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B TewyeHne MHOTHX JIET Ha pa3HBIX BUAAX JIEPEBHEB OTMEUAIOCh COBIMAJCHHE
BEPXHHUX YacTeHd »JIEMEHTApHBIX I100ETrOBBIX CHCTEM IpU HaloXeHuu. B
paboTe co3gaH MaTeMaTHYECKHH amnmaparT U IOATOTOBIEH CTATUCTUYECKUI
MacCHB JIaHHBIX, MO3BOJISIONINE BCKPHITH MOP(OJIOTHUECKHE TIPUIUHEI 3TOTO
apieHus. IIpoBeneHO omnMcaHue MEXIOY3JIMiM 0OeroB MaccuBa JaHHBIX,
cocToAmero u3 86 IBYJNETHHUX MOOETOBBIX CHCTEM, COOpaHHBIX M3 TpeX
nonynauuit A. negundo benropoackoir u Jlenunrpanackoit obnacreil. Ha
OCHOBE aHaJW3a IJIABHBIX KOMIIOHEHT KOBApPHALMOHHOH  MaTpHULbI
YCTaHOBJIEHa CHCTE€Ma CTPOTHX COOTHOLICHMH MJIMH MEXIOYy3IHi Kak
BEpPXHEro, TaK U HIDKHEro KOHIIOB Mobera. BrisineHHbIe d()PEeKTH MPUBOIAAT
K OOJIBIIION CXOKECTH paclpeielieHHiH KpalHHUX MEXI0Y3IUi, HAOI01aeMoi
y mo0eroB BCEro MacCHBa MJAaHHBIX PAa3MUYHBIX JIET, a TaKke MecTa
MIPOUCXOXKIEHHUS] U MECTOIIONIOKEHHS CaMOT0 1obera B KpOHe.

Kniouesvle cnosa: nobee, medxncooysiue, KpoHa, nobdezosas cucmema,
008epUMENBHBLIL  JINUNCOUO — PACCEAHUs,  KOPPETSYUOHHblE — NAesiObl,
KOBAPUAYUOHHASL MAMPUYA, 21ABHbBIe KOMHIOHEHNbL.

Kpona pepeBa mnpenctaBisgeTr coOOH cucTeMy 100EroB pasHOU
JUINTENILHOCTH KU3HU. PacTeHne m3aMeHeHHeM (OpMBI OTBEUYAET MOYTH Ha
nr000e Bo3zelCTBHE cpelibl. TeM He MeHee, KpoHa JiepeBa KOHKPETHOTO BHJIA
y3HaBaeMa Jake B O€3JMCTHOM COCTOSHMM, YTO BO3MOXHO JHIIb IpPU
YCJIIOBUM MOJYMHEHUSI PA3BUTHsI ONPEACIICHHONW IIpOrpamme, CBOMCTBEHHOMH
Buny. Ilpu nmpaktuyeckoit paboTe Mo BBIABICHUIO CTPYKTYPBl MOJEIN KPOHbI
0oJpIIOE 3HAYEHHE MMEET aHalU3 pa3IMYHbIX CBOMCTB mobera (Maillette,
1982, 1987; Wilson, 1989; AnTonoBa, A3oBa, 1991; AnroHosa, Hukonaesa,
2004; Barthelemy, Caraglio, 2007; AatoHoBa, @aTbsiHOBa, 2012).

Ha ¢one npumenenus nuddepeHnanbHbIX ypaBHEHUN 11 ONTUCAHUS
IpPOIECCOB PAa3BUTHUs IOOEroB Malo BHUMAaHMS YAEISAETCs TOYHOMY
ONMCAHUIO HAYaJIbHBIX M IIOCJIEJHUX MEXA0y3Iuid. B uactHocTH, B
MojenupoBanun kpuoil Cakca pocra modera (GopMuUpOBaHHME HOCIETHUX
MEXJOY3/IUH KaK MpaBUiIo TpedyeT (HopMalbHO OECKOHEYHOTO MPOMEXYTKA
BpPEMEHU /ISl JIOPAaCTaHUs, B CBSI3U C YEM HX pOCT OOBIYHO B paboTax He
paccmatpuBaercs (Cabunus, 1963; CaBuHOB 1 1p., 1976). B coBpemerHOM
MOJEIIMPOBAaHUM  pa3BUTHS Mo0Oera JenaroTcs Cepbe3Hble  IMONBITKU
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MOJKJIFOYMTh MAaTeMAaTHUECKHH ammapaT ciaydaidHbix mporieccoB (Chaubert-
Pereira et al.,, 2010, Prusinkiewicz, Lindenmayer, 2012). B maremartuke
CITy4alHbII rpouece MOXET OBITH O0XapaKTEepU30BaH Kak
MOCTIEIOBATENIbHOCTh CIIYYalHBIX BEMUYHH HIM Kak Ha0oOp craydailHBIX
peanuzauuii  Bo Bpemenu (Kommoropos, 1936; MHUro, 1960). B
MaTeMaTUYeCKUX MOJEINSX MPHU OLIEHKE MapaMeTpoB CIydyaifHOro mpoiiecca
UCCIIEZIOBATEIb, B OCHOBHOM, CTPEMHUTCSI IPEICTaBUTh IIPOLECC B OJHOM
BpeMeHU. B urTore, nenoctHas KapTHHA pa3BUTHUS MEXAOY3/IHMM Ha mobere
BBIMAaeT.

