdpakTanbHoro cnektpa fla).

Fig. 4. Multi-fractal spectrum of species structure of communities. On the X-axis is singularity index a, on the
Y-axis is the values of the function of multi-fractal spectrum f(a)

Ona g=0,5
i, =P
= InN

roe U — MHAEeKC XMBOTOBCKOTO.
MOHO noKasaTb, Yyto ana g =1

S _
_7Zi:1pilnpi _ H
InN InN’

Dy

roe H — ecTb He 4To MHOE, Kak
UHGOPMAYUOHHbIU UHOEKC 8U008020
pasHoobpasusa LLleHHOHa.
Ona g=2
Inc
InN

rae ¢ — UuHoeKc 0oMuHuUposaHua CuMncoHa—
LDKuHU.  3TOT  pAL  MOXKHO  MPOAO/IKMUTD
M MNONY4YUTb BeCb CMEeKTp 0606LWeHHbIX
pa3mepHocTel D ansa nobbix g BUHTEpBane oT
-0 N0 +o0l2, ?

MynbTudpaKTanbHbIA  CNEKTP  BUAOBOM
CTPYKTypbl coobuiectBa (puc. 5) nossonset
NO-HOBOMY  B3I/IAHYTb Ha npobaembl
«UHAEeKconormn». [encTBUTENbHO, UCMONb3YA

h =

12 B yactHocTtu, B.H. Akumos (2007) npuBoguT npu-
mep 0606ueHHON pasmepHocTM PeHbn gna q = -1,
rae M HanboNblWWi BKNAA B 3HAYEHME BEIMYUHDBI MO-
MeHTa M, BHOCAT UMEHHO peaKue BUAbI.

ANA  XapPaKTepPUCTUKM  BUOOBOW  CTPYKTYpbl
coobuiectBa Kakon-nmbo wuHAeKc (nycTb
AaXe 04YeHb KOppeKkmHeoll), wnccnepoBaTenb,
baKTUYecKn, onucbiBaeT 3TO COOOLLECTBO
oOAHOMN TOYKOMN; dpaKTaNnbHbIN
noaxos, No3BoNAeT yBUAETb «NOpPTpeT»
coobuliecTBa B ABYXMEPHOM MNpOCTpaHcTee {a,
fla)}. EcTecTBEHHO, YTO 3TO OTKPbIBAET HOBblE
NepCcrneKkTUBbl MHTEPNPETALUM IKONOTUYECKON
nHdopmaumm.

dnopucTuueckum de-
HOMEH Camapckou Nykn:
$paKTanbHas CTPYKTypa TAaKCOHOMMUYECKOro
pa3Hoobpasus

B KauecTBe npumepa paccmoTpum dpak-
TaNbHYIO CTPYKTYpPYy TaKCOHOMMWYECKOro pas-
Hoobpa3sna no pesynbTaTaM MCCAeL0oBaHMA
¢nopbl Camapckon Jlyku (fenawsunm mn gp.,
20106, 2011, 2013a).

Obvekm uccnedosaHUsA

Camapckas Jlyka npeactaBnaetr cobon um3-
Ny4ynHy Bonru B cpegHem TeyeHnun obuen nno-
waabto cebiwe 1,5 Tbic. Km? (Powesckuii, 1996),
obpa3sytoulyto Kak b6bl nonyoctpos. C Tpex cTo-
POH OHa orpaHuyeHa akBaTopuaAmKM CapaTos-
cKoro (monuHa Bonru) n Kynbbiwesckoro (ao-
NHa Bonrm n ee npuToKa Ycbl) BOAOXPAHWUNLL,.
LleHTpanbHaa W 1OXHas 4acTU NONYyoCTPoBa
ynaoLleHbl, npeactasnatoT coboir nonoroHa-
KNOHHOE NaaTo ¢ abCONOTHLIMU OTMETKAMM OT
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Puc. 5. MynbTudpaKkTasbHbIN CNEKTP BUAOBON CTPYKTYpPbl coobLiecTBa
YcnoBHble 0603HaYeHUsA 0606LWEeHHbIX GPAKTANIbHbBIX PAa3MePHOCTEN, COOTBETCTBYHOLLMX: ©— BULOBOMY
pasHoobpasuio no Mapranedy (D ); 2 — Bugosomy pasHoobpasuio no LWenHowy (D,); o
— MHAEKCY LOMUHMPOBaHKMA no CumncoHy (D,); ¢ — pone pearux suaos (D).
Fig.5. Multi-fractal spectrum of species structure of a community. Conventional signs of generalized fractal
dimentions corresponding to: ©- species diversity by Margalef (D ); - species diversity by Shennon (D,);0 -
Simpson's index of domunance (D); < - fraction of rare species (D ,).

150 go 200 m Hag, ypoBHEM MOPSA, CO cnabbim
nageHnem naacTtoB C CeBepa Ha Hor, rycto us-
pe3aHHOe MHOroYUC/AEeHHbIMWU APEBHUMU [0-
NvHamu. CeBepHada YacTb NpeacTaBaseT cobom
FOPHbIA MACCUB, U3BECTHbIA NOA Ha3BaHMEM
Hurynu, nunum X¥urynesckue ropsl, rae abcontot-
Hble OTMeTKKN gocturatoT 370 m Hag ypoBHEM
mops (CakcoHos, 2006).

3HakomcTBO ¢ pnopont Camapckoi JIyku nsy-
MnsieT 60TaHMKOB He TO/IbKO BONbLLIMM YNCNOM
BWAOB, Hacenawwmx 3Ty TEpPUTOPUIO, HO U
pa3Hoobpa3HbiM ee cocTaBom. lpexkae Bcero,
3TO OTHOCUTCA K rpynne sHAEMUYHbIX BUAO0B (B
obLwem cnucke aHAEMUKOB pa3HOro 60TaHMKo-
reorpadpuyeckoro paHra — 102 Buaa), BKAtO-
YaloLWNX peaKy ANA pPaBHUHHbLIX ¢aop noa-
rpynny Yy3Ko/OKanbHbIX 3HAeMUKOB. Ocobyto
LEeHHOCTb NpupoaHOMY KomneKkcy CamapcKomn
Jlykn npuaaloT BuAbl, KaacCUMYECcKne mecTa
NPOM3PaACTAHMA KOTOPbIX PACNO/IOXKEHbI 34€eChb.
BpAag v Kakasa-nmbo ewe paBHUHHAA TeppPUTO-
puA naowaabto HemHorum 6onee 150 Tobic. ra,
CMOXKeT KOHKypupoBaTb ¢ Camapckon Jlykoi
Mo NAOTHOCTM TUNOBbIX TEPPUTOPUI (MO KoNU-
4ecTBY HOBbIX AN HayKW TakcoHoB). B aaHHoe
BpeMs BblAB/EH 21 TaKCOH, ONMUCAHHbIN No c6o-
pam c 3ToM TeppuTOopUKn: 5 — B paHre Bapmaumi
n 16 — B paHre Buaa.

Mpu pa3paboTke GnopucTUYECKOro pano-
HupoBaHuna Camapckon JIyKu ocHoBoMoNarato-
WKMM 6bIN10 NPUHATO NaHALWAPTHOE PanoHUPO-
BaHMe (MenbuyeHko, 1991), Tak Kak OHO Yy4UTbI-
BAET JIMTOTEHHYO OCHOBY, NOYBEHHbIN MOKPOB
n 6uoty (CakcoHos, 1996). Ha Camapckon Jlyke
BbISIBIEHO CEMb 3/1eMeHMApPHbIX haopucmu-
YyecKux palioHos, TPaHWULbl KOTOPbIX COBMANM
C COOTBETCTBYHLWMMM naHawadpTamm: HKury-
nesckui (X), BuMHHOBCKWUI (BWH.), Anekcah-
ApoBckuii (A), MepeBonoKcKo-YeuHckui (M.-Y.),
LWenexmetckmin (L), Bonxkcknin (Bon.), Poxkae-
cTBEHCKMI (P). ThaBHbIM KpuTepuem Bblaene-
HWA 3/1eMeHTapHbIX GIOPUCTUYECKUX PANOHOB
NOCAYXXWN aHAaNU3 BUAOBOro coctaBa Gnopbl
CamapcKkoi JIykn n ocobeHHOCTM pacnpocTpa-
HEHWA HEeKOTOpPbIX €€ 3/1eMEHTOB — 3HAEMUY-
HbIX, PE/IMKTOBbIX, PEAKUX U MAJIOYUCNEHHDbIX
BuaoB (CakcoHoB,1996). CornacHO YpOBHAM
opraHusauum GAOPUCTUYECKUX KOMMIEKCOB,
YPOBHIO KOHKpEeTHOW &nopbl UAW  3neMeH-
TapHOMY GNOPUCTUYECKOMY PalioOHy COOTBET-
CTByeT YpOBEHb NaHAWAPTHON OpraHu3aLum
— naHawadt (/lyknyesa, Cabypos, 1969; Cak-
coHoB, 2006). Takum 0b6pa3om, MOXKHO npea-
NOJIOXKUTb, 4YTO Ha TeppuTopum CamapcKomn
Jlykn pasnnyaloTca cemb KOHKPETHbIX ¢op.
KonnuyectBeHHana OLEHKa CTeneHu pasamyua
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bnop C TOYKM 3pEeHUA UX NMPOCTPAHCTBEHHOIO
pa3Hoobpa3ua Hbina NnpoBeseHa C MOMOLLbIO
napameTtpa z [pectoHa (Preston, 1962; Usa-
HoBa M Ap., 2006). NpecToH TeoPETUYECKMM NY-
TEM YCTAHOBWUA KPUTUYECKYIO UM MOPOroByto
BennumHy z = 0,27. lpwu 3HavyeHnn z > 0,27
cpaBHMBaemble GNOpPbI ABNAOTCA M30MPOBAH-
HbIMW.

AHannM3 nokKasana, 4yTto MO4YTM BCE PAMNOHDI
Camapckoi JIyKu pasinyHbl mexxay coboi Ha-
CTO/IbKO, YTO MOTYT HA3bIBAaTbCA KOHKPETHbIMMU
¢dnopamm. He gocTnraeT Ha3BaHHOIO YNC/IOBOIO
nopora iMiwb pasnnymne mexay NepeBonoKcKo-
YCUHCKMM 1 ANEeKCAaHAPOBCKMM PaMOHAMM,
npuyem pasHuua mexay [epeBonoKcKo-
YCUHCKMM 1 BUHHOBCKMM [0CTAaTOYHO BENMKA
(z = 0,35). Bugmmo, rpaHuLa NpoxoguT yepes
ANneKcaHApPOBCKUM  GNOPUCTUYECKUIA  PAMOH.
CnepoBsatenbHo, Ha Tepputopun Camapckon
Jlykn MmoXKHO HabnoaaTb WecTb PalioHOB, KO-
TOopble MOryT OblTb Ha3BaHbl KOHKPETHbIMMU
dnopamm.

Takum obpasom, Camapckana Jlyka no ¢no-
PUCTUYECKOM CTPYKType npeacTtaBnsetr cobown
o4yeHb HeogHopogHoe obpasoBaHue. Ha ee
TEPPUTOPUN TONBKO LWECTb (GAOPUCTUYECKUX
paioHOB MOTYT OblTb Ha3BaHbl KOHKPETHbIMM
¢nopamun. Cegbmoit GNOPUCTUYECKUIA PaNOH
— ANneKcaHApPOBCKMW — npeactaBndaetr cobow
«MNOTPAHUYHBIM» MO OTHOLUEHUIO K COCEAHUM C
HUM [1epeBONOKCKO-YCUHCKMM N BUHHOBCKMM
panoHam (CakcoHos, 2006). pynnbl cyxonyT-
HbIX M NPUOpPEXHO-BOAHbLIX PANOHOB MOKa-
3bIBAlOT mexay coboi 40CTaTOYHYK CTeneHb
pa3nnuma, 4yTobbl HA3bIBATLCA U30NATAMM, T. €.
«3KosIorMyeckmmm coobuiectsamm c bonee nnu
MeHee OTYET/IMBO BblpaXKEHHbIMW rPAHULLAMUN»
(Ynnkokc, 1983, c. 117).

lpasuno Bunauca

BonbWMHCTBO aBTOPOB NP aHaNM3e TaKco-
HOMMYECKOro pasHoobpasmAa onumparoTcsa Ha
npasusao (3aKoH) Busaauca, annpoKCUMUPYO-
lee B3aMMOCBA3b MEXAY YMCIOM TAKCOHOB
N Mx 06beEMOM paHroBbIM pacnpeseneHUem
(Willis, 1940; Maiip, 1971; YnucneHko, 1977; Ka-
¢aHos, CyxaHos, 1981; dunmnnos, 1984; No3a-
HAKoB, 2005 1 ap.). HanomHuMm, YTO paHrosoe
pacnpegeneHue npeacrasnaetr cobolt npeob-
pPa30BaHHbIA BEKTOP YMC/EHHOCTEN: Haubo-
Nee 06UNbHOM rpynne NpMcBanBaeTcs Nepsbli
HOMep, CneayroLer No YACAEHHOCTHM rpynne —
BTOPOM M TaK Aasiee A0 HaumeHee 06MIbHOM
rpynnbl, HOMepP KOTOPOM coBnagaeT ¢ obwmum
YMCNOM aHanAu3Mpyemblx rpynn. M3BecTHo,
4YTO WCTOPMYECKM PaAHroBble pacnpeneneHus
06bIYHO CBA3bIBAIOT C MMEHEM WTANIbAHCKUM

3KOHOMWUCTa M coumonora B. Mapeto ([Vilfredo
Pareto, 1848-1923]; 1. H. npuHyun lMapemo).
MpuHunn MapeTo rnacuT, 4to Hebonbluasa fonA
NPUYUH, BKNaAbIBAaeMbIX CPeACTB UK Npuaara-
€MbIX YCUNUI, OTBeYaeT 3a HonbLuyto J0NI0 pe-
3y/NbTATOB, NOJy4aeMOM NPOAYKLMU UK 3apa-
60TaHHOro BO3HarpaxaeHua. Yacto npuHuMn
MapeTo Ha3biBatoT npuHyunom 80/20 (nnn, uto
He npuHuMnuanbHo, 20/80). [elicTBUTENbHO,
20% accopTUMeHTa NpoAyKUUK AA0T 0ObIYHO
80% obuwero obbema npogaxk B AEHEKHOM
BbiparkeHnn; 20% npecTynHMKOB COBEpLUALOT
80% npectynneHnin; 80% BCeX NOXKHbIX TPEBOT
npu cpabaTbiBaHNMN NPOTUBOYTOHHOM CUrHANU-
3aumu Bbi3biBaeTca 20% BO3MOXHbIX NPUYNH
nT. a. NpuHumn 80/20 roBOPUT O TOM, YTO €C/n
Mbl M3y4MM W NpoaHanusupyem gsa Habopa
AAHHbIX, OTHOCALLMXCA K NPUYMHAM U pe3ynb-
TaTtam, TO, CKOpee BCEero mMbl NOAYYUM KapTUHY
HecbanaHCMpPOBaHHOCTU. YMcNeHHO 3TOT Auc-
6anaHc moreT coctaBnatb 65/36, 70/30, 95/5
AN NPUHUMATb Nt0bble aApyrue 3HavyeHua. Mpu
3TOM CyMMa ABYX 4Yncen B Nogo6HbIX COOTHO-
LWeHnaxX He o0b6sa3aTenbHO A0/IKHA ObITb paBHa
100.

LLnpoKyto M3BecTHOCTb Npuobpen YacTHbIM
cnyyan pacnpegeneHusa lapeto, M3y4YeHHbIN
B 1949 r. npodeccopom lapBapACKOro YHMU-
Bepcuteta Axk.K. Unndom [George Kingsley
Zipf, 1902-1950], KoTOpbIA NOKa3an, 4Yto ecnu
B3ATb AOCTAaTOYHO AJIMHHbIA TEKCT UAKN Tpynny
TEeKCToB (Hanpumep, Bce nbecbl Llekcnupa),
TO pacnpegesieHne C/I0B B HEM MO YacToTe UX
BCTPEYAEMOCTU TaKKe NOAYMHAETCA pacnpese-
neHuto MNapeTo.

PacnpeneneHune lNapeTo, paBHO KaK U ynomu-
Haemble B nMTepaType U oTan4yarolmnecs geta-
namu pacnpegenenuna Unnda, Uunda-MNapeto
n Uunda-Napeto-MaHgenbbpoTa, AOCTAaTOYHO
NPOCTO OMMUCbIBAaeTCA MaTemMaTU4ecKu. TaKk Kak
B [ABOMHbIX NIOrapudmMMYEcKMX KOoopAMHaATaxX
OHO npeacTaBaseT coboi npaAmyto, To, Hanpu-
Mmep, oA Mmoaenwn pacnpegeneHua boratcTea
cpean HaceneHuAa OTAENbHOM CTPaHbI, ypaBHe-
HME MOKHO 3anuncaTtb B ceaytouen dopme

InM(i)=a-bxIni,

roe [ — paHr couuansHol rpynnbl; M(i) —
dMHAHCOBbIE pecypcbl, HaxoaAawMmecAa B pac-
NOPSXKEHUM 3TOM rpynnbl; @ U b — KOHCTAHTHI.
MoTeHuMpys 3TO BblparkeHne, Noay4YnMm ypas-
HeHue

M(i)=Axi?.

BennunHa A B 3TOM ypaBHEHMWU eCTb A0NA
6oraTcTBa, HaXo4ALWErocA B PACNOPANKEHUM
nepBOM NO paHry rpynnbl. BennumHa b—TaHreHc
Yr1a HaKZI0Ha NPAMON —XapaKTePU3YeT CTENEHD
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HepaBeHCTBa pacnpegeneHua boratcte. [pwm
b = e — npaKTU4YeCKn BCe HALMOHA/IbHOE A0-
CTOAHME HaxO4MTCA B PaCnoOpsAXKeHUU NepBoi
no paury rpynnel. Echm b - 0, 1o 6oratcTBo
NPUMEPHO MOPOBHY pacnpeseneHo MexKay
BCEMW COLMaNbHbIMK rpynnamu. B skonormm
paHroBble pacnpefeneHua noh HasBaHMEM
«KpuBble JOMUHUPOBAHMA-Pa3HOObpasma» no
06MANI0 TOrO NN MHOTO BUAA XapaKTepusyoT
ero yCnewHoCTb B KOHKYPEHUUU C APYrMMM
BMAAMM 33 UMEILMIACA B SKOCUCTEME OTrPaHU-
YyeHHbIN pecypc (Motomura, 1932; MacArthur,
1960; Pabko u gp., 1978; depopos, 1978).
TeopeTnyeckne mopgenu, onucbiBatowme 3a-
BMCMMOCTb MEXKAY YNCIOM BUAOB U pasmepom
coobuiectBa, TakXKe ABNAKTCA 04HOMN M3 popm
npeacTaBNeHUA BUAOBOM CTPYKTYpbl cooblue-
ctBa. A.MN. JleBnyem (1980) 6bina nokasaHa k-
BMBAJIEHTHOCTb BCEX 3TUX TMNOB OMNUCAHUA BU-
A0BOWN CTPYKTYpbl, CGOpPMYyANPOBAHO NpPaBMIO
3KO/IOrMYEeCcKoM HeaaauTUBHOCTM U paspabo-
TaH cnocob nepeBoga PaHroBbIx pacnpegene-
HWI B 3aBMCMMOCTU YMCNa BUA0B B coobuiecTse
OT YMCNa OPraHNU3MOB, Ha3BaHHble QYHKLUAMM

3K0/IOMMYECKOM HeaAANTUBHOCTW.

B KOHTEKCTE TaKCOHOMMUYECKOTO pa3Hoobpa-
31A NpaBmao Bunnmca cBa3biBaeT YNCNO TAKCO-
HOB N MX 06BbEM, Hanpumep HebobLloe YUCIOo
poaoB, npeacTtaBaeHo 604bWMM YMUCOM BU-
[0B, TOrAa Kak 60/1bLUIMHCTBO POAOB BKAKYAOT
oanH-aBa suaa (Willis, 1940; YucneHko, 1977
KadaHos, CyxaHos, 1981 u ap.). Mpasuno Bun-
Nnca, B 6ONbWIMHCTBE C/lyYaeB, CnpaBea/IMBo
ANA TAKMX TAaKCOHOMMYECKMX KaTeropun, Kak
BMAbI, poAbl, OTPAAbI (MOPAAKK), TOrAa Kak Ana
KNaccoB, TUNOB M LAPCTB, B CUAY MX MaANoYMC-
NeHHOCTU, NogobHble 3aBUCUMOCTU ABAAOTCA
CTaTUCTUYECKM HEKOPPEKTHbIMU. B KauvecTBe
npumepa NpMBeaem 3aBUCUMOCTb «4YUCAO PO-
0B — YMCNO BMAOB» B bunorapupmmnyeckmx
KoopAauHaTax (puc. 6) ns pabotbl Willis (1940).
B HaTypanbHbIX KOOpAMHATax rpaduryeckas 3a-
BMCUMOCTb MEXKAY YNCOM TaKCOHOB U UX 06b-
eMOM M306parkaeTca T.H. «BOrHYTOM KPWBOW
CUCTEMATUKOB», T.e. «pacnpegeneHvem Ma-
peto unu Unnda», cCMHOHMMOM KoTopbiM MaH-
nenbbpot (2002) cuntaeT TEPMUH «aCMMMTOTU-
yecku runepbosinyeckoe pacnpegeneHme.

."'\},_,

F;
by Mg

Puc. 6. Yucno popos N_ B 3aBUCMMOCTH OT coaepKaLimxcs B Hux sugos N, (no: [Willis, 1940]):
a — cemeicTBO MapeHoBbIx (Rubiaceae); 6 — cemeiicTso anctoepos (Chrysomelidae); ocb abcumce — Ig N, ocb
opauHat — Ig N_ (umT. no: [KadpaHos, CyxaHos, 1981]).
Fig.6. The number of taxa NG depending on contained species NS ( by Willis, 1940): a - madder family
(Rubiaceae); b - chrysomelid beetles (Chrysomelidae). X-axis - Lg NS, Y-axis - Ig NG (quoted after Kofanov,
Sukhanov, 1981)

OTHOWeEHMe cneumanucToB K npasuny Bun-
/IMca KonebneTtcs oT KaTeropuyeckoro oTpuua-
HuA (KadaHos, CyxaHoB, 1981) ao caepskaH-
HOro ONTUMM3MA C 3N1eMeHTamuM GpaKTanbHOM
¢paszeonornn (MosgHskos, 2005). Paccmo-

TPUM 3TU KpPamHME TOYKU 3peHns NoapobHen.
Kputuka npasuna Bunnuca (KadaHos, Cyxa-
HoB, 1981, c. 349) cBoAUTCA K OTPULAHUIO €rO
61MoNOrM4eckoro CMbicna, aBTOPbl MONAratoT:
«TOT QaKT, YTO pe3ynbTaTbl TAKCOHOMUYECKUX
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NccnefoBaHU  yYAOBAETBOPUTE/IbHO  OMUCHI-
BalOTCA 3aKoHOM Llunda, cBMAeTenbCTBYIOT,
No Halemy MHEHWIO, YTO 06bem HaZBUAOBbIX
TAKCOHOB NaBHbIM obpa3om onpegenserca
coobpaxkeHnamm yaobctea». K Takomy BbiBoay
aBTOpPbl NPUXOAAT, OTTA/IKMBAACH OT OCHOBHOWM
TEeopeTMYECKON NpeanoCbIIKK B cBOeN paboTe:
«YYUTbIBAA TAKCOHOMMYECKYHO U MHPOpMaLM-
OHHYIO PaBHOLLEHHOCTb BWAOB OAHOIO PoOAa,
KONM4ecTBo MHPOpMaLmMn h, coaepkalenca
B AAHHOM poje, C TOYHOCTbIO A0 /SIMHENHbIX
npeobpasoBaHM MoOXKeT bbITb annNpPOKCUMMU-
poBaHO ¢opmynoi XapTam (YaCTHbIN cayyan
ypaBHeHUA LLleHHOHa):

h =InN,

roe N —4ymncno BMAOB B poae».

JencreutenbHo, aHmponus Xapmnau 3agaet
MaKCMMabHO BO3MOXKHYIO HeonpeaeneHHOCTb
B cucteme u3 N Adveek ana AByxbyKBeHHOro
andasuta paBHyto N 6UT npu paBHOW BEPOAT-
HoCTU (p = const) nx noasnenuns. OgHaKo, ecnu
BEPOATHOCTU NOABNAEHUA CMMBOJIOB B COODLLE-
HWe He PAaBHOBEPOSATHbLI, TO A/A BblYMUCNEHMUA
cpegHelt HeonpeaeneHHoCTU UCNOJb3yeTcs
UHGOPpMAyUOHHAA 3Hmponus LlleHHoHa. Bpsapg,
M MOXHO cornacutbcs ¢ mHeHnem KadaHoBa
n CyxaHOBa, YTO B «KHUre MPUPOAbI» YacToTa
BCTPEYAaEeMOCTM CMMBOJIOB — KBUA0B» — PaBHO-
BepoAaTHa. CnepoBaTenbHO, OCHOBHOW BbIBOA,
aBTOpOB O cybbeKTMBM3IME B 0HOCHOBaHMM
06bemoB HaaBMAOBbIX TaKCOHOB, HasmpyeTca
Ha HEKOPPEKTHOM UCXOLAHOM NOCbIJIKE.

Be3ycnoBHo, 6onee NnepcnekTUBHbIM U NPO-
OYKTUBHbIM ABNAETCA BbiCKa3zaHHoOe A.A. lo3a-
HAKoBbIM (2005) npeanonoxkeHue o ppaKkTanb-
HocTn EcmecmeeHHoU cucmemMbl, NOHUMaeMomn
Kak ynopsagovyeHHaa COBOKYMHOCTb TAaKCOHOB.
EcTecTBeHHana cucTtema, MO MHEHWIO aBTOpa,
N npeactasnaetr cobon Guonormyeckoe pas-
Hoobpasune, U C 3TUM TPYAHO HEe COrnacuUTbCA.
K coaneHuto, NonbiTKa aBTopa NoaBeCcTU Noj
BbICKA3aHHbIA Te3MC HEeKOTopoe TeopeTuye-
ckoe obocHOBaHMe nNpeacTaBnAeTCA Heyaau-
HoM. [leno pake He B OTCYTCTBME MaTemaTuye-
cKoro 6asuca, a, CKopee, B IKIEKTUYHOCTM pac-
CYXXAEHWN O TONONOTMYECKUX U PpPaKTaNbHbIX
pa3mepHOCTAX.

Ocobo cnegyer OCTaHOBUTLCA Ha pabote
(O MysaueHkKo, A. lNy3aueHKo, 1996), B KoTopoW
aBTOPbI, NO-BMANMOMY, NEPBbIMM B OTEYECTBEH-
HOM nuTepaType akLuEHTUPOBAIN BHUMAHME Ha
acrneKkTax camonogobuma B KOHTEKCTe BMopasHo-
06pasua Ha NpMmepe TaKCOHOMUYECKOM CTPYK-
Typbl Knaccos Aves u Mammalia. K coxkaneHnuto,
3Ty NONbITKY YAQYHOM HA3BaTb HeNb3A B CUAY
cnefyowmx NpuYnH. Bo-nepebix, HEMOHATHO,

Ha 6a3e KaKux My/lbTUPPAKTA/IbHbIX MHOXECTB
aBTOPbl PA3BMBAIOT AEK/IAPUPOBAHHBLIA MMM
«MKOHOrpaduyecknin» nopxos. CemaHTMKa —
3TO M3y4YeHWNe CMbIC/A U 3HAYEHUA KOHCTPYKLUMIA
$opmanm3oBaHHOro A3blka Teopun. na Toro
4yTOObI FTOBOPUTE O MYNLTUDPAKTANBHOCTU UK
X0TA 6bl camonoaobunn KOHCTPYKUNA bopmanu-
30BaHHOTO A3blKa, HEOBXOANUMO, KaK MUHUMYM,
BBECTU COOTBETCTBYIOLLYIO METPUKY. ABTOpbI,
04HaKo, NpegnaratoT yutatensm Aunwb MHop-
MaLMOHHYI0 Mepy, BOObLLLe roBOpSA, Aa/IEKYIO OT
CeMaHTUKW. [anee, OTOXKAECTBNAS B npeaene
pOCTa YMCNa HEe3aBMCUMMbIX peanv3aunin aga
Pa3NINYHbIX MOAXOAA K WM3YYEHUID CEMAHTUKM
6uopasHoobpasma — TEepPMOCTATUCTUYECKUN
(BONIbHbIV ABTOPCKMI CUMBNO3 NOHATUIA TEPMO-
ANHAMMYECKUIA U CTAaTUCTUYECKUIA) U MKOHOTpa-
burYeCcKnn, aBTOPbI AOMYCKAIOT CyLLECTBEHHYHO
owmnbKy. [leno B Tom, YTO ppaKTanbHble CTPYK-
TYpbl NPUHUMNUANBHO HE ABAAIOTCA U HE MOTyT
ABNATLCA COCTOAHMAMU TEPMOAUHAMMYECKOTO
paBHOBECUs paccMmaTpmBaemMblx cuctem. OHwM
ABNAIOTCA CNEACTBMEM C/IOXKHENLWen HeNnHen-
HOM AMHAMMUKM OTKPbITbIX CUCTEM, TAe Mea-
NEHHO M3MEHAIOWAACA BHELLHAA 3HepreTu-
YecKaa HaKayKa ypaBHOBELIEHA MpoLeccamu
ObICTPOM BHYTPEHHEN AMCCMNaALMN.

B paccmatpmBaemom nnaHe ropasgo bonee
NPoABUHYTbIMKU ABAAIOTCA paboTbl (Burlando,
1990, 1993), KoTopble, BUAUMO, BblIN He3Ha-
Kombl A.A. Mo3gHAakosy. b. Bypnanao (Burlando,
1990) nsyuan paHrosble pacnpeaenenua 44 cnu-
CKOB BMZ0B, BK/IOYAIOLWMX CneayroLime rpynnbl
OpPraHM3mMOoB: MUKPOOPraHM3Mbl, rpmnbbl, pacte-
HUA, HaceKkomble, pbibbl, amdunbumn, pentuamm,
nTULUbl, MaekonuTatowme. Kak n Tpebyert npa-
BMNO Bunnuca, pacnpegeneHva umenu rmnep-
6onmnyecKknin BUA, B HaTypasibHbIX KOOPAMHATAX U
JIMHEMHbIN XapaKTep C OTPULLATE/IbHbIMM HAaKNO-
Hamu B Bunorapmdmmyeckmx KoopauHatax. OH
nonaraeT, YTO 3HAYEeHUA HAaKIOHOB (MO MoAyAto)
COOTBETCTBYIOT PpaKTanbHOM pasmepHoctn D
TAaKCOHOMMYECKUX TPynn, Npu 3TOM, 3HAYeHUe
Pa3MepPHOCTU ABNAETCA XapaKTepHbIM AN pas-
HbIX TAKCOHOMMYECKMX rpynn (M rpynn pasHoro
CUCTEMATMYECKOro ypoBHsA). Tak, 3HaueHue pas-
mepHocT D 6onblie Ana MOPCKUX OpraHms-
MOB MO CPaBHEHMUIO C Ha3eMHbIMU. 18 No3BO-
HOYHbIX 3Ha4yeHne D Bbiwe, yem gnsa 6ecnosso-
HOYHbIX. Mpn 3TOM ANnA MopcKkux poi6 D > 2, B
TO Bpems KaK NTULLbl U MJIEKOMUTAOLWME UMEIOT
3HauyeHua D =1,66-1,67. HakoHeLl, y ampumbuit
N PenTUANN OTMeYEHbI CaMble HU3KME 3HaYeHuUA
¢dpaKTanbHoM pasmepHoctn D. lMpu obeyxae-
HUW 3TUX PE3yNbTaTOB BMOJIHE YMECTHO npuBe-
CTW TOUKY 3peHua MaHaenbbporta (2002, c. 475)
OTHOCUTENbHO aCMMMNTOTUYECKU runepbonu-

22



PoseHb6epr . C. ®paKTasibHble METOAbl aHan3a CTPYKTYpbl coobuiects // MpuHumnbl skonorun. 2018. Ne 4. C. 4—-43.

YeCcKMX pacnpeneneHuin: «aaHHble, KOTOPbIMU
HaM NpPUXOAMTCA ONepupoBaTb, NPEACTABAAIOT
cobolt Becbma pasHOPOAHY cmecb. [oaTomy
pacnpeaeneHune faHHbIX ABNAETCA pe3y1bTaToM
COBMECTHOrO AeicTeusa 6a3oBoro GMKCMpoBaH-
HOro "MCTUHHOro pacnpeneneHns" 1 B BbiCLLEN
CcTeneHu nsmeH4YMBoro "eunbrpa... 4 oTmeyato,
4YTO aACMMNTOTUYECKM runepbonnyeckme pac-
npegeneHma ¢ D < 2 o4yeHb "Kpenku" B aTom
CMbIC/ie, T. €. MHOTMe camble pasHoobpasHble
OUNBTPbI NPAKTUYECKM HE U3MEHSIOT MX aCUM-
nToTMyeckoro nosegeHuns. C Apyron CTOPOHbI,
noYTK BCE NPOYMe pacnpeseneHna TakMm CBOM-
CTBOM He obnapatot. CheposatensbHo, runepbo-
IMYECKoe WCTUHHOE pacnpeseneHue MOMCHO
Habnopatb Bcerga: BCEBO3MOXKHble Habopbl
MCKaXKeHHbIX AaHHbIX MpeanonaratoT O4HO WM
TO ’Ke pacnpegeneHne C OAMHAKOBbIM MOKa-
3atenem D. [lpu nonbiTKe NPUMEHUTbL TOT e
noAaxoz K 60NbLIMHCTBY APYrvX pacnpeseneHni
Mbl MOAYYMM '"XaoTU4YecKM" HecoBMeCTUMbIe
pe3ynbTatbl». MHbIMU CNOBAaMMU, MPAKTUYECKON
aNbTepPHATUBOM aCMMNTOTUYECKK rMnepbonnye-
CKOMY pacnpefeneHuio SIBAAETCA He KaKoe-To
Apyroe pacnpegeneHue, HO «Xxaoc». Takum
06pa3om, 3HadeHna D < 2 saBnsetcsa Bepudu-
Kaunen UCTUHHOCTU runepbonmyeckon popmbl
PaHroBOro pacnpezeneHna TaKCOHOMUYECKOTro
pa3Hoobpasus.

Kpome TOro, no mHeHuto bypnaHao, 3Haye-
Hue D Ans pasHbIX TAKCOHOMMYECKMX KaTero-

PUIA MOKET CNYXKUTb OTPAXKEHUEM WX IBONIO-
umm. Tak BbICOKOE 3HaYeHune pasmepHocTm D > 2
AN MOPCKUX Pblb MOXHO OOBACHUTL PE3KUM
yBE/IMYEHMEM UX TaKCOHOMMUYECKOro PasHOo-
6pasua B KallHo30e. Y TeTpanog 6onee HU3KKUe
3HayeHna D pana amdpubuin n pentnaunii, no
CPaBHEHMIO C NTULAMU U MNEKOMUTAIOLLMMMU,
06BACHATCA PasHbIMM MNYTAMU aAanTUBHOM
pagMaymMn 3TUX rpynn B MNOCT-Me3030MCKUM
nepuoga,

HecomHeHHbIN MHTepecC NpeacTaBaseT Npu-
MeHeHWe ¢paKTaNbHOro noaxoda K aHanausy
3BOJIIOUMOHHbIX npoueccoB. TaKk, bypnaHao
(Burlando, 1993) npu aHanuMse TaKCOHOMUM
MCKOMNAEMbIX OCTaTKOB, (UIOTEHETUYECKNX
CUCTEMATUK U CPaABHEHWM PaA3HbIX YPOBHEM
TAKCOHOMMYECKOWN Mepapxmm oBHapyKua, 4To
YacTOTHOe pacnpeneneHne cybTakCoOHOB B TaK-
COHax, onucbiBaeTca rMnepbonYecKoln Kpu-
BOM, TEM CaMbIM, NOATBEPKAAA PpPaKTaNbHYIO
Mmogensb.

PaccmoTpum pesynbTaTbl NPUMEHEHUS Npa-
BM/a Bunnmca K aHanusy TaKCOHOMMYECKOTO
pa3Hoobpasma paopbl Camapckom JIyKu, BKAtO-
yatowen 1302 BMAa COCYAUCTbIX PACTEHWA,
npuHagnexkawmx K 505 pogam (tabn. 2). B gan-
HOM Cny4yae peydb NMaeT 06 3KCTEHCMOHA/IbHOM
(Buck, Hull, 1966) onpeaeneHnn TakcoHa poao-
BOrO pPaHra, T. €. SMNUPUYECKOM onpeaeneHnn
obbema TakCoHa NyTem yKasaHus (nepedncne-
HUA) coaeprKalmxca B Hem Buaos (Tabn. 3).

Tabnuvua 2. Yncno posos v BUAOB COCYAMUCTbIX PACTEHUI B 31eMeHTapHbIX GAOPUCTUYECKUX parioHax Ca-
MapCcKol JIyKku

dnemeHTapHbIN
dnopuctuyeckuin panoH

Yucno popos

Yucno supos

Murynesckuii () 366 815
BuHHOBCKMI (BUH) 357 778
AneKkcaHapoBsckuit (AJ1E) 358 744
MepeBonokcko-YcuHckui (MEY) 323 654
LWenexmeTckuii (LLEN) 240 460
PosxkgectBeHckuii (POX) 355 731
Bonkckuit (BON) 276 531
Camapckas Jlyka B Lesiom 505 1302

Tabanua 3. KonnyecTBeHHble COOTHOLLIEHNA TAKCOHOMMUYECKMX KaTeropuin BUAOBOrO M POAOBOro paHros
COCYAMUCTbIX pacTeHuit Camapckoit Jlyku

Kateropuu Yucno TakcoHoB
Popg 1 1 1 1 3 3 2 4 4 3 9 9 8 14 34 43 98 267
Bupg 41 19 17 16 15 14 13 12 10 9 8 7 6 5 4 3 2 1

23



PoseHb6epr . C. ®paKTanbHble METOAbl aHan3a CTPYKTYpbl coobuiects // MpuHumnbl skonorun. 2018. Ne 4. C. 4—-43

Ona ¢onopbl Camapckon JIlyku 3aBUCUMOCTb
MeXKAYy YMCAOM TAKCOHOB M UX 0bbemom
YAOBNETBOPUTENIbHO  OMUCbIBAETCA  CTeneH-
HOM ¢yHKUMeNn, rpadmK KOTOpoM MMeeT BUA,
«BOFHYTOM KPMBOW CUCTEMATUKOB» B 0ObIYHbIX
n bunorapndmmyecknx koopamHatax (puc. 7),
noATBEP)KAAA CNpaBeA/IMBOCTb Npasuna Bun-
nuca (cp. ¢ puc. 6). 3ameTtum, uto GopmanbHO
yKa3aHHble Bblle 3aBMCMMOCTM He ABNAIOTCA
PaHroBbIMW pacnpeneneHnaMn B KaHOHUYe-

CKOM BMZe, MOCKOJIbKY MO ocu abcumcc otio-
YKEHbl HE PaHrK1, a YMCNO0 BMAOB, BXOAALLMX B
TOT MW MHOW pog,. [1nAa NOCTPOEHUA PaHrOBbIX
3aBMCUMMOCTEN Npeobpasyem AaHHble Tabn. 3
TakMm o0bpasom, 4To Hanbonee ob6UNbHbLIN poa,
Carex, coctoAawmi ns 41 smuaa, nony4yaert nep-
BbI paHr U T. 4. (Tabn. 4). NonyyeHHble paHro-
Bble pacnpeaeneHus B HaTypanbHbIX U NOAYNO-
rapMPpmmnyecKkmx KoopgmHaTax TakKe He NPoTU-
BOpeuyaT npasuay Bunnuca (puc. 8).

Tabnuua 4. PaHrosoe pacnpegenexune 4mcna pogos (N ) cocyamnctbix pacteHuni
Camapckol JIyKu No Yyncay BXoAALMX B HUX BUAOB (Ns)

Homep paHra
poaa

1 2 3 4 5 6 7

8 9

10 11 12 13 14 15 16 17 18

N

S

41 19 17 16 15 14 13 12 10 9 8 7 6 5 4 3 2 1

He BpaBascb B noapobHocTn buonoruye-
CKOW copep’KaTeNbHOCTM PaHroBbIX pacnpese-
NIEHUW, PACCMOTPEHHbIX paHee pPasHbIMM aB-
TOpPamMu, OTMETUM, YTO, HECMOTPA Ha LIMPOKOe
NPUMeHeHWe, METOZ PaHroBbIX pacnpegene-
HWIA JOCTAaTOMHO YA3BMM C TOYKM 3pEHMA CTa-
TUCTMYECKOM obocHoBaHHOCTU. H. I. bynrakos
¢ coaBTopamu (2003) Becbma NoApobHO aHa-
nm3unpyeT pro et contra npymeHeHMA paHroBbIX
pacnpegeneHunit B X KAHOHMYECKOM BUAE.

OCHOBHble 3aMeYaHns U NPeTeH3nn CBOAAT-
cA K cneayrowemy. Ha Kakom OCHOBaHWUM nep-
Bblii pPaHr npunucbiBaeTcs Hanbonee obunb-
HoM rpynne? bonee ecTecTBEHHbIM ABUAOCH
6bl paHXKMpPOBATb TPynMbl MO BO3PACTAHUIO
nx obUNKNA, KaK 3TO NPUHATO NPU NOCTPOEHUMN
PaHroBbIX CTAaTUCTMK. Kpome TOro, MocKo/b-
Ky paHrM oTKAagbiBatoT no ocu abcuucc, To B
CMAly YCTOMYMBOM MaTeEMaTUYECKOM TpaauLLmnm
3TO 03HAYAEeT, YTO PaHr PacCMATPUBAETCA KaK
He3aBMCUMMaA NnepeMeHHasn, a obuaune cootset-
CTBYHOLLEN rpynmnbl — KaK 3aBMCMMAs NepemeH-
Haa. O4HaKo 04eBMAHO, YTO paHr onpeaenset-
CA CaMMM uccnepoBaTenem B 3aBUCUMOCTM OT
obunua rpynnbl. HakoHel, bonee cepbesHble
NpeTeH3nn MoryT 6bITb NpeabABAEHbI K NPaBo-
MEPHOCTU MPUMEHEHUA PErpecCMOHHOr0 aHa-
133 ANA NONYYEHUA YPAaBHEHUA CBA3U MeEXAY
obunnem rpynnel u ero paHrom. OgHo U3 Tpe-
60BaHM K nepemeHHbIM, NpeayCMOTPeHHOoe
Teopuen perpeccMoHHOro aHanau3a, 3akao-
YyaeTcA B TOM, YTO HeE3aBMCMMaAA NepemeHHas
AO/IKHA ObITb AeTePMMHUPOBAHHOW U Henpe-
PbIBHOM BEAMYMHOM, YTO He BbINONHAETCA ANA
ANCKPETHbIX paHroB. K coXKaneHuto, Henb3a He
COrNacuTbCA C BbIBOAOM aBTOPOB, YTO B Noaa-
BAAtOLLEM BONBLUMHCTBE Cy4YaeB NPUMEHeHMUA

PEerpeccMoOHHOro aHanM3a K aKCNepumMeHTalb-
HbIM [A3aHHbIM 3KO/IOrMYECKMX MCCNenoBaHUiM
TeopeTuyeckme TpeboBaHUA K NEPEMEHHDBIM He
BbliNoNHAOTCA. [loaBoAA UTOr KPUTUYECKOMY
aHaNu3y paHrosbix pacnpeaeneHmin (bynrakos
n gp., 2003, c. 168), aBTOpPbI NOAYEPKUBALOT,
YTO «paHroBble pacnpeaeneHns B UX TpaanLum-
OHHOM dopme ABAAKTCA, NO CYyTU, OBbIYHbIMMU
AIMNUPUYECKMMN QYHKUMAMKN pacnpeseneHus,
TONbKO MOCTPOEHHbIMM, TaK CKasaTb, '3a40M
Hanepeg'"».

PaHrosbie pacnpeneneHusa n «BOrHyTbie Kpu-
Bble CUCTEMATUKOB» QUKCUPYIOT NINLLIb «CTaTU-
YeCKMM TaKCOHOMWYECKUI NMOPTPET» coobLuie-
CTBa M He JaloT OTBETA Ha BOMPOC: KaK byaget
N3MEHATbCS YNCNO POAOB MO MEpe TOro, Kak
B coobuiecTBe byayT HaxoauTbcs (BCTpevaTb-
cs) HoBble BMAbI? HanomMHUM, 4TO B pamKax
3KCTEHCMOHA/IbHOM XapPaKTEPUCTUKMU TAKCOHa,
ero o6bem aKTMYECKM orpaHMYMBaAETCA NULLb
TEMW BUAAMMU, KOTOPbIE PeanbHO U3BECTHbI CU-
ctematuky (WaTtankuH, 1995). B Toxke Bpems,
BblACHEHME 3aKOHOMEPHOCTU, KOTOPOM noa-
YMHAETCA POCT YMUCNa POAO0B NPU YBEUYEHUN
4yucna BUAOB, T.e. «KANHAMUYECKMN TAKCOHOMMU-
YEeCKUIM NOPTPET» MOMKET OKa3aTbCA NONE3HbIM
npu aHanu3e CTPYKTYPHO-OYHKUMOHANbHOMN
opraHmsauum coobuiectsa, B TOM 4YuC/ie U B
NMPOrHOCTUYECKOM M/aHe.

CnncoKk nybnamMkauum K HacToALleM cTaTbe
OAHO3HAYHO CBMAETE/NIbCTBYET O TOM, YTO NpwU-
3HaHMe ¢paKTaNbHON OpraHM3auMm BUAOBOM
CTPYKTYPbl BUOTHUYECKOrO COOOLLECTBA, MOXKHO
cuntaTb ceepwmsBwmMmca daktom (lfenawsunnu
n ap., 20078, 20088, 2009a, 20106, 20133,6;
AkumoB u ap., 20146, Yakimov et al., 2014
n ap.). C dp13mMyecKon TOYKM 3peHuna 3To BMON-
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Puc. 7. 3aBucumoctb uncna pogos (N, ) cocyamcTbix pacTeHnit CamapcKoii JIyKn OT uncna coaepalumxca
HUx B1AoB (N,) B HaTypasbHbiX (a) n bunorapudmmyeckux (6)
KoopAuHaTax.
Fig.7. Dependence of taxa number (N _) of vascular plants of Samarskaya Luka on the number of
contained species (N ) in natural (a) and log-log (b) coordinates
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Puc. 8. PaHrosoe pacnpeaenexue uncna pogos (N,) cocyamctbix pactennii Camapckoii Jlyku B 3aBUCUMOCTM OT uncsia
copepaimnxca B HAX Buaos (N,) B HaTypanbHbix (a) u nonynorapudmuyeckux (6) koopamHatax (i — Homep paHra)

Fig. 8. Rank distribution of taxa number (N_) of vascular plants of Samarskaya Luka depending on the number of
contained species (N) in natural (a) and semilogarithmic (b) coordinates ( i - rank number)
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He eCcTeCTBEHHO, MOCKOJIbKY CU/IbHO HEepPaBHO-
BECHble CUCTEMbI, TaK U UM MHAYe CBA3AHHbIE
NepeHOCOM MHTEHCMBHbIX MOTOKOB BELLECTBA,
sHeprun, 3apaga o061a4aloT MMMaHEHTHOM
CTPYKTYPHOM YHMBEPCANbHOCTbIO U ABAAOTCA
¢pakTanamn. MOTOKM 3HEpPruM M BeLLecTBa,
npoxoasime yepes OTKPbITbie cucTembl, obe-
CrneymBaloT BO3HUKHOBEHWE B HUX 3PPEKTOB
camoopraHmsaumm — obpas3oBaHNA MaKPOCKO-
NMUYECKUX AUCCUMATUBHbBIX CTPYKTYP. ITU CTPYK-
TYPbl O4EHb YACTO AEMOHCTPMPYIOT B LUMPOKOM
AnanasoHe napameTpoB MPOCMPAHCMEBEHHO-
8pemeHHOoU CcKelsiuH2 — CBOMCTBO CamMOMOAO0-
61A MM macwTabHOM MHBAPMAHTHOCTU — OAMH
13 GyHAAMEHTaNbHbIX BUAOB CUMMETPUIA Pu-
3MYEeCKOro mMmupa, urpatowmx ¢opmoobpasyto-
Wyt ponb BO BceneHHon. MpocTpaHCTBEHHO-
BPEMEHHOM CKEMIMHT XapaKTepusyeTcs CUb-
HbIMMW, CNAAAlOWMMN NO CTENEHHOMY 3aKOHY,
Koppenaumamm, KoTopble TUNUYHbI A1A KPUTU-
YeCcKnx siBNeHni. Mo3ToMy KauyecTBEHHO ANHaA-
MWKa NOAOOHbIX CMCTEM MPOU3BOAUT BreyaT-
JleHMe CaMOOpPraHM30BaHHOIO U CaMOHaCTpau-
BAIOLLErocA KPUTUYECKOro pexkmma. fAsneHun
Takoro poga 6binn obbeanHeHbl HeJABHO 06-
WMM HaMMeHOBaHMEM CUCTEM C CaMOOpPraHu-
30BaHHOM KpuTu4yHocTbio (self-organized criti-
cality; Bak et al., 1988). CamoopraHnsoBaHHas
KPUTUYHOCTb coeauHsAeT B cebe aBa Hanpas-
NIeHMA coBpeMeHHON GpU3NYeCcKon napaaurmol
— CaMOOPraHU3aLUMNIO N KPUTUYECKME ABNEHUA,
M aKTyanuM3mMpyeT HOBbIM MOAXOA K aHanusy
CNOXHOIo NOBEeAEHUA HENMHEMHbIX pacnpeae-
NNIEeHHbIX CUCTEM. ITOT HOBbIN NOAXOA CBA3bIBA-
eT OMHAMUKY KPUTUYECKUX GAYKTyauui ¢ no-
ABneHnem ¢paKkTanoB B KOHPUrypaLMOHHOM
NPOCTPAHCTBE HENIMHENHOW pacnpeneneHHon
CUCTEMbI NPU KMHETUYEeCKoM Gpa3oBoM nepexo-
Ae. Bce 3To B NoNHOM mepe oTHOCUTCA K Buo-
aKonormnyeckum cuctemam (Uyamu, 2006). bo-
Nee Toro, MOCTaHOBKa BOMpoca 0 GppaKTanbHOM
CTPYKTYype buoTnyeckoro coobuiectsa ABnAeT-
CA BNOMIHE /IOTMYHOM M B KOHTEKCTE AMCKYCCUM
0 BM0BOM HacblleHun coobuecTs (dxunnep,
1988; buroH u ap., 1989 ap.). UmeHHo cTenen-
HOM 3aKOH, He npeanoaararLWwmnii HacblWeHun
OYHKUMKM  f(X), y4YMTbIBAET BKNAL PEOKUX BU-
0B, UM BUAOB C K€AMHUYHOM YUCIEHHOCTbIO»
(Rozenzweig, 1975), He NPOTUBOPEYUNT «NPaBU-
Ny 3KOJIOFMYECKOW HeaaauTUBHOCTUY (/leBumu,
1980) un, HakoHeL, AaeT BO3MOMKHOCTb Npume-
HUTb PpPaKTaNnbHbIM GOPMANN3M ANA XapaKTe-
PUCTUKM BULOBOM CTPYKTYpPbl coobLLecTBa.

Mbl nonaraem, 4TO BbiwenpuBeaeHHasA
TOYKA 3peHuA OTHOCUTeNbHO QpaKTaNbHOM
npupoabl BMAOBOro pasHoobpasuns buotuye-
CKOro coobuiectsa B NOJIHOM Mepe OTHOCUT-

CA MU K «TAaKCOHOMMYECKOMY pPa3HOObpasutoy,
MOCKO/MIbKY MOC/NeAHee AO/KHO peasibHO OT-
paxkaTb MPUPOLHYIO CTPYKTYPHYK Mepapxuio
H6MONOrMYECKMX CUCTEM PA3HOro paHra, T. e.
y)Ke ynomuHaslytoca EcTecTBeHHyt cucre-
my (Mo3aHsakos, 2005). OgHako, B oTAnMyKMe oT
Mo3saHsakoBa (2005), onupatoweroca npu obo-
CHOBaHUM EcTecTBEHHOWM CUCTEMbBI KaK PpaKTa-
Nla Ha CTPYKTypHOe nogobue, Bbipaxkatowmecs
B PAHIOBbIX pacnpeneneHmax TakCOHOB MO UX
obbemy, nnbo audpdepeHUMaNnbHbIX NPU3Ha-
KOB MO 4YacToTe WMX MCMO/Ib30BaHUA, a TaK Xe
APYrMx aBTOPOB, WCMO/b3YIOWMX KOCBEHHYHO
aprymeHTtaumto (Burlando, 1991, 1993; 1O. Ny-
3a4eHKo, A. lNy3ayeHko, 1996), Mbl HAMeEpPEHDI
NPOAEMOHCTPMPOBATb MpAMble AOKa3aTeslb-
CTBAa PpPaAKTaNbHOW CTPYKTYpPbl TAaKCOHOMMYE-
CKOro pa3Hoobpasma Ha OCHOBE KNACCUYECKUX
npeactaBneHnin ¢pakTasbHOM reomeTpum Wu
MynbTUdpaKTanbHoro aHanmsa (Peaep, 1991;
MaHaenbbpor, 2002; NyauH, 2006).
®pakmasnbHbIl AHAAU3 MAKCOHOMUYECKO-
20 pa3Hoobpa3susa ¢paopsl Camapckoii /lyku

Mpwn 3HaKomcTBe ¢ ppaKTasamu, LeHTpPab-
HOM OKa3sbiBaeTca dopmoobpasyouwas wuaea
camonofobus, cyTb KOTOPOM CBOAMUTCA K pe-
NAMKauum dparmeHTa CTPYKTypbl B eé uenoe
npw BOCNPON3BEAEHUN CBOMCTB LLENOTO B KaXK-
AoMm ¢parmeHTe. PaHee Hamu bbian paspabo-
TaHbl METOA0/NI0TUYECKME OCHOBbI (paKTasb-
HOM Teopuu BMAOBOM CTPYKTYpbl coobuiecTsa
(fenawsumnm n ap., 2013a,6), 4yto No3BoAUNO
a[anTMPOBATb CYLLECTBYHOWMA MaTemaTmye-
CKMW annapaT 1 10rMKy 060CHOBAHWI ANA aHa-
Nn3a GpaKTasNbHOM CTPYKTYpbl TAKCOHOMMYe-
CKOro pasHoobpasmsa. C maTemaTMyYeCKon Tou-
KM 3peHus, dpaKTanbHbIN 06bEKT OKa3biBaeTcA
MHBApPMaHTHbIM  (OAEMOHCTPUPYET CKENUHT,
WAM MacWTabHyl0 MHBAPMAHTHOCTb) OTHOCMK-
TeNbHO MacLITabHbIX U3MEHEHU (pacTANKEHUM
M CXKaATUI) NpocTpaHcTBa. Tak, Hanpumep, Npwm
dpaKTanbHOM aHanM3e BWAOBOW CTPYKTYpbI
coobuiectBa MaTeMaTUYECKUM BblpaXKeHnem
aToro ¢akTa (CKelnnHra) saeaaeTca cTeneHHas
3aBMCMMOCTb YMCNa BUAOB (S) OT YUCNEHHOCTH
(N) coobuiecTsa

S=N k=InS/InN, (2)

roe 0 £ k £ 1 — npeanaraetca Mapranepom
(1992) paccmaTtpmBaTb Kak MHAEKC pa3Hoobpa-
3uA. BbipaxkeHue (1) sKBUBANEHTHO yTBEPKAE-
HUIO 0 camonogobum cuctembl. OHO MOKa3bl-
BAET, YTO CTPYKTYpa coobuiecTBa MHBAPUAHTHA
OTHOCUTE/NIbHO NpPeobpa3oBaHMA €ro YMcieH-
HOCTM, BbICTYNatoLLEN B AAHHOM C/ly4ae 3KBU-
BaNieHTOM MmacluTaba. Cneayetr oTMETUTb, YTO
BCE a/IF0PUTMbI pacyeTa ppakTanbHOMN pasmep-
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HOCTW OCHOBAHbI Ha CTEMNEHHbIX 3aKOHax. Tako-
ro poAa 3aBUCMMOCTU XapaKTepHbl Ansa ¢ppak-
TaN0B U ABNAKOTCA MaTeMATUYECKUM Bblparke-
HMEM MX CBOMCTBA camonoaobus. OgHaKo 3To
CBOMCTBO Y peanbHbIX NPUPOAHbIX ppaKTanos
BbIMOJIHAETCA /INLb Ha HEKOTOPOM KOHEYHOM
XapaKTepHOM Anana3oHe maclitabos, BHe 3To-
ro gmManasoHa camonogobue u ¢pakTasbHble
CBOMCTBA NpOMNaaator.

[na TakKcOHOMKUYECKoro pasHoobpasus, pac-
CMATPMBAEMOTO B KOOPANHATAX «4MC/I0 POAOB,
NG» — «uyucno Buaos, NS», 3aBucumocTb (2)
MOXKeT O6bITb 3aN1CaHa B BUAE:

N.=N} k=InN_/InN,

Mpwn 3TOM BCe BblWENPUBEAEHHbIE paccy-
XAEHUA ocTatoTcsa B cune un yucno suaos (NS)
B A@HHOM C/ly4ae TaKKe ABNAETCA S3KBUBANEH-
TOM MacwTaba.

PaccmoTpum aToT Bonpoc nogpobHee. Hac
WMHTEpPecyeT, HACKONIbKO CTPYKTypa TaKCOHO-
MMWYEeCcKoro pasHoobpasns WMHBApPWAHTHA OT-
HOCMTEeNbHO Mpeobpas3oBaHUA ero MmacwTa-
6a, Bblpa)kaemoro 4yepes pPoOCT 4YMcia BWUAOB.
Ona pelweHna 3Toro Bonpoca BOCMNONb3yemca
AaHHbIMK Tabn. 3 n npeobpasyem mux Ana no-
CTPOEHMA KYMYNATUBHOM KPWUBOM 3aBUCMMO-
CTW HAKOMIEHUA YMCNA POAOB MPU KYMYNSATUB-
HOM HaKon/aeHun Yncna suaos (Tabn. 4), uto B
pPacCMaTPUBAEMOM KOHTEKCTE 3KBMBAJIEHTHO
yBennMyeHuto macwtaba. Anroputm Kymyns-
TMBHOTIO HAKOMJIEHUA POAOB UAWN BUAOB MPOCT.
Hanpumep, o4yeBMAHO, 4YTO «HAKOMAEHHOE»
4YMCNO OA4HO- M ABYBMAOBbLIX POAOB PaBHO MX
cymme — 365, Npu 3TOM B COCTaB 3TUX POAOB
BXoauT 463 Buaa (Tabn. 5). Mpaduk 3aBUcMmo-
CTM «4ncno pogos, NG» — «umcno smngos, NS»
(puc. 4), ynoBnetBopuTENbHO annpoKCUMUPY-
€TCA CTeNEeHHbIM 3aKOHOM, KaK B HAaTypasibHbIX,
TaK 1 B bunorapmudmmyeckmx KoopgmHatax. MNo-
KasaTenb k=0,377 MOMHO TPAKTOBaTb KakK CO-
OTBETCTBYHOLLYIO (PaKTaNbHYO PAa3MeEPHOCTb:
YMCNO 3INEMEHTOB TAKCOHOMMYECKOFO Pa3HOO-
6pasus (poaoB) MeHAETCA NO CTEeNeHHOMY 3a-
KOHY C ApobHbIM NoKasatenem k npu ysenu-
YeHUM Pa3MepoB CUCTEMbI, T. €. C POCTOM YUC-
Na BMAOB. ITOT GaKT yKasbIiBaeT, YTO npouecc
poCTa YMc/a poaoB ecTb NpoLecc camonoaob-
Hbl, @, cnegoBaTeNlbHO, NPOSABAAET CBOMCTBA
dpakTana.

CnepnyeT NnoAYepPKHYTb, YTO PACCMOTPEHHbIEe
BbllLE MPUMEpPbI U TEOPETUYECKME NOJIOKEHMUA
MCNONb30BaHbl ANS XapPaKTEPUCTUKU TONbKO
OAHOr0 M3 KOMMOHEHTOB TAaKCOHOMMYECKOIO
pa3Hoobpa3ma — yucna pogos. CoOTBETCTBY-
IOWMM MaTemaTUyeckum obpasom sBasaloTCA
T. H. MOHOdPaAKTaNbl, T. €. MHOXECTBa, XapaK-

Tepusyowmecs eANHCTBEHHbIM MapPamMeTPOM
— ppaKTanbHOM pasmepHOCTblO. B paccmaTtpu-
BAaeMOM NpuMepe nokasaTtenb k COOTBETCTBYEeT
dpaKTanbHOM pPasMepHOCTU, NPUMEHAEMON
NPW OMWUCaHUU T. H. pPerynsapHbiX GpPaKkTanos.
B pamKax Takoro onucaHusA, posv OTAENbHbIX
pofoB B GOPMMPOBAHUM TAaKCOHOMMYECKOTO
pa3HO0bpa3MA HUBEAMPOBAHbI: 3aBUCUMOCTb
duKenpyeT Anwb GaKT HANYKUA TOTO UAU UHO-
ro posga B BbIOOPKe, UTHOPUPYA ero obbem, T. e.
HaMoO/NHEHHOCTb BUAAMM.

BmecTe ¢ Tem, cama no cebe ¢pakTanbHas
Pa3MepHOCTb He AaeT MCYEpPMnbIBAOLLErO KO-
JINYECTBEHHOTO NpPEACTABNEHMA O CTPYKType
camonogobHoro obbeKTa: MHOXKeCTBa C OAu-
HAaKOBOM ¢pPaKTaNIbHON Pa3MepPHOCTbID MOTyT
MMETb Pas3INYHYO CTPYKTYpy. B peanbHocTH
Mbl UMEEM AEeN0 C NPUHLMMIUANIbHO HEOAHO-
POAHbLIM pacnpeaeneHMeM BMAOB NO pofam
aHanM3npyemolii BbIBOPKK, YTO U KOHCTATMpPYeT
npasmno Bunnuca. Ana yyeta reTeporeHHOCTH
TAaKCOHOMMYECKOro pa3Hoobpasua Heobxoanm
nepexos OT aHa/N3a YMC/la POAOB K aHaNU3y
MX OTHOCUTENIbHbIX NPeaCcTaBNeHHOCTEN BUAA-
MW 1, COOTBETCTBEHHO, OT MOHOdPaAKTaNbHOIO
aHann3a K MynbTUdpPaKTabHOMY.

3T0 06CTOATENLCTBO YKA3blBAET Ha HeObXo-
AVNMOCTb UCMONb30BaHUA TEOPUN MyAbTUDPAK-
TaNoB - HEOAHOPOAHbIX PpPaKTaNbHbIX 0OBEK-
TOB, AJ/18 MOJIHOrO ONMCAHMA KOTOPbIX, B OT/IU-
yme OT perynsapHbix GpPaKTanoB, HeLOCTAaTOYHO
BBEAEHUA BCEro NUlib OA4HOW BENNYUHbI, €ero
dpaKTanbHOM pasmepHOCTH, @ Heobxoamm ue-
NbllA CNEKTP TaKMX Pa3MepHOCTeNr, YNCO KOTo-
pbiX, BOOb6LLE roBops, 6ECKOHEYHO.

Myctb Habop {pi} xapakTepusyeT OTHOCU-
TeNbHble YacTOTbl pacnpefeneHus BUMAOB MO
poAam:

p;=n/N,,

rae n —4ncio Buaos i-oro poga, N, — o0b-
Lee ymcno BnaoB B BblbOpKe, a i npoberaet
3HaYeHMA OT eANHULbI A0 NONHOrO YMCna BU-
pos N, obHapy»eHHbIX B BblbOpKe. Beesem
MOMEHTbI pacnpeaeneHuns BMAOB NO PoAam U
BbIACHWUM XapaKTep UX NoBeAeHUs Npu yBenu-
4eHUn uncneHHoctn N

Ng

M,=3 p!=N?, (3)

i=1

roe -oo < g < +°° — Ha3bIBaeTCA MOPALKOM
MOMEHTa, a MoKa3aTe/lb T XapaKTepusyeT CKo-
POCTb U3MEHEHMA COOTBETCTBYIOLLENO MOMEH-
Ta Npu yBeNIMYEHUM pa3mepa BbIBOPKU.

BTopoe paBeHCTBO B BbiparkeHnU (3) xapak-
TepusyeT MacluTabHyO MHBAPMAHTHOCTb dppak-
TaNbHOro 06bEKTa (CKEUAUHT).
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Tabnunua 5. HakonsieHre YMcna poaos cocyancTbix pacteHuii Camapckoit JlyKu npu yBeamyeHnn BMaoBo-
ro 6oratcTea

A 267 463 592 728 798 864 909 981 1008 1048 1096 1122 1164 1209 12251242 1261 1302

b 267 365 408 442 456 464 473 482 485 489 493 495 498 501 502 503 504 505

B 1 2 3 4 5 6 7 8 9

10 12 13 14 15 16 17 19 41

MpumeyaHue. A — KymynaTUBHOE HaKoON/eHMe BUA0B; b — KymynaTuBHOe HaKonieHue poaos; B —yucno

BM/0B B poje.

[ns noctpoeHna mynbTMdpaKTanbHOro cnek-
TPa TAaKCOHOMMYECKOro pa3Hoobpasna cHavyana
Heobxo4MMO NPOBEPUTL TMMNOTE3Yy O CTENEHHOM
XapaKTepe CKernuvHra. 1na sToro paccMoTpum,
KaK BeayT ceba MOMEHTbI M, npu acumnToTn-
4YeCKOM yBEeNIMYEHUN YNC/Ia BULOB.

B 1abn. 6 npuBepeHbl AaHHble, Heobxoan-
Mble ANA MOCTPOEHMA MATPULbl MOMEHTOB.
McxoaHO Mbl MMeeM ZaHHble Mo Yncay BUAO0B
B pogax ana 7 GnopmucTnyeckmMx pamoHoB, pac-
CMaTpUBaeMbIX KaK BbIOOPKK, naun npobbl. Ons
NOCTPOEHMA aAEKBATHOrO CNEeKTpa 3TOro Ymc-
Na BbIDOPOK HEAOCTATOYHO, MO3TOMY NpuUme-
HseTcA cneayrowan npoueaypa. K ncxogHomy
yncny npob (PpnopucTUYecKMx pParioHOB) Mbl
nobasnsem npobbl, NoNyvYeHHbIE B pe3ynbTaTe
CYMMMPOBAHNA KOMOMHALNIA UCXOAHDBIX NPO6.
KombuHauum coctaBnaincb UCXOAA U3 CXOn4-
cTBa GNOPUCTUYECKUX PaAiOHOB. AHANN3 CXOA-
ctBa (puc. 10) npuBeaéH B pabote (MBaHOBa U
Ap., 2006) n ocHoBaH Ha nokasaTtene lNpecToHa
(Preston, 1962).

Takum obpas3om, B JONONHEHME K 7 UCXO-
AHbIM Npobam Mbl Nosy4yaem eLlé 6 AOonoHK-
TenbHbIX: [34] [57] [576] [234] [1234] [1
23456 7]. Cheayowmnii Wwar: BblMUCNEHNE HA-
60pa MOMeHTOB M (-6 < g < +6) ons Kaxkaom
npobbl (puc. 11). 3HaueHns HaKIoHOB rpadu-
kKoB M (N) coctaBnsatoT BekTop T(q).

0O60bueHHOM pPa3sMepHOCTbIO D, (0606-
weHHol pasmepHocmosro PeHbu) pacnpe,u,ene-
HUA ABnseTcA ybbiBatowaa GyHKLMA g, BBOAM-
man onpeaeneHnem (Penep, 1991):

In M
D, =lim| L —7el_T@
I Nox|l-g InN

Cl-q

MpumeyaTenbHO, YTO MHOTMe 0606 EeHHble
pPa3sMepHOCTU PeHbW SABAAIOTCA HOPMMUPOBAH-
HbIMU BapMaHTaMM TPAAMLMOHHbIX UHOEKCOB
BMA0BOro pasHoobpasuns (06 aTom roBopunoch
n B nepson nekumnun [Posenbepr, 2007]). 0606-
LLeHHble pa3MepHOCTM PeHbM He aBAAlOTCA,
CTporo roBopsa, ¢ppakTaNbHbIMU PAa3MeEPHOCTA-
MW B OBLLENPUHATOM MOHMMAHWUW 3TOFO C/O-
Ba. [l03TOMy HapaAy C HUMM UCNONb3YeTCA TaK
HasblBaemasas OYHKUMA MynbTUOPAKTANbHOIO
cnekTpa f(a), WNM «CNeKTp CUHIYNAPHOCTENY.

Ona eé nonyyeHnAa HeobxoauMmo Npoun3BeCTH
npeobpasoBaHue JlexaHapa GyHKUMN T(q):

d
alg)=——1
(q) )
f(a)= qo+T
Mpyu nNpuMeHeHUn MynbTUPpPaKTaNbHOrO

dopmanusma K aHanM3y TaKCOHOMWYECKOro
pa3Hoobpa3MA Ha ypoBHe poaoB («poaosoe
pa3Hoobpa3Me») COBOKYMHOCTb TaKCOHOB pPoO-
AOBOr0 PaHra pPacCcMaTpmMBaeTCA KaK MHOMKe-
CTBO, COCTOALLEE U3 OTAENbHbIX PPaKTaNbHbIX
NOAMHOMECTB, KOTOpPble MOXHO MHTEpnpeTu-
poBaTb KakK COBOKYMHOCTM POAOB onpeaeneH-
Horo o6bema. A TakMX NOAMHOMKECTB MOXKHO
BbIYMCAUTL PPAKTA/IbHYIO PAa3MEPHOCTb, KOTO-
paa n byaeT xapaKTepr3oBaTb POAOBOE PA3HO-
obpasne. UMeHHO TaKon CMbICn MMeEeT opau-
HaTa TOYEK Ha rpaduke MynbTUPPAKTANbHOTO
cnekTpa. Abcumcca e TOYeK XapaKTepusyet
OTHOCUTENbHbIA 06BEM poga TOro MAM UMHOFO
nogMHoecTBa. Hannume Ha rpadmke cnektpa
TOYEK, NeXawmx no ocn «a» (KMHAEKC CUHry-
NAPHOCTN») BAN3KO K HYNO, 03HAYaeT NpUCyT-
CTBME B M3y4aemMOM TaKCOHOMMWYECKOM COBO-
KYMHOCTM AOMWHAHTOB (TAaKCOHOB POAOBOrO
paHra ¢ Hanbonblue BMAOBON NpeacTaBieH-
HOCTbIO), MpuYem, 4yem meHblue abcumcca To-
Yyek, TeM CUAbHEe AOMWHMPOBaHWe. Hannume
TOYEK, NeXKallMX Ha OCU «a» BIU3KO K eguHMU-
Le, O3HA4YaeT NPUCYTCTBME B M3y4aeMoOM Tak-
COHOMMYECKON COBOKYMHOCTU POAOB C MasioM
BMOBOWN NpeacTaBAEHHOCTbIO (MO aHaNorMu ¢
peaKUMK BUgaMK).

Mnowazb Nog KPMBOM CNEKTPA MOMKHO WMH-
TEpPNpeTMpoBaTb KakK MNOKasaTtenb, 06paTHO
NPOMNOPLMOHANbHBIN BbIPABHEHHOCTU POAOB
Mo OTHOCUTENIbHOMY 06bEMY: Yem OHa 6onblue,
TEM MeHbLUEe BbIPaBHEHHOCTb, U HAOOOPOT.

Ha puc. 12 npeacrtasneH mynbtudpaKktasib-
HbIM CNEKTP TAKCOHOMMYECKOrO pa3Hoobpasua
cocyamcTbix pacteHuit Camapckom Jlyku.

Cnektp «1» — mynbTUdpPaAKTaNbHbINA CNEKTP
POAOBOM CTPYKTYpPbl pPacTuUTeNibHOro coobuue-
ctBa Camapckoi Jlykn. CoobuiectBo xapaKTe-
pU3yeTcs BbICOKOW A0Nel O4HO U ABYBUAOBbLIX
poaoB (238 n 100 cOOTBETCTBEHHO).
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Puc. 9. MpadumKuM HaKoONIEHMSA YMCAa POAOB COCYAMCTbIX pacTeHnit Camapckoi JIyKu npu yBeindyeHnmn suao-
BOro 60oraTcTsa B HaTypa/ibHbIX U Bunorapudpmmnyecknux KoopamHartax

Fig. 9. Graph of accumulation of taxa number of vascular plants of Samarskaya Luka in increasing species
richness in natural and log-log coordinates



PoseHb6epr . C. ®paKTasibHble METOAbl aHan3a CTPYKTYpbl coobuiects // MpuHumnbl skonorun. 2018. Ne 4. C. 4—-43.

