MpuHumnbl skonormm 2017. T. 6. Ne 3

; HaY4YHEIA 3NeKTPOHHLIA XKypHan

METPOIARCACKMEA MOy AAPCTEEHHAIG
NMPUHLUMIMbI 3KOJIOTUN YHUBEPCHTET
http://ecopri.ru http://petrsu.ru

U3paTtenb

®reoy BO «[MeTpo3aBoOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET»
Poccuinckaa ®epepauyms, r.lletposaBoack, np./1eHnHa,33

Hay4HbIN 3N1EeKTPOHHbIN XKypHan

NMPUHLUUIMbI 9KO/I0TUA

http://ecopri/ru
T. 6. N2 3 (24). CeHTabpb, 2017

FnaBHbI pegaKTop

A. B. Kopocos
PeaakuMOHHbIN coBeT

PepaKuunoHHan Konnerus
B. H. BonblwaKos

Cnyx6bl NnogaepKn
I C. AHTUNKHA A.T. MapaxTtaHoB
A. B. BopoHuH B. B. Banunpos E. B. lonybes
2. B. UBaHTep A. E. Becenos

C. /1. CmunpHoBa
H. H. Hemosa T. O. Bonkosa
I. C. Po3eHbepr

H. [l. YepHblwesa
E. N. MewKo M. /1. Kupeesa
A. ®. TutoB B. A. Nntoxa

H. M. KannHKknHa
J. P. Kurhinen

A. M. Makapos

A. 0. Mewran
J. B. Jakovlev

ISSN 2304-6465
Appec pegakuum
185910, Pecnybnuka Kapenus, r.MeTtposasoack, np. /leHnHa, 33. Kab. 453
E-mail: ecopri@psu.karelia.ru

http://ecopri/ru

@ © ®Ire0Y BO «MNeTpo3aBoOACKUIA rOCYAaPCTBEHHbINA YHUBEPCUTETY



ykos A. B., 3agoporkHan I. A. MpocTpaHCTBEHHas U3MEHUYMBOCTb TBEPAOCTU PEeKYyNAbTUBMPYEMbIX Moy // MpuHUMNbI
sKkonoruun. 2017. Ne 3. C. 66—80. DOI: 10.15393/j1.art.2017.6322

%\ HaY4HbI# 3NEKTPOHHBLINA XYpHan
1* NMPUHLU NI bI 3KOJIOTMN

METPOIAROACKIARA MOCYAAPCTREHHBIA

YHAUBLPCHATLT

http://ecopri.ru

VIK VK 631.421+622.882

http://petrsu.ru

INPOCTPAHCTBEHHAA USMEHUYUBOCTD
TBEPJOCTU PEKYJIbTUBUPYEMBbIX I1IOYB

KYKOB
Autekcanap BukropoBnu

3AJIOPOXHASI
lasmna AjsiekcaHapoBHa

Kntoyesble cnosa:

TBEPAOCTb MNOYBbI
3KoMopdUYeCcKnit aHanms
TEXHO3EMbI

MHOFOMEpPHOeE LWKanmMpoBaHue

MonyuyeHa: 14 pepana 2017

BBenenue

CyU.I,ECTBOBaHMG 3aKOHOMepHOI7I HeO4HO-

J[nenponempoeckuti nayuonanvusii ynueepcumem um. Onecs
Tonuapa, zhukov_dnepr@rambler.ru

Hnenponempogckuii nayuonanvhwvli yHusepcumem um. Onecst
Tonuapa, zadorojhnayagalina@gmail.com
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AEPHOBO-/IMTOrEHHOM  MOYBbI

NMPOCTPAHCTBEHHAA  HEOAHOPOAHOCTb
Ha NnecoBMAHbIX CYIIMHKAX Y4acCTKa
PEeKyNbTMBaUMM  HUKOMONbCKOrO  MapraHueBo-pyaHoro 6acceliHa
B . MoKkpoB (YKkpavMHa) no nokasatensm TBepgocTu. [lposBeneH
3KOMOPPUYECKMI  aHaNM3  pPacTUTeNbHOCTM  yyacTKa.  [lytem
HEMETPUYECKOrO0  MHOTOMEPHOrO  LUKA/IMPOBaHUA  OCYLLEeCTBAEHA
OpOMHAUMA  [A@HHbIX TBEPAOCTM MOo4Bbl. [IPUMEHEH TpexmepHbIi
BApPMaHT MHOFOMEPHOro LWKa/AMPOBaHMUA. BblgeneHbl XapaKTepHble
AN1A MU3YYEHHOM MOYBbI TUMbI pacnpeaeneHns TBepaocT1 no npoduto.
B3anmocBA3bBapbUMPOBAHUA TBEPLOCTM MOYBbLI M GAKTOPOB OKPYKAOLLEN
cpefbl YCTAHOB/IEHA MPU UCMO/Ib30BaHUM GUTOMHANKALMOHHDBIX LKA,
Ons nonyyeHuss Hambonbllen PaHroOBOM KOPPENsiuun MCnosib30Banu
MaTpuLy Ha OCHOBe paccToAHMAa MaxanaHobuca ¢ nokasatensmu,
npeaBapuTesibHO CTaH4APTU30BaHHbIMU K AnanasoHy 0—1. YctaHoBAeHO,
yto daKTopamn, GOPMUPYIOWMMN MNEPBYO OPAUHALMOHHYIO OCb
9KO/I0MMYECKOro NPOCTPAHCTBA, ABAAIOTCA a3paLusa NoyBbl, oMb poperknum
M KOHTMHEHTANbHOCTb KAMMaTa. BTopoe wusmepeHue onpegenstoT
BapuauuuM BNAXKHOCTM nouBbl. Hambonee BbiCOKOE 3HayeHWe B
dbopMmmnpoBaHUM  TpeTbel OPAMHALUMOHHOM OCU  WMMEKT  LUKasbl
Tepmopexmma n ocselLeHns. C NOMOLLbO TEXHUKN MPOCTPAHCTBEHHOTO
aHanu3a gaHHbix (PCNM) BblgeneHbl MPOCTPAHCTBEHHbIE CTPYKTYPbI Ha
Pa3HbIX MACWTabHbIX YPOBHAX U ONpeaeseHbl NPOLECCHI, IeXKaLMe B
0OCHOBe MX GOpMUpPOBaHUA.

© MeTpo3aBOACKNI rOCYAAPCTBEHHDbIN YHUBEPCUTET

PeueHseHT: O. I. JlonaTtoBcKan
MopnucaHa K nevartu: 28 okTAbpa 2017 roaa

NOJIHAOLWMX APYr APpYyra NPUYNH abnoTnyecko-
ro, 6GONOrMYECKOro N UCTOPUYECKOTO XapaKTe-

POAHOCTM NOYB Ha HEGONbLIMX NPOCTPAHCTBAX
ABNAETCA A0KA3aTENIbCTBOM MHOMKECTBEHHOCTU
CTPOEHMA U CBOWCTB MOYB U CNeACTBMEM pas-
HOHanpaB/AEHHOro AencTemMa ¢aKTopoB no-
4BO0OHPa30BaAHUA N OCOBEHHO CNOXKHbIX U MPO-
TMBOPEUMBbLIX B3aMMOCBA3EN NOYBEHHOIO Tea
C pacTUTeNnbHOCTbIO U KaumaTom (MuxeeBa,
2005; Mnicko, TpyckaBeubkun, 2010; 3a40p0K-
Ha, 2012). Habnogaemana npocCTpaHCTBEHHaA
CTPYKTypa npeactasnaetr cobon pesynbrat Ao-

pa 1 NPOABAAETCA Ha PA3/INYHbBIX MaclTabHbIX
ypoBHsax (Dray et al., 2006; Jiménez Juan et al.,
2014). MpocTpaHCTBEHHass HeoAHOPOAHOCTb
NMOYB HAPYLUEHHbIX MPOMbILWIEHHOCTbIO 3e-
Mefb ABNAETCA aKTyas/ibHbIM NpeamMeTom Ha-
YYHbIX MCCNe0BaHMM B CBA3M C BO3pacCTatoLLLEl
WHTEHCMBHOCTbIO AHTPOMOreHHOro npecca wm
BOMPOCAaMM XO3ANCTBEHHOrO Ha3HayeHMA Ha-
pYLUEHHbIX TeppuTopuii (BopoH, 2010).

Mo B. U. BepHaacKkomy, *XM3Hb pa3BmMBaeTcA
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B COBOKYMHOM €4MHCTBE Cpe/bl M HACeNAIOLLNX
ee opraHusmos (BepHagckmin, 1960). OTHowe-
HWA OpPraHnU3Ma U cpesibl CUCTEMHbI, B HUX Ael-
CTBYET MPUHLLMMN 3KOIOFMYECKOro COOTBETCTBUA:
dopma cyLecTBoBaHMA OpraHM3ma Bcerga co-
OTBETCTBYET YC/NOBUAM }U3HU (Penmepc, 1975;
rnyxos u ap., 2012). YcTaHOBNEHO, YTO COCyAM-
CTble pacTeHWA NPOABAAOT CBOM HGUO3KoNOrm-
YeCKMM NOTEHLMAN B SKCTPEMA/IbHbIX YCNOBUAX
TeXHOreHHOM cpeabl, npucnocabnmpanch K Hew
B COOTBETCTBMM CO CBOMMW BMONOTMYECKMMMU
N 3KONOTMYECKMMU OCOBEeHHOCTAMU. B TexHO-
FeHHbIX 3KOTOMax POCT, PA3BUTME U BHELLIHUN
BMA, PACTEHWUI 3aBUCAT OT TOTO, B KaKOM cTene-
HW OTBEYAIOT IKONOTMYECKNE YCI0BUA MECTOO-
6uTaHna TpeboBaHUAM TeX UAN WHbLIX BUAOB.
CywiecTBytoLLaA B3aMMOCBA3b MexXay PpU3MKo-
XMMUYECKMMMU XapaKTepUCTUKamm cybctpatos
M NPOLLeCCaMM CUHreHe3a PacTUTEeNbHOCTU Ha
3gadoTonax TEXHOreHHOro MNPOMUCXOXKAEHUS
[AeT BO3MOMXKHOCTb MCNO/b30BaTb GUTOKOMMNO-
HEHTY KaK MHTEerpasbHbl NOKa3aTesb COCTOA-
HUA TEXHOFEHHbIX 3KOTOMNOB M GOPMUPYHOLLMXCA
6uoreoueHo3o0B B uenom (Myxos n gp., 2012).
®PyHKUMOHaNbHAA LLeNOCTHOCTb bMoreoL,eHo3a
npeanonaraet, YTo NO4YBa AO/XKHA MPOABAATb
MOPPONOrMYeckn U GyHKLMOHANBHO CBOE CO-
OTBETCTBME APYIMM €ro KOMMNOHEHTAM.