Mopdonoru pacreHuil nonydaroT JaHHbIE O mo0ere Kak Habop
pearmm3anuii. B Takom mpencraBnennn H.IT. Kpenke (Kpenke, 1940, 2015)
NpUIIES K OCO3HAHHIO MapajuIeNIbHOTO MPUCYTCTBUSL JBYX PaBHOIPaBHBIX
MaciiTaboB BPEMEHU Pa3BUTHSL, IPUYEM MEXJI0Y3JIMs BEPXHETo Kpas rnoodera
NPEACTaBISIIOT c000i 0cOo0y:0 B MOP(OJIOrHUECKOM U (PU3HUOJIOTHUIECKOM
CMbICIE 30HY. VIMEHHO B JTHUX MEXAOY3JIHUSIX Yy MHOTUX aKpPOTOHHO
Pa3BUBAIOIINXCS JI€PEBhEB, Hampumep, y Acer negundo, pacmojararorcs
0oKkoBbIe TTOOETH HAMOOIbBINEH [UTHHBI, HECMOTPS. HAa TO, YTO OOKOBBIC TTOYKH
ATON 30HBI HE WMEIOT MakcUMalbHOU €EMKkocTu (DaThsiHOBAa, AHTOHOBA,
2010; AnTonoBa, I'uunoBckas, 2013).

ens wuccnemoBaHusi: BBIIBUTH 30HAIBHYIO CTPYKTYpY TpynIn
MexX10y3nuit modera A. negundo, 00yCIOBICHHBIE TallaMU €TI0 Pa3BUTHSL.

Memoouka. MatepuanoM HUCCIEAOBaHHUS  IOCIYXWIN  TOOeru
pacTeHuH 3-X pa3HbIX MecTooOMTaHWW. J[Ba W3 HUX HaXoOmITCA B
3anoBeaHuke «bemoropse» (benropomackas 001.): 0THO Ha ONMYIIIKEe HATOPHOH
nyOpaBbl, BTOPOE — B JIOJIMHE IIEPECHIXAOLIEro pydbs. Tperbe
MECTOOOUTAaHUE pACIONaraeTcs Ha TIOJO0ce OTUYKICHHUS 3a0pOolIeHHON
KenesHo goporu Ha Oepery Punckoro 3amuBa B 2 kM 0T CaHKT-
[TerepOypra. Bce pacreHuss HaxXoAWIMCh B BUPTMHUIBHOM M MOJIOJOM
TEHEPATUBHBIX COCTOSHUAX MU NPOU3PACTAIU MPU OTCYTCTBUHM 3aTCHEHUS.
Marepuan B konuuectBe 38 ocobeil Obul coOpaH B BEreTallOHHBIE CE30HBI
2013-2015 rr.

B xone wuccnenoBanus ObulM MOAPOOHO omHcaHbl Bce 4 mopsaka
BeTBJIeHUs ocobeil. OnpeeniéH roj MOABIEHUS Kak0oro nodera, ero JUIMHa,
KOJIMYECTBO JIUCTHEB, Pa3MEPbl MEKIOY3JIHM, XapakTep pa3BUTHUS MOYEK U
yIibl OTBETBJIEHUS OOKOBBIX m00OeroB oT MaTepuHckoro. CocTaBiieHsl
oIPOOHBIE CXEMBI pacmoiokeHus moderos. Beero 0pu10 HccnenoBano 1329
no0eroB, B TOM 4Yucie 86 IBYJIETHHUX IMOOETOBBIX cCHCTEM. PaccMoTpeHsb
mobern ocedl TMmepBOro Tmopsaka (CTBOJIOB) MW HamboJiee MOIIHBIC
KPOHOOOpa3yrole OCH BTOPOro MOPsAKa.

OOpaboTka JaHHBIX MPOBOAMIJIACH C IIOMOIIBI0 IAKeTa MpOorpamm
STATISTICA 6.0 (StatSoft, Inc.) B 0Osokax KOPPEIAIUOHHOTO,
mucnepcuoHHoro  (ANOVA),  MHOroMepHOro  JUCIEPCHOHHOIO U
dakTtopHoro aHanu3oB. IIpuMeHeH MeTOJ KOPPEISIUOHHBIX  IUIES]
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B.II. TepenTbeBa, yIsi KOTOPOro ObLIa HAITMCAaHA KOMIIBIOTEpHAS TIPOrpaMma
Ha s3pike STATISTICA Visual Basic. [Ipeanoxen MeTo onucaHusi CBOHCTB
KOHIIEBBIX MEXI0Y3JIUH Uil OOJNBIIMX MAacCHBOB ITOOETOB, OCHOBAaHHBIN Ha
(aKkTOPHOM aHaJIM3€ KaK KOPPEJSLUOHHON, TaK U KOBapHAILIMOHHON MaTpPHLI.

