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OOcyXaaroTcsi pe3ysbTaThl CTaTUCTUYECKOr0 aHalin3a JaHHbIX MHoronetHed (2006-
2013 1) THAPOOMOIOTHYCCKON CHEMKH JOHHBIX COOOIIECTB IPH HCCICIOBAHUU 7 MAJbIX
pek OacceliHa 03. DJNBTOH B YCIIOBHSX IOBBIMIEHHOW MuHepaim3anueil. C HCImoiap30BaHUEM
METOIOB MHOTOMEPHOH OpIWHAIIMK BBIMIOJHEHO MPOCIMPOBAHUE IIEHTPOB pPAaCIpereTICHHS
MOMYJSIIMOHHON TIIIOTHOCTH 43 BHIOB MaKpO3000CHTOCA B IMPOCTPAHCTBE JBYX IIABHBIX
KOOPJMHAT W IMOKa3aHa HMX YHOPSIOYCHHOCTh OTHOCUTENIBHO Bemymux (akropoB cpeabl. C
HCIIOJB30BaHUEM KaHOHHYecKoro aHanmsa coorBeTcTBuid (CCA) W mporenypsl MOCTPOCHHS
HEePapXUYECKUX JICPEBhEB Kiaccu(uKaIyu ¢ MHOroMepHbIM oTKIHKoM (MRT) ycraHOBICHO, 4TO
u3 16 perucTpupyeMpIxX MmoKa3aresei BOAHON cpepl HanOOIbIee BISTHAE Ha KOJIMYECTBCHHBIH
COCTaB JIOHHBIX COOOIIECTB OKAa3bIBAIOT 00mIas MHUHepanu3aius, pH, comepkanme B Boze
PacTBOPEHHOTO KHCIOPOAa M aMMOHHUHHOTO a30Ta. BhIeneHbl CTaTHCTHYECKH 3HAYUMBIE BUbI-
HHIUKATOPbI SKOJIOTMYCCKUX (HaKTOPOB YCIOBUI OKPYKAIOIICH CPEJIbI.

BeimonHeH  TpaAMEHTHBIM  aHamu3  pachlpeieNeHus  pa3luyHbIX  IOKas3arenei
MOIYJISIIIMOHHOM TUIOTHOCTH (YUCICHHOCTH, BCTPEUACMOCTh, JOMHHUPOBaHKE) Ui 17 OCHOB-
HBIX BHIOB IO IIKaJe COJICHOCTH BOMBL. PacueTsl MPOBOIWINCH C HCIIONB30BAHUEM IISTH
BO3MOYKHBIX (DOPM PErpeCcCHOHHBIX MOIETICH, pEKOMEHIYEMBIX MIPH TPOBEICHUN SKOJIOTHUESCKUX
WCCIICIOBAHMA: MOJIENH JIOTHCTUYECKOW (CHTMOMIAIBHONW) PErpeccuy, rayCcCOBOM MOMAETH
OTKJIHKa, 00001eHHBIX JuHeHHON (GLM) u agnutusHoit (GLM) Moaeneii u Mogenun XaycMmaHa-
Onda-Opecko (HOF). OcymiecTBieHa kiacCU(pUKANUs BHIOB OcHTOCAa MO (OpMe KpPUBOWM
OTKJIMKA, MECTOIMOJIOKEHHUIO SKOJIOTMUECKOT0 ONTUMyMa MUHEPAIU3aluu U [IMPUHE UHTEpPBaIa
TOJICPAHTHOCTH.

MODELS ABUNDANCE DISTRIBUTION OF MACROZOOBENTHOS
COMMUNITIES SPECIES ALONG THE MINERALIZATION GRADIENT
ON THE EXAMPLE OF THE SALINE RIVERS OF THE LAKE ELTON
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Results of the statistical analysis given long-term (2006-2013) hydrobiological sampling
of ground communities on 7 small saline rivers of the Lake Elton basin are discussed. With use
of methods multidimensional ordination projections of centres value of abundance distribution of
43 species of macrozoobenthos in two coordinates are constructed and their orderliness concern-
ing leading factors of environment is shown. With use of the canonical correspondence analysis
(CCA) and procedures of construction of hierarchical trees of classification with the multidimen-
sional response (MRT) it is established, that from 16 registered factors of the water environment
the greatest influence on quantitative structure of ground communities render the general min-
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eralization, pH and the maintenance in water of the dissolved oxygen and ammonium nitrogen.
Species-indicators which statistically significantly can be considered as ecological indexes of
conditions of environment are allocated.

It is executed gradient analysis of distribution of various populational indices (abun-
dance, occurrence, domination level) for 17 principal species along a scale of level of a miner-
alization of water. Calculations were spent on the basis of five possible forms regression models
recommended at carrying out of ecological researches: logistical (sigmoid function) regression
model, Gaussian response model, generalized linear (GLM) both additive (GLM) models and
Huisman-Olff-Fresco model (HOF). Classification of species of ground organisms by the form
of a curve of the response, a site of an ecological optimum and width of an interval of tolerance
is carried out.

BBEOEHUE

MoWMCK 3aKOHOMEpPHOCTEN CTPYKTYPHOW M3MEHUYMBOCTU COOBLLECTB TMAPOOUOHTOB Noa
B/ANAHMEM MapaMeTPOB OKPYXKatoLLen cpeapbl ABAAETCA O4HON U3 OCHOBHbIX 33434 3KOOTUU U
rmgpobuonornn. MNpun 3TOM NoA, 3K0A02UYECKUMU (PaKMOPamu NOHUMAETCA Ntobasn BHELWHAS
WAV BHYTPEHHAA ABUKYLLAA CUNA, MOAMOULMPYIOLLAA NOKA3aTeM KU3HeAeATeIbHOCTU SKOCK-
ctembl (Pénopos, MMnbmaHos, 1980). KoninuecTBeHHan OLEHKa peakLMn Ha 3T BO3MYLLEHUA CO
CTOPOHbI OTAENbHbIX BUAOB KUBbIX OPraHM3MOB M BCEro COOBLLECTBA B LLE/IOM OCYLLECTBAAETCA
nyTemM MOAENNPOBAHUA hyHKUULT OMKAUKA SKOCUCTEMBI.
KonuuectseHHoe 0606LLeHME KOMNIEKCA HENOCPEACTBEHHO M3MEPAEMbIX U TAaTEHTHbIX
$aKTOpOB, KOTOPblE OLHOHAMPABAEHO BAPbUPYIOT B IKOIOTMYECKOM MPOCTPAHCTBE, MPUHATO
Ha3blBaTb 2pa0UEHMOM BHeLIHEeN cpeabl. MeToanYeckme 0CHOBbI OpANHALMU MeCTOOBUTaHU
no BeKTOpy rpaaueHTa bbian 3an10KeHbl B paboTax no rpagneHTHomy aHanusy (Whittaker, 1967,
1973; PoseHbepr, 1984). MNpAmMoi og4HOMEpPHbI rPaANEHTHbIN aHaNM3 CTaBU CBOEN 3azadelt
MOZEeNIMPOoBaHMNe pacnpeseneHua nonynaunmoHHoM NAOTHOCTU P OTAENbHbIX BUAOB MO LUKane
nsydaemoro dakTopa cpedpl. B HacTosee Bpema NpuMHATO Bblaenatb (Guisan, Thuiller, 2005)
[Ba OCHOBHbIX HAMPAaBAEHUS Pa3BUTUA TAKUX UCCNEL0BAHUMNA, UCMONb3YIOWMX IMIMPUYECKMNE
AaHHble:
® OCTPOEHME KPUBbIX OTKAMKA (species response curves — Austin, 2007), oTparkatoLLMX CTaTU-
CTMYECKYI0 3aBUCMMOCTb P = f(x), rae X — NPOmn3BObHbIN 3KOOTMYECKUin GaKTop;

* MOZeNMpOBaHWe pacnpeaeneHusa BCTPEYaEMOCTM aHaIM3UPYEMOTO BMAA B NPOCTPAHCTBEH-
HbIX KoopauHaTax (spatial prediction of species distributions — Elith, Leathwick, 2009), Bbi-
NonHAemoe 06bIYHO B PaMKaX KOHKPETHbIX reoMHGOPMALMOHHBIX CUCTEM.

MonyyeHHble B paMKax NpAMOro rpagMeHTHOro aHaausa “nonyaaunMoHHbIe MUKW, COOT-
BETCTBYIOLLME OTAENbHBIM BUAAM U3 UX COBOKYMHOCTM, pa3HeCeHbl Mo WKane daktopa u dop-
MMPYIOT NJIaBHbIN KOHTUHYYM COOBLLECTBA BAOAb SKONOTMYECKOro rpagmeHTa” (Yutrekep 1967,
p. 220). HekoTopble nccnenoBaTenn BUAAT B 3STOM UFHOPUMPOBAHME MEXBUAOBbIX B3aMMOLen-
CTBUWW, T.e. “paspyLueHmne 34aHnA cooblyecTs KnemeHTca 1 ero 3aMeHy Ha anbTepHaTuBy [n3o0-
Ha” (Wiens, 1989). Mo3ToMy Lebl0 MHOTOMEPHOIO FPagMEeHTHOrO aHaan3a ABAAETCA OLEHKa
COBOKYMHOTrO OTKAMKA IKOCUCTEMbI MyTEM HAXOXAEHUA OCEN MAKCMMasibHOrO BapbUpPOBaHUA
CTPYKTYpbl coobuiects. 1A 3TOr0 NPUMEHAIOTCA pPa3/ivyHble HenpAMble MeToAbl OpAMHALLMU
(Jongman et al., 1987, lWntukos u ap., 2012), ucnonb3ytowme MHPOPMaLMUIO TONBKO O BUAOBOM
CoCTaBe M3y4yaeMblX MeCTOOOUTAHUN. Pa3BUTMEM STUX METOAOB ABAAKOTCA KAHOHUYECKME aNro-
PUTMbI NPAMON MHOromepHo opauHauum (P. Legendre, L. Legendre, 1998), KoTopble OCHOBaHbI
Ha CTaTUCTUYECKUX MOAENAX KOPPENALMOHHOM CBA3M IMaBHbIX OCEM MAKCMMaZbHON U3MEHUN-
BOCTM COOBLLECTB C OCAMM 3KONOTMYECKMX GaKTOPOB.