Tabnuua 6. laHHbIE NO pacnpeaeneHnto BUA0B No BbiIbopKam

Homepa anemeHTap-
HbIX pIOPUCTUYECKUX
paiioHOB*,cocTaBMBLUMX NPO6Y

Homepa anemeHTapHbIX pnopucrtmye-
CKUX palioHOB,BoLeLWuX B 06beam-
HEHHYI0 nNpoby

Pop,
1 2 3 4 5 6 7 [57] [142] 3 [é é §]4 qfcs,."éii-
008
1 Equisetum 3 1 0 O 1 0 O 1 4 5 5
2 Hippochaete 2 0 0 0 o o0 o0 0 2 2 2
3 Asplenium o 0o O 1 0 o0 1 1 1 2 2
4 Botrychium o 0o 0O O 1 o0 o 1 0 1 1
5 Dryopteris 1 1 1 0 0 0 O 1 3 3 3
6 Polystichum 0O 0 O O O o0 1 1 0 1 1
500 Parietaria 0O 0 0O O o0 o0 1 1 0 1 1
501 Urtica 0O 3 0 0O o0 o0 1 1 3 4 4
502 \Valeriana o 2 0 0 1 0 O 1 2 3 3
503 Viburnum 0O 1 0 O O o0 o 0 1 1 1
504 Viola o 5 0 o0 2 1 3 6 5 11 11
505 Parthenocissus 0 1 1 0 O O0 O 0 3 2 2
Yucno Bugos B npobe 63 502 246 28 143 100 112 .. 565 983 1302 1302

MpumeyaHune. * 1 — Kurynésckuit paoH; 2 — BUHHOBCKUM palioH; 3 — AneKcaHApPOBCKUMN palioH; 4 —
MepeBO/IOKCKO-YCUHCKUIM panioH; 5 — LLlenexmeTbeBCKUM panoH; 6 — PoxaecTBeHCKM panoH; 7 — Boxk-

CKWUIA paoH.

MpoBegém cneayowyo onepayuio: ana
BCEX POAOB, YMC/I0 BUAOB B KOTOPbIX bonbLue 2,
3aMEHUM YMCI0 COAEPHKALLUXCA C HUX BUAOB Ha
NPOM3BO/IbHOM YMUCAO B MHTepBane oT 1 go 4.
Takum obpasom, NPon3oNAET yBenMYeHne 0b6-
e BblpaBHEHHOCTM coobuiecTBa, M Mcyes-
HYT poAa C MHOro 60/bWMM YemM Y OCHOBHOM
Macchbl, Ynciom BuaoB. Ha rpaduke cnektpos
(puc. 12) sTomy cnyyato COOTBETCTBYET CMEKTP
«2». lpn 3TOM neBas BETBb CNEKTPaA COKpalla-
eTcs U NnogHMmaeTca BBepx. MOXXHO NokKasaTb,
YTO JanbHeNLIee yBeIMYEHNE BbIPaBHEHHOCTH
NPUBEAET K BbIPOXKAEHWUIO CMEKTPA B TOYKY. Ta-
Kum obpasom, neBana BETBb CMEKTPa COOTBET-
CTBYET pogam, coaeprkalwmum 6onbluoe 4mcno
BMAOB (T. €. AOMUHMPYOWMM poaam). Bbipas-
HEHHOCTb B BbIOOPKe yBEe/IMYMAaCh B CUAY TOFO,
YTO Tenepb AManasoH 3HaYeHU Yncna BMa0B B
poae HaxoauTtca B UHTepBane [1, 4] (B ucxoaHom
BblbOpKe MHTepBan [1, 40]). Ha yBennyeHume BbI-
pPaBHEHHOCTWU B COOBLLECTBE CMEKTP pearnpyet

YMeHbLUEHMEM NAOLWAAM NOA KPUBOW.

MpoBegém obpaTHyO onepauuio: ANna BCex
pOAoB, YMCA0 BMAOB B KOTOPbIX MEHbLUe WUAK
PaBHO 2, 3aMEHMM 4YUCNO coaeprKalmxca ¢
HUX BNAOB Ha NMPoOW3BOJIbHOe Yyncno ot 1 go 5.
Tem cambiMm, Mbl «yBenuMyMBaem» pasHoobpa-
3Me B co0bLEecTBe, YaCTUYHO «M36aBNASCH» OT
OAHO- M ABYBMAOBbIX poaoB. Ha rpaduke cnek-
TPOB 3TOMY C/ly4ato COOTBETCTBYET CNEKTP «3».
CnekTp pearnpyeT Ha TaKoe U3MEHEHUE CTPYK-
Typbl yANMHEHMeM npasoik BeTBu. Cneposa-
TeNbHO, MpaBasa BETBb CMNEKTPa COOTBETCTBYeT
pogam, cogeprawmm manoe ymcno smgos. U
Yem OHa KOpo4e U Bbllle, TeM Donbluee Konu-
YeCcTBO TaKWUX POAOB COAEPHKUTCA B cooblie-
cTBe. lNnowaab Noa KPMBOM COKpATMAACh, HO, B
OTAn4YMe OT NpeablayLEero cayyas, yseamyeHume
BbIPAaBHEHHOCTM NPOM30LL/IO 3a CYET yaaNeHuA
«rnepeKkoca» B CTOPOHY OAHO- U ABYBUAOBbIX
poaos.

31



PoseHb6epr . C. ®paKTanibHble METOAbl aHan3a CTPYKTYpPbl coobuiects // MpuHumnbl skonorun. 2018. Ne 4. C. 4—-43.

%

T
pexmi
(%]

100

Anexcee
MNepesonoxcko-

o0 -

80

T0r

60 |-

50

40

30+

T

20

10}

0

Puc. 10. CxoacTtBo pnopucTnyeckmx paioHos Camapckoit JIyku
Fig.10. Similarity of floristic areas of Samarakaya Luka

- ™=-3
-
- -
10 o -t
- o
-
- -
ﬂ -
'.‘ - ' e
-
S - ¢
- - .
T -
: : Ll - _‘FT
an
w* ; ) ..&.- w e i
1w 10’ w' 1w’ 1w
logiM, |

Puc. 11. lpadumk noBeaeHNA MOMEHTOB Mq npwn pocTe Ymcna BUO0B
Fig.11. Graph of behavior of moments M_ in increasing the number of species

32



PoseHbepr . C.

0.8

06~

fia}

0.4~

0.2-

L 1 1
‘ 0.4

dpaKTasbHble MeTOAbl aHaM3a CTPYKTYPbl coobuecTts // MpuHumnbl skonormun. 2018. Ne 4. C. 4-43.

a

0.6 0.8 1
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cKoi Jlykn

Fig. 12. Multi-fractal spectrum of taxonomic diversity of vascular plants of Samarskaya Luka

3aknoueHue

Takmm 06pasom, MOXKHO yTBEpPXKAaTb, YTO
3aKOHOMEPHOCTH, BbIAAB/IEHHbIE paHee ANnA
MYNbTUPPAKTANbHOTO CNEKTPA BUAOBOM CTPYK-
Typbl coobuiectsa (fenawsunm u gp., 2013a),
B M3BECTHOM Mepe COXPaHATCA M ANA Chek-
Tpa pPoAoBOM CTPYKTYpbI. [ApyrMumn cnoBamu, B
npocTpaHcTBe {pi}, XapaKkTepusyrowmx oTHO-
CUTeNbHbIE YacTOTbl pacnpeaesieHna BUMA0B no
poaam, MynbTUdPaKTaIbHbIN CNEKTP NpeacTas-
naet coboir 060OLEHHbIN reoMeTPUYECcKUi
06pa3 poaoBOI CTPYKTYPbl TAKCOHOMMUYECKOTO
pa3Hoobpa3sus.

HanomHMm, 4To B pamKax ¢paKTasbHOM
MEeTO40N0MMN  HaCc  MHTepecoBan BOMPOC,
HACKO/IbKO CTPYKTypa TaKCOHOMMYECKOro pas-
Hoobpasusa (B AaHHOM c/y4yae — pPoAOBOW

CTPYKTYpPbl) UHBAPMAHTHA OTHOCUTENIbHO Mpe-
obpasoBaHMA ero macwTtaba, Bblparkaemoro
yepes pocT YMcna Bngos. B 1o ke Bpemsa, A. A.
Mo3saHsakos (2003, c. 62) NpuUBOAMUT TOYKY 3pe-
HuAa A. Buranga mn HO. A. duamnyeHKo, cornacHo
KOTOPOM «yBe/IMYEHMEe KOonMyecTBa BUAOB B
pe3ynbrate BMAOOOPA30BaHUA elle He O3Ha-
YyaeT NoABAEHME HOBOIO poaa, T. e. "npupoaa”
BMA0B M POAOB Pa3/IMYHA U POAbI HE MOTYT BO3-
HWKaTb U3 BUAOB». He BoaBasch B getann guc-
KyCcCMM MO 3TOMY BOMPOCY, OTMETUM, YTO BHe
3aBMCMMOCTM OT TOTO, KaK naeT npouecc obpa-
30BaHMA HOBbIX POAOB BO BpeMeHM (Ha 3BOAtO-
LMOHHOM MacwTabe), Ha NO6OM BpeMEHHOM
cpe3e TaKCOHOMMYecKoe pa3Hoobpasune AoMK-
HO MMeTb CaMoNoAO0bOHbIN, UK dpPaKTaNbHbIN,
Xapakrep.
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Key words: Summary: The order maintaining fundamental physical and biological process-
fractal es is the basis of the diversity of life and the complexity of ecosystems. Power
multifractal laws describe empirical scaling relationships that are interpreted as quantitative
community characteristics of biodiversity. For these purposes, self-similarity concepts and
the structure of the elements of fractal geometry are used. Self-similarity suggests that copying
the ecosystem and scaling a certain “reference” image allows nature to easily create a complex
taxonomic multi-scale structure. Real objects have a quite clearly limited range of scales, in
diversity which they manifest their fractal nature. Power laws allow for extrapolation and
Samarskaya Luka prediction in a wide range of scales. Some of them appear to be universal and

are found in almost all taxa of organisms and environmental types. We present a
brief biography of an outstanding mathematician, Professor Benoit Mandelbrot
(1924-2010), the originator of a new direction in geometry — fractal geometry.
The theory of fractals developed by him had a significant impact on various ar-
eas of human activity and knowledge: computer graphics, finance, ecology, etc.
The theory of multi-fractals characterized by an infinite hierarchy of dimensions
provides the most general description of the internal structure of self-similar ob-
jects. The differences of the mono-fractal and multi-fractal approaches are con-
sidered. In applying multi-fractal formalism to a community structure, it is con-
sidered as a set consisting of individual fractal subsets which can be interpreted
as the sets of individuals belonging to species with similar representation. For
such subsets it is possible to calculate the fractal dimension characterizing the
species diversity. The results of the application of the Willis rule to the analysis
of taxonomic diversity of the flora of Samarskaya Luka (the Volga river basin) are
discussed. It is stated that the patterns identified for the multi-fractal spectrum
of the species structure of the community are also maintained for the spectrum
of a generic structure to a certain extent.
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AHHOTauuA: B crtenHoi 30He Pecnybankm KasaxctaH nosoBo3pesible
HemaToabl Oswaldocruzia filiformis obHapyXeHbl Y OCTPOMOPAON NATYLLIKM
(Rana arvalis), npbiTKOl Awepuubl (Lacerta agilis) 1 06bIKHOBEHHOTO Y:Ka
(Natrix natrix). B nolimeHHbIx 6uoTtonax p. UpTbiw Os. filiformis dopmupyet
NPOCTble ABYXY/JIEHHble MAPA3UTAPHbIE CUCTEMBI, OMUPAOLMECA TO/BbKO
Ha nonynauuun R. arvalis. B nputeppacHbIX y4acTKax norimol p. UpTbiw 1 B
psage bMoLeHO30B MeJIKOCOMOYHMKA, rae rpaHuLLbl NONyAALMA OCTPOMOPAOM
NATYWKN U NPLITKOW AWepuubl nepekpbiBaoTca, GOPMUPYIOTCS COXKHbIE
OBYX4YNeHHble napasuTapHble cuctembl Os. filiformis. B nocnegHux BeayLuLyto
ponb urpatoT nonynauum R. arvalis, koTopble obecneuymsatoT oT 88 g0 95 %
NOTOKa MHBa3Mu. Monynaumnm NPbITKON ALWEPULbI KOHTPOAMPYIOT Ha BXOA4E U
BbIXOAe U3 cucTeMbl AMWb 5-12 % noToka MHBasMK. ONTMManbHblE YCA0BMUA
ans obpasoBaHMA U AANTENBHOMO CYLLECTBOBAHMA MapasUTapHbIX CUCTEM
Os. filiformis npucyTCTBYIOT Ha YBAAXKHEHHbIX, 3aPOCLUMX I'YCTOM Me30PpUTHOM
pacTuTenbHOCTbIO Geperax psaa 03ep, pPeK, APYrMx BOAOTOKOB KOJIOYHOWM
JlecocTenu, NpaBo- U IeBODepeXKHOM CTeNM, MENIKOCONOYHMKa, p. pTbiw.
OTHOCUTENBHO BbICOKAA CTEMeHb 3apaxeHHOCTU R. arvalis, ee rnaBHas posb
B Mapa3uTapPHON CUCTEME HEMATOAbI YKa3blBAOT HA 06MFATHBIN FOCTaNbHbIN
cTaTycaTtoro Bnaa. NogymHeHHoe 3HaYeHne B NoaaepaHnmn NOTOKOB MHBA3UM
B MapasMTapHOM CUCTEME, HEBbICOKAs 3apaKeHHOCTb, Habatogaemas nub
npu cMMNATPMK ¢ 3aparkeHHbIMK Os. filiformis ocTpomopabIMK AATYLLUKaMM,
CBUAETENBCTBYIOT O  GaKy/bTaTUBHOM  CTaTyce MNpPbITKOM  ALLepuUUbl.
HecmoTpa Ha Takol paHr, AwepunLa, Kak MeHee rMrpodunbHbIA BUA, MOra
CNocobCTBOBATL BbIXOAY HEMATOAbI M3 3KONOTMYECKUX KeNob0oB (pekn UpTbiL
1 Ypan) B 6MOTONbI 03EPHbIX BNAZMH KOJIOYHOMN 1ECOCTENU U CTEMMN.

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET

MNoanucaHa K neyatu: 24 gekabpa 2018 roga

ee cyuwecTtsoBaHue. B Hambonblien creneHu
M3y4yeHbl MapasuUTapHble CUCTEMbI TFeIbMUH-

B nepuoa ¢opmmnpoBaHMA 3KONOTMYECKOTrO
Hanpas/aeHuA B Napasntonorum B. H. beknemu-
wes (1956) npuBaeK BHUMAHUE K CTPYKTYPOO-
6pasylollen poau napasnTos B GMoOLEHO3axX U
BBE/1 B HAy4YHbIM 06OPOT NOHATME «Napa3uTap-
Haa cuctema». ABTOp paccmaTpuBan napasu-
TAPHYH CUCTEMY KaK COBOKYMHOCTb Nonyaauum
napasuTa BMecTe CO BCEMW MONyASALUAMMU XO-
3feB, HEMOCPEeACTBEHHO MNOAAEPKUBAKOLLMMMU

TOB pbIb, NTUL, M MaeKonuTaowmx (KoHTprma-
Bu4yyc, Atpawkesund, 1982; doptyHaTto, 1985;
baTbKaes, Bakkep, 1985, 1988, 1992; AHuKue-
Ba, 2003; PycuHek, 2003; NanaktMoHoB, ATpaLu-
Kesumd, 2015). MapasnTbl 3eMHOBOAHbIX U Npe-
CMbIKaOLMXCA B 3TOM aCNeKTe NPaKTUYECKn He
N3yyeHbl.

OAHUM M3 0ObIYHbIX BWAOB, HACENAOLWMX
TOHKUM KULLIEYHUK ampubuit n pentmnummn, sae-
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naetca Hematoaa Os. filiformis. Ee apean npo-
cTupaeTca ot AKyTMM 1M 3abaiKkanba Ha BOCTOKe
EBpasun n ao McnaHum Ha 3anage (O4HOKyp-
ues, Ceganmuwes, 2008; LLenunHa, banpgaHoBa,
2010; WenwuHa, Ayrapos, 2008; Sanchis et al.,
2000). Xo3seBaMKn HeMaToAbl IBNAAIOTCA: OObIK-
HOBEHHbIM TpuToH (Triturus vulgaris), cepasn
(Bufo bufo), moHronbckana (B. raddei) n 3ene-
Hana (B. viridis) »abbl, 06bIKHOBEHHAA KBaKLUA
(Hyla arborea), obblkHOBEHHaA YeCHOYHMLA
(Pelobates fuscus), Tpasanas (Ranatemporaria),
ocTpomopaan (R. arvalis),  cnbupckas
(R. amurensis), 03epHasn (Pelophylax ridibundus)
n npypoBsas (P. lessonae) narywku (PbIXKMKoB M
Aap., 1980). U3 npecmbikatowmxca Os. filiformis
yCTaHOBNEHa Yy npbITKOW (Lacerta agilis), no-
nocaton (L. strigiata), 3eneHon (L. viridis) v
XuBopogdauwen (Zootoca vivipara) swepuu,
BepeTeHuubl (Anguis fragilis), »wentonysuka
(Pseudopus apodus), [ONTOXBOCTKM aMypPCKOWM
(Tachydromus  amurensis), 0B6bIKHOBEHHO-
ro (Natrix natrix) v BogaHoro (N. tessellata)
yel, measHku (Coronella austriaca), Kowa-
ybel 3men (Telescopus fallax), rantokm obbIK-
HoBeHHoW (Vipera berus) (Wapnwuno, 1976). Y
Ha3BaHHbIX BMAOB amodnbun n pentunmn Os.
filiformis HaipeHa B 3anagHoi Cubupu (Hu-
rmnesa un gp., 2002; bypakosa, 2010; Kurunne-
Ba, KnpuHa, 2014; Xurunesa, 2017), Ha Ypane
n B 3aypanbe (bypakosa, BepwuHuH, 2016), B
Bonkckom 6acceiiHe (Kupunnosa u gp., 2008;
NlykusaHos un ap., 2008; PyuumH, Ymuxnses, 2013),
B YepHo3embe (PaBkoBcKasa u gp., 2015) u gpy-
rmx pernoHax Poccum (PapueHko, LabyHos,
2008). Os. filiformis koHcTaTUpoBaHa B beno-
pyccum n YkpauHe (Wapnuno, 1976; PbixknKoB
n ap., 1980; Wnmanos, 2002, 2009; Schimalov
et al.,, 2000, 2001a, b). AaHHbI npeacTaBu-
TeNlb KPYMblX YepBen NPpoHUK B CKaHANHABUIO
(KyanHosa u ap., 1985; Hosoxaukas, 20086;
Cedhagen, 1988) u Upnanguio (Griffin, 1989).
Os. filiformis BcTpeyaeTcs y X038€B He TO/IbKO B
NNECHbIX, NeCOCTENHbIX U CTenHbIXx brotonax, Ho
N B CTaLMAX IeCO-1yroBoO-CTENHOro nosca rop-
HbIX cuctem, Hanpumep Kapnat (Kozak, 1973;
Sharpilo et al., 2001), Anbn (Singer, Sattmann,
2007), AHaTONMINCKOro NAOCKOTropbsi U ApMsH-
ckoro Haropbsa B Typuuu (Yildirimhan et al.,
2009). Ha TteppuTtopumn Pecnybnmkm KasaxcraH
BMAO, HangeH y obbIKHOBEHHOM Kabbl, TpaBsa-
HOM, OCTPOMOPAOM M O3EPHON NATYLIEK WU Yy
npbiTKOM Awepuubl (Cobonesa, 1975; Bakkep,
1984; Bakkep u ap., 1990; TapacoBcKas, 2009).
O6WMpHbIA apean, LMPOKUMA CNEKTP X03AeB
aenatot Hematoay Os. filiformis nepcneKktus-
HOM ANA U3YyYeHUA NapPa3UTAPHbIX CUCTEM.
Llenb npeacrtaBnaemon paboTbl — yCTaHOB-

NEHWE HANMUMA U ONMCaHMe MapasUTapHbIX
cuctem Os. filiformis B ctenHo 30He Kasax-
CTaHa. [na AOCTUNKEHMA LENn pellanmcb cne-
Aytowme 3agaum: 1) nccnefoBanm Ha 3aparkeH-
HocTb Os. filiformis npepctaButenen b6atpaxo-
n repnetodpayHbl B BMoTonax CTEMHOM 30HbI
KasaxcTaHa; 2) u3yyanu pasBuTUE IMYMHOK U3
ANL, NOJIYYEHHbIX OT CAMOK HemaToAbl U3 pas-
HbIX BMAOB X035i€B; 3) aHaNM3MPOBANN XapaK-
TEPUCTUKM PA3NMYHBIX TUNOB MNapPasUTaPHbIX
cuctem Os. filiformis n yctaHoBAMBanAn ponb
OTAENbHbIX BUAOB x035€B; 4) onpeaenann ro-
CTanbHbIM cTaTyC Os. filiformis.

Marepuanbi

B Teyenme 1973-1997 rr. B ceBepo-
BOCTOYHOM YacCTW CTeNHOM 30HblI Pecnybnu-
K KasaxctaH (MaBnogapckas obnactb) Ha
3aparkeHHocTb Os. filiformis wccnepoBaHbl:
ocTpomopaan narywka (2704 3kK3.), 0b6bIKHO-
BEHHaA aba (1 3K3.), TakbIpHaA KPyr1oronos-
Ka (Phrynocephalus helioscopus, 3 3K3.), pas-
HouBeTHan AwypKa (Eremias arguta, 14 3K3.),
npbITKan (344 3K3.) M KMBOPOAALLAA ALLEPULbI
(6 9K3.), 06bIKHOBEHHbIM YK (5 3K3.), y30pyaThbIit
nonos (Elaphe dione, 7 3K3.), ctenHaa (Vipera
ursinii, 13 3K3.) n obbikHOBeHHasn (5 3K3.) ragto-
KM, ODObIKHOBEHHbIN wWMTOMOpAHUK (Gloydius
halys, 6 3K3.). Homepa NyHKTOB Py4yHOro OT-
NOBa X03feB NpuBeaeHbl Ha puc. 1, B Tabn. 1
n 2 nan B Tekcte. Ha nsyyaemoin Tepputopmm
roCnoACTBYIOT TPU OCHOBHbIX TUMNa NaHAwad-
TOB — NIAaHALWADTbl MEXKAYPEUHbIX PaBHUH (ne-
BobeperkHana 1 npaBobeperkHas cyxas cTenb),
Kasaxckoro menkoconoyHuka (Capblapka),
PEYHbIX AO/IMH U 03epHbIX BNaguH (Yynaxumn,
1973). MenKoCOoMnoYyHUK BKAKOYAET NEeCcHOM
NaHawadT rpaHUTHLIX rop U naHawadT crna-
YKEHHbIX HEBbICOKMX COMOYHbIX rpag. Kpome
Ha3BaHHbIX NaHAWAPTOB HA CEBEPO-BOCTOKE
npeacTaB/eHa KOIOMHAA NecocTenb, Ha toro-
BOCTOKe — 6opoBasn necoctensb (cm. puc. 1). Ha
tore neBobeperkbA HAXOAUTCA TeppUTOpPUA, 3a-
HATaA NoNynycTbiHeR. Peka UpTbIw ¢ ee nHTpa-
30HaNbHbIMW NaHAWAPTaMKN NpopesaeT PanoH
nccaefoBaHUA NOYTM TOYHO C tora Ha cesep.

Hamnbonbluee uncno xo3ses cobpaHo B xoae
reIbMUHTONIOTMYECKOTO MOHMUTOPUHIA OCTPO-
Mmopaon narywku B 1984-1997 rr. Ha nputep-
pacHol nnouwaake B npaBobepeskHOM nonme
p. UpTbiw. NMogonbITHaA naowaaka (noa Hasga-
Huem Yconka) AnunHomn okono 500 m v wmpuHom
0.5-7.0 m pacnonoxeHa Ha npaBom bepery
NpoToKn UpTbiwa Yconku, B 15 Km Bbiwe r. MNas-
nopap (52 12'32.15" ClW » 77 01' 05.70" BA,).
bepera YconKku NOKpbITbl IYrOBbIM Pa3HOTpa-
BbeM, TPOCTHUMKOM (Phragmites communis) w
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anpom (Acorus calamus). BctpeyatoTtca otaens-
HO CToAWME AepeBbA U KycTapHMKKU. [obepe-
b€ NMPOTOKM YBNAXKHEHO, @ MeCTaMW C/erka
3a60/104€HO 32 CYET MHOTFOYMCNEHHbIX POA-
HWKOB, Yepe3 KOTopble HA HEOTeHOBbIX FMHAX
NOXKA PEeKM MAEeT BbIKAMHMBAHWE TPYHTOBbIX
BOA. BBepxy nnowaakm pasmeLlaeTca Hepecrto-
BblA BOAOEM, 3apoclmnii xsowom (Equisetum
arvense), a no beperam — TPOCTHUKOM. BHU3yY
HaxXxo4MTCA elle OANH HEPECTOBbIN BOAOEM, BO-
KpYyr KOTOPOro xo3seB He oT1aBavBaan. Cum-
NaTPUYHO C OCTPOMOPAOM NArywKom obutaet
npbITKaA Aawepuua. Yo6exula nocneaHen Ha-
XO4ATCA MPEMMYLLECTBEHHO Ha MOBEPXHOCTU
nepBon HaanoMmeHHon Teppacbl. OpHaKo
NPeCcMbIKalOLWLMECA COBEPLUAIOT perynapHble
KOpMOBble MUrpaunmn Ha b6eper npotoku. OT-
HOCUTEeNbHAA YUCNEHHOCTb NATYLIEK U ALLepuUL,
Ha MOAOMNbITHOM NAOWAAKe, NOACYUTAHHAA B
MIOHE MapLLPYTHbIM MeTo40M, paBHa 5 : 1.
Bropoe mecto cbopa oboux BMAOB X03A-
eB ANA W3y4yeHMA MapasuTapHOM CUCTEMDI
Os. filiformis HaxoanTca B 3apocluen TpaBoi m
KyCTapHUKOM gonunHe py4ybs Kadap B 5 Km oT
MecTa ero BnageHusa B 03. CabaHablkonb. MyHKT
pacnonoXeH B MeIKoconoyHuke B basHaynb-
CKOM ropHom nogHaTtum (50°47' 20" CLU 75° 4
1' 44" B[1) v Ha3BaH baaHayn. B utoHe oTHoLWe-
HWe YMc/a NATYWeEK K KOIMYecTBy ALepuL, Ha
MapLipyTe paBHANOCb 1: 2. Tpu uccnef0BaHHbIX
aHTponoreHHbIX buotona (A6noHbKa, Kapbep u
ABC) pacnonorkeHbl Ha Tepputopun Bonbuo-
ro Masnogapa. B gByx KMAomeTpax BOCTOYHEE
Yconku, B 3eneHom nosce r. lNasnogap, Haxo-
AVTCS HaAMNOMMEHHbIN NMyHKT A6n0HbKa. Am-
¢$nbun B HEM OTNABAMBANN OKONO 3aMOJIHEH-
HOro BOAOW MOHUXKeHUA penbeda, ocTaBLUEro-
CA OT CTPOUTENLCTBA LWocce. B HaanonmeHHoOM
TOYKe C Ha3BaHMeM Kapbep xo3seB cobupanu
Ha H6epery o3epua, BO3HMKLLEro Ha MecTe oTpa-
60TaHHOro NecyaHoro Kapbepa. buoton pacno-
NNOXKEH B MPOMbILL/IEHHOW 30HE rOpoAa, B 3 KM
ceBepo-BocToyHee AGNOHbKKU. TpeTuin aHTpo-
noreHHbIM NyHKT — ABC — HaxoauTca pagom c
arpobuonormyeckon ctaHuuer Nasnogapckoro
rocyAapCTBEHHOro NeAarorMyeckoro MHCTUTYTa
N npeacrtasnaetr coboit Bogoem, obpasosas-
LWMACA B NOHUMKEHUWN penbeda 3a CYET TasbixX
BOA Y MHOUIBTPALNOHHOWN BOAbI U3 MOJIUBHbIX
3emenb YepHOAPCKOM arponpoMbILIEHHOM

dnpmbl.
MeTtoapbl

XpaHeHWe 1 BCKpbITUE Xx03A€B, cbop M 06-
PabOoTKy reNbMMHTOB NPOBOANAN NO 06LEenpu-
HATbIM B re1IbMUHTONOMMM MeToauKam (boes m
Aap., 1962; Pritchard, Kruse, 1982).

OKCTEHCUBHOCTb WMHBA3MW XO3fIMHA j-N Bbl-
6opku (P, prevalence) onpegenanu no ¢opmy-
ne:

P=(N,/N) - 100 + V((P-(100 - P))/N),

rae N, — 41cno xo3nes j-i BbIGOPKY, 3apa-
SKEHHbIX i-M BUZOM re/bMUHTOB, N, — obbem
j-I BbIBOPKM, V — KBaApaTHbIN KOpPeHb, - — 3HaK
YMHOXeHUA.

Mpy HyNEBOW MM CTONPOLLEHTHOM 3aparkeH-
HOCTW 3KCTEHCMBHOCTb MHBA3UWN X03AMHA NOA-
cunTbiBaNM no popmyne BaH aep BapaeHa:

=((N,+1)/ (N +2))-100 +V((P-(100 - P))/
(N +3)),

rae N, — u1cno xosses -1 BbI6GOPKK, CBO-
604HbIX Yan CTONPOLEHTHO 3apaKeHHbIX i-M
BMAOM refibMUHTOB (Pokuukun, 1973). WH-
AeKc obunns renbMuHTa i-ro Buga (M, mean
abundance) paccunTbiBanu no ¢popmyne:

M = n”/N,- + 0/\/NJ.,

roe o —cpefHee KBagpaTUYHOE OTK/IOHEHME,
V — KBagpaTHbI KopeHb (MnoxuHckuit, 1970).

[oCTOBEPHOCTb PasNMunin mexay BblbopKa-
MW NO 3KCTEHCMBHOCTU MHBA3UWU ONpPeaensinm
npu nomowm Kputepua CTblogeHTa (t¢), nony-
YyeHHoro nocne npeobpasoBaHUA QONEN 3apa-
¥KeHHbIX amPpunbuin s yrnbl e (MBaHTep, Kopocos,
2010). CpaBHeHMe Npob x03AMHA MO UHAEKCY
061N MOXKHO NPOBOANTL C UCNO/Ib30BAHNEM
KpuTepua CtblogeHTa (t_), HO 3TOT MeToa npu-
emMnem TONbKO MPU HOPMA/NbHOM pacnpese-
JIEHUM YnUCAa NapasUTUYECKMX OpraHn3mos. B
M3y4YeHHbIX BMOTOMNax OTHOLWEHWE ANCNEPCUM K
nHaekcy obunma (s?/M) renbmuHTa nNpesBbllla-
eT eanHuuy (cm. Tabn. 1). 310 roBOpUT O Nepe-
paccesHHOM pacnpeaeneHnmn YNCNEHHOCTH na-
pasuTta y R. arvalis (Bpees, 1972). MNoatomy oT-
inune BbIBOPOK XO3AMHA MO YUC/IEHHOCTU i-ro
BMAA re/IbMMHTOB Mbl YCTaHAB/IMBANM, CPABHU-
BaA GaAKTUYECKY YNCNEHHOCTb i-ro BUAa refb-
MMWHTOB C TEOPETUYECKO. I'Iop,cqu nocnegHemn
NPOBOAW/IN, UCXOAA U3 HYNEBOW runoTesbl (H )
0 PaBHOMEPHOM pacnpeaeneHnmn obnunmnsa renb-
MWHTa OTHOCUTENbHO NPO6, No dopmyne:

"=(n,/N)-N,

rp,e n — o6Lu,ee 4YUCNO resibMUHTA i-ro BUAaa
BO BCEX npo6ax X03AnHa, N — 4ncno xo3ses BO
BCeX BblbOpKaXx, n, — TeopeTMyeckas umcneH-
HOCTb reNIbMUHTA I-r0 BMAA B j-1 BblbOpKE XO-
3anHa (MeceHko, 1982). JocToBEPHOCTb pas-
Muns mexay GakTMYecKUm U TEOPETUYECKUM
3HAYEHUAMW YUCNEHHOCTM YCTaHaBAMBANAU MO
Kputeputo MNMupcoHa (x*) B cootTBeTCTBUM C dOop-
MY/10M:

X2= (nij -

*\2 *
n, ) /nij .
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Puc. 1. KapTa palioHa ucciegosaHuma. YcioBHble 0603HaueHUsA: 6opoBas iecocTenb — COCHOBbIE M COCHOBO-
6epe3oBble OCTEMNHEHHbIE 1eca; KON0YHas aecocTenb — 6oraTopasHOTPaBHO-KOBbI/IbHbIE cTenu ¢ 6epe3oBbi-
MU KO/MIKaMU; NpaBo- U ieBobepekHan cTenb — B CEBEPHOMN YacTU C Pa3HOTPABHO-KOBbIZIbHOM, B FOXKHOM YacTu
N MESIKOCOMOYHMKE — TMMYAKOBO-KOBbIJIbHOW PAcTUTENbHOCTBIO; NOYNYCTbIHA — C NOAbIHHO-KOBbI/IbHbIMM ac-
coumaumamn; o3epHble BnaauHbl Manaynsl, Lypekcop, Mapangbl, Manbibait u ap. — ¢ NyroBo-ranouUTHOM
M ranopUTHOM PacTUTENIbHOCTbLIO Ha CONOHLLAX M COMIOHYaKax; B noiimax pek NpTbiw, Cenetsbl, LngepTsl,
Kapacy v Ap. — noiMeHHbIe yra 1 KyCTapHUKK, B noime p. MpTbilw — TonosieBble eca. Apabckmumm undpamm
0b03HauyeHbl Homepa BbI6OPOK x035eB (cm. Taba. 1 1 2). IpaHuLUbl, OTAEeNAOWME OCHOBHbIE NaHAwWadThI, No-
KasaHbl CNIOLWHOW NMHUEN

Fig. 1. Map of the study area. Legend: forest-steppe — pine and pine-birch steppe-heath forests; forest-steppe
with kolkis — birch grove with motley and feather-grass -steppe; the motley and feather grass steppe — the
fescue and feather grass dry steppe; semi-desert — wormwood and feather grass deserted steppe; landscapes
of lake basins — meadow-halophytic and halophytic vegetation on saline soil and salt-marsh; landscapes of
river valleys. Arabic numerals indicate the numbers of the hosts samples (see Tables 1 and 2). The boundaries
separating the main landscapes are shown by a solid line
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3HauyeHuA X%, NoACYMTaHHbIE ANA OTAENbHbIX
BbIOOPOK, CYMMMUPOBANM U CPAaBHUBANMU C KPU-
TUYECKUM NPU AaHHOM Yucae cTeneHemn ceobo-
Apbl. MocnegHee onpeaenanu no ¢opmyne:

df=k-1,

rae k —4ymncno Bbl6OPOK.

YpoBeHb CMeLLEHWNA YUCIEHHOCTU re/ibMUH-
Ta i-ro BMAA OTHOCUTE/IbHO CPaBHUBAEMbIX
nNpo6 x03AnHa BbIYNCAAAN C MOMOLLbIO MOKa3a-
Tena CTeneHun oTHOCUTeNbHOM BMoToNUYECcKon
npuypoYeHHocTn Buaa no ¢opmyne (MeceHko,
1982):

F= ((n../N.)—(n_—nN) / (N—N.)) / ((n_J_/N.) +(n—n_.) / (N—NA)).

BennynHa F M3MEHAETCA B MHTepBasie oT +1
n po-1.Mpu F =+1i-1 B reIbMMHTOB NONHO-
CTbO npep,nquTaeT a npu F = —1 NONHOCTbIO
nsberaer j-to BbI60pKy X03AMHa. I'IpM F,= 0i-n
BMA, OTHOCUTCA K j-1 BbIBOpPKe HENTPanbHO, T. €.
He OTBepraeT, HO U He NpeAnoYnTaeT ee.

Pe3ynbratbl

1. PacnpoctpaHeHue
Oswaldocruzia filiformis n napameTpbl 3apa-
YKeHUA Xo3neB

HemaTtoga 3apernctpmpoBaHa B BblbOpKax
OCTPOMOPAON NATYLWKN M3 KONOYHOMU JSleco-
cTenu, normbl p. MpTbil, O03epHbIX KOTI0BUH
npaBobeperKHOM CyXoi CTenMn, MEXKCOMOYHbIX
03ep M BOAOTOKOB Ka3axcKoro mesnkoconou-
HWKa, aHTponoreHHbIx 6uoTonos r. MNasnogap
(cm. puc. 1). Mo 3KCTEHCMBHOCTU 3apayKeHun
X03AMHA U YMCNEHHOCTU reNibMUHTa BMOTOMbI
pacnagatTca Ha Tpu rpynnbl (cm. Tabn. 1). B
nepsoi (PénoposKa, 03. Koxa, Yconka, YepHo-
ApKa, basHayn) oba (MM oanH) napameTpa 3a-
pa*KeHHOCTU MNPEBbLIWADT UX cpeaHee 3Haye-
HWe, PacCYMTaHHOE MO BCEM UCCAeAO0BAHHbIM
NnArywkam. Tak, 3Ha4YeHUe 3KCTEHCUBHOCTU WH-
Ba3unm xo3amHa n3 PégoposkKun, 03. Koxa, Ycon-
KM 1 YepHOAPKM JOCTOBEPHO BbILLIe, yem cpea-
Hee 3HayeHWe MnokaszaTensd (t = 2.24-7.54).
JInwb B baAHayne 3apa)KeHHOCTb R. arvalis
paBHa cpegHemMy 3HayeHMto nokasatensa (t, =
0.05). B Kakgon npobe AaHHOM rpynnbl ¢ak-
TMYecKas umcneHHocTb 0s. filiformis y xo3anHa
AOCTOBEPHO Bblle TeopeTuyeckon B 1.2-2.5
pasa. BennmumHa Kputepua x> NpesbllLaeT Kpu-
TUYECKYIo, paBHyto 3.84, npu o =0.05un df— 1.

Mokasatens F, umeet NOJIOXKUTENbHbIN 3HAK,
T. e renbMMHTp,OCTOBepHo npeanoyntaeT buo-
TONbl JAaHHOM rpynnbl. Bo BTOpytO rpynny Bbi-
60poK BXxogAT 03. CabaHAbIKONb, AaHTPOMOreH-
Hble 6uoTtonbl Kapbep n AbnoHbKa, 03. bopan
n o3. Tneybepabl (cm. Tabn. 1). IKcTeHcus-
HOCTb MHBA3WM x03MHa M3 Kapbepa, A6N0Hb-
KM u 03. Tneybepapl [AOCTOBEPHO MeEHbLUe

(t =2.71-4.12), a u3 o3ep Bopnun n CabaHapl-
KOﬂb — paBHa cpegHen BennunHe (t,. = 1.29 un
0.06 cooTBeTCcTBEHHO). OXKMaaemoe npu pas-
HOMepHOM pa3meLlyeHnn yncno 0s. filiformis B
Ka*kA0M 13 6MOTOMNOB 3TOM rpynnbl, B OTAMYMNE
OT NepBOW, AOCTOBEPHO 6obLle GaKTUYECKOro
B 1.4-2.5 pas3a. OTpuuaTenbHbIM 3HAK NpuU no-
Ka3aTene F_yKa3blBaeT Ha TO, YTO HEMATOAA U3-
beraet Bbléopxm R. arvalis 3 paHHbIX NYHKTOB.
B cpaBHeHWUU c TpeTbel rpynnon ampubuin (os.
Manbib6aii, aHTponoreHHbI 6uoton ABC mn Ca-
PblO/IEH), B KOTOPOW BeANYMUHA Fi npubanxka-
€TCA WA pPaBHA eANHULLE, MOXHO CYUTATb, YTO
cTeneHb n3beraHusa reIbLMMHTOM BTOPOWM rpyn-
Nbl NPob x03AMHA — cpegHAsa. TeopeTuyeckoe
obunue Os. filiformis y narywek n3 o3. Manbl-
6an B 21, a u3 AbBC B 30 pa3 meHble PaKkTu-
4yecKoro. 3To Ha nopAfoK bonblue, 4em BO BTO-
poi rpynne npob. 3HaYeHMe IKCTEHCMBHOCTH
MHBA3MN HemaToaon 3eMHOBOAHbIX M3 ABC u
Manbibaa 3HauUUTENbHO HUXKE cpegHeln Benu-
YnHbl (t, =14.3 n 7.45). O4eBMAHO, YTO AAHHYIO
rpynny 7? arvalis HemaToga nsberaeT cuibHee,
4yem BTOpYyto. OCOBHAKOM cTOMT BblbOpKa — Ca-
pbloneH, B Kotopon Os. filiformis Boobuie oT-
CYyTCTBYET.

B 6uoTonax nepsoi rpynnbl mecta obuTa-
HUA M KopmoBble y4acTku R. arvalis npuypo-
YeHbl K XOPOLIO YBNAKHEHHOM, OTHOCUTENbHO
LUMPOKON NpubpeKHOM nosoce BOAOEMOB W
BOAHbIX NOTOKOB. [Tobepexkba B HUX MOKPbLITHI
ryctom me3opuUTHOM PacTUTENIbHOCTbIO, 4acTo
3aTeHeHbl OTAENbHbIMU AepeBbsAMMU, KyCcTap-
HUKOM WMAN TPOCTHWMKOM. [1n1A BTOPOM rpynnbl
6MOTOMNOB XapaKTepHbl bonee y3Kkne NpubpeK-
Hble NOJIOCbI, MOKPbITblIE MeHee MIOTHbIM pac-
TUTENIbHbIM MOKPOBOM, M3peaKa 3aTeHEeHHble
TaNbHMKOM (Salix sp.) unm TpocTHMKom. [Be
npobbl narywek — Manbibat u1 ABC — oTnoB-
NNeHbl HA Y3KOM, NOKPbLITON OTHOCUTENbHO pes-
KO NYyroBOM PacTUTENIbHOCTbIO, HbICTPO Nepe-
Xo4ALLel B 30Hy KcepodumToB. X03AeBa U3 MyH-
KTa CapbloneH AobbiTbl B KOHLE aBrycTa cpeam
Mna NoYTU BbICOXLLIEro Pyc/oBOro BOAOEMA B
O4HOMMEHHOM cTenHoi peyke. B Capblapke
noaobHble BOAHbIE MOTOKM OOBIYHO K OCEHM
(4acTo 1 neTom) nepecbixaroT U NPeACTaBAAOT
cob60M LLenoYKy OTAeNbHbIX NIECOB.

O6HapyKeHHbIe Pa3NNYMA B 3aparKEHHOCTH
R. arvalis cBA3aHbl, NO HALLEMY MHEHMUIO, C TEM,
4TO B TPEX rpynnax 6MOTONOB CyLLECTBYIOT pas-
JIMYHbIE YCNOBUA ONA Pa3BUTUA AUL, MUTpa-
LUMOHHOM aKTUBHOCTU MHBA3MOHHbIX JIMYMHOK
HemMaToAbl, CNefoBaTe/NbHO, ANA 3aparKeHuA
x03feB. Pa3BuTne cpaBHUTENbHO KPYMHbIX AL,
OCBa/IbAOKPY3UM npoucxoaunt B TeyeHue 8-10
AHEN BO BNAXKHOM No4yBe Npu TemnepaTtype
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Tabnvua 1. MapameTpbl MHBA3UM M pa3MelLlleHne YncneHHoctn Oswaldocruzia filiformis y Rana arvalis
B cTenHol 30He Pecnybnunkum KasaxctaH (Masnogapckas ob6nactb)

Table 1. Parameters of invasion and allocation of Oswaldocruzia filiformis in Rana arvalis from the
steppe of the Republic of Kazakhstan (Pavlodar region)

HassaHue (Homep) BbIGOPKK * N, P M s2 /M n, nij* x> ;
dénoposka (22) 25 96.0+39 83+15 7.0 207 825 188.0 +0.44
03. Koka (15) 25 80.0+8.0 52+15 113 129 82.5 26.2 +0.22
Yconka (1) 1269 71.8+1.3 4.0x0.2 7.7 5082 4186.5 191.5 +0.21
YepHosnpka (2) 274 67228 47104 9.7 1288 9039 163.2 +0.20
basHayn (35) 49 59.2+7.0 4.0x0.9 9.4 198 161.7 8.17 +0.10
0O3. CabaHapikonb (34) 67 62.7+59 2.4+0.5 6.6 163 221.0 15.2 -0.15
Kapbep (4) 345 519+2.7 2310.2 7.6 788 1138.2 107.7 -0.20
A6noHbKa (3) 284 46.8+3.0 2.2+0.2 6.1 623 936.9 105.2 -0.22
03. bopau (16) 18 444+11.7 1305 2.9 24 59.4 21.1  -0.43
03. Tneybepabl (17) 35 286t7.6 23107 8.4 80 1155 109 -0.18
03. Manbibali (18) 39 7.7+43 0.2%0.1 2.9 6 128.7 116.9 -0.91
ABC 2(5) 147 75+22 0.1+0.0 1.5 16 485.0 4535 -0.94
CapbloneH (37) 31 3.0£2.9® 0.0+0.0 0 102.3 102.3 -1.00
Bcero: 2608 59.5+1.0 3.3%0.1 8.5 8604 8604.0

MprmeyaHue. ! — pacnosioxKeHune NyHKTOB UCCAeA0BaHMA, CM. puc. 1; N, — 06bem BbI6OPKY, 3K3.; P — 3KC-

TEHCUBHOCTb MHBa3uK, %; M — nHAEeKc obunua, 3K3.;

s2/M — OTHOLLEHWE ANCIEPCUMN K UHAEKCY 0bMnmns;

2 — arpobuonoruyeckas cTaHUMsA NeguHCTUTYTa; *— 3HaveHre noiyyeHo no ¢opmyne BaH aep BapaeHa

+14...+15 °C (Griffin, 1988). N3 auy, BbixogAT
JIMYMHKN, KOTOpble MOCAe ABYX /IMHEK CTAHO-
BATCA WMHBa3MOHHbIMUK (/13). 3apakeHne xo3s-
€B MPOUCXOAMUT MEPOPaNbHO, NPU HEyAAUYHbIX
MOMbITKAX CXBAaTUTb OOBEKT NMUTaHMA Ha no-
yse (Hendrikx, 1983). Kpome TOro, mbl NosiHO-
CTblO MPUHMMAem npeanonoxeHue b. LWan-
KeHoBa (ycTHoe coobueHue), YTO JINYUHKMK
Os. filiformis myUrpmpyoT Ha pacTeHUsA No BoASA-
HOM NNeHKe, obpasyloLLenca nocae AoXKaa Uan
BbINAAEHNA pocbl. Murpauma MHBA3UOHHbIX
JIMMMHOK Ha pacTeHua, obneryatow,as KOHTAKT
C XO3IMHOM, AABNSIETCA OA4HOM U3 BaXKHbIX agan-
TauMn, NpUBEALNX K 3BONOLLMOHHOMY pacLiBe-
Ty BCeW rpynnbl cTpoHrnnat (LWynbu, MBo3aes,
1972). OnbITHbIM NyTEM TaK}Ke NOKa3aHo, 4YTo
NMYnHKK Os. filiformis moryT pacnpocTpaHATb-
CA, UCNONb3yA [OXAEBbIX YepBeW B KayecTse
TpaH3uTHbIX xo3aeB (CgiTiH, 2016). LWunpokas,
XOpOLWOo YyBAaXKHEHHaA npubpexHasa nonoca,
NAOTHbIN PACTUTE/IbHbIN NOKPOB HAa HEWN, HANU-

Yyme Co34at0LLNX TEHb OTAE/IbHO CTOALWMX Aepe-
BbEB, KYCTAPHUKOB W TPOCTHMKA, XapaKTepHble
ANA nepsoi rpynnel 6Guotonos, NpeaocTaBaa-
tOT ONTUMANbHbIE YCNOBUA ANA PA3BUTUA AUL,
N nepeasuKeHna NUYUHOK Os. filiformis n,
cnefoBaTenibHO, ANA MHBA3MK Xo3AeB. MeHee
noaxoadwme ycnosua HabnalogatoTca BO BTO-
poii rpynne 6MoTONOB, C YeM CBA3aHbl MOHMK-
YKeHHble NnapameTpbl 3apaxkeHua R. arvalis He-
mMmaToZou. Hamxyalwme ycnosus gns ycnewHoro
Pa3BUTUA AUL, U JINYNHOK, 3aPaArKEHMA XO3AEB
npeacTaBneHbl B TpeTbel rpynne 6uotonos. B
palioHe Capblapku, rae HaxoauTtcs NMyHKT Ca-
PbIONIEH, CpeAHsA TemnepaTypa WMIONSA paBHa
+22...425 °C, makcMmanbHasa goxogmt ao +42
°C (fBo3geukuii, Muxamnnos, 1963). OuesunaHo,
TemnepaTypHble YCNOBUA Ha OTKPbITbIX, C/1abo
3apOCLUMX MBHAKOM MecyaHbix beperax cren-
HbIX peyeK TMNa CapblofieH MOMHOCTbIO Mpe-
NATCTBYHOT PA3BUTUIO AWUL, U JIMYMHOK OCBalb-
[OKPY3UM.
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Tabnnua 2. 3apaxkeHHocTb pentuanin Oswaldocruzia filiformis (MaBnogapckan obiactb)

Table 2. Infection of reptiles with Oswaldocruzia filiformis (Pavlodar region)

HasBaHue (Homep) BbI6OPKIK? Nangwadt Bua xo3anHa NJ. P
C-3 TexHukym (11) Morima p. NpTbiLw Lacerta agilis 17 47.1+12.1
C-33aps (12) Moima p. NpTbiLw Lacerta agilis 14 143+9.4
C. Ambiweso (13) Molima p. NpTbiLw Lacerta agilis 24 20.8+8.3
C. benoropbe (31) Moima p. NpTbiww Natrix natrix 5 20.0+17.9
R. arvalis 5 20.0+17.9
AKwnmaH (33) MenKoCconoYHuK, pydyen Lacerta agilis 48 83140
Rana arvalis 3 33.3+27.2
0O3. CabaHaplkonb (34) MeNIKoCoNOYHMUK Lacerta agilis 16 12.5+8.3
Rana arvalis 61 62.7+5.9
KbisbinTay (40) MenKoCONOYHMK, POAHUK Lacerta agilis 5 60.0+21.9
Rana arvalis 5 80.1+7.9

MpumevaHue.
YeHbl MHBA3MpPOBAHHbIE PEenTUANK;

! — ansA cpaBHeHun p,o6aBneHb| BbIOOPKM OCTPOMOPAOM NATYLLKKN U3 TEX MYHKTOB, F4e BCTpe-
— PACroNOXKeHNe MYHKTOB UccnefoBaHus, cm. puc. 1; N, — obvem

BbI60pOK 9K3.; P — 3KCTEHCMBHOCTb MHBA3MK X035€B, %.

Kpome octpomopgaoi narywku Os. filiformis
obHapykeHa B Tpex BblbopKax L. agilis, B3aTbIxX
B NpaBobeperkHon nonme p. UpTbiw (Tabn. 2).
CMMMETPUYHbIE NPOObLI NAFYLWEK U3 3TUX MyH-
KTOB OTCYTCTBYtOT. Kpome Toro, HemaToga Hali-
AEHa Yy NPbITKUX AlWepul, obUTaloLWMX OKONO
03ep, PYy4YbeB U POAHUKOB B MEXKCOMOYHbIX
noHmkeHuax Capblapku. Ha o3. CabaHAabIKONb
3KCTEHCMBHOCTb MHBasuM amodunbum napasu-
TOM O0CTOBEPHO BbIlle, YemM Yy penTtuamm (t =

. " b
3.97). Bbibopku R. arvalis v L. agilis n3 ropHbix
NOAHATMI AKWKWMaH M Kbi3blNTay TaKKe OTAu-
yatoTcA No 3aparkeHHocTtun 0s. filiformis, HO Ha-
NEXHO (t =1.09 1 0.70 cooTBeTCcTBEHHO). Oye-
BMAHO, 570 CBA3aHO C MasbiM 06BEMOM BbIGO-
pok. CnesyeT OTMETUTb, YTO NPU OBHaPYKEHUN
Os. filiformis B npobax awepuupl Bcerga oTme-
YyaeTca nepekpbiBaHWE ee apeana C TaKoBbIM
OCTPOMOPAON NArywKM, obs3atenbHo 3apa-
KEHHOW 06cCy)KAaeMbiM BUAOM Te/IbMUHTOB
(cm. Tabn. 2). B nyHKTax U3 MeNKOCOMOYHUKA,
roe B npobax o6omx BUAOB X03A€B yCTaHOB/e-
Ha Os. filiformis, 6yksanbHo B 50-100 m Bbiwwe
No TPaBAHWUCTOMY CKJIOHY COMOK, KyAa M3-3a
CYXOCTU NATYLWKN HEe NOAHUMAIOTCA, ALepULbl
BCerga cBoboaHbl OT OCBANbAOKPY3UK. B an-
nonaTtpuyHbix ¢ R. arvalis sbibopkax L. agilis,
B3ATbIX Y MOAHOMbA FOPHbIX NOAHATUIA Kapa-
Ky3 (Ne 36; 48 3K3.), baaHayn (N2 35, 31 3K3.),

AkwnmaH (Ne 33, 22 3k3.) n Kbizbintay (Ne 40,
33 3K3.), Ha KaHane UpTbiw-KaparaHaa (Ne 30;
25 3K3.) n B oKp. I. NaBnogap (N2 5 un 6; 31 3K3.)
Os. filiformis He o6HapyXeHa. HemaToaa Takxe
OTCYTCTBYET B annonaTpuuHbIX ¢ R. arvalis npo-
6ax npbiTKoM (30 3K3.) M KMBOpoAALLEN (6 3K3.)
AlepuL,, B3aTbIX B ONMHE PyybA, BNaAaloWwero
B 03. Mapangbl (N2 20). OcTpomopaan naryLka
34ecb He 0buTaeT. B LLesJlom 3KCTEeHCMBHOCTb 3a-
paxeHusa L. agilis HemaToaoM B Hawmx cbopax
(12.9 £ 1.4 %, N = 582 3k3,, t, =1 03) 6nu3Ka
K BE/IMYMHE NOKasaTensa B 6VIOTOI'IaX BosbiHO-
MofonbCcKoW  BO3BbIWEHHOCTM U [puaHe-
NPOBCKOW paBHWMHbI YKpauHbl (15.5 + 2.3 %,
N = 252 3k3.) (Sharpilo et al., 2001).

Kpome Awepuy, ocBanbaoKpy3ma YCTaHOB-
NeHa y ogHo ocobu 06bIKHOBEHHOIO YKa B
nyHKkTe benoropbe (N2 31) ns nesobepexHom
noMmbl p. NpTbiw. Y ocTanbHbIX BUAOB penTu-
NN N 06bIKHOBEHHOM Kabbl B Hawux cbopax
Os. filiformis He HaligeHa.

2. JKcnepumeHTanbHoOe n3yyeHue pasBuUTUA
NUUKMHOK Oswaldocruzia filiformis w3 auu,
NPOMUCXOAALLMUX OT CAMOK HemaToAbl U3 pas-
HbIX BUA,0B X0351€B

Monoso3pensvle camku Os. filiformis, nsne-
YyeHHble B utoHe u3 R. arvalis v L. agilis (Yconka)

50



Bakkep B. I. MapasutapHaa cuctema Hematoabl Oswaldocruzia filiformis (Strongylida: Molineidae) B KasaxctaHe //

MpuHumnbl skonormun. 2018. Ne 4. C. 44-64.

N OTCaXKeHHble NO OTAE/NbHOCTM B YaLLKM [eTpum
C OTCTOABLUENCA BOAONPOBOAHOM BOAON N HU3-
pacTBOPOM, Bblaenanun anua. B Tpex cayvasax y
CaMOK, M3BNIEYEHHbIX U3 ALLEPUL, Mbl, BCes,
3a B. M. Wapnuno (1976), B AMUCTaNbHbIX YacTAX
MaToOK Habnaoganu anua co cdopmMmmUpoBaHHbI-
MW INYNMHKAMWU. YMCNo AL, BbIMETAHHbIX He-
MaTodamMu, CObpaHHbIMKU Yy NArylWeK, Koneba-
nocb mexay 14 n 128, y awepuu, — mexxay 11 n
107 sKk3. O4yeBMAHO, YTO NNOAOBUTOCTb CAMOK
Os. filiformis, napasnuTUpyOLWKMX B NATYLIKAX U
Aawepuuax, npubansntTenbHo oguHakosa. M3
AN, HEe3aBMCMMO OT BUAA XO3AMHA, CNYXKUB-
LWero MCTOMHUKOM CaMOK HemaToAbl, Ha BTO-
pble CyTKM NpuM KOMHaTHOM TemnepaType pas-
BMBA/INCb JINYMHKWU. AKTUBHOCTb JIMYMHOK B
Yawkax MNeTpu c BOAOM coxpaHanack 22, c ¢pus-
pactBopom — 25 cyTtoK. lpn noacywmBaHum
JIMMUHKKN CTAHOBU/IUCb HEMOABUKHbBIMM, NOCAE
YBNAXKHEHUS UX ABUMKEHMA BO30OHOBAANMUCH.
MepBan NMHbKa NIMYMHOK HabAtoganack Ha Tpe-
TUI AeHb Noc/se Havyana onbiTa. Bropas — mex-
ay 8-m n 20-m gHem. TpexgHeBHble NYUNHKMU,
Bbinnoauswmeca us auy, 0s. filiformis, cobpar-
HbIX Yy NATYLWEK U Alepuy, AOCTUrAaNAn CTaTu-
CTUYECKM OAMHAKOBOW AJ/INHbI, COOTBETCTBEH-
Ho 128.7-308.0 (293.5 + 23.4) 1 120.7-310.1
(233.3 + 34.6) mKm. Kputepuit t pasHbiil 1.44,
MeHbLLE KPUTUYECKOTo 3HAYEeHMUA, KOTOPOe NpU
a =0.05 u df =53 paBHo 2.02. Y oTaeNbHbIX NU-
YMHOK KYTUKYNAPHbIE YEXJIMKU OT JINHbKK CO-
XpaHanucb go 20-ro gHA Nocae BbIXo4a M3 AULL.
K aTomMy BpeMeHW A/MHA INYMHOK, NOSyYeH-
HbIX U3 AWUL, OT camok Os. filiformis n3 narywek,
paBHANacb 372.6 £ 97.2 mkm (N = 25), n3 awe-
puy, — 312.7 + 89.5 mkm (N = 23). OTanums He
AocrosepHbl t = 0.45, df = 46, t .. 2.02. Mpw
nocese AWL, HEMATOAbl Ha NUTATENIbHYIO cpeay
(KynbTypa KWULIEYHOM MasioMKM Ha arape) yxe
Ha cnefyloWnii AeHb NOABAAAUCL OTAE/bHble
noaBuKHble AWUMHKK Os. filiformis nepsown
cTaguun passutua (/11). Ha 8- geHb ux yncno
pocturano 70 ak3. [pn KOMHATHOM Temneparty-
pe IMYMHKM COXPaHAIN NOABUKHOCTDL. MNepByto
JIMHBbKY IMYMHOK Ha arape Habaoganu Ha 8-
AeHb. [Jo BTOPOM SIMHBbKM TeIbMUHTbI B 3TOM
onbiTe HEe A0XKBanAn u normbanm yepes 8-10
AHen. OyeBUAHO, arap C/AIULWKOM NAOTHas Ans
HUX cpea. B Lenom AMYnHKM 13 Anu, nonyyeH-
HbIX OT camok Os. filiformis, n3Bne4yeHHbIX U3
R. arvalis v L. agilis, ogMHAaKOBO yCMNELHO pas-
BMBA/INCb NPW KOMHATHOM TemnepaTtype B pu3-
pacTBOpe M BOAOMNPOBOAHOM Boge. B Temnax
pocCTa U ANUTENbHOCTM PA3BUTUA B UCKYCCTBEH-

HbIX YC/NOBMAX, pPa3Mepax OLHOBO3PACTHbIX
N1 wn 112, pa3BUBLUMXCA U3 AUL, NOJYYEHHbIX
OT camoK Os. filiformis n3 aByx BMAOB X03A€EB,
CTAaTUCTUYECKU CYLLECTBEHHbIX OTIMYNI Mbl He
YCTaHOBU/IN.

B NMHeNHbIX pa3mepax B3POCAbIX
Os. filiformis w3 R. arvalis v L. agilis, no Hawmnm
N NUTepPaTypPHbIM AaHHbIM, 3HAYUTENbHbIX OT-
NN4nii He Habntogaetca (Tabn. 3). Tak, gau-
Ha camok Os. filiformis oT NpbITKOM AWepULbl
npaktuyeckn (7.7-14.5 mm) Takasa e, 4To y
OCTPOMOPAON NAryLWKKN. HeT cyLLecTBeHHbIX OT-
Nnuunii no aanHe Besnkynbl (0.030-0.087 mm),
NOJIOXKEHUIO BY/NbBbI OT TepMuHyca (3.20-6.10
MM) 1 pasmepam auy (0.05-0.90 x 0.04-0.05
MM). BennunHa camuoB m3 alepuL, npubanKa-
eTcA K TakoBbIM y R. temporaria. CornacHo Ha-
WMM AaHHbIM, AJIMHA CAaML,0B OT NPbITKOM ALLe-
puubl paBHa 6.20—12.8 mm. CnuKyabl NO LBETY,
KONIMYECTBY U XapaKTepy OTPOCTKOB TaKue e,
KaK y OCTPOMOPAOM NArywKn. AnnHa cnukyn —
0.22-0.24 mm.

3. MapasutapHana cuctema Oswaldocruzia
filiformis

Mo umcny xo3nes, HEObBXOAMMbIX ANA OCY-
LWeCTBIEHNA UMKNQ pPa3BUTUA nNapasutTuye-
CKux opraHmsmos, B. H. Beknemuwes (1956)
BblAE/IMA MNPOCTble MNapa3nUTapHble CUCTEMBI:
ABYyXYNeHHble (1 BMA, OKOHYATENBHOMO XO3AK-
Ha), TpexuyneHHble (2 BMAA OKOHYATENbHbIX
x03seB U 1 BUA, NPOMENKYTOUHbIX) U MHOMOY-
NeHHble (3 uan bonee BWMAOB OKOHYaTENb-
HbIX X03AeB U 2 nan 6onee NPOMEKYTOUHbIX).
BKNtoyeHMe B NPOCTYyHO NapasuTapHylo Cu-
cTemy ogHoro unu 6onee BMAOB XO3fEB, Bbl-
NOJMIHAKOWMX Ty Xe OYHKUMI0, nepeBoauT ee
B PaHr CNOXKHOM. Hanpumep, BMeCTo 0O4HOro
OKOHYaTEe/IbHOrO0 U OAHOr0 MPOMEXKYTOYHOro
X03A€B MPU NPOCTOM TPEXY/IEHHOM CUCTEME
B CNOXHYIO TPEXYNEHHYH CUCTEMY aKaHToLe-
¢danbl Arhythmorhynchus petrochenkoi Bxogat
5 obnuratHbix, 2 Buaa ¢pakynbTaTuBHbIX, 20
BMAOB abOOPTUBHbLIX OKOHYATE/IbHbIX XO35EB
M OAMH MPOMENKYTOUYHbIN X035MH (KOHTpuMma-
BMYyc, AtpawkeBudy, 1982). Pa3HoobpasHble
cnocobbl 3aparkeHusa, CNOXKHble Tpoduyeckme
CBA3KM NapasuTa M x03AMHa (MK xo3saeB) npu-
30T NapasnTapHbIM CUCTEMAM CTaTyC 0CObbIX
aKkocucTem, obnagarowmx cobcTBEHHbIMM NPO-
CTPAHCTBEHHbIMM M BPEMEHHbIMWU FPaHNLAMMU,
CNOCOBHbIX K CAMOBOCNPOU3BEAEHUIO U CAMO-
perynauuu (banawos, 2011).
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Tabnnua 3. Xapaktepuctnkun Oswaldocruzia filiformis n3 pasHbix BUAOB X03A€B (M0 ANTEPATYPHbIM U Ha-
LM AaHHbIM)
Table 3. Characteristics of Oswaldocruzia filiformis from different host types (according to literature and
our data)

Bunabl xo3ses

Rana Rana arvalis Vipera
temporaria  Lacerta agilis  Bufo viridis p
Mpu3Haku (Bakkep, berus
(Moravek, (Wapnuno,  (PbI*KMKOB C Tapacosckas, (Hosoxall-
Voitkova, 1976) coasT., 1980) !
1975) 1988) Kan, 20086)
Camku Oswaldocruzia filiformis, mm.
OnunHa Tena 9.75-24.2 10.0-15.2 12.0-20.0 8.38-15.9  5.90-9.20
WnpwuHa Tena 0.177-0.408 0.16-0.21 0.23-0.28 0.16-0.36  0.12-0.20
OnviHa Be3unKynbl 0.090-0.105 0.077-0.082 0.040-0.116 0.07-0.08
AnuHa nepeaten acty 0.033-0.045 0.032-0.060 0.03-0.04
BE3UKY/bI
inpuna nepearen wact 0.011 0.049-0.55 0.048-0.064
BE3UKY/bI
OnvHa nuwesoaa 0.516-0.612  0.42-0.47 0.45-0.49 0.32-0.54  0.33-0.46
OnnHa xBocTa 0.267-0.367  0.23-0.33 0.26-0.33 0.14-0.32  0.14-0.28
BynbBa-TepmuHyc 3.47-8.5 4.1-5.5 4.2-7.1 3.36-6.52 2.60-3.40

0.096-0.117 x 0.082—0.104 x 0.099-0.104 x 0.068-0.100 x 0.06—0.08 x
Pasmepsbl any,

0.057-0.060 0.055-0.060  0.055  0.036-0.056 0.03-0.05
Camupbl Oswaldocruzia filiformis, mm.
[ivHa Tena 5.47-11.8 6.4-8.9 5.9-6.2 6.00-10.4  3.50-6.70
LWinpuna Tena 0.109-0.231 0.11-0.17  0.13-0.16  0.14-0.26 0.10-0.24
[IIMHa BE3NKyAbl 0.060-0.117 0.077-0.099 0.077-0.082 0.063-0.087 0.06-0.07
ﬂ;”:@:gpeﬂ”eﬁ Hacm 0.033-0.039 0.036-0.048 0.03-0.03
ig;’::ﬁb':er’eﬂ”eﬁ Hacm 0.049 0.049  0.040-0.056
[IiMHa nuwesoaa 0.420-0.598 0.37-0.42  0.38-0.42  0.22-0.52  0.32-0.40
[IAMHa CiuKy b 0.201-0.240 0.187-0.203 0.193-0.231 0.184-0.232 0.16-0.18
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Tabnnua 4. MapameTpbl MHBa3Mu Rana arvalis v Lacerta agilis HemaTtogon Oswaldocruzia filiformis B
norime p. UpTbiw (Yconka) n Kasaxckom menkocono4yHuke (basaHayn)

Table 4. Parameters of the invasion of Rana arvalis and Lacerta agilis by the nematode Oswaldocruzia
filiformis in River Irtysh (Usolka) and Kazakh hilly steppe (Bayanaul)

Buabl xo3aes N, n, nij* x> Fi P M s3M
p. UpTbiw (Yconka)

Rana arvalis 1269 5082  4808.3 15.6 +0.48 71.7+1.3 4.0+0.2 7.7
Lacerta agilis 115 162 435.7 172.0 -0.48 339+4.4 1.4+0.3 6.1
Bcero: 1384 5244  5244.0 187.6 t,=7.96 t =721
Kasaxckuit menkoconouHuk (basHayn, oonvHa py4ybs Kadap)

Rana arvalis 49 198 97.1 1049 +0.87 59.2+7.0 4.0+0.9 9.4
Lacerta agilis 59 16 116.9 871 -0.87 6.8+3.3 0.3zx0.2 12.0
Bcero: 108 214 214.0 192.0 t, =635 t =4.06
Mpumeyarne. N, — obbem BbIOOPOK, 3K3.; N, — ¢aKTUYECKAA UMCNEHHOCTb HEMaTO/bl, 3K3.;

* ] v
n. —TeopeTnyecKaa YNCNEHHOCTb HeEMaATOAbI, 3K3.; XZ — Kputepun cornacua, Fij — MOKa3aTe/ib CTeneHn

NPUYPOUYEHHOCTN OTHOCMTENIbHOTO 0BMAUA HemaTodbl; P — SKCTEHCMBHOCTb MHBasuKn, %; M — MHAEKC
0bunua, sKk3.; t, — Kputepuin Puwepa; t — KpuTepuit CTbioAeHTa NpK CPaBHEHUM NAaPAMETPOB MHBA3NUN

X03aeB 13 Yconkm u basaHayna.

HaunccnepgosanHon Tepputopumn Os. filiformis
obpasyeT ABYX4Y/IEHHYIO NapasnTapHy cucTe-
MY ABYX TUMOB: NPOCTYIO U CNOMKHYLO. B nyHKTE
YepHoApKa, rae eANHCTBEHHbIM XO3MHOM He-
MmaToabl ssnserca nonynaumns R. arvalis, PyHK-
LMOHUPYET NpocTaa AByX4/JeHHaA napasuTap-
Haa cuctema. MapameTpbl MHBa3MKU XO3AMHA
npuseaeHbl B Tabn. 1. B 6uotonax p. UpTbiw
(Yconka) n Kasaxckoro menkocono4yHuKa (go-
nvHa pydbs Kadap, BasaHaynbckoe ropHoe
NoAHATME), rae 3apakeHbl ABa BMAA XO3SEB
— R. arvalis v L. agilis, obpasoBanncb 1 cylle-
CTBYIOT C/IOXKHbI€ ABYXY/I€HHble Napa3uTapHble
CUCTEMbI. 3HAYEeHME IKCTEHCUBHOCTM MHBA3UM
NATYIWKN Ha YCONKe OO0CTOBEPHO BbIlLE, Yem
Awepuubl (Tabn. 4). Kputuyeckas BennymHa
Kputepua CTbloaeHTa paBHa 1.96. Pacnpege-
JIeHMEe YUCNEeHHOCTU HemaToabl Ha Yconke u
Kadape oTHOCUTCA K nepepaccesHHOMY Tuny,
TaK KaK OTHOLWIEHWE AUCNEPCUN K UHAEKCY 0OU-
A y obomx BUAOB x03seB 6osblue eanHULbI
(cm. Tabn. 1). PasmelleHune reibMMHTa OTHOCK-
TeNbHO BbIOOPOK X03AeB HepaBHOMEPHO (cm.
Tabn. 4). TeopeTUYecKkoe YUCNO reIbMUHTA B
YconbCKoM NonynaumMm NAryLWKN B 04MH pa3 go-
CTOBEPHO MeHblle 3MNupuYeckoro. BennumHa
KpUTEpMA X2 NPeBbILAET KPUTUYECKYIO, PaBHYIO
3.84, npu ogHom cteneHn ceoboabl 1 a = 0.05.
Oxmnpaemoe B COOTBETCTBMM C H Konnuectso
HemMaToZ y NPbITKOM AWepuubl, B OTAM4YMe OT
NArywKn, 6onblie amnmupuyeckoro B 2.7 pasa.
MONOKUTENbHbIN 3HAK NpU F, cBUAeTeNbCTBYET
0 TOM, 4TO umncneHHocTb Os. filiformis pocTo-
BEPHO W B 3HAYUTE/IbHOM CTEMNEHU CMmelleHa

K Bblbopke amdpubun. B basHayne BennumnHa
9KCTEHCMBHOCTM MHBA3UM NATYLWIKM TaKXKe A0-
CTOBEPHO MPEBbILIAET TAKOBYHO ALLEPULbI (CM.
Tabn. 4). Oxxungaemoe YMCN0 OCBANbAOKPY3UM
B BblbopKke amodnbum B 0.45 pasa meHblle, a
pentunmm — B 7.3 pasa bonblue, yem HarMaeHo
dakTnyeckn. Ona atoro 6bmuotona xapakTepHa
BbICOKAA CTeneHb MNPUYpPOYEHHOCTU 0buauA
Os. filiformis Kk npo6e R. arvalis.