Moka3aTtenem MOYBEHHbIX CBOMCTB, 0b/a-
AAOWMM MHTErpanbHOCTbIO U BbICOKOW WH-
$bopMaTMBHOCTbIO, ABNAETCA ee TBEepPAOCTb
(Mensepnes, 2009). BapbupoBaHue TBEPAOCTH
Nno4yBbl B MPOCTPAHCTBE AOCTOBEPHO Koppe-
IMPYEeT C TaKMMM MOKA3aTeNAMM, KaK MpOek-
TUBHOE MOKpPbITUE, ¢UTOMacca, arperaTHbIN
COCTaB BEPXHErO C/0A TPYHTA M €ro 3/1eKTpo-
npoBoaHocTb (BoHaapb, HKykos, 2011; HKykos
n ap., 2014; Xykos, 2015). TeepaocTb NOYBbI
ABNAETCA IMMUTUPYIOLWMM GAKTOPOM A1A pac-
TUTENbHOIo NOKPOBa. MNybnHa BO3HNMKHOBEHUA
npeaenbHOM TBEPAOCTM NPUHMMAET yYacTue B
$GOpPMMPOBAHMM YYHaCTKA IKONOMMYECKOTO MPo-
CTPaAHCTBA C KPYNMHEAWMNUMM NPOAYKLNOHHbBIMM
XapaKTepuCcTUKamMn, a npubankeHne noporo-
BOW TBEPAOCTM K MOBEPXHOCTMU NOYBbLI CBA3AHO
C M3MeHeHnem BMaoBoro boraTcTea uccneaye-
MOW pacTUTeNbHOM rPynnUpPoBKK. Llenbto Ha-
cToswen paboTbl ABNAETCA BbISCHEHME POAU
$aKTOpOB OKpyrKatowen cpeabl B popmupo-
BaHWUM HEOAHOPOAHOCTU PEKYNbTUBALUNOHHOWN
NMoYBbl NO MOKA3aTeNsAM TBEPAOCTU. 3a4a4aMu
nccnefoBaHUA CTanu:

1. UccnepoBaHme M3MEHYMBOCTU MOYBbLI MO
perynspHom ceTke.

2. ®PUTOMHANKALUMOHHOE OLeHMBaHUe ¢ak-
TOPOB OKpPYXKalLWen cpeabl B KarKAOW TOYKe
OMbITHOrO MOJINTOHaA.

3. OueHKa CBA3M NPOCTPAHCTBEHHOM U3MEH-
YMBOCTW TBEPAOCTU MOYBbLI U GAKTOPOB Ccpeapbl.

4. BbifiBNeHWe perynsipHbIX COCTaBAAOWMX
HEo4HOPOAHOCTM MOYBbI M PO BHELUHUX daK-
TOpOB B UX GOPMUPOBAHMMN.

MaTtepuanbl

Cbop maTtepuana nposoannu B uoHe 2012
. Ha y4yacTKe peKynbTuBaunnm HUKONONbCKOro
MapraHLueBo-pyaHoro 6acceriHa B . oKpos
(YkpanHa). IKcnepumeHTasbHbIA y4acToOK Mo
M3YYEHUIO ONTUMaAJIbHbBIX PEXMMOB CENbCKO-
XO3ANCTBEHHOW pPEKyAbTUBALUKM Obln co3aaH
B 1968-1970 rr. Ha BHewHem oOTBase 3arno-
POXKCKOro MapraHueBo-pyaHOro Kapbepa. Ha
AAaHHOM y4yacTKe OblnM Cco34aHbl UCKYCCTBEH-
Hble 3gadoTonbl AByX TUNoB. MepBblt — Ha
CNNAHNUPOBAHHOW CMECU BCKPbILWHbIX NOPOA, C
OTCbINMKOM Ha MX MOBEPXHOCTb Pa3/IMYHbIX NO
MOLLHOCTM C/I0EB YepPHO3eMHOM Maccbl. BTo-
poii npeactaBnAeT cobol ChAaHUPOBAHHbIE
BCKpPbILHbIE MOPOAbI TONLWMHON 2 M, KOTOpble
6b111 BblHECEHbI U3 pa3HbIX rybuH. B KauecTse
ob6beKTa AaHHOro nccnenoBaHua boina Bblbpa-
Ha OepPHOBO-IMTOrEHHAA MOYBa Ha /IeCCOBUA-
HbIX CYI/IMHKAx. HasBaHWe noysbl NpuBeAeHbI
no /1. B. ETepeBckoit (ETepeBcbKa Ta iH., 2008).
Mo knaccudwmraumm nous Poccum, mnccnepye-
Mas No4YBa OTHOCUTCA K rpynne «HaTtypdabpu-
KaTbl», moarpynne «autoctpaTbi» (LUnwos wm
Ap., 2004). B HacToALLee BpeMAa TUN pacTUTE b-
HOCTM NpeacTaBieH 6060B0-31aKOBOM CMECHHO
N Pa3HOTPaBbEM.

OnbITHBIN MNOAUIOH NpeAcTaBndAeT cobomn
PerynapHyto CeTKy, KOTopasa COCTOUT U3 TOYeK
oTbopa nNpob, paccTosHWe Mexay KOTOPbIMU
COCTaBAAET 3 M M COCTOUT M3 7 TpaHCeKT no 15
npo6. CoOTBETCTBEHHO, €ro pa3mepbl COCTaB-
NnAT 42 M x 18 m.

MeToabl

N3mepeHnsa TBepaoCTU MOYBbI NPOBEAEHDI
B NONEBbIX YCNOBUAX C MOMOLLbBK PYy4YHOro ne-
HeTpomeTpa Eijkelkamp Ha rnybuHy go 50 cm ¢
nHTepBanom 5 cm. OcHOBHOM paboyelt YacTbio
TBEPAOMEPA ABAAETCA NNYHKEP, HABUHYEHHbIN
Ha HUXHUMA KOHEeL, LITOKa, KOTOpPbI C NOMO-
LB PYKOATKU Yepe3 MNPY*KWUHY BTANKMBAETCA
B UCCNEeA0BAHHbIN TPYHT. Mpu aTOoM namepstio-
WaA NPYXMHA CHMMAETCA NPOMNOPLUOHANBHO
BEMYMHE CONpOTMBAEHUA Jedopmaunumn no-
yBbl (3apoporkHa, 2012; MykoB, 3a40pOXKHa,
2015a). CpeaHAs MNOrpewHoCTb pes3y/bTaTos
namepeHun npnbopa cocrtasnaet +8 %. Mame-
pPeHMA TBEPAOCTU MNOYBbI CAENAHbI KOHYCOM
nonepeyYyHoro ceveHmns 2 cM? B Kaxkaomn Aaveike
NoJINTroHa.
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PUTONMHAMKAUNOHHDIE LWKanbl MpUBEAEHbI
no A. M. Anayxy (Didukh, 2011), ueHomopdbI
pacteHnin — no A. Jl1. Benvrapay (benbrapga,
1950). K spadnyeckum GUTOMHAMKALMOHHBIM
WKasaM OTHOCATCA MNOKasaTenu runapomopd
(Hd), nepemeHHocTM yBnaxHeHua (fH), aspa-
ummn (Ae), pexkmma KncnotHoctu (Rc), conesoro
perxunma (Sl), coaeprkaHma KapboHaTHbIX conemn
(Ca), copeprkaHunsa ycsamBaembix Gopm asoTa
(Nt). K KntMmaTrMyecknm WKanam oTHOCATCA No-
Kasatenun tepmopexxknuma (Tm), ombpoperkmma
(Om), kKpnopexkunma (Cr) U KOHTUHEHTANBHOCTH
Kanmata (Kn). Kpome yKasaHHbIX, Bblaensaet-
Cs ele WKana ocseweHua (Lc), KoTopyo xa-
PaKTEPU3YIOT KaK MUKPOKAMMATUYECKUX LLKa-
ny. TennoBble CBOMCTBA MOYB MHAULMPYIOTCA
LWKAZION TepMOpeXMMa, a rmapoTepmmyeckue
— WKanon ombpoperknma. LleHomopodbl pacre-
HUM npuBeaeHbl no A. J1. benbrapay (1950) m
B. B. Tapacosy (2012). LleHomopdbl npeacTas-
NNeHbl CTenaHTamm, npaTaHTamu, ncammoduTa-
MW, CUAbBaHTaMM U pyaepaHTamu. CTenaHTbl
M NpaTaHTbl COCTABAAKT OCHOBHY YacTb pac-
TUTENbHOTO NoKpoBsa (95 %), N03aTOMy MMEHHO
3TN 3KOMOpP®dbl MCNONb30BaHbI KaK MPeanKTO-
pbl TBEPAOCTM NOYBbLI (MepemeHHble St u Pr
— MPOEKTUBHOE MOKPbITUE COOTBETCTBYHOLLMX
akomopd B %). Turpomopdbl npeacTaBaeHbl
KcepopuTamm (ypoBeHb BAAXKHOCTU 1), me30K-
cepodmTamm (ypoBeHb BNIAXKHOCTU 2), KCepo-
me3opuTamun (YypoBeHb BNAKHOCTU 3), me30-

duTamm (ypoBeHb BAAXKHOCTU 4), rMrpomeso-
duTamm (ypoBeHb BNAXKHOCTHK 5).