B 3aBMCMMOCTM OT NPUPOAbLI BO3LENCTBUI, BbIAENAIOT TPU OCHOBHbIE FPYMMbl SKONOTNYe-
CKux pakTopos (Austin, 2002):

e (baKTopbI, OKasbiBatoWMe Npamoe PU3noNornMyeckoe BO34ENCTBUE HA KaXK Ay KOHKPETHYIO
0cobb 1 pa3BuTME BCeMN NONyNALMM B Liesiom (TemnepaTtypa, MMHepanusauma, pH u ap.);
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® KOCBEHHble (paKTOpbl, KOTOPblE CTaTUCTUYECKM TECHO CBA3aHbl C NPAMbIMM GaKTOpPaMu, HO
HernocpeacTBEHHOTO BO3AENCTBUA Ha BUOTY He OKa3bIBAOT (LWMPOTa, YKIOH, rybuHa BoaO-
TOKa, pacCTosHME OT YCTbA U T. 4.);

® pecypcbl }KU3HeAEeATeNIbHOCTU, NPSMO WM ONOCPENOBaHHO NOTPebisemMbie OpraHU3Mamu
N IMMUTUPYIOLLME UX YUCEHHOCTb (OpraHnyYeckoe BeLecTBo, BUOreHHble 31eMeHTbl U 4p.).

MPUMEHUTENBHO K U3YYEHWUIO MONYAALMOHHOM CTPYKTYPbl PEYHbIX AOHHbIX CO0bLLECTB
Hanbosee BarKHbIMM GaKTOpaMM TPAAULMOHHO CUMTAIOTCA TEMNEPATYPHbIM pexunm Boabl, pH
W TaKkue rmaporeomopdonornyeckme 0cobeHHOCTU BOLOTOKOB, KaK LMPUHA, MybuHa, CKOpOCTb
TeueHus, TypbyneHTHOCTb NnepemelunBaHma u ap. (Vannote et al., 1980; Townsend, 1996). B To
e Bpems, OCTaeTcA HeLO0CTaTOYHO MUCCNeL0BaHHOW PO/ib OCHOBHbIX MTMAPOXMMUYECKUX Napa-
METPOB, BeAYLLMMMN U3 KOTOPbIX ABAAOTCA 06L,aa MMHEPANM3aLMa U MOHHDBIN cocTas Bog, (Pis-
cart et al., 2005; 3uHueHKo, lonosaTiok, 2013).

Llenb HacToALLeN cTaTby — NPOAHANM3MPOBaTb C UCMOb30BaHMEM PA3/INYHBIX METOLOB
MHOTOMEpPHOM OpAMHALMKM pacnpesesieHne BCTPEeYaeMOoCTU AOHHbIX OPraHUM3MOB B KOOpAW-
HaTax BeAyLMX 3KON0orMyecknx GakToposB Ha npumepe Npob 6eHTOoCca, B3ATbIX B MasbIX PeKax
MpPWaNbTOHBSA C Pa3HbIM YPOBHEM MUHEpPann3aumnn. s oTaenbHbIX BULOB MaKpo3006eHTOCa —
BbINO/IHUTL NPAMOM FPAANEHTHbIN aHA/IM3 U HA 3TOM OCHOBE OLEHUTb ONTUMAJIbHbIe 3HAYEHUA
YPOBHA MUHEPANN3aLMm BOAbI U AMANA30HOB TONIEPAHTHOCTU.

MATEPUAN M METOOMKA

MpU3NbTOHbE — NPUPOAHO-TEPPUTOPMA/IbHBIN KOMMIEKC, PACMOOMKEHHbIN HA FOr0-BOCTO-
ke EBponeickoi yactn Poccum B npegenax ceBepHol YacTu MpuKacnminckom HU3MeHHOCTU. Tn-
Aporpaduyeckan ceTb BogocbopHoro b6acceiHa 03. d1bToH (49°13 N 46° 40’ E) npeacTaBnieHa
MasibiIMM PEKaMMW, CONIEHbIMM 03epamm, TMMaHaMK, BPEMEHHbIMW BOAOTOKaMM U POLHUKAMM.
B o3epo BnagaeT 7 pek: Xapa, /laHuyr, YepHaBka, ConaHka, bonbwaa Cmoporaga, Manaa Cmo-
porga, KapaHTuHKa (puc. 1) npoTaxeHHOCTblo oT 5,2 1o 46,4 Km.

MnTaHMe peK ocyLLecTBAAETCA 3a CHET NOA3EMHbIX BOA, M aTMOChepHbIX 0caAKoB. B HU30-
BbAX pek Xapa, YepHaBKa, bonblwan n Manaa Cmoporza n rybokux 6asKax BbIXOAAT POAHUKM
C YKenesncTbiMu1, U3BECTKOBbIMU WUJIM FOPbKO-CONEHBIMW BOAAMMU. BroTonbl peKk npeacTasieHsbl
B OCHOBHOM MOLLHbIMU YEPHbIMM MNAMU C MTPUMECHIO PAaCTUTENbHbIX OCTATKOB, MECKAa U MUHBI.
CTeneHb 3apacTaeMoCcTV MakpoduTamm B pas3MyHbIX yyacTKax coctasnaet 10-70%. Ha ecte-
CTBEHHbIM TMAPOXMMUYECKMI POH BOAOTOKOB HaKIAAbIBAETCA aHTPOMOreHHOe BO3AeNCTBUE:
BbINac CKOTa, 3aperyiMpoBaHuMe CTOKa, PEKPEALLMOHHAA AeATENbHOCTD.

HauunHasa ¢ 2006 r., B MpU31bTOHbE C LeNbo OLEHKM BUopaszHoobpasma BoaHbIX cO0b-
LLLeCTB B YC/NOBUAX FPaZMeHTa YPOBHA MUHEPAIM3ALMM NPOBOAATCA KOMMJIEKCHbIE 3KO/Oro-
rmapobuonornyeckme nccneaosaHuns. Hambonee penpeseHTaTUBHbINA 3KCNEAUUMOHHBIN MaTe-
puan npeacrasieH B OTHOLWEHUWN CTPYKTYPHbIX NMOKa3aTenen coobuLlecTs JOHHbIX OPraHM3MOB.
C6opbl 6eHTOCA OCYLLECTBAANM HA 23 NOCTOAHHbIX CTAHUMAX B NpUBpeXbe U Mmeananm masbix
PEeK LTAHroBbIM gHo4yepnatenem dKmaHa-bepaxu (nnowaab 3axsaTta 25 m? , 8 NogbEMOB Ha
CTaHUMMU) U Tnapoburonornyeckum ckpebkom (anmHa Hoxa 20 cm, NpoTArMBaHMe ckpebka — 1 m).
PyKoBOACTBOBANUCH CTAHAAPTHBLIMW TMAPOBNONOTMYECKMMM METOAAMM (3UHUYEHKO, [0/10BaTIOK,
2009; 3uHuYeHKo 1 gp., 20103, 6). Bcero cobpaHo 1 obpaboTaHo 190 npob. B xoae kKamepanbHoM
06paboTkM maTepurana obHapykeH 91 BUA, M TaKCOH MaKpo300beHTOCa.

[ns nocnepytoulero cTaTUCTUYECKOro aHan3a 6bliM MCNONb30BaHbl 06Pa3Lbl rPYHTA
(n =107), B3ATble TMAPOBMONOTMYECKMM CKPEOKOM B aBrycTe Ha 25 ctaHuumaAx. M3 obuiero Bu-
[,0BOr0 CNMCKa 3TUX NPO6 OblNN UCKAOYEHbI TAKCOHbI AOHHbIX OPraHM3MOB C MasIoN YUC/EH-
HOCTbIO M/IM BCTPeYatoWwmxca ToNbKo B 1-2 6buoTtonax, nocne Yyero U3 octaslumxca s = 43 BUA0B8
MakpobeHToca popMUpoBaNNCb MaTPULLbl MONYAALMOHHON naoTHOocTM Y (107x43). Mpum nocTpo-
€HUM CTAaTUCTUYECKMX MOAENEeN UCNONb30BANNCL Caeayrolne TpaHChopMmMpyemMble BapmUaHTbl
nokasaTtenen obuama Kaxkaoro i-ro Buaa makposoobeHToca n3 s B j-i1 npobe 13 n:
® UMCNEHHOCTb 3K3eMNNAPOB Buaa N, (3K3./m?) 1 norapmdm YMcaeHHOCTH In(NU, +1);
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Puc. 1. KapTa-cxema pailoHa uccnefoBaHuMi ¢ yKasaHUemM cTaHumin otbopa npob.

e BCTpPEYaemocTb BuAa B Nnpobax V/.j =1, ecnn N;,-> 0, n 0 B NpOTUBHOM CNyyae;
* OTHOCUTENbHAs [ONA YMCNEHHOCTU BuAa B npobe w, =(N; /3 N;)°° CMpUMEHeHnem npeo-
6pasoBaHuAa XennuHrepa (Rao, 1995).

Ha ocHoBe AaHHbIX T’MAPOXMMUYECKOTO MOHWUTOPMHIA, MPOBOAMMOrO NapasiesbHoO C
B3ATMEM rnapobuonornyecknux npob, dbopmupoBanacb mMaTpuua 3KONOTMYECKMX (aKTopoB
X(107x16), Bkntoyatolas m = 16 nokasaTesniell BOAHOW cpeabl: pH, TemnepaTtypy Bogbl Y AHa,
MWHEpPann3aLmio, CoaepaHne Kucaopoga u GUoreHHbIX 31eMEHTOB, MOHOB Pa3/INYHbIX MeTas-
NoB 1 Ap. HekoTopble Nponycku HabawoaeHUn 6bi1M 3aN0ONHEHBI C UCMOJIb30BAHUEM aHa/IM3a
KOPPENAUMOHHbIX 3aBMcMMOCTel. MaTpuua GpakTopoB cpeapl nepes npoBeaeHUEM PacyeToB
MHOTOMEpPHbIMM METOAaMM NOABEPranach LLEHTPUPOBAHMIO M MACLUITabUPOBAHNIO OTHOCUTE Tb-
HO OLLEHKM CTaHAaPTHOIO OTK/IOHEHMUS.