CnoxkHas AByX4YNeHHas NapasnTapHan cucTe-
ma Os. filiformis, onupatowanca Ha nonyaaLnm
R. arvalis v L. agilis, cocTonT U3 ABYyX NOACUCTEM
(puc. 2). OaHa NnpeacTaBaeHa 0CBAIbAOKPY3UNA-
MW, HaceNAaWMMM NONyAALUI0 OCTPOMOPAOHM
NArywKkn. [lpyraa BKAKOYaeT yepsei, napasu-
TUPYIOLWMX B MONYAALMM MPbLITKOM ALLepULbl.
Karkaaa noacucrema coctouT M3 Tpex obAsa-
TeNIbHbIX YacTel — BXoZ,, NPOAYKLUMOHHbIN 610K
(TpodumKo-penpoayKTUBHBIM 610K no MpaHoBK-
yy, 2009, c. 333) u Bbixoa. Bxoa 06pasytoT UH-
BA3WOHHbIE JIMYNHKM 3, NPOAYKLNOHHbIN 610K
— napsanbHble (/13, /14) n agynbTHble ocobu
renbMMHTA, BbIXoA — ANUa, Npoayumpyemble
camMKamu HemaTtogbl (cm. puc. 2). 3HayeHue
OCTPOMOPAOM NATYLWKM N NPbITKOW ALLEPULbI B
napasutapHon cucteme Os. filiformis noacun-
TbiBanM No metoguke B. J1. KoHTpuMmasmnuyca
n . UN. Atpawkesnya (1982). BennunHa notoKa
MHBa3MM, NOCTYMAIOLLETO U3 OKpYKatoLLen cpe-
Abl B NONYAALMIO XO3AMHA, COMMAaCHO HA3BaH-
HbIM aBTOPaM, paBHa NPOM3BEAEHUIO NHAEKCA
06MAnA renbMUHTA Ha OTHOCUTENIbHYIO YNCEH-
HOCTb BWAa X0O3AMHa.
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MMPOJIYKIIHOHHBIHI BJIOK 1:
COBOKYNHOCTH J1apBa/ibHBIX (L3, L4)
H aJyJIbTHBIX (d, ?) ocobeii
Oswaldocruzia B mony/I90HH
OCTPOMOPIOH JIATYIIKH

PO, IVKITHOHHBII BJIOK 2:
COBOKYNHOCTH JI1apBaA/IbHBIX (L3, L4)
H aayJIbTHBIX (d', ?) ocobeii
Oswaldocruzia B mony ,190HH
NPLITKOH AMeEePHIIBI

BBIXO/T
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OkpyvAEamas cpeaa
(B.IaKHBIH cyOcTpaT, Me30QH. IBHANA PACTHTE ILHOCTD,
MI€HOYIHAA BOJIA HA PACTEHHAX, +14-+15°C)

Puc. 2. Cxema cnoxHon aByxyneHHoOM napasuTtapHon cuctemsl Os. filiformis B8 6GuoTonax ctenHom 30HbI Pe-
cny6aunkm KasaxctaH (06bsicHeHMA B TeKcTe)

Fig. 2. Scheme of the complex two-member parasitic system Os. filiformis in biotopes of the steppe of the
Republic of Kazakhstan (explained in the text)

YMHOXeHnemM nHgeKkca obunma nonosospe-
NIbIX CAMOK Ha MX MJI0A0BUTOCTb U HA OTHOCHU-
TeNbHYIO YUCNEHHOCTb BMAA XO3AMHA aBTOPbI
onpeaenanv paamep NOTOKA MHBA3MM Ha BbIXO-
Ae 13 NoNynAaumm X03anMHa BO BHELLHIOK cpeay.
Mo AaHHbIM Tabn. 5, Ha Yconke NOTOK MHBA3UMK
Os. filiformis Ha Bxoge B NOACUCTEMY «OCTPO-
mopaas nArywka» paseH 4.0-5=20.0, as noa-
CUCTEMY «NpbITKaa Awepuua» — 1.4-1=1.4.
Echv npuHATL BENNYMHY BCEro NMOTOKA MHBa-
3MM Ha BXxoge 3a eanHuuy (20.0 + 1.4 = 21.4),
TO Ha NOACUCTEMY «AATYLIKAa» MNPUXOANTCA
(20.0 / 21.4) - 100 = 93.5 %, a Ha noacucTemy
«awepuua» — (1.4 / 21.4) - 100 = 6.5 % noToKa
nHBasuu. Npu nogcyeTe BEANYNHBI NOTOKOB UH-
Ba3WM Ha BbIXoA4e U3 NOACUCTEM Mbl MCMOJb30-
Ba/IN ABa COMHOXUTENA: MHAEKC obunma 3pe-
NIbIX CAMOK HemaToAbl U OTHOCUTE/IbHYIO YMUC-
NNeHHOCTb BMA0B X0351eB. TPETUI COMHOXUTEND
— NI0A0BUTOCTb CaMOK reIbMMUHTA — Mbl NpK-
HANWN PaBHbIM e4ANHULE, T. K. HAAEXKHbIX Pa3n-

4YUI B YUMCNE AULLY CaMOK, 80b6bITbIX U3 R. arvalis
n L. agilis, He yctaHoBunun. Ha Yconke gona no-
TOKQ WMHBa3MM Ha BXoAe W3 MPOAYKLUUOHHOTO
6noKa «nonynauma R. arvalis» 8 14.3, a Ha Bbl-
xoae B 13.5 pasa 6onblue, yem M3 «nonynsuum
L. agilis» (Tabn. 5). B basHayne B napasnTapHoi
cucteme Os. filiformis pons NHBa3MOHHOIO No-
TOKa Ha BXo4e B MOACUCTEMY «OCTPOMOpPAAs
NArywkKa» noytn 7.4 pas, a Ha BbIxoge B 7.7 pas
6onblle, YemM M3 NOACUCTEMbI «MPbITKAA AlLe-
puua» (cm. Tabn. 5). OTHOCMTENbHAA YNCNEH-
HOCTb penTuaum B basHayne HemHoro 6oblue,
yem Ha Yconke. C 3TUm cBA3aHa YyTb 60/blUan
[0NA MOTOKA MHBA3WKM B MapasvTapHOMN Cu-
cteme Os. filiformis, 3aBucAwWwa@n OT NPbITKOM
AlWEepULLbl B MEIKOCOMOYHMKE, CPaBHUTENBHO C
npunonmeHHbIM 6uotonom p. NpTbiLu.

Takmm o6pasom, B cTenHom 30He Kasaxcra-
Ha B 3aBMCMMOCTU OT BUOTONUYECKMX YCI0BUN
nonynALMM OCTPOMOPAOM NATYyLWKM MoryT obe-
cneumnsaTtb oT 88 A0 93 % NOTOKA MHBA3UM Ha
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Tabnvua 5. MOTOKM MHBA3MM B C/IOXKHbIX ABYXUY/EHHbIX NApasnTapHbix cuctem Oswaldocruzia filiformis
Ha p. NpTbiw (Yconka) n B Kazaxckom menkocono4vHuke (baaHayn)

Table 5. Flows of invasion in complex two-membered parasitic systems Oswaldocruzia filiformis on the
river. Irtysh (Usolka) and in the Kazakh hilly steppe (Bayanaul)

MOTOKM MHBA3UK B Napa3nTapHOM

cucteme
Bupa xo3anHa Ni:Nj M M, Ha Bxoze Ha BbIXOZe
9K3. % 3K3. %
Moima p. NpTbiw (Yconka)
Rana arvalis 5:1 4.00 2.10 20.0 93.5 10.5 93.1
Lacerta agilis 1:5 1.40 0.78 1.40 6.5 0.78 6.9
Bcero: 214 100.0 11.28 100.0
Kasaxckuii menkoconoyHuk (basHayn, gonvHa pyybs Kadap)
Rana arvalis 1:2  4.00 2.16 4.00 88.1 2.16 88.5
Lacerta agilis 2:1 0.27 0.14 0.54 11.9 0.28 11.5
Bcero: 4.54 100.0 2.44 100,0

Mpumeyarwe. N, : N, — OTHOLEHNE YNCAEHHOCTM OCTPOMOPAAA NATYLIKA (i): npbITKas awepwuua (j); M —
MHAEKC 06mnms, 3K3.; M, — nHAeKc 06uamna nonosospesbix camok Os. filiformis, 3k3.

BXO4E W BbIXOAEe W3 MapasuTapHOM CUCTEMbI
Os. filiformis. 9To BmecTe ¢ 60nee BbICOKOM
3KCTEHCMBHOCTbIO MHBA3WM W MNOBbILEHHOM
CTENeHblo MNPUYypPOYEHHOCTM 0bunns HemaTo-
Abl K npobam R. arvalis yka3biBaeT Ha BegyLiee
3HaYeHWe NonyaAaLnii OCTPOMOPAON NATYLIKM B
CNOXHOM NapasutapHom cucteme Os. filiformis.
MpbiTKAA AwWepuLa 3apakeHa [AOCTOBEPHO
MeHbLUEe OCTPOMOPAOWN NAryLKKW, NOoKasaTesb
CTENeHM MNPUYPOYEHHOCTU OTHOCUTE/IbHOTO
obununs (Fij) MMeeT OTpuuATENIbHOE 3Haye-
HWEe N B C/I0XKHOM Napa3uMTapHON cucteme He-
MaToAbl MrpaeT BTOPOCTEMNEHHYK poab. Kak
6b1710 NOKa3aHO, MHBA3NMPOBAHHOCTb PENTUINN
Os. filiformis HabniogaeTca TONbKO B YC/1I0BU-
AX CMMMATPUK C 3apParKeEHHbIMU NONYAALUAMM
R. arvalis. cxoas 13 3TOro Mbl cHUTaEM, YTO B
cTenHon 3oHe KasaxcTtaHa L. agilis He MmoXKeT,
nofobHo R. arvalis, camocToATeNbHO Noaaep-
*KMBaTb CYLLECTBOBAHME MPOCTON ABYXY/IEHHOM
napasutapHon cuctemnl Os. filiformis.

O6bIKHOBEHHDIN YK B nome p. NpTbiw, Ha-
psagy C OCTPOMOPAOM NATYLWKOM W MPbITKON
AlWepuLen, BUAMMO, TaKKe MOXKET BOB/EKATb-
CA B MapasuTapHyl cuctemy Hematogbl. Ero
BEPOATHYIO PONb MPEACTOUT U3Yy4nUTb. TaK ke,
KaK OObIKHOBEHHOM *Kabbl U 03epHOWN NAryLU-
KM, Y KOTOPbIX 3apa*KeHHOCTb YCTaHOBNEHA B
OKpecTHOCTAX Pngaepa u Yctb-KameHoropcka
(Bakkep 1 ap., 1990).

OAHMM M3 BaXKHbIX pPe3ynbTaTOB MEMKBU-
[OBbIX B3aMMOAEWNCTBUIM B NMapasUTapHbIX CU-
cTemax anaetca GoOpMMPOBAHME TOCTaNIbHOM
cneundpunyHoctT. o cTeneHn ecTecTBeHHOM
BOCNPMMMYMBOCTM K NapasvMTam BblAenarTca
cnepyrowme OCHOBHbIE KaTeropum xo3ses: 06-
nuratHble, $aKynbTaTUBHbIE, pe3epByapHble
(TpaHcnopTHble) n abopTuBHbIE (TYNUKOBbIE,
KanTueHble) (LWynbu, AastaH, 1954; Lorens,
1962; Wynbu, MBo3aes, 1972; banawos, 2001;
HurmaTtynnmu, 2004). O6blMHO onpeaeneHue
roCTa/IbHOro CcTaTyca re/bMUHTOB peLlaeTcA
nyTem cpaBHeHUss MopPPONorMyecknx n pusmno-
NIOTMYECKUX MPU3HAKOB, BENYUHbI IKCTEH-
CMBHOCTM MHBA3UM XO3A€B, pPerKe — MHAEKca
obunna (Hurmatynnmu, 2004). MNMpumeHeHue
nocnefHero OrpaHMYEeHO peaKo BCTpeyaro-
WMMCA B NPUPOAE HOPMAJIbHbIM TUNOM pac-
npeaeneHna YMCNeHHOCTM napasuTos. B 6uo-
TOMax CTENHOM 30Hbl MoJsioBO3penbie Gopmbl
Os. filiformis, B TOM 4ncne camKun co 3penbiMmu
ANLAMWN, HaWAEeHbl Y 3apaKeHHbIX OCTPOMOp-
AbIX NATyweK, NPbITKMX Awepul, U 0bblKHO-
BEHHOro y»a. CnepoBaTenbHO, K MOC/ieAHUM
NPUMEHUMbI KaTeropum obauraTHblx uam da-
KY/ZIbTaTUBHbIX X035€B, NOCKONbKY TO/NIbKO Yy Ta-
KMX XO3A€eB reJIbMUHTbI NPOX0oAAT No/HOoe, 6e3
CyWEeCTBEHHbIX MOpPGONOrMYecKknx u ¢usmo-
NIOTNYECKMX U3MEHEHUN, pa3BUTUE BCEX Opra-
HOB W JOCTUratOT NonoBoM 3penoctn. CornacHo
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HaWWM AOaHHbIM, 3aMeTHbIX Mopdonoruye-
CKMX OT/IMYUIA Y NONOBO3pPENbIX GOPM U NYU-
HOK HemaToAbl He oTme4veHo. BeayLiana ponb B
napasutapHon cucteme Os. filiformis, BbiICOKMI
YPOBEHb 3aparkeHuA, LWMPOKOe pacnpocTpa-
HEeHWe refibMMHTa Y OCTPOMOPAON NATYLWKN B
6roTonax fnecocTtenu, CTenn, MEeNKOCOMOYHMKA,
nonmbl MpTbiwa 1 03epHbIX BNaauH roBOpPAT B
nosb3y o6amMraTHOro craTyca 3Toro BMAa X03s-
eB. BTopocTeneHHana posb NPbITKON sAWepuLbl
B C/IOXKHOM Napa3mMTapHOM CUCTEME Fe/IbMUHTA,
3apakeHune pPenTuUamMm TO/IbKO NpU cMMnaTpum
C MIHBa3MPOBaHHOM HemaToAon ampunbuen, He-
BbICOKAA BE/IMYMHA IKCTEHCMBHOCTU MHBA3UM,
OTCYTCTBME MPUYPOYEHHOCTU OTHOCUTE/IbHOTO
obunua Os. filiformis K L. agilis ceupeTenscTsy-
OT O TOM, YTO B CTENHOM 30He KasaxcTaHa aToT
BMA, X03AeB ABNAETCA PpaKy/NbTaTUBHbIM X0O3AU-
HOM HemaTogbl. Mbl nonaraem, 4to, ABNAACH, NO
cpaBHeHuto ¢ R. arvalis, meHee rMrpoPpunbHbIM
BMAoM (MpbITKaa Awepmua, 1976; BaHHMKOB M
ap., 1977), L. agilis 8 paHre ¢akynbTaTUBHOrO
X03AMHA MOrNa CNocobCcTBOBaTb MPOHUKHOBE-
Huto Os. filiformis 13 akonornyeckux xenobos
(peku UpTbiw 1 Ypan) B BMoTONbI 03€PHbIX BNA-
AWNH KONOYHOW 1IeCOCTENMU U CTENMN.

B. M. Wapnuno (1976) OTHOCUT NpPbITKYIO
Awepuuy K obaunratHbim xo3seam Os. filiformis.
N pencrsutenbHO, B N€CO-YroBbIX CTALMAX
KapnaT 3HayeHMe 3KCTEHCMBHOCTM WHBa3UMU
L. agilis B cpegHem paBHO 80 %, 4TO yKa3blBa-
€T Ha ee BO3MOXKHbIN 06IMraTHbIN rOCTa/IbHbIN
ctatyc. OgHaKo B 18 Bbi6opKax (342 3K3.), cae-
JNIAHHbIX U3 FOXKHOW YaCTU CTENMHOM 30HbI YKpau-
Hbl, MWb Tpu awepuubl (0.88 + 0.03 %) 3apa-
weHbl Os. filiformis (Sharpilo et al., 2001). 370,
No-BUAMMOMY, CBUAETENbCTBYET O TOM, YTO Ha
tore YKpauHbl CTaTyC MPbITKOW AlLepuubl me-
HAeTcA Ha ¢aKynbTaTUBHbIA. CMeHa roctanb-
HOro cTaTyca y napa3vTUYEeCKUX OpraHM3moB
— 0bbl4HOEe aABneHune. Tak, popma Echinococcus
granulosus, BbI3blBalOWAnA y AOMALLIHMUX OBeL,
UMCTHbIA rMAaTUAO3, YCTAaHOB/IEHA Y Heobbly-
HbIX XO351eB: Y AEBATU BbIHYXAEHHO onepupo-
BaHHbIX AeTel U y oAHOM 3abOMHOM KOpPOBbI
(lykmaHoBa u ap., 2006). Ha nTnubmx H6asapax
3emnun ®paHua-Nocnda B napasuTapHyro cu-
cTemy ckpebHs Polymorphus phippsi, kpome
06AuratHoro xo3AnHa OObIKHOBEHHOM raru
(Somateria mollissima), Kak ¢aKkyNbTaTUBHbLIN
XO35IMH BKIOYAETCA NONAPHaA Kpadka (Sterna
paradisaea) n obecneymsaeT go 1 % NOTOKa UH-
Ba3uu (ManaktMoHos, ATpawkKesuy, 2015). Yka-
3aHHble aBTOPbI TaKXe YCTaHOBU/IU, YTO NHOPUK
(Alle alle) Ha ocTpoBe BpaHrena cmeHuA No oT-
HoWeHUo K P. phippsi KanTUBHO-abOPTUBHbIN
CTaTyCc Ha $aKynbTaTUBHLIN. CBMAETENLCTBOM

NOTEHUMANbHOW CMEHbl TOCTAa/IbHOCTU B Ca-
MOM Hayane npouecca CayKaT NOCTUMKANYE-
ckme napasutbl (Odening, 1974). Hanpumep,
OCBa/NbAOKPY3MA, HalAEHHas Yy COBEpPLUEHHO
HeoObIYHOro X03iMHA — HaAMMa, O4YeBUAHO,
CbeBLUEro 3apakeHHyt narywky (Hosoxau-
Kana, 2008a). IOKcnepuMMeHTaNbHO MNOKa3aHa
NPUKMBAEMOCTb HEMATOAbI Y 0O6bIKHOBEHHOTO
yXa M 00blKHOBEHHOM raatoku (CeiTiH, 2016).
Y nocnegHero BuAaa Ha KMMKCKMX OCTpoBax B
OHeXXCKOM 03epe YCTaHOB/EH CTabUNbHO Bbl-
COKUI ypoBeHb 3apaxeHHoctu Os. filiformis
(HoBoxaugxas, 20086). ®eHomeH cBfA3aH C Tem,
YTO BEAYLLMM MULLEBLIM OOBEKTOM PENTUANM
ABNAOTCA TPABAHbIE NATYLWKWN, B TOM YNC/IE UH-
Ba3MpOBaHHble HEMATOAOM.

3aknouyeHue

B ceBepo-BOCTOYHOM 4acCTWU CTEMHOM 30HbI
Pecnybnvku KasaxctaH napasuTapHoOW cu-
ctemon Os. filiformis oxBaTbiBalOTCA Camble
MaccoBble BUAbI MecTHOW HaTpaxo- U repne-
TodayHbl — OCTPOMOPAAA NATYLWIKA U NPbITKaA
Awepunua. 3aMeTHbIX MOP(OOrMYECKUX OTIN-
YU Y HEMATOZ, U3 HAa3BAHHbIX BUA0B X03A€B He
OTMeYyeHo. Y 0601X BUA0B reIbMUHT A0CTUraeT
NONOBOW 3penocTu, NN0L4OBUTOCTb CAMOK, 06U-
TAOWMX Y HUX, NPUBAN3UTENbHO OAMHAKOBA.
Camkun Os. filiformis, pobbiTbie U3 NArywek u
AllepuL, OTKNaAbIBAOT ANLA B YalwKax MNetpu
c BoAon unu dpuspactsopom. Ha BTopble CyTKM
N3 AWL, BbIXOAAT IMYMHKKU. VX nepBas NMHbKA
npoucxoauT Ha 8- AeHb, BTopas — Ha 20-i.
AKTUBHOCTb IMYMHOK B ¢m3pacTBope Habnto-
paetca Ao 25 aHen. JINUMHKM BbIHOCAT Noa-
CyLWMBAHME, NPU YBNAXKHEHUU WX OBUNKEHWUA
BO30OHOBANAIOTCA. B ycnoBuaAx aKcnepumeHTa
0CObbIX OT/INYMIA B BbIXKMBAEMOCTM, TEMMNAX PO-
CTa M Pa3BUTUA, TNHbKAX IMYMHOK | 1 Il ctagnii,
Pa3BMBLUMXCA U3 AWL, NONYYEHHbIX OT CaMOK
Os. filiformis n3 narywek v awepwuu, He Habnto-
[anocob.

B noMmeHHbIXx 6uoTtonax p. UpTbiw
Os. filiformis dopmunpyeT NpocTyro ABYXY/IEH-
HYIO MapasuTapHYLD CUCTEMY, OMMpPAlOLLYHOCA
TONbKO Ha nonynaaumto R. arvalis. B nputeppac-
HbIX y4acTKax normbl p. NpTbiw u B page 6uo-
LEeHO30B Me/IKOCOMOYHMKA, rae apeasbl nony-
NALUNMA OCTPOMOPAOMN NATYLIKM U NPbITKOM ALlLe-
pULLbl NepeKpbIBatOTCA, POPMMPYETCA CNOXKHAA
ABYX4Y/IeHHAA NapasuTapHaa cuctema. MNonyna-
LM OCTPOMOPAOM NArywKn obecneymsaroT Ha
BXOZE W BbIXOAE W3 CNOXHOW MapasvMTapHOM
cmuctembl oT 88 0 95 % notoka nHeasuu. MNpbIT-
Kas awepuua KOHTpoampyeT amwb 5-12 % no-
ToKa. OnTUManbHble ycnosua ana obpasosa-
HUA U AANTEeNbHOro GYHKLMOHUPOBAHWA Napa-
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3uUTapHbIX cuctem Os. filiformis cywecTBytoT Ha
YBNIA¥HEHHbIX, 3apOCLUMX FYCTOM Me30PUTHOM
PacTUTENBHOCTBIO MPUOPENXKHbIX YacTaAXx paga
03ep, PEK U pyybeB B KOJIOYHOM flecocTenu,
npaBo- W neBobepexHon crenn, Kasaxckoro
MEIKOCOMOYHMKA.

MpaHuUbI NapasnTapHbixcuctem Os. filiformis
3aBUCAT OT HECKO/IbKMX aKTopoB. Bo-neps.bix,
NPOCTPAHCTBO, 3aHMMaemoe MNapa3nTapHbI-
MK cuctemamm Os. filiformis B ctenHon 30He,
OrpaHMYMBaETCA Temnepatypon W BAAXKHO-
CTbto CybCTpaTa, KoTopble obecneynBatoT (Mau
HeT) HoOpMasibHble YCNOBUA ANA PA3BUTUA AUL,
N cBOHOAHOrO NepeaBUKEHUA MHBA3MOHHbIX
NMYnHOK Os. filiformis. B cBa3n ¢ 3tum npo-
CTble U CNOXKHbIe ABYXYNEHHblE Napa3uTapHble
CUCTEMbI TeIbMUHTA MPUYPOYEHbI K YBAAXK-
HEHHbIM, MOKPbLITbIM TYCTbIM PACTUTE/IbHbLIM
NOKPOBOM MpMBEpEerKHbIM YacTAM BOLOEMOB
M BOAOTOKOB. Bo-BTOpbIX, HEOBXOAMMbIM YC/I0-
BMEM CYLLECTBOBAHMA MapasUTapHbIX CUCTEM
OCBa/NbAOKPY3UW ABNAETCA PACNONOXKEHMNE Ha

bubnnorpadus

YyKa3aHHbIX nobepexbAx KOPMOBbIX Yy4aCTKOB
OCTPOMOPAON NATYLWKN U NPbITKON ALLEepULbl.
B-TpeTbux, naowaan, saHnmaemole B buoto-
nax CNOXHbIMM MApPA3UTAPHbIMK CUCTEMAMM
Os. filiformis, 3aBUCAT OT BEAINYUHbI CUMNA-
TPUYHOM 30HbI XO3A€B HEMATOAbI.

OTHOCMTENbHO BbICOKAA 3apa*KeHHOCTb, Be-
Aylwaa poab B CIOXKHOW NapasuUTapHOM cucte-
me Os. filiformis roBopAT B N0oAb3y 06/MraTHOro
rocTa/IbHOro CTaTyca OCTPOMOPAOM NATYLWKK B
cTenHon 3oHe KasaxctaHa. NoayMHeHHoe 3Ha-
YyeHWe B NapasMTapHOMN CUCTEME HemMaToAbl,
OTHOCUTE/NIbHO HEBBLICOKUN YPOBEHb 3apaxke-
HUA, Habnlogaembli NUWb NPU CUMNATPUN C
nHBa3mnpoBaHHoW Os. filiformis octpomopaomn
NATYLWKOW, YKa3bIBalOT HA $aKy/bTaTUBHbIN TO-
CTaNbHbIMA CTATYyC NPbITKOW Awepuubl. Hecmo-
TPA Ha TaKOW paHr, Awepuua bharogapsa MeHb-
Wwen rurpodunbHOCTM MoOrsia cnocobcTBOBaTh
BbIXOAY HEMATOAbI M3 IKONOTMYECKUX KenoboB
(pekn UpTbiw 1 Ypan) B GUOTONbI 03€PHbIX BNA-
AWNH KOJI0OYHOW 1eCcOoCTenu 1 cTenu.
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bnaropgapHoctu

BbIparkato MO UCKPEHHIOK MPU3HATE/IbHOCTb NPOdECCOPY, AOKTOPY 6BMON0rMYecknx Hayk LLlarkeHo-
By Baoky LLIalikeHOBMYY 33 €ro LieHHbIe COBETbI U APYXKECKYIO Noaaep:KKy. OTaato rnyboKyto AaHb nams-
TV MOMM Hay4YHbIM pPyKOBOAUTENAM — aKaaemuKy boesy Cepreto Hukonaesudy n npodpeccopy MapKkosy
leopruto Cepreesmuy. B moem cepaue *Kuna bnarogapHocTb AHBapy Mapucosudy baTbkaeBy, KOTOPOro
y»Ke HeT ¢ Hamu. Ero npodeccrmoHanbHble COBETbI M MOMOLLLb HEOLLEHUMDbI.
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THE PARASITIC SYSTEM

OF THE NEMATODE
OSWALDOCRUZIA FILIFORMIS
(STRONGYLIDA: MOLINEIDAE)

IN KAZAKHSTAN

Végl((:f)fléeorgievich Paviodar Pedagogical Institute, vgwacker@gmail.com
Key words: Summary: In the steppe of the Republic of Kazakhstan mature nematodes
Nematoda Oswaldocruzia filiformis were found in the populations of moor frogs (Rana
Oswaldocruzia filiformis  arvalis), sand lizards (Lacerta agilis) and grass snakes (Natrix natrix). In the
parasitarian system flood plain biotopes of the Irtysh river Os. filiformis forms simple two-member
Rana arvalis parasitic systems based only on the population of R. arvalis. In the terrace
Lacerta agilis areas near flood plain of the Irtysh and in a number of biocenoses of the
steppe Kazakh Hummocks, where the areas of the frog and lizard populations overlap
Kazakhstan complex two-member parasitic systems are formed. In last case Os. filiformis
plays a key role and provides from 88 to 95% of the invasion flow. Sand lizard
populations control only 5-12% of the invasion flow. Optimal conditions of
the formation and long-term existence of parasitic systems of Os. filiformis are
present on wetted shores overgrown with dense mesophytic vegetation by
some lakes, rivers, other streams of the wooded steppe with kolkis, right-bank
and left-bank steppe, hillocky area of the Irtysh. The relatively high degree
of contamination of R. arvalis and its main role in the parasitic system of
nematodes indicates the obligate status of this host species. The subordinate
value in maintaining the parasitic system, the low degree of contamination
observed only with sympatry with Os. filiformis infected frogs indicates the
facultative status of sand lizards. Despite such a rank, the lizard, as a less
hygrophilous species, could promote the release of nematodes from ecological
gutters (Ural and Irtysh rivers) into biotopes of the lake basins of the wooded
steppe with kolkis and steppe.
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AHHOTaumA: NpoBeaeHO CPaBHUTE/IbHOE M3yYeHWe aKTUBHOCTU Jin-
30coManbHbiX depmeHToB (Kucnoi docdatasbl, PHKasbl, [HKasbl,
B-rnoko3naasbl, P-ranakTosnaasbl, B-rIOKYpoHMAasbl) B opraHax
cenban Clupea pallasi marisalbi Berg n3s KaHganakiickoro, OHeXcKoro
n [IBMHCKOro 3a/1BoB besoro mopsa, oTnMYaroWmxca no ruaposorun-
YECKMM XapaKTepUCTUKAM W CTEMNEeHW aHTPOMOreHHoM Harpysku. [Mo-
Ka3aHo, YTO Yy UCCef0BaHHbIX Pblb B NeYeHu, Kabpax U MbllLax ak-
TMBHOCTb BONbLWIMHCTBA KMCAbIX TMAPONA3 bbla 3HAYMTENBHO Bbile Y
ocobeit, obutarowmx B OHEXKCKOM U [IBMHCKOM 3a/iMBax. ITO MOXKeET
CBMAETENbCTBOBATb 00 y4acTUM IM30COM OPraHoOB Ce/bau B afanTuB-
HbIX MEepecTpoinKax meTabosMama K BO3LENCTBUIO KOMIMJIEKCA IKO/O-
rmyecknx GakTopoB, CAOKMBLUMXCA B AaHHbIX bMoTonax. B OHexcKom
3a/IMBe TakKMMM (aKTopamm ABAAIOTCA MOHUMKEHHana TemnepaTtypa U
X03AMCTBEHHO-MPOMBbILUNEHHbIE CTOKM, B [IBUHCKOM — pacrnpecHeHue,
AeduuMT KNCNopoaa M BbICOKas cTeneHb 3arpasHeHus Boabl. OCHOB-
HbIMW OpraHaMM-MULLEHAMMU BANAHMA BbllleHa3BaHHbIX $aKTOPOB cpe-
Abl Ha pblb ABNAOTCA XKabpbl, y4acTBylOWMe B NpoLEeccax AblXaHWA U
OCMOPETYNALMM, a TaKKe NevyeHb, B KOTOPOM OCyLLLEeCTBAATCA BUOCUH-
Te3bl HEOOX0AMMbIX OPraHNU3My MaKpomonekyn n buotpaHchopmaLms
3HAOreHHbIX MeTabonnToB M KceHobmoTMKoB. oKasaHo, 4YTo cpeaum
M3YyYEHHbIX IN30COMA/IbHbIX TMAPONa3 Cenban Hambonblwnii BKNAL B
KOMMEHCALMI0O BO3MOXHOIO BO34eicTBMA GaKTOPOB cpeabl 0OUTaHUA
W NoAaeprKaHme romeocTasa pblb BHocAT Kucnas docdaTasa, PHKasa u
B-rntokypoHuaasa. B roHagax cesbam B OTIMUME OT APYIMX UCCIeA0BAH-
HbIX OPraHOB caMas BbICOKAnA aKTUBHOCTb JIN30COMabHbIX pepMeHTOB
BblfiB/IeHa Y pblb 13 KaHAanakLWCKoro 3asMBa, YTO MOXKHO B onpeje-
NIeHHOM cTeneHn 0b6bACHUTL 6onee BbICOKOW CTaauel 3pesiocTy y 3Ton
rPYNnNUPOBKM Pblb MO CPaBHEHWUIO C NPeACTaBUTENAMMN APYTUX NOKaAb-
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HbIX CcTag. He3HaunTenbHble oTamMumnA akTuBHocTM [HKa3bl y cenbaei
C. pallasi marisalbi Berg 13 pasHbix 3a/IMBOB CBUAETENLCTBYIOT, CKOpee
BCero, o cnaboi BOB/EYEHHOCTM FreHOMa B aganTMBHbIE PeaKkLuMn UC-

cneayemblix pblb.

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHDBIN YHUBEPCUTET

PeueHseHT: O. H. J/lyKkbAHOBA

MonyueHa: 30 mas 2018 roga

BsepeHue

ObuTtatow,an B benom mope Manono3BOHKO-
BasA cenbap Clupea pallasi marisalbi Berg npu-
BNEKAaeT BHMMAHME KaK uccnegosaTtenei, Tak u
NPaKTMKOB pbl60I0BCTBA, MOCKONbKY 0bnagaeT
pPAAOM 6MONOrMYECcKUX 0cobeHHOCTEN N ABNA-
eTCs OAHUM U3 OCHOBHbIX 06 bEKTOB NPOMbICA.
MpeactaBuTeNM AaHHOMO BUAA pacnpocTpaHe-
Hbl MO BCeM akBaTopum Benoro mops 1 B pasHbix
panoHax 06pasyoT SI0KabHble TPYNMUPOBKY,
pa3nnyatowmeca pasmepHO-BECOBOM CTPYKTY-
poW, TEMNOM POCTa, MECTAMM U CPOKOM Hepe-
CTa W Haryna, NJI0A0BUTOCTbIO, NYTAMU MUTPA-
UMW M APYTMMUK XapaKTepuctukamm (Moxuntok,
1992; CemeHoBa u gp., 2013). Paznnyatot men-
Kyto, paamepom oT 12 o 20 cm, nogxoaaLLyto K
nobeperkbto Ha HepecT 61M3Ko K KOpbeBy AHIO
(6 mas) M NO3TOMY Ha3BaAHHYO KErOPbEBCKOMN»,
W KpynHyto, paamepom o1 20 go 34 cm, HepecT
KOTopoi npoucxoauT okono MeaHoBa aHs (7
NIONSA), NONYYMBLUYHO HA3BAHWE KMBAHOBCKOM»
(MBaHTep, PbixkKkoB, 2004). MBaHOBCKas cenbab
06bIYHO MeHee MHOroYMc/ieHHa, 3To bbicTpo-
pacTywana ¢opma, B O4HOM M TOM e BO3pacTe
OHa B 4-5 pa3 npeBOCXOAUT NO BECY MeA/IeH-
HOPACTYLLY «eropbeBCKYO» cenbab (/lanyc un
Aap., 2017). B kaxkgom u3 6onblumx 3annsos be-
JIOr0 MOPA CYLLECTBYIOT CTaa MeNKOW cenbam
(KaHAanaKLWCKoe, OHeXKCKoe, ABMHCKOE), He-
PecT KOTOPbIX NPUYPOYEH K SAHHOMY PaMOHY.
MonoBoM 3penocT «MBaHOBCKasA» CeNbab A0-
cTuraet B Bo3pacte 3—4 neT, a «eropbeBcKan»
B 2 roga (MBaHTep, PbixkkoB, 2004). Ha pasHbIx
CTaAMAX MMU3HEHHOrO UMKAa «benomopka»
NposBAAEeT onpeaeneHHy n3bupatenbHOCTb K
TEM UM UHBIM paioHam mopA. Ce30HHbIe MU-
rpaumMn cenbamn CBA3aHbl C pacnpeaeneHMem
KOPMOBbIX 06BEKTOB, TEMMNEPATYPOM, N1eL0BOWN
06CTaHOBKOM, TEYEHUAMU U APYTUMU SKONOTU-
4yecKMMn GaKkTopamm, KOTopble B Pa3HbIX panio-
Hax benoro mopa oTaMyatoTca 3HAYUTENbHbIM
pa3sHoobpa3mnem (CtaceHkoBa, 2005; beprep,
2007). Apantaums TUXOOKEAHCKUX MpenKoB
C. pallasi, npuweawmnx B CeBepHyto EBpony
HECKOJIbKO TbiCAYENeTUI Has3agd, K YyCA0BMAM
0buTaHMA B pasHbiX y4yacTkax benoro mops
npusena K GOPMMUPOBAHUIO COBPEMEHHOTO
KOMMJeKca rpynnmMpoBOK, PasiMyatowmxca no

MNoanucaHa K neyatu: 24 gekabpna 2018 roga

mopdonornyecknm, GU3NONOrMYECKUM U NO-
BeAEeHYEeCKUM npusHaKkam (/laiyc, 1995; Jlaiyc
n ap., 2017).

OnA npoACHEHNA MHOMMX BONPOCOB, CBA3aAH-
HbIX C NONYAALNOHHOW CTPYKTYPOW, PenpoayK-
TMBHbIMM B3aMMOOTHOLIEHUAMM C FPYyNNUpPOB-
Kamu cBoero Bnga n obutaroLen pagom atiaH-
TUYeckon cenbapto C. harengus, a TakxKe agan-
TAUMOHHbBIMM BO3MOXKHOCTAMM BenomopcKom
cenban B nocnegHee BpemA CTaAu WUCNONb-
30BaTb [aHHble FeHeTU4Yeckux m Gpusmonoro-
6rMoxnummyeckmnx uccnegosaHmin (CemeHoBa U
ap., 2013; NMekkoesa n ap., 2014; Hemosa n gp.,
2015; Laakkonen et al., 2015). B nepecTtpoiikax
meTabomMama M 3alUTHBIX Peakumsax opra-
HM3Ma Ba*KHaa pPO/Jib MPUHALNEXKUT 0COObIM
CybKNeTOYHbIM OpraHensiam — nM30COMaM, B
KOTOPbIX COCPeAOTO4YEeHO HECKO/IbKO AEeCATKOB
rMOPONUTUYECKNX GEepPMEHTOB, CMOCOOHbLIX B
KMUCAbIX YCNOBMAX OCYLLECTBAATb Aerpajauuio
NPaKTUYECKN BCEX KOMMOHEHTOB, COCTaBAAIO-
WMX KmByto mateputo (MoKpoBcKuit, TyTenbsH,
1976; Bbicoukas, HemoBa, 2008). Kpome yua-
CTWA B OCHOBHOM GYHKLUMWN — BHYTPUKIETOYHOM
NULLEBAPEHNN U B HEKOTOPbLIX APYyrux ¢usno-
NIOTNYECKMX GYHKLMAX M NPOLLeCcCaXx, IM30COMblI
UTPAIOT BAXKHYIO PO/b B 3aWMTHbIX PeaKkuuax
OopraHM3ama nNpu BO3AENCTBMU HA HETO PA3HOO-
6pa3Hbix ¢akTopoB cpeapl (Hemosa, Bbicou-
Kana, 2004; BaoosunueHKo, Boicoukas, 2014; He-
MmoBa u ap., 2016).

LUenbto HacToAwen paboTbl ABAANOCL CpaB-
HUTENbHOE nccneaoBaHMe akTUBHOCTU OCHOB-
HbIX rPyNn AM30COMasIbHbIX GEePMEHTOB B Opra-
Hax 6enoMOopPCKOM cenbam U3 KPYMnHbIX 3a1MBOB
benoro mopsa, OTIMYAOLWMXCA MO rMAPONornye-
CKUM YCNIOBUAM U CTEMNEHM aHTPOMNOreHHOM Ha-
rPy3Ku.

Martepuanbi

B KauecTBe oH6beKTa uccneaoBaHma bbina uc-
Nno/sb30BaHa Mefikaa («eropbeBcKas») cenbab
Clupea pallasi marisalbi Berg, otnosneHHas
OCEHbIO B MeCTax 0bUTaHUA NOKa/ibHbIX Hepe-
CTOBbIX CTag B KaHaanakwckom, OHeXCKom U1
[ABnHCKOM 3anmBax benoro mopAa. HekoTopble
XapaKTepPUCTUKKN mecT oTbopa npob npusese-
Hbl B Tabn. 1.
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Tabnnua 1. lmaponorvyeckas xapakTepmucTMKka Mect cbopa npob 6esomopcKon cenbam
Clupea pallasi marisalbi Berg

Table 1. Hydrological characteristics of the sampling places of the White Sea herring
Clupea pallasi marisalbi Berg

Sanve ommnt . Conenoes e obmln sunosam
Kanganakuwckui 6.66 25.19 7.08-11.3 0.01-0.17 21
OHexcKkuni 5.57 27.33 6.01-9.22 0.06-0.52 28
[BUHCKUI 8.50 18.84 4.30-22.7 0.03-1.18 13

MpumeuaHne. OB — opraHuMyeckoe BellecTBO, Mr yrieposaa /n (Agatova et al., 2003; uut. no: bep-

rep, 2007).

KaHaanaKLWCKMn 3a1MB — CaMblii CEBEPHbIM
n rnybokoBoaHbIN 3aa1B benoro mops. B paio-
He mbica Typuit rnybuHa gocturaet 343 m, no
Mepe MNPOoABUMKEHUA K KYTOBOM 4acTW 3a/1MBa
rnybuHa ymeHblaeTtca. «EropbeBckasa» cenbb
pacnpocTpaHeHa BAonb Tepckoro bepera, oT
tOXKHOM YacTn lTopna go Kanganakwwu, n Ka-
penbckoro bepera or KaHganakwu po rybol
Yyna. HepecT KaHAanaKLWCKOW cenbam npouc-
XOAMT B KOHLLE anpena — Havyane mas ewe noao
NbaoM Npu Temnepatype soabl ot —0.2 go +0.3
°C. Mkpy benomopckana cenbab OTKNAAbIBAET B
npubperkHOM 30He Ha rMybuHe Ao 5 m npenmy-
LLLeCTBEHHO HA 3apPOC/IN MOPCKOM TpaBbl 30CTe-
pbl. B HacToAwem nccneaoBaHMM MCNONb30Ba-
Hbl KaHAanaKkwckue tpexroaosuku C. pallasi
cpegHum pasmepom 14.51 + 0.28 cm, maccon
Tena 29.64 +2.16r.

OHEeXKCKUI 3a/1MB OTHOCUTENIbHO MEIKOBOA-
HbIM, MaKCMManbHble rybuHbl gocturaroT 60
M (Beprep, 2007). Cenbab OHeXCKOro 3anmBa
obuTaet Boonb Momopckoro bepera, y Cono-
BELKNX OCTPOBOB U B palioHe ycTbA pekn OHe-
rm. HepecTt B 3TOM 3a/1MBe NPOUCXOLUT B Mae
— WIOHe nocne TafaHWA Nbaa Npu TemnepaType
4-5 °C. na uccneposaHuin 6pann AByxrogoBu-
KOB ¢ AnunHoOM Tena 12.82 + 0.23 cm 1 maccoi
23.3+042r.

B lBMHCKOM 3anmBe Haubonbliaa rnybuHa,
6onee 100 m, oTMEYEHa B €ro CEBEPHOM YacTu.
Cenbab 3TOro 3a/AMBa CaMaa Mesikaa U3 npea-
CTaBuUTeNEeN gaHHoro BMaa. bonblime ckonne-
HMA cenban HabnaalTca B NPenyCcTbeBbIX
yyacTKax peku CesepHasa [JBUHA U MeNKuXx pe-
yeKk JleTHero 6epera. NonoBon 3penocTn oHa
MOXeT A0CTMraTb B Bo3pacTe 1 roga, maccosoe
CO3peBaHMe HACTynaeT B AByX/1eTHEM BO3pac-
Te. HepecT ABWMHCKOM cenbay MPOUCXOAMUT B
Mae — MoHe npu ewe bonee BbICOKOM Temne-
patype (7-9 9C), uem B Apyrmnx 3anusax. Mpwu
npoBeAeHMN AaHHOW pPaboTbl MCMONb30BANM
OBYXrOA0BUKOB, UMeBLUKUX pa3dmep 12.71 +0.28
CM M maccy Tena 21.78 £1.03 .

MeTtoabl

MNpoBeseHne aHanUTUYeCKUX paboT ocy-
LLLeCTBNANM C UCNONb30BaHNeM npubopos LIKM
PepnepanbHOro uMccnenoBaTeNbCKOrO  LEeHTpa
«KapenbCKunit Hay4HbI LeHTp Poccuinckom aka-
AeMUK Hayk». Ona BMOXMMMYECKOro aHanunsa
MCNONb30BaNN MeYEeHb, ¥Kabpbl, MbllLblI U TO-
Haapbl pblb. HaBeckn TKaHel romoreHn3npoBa-
nn B 0.25 M pacTtBope caxapo3bl, CoAepKaLem
0.001 M 24TA n 0.1 % HEeMOHHOTO AeTepreHTa
TputoHa X-100, paspywarowero BHYTpUKAe-
TOYHble MemMbpaHbl W BbICBOOOXKAAOLLETO
copeprkawumeca B nmsocomax pepmenTbl. lo-
MOTreHaTbl OCBETAANU UeHTpUdyruposaHnem
npu 10000 g Ha ueHTpudyre c oxnarkaeHuem
Allegra 64R (Beckman Coulter, CLLA). B Hago-
CaJ04YHOWN XKUAKOCTU ONpeaenann akTMBHOCTb
6 ¢epmeHToB (Kncnoi ¢docdartasel, AHKa3zbl,
PHKasbl, B-rntoko3mpaasbl, B-ranakrosmnpgasbl,
B-rntoKypoOHMAa3bl) U coaepKaHne benka.

AKTMBHOCTb  Kucnon  docdatasbl  (KP
3.1.3.2) onpegenann no metoay bappeta wu
Xuta (1980), ncnonbsys B KayecTse cybctpata
B-rnnuepodocdat HaTpumAa Ha aueTaTHOM byde-
pe, pH 4.8. AKTUBHOCTb PepMeHTa BbiparKaau
B MMKpPOrpammax HeopraHuyeckoro gocdopa
(P.), obpasytoweroca B pesynbraTte peakuum,
KONMYECTBO KOTOPOTO PAcCYMTbIBa/IM NOCAE pe-
aKLUMM C XpOMOreHHbIM peakTneom (Kahovcova,
Odavic, 1969).

AKTUBHOCTb KUC/bIX HYKNea3 — [JHKa3bl (K
3.1.4.6) n PHKa3sbl (Kd 3.1.4.23) — onpeaens-
nm metogamu MNokpoBcKoro 1 Apyakosa (1968)
n NleBnuyKoro ¢ coastopamu (1973) cootsert-
cTBeHHo. CybcTpatamu cayxunm 0.1 % pactso-
pbl AE30KCMPUBOHYKNENHOBOW KMcoTbl (pH 5)
n puboHyknenmHoBon Kucaotbl (pH 5.2) B aue-
TaTHOM Oydepe. Konnyectso HU3KOMONEKY-
NAPHbIX GParMeHTOB HYKNEMHOBbIX KMCNOT, 06-
Pa3yloLWMXCA NPU UX TMAPONAN3E HYK/Iea3amMm,
onpegenann CcnekTpoGOTOMETPUYECKN NpU
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260 HM. AKTMBHOCTb PEPMEHTOB Bblparkanu B
yCcnoBHbIX eanHnuax AD, .

OnpeaeneHne akTMBHOCTM [B-r1OKO3MAA3bI
(Kd 3.2.1.21) ocHOBaHO Ha ¢$oOTOMETPUYECKOM
onpeaeneHnn ocsoboamBLLEroca B pesynbra-
Te peakuuu napa-HutpodeHona (MoKpoBCKUiA
n ap., 1971). CybctpaTtom cAyXun pactsop
napa-untpodpeHun-p,D-rntokonmpaHos3nga B
unTpaTHO-pochaTtHom bydepe (pH 5). Ons non-
HOTbl OLLEHKW aKTMBHOCTWU 3TOro membpaHoc-
BA3aHHOro pepmeHTa B PeaKUMOHHYI CMeChb
BHOCKAM TpuTOH X-100.

AKTUBHOCTb B-ranaktosmngassl (K 3.2.1.23)
n B-rntoypoHnaasbl (K 3.2.1.31) onpeaenanm
MmeTogamu, npeanoKeHHbimn bappetom n Xu-
Tom (1980). BKauecTBe cybCcTpaTOB UCNONb30BA-
M napa-HutpodeHnn-B,D-ranaktonnpaHosuns
(pH 4) v napa-HuTpodeHun-B,D-rnroKypoHUs,
(pH 5) B untpaTtHOM Bydepe cOOTBETCTBEHHO.
AKTUBHOCTb [IMKO3MAa3 BblpakaiM B MUKPO-
Monfx napa-HutpodeHona, obpasyrowerocsa B
xope peakuuun. Pacuet nposoaman Ha mr ben-
Ka, coaeprkaHne KoToporo B npobax onpeaens-
v no metoay Jloypw.

MonyyeHHble pe3ynbTaTbl obpabaTbiBanu
0bLWenpUHATBIMM  MeToAaMM BapUaALMOHHOM
CTaTUCTUKM, OLLEHNBAA LOCTOBEPHOCTb OTIMUNIA
no Kputeputo U BUAKOKCOHA — MaHHa — YUTHU
(fy6nep, leHknH, 1969). Pasnnuns cuntanu go-
crtoBepHbimu npu p < 0.05.

Pe3ynbTatbl

WccnepoBaHWA MOKasanu, YTo aKTMBHOCTb
M3y4eHHbIX PEepMeHTOB B OpraHax cenbaemn
M3 pasHbiXx 3a1MBOB benoro mops 3HauuTeNb-
HO pa3nuyanacb (Tabn. 2). B neyeHun, xabpax
N CKEeNIETHbIX MbiWwUax pbib6 M3 OHEXCKOro m
[BWHCKOro 3a/1MBOB OHA B HECKOJIbKO pas npe-
BbllLasIa COOTBETCTBYIOLWME NMOKa3aTenn B op-
raHax ocober u3 KaHaanakwckoro 3anusa.
Hanbonee 3Haummblie OTAMYMA OOHapyKeHbI
B aKTMBHOCTM PHKasbl, Kucnon ¢docdartasbl u
B-rntokypoHunaassl. Tak, aktuBHocTb PHKasbl B
abpax ABMHCKOM cenban 6bina 6onee yem B
4 pasa, a Y OHeXCKon — B 7 pa3 Bbllle, Yem y
npeacTtaBuTene KaHA4aNaKLWCKOW rpynnupoBs-
KU. Y OBUHCKUX cenbaen NoBblleHHOW bblna
N aKTUBHOCTb [B-IOKO3MAa3bl MO CPABHEHUIO
C KaHOANaKWCKUmm ocobamu. Mpu cpaBHeEHUU
Mexay cobor ABUHCKUX N OHEXKCKUX pPbib cne-
AyeT OTMETUTb, YTO Y NOC/NeAHUX AOCTOBEPHO
6onee BbICOKMMM OblM MOKA3aTeIN aKTUBHO-
cTn Kncnom ¢ocdartasbl n PHKasbl B neyenu,
}abpax n mbiwuyax. Y cenbgennt n3 [BUHCKOro
33/1MBa B NeYeHn U }Kabpax CpaBHUTENbHO Bbl-
COKOM bblna aKTMBHOCTb IMMKO3MAa3.

AKTMBHOCTb Kucnon HKa3bl y pblb 13 pas-

HbIX 3a/IMBOB BO BCEX OpPraHax MPaKTUYECKN He
OT/INYaNacb, 3a UCKAOYEHMEM TAKOBOM B XKa-
6pax cenbaen n3 OHEXKCKOro 3asmBa.

B roHagax 6enomopcKux cenbaen B oTanYmne
OT APYrMX OPraHoOB BblABIEHA HECKOIbKO MHasA
KapTMHA pacnpeneneHna akTMBHOCTU IN30CO-
MabHbIX TMAPONA3 y pblb U3 pa3HbIX MecT 0bu-
TaHuA. bonee BbICOKUI YypOBEHb aKTUBHOCTMU
BCEX rumKko3naas, kucnom ¢ocdatasbl n PHKa-
3bl OTMEYEH Y KaHAaNaKLWCKUX cenbaen no
CpaBHEHUIO C pbibamu M3 OHeXKCKOro n [BuH-
CKOTO 3a/11MBOB.

O6cyxpeHue

B Benom mope € ero pe3ko KOHTPACTHbIMMU
rMAPONOrMYECKMMM U KAUMATUYECKMMU YCNO-
BMAMW COCEACTBYHOT U B FOPU3OHTA/IbHOM Ha-
NpaBAEHUU, U NO BEPTUKANW NONAPHbIe 1 Bope-
afibHble 30Hbl U GAYHUCTUYECKME KOMMAEKCHI
(Moxmntok, 1992). B atmnx ycnosuax 6opeanb-
HbI BUA, CENbAN [O0MKEeH 06/1a4aTb MOLLHbBIM
afanTMBHbIM MOTEHLMANOM, KOTOPbIA MO3BO-
nn 6bl NPUCNOCOBMTLCA K YC/IOBUSAIM, CKAa-
AbIBAOWMMCA B Pa3HbIX 3a/1MBax 3TOrO Npwu-
AapPKTMYECKOro PernoHa. BbisiBNIEHHbIN B HaLLMX
nccnefoBaHUAX BbICOKMI YPOBEHb aKTUBHOCTHM
Kucnon pocdaTasbl (pepmeHTa mapKepa Nn3o-
COM), B ne4vyeHn n Kabpax cenbaen ns OHex-
cKoro u [IBMHCKOro 3a/MBOB CBUAETENbCTBYET
06 aKTMBHOM Yy4YaCTUW IN30COM 3TUX OPraHoOB
B aZanTMBHbIX NePecTporikax meTabonms-
Ma pblb B AaHHbIX akBaTopuax. TemnepaTypa
BOoAbl B OHEXCKOM 33/1MBE HA MOMEHT B3ATUA
npob 6bla1a Ha HECKO/IbKO FPagyCcoB HUXKE, YEM
B Apyrux 3anmeBax. Ho gaxke aton HebonbLLON
Pa3HULbl BNOJSIHE AOCTAaTOYHO, YTOObI Ha Hee
oTpearMpoBanu wuccnegyemboie GepmeHTHble
CUCTEMbI pbib, NOCKONbKY M3BECTHO, YTO Ce/bAb
4yBCTBYeT pa3HuLUy TemnepaTypbl B 0.2 C (Ap-
¥ombek, 2016). Knucnaa ¢pocdatasa — ¢pocdo-
MOHO3CTEPA3a, OCYLECTBAAWAA peaKuum
aAedpocdopunmnposaHua n TpaHcpochopuamnpo-
BAHWA, MMEET OTHOLIEHWNE K IHEPreTUYECKOMY
N MUHEpPanbHOMY 0OMEHY, peryinpyet MHorne
CTOPOHbl BHYTPUKAETOYHOrO MeTabom3ma,
y4yacTByeT B 0bMeHe yri1eBoAoB, HYKNeoTUAO0B,
dochonunnaos (MoKkposckuin, TytenbaH, 1976;
Bull at al., 2002). B cornacuu ¢ asTUm BbIBOAOM
Haxo4ATCcA NoJlyYeHHble paHee JaHHble O TeM-
nepaTypHbIX aganTauMax OHEXKCKOW U KaHaa-
NAKLWICKOM cenbam 3a cyeT BapuaLUKM YPOBHSA
XonectepuHa, membpaHHbix ¢ochonmnnaos u
NX }KMPHOKUCNOTHbIX cnekTpos (Hemosa u ap.,
2015).

BakHbIM abuoTUYECKMM BAKTOPOM cpesbl,
BO MHOMOM ONpeaenAlWMM HOPMaNbHYIO
¥KU3HEeAeATeNIbHOCTb MOPCKUX OPraHM3MOB, sB-
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Tabnunua 2. AKTUBHOCTb IMN30COMaIbHbIX GepMeHTOB B opraHax cenbau Clupea pallasi marisalbi Berg u3
pasHbIx 3aanBoB benoro mopa (M + m, n = 5-7)

Table 2. Activity of lysosomal enzymes in the organs of herring Clupea pallasi marisalbi Berg from
different bays of the White Sea (M + m, n = 5-7)

3anus MeyeHb abpbl Mbiwupl loHaapl, 3 &
AKTUBHOCTb KMC10M pocdaTasbl, MKr P

KaHganaKkuwckui 2.85+0.008"° 2.52+40.04"° 5.09+0.009"° 3.58+0.003°
OHeXCcKMi 6.910.79 8.34+0.028 9.37+0.033 2.87+0.43
[BUHCKMIA 3.64+0.12° 3.22+0.13° 6.80+0.009" 2.64+0.11

AKTMBHOCTb PHKa3bl

’ AT 260

KaHzanakLwckui 0.554+0.01"° 0.144+0.002"° 0.141+0.0017° 0.324+0.005"
OHeXcKkuni 1.68+0.14 0.997+0.009 0.627+0.003 0.270+0.003
JBWHCKUI 1.05+0.06" 0.617+0.025" 0.399+0.019" 0.399+0.110
AkTuBHOCTb [1HKa3bl, 260

KaHpanaKwckui 0.477+0.005 0.656+0.002" 0.468+0.002 0.368+0.00
OHexcKui 0.587+0.061 0.820+0.09 0.513+0.093 0.400+0.060
[BUHCKWIA 0.580+0.064 0.681+0.08 0.517+0.046 0.331+0.022

AKTUBHOCTb B-rtoko3naassl, MKM n-HUTpodeHoa

KaHpanakLwckuia 0.043+0.001" 0.081+0.002° 0.018+0.001"° 0.021+0.001%°
OHeXKcKui 0.061+0.002 0.085+0.002 0.027+0.002 0.018+0.001
[OBUHCKUI 0.123+0.004" 0.099+0.004" 0.027+0.002 0.015+0.001"

AKTMBHOCTb B-ranakto3ngasbl, MKM n-HuTpodeHona

KaHganakwckmi 0.112+0.002"° 0.081+0.005° 0.026+0.001°° 0.071+0.003"°
OHexckui 0.068+0.003 0.082+0.001 0.041+0.001 0.039+0.002
[JBUHCKMIA 0.067+0.002 0.105+0.005" 0.040+0.001 0.039+0.002

AKTMBHOCTb B-TNOKYPOHNAA3bl, MKM N-HUTpodeHoNa

KaHpanakwckumi 0.264+0.002"° 0.095+0.002° 0.019+0.001"° 0.096+0.001"°
OHecKkui 0.436%0.003 0.113+0.003 0.048+0.002 0.066+0.001
[BUHCKMI 0.481+0.001 0.101+0.007 0.050+0.002 0.062+0,00

MpumeyaHue. ~— pasnnumns 4OCTOBEPHbI NO CPaBHEHMIO C pbibamm 13 OHENKCKOro 3a11Ba, ° — pasnnuus
[0CTOBEpPHbI NO CPaBHEHUIO € pbibamn 13 BUHCKoro 3anmea, npu p < 0.05.

naeTca coneHocTb. benomopckme Boabl CUABHO
OnpecHEeHbl U3-3a HAZIMYMA 3HAYNTENIbHOTO KO-
InyecTsa BNajaroLWmx B MOPe peK 1 pyybes. Ha
H6onbLIen YacTM aKBAaTOPUM MOPSA CPeLHeroao-
BaA CONIEHOCTb cocTasnAaeT 25.5 %o. B KyTOBbIX
YacTAX 3TOT NOKasaTesib CHMKeH 40 13—-17 %o
n ysennumeaetca 40 32 %o NO Hanpas/ieHUIo
K bapeHuesy mopto (beprep, 2007). Hanbonb-
lwee onpecHeHMe MCNbITbiBatOT OHEXCKUM U

[BWHCKUI 3a1MBbl, B KOTOPblE NMPUHOCAT Npe-
CHble BOAbl KpynHble pekn OHera u CeBepHas
[BWHA. B HawmMx nMccnegoBaHMAX CaMoOM HU3-
KoM 6blna coneHocTb B [BUHCKOM 3anmBe (cm.
Tabn. 1). B xkabpax, ne4yeHn 1 mbiwax pbid ns
3TOro 3a/MBa OTMe4vyeH Hosee BbICOKMIA Yypo-
BeHb Kucnon ¢ocdatasbl U PHKasbl no cpas-
HEHWIO C COOTBETCTBYIOWMMWN NOKas3aTenamm y
pbl6 M3 KaHaanakwcKoro 3aamBa. Bbicokana ak-
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TMBHOCTb PHKa3sbl moXeT cBMAeTeNbCTBOBATb
06 MHTEeHCUdUKAUMN BUOCUHTETUYECKMX MPO-
LLECCOB KaK B NMeYeHU, TaK 1 B }Kabpax — opraHe,
KOTOpPbIM Hapsaay ¢ obecneyeHMem opraHmM3ama
KMCNOPOAOM BbINOAHAET QYHKLUN KUCIOTHO-
LLEe/IOYHOrO  pPeryanupoBaHusa,  BblAeNeHus,
ocmoperynaunm u ap. (Evans et al., 2005). Cun-
Te3 pa3HOoObpa3HbiX KOMMNOHEHTOB B OpraHax
NCCNefoBaHHbIX Pbl6 MOXHO paccmaTpmBaTb
KaK KOMMNEHCATOPHYIO peaKLmto B OTBET Ha pac-
npecHeHWe, K KOTOPOMY MOPCKUE OpPraHM3Mmbl
NPOSBAAT 60NbLUYIO YYBCTBUTE/IbHOCTb, YEM K
NOBbILLIEHHOWN COIEHOCTH.

CnepyeT yKasaTb, 4To BoAbl benoro mops
XOPOLIO 3a3pUPOBaHbl U B LLEJIOM XapaKTepwu-
3YIOTCA BbICOKMM COAEpPXKaHWEM KUCI0poaa
(Beprep, 2007). OgHaKo B CBA3WU C NPUCYLLEN
€My BbICOKOM TypbyneHTHOCTbo OHEXCKUI 3a-
NMB oTinyaeTca 6onee BbICOKMM COAEpPHKAHU-
eM KMCNopoZa B BOAE NO CPAaBHEHMIO C BOAAMM
[ABuHCcKoro 3anuBa. M3BecTHO, 4YTO B YCNOBU-
AX HEeXBATKM KWUCopoaa MnpoucxoguT nepe-
KntoyeHne metabonmama Ha anbTepHaTUBHbIE
nyTn obecrneyeHns sHepruen, B TOM 4ucie C
NOAKNIOYEHMEM  JIN30COMANbHBIX  [IMKO3MU-
a3, NOCTaBAAWMX «MaTepuanbl» ANA dHep-
roobecneyeHna n GMOCUHTE33a KOMMOHEHTOB,
peryanpyrowmx obmeH BewecTs (BbicouKas,
HemoBa, 2008). J/InsocomanbHble $epmMeHTbl,
y4yacTeylowme B obmeHe yrnesogos, obnaga-
0T LUMPOKOM cybcTpaTHOM cneumMPpUuyHOCTbIO
N KPOME FMAPONNTUYECKOro pacLLenneHma Be-
LLLeCTB OCYLLECTBAAOT peakunm TPaHCIMKO3K-
IMPOBAHUA, y4aCTBYS TEM CaMbIM B NpoLieccax
OMOCMHTE3a YrneBoACOoAepKaALMX pPerynaTop-
HbIX KOMMOHEHTOB, TaKMX, HanpMmep, Kak co-
AeprKallme ranakTosy MUKOAUNUAbI U NPOoTeo-
rnukaHbl (Winchester, 2005; Haymos, 2011).
3T0 No3BONAET PACCMATPMBATL KOMMAEKC /in-
30COMa/IbHbIX IMIMKO3UAa3 KaK YHUBEPCANbHbIM
NHCTPYMEHT BUOXMMMYECKON afanTaLmu.

Bonee HM3KKUI ypoBeHb KMcnopoaa B [BUH-
CKOM 3anMBe MOXeT ObiTb CBA3aH TaKXKe COo
3HAYMTENIbHbIM €ro 3arpAa3HeHMeMm, BbI3BaH-
HbIM cTOKaMu CeBepHoM [1BMHbI. [lenbta peKkn
ABnseTca Hanbonee 3arpA3HEHHbIM YYACTKOM,
B KOTOPOM aKKYMY/IMPYIOTCS 3arpsasHAamoLmne
BELW,ECTBA CO BCero BogocbopHoro HaccenHa
(Cobko, 2005). Mo AaHHbIM MHOTONETHUX TU-
APOXMMUYECKNX HabntogeHnn BOAbI NpUyCTbe-
BOM 4acTu 3a1mBa oboralieHbl OpraHNYeckMmMmm
1 BMOreHHbIMM BELLLECTBAMM, YTO MOATBEPKAA-
0T AaHHble, NpmuBeaeHHble B Tabn. 1. B [1BUH-
CKOM 3anvBe OOHApY)XMBAETCA MaAKCMMaslb-
HOe KO/INYeCTBO KaK pPacTBOPEHHOro, Tak W
B3BELWEHHOro OpraHMYyecKkoro BewecTsa. Hau-
6onbwnin gednumT Kucnopopa Habnrogaercs

B YYACTKaX, NOABEPKEHHbIX BANAHUIO CTOYHbIX
BO4 UENNON03HO-OYMaXKHbIX  KOMOMHATOB.
Kpome Toro, B 3a2nBe 3aperncTpmpoBaHo 2—3-
KpaTHoe npesbiweHue MNOK HedTenpoayKTOB,
NOBbILWEHHbIE KOHLEHTPAUUK pTyTM, Meam,
UMHKa, MeTaHa, BblABAEHbl UTHOCY/bPOHATDI
N [pyrMe 3KONOTMYEecKM OnacHble BeLLecTsa.
B uenom sKonormnyeckana obcraHoBKa B benom
Mope pacLLeHMBAETCA KaK A0CTaTo4HO bnaro-
nosy4Has. OgHaKo BO BCEX 3a/IMBaX 0OHAPYKMU-
BatOTCA HedTeyrneBoAopoabl, TAXKENbIE MeTaN-
Nbl, €CTb NIOKa/IbHOE 3arpA3HeHue peHonamm
N NOBEPXHOCTHO-aKTUBHbIMMK BellecTBamu. U3
Bcex mecT otbopa npob [BUHCKUI 3a1UB Xa-
paKTepu3yeTca KaK MAKCMMA/NIbHO 3arpA3HeH-
HbIM, MMHMMANbHOE 3arpsi3HEHME BbIABNEHO
B KaHpanaKwckom 3anmBe, NPOMENKYTOYHOE
NoJIoXKeHMe 3aHMMatoT Bogbl OHEXCKOro 3anu-
Ba. B OHeXXCKMi1 3a11B O CTOKamu pekn OHerm
MOCTYMalOT MOBbIWEHHbIE KOHLLEHTPAuuK He-
bTenpoayKToB, CoOeaMHEHUNA Meau U HUKens,
a30Ta, OTXOAbl TMAPONM3HOrO 3aBofa, B3Be-
LWEeHHble BeLLecTBa n gpyrue 3arpsasHutenn (be-
noe mope..., 2007). Mony4yeHHble HAMU AaHHble
06 aKTMBHOCTU IN30COMaAsIbHBIX GEPMEHTOB B
OpraHax cefbAn COOTBETCTBYIOT TAaKOM OLLEHKe
9KONOTMYECKOM CUTyauUM B PasHbIX 3a/MBax
Benoro mops. B yactHoctn, y pbl6 n3 JBUHCKO-
ro u OHEXCKOro 3a/IMBOB OTMEYeH 3HauYnTe b-
HO 60/1e€ BbICOKWUI YPOBEHb B-r/1IOKYpPOHMAA3bI
— ¢depmeHTa, yyacTByroLEro B obe3BpexmnBa-
HUM U BUoTpaHcHopMaLMN IHAOMEHHbIX Me-
TabonutoB u KceHobuoTtukos (Chilke, 2010;
Noorbatcha et al.,, 2010; Naz et al.,, 2013).
OcHoBHOWM yHKUMEN B-rNHOKYpOHNAA3bI ABNA-
eTcA 3aWmMTHan. PepmeHT oOCyLwecTBAAET IMAPOo-
NiMTHMYeckoe pacwenneHue [3,D-rntokypoHnaos
(nonncaxapmpos, NPOTEOrNMKAHOB, FMKOAU-
nnaoB) ¢ ob6pasoBaHMEM [/IIOKYPOHOBOMW KMUC-
NOTbl, KOTOPAsA MOCPEeACTBOM FNHOKYPOHUAHOM
KOHDBIOraLMM MPUBOAUT K MHAKTMBALUM WUAM
NOBbILEHWNIO PACTBOPUMOCTM TAKMX BELLECTB,
KaK ¢peHoNbl, CTeponabl, apOMaTUYECKNE yrae-
BOAOPOAbI, 6UANPYOUH, meTannsl 1 Ap. B Buge
KOHDBIOraTOB 3TN BELLECTBA IKCKPETUPYIOTCA U3
KNETKW, a 3aTemM U3 opraHnM3ma. MNoBbiWEeHHbIN
YPOBEHb aKTMBHOCTWU B-rNOKYypOHMAA3bI B Ne-
YEeHW U APYrux opraHax cenbaen us BUHCKOro
n OHEXKCKOro 3a/MBOB ABNAETCA CBUAETE/b-
CTBOM OTBETHOW peaKkuMu opraHnsma pbib Ha
KOMMJ/IEKCHOE 3arpA3HeHMEe 3TUX aKBATOpPUW
benoro mops.

AKTUBHOCTb pepMeHTa, y4aCTBYHOLLETO B Me-
Tabonmame HK, 6b1n1a HECKO/IbKO NOBbILWEHA B
opraHax pbi6 n3 1BMHCKOro n OHEeXCKoro 3anm-
BOB, HO AOCTOBEpPHbIE Pa3nnMuna obHapyKeHbl
TONbKO B *Kabpax OHEXCKUX cenbaei no cpas-
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HEHWIO C KaHZanakwcKknmn. Cyaa no akTUBHO-
ctn IHKa3bl, B NnpMcnocobutenbHbIX peakLmax
cnabo Mcnonb3yTcA AONTOBPEMEHHbIE BUAbI
agantaumu, Tpebyrowme rnybokux npeobpa-
30BaHMI C BOB/JeYeHMEeM reHoma. Mexay Tem
6enomopckue cenbaM 06Na4AOT MOLLHbBIM
afanTMBHbIM MNOTEHLUMWANOM, KOTOpbIi cdop-
MWPOBA/CA B MpoOLLEecce PacnpocTpaHeHMa Ux
TUXOOKEAHCKMX NpPeaKoB CeBEPHbIM MOPCKUM
nytem go mopen CesepHoi EBponbl n npwu-
CNOCOBNEHUA K KU3HM B CYPOBbIX YCAOBUAX
Benoro mops. Kpome Toro, HeCMOTPS Ha cylue-
CTBOBaHMeE BbICOKOM CTENEHU PENPOAYKTUBHOM
nsonaummn (Moxmntok, 1992), MonekrynapHo-
reHeTUYeCcKMe MUCCNeaoBaHuA NOCAeLHUX NneT
NO3BOANAOT BbICKa3aTb NPeAnosoXKeHne O BO3-
MOXHOCTM OFPaHUYEHHbIX KOHTAKTOB MeXay
xonopontobuson b6enomopckon cenbabto C.
pallasi v xuByLLel B TECHOM reorpadmyeckom
KOHTaAKTe C Hel TennontobuBo aTnaHTUYECKON
cenbabto C. harengus (Ctpenkos un ap., 2016). B
pe3ynbtate WHTPOrpeccMBHoM rmbpuansauymm
MeXay ABYMS BMAAMM CenbAel «aTnaHTuye-
CKMEY reHbl 0OHAPYKUBAKOTCA Y K UBAHOBCKUX»
(B H6onbEM KONMYECTBE) U KEFOPbEBCKUXY
cenbaeir benoro mopa (Nanyc n ap., 2017).
MOCKONbKY COOTHOLIEHWE MEXAY «aTNaHTUYe-
CKUMU» U KTUXOOKEAHCKMMMU» FTeHaMW Cenbam
YYBCTBUTE/IbHO K KAMMATUYECKMM M3MEHEHU-
AM, TO, KaK npegnonaratoT aBToOpPbl, NpU NoTe-
naAeHnn 6yayT BKAKOYATbCA B aJanTUBHbIE pe-
akuMM «Tennontobmsble» reHbl, Noay4YeHHble
OT aT/IaHTUYECKOW Cenbau.

OTAnvalowmiica oT Apyrux opraHoB Xapak-
Tep pacnpeneneHna akTMBHOCTU IN30COMaslb-
HbIX GEPMEHTOB B rOHaAax cenbaen u3 pasHbix
33/IMBOB B 3HAUYMTE/IbHOM CTeNeHN 0bbACHAET-
CA pa3HoOW cTagmer ux 3penoctu. Kak npasuno,
cenbau C. pallasi kK ocenun, nepen, ¢opmupoBa-
HWEM JIOKa/IbHbIX HEPECTOBbIX CTaj, UMeIoT No-
nosble xenessbl -l v Il ctragnu 3penoctu (Tpo-
¢dnmos, 2006). B benom mope nepes 3MMOBKOM
ABYXroA0BMKKU npeobnagatoT B [BUMHCKOM 3a-
nvBe, B OHEXCKOM 3a/MBe oceaatoT Tyropoc-
Nible 0cobu Toro *e Bo3pacTa, a bbicTpopacTy-
LMe M yNuTaHHble AocTuratoT KaHAanaKLWCcKoro
3a/mBa. M TONbKO Yy HEKOTOPbIX M3 KaHAANAKLW-
CKUX pbl6 roHaabl moryT 6biTb NpeaHepecTo-
Bou IV ctagun 3penoctu (Moxuntok, 1992). Mo
Mepe Co3peBaHMA NOMOBbIX NPOAYKTOB B FOHA-
Aax CAaMLLOB MPOUCXOANT CUHTE3 HONbLIOTO KO-

Bbubnnorpadus

IN4ecTBa IM30COMANbHbBIX TMAPONA3, KOTopble
3aTeM y4acTBYyIOT B NpoLecce onaoA0TBOPEHUA
N panbHenwem passuTUM ambpuoHa (Bbicou-
Kaa, HemoBsa, 2008). Bonee paHHee co3peBa-
HWe roHaA, y KaH4aNaKLICKOWN cenban ABNAETCA,
no-BMAMMOMY, MPUCNOCOBUTENBHOM peaKuu-
€M, T. K. HepecT y pblb 3TOM rpynnMPOBKU Npo-
NCXOAUT BECHOM, paHblle, YeM y APYrux, ewe
npY MMUHYCOBOM TemnepaType BOAbI.