MpWn CTAaTUCTUYECKUX pacyeTax WMCNONb30-
BaHbl METOAbl ONMUCATENbHOW CTAaTUCTUKK. A
CHUXKXEHMA PasMepPHOCTU MPOCTPAHCTBA NOKa-
3aTenen TBepA0CTM NoyBbl 6bIIO MCNOMb30BaA-
HO HEMEeTPMYECKOe MHOTOMEpPHOE LLKA/IMPOBa-
Hue (Prentice, 1977; Minchin, 1987; ToncTosBa,
2006).

Pe3ynbTatbl

CpeaHue 3HavyeHUA TBEpAOCTU MOYBbI yBe-
nnumeatoTca ¢ rybuHon ot 3.99 + 0.11 MMMa Ha
nosepxHocTn Ao 9.73 + 0.27 MMMa Ha rnybuHe
50 cm BHU3 no npodunto. KoaddpuumneHT koppe-
NIALNM HaUBbICWIMIA Ha noBepxHocTu (40.79 %)
CHMXKaeTca bonee yem BaBoOeE Ha MybumHe 15-20
cMm (18.51 %) n Ha ypoBHe 25—-50 cm ocTaeTca Ao-
CTAaTOYHO CTabubHbIM, KONebnAcb B Npeaenax
33.26—-37.88 % (Tabn. 1). InybuHa, Ha KoTopoOW
B CpeaHem BCTpevaeTca TBepaocTb B 3 MIa,
HAaXOAMTCA HA YPOBHe 6.72 CM HUXKE NOBEPXHO-
ctn. KoapdunumeHT Bapuaumm 3Toh BENINYMHDI
BbICOK — 61.56 %. YnomaHyTaa TBepAoCTb, NO
AAHHbIM pAAa aBTOPOB, ABMAETCA KPUTUYECKOM
ANA pocTa KopHel pacteHuii (Megseaes, 2008;
BoHaapb, HKykos, 2011). Mpu conpoTuBaEHUM
noysbl Bbilwe 3 MlMa KOpPHEBOWM BOIOCOK HE B
COCTOAHUM €ero npeoaoseTb, OH MpPeKpalLaeT
CBOM poOCT. BennumHa 6.72 cm orpaHu4mBaet
ob6bem, B KOTOPOM COCpPenoTOoYeHA OCHOBHAA
Macca KOpPHeW pacTeHMN N3y4eHHOro y4acTKa.

Tabnuua 1. OnucatenbHble CTaTUCTUKKN TBEPAOCTU MOYBDI

TBepAoCTb MNoYBbI Ha

[loBeputenbHbIi MHTEPBaN

ry6uHe CpegHee o5 9% 195 % CV, %

0-5cm 3.99+0.11 3.68 4.31 40.79
5-10 cm 6.33 £0.22 5.91 6.76 34.54
10-15 cm 7.81+0.16 7.16 7.90 25.33
15-20 cm 8.42 +0.25 7.53 8.09 18.51
20-25 cm 8.09 £0.17 7.88 8.97 33.26
25-30 cm 8.78 £0.20 8.23 9.33 32.39
30-35cm 8.85+0.21 8.26 9.45 34.51
35-40 cm 9.05 +0.22 8.39 9.71 37.66
40-45 cm 9.49 £ 0.26 8.80 10.20 37.88
45-50 cm 9.73 £0.27 9.03 10.44 37.65

InybuHa (8 cm), c Komopol Ha4yuHaemcs meepoocmob Mo4Yss!
3 Mla 6.72 5.92 7.52 61.56
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Ona n3yyeHMA B3aMMOCBA3N BapbUPOBa-
HUA TBEPAOCTM MOYBbI U OpraHM3aLMKU PacTU-
TeNbHOCTU OblA NMPUMEHEH 3KOMOPPUYECKUIA
aHanu3 (benbrapg, 1950). OH nocTpoeH Ha
NCNONb30BaHUN MHPOpPMaUUM O TpeboBaHU-
AX, COCTaBNAOWMNX BUOreoueHos3 nonynauuni K
napameTpam cpeapl (TemnepaTtype, ocBelleH-
HOCTU, NUTATE/IbHbIM BELLECTBAM, BNAXKHOCTH).
Bnaropaps cBoel CTPYKTYPUPOBAHHOCTM 3Ta
K/Naccuyeckana KOHUENnuMA ecTecTBeHHbIM 06-
Pa3oM MOXKeT bbITb OnMcaHa ¢ MOMOLLbIO A3bl-
Ka maTemaTudyeckor 6uonormm (Didukh, 2011).
YCTaHOBNEHO, YTO PUTOUHAMKALMOHHbBIE LLUKa-
Nbl OTHOCUTE/NIbHO MOYBEHHbIX CBOMCTB 0b6/1a-
AaoT bonbliert MHAMKATUBHOCTbIO, Yem npsa-
MOEe W3MEPEHWE MNAPAMETPOB OKpPYKatoLen
cpeabl (HKykos, 2015). B Hawem nccneaosaHum
OHM BbICTYNAOT KaK CBA3YlOLLEEe 3BEHO MeKay
CTPYKTYPOM pacTUTENbHOCTU U TBEPAOCTbIO MO-
YBbl.

OpAamHauma AaHHbIX TBEPAOCTU MOYBbI NPO-
BeZleHa NyTeM HEMETPUYECKOrO MHOTOMEPHO-
ro WwKannmposaHua. MHorue skcnepTbl NpuU3sHa-
}OT, YTO 3TOT MeTo/, AaeT Hanbonee afiekBaTHbIe
pe3ynbTaTbl, 0CO6EHHO B 6onbLINX BNOKax Ma-
Tepuana ¢ CUAbHbIMU WYMaMK (CNyYalHbIMUK
OTKNoHeHuaMK) (Legendre, Gallagher, 2001;
HoBakoBckui, 2008; Oksanen et al., 2011; Ta-
pacos, 2012; Medina et al., 2012). CyTb ero co-
CTOUT B CHUMKEHUWN PAa3MEPHOCTU MPOCTPAHCTBA
AN OTOBpaXKeHUA UCXOAHOro MHOTOMEPHOro
MaccuBa AaHHbIX. 1A 3TOro MoXKeT 6bITb Bbl-
6paHa HeKoTopasa Mmepa, KoTopaa onpeaenaet
pPaccTofiHME MeXay paccmaTpuBaembiMu 06b-
eKTamn. ANroputm mMogenunupyeT pasmelleHue
TOYEK B HEKOTOPOM N-MEPHOM MPOCTPAHCTBE
TakKMM 06pasom, 4Tobbl PACCTOAHMA MeXAay
TOYKaMM B N-MEPHOM NPOCTPaHCTBE ObiNM Kak
MOKHO BIMXKE K PacCTOAHUAM, onpeaeieHHbIM
AN M-MepPHOro NPOCTPAHCTBA, [Ae M — YUCNIOo
n3y4yaembix 06BEKTOB. [pK 3TOM N — Ynco op-
ANHALMOHHbIX OCEN, WU LKA, — 3aBeAoMO
HeBeNWKO, T. €. m > n. B pesynbraTe KO/IMYECTBO
MHPOPMALMOHHO Ba*KHbIX M3MEPEHWUI CTAHO-
BUTCA MEHbLUE, a WKanbl Noay4yaloT CBOMCTBA
Komno3sunumoHHoctu (Tonctosa, 2006; Borcard,
2011).

B Hawem cnyyae MHPOPMAUMOHHAA LEH-
HOCTb ONS AMArHOCTUKN (PaKTOPOB BHELUHEWN
cpenbl NepPexoanT OT AAHHbIX TBEPAOCTM MOYBbI
KaK CaMOCTOATE/IbHbIX UCTOYHUKOB MHPOpMa-
UMM K OCAM 3KO/NIOMMYECKOro NpocTpaHcTea. B
npouecce MHOrOMEPHOro LIKaAUPOBAHUA 3TH
0CM 0TOBPaXKaTCA U3MEPEHUAMM.

Mpoueaypa npeanonaraet BblYUCAEHUE
PAHrOBOW Koppenaunm MaTpul, AUCTaHUUN
MeXKAy CalTaMmn U3MepeHUs TBEPAOCTU U Ma-

TPUL, ANCTAHLMI, YCTAaHOBNEHHbIMM Ha OCHOBE
baKTOpOB OKpy)Katowen cpeabl. B Kayectse
baKTOPOB OKpy:Katowen cpeabl B HalWem ucC-
CNefoBaHMM BbICTYMAKOT OUEHKM 3gadoTona U
KAMMATONA, BblpaxKeHHble Yepe3 GUTOMHAMKA-
LUVOHHbIE LWKaNbl.

Ona nonyyeHna Hambonblen paHroBom
KoppenaumMm npu npoBegeHnn HeMeTpUYecKo-
rO MHOFOMEPHOro LWKaAMPOBaHUA NPOBOAAT
BbIOOP Mepbl CBA3M MeXAy 0O6BbEeKTamMu, a Tak-
e npepgBapuTenbHoe npeobpasoBaHue nep-
BMYHbIX AaHHbIX (Legendre, Gallagher, 2001). B
KayecTBe mep CBA3W MCMONb3YIOT C/eaytoLline
METPUKU: 3IBKNIMA0BA, MAaHXeTTeHOBCKas, lyBe-
pa, bpea-Kyptuca, KynbumHckoro, Mopucura,
lopHa-MopucuTa, Kao, akkapa, MayHdopaa,
Payn-Kpuka, KaHbeppa, Yao, MaxanaHobuca
(Oksanen et al., 2011).

B 1abn. 2 npuBeaeHbl pe3ynbTaTbl BblYMC-
neHma Koppenauum CnupmeHa ¢ maTpuuamm
AVCTAaHUMA Mexay cantamu otbopa npob,
YCTaHOBNEHHbIMW NO TBEPAOCTU NOYBbI U Ma-
TPULAMW ANCTAHUMINA, HANAEHHBIMW HAQ OCHOBE
baKTOpOB OKpyKatoLwen cpeabl. Mcnonb3oBaH-
Hble BapuaHTbl NepPBUYHOr0 nNpeobpasoBaHuA
AaHHbIX (MykoBs, 2015) nepeuncneHnbl B noanu-
cv noa, Tabnuuen.