O0o3HaueHne MEXA0Y3IUi I0OETOB MPOBEAECHO JBYMS pa3HbIMHU
criocobamu. B mepBoMm cimydae — apaOCkuMu [HPpaMH, MEKIOY3JIHSI
IPOHYMEPOBAHBI OT MEPBOTO K MOCIETHEMY COTJIACHO MX PACIIOJIOKEHHUIO Ha
nobere B Xoje 00pa3oBaHUsS M pa3BUTHSA: | — mepBoe MeXA0Yy3iue,
noJyiexariee MepBOM Mape MOYEYHBIX Yellyid, 2 — BTOpPOE MEXJIOYy3JHe,
noJyIeXariee BTOPOi mape MoYeuHbIX U T.J. Bo BTOPOM citydae MexXI0Y3IHst
MIPOHYMEPOBAHBl OT BEPXHETO KOHIA MoOera u 0003HAUYEHBI MPOMUCHBIMU
OyKBaMHU PYCCKOTO aj(aBUTA: «a» — BEPXHEE KOPOTKOE MEXIOY3JIHe MOJ
BEPXYIICYHOW TIOYKOMW, TIOCIIEHEE B XOJI€ PA3BUTHUs TaHHOTO ToOera, «0» —
HIDKeJexallee, Omxkaiiiee K BEpXHEMY MEXA0Y3IIHI0, «B» — CIEIyoLIee OT
KoHIIa mobera u T.7. Takas cucreMa O00O3HAYEHHI IO3BOJIIET Cpa3y
BBIICTISITh KOHIIEBBIE MEXKIOY3JIHS, pa3indaTh M CpPaBHUBATh BEPXHUHN U
HIDKHUHM KOHIIBI T0OeTa BHE 3aBUCUMOCTH OT KOJIMYECTBa JHCThEB HA HEM. B
CUJIy aKpOTOHHOTO pa3BUTHS OOKOBBIC IMOOETH HAWOONBIICH BEIUYUHBI
pa3BuBatOTCs y A. negundo B BEPXHUX MEXIOY3IHUIX MAaTEPUHCKOIO 1Modera,
410 OBUIO OnucaHo paHnee (AHTOHOBA, [ 'HUnOBCKas, 2013). B nanHol paboTe
TaKk)Ke yJensieTcs BHUMaHHE MpHU3HAKaM <«JUIMHBI OOKOBBIX moOeros». OHHU
0003HauEHBI 3arJIaBHBIMU OYKBaMU, COOTBETCTBYIOLIUMH MOAJIEKAIIEMY MY
MEXOY3JIHIO, T.€. Ha MEXKIOY3JIHH «a» MaTEPUHCKOTO 1Mo0era pa3BUBaETCsI
60K0BOI MOOeTr «A», Ha MEXKIOY3IHH «0» MaTepUHCKOro nodera — OOKOBOH
nooer «b» u T.11.

[Tpu3Hak «roa» O3Ha4aeT BpeMsi OT Hayala pocTa JepeBa, MPU3HAK
«0oxK/ochy» mpuHUMaeT 3HaueHue «0», eciu mobder OOKOBOM, U «1», ecinu OH
OCEBOI1.

[TpucraBka «Log» mepen KOJOM IpU3HAKa O3HAYAET, YTO MPH aHaJIN3e
CBsI3el ero 3Ha4eHus ObUIM JorapuMUpPOBaHbl. TUIIBI pacripeneeHnii Obun
npoBepeHsl mnpu momomu  kKputepusi Kommoropoa-CmupnoBa. s
CpaBHEHUS pacHpeleNeHUN UIMH MEXAOY3JIHi Ha modere MX CyMM OBLIH
paccuuTaHbl ~ KOppEISIMOHHbIe  oTHomeHus  [lupcona, crartucTuka
XotennuHra 1 K03 UIMEHT acCUMMETpHUH 1odera.

Pesynomamut. TloGern A. negundo pa3zHOOOpa3HBI KaK MO YHCITY
JUCThEB, TaK M MO JJIWHE MEXKI0y3nui. 1-3-e Mexmoysnue Ha molere
dopmupyeT MOYEUHbIE YEIIyd M HUX pa3Mepsl OYeHb Majibl H
ManoBapuabenbHbl: ot 0,2 10 1(3) MmM. UeTBepToe MeXI0y3/1He 00pa3oBaHO
KarapuIaMy, ero pasmepsl BapbupytoT oT 1 1o 34 mMm. Hauunas ¢ nstoro
MEX/0y3/Iis, Ha moOere pa3BUBAIOTCS JHCTbSI CPEIMHHON (dopmanuu.
Cpeanuie mo nnuHEe MOOErM MMEIOT MIECTh Map HACTOSIIUX JHCTHEB, W3
KOTOPBIX TOJBKO MATh KPYMHBIX pa3mepoB. [loberu Oompbiieil ATUHBI UMEIOT
no aBaguatu auctbeB. OT 11 10 15 mMexa0y3nuii OTHOCUTCA K MEPBOMY
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nepuoay pocrta, npudeMm Ha 11-14-e Mexmoysine TPUXOAUTCS MUHUMYM
KPUBOM JJIMH MEXJIOY3JIMA M Mepexo] KO BTOpoMy mnepuony pocra (puc. 1.
A).

BonbmnHacTBO OGEroB coctoAat u3 8-10 mexnoysnuit. Koadunuent
ACHMMETPUU JJII OJHOIMUKINYHBIX IMOOETOB BBIYUCIISIICS KAaK OTHOIICHUE
CYMM JUIMH MEXA0Y3JIUH Mepel MakCUMalbHbIM, CUMTasl OT Hayalia modera, K
€ro OKOHYaHWIO, 0e3 camMord HaumOoubilero 3HadeHus. OH HMeeT
BBIpQXKEHHOE JIOTHOpMasibHOE pacnpeaenenue (puc. 1. B). Acummerpus

umeer OousiblION pazdpoc, HO B IEJIOM JJMHA NPaBO BETBU KPHUBOM
IIPEBOCXOAUT JIJINHY JIEBOU.
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140 o R o A
120
100
80
60
40

20

,
Phdbod b
NOOBRWON =

-20

1 3 5 7 9 1 13 15 17 19 21 23
20

18

0 L*"""';, ] G 7
+ ©® = © W T MO = © W T MO O © 0
S s 3505 95 25 %8 % e e o
o o o o o
& @ 6 B o 6 o~ 8 @ < & & o =
=] o - o o - -] - —_ '}
- - - - -