3aknouyeHue

Pe3ynbTaTbl CPaBHUTENbHbIX UCCAEA0BAHUM
aKTUMBHOCTU OCHOBHbIX /IN30COMaNbHbIX TMAPO-
a3 B OpraHax cenbay 13 pasn4yHbIX 3a11MBOB
benoro mopA cBMAETENLCTBYHOT O 3HAYUTEND-
HO 6o/siee BbICOKOM YPOBHE aKTUBHOCTU 60Nb-
LWWMHCTBA Uccaeayembix GepmMeHTOB B OpraHax
pbi6, obuTaowmx B [OBUHCKOM M OHEXKCKOM
3a/IMBaXx, NO CPABHEHMUIO C aHANOTUYHBIMW MO-
KasaTenaMun y KaHOANaKWCKUX cenbaen. ITo
YyKa3blBaeT Ha aKTMBHOE y4yacTMe JIM30COM U
CBA3@HHbIX C HUMKW PEePMEHTOB B aZaNTUBHbIX
nepecTponKkax metabonmMsama pbib B OTBET Ha
AeNCTBME KOMMIEKCA NPUPOAHbIX M aHTpOMo-
reHHbIX GaKTOPOB cpesbl B Pa3HbIX aKBAaTOPMAX
benoro mopAa. B OHeXKCKOM 3anunBe BeayLim-
MU paKTopamn ABAAIOTCA MOHWUMKEHHAA TeM-
nepatypa M XO3ANCTBEHHO-NPOMbILJEHHbIE
CTOKM, B [IBUHCKOM — pacnpecHeHue, gedunumt
KMCNOPOAa W BbICOKaA CTeNneHb 3arpA3HeHuA
BoAbl. OpraHaMU-MULLEHSAMW B 3TUX YCIOBUAX
ABNAIOTCA XKabpbl, yyacTBylOLME B NpoLeccax
AbIXaHMA N OCMOpPErynaumnm, a TaKKe neyeHb
— OpraH, OCyLLLeCTBAALWMIA BUOCUHTES pa3Nny-
HbIX BeLLecTB M bBnoTpaHchopmaumo sHAOreH-
HbIX MeTaboNnToB U KCeHOBMOTMKOB. MOXKHO
nonaratb, 4Yto Kucnas ¢ocdartasa, PHKaza wu
B-rnoKypoHMAa3a BHOCAT Hambosee 3HAYU-
TeNbHbIA BKNAA, B NOALEPKAHME TOMEOCTa3a U
obecneyeHmne HopmasnbHOro GyHKLMOHUPOBA-
HMUA OCHOBHbIX CUCTEM OpPraHnu3ma pbib. YunTbl-
BaA CPaBHUTENbHO O/IM3KME 3HAYEHWUA AKTUB-
HocTn [JHKa3bl B opraHax cenbaen n3 pasHbIx
33/IMBOB, MOXHO CYUTaTb BEPOATHbIM, 4YTO
KOMMeHcaToOpHble NepecTporikn metabonmsma
B COOTBETCTBMW C KOHKPETHbIMM 3KOAO0rn4e-
CKMMM YCNOBUAMM OBUTAHUA B Pa3HbIX 3a/1MBaX
benoro mopa ocyLwecTBNAKTCA C UCNOAb30Ba-
HUem BbICTPbIX U CPeAHECPOYHbBIX MEXAaHM3MOB
agantaumnu, 6e3 rnybokmx npeobpasoBaHMA,
3aTparMBalOLWMX reHOM.
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Summary: The comparative study of the activity of lysosomal enzymes
(acid phosphatase, RNase, DNase, PB-glucosidase, [-galactosidase,
B-glucuronidase) was carried out in the tissues of herring Clupea pallasi
marisalbi Berg from the Kandalaksha, Onega and Dvina Bays of the
White Sea. These are distinct both in hydrological parameters and in
anthropogenic impact. It was shown that activity of most acid hydrolases
in the liver, gills and muscles was significantly higher in fish from the
Onega and Dvina Bays. It may indicate that the herring tissue lysosomes
take part in adaptive metabolic rearrangements in response to a variety
of environmental factors specific for the studied biotopes. In the
Onega Bay these factors are lower temperatures and industrial drains,
whereas in the Dvinsky Bay they are freshening, oxygen deficiency and
the high degree of water pollution. The main targets are gills involved
in the processes of respiration and osmotic regulation, as well as the
liver responsible for the biosynthesis of macromolecules necessary for
the body and the biotransformation of endogenous metabolites and
xenobiotics. According to our data, acidic phosphatase, RNase and
B-glucuronidase make the greatest contribution to the compensation
of the possible effect of environmental factors and maintenance of fish
homeostasis. The highest activity of lysosomal enzymes was detected in
fish gonads from the Kandalaksha Bay. It can be explained by the higher
maturity of the fish in comparison with the representatives of other local
populations. Minor differences in DNase activity in C. pallasi marisalbi
Berg from different Bays are most likely the evidence of low involvement
of the genome in adaptive responses of studied fish.
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AHHoTauuma: B 100-cyToO4HOM MOAEe/IbHOM 3KCNEpUMEHTE U3yYann BAUAHKE
Pa3/INYHbIX A03UPOBOK U PppaKLMit BMoyria Ha arpoduUsmMyecKme CBOICTBA U
arperaTHOe COCTOsIHWE AePHOBO-MOA30AUCTbIX MOYB. MccnenoBann Age KOH-
TPACTHble NO rPaHYNOMETPUYECKOMY COCTABY 4E€PHOBO-NOA30UCTbIE MOYBbI
— MeCYaHYIO U TAXKENOCYI/IMHUCTYI0. B ONbiTe NPUMEHSANM YrONb APEBECHbIN
N3 NCTBEHHbIX NOPOA AEPEBbEB, NMPUTOTOBEHHbIW MPOMbILLIEHHBIM CMO-
cobom. UcnonbzoBanu dpakumm 6uoyria 3—5 mm M £ 2 MM B A03MPOBKaXx
2 n 5 % ot maccel noysbl. B BapnaHTax onbiTa MU3MepAan NAOTHOCTb CAOXKe-
HWSA MOYBbI, MOJIHYIO B/TATOEMKOCTb, 0O bEMHYIO TEMI0EMKOCTb CYXOM MOYBbI
M arperaTHbI cOCTaB (Cyxoe M MOKpoe npocemnsaHme). KOHTpoaem cayRuam
nousbl 6e3 nobasneHns buoyrna. na ctatucTmyeckor 0b6paboTKM AaHHbIX
NPUMeHANM 0AHO(AKTOPHbIN AMcnepcnoHHbIi aHanns (ANOVA) ¢ anocTe-
PUOPHBIM aHANM30M NO KpuTeputo TbloKU. B pesynbTaTe aKcnepuMmeHTa 3a-
OUKCUPOBAHO M3MEHEHME BCEX M3YyYaeMblX arpopr3nYECKMX CBOMCTB MOYB.
MNOTHOCTb CNOXeHUA 06enx NOYB CHUMKAETCA B BapuaHTaX C A03MPOBKOWM
yrna 5 % HesaBuMcMMO OT ¢pakumu. B necyaHol noyse HabnwogawoTca [o-
CTOBEPHbIE U3MEHEHWUA MONHOM BIAarOEMKOCTU HE3aBUCUMO OT L03MPOBKMU
6uoyrna. B TAXKENOCYITMHUCTOM MOYBE AOCTOBEPHbIE M3MEHEHWUA MOHOM
BNAaroeMKOCTM eCTb AULIb AN1A BapuaHTa ¢ 5 % 003MpoBKoi. Ha nokasatenm
0b6BbEMHOM TEM/IOEMKOCTU Hanbonblimnii 3pPeKT B 06enx noysax OKasbiBaeT
5 % [031poBKa KpynHoro 6uoyrna. NMpUHUMNNAABHO HE MEeHsA NoKasaTenu
BOAOYCTOMYMBOCTU, BHECEHWE BMOYINIA YyAyYLLIAeT arperaTtHoe COCTOAHUE M
KO3 DUUMEHT CTPYKTYPHOCTU TAXKENOCYI/IMHUCTOM NOYBbI, @ TAK¥Ke yBeNYun-
BAeT CBA3HOCTb NecyaHoM noysbl. [TpaKTUYECKM ANA BCeX MoKasaTenen oT-
MeyeHO 3HauYMTenbHoe ycuneHune apdeKkta npumeHeHuns buoyrna npmn bonee
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BsegeHue

ObecneyeHne npoAOBO/NLCTBEHHOMW bes-
OMacHOCTU ABASIETCA OAHOW W3 rNobanbHbIX
npobnem yenoseyectsa. OCHOBY ee pelleHuA
COCTaBNAET COXPAaHEHMEe U BOCCTAHOB/IEHUE
nnogopogma noys. [poayKkTMBHaA ¢yHKUMA
NMOYB UFPaAET KAKYEBYIO PO/Ib HE TO/IbKO B KU3-
HUM YenoBeKa, HO U B GYHKLMOHNPOBAHUM Buo-
reoueHo30B nnaHeTbl B Uenom (Jobposonb-
CKU, HUKNTMH, 1986). MnogopoaHble NoyBbl
ABNAKTCA BECbMA OFPaHNUYEHHbIM PECYPCOM, U
COBpPEMEHHOE Ce/IbCKOXO35IMCTBEHHOE MPOU3-
BOACTBO HapaAy C BbICOKOM NPOM3BOANTENbHO-
CTblO AONHO obecrneynmBaTb 3KONOrMYECKYHO
YCTOMUYMBOCTb arponaHawadToB M noaaep-
XunBaTb 3dpPeKTMBHOE naogopoamne. BaxkHbim
HanpaB/feHMEM MPU peLleHnn 3TUX 33434 AB-
NAETCA MOUCK U M3y4yeHMe HOBbIX CPeacTB U
MaTepuranos, oTBeYaloLWmMx TpeboBaHNAM 3KO-
nornyeckoir 6e3onacHOCTM U peHTabenbHOCTH.
3To NnoAAep*KUBAET MHTEpPEC K BUOYII0 Kak Nno-
TeHUMANbHOMY NOYBEHHOMY MEJIMOPAHTY.

Buoyronb ABnaeTcAa BbICOKOYrNEPOAUCTbIM
NPOAYKTOM NUPO/SIN3a OPraHUYECKUX MmaTepma-
noB 6e3 gocTtyna BO3A4yxa, ero NpousBoaAT B
LWUIMPOKOM AuanasoHe TemnepaTtyp. MuKpo-
CTpoeHue buoyrnein npeacrasnaetr cobom no-
PUCTYIO CTPYKTYPY YI/IEPOAHOro KapKaca, co-
CTOALLLEro U3 KPYMHbIX U MENKUX NOpP, @ COCTaB
BApbMPYET U 3aBUCUT OT UCXOLHOIO CbipbA W
TemnepaTypbl NPUroToBAEHUA. BUoyrnm umetot
OYEeHb BbICOKYHO OOMEHHYIO €MKOCTb U yAep-
MBaOLWY CcnocobHocTb, 06YyC/N0BNEHHbIE
60NbLLIOW N/IOWaAblo NOPUCTON NOBEPXHOCTU U
OTpUUATENbHbIM NOBEPXHOCTHbLIM 3apAA0M M-
APOKCUNBbHbBIX U KapboKcunbHbIX rpynn (Vaughn
et al.,, 2015; Tan et al.,, 2017). 3TK cBolicTBa
6uoyrna No3BOJIAIOT PacCMaTpMBaTb €ro Kak
NnepcneKkTUBHbIMA NOYBEHHbIN MeNNOPAHT. MHo-
YKECTBO MCCNeA0BaHWUIM MOCBALLEHO B/IUSHUIO
6uoyrna Ha no4Ysbl U NpoayKuuo GUomacchl.
OCHOBHbIMM MPAMbIMU 3bdEKTamMK NpPUMeHe-
HuA Buoyrna saenatoTca yBenndeHmne pH cpegpl,
KaTMOHOOOMeHHOM cnocobHOCTM U coaeprKa-
HWA OpraHMYecKoro yrnepoga noysbl (Zhao et
al., 2015; Laird et al., 2017). OaHHble pakTopbl
MHAYLUMPYIOT USMEHEHUA B COCTaBE NOYBEHHO-
ro MMKpPObHOro coobuecTsa U MHTEHCUBHOCTM
BblAEe/IeHNS NAaPHUKOBbIX ra3oB U3 NOYB, BAUA-
0T Ha NOABMUMKHOCTb 31EMEHTOB NUTAHUA pac-
TEHWUI U YPOXKANHOCTb CENIbCKOXO3AMCTBEHHbIX
KynbTyp (Xu et al., 2013; Khadem, Raiesi, 2017;
Zhang et al., 2017). Umes HU3KYIO HACbIMHYHO
NAOTHOCTb, OMOYronb OKasbiBaeT Henocpea-
CTBEHHOE B/AMAHME HA NAOTHOCTb CNOXEHMUA
noys M UX BOAHO-OU3MYECKME CBOMCTBA. 3a

CYeT KOCBEHHOTrO B/IMAHMUA, MOCPEACTBOM YyY-
WweHnA cpebl 0OUTAaHMA MMKPOOPraHWM3MOB,
pusocdepbl U BbICOKOTO COAEPKAHUA Yrnepo-
Aa, 6uoyronb morkeT crnocobcTBoBaTb arpe-
raummn nous (Peake et al., 2014; Burrell et al.,
2016; Obia et al., 2016).

HecmoTps Ha MHOrouYMcneHHble umccnepo-
BaHWA BAMAHMA Buoyrna, pesynbTaTbl UX [0-
CTAaTOMHO MPOTMBOPEYMBLI M3-32 CNOXKHOIO
B3aMMOZAENCTBMA BMOYIrNsA C NOYBOW M BblpalLu-
BAaeMbIMW Ky/bTypamu. B To e Bpems cylue-
CTBYET O4YEHb Masio CBEAEHUN O ero BANAHWUU
Ha AepHOBO-N0A30/UCTble NOYBbl bopeansHoOM
30HbI, MMelwmne pAg HebnaronpuATHbIX ANA
pOCTa pacTeHU CBOMCTB, B TOM Yncae arpodu-
3uyeckux (Pvxkuns un ap., 2015; KynarnHa v ap.,
2017). NMecyaHble No4YBbl UMEKT CNabbit Kanun-
NAPHbIN NOABEM U BOAOYAEPKMBAKOLLYHO CNO-
COBHOCTb, Cyxne Neckn o4yeHb TBEpPAble U cna-
6onpoHMUaemMbl 419 KOPHEN pacTeHui. MNoysbl
IMUHUCTbIE U TAXKENOCYIIMHUCTbIE CKIOHHbI K
YNAOTHEHUIO, cnabo aspupoBaHbl, cnaboso-
AOMNPOHMLAeMbl. HemanoBaxKHbIM ¢paKkTopom
B CEBEPHbIX PerMoHax ABAseTcA TeNN0eMKOCTb
nouyB, UX cnocobHoCTb HBbicTpee NporpesaTbcA
M OTTamMBaTb, W MOYBbI TAMKENOrO rpPaHysoMme-
TPMYECKOTO COCTaBa CYMUTAOTCA «XONOAHBIMUY.
[ns noys TAXKENOro rpaHyIOMeTPUYeCcKoro co-
CTaBa XapakTepHO HebnaronpusaTHoe arperaT-
Hoe cocToAHMe. Mouck HGesonacHbIX BELLECTB,
YYYLLAIOLWMX arPOHOMMYECKM LEHHYHO CTPYK-
Typy noys (makpoarperaTbl oT 0.25 Ao 10 mm),
ABNAETCA BECbMa aKTya/IbHbIM, Y4MTbIBAA BaXK-
HOCTb arperaTHOro COCTOSIHUA MOYBbl B MpaK-
TUKe 3emneaenns. CyLecTByoT UcCeL0BaHUA
BAUAHUA CUHTETUYECKUX NMOAMMEPOB U opra-
HUYECKUX MONIMMEPOB eCTeCTBEHHOro Mpouc-
XOXAeHUA Ha cTpyKTypy nous (Lehrsch et al.,
2005; ®epoposa, PomaHos, 2006), oaHaKo 3a-
4acTyto NPUMEHEHNE TaKUX BELLLECTB IKOHOMMU-
4YecKn HelenecoobpasHo M HeceT 3KoNOrmye-
CKMEe PUCKK, BMOYronb 34eCb MOXKET BbICTyNaTb
6e3onacHOM anbTeEPHATUBOW.

YunTbiBaa BblEN3NOKEHHOE, LENbo AaH-
HOM PaboTbl ObINO U3yYeHUEe BANAHUA Pa3NNY-
HbIX [O3UPOBOK U PpaKkumii buoyrna Ha HeKo-
Topble arpodmsmMyeckme CBOMCTBA W arperat-
HOe COCTOAHME AepHOBO-MOA30/MUCTbIX MOYB
pa3HOro rpaHy/IOMeTPUYECKOro COCTaBa.

MaTepuansi

WccnepoBanu ABe KOHTPACTHbIE MO FPaHyo-
METPMYECKOMY COCTaBY AEPHOBO-MOA30/IUCTbIE
noysbl — necyaHyto (Kop3MHCKMI Hay4HbIN CTa-
LMOHap, NOC. ICCOMNA) U TAKENOCYTNIMHUCTYHO
(Arpobuonormnyeckaa crtaHuua, r. [lleTposa-
BoACK). O6pa3ubl MOYB OTOMPANN Ha y4acTKax,
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BOBJ/IEYEHHbIX B CE/bCKOXO3ANCTBEHHOE MUC-
Nosb30BaHME U3 BepPXHEro NaxoTHOro ropm3oHx-
Ta 0-20 cm. Arpoxmmunyeckas XapakTepucTuka
noys npmseseHa B Tabn. 1.

MouBy BbICYLIMBANM A0 BO34YLIHO-CYXOro CO-
CTOAHWA, PacTUPANU U NPOCENBANU Yepe3 CUTO
2 mm. B onbiTe ncnonb3osanu yronb gpesec-
Hbit TOCT 7657-84, mapka A. HekoTtopble ero
du3nyeckme n Xummyeckme CBOMCTBa Npmusee-
Hbl B TabA. 2. Yronb pa3smanbiBanu go ¢pakumm
3-5 Mm 1 £ 2 mm. Bo3ayWwHO-CyXyt0 HaBeCKy
nousbl 500 r nomelLanm B AMTPOBLINA COCYA U
nobasnanu yronb [aHHbIX GpPaKUMi B KOK-

yectse 10 r (2 % oT maccbl noysbl) N 251 (5%
OT Maccbl Noysbl). CxemMa onbiTa NpuBeaeHa B
Tabn. 3. O6bpasybl TWaTeNbHO NepemeLllmBanm
C ANCTUNNIMPOBAHHOM BOAOM 4,0 MOJIHOTO BOAO-
HacblleHNA. EMKOCTM OCTaBAAAM OTKPbLITbIMMK
00 MONHOrO BbICbIXaHMA, 3aTeEM CMa4yMBaHKE U
nepemelmBaHue nosTopsaaun (5 umknos). Mepu-
o4, KomnoctTmpoBaHua coctasua 100 cyToK npwm
Temnepatype 20 °C. KoOHTponem caykunm ob-
pas3Lbl NouBbl 6e3 gobaBneHma bUoyrna, Takxe
CMayMBaemMble ANCTUNNMPOBAHHOM BOgOMN. [Mo-
BTOPHOCTb OMbiTa TPEXKPaTHas.

Tabnuua 1. ArpoxMmmyecKan XapaKTepucTMKa Noys
Table 1. Agrochemical soil properties

or C N PO, K 5

Mousa pH % mr/100r mr-3k8/100r

? no4ysBbl no4yBbl

AepHoso-moasonuctas o 40 1c3 012 144 011  1.01
necyaHasa

AepHoso-moasonuctas o\ 4o 95 019 317 042 4.09

TAXENOCYINTUHUCTAA

Npumeyarmne. Pr-dusnueckasrmnHa; CuN—-obwminyrnepogmasot;P,0.—~dpocdopno KupcaHosy; K* — kanuit

0OMEHHbIN; 5 — cyMMa 06MEHHbIX KAaTUOHOB.

Tabnnua 2. Pusnyeckme n XMMmnyeckme cBoicTea bruoyrns
Table 2. Physical and chemical properties of bio-char

ranTHOCTb, C N 30ﬂbHOCTb
r/cm? PH 0 PH ¢ %
0.37 9.3 7.9 81.0 0.35 2.8
Tabnuua 3. Cxema onbiTa
Table 3. Experiment design
brnoyronb
BapuaHT MNousa 0
®pakyma, mm Macca, r fosa, % or
MaCCbl NOYBbI

KOHTpONb — — -

1 <2 10 2

> [epHoBo-noasonncras <> o5 s

3 nec4yaHas 35 10 >

4 3-5 25 5
KoHTponb - - -

1 <2 10 2

5 JepHoBo-noasonucran <2 75 s

TAXENOCYIIMHUCTaA
3 3-5 10 2
4 3-5 25 5
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MeToabl

Mocne 3aBeplUeHMA 3KCNEePUMEHTa B Mo-
YBEHHbIX 06pasuax onpeaensnn NAOTHOCTb
CNOXKEHMSA NOYBLI (P) METOAOM UMAMHAPA, NON-
HYO B1IaroemKocTb (/1B), makpoarperaTHbIi co-
cTaB (cyxoe n mokpoe npocenBaHue no CaBsu-
HOBY) C pacyeTom KO3pPULMEHTOB CTPYKTYp-
HocTh (Ks) n BogonpoyHoctn (Kv), 06beMHYIO
TENN0EMKOCTb cyxoi noysbl (Cv) pacyeTHbIM
metogom ae ®pusa (Pactsoposa, 1983; Baato-
HWHa, KopyarnHa, 1986; Teopun n metoasl...,
2007). O6Lwmnit opraHMYEcKMn yrnepoa onpeae-
NANN METOAOM BbICOKOTEMMEPATYPHOro KaTa-
JIMTUYECKOTO CXUraHMA Ha aHanusatope TOC-L
CPN «Shimadzu» (AnoHus).

KoapduumeHT cTpykTypHocTn (Ks) paccum-
TbiBann no popmyne:

Ks=Ja (10-0.25)/ >a (> 10 & < 0.25), rae

Ja (10 — 0.25) — cymma arperaTtos oT 10 ao
0.25 mm,

Ja(>10 &< 0.25) — cymma arperatos > 10 u
<0.25 mm.

KoadpopumumneHT BogonpovHoctun (Kv) paccum-
TbiBa/IM No popmyne:

Kv=)a>0.25, roe
2a>0.25 - cymma arperatos > 0.25 mm.

O6beMHY TeNN0EeMKOCTb Cyxon nousbl (Cv)
paccunTbiBann no dopmyne:

Cv=(Om-0.46+(1-0m)-0.18) - d, raoe

Om — copepyKaHWe OpraHMYecKoro Belle-
CTBa B CyxoW nouse, r/r,

0.46 — yaenbHaa TeN10eMKOCTb OpraHuye-
CKoro BeLecTBa, Kan/r-°C,

0.18 — yaoenbHaa Tenn10eMKOCTb MUHEpPanb-
HoM yacTu, Kan/r-°C,

p — 06beMHas NJIOTHOCTb NOYBbI, I/cm3,

Ona craTuctuyeckor o6paboTKM AaHHbIX
NPMMeHANMN 0A4HODAKTOPHbIN AUCNEPCUOHHDIN
aHann3 (ANOVA) ¢ anocTtepuopHbIM aHa/IN30M
no KpuTepwmio TblOKM C UCNONb30BaHNEM MaKeTa
aHanmsa PAST Statistics (Hammer et al., 2001).

Pe3ynbTatbl

MogaenbHbI 3KcnepuMeHT ¢ gobaBneHnem
6uoyrnsa K AepHOBO-NOA30/MCTbIM NOYBAM MO-
Ka3an M3MeHeHMe BCex M3yyaemMblx arpodpusm-
YecKux cBOMCTB (Tabn. 4). 3Ha4YeHUA NNOTHOCTU
CNOXeHus (p) Kak B Nec4yaHoM, Tak U B TaXKe-
NIOCYIIMHUCTOM NOYBE YMEHbLUAITCA NO CpaB-
HEHWIO C KOHTPOZIEM HE3aBUCUMO OT PpaKLUn
6uoyrna B 1.1-1.3 pasa. Mpu A03MpPOBKe yrAs
5 % M3MeHeHUA CTAaTUCTUYECKN 3HAYMMbI, NPU

003upoBKe 2 % yMmeHblUeHWe NoKasaTenemn cTa-
TUCTUYECKM HEAOCTOBEPHO.

MonHas Bnaroemkoctb (/1B) noys npu ao-
6aBneHnn buoyrna ysenunumsaetca. B necya-
HOM nouBe [1B yBeNNYMBAETCA CTATUCTUYECKMU
poctosepHo B 1.2—1.4 pa3a B BapuaHTax c 2 %
YINA NO CPAaBHEHUIO C KOHTPO/IEM, B BapMaHTax
¢ 5 % yrnAa no cpaBHEHMIO C KOHTPOJIEM U Ba-
PUAHTaMM ¢ A03UPOBKOM 2 %. B Taxenocyrnu-
HUCTOM MOYBE eCTb JOCTOBEPHOE yBeanYeHue
3HauYeHuM 1B no cpaBHEHUIO C KOHTposiem B 1.2
pa3a npu [o3nMpoBKe yrna 5 % He3aBUCMMO OT
bpakunn. YBenmyeHune 3Ha4Ye€HUM B BapMaHTax
C 2 % yrnAa ecTb TONbKO B BapMaHTE C MEJIKOM
dpaKkymen, n OHU CTaTUCTUYECKN HEeO0CTOBEp-
Hbl. [0 BEAMYMHE MONHOM BNIArOEMKOCTM TaK-
YK€ MOXHO CyAuUTb O COCTOSIHUM 0bLLEN NOPO3-
HocTu noys (PacTBopoBa, 1983), KoTopas Toxe
BO3pacTaeT.

Ob6bemHaa Ten/JI0EMKOCTb CyXOM MOYBbI,
paccYMTaHHAA NO AaHHbIM COAEpPXKaHMA opra-
HMYECKOro BeLWecTBa U N10THOCTU B BapMaHTax
onbITa, yMeHblaeTcs gna obemx nous s 1.1-1.2
pa3a No CpaBHEHMIO C KOHTponem. Pasnmuua
O0CTOBEPHbI A1 BAPUAHTOB C KPYnHOM dpak-
LUMEN yrna u gna BapmaHTa ¢ 5 % menkoro yrna
B TAXKENOCYI/IMHUCTON NOoYBe.

Uccnepyemasn necyaHas AepHOBO-
NnoA30NMUCTasA NOYBA OTHOCUTCA K Kaaccy pbix-
NbIX MECKOB M He OCTPYKTypeHa. TaK Kak no-
YBEHHbIe YaCTULbl MEeNKO3ema COOTBETCTBYIOT
pa3mepam arperaTos, TO pacyet KoapduumeH-
TOB CTPYKTYPHOCTU U BOAOMNPOYHOCTU He Mpo-
BOAUNU. MicchepgoBaHMe arperaTtHoOro coctasa B
BapMaHTax OMbITa NOKa3blBaeT, YTO NpUMeEHe-
Hue BMoyrna Ha NecyaHoM No4YBe AOCTOBEPHO
noBbIWAeT coaep:kaHne dpakummn Mmoo > 10
MM 00 4.5 pa3sa npu go3upoBke yrna 5 % Hesa-
BUCMMO OT dpaKkumm yrna (puc. 1A). Takxke go-
CTOBEPHO YBE/IMUYMBAETCA coAepKaHue ¢dpak-
umm 7-5 mm B 2.5 pasa u 5-3 mm B 5.6 pasa B
BapuaHTe ¢ 5 % KPYnHOro yrasa no CPaBHEHWUIO C
KoHTponem. MNpaKTUyeckn gnAa Bcex BapmaHToB
eCTb [A0CTOBEpHOe yBennyeHue CTPYKTYPHbIX
otaenbHocten 1-3 mm B 1.3m1.8 pasa. Ectb
TEeHAEeHUMA ymeHblweHnA arperatos 1-0.5 mm
B 1.1-1.4 pasa n arperaTtos 0.5-0.25 B 1.5-1.8
pa3a (aocTtoBepHO AnA Bcex BapuaHToB). JonAa
OCTa/IbHbIX PpPaKLNIA JOCTOBEPHO HE U3MEHA-
etcA. Mpn moKpom npocemBaHnn Hambonbluan
OO0NA 4aCcTUL, NPUXOAUTCA HA CTPYKTYPHble OT-
aenbHoctn 3—1 1 1-0.5 mm (puc. 1B). Mpowucxo-
OVWT He3HaumTenbHoe B 1.2 pasa gocToBepHoe
yBennyeHue ¢ppakunm 3—1 mm B BapuaHTax C
MenKum yrnem. [1ona ocTanbHbIX arperaTtos A0-
CTOBEPHO He nameHsetca. Cnegyer OTMETUTD,
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Tabnnua 4. 'ameHeHMe arpodmsnYecKmX CBOMCTB NOYB B BapMaHTaxX OnbITa
Table 4. Changes in agrophysical properties of soils in the variants of the experiment

BapuaHT p, r/cm3 B, % Cv, kKan/cm3-eC
[epHoBO-NnoA30/11CTas necyaHas

KoHTponb 1.48 +0.03 (a) 24.4 +0.03 (a) 0.282 + 0.002 (a)
1 1.41 +0.01 (a) 30.8 £ 0.35 (b) 0.279 + 0.002 (a)
2 1.31+£0.02 (b) 34.9+1.04 (c) 0.271 £ 0.002 (ab)
3 1.40+0.02 (a) 28.3+0.58 (b) 0.265 £ 0.005 (b)
4 1.26 +0.02 (b) 34.2+0.87 (c) 0.237  0.003 (c)

[lepHOBO-NOA30AMCTan TAXKENOCYIIMHUCTANA

KoHTponb 1.37£0.02 (a) 42.2 +1.16 (ab) 0.262 + 0.004 (a)
1 1.33+0.01 (a) 45.6 £ 0.15 (bd) 0.265 £ 0.001 (a)
2 1.15+0.01 (b) 50.5 + 0.06 (c) 0.243 £ 0.001 (b)
3 1.30 £ 0.04 (a) 40.1+1.01 (a) 0.246 + 0.004 (b)
4 1.10 £ 0.02 (b) 47.6 +1.70 (cd) 0.211 + 0.003 (c)

MpumeyaHue. MpunBeaeHbl AaHHble cpeaHero apudmeTnyeckoro + owmnbka cpeaHero (n = 3). PasinyHbI-
MU BykBamu (B npeaenax nepeMeHHOM ANs oAHOM No4YBbl) 0603HAUYeHbl BapuaHTbl, UMeloLme CTaTUCTH-
YecKM JoCToBEepHbIe (3HaYMMble) pasnnyma no Kputepwmto Tetokn npum p < 0.05.

YTO MaKCMMaJibHble MOKa3aTesn ysenanyeHus
Konuyectsa ¢ppakummn 7-5 1 5-3 mm npu cyxom
npocemBaHum (BapuaHT ¢ 5 % KPynHOro yrna) n
3—1 MM NpU MOKPOM NpOCeENBAHUM (BAapUAHTDI
C MeNKUM yrnem) HabnwgatTca 3a cyeT npsa-
MOFO BHECEeHMA YacTuL, 4aHHOro pasmepa.

Mpwn pobaBneHun Buoyrna K TAXKENOCYrn-
HMUCTOM NOYBE BO BCEX BapMaHTaX AOCTOBEPHO
YMEHbLUAETCA KONMYECTBO KPYMHbIX Mblb npu-
MepHO B 1.2 pa3a 1 yBenn4YMBaeTca KONMYecTBo
dpaKkymm KpynHbiX Makpoarperatos 10-7 mm B
1.6-1.7 pasa (puc. 2A). Mpouncxoaunt ysennde-
HMWe coaeprkaHua arperatos 5-3 mm B 1.2-1.9
pasa, 4OCTOBEPHO A4 BapUAHTOB € 5 % A03U-
poBKon yrna. Konmyectso arperatos 3—1 mm
yBenmumeaetrca B 1.2-1.4 pa3a, U3MeHeHuA
TakKe 6onee BblpaxKeHbl ANA A03MPOBKU YA
B 5 %. CopepaHne MenKnx MaKkpoarperaTos B
BapWaHTax onbiTa ¢ AobaBnAeHNeM yrna 3Hauu-
MO He MeHAEeTCA, HO CTAaTUCTUYECKN 3HAYMMO
YBE/IMYNBAETCA KOIMYECTBO MUKPOArperaTos <
0.25 mm B 1.5 pasa 4na BapMaHTOB C MESKUM
yrnem. KoadpdPpuumeHT CTpyKTypHOCTU Npu Oo-
6aBneHnn buoyrna ysenmumBaeTca BO BCEX Ba-
puaHTax B 1.3—1.7 pasa, 4OCTUraa MakCUMyMa
B BapuaHTe ¢ 5 % KpynHoro yrna. Cnegyet oT-
MEeTUTb, YTO TAXKENOCYINTIMHUCTAA NoYBa M3Ha-
Ya/ZbHO MMeeT HeyaoBNeTBOpUTe/NIbHOe arpe-

raTHoe coctosHue (Ks = 0.37), HO B BapuaHTe
¢ 5 % KpynHoro yrma Koa¢pduumeHT goctmraet
0.63, 4TO 6/1M3KO K XOpOLLUEMY arperaTHoOMy Co-
ctosHuto (Ks > 0.67). NMpn MmoKpom npoceunBa-
HUM TAXKENOCYIIMHUCTON NOYBbI, B OTINYMNE OT
necyaHow, BblAeNeHO HeboNbLoe KOIMYECTBO
arperatoB 5—-3 MM, a 414 BapUaHTOB C Kpyn-
HbIM yrnem — arperatbl 7-5 mm (puc. 2B).

Tak)Ke [0OCTOBEPHO YyBe/MYMBAETCA KONU-
4ecTBO MesiIkMX Makpoarperatos 0.5-0.25 mm
BO BCex BapuaHTax B 1.3 pasa. YmeHbluaeTcA
cogepaHune dpakumMm MuKpoarperaToB (4o-
CTOBEPHO A/1A BAPWAHTOB C MENKUM YIeMm)
B 1.2 pasa. TAXXeNnocyrMMHMUCTAA noysa nmeet
KoadppumumeHT BogonpovHocTn 42.9, 4to Xa-
paKTepusyeT BOAOYCTOMYMBOCTb CTPYKTYpbI
Kak xopouwyto. B BapmaHTax ¢ gobasneHnem
yrna Kv Bo3pactaet B 1.2 pasa, HO NPUHUUMK-
aNIbHO HE MEHAET XapaKTePUCTUKM BOAOYCTOM-
4YMBOCTU (AManNa3oH XopoLLel BOAOYCTOMNYNBO-
ctn 40-75).

O6cyxaeHue

MonyyeHHble AaHHble B LE/NOM COracytoT-
CA C CYLECTBYOWMMMN UCCAELOBAHUAMN BAUA-
HUA buoyrna Ha Pu3Myeckne CBOMCTBA MOYB.
MN3BeCTHO, YTO U3MeHeHUA rMapodPuUsnYecKkmnx
CBOWCTB C MCMNO/Ib30BaHMeM buoyrna 6bonee -
$EeKTUBHO AN1A NOYB JIETKOrO FpaHyIoMeTpuye-
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Puc 1. ArperaTHbIli COCTaB B BapMaHTax OMNbITa C 4€PHOBO-NOA30/UCTOM NecyaHoM NoYBoi. A — cyxoe npoceu-
BaHWe; B — MmOKpoe npocenBaHme. 1 — KOHTPOAb; 2 — BapuaHT 1; 3 — BapunaHT 2; 4 — BapuaHT 3; 5 — BapuaHT 4.
PasnuuHbiMm bykBamu (B npesenax of4HoOM rpynnbl arperatos) 0603HavYeHbl BapMaHTbl, UMetoLWMe CTaTUCTK-

YecKu AOCToBepHbIe (3HaYMMBble) pasiMuma no Kputepmio Totokm npu p < 0.05

Fig. 1. Aggregate size distribution in the variants of the experiment with soddy-podzolic sandy soil; A —dry-
sieving; B — wet-sieving. 1 — control; 2 —variant 1; 3 —variant 2; 4 —variant 3; 5 — variant 4. Variants having
significant differences according to the Tukey’s HSD test (p < 0.05) marked with different letters (within one

group of aggregates)
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Puc 2. ArperaTHbIi COCTaB B BapMaHTax OnbiTa C A4EPHOBO-NOA30/IMCTON TAXKENOCYNIMHUCTOM NOYBOW. A — cy-
Xoe npocenBaHue; B — moKpoe npocenBaHue. 1 — KOHTPOAb; 2 —BapuaHT 1; 3 —BapuaHT 2; 4 —BapuaHT 3; 5 —
BapuaHT 4. PasnnyHbiMmn ByKBamu (B npegenax o4HoOM rpynnbl arperatos) 0603HauYeHbl BapmaHTbl, UMetoLwme
CTAaTUCTMYECKM JOCTOBEPHbIE (3HAUMMbIE) PasMuma nNo Kputepwmto Totokm npu p < 0.05
Fig. 2. Aggregate size distribution in variants of the experiment with soddy-podzolic clay loam soil; A —dry-
sieving; B — wet-sieving. 1 — control; 2 — variant 1; 3 — variant 2; 4 —variant 3; 5 — variant 4. Variants having
significant differences according to the Tukey’s HSD test (p < 0.05) are indicated with different letters (within

one group of aggregates)
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ckoro cocTaBa (Puxua n gp., 2015; Ajayi et al.,
2016; Omondi et al., 2016). B Hawem cnyyae
npu gobasneHnn 6GMoyrna K necyaHom noyse
HabnoaaloTCcA 3HaYMTENbHbIEe [AOCTOBEPHbIEe
N3MEeHEeHMs NOMIHOM BIarOEMKOCTM MoYB Hesa-
BMCUMO OT J03UPOBKU YINsA, B TO BPpeMs KakK B
TAMENOCYI/IMHUCTOM MOoYBe AO0CTOBEpHble W3-
MEHEHMA ecTb /INWWb ANA BapuaHTa ¢ 5 % ao-
3MpoBKoM. MHoOrne ncciegoBatenn oTMeyatoT
ycuneHue apdekTa BAMsaHUA bruoyrna Ha ¢pusm-
YyecKue CBOMCTBA M arperaTHoe COCTOAHME NoYB
npu 6onee BbiCOKOW ero po3uposKke (Peake
et al., 2014; Ajayi et al., 2016; Omondi et al.,
2016). [laHHble 3KcrnepMmeHTa NOATBEPKAAOT
3Ty TEHAEHUMIO, 0COOEHHO B OTHOLLEHUW NOKa-
3aTenen NAOTHOCTU CNOXKEHMA MOYBbI, MNOIHOM
B/IAarOEMKOCTU U arperaTtHoro coctasa. Ha no-
KasaTesin 06beMHOM TensioemKocTn Hambonb-
wuh apdeKT B obenx noysax OKasbiBaeT 5 %
[03MPOBKa KPYnHOro yras. Tak Kak 3To Nokasa-
TeNb PacUYeTHbIN, TO 3QPEKT MOKHO 0O BACHUTD
ero 3aBMCMMOCTbIO OT NNOTHOCTU C/IOXKEHMUA
nccnegyembix obpasLoB MOYB, 3HAYEHUA KO-
TOPOW ABAAKOTCA HAMMEHbLUMMM B AAHHbIX Ba-
puaHTax. CornacHo pacyetam, 6onee BbiCOKOE
COoAEeprkaHMe OpraHUYecKoro BeLWECcTBa B Ba-
puaHTax ¢ buoyrnem BANAET Ha TEN/IOEMKOCTb
He3HaumTenbHo. CylecTByeT O4eHb Mano UCc-
CcnegoBaHUA BAMAHUA BUoyrna Ha TensoBble
CBOMCTBA MOYB, HO, MO 3KCNEPUMEHTA/IbHbIM
AaHHbIM (Liu et al., 2018), B noneBbIx ycnoBu-
AX TaK)Ke Oblna OTMeYeHa YeTKaa TeHAeHuums
YMEHbLUEHMA TENN0EMKOCTHM B NoYBax ¢ Aobas-
NleHnem buoyrnsa 3a cyeT yBennvyeHusa obuien
NMOPO3HOCTU MNOYBbl. TaKMM 0OpPA3OM, MOXK-
HO NpPeanoNOXWUTb, YTO AAHHbIMA MOKa3aTesnb
6onblue 3aBUCUT OT PU3MYECKMX CBOMCTB YIS,
B YACTHOCTWM €ro NAOTHOCTU, MOPO3HOCTU U Te-
N10EMKOCTH.

NccnepoBaHua BAnAHMA Buoyrna Ha arpe-
raTHbI COCTaB NOYB COCPEAOTOYEHbI B OCHOB-
HOM Ha pe3y/nbTaTax MOKPOro NpocenBaHna m
BOAOMNPOYHOCTU CTPYKTYpPbI. [Tpn aTOM 0TMeve-
HO, YTO BHECEHWE BUOYINA CUNbHEE BAUSET Ha
arperaymio noys CpeaHero n TAMXKeNOoro rpaHy-
JIOMEeTPUYECKOro cocTaBa Mo CPaBHEHUIO C No-
YBaMM NIEFKOTO rPaHY/IOMETPUYECKOro CoCTaBa
(Obia et al., 2016). B Hawem 3KcnepMmeHTe
HabnlogaeTca yBeNnMYeHNe CoaepPHKAHUA CTPYK-
TYPHbIX OTAeNbHOCTeM OoT 7 A0 1 mm, Takxke
YBENMYMBAETCA KOAMYECTBO ¢paKkuuu rmbib6 >

10 MM 1 TEHAEHUMA K CHUXKEHUIO KONMYECTBA
dpakymn < 1 Mm npm Cyxom NpocenmBaHUM nec-
4YaHOM nousbl. BeposaTHO, BHeceHue bGuoyrns
yBEINYMBAET KOMYECTBO KPYMHbIX b6 U
CpeaHUX MaKpoarperatos nec4aHoOM NOYBbI KakK
33 CYeT CBA3bIBAHMA YACTUL, MOYBbI < 1 MM, YTO
06ycnoBaeHO BbICOKOM MOPUCTOCTbIO BUoyrns,
TaK M 33 CYET NPAMOro BHECeHMA YacTuL, AaH-
HOro pasmepa. [MMHUCTble MUHEpPanbl U opra-
HUYEeCKoe BeLLecTBO NOYBbI ABASAKOTCA CTPOU-
Te/IbHbIM MaTepPNasioM arperaTos 1 Npu BHece-
HWUM BUOYINA, KOTOPbI MOXKET ABAATLCSA AAPOM
arperauum, Hambonee aKTUMBHO NPOABAAIOT
CBOM CBOWCTBA B CYI/IMHKax M mMuHax (Lu et al.,
2014; Soinne et al., 2014). Hamn oTmeuyeHo
yAy4ylleHMe arperaTHoOro COCTOSHUA 1 yBennye-
Hue KoadpdUuMeHTa CTPYKTYPHOCTU TANKENOCY-
IMIMHUCTOM NoYBbl Npu aobaBneHnn buoyrna 3a
CYeT COKpaLLeHMA KONMYECTBA KPYMHbIX Mblb
M yBENMYEHUSA KOJIMYeCTBa MaKpoarperaTos.
[aHHble 3aKOHOMEPHOCTM Hambonee 4YeTKO
NPOSBAANUCL B BapuaHTax ¢ 5 % coaeprkaHu-
em yrns. TakKe NPOUCXOAUT HEKOTOPOE YBE/N-
YyeHne BOAOYCTOMUYMBOCTM CTPYKTYPbl MOYBbI U
pocT KoapduuneHTa BOAOMNPOYHOCTM B OTAU-
4yme OT Nec4YaHoM NoYBbI.

3aknoueHue

B pesynbrate 100-cyTOYHOro MoAeNbHO-
ro 3KCNepMmeHTa BbIABUAU, YTO NMPUMEHEHUNE
61oyrnA B KauecTse MenmopaHTa ansa AepPHOBO-
NOA30/INCTbIX MOYB MECYAHOro M TAMKENOocCy-
IMUHUCTOTO  TPaHY/IOMETPUYECKOro COCTaBa
MeHSIeT UX arpodPuanyeckne XapaKTepUCTUKM.
[ocTtoBepHoe BAMAHME HA MJIOTHOCTb C/OXKe-
HWA NOYB OKa3blBalOT 5 % A03MPOBKM YA He-
3aBUCMMO OT ero ¢ppakumn. B necyaHom noyse
HabntoaaloTca 3HAuYMTeNbHble A0CTOBEpPHble
N3MEHEHMA MOJIHOM BNAarOEMKOCTM HE3aBUCU-
MO OT A03MPOBKKU Buoyrna. B TaxenocyrnnHm-
CTOM No4yBe AOCTOBEPHbIE U3MEHEHWUA MOJIHOM
BNAarOEMKOCTU eCTb /IMlWb ANA BapuaHTa ¢ 5 %
A03MpPoBKOM. Ha nokasatenn obbemHoON Te-
NA0eMKOCTU Hanbonbwnii apdpeKT B 0benx no-
4yBaX OKa3bIBaeT 5 % [,03MPOBKA KPYMHOTO YA,
MPUHUMNWMANBHO HEe MeHAA MoKas3aTenn BO-
[OYCTOMYMBOCTU, BHECEHWNE BUOyrNa yaydwaeTt
arperaTHoe coCToAHME U KO3OPULMEHT CTPYK-
TYPHOCTU TAXKENOCYI/IMHUCTOM NOYBbI, @ TaKXKe
yBE€NMYMBAET CBA3HOCTb NMecYaHoM nousbl. OT-
MeyeHo ycuneHne apdpekTa npumeHeHma bumo-
yrna npu 60s1ee BbICOKOM ero A03MPOoBKe.
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Key words: Summary: The influence of different dosages and fractions of bio-char on
bio-char agrophysical properties and aggregate structure of soddy-podzolic soils was
soddy-podzolic soil studied in 100-day model experiment. Two kinds of soddy-podzolic soils -
model experiment sand and clay loam - contrasting in texture were investigated. In the experi-
bulk density ment greenwood bio-char prepared by industrial methods was used. Bio-
total water capacity char fractions of 3-5 mm and £ 2 mm at the dosages of 2 % and 5 % by
thermal capacity weight of the soil were used. In several variants of the experiment the bulk

aggregate size distribution density, total water capacity, thermal capacity of dry soil and aggregate size
distribution (dry- and wet-sieving) were measured. Soil without the addi-
tion of bio-char served as a control. For statistical data processing one-way
ANOVA with post-hoc analysis by Tukey’s HSD test was applied. As a result,
changes in all investigated agrophysical properties of soils were revealed. It
was shown that bulk density of both soils was reduced in the variants at 5 %
dosage of bio-char regardless of fraction. Significant changes of total water
capacity are observed in sandy soil irrespective of the dosage of bio-char.
Significant change of total water capacity of clay loam soil was recorded only
for the variants with a 5 % dosage of bio-char. The greatest effect on the indi-
cators of thermal capacity in both soils was provided at 5 % dosage of coarse
bio-char. The application of bio-char improves the aggregate state and the
structure index of clay loam soil as well as increases the coherence of sandy
soil, fundamentally not changing the indicators of water resistance of both
soils. A significant effect gain in using bio-char at a higher dosage was noted
almost for all indicators.
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KnioueBble cnosa:
HaTaNbHaA aAucnepcus
rHesfoBas gucnepcusa
BMAMMasA BbIXKMBAEMOCTb
ycnex pasmHoOXeHuUA
3abpolueHHble nons
enTan TPACOoryska
Motacilla flava

AHHOTauumA: HacTosAwee coobLeHne NOCBALLEHO OLEHKEe HaTaNlbHOM U FHe3-
[O0BOW Aucnepcun kentol Tpacorysku (Motacilla flava) Ha ocHoBe peru-
CTpaLMil BO3BPATOB MeYeHblx 0cobel M aHann3a BUAMMON BbIXKMBAEMOCTHU
B JIOKA/IbHOM NONYAALMMK, @ TAK¥Ke BbIABNEHUIO CBA3WN Aa/IbHOCTM THE34,0BOW
OMCMepcnn ¢ ycnexom npeaLecTBYOLWero pa3sMmHOXKeHNA TPACOry3oK. Mc-
cneposaHume BbinosHeHo B 2005—-2018 rr. B HAUMOHaAbHOM Napke «Pycckui
CeBep» (Bonoroackaa 06.1.) Ha ydacTKe 3ab6pOLLEHHbIX CE/IbCKOXO3AMCTBEH-
HbIX 3eMe/b M/IoWAAbo OKOJIO 5 KB. KM. B coobLieHMn npoaHain3npoBaHbl
maTtepuanbl KoHTponsa 104 MHAMBMAYANbHO MEYEHHbIX B3POC/bIX MKENTbIX
TpAacory3ok n 406 rHe340BbIX NTEHLOB, AN1A KOTOPbIX Nosiy4YeHo 13 namepe-
HWI HaTaNbHOM Ancnepcun n 55 — rHesgoBol gucnepcum. Bugmmyto BbliXKK-
BAaEMOCTb MO/IOAbIX ¥eNTbIX TPACOrY30K onpeaensaan ¢ NOMOLLbIO CTOXaCTH-
yeckoit mogenn Kopmaka — Oxkonn — Cebepa. BanaHme nona m ycnewHo-
CTV NPeALIecTBYOWErO Pa3MHOXEHNA HA BEIMYMHY THE340BOWN AUCMEpCUU
TPACOry30K OLEHMBAIN C MOMOLLBIO IMHENHbBIX MOAENEN CO CMELUAHHbIMM
apdpektamun. M3 406 OKONbLLOBAHHbIX NTEHLOB BEPHYANUCb AMWwb 11 camuos
N 2 camKn. Buanmasa BbIXKMBAaEMOCTb MON0OAbIX NTUL, cocTasuna 4 %, a Be-
POSITHOCTb MOBTOPHOW perncTpaunmn 62 %. HatanbHaa gucnepcusa (meamnaHa
— 2200 m) 6bln1a 3HaUMMO bosblue rHe340BOM gucnepcumn (megmaHa — 195
M). Mon n MHAMBMAYANbHBIN YCNEeX Pa3sMHOMKEHMA He OKasblBa/v BANAHUS
Ha pacCcToAHME rHe340BOM AMUcrnepcum ocobeit, BePHYBLUMXCA Ha KOHTPO/b-
Hylo TeppuToputo. TaKMM 06pPa3oM, CBA3U MeXKAY SI0KabHbIMM NONYNALUMA-
MW KenTon Tpacoryskm Ha EBponeiickom Cesepe Poccun nogaeprkumsatortcs
NnpenmyLLecTBEHHO 3a CYET HaTa/lbHOW AMCNepCcun. boNbLIMHCTBO MOIOAbIX
nTML 6€3B03BPATHO MNOKUAAIOT PaAiOH POXKAEHUA, HEMHOTOUYMCAEHHbIE BEP-
HYBLUMECA CMELLAOTCA HA 3HAYMTE/IbHblE PACCTOAHUA OTHOCUTENBHO CBOMX
poaHbIX rHe3a. OCHOBY rHe34,0BbIX MOCENEHWNI COCTABNAIOT paHee ycrnewHo
rHe3auBLUMECA 346eCb 0COOM, KOTOPbIE CTPEMATCA 3aHATb FTHe340Bble TeppU-
TOpUM BONM3M OT 3aHMMAEMbIX B NPEALLECTBYHOLLNE FOAbI.
© MeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueHseHT: B. I. NyennHues
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BsegeHue

Oucnepcua (pacceneHne ocobeit) — Bax-
HEeMWNM npouecc, NoALEP’KUBAOLWMNKA reHe-
TMYecKoe pasHoobpasne U YMUC/NeHHOCTb No-
nynaumin ntuy, (Greenwood, 1980). anbHOCTb
ANCnepcumn 3aBMCUT OT Nona, BO3pacTa, ycrnexa
NnpeaLwecTBYOWEro Pa3sMHOXEHMA W Leno-
ro pAaga Apyrux NonynauMoOHHbIX NapameTpoB
(Greenwood, Harvey, 1982; Cokonos, 1991;
Haas, 1998; Paradis et al., 1998). B 60/blUNH-
CTBE C/y4yaeB gucnepcusa monoabix ntuy, (Ha-
TaZbHaA Aucnepcus) npeBbllaeT AUcnepcuto
B3pocC/bIX (rHe340By Aucnepcus), a aucnep-
CMA CaMOK Bbllle, YeM Aucrnepcua CamLOB.
PacnpegeneHne ¢GakTUYECKUX BENUYMH  Ha-
Ta/IbHOM M rHEe340BOM ANCNEPCUMN YAcTO BMUMO-
panbHo (Pakanen et al., 2011), yto no3sonser
YC/IOBHO pa3aenatb 6/uKHIO (NnepemelleHne
0cobu BHYTPW paioHa POXKAEHUA UNU NpealLue-
CTBYIOLLErO PAa3MHOMEHMA) N AanbHiol (nepe-
MeLLeHMe 3a npeaenbl 3TOro panoHa) ancnep-
cuto (Barrowclough, 1978; Payne, Payne, 1990;
Pakanen et al., 2011). BankHIOKO AUcnepcuto
OLLEHMBAOT Ha OCHOBE KOHTPONA nepemelle-
HMA MeYeHbIx ocobelt, NpAmMaa OueHKa Aanb-
Hel gMcnepcum BO MHOMUX Cay4Yasax 3aTpygHe-
Ha, T. K. TpebyeT 06cnenoBaHMA OrPOMHbIX Tep-
putopuin (Barrowclough, 1978; Paradis et al.,
1998). KocBeHHO 06 MHTEHCUBHOCTU Aa/ibHEN
ANCNEePCUM MOXKHO CyAUTb Ha OCHOBE aHanu3a
ANHAMMKM YncneHHocTn (Bypckuid, 2008) nam
BMAMMOM BbIXXMBaemocTu ntuy, (Payne, Payne,
1990; Pakanen et al., 2011). Llenbto HacTosALLe-
ro coobLleHnA ABNAETCA OUEHKa HaTa/ibHOWM
M THe340BOM AUCNEPCUN KENTON TPACOTry3Ku
(Motacilla flava) Ha ocHoBe perucTpaumin Bos-
BPaTOB Me4yeHbix ocoben 1 aHann3a BUAMMOWN
BbIXXMBAEMOCTU B JIOKa/IbHOWM Monynsuuu, a
TaKXe BblAB/NEHME CBA3WU AANbHOCTM THe340-
BOWM AMCMEPCUMM C YCNEXOM MNpeaLecTBYOWero
Pa3MHOEeHUA TPSCOry30K.

Matepuanbl

UccnepgosaHue BbinoaHeHo B 2005-2018 rr.
B HOXHOM YacTW HaUMOHa/NbHOro napka «Pyc-
ckmin CeBep» (Knpunnosckuii p-H Bonoroackoi
06.1.) Ha 0bWKMpPHOM (8 KM?) yyacTKe 3abpoLueH-
HbIX CENbCKOXO3ANCTBEHHbIX 3EME/Ib B OKpeCT-
HocTax a. TonopHa (59°46' c. w., 38°22' B. A4.).
MogenbHbi BUA, (3KenTasa TpacorysKka) — aanb-
HUA MWUIPAHT C NATHUCTbIM PACAPOCTPAHEHMU-
€M, CKNOHHbIN K arpermpoBaHHOMY FrHe340Ba-
HMIO, NPU KOTOPOM KOMMNaKTHble nan anddys-
Hble JIOKa/ibHble NOCeNEHUA YNC/IEHHOCTbIO OT
HECKONbKMX Nap A0 HECKONbKUX AECATKOB nap
MOryT ObITb pasgeneHbl 3HaYUTENbHbIMU MPO-
CTPaHCTBAMM He 3aHATbIX BUAOM MecToobuTa-

Hui (LBeTkoBs, 2004; Shitikov et al., 2013). Ha
TeppUTOPUK CTaLMOHApa B Neproa nccneaosa-
HUM cywectBoBano 3 andpdysHbIX noceneHua
YKEeNnTon TPACOry3KM, CyMMapHasa YMCNEeHHOCTb
rHe34AWNXCA TPACOTY30K B KOTOPbIX B OTAENb-
Hble rogbl gocturana 50 nap. B oByx noceneHun-
AX NPOBOAUNU UHOUBUAYANbHOE MEeYeHne TpA-
COry30K (B3pOC/bIX NTUL, M THE3A0BbIX NTEHLOB)
N KOHTPO/1b YCNELHOCTN Pa3MHOMEHUA, MOUCK
BEPHYBLUMXCA MeYeHbIX NTUL, OCYLLECTBAANIN HA
BCEM TEPPUTOPUM CTaLMOHapa. YunTbiBasa n3o-
NIMPOBAHHOE MOJIOXKEHNE KOHTPOIbHOWN Teppu-
TOPUKU Cpean HenpUroAHbIX ANA rHe30BaHUA
BMAA MeCTOOBUTAHWUIA, Mbl MOIN MOJIHOCTbIO
KOHTPO/IMPOBaTb BCE BO3BPATbl B PANOH POXK-
AeHVA (MAn npeaplaywero pasmHOXKeHUA), He
BEPHYBLUMXCA MNTUL, CYUTAAN NOTUBLWIMMKM NAN
SMUTPMPOBABLUMMM  (COBEPLUMBLUMMMK  AaNb-
HIOO Ancnepcuio). B coobuieHmnn npoaHannsu-
pOBaHbl MaTepuanbl KOHTpona 104 B3poC/abIX
*KenTblx TpAcorysok 1 406 rHe340BbIX NTEHLOB,
ANA KOTOPbIX NOAy4YeHO 13 nsmepeHmn Hatanb-
HOW amMcnepcumn n 55 — rHe3goBon ANCNEpPCUn.

MeToabl

Monesble paboTbl NPOBOANANCH EXKETOAHO C
TpeTbeln AeKaabl Mas No TPETbIO AeKaay NIONA U
BK/1K04A/IN NOUCK rHe3z, OT/I0B U UHANBUAYANb-
HOe LBETHOE MeYeHMe B3POC/bIX TPACOry30K,
KOHTPONb YCMEeLWHOCTU PAa3MHOXEeHMUA, a Tak-
e perncrpaumto BoO3BpaTtoB paHee MeyYeHHbIX
ocobei. HaligeHHble rHe3ga KapTupoBanu C
nomolubto GPS Hasuratopa Garmin 60s. Bapoc-
NbIX NTUL, OTNIABANBANAM Y THE34, C MOMOLLbLO
NayTUHHbIX CETEN N aBTOMATUYECKUX NTYYKOB
Ha 6—7-N AeHb nocne BblNyNAeHMUA NTEHLUOB U
KONbLEBAAM C MOMOLLB MHAMBUAYANbHbIX
KOMOBUHaUMI LBETHbIX Konew,. MTuuy cymtanm
yCMNeLWwHO rHe3auBLUENCA, eCIN ee THe340 no-
KMHYN xoTA 6bl oanH nTeHeu,. MNTeHUOB KoNb-
LueBasn B rHesgax B Bo3pacte 5-9 aHen, Bce
NTEeHLbl O4HOrO BbIBOAKA MOAYyYann OAMHAKO-
BYIO KOMOMHAUMIO LBETHbIX Kosiel,. HaTanbHyto
ANCNEPCUIO N3SMEPAIN KaK PACCTOAHNE MeXKAY
POAHbIM FHE34,0M NTULLBI U NEPBbIM N3BECTHbLIM
COBCTBEHHbIM THE340M, FHe340Byl Aucnep-
CMIO — KaK pacCToOAHME MeXXAy ABYMA rHe3gamMu
OJHOM M TOM Ke NTULbI B NocneaoBaTe/ibHble
rogbl. ECnn rHe3no BepHyBLUEMCA TPACOTY3KM
He yAaBanocb OOHAPYXWTb, U3MeEpPANN pac-
CTOAAHWE [0 LLEeHTPA ee rHe340BOW TEPPUTOPUMN.
N3mepeHns paccTosHUI NPOBOAM/IN HA OCHOBE
reorpapuyeckmx KOoOpANHAT C MOMOLLbI NpOo-
rpammHoro moaynsa geosphere (Hijmans et al.,
2014) B cpege R 3.2.3 (R Core Team, 2016).

BuammytosbixknBaemocTtb(apparentsurvival)
MONOAbIX XeNTbix TPACOry30K onpesenanu ¢
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NMOMOLLbIO CcTOXacTuyeckon mogenn Kopma-
Ka — [konn — Cebepa B nporpamme MARK 8.0
(White, Burnham, 1999). [1ns oueHKM BbI>K1Ba-
€MOCTU N BEPOATHOCTU MOBTOPHOM permcrpa-
uMm ctponnn mogenb Buaa phi(age)p(age), roe
ob6a oueHMBaeMbIx NoKa3aTena (BUAMMYIO Bbl-
YKMBAEMOCTb U BEPOATHOCTb NOBTOPHOW peru-
CTpaLMn) CYUTANWU 3aBUCMMbIMM OT BO3PACTa.
Y106bI NOBLICUTH TOYHOCTb OLEHKU 3TUX MO-
Kasatenen Ana MonoAabix NTUL, UCMONb30BaNN
OUKCUpPOBaHHbIE 3HAYEHWUs BUOMMOW BbIXKU-
Baemoctu (¢ = 0.32) u BEpOATHOCTM NOBTOP-
HoM perucTpaumm (p = 1.00) B3pOC/bIX KENTbIX
TPACOry30K, MOJIyYEeHHble paHee ANA TOW XKe
NoKanbHoM nonynauuu (LWuntnkos u ap., 2017).
Mogenun ¢ 3aBUCMMbIMW OT BPEMEHM MOKa3a-
TENAMW He TeCTUPOBA/N, T. K. HALIM BbIOOPKK
€)KerogHo MeyYeHHbIX NTUL, He NO3BONANU cae-
Nnatb aToro. TaKkKe Mbl He TeCTMPOBaNM BAUA-
HWe nona NTUL, Ha BUAMMYIO BbIXKMBAaeMOCTb, T.
K. H& MOrnK onpeaennTb Noa rHe3A0BbIX NTEH-
LOB BO BPeMA Ko/ibLieBaHMA.

BansHWe nona v ycnewHocTn npeaLecTsy-
IOLLLEr0 PA3MHOMEHUSA Ha BENNYMHY THe3no-
BOM AMCNEepCUN TPACOTYy30K OLEHUBANM C NO-
MOLLLbIO IMHENHDBIX MOAEeNeN CO CMeLLIAHHbIMM
adpdpektammn  (LMM). JNlorapndmmnpoBaHHy
BE/IMYMHY THE340BOM AMCMNEepPCMM UCNOIb30Ba-
I B KayecTBe 3aBMCMMOW NepemeHHOW, non,
WHAMBUAYANbHbIMA yCNex PasMHOMEHUS U UX
B3aMMOAENCTBME — B KayecTBE HE3aBUCMMbIX
nepemeHHbIX. KaneHpapHbIn rog u UHANBUAY-
a/lbHbI HOMEep NTULbl PAacCMaTpPMBaZN B Ka-
yecTBe C/y4alHbix ¢akTtopos. Mcnonbsosanu

Yucno HabnoaeHni

MHOOPMALMOHHO-TEOPETUYECKUIN Noaxon, K
BbIbOpY mogenen (Burnham, Anderson, 2002).
Mogaenu paHXMpoBanM C NOMOLLbI UHOP-
MaLMOHHOIO KpuUTepua AKamKe, CKOPPEKTUPO-
BaHHOro Ans manbix Bblbopok (AlICc). Moae-
nn, obnapgatowme sHayeHnamu AAICc meHee 2
eAMHUL, CYUTANN afeKBAaTHO OMUCHIBAOLUMMU
AaHHble. MoaenvMpoBaHue NpoBoAUIN B cpeae
R 3.2.3 (R Core Team, 2016) ¢ nomoLblO MO-
aynsa Ime4 (Bates et al., 2016). PaHnpoBaHue
Mmogeneln ocyLwecTBAAAM C NOMOLLbI GYHKLNM
dredge moayna MuMin (Bartoni, 2013).

Pe3ynbratbl

M3 406 rHe340BbIX NTEHLOB, OKONbLOBAHHbIX
B 2005—-2017 rr., B nocneaytowme rogbl BepHy-
nnck nvwb 13 (nokasaTtenb Bo3Bpata — 3.2 %),
cpean Kotopblx 6bi10 11 camuoB M 2 CaMKM.
Ha cnepyrowmin nocne poxaeHua rog, 6oino
obHapyxeHo 11 Tpsacory3ok, ewe 2 NTuy, yaa-
NoCb OBHapyXWTb NUWb Yepes rog. Buanmas
BbIXXMBAEMOCTb MOJIOAbIX NTUL, OLEHEHHAaA C
nomolubio moaenu @(age)p(age), coctaBuna @
=0.04 £ 0.01, a BepoATHOCTb MOBTOPHOM peru-
cTpaumu p = 0.62 + 0.18. MegmaHa HaTaNbHOM
aucnepcum (n = 13) ana scex ocobei cocTaBu-
na 2200 m (350-4989 m), 4TO COOTBETCTBYET U
NnoKasaTento, PacCYNTaHHOMY TONbKO AN1A Cam-
L,0B, BEPHYBLUMECA CaMKM bBbln 06HapyKeHbI B
481 »n 3304 m OT CBOMX POAHbIX rHe34. AHanu3
pacnpeneneHnsa paccToAHMM HATA/IbHOM Auc-
nepcum (puc. 1) NnoKasbiBaeT, 4TO 6ONbLNHCTBO
BEPHYBLUMXCA MONOAbIX TPACOTY30K 3arHe3au-
INCb Ha 3HaynTenbHom (bonee 500 m) paccrosn-
HMUM OT CBOUX POAHbBIX THe3a,

2 |

300-600 900-1200 1500-18002100-2400 2700-3000 3300-36003900-42004500-4800

MeTpsl

Puc. 1. PacnpeneneHune paccTosHMIA HaTa/IbHON ANCMEPCUN KENTON TPACOTY3KM
Fig. 1. Distribution of natal dispersal distances of the yellow wagtail
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MeauaHa rHesgoBol gucnepcun (n = 55)
coctasuna 195 m (1-3011 m), ana camuos
(n=28)— 116 m (12-2922 m), ona camok
(n=27)- 251 m (1-3011 m). Mopasnawuee

24
22

H6ONbLWMHCTBO B3POC/bIX TPACOry3ok oboero
nona 66110 06HapyKeHo B paguyce meHee 300
M OT CBOMX NPOLUNOTrOAHUX rHe3A, (puc. 2).

Yucno HabnwaeHuin

ml
m2

300-600 900-1200 1500-1800 2100-2400 2700-3000
MeTpel

Puc. 2. PacnpeneneHune paccTofHUIA THE340BOM AUCNIEPCUM KENTOW TPACOry3Ku. 1 — camupl, 2 — CaMKK
Fig. 2. Distribution of breeding dispersal distances of the yellow wagtail. 1 — males, 2 — females

BepHyBlIMecs  ychnewHO  rHesausLiMe-
csa TpAcory3ku (n = 33) ycTpamBanau rHesga B
195 (1-2992) M OT CBOUX NPOLUIOFOAHMUX FHE3A,,
B TO BPEMS Kak MeauaHa rHe3goBow aucnep-
CMW Heyaa4yHo rHesamsLumxca ntuy, (n = 22) co-
ctaBuna 212 (1-3011) m. Pe3ynbTatbl moaenm-
POBaHMA MOKA3bIBAOT, YTO NOS BEPHYBLUUXCA
TPACOTrY30K U UX MHAMBUAYA/IbHBIN ycnex pas-

MHOEHMA He OKa3blBaaW BAUAHUA HA BeNu-
YMHY FHE340BOM AUCNEPCUU, T. K. 3HAYEHUAMMU
AAICc meHee 2 eanHUL, obnagana Nuvilb KOH-
CTaHTHaA moaenb (Tabn. 1). Bce mogenun, yum-
TbiBatowme pakTopbl «MMon» n «Ycnex», a TakKe
X KOMBMHaUMK umenmn 3HaveHua AAICc 6onee
2 egmnHuL,

Tabnuua 1. Pe3ynbTaTbl PaHXMPOBAHUA MOAENEN BAUAHUSA NOMA U yCNexa PasMHOXKEHUA Ha BEIUUNHY
rHe340BOM ANCNEPCUN KENTOM TPACOTY3KM B HALMOHANAbHOM napke «Pycckuin Cesep»

Mopenb df AAICc Bec mozenu
const 4 0.00 0.74
Mon 5 3.65 0.12
Ycnex 5 3.72 0.12
Mon + Ycnex 6 7.47 0.02
Mon + Ycnex + Mon * Ycnex 7 9.90 0.01
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O6cyxpeHue

Buanmasn BbIXKMBAaEMOCTb MONOAbIX KENTbIX
TPACOry30K B HaLMOHa/NbHOM NapKe «Pycckuii
CeBep» bblna KpaiHe HU3KON. OUEHKN BbIXKU-
BAEMOCTW, NOSyYEHHbIE C MOMOLLbIO CTOXACTH-
yeckon mogenn Kopmaka — Axkonu — Cebepa (4
t 1 %), HaxoaATcsa BO6AU3M HUNKHUX Npesenos
(0-13.5 %), M3BECTHbIX ANA MENKUX BOPObbU-
HOObpasHbIX — AanbHUX MUrpaHToB (COKoNOB,
1991; Weatherhead, Forbes, 1994; Maness,
Anderson, 2013). K coaneHuto, OUEHKN Bbl-
YKMBAEMOCTM MOJIOAbIX KENTbIX TPACOry30K AN
APYrux Yactei apeana BMga B inTepaTtype oOT-
CyTCTBYIOT. CXO4HbIE C HAaWWMMM NOKa3aTen BU-
ANMOI BbIXKMBAEMOCTU Monioabix (2—4 %) nony-
yeHbl Ha Anacke ana 6aunskoro Bnaa — 6epuH-
rMIMCKOM Kenton TpAacorysku Motacilla (flava)
tchutchensis (Renner, McCaffery, 2008). Hawmu
pe3ynbTaTbl MOKA3bIBAOT, YTO C MOMPABKOM Ha
BEPOATHOCTb MOBTOPHOM perucrpaumm meve-
HbIX NTUL, B PaliOH POXKAEHWA HE BO3BPALL,A/IOCh
96 % monoapbix TpACOry3ok. Mbl nonaraem, 4To
3HAYMTENIbHAA YAaCTb M3 HUX BbIXKM/IA, HO IMU-
rpupoBana 3a npegenbl panoHa poxKaeHua (T.
e. COBepLIMNA AaNIbHIOK ANCNEPCUIO), T. K. NpU
CMepTHOCTU nopAaaKa 96 % B TeyeHWe nepso-
ro roga *usHu nobas NokanbHaa nonyaauma
6blna bbl 0bpeyeHa Ha ObiCTpoe BbIMUpPAHME.
CBefeHMss O [anbHOCTU TaKoM Aucrnepcum
OCTalOTCA BecbMa CKyAHbIMU. PaHee Ham yaa-
NOCb 06HAPYXMUTb CaMLA KeNTOW TPACOTY3KW,
3arHe3AmMBLUEroca Ha paccTosiHMKM 14 Km oT CBO-
ero poaHoro r4esaa (Shitikov et al., 2013). No
AaHHbIM aHa1M3a BO3BPATOB Ko/eL, C MornbLmx
ntuy, (n = 28), B BeankobputaHum cpegHana Be-
JIMYMHA HaTa/IbHOM ANCNEPCUN KENToM TpAco-
ryskum coctasuna 12.5 km (Paradis et al., 1998).
HemHorounmcneHHble BepHyBLUMECA B pPalioH
CBOEro POXAEHUA TPACOTY3KN He CTPEMUANUCH
3aHATb TEPPUTOPUIO B BAMMKAMLLMX OKPECTHO-
CTAX CBOEro POAHOro rHe3aa, 0 Yem CBUAETENb-
CTBYeT pacnpeneneHne paccToAHMM HaTa/IbHOM
ancnepcun. Kpome TOro, cnepyetr oTmMeTuTb
NPaKTUYECKM MONHOE OTCYTCTBME BO3BPATOB
Yy MOJIOAbIX CaMOK, YTO noaTesep)Kaaet obuie-
npuHAToe MHeHue (Greenwood, Harvey, 1982)
0 MeHbLLEel BEPHOCTU PalioOHy POXKAEHUA Y MO-
NOAbIX CAMOK MO CPAaBHEHMUIO C CamMLLaMM.

Buanmasa BbIXKMBAaEMOCTb B3POCAbIX TpA-
COry30K B M3y4aemMOW NOKa/NibHOM Nonynauunm
3aBMcena OT YCMNewHOCTU npeAaLecTByloLe-

ro pa3aMHOXEHMA N COCTaBAANA ANA YCMNeEeLWHOo
rHesgmswmxca ntmy 0.39 + 0.06, a 4nAa Hey-
AavyHo rHesausmxca — 0.19 + 0.06 (LUnTmkos
n ap., 2017). Takum o6bpasom, 60/bLIMHCTBO
YAAYHO FHe3AMBLUMXCA TPACOry30K BO3Bpalla-
NI0Cb B PaiOH NpeablAayLLero rHe3goBaHus, B TO
BPeMA KaK 3HauYMTeIbHAA YaCTb HEYAAYHO rHes-
AMBLUMXCA NTUL, NOKMAZana ero (T. e. coepliana
AanbHIO ancnepcuio). Tem He meHee BUAU-
MafA BbIXXMBAEMOCTb HeyAauyHO rHe3gMBLUMXCA
B3POC/IbIX CyL,EeCTBEHHO MpeBbiWaeT TAKOBYO
MONOAbIX MTUL, YTO JIMWIHWUIK pa3 cBUAETE/b-
CTBYET O BbICOKOM CTPeM/IEHUM NocaeaHUX No-
KMHYTb PalioH cBoero poxaeHua. CyliecTBeH-
Hble Pa3/InYMA B BbI’KMBAEMOCTU YCMELHO WU
HeyAa4YHO rHe3gmBLLIMXCA ocoben YacTo CBA3bI-
BAlOTCA C pasHMULLEN B rHe30BOM Aucnepcum
ABYX Tpynn: HeyAayHO rHe3AuMBLUIMEeCA NTULLbI
CMeLaloTcA Ha bonbliee paccToAHMe No cpas-
HEHMIo cycnelHo rHe3anslimmmncsa (Haas, 1998;
Hoover, 2003; Sedgwick, 2004). Hawu gaHHble
Wb YaCTMYHO MOATBEPXKAAIOT 3TO MONOXKe-
HMe: ycnex NpeALecTBYOLWEero pa3sMmHOXeHMA
B/IMAN INLLb HA BEPHOCTb PaliOHy FrHE34,0BaHUA
(T. e. Ha BEpPOATHOCTb COBEPLUEHUA AANbHEN
Ancnepcuun), npyu 3TOM BEPHYBLUMECHA B PalioH
rHe340BaHMA TPACOTy3KKU Bblbupann TeppuTo-
PUIO BHE CBA3M C YCMEXOM NpeAaLecTBYoLWero
pa3MHoXeHuA. bonee Toro, 601bLWNMHCTBO BEp-
HYBLUMXCA TPACOry30K (BHE 3aBMCMMOCTU OT
YCNELWHOCTU NpeaLecTBYOWEro pasMHOXKe-
HUKA) 3arHe3auaoch Ha pacctossHuM meHee 300
M OT CBOMX NMpeaplaywmx rHesa, 1. e. GaKkTmye-
CKU NTULbI CTPEMUINCH 3aHATbL CBOKO NPOLUNO-
rO4HIOK rHe34,0BY0 TEPPUTOPULO.