AHann3 nony4vyeHHbIX AAHHbLIX CBUAETE/Nb-
CTBYET O TOM, YTO Hambonbllen Koppenaumen c
daKkTOpamm cpeabl XapakTepmsyeTca maTpuua
Ha ocHoBe pacctosHusa MaxanaHobuca ¢ no-
KasaTtenamu, npeaBapuTenbHO CTaHAAPTU30-
BaHHbIMM K gmanasoHy 0-1. Mpu ganbHenwmnx
BbIYMC/IEHMAX IKCNEPUMEHTaNbHbIe AaHHble
6yayT ucnonb3oBaTbcA B npeobpaszoBaHHOM
yNOMAHYTbIM cnocobom Buae.

[na onpepeneHna cteneHn CXoACTBa MeXAy
NCXOAHOM MaTPULLEN PACCTOAHWUI U PACCTOAHK-
AMMU MeXKAY TOYKaMM BBOAUTCA PyHKUMA cTpec-
ca. CTpecc, paBHbI HyNtO, 0603HaYaeT NOHYHO
TOXAECTBEHHOCTb  CPABHMBAEMbIX  MATPULL.
3afava opAMHauuMM cBoAMTCA K noabopy Ta-
KMX KOOPAWMHAT TOYEK B HOBOM MPOCTPAHCTBE,
4yTOObl BE/NIMYMHA CTPEecca MeXKAYy MOAENbHOM
M AMMNUPUYECKOM MaTpuLEen Bblna MUHMMANb-
HOM, a COOTBETCTBEHHO, N0A0bMe MaTpuL, Mak-
CUMANbHbIM.

MpoBeneHHble pacyeTbl CBUAETENLCTBYIOT
O TOM, YTO TPEXMEPHbIN BAPUAHT MHOromep-
HOMO LWUKANMPOBAHUA [0CTAaTOYMEH ANIA TOYHO-
ro oTobpaxkeHnsa MCXOAHOro MAcCMBa LAHHbIX
TBEPAOCTU NOYBbI, TAaK KaK yBeaMYeHne Yynucna
M3MEPEHMI BbIlE YKA3aHHOrO He NPUBOAMUT K
CyLLEeCTBEHHOMY MPUPOCTY TOYHOCTU OTObpa-
¥eHusa (puc. 1).
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Tabnnua 2. KoapodumumneHTbl paHroBon koppenauum CnupmeHa maTpul, Mep pasivuna-nogobma mexay
calTamu oTbopa NpPob TBEPAOCTM NOYBbI U NepPEeMEHHbIX OKPY»KatoLlel cpeabl

MeTpMKa Cnocob Tpchd>opmaL|,vw| AaHHbIX

1 2 3 4 5 6 7 8 9 10 11
3BKAMA0BA 008 0.06 0.07 0.09 0.08 0.7 0.09 0.08 0.09 0.08 0.09
'c\f'(g:"e”e””' 007 0.06 0.07 008 0.07 0.07 0.08 0.07 0.08 0.08 0.08
[yBepa 007 0.06 0.07 008 0.07 0.07 0.08 0.07 0.08 0.08 0.08
Bpes-KypTuca 007 0.06 0.06 008 0.07 0.07 0.08 0.06 0.08 0.08 0.08
Ky/NIb4MHCKOrO 007 0.06 0.07 008 0.07 0.07 0.08 0.06 0.08 0.08 0.08
MopucuTa 0.01 - - 004 -0.03 0.01 -0.04 —-0.03 —0.04 0.02 -0.01
Kﬂgga‘cm 009 0.07 0.09 009 0.09 0.08 0.09 0.06 0.09 0.09 0.09
Kao 006 0.05 0.06 0.06 0.06 0.06 0.09 0.06 0.08 0.08 0.08
YKakkapa 007 0.06 0.06 008 0.07 0.7 0.08 0.06 0.08 0.08 0.08
MoyHdopaa - - - - - - - 000 - - -
Paynna-Kpuka - - - - - - - 003 - - -
Kan6eppa 006 0.06 0.06 008 0.06 0.06 0.08 0.05 0.08 0.08 0.08
Yao - - - - - - - 0.02 - - -
MaxanaHo6uca  0.15  0.10 0.13 0.10 0.15 0.15 0.09 0.16 0.09 0.10 0.11

MpumeyaHue. YcnosHble 0603HaveHMA: 1 — AaHHble He TPaHCOOPMMPOBAHDI; 2 — IorapuPMUPOBAHHbIE
OaHHble; 3—KOopeHb KBaAPaTHbIN; 4—AaHHbIE, AeNeHHble HA MapTrMHAAbHY CYMMY; 5—aaHHble, AenNeHHble
Ha MaprMHaibHbI MaKCMMYM; 6 — AaHHble, Ae/IeHHbIe HAa MAaPTUHANbHY CYMMY U YMHOMKEHHbIE Ha YNCN0
HeHy/1IeBbIX 3HAYEHWI; 7 —HOPMaNM30BaHHbIe AaHHble (MaprMHaibHaa CyMmMa KBaApaToB 3HaYeHUIM paBHa
1); 8 — ctaHAapTU30BaHO K AnanasoHy 0—1; 9 — npeobpasosaHue XennuHaxkepa; 10 — y’>-TpaHchopmaums;

11 — BUCKOHCMAHCKaA TpaHchopmaLms.

MHTepnpeTauma HaWLEHHbIX W3MepeHui
OCYLLECTB/IAETCA HAa OCHOBE aHanM3a MaTpu-
Ubl CpeaHeB3BeLIeHHbIX 3HaYeHUN MHOromep-
HbIX OCel ANA NoKasaTenen TBepAOCTM NOYBbI
(tabn. 3). PakTOpHbIE BECA NO3BONAIOT PAHMKU-
poBaTb, ynopAgo0uYnTb 06BEKTbI (KOTOPbIMK B
Halwem cnyyae fBAsSieTCA TBEPAOCTb MOYBbI Ha
pa3sHbIX rMybuHax) No Kaxaoh MHOroMepHOWM
WKane n yBuaeTb Mepy NposBaeHUA usmepe-
HUA Yy OTAENbHOr0 UCXOAHOro obbekTa. Yem
6onblie GaKTOPHbLIN BEC HEKOTOPOro 06BbEKTA
(no moaynto), Tem 6onblle B HEM NPOSABAAETCA
Ta CTOPOHA ABNEHUA UM Ta 3aKOHOMEPHOCTb,
KOTOpas oTparkaeTca AaHHbIM GaKTOPOM.

MHoromepHaa ocb NMDS1 ob6ocobnset
610K MONOMKWUTENbHbIX 3HAYeHWM, COOTBET-
CTBYHOLLMIA CNOAM NOYBbI Ha rybuHe 5-25 cm ¢
Hanbonee BECOMbIM Ha ypoBHe 5—10 cm HUXKe
NOBEPXHOCTU, MU NPOTUBOMOCTABASET UM OTPU-

uaTenbHble BeJIMYNUHbI BECOB, COOTBETCTBYIO-
WKUX CNOAM, PaCMONOXKEHHbIM BbIlle N HUXKe
BblaeneHHoro 61o0ka. NMDS2 mapkupyeT ycno-
BWA, OT/INYatOLWMe TBEPAOCTb MOYBbI HA YPOBHE
10-40 cm npoduns ¢ Hanbonee 3HAYMMbIMMU
BeCcamu, COOTBETCTBYOWMMM cnoam 25-30 cm
OT OCTaJIbHOW TOAWM noyBbl. MHOromepHas
wKana NMDS3 Bbiaenaet Kak Hambonee 3Ha-
YnMMmoe CTPOEeHWEe MOBEPXHOCTHoro cnos (0-5
CM) M OTparKaeT NPOTMBOMNONOXKHbIE AB/IEHMA B
CTPOEHUM NOoYBbI Bbile U HUXKe ypoBHA 30 cm
OT NOBEPXHOCTU.

Ha ocHOBaHWM NONYYEHHbIX AAaHHbBIX MOXHO
BblAE/INTb XapaKTepHble A1 N3y4EeHHOWN NOYBbI
TUNbI pacnpeaeneHma TBePA0CTU Mo NPodULo.
B nepBom cny4yae HabnwogaeTca peunnpokHoe
B3aMMOAENCTBME MeEXAY TBEPAOCTbIO MOYBbI
B cnoax 5—-25 cm HMKe NoBepxHOCTU C TBep-
OOCTbIO CNOEB, NIeXaLMX Bblle U HUXKEe Bbl-
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Puc. 1. 3aBucumoctb AnddepeHLManbHOro CTpecca OT YMCIa USMEPEHUI: 0Cb aBCLIMCC — YUC/I0 USMEPEHNI;
oCb opauHaT — cTpecc (ocb cnesa) u anddepeHLmanbHbI cTpecc (ocb cnpaBsa); CTPesIKon YKa3aHa 30Ha pes-
Koro nepernba nuHumn auddepeHumnanbHoro crpecca

Fig. 1. Dependence of differential stress on the number of measurements: x-axis is the number of measure-
ments; vertical axis is stress (on the left) and differential stress(on the right); arrow shows the zone of sharp
inflection of differential stress line

Tabnanua 3. OpAnMHaUMOHHAA KOHGUIypaLma Ha OCHOBE CPeAHMX BECOB 3HaYeHUIA TBepPAO0CTM NOYBbI B
MOYBEHHbIX CNOAX

TBepAoCTb NOYBbI Ha MHoromepHsble WKanbl

rnybuHe
NMDS1 NMDS2 NMDS3

0-5cm -1.42 0.51 3.89
5-10 cm 3.24 1.65 1.22
10-15cm 2.17 -0.39 —-0.09
15-20 cm 0.99 -0.18 0.15
20-25 cm 0.13 -0.24 0.45
25-30cm -0.33 -2.72 0.26
30-35cm -1.04 -2.24 -0.42
35-40 cm —-0.95 —-0.38 -1.39
40-45 cm -0.71 1.04 -1.45
45-50 cm 0.10 0.89 -1.51