CTaTUCTUYECKUI aHaNMU3 AaHHbIX TMAPO6MONOrMYECKOro MOHUTOPMHIA NPOBOAW/ICA B
[,Ba 3Tana: a) paHXMPOBaAHNE MHOXKECTBA GAKTOPOB OKPY*KaloLLE cpebl Mo CTEMNEHU UX BAUSA-
HUA HA YNC/IEHHbIN COCTaB AOHHbIX COOBLECTB C MCMNO/Ib30BAHNEM MHOTOMEPHbIX METOAOB Op-
AMHaUMK, 1 6) NOCTpOEHUe Pas/INYHbIX Mogenein pacnpeaeneHns NonyaauMoHHOM NAOTHOCTH
OTAE/IbHbIX BUAOB MaKpP03006EHTOCa NO rPagnUeHTy COTIEHOCTU.

MHozeomepHbIl aHanu3 matpul, HabawoaeHuin Y-X npoBoAmMacA C UCMONb30BaHUEM
[BYX OCHOBHbIX KOHLENUMIA CTaTUCTUYECKON 06paboTKM AaHHbIX: @) OpANHALMKN AOHHbIX CO0b-
LLLeCTB HAa OCHOBE METOA0B CHUMKEHMA PAa3MEPHOCTU MCXOAHOrO MPOCTPAHCTBA NMEPEMEHHbIX;
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6) Mepapxmyeckon Knactepmsaumm HabaoaeHUI NyTem MOCTPOEHMA [AEePEBLEB PErpeccum C
MHOIFOMepPHbIM OTKTUKOM.

B nepBom cniyyae oueHKa MHOFOMEPHOrO OTK/MKA 3KOCUCTEMbI OCYLLECTBAANACH B pe-
3y/IbTaTe ONTMMAJIbHOIO NPOEUNPOBaAHNA MaTpuLbl Y, COCTaBAEHHOW U3 YUCIEHHOCTEN S BUA0B
no AaHHbIM rMAPOBMONOTMYECKON CbEMKM, Ha MIOCKOCTb C KOOPAUHATHBIMU OCAMM PC-PC,.
HoBble ocK NpoOBOAMAUCH B HAMPABAEHUM NaBHbIX OCEN NAMNCOMAA pacceaHUA MHOFOMEPHO-
ro «obnaka» TOYEK, 4TO obecneynno MMHUMaNbHO BO3MOMHbIE UCKaXKeHUA B3aUMHOM ynopAa-
[0YEHHOCTM BUAOB NPU UX OTOOPAXKEHUN Ha ABYXMEPHOWN Anarpamme. B KauecTBe KOHKPETHbIX
peanunsaumii aaropuTMOB CHUMKEHWUS PA3MEPHOCTU BblN NPUHATLI: 414 OpPAMHALUN BUAOB —
MeTog, raBHbIX KoopauHaTt (PCoA), a Ans opanHaLMmM MectoobutaHuii — HeMeTpuyeckoe MHO-
romepHoe wkanuposaHue (NMS). PacueT maTpuupl pacctosaHuii D mexay Kaxaoi napoli npob
B S-MEPHOM NpPOCTPaHCTBE BUAOB OCYLLECTBAAJCA C UICNONb30BaHUEM Mepbl bpea—KépTuca, Ko-
Topas bbina BbIbpaHa C y4eTOM MaKCMMyMa Ko3pPUumMeHTa Koppenaumm Mmexay AByMsa MaTpu-
LaMM1 AUCTaHLMM, NOCTPOEHHbIX HAa ocHoBe maTtpul, Y u X.

[anee c ucnonb3oBaHMEM KaHOHMYECKOTO aHaan3a cooTseTcTauit (CCA) cTpOMANCL MHO-
YKECTBEHHbIE MOAENN PErpecCUMOHHON 3aBUCMMOCTU MEXAY 00eMMMU KOOPAUHATHbIMU OCAMMU
opAaMHauum coobuectsa BUA0B U cTonbuamm maTpuubl X. PaHKMpoBaHMe GaKTOPOB OKpYyrKa-
foLLLel cpeapbl MO CTEMEHU UX BAUAHUA HA YNCEHHbIN COCTAB AOHHbIX COOOLLECTB OCYLLECTBAA-
10Cb NO BeMYNHE KO3PPUUMEHTOB KOPPENALMM, CTAaTUCTMYECKAA 3HAYMMOCTb KOTOPbIX NpoBe-
pAnacb Ha OCHOBE paHAOMM3aLUMOHHOrO TecTa (LUnTukos, PoseHbepr, 2013).

[epeBbA MHOromepHoM Knaccudukaumm u perpeccun MRT (Multivariate Regression
Trees — De’Ath, 2002) popmmnpoBanncb B Xoae PeKypcUBHOW NpoLeaypbl pasgeneHusa Ha Kna-
CTepbl CTPOK ABYXMePHOW Tabanubl Y BUAOB, BbINOSHAEMOM Mo ynpasaeHem Habopa He3aBu-
CUMbIX nepemeHHbIX X, coCTaBasaowmMx GakTopbl OKpyKatowen cpeapl. “JIMcTbaMnU” nonyyeH-
HOTO AepeBa ABUANUCH FPyMnnbl MeCTOOBUTAHM, YKOMMJIEKTOBAHHbIE TaKMM 0b6pa3om, YTOoObI
MWUHUMMN3NPOBATL Pa3NNYNA MeXAYy TOYKaMM B MHOTOMEPHOM MPOCTPAHCTBE B npeaenax Ka-
KOO0 COBOKYMHOCTM.

Ha nepBom Luare npoLeaypbl paccMaTpMBaAUCh BCE BapMaHTbl pa3bueHma NCXo4HOM Bbl-
6OpKM Ha [Be YacTM NPU PasHbIX OMOPHbIX 3HaYeHMAX GAKTOPOB cpeapbl U BbibUpanacb Takas
X KOMBMHaUMsA, KoTopasa B Hanbonblielt mepe obecneymBana sKOIOrMYECKYIO O4HOPOAHOCTb
dopmmpyembix rpynn. Ha BTOpom Liare Haxoauancb ONTUMAbHbIE TPaHUYHble 3HAYeHUs dak-
Topa, obecneunBatowme pa3breHre Ha TpuU rpynnbl, U ganee 3TOT NpoLecc NOBTOPAACA A0 AO-
CTUNKEHUSA MUHUMYMa KPUTEPUA BHYTPUIPYMNMOBbIX Pa3MUumMii Npu Kpocc-nposepke (LLUnNTHKOB,
PoseHbepr, 2013).

Mo pe3ynbTaTam KiactepmsaLmm ANA KaxK40ro j-ro BuAaa U3 s bbln paccunTaHbl MHAUKA-
TOPHbIE MHAEKCHI djk, KOTOpble paBHbl MPOU3BEAEHMIO OTHOCUTENbHOM YAaCcTOTbl M OTHOCUTE/b-
HOW cpeaHel NoNyAALMOHHOM NAOTHOCTM 3TOro BuAa ans npob mns k-i rpynnel (De Caceres, Leg-
endre, 2009). UHAEKC MHAMKATOPHOM 3HAYMMOCTH lndValj = max[djk] NPUHUMAET MaKCMMasibHoe
3HayeHue (paBHoe 100%), ecnv aK3emMnAApbI BUAA j BCTPEYaoTCA BO BCeX Npobax TONbKO 04HOM
k-1 rpynnbl. Tem cambiMm 3HauyeHue nHAeKca IndVal yKasbiBaeT, MOXKET 1M aHAIM3NPYEMbIN BUA,
CYMTATHCA 3KOJIOTMYECKUM MHAMKATOPOM PA3INYHbIX TUMOB COOBLLECTB, YC/IOBUIM OKPYHKatoLLEe
cpeabl an nponsowealnx aKo1orm4ecknx U3MEHEHUN. ,U,J'Iﬂ NPOoBEPKU NPeanosioKeHnA o cny-
YallHOM XapaKTepe BCTPEYaeMOoCTH BUAA B TOM rpynmne MecToobuTaHWi, rae OH ABAAETCA UHAM-
KaTOpPOM, NPOBOAMCA PAaHAOMMU3ALUNOHHbIN TECT.

Modenu pacnpedeneHua nonyaayuoHHol naomHocmu. [ina aHanM3a xapaktepa pac-
npeAeneHns nokasatesnei BCTPEUYAEMOCTH Y, KaXKAO0ro /-ro BMAA MO WKane Npou3Bo/IbHOMO dakK-
TOopa cpeapl X U3 MaTpuLbl X UCMO/Ib30BAIMCb PasMYHble GOPMbI CTAaTUCTUYECKUX MOAENEN,
pekomeHAyemble MpU NPOBEAEHUM IKONOTUYECKUX nccnefoBaHul (ter Braak, Looman, 1986;
Oksanen, Minchin, 2002; Coudun, Gegout, 2006; Peppler-Lisbach, Kleyer, 2009; Jansen, Ok-
sanen, 2013).
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1. Jlornctnyeckas mogenb HeIMHENHOWM perpeccMm oCHOBaHa Ha CUIMOUAANbHOM GYHKLUN
y = el /{1+ e*(92+93><)}, 3aBucAWeit oT Tpex napameTtpos B = (0., 0,, 0,) n oTobpaxaemoii
Ha rpadrKe CMMMETPUYHOM S-06pa3HON KpMBOI. ITa MOAE/b OCHO-
BaHa Ha NPeAno0KEeHUN, YTO CKOPOCTb U3MEHEHMUA OTKAMKA dy/dx UMeeT HeAMHENHbIN Xa-
paKTep 1 AOCTUraeT CBOEro MakCcMMyma B TouKke nepernba curmomnabl. Mapametp 0, onpeae-
NAET PACCTOAHNE MEKAY BEPXHEW U HUMKHEW acCMMNTOTamMu, @ KOHCTaHTbl 0, 1 0, perynnpytot
COOTBETCTBEHHO HAK/IOH U U3rnMb MoaenMpyemon KpUBOW.
Pytepdopa n Kuddopa (Rutherford, Kefford, 2005) ncnonb3oBanm normcTMyeckyo moaesnb
ONA OLLeHKW YYBCTBUTENBHOCTU BOAHbIX 6ECMO3BOHOYHbIX K YPOBHIO MUHEpPANU3aLMmn Boabl
Ha NpuMMmepe NOTUYECKUX aKocucTem ABcTpanuu. Mo ux metoanke obnacTb BapbUpoOBaHUsA
¢dbaKTopa coneHocTn pasbuBaeTcA Ha NocnefoBaTe/IbHOCTb MOAMHTEPBANOB, @ B KayecTse
3HaYeHWM OTK/MKA y NOACUMTbIBAETCA A0AA P, NPO6 M3 k-ro AManasoHa x, B KOTOPbIX BCTpe-
TUACA aHaNM3Mpyemblii BUA,. Mocae oLeHKM NapameTpoBs 6 perpeccMoHHO Moaenu Bblaens-
OTCA KPUTUYECKME TOUKM NPEeLENOB 3KONOMMUYECKON TONEPAaHTHOCTM A/1A pacCMaTPMBaEMOro
BMAa, T.e. pacyeTHble BeNYMHbI CONEHOCTM Npu y = T0,. 34eCb MUHEPanM3aLUmMa B TOYKaxX
7 =0.05 1 7 = 0.95 COOTBETCTBYET MMHMMA/IbHON U MaKCMMabHOW CTAaTUCTUYECKUM FPaHK-
Lam BCTpeyaemocTtu, a npu = 0.5 — noporoBow BesIMYMHE CONEHOCTH, 3a KOTOPOI HacTyna-
€T pe3Koe CHUXKeHME NONYNALMOHHON YCTONYMBOCTY.