3aknoueHue

CBA3M MeXKay /N0Ka/NIbHbIMU MONyAALUAMMU
KeNTom TpAacoryskm Ha Esponerickom Cesepe
Poccumn nopaeprkmBatoTcA MaBHbIM obpasom
3@ CYeT HaTa/lbHOM Ancnepcumn. bonblMHCTBO
MOJI0AbIX NTUL, 6€3BO3BPATHO NOKMAAET PAOH
CBOEr0 POXAEHMA, HEMHOIOYMC/IEHHbIE BEpP-
HYBLUMECA CMELLAIOTCA HA 3HAYMTE/IbHble pac-
CTOSHUA OTHOCUTE/NIbHO CBOWMX POAHbIX FHe3A.
Mpwn 3TOM OCHOBY FHE340BbIX MOCENEHUN CO-
CTaBAAOT paHee yCneLwHo rHesansLluneca 34ecb
0cobu, KoTopble CTPEMATCA 3aHATb THE340BbIE
TEPPUTOPUMN B HENOCPEACTBEHHOW 6N30CTU OT
3aHMMaeMblX B NpeALecTBYOLLIME FOAbI.
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Key words: Summary: The article deals with natal and breeding dispersal of the yellow
natal dispersal wagtail (Motacilla flava). It was assessed on the basis of the recorded re-
breeding dispersal turns of marked specimens and the analysis of apparent survival rates in a
first-year survival local population as well as the revealed connection of breeding dispersal dis-
breeding success tances with the previous breeding success. In 2005-2018 the investigation
abandoned fields was carried out in the national park Russky Sever (Vologda region, Russia) in
Yellow Wagtail the area of 5 km2 of abandoned agricultural lands. The results of monitoring
Motacilla flava of individually marked 104 adult wagtails and 406 nestlings were analyzed.

For them 13 natal dispersal and 55 breeding dispersal events were revealed.
Fieldwork included nest searching, ringing of adults and nestlings, nest fate
recording and search for returns of previously marked individuals. We mod-
eled the apparent first-year survival with the Cormack — Jolly — Seber model.
The effect of sex and previous breeding success on breeding dispersal we
assessed using linear mixed models (LMMs). Of 406 marked nestlings, 11
males and 2 females returned to the study plot. The apparent survival rate of
juveniles was 4 %, while re-registration probability reached 62 %. The natal
dispersal (median 2200 m) was significantly greater than breeding dispersal
(median 195 m). Sex and individual breeding success had no significant influ-
ence on breeding dispersal distance of wagtails returned to the study plot.
Thus, our findings suggest that in the northern European Russia the connec-
tions between local populations of yellow wagtail are predominately main-
tained via natal dispersal. Most juveniles irrevocably leave their birth site,
while those few which return move a considerable distance from their birth
nests. The core of breeding aggregations is formed by individuals success-
fully nesting here earlier and tended to settle nearby their previous breeding
territories.
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AHHOTaumA: BbiaBieHMe 06LWUX NPUHLIMNOB COOPKU NPUPOAHbIX CO0b-
LecTB ABnAETCA PyHAaMEHTaIbHbIM BOMPOCOM 3KoN0rMm coobuects. K
HacToAleMy BpeMeHU cHOopMyNPOBaHbI YeTbipe napagurmbl, B pam-
Kax KOTOPbIX M3y4YaeTcsa CTPYKTypa meTacoobuecTtsa u GpakTopsbl, ee obe-
cneymsatowwme. Cpeam BarKHENLWNX NPOLLECCOB, BAUAIOLLNX Ha CTPYKTYPY
meTacoobuecTBa, BblAENAKOT CAyYaliHble NPOLLECChl, NPOLEecchl, AeTep-
MMUHUPOBAHHbIE BHELLUHEN Cpeaon, U NPOLLECChl, AeTEPMUHUPOBAHHbIE
bMoTUYECKUMIN B3aMMOLENCTBUSMU. B JaHHOM cTaTbe paccMmaTpuBaeT-
CA POJ/Ib IKONOTUYECKUX TPAANEHTOB, HEIKONOTMYECKMX MPOCTPAHCTBEH-
HbIX MPOLLECCOB U MEKBUA0BOM KOHKYPEHLUMN B GOPMUPOBAHUM CTPYK-
TYpbl COOBLWECTB NTUL, Ha FPaHuMLe Talrn u necoctenu 3aypanbs. B ne-
puog, c 2000 no 2011 rog 6b1amn cobpaHbl cBEAEHWUS O BUAOBOM COCTaBe
rHesgawmxca ntuy, 17 cantos. OnmncaHue CTPYKTYpbl meTacoobluectsa
NpoBOAMAOCH C UICNO/Ib30BAHMEM METOAA aHANM3a 3/1IEMEHTOB CTPYKTY-
pbl meTacoobuiectsa — EMS. Ons BblAeNeHUA OCHOBHbIX 3KOJIOTUYECKUX
rpaMeHTOB MCMNO/Ib30BaNACA METOZ, I/1aBHbIX KOMMOHEHT. A OUEeHKMK
BIMAHMA HE3KONOIMYECKMX MPOCTPAHCTBEHHbIX NPOL,ECCOB NPOBOAM/ICA
KOpPpPEenAuMOHHbIA aHaNn3 CXOACTBa BMAOBOrO COCTaBa CalToOB M pac-
CTOSIHUA MeXAy 3TUMM caiiTamn. PoNb KOHKYpPEHLMM M3yYanach 3a cHeT
CpPaBHEHUA AMUCMEPCUN Pa3NMYMIA PAa3MeEPOB Tesla NTUL, KaK B npegenax
OTAENIbHbIX CANTOB, TaK U B Npeaenax perMoHanbHoro nyna sMaos. Oas
CTaTUCTUYECKUIN MPOBEPKM rMnoTe3 Habaogaemble MHAOEKCbl CPaBHU-
Ba/IMCb CO CYYaMHbIMM, PACCHUTAHHBIMM C MOMOLLbIO GUKCMPOBAHHOM
Hynesol mogenu (FF). Begywum npoueccom GOpMUPOBAHUA CTPYKTYPbI
meTacoobulecTsa NTUL, Ha rPaHULLE TalrKM 1 necoctenu 3aypanba ABNA-
€TCA COPTMPOBKA BMAOB BAO/Ib 3KONOTMYECKUX FpagneHToB. CTpyKTypa
meTacoobulecTBa NT1L, B paloHe UccienoBaHnii B npeaenax HaumeHee
M3MEHEHHbIX aHTPOMOreHHOM AeATeNbHOCTbIO CaMTOB COOTBETCTBYET
rMMCOHOBCKOMY rpaaneHTy. [MMCOHOBCKaA CTPYKTypa meTacoobluectsa
XOPOLUO KOPPENMPYET C OCHOBHbIM 3KOJIOTMYECKUM rpagneHTom. Bno-
KEHHOCTb CO0BLECTB He BbiABAEHA. [MNOTE3a 0 PON MEKBUAOBOM KOH-
KYpeHUMn He noareeprkgaetrca. MUHUMANbHbIE Pa3/iNymMA Pa3mMepoB
TeNa NTUL He BbiABAeHbl. [na oTpagos Passeriformes u Falconiformes
XapaKTepHa arperayma pasmepos Tena. Posb NpoCTPaHCTBEHHbIX MPO-
ueccoB B GOPMMPOBAHNM HAaceneHua NTuL, He cyulectBeHHa. Koppens-
LUMA MeXay CXoA4CTBOM BMAOBOIO COCTaBa M PAacCTOAHMEM MeXKAY Can-
TaMM He 3HaYMma.

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHDBIN YHUBEPCUTET
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BeepeHune

Bonpoc, popmupytotca nmn akonornveckune
coobuiecTBa B COOTBETCTBUM C OnpeaesieHHbl-
MW NPaBUNAMU UAWN Ke Nopg, AeNCTBUEM Cay-
YalHbIX NPUYMH, ABNAETCA OA4HUM U3 OCHOBHbIX
B COBPEMEHHOM 3KoNornn. CYnTaeTca, 4Yto co-
obLecTBa NTUL, ABNAIOTCA PbIXAbIMK COBPaHU-
amu Bnaos (loose assemblages), KoTopbie B co-
CTOSHUWN COCYLLECTBOBATb C Pa3HbIMU BUAAMM
(Sybertz, Reich, 2015). BmecTe ¢ Tem ana obb-
ACHEHMA Hec/Ny4YaWHbIX rPynnUMPOBOK BUAOB
6bin chopmynumpoBaH psag npasua. Hanbonee
CMOPHOM OKa3anacb Maea MEKBWAOBOM KOH-
KypeHuun. Diamond (1975) npeagnonaran, 4To
MEXKBNA0BAA KOHKYPEHLMA MOXKET NOPOXKAATb
3anpelweHHble KoOMBbMHaLMM BUAOB, KOTOpble
HUKOrAa He BCTpeyvatoTcA B Mpupoae, U pac-
npeAeneHnsa, COOTBETCTBYHOLLME LIAXMATHOM
[OCKe, MPWU KOTOPbIX KOHKYpUpYOLLME BUAbI
nsberatot gpyr ppyra. Kpome Toro, Teopusa
MEeXBMAOBOM KOHKYPEHUMW npeanonaraer,
YTO CXOAHbIEe BMAbI A1 COBMECTHOrO cocylue-
CTBOBAHMA A0/KHbI PAa3nMYaTbCA pasmepamu
Tena, Yto MO3BONAET YMEHbLWUTb KOHKYPEH-
umMto 3a notpebnsembin pecypc (Wang et al.,
2011). Fox B 1987 r. (umT. no: Wang et al., 2011)
B PaMKax TEOPUM MEXKBUAOBON KOHKYpPEHLUK
BbICKa3an Maew O TOM, YTO NPUPOAHble CO-
obuectBa GOpMUPYIOTCA 3a CYET BKIKOYEHMA B
MX COCTaB BUA0B M3 PasHbIX GYHKLMOHANbHbIX
rpynn. B oTanume oT npeablaylimnx mopenen,
B/IO}KEHHble CTPYKTYpbl (nestedness) He cBA3a-
Hbl C MEXBWUA0BOW KOHKYPEHLMEN N BO3HUKA-
0T B Cny4yae, Korga begHble BUAAMM YYACTKM
ABNAIOTCA NOAMHOXEecTBaMM boraTbiX BuAa-
MK yyacTkoB (Patterson, Atmar, 1986). Kpome
TOro, BO3MOXHbl W WHAMBMAYANUCTUYECKME
OTBETbl BUAOB HA MECTHble rpagueHTbl GaKTo-
POB Cpenbl, KOTOPblE TAK¥Ke MOryT NPUBOANTb
K dopmMMpoBaHMIO onpeaeneHHbIX NPOCTPaH-
CTBEHHbIX CTPYKTYP.

Ona obvAacHeHMs Habatogaemon TeppuUTopu-
aNbHOW HEOAHOPOAHOCTM BWAOBOFO COCTaBa,
CTPYKTYpPbl U ANHAMMKM COOBLLECTB, @ TaKKe
ANA NPOBEPKN paHee BbICKa3aHHbIX rMnoTes u
npasua cpopmynnMpoBaHa CUHTETMYECKAA TEO-
pua metacoobuwecrtea (Metacommunity), no-
3BONAOWAA YBA3aTb MPaAMEHTbI Cpeabl, MeX-
BMOOBble B3aMMOOTHOLLEHMA W C/y4YaiHble
npoueccbl. B pamkax KoOHUenuumM meTacoob-
wecrtea (Metacommunity) K HacToawemy Bpe-
MEHW C/IOKUNNCH ABa OCHOBHbIX Hanpas/ieHun
M3yYEHUss MPOCTPAHCTBEHHbIX WM3MEHEHWIN B

MoanucaHa K neyartu: 24 aekabpa 2018 roga

BMAoBom coctase (Presley et al., 2010): nep-
Bblii NMpeanonaraeT BbIBEHME MEXaHM3MOB
M NPOLLECCOB, BbI3bIBAIOLWNX 3TN U3MEHEHMUS;
BTOPOM COCPeaoTOYEH Ha NaeHTUPMKaLUN 06-
pa3LL0B pacnpeaeneHmsa BUa0B B NPOCTPaHCTBE
(oTHOCUTENbHO rPaaAnEeHTOB cpeabl) U UX CpaB-
HEHWU C NAeanM3nPoOBaHHbIMK 0BpasLLaMU.

B nocnegHwue roapl bbinn pa3paboTaHbl aHa-
NINTUYECKME MEeTOAbl, NO3BONAIOLLINE BbIABUTb
MHOTOYMCNEHHbIE aCMEKTbl CTPYKTYPbl METACco-
obuwiectsa (Presley etal., 2009). OgHMM U3 TaKUX
noaxoA0B ABNSETCA aHA/NIN3 3/IEMEHTOB CTPYK-
Typbl meTacoobuiecTta (Analysis of elements of
metacommunity structure — EMS), nossonsto-
WMA BbISBUTb KOrepPeHTHOCTb, CMEHSEMOCTb
BMAOBOr0 COCTaBa BAO/b 3KONOTMYECKOro rpa-
ANEHTa N XapaKTep rpynnupoBKU rpaHuL, Bu-
[OBbIX AMANA30HOB (ranges). 3ToT noaxon, no-
3BO/IAET OHOBPEMEHHO CPaBHUTb Habaoaae-
Moe pacnpegeneHne BuaoBs ¢ 6 naeanmsmpo-
BaHHbIMM 06pa3LaMM, TAKMMKU KaK CayvaliHoe
pacnpegeneHune, WaxmaTHble AOCKW, B/IOXKEH-
Hble NOAMHOMECTBA, PaBHOMEPHbIN rPaANEHT,
KNEMEHTCOBCKUIN  TPaAneHT, [IUCOHOBCKUM
rpaaneHnT (Leibold, Mikkelson, 2002). Kaxkapin
n3 3Tux o0bpasuoB npeactaBafaeT cobon yyact-
KU B MHOTOMEPHOM KOHTUHYYME BO3MOMKHbIX
NPOCTPAHCTBEHHbIX pacnpeaeneHnn snaos. K
HaACTOALLEMY BPEMEHWU BblAe/IeHbl TaKKe A0-
NoJIHUTENbHble 06pa3Lbl — KBA3U-CTPYKTYPbI,
N MOAENU FPYNNUPOBKM rPaHuUL, BUAOBbIX ANa-
nasoHoB (boundary clumping) ana BNOXEHHbIX
NOAMHOXeCTB, No3BonsAOWMX ewe bonee ae-
TaNIN3MPOBATb KOHTUHYYM BO3MOMHbIX NpPO-
CTPaAHCTBEHHbIX pacnpeaeneHnii BUAOB BAO/b
OCHOBHbIX rpaaneHToB cpeapl (Presley et al.,
2009; Presley et al., 2010). Kpome TOro, aHanus
31EMEHTOB CTPYKTYypbl MeTacoobuectsa (EMS)
MOXKET 6bITb MCNONb30BaH Kak NepBbIi War ans
N3y4YeHUA CTPYKTYPbl MeTacoobluecTsa, No3Bo-
narowmuin cdopmynmpoBaTtb pag runotes Ans
opraHusauum bonee pAeTaNbHbIX WUCCieadoBa-
HWUIA N BbIABNEHUA Npoueccos, obecneynsato-
Wwmx Habnogaemoe pacnpeaeneHme BMAOB No
mecToobuTaHuAM. B koHTeKkcTe EMS meTacoob-
LLLeCTBO NOHMMAETCH KaK COBOKYMHOCTb 3KOO-
rMYecKMx coobLecTB Ha pPasHbIX y4acTKax, Ko-
TOpble NOTEeHLMaNbHO, HO He 0653aTeNIbHO, MO-
ryT 6bITb CBA3aHbI 32 CYET pacceneHusa Buaos, B
TO BPEMS KaK coobLLecTBo — 3TO rpynna Bnaos
B AaHHOM mecTe (Leibold, Mikkelson, 2002).

K HacToswemy BpemeHn cHOpMyNMPOBaHbI
yeTbipe Napagurmbl AN OObACHEHUA CTPYKTY-
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pbl MmeTacoobuiectBa: 1) HeliTpanbHan Teopun
npeanonaraet, YTo pPasnYHble BUAbI 3KBUBA-
NIEHTHbI, U yaenaet 60/bloe BHUMAHUE CAy-
YaliHbIM NpoLLeccam U pacceneHno Bnaos; 2)
KoHUenuma guHaMunKm natyei (Patch dynamics)
npeanosaraeT, YTO BCE YYACTKN UAEHTUYHbI, U
AEeNaeT akUEHT Ha KOHKYPEHTHOM KONOHMU3aLUumn
naT4yen-y4yacTkos BUAamMu; 3) B paMKax KoHuen-
UMM COPTUPOBKM BMAOB (Species sorting) cum-
TaeTcAa, YTo pacnpeneneHne BMA0B U BUAOBOM
COCTaB CcoObLLECTB ONpPeaenstoTcs MeCTHbIMM
rpaAneHTaMmn OKPYXKatoLLen cpeabl, a XOpoLo
paccenalowmeca BUAbl CNOCOOHbLI AOCTUrATb
BCEX NOAXOAALLMX YHACTKOB; 4) Maea MaccoBbIxX
appeKToB npeanonaraeT, YTo BaXKHYIO PONb
B popmMMpOBaHNM COODOLLECTB MrPatOT 3KONO-
rMyeckme rpagmeHTbl U pacceneHve BUAOB
(Meynard, Quinn, 2008). Winegardner c coas-
Topamu (Vilmi et al., 2016) npeanonoxunu, 4to
maccoBble 3pPeKTbl N ANHAMUKA NaTyen aBnA-
FOTCA YACTHbIMM CNYYaAMM COPTUPOBKN BUAOB.
C yyeToM wumetowmxca nybaMKauMin MOMKHO
npeanonaratb, YTo COOTHOLWIEHWE M 3HAYU-
MOCTb A1 CTPYKTYPbl COOOLLECTB HEUTPANbHbIX
NPOLLECCOB M NPOLLECCOB, CBA3AHHbIX C 3KO/10MU-
YECKMMWN HULLIAMW BUAOB, MOFYT Pa3inyaThbCs
B pa3Hbix ¢U3nKo-reorpadUUeckmx pernoHax.
Tak, Hanpumep, ansa coobuwecTs Nty PpaHunm
XapaKTepPHO COBMECTHOe BAMsAHUE (aKTOpoB
OKpYrKatoLer cpebl M NPOLLECCOB pacceneHus,
Toraa Kak ana coobuiects CeBepHoO AMepuKn
pellatollee 3HaYEeHNE MMEKT MECTHbIE 3KONO-
rmyeckme GpakTopbl NPU YyMEPEHHOM BAUAHUM
avcnepcun (Ozkan et al., 2012). Ans necos Ha
toro-3anage YepHoro mopsa (Typums) nokasaHa
AOMWHUPYIOWAA POJib IKONOTMYECKON COPTU-
POBKW BUAOB 33 CYET HULLEBbIX MPOLLECCOB, TOr-
A3 KaK HEe3KONOrMYeCKMM NPOCTPAHCTBEHHbIM
npoLeccam OTBOAMTCA BTOPOCTENEHHaA pPo/ib
(Ozkan et al., 2012).

B pamkax AaHHOro mccneaoBaHWA OLEHe-
Hbl 3aKOHOMEPHOCTM pacnpeneneHua BUAOB
BA0/1b BaXKHEMLLMX IKO/IOTMYECKUX FPaJMUEHTOB
N BO3MOXHasA ponb psaa Npasua U NpoLeccos
B $opmMpoBaHMM coobuecTB NTUL. 3a cyeT
TECTUPOBAHUA HECKONIbKUX aNbTEPHATUBHbIX
moaenemn cbopkn coobLecTB MOXKHO BbIABUTb
BeAylMe npolecchl, onpeaenstowme Habnwo-
AAEeMYI0 NPOCTPAHCTBEHHYHO CTPYKTYpPY.

Martepuansl

N3yueHme coobuLecTs NTUL, NPOBOAM/IOCH HA
rpaHuLE HOXHOM TalrM U CeBEPHOM NecocTenm
3aypanba (puc. 1). Bonbwan 4acTb cBeAEHWM
noJsiydeHa BO BpemMA MCCnefoBaHWM Ha Tep-
putopun KameHckoro panoHa CBepasioBCKOWM
n KyHalwaKckoro paioHa YenabuHckon obna-

cTen. Pusunko-reorpadmnyeckoe panMoHUpOBa-
HMe perMoHa MPUHATO COrNACHO npeAacTasie-
Huam lopyakoBckoro (1968), KoTopbin Bblae-
NAN NepexoaHyl Noa30HYy npeanecocTenHbIX
COCHOBbIX U Bepe30BbIX N1eCOB, OTHOCALLYOCA
K Taure. Penbed mecTHOCTM — 3TO cnaboson-
HUCTaA paBHWHA (NeHenseH), HaKNOHeHHaA K
BOCTOKY. [10/IMHbI MECTHbIX peK He BennKu. OT-
NnynTenbHaa ocobeHHOCTb pernoHa — obunue
03ep CO 3HAYUTENbHbIMU TPOCTHUKOBbLIMM 3a-
pocnamm no 6eperam. BereTaumMoHHbIM Nnepuoa,
HAYMHAETCA C KOHUQA anpena u NpoaonXKaeTca
A0 Hayana okTabpsa. 3uma gautcs 5-5.5 meca-
ua (Opnoea, 1962). Ha 3umy Bce peku 1 o3epa
3amep3atoT. B 3anagHON YacTu paioHa uccne-
[OBaHW NPOM3PACTAOT COCHOBbIe neca (Pinus
sylvestris). K toro-socToky ot [BypeyeHcKa co-
CHOBbIE Jleca COXPaAHAKTCA TONbKO MO A0Nu-
HaM peK, a MeXxaypeybsa 3aHATbl MO3aUYHbIMMN
0oCMHOBO-H6epe3oBbIMM necamu. o nomam
peK pacnpocTpaHeHbl MBOBbIe U O/IbXOBble 3a-
pocnu.

3a nocnegHue 300 net TeppPUTOPUA CUSIBHO
npeobpa3oBaHa AeATENbHOCTbD YenoBeKa:
Nlyra pacnaxaHbl U 3aHATbI NOAAMMU, eca u ne-
penecku BblpybaeHbl. B HEKOTOPbIX MecTax co-
CHOBble Neca 3ameLleHbl BTOPUYHbIMK bepes-
HAKaMM NOPOCNEBOrO UM CMELLIAHHOMO NPOUC-
xoxaeHua. NMomMmmumo GU3NYecKoro yHUUTOKe-
HMA KOPEHHbIX NaHALWAPTOB, BE/IMKO MPOMbILL-
NIeHHoe 3arpAsHeHne TeppuTopmn. Ha yyacTke
KameHck-Ypanbckuin — YenabuHck pacnona-
raeTca roJsioBHaa 4actb BocTouyHO-Ypanbckoro
pagmMoaKTMBHOro cnega. Kntouesble y4vacTKu
ANA NONEBbIX UCCNeaoBaHWUM Bbln 3aN10XKEHDI
B Npeaenax HaMMeHee U3MEHEHHbIX NaHALWwad-
TOB.

PacnonoxceHue K1o4esbix y4acmKos, Mapui-
pymos, naow,adoK. N3yyeHune ntuy, npoBoau-
nocb B nepuog ¢ 2000 no 2011 r. CymmapHas
TPYAOEMKOCTb cocTaBnseTr 6onee 330 aHen,
nNpoBeAeHHbIX «B nose». Ona uUsydeHus ntuy,
33/10)KEHA CeTb MapLUPYTOB, TOYEYHbIX Y4E€TOB
M naowanok. O6wan NpPoTAXKEHHOCTb MapLL-
pyToB (NOMMMO y4eToB Ha njolLaaKax) bonee
1000 km. 3a Bpems mccnegoBaHWM HalaeHOo
okosio 1000 rHesg nTumu.

MepBoHayanbHo (2000-2005 rr.) B palioHe
nccnefoBaHui H6blna 3an0XkKeHa ceTb MapLupy-
TOB, OXBATbIBAlOLWAA OCHOBHble NaHAWadTbI.
MapuwpyTHble UCCNefoBaHMA NPOBOAUAUCH
NpPenMmyLLeCcTBEHHO B rTHE34,0BOW Nepuog, B 40-
NuvHe p. Ncetb oT 4. Wnnosa o yctba p. Ka-
MEHKa, a TakKe oT . KameHcK-Ypanbckuit oo 4.
YepHocKyTOBa. [MpOTAXKEHHOCTb MCCNeaoBaH-
HOro y4YacCTKa A0/nHbI p. MiceTb cocTasasaeTt 53
KMm. O6cnenoBaHo 6.5 Km gonuHsbl p. KambiweH-
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Puc. 1. PacnonoeHune KnoueBbiX y4aCTKOB Ha rpaHuLe Talru n necoctenu 3aypanbs
Fig. 1. The location of key sites on the border of taiga and forest steppe of Trans-Urals

Ka (KameHckuin paiioH CBepaioBCKOM 061acTH)
oT ¢. Man. benoHocoB A0 ee yCTbA U A0/IMNHA p.
KameHKa B yepTe r. KameHck-Ypanbckuit. B go-
nnHe p. CnHapa uccnepgoBaHMAa NPoOBOAUAUCH
Ha y4acTke c. YcTb-barapak — ¢. HoBbi bbIT.
MpoTakeHHOCTb 06cnen0BaHHOMO y4acTKa Ao-
NnHbl p. CnHapa cocTtaBnaeT 9 Km. B rHe3gosomn
nepuoa 1 3MMoi NPOBOAUANCL NCCNEeN0BAHMUA
B OKpecTHOCTAX 03. Tbirnw, rae n3yyvyaamcb co-
obuwecTsa NTUL, rHE34ALNXCA B TPOCTHUKOBO-
OCOKOBbIX 3apOCAAX U B OKPECTHbIX OCUHOBO-
H6epe30BbIX Nepeneckax cpean Nyros-noKOCoB
n nonein. JonoNHUTENbHO B THE34,0BOM Nepu-
oA 6binn obcnepoBaHbl 03. bonbwoit CyHrynb,
Manbin CyHrynb n YepsaHoe. MapLlipyTHble
nccnengoBaHMA NPOBOAMAUCH B pPaliOHe 03.
Kypaknun-MasH. KpaTKocpouHble mapLlpyTHble
nccnenoBaHUA B rHE340BOM Nepmog, NpoBoau-
ncb B panoHe 03. bepe3osckoe, COCHOBCKOE,
YepHoe, Yenrun, Cawnrepnbl, Anapikynb, Kom-
Kynb, Cyrosik, MambIHKyb, Anakynb, AKTHOOUH-
ckoe, TumpeHKynb. TakXKe HenpoaoNKuTesb-
Hble Uccaef0BaHUA NPOBOAUINCH B PaiOHE 03.
LLlyBakuw K ceBepo-3anagy ot r. EkatepuHbyp-
ra. B yepte r. KameHcK-Ypanbckuin B BECEHHEe
N neTHee Bpema nccnefoBaHUA NPOBOAUAUCH
Ha TEPPUTOPUMN PEKYNLTUBMPOBAHHbLIX OTBANOB
aNtOMMHUEBOro 3aBoga. B npegenax xunowm
3aCTPOMKN M3yYeHMe NTUL, NPOBOANNOCH TO/b-

KO B 3uMHee BpemsaA (r. KameHcK-Ypanbckui,
c. PbibHMKOBO). B arpoueHo3ax 3anoxeH
5-KMNIOMETPOBbLIM MaplwpyT K BOCTOKY OT A.
YepHoycoBa. Jleconosnoca BAONb ene3Hou
A0pOorn n3y4danacb Ha ydyactke ot «CtaHuma 35
KM» 210 03. KOMKy/b (KenesHoaopoKHan BeTKa
KameHcK-Ypanbckunii — HYensibuHck).

B 2006-2011 rr. ncnonb3oBasnCb ToYeu-
Hble y4YeTbl Ha 60/bLIOM TEPPUTOPUM HA y4vacT-
Ke K BOCTOKY OT ene3Hou goporn KameHck-
Ypanbckuin —YensabuHck ot gonunHbl p. CuHapa
(n. HoBbii BbIT) Ha ceBepe [0 tOro-3anagHoro
b6epera 03. Kypaknm-MasH Ha tore, B Teppac-
HbIX COCHAKaX A0ANHbI ceTn B OKPeCTHOCTAX C.
MamuHckoe - a. LLnnosa - c. ViceTckoe, B Tep-
pacHbIX GepesHsKax K BOCTOKY OT KameHcKa-
YpanbcKoro, B MO3an4YHbIX OCUHOBO-6epe30BbIX
Nlecax Mexaypeuunn.

OononHutenbHo B 2005 r., B NepBoi AeKaae
Mas, @ 3aTEM C TPETbEN AEKaAbl Maa No KOHeL,
WIONA, NPOBOANNUCH CTAaLMOHAPHbIE nccneno-
BAHWA NTUL, B paoHe 03. MadAH Ha y4yacTKke 03.
MasH — 03. KomKynb — 03. Anakynb.

B 2006, 2010 n B8 2011 rr. B Nnpegenax pa-
Hee YKa3aHHOro y4yacCTKa K BOCTOKY OT Kenes-
HOM goporn KameHcK-Ypanbckui — HYensbuHck
NPOBOAMNOCHL TOTa/IbHOE KapTUPOBaHUE rHe3s,
CokonoobpasHbix U CoBoobpasHbix. LLnpuHa
obcnenoBaHHOMO y4yacTka OoT 8 KM Ha ceBepe
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[0 3 Km Ha tore, naowaab 40 Km?. Ha mexay-
peybe nccaefoBaHUA NPOBOAUINCH HA YYacTKe
WMPUHOM 5 KM, K 3anmagy OT KenesHou Joporu
KameHcK-Ypanbckuin — YenabuHCK OT WMPOTbI
c. CMnaBcKoe Ha ceBepe A0 A0NAMNHbI p. CMHapa
n barapsak Ha tore. B npegenax gaHHOro yvact-
Ka AOMNONHUTENbHO Oblna 3anoXeHa y4vyeTHan
naowaaKa Ana KapTuposaHua rHesa Cokonoo-
6pa3Hbix 1 CoBoObpasHbIx pazmepom 10 Km?.

B2010-2011rr. B oKpecTHOCTAX 03. Kypakun-
MafAH NpoBOAMIOCH TOTa/IbHOE KapTMpPOBaHMeE
rHe3aALWMXca NTUL Ha cnabo necuctom naowaa-
Ke pasamepom 1.7 km2. B 2011 r. gononHUTENb-
HO NpPOBOAMNOCH TOTa/IbHOE KAPTMPOBAHUE
NTUL, Ha NJoWaaKe pasmepom 9 KM? Ha yyacTke
mexay c. OKynoso un 03. Kypakaun-MasH.

B npeaenax u3yyeHHou Tepputopun bblio
BblOpaHO 17 y4yacTKOB-CAaMTOB, MO KOTOPbIM
nmeeTca Hambonbllee KONMYECTBO AAHHbIX O
rHes3asawmxca Bugax ntuy. Kaxkapih 13 Bblae-
JIeHHbIX CAaMTOB BK/IlOYAET HECKO/IbKO buoLe-
HO30B. TakMM 06pa3oM, BblgeNeHNe y4acTKOB
ANA ONUCAHMA NPOBOANNOCH MO TEPPUTOPUAND-
HOMY MPUHLMMY, @ HE C Y4eTOM 0gHO0b6pasuA.
B sTom cnyyae ropaszo yaobHee ncnonb3oBathb
BHEMACLWITAOHbIN TEPMUH «CAUT», 4YTOObI He
nyTaTbh C YYETHOM NNOLLAAKOM UM KNHOYEBBIM
Yy4YacCTKOM.

O epaHuuyax calimos. ins canTos, pacnono-
YKEHHbIX B npegenax obwupHbIX U 0fHOO06-
pa3HbIX TEPPUTOPUI, B KaYecTBe rpaHuL, 6bian
BblOpaHbl YC0BHbIE rPaHULbI 06Ccnea0BaHHON
TeppuTopun. B aTom cnyyae caT — ato obcne-
AOBaHHas nJowagKa B npegenax obwmpHoro
naHawadTa. Ana cantoB HebONbLWIOW NiOLLa-
OV B KayecTBe rpaHuL, BbiIbpaHbl CTECTBEHHbIE
rPaHMLbl, XOPOLWO BUAMMbIE HA MECTHOCTW.
Hanpumep, o3epo Toirmw (KameHckuii pai-
oH CBepA/ioBcKOM 06/1acTM) MMeeT naowaab
yyTb 6bonee 6 Km?. O3epHana KOTIOBMHA AaH-
Horo o3epa 6blna BbibpaHa B KayecTBe CanTa,
BK/IIOYAIOLLErO aKBATOPUIO M Y3KMK Bopatop
M3 TPOCTHMKOBO-OCOKOBbIX 3apocnei. 03. Tbi-
TULL, PacrnoNOXeHO M30AMPOBAHHO OT ApPYrux
BOLOEMOB, €ro MOXHO 0b6cnegoBaTb LeNU-
KOM M 060MTM BOKpyr. O3epHasa KOT/IOBMHA
03. Kypaknn-MasaH (KyHawakckuin panoH Ye-
nAbuHcKkon obnactu) B 4 pasa 6onblue, Yyem
KOTN0BWMHA TbirMHA. Kpome TOro, no 6eperam
Kypaknn-MasH npowuspacTtatoT  0bLWMpHble
TPOCTHUKOBbIE, POro30Bble U OCOKOBble 3a-
pocan. MakcMManbHaA WNPUHA 3TUX 3apocnen
b6onee 2 KM (pacctosiHne OT KpaA TPOCTHMKOB
[0 OTKPbITOM BOAbl — HENoCPeaCTBEHHO akK-
BaTopumM 03. Kypaknn-MasH). B npeaenax ob6-
LWMPHbIX TPOCTHUKOBbIX 3apoc/ielt 03. Kypaknu-
MasH 6bin BbIOpaH y4acToOK NoWaabio OKOI0

5 Km?, B npeaenax KOTOPOro U MpoBoAUAUCH
nccnepgosanua ntuy,. ObcnepoBaTh Xe BCe 03.
Kypaknn-MasH npakTUYeckM HEBO3MOXKHO.

B cBA3M C OrpaHNYEHHOCTbIO BO3MOXKHOCTEN
nccnenoBaHME KaxAoro BblAeNeHHOro camTa
NPOBOAMNOCH HE eXKEroAHo. B oTaenbHble rogbl
6onblle BHUMAHUA yAENAanocb To OA4HOMY, TO
Apyromy canty. Kpome toro, 6oratbim Bugamm
NTUL, CalTaMm, rge BefMKa BO3MOMKHOCTb Npo-
nycKa BUA0B, yAENAN0Ch B LLenom 60/bLue BHU-
MaHusA, a NoNeBble uccneaoBaHms bbian bonee
NPOAOMMKUTENIbHBIMU MO CPaBHEHWUIO C calTa-
MM, HaceNeHHbIMU HEBONbLIMM YNCNOM BUAOB
nTmy,

Ha mexaypeubsx uccnegyembie cantbl ume-
m GopMy MHOFOYrosIbHUKOB, KBaApaTHYO UK
NPAMOYronbHyo popmy. B 4oNMHaX peK caliTbl
— MHOTOYro/IbHUKU — OPUEHTUPOBAHbI BAO/b
pycna pekun. CNUCKN BUMAOB ANA KarKAoro Bbl-
AENEHHOro Ha MeCTHOCTU caliTa COCTaBAAIUCH
nyTem ob606LEeHNA BCEX MMEIOLLNXCA AAHHbIX,
nosay4yeHHbix B nepuog ¢ 2000 no 2011 r. Mpwu
cTaTUCTUYecKkon ob6paboTke WCNONb30BaIUCH
TONIbKO CalTbl, NO KOTOPbIM MMEHTCA AaHHble
He meHee Yyem 3a 3 rHe3foBbIx Nnepuoaa. MNepe-
CYeT Ha NaowWaab MU pacyeT NNOTHOCTM Hacene-
HMA HE NPOU3BOANINCD.

MNonesble mMccnegoBaHUA MNPOBOAUANCL BO
Bpemsa rHe3goBoro nepuoga (Man — MKOHDB) U
3umon (npenmmyuwiectseHHo B 2000-2002 rr.).
Kpome TOro, Ans BbIABNEHWUS MOAHOrO BMAO-
BOro CoCTaBa NTUL, B paliOHe UCCNea0BaHMN U
ocobeHHocTeN GeHONOrMM MECTHbIX BUAOB MNO-
NeBble UccneLoBaHUA NPOBOAUNNCL BO BTOPOM
NoJIOBMHE anpena — mae U B Utosie — aBrycre.
Mpu ctaTucTnyeckon obpaboTke AaHHbIX CBe-
AEHUA O NPOSIETHbIX BUAAX UCKNOYEHbI U3 aHa-
nm3a. nAa Kaxkaoro BblAeNEHHOMO Ha MECTHO-
CTW CailTa COCTABAANUCL CMUCKU FHE34ALWMXCA
N BO3MOHO FHe3asaLWMXCA BUAO0B, NPONETHbIX
BMAOB, WUCNONb3YHOWMX AAHHbIA CAalT TONbKO
BO BPEMA CE30HHbIX MUTPALUM, a TaKKe 3K-
MyOLWNX BMAO0B. K rHe3gammcs oTHOCMINCD
BMAbI, AN KOTOPbIX ObIN NOAyYeHbl NpsiMble
CBUAETeNbCTBA FHE340BaHWUA: HAXOAKM THe3p,
C KNagKou Uau NTeHUamm, BCTPeYM Naoxo ne-
TAlOWMX HepacnaBLUMXCA BbIBOAKOB, BCTpeYu
B3POCAbIX NTUL, TACKaKOWMX KOPM NTEHLAM B
rHesge unm B6an3n rHesga, BCTPeUmn B3POC/bIX
nTULY, CMAALLNX B THE34E B XapaKTepHOM nose
(HeKoTopble XULLHbIE, YAaMKK U KPaYyKK, rHe3aa
KOTOPbIX, PACNONOMKEHHbIE B TPYAHOAOCTYMHbIX
MecTax, He 6blin ocMoTpeHbl). K BO3MOXKHO
rHe3gAWNMCA BUAAM OTHOCMAIUCL BUAbI, ANA
KOTOPbIX HE YyAAN0Ch NONYYUTb NPAMblE AOKa-
3aTeNbCTBa rHe3aoBaHMA. B aTom ciydae Kpu-
TEPMAMU BO3MOMKHOIO rHe340BaHUA ABIAIUCH
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BCTpeYM H6ecnoKosaLWwmxca B3poCabix ocoben, a
TaKXe TeppPUTOpPUabHbIX CaMLOB, NOKOLWMX B
TEeYeHMe AONTOoro BpeMeHU B npeaenax Hebonb-
LLIOro NoAXoAALLEro ANA rHe340BaHMA yYacTKa.
Pag BMaoB (NOroHbiWM, BOAAHOM MACTYLIOK)
cynTanncb 6e3ycnoBHO THE3ZALWMMMUCA, XOTS
NPAMbIX M KOCBEHHbIX MPU3HAKOB rHe3A40BaHMA
He 6bl/10 HalaeHo.

YyeTbl NTUL, NPOBOAUNAUCH KaK B CBET/IOE
BPEMA CYTOK, TaK M HOYbIO (33 UCKNOYEHUEM
COMKHYTbIX J1eCcoB).

MeTtoabl

Mo pe3ynbTaTam y4yeToB MTUL, CTPOUIUCH
MaTpUL,bl NPUCYTCTBUA-OTCYTCTBUA, A€ B CTPO-
Kax pacnonaranaucb BMAbl NTUL, a B cTonbuax
— 3acenAaemble 3TUMM BMAAMK caiTbl. Mpu-
HagNeXHOCTb BMAA K TOMY MW UHOMY CaMnTy
OLEHMBANACb TONbKO MO ¢aKTy rHe3goBaHus
B ero npeaenax. Mpu nNocTpoeHUu maTtpuubl
NPUCYTCTBUA-OTCYTCTBUA  AaAHHble, MNOAy4YeH-
Hble NpPYM NOMOLUM Pa3HbIX METOAOB Y4YeToB,
HO B nNpeaenax oAHOro camTta, 06begUHANUCS.
Mepes aHanM30M CTPYKTYpbl MmeTacoobuecTsa
BCE BCTPEYM MTUL, 3@ pasHble rofbl B O4HOM
caiTe TaKxKe 06beguHANUCL ANA TOro, 4YTobbI
MWHUMU3NPOBATbL BAUAHME C/TyHaMHbIX MPUYNH
Ha cocTaB HaceneHus ntuy, (Bert, 2001; Royan
et al.,, 2016). Bua cumMtancs npucyTCTBYOLMUM
B Npeaenax Kakoro-nnmbo calita, ecanm oH 6bin
obHapyKeH rHe3gswmmca xota 6bl 0gMH pas
3a BCe BpemMs uccnegoBaHuin. B aaHHOM uccne-
AO0BAHMKN CalT — y4aCTOK 3eMHOWN NOBEPXHOCTH
pasmepom oT 2—-3 go 10 Km?, noaaep>unsato-
MM CyLLeCTBOBAHME NOKa/IbHOrO coobuiecTsa
NTML. YY4aCTKM MeHbLUero pasmepa He paccma-
TPUBANUCL, YYETbI B UX Npegenax He NpoBo-
Avnucb. B npegenax ogHoro camta moryT pac-
nonaraTbCA HECKO/IbKO MeCTOOOUTaHUA Man
6uoueHo30B. TepMMH «CaUT» MCMNONb3yeTcA
BMECTO MOHATUMN «MecToobuTaHmne», «brnoTon»
Unn «BUOLEHO3», T. K. CAalT aABNseTca aTpmby-
TOM MECTHOCTM, @ He XapaKTEePUCTUKON KOH-
KPETHbIX BUAOB. TakMm 06pas3om, «camT» — 3TO
YAOOHbIN BHEMACWTAOHbIN TEPMUH.

[Ons onucaHua ocobeHHoOCTel pacnpeaene-
HWA BUA0B MO CANTaM MCNONb30BaA/INCb METOAbI,
pa3paboTaHHble B pamMKax KOHLENLUN MeTaco-
obulecTBa (Leibold, Mikkelson, 2002). laHHbI
NPOCTPAHCTBEHHO HEABHbIM Noaxo4 npeanona-
raeT TeCTUpPOBAHME pacnpeneneHms BUA0B no
calTam Ans onpeneneHua COOTBETCTBMA pAayY
naeanm3npoBaHHbIXx 06pa3uos. K HacToawemy
BpemeHu (Tabn. 1, puc. 2) naeHTMOULUMPOBAHO
6 TaKMX MAEaNU3NpPOBaAHHbIX 06pa3LoB: 1) Bo-
eHHble nogmHorKectea (Nestedness), 2) wax-
maTHble gocku (Checkerboard), 3) knemeHTcoB-

ckmit rpagmeHT (Clementsian gradient), 4) rau-
COHOBCKMM rpagueHT (Gleasonian gradient), 5)
paBHOMEpPHOe pacnpeaeneHune, 6) cnyvyamHoe
pacnpeaenerHune (Leibold, Mikkelson, 2002), a
TaKKe psaf KBA3sWU-CTPYKTYp. Karkapih U3 3Tux
Naeannu3npoBaHHbIX 06pasyoB npeacTaBas-
eT cobo 0bnactb B MHOrOMEPHOM KOHTU-
HyymMe CTPYKTypbl meTacoobuiectsa (Presley
et al., 2010). AHanun3 npoBoAMTCA B TPW 3Tana
(puc. 3). Ha nepBom 3aTane oueHMBaeTcA nocne-
[0BaTeNIbHOCTb BMAOB (coherence), Ha BTopom
— cMeHaemMocTb (turnover), Ha TpeTbeM — Xxa-
paKTep rpynnupoBKM TpaHWL, B pacnpegene-
HWM BKUAOB B paay cantos (boundary clumping).
Kaxkabli U3 3TUX Tpex 3TanoB 3aTparneaeT oT-
[AENbHbIN acneKT CTPYKTYpbl meTacoobuiecTsa
(Leibold, Mikkelson, 2002).

Ona nposegeHna EMS B gaHHOM uccneno-
BaHWW MCNONb30BA/NIUCb ABa MOAXo4a K Op-
AVNHAUMW  MaTpuUL, NPUCYTCTBUA-OTCYTCTBUA.
MepBblt Noaxon, npeanonaraeT nposeaeHue
OpAMHAUMKM 33 CYET B3aMMHOro ycpeaHeHus
(reciprocal averaging), npn KOTOpom CanTbl U
BMAbl B MaTpuLe NpPUCYTCTBMA-OTCYTCTBMA CO-
PTUPYIOTCA TaKMM 06pasom, YTO CXOAHble MO
BMZAOBOMY COCTaBY CailTbl U BMAbI, Hacensato-
WMe OAHW U Te Ke CalTbl, OKA3blBAtOTCA KaK
MOHO 61MKe Apyr K Apyry. B atom cnyyae me-
TacoobLLeCTBO BbICTPAMBAETCA B COOTBETCTBUM
C Pe3ynbTUPYOWENn BCEX MECTHbIX rpaamneH-
ToB cpeapl (Leibold, Mikkelson, 2002). Bropom
noAaxo4 npeanonaraeT opauMHaUMIO MaTPULbI
NPUCYTCTBUA-OTCYTCTBUA B COOTBETCTBMM C OCS-
MM, MONYYEHHbIMWU C MOMOLLbID MEeToAa INaB-
HbIX KOMNoHeHT (Presley et al., 2009). Opau-
HaLUWsA B COOTBETCTBUMN C BA*KHEMLLIMMMK OCAMM
NO3BONIAET OUEHWUTb Pas3INYHble OTBETbl Me-
TacoobLecTBa Ha CyLLECTBYHOLME TPAANEHTDI
$aKTopOoB cpeabl B palioHe UccaenoBaHUN.

KorepeHTHOCTb (coherence) onpegensetca
nyTem MNoAcYyeTa BCTPOEHHbIX B pacnpegene-
Hue BuaoB otcyTcTBuin (Embedded absences).
CornacHo COBpPEeMEHHbIM NPeACTaB/lEHUAM,
YUCNEHHOCTb (MW NIOTHOCTb HAaceneHus) Buaa
COOTBETCTBYET rayCCOBCKOMY pacnpeneneHuto.
B aTom cnyyae, ecnm BUA c onpeaeneHHom Ymc-
JNIEHHOCTbIO BCTPEYAEeTCA B ABYX TOYKAX B npese-
Nlax KaKoro-nMbo 3KON0rMYyeckoro rpagmeHTa,
TO OH [LO/I)KEH 3aCENATb U YHACTKM, pacrnonarato-
WMeca Mexay STUMM TOYKaMu, T. e. UMetoLme
NPOMENKYTOYHblE 3HAYEHWUS 3SKONOTMYECKOro
rpagmeHTa. Takum o6pasom, He AO0NKHO ObITb
HUKAKUX OTCYTCTBUW BMAA B N-MEPHOM rune-
pobbeme, onpeaensawolem GyHAaMeHTaNbHblE
HuwK Bnaos (Presley et al., 2010). XapaKTep
OTBETOB BWAOB HA 3KO/NOTMYECKUW TFpagUeHT
MOXET 3HauyuTeNbHO pa3nuyaTbcsa. B cayuvae,
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Puc. 2. OcHOBHbIe naeanmM3MpoBaHHbIe CTPYKTYpbl MeTacoobuectsa. Mo ocu «X» pacnosaratoTca caiTbl, no
ocu «Y» —Buabl. Cepble KBagpaTUKM — NPUCYTCTBUE BUAA B Npeaenax calita. benble yyacTku — oTcyTCcTBME
BMAa B Npeaenax camta

Fig. 2. The main idealized structures of the meta-communities. On the “X” axis are sites, on the “Y” axis —

species. Gray squares denote the presence of species within the site. White areas — the lack of species within
the site

€C/IN BUAbI, KaK rpynna, He AeMOHCTPUpPYIOT
OAMHAKOBbIN OTBET HAa OAMH W TOT Ke rpaau-
eHT, TO pacnpeaeneHune snaos He dopmupyeT
KOrepeHTHYto CTPYKTypy. OTCYTCTBUE KOTEPEHT-
HOCTUW, OAHAKO, elle He 03Ha4yaeT CAy4yalHoro
pacnpegeneHuns BUAOB MO MECTOOBUTAHUAM.
KorepeHTHOCTb MOXKeT 6bITb NONOKUTENb-
HOM, OTpUUATENbHOM W cnyy4yamHoW. Huskoe
YMCNO BCTPOEHHbIX oTcyTcTBMN (embedded
absences) no cpaBHeHUIO C pacnpeneneHrnem
Hy/NEeBbIX MOAENEeN CBUAETENbCTBYET O MONOXKM-
TeNbHOM KorepeHTHocTU (positive coherence) B
pacnpeaeneHnn BUA0B No cantam. /b nocne
[lOKa3aTeNbCTBa KOFePEHTHOCTM B pacnpesene-
HUW BUAOB MOXKHO MEPEXOAMUTDL K CIeAYHOWMM
aTanam. B cnyyae oTpuuaTenbHOM KorepeHTHo-

cTn (negative coherence) Tectupyemoe pacnpe-
AeneHve Buaos byaetr 6onblie COOTBETCTBO-
BaTb wWaxmaTtHon gocke (Checkerboard), a Ha
BblbOp BMAamu mectoobutaHuin bypet 6onb-
lWoe B/IMAHME OKa3blBaTb MEXBMAOBAA KOH-
KypeHuus u B3ammHoe uckntodeHune (Leibold,
Mikkelson, 2002; Presley et al., 2010). Ecnau xe
WHAOEKC BCTPOEHHbIX oTcyTcTBui (Embedded
absences) He oTAMYaeTca OT oXKuagaemoro Ans
Hy/NeBOI MoAenu, To pacnpegeneHne BUL0B B
npeaenax metacoobLLiecTBa sBAAETCA CaAy4aii-
HbIM, @ CYLLLECTBYIOLLMIMA SKONOTMYECKUI Fpaam-
€HT He OKa3blBaeT BAUAHUA Ha pacnpeneneHme
BMA0B no canTam (Presley et al., 2010). MHAEKC
(EmbAbs) peanusoBaH B nporpamme Turnover
(Ulrich, 2012)
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Tabnuua 1. MaeannsmnpoBaHHble NAaTTEPHbI METACOODOLLECTBA M UCNO/Ib3yeMble MHAEKCbI AN UX

06HapyXKeHNn
O6opor MpynnupoBKa
MarTepH OnucaHue UHpeKc KorepeHTHOCTb P Py P
BMA0B rpaHmy,
Ana nap sBngos
XapaKTepHbl B3aun-
LLaxmaTtHas P P
MOMUCKoYatoLWwme C-Score ¢ . o
OOCKa ACIDELENeHS V-Ratio OTpuuatenbHaa CnyvyanHoln CnyyanHan
(Checkerboards) pacnpea
(3anpelyeHHblE
KOMbUHaumm)
BupooBsoit coctas
BnoxeHHble MeCcToobUTaHN
OTpuuatens- o
NOAMHOXeCTBa cooTBeTCcTBYyeT NODF MonoxutenbHan el CnyyanHas
(Nested subsets) B/IOYKEHHbIM
NOAMHOeCTBaM
CoobulecTtsa
npeacTaBasatoT
coboit MonoxutenbHas
lpagueHT
OVCKpeTHble . MNonoxun- NHaekc
KnemeHTtca Morisita MNMonoxuntenbHas .
. rpynnoi, TeNbHbIN MopwucuTbl
(Clementsian)
3amellatouime 6onblie 1
APYr Apyra Kak
rpynna BMgos
CnyyanHoe
acnpegeneHue
lpagueHT pacripea
AnanasoHoB - Monoxu- He otanyaetca
nncoHa Morisita MonoxuntenobHas . .
. BMA0B BAO/b TeNbHbIN OT C/ly4anHoOro
(Gleasonian)
rpagneHToB
cpeabl
JmnanasoHbl BUA0B
o acnpegeneHsl
PagHOMeEpHbIN P go;?ee OTpuuaTtensHas,
rpagueHT - MNonoxu- MHpekc
PaBHOMEPHO, Morisita MNMonoxutenoHasn .
(Evenly spaced TeNbHbIN MopucuTbl
. yem OXKMpaeTca
gradients) o MeHbLe 1
npu cAy4amHoOM
pacnpegeneHnm
He Habnopaetca
o HUKaKUX He
CnyyanHoe
rpaguMeHToB B He oTanyaetca  oTamdaeTtcA  He oTanyaetca
pacnpegeneHune . . ..
(Random) pacnpegeneHum OT C/ly4arHoM oT OT C/ly4anHoOm
BMAOB MO cny4yaiHoro
MeCTO06MTaHNAM
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Fig. 3. Scheme of analysis of the elements of the meta-community structure with additions based on existing
publications. References to sources are given in the text

O6opom sudos (Turnover). ObopoT BMAOB
(turnover) oueHuBaeTca nyTem noacyeTa Ko-
NIMYEeCcTBa pas, Korga OAWH BUA 3aMeHAeT Apy-
rom B ABYX camTax. B maTpuue npucyTtcTeuma-
OTCYTCTBMA KaxKAaA TaKaA 3aMeHa Ha3blBaeTcA
LUIAXMATHOW OOCKOMW U MMeEET BUA,:

O |-
o

1

ObLee YMCNO0 TaKUX 3aMEH ABNAETCS MepPOo
obopoTa BMAOB (turnover) B uccnegyemon ma-
Tpuue. B 3Tom cnyyae Hy)KHO yuuTbiBaTb TOT
baKT, YTO YMCIO TAKUX 3aMeH B MaTpuLLEe YyB-
CTBUTE/IbHO K NOJIOXKEHMIO AMaNa3oHOoB (ranges)
M coobLecTB OTHOCUTENBHO APYr APYra, a TaK-
e U K OTCYTCTBMAM, BK/HOYEHHbIM B 3TU AMa-
Na3oHbl M coobluecTBa. B gaHHOM cny4vae 3Tu
3aMeHbl He CBA3aHbl C OCHOBHbIM HaMpaBaeHU-
eM M3MEHYMBOCTM BMAOBOIO COCTaBa B Npeae-
Nax Kakoro-nnbo rpagmeHTa cpeabl. Mepes Ha-
Ya/loM TeCTUPOBAHMA MaTPULLbl NPUCYTCTBUA-
OTCYTCTBMA  COPTMPYIOTCA  ONpeaeneHHbIM
obpasom Ana Toro, YTo6bLI MUHUMM3UPOBATL
YMCNO BKJ/IOYEHHbIX OTCyTCTBMK (embedded
absences). TonbKo nocse COPTUPOBKU MaTpu-
bl NPOBOAMTCA NOACYET YNC/IA 3aMEH M CpaB-
HeHWe 3TOro NMoKasaTena C aHaNorMYHbIM ANA

HyneBbix moaenei. ObopoT BuaoBs (turnover)
MOXET ObITb NONOXKUTENbHbIM WU OTPULA-
TenbHbIMm (Leibold, Mikkelson, 2002). B cayuae
oTpuuaTtenbHoro obopoTta (negative turnover)
CTPYKTypa meTacoobuiectsa bygert 6onblie co-
OTBETCTBOBATb B/IOXEHHbIM MNOAMHOXKECTBaM
(nested subset). BnoxeHHocTb (nestedness),
B CBOIO o4epesb, TaKKe NpoBepAeTcs ¢ NOMOo-
Wb pacyeTa crneumanbHbIX CTaTUCTUYECKUX
rnoKasaTteneu.

Bo BnoxeHHoi mopenn (Nestedness) Bu-
[0BOM cocTaB beaHbIX BUAAMM COOOLLECTB AB-
NAETCA NOAMHOMeCTBOM boraTbix BUAaMU Co-
obuwects (Ulrich et al., 2009). OgHa u3 uene
TAKOro aHa/n3a — 3TO BbIIBIEHUE OTKAOHAO-
LMXCA BMAOB, pacnpeneneHme KOTopblX He co-
OTBETCTBYET HanpaB/IeHUIO U3MEHYMBOCTU KO-
nornyeckux rpagmertos (Ulrich et al., 2009).
AHanun3 BNIOXKEHHbIX MATPUL, NOKa3bIBAET, YTO
BMAbI-CNELMannCTbl, Hacenstowme HebonbLloe
4YMCNO CalTOB, B3aMMOAEMNCTBYIOT C Pa3HbIMU
rpynnamm BMAOB (KaKk NpaBuao, c HEPOACTBEH-
HbIMWU BWAAMMW), TOr4a KaK reHepanumcTbl B3au-
MOAENCTBYIOT NPEMMYLLECTBEHHO TO/IbKO ApPYr
c Apyrom (T. e. ¢ BUAaMM-reHepanmcTamm).

BnoxeHHocTb  (Nestedness) coobuiects
6blNa NoKasaHa AN MHOTMMX TaKCOHOB, 3a UC-
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KNto4eHnem BOAHbIX 6ecno3BOHOYHbIX. Mpes-
nonaraeTca, 4YTO B/IOXEHHOCTb CcoobLecTs
(Nestedness) aBnaeTcs CNOKHbIM GEHOMEHOM,
Ha KOTOPbIN OKa3bliBAaeT BAUAHMUE MHOMKECTBO
¢daktopoB (Boecklen, 1997). TakKe BbiAB/AEHA
dOYHKUMOHANbHAA B/IOXKEHHOCTb coobLecTs
(Matthews et al., 2015).

Mpn Nestedness-aHannse npoBoauTCA cne-
LUManbHas COPTUPOBKA MaTpuubl. B pesynbra-
Te Yero BCe BMAbl W CaliTbl OKa3blBalOTCA OT-
COPTUPOBAHHLIMM OnpeaeneHHbIM obpasom:
BMAbI, Hacenswlmne MaKCMManbHOE Kosnye-
CTBO CaNTOB, OKA3bIBAOTCA B BEPXHMX CTPOYKAX
MaTpuLbl, @ Hanbonee boraTtble BUAAMU CANTbI
pacnonaratoTcs B N1€BOM Yactn matpuubl. Mo-
cne Takoro npeobpas3’oBaHUA M BblYMCAEHUS
WHAOEKCOB, XapaKTepusyoLWmnx pacnpeaeneHune
BMAOB NO caliTam, NPOBOAUTCA CPAaBHEHNE IM-
NUPUYECKON MATPULLbl U SMINPUYECKUX UHOEK-
COB C @Ha/IONMYHbIMK A5 CyYalHbIX MaTpULL
N MHAEKCOB, MOCTPOEHHbIX Ha OCHOBE HYNEBbIX
Mmogenein. B gaHHOM c/iyydae TaK Ke MCMosb-
30Basiacb Hambonee KoHcepBaTMBHAA PUKCK-
poBaHHas (FF) ana cTpok un ctonbuos Hynesan
MOZENb.

B AaHHOM NybaMKaumm B Ka4ecTBe MHAEKCOB
npu Nestedness-aHannse ucnonb3zyetrca NODF
n C-Score. NODF (nestedness metric based
on overlap and decreasing fill) — ato ogHa u3
CaMbIX MONYAAPHbIX Mep, MUCMO/b3yeMbIX B
Nestedness-aHanuse (Podani, Schmera, 2012).
NHoekc NODF nsmepsaetca B gnanasoHe ot 0
00 100. Mpwu 3HavyeHnn nugekca NODF, paBHOmM
100, BNIOXEHHOCTb M YNOPAAOYEHHOCTb MATPU-
Lbl MaKcMManbHa. Eciv 3HaYeHne paBHO Hy/to,
TO B/IOKEHHOCTU (nestedness) HeT. PacyeT mH-
Aekca NODF morkeT 6bITb Npon3BeaeH OTAeNb-
HO Kak AnA CTPOK M cTonbuos., Tak U anA BCeN
MmaTpuubl B uenom (Morrison, 2013).

Ona pacyeta WMHAEKCOB MCMO/Ab30BaNOCh
cneumnannsnMpoBaHHoOe nporpammHoe obecne-
yeHme «NODF. Version 2.0, ot 03.09.2012» un
Ecosim 7. PacueTbl MHAEKCOB, XapaKTepusyto-
WKMX pacnpeaeneHMe BUAOB MO MecToobu-
TaHWAM, NPOBOAWINCL PA3AeNbHO ANA Mano
TpaHCHOPMUPOBAHHbBIX MECToobUTaHUN (cob-
CTBEHHble AaHHble) U ans arponaHawadra. B
nocnegHem ciy4yae UCnoab30BaMChb AAHHbIE O
cocTaBe rHesgAwmxca smaos ntuy B. A. Kopo-
BMHa (2004).

NHAaeKe ona namocuHKpPasnyeckmux BUAOB U
canToB TaKKe ocHoBbiBaeTcsi HA NODF. Kpome
TOro, MAMOCUHKPA3NYECKME BMAbl NPOABAAIOT
LUMPOKYH 3KO/IOTMYECKYH BaJIEHTHOCTb U XO-
POLLYH CNOCOBHOCTbL K pacceneHmto no cpaBHe-
HUIO C BUAAMWU, GOPMUPYIOLLMMU BIONKEHHbIE
coobuiectBa (Sebastian-Gonzalez et al., 2010).

lpynnupoBKa rpaHunL, BUAOBbIX ANANa3oHOB
(Clumping), B cBOtO 04epesb, TECTUPYETCA TOSb-
KO B C/ly4ae NosoKutenbHoro obopota BUAOB.
MpynnupoBKa rpaHuy, (clumping) moxeT 6biTb
NONOXUTENBHOW, OTPULLATENBHON UAWN CyYait-
HOM. B cnyyae NONOXKUTENBHOW TPYNNUPOBKMK
rpaHuL, pacnpeaeneHve BMAOB COOTBETCTBYET
KnemeHTcoBckoMmy rpaameHTy (Clementsian
gradient), B cnyyae oTpuuaTeNbHOW Tpynnu-
POBKW TpPaHUL, — PaBHOMEPHOMY rpagueHTy
(Evenly spaced gradient), B cnyyae cny4yaiiHom
rPynnupoBKu TMUCOHOBCKOMY TPaANEHTY
(Gleasonian gradient). B kauecTtBe mepbl, Xa-
paKTepusylowen pacnpeaeneHme rpaHuy, ama-
nasoHoB (ranges), ucnonbsyetca MHAeKC Mo-
pucuTbl (Leibold, Mikkelson, 2002).

Mpwn aHanuse rpagmeHToB GAKTOPOB Cpeapl
MCNONb30BANUCL C/eAyiolmne nepemeHHble:
nnowaab CanTa; NecUcToCTb CamlTa; NPOEKTUB-
Hoe MoKpbITME cocHbI (1 Apyc) B npeaenax cam-
Ta; NPOEKTUBHOE MNOKpbITUE Bepesbl (1 apyc)
B Npegenax canTta; NPOEKTUBHOE MNOKPbITUE
ocuHbl (1 Apyc) B npegenax canTa; unmcno ape-
BECHbIX NMOpOoA NepBoro Apyca; penbed mect-
HOCTU; CEeNbCKOXO3AMCTBEHHAA HarpysKa; pe-
KpeaLunoHHasa HarpysKka; obBoaHeHHOCTb. Bce
BblAe/IEHHbIE MepeMeHHble PAHXWPOBANUCH
oT «0» — paKTop oTCyTCTBYET A0 «5» — paKTop
MaKCMManbHO BblparkeH. lNpu onpeaeneHnn
Ba)KHEWMLLMX 3IKONOTMYECKUX TPAANEHTOB MC-
No0/Ib30BaNICA METOZ, [MaBHbIX KOMMOHEHT. A
BblAE/IEHWNA [NaBHbIX KOMMNOHEHT UCNO/b30Ba-
nacb nporpamma «Past».

[Ons OUEHKU BAMAHMA PACCTOAHUA MeXAay
CcalTamum Ha BUAOBOW COCTAaB NTUL, BbIYMCAANCA
KO3 OULMEHT KOppenaummn mexay cxoacTBOM
BMAOBOrO COCTaBa NTUL, (MHAEKC YeKaHOBCKO-
ro — CbepeHceHa) ABYX CAaMTOB U PacCTOSHUEM
MeXAy 3TUMM CalTamMu. 3HAYeHUA WHAEKCOB
CXOACTBA MOMYyYeHbl B pe3ynbTaTe NOMapHOro
CpaBHEHMA BMAOBOrMO COCTaBa AAHHOrO caiTa
CO BCEMM OCTa/IbHbIMW UCC/IeA0BAHHbIMMK Cali-
Tamu. AHanorMyHoim obpaszom nNpPoBOAMIOCH
nonapHoe BbIYMUC/IEHME PACCTOAHUA MeXAY
AAHHbIM CaUTOM M BCEMW OCTa/IbHbIMW CaUTa-
MU. [InA pacyeTa pacCTOAHUN MeXay cauTamu
ncnonb3oBanucb AHAeKc.KapTbl.

[Ons NpoBepKU rmMnoTtesbl 0 TOM, YTO OTHO-
WEeHMA pa3mMepoB Tesfa BUAOB, HACENAIOLLUX
AAHHbIMA CcalT, 06pasyoT onpeaeneHHbIn no-
CTOAHHbIN MHTEPBAs, KOTOPbI NO3BONAET CHU-
3UTb MEXBWAOBYK KOHKYPEHLMI, BblY4MCAA-
Nacb pasHULA ANWHbI Tena. Ha nepBoHavanb-
HOM 3Tane NPOBOAMTCA COPTUPOBKA TabauLbl,
cogepKallen csefeHuMa O BUAOBOM COCTaBe
caTa U anuvHe Tena Kaxpgoro Buaa (Gotell,
Ellison, 2002). Buabl paHxupytoTca no pau-
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He Tena — OT HaumeHbluen g0 Hambonblien B
AAHHOM calTe. 3aTem BblYMCNAETCA pa3HULA B
ONVMHE Tena AByX COCeAHMX No pa3mepy BUAOB.
Pa3Huua B AIHE Tena ABYX BUAOB A4 NPOCTo-
Tbl Ha3bIBAETCS aBTOPAMMN METOAa CErMEHTOM.
PacyeT ANMHbI CErMEeHTa NOBTOPAETCA AN1A KaXK-
A0M napbl BUAOB. B ganbHenwem BbluMcasNacb
AVCMepCcUs ANIMHbI CEerMeHTa Kak nokasaTesib
NMOCTOSAHCTBA B COOTHOLLEHUAX Pa3mMepoB Tena.
3aTem Habnogaemas aucnepcus OAuHbI cer-
MeHTa ANA KaxKAoro WMCCNefoBaHHOrO camTa
CpaBHMBANACb C AUCMEPCUEN, PACCYUTAHHOM
ana 1000 creHepMpoBaHHbIX CNYY4aMHbIX CO06-
LLLEeCTB C MOMOLLbIO HyneBon moaenu. Ans pac-
YeToB MCMNO/b30Banacb nporpamma Ecosim 7.
Ona matpuuybl, coctosLLen U3 n snaos, Ecosim
7 ucnonb3yeT HauMeHbline W Haubonblune
pa3mepbl TeNla B KAYeCTBe rpaHuLLbl UHTepBana.
3aTem nporpamma MMUTUPYET pasmelleHue
OCTa/IbHbIX N-2 BUAOB BHYTPWU 3TOrO0 UHTEPBaA-
Nla ANA co34aHuA Clyd4aliHoOro pacnpeaeneHuns
(Gotelli, Entsminger, 2001).

MWHUMaNnbHaA pa3HULA B A/IMHE CEFMEHTOB
COOTBETCTBYET rmnoTese XaTYMHCOHA O TOM, YTO
ONA COCYL,EeCTBOBAHUA ABYX BUA0B B O4HOM CO-
obuectBe HeobXx0AMMa XOTA Bbl MMHMMANbHAA
pasHULLA MeXay 3TUMK BUAAMN. B cnyyae ecnm
BMAbI pa3aefieHbl 338 CYET TAKOr0 KPUTUYECKOTO
MUHUMYMA, TO MMHMMaNbHAA Pa3HMLA MexXay
pasmepamu Tena ABYX BWMAOB byaeT 6onblue,
yem npeackasbiBaeT HyneBas moaenb. Ecnm ke
HabnlogaeTca CXoACTBO B pasmepax Tena AByx
BMAOB, BbI3BaHHOE 3KO/IOTMYECKMMWU OrpaHu-
YEeHUAMM, TO MMHMMA/IbHAs PasHULA ABYX BU-
A0B byaeT MeHblle CNy4alHOM, NONYYEHHOM C
NMOMOLLbIO HYNEBbLIX MOAENEN.

MuHumanbHaa pasHMUa B pasmepax npo-
BEpAEeT rmnoTesy O TOM, YTO CYLLEeCTBYET Kpu-
TUYECKOE MWHMMANIbHOE pasInymne Mmexay
BMOaMK, HeobxoamMmoe oA CoCyLecTBOBaHMUA
B npegenax ogHoro camra. Aucnepcua MUHU-
Ma/IbHOTO Pa3INYMA Pa3MepPOB MeXKAY BUAAMMU
(Ancnepcus ANANHBI cermeHTa) NO3BOAAET NPO-
BEPUTb TMNOTE3Yy O TOM, YTO pPa3mMepbl BUAOB
PaBHOMEPHO pacnpegeneHbl, AaXKe ecnm Het
HMKAKOro MUHWUMANbHOTO PasInymsa  Mexay
pasmepamu Tena. Ecnm e gucnepcua 6am3Ka K
HyAnto, TO HabnogaeTca ogMHAKOBOE pasnnyne
MeXKAay pasmepamu BMA0B B coobuiecTse. Ecau
e aucnepcua BearKa, To YacTb BUAOB OYEHb
CXOAHa NO pasMepy, a Apyraa YacTb Pe3Ko OT-
InyaeTca oT nepsoi. [na coobuiecTs, CTPyK-
TYPUPOBAHHbIX NOA AENCTBUEM MEXKBUAOBOWM
KOHKYpPEHUMN, Habaogaemble 3HAYEeHUS AMUC-
nepcum A0MKHbl ObITb MeHbLUE, YeM ANA pac-
CYMTAHHDBIX C NMOMOLLbI HYNEBOM MOLENU, U

CTAaTUCTUYECKU 3HAYMMO OTAMYATbCA OT CAy-
yalHbIx (Wang et al., 2011).

MepeyeHb BWMOOB MPUBOAUTCA B COOTBET-
CTBMM C HoBelwen csogkon (Kobauk u ap.,
2006). CBegeHuA O cpegHMX pasmepax Tena
nTuy, (AavHa Tena) B3aTbl M3 CBOAOK «[TULbI
Cosetckoro Cotosa» (1951-1954) c yyetom
noasupoB. basoBble cTaTMCTUYecKMe pacye-
Tbl (KNacTepHbId aHanu3, oAHOBbIGOPOYHbIN
t-KpuTepuin, Koppenauma) Tam, rae 3To He oro-
BOPEHO OTAEeNbHO, NPOBOANINCL C MOMOLLbIO
SPSS Statistics.

Pe3ynbTatbl

JKonornyeckme coobuiectsa ABNAOTCA pe-
3y/IbTAaTOM B3aMMOAENCTBUA MEXKAY MECTHbIMM
N pernoHanbHbiMKn npoueccamu (Leibold et al.,
2004). OTHOCMTENbHAA POAb 3TMX MPOLLECCOB
— paccpefoToYeHMe BUAOB M3 PerMoHanbHOro
nysa BUA0B B COOTBETCTBMM C UX IKONOTUYECKU-
MW HULLIAMW — 3aBUCUT OT MECTHOM 06CTaHOBKM
M 0COBEHHOCTEN CaMUX BUAOB, COCTABAAOLLUX
MeTacoobLLecTso.

B npeaenax paccmatpuBaemoin Tepputopumn
BbIAB/IEHbl ABa Ba)KHEWUWWUX rpaaneHTa, o0bb-
AcHAOWMX 86.7 % AMcnepcum 3KONOrnm4ecKmx
ycnosuit. lMepBbiA 3KONOTMYECKUA TPaANEHT
CBA3aH C N1€CUCTOCTbIO M 06BOAHEHHOCTbIO TEP-
putopun (68.6 % amucnepcumn), BTopon (18.2 %)
— C OTKPbITOCTbIO U PEeKpeaunoHHON Harpys-
Kol. MNepBan ocb NpeacTaBaseT coboi nepexos,
OT 3a60/104EHHbIX CANTOB K NE€CHbIM Yepes OT-
KpbITble U cnabo 3aneceHHble caiTobl (puc. 4).