AeneHHoro 610ka. MHbIMM cnoBamu, BbICOKUE
3HaYeHuUa TBEpPAOCTU NOYBbI B BblAE/EHHOM
cnoe 6yayT CONpoOBOXAATLCA MOHUMKEHHbIMM
3HAYEeHMAMM M3y4aeMoro npu3HaKa Bbie U
HU¥Ke ero, U HaobopoT. CneayrOLWMM 3aKOHO-
MEpPHbIM ABNEHMEM ANA U3YYEHHOrO y4yacTKa
ABNAETCA CAy4Yal, Koraa CTPOEHME MOYBbl Ha
ypoBHe 10-40 cm Brnybb npodwunsa byaet ot-
IMYaTbCA OT CTPOEHUA OKPYMKAOLWErO rPyHTA.
Ewe opHOM BblAENEHHON 3aKOHOMEPHOCTbIO
MOHO CYMTATb TaKOe CTPOEHME MOYBbI, Koraa
HabNAATCA CYLLEeCTBEHHbIE OTNMYUA TBEp-
AOCTU MOYBbI Bblle W HUXKe ypoBHA 30 cm oT

NOBEPXHOCTU C Hambonee 3Ha4YMMbIMKM ANA
OAHHOTO TMNA CTPOEHMA 3HAYEHUAMU TBEPAO-
CTW NOBEPXHOCTHOrO CNOA.

B Tabn. 4 otobpakeHa Aona AUCNepCcUn mns-
y4yaemoro npusHaka, Kotopasa obbsacHeHa du-
TOMHAMKALUMOHHBIMM LUKAaNaMK, a TaKKe pac-
npegeneHme MHOOPMALUMOHHOM 3HAYMMOCTHU
MeX a4y MHOromepHbIMK ocaAMU. CTaTUCTUYECKU
3HaYMMble PUTOMHAMKALMOHHbBIE LWKANbl ONKU-
cbiBatoT oT 8 oo 18 % BapunabenbHOCTU MHO-
roOMepHbIX M3mepeHuit. Kaxpgoe wusmepeHue
pacnpegensetr uccnegyemble ob6beKTbl BAO/b
HEKOTOPOro 3KO/I0MMYEeCKOro TpeHaa, KoTopblIi
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Tabnunua 4. OueHkKa cBasn ¢ GaKTopamm cpeabl B KOOPANHALMOHHOM NPOCTPAHCTBE

BUTOMHANKALMOK- NSy NMDS2 NMDS3 r Pr(>r) Kone sta-
Hd -0.09 0.84 -0.53 0.1 0.01 *
ffl -0.43 0.10 -0.90 0.06 0.11

Re -0.93 -0.14 -0.33 0.01 0.81

sl -0.89 0.16 0.43 0.04 0.24

Ca 0.10 -0.79 -0.61 0.03 0.30

Nt 0.25 0.21 -0.94 0.05 0.19

Ae -0.99 -0.13 0.06 0.09 0.03 *
Tm 0.04 0.08 -1.00 0.18 0.00 *Ex
Om -0.86 0.45 -0.24 0.10 0.01 *
Kn -0.81 0.26 -0.52 0.1 0.01 *
Cr 0.64 -0.03 -0.77 0.12 0.01 *
Lc -0.43 -0.18 —-0.88 0.08 0.05 *
Hygr 0.10 0.56 -0.82 0.09 0.03 *
Troph_B 0.26 -0.89 0.38 0.07 0.06 :

st 0.51 -0.58 -0.63 0.10 0.02 *
Pr 0.74 0.18 -0.65 0.16 0.00 ok
Hel 0.66 -0.28 -0.70 0.07 0.07

MpumeyaHue. Kogbl 3Haummoctun: *** —<0.001; ** — <0.01; * — <0.05.

MOXHO MHTepPNpeTUpPoBaTb B TEPMMUHAX OLHO-
ro UM HEeCKONbKUX Npeobiagatowmx Koppens-
TUBHbIX NPU3HAKOB. 3TN TPEHAbl UMEIOT C/IOXK-
HYI0 KOMMO3UTHYIO NpUpoay 1 obpasytoT onpe-
AENEeHHYI0 CTPYKTYPY, OTParKatoLlyo Hanbonee
CYLLECTBEHHbIE YepTbl M3Y4YaemMolh CUCTEMbI.
Takaa mozenb faeT BO3MOXKHOCTb BblYMCAATD
BKNaAbl GpaKTOPOB BHELWHEN cpeabl B 06LLytO
ANCNEPCUI0 N3y4aeMOro NPU3HaAKa: YemM Bbllle
[onAa BKNaga, tTem 6onee 3HaYMMbIM, cylie-
CTBEHHbIM ABAAETCA PaKTOP.

Hanbonblwaa pons obbACHEHHOW Aucnep-
cmn mHoromepHon ocn NMDS1 npuHagnexxut
OGUTOMHANMKALUMOHHOM LWKane aspauunm noysbl
(Ae). Take BbICOKOW OOBACHUTENbHOM cno-
CobHOCTbIO 06/M134at0T WKanbl oMbpopeknma
N KOHTUHEHTANIbHOCTU KAumata. PakTopamm,
onpeaensloWMmMM BTOPYD OPANHALMOHHYHO
OCb, ABAAIOTCA WKanbl ruapomopd (Hd), cre-
naHToB (St) n npaTtaHToB (Pr). OHM cBA3aHbI Ta-
KMM 0bpa3om, YTO NPOTMBOMNOCTABAAIOT B pac-
TUTENIbHOM coobLLecTBe A0/0 NPOEKTUBHOIMO
MOKPbITUA NPATAHTOB, C OAHOW CTOPOHbI, W
cTenaHToB — ¢ apyroi. Hanbonee BbICOKOE 3HA-
yeHune B bopmmpoBaHnn NMDS3 nmeeT wkana
Tepmopexmnma (Tm). Cheayrowmin o 3HaYNMO-
CTW BKNa4 B OpMMUPOBaAHME 3TOIO U3MEPEHMUS
BHOCMT WKana ocselleHua (Lc).

Mpun MHTEpNPEeTaLLMKN STUX USMEPEHUN B Nep-
BYIO o4yepeab paccmaTpuBatoTcsa sgaduyeckue

WKanbl, TaK Kak BapuabenbHOCTb MOYBEHHbIX
CBOWCTB MPOABASAETCA HA MeHblleM MacliTab-
HOM YPOBHE, YeM KIMMATUYECKUX. Knumat He
MEHAETCA HA XapaKTePHbIX A1A AAaHHOIO 3KCne-
PUMEHTA/ZIbHOTO y4YacTKa PaccTOAHUAX U, Che-
[l0BATeNIbHO, OKa3bIBAET He AnddepeHLUpYIo-
Lee, a HUBE/IMpPYIOLLEe BO3AENCTBME HA NOYBY.
OH, ogHaKo, B uncne gpyrnx GakTopos 3agaeT
Habop BO3MOMKHbIX HA LAHHOW TEPPUTOPUMN CO-
CTaB/IAOLMX NOYBbI, BO3AENCTBYA KAaK NPAMO,
TaK M onocpenoBaHHO yepes gpyrme GaKkTopsbl.
Koppenaumm KnmmaTnyeckmx WKaa MmoryT 6biTb
pe3ynbTaTOM COracoBaHHbIX TPEHAOB PacTU-
TeNlbHOro coobuwecTsa, MHULMNPOBAHHbIX 343a-
¢duryeckoit komnoHeHToM (MKykos, 2015).
[aHHble, npeacTasneHHble B Tabn. 4, aatoT
obllee npeactaBneHME O B3aUMOAENCTBUM
M3y4aemMoro CBOMCTBA MOYBbl U GoOpMUpYLO-
LWMX ero BHeWHUX GaKTOPOB Kak O TMHENHOMN
cucteme. OgHaKO MoyBa, Kak AWMHAMMUYecKas
H6MOKOCTHAA cMcTema, He ABNAETCA NACCUBHbIM
NPOAYKTOM BO34€eMCTBMA BHELIHUX NPUYMH. Ha
puc. 2 NpeacTaBAeHbl BEKTOPbI 3KONOTMYECKUX
$aKTOPOB U UX U30/IMHUM B NPOCTPAHCTBE OCel
MHOTrOMEPHOTO LWKAIMPOBaHMA. [laxe Ha orpa-
HWYEHHOM PACCTOAHUM 3IKCMNEePUMEHTANbHOrO
NONIMIOHA 3aBUCMMOCTb MOJYYEHHbIX AAHHbIX
OT BAUAHUA U3YYEHHbIX IKONOMMYECKNX PaKTO-
POB He ABNSETCA IMHEMHOMN, YTO NoAYEePKUBaAET
pa3INYHy0 MacwTabHOCTb nx apPeKTOoB.
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. 2. CrnaxkvBatoLLme NoBEePXHOCTU A1 HEKOTOPbIX 3KO0rMYECKNX GaKTOPOB B KOOPAMHALLMOHHON Ana-
rpamme