Puc. 1. A.V3MeHeHus JIMH MEXI0Y3ITUH Ha HanboJee MONTHBIX moberax 4. negundo;
och abcruce - Ne mucra, 0Ch OpIUHAT — IITHHA MEKI0Yy3ius, MM; b. ['ucrorpamma
pacnpeneneHus JorapuGMoB KodPPUIINESHTOB acUMMETpUH Ha 86 moderax A. negundo
oOmeit rpymmel. [1o ocu abenuce TaHHBIC PEACTABICHBI B IKAJIe JIOTapru(pMOB
MuLEMeTpoB. [IpuMener MmonuduupoBanHeiii kpurepuii Konmoropora — CMupHOBa 11t
IIPOBEPKH Ha HOpMaILHOCTE: P = 0,9; pasmax Bei6opku: 0,08 — 12,7; reomerprueckoe
cpennee: 0,82; noBepuTenbHBIN HHTEpBaN 115 cpennero: 0,68 — 1,00.
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Y 1mo6eroB ¢ MEHBIIUM KOJUYECTBOM JIHCTHEB Ha BOCXOJAIIYI0 M
HUCXOJSIIYI0 BETBH KPUBOW HM3MEHEHHS JIMH MEXKAOY3IHH MPHUXOAUTCS
MIPUMEPHO OJIMHAKOBOE KOJIMUYECTBO y3710B. Toraa kak y moberoB ¢ 0OIbIIIM
KOJMYECTBOM MEKIOY3IUI Ha BOCXOISIIYIO YAaCTh KPUBOU MPUXOAUTCS SIBHO
MEHbIIIee KOJTUYECTBO Y3JIOB.

Haubonee MmoiHple ocH MEPBOrO U BTOPOTO MOPSAIKA, 0Opaszyrouue
CKEJIETHYI0O 4YacThb KpOHbI A. negundo, XapakTepuszyloTci B MOJIOJOM
TCHEPATUBHOM COCTOSSHUM HEKOTOPBIM  pa3HOOOpa3ueM IoOeroB, UX
COCTABJISIIOLMX: MPUCYTCTBYIOT Kak KOpOTkHe (Io 87 M), MeHee
OOJUCTBECHHBIC, TaK U JJIMHHBIE II0Oeru. Y ocoOel, MmoOenuBIIMX B
KOHKYPEHTHOI Oopb0e, MpOIEHT KOPOTKUX MOOEroB B CpenHed dYacTu

CTBOJIOB HeBenuk, MeHee 10%.
1 Bok/Ocb

/

Log N

I\

log
e

Mopsgok /

LogL

lNog

Mopagok

7

6

Puc. 2. luarpamma xoppensnuoHHbIX miesan (mo B.II. TepenTseBy) HIDKHEH yacTu
no6era. [IpencraBnens! BeIOOpouHblie (1) 1 yacTHbIe (1o npu3HakaM «OO0mmas amiHa moderay
u «KonndecTBo nHucTHEB Ha HeM») BEIOOpouHbIe (2) K03 punuenTs! Koppemsnun [Tupcona
JUIA ABYX HaOOpPOB MPH3HAKOB OCHOBHOTO MaccHBa JaHHEIX (86 moberos). Ha rpad. 1
ITyHKTHpP COOTBETCTBYET YPOBHIO Koppersnuii Beime 0,5, a CIIoNIHas JTWHUS — YPOBHIO
BeImre 0,75. Ha rpad. 2 crutonrHas JTUHHS cOOTBETCTBYET ypoBHIo 0,5. TonmuHa JIMHUH,
0003HAYAIOIUX CBA3M MEKAY IPU3HAKaMH, IPONOPIHOHANEHA KO UIHEHTY KOpPeIsIIuu
MeXy HUMH.
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Puc. 3. JInarpamma koppensunoHHbiX miesn (mo B.I1. TepeHTheBy) BepxHeit
gact mobera. O003HaUYEHHS aHAJIOTUYHBI 0003HAUYEHHSM Ha pHC. 2.

JUis  BBIABIEHMSI 3aBUCUMOCTH MEXIy [UIMHAMH  MEXAOY3JIHH,
KOJIMYECTBA JIUCThEB HA Molere M JJUH OOKOBBIX MOOETrOB y OCel pa3HBIX
HOPSIIKOB ObUI MPOBEAEH KOPPENSALMOHHBIA aHajdu3 JaHHBIX Ha OCHOBE
Merona koppensuuoHHbix miesy B.II. TepentbeBa. B aHann3 BKIIOUEHBI:
JUIUHBI Mexaoy3nmuit (1 — 9 u «a» — «e»), a Takke HX IOCIeJ0BaTEeIbHO
HAKOIJICHHBIE CYMMBI OT COOTBETCTBYIOLIET0 KOHIa mobera, JuiMHa nobera,
KOJMYECTBO  Y3JIOB, JJIMHBI OOKOBBIX IOOETOB, T0a OOpa3oBaHUSA
MaTEepUHCKOIo mobera, ero nopsAAok. B aHanu3 He ObUIM BKIIIOYEHBI JJTMHBI
Mexnoy3nmui 1, 2, 3 Hawama mobera w3-3a Majoro pasdpoca: MOYTH BCe
3Ha4YeHHsI ObLUTN paBHHI 1.