2. TayccoBa mMogenb 3aBUCMMOCTU MOMNYNALMOHHOWM NAOTHOCTM Y OT BE/IMYMHbBI BO3AENCTBYHO-
wero ¢akTopa x, umeeT GopMy CUMMETPUYHON KONOKOI006pa3HOM KPUBOW C TPEMSA UHTEp-
npeTMpyembiMu napametpamu: y = he 2% rne || — oueHKa cpeaHero, onpeaenstowas
3KONOTMYECKUIA ONTUMYM BMAA Ha OCU X, KOTOPOMY COOTBETCTBYET MaKCMMym obunna h;
G — CTAHAAPTHOE OTK/IOHEHME Ha LWKase rpafMeHTa OTHOCUTEIbHO 3TOTO ONTUMYMA. Benu-
YMHa +2G COOTBETCTBYET LWMPUHE IKONIOTMYECKOW HUWW, T.€. B JAHHOM C/ly4Yae — AnanasoHy
TONIEPAHTHOCTM. DTa 3aKOHOMEPHOCTb M3MEHEHMUA OTKAMKA TPAAMLMOHHO UCMONb3yeTcs B
pamKax rpaAeHTHOro aHaIn3a Y TEOPETUYECKM OCHOBAHA Ha NPEeACTaBAEHUAX O IMMUTUPY-
tolwem pecypce v 3aKoHe TonepaHTHocTH LWendopaa.

3. B pesynbTaTe C/IOXKHOro BO34ENCTBMA KOPPENMPOBAHHOIO KOMMIEKCa 3KONOTNMYECKUX dak-
TopoB., popma 3aBUCMMOCTH Y = f(X) YacTO MMeeT APKO BbIPaXKEHHbIA aCCUMETPUYHbIA UK
NOAMMOAA/NbHBIN XapaKTep. Mo3Tomy TpaaULMOHHAA CUMMETPUYHANA rayccoBa Moaeb 06-
bIYHO MCNO/Ib3yeTCcA TONbKO KaKk obpasel, AN CPaBHEHMA C APYTMMM TUNAMKU MoAenei an-
NPOKCMMaLMKN OTK/IMKA CaMbiMK Pa3HOOBPa3HbIMU KPUBbIMMU.
O606ueHHble NMHeliHble mogenn y = g*1 ;1_lal.xi5!(GLM — Generalized Linear Model,
McCullagh, Nelder, 1989) siBnstotca 6onee oblier Gopmoii mogenei perpeccum, rae Aonon-
HUTENbHO 3343€eTCA HEeKOoTopasa PyHKYUA ceA3u g(y), KOHKPETHbI BbIBOP KOTOPOW 3aBUCUT
06bIYHO OT NPUPOAbI CAY4aMHOrO pacnpeaeneHus OTKAMKA Y U ero oCTaTKoB. Tem cambim
GLM cyw,ecTBeHHO paclmMpAoT AManasoH NPUIOKEHUA TMHEHOTO MOAENMPOBaHWA, pac-
CMaTpuUBan LWMPOKMI KiacC aNbTepHaTUBHbIX pacnpeaeneHunii B clydae HeyCTOMUMBbLIX An-
CNepcuin UNN HapyLeHUi NPeanoNoKeHUn 06 X HOPMaNbHOCTU.

Mpu UCNONb30BaHMM BbIBOPOUYHbIX 3HAYEHUIA NEPEMEHHbBIX Y, U3MEPEHHbIX B HEMPEPbIBHbIX
LUKaNax, yalle BCEro NpeanonaraeTca raycCcoB 3aKOH UX pacnpegeneHua u GyHKumMa ceaAsm
g(y) = y HuKaKknx npeobpasoBaHuii He ocywecTsaseT. B atom caydae GLM csoamTcs K 06bly-
HOW NINHeHOM perpeccnn ) = Z:lzlal.xi .
Mpy MCNoNb30BaHWM B KayecTBe OTKAMKA BUHApPHOM nepemeHHOoM V, cBA3aHHOW TONbKO C
dakTom Hanumumsa/oTcyTcTBusa, GyHKLMA CBA3K 3a4aeTCs B BUAE JIOTUTa UAK lorapudma oT-
HOLLEHMSA LIAHCOB BCTPETUTb/HE BCTPETUTb 0COBL AaHHOTO BUAAY: _ V..
g(V)= 10g(ﬁ)

m
CooTBeTcTBYIOWanA eii 0606LIeHHanA NoruT-nHeliHas mogens g(V) = Zi:] a;x; npeanona-
raet 6MHOMMa/IbHBIN 3aKOH pacnpenesieHns OTK/MKa U XapaKTepmsyeTca Kpnson S-obpas-
HoW hopmbl. [lapameTpbl MOAEIN MOXKHO MHTEPNPETUPOBATL CAeAyoWwmMMm 06pa3om: nNpu ns-
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MEHEHWUW 3Ha4YeHNA NPeanKTopa X, Ha eAnHNLY, 3Ha4YeHue norapndma OTHOLIEHMA LIAHCOB
33BMCMMOMI NEepPeMeHHOM U3MEHMUTCA Ha BENIMYMHY COOTBETCTBYIOLLEro KoadduumeHTa a,
MNMokasaHa (ter Braak, Looman, 1986) maTemaTuyeckana MAEHTUYHOCTb raycCoBOM Moaenu
OTKAMKa U GLM B dpopme nonmvHoMa 2-ro nopsagKa npu norapudmmyeckon GyHKLMKN CBA3U
gly)=a,+ax+ax’ <y=hexp[-(x—p)/207,
YTO [,aeT BO3MOXKHOCTb OLLEHWUTb 3KOJIOTMYECKUI ONTUMYM U AMana3oH TONEPAaHTHOCTH ANs
rayccosoit mogenu no npocteim dopmynam = -a,/2a,; & = (-1/2a,)**. Ucnonb3osaHue
WHbIX GYHKLUNMI perpeccumn B dopme NoAMHOMOB 3-ro n bosee nopaaKoB byaeT nogvyepKu-
BaTb OTAINYNA aCMMMETPUYECKUX OTK/IOHEHUM KpVIBOVI OTK/IMKa OT rayCCuaHbl.
O6obuieHHble afaUTUBHbIE MOAEN Yy = 27—1 a,q.(x;) (GAM — Generalized Additive
Model, Wood, 2006) ocHoBaHbl Ha MPUMEHEHMW MPOM3BO/bHbIX GYHKLMIA g (X ) HeNnHenHo-
ro npeobpasoBaHUA He3aBUCUMbIX paKTOpoB. B Hawem cnydyae GAM orpaHUYMBaNUCh Bbl-
paxeHuem g(y) = Q(x, k), rae g(y) — dyHKUMA CBA3N, yuuTbIBaOWAA BUHOMMANbHbIN 3aKOH
pacnpeaeneHus oTKAMKa, () — cneunanbHo noagbupaemas crnaxkmeatowaa GyHKUMA, OCHO-
BaHHaA Ha cnnaiHax, k — pukcupoBaHHble (k = 3, 4 1 5) 3HaYeHuMa cTeneHn ceoboabl, onpe-
penatoume 6a3nc HaCTPOMKM CrIaXKMBAOLLLETO BblipaykeHua ana Q.
[Na nonyyeHMsa acMMNTOTUYECKM (T.e. NP N —> 00) ONTUMa/bHbIX 3HAaYEHU HEU3BECTHbIX
napameTpos mogeneint GLM 1 GAM 1cnonb3oBaan MeTos MakCMManbHOro npasaonogobus.
CTPYKTYPHYIO MAEHTUPUKALMIO U CENEKLMIO HAaUNYYLWIMX KOMNOHEHTOB MOAENEN OCHOBbI-
Ba/IM Ha npoueaype, OCYLEeCcTBAAOWEN NOUCK MUHUMYMa MHOOPMALMOHHOIO KpUTepus
(Burnham, Anderson, 2004).

4. Mopenb XaycmaHa-Onda-Ppecko (HOF — Huisman, Olff, Fresco, 1993) moxeT bbiTb B 06L1EM
Buae npeacrasneHa kak y =M/ ([1 + exp(a + bx)][1 + exp (c — dx]), T. €. OTKAUK y 3aBMCUT OT
3HAYEHUSA rPASAMEHTA X, MAKCMMaJibHO BOSMOXHOIO 3HaueHna M 1 yeTbipex napameTpos
{a, b, ¢, d}. Mogenb MoKeT NPUHUMATb MepPapPXMUYECKOe MHOMECTBO COCTOSIHUI U3 NATU BO3-
MOKHbIX popm (I-V):

Dopmbl mogenn HOF Cn1CcoK napameTpos Kon-so

V — aCMMMETPUYHbI YHUMOZAIbHbIV OTKIMK a b c d 4
IV — CUMMETPUYHbIN YHUMOAANbHbIN OTKANK a b c b 3
IIl — MOHOTOHHbIM POCT C «NAaTO» a b ¢ 0 3
Il — MOHOTOHHBIM pocT a b 0 0 2
| — «nnaTo» (OTCyTCTBME OTKAMKA) a 0 0 0 1

Camas cnoxkHasa popma mogenn HOF —acummeTpuyHas Kpmeas V, BKAOYatOLLAA NOJHbIN
KOMMN/IEKT U3 BCEX YeTbipex napameTpoB. M3 aToli mofenu MoXKHO nonyumTb Bonee npoctbie
MOZEeNN, HanpuMmep: CUMMETPUYHYIO Kpusyto IV, ecnv NpuHATL d = b, LI MOHOTOHHO BO3pacTa-
towyto Kpusyto Il npu ¢ =0 wn d = 0. YcTaHOBUTb, Kakad U3 5 moaenei npeanovTuTenbHen, MOXKHO
C UCMONb30BaHMEM [0CTAaTOYHO C/IOXHOW aBTOMaTMYeCKOW mpoueaypbl Ha ocHoBe byTcTpen-
aHa/M3a CTaHAAPTHbIX OTKAOHEHW U MHPOPMaLMOHHbIX KpuTepues (Jansen, Oksanen, 2013).