Fig. 2. Smoothing surfaces for some ecological factors in coordination diagram
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Bonblwoe 3HayeHne Ana obbACHEHUA He-
OAHOPOAHOCTM CBOMCTB NOYB MMEET NPOCTPAH-
CTBEHHaA CTPYKTypa W3y4aemoro ABAEHUA
(Amutpue, 2001; Kosnosckuit, 2003; Camco-
HoBa, 2008; Megseges, 2008, 2009; KyKos,
3apoporkHana, 2015; Zhukov, Zadorozhnaya,
2016). MMpocTpaHCTBEHHaA HEOAHOPOAHOCTb
NMoYBEHHbIX CBOMCTB 0bycioBneHa nnMbo dak-
TOpamMu BHeEWHel cpeabl (Kyaa BXoAAT Kak
buoTnyecKas, Tak U abnoTmyeckaa KOMMNOHEH-
Tbl), NMMBO BHYTPUMOUYBEHHLIMU MPOLECCAMM.
Ona petanbHOW XapaKTEPUCTUKM 3KoMornye-
CKN 06YyCNOBNEHHbIX MOYBEHHbIX ABNEHUN He-
obxoaumo onpeaennTb NPOCTPAHCTBEHHbIE
CTPYKTYPbl U BblAENUTb NPOLLECCHI, eXKalLne B
MX OCHOBE. 3HaYeHMEe UMEET TaK¥Ke MacluTab-
HOCTb NPOABAEHNA HEOAHOPOAHOCTU. [Ana Ao-
CTUXKEHMA 3TUX uenen bblna NpUMeHeHa Tex-
HMKA MNPOCTPAHCTBEHHOr0 aHaAM3a [AaHHbIX
— METOZA, rMaBHbIX KOOPAMHAT MaTpuLbl cocen-

ctBa (PCNM — principal coordinates of neighbor
matrices). OHa OCHOBaHa HAa NOCTPOEHUM MOAU-
dULMPOBAHHOM YyCEYEHHOM MaTPULLbl paccTosA-
HUM Mexay TouKamn otbopa npob, aHanusa ee
rnaBHbIX KoopauHaTt (Borcard, Legendre, 2002)
n otoopa PCNM-nepemeHHbIX, HauAyylwmnm
06pa3om onuMcbIBaOLWMX N3y4aemble CBOMCTBA
obbekTa uccnegosaHua (Borcard et al., 2001,
2004; Dray et al., 2006; Blanchet et al., 2008).

B npouecce PCNM-aHanusa 6b110 Bblaene-
HO 55 PCNM-nepemeHHbIX, KOTOpble OTBeYanun
COBCTBEHHbIM YMCam, NpesblwatoWwmm 1. 3tu
nepemeHHble OnucbIBatoT 57 % M3MEHYNBOCTH
TBEPAOCTU NOYBbI (HANAEHO C NOMOLLBIO QYHK-
uum RsquareAdj nakeTa vegan). Ha puc. 3 npea-
CTaB/IEHO HarAgHOe n3obparkeHne xapaKTepa
M3MEHYMBOCTU JecATn Hambonee umHPopma-
TUBHbIX U3 HUX, BblAE/IeHHbIX C MOMOLLbIO NPO-
ueaypbl npamoro Bbibopa.

PCNSA £ B PCHM 23 PCRIM 2 24
EER (] 1] s EEEEEEEREE . = ECOn & om
T '] = : sEEEEsEE@EEs - " EE Om
mEEN L] ] ] Ooog Qoo u| L
rmgﬁu -Ear om
EEE [ mEE oOoOaod OoOoOoo B [ | O
IHI III s eaEETmEsEEw - ] L] Oom
EEE (||| NEN -=siEEEEEEEEE = - sCc0m = om
[To=m ImETY | o m
PN # 38 PCNM # 47 PCRIA # 54

Duﬂﬂb
m]]m e
EECE

¥ e
o CmED

[To=w

Puc. 3. MpocTpaHcTBEHHOE pa3melleHMe 3HavyeHnt PCNM-nepemeHHbIx
Fig. 3. Spatial allocation of PCNM-variables

PCNM-nepemeHHble pacrnonoXeHbl B Mo-
paake ybbiBaHMA MmacwTaba M3MEH4YMBOCTM.
MOHO BM3yanbHO BbIAENUTb ABE rPynnbl Mac-
WTabHbIX ypoBHEN: 8,9,24 PCNM-nepemeHHble
npeacTaBnaoT rnobanvHble Tperabl, 38, 47, 54
— peTanbHble 0COHOEHHOCTU U3MEHEeHUA TBep-
[0CTU MOYBbI.

lNepemeHHble, OCTaBNAeHHble nocae NpPAamo-
ro Bblbopa, onucbiBatoT 17.82 % M3MeHYMBOCTH

TBEpOOCTU NMOYBbLI.

Ona  Kaxpgoro nogmHoxectBa PCNM-
nepemeHHbIX BblAeNeHbl KaHOHUYECKUEe ocH,
NPOCTPAHCTBEHHAA W3MEHUYMBOCTb KOTOPbIX

npeacTasaeHa Ha puc. 4. 3To COBOKYMHbIN pe-
3ynbTaT, 0bpucosbiBalOWMn GOPMbI NOYBEH-
HOW HEOA4HOPOAHOCTM HA Pa3HbIX MaCLUTabHbIX
YPOBHSX.
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Puc. 4. NpocTpaHCcTBEHHOE pa3melleHne KAHOHUYECKMX ocel LUVIpOKOMaCLLITa6HbIX n ,CI,eTaﬂbHOMaCUJTa6HbIX
KOMMNOHEHT

Fig. 4. Spatial allocation of the canonical axes obtained as a result of the redundancy analysis of various scale
spatial components

[nA BbIACHEHWA XapaKTepa CBA3M KaHOHW- 4YBbl Ha Pa3/IMYHbIX NPOCTPAHCTBEHHbIX YPOB-
YeCcKMX oceli, oTobpakaloWwmx NaTrepHbl NPo- HAX, ¢ GakTopamu cpeapl 6bi1 NpoBeaeH pe-
CTPaHCTBEHHOW M3MEHYMBOCTU TBEPAOCTM MO- [PECCUMOHHbIN aHanms (Tabn. 5).

Tabanua 5. PerpeccroHHbIn aHanM3 NPoCTPaHCTBEHHOW cybMoaenv nepemeHHbIX cpeapl

dutonHam-
KaLMOHHble KpynHomacuitabHas KOMMNOHeHTa [etanbHomacwtabHas KOMNOHEHTa
LWKabl

8 SE t 3HHMa;e— p-ypoBeHb 8 SE t 3:3;& pP-YPOBEHb
Hd -0.18 0.14 -1.31 0.19 -0.06 0.13 -0.43 0.67
ffl 0.36 0.16 2.32 0.02 0.13 0.15 0.92 0.36
Rc 0.21 0.13 1.57 0.12 -0.08 0.13 -0.64 0.52
S| -0.21 0.13 -1.59 0.12 -0.07 0.12 -0.55 0.58
Ca -0.30 0.15 -1.95 0.05 0.10 0.14 0.70 0.49
Nt -0.10 0.12 -0.82 0.42 0.18 0.11 1.57 0.12
Ae -0.40 0.17 -2.33 0.02 0.22 0.16 1.38 0.17
Tm 0.10 0.16 0.65 0.52 0.11 0.15 0.75 0.45
Om 0.30 0.14 2.11 0.04 -0.14 0.13 -1.10 0.27
Kn -0.46 0.17 -2.72 0.01 0.08 0.16 0.52 0.61
Cr -0.22 0.17 -1.32 0.19 0.18 0.15 1.15 0.25
Lc 0.23 0.13 1.72 0.09 0.06 0.12 0.50 0.62
Hygr 0.61 0.31 1.96 0.05 0.07 0.29 0.22 0.82
Troph_B 0.27 0.27 1.02 0.31 0.14 0.25 0.57 0.57
St 0.12 0.22 0.54 0.59 0.39 0.20 1.92 0.06
Pr -0.28 0.17 -1.66 0.10 0.27 0.16 1.71 0.09
Hel -0.04 0.24 -0.16 0.87 -0.56 0.23 -2.45 0.02

MpumeyaHue. B — cTaHAAPTM30BaHHbIN PErPeccMoHHbIN KoadduumeHT, SE — ctaHgapTHas owmnbka B. (cm.
npumedaHus K Tabn. 4)
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Ona popmmpoBaHuA KpynHomaclwTabHoM
KOMMOHEHTbI U3MEHYMBOCTU TBEPAOCTM NOYBDI
3HAYeHMe UMeeT NepeMeHHOCTb YBAAXKHEHMUS,
aspauma NoYBEHHOM TOALLM, OMOPOKAMMAT M
KOHTUMHeHTanbHocTb (Kn). HeogHopogHocTH
AeTaNbHOro macwTaba MapKMpylTCA COOTHO-
LWEeHMEeM B pacTUTeNIbHOM coobLLecTBe pasnny-
HbIX 3KOMOpP® pacTeHU: npeacTaBUTENAMMU
CTEMHOM, NIyrOBOM PACTUTENBHOCTU, A TaKXKe
dopmamm pacTeHu ¢ pasIM4HON YyBCTBUTE b-
HOCTbIO K pexknumy ocselleHus (Hel). Hecnyyait-
HbI XapaKTep BapbMpPOBaHWA TBEPAOCTM MNO-
4Bbl U 3aBMCMMOCTU OT BHELIHUX GAKTOPOB ro-
BOPUT O HAa/IMYNM 3aKOHOMEPHOCTU B CTPOEHUMN
NMOYBbl KaK MPUPOAHOrO TeNa U KaK 3/ieMeHTa
buoreoueHo3a.