B nepwnog ¢ 2000 no 2011 r. B npeaenax no-
CTOAHHbIX MAPLIPYTOB U N/OWAAO0K aBTOPOM
3apeructpupoBaHo 140 rHe3gAwMXCA U BO3-
MOXHO rHe3aaLWwmnxcs Bua08 NTuu,. B arponaHa-
wadte rHesgutca 30 sngos (KoposuH, 2004).
Obuee yncno BUAOB, y4aCTBYIOLLNX B aHA/IM3E,
142. Haubonbluee 4ncno BMAOB 3apPErNCTPU-
POBaHO B /1ecoNyroBbix canTtax (oT 45 o 96
BMZOB), HECKONIbKO MEHbLLE B /IECHbIX CalTax
(ot 31 po 55) M B TPOCTHMKOBO-OCOKOBbIX 3a-
pocnsax no 6eperam o3ep (ot 36 Ao 49 snaos).
MeHblUe Bcero BWAOB HacenseTr O6WMPHble
Nyra, IMLWEHHbIe KYCTapHUKOBOM N ApeBeCcHOM
pacTUTenbHOCTN (16), U PeKyNbTUBMPOBAHHbIE
oTBanbl B npom3oHe (17). Coobuecrsa arpo-
naHgwadta 6eaHbl Bugamu (KoposuH, 2004).
Mo nonAaM MHOrO/IEeTHUX TpPaB M nacTbuwam
rHesauTca ot 13 go 26 snaos. Ha nonax sepHo-
BbIX M MPONALUHbIX KYAbTYP, MOJIOAbIX 3a/1€XKaX
M MAWHAX YMCNO THE3ZALLMXCA BUAOB OYEHb
mano (ot 2 o 11).

Mpu paccmoTpeHnn 0606LLEHHBIX AAHHbIX
060 Bcex BUAAX WU calTax, BKAKOYAA arposiaHA-
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WwadT, U OpANHALUN MATPULbI 33 CYET B3aUM-
Horo ycpegHeHus nHaekc EmbAbs He oTau-
YyaeTca OT OXMOAEMOro ANs HYNeBOW MOAENU
(FF), uto cBMAaeTenbcTByeT 06 OTCYTCTBUM MONO-
UTENbHOM KOrepeHTHOCTU B pacnpeaeneHunu
BMAOB MO camTam. B aTom cnyyae cTpykTypa
MeTacoobLlecTBa COOTBETCTBYET C/Ay4yaliHoOMy
TMny. Mpu uckaoyeHuu arponaHawadTta wms
aHanmM3a pacnpegeneHve BUAOB COOTBETCTBY-
eT MMCOHOBCKOMY rpagueHTty (tabn. 2), ans
KOTOPOro XapaKTepHa MnjaBHas CMEHAEMOCTb
BMO0BOrO COCTaBa BAO/b FpaaneHTa npu bec-
nopAao0YHO coObpPaHHbIX FPaHULLAX ANMANa30HOB
(Species ranges). Ons BWMAOB, rHe3aALLMXCA
TONbKO B arponaHgwadre, Hanbonee noaxo-
AAWKMM WabnoHom ByaeT «LwaxmaTHaa AOCKa»

(Checkerboard), 1. K. amnupuyeckuin UHAEKC
EmbAbs cTaTUCTUYECKM 3HAUYMMO MpeBbllLaeT
PaCCYMTaHHbIN ANA HyNeBOM mogenu. B sumHee
BpemA CTPYKTypa meTacoobuiectsa (6e3 arpo-
NaHawadTa) TaKKe COOTBETCTBYET C/Ily4anHOMY
TMny (Random), HO 3TO He O3HayYaeT, YTo Co0b-
wectsa cobpaHbl Hayraa. B nogobHbIx cayyanx
CNy4aMHasa CTPYKTypa CBUAETENLCTBYET O TOM,
4YTO BMAbI pacnpenesnieHbl NO calTam He3asu-
cUMoO Apyr oT gpyra. MNpu opanHauuM matpu-
bl 32 CYET B3aMMHOI0 ycpeaHeHuna pacnpese-
neHne BuaoB oTpsaa Passeriformes cootsert-
CTBYET IMIMCOHOBCKOMY rpaaneHTy (Gleasonian
gradient). PacnpeneneHne BMA0B OCTasbHbIX
OTPAL0B COOTBETCTBYET C/Iy4aliHOMY.
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Puc. 4. OCHOBHbIe 3KO/IorMYecKue rpagmeHTbl B panoHe nccnegoBaHuii. CokpateHma: TO3 — TpOCTHMKOBO-
0OCOKoBble 3apocan no 6eperam osep; /IT — ayr ¢ TpocTHUKOM; CP 1 MP — noMMeHHble 3apoCav U NOMMEH-
Hble /1yra no cpeaHm 1 manbim pekam; JIMK — ayra c uBHAKamKn U menknmm kKonkamu; OBKJ1 — ocnHoBo-
6epesoBble nepeneckun cpeam nyros; ObJ1 — mo3anyHblie OCMHOBO-bepe30oBble eca mexaypeunii; TepC u
Tepb — TeppacHble COCHAKM U TeppacHble BepesHaKM No AonHaM cpeaHmx pek. Ocb «X» — Component 1; Ocb
«Y» — Component 2
Fig. 4. The main environmental gradients in the study area. Abbreviations: TO3 — reed-sedge thickets along

the shores of lakes; 1T — reed meadow; CP and MP —

floodplain thickets and floodplain meadows along

medium and small rivers; JIMK - meadows with willow and small pegs; OBK/1 — aspen-birch groves among the
meadows; OBJ1 — mosaic base-birch woods of interfluves; TepC and Tepb — terraced pine forests and terraced
birch forests in the valleys of middle rivers. Axis "X" — Component 1; Axis "Y" — Component 2

Mpu opavHAUMKM  MaTPULbl MNPUCYTCTBUSA-
OTCYTCTBMA B COOTBETCTBMW C NEPBON KOMMO-
HEHTOM CTPYKTypa MeTacoobuiectsa XOpoLo
COOTBETCTBYET K/JEeMEHTCOBCKOMY rpaAueH-
Ty (Clementsian gradient). K kpaam nepsoW
KOMMOHEHTbl TATOTEOT OTHOCUTENBHO WU30-
IMPOBaHHble Tpynnbl BMAOB, Hacenswowme,
C O4HOW CTOPOHbI, 3aD0NOYEHHbIE CalTbl, C
ApYyroi — 3aneceHHble. Ha ypoBHe oTpAgoB

pacnpegeneHne BUAOB COOTBETCTBYET Kie-
MEHTCOBCKOMY rpaaneHTy ana Passeriformes.
InMucoHoBcKuii rpaameHT (Gleasonian gradient)
XapaktepeH ana otpaga Charadriiformes. O7-
psaabl Falconiformes u Piciformes aemoHcTpu-
PYIOT KBa3W-IIMCCOHOBCKOE pacnpeaeneHune
(Quasi-Gleasonian gradient), a Anseriformes,
Galliformes wn Strigiformes — cnyyaiiHoe. BTo-
pas ocb meHee MHbopmaTuBHa. Mpu opaAnHa-
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LMWN MATpULbl B COOTBETCTBMU CO BTOPOM KOM-
NMOHEHTOM CTPYKTypa MmeTacoobliecTBa TaKkKe
COOTBETCTBYET K/IEMEHTCOBCKOMY TPagMeEHTY
(Clementsian gradient).

KnemeHTCOBCKaA CTPyKTypa meTacoobuie-
CTBa NoOAYEpPKMBAET AUCKPETHOCTb coobLLecTs
BAO/MIb 3KOJIOFMYECKOro rpaAneHTa M BbITec-
HEeHue rpynnon BMAOB Apyrue rpynnbl B Npo-
CcTpaHcTBe. Kpome Toro, MoXHo npeanonaraTb,
4YTO BUAbI, BXOAALWME B AUCKPETHble coobLuie-
CTBA, aHaNOrMM4YyHbiM 0Opa3oM pearMpyroT Ha
BapuaLMM 3KOJIOTMYECKUX MEPEMEHHbIX WK
NPOABAAKT CXOAHble UCTOpUYEcKMe 3PPeKTbl
(Heino et al., 2016). Ana n3yyaemoro meTaco-
obuwectBa € Mcnonb3oBaHMEM 6HalecoBCKOro
noaxoaa 6110 BbIABAEHO TPU MNONIOKUTENbHbBIX
CTaTUCTUYECKM 3HAYMMbIX accouMaunm BUAOB
(Monos, 2016): 1) BuAbl, CBA3AHHbIE NpPeENUMy-
LLEeCTBEHHO C 3ab0/I04E€HHbIMU  y4yacTKaMm
(23.9 % oT 0bLLero ymMcna rHesgALNXCA BUAOB);
2) BMAbI, CBSAI3aHHbIE C APEBECHOM WU KyCTap-
HMKOBOW pacTuTenbHocTbio (39.4 %); 3) BuAbI,
CBSI3aHHbIE C IYrOBOM pacTuUTenbHOCTb (4.9 %).
Kpome Toro, 26.2 % BnpaoB pacnpeaeneHol No
CallTam HEe3aBMCUMMO OT APYrMx BUAOB NTUL,.
Ewe 5.6 % 06pasyoT CTaTUCTUYECKN 3HAUMMDblE
accouMaumm ToIbKO C OA4HUM BUAOM.

CTpyKTypa meTacoobuiecTsa 3aBUCUT OT A0-
MUHUPYIOWEro MexaHu3ma, $opmupyrowero
pacnpegeneHne BUAOB BAO/Ib 9KONOIMYECKOTrO
rpaguMeHTa, TakmMm obpasom, cneunduyHoCcTb
cpeabl 06UTaHUA U OTKAUMKKU Ha abuoTryeckme
KOMMOHEeHTbl o4eHb BaxkHbl (Willig, Presley,
2015) pns onpepeneHua BUAOBLIX AManaso-
HOB (range). B aTom cny4yae CTpPyKTypa MmeTa-
coobuecTtBa MOXKeT bbITb CBA3AHA C LUMPUHOM
3KO/IOrMYECKOM HULWKN MECTHbIX BUAOB, C NOSO-
EHMEM BMA0BbIX AMANa30HOB OTHOCUTENIbHO
Ba)KHEMLLEro 3KON0rMYeCcKoro rpagueHTa u c
COBOKYMHOWM LWMPUHON HULLM BCErO TAKCOHa.
PaHee OTMe4Yanocb, YTO HaAU4yMe B COCTaBe
meTacoobulectsa 60/1bWIOro 4Yncna BMAOB C
HEe3HAYUTENIbHOM LWUPUHON HULLKU, OTHOCK-
TE€NbHO 3KONOrMYECKOro rpagueHTa, 3a c4yeT
WHAVBUAYAbHbIX OTBETOB BUAOB MOMKET NpPU-
BOAUTb K (POPMMPOBAHUIO MONOMKUTENBHOIO
0b0poTa BUAOB U CTPYKTYP, COOTBETCTBYHOLLMX
IMUCOHOBCKOMY rpaaneHTy. Toraa Kak 6o0nb-
LLIOE YMCNO BMAOB C 6OMbLION WMPUHON HULLIN
cnocobcTByeT He3HauuTenbHomMy o6opoTy U
GOPMUPOBAHMIO KBA3U-TIMCOHOBCKUX CTPYK-
Typ (Presley et al., 2010). MpuMeHUTENBHO K
M3yyaemomy MEeTacoobLEecTBy CBA3b MeXay
LWMPUHON HULIM U MONOKEHUEM OTHOCUTENb-
HO rpagMeHTa HEeCKONbKO cnoXHee. TaK, Ha-
npumep, otpaga Passeriformes gemoHcTpupyet
XOPOLLUO BbIPa*KeHHbIN KNEeMEHCOBCKUIM rpaam-

eHT. lnAa BMAOB 3TOr0 OTPALA WMPUHA HULIK
coctasnset ot 0.05 oo 0.76 (gonaA 3acenaembix
CalToB OT 0OLLErO YMCNA UCCNEeAO0BaAHHbIX Canl-
TOoB). MeaunaHa WUPUHbI HULWK BUAOB OTPAAA
Passeriformes BaBoe 6onblue, yem meauaHa
Ans Bcex BMAOB MeTacoobuiectBa. CoBOKyn-
Haa WupuHa HUwK Passeriformes oxsaTbiBa-
€T BecCb rpagueHT (nepBas KOMMOHEHTa) — oT
3a00/104EHHbIX CAaWTOB A0 COMKHYTbIX N1€COB.
Otpaapl Falconiformes un Piciformes aemoH-
CTPUPYHOT KBA3U-IIMCOHOBCKUI rpaaneHT. Me-
ANAHa WWPUHbI HAWKW ANA 3TUX OTPAA0B pas-
nuyaetca (Kputepuit Kpackana-Yonuca npu
p = 0.05): Piciformes, Kak npaBuno, 3acenatT
oT 35 Ao 52 % cantos (Kpome Dendrocopos
minor), Toraa Kak Falconiformes 3acenstoTt ot 6
Ao 35 % caiitoB. /luwb Buteo buteo saBnaetca
3BPMUTOMHbLIM BMAOM, 3acenstowmm 47 % cam-
ToB. [na Falconiformes coBokynHaa wupuHa
HULWKM OXBaTbIBAET BECb rpafMeHT, Toraa Kak
Piciformes 3acensoT ToNbKO caliTbl, UMeEOLLME
APEBECHYO PAaCTUTENbHOCTb.

Cny4yamHbIA TMN CTPYKTYpPbl MeTacoobuie-
ctBa oTpsagos Galliformes m Strigiformes, Bo3-
MOXHO, CBAA3aH C Y3KOW LUMPUHON HULIM BUAOB
n HeboNbWMM NepeKpbITUEM BUAOBbIX AMana-
30HOB. OnAa oTpsga Anseriformes, Takke ge-
MOHCTPUPYHOLLLErO CNYYaNHYIO CTPYKTYPY, OXKU-
Aanocb, YTO pacnpeaeneHne BnaoB byaet co-
OTBETCTBOBATb B/IOXKEHHbIM MOAMHOMECTBAM,
HO M3-3a OONbLIOrO KO/JIMYECTBA BCTPOEHHbIX
OTCYTCTBWIA 3TOro He HabatogaeTca.

CMeHAeMOoCTb BMAOBOro COCTaBa rHesgA-
WMXCA M BO3MOMKHO rHe3gAwWwmMxca NTuu, Bbl-
AB/IEHHAA 33 CYET B3aMMHOIO yCpeAHEeHMuA, B
LEeNIOM COOTBETCTBYET OCHOBHOMY 3KONOrMYe-
CKOMY TpagMeHTy B panoHe uccaeaoBaHWNA.
Koppenauyma mexay nepsBot KOMMNOHEHTOM WM
OCb0, NONYYEHHOM 33 CYET B3aMMHOIO yCcpea-
HeHus, coctasnaet 0.912 (CnupmeH) n 0.780
(Kengann) npu p < 0.001. Koppenauus mexay
BTOPOM KOMMOHEHTOM U OCblo, NONYYEHHOM 3a
CYeT B3aMMHOIO YCpPeAHEeHMUsA, CTaTUCTUYECKMU
He 3Hauymma. leorpadmyeckas WMPOTa TaKXKe
He OKa3blBaeT BIMAHME HA CMEHAEMOCTb BUAO-
BOro COCTaBa NTWUL, B Npeaenax mertacooblue-
cTBa.

MonoxutenbHaa CBA3b C NE€CUCTOCTbKO OT-
meyveHa anAa 28 suaos. Ana 25 Bnaos cBA3b C
NecucTocTblo oTpuuaTenbHasa. 62.2 % Bnaos B
CBOEM pacnpeaeneHnm no camtam cTaTucTmye-
CKW He CBA3aHbl C N€CUCTOCTbIO. DTN BUAbI He
npeanoynTaloT U He nsberatoT necuctocTsb. MNo-
NIOXKUTENIbHAs CBA3b C IECUCTOCTbIO XapaKTep-
Ha ans Turdus iliacus, Streptopelia orienthalis,
Parus major, Parus montanus, Dendrocopos
major, Corvus corax, Tetrao urogallus, Cuculus
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saturatus, Strix uralensis, Oriolus oriolus v He-
KOTOpbIX apyrux sngos. Ona 31 Buga xapak-
TEePHA NONOXKUTENbHaA CBA3b C YNC/IOM BUAOB
[epeBbEB B MEPBOM fApycCe.

O6BOAHEHHOCTb — BTOpPOE MJieYo NepBoW
KOMMOHEeHTbl — npeanoyunTaet 21 sua n nsbe-
ratoT 14 snaos. PekpeauMOHHAA HarpysKa cKa-
3blBaeTcA Ha pacnpegeneHnn 16.4 % BnAos,
BXOAALWMX B MeTacoobuwecTtso. 30 BUAOB NTUL,
rHe34AWMXCA B HAMMeHee U3MEHEHHbIX CanTax
(6e3 yueta arponaHgwadra), 4EMOHCTPUPYIOT
NONOXUTENBbHYIO CBA3b C HEOONbLIOM CeNnbCKo-
XO3AMCTBEHHOM Harpy3KoM B npeaenax camTa.

Kpome peakuum Ha rpaaueHTbl cpeabl CO0b-
LLecTBa MOryT BbITb CTPYKTYPMPOBAHbI 33 CYeT
BnoxkeHHocTn (Nestedness), cBsizaHHOW C ce-
NNEKTUBHOM KONOHM3aLMEN NN BbIMUPAHUEM,
a TaK)Ke C B/IOXKEHHOCTbIO CaMux canToB. Mpwm
aHanmnse obopoTta BMAOB (Species turnover) Kak
BAO/Ib MEPBOI KOMMNOHEHTbI, TaK U NpU opau-
HaLUMKM MaTpuLbl 33 CYeT B3aMMHOro ycpeaHe-
HUA BNOXEHHblEe CTPYKTYpPbl, ONMCaHHble ANA
MHOTIMX NPUPoAHbIX coobulects, He bblaM OT-
MeyeHbl. CneymanbHbii aHanu3 (Nestedness
analysis), npu KoTopom npoBOAWUTCA COPTU-
pPOBKA MaTpuLbl ANA HAwWy4ylwero BblAB/e-
HUA BJIOXKEHHbIX CTPYKTYpP, TaKXKe He BbIABUN
CTAaTUCTUYECKON 3HauMmocTn mHaekca NODF.
Bno»keHHOCTb He bblna BbifiBNEHA M Ha YPOBHE
OTPALOB M ceMelcTB. Bo3MOXKHO, oTcyTCcTBME
BNOXEHHbIX CTPYKTYp CBA3aHO C OTCYTCTBMEM
KOPOTKMX M CUNbHbIX TPAAMEHTOB, BbICOKOWM
MO3aM4YHOCTbIO, @ TaKX¥e C OTCYTCTBMEM YETKO
BbIPA*KEHHbIX rPAaHUL, MeXay canTamu.

MOMMMO 3KONOTMYECKUX TPAANEHTOB Ha
pacnpeaeneHne BUAOB NTUL, MOTYT OKa3blBaTb
BAMAHME W NPOCTPAHCTBEHHbIE MNPOLECCHI
paccToaHMe mexay canTamu. B npepenax uc-
cnegyemoro metacoobuiectsa M Npu AaHHOM
MacwTabe mMccnenoBaHUM  KOpPenauma MexX-
Ay 611M30CTbO CallTOB M CXOACTBOM BMAOBOrO
COCTaBa NTUL, CTaTUCTUYECKM He 3Hauuma. B
YC/IOBMAX BbICOKO MO3aM4HbIX NaHAwadTos
cocegHue calTbl MOTYT 6bITb MPUHLUNNANBHO
Pa3IMYHbIMK, YTO YBEAMYMBAET HECXOACTBO
HaceneHusa ntuu. MoXKHO npegnonaratb, YTO
PO/fIb  HE3KOJIOTMYECKMX MPOCTPAHCTBEHHbIX
npoueccoB byaet 3HaunTenbHa B 04HOO06pas-
HOM MECTHOCTM, Hanpumep, B yCa0BUAX O06-
WMPHOrO CNAOLWHOIO0 JIECHOrO MaccuBa Wan
cTenu. B npeaenax e nccnegyemoro permoHa,
HaxXO4ALLEeroca Ha rpaHuLEe TanrM n necoctenm,
MO3aM4YHOCTb NaHAWAPTOB OYEHb BEAUKA, U
BeAyllee 3HavyeHMe MMET MPOoLLeCChbl COpPTU-
POBKW BUAOB Ha OCHOBE 3KO/I0MMYECKOM HULLIN
n N3bMpPaTeNbHOCTN BUAOB OTHOCUTENIbHO daK-
TOpPOB cpeapbl.

PacnpegeneHne nTuy, NO CcCalTam MOXKeET
6bITb CBA3@HO N C MEXBUAOBbIMU OTHOLLEHUSA-
MU. [Ina TeCTUPOBAHUA TMNOTE3bI O PON MEXK-
BMA0BOM KOHKYPEHLMM NCNOb30BaNOCh TaKXKe
N «TaKCOHOMMYECKOoe npocenBaHue». B atom
Cnyyae pacyeT MHAEKCOB NPOBOAWACA TOJIbKO
B npegenax Kakoro-nMbo oTpsga B AaHHOM
caiTe, a He Bcex BMAoB Bmecte. Kpome Toro,
NPOBOAUACA pacyeT AMCNEepCUM pPasInymin B
pa3mepax Tena 41a BCero perMoHasibHoro nyna
BMOOB U pa3aenbHO ANs OTPALOB.

MonyyeHHble AaHHble CBUAETENLCTBYIOT O
TOM, 4YTO ANA 6ONbLINHCTBA CAalUTOB AMCNepcua
Pa3IMuMn pa3mepoB Tesa NTUL, He OT/INYaeTcA
OT C/ly4alHOM, PACcCYNTAHHOM C NMOMOLLbIO HY-
nesbix mogenew (tabn. 3). Ans Bcex U3y4YeHHbIX
CalToB He MoATBEPrKAAETCA TMnoTesa O TOM,
YyTO coobLecTBa MOryT ObITb CTPYKTYpPUpPOBa-
Hbl 3@ CYET MENKBMAOBOM KOHKYPEHLMUWN, NpU-
BoAAwen K GopmMMpPOBaHUID oOnpeaeneHHbIX
MHTEPBANOB MeXay pa3mepamu Tena. Hanwu-
yne onpeaeneHHbIX U NOCTOAHHbIX WHTEpBa-
NIOB MeXAy pasmepamu Tena bbln BbIABAEHDI
TO/IbKO B HECKO/IbKMX CailTax y BUAOB OTPAL0B
Anseriformes, Galliformes, Charadriiformes u
Passeriformes. CTaTUCTUYECKN 3HAYMMbIe pPas-
Muma Habnwgaemon n oxuagaemon aucnep-
CUW ANA 3TUX OTPAA0B OblIN BbIABAEHbI TONIbKO
B npegenax 1-2 cantos. lNpu uccnegoBaHmm
pa3mMepoB Tenay BUA0B, BXOAALLMX B CTaTUCTU-
YeCKM 3HauYMmble MNONOXKUTENbHblE accouma-
LMW, pasnmuma Habawaaemon 1 oXuaaemomn
ANCNEPCUM OKA3ANUCh TaKKe He 3HAYNMMbIMMU.

Ona 6 ns 29 caitoB Habnogaemas gucnep-
cus 6blna Bbile CAyYalHOM, PacCYUTAHHOM C
NMOMOLLbIO HY/IEBOM Mogenn. Ana nonoxuTenb-
HbIX accouMaLnii BUAOB, CBA3AHHbIX C 1YFOBOM
N OPEeBECHOM PAaCcTUTENbHOCTbIO, TaKXKe BbIfAB-
JIeHO npeBblweHne Habaogaemon gucnepcum
Haf, cnydanHoin (cm. Tabn. 3). B accoumaumm
BMAOB, CBA3aHHbIX C 3a60/104€HHbIMW CTaUMA-
MU, AMUCNEPCUA PasINiuMin pasmepoB Tena Bu-
[0B He OT/INYaeTcA OT CAy4YanMHoW. Arpermpo-
BAaHHOCTb B pa3mepax Tena BbiAB/lEHa B OTpA-
nax Charadriiformes u Passeriformes. MoHo
npeanonaratb, YTo cpeaa AencTByeT KaK KO-
Nornyeckun GUNbLTp, NPEenAaATCTBYHOLWMNKA BCe-
JIEHUIO BMAOB C MHbIMW pasmepamu Tena. Ha
YPOBHE pPErnoHanbHOro nyna BMAOB AuUcnep-
C1A Pa3NNYNA pa3MepoB Tesla He OT/INYaEeTCA OT
cnyyamHon. lnwb ana otpsagos Passeriformes
n Falconiformes BbisiBNeHa arperMpoBaHHOCTb
pa3mepos Tena.

B Luenom nosyyeHHble pe3ynbTaTbl He NO3BO-
NAOT TOBOPUTb O TOM, YTO HaceneHue rHesan-
LLMXCS U BO3MOXKHO FHe3aaLWmMxca BMA0B NTuUL,
dopmunpyeTca nop, BAMAHUEM MENKBUAOBOM
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KOHKYPEHUMU, ONA CHUMKEHUA KOTOPOM 3IKO-
NIOTUYECKM N TeHEeTUYECKM POACTBEHHbIE BUAbI
NMEeIT Kakne-nMbo MUHMMAbHbIE PA3INYKA B
pa3mepax Tena.

MeTtaaHanus pasmepos Tena NTuy, ANA Mo-
AENN nepekpbiTUA pasmeposB Tena (no aHa-
norum ¢ [23]) Ha rpaHuue Talrn u necocrenu
3aypanba. «Lower tail» n «Upper tail» — Ko-
JIMYECTBO CAMTOB, ANA KOTOPbIX Habatogaemasn
AMcnepcus pasHUUbl MexXay ALAMHOW Tena
6blna MeHbLUe nnaun 6onblue Cy4anmHOMN, BblYMC-
JIEHHOM C MOMOLLBIO HyneBon moaenu. Ymucno
B CKOOKax — 3TO YMCNO CaANTOB, ANA KOTOPbIX
pa3nnymMa B AUCNEPCUM CTaTUCTUYECKU 3HAYM-
Mbl (p < 0.05). CTaHAapPTU3UPOBAHHbLIN 3bDEKT
pasmepa (SES) = (I, - I.)/S. , rae | — 3To
CpesHWI NoKasaTesb AN HySIeBOW Mogenu, S
— CTaHAaPTHOE OTK/IOHEHMe, I, = Ha6mo,u,§e-
MbI/ NMOKa3aTesb ANA HaceneHua NTuy, B pano-
He nccnenoBaHu. [1na coobLecTs, CTPYKTYpU-
POBAHHbIX 33 CYET MEKBUA0BOMN KOHKYPEHLLUN,
pPacCYUTAHHblE MHAEKCbI AONKHbI OblTb HUMKE,
yem ANA HYNEeBOM MOAENU, a NATTEPH MeTaa-
Hann3a JomKeH O6biTb Bbiwe Hyns. OgHOBbI-
60pOYHbIN t-KpUTEPMA BbIN MCNONB30BAH ANA
NpoBepKn rmnotesbl 0 Tom, 4Yto SES Ana mHo-
¥KecTBa COObLLEeCTB HE OT/INYAETCA OT HYNA

MupHbIM WpPKPTOM BblAENEHDBI TPYNMbI BU-
[0B, ONA KOTOPbIX BbIAB/MEHbI CTAaTUCTUYECKMU
3HauMMble pas3AnunAa mexay Habaogaemoi
avcnepcmen pasnynii pasmepos Tena u cny-
YyanmHoM. PacyeTbl NPOBOAMAUCH TONbKO ANA
CanToB, codeprKawmx He meHee 3 BMAOB. P —
Ha YPOBHE OTAE/NbHbIX CaUTOB — YPOBEHb 3Ha-
YMMOCTM MPU pacyeTax t-KpUTepua; Ha ypoBHe
pernoHasibHOro nyna BUAOB — YPOBEHb 3HAYU-
MOCTM NPU CPaBHEHUUN HAbNO4AEMOTO UHAEK-
Ca M cpenHero UHAeKca, NpeAcka3aHHOro ¢ no-
MOLLbIO Hyneson mogenu FF

3aknouyeHue

CTpyKTypa meTacoobuiectsa NTUL, Ha rpa-
HULE Talrm u necoctenu 3aypanba, copep-
Yalllero AoCTaToyHO 60NblIOe 4YMC/I0 BUAOB
C Y3KOWM 3KONOrMYECKOWM HULEen, AocCToBep-
HO COOTBETCTBYET IMIMCOHOBCKOMY FpagueHTy
(nns HaumeHee M3MeHeHHbIX canTos). [Mpwu
opAvHauMKM MeTacoobuiectBa B COOTBETCTBUM
C BaXXHEWMWMM 3SKONOFMYECKMM TPALUEHTOM
CTPYKTypa meTacoobuiectsa NTUL, COOTBETCTBY-
eT KNeMeHTCOBCKOMYy rpagueHTy. lpouecchl,

npusogAawme K GOPMUPOBAHUIO BAOMKEHHbIX
NOAMHOMECTB, He XapaKTepHbl. B npeaenax
nepexogHOM 30Hbl MeXKAy Talurom u necocre-
Nbto, B CBA3N C HEOONbLION NPOTAXKEHHOCTbIO
palioHa uccnenoBaHUM, PO/ib SKONOTMYECKOTo
CTPYKTYpMpOBaHMA meTacoobliectBa 3a cuet
JIOKaNIbHOTO M3MEHEHMA NEepPeMEHHbIX cpeabl,
MO CPaBHEHMUIO C BAUAHMEM NPOCTPAHCTBEHHOM
cocTasnswowen, npeobnaaaet. CyLecTByOLLNMA
rpaAneHT ceBep-tor CTaTUCTUYECKM He CBA3AH C
M3MeHeHWemM BWAOBOro coctaBa cainTtoB. [pwu
OpPAMHALNK MATPULLbI MPUCYTCTBUA-OTCYTCTBUA
B HAMpPaBNEHWUW CEBEP-IOT, YTO COOTBETCTBYET
CMeHe NPUPOAHbIX 30H, KOFePEHTHOCTb OTCYT-
CTBYET, a CTPYKTYypa MeTacoobLLecTBa COOTBET-
CTBYET C/ly4aHOMY TUMY. YBENMYEHME CXOACTBA
MeXAy BMAOBbIM COCTaBOM CaMTOB NPU YMEHb-
LWEHNWN PAaCCTOAHMUA MEXAY STUMM CaltTaMM CTa-
TUCTMYECKM He BbisiBneHo. CKopee Bcero, npo-
CTPAHCTBEHHAA CTPYKTypa MeTacoobluecTsa
dbopmumpyeTca BECHOW B pes3y/ibTaTe eXKerog-
HOM CeNneKTMBHOM KONOHM3aLLMK 33 CHET IKONO-
rmyeckom GuabTPaLUmM U COPTUPOBKN BMAOB, a
npoueccbl pacceneHus, maccosble 3pdeKTbl U
KOHKYpPEHLMA, BUAMMO, HE CYLLECTBEHHbI NpPU
eeroagHom GopMmMpPoBaHNN MeTACcoO0bLLLECTBA.
B cBA3KM C BbICOKOIM MO3aNYHOCTbIO SIecocTenm
B NpeAenax og4HOro canmta UMeeTca MHOMKECTBO
JIOKa/IbHbIX YYaCTKOB, NOAXOAAWMX ONS THes-
[l0BaHMA pa3HbIX BUAOB. B KauecTBe npeanono-
YKEHUA MOXKHO BbICKa3aTb rMNoTesy 0 TOM, YTO
nepsble cTagmMm GopmMmpoBaHUA coobliecTBa
rHe3AAWMXCA NTUL, B AAHHbIN rog, Npoucxoanat
B NOC/nerHe3goBoe Bpems npeablayLiero roaa,
KOraa y monoapix ocobei, a y HEKOTOPbIX BU-
0B U Y B3POC/bIX, MPONUCXOAMUT 3aneyatieHne
(MMNPUHTUHT) palioHa 6Gyaywero rHesgoBsa-
HUA. Ho Ana NpoBepKM 3TOM rMNOTE3bl HYXKHbI
TWaTe/IbHble UCCNef0BaHUA NOCAErHe3foBoM
YKM3HW BCEX MECTHbIX BUAOB U CPaBHEHME MO-
CNerHes3foBoro pacnpeaeneHns AaHHoOro roaa
C pacnpegeneHuem rHesgawmxca ocobel Ha
cnegytowmii rog. Hannume 6onbworo uucna
BM/OB, pacnpeaeneHune KoTopbix ABASETCA He-
33aBMCMMbIM UIX CIy4aliHbIM, MOXKeT ObITb CBA-
3aHO C HEBbBICOKOW YMCNEHHOCTbIO 3TUX BUAOB,
HaXo4ALWMXCA BECHON B yCnoBMAX cBOHOAHOrO
BbIOOpa MecT rHe3goBaHus. B npoTnMBONONOXK-
HOCTb 3TOMY BMAbl C BbICOKOW YUCNEHHOCTbIO
3aCenAT BCE NPUroAHbIE YYACTKM.
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Tabnnua 2. Pe3ynbTaTbl UCCEA0BaHUIN 3/IEMEHTOB CTPYKTYPbI MeTacoobLecTsa NTUL, Ha FpaHuLLEe Tan-
rM u necoctenu 3aypasnbsa. PZ(HO) — BeposATHOCTb NPUHATUA HYEBOM rMNoTe3bl. YPOBEHb 3HAYMMOCTHU

p< 0.05. XMpHbIM WPMOTOM BblAeNEHbI CTATUCTUYECKMN 3HAUYMMbIE MHAEKCbI

MpynnupoBKa
rpaHu, Upeanusu-
Species KorepeHTHOCTb (Coherence) 060_po1' BUACE OBaHHbI
(Species turnover) (Boundary P
, obpasey, (wa-
clumping) 6noH) mera
Emb  PZ c. Pz Mori Pz . on/Mer
SD SD coobuiecTsa
Abs  (HO) Score  (HO) sita  (HO)
OpouHayus 3a cvem 83aUMHO20 ycpeOHeHUs
Bce o
rHesasLmecn CnydamHoe
< 0.869 0.07 1.365 0.28 0.031 0.00 0.03 0.00 244 0.11 pacnpegene-
BMAbl paioHa e
nccnenoBaHuUmn
Bce rHe3ga-
wmeca snabl 6es FoazmeHT D
onybnukoesaH- 0.409 0.00 0.841 0.05 0.064 0.00 0.06 0.00 1.56 0.34 P ACOHa
HbIX Jl@HHbIX MO
arponaHawadry
Buabl,
rHesasLmecn
TONbKO B 0.472 0.02 0345 005 0016 056 002 000 234 002 - axmaras
arponaHawadTe OO0CKa
(naHHbIE B. A.
KopoBuHa)
3uma (6e3
arponaHawadTa, CnyvaiHoe
mosnbKo 0.298 0.29 0.543 0.23 0.021 0.004 0.02 0.00 196 0.17 pacnpegene-
cobcmeeHHble Hue
OaHHbIE)
OpduHayusa e coomeemcmeuu ¢ nepsoli KomnoHeHMoli
Bce
rHespAtnecH lpagveHT Kne-
Buabl (mosneko 0.532 0.00 0.916 0.03 0.064 0.00 0.06 0.00 1.89 0.00 P pn;\eHTca
cobcmeeHHble
OaHHbIe)
Anseriformes .
(MonbKO CnyyaunHoe
0.625 0.14 0.724 0.07 0.006 097 0.01 0.00 5.73 0.00 pacnpeaene-
cobcmeeHHble
Hue
OaHHbIe)
Falconiformes
KBasu-
(mosnbKo
0.429 0.00 1.083 0.14 0.027 0.83 0.03 0.001 1.34 0.89 KnemeHTCOB-
cobcmeeHHble KU FDAAMEHT
OaHHbIe) PaA
Galliformes o
(MonbKO CnyyanHoe
1.105 0.22 1335 0.19 0.050 0.34 0.05 0.002 0.75 0.39 pacnpegene-
cobcmeeHHble
Hue
OaHHbIe)
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Tabnuua 2. MpoaonKeHue

MpynnupoBKa
rpaHu, Upeanusmu-
Species KorepeHTHOCTb (Coherence) O6o.por BUACE ..
(Species turnover) (Boundary ~ POBaHHbM
clumping) 066 paze, (wa-
Emb  PZ c. Pz Mori pz  071OH) mera-
M SD SD coobuyecrBa
Abs  (HO Score  (H0) sita  (HO)
Charadriiformes
(monexo 0.798 0.00 1.117 0.1 0.036 000 0.03 000 268 051  PaAeHT
cobcmeeHHsble lnucoHa
O0aHHble)
Strigiformes o
(monbko Cny4yanHoe
1.000 0.22 1.298 0.24 0.051 0.81 0.05 0.004 0.61 0.83 pacnpegene-
cobcmeeHHble e
O0aHHbIe)
Falconiformes
+ Strigiformes KBasu-
(monbko 0.600 0.00 1.143 0.12 0.029 0.97 0.03 0.001 1.51 0.50 rAncoHOBCKMM
cobcmeeHHble rpagmneHT
O0aHHbIe)
Piciformes
KBasu-
(monbko N
0.324 0.01 0.400 0.03 0.021 0.72 0.02 0.001 1.89 0.23 rAKUCOHOBCKUM
cobcmeeHHble
OaHHbIe) rPaAnEHT
Passeriformes
(monero 0.484 0.00 0721 0.03 0.060 000 0.05 000 246 000  P3AeEHT
cobcmeeHHble KnemeHTca
OaHHbIEe)
OpduHayusa e coomeemcmeuu co 8mopoli KomnoHeHMoli
Bce
rHesgawmecs FoanueHT
Buabl (moseko 1.016 0.00 1.165 0.04 0.064 0.00 0.06 0.00 2.08 0.02 paa
KnemeHTtca
cobcmeeHHble
OaHHbIe)
OpduHayus ceeep-toe2
Bce
rHesgsawmecs CnyvaiHoe
BuAbl (mosbko  1.081 0.99 1.080 0.03 0.064 0.00 0.06 0.00 1.83 0.01 pacnpeaene-
cobcmeeHHble Hue

O0aHHble)
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Tabnvua 3. MeTtaaHanus pasmepos Tena NTuL, ANA MOAENN NEePEKPbLITUA pa3mepoB Tena (no aHanorum

c [23]) Ha rpaHuue Taiirn u necocrenu 3aypanba. «Lower tail» n «Upper tail» — KonmyecTso caiTos, ana
KOTOPbIX Habatogaeman AUcnepcus pasHULbl MeXAy ANMHOM Tena 6blia MmeHblue nam bonblue cayyai-
HOM, BbIYMC/IEHHOW C MOMOLLbIO HY/IeBOM Mogenn. Y1ca0 B CKOBKax — 3TO UMC/I0 CaMTOB, AN1A KOTOPbIX
pasnnuma B AUCMNEPCUM CTaTUCTUYECKM 3HaUYMMbI (p < 0.05). CTaHAapTU3NpOoBaHHbIN 3ddeKT pasmepa
(SES)=(l . -1 )/S, ,roel  —3TocpeaHwWii NokasaTenb AnA HyneBoW Modenu, S, — CTaHAapTHoe OT-
KnoHeHwue, | — HabNIOAAEMbIN MOKA3aTeNb ANA HACENEHUA NTULL B palioHe nccnefoBaHui. ns coob-

LLLeCTB, CTPYKTYPUPOBAHHbIX 33 CHET MEKBUA0BOM KOHKYPEHLUMM, PacCyUTaHHbIEe MHAEKCHI AOMKHbI ObITb

HUXKE, YeM O1A HYNEeBOW MOAENM, a MAaTTEPH MeTaaHa/1M3a Ao/KeH bbiTb Bbilwe HynA. OgHOBbIOOPOYHbIN
t-KpuUTEPUA BbIN MCNOIb30BAH A4/15 MPOBEPKM TMNoTe3bl 0 TOM, YTo SES AN mHOXKecTBa coobuecTs He

OT/INYAETCSA OT HyNA

*KnpHbIM WprdTOM BbiAENEHbI TPYNMbl BUAOB, A1 KOTOPbIX BbIAAB/EHbI CTAaTUCTUHECKM 3HAYMMble pas-
nMuna mexay Habaogaemon aucnepcuen pasanymii pasmepos Tena u cayvyaHon. PacyeTbl nposoau-
JIUCb TO/IbKO A/1A CATOB, COAEP KaLLMX He MeHee 3 BUAOB. P — Ha YPOBHE OTAE/IbHbIX CaliTOB — YPOBEHb
3HAYMMOCTM NpU pacyeTax t-KpuTepua; Ha YPOBHE PerMoHabHOro Nyna BUA0B — YPOBEHb 3HAYMMOCTH
npw cpaBHeHUM HabntogaeMoro MHAEKca 1 CpeHero MHAEKCa, NPeACcKa3aHHOTo C MOMOLLLbIO HY1eBOM

moaenu FF
Bcero C CpenHee Avncnepcua
< pegHee cpeaHero
CaNToB, 3HayeHue
3HaueHue 3HayeHuA
ucnonb- Lower Upper MHAEKca
lpynnbl BUg0B . . Habnio- MHAOEKca t P
30BaHHbIX tail tail ana
haemoro OnAa Hyne-
onsa Hy/eBbIX
UHAEKca - BbIX mopge-
aHanusa mopgenen -
nei
OmadenbHbie calimol
Bce rHe3gdawmecs
M BO3MOXHO 29 13(0) 16(6) 0.0028 0.00303 0.0000218 2.647 0.013
rHesgdALmecs suabl
[TonoxutenbHas
accouuaums
BMAOB, CBA3aHHaA 16 10(0) 6(0) 0.00664 0.00915 0.000124 -0.853 0.407
€ 3a60/104€HHbIMMU
cTaunamm
MonoxntenbHas
accoumauma BNA0B, 9 2(0) 7(6) 0.031859 0.010807 0.000138 3.470 0.008
CBA3aHHasA C IYyroBbIMM
cTaumamm
MonoxntenbHas

accoumauns BMAOB,
CBA3aHHbIX C APEBECHOM
PacTUTEIbHOCTbIO

14 3(0) 11(2) 0.00337 0.003036 0.00004 2.615 0.021

Podicipediformes 2(0) 2(0) 0.01218 0.00763  0.00005 0623 0.577

Galliformes 3(2) o(o) 0.00033 0.0082  0.000057 -77.457 <0.001

4
Anseriformes 6 2(1) 4(0) 0.00357 0.00387 0.000007 -1.610 0.168

3

7

Falconiformes 2(0) 5(0) 0.00345 0.00343 0.000016 1.759 0.129

Charadriiformes 11 2(1) 9(1) 0.00406 0.00511 0.000042 1.392 0.194
Strigiformes 1 1(0) o0(0) 0.0124 0.00514 0.00002 - -

Piciformes 3 3(0) 0(0) 0.00921 0.01333 0.000123 -1.372 0.304
Passeriformes 24 10(2) 14 (10) 0.014202 0.006126 0.000087 2.964 0.007
Sylviidaea 14 6(0) 8(1) 0.000729 0.000396 0.000000 1.525 0.151
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Tabnuua 3. MpoaonKeHue

Bcero C CpepHee Avcnepcua
o pegHee cpegHero
caiTos, 3HaueHue
3Ha4yeHue 3HaueHuA
ucnonb- Lower Upper MHAOEeKca
lpynnbl BUAOB . . Habnto- MHAOEeKca t P
30BaHHbIX tail tail ana
Aaemoro ANA Hyne-
ana HyneBbIX
MHAEeKca . BbIX moge-
aHanusa mogenen o
neun
PeauoHanbHbIll nyn sudos
Bce rHe3gAawmecs
VI BOIMOIKHO - - - 0.00248 0.00181  0.00000 - 0171
rHesasLWwmecs suapl
BMeEcCTe
Podicipediformes - - - 0.00291 0.00521  0.00002 - 0.352
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Summary: To identify the general principles of the assembly of natural com-
munities is a fundamental issue of community ecology. To date, four paradigms
have been formulated, within the framework of which the structure of meta-
community and its providing factors are studied. Among the most important
processes influencing the meta-community structure several processes are em-
phasized. These are random processes, those determined by the environment
and those determined by biotic interactions. In the article we discuss the role
of ecological gradients, non-environmental spatial processes and interspecific
competition in the formation of bird communities on the border of taiga and
steppe of Trans-Urals. From 2000 to 2011 we collected the information on the
species composition of nesting birds of 17 sites. The meta-community struc-
ture was described using the element analysis method of the meta-community
structure - EMS. To give accent to the main environmental gradients PCA meth-
od was used. To assess the impact of non-environmental spatial processes the
correlation analysis of the similarity of the species composition of the sites
and the distance between these sites was conducted. The role of competition
was studied by comparing the variance of differences in body size of birds both
within definite sites and within the regional species pool. For the statistical
verification of a hypothesis the observed indices were compared with random
ones calculated using the fixed null model (FF). The leading process of the for-
mation of the structure of the birds’” meta-community on the border of taiga
and forest-steppe of Trans-Urals is species sorting along ecological gradients.
The structure of the meta-community of birds in the studied area within the
sites least modified by anthropogenic activity corresponds to the Gleason gra-
dient. The Gleason meta-community structure correlates well with the main
ecological gradient. Community nesting is not revealed. The hypothesis about
the role of interspecific competition is not confirmed. Minimal differences in
body size of birds were not revealed. For the orders of Passeriformes and Fal-
coniformes body size aggregation is characteristic. The role of spatial processes
in the formation of the bird population is not significant. The correlation be-
tween the similarity of the species composition and the distance between the
sites is not significant.
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KnioueBble cnosa: AHHOTaumAa: MiayyeHo cogeprkaHue nnosegeHne 50 XMMUYEeCKMX 31IeMEHTOB
XUMUYECKME INEMEHTDI B NMoYBax, rPyHTax 1 Nnoaosbix Tenax Verpa bohemica (Krombh.) Schroet. n
TOKCUYHbIE 3/1EMEHTbI Leccinum scabrum (Bull.: Fr.) S. F. Gray n3 30Hbl OCTaTO4HOrO (HaKOM/1eHHOoro)
OoCTaTo4YHOe (HaKoMN/MIEHHOE) MNPOMbILWJIEHHOrO 3arpsA3HeHMA B LEHTpanabHOW YacTu [leTpo3aBoacKa.
NPOMbILL/IEHHOE OnacHOCTb 3arpA3HEHHbIX MOYB W FPYHTOB OUEHEHA MO MpPeBbIWEeHU0
3arpAasHeHune npeaenbHo aonyctumbix Konndects (MNAK, OOK) XMMUUYECKUX 31EMEHTOB U
Verpa bohemica CYMMapHOMY NoKa3aTe/ito 3arpAsHeHns (Cy4eToOM TOKCMUYHOCTM 3/IEMEHTOB),
Leccinum scabrum MaKpPOMMULETOB Kak NPOAYKTOB NMUTAaHUA — Nno cogepanuto Pb, Cd, Zn n Cu
npeaesnbHO JoNyCcTUMble nyTem COMNOCTaBAEHUA C YCTaHOB/IEHHbIMW HOpMaTueamu. Ona L. scabrum
Konnuectsa (MAOK/OAOK) MOCTPOEHbl PAAbl COAEPXHAHUA XUMUYECKUX 3/IEMEHTOB B LWIAMNKAxX W
NMoYBeHHbIN cybcTpaT HOYKKax MO OTHOLLEHMIO K POHY, YC/IOBHO onpeseseHHOMY Ha KOHTPO/IbHOM
MHAEKC aKKYMYAALUN y4acTKe, 3HaAUYUTENbHO YAaNEeHHOM OT KaKUX-IMb6O MNPOMbIWAEHHbIX

LEHTPOB, @ TaKKe KPYyMHbIX aBTO- M KenesHbix Aopor (MpaKUHCKKIA
palioH Pecny6aunku Kapenusa). Mokas3aHO, YTO cofepyKaHMe TOKCMKAHTOB
33 HEKOTOPbIM UCK/OYEHNEM B BECEHHUX FPUbBaX Bbille, YEM B OCEHHMX.
OTHOCMTENbHO NoYBEHHOTO cybcTpaTa B V. bohemica yctaHOBAEHaA CUIbHAA
akkymynaumsa P, a B L. scabrum — P 1 Rb. CpegHeli cteneHbio HakonaeHusn
XapakTtepwusytotca: Zn, Rb, Tl, Cu, Cd, Ag, Sc, Ni, Cs (V. bohemica), Cd, Ag, TI,
Zn, Cs, Sc, Ni, Cu (L. scabrum).
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BBeaeHue Tan OpPYXEeMHO-NUTENHbIN 3aBoa, nocne 1917
r. — MEeTannypruyeckmn, a ¢ 1956 r. HanaxkeHo
NPOW3BOACTBO /1IeCO3arOTOBUTE/IbHON TEXHUKM
(Cagbl 1 napku...,, 2003). MNpounsBoacTBEHHAA
[eATeNbHOCTb Ha 3aBOACKOW naowaake non-
HOCTbO npeKkpaTuaacb K 2008 r., a 8 2010-m
YyKa3aHHaa Tepputopua oGUUMANBHO YTBEPK-
[eHa KaK 30Ha 06LLecTBEHHO-A4e/10BOr0 U Ky/b-
TYPHOrO LEHTPa FropoACKOro 3HayeHua (30Ha
PEKOHCTpYKUMK Tepputopumn OT3) (Mpasuna
3emnenonb3oBaHus..., 2010). Ha Hein Hayanock
CTPOUTENbCTBO KWUJbIX U TOProBbIX OOBHEKTOB,
NAaHUPYeTCA COo3A4aHWe 3eNeHblX 30H, KOTo-
pble B KOMNeKce 06pa3ytoT HOBbIM FOPOACKOMN
KBapTan.

B cBA3M C 3TUM LeNb Hawero ncciefoBaHUA
3aK/04anacb B BbIABEHUM YYaCTKOB HaKo-

Xnmunueckoe 3arpAsHeHne, pe3yibTaToOM KO-
TOPOro CTaHOBUTCA HAaKOM/IEHME TOKCMKAHTOB B
OKpyrKatowen cpeae n buote, U BO3HUKaoWMe
BCNeACTBME 3TOr0 pasnnyHble npobnembl co-
XPaHAKT CBOK aKTyaNbHOCTb M MPOAOKAIOT
nHTepecoBaTb Uccneposatenei. Ocoboe mecto
NPUHAANENKUT U3YYEHUIO NOANIEXKALMX PEKOH-
CTPYKUMN ObIBLUMX MPOMBILAEHHbIX 30H, rae
onacHoe 3arpssHeHne GopmMMpoBanoCh B Teye-
HME ONUTENbHOrO BPEMEHMU.

B 1774 r. Ha 6epery pekun JIOCOCUHKU B LiEH-
TPanbHOM 4YacTM coBpemeHHoro r. [eTposa-
BOACKA OblNO OTKPLITO NPOMbILWJEHHOE MNpPO-
M3BOACTBO, HEOAHOKPATHO MeHABLLEee HanpaBs-
NIeHUA OeATEeNbHOCTM Ha MPOTAMKEHUN MHOTUX
pecatunetnin. B XVIII-XIX Bekax 3gecb pabo-
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NAEHHOro 3KO/I0rMYecKoro yuwepba B npegenax
ropoAcKor TeppuTopumn, NOABEPKEHHON AAN-
TeIbHOMY NPOMbIWNEHHOMY  3arpPA3HEHMUIO,
BK/IOYAA onpeaeneHue COAEpPrKaHUA TOKCU-
KQHTOB B MOYBax, rPyHTax WU npeacraBuTenax
6MOTbl.

MepBbit 3Tan paboT No M3y4YeHUto pacnpe-
AEeNeHNA 3arpA3HAILLNX XMMUYECKUX S1eMEH-
TOB Ha TeppPUTOPUKN ObiBLUEN NPOMbILLINEHHOM
naowaakn nposegeH 8 2010 r. YacTnyHoO ero
pe3ynbTaTbl OTPa*keHbl B MoHorpadpum (Poiba-
KoB 1 ap., 2013). B 4acTHOCTK, Ha NPOMbILL/IEH-
HOM N/ioWanKe NpoBeAeHbl UCCNeA0BAHUA XU-
MWYECKUX 3NEMEHTOB U3 BEPXHETO (He rybike
10 cm) c/10A NOYBEHHO-TPYHTOBOM TONLWN. AHa-
N13y nogsepranacb ¢pakumMa pasmepHOCTbHO
< 0.1 mm, Kak Hanbonee 3KONOTMYECKN onac-
Haa M MHGOPMATMBHAA B MJIaHE BbIABNEHUA
MaKCUMANIbHOTO KO/IMYECTBA 3arpA3HALLMX
KomnoHeHToB. CocTaBneH paa, B KOTOPOM TA-
enble MeTanbl U MeTaNNonapl PacnonoxKu-
JIMCb NO Mepe yMeHblleHUA KoappuumeHTa,
PaCCYNTAHHOrO KakK OTHOLLIEHWEe cpeaHero co-
OEPXKAHUA i-TO 3NeMeHTa B NOYBAX U FPyHTaX
NPOMbILWIEHHOW NAOWAAKM K CpefHemy Co-
AEePXKaHUIO 3TOrO Ke 3nemeHTa B noysax r. lNe-
TPO3aBOACKa (6e3 cTaTUCTMYECKM aHOMA/IbHbIX

«TPEXCUTMOBbIX» 3HaueHuii): W, Mo, , Pb,_ S
b8.18cr4.84cu4.295n4.04N|3.83zn3.65Mn3.08C01,96V1.92AS
Cd,,,- B uenom ypoBseHb 3arpA3HeHWA No4s

1.76 .
M HACbIMHbIX FTPYHTOB Ha NMPOMbILW/IEHHOW N0~

LWaZKe XapaKTepusyeTcA KaK BbICOKMW, a MO
npesbiweHunto NMAK no Pb —KaK o4eHb BbICOKMA.
Mo MaKcMManbHbIM M aHOMaNbHbIM (Tpexcur-
MOBbIM) 3HAYE€HMAM KOHLeHTpauui Zn, Cu, As,
Cd, Ni, V HekoTOpble 06cnenoBaHHbIE YHACTKM
TaKXe XapaKTepun3ytTcA O4eHb BbICOKMM ypOB-
HeM 3arpAsHeHuA.

BbicoKkoe coaep)kaHne TOKCMKAHTOB B MO-
YBAX M FPYHTAX HE MOKET He CKa3aTbCA Ha aKKy-
MYAALUM NOTEHLMANBHO ONACHbIX 91€MEHTOB B
obuTaloWMX Ha JaHHOW TEPPUTOPUN OpPraHm3-
Max, B TOM yncne obHapy*KeHHbIX 34eCb B He-
60/1bLLOM KO/IMYECTBE U HAMW UCCAEA0BAHHbIX
MaKpOMMULETAX.

MaKpoMM1LETbl M3BECTHbI CBOEM CNOCOBHO-
CTbO HaKaNAMBATb TAXKeE/Ible MeTaN/ibl U MeTan-
nionabl, B TOM Ymcae Npm TeEXHOreHHOM 3arpsas-
HeHuu (Radulescu et al., 2010; fopbyHoB U Ap.,
2013; Schlecht, Sdumel, 2015). 3ameTum, uto
HeKoTopble cneunanuctol (Lernos, LiBeTHOBa,
2002) cpean BO3MOMHbIX MPUYMH MACCOBOro
oTpaBneHus B page obnacten Poccumn B 1992—
2000 rr. Ha3bIBalOT ynoTpebaeHme cbeaobHbIx
rpnboB, 3arpA3HEeHHbIX ONACHbIMKU 3/1eMeHTa-
Mu. MosTomMy OgHUM U3 YCIOBUIN BO3MOMKHOIO
BK/IlOYEHMA TPMOHON NPOAYKLUMM B PALLMOH AB-

NAeTCcA ee 3KONOrMYeckoe Kayectso (besonac-
HOCTb 151 34,0P0OBbA NHOAEN).

Hapagy c obcyaeHnem npemmyLLects u
ycnosuit notpebneHma rpubos Kak NpoayKTOB
NUTaHKA, BCce HoNblle NOABAAETCA AAHHbLIX O
BO3MOXHOCTAX MUKopemegmaumm (Stamets,
2005). BbicKka3bliBaeTcs MAaes O MepPCrneKkTUB-
HOCTM OAHOBpPeMeHHoro obe3BpernBaHuA
3arpA3HeHU U MONYYEHUA NPAMO HaA CeNb-
CKOXO3SIUCTBEHHbIX M MPOMbILIIEHHbBIX OTXO-
Aax npurogHon (6esonacHoi) gns notpebne-
HUA rpubHol npogykumm (Kulshreshtha et al.,
2014). Ee 6e3onacHoOCTb NpPeanoNoXKUTENbHO
CBA3bIBAETCA C BbIBOPOM TeX BUA0B Cbef06HbIX
rpnboB, KoTopble 06e3BpeXKMBaOT OTXOAbl 33
cyeT BblpabaTbiBaeMbix GepPMEHTOB M MPU 3STOM
He aKKYMY/IMPYHOT TOKCMKaHTbI B NJ1040BbIX Te-
nax. CcblnKM Ha uccnepoBaHMA cnocobHoCTM
Pa3/INYHbIX BUAOB WM 3KOMIOTMYECKUX TPYnn C
HEOAWMHAKOBON MHTEHCUMBHOCTbIO MNOMMOLWATb
HeKoTopble TAXeNble MeTanlbl NpuUBOAATCA
B pabotax (Kala¢, Svoboda, 2000; Zhu et al.,
2011; Ucaes.a, 2014; AHuwEHKO U Ap., 2016 n
Ap.). OTmeyatoTcs pasiMumMs M B HAKOMNAEHUU
TOKCMKAHTOB B LWAAMKAX M HOXKaX MA040BbIX
Ten makpomuuetos (Kala¢, Svoboda, 2000;
MNcaesa, 2014 u ap.). Mo BennYMHe MHAEKCA
akkymynauum (I ), paccumTbiBa@MOro Kak OTHO-
LWeHMe coaeprKaHua B rpmbax K coaeprkaHuio B
nouyse (Byrne, Ravnik, 1976; KabaTta-lNeHauac,
Menanac, 1989), anemeHTbl PaACMNONOKUAUCH
B cneaytowem nopagke: Hg > Cd > Se > Cu > Z
n > Br > As > Mn > V. Mpu atom rpubsl, cyan
no o6obuweHHbIM AaHHbIM (KabaTa-MNeHauac,
Menanac, 1989), ropasgo cunbHee 3eneHbIX
PacTeHUIN HAKaN/IMBAKT OTHOCUTE/IbHO NOYBbI
Se n Hg, cunbHee — Cu, cnabee — Cd, As, Mn,
V u Br. NMpMmepHO Ha ogHOM ypoBHe B rpmbax,
pacTeHUsAX M noyBax (MoysBeHHoM cybcTpate)
KOHLeHTpupyeTca Zn.

Huxe Ha ocHoBe maTtepuana, cobpaHHOro
B 30HE NMPOMBbILINEHHOrO 3arpA3HeHnA Ha BTO-
pom 3Tane uccneposaHuii (2014 r.), gaHa no-
BTOPHAA, paclMpeHHas U YTOYHEHHaA OLeH-
Ka YPOBHA 3arpsisHEHMA NoYB U rpyHToB. Mpwm
3TOM YYTeHbl CTeneHb TOKCUMYHOCTU XMMMYe-
CKMX 3/IEMEHTOB M PA3MEPHOCTb WM3Y4YeHHbIX
dpakumnii. Kpome Toro, npeaBaputenbHo (Ha
HeboblOM Yncne ob6pasLLoB) N3y4yeHO coaep-
KaHWEe XMMUYECKUX 3N1EMEHTOB B LUNAMOYHbIX
ronbax, OrpaHMYeHHO MPOM3PACTAIOLNX Ha
AAHHON TeppuTOpUMK, OLEHEHA MX OMACHOCTb
KaK MPOAYKTOB MWTaHMA, NPOBeAEH CPaBHU-
TEeNbHbIX MNONMINEMEHTHbIA aHann3 4acTen
nnoAoBbIx Ten L. scabrum, BMA0OB MakpomuLie-
TOB, BbINO/IHEHO MX CPAaBHEHWE C NOYBEHHbIM
cybcTtpaTom.
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Matepuanbl

NccnepoBaHmA nposeaeHbl B 2014 1. B 30He
HAKOM/MIEHHOro NPOMbILWNEHHOrO 3arpA3HeHun
B UeHTpe r. MNeTpo3aBoacKka (bbiBLWasA naowaa-
Ka OHeXCKoro TpaKTopHoro 3aBoga). Ha aax-
HOM TEPPUTOPUN AETaNIbHO M3YYeHbl XMMUYe-
CKM M3MEHEHHbIE NOYBbI M FPYHTbI, @ TaK¥XKe Bce
ObHapyKeHHble NPeacTaBUTENN BbICLLMX FPU-
608 (Buabl Verpa bohemica (Krombh.) Schroet.
n Leccinum scabrum (Bull.: Fr.) S. F. Gray).

O6cnefnoBaHHbIE XMMUYECKM 3arpsisHEHHbIEe
noysbl, cornacHo Knaccnomkaunm M. H. Ctpo-
raHoBoM 1 ap. (1997), oTHeceHbl HAMU K UHAY-
cTpusemam (Pbibakos, Kesnuu, 2017), TexHo-
reHHble TPYHTbl — K KOHCTPYKTO3emMam. MoyBbl

B OCHOBHOM MNec4YaHble 1 cynecyaHble. B To ke
BPeMSs Ha rasoHax, rae oTHOCUTE/IbHO Pa3BUTa
KOpHEeBasA cuctema pacTeHUn, MULLEAUIA U Cco-
XpaHsaeTca anctoson onag (puc. 1), dopmupy-
IOTCA YepHO3eMOBUAHbIE No4Bbl. [laHHOe 06-
CTOATENbCTBO OTMEYaN0Ch /1A CTAPOHACIMHbIX
NOYB C BbICOKMM COAEPIKAaHMEM OPraHMUYECKOro
BewecTtea (Penopeu, Measeaesa, 2005).
MnogoBble Tena MaKpomuueToB oOTbupa-
Nncb aBaxkabl: BecHon — 20 masa (V. bohemica)
N oceHblo — 25 ceHTAbpAa (L. scabrum) 2014 .
HEenocpeACTBEHHO HA TeppuUTopuUKM bBbiBLIETO
TPAKTOPHOro 3aBoAa. MectoobuTaHWe: ra3oH C
NCTOPUYECKMMM NocagKkamm bepesbl U KycTap-
HUKOM (cm. puc. 1). Obwan naowaab obcneno-
BAHHOTrO y4acTKa cocTaBu/a nopsaka 80 m2,

o P

TR

Puc. 1. O6uwunit BUA yyacTka mectoobutaHus rpubos (cnesa), V. bohemica cpean onaaa npoLunoroaHen nu-
cTBbl (cnpasa). ®oto aBTopa. 20.05.2014 r.

Fig. 1. General view of the habitats of fungi (left), V. bohemica among the litter of last year's foliage (right).
Photos by the author. 05/20/2014

Buabl rpnboB COOTBETCTBYHOT OMMUCAHUAM
M3 3/1eKTPOHHOro CnpaBoYHWKa (Areees, by-
NboHKoBa, 2017). B yactHocth, y V. bohemica
WNAMKA NPUPACcTAeT K HOMKe TO/IbKO Ha ca-
MOM BEpPXYLUKE, HUXHWIA Kpal WANAMNKKA CBO-
604HbIN (OTIMYME OT CMOPYKOB — HACTOSALLENO
N KOHMYecKoro). Mpubbl 3penble, Ha YTO YyKa-
3bIBAeT NoNaa HoXKa. [na L. scabrum xapak-
TEePHA MJIOCKO-BbINYKAA WAAMNKA, YTO OTBEYa-
eT 3penblM 3K3emnaapam. MNoBepxHOCTb cyxan
TEMHO-KOopUYHeBaA. HoXKKa UMnMHapuyeckas,
pacLMpAOLLAACA K OCHOBaHMIO, cepas uam be-
NI0BaTan, MOKPbLITA CEPbIMU U YEPHbIMM YeLlyin-
Kamu. MakoTb 6enan, Npu NoBpexxaeHun LBseT
MOYTU HE U3MEHSET.

Onsa uccnepoBaHMA Mcnonb3oBanncb cbop-
Haa npoba V. bohemica w 4 3K3emnaapa
L. scabrum. Hebonbwon obbem un3BATOrO
Ha y4acTKe maTepuasia W BblABNEHME JINLWb
ABYX BUA0B rpnboB, Kak Ham npeacTaBaseTcs,

B KAKOM-TO CTEMNEHWN KOMMEHCUPYIOTCA PeaKnUm
HaxoXAeHMEeM MaKPOMULETOB B 30HE 3HAYU-
TE/IbHOro NPOMbILINIEHHOTO 3arps3HeHun, bes-
YC/IOBHO, CKa3bIBaOLWErocs Ha UX 3/IeMEHTHOM
cocTaBse. B Hawem cnyyae apyrnx mectoobuta-
HUMMA Ha OblBWEN NPOMbIWAEHHON MAOLLAAKE
0b6HapyKWTb He y[anoCb, HECMOTPA HA TWA-
TenbHoe ee obcnesoBaHue.

B KauecTBe KOHTPO/bHbIX (pOHOBLIX) NPob
npoaHanu3MpoBaH matepuan L. scabrum, oTto-
6paHHbIN oceHblo 2014 r. B YCNIOBHO YMCTOM,
CcBOOOAHOM OT BbIOPOCOB CTAaLMOHAPHbIX M Nne-
PeABUMKHbIX MCTOYHUKOB, 30HE B MPAXKMHCKOM
panoHe Pecnybnumku Kapenus (toro-BoctouHee
03. CBATO3€epO) U AOMNONHEHHbIN HOBbIMW 06-
pa3LaMun C 3TOM Ke TeppuTopun B CeHTAbpe
2018 .

OugeHKa coaeprKaHMA XMMUYECKUX dNEeMEH-
TOB B NMOYBEHHOM CybCTpaTe Ha JAHHOM y4yacT-
Ke NpoBOAMAACH C UCMO/Ib30BAHMEM aHANIN30B
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npo6, otobpaHHbIX B 2010 1 2014 rr. (maii m
MIOHb COOTBETCTBEHHO). 3aKpbiTMe 3aBoAa B
2008 r. UCKNHOUYMNO BO3MOXKHOCTb Aa/ibHenLe-
ro 3Ha4YMTENbHOrO A3POreHHOro 3arpA3HeHuA
TEPPUTOPUMN, B TOM YMC/Ie OT FNaBHOMO UCTOM-
HUKa TAXKENbIX MEeTa/NIoB — /JINTEMHOro Lexa,
pacnonarasweroca B 150 m oT yyacTka otbopa
0bpasuos.

MeTtoabl

[na n3yyeHma noys M rpyHTOB MCMNOJIb30Ba-
JICb cneaytolme MeToabl:

e re0OXMMMUYeCcKoe onpoboBaHMe C y4eToM
CylLecTBylOWMX pekomeHgaumnii (Haumo-
HaNbHbIN cTaHAapPT..., 2008);

e MNOArOTOBKA BaJIOBbIX NPO6 K aHaNUTU-
YEeCKUM UCCnenoBaHUAM;

e OnpeseneHne cogepxaHma 50 xu-
MWYECKUX 3SNEMEHTOB MEeTOAOM  Macc-
CNEKTPOMETPUM C WMHAYKTUBHO-CBA3AHHOWM
nnasmoii (ICP-MS) Ha 6a3e WHcTUTYTa reo-
norumn KapHL, PAH.

[eoxumuueckoe onpobosaHue NPoOBeAEHO B
noHe — ntone 2014 r. 8 60 TouKax, pacnpege-
JIEHHbIX NO BCEN MPOMbILW/IEHHON Naowaake
Ha y4acTKax, cBOOOAHbLIX OT OCTaBLUMXCA MNO-
NlypaspyLleHHbIX KOopnycoB 3aBoga W HOBOW
3aCTPOMKK, a TaK¥Ke YaCTUYHO 3a npesenamu
NAOLWAAKN B NpMMbIKatoLLen 3oHe (50—60 m oT
ObIBLUMX UCTOYHMKOB 3aBOACKMX BblbpocoB). B
LeNomM NpUMeHsnacb KOMbUHaLMA OLLEHOYHO-
ro n perynsapHoro otbopa npob.

Mpobbl oTbupanuck U3 BepxHero (He rny6-
e 10 cm) cnoa NoYBEHHO-TPYHTOBOWM TOJILLM.
MpenBapuTenbHO mecto otbopa Npu Heobxo-
ANMOCTM 0CBODOXKAAN0Ch OT KPYMHbIX KAMHEN,
BETOK, OCTaTKOB /INCTBbI M TpaBbl. Bec Kaxkaomn
oTobpaHHOM Npobbl cocTaBnan okono 500 r. B
oTbope nNpob NpMHUManu yyactme ctygeHTsi Il
Kypca ropHo-reonornyeckoro ¢akynbreta [le-
TPO3aBOACKOrO roCyAapCTBEHHOIO YHUBEPCU-
TeTa, NPOXOAUBLUME MPOU3BOACTBEHHYIO MpPaK-
TUKY.

MoaroTtoBKa BanoBbix NPob K aHanM3am npo-
BOAMNACb B HECKO/IbKO 3Tanos: 1) BbiCylMBa-
HWe Npob B KOMHATHbIX YCI0BUAX; 2) LONONHU-
TeNlbHOe WUX 0CBOOOXKAEHME OT NMOCTOPOHHErO
MaTepuana (Menknux KamHeln, oCTaTKOB PacTu-
TENbHOCTU U T. N.); 3) py4yHOe pa3aenieHne Ha
dpaKLMKM KPYNMHOCTM C UCMONIb30BaHMEM Habo-
pa cuT c auerkamum pasmepom: 1.0, 0.5, 0.25 u
0.1 mm; 4) nsmenbuyeHune (gpobneHune, pactm-
paHue).

AHanus MmeToaoOM macc-criekmpomempuu
C UHOYKmMueHo-ces3aHHol nnaasmotli (ICP-MS)
nposesgeH B UHcTUTYTe reonorum KapHL, PAH no
CTaHAapTHOM meTogmKe (CBeToB u ap., 2015).

Mpu 06paboTKe MNONYYEeHHbIX reoxmmuye-
CKMX OAHHbIX METOAAMM MaTeMaTUYeCKoM cTa-
TUCTUKM NPOBEPAIACh r’MNoTe3a O HOPMAJIbHO-
CTU pacnpeaeneHns KOHUEHTpauun xmmuye-
CKMX 3/IEMEHTOB, PaCcCYUTbIBAIUCL ANUCNEPCUM,
CTaHAapPTHbIE OTKNOHEHUA U CPefHne 3Haye-
HUWA. PacuyeTbl OCYLLECTBASANNCL C MOMOLLbIO
CTaTUCTMYECKOro nakeTa «AHanu3 AaHHbIX»
nporpammbl Microsoft Excel.

MogaepHU3NpPOBaHHbIM (BoasHuu-
Kuii, 2008) cymmapHbIi MokasaTenb 3a-
FPA3HEHUA  paccuuTbiBascA no  dopmyne:

8 :iKET—(n—l},

i=1

(1)

rae K_=K_e K_— koapduumeHt KOHLIeHTpa-
UMM i-r0 3N1eMeHTa, NPEeBbIWAWMA eaNHULY
(K), y4uTblBalOWMM KNacc OnacHOCTU TOKCK-
kaHTa (K ). LnAa 1-ro knacca onacHoctm K = 1.5,
ana 2-ro—1, ana 3-ro—0.5.

O6pasubl rpMboB TWATENbHO OYULLANIUCHL OT
YacTMYeK NoYBbl, TOHKO Hape3a/nCb, BbICYLIU-
BAa/MCb HA BO3A4yXe M OKOHYATe/NbHO noagep-
ranncb U3MeNb4eHU0 B KOPEMOJIKE HOXKEBOTO
TMNa. 3aTem Mo/sly4eHHble NPobbl aHaNU3npPo-
Banucb metogom ICP-MS B MHCTUTYTE reono-
rum KapHL, PAH.

C NnomoLWpbl0 CpaBHEHUA C AEWUCTBYHOLLMMMU
NAK ana Cd, Pb, Zn n Cu (MpeaenbHo gonyctu-
Mmble...,1986;CaHMTapHO-aINMAEMNOAOTNYECKNE
npasuna..., 2001) oueHeHa onacHOCTb U3yYeH-
HbIX TPMBOB B Cy4yae MX BO3MOXKHOIO ynoTtpe-
6n1eHuns B nuwy. MNpun 3TOM OUEHKA AaHa C yye-
TOM NPUHATOrO COAEPKAHUA B MCXOAHOM NpPO-
AYKTe (cBexux rpnbax) nopaaka 90 % soapl, B
cyxmx rpnbax — 10 %. Hg B rpubax He onpepge-
NnAnacb U3-3a OTCYTCTBMA Heobxogmmoro obo-
PYAOBAHUA.

C wucnonb3oBaHMem BCeEX MNPOaHANU3UPO-
BAHHbIX 3/1€MEHTOB NPOBEAEHO CpPaBHeEHME
AaHHbIX MO 3arpsA3HeHHbIM obpa3uam c aB-
TOpPCKMMKU OHOBbIMM onpeaeneHnamn (gna
L. scabrum), BbINONHEHO COMOCTaBAEHME CO-
AEPXKAHUA 3N1EeMEHTOB MeXay LWAsANKamu u
HOXXKamu L. scabrum, a Takxe mexay Bugamm
MaKPOMMWLLETOB, PaCcCYMUTaHbl 3HAYEHUA UHAEK-
ca akkymynauum (I ). Ana rpapmyeckmx nocrpo-
€HUM NPUMEHANCA NaKeT «AHanNM3 AaHHbIX»
nporpammbl Microsoft Excel.