Huarpammsl puc. 2.1 u 3.1 noka3bpIBalOT CUIBHYIO KOPPENALUIO JJIUH
MEXJI0Y3JIUi C MpU3HAKOM oOmias JyIMHa Mobera, a TaKkXke ¢ MPU3HAKOM
KOJINYECTBA JINCTHEB, HAPACTAIOLIYI0 10 MEpEe YNAICHHUSI MEXIOY3IHH OT
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o0oux KOHIOB moOera. B 3Ty cucreMy cBsizell Takke BKIIOUEHB! JIMHbI
00KOBBIX M0OeroB. [Tocie anUMUHAIIMN ATUX IBYX UHTETPAIbHBIX MPU3HAKOB
IpHU Tepexoe K 4acTHBIM KoppensuusM (puc. 2.2 u 3.2) cuctema cBsizei
pacmamaeTcs Ha Koppensuuu cpeaHed cunel (1o 0,6; Tabm.1): mexmy
MOTAPHBIMH JUTHHAMH MEXI0Y3IUI, MEXKIY CBSI3IMHU «OOK/OCh — MOPSIIOK» U
MEX]y NONIapHBIMU MOCIEI0BATEIbHBIMU CBA3IMU JIHH OOKOBBIX TOOETOB.

Takoe  M3MEHEHHME  XapakTepa  CBA3€M  Mexay  JAJIMHaAMHU
MOCJIeZI0BaTEIbHBIX MEXKI0Y3IUI U BbIpABHUBAHUE 3TUX CBSI3€H MOKa3bIBaeT,
4YTO W3MEHeHHe oOmel aaMHbl molera sBigercs (QyHKIUEH CpeaHux
Mexnoy3nuid. Kpaiinue Mexaoysnust «a», «0», «B» U «4», «5» He oKa3aluch
CBSI3aHHBIMU IPSIMO NPONOPIIMOHAIBHO, TO €CTh Ha YPOBHE KOpPpesluii, ¢
TOM  (QYHKIMEH, U MOCIeNoBaTeNbHbIE KOPPEISLUN MEXIy HUMH
YMEHBIIWINCH MaJlo, @ MECTAMHU JaKe YBEIUYMINCH.

Mexnoy3nmus «a» U «4» UMET o0co0blii craryc. WX iuHBI
gorapuMHUUECKH  HOpPMaibHO  pacmpeaeneHsl  (tect  Kommoroposa-
CmupnoBa: p = 0,1; HOpMaTBLHOCTh pacHpeAcICHUs 1Sl MEKI0Y3Ius «4» 10
TOMY K€ KPUTEpUIO TaK e He oTBepraercss Ha ypoBHe p = 0,09), onu He
MPOSBIISIIOT KOPPENSLUUI C HCCIEyeMbIMH TpU3HAKaMH, KpPOME Kak C
JUIMHAMH COCEHUX MEXA0y3nuil. Y Oosiee yaajleHHbIX OT KpaeB moOera
MEXI0Y3/IUi «O-r» U «5-7» TUNOTE3bl KaKk O HOPMAJIbHOCTH, TaK M O
PAaBHOMEPHOCTH DPACHpPENENICHU HE OTBEpPrarwTcsi MOJUPHUIMPOBAHHBIM
kputepueM Konmoroposa-Cmupsosa (p = 0,3 u p = 0,2, COOTBETCTBEHHO).
Yewm Onmke K Kpassm modera, TeM CBOeoOpa3Hee KaKI0€ U3 MEXI0Y3TUH.

Mexnoysnue «6», «7», «8», «9» cBa3aHbl ¢ o0uIeH NITUHOU mobera,
npudeM oT «6» K «9» CBs3b MOCIEAOBATENILHO Bo3pacraeT. Koppemsims
IPU3HAKA «UHCIIO0 JUCTHEB)» C JUIMHOM MEXI0Yy3Mus «6» MOYTH OTCYTCTBYET.
Hampumep, cBs3b MeXA0y3nuil «6» M «8» TpaH3UTHBHO HAcClIEAyeTCs OT
CBSI3U C 00IIeN JINMHON 11o0era.