[nsa Bcex nepeuncneHHbIx Mmogenel (Kpome rayccuaHbl) HEICEH TEOPETUUYECKUIA MEeTOZ,
OLEHKM MHTEPBA/IOB TONEPAHTHOCTM BUAA HA WKane dakTopa. Ha npaktuke (Schroder et al.,
2005) NpUHATbI ABa 3BPUCTUYECKMX CNOCOOa HAaXOKAEHUA KPUTUUHECKUX TOYEK NOMYAALUOHHOM
M3MEHUYMBOCTM Ha OCM abcuMCC: @) MO 3HAYEHUAM OPAMHAT, COCTABAAOLLMM NONOBUHY OT A0-
CTUTHYTOM BEIMUYMHBI SKONIOTMYECKOTO MaKCUMyMma, 1 6) N0 MMHMMAIbHOMY AMana3oHy 3HaYe-
HUI dakTopa, orpaHmumnsatoemy 80% naolaam pacnpeseneHns BepoATHOCTEN Nog MoAeNb-
HOW KPUBOW.

Bca 06paboTka AaHHbIX H6blna BbINOAHEHA C UCMOb30BaHMEM cBOBOAHO pacnpocTpaHa-
eMbIX NPOrpamMMHbIX NakeTos vegan, mgcv n eHOF cTtaTuctnyeckon cpegpl R, a Takke ckpunTta
«Species response curves», paspabotaHHoro [l. 3eneHbl (Zeleny) B KayecTBe R-HaACTPOMKM K
nporpamme JUICE (http://www.sci.muni.cz/botany/zeleny/wiki/juice-r).
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PE3YNLTATBI MCCNEQOBAHUM

MHOroMEPHAST OPQUHALMSI M JEPEBbST PEFTPECCUN

Ha ocHoBe maTtpuubl Y uncneHHoctet 43 BMAOB MakKpo3006eHToca No AaHHbIM TMAPO-
6MONOTMYECKUX CbEMOK BbIMOHANCA pacyeT MaTpuubl paccTosHui Bpea-Képtuca D(25x25)
MEXKAY KaXKa0M napoi cTaHuuin HabaogeHnin. C cnosnb3oBaHMEM METOAa aBHbIX KOOPAMHAT
(PCOA) 6b110 BbINOAHEHO ONTUMaNbHOE NPOELMPOBaHNE MaTpuLpl D Ha NIOCKOCTb C ocAMMU
PC—PC,. MecTononox)eHune oTae/bHbIX BUAOB NPeACTaBNeHO Ha OPAMHALMOHHON Anarpamme
puC. 2 B LEHTPaxX TAXKECTU pacnpeseneHna Ux nonynauMoHHOM NAOTHOCTY.

PaccmaTtpuBanucb perpeccMoHHble 3aBUCUMOCTM KOOPAMHAT NOCTPOEHHON OpAnHALLUN
OT OTAE/NbHbIX PaKTOPOB cpeabl U C UCNOb30BAHNEM IMHENHbIX aAANTUBHBIX MOAENEN BbINO-
HANOCb KYCOYHO-/IMHEHOE CraXKMBaAHWE TUX 3aBUCUMOCTEN. Pe3ynbTaTbl MOAENMPOBAHMSA MO-
Ka3aHbl Ha puC. 2 K30HOMaMK NOBEPXHOCTEN pacnpefesieHNA COAEPKAHUA KUCI0POaa B BOAe
W YPOBHSA ee MUHEpPaNn3aLmm, YTO NO3BOMAET OLLEHUTb, KAKOE MECTO 3aHMMAET KaXKAbl BUA, Ha
rpagueHTe BHELHWX YCIOBUNA.

C ucnonb3oBaHMEM KaHOHUYECKOro aHanusa cooteetcTeus (CCA) bbina BbisiB/IeHa MHO-
romepHas CBA3b OTK/IMKA IKOCWUCTEMbI, BbIpaXKeHHAsA NaTeHTHbIMK nepemeHHbimn PC—PC,, ¢
KOMMNeKcom Habntogaemblx GaKTopoB cpeabl B cocTaBe maTpuubl X. 3TO NO3BOINIO YTOYHNUTD
3KOJIOTMYECKMI CMbIC/T OCel MMaBHbIX KOMMOHEHT: O4HA U3 OCel MMeeT CTAaTUCTUYECKU 3Ha-
YMMYIO KOPPENALMIO TOIbKO C COAEprKaHUeM KUCIopoaa B BoAe (KoadduumeHT Koppenaunm
MupcoHa r? = 0.897), Torga Kak Apyras ocb onpeaensietcs KOMNAEKCOM U3 5 rmapoXMmMmnYeckmx
nokasartenei (obwas mmHepanunsaums, pH, cogeprkaHMe aMMOHWIMHOrO a3oTa, obuwero ¢pocdo-
pa u Kanbums c r* ot 0.95 go 0.99). Bamaxue octanbHbix 10 paKkToOpoB cpesbl OKa3anoch CTaTu-
CTUYECKN HE3HAYMMbIM.

MoCKONbKY MeXay CaMMMM BHELWHUMUK GaKToOpammM apuaHOro permoHa MpuanbToHbA cy-
LLLlecTBYeT TeCHasi B3aMMOCBA3b M OHM 00Pa3yOT TPYAHbIN A8 NAEHTUOUKALMN MYIBTUKONIN-
HeapHbI KOMMAEKC, TO 419 TOYHOrO BblAENEHMA BeAyLIMX NEPEMEHHbIX CPeabl MCNOb30BaAN
NMOCTPOEHME NEPAPXMYECKUX AePEBbEB KaaccubumKaumm. B xoge 10 waros aBToMaTU4ecKon pas-
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Puc. 2. OpanHauma BMA0BOro cocTaBa MakposoobeHToca meTosom PCoA; TeMHO-cepbiMm LBETOM Npes-
CTaB/IEHbl M30HOMbI COZEPKaHUA Kucnopoaa (%), cepbim — obLeit mrHepanusaumm (r/n), Koabl
BMA0B No 6a3e AaHHbIX YaCTUYHO pacluMdpoBaHbl B TeKcTe 1 B Tabn. 1-2
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pensawowein npoueaypbl MRT 6b111 cdopmmupoBaHbl 6 rpynn rugpobMonormyeckmx npob ¢ mak-
CUMa/IbHOM BHYTPEHHEW LLeHOTUYECKON O4HOPOAHOCTBIO, OLLEHMBAEMOM MO CyMMeE €BK/IMA0BbIX
PacCTOSHMIA YNCNEHHOCTEN BUAOB AN 06beaNHAEMbIX OObEKTOB OT LLEeHTPa UX FPYNNUPOBKU:

1. MuHepanusaums > 26 r/n

2. MuHepanusaums ot 16.3 0o 26 r/n

3. MuHepanusaums ot 8.2 40 16.3 1 AMMOHMIMHBIN a3oT oT 2.1 go 17 r/n

4. MuHepanusaumsa ot 8.2 a0 16.3 1 AMMOHMIHBIN a3oT < 2.1 r/n

5. MuHepanusaums ot 8.2 40 16.3 1 AMMOHMIHbBIN a3oT > 17 1/n

6. MuHepanusaums < 8.2 r/n

AHaNn3 MHOrOMEPHOTO OTK/IMKA IKOCUCTEMbI C NOMOLLbIO Aepesbes MRT nossonser npo-

BECTM MHTEPNPETALMIO Pe3ybTaToB, CBA3AHHYIO C OLLEHKOM, Kakme BUAbl U MX acCoLaLmm UHN-

LUMMpYtoT pasbueHne BbIBOPKM Ha y3nax AepeBa U NPeaonpeaenstoT coctas chopMMPOBaHHbIX

rpynn o6bekToB. Ha puc. 3 npeacrasieHbl gMarpammbl YCPeaHEHHbIX 40NN YNCNEHHOCTU Ann

[BYX KaccoB: rpynnbl Npob 1 ¢ BbICOKOW MUHepanunsaumeni cebilwe 26 r/n no pesynstatam rugpo-

6MONOrMYECKOM CbEMKM NPENMYLLECTBEHHO B pekax ConsHKa, YepHaBka n Manaa Camopoaa,

1, MO KOHTPACTY C HeW, rpynnbl Npob 6, B3ATbIX M3 BUOTOMNOB C MUHepann3aumein meHee 8.2 r/n.

Mo pesynbTaTam NpPoBeAEHHOrO CTaTUCTUYECKOro aHanm3a (puc. 2,3) MOXKHO BbIAENUTb
cneaytolime rpynnbl BUAO0B, XapaKTepHble 4158 6MOTOMNOB C Pa3NIMYHbIMM KOMMIEKCamMM onpeae-

NALWMX TMAPOXMMUYECKMX YCI0BUIA:

e B YC/0BMAX BbICOKOM MUWHepanusauumn 6onee 20 r/n SOMUHUPYIOLMMM ABAAIOTCA TaKue
BUAbI KaK Palpomyia sp. (CePal_sp.), Cricotopus salinophilus (ChCri_sf), Chironomus salina-
rius (ChChi_sr), Ephydra sp. (EbEdr_sp.), Berosus bispina (CoBer_b);

* MNpu cpegHen MUHEPANM3ALLMM U BbICOKOM COAEPMKAHUN Knucaopoaa 6onee 180% passuea-
toTcs BuAbI: Sigara assimilis (HeSig.as); Sigara nigrolineata (HeSig_n), Nemotelus sp. (StNem.
sp), Berosus fulvus (CoBer_f), Hygrotus flaviventris (CoHyr_f);

e Mpu cpegHeit MMHepPanm3aLmnm 1 BbICOKOM CoAepKaHUM aMMOHUIMHOro a3oTa 6onee 17 mr/n
—Buabl: Tanytarsus kharaensis (ChTar.kr), Chironomus aprilinus (ChChi.ap), Microchironomus
deribae (ChMch.d.), Culicoides sp. (CeCul.sp), Glyptotendipes salinus (ChGly.sl);

® B YCNOBMAX HU3KOrO COAEprKaHUA PacTBOPEHHOIO KMCA0poAa — Buabl: Lispe sp. (Mulis_sp),
Limnodrilus grandisetosus (OlLim_gr) u Limnodrilus hoffmeisteri (OlLim_h), Sphaeromias sp.
(CeSph_sp), Gammarus lacustris (AmGam_l), Cladopelma gr. lateralis (ChCld_]).