Pe3ynbratbl
YpOGHu 302pPA3HEeHUA no4e U epyHmoe

[Onsa pacyeta meAmaHHbIX 3HAa4YE€HUN WU Bbl-
ACHEHUA MPefenoB COAEPXKaHUA XMMUYECKUX
3/1IEMEHTOB B WMCXOAHYIO BblOOPKY BKJIOYEHDI
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[aHHble No 60 npobam NOYB U rPYHTOB, BKAO- TaTbl pacyeTa A/1A pALa 3/N1eMEHTOB npusese-
yaa 7 pe3ynbTaToB, YCPeAHEHHbIX M3 ABYX Hbl B Tabn. 1.
aHanM308B (OCHOBHOTO M NOBTOPHOrO). Pe3ynb-

Tabaumua 1. MeaunanHoe (x,, ), npegenbHoe (x ., x ) COAepxaHue 31eMeHTOB B BEPXHEM C/10€ NOYBO-
I'pyHTOBOM Tonwwm (no d)paKu,MM < 0.1 mm), Knapku no A. IN. BuHorpagosy (CnpaBoyHuK..., 1990), pervo-
HanbHbIM ¢oH (x . ) (Pepgopeu, u ap., 2008), cpeaHee coaeprkaHue B NoYBax r. I'IeTpo3aBo,D,CKa (xnem)
(PbibakoB u gp., 5813), Knaccol onacHoctu, NAK n OOK (MeToguueckue ykaszaHus..., 1992; MrueHude-
CKMe HopMaTuBbl..., 2006, 2009), nokasaTenn BpeaHocTu (TurneHnyeckas oueHKa..., 1999): nsmepaemble
3HaYeHUA NPMBOAATCA B MI/Kr

Table 1. The median (x,, ), the limiting (x _, x ) content of elements in the upper layer of soils (by
fraction < 0.1 mm), clarkes. by A. P. Vmogradov (nHandbook , 1990), regional background (x , ) (Fedorets
et al., 2008), average content in the soils of Petrozavodsk (x .) (Rybakov et al., 2013), hazard classes,
IVIPCs and TPCs (Guidelines..., 1992; Hygienic standards... 2006 2009), and mdlcators of harmfulness
(Hygienic assessment ., 1999): the measured values are given in mg/kg

Mapametp Pb Zn As Cd Co Ni Cu Mo Cr Sb Mn \Y W  Sn
Xy 390 494 8.92 1.14 21.3 120 207 27.1 277 6.25 2140 228 71.5 14.7
X 499 112 ~1.97 0.45 8.14 31.2 72.7 1.26 36.1 1.14 774 ~35.1 ~0.89 3.00
Xom 234503020 32.0 5.63 83.4 1270 2320 198 2700 31.5 7200 13740 2490 244
Knapk 16 83 1.7 013 18 58 47 11 83 05 1000 90 13 25
X 15 20 M 10 10 20 10 M a0 M 200 He onp.

onp. onp. onp.
Xpeo.  20.6 821 2 136 7.05 19.4 31.5 0.94 30.4 0.62 399.3 62.6 0.75 1.9
Knacc N

OACHOCTH 1 1 1 2 2 2 2 1 2 3 3 3 -

NAK nan
oK 55 2 05 ° 0 e He 45 1500 150 e Me

onp. onp. onp. onp. onp.

K. = Xye/Xpou 26.0 247 4.46 1.14 2.13 571 599 289 6.92 10.1 10.7 3.65 95.4 7.74

[MoKasatenu BpeaHOCTH
K, 35 2 4.5 3500 170
K, 260 15 4.5 1500 350
K, _ _ _ -
K, 32 10 50 1500 150

namx, =x,. .3.[lokasatenn BpeaHocTH: K, — TpaHc-

MpumeyaHue. 1. * — no: BogaHuukuit, 2008. 2. x o
NIOKAUMOHHbIN, K, — BOAHbIW, K, — BO34YLIHbIN, Kb o6pu4ecaHM‘?fapr|M

Note. 1. * — by: Vodyanitsky, 2008. 2. x, = x , or x, = X,_.. 3. Indicators of harmfulness: K, — translocation, K, —
migration in water, K, — migration in air, K general h&alth and sanitary.
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MpoBeaeHO coMoCcTaBNeHME PACCYUTAHHbIX
MeANAHHOIO MU MaKCMMA/NIbHOrO COoAEepKaHuA
31EMEHTOB C UX CPEAHUM COAEPKAHNEM B 3€M-
HOM Kope — Knapkamu no A. M. BuHorpagosy
(cm. Tabn. 1). B cnyyae megmaHHbIX 3HAYEHUN
3NeMeHTbl Pa3buTbl Ha creayolmne rpynnbi
(npeBblWweHWe KNapKa, pas):

e 6bonee 1000 -Te, .
e« 0T 100 40 10 - Se67 1W55 0M024 7Pb24 4Sbl
Bi12 3 | | | |
odTlOAOS_Cdsm 5.95
e0T75 a0 1-Hf,_Cu, Cr
Ni, Ti. Ba '

C Z 4.39
2.07 ° '1.52 1.23 01.19 r‘1.00

MeaunaHHoe coaep)kaHue ocTanbHbIX 28
3N1eMEeHTOB He MpPEBbIWAET KNapPKOBbIX 3HaYe-
HUN.

CnnCOK 3/1IEMEHTOB, MakCMMasibHOe coaep-
YKaHMe KOTOpPbIX NPEBbILIAET K/1apKu bosee yem
B 3 pasa, BbIrNAAMT cieayowmnm obpasom:

e bonee 1000—-Te.. W._._ Bi._ Pb

2596 1915 1843 1466
« 07500 0 100 -Se, Mo V. Ag,,
« 07100 80 50-Sn, Sb_ .
e0T 50 go 10 — Cu

Cd
As g sHf 6

2.5

Zn__Sn___As

5.88 5.24

V

2.54

an_

3.33Ag2461

49.4 43.3zn36.3cr32.6N|21.9

eor110805—-Mn_, 7Zr .

eoT5003-P,_Co, _.Ba,  Ti

4.72 4.63 451 '3.90

3TOT CNUCOK NPaAKTUYECKN NOBTOPAET Npea-
bIAYWMIA 33 WUCKAOYEHWEM AonosiHeHus P B
HUXKHEeM Trpynne M HEKOTOPbIX NepemeLLeHUin
MeXAay rpynnamm.

ObpalLaeT Ha ceba BHMMaAHWE 3HAYUTENb-
HOe coAep*KaHue B U3yYEeHHbIX NOYBaX M rPyH-
Tax Te (ot 0.25 go 2.6 mr/kr). MakcumanbHoe
cogepaHune Te 3aduKcupoBaHo B npobe, B
KOTOPOW TaK»Ke onpeaeneHo Hauvbonblee w3
Bcex cogepskaHue (mr/kr): Se (20.3), Zr (971) n
Hf (14.6).

B Tabn. 1 npmuBeaeHbl cBeAEHUA O Knaccax
onacHoctv, NAK (OAK), nokasatensx BpeA-
HOCTU M (GOHOBOM COAEPKAaHUN OCHOBHbIX
3N1EeMEHTOB-3arpA3HUTENEN N3yYaeMON Teppu-
TopUKU. INA HEKOTOpPbIX 3/eMeHTOoB HOHOBOE
coaeprKaHue He BblICHEHO, MO3TOMY MpPWU pac-
yeTax no ¢opmyne (1) ncnonbsyetca nx cogep-
*KaHue B nousax r. MNeTpo3aBoacKa (6e3 yyeTa
CTAaTUCTUYECKN aHOMANbHbIX «TPEXCUTMOBbBIX»
3Ha4yeHWI)? 6ansKoe K KnapKy (cm. Tabn. 1).

B Tabn. 2 nokasaHbl YPOBHW 3arpAsHeHun
NOYB XMMUYECKMMM SN1EMEHTAMMU.

Tabnumua 2. OueHKa CTENEHN XMMUYECKOTo 3arpsisHeHUs noysbl (CaHMTapHO-3NMAEMMNOIOTMYECKME TPe-
6oBaHus..., 2003)

Table 2. Assessment of the degree of chemical soil contamination (Sanitary-epidemiological
requirements..., 2003)

CoagepraHue B nouse, Mr/Kr

KaTteropusa 3arpasHeHus Z_nous
1 Knacc 2 Knacc 3 Knacc
Yucrasn Ot ¢doHa po NAK Ot dpoHa go NAK OT doHa po NAK -
[lonycTumas Ot 2 poHOBbIX Ot 2 dpoHOBbIX Ot 2 dpoHOoBbIX <16
Y 3HavyeHu go NAK 3HaveHun go NMAK 3HayeHumin go NAK

YMmepeHHO onacHas OrnNAKmo K 16-32
OnacHas OtnaKmoK OrnAK mo K >K 32-128
YpesBblyaliHO onacHas >K >K > 128

MpumeyaHwue. Kmax — MaKCMMaJibHO€E 3Ha4vyeHne JonyCTMMOro ypoBHA CoAepPXKaHUA an1eMeHTa NO OAHOMY U3

yeTblpex rnokasaresnen BPEAHOCTU.

Note. K §
of harmtulness.

—the maximum value of the permissible level of the element content for one of the four indicators
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dnemeHTbl, ONA KOTOPbIX AENCTBYHOLWMMMU
HOpMaTMBaMKM YCTAHOB/IEHbl BaJsioBble rpe-
0EeNbHO NN OPUEHTUPOBOYHO A0NYCTUMbIE KO-
nuyectsa (MAK / OOK), dopmupyroT no npesbi-
weHuto NAK (OAK) B necyaHbIX U cynecyaHbIx
noysax c yuetom GpoHa UM KNapkKa cneayrouimne

paabl (pas):

e N0 MeAMaHHOMY 3HAYEHUIO: Pmeng_61
Cu, . Ni, As. Mn Sb .V . Cd

4.99 1.29 1.28 "~ 0.92 0.297

¢ N0 MaKCMMaibHOMY 3Ha4yeHuto: Pb
Cu, Ni_ 7Zn_ _As _.Cd. _Sb __Mn

.0 70.00 624 15.1 9.26 6.88

B KauectBe POHOBbIX 3HAYEHUI NPUHATO Me-
AnaHHoe cogeprkaHue Pb, Zn, Cu, Mn, Ni, Cd B
nousax Kapenuu (cm. Tabn. 1). Ana ocTanbHbIx
3N1EeMEHTOB pacyeTbl CAeNaHbl C Y4eTOM Knap-
KOBOTrO COoAEeprKaHuA.

Hanbonblias 3KoNOrMyeckas OMNacHOCTb
CBAi3aHa C MeIbYaLLIMMM YaCTULLAMM NbIAU, KO-
TOpble MOTyT NPU NPOBEAEHUU CTPOUTENbHDbIX,
norpy3oYHbIX paboT nam pasHoce BETPOM No-
nagaTthb B OpraHbl AblXxaHMA pabounx u xKutenemn
ropoga. B cnyyae ecnm aTm YacTuubl cogepkat
TOKCUYHbIE BELLEeCTBA, MX ONACHOCTb BO3pacTa-
eT. Kpome TOro, onacHble 3/IeMeHTbI, cocpeno-
TOYEHHbIE B MblJIEBATbIX YAaCTULLAX, MOTYT Jierye
nonagaTb B NOBEPXHOCTHbIE U FTPYHTOBbIE BOAbI,
N3BIEKaTbCA pacTeEHMAMMU. B cBA3M € 3TUM C no-
MOLLbIO NpPeacTaBAEHHbIX FTEOXMMUYECKUX PA-
[0B 1 Tabn. 1 n 2 oueHnBaeTca CTeNeHb XMMMU-
YyecKol onacHocTu ¢paKkuum KpynHoctm < 0.1
MM M3y4YaeMbIX TEXHOTeHHO 3arpsA3HEeHHbIX
MOYB U FPYHTOB, COAEPMKALLMX TAaKME YacTuULbI.

AHanuM3 nokasbiBaeT, YTo MO MeAMaHHO-
My coaeprkaHuto Pb, npesblwatowemy K.
(260 mr/Kr), 3arpsasHeHne Ha 6onbluel YacTu
N3y4YEHHOW TEPPUTOPUM OTHOCUTCA K KaTero-
pun «4pesBblYaiHO onacHaa», Zn, Cu, Ni, As,
Sb — «onacHasa», Mn, — «ymepeHHO onacHasay,
V — «gonyctumasn». OTmeyeHo, yto MAK (O4K)
Pb, Zn, Cu n Ni npeBbiweHbl B 100 % TO4eK oT-
6opa npob. Tak, MaKCMMasibHOE coaepyKaHue
Pb (23450 mr/Kr), aBastoLLerocs npexae Bcero
0TXO040M /INTEMAHOro NPON3BOACTBA, NPEBbILLa-
et NAK ana noys 6onee yem B 730 pas, MUHU-
manbHoe (49.9 mr/kr) — B 1.6 pasa.

B npobax TexHOreHHoro rpyHTa, otobpaH-
HbIX B MECTaX JIMKBMAMPOBAHHOIO MOJIOTHA XKe-
NIe3HOMN A0POrY B CEBEPHOM U LLEHTPA/IbHOM Ya-
CTAX 3aBOACKOWN TEPPUTOPUU, B 3HAYUTENbHbIX
Ko/IM4YecTBax NpucyTcTBytoT (NpesbiweHne OAK
¢ yuyetom ¢poHa): Cu (ot 16.7 o 70), Zn (o1 15.8
00 54), Cd (ot 3 0 9). Ha aTux ke yyacTkax no-
BbllUeHO coaepXaHue (mr/kr): W (680-2490),
Mo (27.7-170), Bi (0.21-0.35), Sb (6.86—31.5
nnu 1.4-6.9 NAK).

3.61

732V91

54.5 467"

B palioHe ObiBLIEN 33aBOACKOM KOTENbHOMW,
paHee paboTaBLle Ha Ma3yTe, MOYBblI CUNbHO
3arpasHeHbl V (ot 8 go 91 NAK ¢ yyeTom Knap-
Ka) n Ni (ot 12 go 62 OAK c yuetom ¢oHa).

CTaTUCTMYECKM aHOMaNbHOE coaepKaHme Sn
(203-284 mr/Kr) 1 pe3ko MoBblWEHHbIE KOMN-
yectsa Zn (1760-2650 mr/kr unmn 32—-48 NAK)
obHapyeHbl 3a nNpeaenamm NPou3BOACTBEH-
HOM NNOLWAAKM, B 3aBOACKOM Napke «AmKa»
Ha NPOTUBONO/IOXKHOM bepery p. JIoCOCUHKa.
CopeprkaHue Pb B aTux npobax gocturaet 890—
1130 mr/Kr (B 2010 r. B 3TOM Ke TOYKe 3adPuK-
CMPOBaHbl CXOAHbIEe KOHUEHTpauuu (Mr/Kr): Sn
—267,Zn—1840, Pb — 1040).

BennunHa Z_ ana mesinaHHOTO coaepaHua
31eMEHTOB-3arpA3HUTeNEN, NPUBEAEHHbIX B
Tabn. 1, yuntbiBaeMblx Npu ee pacyete no pop-
myne (1), coctasuna 193.4 (Z = 220.5 — Ges
yyeTa cTeneHu TOKCMYHOCTU 3anemeHToB). Co-
rnacHo Tabn. 2, No sToMy NOKasaTesnto 3arpss-
HEHME CaMOM MENIKOM U3 U3yveHHbIX GpaKkummn
MOYB U FPYHTOB B LLEJIOM COOTBETCTBYET KaTe-
ropuun «4ypessBbl4aliHO onacHas». pu 3Tom K
AAHHOM KaTeropum 3arpAsHeHua OTHOCUTCA
75 % Touek otbopa Npob, a K KaTeropmum «onac-
HaA» — ocTanbHble 25 %.

3arpA3HeHne OTHOCUTCA K KaTeropmm «4pes-
Bbl4alHO onacHas» 1 no npesbliweHuto NAK Ta-
KOro 3nemeHTa NepBoro Kaacca onacHoOCTH, Kak
Pb. 13 100 % 2/3 Touek onpoboBaHus cooTBET-
CTBYIOT KaTeropuu 3arpsdHeHua Pb «uypesBbl-
YyalHo onacHaa». Mpu atom 3.3 % onpeapene-
HWIA B BbIbOpPKEe He nepeceKarTca ¢ Npobamm
KaTeropum «4ypessBbl4allHO OMacHas», BblAB-
NEeHHbIMW MO KpuTeputo Z_. Takum obpasom,
He meHee 78 % mecT oTbopa npob no dppakumm
< 0.1 mm cnepyeT OTHECTU K KaTeropuu 3arpas-
HEHWA «4pe3Bbl4aliHO OMACHaA», @ OCTa/ibHble
— K KaTeropuu «onacHas».

C 6onee KpynHbIMK GpaKkuMAMM, 33 PeLKUM
NCKNIOYEHNEM, CBA3AHO MEHbllee CcopepiKa-
HWe 31eMeHTOB-3arpA3HUTEeNEN, B CBA3M C YEM
Nno cpegHUM 3HAYEeHUAM, PACCYMTAHHbIM C y4e-
TOM BbIOPAHHOIO 3aKOHA pacnpeneneHns, oHu
nonaaatoT B KaTeroputo «onacHaa» (tabn. 3).

OTcyTcTBME OonpeaeneHmin GoHOBOro coaep-
*KaHuAa Te, Bi n Se, KOHUEHTpPaAUMM KOTOPbIX B
3arpA3HEeHHbIX NOYBAX U FPYHTAX MHOTOKPATHO
NPEeBbLILAIOT KAAaPKOBble 3HAYEHUA, HE MO3BO-
INNO paccumTatb KOIPPULMEHTbI KOHLEHTpa-
UMM 3TUX anemeHToB. COOTBETCTBEHHO, MpwU
onpegeneHnMn CyYMMapHOro noKasaTensa 3a-
rPA3HEHMA OHW HEe UCMO/Ib30BA/IUCD.

CaHluH 2.1.7.1287-03 [13] ycTaHaBAMBaeT
npaBuna Mo MCMNO/Ib30BAHUIO MOYB B 3aBUCK-
MOCTW OT KaTeropum ux 3arpasHeHus (tabn. 4).
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Tabnuvua 3. PacyeT CyMMapHOro nokasaTesia 3arpAsHeHna 41A CPEAHNX 3HAYEHUI COAePKaHMA INeMeH-
TOB (Mr/Kr) no ppaKkumam KPynHOCTH (Mm)

Table 3. Calculation of the total pollution index for the average values of elements content (mg/kg) by
particle size fractions (mm)

Xy, MT/KT X mr/ Kcr,
InemeHT $ot.

1.0-0.5* 0.5-0.25 0.25-0.1 <0.1 KT 1.0-0.5 0.5-0.25 0.25-0.1 <0.1
Pb 674.0 334.1 295.5 536.4 15 49.08 24.33 21.52 39.06
Zn 541.7 451.0 500.8 854.5 20 9.90 8.24 9.15 15.61
As 4.05 3.34 3.80 7.80 2 3.04 2.51 2.85 5.85
Cd 0.58 0.45 0.59 1.10 1 <1 <1 <1 1.18
Co 13.9 9.89 12.2 20.8 10 1.96 1.39 1.72 2.93
Ni 52.8 43.4 51.0 90.6 20 2.72 2.24 2.63 4.67
Cu 146.8 83.9 89.7 156.2 10 4.66 2.66 2.85 4.96
Mo 7.60 4.86 8.46 20.49 0.94 8.09 5.17 9.00 21.80
Cr 105.6 71.8 99.9 214.7 40 5.21 3.54 4.93 10.59
Sb 2.44 1.79 2.29 4.53 0.62 3.94 2.89 3.69 7.31
Mn 1402.5 1006.6 1086.4 1754.3 200 1.76 1.26 1.36 2.20
\% 104.3 77.5 111.4 204.2 62.6 <1 <1 <1 1.63
\ 14.2 12.7 20.4 58.5 0.75 9.47 8.47 13.60 39.00
Sn 70.4 49.0 41.1 69.1 1.9 18.53 12.89 10.82 18.18
Z 107.3 64.6 73.1 162.0

MpumedaHue. 1. * — dpakUMmM KPYNnHOCTU, MM. 2. [laHHble NO CPeAHUM 3HaYEHUAM KOHLEHTpaLUMi Npu-
BeAeHbl Ana 8 06pasLOB, M3 KOTOPbIX BbiAeneHo no 4 ¢pakumu KpynHocTu. 3. 3a GOHOBbIe 3HaYeHMA
MPUHAT PErMoHanbHbii GOH UK CoAEPIKaHME SNEMEHTOB B NoYBax r. [eTpo3aBoacKa (6113Koe K Knapky)

(cm. npumeyaHue 2 B Tabn. 1).

Note. 1. * — particle size fractions, mm. 2. Data on average concentrations are given for 8 samples, each of
which are separated into 4 particle size fractions. 3. A regional background or content of elements in the
soils of Petrozavodsk (close to clark) is adopted as background values (see Note 2 in Table 1).

Takum 0b6pasom, pesynbTaTbl UCCAEL0BAHUM
NOATBEPAMAN HaNMUYME 3HAYUTENbHOIO OCTa-
TOYHOTrO (HaKOM/IEHHOro) 3arpsA3HEHUn TAXe-
NbIMU MeTanNaMM U MeTannoMaamu Mnoys u
rPYHTOB B LEHTpanbHOM YacTu r. MNeTpo3asoa-
CKa.

HaKonneHue MOKCUYHbIX 371€eMeHmMoe8 8
Makpomuyemax

Hopmupyemosie mokcukaHmel. B Tabn. 5
NPeACTaBNEHO CoAepyKaHMe OCHOBHbIX (Hop-
MUPYEMbIX) TOKCMKAHTOB B MAKpPOMMLIETAX,
CObpaHHbIX B 30HE 3arpA3HEHNA Ha NaoLWaaKe
3aKpbIBLUEroca TPAKTOPHOro 3aBoAa.
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Tabnunua 4. PekomeHaaumm no UCnosib30BaHUIO NOYB B 3aBUCMMOCTM OT CTEMEHWN UX 3arPsi3HEHMUA
Table 4. Recommendations on the use of soils depending on the extent of their contamination

KaTeropwusa

PeKoMeHZaLMW No UCNONb30BAHMIO NOYB
3arpA3HeHuns noys

Yucran Ncnonb3oBaHue 6e3 orpaHuyeHui

Jonyctuman Ncnonb3soBaHue 6e3 Ol'paHM'-IEHMﬁ, NCKNtoYaA 06beKTbl MOBbILEHHOTO PUCKa

Mcnonb3oBaHMe B XoAe CTPOMTENbHbIX PaboT Nof, OTCbINKM KOT/I0BAaHOB U
YMmepeHHO onacHaa BbIEMOK, HA Y4aCTKax 03e/1eHEeHMA C NOACLIMKOM CN0A YNCTOrO FPyHTa HE MeHee
0.2m

OrpaHMYeHHOe NCNo/b30BaHMe Mog, OTChbIMKM BbIEMOK U KOT/IOBAaHOB

C NepeKpbITUEM C/I0EM YMCTOTO FPYHTa He meHee 0.5 m. Mpu Hanuumum
OnacHas 3NNAEMMNONOTMYECKON ONACHOCTM — UCMO/Ib30BaHWE NOC/e NPOBeAeHMUSA

nesnHbeKkumn (ae3nmHBasnmn) No npeanmcaHnio oOpraHoB rocCaHaNUACAYKObI C

nocaeayolmm nabopaTopHbIM KOHTPOIEM

BbIBO3 M yTMAM3ALMA HA CNELNANN3NPOBAHHbIX MOAUTOHaxX. Mpy HaAUYUm
YpesBblyallHO  3MMAEMMOJIOTMYECKOM OMNACHOCTU — UCMO/Ib30BAHME NOCAE NPOBEAEHNS
onacHas aesnHoekumn (a4esnHBasmm) no npeanmMcaHuio OpraHoB rocCaHaNMUACAYKbbI €
nocsieayroLLMm N1abopaTopPHbIM KOHTPOIEM

Tabnuua 5. CopeprrkaHne TAXKeNbIX METaNI0B B MAaKPOMMULLETAX U MOYBEHHOM CybCTpaTe NPOMBILLIEHHO
3arpA3HEeHHON TePPUTOPUM, MI/KI BO3Z4YLIHO-CYXOW MacChbl

Table 5. The content of heavy metals in macromycetes and soil substrate of industrially contaminated
territory, mg/kg of air-dry sample

ObbeKT Pb Cd Zn Cu
npeaenbl 1.53-14.3 0.366-2.47 96.3-300.7 20.1-31.0
L. scabrum (wnsnka), n =4
meanaHa 9.42 0.606 149.8 23.2
npeaenbl 1.04-4.18 0.146-0.981 65.0-119.2 7.07-16.7
L. scabrum (HoXKa), n=4
meauaHa 2.44 0.189 84.1 10.2
L. scabrum (WwnaAnKa), KOHTPOb 0.360 1.83 140.1 12.8
L. scabrum (HOKKa), KOHTPO/b 0.397 0.607 86.7 8.04
V. bohemica (cbopHas npoba) 2.38 0.315 341.5 92.0
MouBa Ha 3arpa3HeHHOM y4acTKe cbopa rpnbos
52010 1. (y6uHa 0-0.1 m) 92.7 0.304 168.4 66.2
To ke (rnybuHa 1 m) 705.0 0.432 257.3 559.3
MouBa Ha 3arpAa3HeHHOM y4acTKe cbopa rpnbos
82014 1. (my6uHa 0-0.1 M) 117.8 1.15 392.6 181.1
MNAK B rpubax 0.5 0.1 20 10

MpumeyaHue. NAK npuBogmMTCca B nepecyeTe Ha UCXOAHbIN MPOAYKT C yHETOM COAEPHKAHUA CYXMX BELLECTB
B HEM M B KOHEYHOM NPOAYKTE.

Note. MPCs are %iven in terms of the initial product, taking into account the content of dry substances in
it and in the final product.
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N3 T1abn. 5 BuaHo, 4yto 6onblie Bcero Pb
n Cd HakannuBaeTca B waAnkax L. scabrum,
Zn n Cu — B V. bohemica. MNpesbiweHne MAOK
(Ha cbipyto Mmaccy) oOTMevaeTca B LWAAN-
Kax (Pb, Cd, Zn) u Hoxkax (Cd) L. scabrum
n B V. bohemica (Zn, Cu). CopepkaHue Cd B
WAANKAX KOHTPOJIbHbIX 06pa3suos L. scabrum
Takke npesblwaetr MNAK (1.16-3.34 mr/Kr).

CpasHeHue ¢ ¢poHom. CopeprkaHmne Pb, U,
Bi, Y, 2TR, W, Th, Ba, Cu, Ag n Ni B wnsankax
L. scabrum BO Bcex cnyyasx npesbiwaeT ¢o-
HOBble 3Ha4YeHuA (puc. 2). B HOXKKax AaHHOrO
BUAA YNC/IO TAaKUX INeMeHTOB MeHblue: Pb, U,
Bi, Ba n Ag (puc. 3). Ins meamnaHHOro coaeprka-
HWA B YCNIOBMAX OCTAaTOYHOIO NPOMbILIAEHHOMO
3arpA3HeHuA anemeHTbl GOPMUPYIOT cnepyto-
lWme paabl NpeBblleHnin Hag doHom: Pb >> U
>Bi>Y>ZXTR>W >Th >Ba > Cu > Ag > Sr
> Ti > Ni>Zr > Nb > Sb = Zn (wnsankn) n Pb >
U>Bi>Ba>Ag>Th>W>ITR>Cu>Y>Ti
> Tl (HOXKHK). Kpome Toro, MHoraa K aTum ane-

C'/C g (urmarmm)
100 -

MeHTam moryT gobasnatbea: Tl, Cd, Li (wnan-
Ku), P, Cd, Zn, Hf, Zr, Ta (HoxKM) (cm. puc 2, 3).

B L. scabrum poHoBOe coaepKaHue Sc, Rb,
Cs, Sn, Co, Mo 1 Mn BO Bcex Cly4anx Bbiwe, Yem
B30oHe3arpAasHeHua. AnaTl>Pb>Cd>Bi>Sr>Zn
(swnankax)MCd>Bi>TI>Y>Mo>Pb>Ta>Zr>Hf
= P (B HOXKKax) HabatogaeTca HanbonbLwKni pas-
6poc 3HaueHu (Hanbonbllana KOHTPACTHOCTb).

B KOHTpobHOM 30He coaepkaHue Tl, Sb, Li,
Nb, Sr, Zr, Bi, Y, Sn, Cr, Th, Mn, Pb, Ni, Co, Sc, 2TR,
U, W B wnankax L. scabrum He npeBbIWaeT Ux
coaepxaHua B HoxKax (C_ /C <1), B 30He npo-
MbILLIEHHOTO 3arpA3HeHua — Tonbko T, U, Bi u
Ta (puc. 4). 3a UCKNOYEHMEM NEPEUYNCTEHHDIX
BCE OCTa/ibHble 3/1eMeHTbl B Bonblien crene-
HU KOHLEHTPUPYIOTCA B WAsANKax rpubos. Kak
BUAHO M3 puc. 4, 6onbluee YNC/IO INIEMEHTOB
aKTUBHEEe HaKan/AMBaeTca B LIAAMKAX, YeM B
HOYKaX, Ha 3arpsi3HEHHOM Y4YacTKe Mo cpaBHe-
HUIO ¢ POHOBbLIM. 34€Cb B KayecTBe UCK/oYe-
HMA MOXKHO Ha3BaTb: Rb, Tl, Ta, U, Cs, Hf, P n Ba.

0 .01 T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T 1

Pb U Bi Y TRW ThBa CuAg Sr Ti Ni Zr Nb Sb Zn Mn Li Tl Hf TaMo Cr P Co Sn Cd Cs Rb Se

Puc. 2. OTHOwWeHMe coaepKaHMA INEMEHTOB Ha 3arpA3SHEHHOM Y4YaCTKe NPOMMNIOWaAKN B WWAANKAX

L. scabrum (C) k dony (C)): 1

— M0 MeAMaHHOMY 3HaYeHUI0; 2 — N0 MaKCMMalbHOMY 3HAUYeHUI0; 3 — MO MUHU-

MaJlbHOMY 3Ha4YeHUIO

Fig. 2. The ratio of the content of elements on the contaminated industrial site in the caps of L. scabrum (C)
to the background (C)): 1 — by the median value; 2 — by the maximum value; 3 — by the minimum value
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Ci/Cy (Hoswa)
100 1

0.01 T L T 1 L] T L ] 1 Ll T Ll L] T Ll ] 1 L T T T T Ll L) T L T T L] T 1

Pb U Bi BaAg Th WTRCu Y Ti Tl Ta Ni Zn Hf P Zr Nb Sr Li Mn Sb Mo Rb Co Cd Cs $n Cr Sc
Puc. 3. MNpeBbileHne cofepKaHNA 31@MEHTOB Ha 3arpasHeHHoMm ydacTke (C) Hag poHom (C,) B HOKKax
L. scabrum: 0603Ha4YeHUs cM. Ha puc. 2

Fig. 3. The ratio of the content of elements on the contaminated industrial site in the stems of L. scabrum (C)
to the background (C,): for designations see Fig. 2

B
10 -

0.1 1 T T T 1 1 1 T 1 T T T 1 1 T T 1 1 T 1 T 1 1 1 T T 1 T T 1 1

PRbAg CsCdMoZn CuHf Ti TaBa W U TR Sc Co Ni PbMnTh Cr Sn Y Bi Zr Sr Nb Li Sb Tl

Puc. 4. CooTHOLWEHME CcoAeprKaHUA 3/1EMEHTOB B LUAAMNKAX M HOXKax L. scabrum (CM/CH): 1 — KOHTPO/IbHbIN
Yy4acToK; 2 — npomnaolazka (no meanaHHbIM 3Ha4YEHMAM)
Fig. 4. The ratio of the content of elements in the caps and stems L. scabrum (Ccap/Cst): 1 - control site; 2 —
industrial site (by the median values)
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CpasHeHue sudos. CoaepyKaHue 6OoNbLINH-
CTBa 3/1IEMEHTOB, B TOM 4MCNe 3arpAsHuUTE-
Nen, Bbille B BECEHHMX rpubax, Yem B OCeH-
HUX (pwuc. 5). UcknoveHune npeactasnaot Rb

CM boh”{C L scabr
100 -

(8o BCcex cnyyasx), Cs, a U3 TAXKENbIX MeTan-
nos — Pb, Cd n Ag (6onbwe nonoBuHbl Npob
L. scabrum), Bi, Tl, Sn n Ta (MeHbLle NONOBUHbI
npob L. scabrum).

——

0_]. T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T T 1

SrTRCr Y Cu W Li Zr PMnTi Hf Th CoNb Sb ZnMo U Tl Ta Ba Ni Sn Bi Sc Ag Cd Pb Rb Cs

Puc. 5. CooTHoLIEeHMe coaepKaHns anemMeHToB B cbopHoi npobe V. bohemica (C

n s L. scabrum (C,

\Aboh) .scabr)

(n = 8): copgeprkanHue B L. scabrum: 1 — meanaHHoe; 2 — MaKCMMasibHoe; 3 — MMHUMaAJIbHOE

Fig. 5. The ratio of the content of elements in the composite sample of V. bohemica (C

scabr)

MaKCMMyMbl Y1 MUHUMYMbI COAEPKAHUA
3N1eMEHTOB B ABYX M3YYEHHbIX HA TEXHOTEHHO
3arpA3HEHHOM TeppuUTOPUU BUAAX MAKPOMMU-
LEeTOB A0CTaTOMHO TOYHO COOTBETCTBYHOT ApYr
apyry (puc. 6): nMHeNHbIN KO3dOULMEHT Kop-
penauum ans BbIbOPKM TOFHOPMaNbHO pacnpe-
AEeNeHHbIX 3HavyeHnn cogepkaHna 30 anemen-
ToB+>TRpaBeH O.95(erm=0.48;P=99 %,f=28).

OmHoweHue K colepxcaHuro 8 no4yse. B
H6ONbLIMHCTBE Cy4YaeB CoAepKaHNe 31eMeHTOB
B 3arpsi3HEHHOM MOYBEHHOM CybCTpaTe BblLLE,
yem B rpmbax (cm. puc. 6). Makcumymbl Takmx
3NeMeHTOB-3arpasHuTenen, Kak Pb, Cu, Zn, Cr,
Ni, Sb, Cd, coBnagatoT ¢ 4acTo Pe3KMM POCTOM
coaepKaHMa COOTBETCTBYHOLLMX 3/1EMEHTOB B
noyse Ha rybuHe 1 m OoT NoBepxHOCTU. Bepo-
ATHO, 3TO MOYHO 0H6BACHUTbL BbIHOCOM YKa3aH-
HbIX TOKCMKAHTOB B BEPXHME C/ION MOYBEHHO-
TPYHTOBOM TO/LLWM KOPHSAMW pPaCcTeHUM, 4TO
BaXHO ana L. scabrum (cumbuoHT). B cayyae
V. bohemica (canpodut) moxeT bbiTb cylle-
CTBEHHO MepepacnpeaeneHe 31eMeHTOB 3a
cyeT onaga v otnaga. MicknioyeHne npeacras-

bon) @Nd L. scabrum (C,

(n = 8): the content in L. scabrum 1 — median; 2 — maximum; 3 — minimum

naet Sn, 04HOM U3 TEXHOreHHbIX GOPM HAXOXK-
AEHWA KOTOPOro B NMoYBax ABASETCA OKCUAHAA
(PbibakoB, Kesnnd, 2017). TaKke B OKCUAHOM
dopme B 3arpAs3HeHHbIX NoYBax HaxoguTca Pb,
O4HaKo B aacopbupoBaHHOM BUAE ero coaep-
¥KaHWe No OTHOLWIEHWUIO K BAJIOBOMY COAEpPIKa-
Huto B 1.5—2.5 pasa Bblle, Yem OTHOCUTE/IbHOE
copepKaHue TaKkxKe aacopbmnpoBaHHOro YacTum-
uamu MMK Sn.

B KauecTBe OPUEHTUPOBOYHbIX B MOYBEHHOM
cybcTpaTte gnAa pacyeTta 3HaYEHUN MHAOEKCA aK-
KYMyAALMW  UCMONb30BANCL  OnpeaeneHus
cogepKaHma sanemeHTos B 2014 r. Ha ypOBHe
rny6uHbI NoYBEHHO-TPyHTOBOM ToAwM 0-0.1 m
(cm. puc. 6).

B cnyuae V. bohemica 3HayeHue WMHAEKca
akkymynauum (/) > 1 3apMKCMpOBaHO TONbKO
ansa P (9.06) (copgeprkaHue Bi B mouyBe HuKe
npeaena obHapy)KeHUA U B pacyeT He MPUHU-
maeTcs), B cayyae L. scabrum (no meanaHHbIM
3HaueHnAMm) — ana P (2.14) n Rb (1.27). | kone-
6netca B npeaenax ot 1.0 ao 0.1 y cheaytowmx
anemeHnToB: Zn (0.870), Rb (0.612), Tl (0.511),
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MI/KT
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Ti P MnBa Sr Zn Zr CrTRPb Cu W Ni RbMoCo Y Li Sn Sc NbTh Hf Sb U Be Cs TaCd Ag Tl Bi

Puc. 6. Copep:kaHue anemeHToB: 1-3 — B nouse: 1 — Ha rybuHe 0-0.1 m; 2 — Ha rybuHe 1 m (2010 r.); 3 — Ha
rnybuHe 0-0.1 m (2014 r.); 4 — B cbopHoit npobe V. bohemica; 5 — B L. scabrum (MmeanaHsbl, n = 8)

Fig. 6. The content of elements: 1-3 —in soils: 1 — at a depth of 0—0.1 m; 2 — at a depth of 1 m (2010); 3-at a
depth of 0—0.1 m (2014); 4 — in the composite sample of V. bohemica; 5 —in L. scabrum (medians, n = 8)

Cu (0.508), Cd (0.275), Ag (0.267), Sc (0.194),
Ni (0.173), Cs (0,113) (V. bohemica), Cd (0.368),
Ag (0.309), Tl (0.281), Zn (0.274), Cs (0.242),
Sc (0.152), Ni (0.119), Cu (0.102) (L. scabrum).
B ocTanbHbIx cnyyasx / <0.1 (cnaboe Hakonne-
HWUe unan — ero otcyTcTeue). Tak, cogepikaHue
Mn B rpubax oKazanocb ropasgo HUXKe OpUeH-
TUPOBOYHOrO CoAepsKaHuA B noyse: 12.4 mr/kr
—B L. scabrum (mepuaHHOe coaepkaHue, n = 8)
1 51.5 mr/kr—8 V. bohemica npotus 1187 mr/kr
(/,=0.010 1 0.043 cooTseTcTBEHHO). CoaepiKa-
Hue V B L. scabrum Bo Bcex cy4asnx 6b110 HUXKe
4yBCTBUTENIBHOCTM MeToAa, a B V. bohemica co-
ctasmno 2.41 mr/kr npotns 176.1 mr/kr — B no-
yBeHHOM cybcTpate (/I =0.023). TakMe anemeH-
TbI, Kak Zr, TR, Hf, W, Nb, Sr, Ti, Co, Y, Th, Cr, npak-
TUYECKM He HaKan/MBAOTCA B NNOA0BbIX TENAX
L. scabrum otHocutesnbHo nouysbl (/< 0.01).

O6cyxaeHue

B xoae BbINONHEHUA PAabOTbl HAMU NosyYe-
Hbl HOBble, YTOYHEHHbIE AaHHbIE O COCTOAHUMN
3arpAsHeHua ObiBLIEN 3aBOACKOM NNOLWAAKM,
npeobpasyemon B ropoACcKoM KBapTan.

[EOXMMMYECKMM  UCCNefoBaHMEM  Noa-
TBEPXKAEHO Ha/NMYME Ha AaHHOW TeppuUTopUm
3HAQYMTENIbHOTO 3arpA3HeHMA NO4YB U TPYHTOB
TAXKENbIMM  MeTaNlaMU U MeTanouaamu.

YKa3aHHOe 3arpA3HeHne No CBOEMY YPOBHIO B
LEe/IOM HEPaBHOMEPHO pacnpeaeneHo no no-
BEPXHOCTM NNOLWAAKMN, XOTA KOHUEHTPALUMA Ta-
KNX a1emeHTOoB, Kak Pb, Zn, Cu u As, okasanacb
Bbiwe MNAK (O4K) Bo Bcex npobax.

B camoit menkom u3 U3y4yeHHbIX dpakunm
KpynHocTtu (< 0.1 mm) cogeprkaHue anemeHToB-
3arpsAsHUTEeNel B LENOM Bbllle, Yyem B bonee
KpynHbix (oT 0.1 go 1.0 mm). WUcknoyeHune
npeacTtasnsaoT Pb 1 Sn, KoHUeHTpaTopamu Ko-
TOPbIX YAaCTUYHO ABAAKOTCA UX KUCNOPOAHbIEe
coeanHeHus (Pbibakos, Kesnuny, 2017).

TexHOreHHO 3arpA3HeHHble NOo4YBbl U TPYH-
Tbl ObIBLIEMA MPOMBIWIEHHOMW NAOWAAKMA MO
AENCTBYIOWMM HOPMaTMBAaM COOTBETCTBYIOT
KaTeropmMam 3arpA3HeHMA NoYB «4Ype3Bbl4aliHO
onacHasa» n «onacHas». [lna nepBon KaTeropuu
CaHUTApPHble nNpaBuaa PEKOMEHAYIOT BbIBO3
3arpA3HEHHOro rPyHTa M YyTUAM3ALUIO ero Ha
cneumnanmn3npoBaHHbIX NONUIOHAX, AN BTOPOM
— OrpaHUYEeHHOE MCMO/Ib30BaHWE NOA OTCbINKMK
BbIEMOK M KOT/IOBAHOB C MEPEKPLITUEM CO0EM
4YUCTOro rpyHTa He meHee 0.5 m (3a npegenamu
YKUNbIX 30H).

OTcyTcTBME onpeaeneHnii GOHOBbIX KOH-
ueHTpauunn Te, Bi n Se, cogeprkaHne KOTOpbIX
B MOYBaX M FPyHTAX MHOMOKPATHO MpeBbiaeT
KNapKOBble 3HAaYeHWUA, He MO3BOJINNO PaCCUu-
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TaTb KOIPPUUNEHTbI KOHLLEHTPALUM 3TUX dNe-
MeHTOB. COOTBETCTBEHHO, MPU OnpeaeseHnn
CYMMApPHOro NoKasaTtena 3arpA3HeHuA OHU He
NCNONb30Ba/IUCh.

OTHeceHWe  TeXHOreHHO  3arpA3HeHHbIX
NMOYB WM TPYHTOB K KaTeropuAam 3arpA3HeHuA
«4Ype3Bbl4alHO OMACHaA» WM «OoMnacHaa» no
CAHMTAPHO-TOKCUKO/IOTUYECKMM MNOKasaTensam
byneT 3aBMCeTb OT OTHOCUTENIbHOIO KOIMYECTBA
NPUCYTCTBYIOLWEN B HUX pPaKUMM KPYMHOCTH
¢ paamepom yactuy < 0.1 mm. Yem 6onblie B
FPYHTE TaKMX YacTuy, Tem 601bluas ONacHOCTb
byneTt c HUM cBA3aHa.

N3yyeHMe MMUKPO3/1IEMEHTHOrO COCTaBa Ma-
KPOMWLETOB, OFPaHUYEHHO MPOU3PACTAOLLUX
TONbKO Ha OQHOM Yy4acCTKe B 30HEe OCTaTOYHOrO
NPOMbILINEHHOrO 3arpA3HeHMA, MOKa3ano Ux
ABHYIO OMACHOCTb B C/ay4vae ynotpebneHus B
nuwy. ONacHOCTb MOTyT NPeACTaBAATb KaK Be-
CEeHHMe, TaK N OCEHHME BMAbI WAANOYHbIX FpU-
60B. OCHOBHbIE TOKCMKAHTbI B HUX HAaKan/MBa-
OTCA B pa3HbIX COOTHOLWeHUAX: B V. bohemica
yctonumso 6onbwe Cu 1 Zn, B TO Bpems KakK
L. scabrum B uenom cunbHee akkymynmpyet Pb
n Cd. Takoe pacnpeneneHne moxet bbiTb CBA-
3aHO C U3MEHEHNEM COAEePKAHUA B MOYBEHHOM
cybcTpaTe NoABUMKHbIX (J0CTYNHbIX) dopm ane-
MEHTOB B CE30HHOW AMHAMMKe, NpU U3MeHe-
HUM BNAXKHOCTW, TemnepaTypbl, B 3aBUCUMOCTH
OT MMKPOBMONOrMYecKom akTMBHOCTU U 0bpa-
3YIOLLNXCA NPOAYKTOB Pa3NOXKeHUA pacTUTesib-
Hbix ocTaTkoB (lykanos, 2015). B aTon cBA3w,
B YacTHocTK, ocobeHHocTbio 2014 1. siBnseTcA
BbiNageHne 60nblIEero KOAMYeCcTBa OCaAKOB B
Mmae —56.9 mm (a0 20 masa — 44.6 mm) no cpas-
HEeHUIo Cc ceHTAbpem — 29.5 mm (No AaHHbIM
meTeocTaHumu «leTpo3aBoack»: Cneunanunsm-
pOBaHHble MaccuBbl..., 2018). Mpun sTOM NoOYBbI
B paloHe r. [leTpo3aBoacKa B Mae nporpe.a-
JIUCb XYyXKe, YemM B CeHTAbpe: cymmbl cpegHe-
CYTOYHbIX Temnepatyp Ha rmybuHe 20 cm, no
CNeumnann3npoBaHHbIM AaHHbIM, COCTAaBUAU
29.1 n 41.3 2C coOTBETCTBEHHO, YTO AABNAETCH
OPUEHTUPOBOYHbIM A1A HALLNX UCCNeA0BaHNM.
TakMum 06pa3om, Ce30HHble U3MEHEHMA Mo-
YBEHHbIX YCNOBUIM MOTYT PaCCMaTPUBATLCA KaK
AONONHEHWE K rMnoTtese O BAUAHUN BUAOBbIX
pa3nnynin, B TOM YMcsie TMna NUTaHUA, Ha 0Cco-
6EeHHOCTN HAaKONeHMA 3N1EMEHTOB B MNJIOA0BbIX
Tenax MmakpomuueTos (cm. puc. 5).

MpoBeaeHHOe cpaBHeHMEe C POHOBbLIM CO-
AepKaHNeM BbIABUNO NPUOPUTETHbIE SN1EeMEH-
Tbl, NOCTyNatoWme M3 3arpA3HEHHOro NoYBeH-
Horo cybcTpaTta B L. scabrum Ha Tepputopun
6biBLWEN Nnpomniowaakn B r. MeTposasoacke.
B waanku rpuboB B NOBbILLIEHHbIX KOMYECTBAX

NOCTYNatT 3N1E€MEHTbl, OTHECEHHblE HaMW K
TEXHOreHHbIM accoumaumam (Poibakos, Becen-
KoBa, 2015): Pb, Bi, W, Ba, Cu, Ag, Ni, Sb u Zn,
a TaKXe uMmetolwme NPemMmyLLeCcTBEHHO Npu-
pogHoe npoucxoxaenue: U, Y, TR, Th, Sr, Ti, Zr,
Nb. B HOXKKax 3Tu rpynnbl 60/1ee KOMNaKTHbI:
Pb, Bi, Ba, Ag, W, Cuwn U, Th, Tr, Y, Ti, Tl coort-
BeTcTBeHHO. CopepkaHne Cd B KOHTPOJIbHbIX
npobax L. scabrum poOCTAaTOMHO BENMKO (0co-
6eHHO B LWAAMNKE), NO3TOMY 3arpA3HEHNE 3TUM
TOKCMKAHTOM B npenenax WMMMNAaKTHOW 30Hbl
NOATBEP)KAAETCA ero MakCMMaibHbIM CoAep-
YKaHWEM W Bbille OTMEYEHHbIM NpeBblleHNneM
NAaK.

OTHOCMTENIbHO NOYBEHHOro cybcTpata us-
YYeHHble BUAbl MAKPOMMLLETOB HAKan/iMBatoT
3/1EMEHTbI, B TOM YMC/Ie TOKCUKAHTbI, B PA3HOM
CTENeHu, YTO OTPAXKaeTCA Ha BEIMYNHE UHAEK-
ca akkymynaumu. Tak, B cnyyae V. bohemica B
npeaenax 30Hbl MPOMbILW/IEHHOTO 3arps3sHe-
HuA | > 1 onpefeneH TonbKo ana P, a B ciydae
L. scabrum (no megMaHHOMY coAep}KaHWUIO) —
Ansa Pb v Rb. 1nAa ocTanbHbIX 31€MEHTOB, BKO-
4as TOKCMuYHble, | < 1. PacwupeHHble pagbl
MHTEHCMBHOCTN HAKOM/NIEHUS B MaKpOMULLETax
a/1emeHTOB-3arpAsHutenei (/> 0.1) BbirnAgat
cnegytowmm obpasom: P >> Zn > Rb > Tl > Cu
> Cd > Ag >Sc > Ni>Csurt a. (V. bohemica),
P>Rb>Cd>Ag>TI>Zn>Cs>Sc>Ni>Cumn
T.4. (L. scabrum). OTcyTcTBUE B 3TUX pAagax Pb
(/,=0.02-0.03) He cBMAETENBCTBYET TEM He Me-
Hee 0 He3HAYMTEeNbHOCTM ero BpegHOoro BAnA-
HWA Ha BMOTY, NPUYEM COBMECTHOIO C APYITMMM
TOKCMYHBbIMW 31€MEHTAaMM, HAKONNEHHbIMM Ha
NPOMbILINEHHO 3arpA3HEHHON TEPPUTOPUMN.

3aknouyeHue

MoyBbl N TPYHTbI ObIBLIEN NPOMbILIEHHOM
NAOWaAKN, pacnonaraBllencs Ha bepery peKku
J1OCOCUHKM B LEHTPaNbHOM 4aCTU COBPEeMeH-
Horo r. [MeTpo3aBoACKa, XapaKTepu3yrTCcA Bbl-
COKMM YPOBHEM 3arpsisHEeHUA TAXKENbIMU Me-
Tannamu m Metansionaamu. YCTaHOBAEHO, YTO
OCHOBHbIM WCTOYHWKOM 3arpsisHeHusa Pb, Zn,
Cu, Ni, Sb, Sn 1 ApyrMmn TOKCMKaAHTaMM ABNA-
nocb nuTenHoe npounseoacteo, V u Ni — cxura-
HMe Ma3yTa B 3aBOACKOM KOTe/IbHOW. Bbicokoe
cogeprkaHue Cu, Zn, Cd, W, Mo, Bi n Sb obHa-
PY*KEHO Ha Y4YacCTKaX NMKBUOMPOBAHHOIO »Ke-
Ne3HOA0pPOXKHOro nosotHa. OnpeaenHo, 4To
OCHOBHAA 4acTb 3arpA3HEHUA CBA3aHA C men-
KUMU U TOHKUMU GPaKLMAMM NMOYB U FPYHTOB.
B cnyyae HenpuHATMA HOPMATUBHO NpPeayCcMOo-
TPEHHbIX Mep AnA 0b6e3BpeKMBAHUA TOKCU-
KaHTOB HA AaHHOM TeppuUTOpPUM COXpaHaeTcA
onacHocTb Ans 6MoTbl, Nonagatowen B 30HY
BO34EMNCTBUA.
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BnepBble M3y4eHHble BUAbl MAaKPOMMULIETOB
M3 30Hbl HAKOMJIEHHOrO 3arps3HEHUs B LEH-
TpanbHOWM YacTu r. MNeTpo3aBoAcKa C pa3HOM
MHTEHCUBHOCTbIO KOHLEHTPUPYIOT XUMUYe-
CKME 3/IEMEHTbI, B TOM YMCNEe TOKCMYHbIE, NOo
CpaBHEHUIO C GOHOBLIMK ONpeaeNeHUAMM
(L. scabrum) wn nouyBeHHbIM cybcTpaTom. B
OCHOBHOM 3neMeHTbl-3arpasHuTenn (Pb, W,
Bi, Cu, Zn, Sb 1 1. A.) HakanauBatoTcA B rpubax
(ocobeHHO B WAANKax), oTOOpaHHbIX B 30HE
3arps3HeHus, B 6ONbLIMX KO/IMYECTBAX, YeM Ha
¢$OHOBOW (KOHTPObHOM) TEppUTOPUMK. BmecTe
C TEM ANA HEKOTOPbIX TAMKENbIX METaN/oB, B
Tom umcne Sr, Co, Cr, Y, Sn, Mo, Ni n Mn, a Tak-
e Cd, Tl u Mo, Heobxoanm 6onee AeTanbHbIN
aHanmM3 Ha (OHOBbIX y4YacTKax ANs BblaB/e-
HUA UCTOYHUKOB (NPUPOAHBIX U TEXHOTEHHDbIX,
BK/AIOYAA OCAXKAEHMA W3 TPaHCrPaHUYHbIX W
MEMKPErnmoHaibHbIX NepPeHocCcoB).

Bubnuorpadpun

HecmoTps Ha pa3nnuma B KONMYECTBEHHOM
cogepKaHnmn 60NbLLIMHCTBA 31EMEHTOB B ABYX
M3y4YeHHbIX BUAAxX makpomuueTos (V. bohemica
n L. scabrum), ux noctynneHne B NNOAOBblIE
Tena rpuboB B 060MX C/Ay4vasx OKa3sbiBaeTcA
CXO4HbIM MO CBOEMY XapaKTepy, YTO NMOKa3aHOo
Ha COOTBETCTBYHOLLEN ANAarpaMMe U MOATBEPK-
AEHO PacCYUTaHHbIM TMHENHbIM KO3dduumneH-
TOM Koppenauuu (r = 0.95).

Bo3MoXKHOE NpMMeHeHWEe MU3YYEeHHbIX BU-
[0B MaKpPOMWULETOB B 30HaxX TEXHOreHHOro
3arpAsHeHuAa anAa uenen buopemeamnaumm as-
TOMATUYECKN UCKAIOYAET UX AajibHellwee uCc-
No/ib30BaHME B KayecTBe NPOAYKTOB NMUTAHMA.
MoaTomy, NOMUMO nccnenoBaHuA rpubos, Tem
6onee NPMMEHUTENbHO K AOCTYMHbIM ANA Ha-
cefieHMA 3arpA3HEeHHbIM y4acTKam, Heobxoamm
NMOWUCK W BblAB/IEHME BUA0B PACTEHUI, KOTOpPblE
He MCMOJIb3YHOTCA B NULLY, HO XOPOLLO PACcTyT U
aKTUMBHO aKKyMY/IMPYIOT TAXKe ble MeTanbl.
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Summary: The contents and behavior of 50 chemical elements in the soils
from the zone of residual (accumulated) industrial pollution in the central part
of Petrozavodsk, as well as in the fungal fruits of Verpa bohemica (Krombh).
Schroet. and Leccinum scabrum (Bull.: Fr.) S. F. Gray from the same territory
were studied. The hazard of contaminated soil was estimated by the excess
of the maximum permissible concentrations (MPCs) and tentatively permis-
sible concentrations (TPCs) of chemical elements, as well as by total pollution
index (taking into account the toxicity of the elements), and macromycetes as
food products — by the contents of Pb, Cd, Zn and Cu relative to established
standards. For the caps and stems of L. scabrum the rows of chemical ele-
ments content relative to background conditionally defined in a control area
significantly remote from any industrial centers, large roads and railway lines
(Pryazhinsky district of the Republic of Karelia) were built up. It was shown that

the content of toxicants behind some exception is higher in spring mushrooms
than in autumn ones. In V. bohemica the strong accumulation of P was estab-
lished relative to the soil substrate and that of P and Rb —in L. scabrum. The
average degree of accumulation was characteristic for Zn, Rb, T, Cu, Cd, Ag, Sc,
Ni, Cs (V. bohemica), Cd, Ag, Tl, Zn, Cs, Sc, Ni, Cu (L. scabrum).
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FOpuii ConomonoBuY 2ocyoapcmeennblll yHugepcumem, zm.nsc@yandex.ru
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Kntouesble c/oBa:
3anagHan Cubupb
KNacTepHbIl aHann3
NNWARHUKN
KMBOTHbIE
pPacTUTENbHOCTb
3KOCUCTEMbI

AHHoOTaumaA: [na 3anagHoit Cnubupu, BKAKOYAA €e TOPHYK YacTb, COCTABAEHbDI
KnaccudpmKaumm NUWAKHUKOB U INXEHODUABbHbLIX TPUOOB MO CXOACTBY B
pacnpocTpaHeHUN, a TaKXKe NO HeOoAHOPOAHOCTM MX coobuiecTs. BbiABneHo
TPU HagTMna pacnpoctpaHeHus BuAaos (TyHApoBbi, JlecHo u CTenHoW) u
BOCEMb HaATMMOB WX coobulects. B nepBblii M3 HUX BOWAM NUXEHOOUOTHI
BbICOKOTOPHbIX /IYrOB, TYHAP, KYCTapHUKOB, BO BTOPOM — PeaKO/Iecuid, N1ecos
(Kpome cTenHbIX), NYyroB 1 6010T cpean HUX (KPOME NECHBIX JIYTOB U IECOCTEMHbIX
60n0T). K Tpetbemy HagTUMNy OTHECEHbl IMXEHOOMOTbI FTOPHbIX IECHbIX /IYFOB; K
yeTBEPTOMY — JIYrOBble CTEMWN MU COCHAKM B UX Npeaenax; K NAToMy — BTOPUYHbIE
MEe/IKOAEPHOBMHHbIE CTEeMNU; K LEeCTOMY — MPENMYLLECTBEHHO HAcToALLME CTenu;
K ceAbMOMY — JiecocTenHble 60/10Ta U K BOCbMOMY — rasioputHble coobuiectsa.
OCHOBHble TpeHAbl M3MEHYMBOCTU AUXEHOOMOT KOPPENMpytoT C 30HAJ/IbHOM
M BbICOTHOM  TenaoobecneyeHHOCTblO, 06/ECEHHOCTbIO,  apuau3saumen,
3a00/104€HHOCTBI0 M 3aCONEHHOCTbIO MecTHOCTM. Obuwas (MHOXKecTBeHHas)
OLLEHKa CBA3M C BbIABMEHHbIMU GaKTOpPamM yunTbIBaET 75 % amcnepcnmn matpuLbl
KoadpdPnumeHTOoB cxoacTea coobuects no 61 6uoTony. CoBMECTHO C NPUPOAHBIMM
penmamun (HepasgeMMbIMM CoYeTaHUAMMU GaKTOpPoB) 40N OObACHEHHOWN
aucnepcun matpuubl cxoactsa gocturaet 90 % (MHOMKeCTBEHHbIN KO3OOULMEHT
Koppenaumm 0.95). Mo Bcert 3anagHon Cnbupun conoctaBnieHa HEOAHOPOAHOCTb
JINXEHOOMOTbI U COOBLWLECTB 3EMHOBOAHbIX, MPECMbIKAIOWMXCA, NTUL, U METKUX
MAeKonuTaroLWwmx. AHaNorM4yHoe cpaBHeHMe ¢ guddepeHumnaumen sKocucTem no
buomacce pacTeHun, rymycy noys, MOPT- M NOA3EMHOM dUTOMACCE, CO CTPYKTYPOW
HaceseHns Ha3eMHbIX 6ecno3BOHOYHbIX M MO3BOHOYHbLIX, @ TaKkKe C 0buen
KnaccmduKaumen sKoCMCTeM Mo BCEM MePeUYnCIeHHbIM NPU3HAKaM BbINOJHEHO
oTAenbHO No 3anagHo-Cnbupckol paBHUHe, oxBaTbiBatoLen 93 % Bceli naowaam
3anagHoit Cnbupu.

© MNeTpo3aBOACKMI FOCYAAPCTBEHHDbIN YHUBEPCUTET
PeueHseHT: H. B. BacuneBsckKas

NonyueHa: 30 maa 2018 roaa MoanucaHa K neyartun: 24 gekabpa 2018 roga
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BsegeHue

BoinaBneHue NPOCTPAHCTBEHHO-
TMnonormyeckon anddepeHumaunm pasnmy-
HbIX 6BMOTUYECKUX FPYNMN — OAHA U3 aKTyaNbHbIX
33434 COBPEMEHHOM 3KON0rMYeckon buoreo-
rpadun. MNMpaKTUYyeckoe UCNo/b30BaHME NONYy-
YEeHHOM MpPU 3TOM MHPOPMALIUKM NEXKUT B Che-
pe peleHMAa NPUPOLOOXPaHHbIX Npobnem, a
Hay4yHO-NO3HABATE/IbHOE 3HAa4YeHWe COCTOUT B
AeTannM3aLmMm n KOHKpeTr3aumm buoreorpadum-
YeCKUX NpeacTaBfeHUN, B YaCTHOCTU CTENEeHM
COOTBETCTBMA 30HA/IbHO-NOA30HANbHbIX Tpa-
HWULL, MHTPA- M SKCTPA30HANbHbIX BKAOYEHUN U
TepPPUTOPUANbHOM HEOA4HOPOAHOCTU pPa3NUY-
HbIX OMOTMYECKMX TpPynmn, PacCMaTPMBAEMbIX
Mo OTAE/IbHOCTU, a TaKKe IKOCUCTEM B LLESIOM,
CpPaBHMBAEMbIX Ha NPUMepPE 3TaIOHHbIX rPynm.
3TUM BOMpocam MOCBALWEHa cepus nybanka-
LUMn no Tepputopmmn 3anagHo-Cnbupckon pas-
HUHbI, AnTanckoh wn KysHeuro-Canampckomn
ropHbIX obnacten, ynomaHyTbIXx B 6ubanorpa-
duK K AaHHOM CTaTbe.

O6beKkTOM uMccnefoBaHMA CYMTANWU CTATU-
CTUYECKME aHCaMbIM C BHELWHWM OrpaHuye-
Huem (CeprkaHToB, 1972). K HMM OTHecCeHbI
rpynnbl (rpynnmMpoBKM) pacTEHUN UAWN KUBOT-
HbIX, CYLLECTBYIOLWMX Ha O4HOMN U TOM Ke Tep-
PUTOPUN U UCMbITbIBAIOLWMX OANHAKOBBLIA Ha-
60p cTpyKkTypoobpasyrowmx GakTopoB cpeabl
N UX HEpasgeNMMbIX COYETAHUIM — NPUPOJHO-
aHTPOMOreHHbIX peXumos. WM3-3a pasnnumi
B TONEPAHTHOCTU K YC/NIOBMAM Cpesbl yKa3aH-
HbIX TPYMNN CMUCOK GAKTOPOB U PEKMMOB MO-
XeT CyL,eCTBEHHO OTIM4YaTbCA. Takon Habop
$aKTOPOB M COYETAHWUI BbIABNEH ANA KAXKA0M
rpynnbl OTAE/NbHO C MOMOLLBK KAACTEPHOrO M
GaKTOPHOro aHanM3a, a He 3a4aH anpUoOpPHO
Nno cBeAeHUAM, M3BECTHbIM W3 NpeablayLinx
nybnuvkauuii. Pesynbtatom npouecca ¢dopmu-
pPOBaHMA TePPUTOPUA/IbHON HEOAHOPOAHOCTH
rpynmn MOXKHO CYUTATb CMIUCOK TaKUX PaKTOPOB,
MWHMMMU3UPOBAHHbIM, HO AOCTAaTOYHO NOJIHbIN
no WHGOPMATMBHOCTU, U3MEPEHHON uyepes
YUYTEHHYIO KnaccudumKaLmen rpynn gucnepcuto
MaTpULLbl UX CXOACTBA.

Takue rpynnbl (rpynnMpoBKKM) Mbl Ha3biBaem
coobuiectBamu, B COOTBETCTBMWN C UX onpeae-
NleHueMm, rae coobLecTBo — «3TO COBOKYMHOCTb
COBMECTHO O0OMTalOWMX OPraHM3MOB Pa3sHbIX
BMOOB, NpeacTaBnalowan coboi onpegeneH-
HOe 3KO/I0rMYecKoe eaMHCTBO (Hanpumep, ou-
TONNAHKTOH Kakoro-nMbo o3epa, NoOYBEHHble
YKMBOTHble y4yacTKa fneca). MHorpga, coobuie-
CTBO... TPAKTyeTCA Kak buoueHos. Bbiaensatot
TaK¥Ke coobLEecTBO pacTeHUn (puToueHos) u...
YKMBOTHbIX (300UeHO03)... CoobLLecTBo ABAAET-

CA 3N1EeMEeHTOM 3KocucTeMbl (Man buoreoue-
Ho3a)» (BMONOrMYECKUI 3HLMKAONEANYECKUN
cnoBapb, 1986). AHanoruyHble onpeneneHus
npusoant H. ®. Peiimepc (1980, 1990). Mpwm
3TOM TepPMMUHbI «Co0bLLecTBO», «BMOTa», «HA-
ceneHme» n «aHcambab» Mbl CYHUTAEM CUHOHMU-
Mamu.

CoBpEMEHHYIO  M3YYEHHOCTb  YKa3aHHbIX
CBA3en ANA NUWANHUKOB, C Y4€TOM CTAaTUCTU-
YeCKOM OUEHKW, Henb3A CcuYMTaTb [0CTATOY-
HoM. TaK, B MoHorpadum H. B. CegenbHuKosom
(2017) TaKMe OLEHKM OTCYTCTBYIOT, XOTA MO XKU-
BOTHOMY HaCeNeHMUo U PACTUTENIbHOCTH, KaK OT-
AeNbHO, TaK M B LLeIOM No rpynnam, no uccne-
[LOBAaHHOW TeppUTOPUN OHU UMetoTcs (PaBKMH
n ap., 2007, 2008, 2009; MpocTpaHCTBEHHO-
TMnonoruyeckana aupdepeHymaums..., 2011).

MoaTomy uenb uccnenoBaHWM, pesynbTaTbl
KOTOPbIX U3/0XKEHbI B NpeanaraemMon BHMMa-
HUIO YMTaTeNsa CTaTbe, CBOAWUTCA K OMUCAHUIO
NPOCTPAHCTBEHHO-TUMNONOIMYECKON  OpraHu-
3aumnm coobuiects, TO eCTb 3aBMCMMOCTU UX
N3MEHYMBOCTU OT cpeabl. 3aZayM BKAKOYAKOT
BblAB/IEHNE U3MEHUYMBOCTN COOBLLLECTB HA YKa-
3aHHOM TeppuTOopMn U GAKTOPOB Cpesbl, Kop-
PENVPYIOLLNX C HEW, A TaKKe OLLEeHKY CUAbl U
06LWHOCTN UX CBA3M, KAK OTAE/bHO MO KaXKao-
My GaKTopy UK pexkmmy, Tak U pacyeTta MHO-
¥KecTBeHHON MHPOPMATUBHOCTM BCEWN UX COBO-
KynHocTu. CTaTbM TaKOW HanpaBAeHHOCTH cie-
AyeT CYMTATb 3Kooro-bmoreorpadpmyeckumm m
OTHOCUTb K rnobanbHOM 3Konormun. Mbl ganeku
OT MbICAM MepecmaTpuBaTb 30HaNbHOe Aene-
Hue lNaneapKTUKKU. Hawm nccnenosaHua npe-
cneaytoT APYryto ueb: COMOCTaBUTb HEOAHO-
POAHOCTb COODLLECTB pa3INYHbIX «TPYNN» pac-
TEHWUIM W KUBOTHbIX NPU UCNOJIb30BAHUN OOMU-
HaKOBbIX NOAX0A0B, GOPMANN30BAHHBIX METO-
[L0B W Ha OZLHOM U TOM }Ke TePPUTOPUM, @ TaKKe
OLLEeHUTb CTeneHb OT/INYMA BbIABNAEHHbIX HAMMU
rPaHUL, C 30HANbHbIMMK, KOTOPble NPOBEAEHDI
Ha OCHOBE YMO3pPUTE/IbHbIX NPeACcTaBAeHNN NO
061Ky pacTUTENbHOCTH.

MaTtepuanbl

NccnepoBaHMa npoBeAeHbl Ha OCHOBE AaH-
HbIX MO INWANHUKAM U INXeHOPUIbHBIM FPK-
6am no moHorpadum H. B. CeaenbHUKOBOW
(2017). OHM BKAKOYAOT CBeAeHMA O pacnpe-
aeneHnn 1903 BMAOB NULWANHUKOB U INXEHO-
dunbHbIX rPprMbOB, YaCTb N3 KOTOPbLIX NPeacTaB-
NleHa BHYTPUBMAOBbLIMW TaKCOHaMM. B obuien
CNOXHOCTU B pacyeTbl BKAOYEHbI 1942 ¢op-
Mbl, BCTpeYeHHble B 61 6BuoTone paBHUHHOM U
ropHoit 4yacrer 3anagHon Cubupu (3anagHan
Cnbupb, 1963). Mombl, arpo- U cenutebHble
naHawadTbl He obcnenoBaHbl, NO3TOMY KapTa
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N BbINO/HEHHbIE KnaccuduKaumm nnxeHobumo-
Tbl COCTaB/IEHbI NO aHANOMMKU C NPeACTaABAEHU-
AMW O «BOCCTAHOB/IEHHOM» PACTUTENbHOCTH, a
NOMMEHHble COOBLLECTBA «TEHEPANIN30BAHbI» U
BXO4AT B KOMMIEKCbI OKPY»Katowmx naHawad-
TOB. buoTonbl BbiaeneHbl No 3aMPUKATOPHBIM
BMOAM PACTEHWIA U COOTBETCTBYHOT BblAe/fam
KapTbl «PactutenbHocTb 3anagHo-Cubupckomn
paBHUHbI» (1976) c yyeTom penbeda, 3abono-
YEHHOCTM M NOEMHOCTMU.

ABTOPOM MOHOrpapuM Ha OCHOBAHUM MHO-
ro/IETHUX NCCNEeA0BAHUI IKCMEPTHO BblAENEHO
CeMb rpynn LeHOTUYECKON 3HAYMMOCTU BUAOB
(no BCTpeyaemocCTu 1 cTeneHu Npeobnaganuns):
1 — gomuHupyowme; 2 — cogoMmUHMpyowme; 3
— MocTosiHHble; 4 — conyTcTBylOWwMe; 5 — pea-
Kue; 6 — oTcyTcTBYtOWwMe; 7 — nHpopmauma no
KOTOpPbIM OTCYTCTBYET. [1n1A BbINOAHEHMA pac-
4eToB 3TMM rpynnam MPUCBOEHbI YCNOBHbIE
6annbl 3HAYMMOCTM B MopsAAKe, Ob6paTHOM
MX nepeyncieHunto, — ot 7 go 3, a nocieaHmnm
ABym rpynnam — 0, NOCKONbKY B HWUX BXOAAT
BMAbl, HE 0OHAPYXKEHHble NPU NPoBeAEeHUM pa-
60T B YKa3aHHbIX HUOTONax BCNeACcTBME OYEHb
HMU3KOM BCTpeyaemoctTu. B 5 n3 66 obcnepo-
BaHHbIX HMOTONOB NNWANHUKN He O0bBHapyKe-
Hbl. [TOCKONbKY HET CTONPOLLEHTHOM rapaHTum,
YTO B TAKUX BblAeNaX IMWIANHUKOB B MPUHLMMNE
HeT, 3T 6MoTonbl 06BbeANHEHDI ¢ 6AN3KMMK NO
PacTUTENIbHOCTU, B KOTOPbIX BCTPEYEH XOTA Obl
OAMH BUA NULWAWHUKOB UAN NUXEHOPUNBbHBIX
ronbos. Tak, ranoduTHblie Nyra BKAKOYEHbI B
rpynny rano®uTHbIX cOObLLECTB, IeCOCTENHbIE
BEPXOBble OCTPOBHble 6010Ta 06begMHEHDI C
HU3MHHBIMM TOW Ke MOA30HbI, NIeCOCTENHbIe
JIyroBble CTENW W OCTEMHEHHbIE Nyra — C Ny-
roBbIMW CTEMNAMM B Npenenax CTenHOM 30Hbl,
a Cyxue HacToAwme — C OCTa/ibHbIMMU HACTOA-
WMmM ctenamun. Takoe obbeanHeHne npu3Ba-
HO WCK/IIOYMTbL M3 pacyeToB buoTonbl, rae Au-
LWANHMKN He BCTPeYeHbl, NOCKONbKY Hanmuune
Hy/NeBbIX OLLEHOK BCTPEYAEeMOCTU MOPOXKAAET
npu KnaccuduKkaumm MNoNHYK HeonpeaeneH-
HOCTb. 3TO 06YC/I0BNEHO TEM, YTO NPU HY/IEBOW
OLLEHKEe CXOACTBA BapMaHTbl HACENEHUA MOXKHO
CYMUTATb KaK MOJIHOCTbIO MOXOXKMMU, TaK U ab-
COMIIOTHO HEMNoXoXXMMW. [leno B Tom, YTo bec-
KOHEYHO ManaA u beckoHeyHo 6onblias Be-
JIMYMHA OLEHKM, CONOCTaBNEHHaA C HyNEeBOW,
[AeT MONHYK HEenoxoXecTb Ko3dPuuMeHTOB
CX0ACTBA, XOTA NepBaA U3 HUX NOYTU HE OT/IU-
YyaeTcA OT Hy/A, @ BTOpPasA — CYLLEeCTBEHHO UHas.
MMeHHO 3TO NopoXKAaeT B npoLecce kKnaccudu-
Kaunm HeobbacHMMble cuTyauumn. Ob6beanHana
«Hy/NEeBble» BapMaHTbl C 3KOIOrMYECKM BAN3KU-
MW MO YCNOBMAM Cpefbl, MOXHO M36aBUTbCA
OT YKa3aHHbIX NPOTUBOPEYMNIA, MOYTU He Tepas

nHdopmaumm o6 OTCYTCTBMM NULLANHUKOB B
nofobHbIx mectoobutaHmax. [locne Takoro
obbeanHeHNA pacyeTbl NpoBeaeHbl He No 66
ncxoaHbiM 6uotonam, a no 61.