3aMEeTUM, YTO MEXAY COCEAHMMM MEXKIOY3IHAMH IPHUCYTCTBYIOT
nocieioBaTeIbHasl LeNb YaCTHBIX KOPPEJSIUI KaK B Hadyajle, Tak U B KOHIIE
nobera. Mexa0y3inue «a» CUIbHO CBS3aHO C MEXIOY3JIHEM «0», KOTOpoe
OTUETJIMBO CBSA3aHO C MEXIOY3JIMEM «B», IIPU 3TOM CBSI3b «a»—«B)» OUYEHb
cnabasi. AHaJIOTMYHAs CTPYKTypa CBSA3HM BBIABIACTCA U JUISL MOCIETYIOMINX
Mexnoy3nui. [loxoxee sBIeHHE M3BECTHO B MCCIECJOBAHMIX METaMEpHOU
cuctemsl 31akoB. Tak, B 2001 rogy C.A. CrenaHoB oOpaTuil BHUMaHHE Ha
bopMHpOBaHHE KOPPEIALMOHHBIX Lienell B MOpQoreHe3e 371aKOB, B TOM
yrcie Mexay Mertamepamu nobera (Crenanos, 2001). B.B. Kopo6ko (2007)
Ha0Mroama MEXMETAaMEPHYI0 CHHXPOHH3AIMIO pOCTa CTEONsI  SIpOBOM
nmeHunpl.  «CKpBITBI» pOCT TATOrO MEXAOY3Jus HaOmrojancs Mox
BJIATaJIMILEM dYeTBepToro jucta. [ISThIil nucT okaspiBajl BiIMsIHHME Ha o00a
COCEZHUX C HUM MEXI0Y3NIus. B CBS3U C 3TUM MOXXHO MPENINONOXKHUTh, UTO
BBISIBIICHHBIN (KT «uienu cBa3ei» y A. negundo 0OyCIIOBIIEH BIUSHHEM
JIOHOPHO-AKIENTOPHBIX OTHOLIEHUH JIUCTA C COCETHUMH MEXKI0Y3IUSIMU.
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B jamarpamMme 4YacTHBIX KOPPENSIUN  BBIACISIONIMCCS — TLICSIBI
MOATBEPXKAAIOT CBSA3b MEXKAY MEXKIOY3IHEeM «6» M TMpHU3HAKAMHU TIUISSIbI
«OpSAZOK — OOK/OCh» M «TO/I», a 3HAYHT, SIBJSIFOTCS OTPaXCHHUEM BO3pacTa
noGera (puc. 2). OTO HOATBEpKIaeT HEOOXOAUMOCTh ydeTa BO3PACTHOIO
COCTOSIHUSI PAacTEHUs] B BBIOOPKE MPH aHAM3€ CBOMCTB mobOera. OTMernm,
YTO y BEPXHEro KOHIIA Mo0Oera CBsi3b MEXIOY3IMUH «0», «B» W IPYTHX C
mwiesiioil «00K/0Ch — TOPSAIOK» M «TOI» OTCYTCTBYET, YTO, BEPOSITHO,
OTpakaeT SIBJICHUE TOISIPHOCTH, MIPUCYIIEE TOOETY.

JlnvHel  OOKOBBIX TOOErOB HE UMEIOT CHJIBHOW CBS3M HHU C
MEXIOY3JIUSIMU HA KOTOPBIX OHU PA3BHIIUCH, HU C JIPYTUMHU MEKIOY3ITUIMU
(puc. 3). Ilomubie xoppensuun koseOmores or 0 go 0,51, a yacTHbIE
KOppeSIUM C JJIMMHHALMEH BIUSHUS TNPU3HAKOB «JJIMHA TMo0Oera» u
«KOJMYECTBO JUCTHEB» Ha HEM He npeBocxomar 0,3. M3 sToro cieayert, 4To
JUINHBI OOKOBBIX I100e€roB c¢mnab0 CBA3aHBI C OOMIEH JUIMHHOM HX
MaTepUHCKOro nodera.

Puc. 4. BuzyansHOe COOTBETCTBHE Y3JIOB Ha IecTu mobderax 4. negundo
U3 OCHOBHOT'O MacCHBa JIAaHHBIX.

B Teopum UUKIMYECKOTO CTapeHUs M OMOJIOKEHUS] pPaCTECHUU
H.II. Kpenke ocoboe BHMMaHHE OOpaiian Ha poJjib MEXKAOY3JIMH KOHIOB
nolera. OTW MeXA0y31Msl HauOojiee KOHTPACTHO OTPAXaroT IPOLIECCHI
CTapeHusT M OMOJIOKEHUS TMobera, KOTOpble, MpOTeKas IUKINYECKU B
KaJIEHAApHOM BpEMEHH, pa30MBaIOT €ro Ha JIBa BHYTPEHHUX BPEMEHH.

Ha puc. 4 mpencraBieHbl 1IeCTh MONIIHBIX TOOETroB A. negundo,
COBMEILIEHHBIX II0 pAaclOJIOKEHUI0 Ha MaTepUHCKOM molere Hauboee
KPYITHBIX OOKOBBIX.
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Xopouo BHUAHO COBMAJCHHE PA3MEPHBIX XapaKTEPUCTHUK YETBIPEX
BEPXHUX MEKIOY3IUH: «a», «O», «B», «r». IIOCKOIBKY MEXIOY3JIHe «a»
3aMETHO OTJIMYaeTcs OT OCTalIbHBIX IO pa3Mmepy, M, KpOME TOro,
BbIpAaBHUBATh IOOErW Ui CPABHEHHUS I€JIeCO00Pa3HO MO PacIONIOKEHHUIO
Haubosee KpymHbIX OOKOBBIX. 3aMETHM, YTO IPU TAaKOM CPAaBHEHHMU CaM
3(pGEeKT HalOoKEeHUS OCHOBAH Ha Mepexoje OT JIMH MEeXIOY3IHH K HX
HaKOIJICHHBIM cyMMmawm, KOTOpBIE UMEIOT CaMOCTOSITENbHBIN
Moponoruueckuii cmpici. PaccMOTpUM CyMMBI HaKOIUIEHHBIX JJIMH TPEX
MEXKIOY3IU: «O», «0+B», «O+B+TY.

Jlucriepcuu TIIaBHBIX KOMIIOHEHT JUIS KOPPEISIMOHHONW MaTpHIIbI,
BBIUMCIICHHBIX 110 3TUM TPeM IpHU3HaKaM I 86 moOeros oOIero mMaccua
JAHHBIX, OTHOCSATCS ApYyr K Apyry npumepHo kak 100:10:1, npuyem noss
oO11eit nucriepcuu MepBoil riaBHOM KOMITOHEHTHI IpeBbIiaeT 90% (tabi. 1).
Takast macmtabHas pa3HULIA B MPOMOPLUHU AUCIEPCHNA TTITABHBIX KOMIOHEHT
U JISKHUT B OCHOBE 2(PPEeKTa COBMEUICHUS MEX0Y3IHUN Ha pHC. 4.