[pynna 1 [pynna 6

CePal sp

ChChi_sr

ChCri s

CeCul_sp

iy o

HeSig 1
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ChGly_si
EbEdr_sp OlLim_u

CuCux_sp ChMch d
CoHyg e = N
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ChiMch t pope r i

Puc. 3. lonsa uncieHHocTv (B lorapndmax) oTae/IbHbIX BUAOB Makpo3oobeHToca B rpynnax npob ¢ Bbico-
KoW (1) n HU3KOM (6) MUHEpanusaumei.
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T:S::TL(';?):IG BUAbI MAaKP0O3006eHTOCa CO CTaTUCTUUECKU 3HAUUMbIM MHAMKATOPHbIM MHAeKcom [ndVal
Bug, Kog, NHpekc IndVal, % | Tpynnac max[djk] p-3HayeHune
Chironomus plumosus ChChi_p. 73 6 0.001
Palpomyia sp. CePal.sp 51 1 0.003
Tanytarsus kharaensis ChTar.kr 56 5 0.003
Cricotopus (Isocladius) ornatus ChCri.ot 53 4 0.004
Microchironomus deribae ChMch.d. 57 5 0.005
Paratanytarsus sp. ChPtt.sp 50 6 0.006
Chironomus salinarius ChChi.sr 34 2 0.041
Paranais simplex OIPar.sm 29 6 0.049

Mpu nposepke cnpaseaMBOCTM HyNEBOW rMnoTesbl Hy 0 ciy4aitHoCTM pacnpeaeneHus
BMAOB MO rpynnam B xoge pacyeTta nHaekcos IndVal MHANMKATOPHbIX 3HAYMMOCTEN BbINOAHACA
nepMyTaLMOHHbI/ TECT MHOTOKPATHOMO NepemMeLLMBaHnA BUA0B Mexay rpynnamu. Ctatuctuye-
CKM 3HAYMMOWM OKasanacb MHAMKATOPHAA LleHHOCTb 12 BUA0B 13 43, pas U3 KOTOPbIX NPeacTaB-
NneH B Tabn. 1.

MogEnu PACNIPEQENEHNS MONYNSIUNOHHONA MIOTHOCTH OTHENbHbLIX BULOB.

Mcnonb3oBaHne curmonanbHoW GyHKLMM A8 MOAEANPOBAHMA 3aBUCMMOCTU BCTpeYa-
emoctv P (%) Buaa B npobax oT ypoBHA MUHEPAM3aLMmK S (r/n) B OTHOLEHMM Pa3HbIX TAKCOHOB
MaKp0o3006€eHTOCa NPUBOANIO K NOYYEHUIO KPMBbIX Kak HUCXOAALLEN, TaK 1 Bocxogsallei dop-
Mbl, KOTOpaA onpeaensanack 3Hakom KoadpdrumeHTa 0. XapakTepHble NPMMepbl PacCuMTaHHbIX
perpeccuoHHbIX Mogenei npeacTasaeHbl Ha puc. 4. YbbiBatowas nornctnyeckan GyHKUmna ana
Buaa Tanytarsus kharaensis (1)

P=39.3/{1+exp (0.88S - 18)}
MMeeT OTYEeT/IMBO BbiPaXeHHOe NOPOroBoe 3HaueHue coneHoctn S =0, =18 r/n n gocraTouHo
Y3KUI AMana3oH TONIePaHTHOCTU, OXBATbIBAKOLLMIA KaK 30HY MaKCMMaibHOM BCTpPeYaeMocTu oT
S 405 =15.3 r/n, TaKk u ¢pasy «yrHeTeHus» oo S 005 = 20.7 r/n (Rutherford, Kefford, 2005).

Mo pesynbraTam rmapobronornyeckmx cbeMoK Habaaanocb NOBbILEHME BCTPEYaeMo-
CTU Sigara sp. Npu yBENNYEHUN CONEHOCTU, KOTOPOE OMMUCIBANOCH BOCXOAALLEN TIOTUCTUYECKOM
dyHKumen P = 55.3/ {1 + exp(-2.76S - 16.6)} — kpuBaa 2 Ha puc 4. MakcMMmym BCTPE4aemocTu
OTMeYeH BEPXHUM KPUTNYECKUM 3HadeHnem S . = 24.8 r/n, uTo, yknaaplsaeTca B AManasoH 06-
UTaHUA Pas/INYHbIX BUAOB 3TOrO PoAa B CoMeHbIx peKkax MpuanbtoHba (7.5-30.8 r/n) u B gpyrmx
Me30ra/IMHHBIX U NMOAUTAIMHHBIX PEKax Pas/IMYHbIX PErMoHOB U BMNOJIHE COOTBETCTBYET 0bLe-
NPUHATBIM NPeACTaBNeHUAM 06 3Ko/0rMK NpeacTasuTeneit atoro poga (Barahona et al., 2005;
Velasco et al., 2006).

Heobx0anMmo 0TMeTuTb, YTO oueHKM KoadduumeHTa 0, moagenn ana Sigara sp. 1 MHo-
UX APYrUX BUAOB OKa3ainCb CTAaTUCTUYECKM HesHauumbiMK (p, = 0.15, Torga kak ana 0, m 0,
p < 0.01, yTo onpeaenaeTcA MasibiM YUCAOM TOUEK Npu BblIBpaHHOM crocobe npeacTaBaeHUs
AaHHbIX. Kpome TOro, cTaTUCTMYECKM ONTUMA/IbHOE AefleHUe WKajbl S Ha NoAaAnanasoHbl, He-
obxoammoe AnA noacyeTa Bctpeyaemoctu P, TpebyeT 60/1bLLIOro sKCnepMmMeHTabHOIroO MaTepu-
ana v ogHOPOAHOM BbIBOPOYHOM Harpy3Ku no Bcei 061acT rpaiMeHTa MMHepannsaLmum.

B nonHom obbeme fAaHHble rMAPOOMONOIrMYECKOTO MOHUTOPUHIA UCMONb3YHOTCA B 060-
6LLEHHbIX IMHENHbIX MOAENAX, OTPAXKAIOLLMX 3aBUCMMOCTb PeaNbHON YNCAEHHOCTU 3K3eMM -
pos Buaa N (unum norapudma YMCNEHHOCTU) OT MUHepanum3aumumn S. B atom cnyyvae GLM ceoaumTca
K GYHKUMM 0BbIYHON NONMHOMMANBHOM perpeccumn, kotopasa ansa Palpomyia sp. 6bina orpaHu-
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Puc. 4. Kpusble yHKLMM NOrMcTUHECKon
perpeccun  nNpu  MOAEANPOBa-
HUKW BCTpeyaemocTn Tanytarsus
kharaensis (1a) u Sigara sp. (2) B
BOAOTOKAX C PasHOM MWHepanu-
3aumei; [N CpaBHEHWUs MOKa-
3aHa MO/JMHOMMANbHAA KpuBas
0606LIeHHON NMHENHON moaenu
GLM (16)

Berpevaemacte P % npofi

-10

MuHepanuaauma S, rin

yeHa MHoro4neHom 3-i ctenenu In(N) = 1.69 + 16.5S - 652 - 10.85° 1 Ha puc. 5 npeacTaBneHa
KPMBOW TPaANLMOHHO KOJIOKON006pa3Hoi hbopmbl.

CTaTMcTUYecKasa 3HAYMMOCTb PErPEeCCUM B LLeIOM NPOBepAIach No oTHoweHUo duwepa
(F=65.2, p=0), a oTaeNbHbIX Ko3pPuumeHToB mogenm GLM — no t-kputepuio (p < 0.0001).
CxoQHOM NO CBOMM XapaKTepPUCTUKaM OKasanacb aaauMtusHasas mogenb (GAM) ¢ 4 cteneHsmu
cBoboabl Ha OCHOBE KyBUUYECKOro Cra*kmMeatoLLero cnaariHa (puc. 5).

JKONOrMyecKmii ONTUMYM CONEHOCTU BOAbl, COOTBETCTBYHOLLMIN MaKCUMYMY MOMYNALLMOH-
HOM NioTHOCTU Palpomyia sp., nporHosupyemomy no GLM, coctaensaerS_ =31 r/n, a aManasoH
TONEPAHTHOCTM BUAQA, OFPaHMYEHHbI Npegenammn obnactu, coctasastoweit 80% naowaam nog,
KPWBOWM OTKAMKa (puc. 5), HaxoauTca B MHTepBase oT 22.2 Ao 37.6 r/n. ONTUMYM MUHEpPaNN3aLLmMm
S =29.2 r/n, paccumTaHHbIN No moaenn GAM, HECKO/IbKO CMelLLIeH B CTOPOHY MEHbLLINX 3Have-

ont

HUN.

. Mpn ncnonb3oBaHun BuHap-
HOM nepemeHHOM OTKAMKa V, oTpa-
awouen Hanmume (1) nam otcyTct-
. Bue (0) Buaa B npobe, moaenm GLM u
GAM cTpounnmnce, ncxoga U3 npegno-
NIO¥KEeHUA 0 BUHOMMANBHOM Xapak-
Tepe pacnpegenenus. MonyyeHHble
GYHKUMM NOTUCTUYECKOWN perpeccum
NPOrHO3MpPOBaAN U3MEHEHWE Bepo-
ATHOCTU BCTPETUTb aHANU3UPYEMbIN
BMA, NPY Pa3IMYHbIX 3HAYEHUAX LKa-
/bl MMHEpanusauuu.
PaccmaTpuBanuch yeTblpe
BEPCMM  MOZenei, BKAoYatowme
Kpome GLM n GAM gononHuUTenbHO
rayccosy mogenb (GAUS) u mogenb
XaycmaHa-Onda-dpecko (HOF). B

UncnenHocTs In(N)

10 15 20 25 30 35 4n
Murepanusauua S, rn

Puc. 5. ®yHKUMU pacnpeseneHus 4yucneHHoctn Palpomyia

Sp. Mo rpagMeHTy CONEHOCTU C UCNO/Ib30BaHWeM 060-
6LEHHbIX AnHelHoW (GLM) u agautusHoin (GAM)
MoZenel; cepbiM LBETOM OKpalleHa obnactb Tone-
paHTHOCTK, cooTBeTcTBytoWwan 80% naowaam nog mo-
OEeNbHOW KPpUBOW.