O6cyaeHue

MouBa ABnAeTcA OOBEKTOM M CPeACcTBOM
CeNbCKOXO3AUCTBEHHOIO Npou3BoAacTBa. Ha
NPOTAXEHUN BEKOB HAKOMNEHbl AaHHble O No-
yBe Kak cpeae obutaHma, cybeTpaTe, B KOTOPOM
CYLLECTBYIOT }KMBblE OPraHNU3Mbl U YKOPEHALOT-
ca pacteHunsa (MuryHosa, 2015). B npoTtusosec
NonbITKAM NpeBpaLLeHNs MNOYBOBEAEHUA U3
aKaZleMMyecKomn HayKun B TeopeTnyecknin 6asmc
ONA  CENbCKOXO3AMCTBEHHOIO NPOM3BOACTBA
Mbl npeasaraem NOCMOTPeTb Ha npobnemy c
APYron CTOpPOHbl. B gaHHOM wuccnepoBaHUM
YCTAHOBNEHO W3MEHEeHWe TBEPAOCTU MOYBbI
noga, BIMAHMEM NApPaMeTPOB Cpeabl, BbIParKeH-
HbIX Yepe3 PUTOMHAMKALMOHHbIE WKanbl. o-
Ka3aHO Ha/n4yme MNPOCTPAHCTBEHHOM CTPYKTY-
pbl, BblgeneHbl GaKTopbl cpeapl, Nexawme B
OCHOBe ee opraHmsaumn. lMNpocTpaHCTBEeHHan
CTPYKTYpa pa3noeHa Ha CocTaBaAoLWme, UMe-
toLLLME 3aKOHOMEPHbIN XapaKTep U PasINYHYIO
MaclTabHOCTb cBOUX 3 PeKTOB. YCTAaHOBNEHO,
4yTo ANA GOPMMPOBAHUA KPYNHOMACLUTAOHbIX
COCTaBNAOLWMX MOYBEHHOM HEOAHOPOAHOCTU
bonbliee 3HAYEHME UMEIOT 3SKOJIOrnYecKme
baKTOpbl, TaKME KaK MepeMeHHOCTb YBIAXKHe-
HWA, a9paumnA, OMOPOKANMAT U KOHTUHEHTaNb-
HOCTb. B TO »Ke Bpema Heo4HOPOAHOCTb MEHb-
wero macwraba popmupyeTca nog, BAMAHUEM
NecTpoTbl PacCTUTE/IbHOrO NOKPOBa. B nccnepo-
BaHMAX, ONyH6/IMKOBAHHbIX HaMUK paHee, MoKa-
3aHO Ha/MyMe MNPOCTPAHCTBEHHOM 3aBMCUMO-
CTW [AaHHbIX TBEPAOCTM 3TOM MOYBLI U APYrux
PEKYNbTUBALMOHHbLIX 3emenb (3a40poXKHan,
2012; KykoB n gap., 2014; }ykos, 3a40p0rKHaA,
2015a). 3apMKcMpoBaHO NPUCYTCTBME 3aKOHO-
MepHON mopdosiornyeckor KoHoUrypauum u
KOppenaumMmn 4aHHbIX TBEPAOCTHM C pacnpegene-
HWeM MoKa3aTesen ee TBEPAOCTU, Habnoaas-
WMmca B Npeablayliem rogy. OnncaH CN0XKHbIN
XapaKTep B3aMMOAENCTBMA PACTUTENbHOIO MNo-

KpoBa M MopdONOrMyeckon opraHmM3aumm no-
4Bbl, KOTOPbIN OKa3blBaeT ynopagovmsaroLiee
BO34ENCTBME HA NoYBeHHOoe Teno (MKykos, 3a-
AopoxkHan, 20156). CyuwecTtBoBaHMe [A0CTO-
BEPHOM CBA3M MOYBEHHOIO CTPOEHUA C UHTEH-
CMBHOCTbIO M HaAMNpPaBJEHHOCTbIO 3KONOrMYe-
CKMX $AKTOPOB W CTPYKTYPOM pPacTUTENbHOro
NMOKpPOBa [AOKAa3blBaeT, YTO MOYBA pearnpyer,
npucnocabnmeaeT cBOM CBOMCTBA K YC/IOBUAM
CBOEro cyLecTBoBaHuMA B buoreoueHose. Takoe
CBOWMCTBO MPUHAZNENKUT K GyHAAMEHTaNbHbIM
KayecTBaM KMBbIX OPraHM3MOB U CTaBUT NOYBY
B OAWH pA4 C HMMU. HemonHaA cornacosaH-
HOCTb MopdOoNOrMyeckomn U GYHKUMOHANbHOMN
OpraHu3auum Mpu BbIPA*KEHHOM Wepapxmye-
CKOM CTpOeHun ABnAeTca pyHAAMEHTa/bHbIM
NPU3HAKOM BUOKOCTHbIX TEN KaK CUCTEM, Knac-
CMYECKUM NpeacTaBUTeIeEM KOTOPbIX ABNAETCA
noysa (Apmang, 1992).

3akaoueHue

1. CpepHue 3HayeHWs TBEPAOCTM MOYBbI
yBenmumeatTca ¢ raybuHon ot 3.99 + 0.11
MTlla Ha nosepxHocTn go 9.73 £ 0.27 MIlla Ha
rnybuHe 50 cm BHU3 no npodunto. Koadppuuu-
€HT Koppenaunm HanmBbICLLIMN Ha NOBEPXHOCTU
(40.79 %) cHukaeTcs bonee Yem BABOE Ha MNy-
6uHe 15-20 cm (18.51 %) u Ha ypoBHe 25-50
CM OCTAeTCA AOCTAaTOMHO CTabuabHbIM, Kone-
6nsck B npegenax 33.26—37.88 %.

2. BblgeneHbl xapaKTepHble ANA WU3y4yeH-
HOM MOYBblI TUMbl pacnpeaeneHua TBEpPLOCTH
no npodunto. B nepsom cnyyae Habnogaerca
PeLUNPOKHOE B3aMMOAENCTBUE MEXAy TBep-
OOCTbIO MO4YBbI B €/10AX 5—25 cm HMXKe nosepx-
HOCTM C TBEPAOCTbIO C/I0EB, /IeXKaLLMX BblLLE U
HU¥XKe BblgeneHHoro 610ka. Cnegyowmm 3ako-
HOMEPHbIM ABNEHNEM ONA U3YYEHHOro y4acT-
Ka ABNAETCA C/lyYal, KOr4a CTPOEHME NOYBbI Ha
ypoBHe 10-40 cm Brnybb npodwuna byaset oT-
NINYATbCA OT CTPOEHUA OKPYKAIOLLEro rpyHTa.
Ewe oaHOM BblAENEHHOM 3aKOHOMEPHOCTbIO
MOXHO CYMTaTb TaKOe CTPOEHMe MOYBbI, Koraa
HabnofaloTca CywecTBEHHbIE OTAMYMA TBEp-
[OCTM MOYBbI Bbiwe N HUXKe ypoBHA 30 cm oOT
NOBEPXHOCTU C Hanbonee BECOMbIMM ANA AaH-
HOro TUMNA CTPOEHMA 3HAYEHUAMM TBEpPLOCTU
NOBEPXHOCTHOTO C/0A.

3. B TpexmepHOM 3KO/1I0rM4eCcKoM NPOCTPaH-
CTBE, ONpeaeneHHOM C MOMOLLbIO MHOTOMEp-
HOro WKaAnpoBaHuA, Gaktopamu, Gopmupyto-
LLMMW MEePBYIO OPANHALMOHHYHO OCb, ABAAIOTCA
aspayma noyBbl, OMOPOPEKUM U KOHTUHEH-
Ta/NIbHOCTb KAMMaTa. Bropoe nsmepeHue onpe-
AEeNnAlT BapuaLMU BAAXKHOCTM Mo4yBbl. Hawm-
H6onee BbiCOKOE 3HayYeHWe B GOpPMMPOBaAHUMU
TpeTbel OPAVHALMOHHOM OCM MMEKOT LUKabl
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Tepmopexmma u ocselleHnA. CTaTUCTUYECKH
3HaYMMmble PUTOMHAMKALMOHHbBIE LWKAAbl ONKU-
cbiBatoT oT 8 A0 18 % BaprMabenbHOCTU MHOrO-
MEpPHbIX U3MEPEHUA.

4. BblgeneHbl NPOCTPAHCTBEHHbIE CTPYKTY-
Pbl TOPU30OHTA/IbHOM U3MEHYMBOCTU TBEPAOCTH
MoYBbl Ha Pa3HbIX MAcWTAOHbIX YPOBHAX. [nA

bopMMpPOBaHMA KpynHOMAcWTabHOM Komno-
HEHTbl M3MEHYMBOCTM 3HAYEHNE UMEET nepe-
MEHHOCTb YBNAXXHEHWUA, aspauns NOYBEHHOM
TO/ILLM, OMBPOKAMMAT U KOHTUHEHTAZIbHOCTb.
HeogHopoaHoCTU geTanbHOro macwraba map-
KMPYHOTCA COOTHOLIEHNEM B PACTUTE/IBHOM CO-
o6LLecTBe pasINYHbIX SIKOMOP pacTeHUN.

bubnnorpadus

ApmaHg A. [l. MexaHu3Mbl ycTOM4MBOCTM reocuctem . M.: Hayka, 1992. 208 c.

benbrapg A. J1. JlecHadA pacTuTtenbHOCTb toro-soctoka YCCP . Kues: M3g-80 KIY, 1950. 263 c.

boHaapb I. A., }ykoB A. B. DKonornyeckas CTpyKTypa pacTUTe/IbHOro NMOKpoBa, CHOPMMPOBAHHOIO B
pe3ynbTaTe caMo3apacTaHUs AepPHOBO-/IUTOTEHHbIX MOYB HA NECCOBUAHbIX CYrMHKax // BicHUK
JHiNponeTpoBCbKOro Aep»KaBHOro arpapHoro yHisepcutety. 2011, Ne 1. C. 54-62.

BepHaackuii B. . CobpaHue nsbpaHHbIX coumHeHui . M.: U3a-so AH CCCP, 1960. T. 5. C. 57-61

BopoH E. A. CBoiCTBa co34aBaeMol NOYBbl NPU NOCAOMHON rOPHOTEXHUYECKON U Buonormyeckoi pe-
Kynbtusauun // Haykosuit BicHuk HI'Y. 2010. Ne 5. C. 23-28.

Fnyxos A. 3., XapxoTta A. U., Mpoxoposa C. U., Aryposa W. B. dDutoagantmBHaa TMNM3auma TEXHOTEHHbIX
skoTonos // MpombiwneHHaa 6oTaHuKa. 2012. Boein. 12. C. 3-11.

Omutpures E. A. TeopeTmyeckme n metogonormyeckme npobnembl nousoseaeHusa . M.: FTEOC, 2001. 374
C.