TaO0mnuuma 1
Harpy3ku riaBHBIX KOMITOHEHT KOPPEIISITUOHHON MaTPHUIIBI

[TpuznHax I'K1 T'K?2 I'K3

0 0,92 0,38 0,06

0+B 0,99 -0,03 -0,13

O0+B+r 0,94 -0,34 0,08

CoOcrBennbie ynuciaa KM 2,714 0,259 0,027
Jlons B o0OmIel qucepcuu 90,5 8,6 0,9

Ilpumeuanue. 'K — rmaBusie komnoHeHTsl, KM — koppemonHast MaTpuia.

Tabnuna 2
Koppenauuu nepBoi ri1aBHOM KOMIOHEHTHI ¢ JUIMHAMH MEKI0Y3IUN
KOHI[OB no0era

ITpuzHak Koppensamu YacTHble KOppensiuu
a -0,42 -0,41
0 -0,92 -0,91
B -0,90 -0,87
r -0,65 -0,49
A -0,44 -0,10
e -0,35 0,20
4 -0,03 0,02
5 -0,43 -0,28
6 -0,63 -0,42
OOGmias aivHa mobera -0,52 -
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[TepBas rnaBuas komnoneHTa (I'K1) cma6o koppenupoBanHa ¢ obmiei
JUIMHOU mo0era M ¢ MEXJIOY3/IUsAMU a, 1, € U 4, 5, 6. HacTHbIe KOppensiuuu
I'K1 u mexxnoy3nuil 1 v € pu SIMMUHALIMK BIUSHUS 001ei TIMHBI modera
MOYTH HCYE3JIH, YTO OTPakaeT MX CYIIECTBEHHYIO CBS3b C JUIMHOHM mooera.
Mexnoysnus 4, 5, 6 MeHee 3aBUCHUMBI OT OSTOM SJIMMHUHALMH. Takum
o0pazoM, BKIAIbl MEXIOY3JIHWH B OOIIYH JIUHY I0oOera CyIeCTBEHHO
pa3nuyaroTCsA, a MEXIOY3JIMsS BEpXHEro KoHma rmobera obnanaroT
cnenu(pUIeCKUMHU YepTaMHu.

A

529
28°
FURI

2
20

Puc. 5. TpexmepHble TuarpaMMbl paccesHHUS MPU3HAKOB: X — «O», Y — «0+B», Z—
«0+B+T» — B INIOCKOCTSIX: A — 2-i ¥ 3-ii I1aBHOM KOMIIOHEHTHI, 5 — 1-ii 1 2-1i TJ1aBHOM
KoMIoHeHTH!. IlITpuxoBas nuHus / COOTBETCTBYET OcH 1-# ri1aBHON KOMIOHEHTHI. JKupHas
JIMHHUA COOTBETCTBYET 95%-HOMY HOPMaIbHOMY IIIUIICOUIY PACCESHHUS.

- 152 -



BecmHuk Tel'Y. Cepusi "buonoausi u akonoaus". 2015. Ne 4

OTtmeruMm, 4TO 37ech (PAKTOPHBIM aHAJIW3 HCHOJNB30BAH HE JUIA
COKpAILEHUS KOJINYECTBA IPU3HAKOB, a BBISBICHUS UX CTPYKTYpHL.

@akTOpHBIM  aHaIM3  KOBAapUAIMOHHOW  MATPULBl  ITO3BOJIUT
YCTaHOBUTB POJIb IVIABHBIX KOMIIOHEHT B PEAIM3alliU JJIMH MEKIOY3/IUN Ha
KoHIax nodera. [loyrn Bce TOUKM TPEXMEpPHOW AuarpamMmbl paccesHUs Ha
pUC. 5 HAKpBIBAIOTCA TPEXMEPHBIM HOPMAJbHBIM JJUIMIICOMIOM, C
JOBEpUTENNbHON BepoaTHOCcThi0 P = 0,95. HopmanbHOCTh pacnpeneneHuit
CyMM MEXA0Y3nMuid «0», «O0+B», «O+B+r» HE oOTBeprajach TECTOM
KonmoropoBa-CmupHoBa. bonblias pasHMI@ NOpomopuuil  AUCIIEPCHU
[JIaBHBIX KOMIIOHEHT BBI3BIBAET CYIIECTBEHHYIO BBITSHYTOCThH 3JUIMIICOM]IA
paccessHUs BIOJb €ro TJaBHOM OCH, MNapajlJIeIbHOW TIEpBOM TJIaBHOM
xoMmioHeHrte. Ha puc. 5.A u 5.b xopo1o BuHa pa3HUIa BKJIAJIOB BCEX TPEX
IJIaBHBIX KOMIIOHEHT KOBapUAIIMOHHOM MaTPHIIbI B OOIIYIO JUCTIEPCHIO.