OYEBMAHbIX C/y4asx BCe MOAEN
NPUBOAWUAM MNPAKTUYECKM K UAEH-
TUYHbIM pe3y/nbTaTam (CM. KpuBble
oTKAMKa ana Chironomus aprilinus,
npeacTaBneHHble Ha puc. 6a), oaHa-
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Puc. 6. CpaBHeHwue YeTbipex JIorMT-mofenei pacnpeaeneHuns BepoaTHOCTU BCTPEYaeMoCTH ABYX BUAO0B
Ha rpagueHTe CONEHOCTH

KO B CNIOXHbIX cUTyaumnax mogenn GLM n GAM cTpeMuancb yBenn4muTb YNCI0 cTeneHen csobo-
Abl U MOV MPUIATU K NEepeyCNONRHEHHON NOIMMOAAbHON GYHKLIMK C HECKONBbKUMU «ropHammn»
MOZAeNbHbIX KpuBbIX ana Chironomus salinarius Ha puc. 66, NoATBEPXKAAOLWMX NONUTANIMHHOCTD
BMAa.

Mogenun HOF B cuny cBoei «Liymo3aLmLLeHHOCTU» 0BbIYHO OCYLLECTBAAKT MNOUCK MPOo-
CTbIX YHUMOZAA/IbHbIX 3aBUCUMOCTEN, KOTOPbIE NO3BONAOT HANTW F06aNbHbIA ONTUMYM BUAA Ha
rpagueHTe. Tem He MmeHee, B nocnegHux Bepcuax mogenn HOF (Jansen, Oksanen, 2013) 6biau
[o06aBneHbl TUNbI NOAMOAENEN, NO3BONAIOLLME MONYYUTb KYCOYHO-TMHENHYIO UM Bumoaans-
Hyt0 dOopMbl pacnpeneneHuns ¢ ABYMA MaKCMMyMaMu, YTO MO3BOJIAET BbINOAHUTL PeainCTUY-
HYH annpoOKCMMaLLMIO aHHbIX B C/IOXKHbIX Cy4aax. Hanpumep, Ha puc. 7 oT4eT/IMBO BUAHA MO-
HOTOHHAA ybbiBatOLWAA 3aBUCUMOCTU YNCNEHHOCTU Ephydra sp. B Anana3oHe MUHepan3aLmm
80 32 r/n. OaHaKko obHapy»KeHue 3To-
ro BuAa YncieHHocTbio 50 3K3./m? B

b= |- - - - - -- - - - - == == == === === 1 AByx npobax n3 pekn M. Camopoga B

. 2 — o | asrycte 2009 r. npu muHepanmsaumum

. 41 r/n npemonpeaenvan  «U3NOM»

S T * M y4acTOK BO3pacTalollero TpeHaa B
¥ ’ AvanasoHe ot 32 o 41 r/n.

Bonpoc o Tom, Kakaa u3 4e-
TbipEX pPACCMATPUBAEMbIX KPUBbIX
OTKAMKA (CM. puC. 6) 3KONOrMYecKu
(nnn parke ctatucTnyeckn) Hanbonee
npeanoyYTMTeIbHa, ABNSETCA HEe BNOA-
He pelleHHON MaTeMaTU4ecKon npo-

YucnenHocTs In{N)

R i - Rt 6nemoit. B aToi cBA3WM BbIGOP KOH-
KPeTHOM MOoAeNu NPOrHO3MPOBaAHUA

T T T T T T T
10 15 20 25 30 3 40 BEpPOATHOCTM BCTpeyaemoctn ana 17

M enanicenm 5.1 BUIOB MaKpo3oobeHTOCa, npeacTas-

Puc. 7. TpeHZ M3MEHUMBOCTU uMcheHHoCT Ephydra sp. a /1€HHbIX B Tabn. 2, nposoamncs, ucxo-
WKaNe MUHEepPann3aLmm, OLEHEHHbIN Ha ocHoBe mo- AA U3 SKONI0TMYECKOU TOJIEPAHTHOCTH
nenv XaycmaHa-Onda-dpecko BMAoB. Mogenb cunmtanacb CTaTUCTU-
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Tabnnua 2
JKONOrMYecKum ONTUMYM U TONIEPAHTHbIE MHTEPBA/1bl HA rPagueHTe CO/IEHOCTU ANA HEKOTOPbIX
TaKCOHOB MaKp03006€HTOC2 U3 COJZIEHbIX PeK anSI’IbTOHbﬂ, paccynUTaHHble C UCNO/Ib3OBaHUEM
Pa3/INYHbIX CTAaTUCTUYECKUX Moneneﬁ

Takcon Tvn . OnTumym | TONIEPaHTHbIN MHTepBan p=Pr
mozenm Sont min max (G*>%?)
Oligochaeta
Limnodrilus profundicola (OlLim_pf) GAUS 6.55 6.55 8.79 0.029
Paranais simplex (OlPar_sm) GAM-5 6.55 6.55 17.7 0.187
Crustacea
Gammarus lacustris (AmGam_|) GAM-3 6.55 6.55 10.6 0.012
Insecta
Heteroptera
Sigara lateralis (HeSig_l) GAUS 6.55 6.55 41.1 0.99
Sigara sp. (HeSig_sp) GAM-5 24.4 19.7 27.5 0.005
Coleoptera
Berosus bispina (CoBer_b) GAM-3 41.06 21.3 41.1 0.036
Paracymus aeneus (CoPar_a) GLM-3 6.55 6.55 11.7 0.245
Diptera
Ceratopogonidae
Culicoides sp. (CeCul_sp) GAUS 14.42 6.55 24.876 0.042
Palpomyia sp. (CePal_sp) GAM-4 27.1 19.1 33.505 =
Chironomidae
Cricotopus ornatus (ChCri_ot) GLM-2 11.69 7.27 16.1 0.041
Cricotopus salinophilus (ChCri_sf) GAM-3 23.81 11.85 36.8 =
Glyptotendipes salinus (ChGly_sl) GAUS 6.55 6.55 16.4 0.05
Chironomus aprilinus (ChChi_ap) GLM-2 14.25 11.59 17.0 =
Chironomus salinarius (ChChi_sr) HOF-IV 18.18 7.82 28.5 0.006
Microchironomus deribae (ChMch_d) GLM-1 6.55 6.55 16.6 0.0006
Tanytarsus kharaensis (ChTar_kr) GAUS 12.90 8.62 17.2 =0
Ephydridae
Ephydra sp. (EbEdr_sp) HOF-I 23.81 6.55 411 0.146

Mpumeyanue. ¥ — GAUS — cMMMETPUYHOM rayccoBOW Mogenu oTkaunka; GLM-k —0606LwweHHO N NMHeHOM
moaenu B dopme nosmvHoma k-1 creneHn, GAM — o6o6buweHHOM aaaMTUBHOM Mogenm ¢ k- cteneHamu
cBobogbl, HOF-k — mogenu XaycmaHa—Ondpa—Ppecko k-ro TMna; p — 4OCTUTHYTan CTaTUCTUYECKAR
3HAYMMOCTb MoAenen.

YecKu 3HaUYMMOM, eCiM BEPOATHOCTb p TOTO, YTO COOTHOLWeEHMEe G? AN OCTAaTKOB He MpPeBbICUT
BEANYUHY 2 C (N - k) cTeneHAMM cBOBOAbI, OKa3biBaNaCb MEHbLLE KPUTUYECKOTO 3HAYEHNA O =
0.05 (McCullagh, Nelder, 1989).

OBCYXOEHUE PE3YNILTATOB M BbIBOAbI

MonyyeHHble pe3ynbTaTbl MHOTOMEPHOI OpAMHALLMU BUAOBOM CTPYKTYPbI LOHHbIX CO06-
LecTB Ha CTaHUMAX Hab/loAeHMA B LLeNIOM He NPOTUBOPEYaT TeM BbIBOAAM O CPABHUTE/IbHOM
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61opasHoobpasmm pek MpUanbTOHbA, KOTOopble HbiAK ONyHMKOBaHbI paHee (3MHYEHKO U Ap.,
20103, 6). C Mcnonb30BaHMEM KaHOHWYECKOTo aHann3a bblin NoayyYeHbl BaxKHble KOPPensuu-
OHHble OTHOLLIEHMs, MO3BO/INBLUME NPOBECTU PaHXUPOBAHME MHOXKECTBA GaKTOPOB OKpYIKato-
Len cpeapbl NO CTEMEHN UX BAUAHUA HA KOMYECTBEHHbIN COCTaB AOHHbIX coobuiecTs. MocTpo-
eHne aepeBbeB MHOTOMepPHOM Knaccudumkaumm MRT No3BOANAO YTOUYHUTL CMIMCOK M Fpagaumnm
KNO4YEBbIX 3KONOTMYECKUX nepemeHHbIX, a TakKXe BblABUTb Ha6op CTAaTUCTUYECKU 3HAYUMDbIX
BUA0B-UHANKATOPOB.

Bonee cnopHO BbIMAANUT Hall OMbIT MOAEANPOBAHUA pacnpeaeneHmsa NonynsLMoOHHON
NIOTHOCTU OTAENbHbIX BUAO0B MO FPaANEHTY CONeHOoCTU. CneslyeT NpusHaTh, YTO COBPEMEHHbIE
MeTOAMKM rPaANEeHTHOro aHanAM3a He AAaloT OTBETOB Ha TPY BaXKHEWMLWMX KOHLENTYa/ibHbIX BO-
npoca: a) YTo TaKoe 3KONOTMYECKUI ONTUMYM U MHTEPBA TOIEPAHTHOCTU U MO Kakum popmy-
lam UX cnefyet paccunTbiBaTb? 6) KakMe KPUTEPUM BaXKHbI MPU CENEKLMUMU CTAaTUCTUYECKUX MO-
neneii? u B) Kakosbl TpeboBaHUsA, NpeabaABAsSEMbIe K PENpPe3eHTaTUBHOCTU MCXOAHbIX AaHHbIX?