MeToabl

Onsa cxkatua (obobueHna) nHbopmaymm o
pacnpegeneHnn NUWANHUKOB U TeppUTOpU-
a/NlbHOM HEeo4HOPOAHOCTU MUX BMOTbI, a TaKXKe
ANA  BbIABIEHUA OCHOBHbIX CTPYKTypoobpa-
3ytowmx pakTopos cpeabl B pabote Mcnonb3o-
BaHbl HEJIMHENHbIE METOAbI CTAaTUCTUKU U KNa-
CTepHbIA aHanu3. Npu ONUCaHUM CTPYKTYpbI
NPOCTPAHCTBEHHO-TUMONOIMYECKON  HEoAHO-
pPOAHOCTM BMOTbI NCNONBb30BAaH METOA NOCTPO-
€HUA 1 aHanusa rpadoB TaKOM U3MEHUMBOCTMU.
CTpyKTypHble rpadbl WANOCTPUPYIOT CMEHY
BapuaHTOB 6MOT nMo 6MoTOonNam M NO3BONAOT
BbIABNATb OCHOBHble TPeHAbl (anAwmecs, a
He TONbKO NIOKa/ibHble U3MEHEHUA) MO 3HaYU-
MbIM CBA3AM MeXKAY TAaKCOHAMM BbIMONHEHHbIX
Knaccudmrkaumii. 31o cnocoberyeTr dopmu-
poBaHuo b6onee npeacTtaBUTeNbHOro Habopa
CTPYKTYypoobpasyowmx ¢akTopoB cpeabl U
NPUPOAHbIX PEXMMOB KaK HepasgeNnMbIx Co-
YeTaHUM Takmx GaKTopoB. N8 OUEHKU CUMbI
CBA3N MeXAy HEO4HOPOAHOCTbIO IMXEHOOUNOTbI
N KOPPENUpPYLWMMN C HeN haKTopamu cpeabl
NPUMEHeHa IMHENHAn KayecTBeHHan annpok-
cMMaLMA MaTpuL, CBA3K (O4MH M3 METOAOB pe-
rPeCcCMOHHOro aHanmsa; PaskuH u ap., 1978).
MHoKecTBEHHas OLLeHKa CBA3M Bcex GpaKTopoB
N PEXMMOB C TEPPUTOPUATIBHON HEOAHOPOA-
HOCTbIO BMOTblI MO3BONAET CYyAUTb O CTEMEHMU
MHGOPMATUBHOCTU M3Naraemblx npeacTasne-
HWIA U O CKOPPENUPOBAHHOCTU PAKTOPOB MEXK-
Ay cobon. Mpadbl npeacrasaatoT cobon moau-
OUKAUMIO MepapxMyYeckom Knaccnbukaumm c
YY4ETOM He TO/IbKO BHYTPUIPYyNnoBOro cxoacTea
B6MOTUYECKUX COOOLWECTB, HO M MEXrpynmno-
BOM 6/1M30CTU MX. BbinoNIHEHHOE ANA npoBep-
KM LIKanMpoOBaHWe, B NpUHUMNE, NoaTBEpau-
N0 NPaBUNbHOCTb OPUMEHTALMUM MOCTPOEHHbIX
rpadoB B GpaKTOPHOM MpocTpaHcTBe. PaKTopbl
cpeabl BbiABNEHbI NO pe3ynbTaTaM KnacTepHo-
ro aHanusa. Hanpumep, ecnm COBOKYMHOCTb
BApWAHTOB BMOTbI pasgeneHa Ha TpU KnacTepa,
NpwW 3TOM B NePBbI U3 HUX BOLI/IN NECHbIe COo-
obuiecTBa, BO BTOPOMN — TeppuUTopumn, rae obne-
CEHHble YY4aCTKM YepeaytoTca C OTKPbITbIMMK, a
B TPETUMN — TO/IbKO OTKPbITbie MeCcToobuTaHums,
MOXHO yTBEPKAATb, YTO HEOAHOPOAHOCTb Bbl-
60pKKM coBnagaet ¢ ¢pakTtopom obaeceHHOCTH.
Ee MOXKHO NpeacTaBUTb B BUAE TpeX BblaeNeH-
HbIX HOMUHANbHbIX FPaaLMin: BbICOKaA, cpes-
HAA M HM3KaA obneceHHOCTb. B manbHenwem
3TV 3KCMepTHble rpagaLmmn MoryT 6biTb UCMONb-
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30BaHbl MPU OLEHKe CBA3M C 3TUM (aKTOpOM
M3MEHYNBOCTM COODOLLECTB.

MpupoaHble PEeXUMbl TaKMKe BbIABAAIOT MO
pe3ynbTaTaM KAaCTEPHOro aHaau3a, Korga ux
0bpa3yloT Hepasgennumble covyeTaHua ¢akTo-
pOB, Hanpumep coobLecTB NecoB CeBepHOW
Tanrmn 3anagHoit Cubupu unm necos cpeaHemn
TAlUrn U KOXKHbIX NOA30H TOM Xe TeppUTopuUMn.
MepeyHn TaKMX PeXMMOB NpUBELEHbI Ha pU-
CYHKaxX W B nereHae KapTbl. Bce daKkTopbl u pe-
MMbI OLEHEHbI B HOMWHANbHOM LWKane. Pexkun-
Mbl, TaK e KaK M OTAeNbHO B3ATble $aKTopbI
cpeabl, UCMOMb3YHOT ANA OLEHKM CUAbI U 06 LL-
HOCTW CBSI3M C NOMOLLbIO IMHEMHOM KaYeCcTBeH-
HOM annpoKkcMmaumun. [ns OueHKWM cxoacTBa
BMAOB /INLWAAHNUKOB MO PAacnpoCTPaHEHUIO UC-
nonb30BaH KoapodunumeHT HMakkapa — Haymosa
(ANs KonMnyecTBEHHbIX NPU3HAKOB) C NpeaBa-
pPUTENbHON HOPMMPOBKOW NOKa3saTenen. lMpwu
Knaccmpumkaumm no 3Tum  KoadduumeHtam
YUYMTbIBAIOT TO/IbKO HaMbosbluMe 3HAYEeHUA B
nepeceyeHMn no pacnpegeneHuto. Ana pac-
yeTa cxoacTBa HMOT NpumeHeH KoapdUumeHT
Koppenaummn, B KOTOPOM MUCKIKOYEHA Npoueay-
pa ueHTpMpoBaHusA. OH, TaK e Kak Koappumuu-
eHT aKkkapa n *Kakkapa — HaymoBsa, He nmeet
OTPUUATENbHbIX 3HAYEHWUI, HO B OTAMYME OT
HUX Y4UTbIBAET CXOACTBO MO OTCYTCTBUIO BUAOB
B HebnaronpuATHbIX BMOTONAxX, YTO B AaHHOM
Cnyyae gaet 40NOAHUTENbHY MHGOPMALMIO O
HEeOAHOPOAHOCTN NNXEHOBUNOTbI.

MpY HeaOoCTaTOYHOM arperaumm coobLLecTs 1
BWAOB Nocne nepBoi npoueaypbl Knaccuduka-
LMW1 Ha UCXOAHbIX AaHHbIX NPOBOAU/IN NOBTOP-
HYIO arperayuio Ha MaTpULAX MEXKIPYnnoBown
cBA3M (CpeaAHMX 3HauyeHusax KoadPpuumeHToB
cxoacTBa coobllecTs, BoWeAWNX B 3HAYMMO
cxogHble rpynnbi). Pesynbtatbl NnepBoro pasbu-
€HUA BCEN COBOKYMHOCTM cOoObLWEeCTB cuMTanm
AEeNeHNnemM Ha TUNbl BMOTbI, FPYNMbl, BblAeNeH-
Hble B NpoLuecce f0pPa3buBKM TUNOB, — NOATU-
namm, a Nocsie NOBTOPHOW arperaunm — HaaTu-
namu. B ganbHenwem, B pesynbraTte aHanau3a
COCTaBNeHHON 0630pHOM KapTbl BblAENEHDI
TMNONIOrO-XOPONOTrMYECKNE NONOChl — TEPPUTO-
PUM C OAMHAKOBbLIM «PUCYHKOMY», CO CXOAHbIM
LBETOM W COYeTaHWeM Bblaenos, npeobnaga-
IOLMX MO MIOWAAM N KUYMKAbIX» BKAOYEHUN,
3aHMMalOLWMX MeHblUylo naowaap. Mo suaam
JINLWAAHUKOB U INXeHOOUNbHBIX FPUb0oB, 13-3a
CYLLLECTBEHHO MeHblUen 0bLHOCTU, pe3ynbTa-
Tbl NepBOro pasbueHns cuuTann aeneHnem Ha
noaTUNbl pacnpeaeneHns, NOBTOPHOW arpera-
UMM — TMnamu. B Hagtunbl oHM 06begMHEHDI
Nno cXoACTBY PacTUTE/IbHOCTM Ha 3aHATOM MMM
TeppuTOpUMN.

bonblwas yactb meTo40B U MeToaoN0rmye-
CKMX MOAX0A0B onucaHbl paHee (KynepwTtox u
Aap., 1976; KynepwTtox, Tpodumos, 1976; Pas-
KWH 1 ap., 1978; MupkuH, 1980; PaBKuH, Jinea-
HoB, 2008). B 3Tux nybaMKaumnax ykasaHbl pas-
pPaboTYMKM MCNONBb30BAHHOINO MPOrPAMMHOrO
obecneyeHMa M NpuBeaeHbl CCbIJIKM HA COOT-
BeTCTBYlOLWME PaboThbl.

Pe3ynbTatbl

Knaccupumkauma BugoB NNWANKHUKOB U n-
XeHo$UNbHbIX rPU60B No CXOACTBY pacnpeae-
NeHusA

ABTOMaTUYeCKas KnaccudpuKauma BMa0B No
MCXOAHbIM AaHHbIM MOKa3ana BO3MOMKHOCTb
nx rpynnupoBku B 38 Knactepos. MNpu nosTop-
HOM arperaumm oHU obbeanHeHbl B 14 rpynn,
NPUHATbIX B KAYEeCTBE TUNOB PAaCNPOCTPAHEHUA
(puc. 1). Pe3ynbtaTbhl TEPPUTOPMANBHOTO aHa-
JIN3a 3TUX rpynn no cxoacTay buoTtonos, 0bwmx
ANA OTHECEeHHbIX K O4HOMY TUMNy BUAOB, AU
OCHOBaHWEe [A/A BblAeNeHUA Tpex HaATMMNOB
pacnpoCcTpaHeHUsa NUWANHUKOB: TyHAPOBOTO,
CrenHoro u JlecHoro. Takoe KhaaccuduKaum-
OHHOe npeAacTaBaeHue yduuTbiBaeT 36 % auc-
nepcmn matpuupbl cxoactsa no 1942 dopmam
AnwanHukos. Euwe nHpopmatmBHee aeneHue
Ha TUNbl U HAATUMbI C YYETOM MEXKIPYNnmnoBo-
ro cxoactsa — 49 % (MHOXeCTBEHHbIN KO3¢-
duumenT Koppenauum — 0.70). B Ha3BaHuAX
HaATUNOB PAaCcNpPOCTPAHEHUA OTPAXKEHbI XapakK-
TEPUCTMKM Npeobnagarowmx no 3HaAYMMOCTH
6uoTonos, rge Bowealwme B TUNOBbIE TPYNMbI
BMAbl COBMECTHO BCTpeyarnTcA Hambonee ya-
CTO, CYyAA MO BKAAAy B KOIQOUUMEHT BHYTPU-
rpynnoBoro cxoactea. Cnesyet oTMETUTb, YTO
CtenHo# 1 JlecHOM HaaTUMNbl PacnpoOCTPaHEeHUA
Yyepes KpaeBble rpynnbl 3HAYMMO CXOAHbI MEXK-
Ay coboii, B TO Bpemsi Kak TyHAPOBbIA MmeeT
C HUMM NNLWb 3aNo0porosoe cxoacTso. Kpome
TOro, B 3TOT HAaATUN PACNPOCTPAHEHUA BXOAAT
BMAbI, CNabo (XOTA U MaKCMMa/NIbHO) CXOAHble
MO MX BCTPEYAEMOCTU B PAaBHMHHbIX MOXOBbIX
TYHAPAX, NeCOTYHAPOBbIX TPABAHbIX UBHAKAX U
O/IbXOBHMKAX, a TaKXkKe B apKTMYeCcKnx 6bonotax
(tTvnbl 1.4-1.6). B JlecHOM HaATUN BKAKOYEHbI
BMAbl, NepeceKatlowmeca B pacnpocTpaHeHUN
B J1I€COCTEMHbIX COCHAKAX M WX MPOU3BOAHbIX
— 6epe30oB0-COCHOBbLIX WM  MEeKONCTBEHHbIX
necax (tun 3.4). 3Tn BUAbI UMEIOT NULLb CNa-
6oe 3anoporoBoe CxoACTBO C rPynnow BUAOB
rOPHbIX 1ecOB. Bce cTenHble TMNbI pacnpocTpa-
HEeHWA 3HAYMMO CBA3aHbI MeXay cobon, xoTa u
BK/IKOYAIOT IMLLANHUKN TYHOPOCTENEN.
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Hagrunei (1-3) n Tunei (1.1-3.4) pacnpegeneHus NUIWARHUKOB M NUXEHOMHUNbHbIX TPUBOB.

Bugki, npeanouMTalmme:

CyDaApKTHYECKHE

npua,qom.m ‘rr:l,qpu

andna Karawajevii

. Rinodina muscicoly

1. TyHapoBbIi E
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ga!opia:a spitzbargensi:
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Puc. 1. CTpyKTypa HEOAHOPOAHOCTM B pacnpeaeneHUn TNLLANHUKOB U INXEHODUIbHBIX TPMboB 3anagHomn
Cnbupun. CoctaB 6MOTOMNOB U NepPBbIe TPM BUAA C HANMBONbLLEN CYMMaPHOM LeHOTUYECKON 3HAYMMOCTbIO
npuBeaeHbl PAAOM C HOMEPaMM TaKCOHOB Knaccudumkaumm. MNocne nepeyncneHmna nMaepos ykasaHo obliee
YMCNO BUAOB, OTHECEHHbIX K AaHHOMY TUNY pacnpegeneHus. MNpu paBHOM cymme nokasaTtenen ueHotuye-
CKOM 3HAUMMOCTM NO KaxKAOMY BUAY B OTAE/IbHOCTM OHM NepeyncieHbl B andaBUTHOM NopsagKe, CHavana
Mo Ha3BaHMAM POAOB, a 3aTem — BMAOB. Ha puc. 1-3 cnaolwHoOM YepTol NoKasaHbl CBEPXMOPOroBble CBA3M,
NPepbIBUCTON — MaKCMMabHble NPU OTCYTCTBMM 3HAYMMBbIX, MYHKTMPOM — BCMOMOraTesibHble. PAgoM co cBs-
35MW MpUBeAEHbl 3HAYEHUS MEKIPYNMOBOro CXoACcTBa. Mopor 3HaYMMOCTU COOTBETCTBYET HAMMEHbLLEN AN
Kaxkgoro rpacda BeanymMHe CBEPXNOPOroBol cssun. MIHAEKCOM Y HOMepa TaKCOHa NOKA3aHo cpefHee BHYTPU-
rpynnosoe cxoacTso. CTpesikamu 0603HaYeHo HanpaBaeHe yBeANYEeHUA BANAHNA GaKTOPOB cpeabl, BbiAB-
JIeHHbIX no rpagdy

Fig. 1. Structure of heterogeneity in the lichen and lichenophilic fungi distribution of Western Siberia. The
composition of biotopes and the first three species with the greatest total cenotic significance are listed
next to the classification taxa numbers. After the leaders, the total number of species assigned to a given
type of distribution is indicated. With an equal amount of cenotic significance indicators for each species
individually, they are listed in alphabetical order, first by the names of the genera, and then by the species.
In Fig. 1-3 a solid line shows superthreshold connections, intermittent — maximum ones in the absence of
significant ones, dashed — auxiliary ones. Next to the links the values of intergroup similarity are presented.
The threshold of significance corresponds to the smallest value of the threshold connection for each graph.
The index of the taxon number shows the average intragroup similarity. Arrows indicate the direction of
increasing the influence of environmental factors identified by the graph.e

Hanbonee npeactaBuTenbHbiM MO YMCay
obbeanHAeMbIx BUAOB cneayeT cymTtatb Cren-
HOM HaaTUn pacnpocTpaHeHusa (Bcero 1049
dopMm; No oTaenbHbIM TUNam — oT 9 a0 694).
MeHee npeacTaBuTeNeH NO 3TOMYy MOKasaTte-
no NlecHon Haatun (709; 3—-694), u nocnen-
Hee MecTo 3aHMMaeT TyHApoBbIA HaaTun (192;
1-119). Cpeayn TMNOB PacnpPOCTPAHEHUS Hau-
b6onee npeactasuTenbHa rpynna 2.2. K Hen oT-
HeceHbl 906 dopm, MepeceKatoWmxcs mexay
coboi nNo pacnpeneneHuto B ropHbIX TYHAPO-
cTenAx U Ha cKanax. Ha BTopom mecTte CTOUT

TUN NINLWLAMHUKOB ropHbIX necos (694 BMAaa), Ha
TPeTbeM — BUAbl PABHUHHbIX TYHAP U IECOTYH-
ApoBbIX peakonecuit (581). Ha yetseptom me-
CTe — NIMWAaNHUKM paBHUHHbIX TyHAp (119). MNo
OCTaNbHbIM HAATUNAM NPEeACTaBAEHHOCTb B TU-
NoOBbIX FPYNMNMPOBKax Konebaetca B npegenax
OT ogHoM Ao 76 dopm.

Takum 06pa3om, MOXKHO YyTBEPXKAATb, YTO
B CMWCOK OCHOBHbIX GAKTOPOB cpesbl, Koppe-
JIMPYIOLWMX C pacnpocTpaHeHMeM NULIANHUKOB
Ha TEPPUTOPUAX CO 3HAYMMbIM NepeceyeHnem
MO MX BCTPEYAEMOCTU, BXOAAT TUMN PacTUTENb-
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HOCTW, 30HaNbHaA TennoobecneyeHHOCTb, pe-
nbed M YacTMYHO 3a60/104EHHOCTb.

CTpyKTtypa MPOCTPAHCTBEHHO-
TUNONOTUYECKOI USMEHUYMBOCTU INXeHObUOoT

MepBuYHaa Knaccmdpukauma 61 BapumaHTa
NMxeHobmoT nokasana uenecoobpasHOCTb BbI-
Aenenva 17 tmnos coobuiects, obbeanHeEH-
HbIX B pe3ynbTaTe nocneayowen arperaumm B
8 HagTunos (puc. 2). B nepBblit HaATUN BKAO-
YyeHbl KOMMEKCbl HUBA/IbHO-CYOHMBANbHbBIX U
aNbNUNCKO-cy6anbnUMNCKUX NYroB, BO BTOPOWA
— TYHAP, KYCTAapHUKOB, pesKoaecuin, necos (1c-
KNtoYas CTeNHble COCHAKKU) 1 6on0oT (Kpome ne-
COCTENHbIX M CTenHbIX). B TpeTuit HaaTMn Boww-
N1 coobLecTBa NIECHbIX TOPHbIX IYrOB, @ B NO-

cneaytowme — ¢ YeTBEPTOro Mo WeCToM — pas-
NINYHble BApUaHTbl cTenHon 6moTbl. Mpu 3Tom
HE WMCK/OYEHO, YTO MXeHObNoTa BTOPUYHDLIX
MeNKOAEPHOBUHHbBIX cTenen, obpasyrowmx oT-
AeNbHbIM (NATbIA) HAATMM, BEPOATHO, OTHOCUT-
CA K YeTBepTOMYy HaaTUNy, a BblAeNeHne ee B
OTAENbHbIA TAaKCOH TAKOro BbICOKOrO paHra —
cnyyanHo. Mo cymmapHon pUTOLEHOTUYECKOM
3HAYMMOCTUN U YNCNIY OTMEYEHHbIX BUAOB Hau-
6onee 6oraT BTOpON (TyHAPOBO-NECHOM) HaA-
TMN 6MOTbI, HA BTOPOM MecTe — ecTon bnoTtu-
yeckui Haatun. MeHee 6oraTtbl Haatunel 4, 1
n 3, T. e. coobuiecTsa NYyros 1 Nyrosbix CTenemn
(nocnegHne — c BKNHOYEHMEM CTEMHbIX COCHA-
KOB).

HagarTunbl nuxeHoGuor
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14; 18/8
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111 Acarospora veronensis  Dimelaena oreina

Cladonia convoluta
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16; 31/2
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HOCTb
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30HaNbHOCTL
NOACHOCTL

3aconeHHocThb

Apuauzauma >V

>

Puc. 2. CTpyKTypa TeppuUTOpUaNbHOM HEOLAHOPOAHOCTM NNMXeHO6MOTbI 3anagHoi Cnbupu Ha ypoBHe HaaTu-
na. PAgom c Homepamu HaaTUMNOB NPUBEAEHbI HAa3BaHMA 3aHMMAEMbIX UMK BUoToNoB. TPU NMANPYIOLWUX MO
LEHOTMYECKOM 3HAYMMOCTM BUAA MU CYMMAPHOE MO rpynne 3HaYeHne ee, a TakKe obLuee YNCA0 BCTPEUYEHHDIX

BMO0B M Yepes KOCyto YepTy — PoHOBbIX. DOHOBBIMM CUUTANN BUAbI, LEHOTUYECKAA 3HAYMMOCTb KOTOPbIX B
cpefHeM Mo TaKCOHY KaaccubuKauum pasHa uam bonblue egmHuLbl. OcTasibHble YCNOBHblIE 0603HAYEeHUsA KaK

Ha puc. 1

Fig. 2. Structure of the lichenobiotic territorial heterogeneity of Western Siberia at the level of the supra-
type. The names of biotopes occupied by supra-types are given next to the numbers of supra-types, Three
species with the leading cenotic significance of the species, the total value of the species in the group and

the total number of species encountered, and after slash - background ones. Background species were
considered those with the cenotic significance, on average, equal to or greater than one in the taxon of
classification. The remaining symbols as in Fig. 1
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TeppMTopmaanaﬂ U3MEHYUBOCTb JTNXEHO-
61OTbl B OCHOBHOM coBnagaeT C TpeHaamu no
30HAa/IbHOCTNU B COYE€TaHUMN C MOACHOCTbIO, 4
TaKXe C OGI’IGCGHHOCTbI-O, 3a60104EHHOCTbIO U

3aCo0NeHHOCTbo. [leneHune Ha Tunbl COO6LLI,€CTB
N NUX XapaKTePUCTUKU NpuBedeHbI Ha PUC. 3.
[NpocTpaHCcTBEHHbIE TPEHAbI MO TUMNAM JINXEHO-
61oTbI TE e, YTO U NO HaaTunam.
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Puc. 3. CTpyKTypa TeppuTopManbHOM HEOAHOPOAHOCTM IMXeHOOMOTLI 3anagHoi CMbMPK Ha ypOBHE TUMa.

YcnosHble 0603HaveHMA KaK Ha puc. 1 n 2

Fig. 3. Structure of the lichenobiotic territorial heterogeneity of Western Siberia at the level of the type.
Symbols as in Fig. 1 and 2
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Tunonoro-xoponornyeckaas  HeoO4HOPOA-
HOCTb INXeHO6UOTbI
WtoroBoe npeacTtasneHWe O MNPOCTPaH-

CTBEHHOM anddepeHUnauUnm ANXEHOOBUOTbI
3anagHo Cubupwn, cnoxkuelueecs B pesy/b-
TaTeé MHOTFOMEPHOro aHanM3a [AaHHbIX, KX
0b0bueHna, KnaccuPpuKauuu, BbIBNEHUS
NPOCTPAHCTBEHHO-TUMONOIMYECKON CTPYKTYpbI
M OCHOBHbIX TPEHAOB, NPU3BaHA BM3YasIbHO
0T0b6pasnTb 0630pHan KapTa (puc. 4), coctas-
NIeHHasA B NPAMOWN KOHMYECKON PaBHOMPOMEKY-
TOYHOM nNpoeKunn. MNpu ee NoaroToBKe B Kaye-
cTBe KapTorpadpuyeckom OCHOBbI ANA PABHUH-
HOM YaCTWN permoHa B3AT 31EKTPOHHbIN BapuaHT
KapTbl «PacTuTenbHOCTb 3anagHo-Cubupckomn
paBHUHbI» (UnbuHa 1 ap., 1976) B macwTabe
1:1500000, oundpoBaHHON COTPYAHUKaMMU
LICBEC CO PAH, a Ana ropHOM YacTM MCNONb30Ba-
Ha NaHAwadTHas KapTa B macwTtabe 1:1000000
n3 onybnmkosaHHou B 2001 r. B BUAE KOMMNAKT-
AncKa «feoMHPopMaLMOHHOM cucTembl AnTae-
CasaHcKoro akopervoHa». [lononAHUTEeNbHbIM
NMCTOYHUKOM KapTorpapumyeckon nHpopmaymm
NOCNYXXWNA IKONOTo-PUTOLEHOTMYECKAA KapTa
FO»kHOM Cubupm B macwTabe 1:1000000 (Ce-
AenbHUKoB 1 ap., 2005).

Bu3yanbHbIN aHANN3 KapTbl NO3BOIAET FOBO-
PUTbOHANNYUNNIATUTUNONOTO-XOPONOTNYECKNX
nmxeHobuotmyeckmx nonoc. lMNepBas M3 HuUX
obpasoBaHa BblAeNaMn, OTPaXKaAOWMMKN pac-
NPOCTPaHEeHMEe NINWANHMKOB B BbICOKOTOPHbIX
Nlyrax, OCTa/ibHbleé COCTOAT M3 Tpex rpynn Bbl-
Aenos. B nepsyto rpynny BxoaAT npeobnaga-
olMe No NAOWAAN PAaBHUHHbIE BblAeNbl, BO
BTOPYHO — UX FTOPHble aHAN0rK, B TPETbIO — paB-
HWUHHbIE BKNOYEHUA M3 BbIAEN0B, 3HAUYUTE/b-
HO MeHbLMX No naowagu. Takum obpasom,
nmMxeHobunoTmMyeckme nonocbl cGopMMpPOBaAHDI
B OCHOBHOM BblAenamu ¢ Hanbonblueln NaoLLa-
b0 Ha PaBHWHE, C «BbINIECKAMU» UX B TOPHYIO
4acTb TEPPUTOPUN N MENKUMU BKIKOUYEHUSAMMU,
OTPaKaloLWMMKN PacnpPoCTpaHeHNE «AOMONHU-
TENIbHbIX» TAaKCOHOB, OTHOCALLMXCA K TeM e
WAN UHbIM TUNam An6o noaTunam. Moatunel
Ka*k40ro TMNa oKpalleHbl B raMMe onpeaeneH-
Horo uBeTa. Chegyet OTMETUTb, YTO TUMONOrO-
XOponoruyeckme nonocbl, 0603HaYeHHble Ha
KapTe PUMCKMMU UMPPaMm, YETKUX FPaHULL He
nmetoT. OHM NPOHUKAIOT APYr B Apyra, obpa3ya
«30HbI» nepeceyeHuns, KoTopble (aKTUYECKK
BX04AT B 06e rpaHMyawme nonocol. B nereHge

KapTbl npueeaeH CoCtas NINXeHobmoT no TMnam
nnogtunnam, exogawmnm B YKasaHHbIE€ NO/10CbI.

JKonornyeckana opraHusauua pasHoobpa-
31A IMXeHobuot

AHanu3 KnaccuduKaumin BUMAOB M CO0D-
LWEeCTB JIMWANHWUKOB CBUAETENbCTBYET O KOp-
pensumm (No npeameTHbIM CcoobpaxkeHUAM
3TO, KaK NpaBuo, U NPUYNHHAA 3aBUCUMOCTb)
HEeOAHOPOAHOCTM B PACNpPOCTPAHEHUWN BUAOB
NINWANHMUKOB W M3MEHYMBOCTM NMXeHObUo-
Tbl C AeBATbio ¢dakTopamm cpeabl. Hanbonee
3HAYMM M3 HUX TUMN PACTUTENIbHOTO MOKPOBaA
(TyHApOBbLINA, NEcoTyHAPOBbLIN, PEeAKONECHbIM,
KYCTapHWKOBbIN, JIECHOM, /NIyrOBOW, CTEMNHOMW,
60N0THbIA U cBOBOAHbLIA OT PACTUTE/IbHOCTU
CKanbHbIN cybCTpaT, 34eChb U ganee Nog Tepmu-
HAaMM «CKa/bl» N «CKAZIbHOCTb» Mbl MOHMMAEM
BeCb Habop cKanncTbix BUOTONOB — CKa, BbIXO-
[l0B KOPEHHbIX NOPOA M KypymoB). CBob6oaHble
cybcTpaThl HA CTBONAX, BETBAX M MOYBaX BXOAAT
B COOTBETCTBYHOLME TpajauMM pPacTUTENbHO-
CTU. TUN pPacTUTENbHOCTU HA PernoHasbHOM
YPOBHE OnpefensitoT LWMPOTHbIE MAU BbICOT-
Hble pa3nnuma no Tensao- u Bnaroobecnevyex-
HOCTU. Kpome TOro, ¢ 04HOM CTOPOHbI, CKa3bl-
BaeTCcs yrHeTatowee NMWanHUKM BO34enNCcTBue
KOHKYPEHTHOIO MpPEeMMmyLLecTBa BbICWUIMX pac-
TEHUN, @ C APYFON — NONOXKMUTENBHOE BINAHUE
HaN4MA HesaHAToro cybctpaTta Ha CTBOMAX U
BeTBAX. ITMM 0bycnoBAEHA BbICOKaA CTeneHb
aNMNPOKCMMALMM YKa3aHHbIMU PEXUMAMK Tep-
PUTOPMANbHON HEOAHOPOAHOCTU NNXEHOOMOT
— 66 % ancnepcnn maTpuubl KO3IPPULMEHTOB
cxoacTtBa 61 BapuaHTa aMxeHobuoT (Tabanua).
MpumepHo B 1.5 pa3a meHbLUe BANAHKE TENNO-
obecneyeHHOCTM (B 30HA/IbHOM M BbICOTHO-
NOSICHOM acrneKTax), BTpoe — 0b1eceHHOCTH, B
4.5 pasa — 30HaNbHOCTU, B3ATOM OTAE/IbHO OT
NoACHOCTU. CBA3b C OCTa/ibHbIMU paKkTopamm
3HaunTenbHo cnabee n Konebnetca B npege-
nax ot 2 go 8 % gmucnepcun. MHoOXKecTBeHHanA
MHTErpasibHasA OLEeHKa BC/leACTBME B3aMMHOW
Koppenaumm mexay Gaktopamm coctasnsaeT 77
%. TaK, oLueHKa BAnaHna obneceHHocTn nobas-
NAeT K annpoKcMmauuu nepsbim (Hanbonee
3HAYMMbIM) pexxumom Bcero 2 %, a Tennoobec-
ne4yeHHocT — 7 % Aucnepcun. 3HAYMMOCTb
OCTaNbHbIX PAKTOPOB NOJHOCTLIO BXOAUT B CO-
BOKYMHYIO OLLEHKY NO Npeablaywmm Gpaktopam
N peXXnMmam, NOCKONbKY BK/IHOYEHNE UX B pac-
YyeTbl HEe YBE/IMYMBAET CHATYIO AUCNEPCULD.
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@@000 JJ

YcnoeHble 0603Ha4eHUs
TuNb! W NOATUALI IMXEHOBMOTLI ™

1. Nlyroe ropHeIX

1.1 - HUBaNbHO-CYDHWBANBHBIX
1.2 - anbnuiAcko-cyBansnUNcKkux

2. PaBHWHHBIX W TOPHLIX TYHAP, PeAKONECcHA, NecoB (KpoMe CTenHbIX)
¥ BonoT cpefiu HUX (KPOME CTEMHBLIX W NecOCTENHLIX)

2.1 - TyHApP, TYHApPOCTENeH, ckan

2.2 - paBHWHHBIX TYHAPOBERIX GoNoT v nyros

2.3 - necoB (KpoMe CTenHeIX) W pegkonecui

codvetanme 2.3 M 4.1 - necoB (KpoMe CTenHLIX) M PeaKoNeckin C NYroBLIMKM CTENAMW M OCTENHEHHBIMKU MyramM
coveraHue 2.3 1 6.3 - necoB (KpoMe CTenHLIX) M pefKonecuid ¢ IKCNOZMLUOHHEIMW NYTOBLIMKA CTENAMK

2.4 - NecoTyHAPOBLIX W TaexHbIX Bonot
2.5 - cyBanbnuincKKx KycTapHUKOB

3. Nlyroe ropHbIX NECHbLIX

4. [lyroBbix cTenei N ocTenHeHHbLIX NYFOR NeCOCTENHOW M CTEMNHON 30H,
COCHOBbIX NECOB CTENHOM 30HbI

4.1 - NyrogeIx CTene 1 OCTENHEHHBIX Nyros

4.2 - cTenHbIX COCHOBLIX NecoB

5. BTOpMYHbIX MENKOAEPHOBUHHLIX CTeNel (ropHbIX)
6. Mpounx cTenen

FopHbIX

6.1. - ONYCTLIHEHHDBIX, NEPBMYHBIX ASPHOBUHHBIX W NOAYLIEYHWKOB
6.2. - KyCTapHUYKOBbLIX

6.3. - NYroBbIX 3KCNO3NLIMOHHBLIX

PaBHUHHBIX

6.4. - HACTOAWMX, NCAMMOMMWTHBIX U CONOHLUEBaThLIX
7. NecoctenHbix 1 cTenHbIX BonoT

8. NranodwuTHLIX coobwecTB

Tunonoro-xoponoruyeckue NUMXeHoBMoOTUYECKKE NONOCHI

rOpPHBIX HUBANbHO-CYBHMBANBHLIX U anbNUACKO-cyBanbnuinckux nyros (1.1 w1 1.2)
C BKMIOYEHUAMM CyDaNBNUACKAX KyCTapHUKkos (2.5);

PABHUHHLIX TYHAP C BKNHYEHWAMMN PABHWHHBIX TYHOPOBLIX GonoT u nyroe (2.1 1 2.2),
rOpHbIX TYHOP, TYHOPOCTenew v ckan (2.1);

paBHWHHLIX NecoB (Kpome cTenHbix) 1 pegkonecui (2.3), NnecoTyHapoBLIX U TaexHblx GonoT (2.4),
FOpHBIX NECOB M PEAKONECHA, FopHLIX NecHbix nyros (Tun 3);

paBHWHHLIX NYrOBbIX CTENer U OCTeNHeHHbIX Nyroe (4.1), cTenHeix cocHAkos (4.2),
NecocTenHeIX 1 cTenHeLX GonoT (TKn 7), ranoduTHeIX coobiecTts (Tun 8) 1 ropHeIX NyroBeIX crenei (6.3);

pPaBHUHHBLIX HAacToAWKX cTenel (6.4), necocTenHeix U cTenHelx Gonort (7)
1 ranoduTHLIX cooBLUECTB (8), FOpHBLIX HACTORALLMX W KYCTapHWYKoBLIX cTenei (Tun 5, noatunel 6.1 1 6.2).

Mpanuubl

NPUPOAHEIX 30H U MOA30H
MEXIY PABHUHHOW W rOpPHOR YacTaMmi 3anagHoi Cubupw

*I{naccmcbmaunm W XapakTepuCcTUKM GUOTLI CM. Ha puc. 21 3

Puc. 4. MpocTtpaHcTBeHHan auddepeHumaLma nuxeHobmoTsl 3anagHol Cubupm (3anagHo-Cubupckan paBHU-
Ha, AnTalickas u KysHeuko-Cananpckas ropHble obnactu). Knaccudukaumio n xapakTeEPUCTUKN IUXEHOBMOTbI

CM. Hapuc.2mn3

Fig. 4. Spatial differentiation of lichenobiota of Western Siberia (West Siberian Plain, Altai and Kuznetsk-Salair

mountain regions). For the classification and characteristics of the biota, see Fig. 2 and 3

147



CepenbHukoBsa H. B., PaBkuH H0. C., Ubibynnu C. M., YecHokoBsa C. B. TepputopmasibHaa HEO4HOPOAHOCTb IMXEHOOUOTHI
3anagHoi Cubupwu (B cpaBHeHUn ¢ apyrumm coobuiectsamm) // MpuHumunsl akonornn. 2018. Ne 4. C. 138-155

Tabnvua. Cuna n o6LWHOCTL CBA3M NPOCTPAHCTBEHHO-TUMOIOTMYECKON HEOLHOPOAHOCTM BUOTbI NLLAN-
HWKOB N NIMxeHOodUIbHbIX TpnboB 3anagHon Cnubnpm 1 GakTopoB cpedpl (YyUTEHHasA AMcnepcusa maTpuLbl
KoadpduMuMeHToB cxoacTBa, %

Table. Strength and generality of the connection between the spatial-typological heterogeneity of lichen
biota and lichenophilic fungi of Western Siberia and environmental factors (the considered variance of
the matrix of similarity coefficients, %)

OueHkKa
daKTop, pexum
WHOMBUAYANbHAA Hapa%ziw_oromu.mm
Tun pacTUTeNbHOro NOKPOBa, Hannuune ceobogHoro cyberpaTta 66 66
ObneceHHOCTb 33 68
TennoobecneyeHHOCTb (B 30HA/ILHOM W BbICOTHO-MOACHOM 24 75
acnekrax)
30HaNbHOCTL 16 75
CKanbHOCTb 8 75
MoAacHocTb 7 75
3a60/104eHHOCTb 6 75
3aconeHHOCTb 6 75
Penbed (ropbl — paBHUHA) 3 75
KnaccudmKaLMOHHbIE U CTPYKTYPHbIE PEXUMbI U GaKTOpPbI 79 90
COBMECTHO
MHoecTBeHHbI KoahdULMEHT Koppenaumm - 0.95

MHamBmayanbHas OueHKa paccyMTaHa Mo
Kaxkgomy daktopy (pexumy) otaenbHo npwm
YC/IOBMMU, YTO HUKaKuMe apyrue ¢akTopbl He-
M3BeCTHbl. PacyeT HapacTalowmm UTOrom Bbli-
NOJIHEH MO paccmaTpuBaemomy GaKTopy M co-
BOKYNHOCTW BCcex $aKTopoB, Mmetlowmx bonee
BbICOKME OLLEHKWU. ITO NO3BONAET OLLEHUTb CTe-
NeHb CKOPPENMPOBAHHOCTU GAKTOPOB TAKOro
Habopa. B npupoae, Kak NpaBuio, cpean HUx
HET OPTOroHasIbHbIX, MOCKO/IbKY BCE (aKTopbI
B TOM UM MHOW Mepe CKOppennpoBaHsbl. MNos-
TOMY MPOCTas CyMMa OLLEHOK CBfi3el NO BCEM
¢daKkTopam 6onblue 100 %, yero 6bITb HE MOXKET.
MHOKecTBeHHaA OLLeHKa No Bcem GaKTopam u
pexMmaM C y4eToM Koppenauum CBA3en co-
ctasndaet 90 % gmMcnepcrMm maTpuLbl CXOACTBA.

MHOeCTBEeHHbIM KO3hPUUMEHT Koppensa-
uMn Bcex pakTopoB U perxkumon paseH 0.95,
TO eCTb MHPOPMATUBHOCTb U3/IOXKEHHbIX Npes-
CTaB/NIEHUA [OCTAaTOMHO Be/MKa. YKasaHHas
OLleHKa He BK/lo4YaeT B ceba npeacraBneHms
O TUMOJIOrO-XOPONOTMYECKUX NUXEHOBbUNOTHYE-
CKMX MOJIOCaX, MOCKO/IbKY OHU BblaeneHbl He
no cxoacTBy OMOT MpM KNacTepHOM aHanuse
TepputopmnanbHon aundpdepeHuMaunm nuxe-
HOBMOT, @ YUNCTO YMO3PUTE/IbHO, MO XapaKTepy
n3obparkeHns Ha NpeacTaBNAeHHON KapTe, T. €.
C YYETOM XOPONOrMYECKON 0OLLHOCTM.

O6cyxpeHue

PacTutenbHoCTb M coobLiecTBa *KMBOTHbIX
3anagHo-CMbUpCKoN  paBHMHbLI, ANTalCKOM
n KysHeuko-Canampckol ropHbix obnacten K
HaCTOALLEMY BPEMEHM XOPOLIO M3yyeHbl. ITO
NO3BONAET CPaBHUTb 0OWMI XapaKTep Teppu-
TOPUAZbHOW M3MEHYMBOCTU IMXeHOBWOT, pac-
TUTENbHOCTU U }KMBOTHOTO HaceneHunsa. OgHaKo
conocTaBieHne 6MOT pasHbIX cUCTemaTuye-
CKMX TPYNN OCNOXHAKT CyLLECTBEHHbIE Pasu-
4YMA B CTENEHM NONHOTbI COOPAHHbBIX AAHHbIX U
nx apobHocTu. Tak, No AnxeHobumoTe He obcne-
[OBaHbl MOMMEHHbIE, a TaKXe cenntebHble u
arposiaHawadTbl. Kpome Toro, no *KMBOTHOMY
HaceNeHnto, B OT/IMYME OT IMXEHOBMOT, NaHA-
WwadTbl ONMCaHbl pa3aeslbHO NO MPOBUHLMAM
AnTanckon ropHoi obnactu. BoibopKa no Ha-
CeNIeHMIO NTUL, BKIKOYAET BOAHbIE SKOCUCTEMBI,
B TO BPeMA KaK MO OCTaJibHbIM BMOTUYECKUM
rpynnam peku M BogoemMbl He obcnenoBaHbl.
MocKoNbKY MOBTOPHOE arperMpoBaHMe CTanm
MCNONb30BaTb CPABHWUTENbHO HeAABHO, Bce
COMNOCTaB/IeHMA Aafiee NpoBeAeHbl NO pe3yib-
TaTam nepsoro pas3bmeHuns. Yactb Knaccuopmka-
LUMN BbIMNOSIHEHA TO/IbKO MO PAaBHMHHOM 4YacTu
3anagHot Cubupu (pacTutenbHoCTb, Tymyc
noys, nogzemHaa GUTO- U MOPTMACCa, a TaK-
e HaceneHne 6ecno3BOHOYHbIX), MO3TOMY
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NPOCTPAHCTBEHHbIE U3MEHEHUA NTNXEHOOUNOT B
3TUX Cay4aax ANA CPAaBHMMOCTM NpPOAHANU3U-
pOBaHbl C MITHOPMPOBAHNEM B KnaccudmKaumm
rOpHbIX U HeobcneaoBaHHbIX COOOLLECTB.

Mo AaHHbIM 33 NepByl NMONOBUHY /eTa, B
YCNOBHO TYHAPOBY Fpynny BXOAAT OPHMUTO-
KOMM/IEKCbl TO/IbKO apKTUYECKON U CEBEpPHOM
cybapKTUYECKOM NOA30H, a OXKHOW cybapKTu-
YeCKOM TYHApPbl BMECTe C OPHUTOKOMIMIEKCa-
MU NeCcOTYHAPOBOW 30Hbl U CEBEPHOMN Tamlru
0bpa3yloT YyCNOBHO NIeCOTyHApPOBble coobule-
cTBa. J/lecCHoe HaceneHne HauymHaeTca K ory ot
rPaHULLbI MEeXKAY CEBEPHOWN U CPeaHEN Talroun.
Mo OpHMTOKOMMIEKCAM FrOPa3ao YeTye, YEM MO
NnxeHobmoTam, oTanyatoTca coobuiecTsa cyxo-
ponos n 6on0T1, ocobeHHo BepxoBbix. Hacene-
Hue NTuy, 6010T He 06beAMHEHO MO CXOACTBY,
KaK coobliecTtBa NULWIANAHUKOB, B OAUH TUN C
6MOTOM FOPHbIX U PABHUHHbIX TYHAP (PaBKWUH U
ap., 2016).

MPOCTPaAHCTBEHHbIE CTPYKTYPbl HAceneHus
NTUL, BTOPOM NOMOBMHbI I€TA U IMXEHOOMOTHI,
B NpuHuune, 6anskn. B camom obuwem Buae
CYyTb TEepPPUTOPUANIbHOM WU3MEHYMBOCTU MO
3TUM OBMOTMYECKMM Fpynnam CBOAWUTCA K CO-
OTBETCTBMIO HEOAHOPOAHOCTU PACTUTENIbHOIO
MOKPOBA, XOTA Y KaxKAO0M U3 rpynn BbIsIBNEHbI
cneunduyHblie OTKNOHEeHMA. TaK, No AnLWanHK-
Kam FrOpHble N PaBHWHHbIE BapWaHTbl 1€COB U
TYHAP 06beAMHEHbl B OAUH TUN INXEHOOWUOT,
B TO BPEMs KaK MO Hace/seHuto NTUL, aHano-
r’MYHan OAHOTUMHOCTb CBOMCTBEHHA TO/IbKO
NecHbIM coobuwectBam. Mo HaceneHuo NTUL,
3anagHon Cubupwu, No AaHHbLIM 33 BTOPYHO MO-
NIOBUHY NeTa, YeTKO BUAEH KOHTPACT MexAay
coobuiectBamMM CEBEPHOW U CpeaHer Tauru
(PaBknMH u ap., 2007). CeBepoTaekHble CoO-
obuiectBa, TaK e KaKk B NepBOM MNONOBUHE
NleTa, BXOAAT B ICOTYHAPOBbIN TUM HAaceNeHUs
BMECTe C HKHOW cybapKTUYEeCKon TYHAPON M
NIeCOTyHAPON, a cpeaHe- U 0XKHOTaeXHble — B
NIeCHOM, BKAKOYaOWMNI U Bonee toXKHble OPHMU-
TOKOMM/IEKCbI — IECOCTENHbIE, @ TaKXKe FopHO-
necHsble. Mo AMwanHnKam nogobHbIX pa3nnuuni
He BblfiBNEHO. Kpome Toro, no nmxeHobuore
yeTye BMAHbI OT/IMYMA BONOTHLIX U He3abono-
YeHHbIX COObLLECTB, B TO BpeMSA KaK No NTuuam
OHM 0bbeauHeHbl nocne ycpeaHeHUs OTKPbI-
TbIX U 0bneceHHbIX 60N10T B eAnHble TUMbl Ha-
CeneHunA ¢ 30HaIbHbIMW OPHUTOKOMMIEKCAMMU.
Mo HaceneHuto NTUL, ApYE BblPa*KeHbl pPasu-
yma coobuecTB CyOHUBANbHbIX M anblUIACKO-
cybanbnuUmnckmx TyHAP U nyros. JInxeHobuoTbl
nocnegHMX Ha YPOBHE TUMNA TOXKe pa3aeneHbl n
OT/INYAIOTCA OT COOBLLECTB FOPHbIX TYHAP, BXO-
AAWMX B OANH TUMN C PAaBHUHHbIMW aHa/IOramm.
Mo NnTMLam 3To pasHble TUNbl coobuiecTs. Kak

no NTULUAM, TaK U NO InxeHobMoTe coobluecTsa
cTenen B obuiem aenatcs Ha nyrosble (cybry-
MUZHbIE) U HacToALMeE (CyxMe), a B ropax — eLle
N KPMODUTHO-apUAHbIE.

Mo menkMm mnekonuTalLmm B 06Lwmx yep-
Tax MPOC/eXeHbl Te e U3MEHEHUA, YTO U Mo
NTMUaMm, HO 6e3 YeTKUX Pasnnunii mexagy Ha-
cefleHMeM CeBepo- U CpeaHeTaeKHbIX MecToo-
OUTaHUN U HECKOJIbKO BONbWIMMM OTINYUAMM
HaceneHuss 60N10T U He3abOoNOUYEHHbIX TEPPU-
Topuit (PaBknH u ap., 2009). 310 cbamkaer
XapaKTep NPOCTPAaHCTBEHHON W3MEHYMBOCTU
COObLWECTB MENIKMX MNIEKOMUTAIOWMNX U Jnxe-
HO6MOT.

Hanbonee Bennku otanuma oT paHee pac-
CMOTpPEHHbIX BMOTUYECKUX TPYNN Y HA3eMHbIX
XONOAHOKPOBHbIX MO3BOHOYHbIX 3eMHo-
BOAHbIX W npecmMblkatowmxca (PaskmH u ap.,
2008). Mo 3TMm rpynnam Ha ¢OoHe 30HANbHOM
cneundUKM AOMUHUPYET BAUAHUE OTAE/bHbIX
MMUTUpPYOLWKMX PpaKkTopoB cpeabl. B nx cnucok
BXO4AT TennoobecneyeHHOCTb, YBAXKHEHWE U
KOPMHOCTb. [0 ApyrMm rpynnam no3BOHOYHbIX
n3-3a 6ONbLIEro YMCNa BUAOB U UX IKONOTNYe-
CKOM pPa3HOPOAHOCTM aHANOTUYHbIE U3MEHe-
HWA NAaBHbI M B Lenom Honblie coBNaaatoT C
30Ha/NIbHO-NOA30HANbHbIM AeneHnem. o xo-
NIOAHOKPOBHbIM TAaKCOHbI KnaccuduKkaumm anod-
depeHLMpoBaHbl MO 3aHMMaeMbim BrUoToNam:
3KCTpeManbHbiM, CybaKCTpemasibHbIM, Neccu-
ManibHbIM (OTAENbHO PABHWUHHbLIM U TOPHbLIM),
a TakXe cybonTUMasbHbIM M ONTUMaAbHbIM
(Tonbko AnAa 3emMHOBOAHbLIX). JIMMUTUPOBaATb
pacnpegeneHne 3TUX MNO3BOHOYHbLIX MOMKET
OAMH U3 NepeyncneHHbix GpakTopoB He3aBUCHU-
MO OT 6/1aronosly4yHOro COCTOSHUA NO OCTallb-
HbIM. 3TO, KaK MPaBU/IO, M NOPOXKAAET BKAIOYE-
HWe B OAWMH TAKCOH COOOLLECTB, COBEPLUEHHO
Pa3ZINYHbIX NO 30HA/IbHOCTU, NMOA30HANBHOCTY,
3a60/104€HHOCTU M TUNY pacTUTenbHoCTU. Mpu
3TOM CTeneHb COBMAaAEHMA rPaHNL, TAKCOHOB NO
paccmaTpuBaemMbim GMOTam Bbille B TYHAPOBO-
NecoTyHAPOBOM Mosioce U MeHblle — B bonee
FOXKHbIX YaCTAX PernoHa.

Mo 3anagHo-CnbuUpcKom paBHUHE NpU CpaB-
HUMbIX MOAXO4AX U MPUHLMMAX Knaccuduka-
uumM Bce GUTOLEHO3bl pa3aenieHbl Ha YeTbipe
TMna: 1 — TyHApoBble; 2 — NeCOTYHAPOBO-
ceBepoTaeHble; 3 — necHble (OT cpeaHel
TaWrnm o necoctenu, BKkAO4Yaa 6ONOTHble co-
obuectsa) U 4 — ctenHble (MpocTpaHCTBEHHO-
TMnonormyeckaa anddepeHumaums..., 2011).
B 0bwmx yepTax KaaccuduKaLmsa dKOCUCTEM,
COCTaBNeHHasA aBTOpPamMu 3TOM NybaAMKauuu,
no 6uomacce nNATK KM3HEHHbIX Gopm pacTe-
HMW Ha YPOBHE TUMA COBMaAaeT C TAKOBOM NO
nnxeHobuoTam M HaceneHuto Ntuu,. bonee 06-

149



CepenbHukoBsa H. B., PaBkuH H0. C., Ubibynnu C. M., YecHokoBsa C. B. TepputopmasibHaa HEO4HOPOAHOCTb IMXEHOOUOTHI
3anagHoi Cubupwu (B cpaBHeHUn ¢ apyrumm coobuiectsamm) // MpuHumunsl akonornn. 2018. Ne 4. C. 138-155

WMIA BUA MMEET KNacCUPUKaLMA IKOCUCTEM MO
rymycy noys, MOpT- U noasemHon ¢putomacce.
B Hel BblaeneHbl TONbKO TPU TUMA 3KOCUCTEM:
1 — He3abonoYeHHbIX TeppuTopun; 2 — 6onot
TYHAPOBOM 30HbI U 3 — 6010T BopeasbHbIX U
cybb6opeanbHbix. O4eBMAHO, YTO HEOAHOPOA-
HOCTb B JAHHOM C/ly4ae MOKET bbITb 06BbACHE-
Ha pa3nnymMamm no 3abosI0YEHHOCTU U MAKpPO-
30Ha/IbHOCTU B BUAE AE€/IeHUA Ha TYHAPOBYHO
M BCIO OCTa/ibHYylO 6Bonee HOXHYI YacTb. ITa
KnaccmouKkauma reHepanmsoBaHa B Hosblued
CTeNneHu, Yem Mo NMxeHobmoTe U OCTasibHbIM
PaCcCMOTPEHHbIM Fpynnam.

Mo 6ecno3BOHOYHbIM 3anaaHo-Cnbupckoi
PaBHMHbI BblAENIEHO YeTblpe TUMa 3KOCUCTEM:
1 — TyHApPOBOM 30HbI; 2 — NEecoTyHAPOBO-
CEeBEepPOTaAEKHbIX M MONM CpeaHen Tanru; 3 — ne-
coB 1 60n10T B Npeaenax oT cpeaHen Tanru ao
necocrenu u 4 — Npo4Ymx CTenHbIX U necocren-
HbIX 9KOCUCTEM M NOMM HOXKHOWM Tanrn. Taknum
obpasom, peneHve pPaBHUHHOW TeppUTOPUM
3anagHon Cubupu no HaceneHutro 6ecnosso-
HOYHbIX 6MKe BCEro K TakoBomy no bnuomacce
NATU KU3HEHHbIX GOPM pacTeHMn, a No sinxe-
HOBMOTamM M OPHUTOKOMMNEKCAM Ha YypOBHe
nepsoro pasbueHna 3HaYMMO OTAMYaEeTCA Mo
6010THbIM U HEe3ab0NI0YEHHBIM 3KOCUCTEMAM.
Mo HazeMHbIM MO3BOHOYHbIM KnaccuduKauma
nmeeT 6onbLUyto cTeneHb 0606weHus. MNepsoe
pa3buveHne cooTBETCTBYET Tpem Tunam Cco-
obuwecTts: 1 — TyHAPOBbIX; 2 — 1€COTYHAPOBO-
CeBEPOTaeXKHbIX U 3 — TaeXHo-cTenHbix (oT
cpeaHen Tamry Ao CTENHOM 30HbI BKAOYUTE b-
HO). Takum 0b6pa3om, YETKOro pasaeneHua Ha
NNecHble U cTenHble coobuwecTsa (ecnn cymTaThb
JlecocTenb NOA30HOM CTEMNHOM 30HbI), KaK Mo Ha-
3eMHbIM 6ecrno3BOHOYHbIM, A1 AAHHOW rpyn-
Nbl He BbifiBNEHO. BoOnbliana 0606LWeHHOCTb No
NMO3BOHOYHbIM B CPaBHEHUU C NMxeHOHMOTOMN
obycnoBneHa OTCYTCTBUEM 3HAYMMbIX OTIMUNIA
60NOTHbIX CO0bLWECTB U MeHbLen agudpdepeH-
uMaumert B TaeXKHO-CTEMHOM YacTK pernoHa.

Knaccudmkauma skocmuctem, BbIMONHEHHAA
Ha maTpuue cpegHux KoapduuMeHTOB cxoa-
CTBA NO BCEM YeTbIpeM BUOTUYECKMM rpynnam,
CYyLLECTBEHHO OTINYAETCS OT TAKOBOW MO /Inxe-
Hobmotam. Cemb M3 BOCbMW TUMOB 3KOCUCTEM
BXOAAT B TPM OCHOBHbIX TUNA JINXEHOOWOT.
NInwb eANHCTBEHHAA rPynna UTOrOBOW Kaaccu-
duKaunm — necoctenHaa C NPOHMKHOBEHMEM
B NMOATAEXHble fieca U CTENHYI 30HY — npea-
CTaB/IEHa, XOTA U B YCEYEHHOM BWAe, ABYMSA
aHANOTMYHBIMW  TUMAMM MO NNLWANHUKaM.
Pe3tomuMpya, MOMKHO OTMETUTb, YTO KJaccu-
duKauMa paBHMHHbBIX 3KOCMCTEM 3anagHoM
Cnbupun B 3HAYMTENbHON Mepe COOTBETCTBYET
0bLWEeNPUHATLIM NpPeacTaBAEHUAM O 30Haslb-

HbIX NOAPA3AENEHMAX ITOTO PErMOHA, XOTA U C
AeneHneMm Ha He3abono4vyeHHble TeppUTOPUM,
60n0Ta, Nyra u ¢ uenbiMm pagom HebonbLINX OT-
KNOHeHUN. MNepBoe U3 3TUX OTKJOHEHWUI CBO-
ANTCA K 0ObegMHEHUIO 3KOCUCTEM JIeCOTYH-
Apbl U ceBepHOM Tanrn. Bropoe npoasnaetca B
BblAe/IeHUN B KayecTBe JIeCHOro TMNa NecHbIX
3KOCUCTEM TOJIbKO CPEeAHEN U HOXKHOM Tauru.
TpeTbe — B 06bEAUHEHUM B OAMH TUN BUOLLEHO-
30B MOATAENKHbIX /1eCOB, 1ECOCTENWN U CTEMHOM
30HbI. Mo nMxeHobuoTe BCe He3abooUYEHHbIe
1 3a60/104€HHbIe, NEeCHblE U OTKPbITblE TepPpPU-
TOPUM Ha BCEM NPOCTPAHCTBE OT TYHAP A0 HOXK-
HbIX FPaHWL, NecocTenu, 3a peakMm UCKaYe-
HUem, obbegMHeHbl B OANH OCHOBHOW HaATwN
coobuects. Of4HAKO HA YPOBHE TMMa CXOACTBO
ropaszo Bbiwe. Takum obpasom, MmeeT MecTo
OTMeYeHHanA paHee NoABUXKHOCTb rpaHuL, (byH-
re, 1967) B 3aBUCUMOCTU OT CTEMNEHMU arperaymm
AaHHbIX, KOTOpYyl onpeaensier crneunanmnct-
aHANIUTUK, XOTA KacCMPUKALUKM, KOHEYHO,
OTPaKaloT U BHYTPEHHWUI YPOBEHb CXOACTBA-
pas3nnymns GUOTUYECKUX Fpynn.

Mo paBHUHHOM M FTOPHOM YacTAM 3anagHom
Cnbupu Ha cocTaBNeHHbIX KapTax bonblue Bce-
ro TUNOJOr0-XOPONOrMYECKMX NOA0C Mpocie-
¥KeHOo No HaceneHuto nTuy, (7). No cpaBHeHUto
C nxeHobmnoTon 3T coobuiectBa He 0bpasy-
0T eANHOM NOAOCHI NO PABHUHHBIM U TOPHbIM
TYHAPAM, XOTA TePPUTOPUM NECOTYHAPOBOM U
NecHon nonoc ob6beanHeHbl, a BbICOKOTOPHble
Nyra npeacrtas/ieHbl 0TAenbHOW nonocon. o
MEJIKUM MJIEKOMUTAIOLWMM BCEro Ha OAHY Mo-
nocy 6bonblie, Yem No IMXeHOO6MOTaM, U OCHOB-
HbIMM M3 HMX OCTalOTCA ToNbKo TyHApOBasA,
NlecoTyHapoBO-ceBepoTaerkHan, JlecHaa (oT
cpenHel Tanrv go NecoB 1eCOCTENHOM 30HbI) U
Ase CTenHbIX (NYroBbIX M HACTOALWMX CTeNeln).
Mo 3eMHOBOAHbBIM U NPECMbIKAIOLLUMMCA YNCNO
NOJIOC TAKOe Ke, KaK Mo AnxeHobmoTam, xoTa
NPUHLMMNBI UX GOPMUPOBAHUA U TPAHULbI He
NOJIHOCTbIO COBMaZatoT. TaK, meccMmanbHble
ANA XONOAHOKPOBHbIX }KUBOTHbIX TEPPUTOPUM
pa3/IMYHbl B rOpax M Ha paBHMHE, a cybonTu-
Ma/ibHble U ONTUMaJIbHble 3aHMMAIOT 06LLYyHO
4acTb NPOCTPAHCTBA, 3aHATOrO CXOAHbIMWU Nn-
xeHobuoTtamm.

Konnuyectso TMNONOro-Xxoposiormyeckmx no-
noc B npegenax 3anagHo-Cubupckon paBHU-
Hbl MO UccnefoBaHHbIM BuoTonam Konebnetca
B nNpeaenax ot Tpex Ao Yetbipex. O6bIYHO 3TO
TyHapoBaa, JlecOoTyHAPOBO-CEBEPOTAEKHAA,
NecHaa (oT cpegHel TalWrm A0 NOATAENKHbIX
necos) u JlecoctenHana. OTKNOHEHMA CBOAATCA
Yallle BCEro K AeNeHUto 1ecoCcTenHom u cren-
HOM yvacTei Tepputopun. OHU 06bEAUHEHDI,
KaK Ha KapTe pactutenbHoctn (MnbmHa u gp.,
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1976), a no 6ecno3BOHOYHbIM, TaK e KaK Mo
3KOCMCTEMAM B LLe/IOM, BK/HOYAIOT, KpOMeE TOrO,
1 coobliecTBa NoATaeXHbIX necos. o buomac-
Ce OCHOBHbIX Fpynn pPacTeHuM necocTenHan no-
Noca obbeanHeHa ¢ 1ecHol (HauyMHan co cpea-
Hel Takrn). Mo AMWanHMKam NecHble Bblaenbl
B NlecocTenun oTHeceHbl K PegKonecHo-necHom
nosioce, a CTenHble pasgenieHbl Ha cooblue-
CTBA NYroBbiX W HacToAwWMX cTenei. Mo no3so-
HOYHbIM BCA TEPPUTOPUA OT CPeaHEN Talrn Ao
CcTenHow 30HbI obpasyeT eauHyl TUNONOro-
Xoponoruyeckyto nonocy. NpuHUMNManNbHO oOT-
nmyaeTca oTobparkeHne HeoZHOPOAHOCTU MO
rymycy noys, MOpT- U MoA3emHOM duTomac-
ce. MNo HeogHOPOAHOCTU 3TUX KOMMOHEHTOB
6MOTbl AOMUHUPYET BAUAHUE YBNAXKHEHUA, a
30Ha/IbHOCTb MPeACTaBAEHa /INb Ha BTOPOM
ware geneHus.

Takum obpasom, HECMOTPSA Ha TO, YTO Be-
aywmm GakTopom NPOCTPAHCTBEHHOM And-
depeHuMaLnN NUXeHOBMOT, PacTUTENbHOCTU U
HaceNeHWsA XKMBOTHbIX BbICTyNaeT HepaBHOMep-
HOCTb pacnpegeneHna Tenaa u Bnaru, Bcneg-
CTBME Pa3/INYMA B TONEPAHTHOCTU NINLIANHU-
KOB, PAaCTEHUM U }KUBOTHbIX, FPAHULLbI U COCTaB
TMUMOOr0-XOPOSIOTMYECKUX MOOC CyLLECTBEH-
HO oTAn4aroTcA. Mpu 3TOM aBTOPbI HACTOALLETO
coobLeHNA BOBCE HE CYMTALOT HeobXxoanuMbIM
N3MEHATb 30Ha/IbHble U NOA30HA/IbHbIE FPAHU-
Ubl, NpOBeAEHHblIe YMO3PUTENbHO, N0 06AMKY
PacTUTENIbHOCTU. ITU TPaHULbl WAeann3npo-
BaHbl (KOHLENTya/IMn3MpoBaHbl), OHU TEOPETU-
Yyeckue no csoert cytn. Mbl Avwb obpalaem
BHMMaHMe YnTaTenen Ha HecoBnageHMe ux Ha
nccnefoBaHHOM TePPUTOPUM NPU OAHOTUMHOM
dopmann3oBaHHOM aHan3e No rpynnam opra-
HWU3MOB, 1 KOTOPbIX MMEeTCA COOTBETCTBYHO-
waa nHeopmaumsa. NogpobHee 06 sToM cm. B
ctatbe HO. C. PaBkuHa, N. H. Boromonosom u C.
M. UbibynunHa (2017).

3aKnouyeHue

CraTbsl, MNOCBALWEHHAA MNPOCTPAHCTBEHHO-
TMNonormyeckon auddepeHunaumm ANXeHo-
61oTbl 3anagHoi Cnbumpu, NPOAOAKAET Ceputo
CXOOHbIX COOOLLEHWUI, CCbIIKM Ha KOTOpble
npueeaeHbl B TeKcTe. HeogHopoaHOCTb pac-
npeaeneHva NUWANHUKOB U NUXeHODUNbHbBIX
rpuboB MOKET ObITb OTOOpaXKeHa Tpemsa Hag-
TMNAMM pacnpocTpaHeHuna: TyHapoBbim, flec-
HbiM M CTenHbim. [JanbHeuwee aeneHue Ha
TUMbl OTPaKaeT pPas3/InymMa BO BCTPEYAEMOCTU
OTAENbHbIX BUAOB B 3KOCMCTEMAX PaBHUHHbIX
TyHApP, 60N0T, NecoTyHAPOBbIX KOMMIEKCOB,
TYHAPOCTENEMN, CKaNbHbIX 0OHAXEHUMN, FOPHbIX
N PaBHUHHbIX N1ecoB n ctenei. Mo cxoacTey
Cco0bLWEeCcTB NINWANHUKOB U INXEHOPUNBbHbIX

ronboB BblaeneHo BoceMb HaaTunos: 1 — rop-
HbIX HMBAJIbHO-CYOHMBANbHbIX M aNbMUNCKO-
cy6anbnUMCKMX Nyros; 2 —TyHAP, KYCTapHMKOB,
peaKoNnecuin n necos (MCKAoYasa cTenHble), 6o-
NOT (KpOMe NecoCTenHbIX U CTEMHbIX), @ TaKXKe
NYroB B Npeaeniax Bcex NepeymcieHHbIX 3KoCK-
ctem (He cumnTas coobLuecTBa NMWANHUKOB, KO-
TOopble MOoryT ObITb BblAENEHbl B OTAE/bHbIN TaK-
COH HaATMNOBOrO paHra). OcTanbHble HAATUMbI
BK/IIOYAOT /INXEHOBOMOTbI CTEMNEN M COCHOBBIX
NIeCoB CTEMHOM 30Hbl, @ TaK¥Ke NecoCTenHbIX
N CTenHbIX 60/10T M rafIoPUTHbIX COObLLECTB.
YKasaHHble HaATUMNbl MOTyT 6biTb pa3geneHsbl
Ha 17 TMnoB 1MxeHOHWOT, B OCHOBHOM MO pas-
NMunto coobLecTs HUBaNbHO-CYOHUBaNbHbIX U
anbNUMCcKo-cybanbnUMCKNX Nyros, TYHAP, TYH-
ApocTtenen, 6010T, NeCoB U peaKoNecUuit.

Nepapxmnyeckaa KnaccuduKauma NUXeHo-
6uoT B KapTorpadpuyeckom oTobparkeHUu
AEMOHCTPUPYET HanuMyne nATM  TUNOAOro-
xoponoruvyecknx nonoc. OgHa M3 HUX oOrpa-
HU4YeHa pacnpocTpaHeHnem HWUBaNIbHO-
CybHMBANbHbBIX WU aNbNUMUCKO-CYybanbnNUMCKMX
NYTOB U CUIbHO GParMeHTMPOBaHa, a OCTaslb-
Hble NMPOCTUPAIOTCA Ha PaBHUHHbBIX TEepPpPUTO-
PUAX C «BbINJECKAMU» B TOPbl U BKAOYEHUEM
MEHbLUMX MO MAOWAAN KMHOPOAHbIXY» BblAe-
OB Ha paBHMHe. BTopaa mosioca coctaBnaeHa
6ruoTamm TyHAP, TPETbA — IECOB U PEAKONECUN,
yeTBepTaA M NATAaA — cTenen, COOTBETCTBEHHO
NYTOBbIX M HACTOALLMX.

NHbOpMaTUBHOCTb NpeacTaBNeHHbIX Kaac-
cMdumKaumii BNONHE AOCTAaTOYHA ANS NPOrHO3MU-
pPOBaHMA pacnpeneneHns BUAOB NULWANHUKOB
N NTNxeHoPUAbHbIX TPUBOB U HEOAHOPOAHOCTH
NINXeHOBMOT Ha Heobcief0BaHHbIX Y4YacTKax
3anagHon Cunbupu. CreneHb 0606LWEHHOCTH
npeacTaBAeHMn o gudpdepeHumaummn nlyyex-
HbIX 6MOTUYECKMX TPYyNN NO CXOACTBY BUAOBOTO
COCTaBa M BCTPEYAEMOCTW, A TaKXKe HeomHOo-
POAHOCTb TEPPUTOPUIA NO F'YMYCY NOYB, MOPT- U
noA3emHOM pMTOMacce Kak NPon3BOAHbIX KO-
Tbl CYLLECTBEHHO Pa3/InyaeTca, NpUYemM He To/b-
KO B CMNY MX cneumdUYHOCTU, HO U MO NPUYNHE
APOBHOCTU XapaKTePU3YHOLWMX NPU3HAKOB. TaK,
Hanbonee NPOCTOM CTPYKTYPOI Ha YPOBHE TUNA
(no pesynbTaTam nepBoi arperaumu) MOXKHO
CYMTATb KNaccudMKaLmio IKOCUCTEM Mo BUOTU-
4YeCKUM MPOU3BOAHbBIM, PAaCTUTE/IBHOCTU U Ha-
CENEeHUNI0 Ha3eMHbIX MO3BOHOYHbIX (Mo 3 TMNa).
B 1.5 pa3sa 6onblwana ApobHOCTb CBOMCTBEHHA
coobuectBam HasemHbiXx 6ecno3BOHOYHbIX,
3eMHOBOZHbIX WU MPECMbIKAIOLWNXCA, @ TaKKe
MenKux maexkonutarowmx (5 Tunos) n 8 2-2.5
pa3a — N0 OPHUTOKOMMJIEKCAM U 3KOCUCTEMAM
B LLEJIOM MO YKa3aHHbIM BMOTMYECKUM Fpynnam
M UX NPOM3BOAHbIM. MaKcMMaNbHOE Pa3HOoo-
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6pasve No 3TOMYy MNOKa3aTentd CBOWCTBEHHO
nmxeHobmotam (17 Tmnos). Tunonoruyeckoe
pa3Hoobpa3ne B HEKOTOPOM CTEMNEHU 3aBUCUT
OT Yncna NPU3HAKOB (BMAOB UAK Fpynn), MO Ko-
TOpbIM NpoBeAeHa KnaccuduKkaumsa, XotTa u He
CTPOro NPonoOpUMOHanbHO. Tak, Npu NATU NpU-
3HAKax MO rymycy no4s BblAENEHO TpU TUMa,
a No Apyrum rpynnam pacTeHUM U }KUBOTHbIX,
npu 4yucae NpuU3HaKoB OT wectn o 44, — no
NATb TUMOB, NPU KOIMYECTBE NMPU3HAKOoB OT 291
A0 369 — wectb — BoCeEMb TUNOB 1 17 TUNOB —
npu 1942 npusHakax (bpopmax AMWaNHUKOB U

NMxeHoOUNbHbIX rpnbos). VckntoueHne npea-
CTaB/IAOT TO/IbKO NO3BOHOYHbIE }KUBOTHbIE. 10
HUM npu 353 BMAax Nocne NepBon arperaumm
Bbl4e/1eHO BCEro TpM TMna.

TakMm 06pa3om, OTAINYMA B FPaHMLLAX TAKCO-
HOB KnaccuduKaumii pasHbix coobuecTs 3aBu-
CAT OT MUX MHTErpanbHOM CPenoBON TONEPAHT-
HOCTM, @ YUCNO BblAENAEMbIX TUMOB CO0bLLEecTB
— B HEKOTOPOM CTEMEHU N OT KOINYECTBA BUAOB
PacTEHMM U XKMBOTHbIX, €CNM 3TN MNPU3HAKMK
ANA KnaccudPpuKaumm He cBeZeHbl K rpynnoBbIM
npeAcTaBAEHUAM.
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Summary: We compiled the classification of lichens and lichenophilic fungi by
the distribution similarity and the heterogeneity of their communities for plain
and mountain parts of Western Siberia. Three supra-types of species distribution
(tundra, forest, steppe)and eight supra-types of their communities were revealed.
The first of them included the lychenobiotas of high-mountain meadows, tundra,
shrubs, the second — those of woodlands, forests (except for steppe), meadows
and marshes among them (except for forest meadows and forest-steppe marsh-
es). The lychenobiotas of mountain forest meadows were attributed to the third
supra-type; those of meadow steppes and pine forests within their boundaries
—to the fourth one; those of secondary small-crowned steppes — to the fifth one;
those of mostly real steppes — to the sixth one; those of forest-steppe marshes
— to the seventh one and those of halophytic communities — to the eighth one.
The main trends of lichenobiota variability correlate with zonal and altitude heat
supply, afforestation, aridization, bogginess and salinity. The general (multiple)
evaluation of the relationship with the identified environmental factors takes
into account 75 % of the matrix variance of similarity coefficients of communities
for 61 biotopes. Together with the natural regimes (inseparable combinations
of factors) the proportion of explained variance reaches 90 % (multiple corre-
lation coefficient is 0.95). The heterogeneity of lichenobiota is compared with
the communities of amphibians, reptiles, birds and small mammals throughout
Western Siberia. The similar comparison with the differentiation of ecosystems
on the plant biomass, soil humus, mort- and underground phytomass and the
population structure of terrestrial invertebrates and vertebrates, as well as with
the general classification of ecosystems by all the mentioned indicators was car-
ried out separately for the West Siberian plain covering 93 % of the total area of
West Siberia.
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