ETtepescbKa /1. B., MomoTt I. ®., flexuiep /1. B. PekynbTMBOBaHI I'pyHTU: Niaxoam Ao Knacudikauiii cuctema-
TVUKK // TPYHTO3HaBCTBO: HAayKOBMIA >KypHan. 2008. T. 9. Ne C. 147-150.

Kykos A. B., 3apopoxkHan I A. OueHKa sKkomopdoreHesa nefo3ema M YepHosema 06bIKHOBEHHOIO Ha
OCHOBe MNoKa3saTtenei TBepgoct // MixBiLOMUMI TEMATUYHWUIA HAYKOBUIA 36ipHUK «Arpoximis i
rpyHTO3HaBcTBO». Bmn. 81. Xapkis: HHL, «ITA im. O. H. Cokonoscbkoro», 2015. Bun. 84. C. 72-80.

Kykos A. B., 3agopoxHas I. A. Posib BHETOPM3OHTHbIX MOYBEHHbIX MOPPOCTPYKTYP B OPraHM3aLLmMmn pactu-
TENIbHOCTU AEPHOBO-/INTOrEHHbIX MOYB HA NECCOBUAHDIX CYIIMHKAX (HMKOMONbCKUIA MapraHueso-
pyaHbI 6acceitH) // BicHMK XapKiBCbKOro HaljioHanbHOro yHisepcutety imeHi B.H. KapasiHa.
Cepis: 6ionoria. 2015. Bun. 24. C. 171-186.

Kykos A. B., 3agopoxHaa I A., Jemungos A. A., PbicuHa E. B. dKonormyeckoe 3sHayeHMe NpoCcTPaHCTBEH-
HOW M3MEHUYMBOCTUN TBEPAOCTM NOYBLI B YCNOBUAX MPUPOAHOro 3emaenenuns // 36ipHuK HayKoBmX
npatb YMaHCbKOrO HaLiOHa/IbHOro YHIBEPCUTETY CadiBHULTBA. YMaHb, 2014, Bun. 84. C. 21-37.

ykos O. B. ®iToiHaMKaLiMHE OLiHIOBAHHA BUMIpiB, oAepKaHUX 33 OMNOMOror 6araToBUMIPHOTrO LUKa-
JNIOBAHHA CTPYKTYPU POCIMHHOTO YrpynoBaHHs // YopHOMOpPCbKMIA 60TaHIuHKI KypHan. 2015. T.
11. Ne 1. C. 84-98.

3apopoxkHa I O. MpocTopoBa opraHisauis AepPHOBO-NITOFE@HHUX FPYHTIB Ha Cipo-3efeHux runHax //
Bionoriynnin BichHuk MAMY im. B. XmenbHuubKoro. 2012. Ne 1. C. 48-57.

Kosnosckuit @. N. Teopus n meToabl U3ydeHMa nouyseHHoOro nokposa . M.: TEOC, 2003. 536 c.

Mepgeges B. B. CTpykTypa nousbl . XapbKkos, 2008. 406 c.

Mepngepnes B. B. TBepaocTb nousbl . XapbKoB: M3a-80 KIM «lopoackas Tunorpadua», 2009. 152 c.

MwuryHosa E. C. Nousa Kak cpefa obutaHma pacteHunin // MixKBIiAOMUYMIA TEMAaTUUHUIA HAYKOBUI 3BipHUK
«Arpoximis i rpyHTO3HaBcTBOY». XapKis: HHL, «ITA im. O.H. Cokonoscbkoro», 2015. Bun. 84. C. 112—
121.

MwnxeeBa W. B. [pocTpaHCTBEHHble GAYKTyaUUM UM BEPOATHOCTHO-CTAaTUCTUYECKME pachnpeseneHms
CBOWCTB KallTaHOBbIX No4YB KynyHAMHCKoM cTenu // MNMousoseaeHme. 2005. Neo 3. C. 316.

HoBakoBsckuit A. b. MeToabl opAnHaLMK B COBPpeMEHHOMN reoboTaHmKe // BeCTHUK UH-Ta Buonormm Komum
HLL ¥YpO PAH. 2008. Bbin. 132. Ne 10. C. 2-8.

Tapacos B. B. ®nopa [JHinponeTpoBCcbKoi i 3anopi3bkoi obnactet BugaHHs gpyre. lonoBHeHe Ta BUNpPaB-
nene. [.: Nipa, 2012. 296 c.

Tonctosa 0. H. OCHOBbI MHOFOMeEpPHOTO WKaanposaHua . M.: KAY, 2006. 160 c.

Mnicko I. B., TpyckaBeubkuit C. P. locnigxeHHA NpPOCTOPOBOi HEOAHOPIAHOCTI rpyHTIB MuxaliniBcbKoi
uinnHu // BicHuk U3H AMB XapbkiscbKoi obnacti. 2010. Bun. 9. C. 217-224,

Peiimepc H. @. dkonorua. Teopus, 3aKoHbI, NPUHLUMMbLI U rMnoTesbl . M.: Poccna Monogas, 1994. 367 c.

CamcoHoBa B. . MpocTpaHCTBEHHAA W3MEHYMBOCTb MOYBEHHbIX CBOMCTB: Ha npumepe AepHOBO-
noasonuctbix noys . M.: U3gatenbctso JIKU, 2008. 160 c.

Tonctosa HO. H. OCHOBbI MHOrOMepHOTo WKaauposaHua . M.: KAY, 2006. 160 c.

LWnwos N. /1., ToHkoHoros B. 1., lebeaesa U. U., fepacumosa M. U. KnaccnuduKkaumsa n AnarHoCcTMKa nNous
Poccum . CmoneHcK: OinkymeHa, 2004. 342 c.

Blanchet F. G., Legendre P. and Borcard D. Forward selection of explanatory variables // Ecology. 2008.
Vol. 89. Ne 9. P. 2623-2632.

77



ykos A. B., 3agopoxHas I. A. MpocTpaHCTBEHHAA U3MEHUYMBOCTb TBEPAOCTM PEKYAbTUBMPYEMbIX Nous // MpuHUMMbI
akosnorum. 2017. Ne 3. C. 66—80. DOI: 10.15393/j1.art.2017.6322

Borcard D. and Legendre P. All-scale spatial analysis of ecological data by means of principal coordinates
of neighbour matrices // Ecological Modelling. 2002. Vol. 153. Ne 1. P. 51-68.

Borcard D., Legendre P., Carol A.-J. and Hanna T. Dissecting the spatial structure of ecological data at mul-
tiple scales // Ecology. 2004. Vol. 85. Ne 7. P. 1826-1832.

Borcard D., Gillet F. and Legendre P. Numerical ecology in R. Sringer, New York, 2011. 306 p.

Didukh Ya. P. The ecological scales for the species of Ukrainian flora and their use in synphytoindication.
Phytosociocentre. Kyiv, 2011. 176 p.

DrayS., Legendre P., Peres-Neto P. R. Spatial modelling: a comprehensive framework for principal coordinate
analysis of neighbour matrices (PCNM) // Ecol Model. 2006. Vol. 196. P. 483-493.

Jiménez Juan J.,, Decaéns T., Lavelle P., Rossi J. Dissecting the multi-scale spatial relationship of earthworm
assemblages with soil environmental variability BMC // Ecology. 2014. Vol. 14. P. 26-51.

Legendre P., Gallagher E. D. Ecologically meaningful transformations for ordination of species data //
Oecologia. 2001. Vol. 129. Ne 2. P. 271-280.

Medina C., Camacho-Tamayo Jesus H., Cortes C. A. Soil penetration resistance analysis by multivariate and
geostatistical methods // Eng. Agric. Jaboticabal. 2012. Vol. 32. Ne 1. P. 91-101.

Minchin P. R. An evaluation of the relative robustness of techniques for ecological ordination // Vegetatio.
1987. Vol. 67. P. 1167-1179.

Oksanen J., Blanchet R., Kindt P. Legendre et al. Community Ecology Package. R package version 2.0-2.
2011. URL: http://CRAN.R-project.org/package=vegan.

Prentice I. C. Non-metric ordination methods in ecology // Journal of Ecology. 1977. Vol. 65. P. 85-94.

Zhukov A., Zadorozhnaya G. Spatial heterogeneity of mechanical impedance of a typical chernozem: the
ecological approach // Ekoldgia (Bratislava). 2016. Vol. 35. Ne 3. P. 263-278.

78



Zhukov A., Zadorozhnaya G. Spatial heterogeneity of mechanical hardness of replantozems // Principy ékologii. 2017.
Vol. 6. Ne 3. P. 66—80. DOI: 10.15393/j1.art.2017.6322

SPATIAL HETEROGENEITY OF MECHANICAL
HARDNESS OF REPLANTOZEMS

ZHUKOV Oles Honchar National University of Dnipro,
Alexandre Viktorovich zhukov_dnepr@rambler.ru

ZADOROZHNAYA Oles Honchar National University of Dnipro,

Galina Alexandrovna zadorojhnayagalina@gmail.com
Key words: Summary: Spatial heterogeneity of sod-lithogenic soil was investigated on
soil hardness loess loam within the experimental remediation polygon of the Nikopol
ecomorphic analisis manganese ore basin in Pokrov (Ukraine) on soil mechanical impedance
industrial soils characteristics. Ecomorphic analysis of vegetation was made. The ordina-
multidimensional scaling tion of soil mechanical hardness data was produced by means of non-metric

multidimensional scaling. Three-dimensional variant of multidimensional
scaling was applied. The types of mechanical hardness profile distribution
specific for studied soils were determined. The relationship between soil
mechanical hardness variation and environmental factors was stated by
means of phytoindicators method. To receive the greatest rank correlation,
matrix based on the Mahalanobis distance was used with the indicators
pre-standardized to the range of 0-1. It was found that the factors that form
the first ordination axis of ecological space were soil aeration, ombroregime
and climate continentality. The second axis was found to be determined by
the variation of soil moisture. In the formation of the third ordination axis
thermo-regime and light scales had the greatest values. Using the tech-
nique of spatial data analysis (PCNM) the spatial structures were recovered
at different scale levels, and the processes underlying their formation were
identified.
Reviewer: O. G. Lopatovskay
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