MpeaBapuTenbHo 0bcyamMm pesynbrathl M3 Tab. 2. Bo-nepsbiX, y 7 Bugos 13 17 (unv 41%),
Takux Kak Limnodrilus profundicola, Gammarus lacustris, Glyptotendipes salinus, Microchirono-
mus deribae 3KONOrMYECKUA ONTUMYM HaXOAUTCA HA JIEBOM FPaHULE LWKaibl MUHEPAnn3aLmm
Soin = 6:55 r/n. Ansa Takmx BMAOB LenecoobpasHO OPMEHTUPOBATLCA Ha MOAEAN CUTMOUAA/b-
HOro Tvna (cM. puc. 4), NOCKONbKY HalAeHHbI Npy STOM MOPOr S, . MO3BONT OTAGNNTb 30HY
3KO/MI0rMYecKoro 6,1arononyymsa ot 30Hbl YTHETEHHOTO COCTOAHMA.

[na HekoTopbix BUAOB (Sigara sp., Cricotopus salinophilus, Berosus bispina) xapaktepHa
0bpaTHan 3aKOHOMEPHOCTb U MUX IKOMOTUYECKUIA ONTUMYM CONIEHOCTU HaXOAUTCA B AMana3oHe
or27p0S =411 r/n. B 3TOM cny4ae Tak»Ke BO3MOXHO MOAEIMPOBaHME pacrnpeaeneHms no-
NyAALNOHHOM NNOTHOCTU 06PATHOM NOTUCTUYECKOM QYHKLMEN, O4HAKO 3KOIOrMYECKas UHTep-
npeTaums Takol MOZEeNu CBsi3aHa C a/IeKO He BCEeraa BePHbIM NpPeanonoXeHNem, YTo BbICOKas
BCTPEYAEMOCTb BUAA BYAET COXPaHATbCA M B rMnepraiuHHON obnactu (T.e. Npu NpeBblEeHUN
N3y4YEeHHOro HaMW MHTEPBaa CONEHOCTH).

B oTHOLWEHWM OTAENbHbIX BUAOB (Hanpumep, Berosus bispina ¢ paccuyMTaHHbIM ONTUMY-
mom S =41.1r/n) uenecoobpasHo BO3AEPMKATbCA OT KaTeropPUUYHbIX BUONOTMYECKMX BbIBOAOB,
NOCKO/MIbKY MOAENU pacnpeseneHna ux nonynaumoHHOM NAOTHOCTM OCHOBAHbI Ha HEeAO0CTaTou-
HOM 06beme 0bpabaTbiBaeMbIX AaHHbIX, U CleayeT OTMETUTb Mb GEeHOMEH BbICOKOM aganTa-
LLMOHHOM CMNOCOBHOCTM 3TUX OPraHNU3MOB K YCIOBUAM MOBbILLEHHON MUHEpPanusaumn. B 1o ke
Bpems, XapakTep TpeHA4a YucneHHocTn Ephydra sp. Ha puc. 7 MOXKeT 06bACHATLCA U eCTECTBEH-
HbIMW BUONOTUYECKMMM OCOBEHHOCTAMK BUAA: NMTepaTypHble AaHHble (Rutherford, Kefford,
2005) cBMAeTenbCcTBYOT 06 3BpUraIMHHOCTU NpeacTaButenein cemeinctea Ephidridae, obutato-
LMX B peKax C coneHocTbio 4o 100 r/n.

PacnpegeneHve nonynsLuMOHHON NJAOTHOCTU HECKOMbKUX BMAOB (Chironomus aprilinus,
Cricotopus ornatus) no BHeWHeMy BUAY BMOJIHE COOTBETCTBYET TEOPETUYECKOM KOOKOI00-
6pasHoi rayccoBoi KpnBol. OQHAKO B psfe Cy4aeB OCTAETCA HEACHbIM, CAeAyeT AU oTAATb
npegnouteHne mogenu Lendpopaa-Yntrekepa ¢ YeTKO BbiparKeHHbIM 3KOIOTMYECKMM ONTUMY-
MOM MW NPUHATb TPAAULMOHHYIO AN 6BUODU3UKM CUTMOUAANBbHYIO MOAENb, OCHOBAHHYIO Ha
NMoMCKe NOPOroBOro 3Ha4YeHUs BHELWHEero Bo3AencTeus. Hanpumep, Ha puc. 4 BUAHO, YTO ANA
Tanytarsus kharaensis npaBaa BeTBb rayccvaHbl 16 6113Ka K NOTMCTUYECKON KpMBOW 10 Ha ee
MOPOroBOM Y4acTKe, B TO BPEMSA KaK B 1€BOM 061acTV LWKaAbl MUHEPANU3ALMUN UX PA3aNYnA
CTaHOBATCA BECbMA BE/IMKWU. UAHO, YTo ana Tanytarsus kharaensis npasas BeTsBb rayccuaHbl 16
6211M3Ka K NOTMCTUYECKOM KpUBOWM 1a Ha ee MOPOroBOM y4acTKe, B TO BPeMs KaK B 1eBol ob61actu
LUKaAbl MMHEPaNN3aLMN UX Pa3INYUA CTAHOBATCA BECbMa BEINKM.

B Hambosbllel mepe KOHUENTya/lbHble OTANYMA 06OUX NOAXOA0B MPOABAAETCA MpU
OLEHKe TONEepPaHTHbIX MHTepBanoB. CO CTPOrMX TEOPETUKO-BEPOATHOCTHbIX NO3ULUIA mose-
PAHMHbIU UHMepean AOMKEH COAep)KaTb C 3a4aHHON BepoaTHOCTbIo g Aonto p (0 < p <1) Be-
poATHOCTHOW Mepbl dF HensBecTHOW GyHKUMK pacnpeneneHuns F(x) He3aBMCUMOMN CaydaliHOM
BE/IMUYMHbBI X. Ha NpaKTMKe ToNepaHTHbIM MHTepBaa NPUHATO HAaXOAUTb KaK HeKyto 0bnacTb OT-



T.4. BunyeHko, B.K. lLlumukos, J1.B. [onosamiok 271

HOCUTE/NIbHO MaKCMMyMa KOJI0KO/1006pasHOi KpMBOW (3Ko/sorMyeckoro ontumyma). B cnyudae
NOTUCTUYECKOM d)YHKLI,VIVI, rge YHMMO,D,aﬂbeIVI MaKCMMYM OTCYTCTBYET, FPpaHUYHble 3Ha4YeHuUA
WHTepBana npeanaraeTcs OLeHWBaTb MO MOAENM, 33/1aBasiCb HEKOTOPOW Aoew WKasbl Habnto-
[aeMbIX NepemMeHHbIX. ITUM 1 0B BACHAIOTCA BONbLION CABUT OLLEHOK TO/IEPAHTHbIX MHTEPBA/IOB
Tanytarsus kharaensis Ha OCHOBe NPUHLUMNMANBHO Pa3HbIX IOTUCTUYECKOW PEFPECCUU U MOLENN
GML (cm. KomMmeHTapun K puc. 4 u Tabn. 2). PaspelleHre NnogobHbIX HeonpeaeneHHOCTeN Mbl
BMOMM B OTKa3e OT COMHUTE/IbHbIX MNOY3IBPUCTUYECKUX GOPMY/ U BHEAPEHUWU COBPEMEHHbIX
MEeTO40B OLLeHKM ToNepaHTHbIX obnacteit (Krishnamoorthy, Mathew, 2009).

HeCMOTpﬂ Ha TO, YTO MMHEPann3aumna ABnAeTca oagHUM U3 BeaAywnx sKoNorm4eckmx na-
pPameTpOB BOAHON cpeapl, He/b3 He COMacuUTbCs C MHeHUeM 60/IbLIMHCTBA Ucc/iefoBaTesnen
(Po3eHbepr, 1984) 0 HENONHOM KOPPEKTHOCTM NPAMOro 0A4HOGMAKTOPHOIO rPaAMEHTHOTO aHaAN-
33, PAaCCMATPUBAIOLLLETO KaXK Ay NepeMeHHYo cpebl M30/IMPOBAHHO OT OCTaslbHbIX. Hanpumep,
nonyaaunoHas NAoTHocTb Tanytarsus kharaensis B cuny ero 6Monormyecknx ocobeHHocTew (Bbl-
COKas CKOPOCTb Pa3MHOXKEHWE, BO3MOXHAA NIETHAS Auanays3a U Ap.) B MHOTO/IETHEM acneKTe
CUJIbHO 3aBUCHT OT BOJIbLLIOTO KOMMJIEKCA CaMbIX Pas3/IMYHbIX abrnoTuyeckux dakTopos. OaHaKo,
COIALWanACh C OnpeaeeHHON YCI0BHOCTbIO NpeACcTaBeHHbIX OLHOMEPHbIX 3aBUCMMOCTEN, Mbl
paccMaTpMBaEeM MX KaK BarKHbI Haya/ibHbIM 3Tan aHanM3a AaHHbIX, NPeABapAoWwmii nocTpoe-
Hue 6onee CNOXKHbIX MHOTOMEPHbIX MoZeneil B3aumogencTaua BUoTbl C OKpy»KatoLLLein cpeson.

HakoHeL, cnefyeT oroBopuTbLCS, YTO, MOCKOJIbKY PE3ybTaTbl PACYETOB BblIN MOYYEHDI
Ha OrpaHMYEeHHOM 3KCNeAULMOHHOM M SKCMEPUMEHTA/IbHOM MaTepurane, BCe COAEPMKATE/bHbIE
BbIBOAbI Mbl PAaCCMaTPUBAEM KaK MMeoLMe AOCTaTOYHO JIOKa/IbHbIN (pervoHasnbHbIi) Xxapak-
Tep. BeposTHO, Te e BUAbI B YCNIOBUAX OBUTAHUA B APYrMX CONMEHbIX BOAOTOKAX U 3KONOTU-
YeCKUX YCI0BMNAX MOTYT UMETb UHblE NapaMeTpPbl pacnpegeneHna I'IOI'IynFlLI,MOHHOVI NNOTHOCTU.
OCHOBHas Halla Lesib MMEET YETKO BblpPaXKeHHbI METOAMYECKUI XapaKTep — HA UCNOIb3yeMOM
npumepe AaTb LEeSIOCTHOE ONMCaHUe COBPEMEHHbIX MOAENEl U aNTOPUTMOB aHaM3a pacnpe-
AeneHua NAOTHOCTM NONyAALMIA Nog Bo3aencTBMeM GpaKTOPOB OKPYHKatoLLel cpeapl.
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