Puc. 6. Jlnarpamma cOBMECTHOTO IPOTHO3a paccesHus Mo TpexmepHoMy 95%-my
HOPMaJIbHOMY 3JUTUIICOMIY CYMM JUIMH MEXAOY3IHI: A) «O», «0+By», «0+B+r»; [ —
JIUHUS BBIPABHUBAHUS MOOETOB M0 MOCTETHEMY Y3IIY; «a» — «I» — MEXJI0Y3ITHS;
M;=34 , M,=93 , M3=160 — BBIOOpOYHBIE CpEIHNE TPU3HAKOB «0», «O+BY,
«0+B+T»; MyHKTUPOM 0003HaUEH MIPUMEDP BBISABICHUSI COBMECTHOT'O pazdpoca
MEXI0Y3JIUH Ha TUIIOTETHYECKOM Tobere; 1, 2, 3 — MpOeKIuy TJIaBHOTO JHaMeTpa
IIMIICOUA Ha OCH NPU3HAKOB «0», «0+B», «0+B+T», COOTBETCTBEHHO; 4 —
JMana3oH 3HaY€HUN IEepBOM TNIABHOU KOMIIOHEHTHI B TPEThEW YETBEPTH JUIAIICOUIA
paccesaus; b) «4+5», «4+5+6», «4+5+6+7»; | — 1MHUA BEIpaBHUBaHUS TIOOETOB 110
TpeTbeMy y3iy; M ;=67 , My=142, M;=215 — BeIOOpOUHBIE CpeaHIE TPHU3HAKOB
«4+5», «4+5+6y, «4+5+6+7»; 1, 2, 3 — mpoeKIuu IIaBHOTO JUAMETpPa JUIUIICOUAA
Ha OCH MPU3HAKOB «4+5», «4+5+6», «4+5+6+7», COOTBETCTBEHHO.

Pacnipenenenue BeposaTHocTed P momamaHust B 3-XMEpHBIi

HOPMAaJIbHBIN AJUIAIICOU]] PACCESAHMS C YPABHEHUEM
2 2 2

z
Rl
o o O

X y z

ONHUCHIBaeTCs (PyHKIUEH
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P(k) = \/Z(_ ke—o,sk2 + Jke_o,srzdr) —2D(k)—1— \/zke_O’Skz
T 0 T

npusenenHod B yuebnuke E.C. Benuens (1999), tne o,.,0,,0.—

cranfapTable oTKIOHeHHs, @ — ¢ynkuus Jlanmaca. 3nagenmto P = 0,95
COOTBETCTBYET 3HaUCHHE k = 2,795 , MO KOTOPOMY M CTPOHUTCS AIUIATICOMUI.

Ha puc. 6 B onmHoMm Macmrabe TpeACTaBICHb COBMECTHBIC
JarpamMmbl MPOEKIHUI TpexmMepHOro 95%-HOro HOPMaJbHOIO 3JUIUIICOM]IA
paccesHust. OHM  OpeACTaBIAOT  coOoil  95%-Hble  cOBMeECTHBIE
JIOBEPHUTEIIBHBIE OOJIACTH PACCESHUS TPEX Y3JIOB MOOETOB MacCHBa JaHHBIX
JUIS. BEPXHETO U HUYKHETO KOHIIOB mo0era.

JluarpamMmma HOCTpOEHa TakUM 00pa3oM, 4To Jr000i mober maccuBa
JTaHHBIX ¢ 95%-HON BEPOATHOCTHIO MOXET OBITh MPEICTABICH Ha HEW Tak,
Kak IMOKa3aHO Ha pucyHke. IIpu sToM kaxapli y3zen B Hauyase (A) wid B
koHue (b) mobera momamaer B cooTBeTcTBYtomMi amuurnc. Ock [ MOXHO
CUUTATh OCBHIO MEPBOI ITaBHON KOMIIOHEHTHI.

Otpe3ku nepeceyeHus 000 BEPTHKAIBHOW MPSIMOHM € 3IUIMIICAMH
Ha JMarpaMMeé paBHbI TPOEKIMSAM CEUEHHM JJUTUIICOUJIA paCCEesTHUS
IUIOCKOCTSIMH, ApaJlICIbHBIMU TUIOCKOCTH 2-0M U 3-eH TJ1aBHBIX KOMIIOHEHT,
Ha OCH TPU3HAKOB «0», «O0+B» m «O+B+r» (puc. 6.A). To ecTb IHHBI
OTPE3KOB OTPaKAIOT BapUallUMd COBMECTHBIX YACTHBIX PACHpPENEICHUN ITHUX
NPU3HAKOB NMPU (PUKCUPOBAHHBIX YPOBHSX 1-if II1aBHON KOMIOHEHTBHI.

Kak BugHO U3 quarpamMmsl, y3ibl Ha T0Oere, pacCMOTPEHHBIE BMECTE,
JAI0T HE3HAYWTeNIbHbIe pa3OpoChl BOKPYr IJIABHBIX OCEH 3JUIMICOB, YTO
CBUJIETEIBCTBYET O >KECTKOW NPONOPILHOHATBHOCTH MEXIOY3IHM y BCex
HCCIIEZIOBAaHHBIX MO0OeroB. BaxkHo, 4TO pacmpeneneHus COOTBETCTBYIOIIUX
y3JI0B BHYTPH 3JUIMIICOB Ha AMarpaMMe puc. 6 B JaHHOM cllydae HaclleyeTcs
OT pacrpeeNieHus] TOYEK BHYTPU JJUIUIICOMJA HAa PHUC. 5 M OKa3bIBaeTCs
JOCTaTOYHO paBHOMEPHBIM. [Iponoprus 11t cpeqHUX Ha pHc. 6.A:

M1 . Mz: M3:1 . 2,7 . 4,7

Bce ckazanHoe oTHocuTcs M K Havainy mobera (puc. 6.b) s

MeXA0y3nui 4, 5, 6; nponopuus sl CPEIHUX
M;:M;: M;3=1:2,1:3,2.

Taxum 06pazom, auarpaMma OTpULIAeT BO3MOXKHOCTb ITPOU3BOJIBHOTO
COOTHOIIEHUS JJIUH MEXAoy3nuil Ha mnoOere. Kpome Toro, BbIsBIEHHas
YCTOMYMBOCTh MPOMOPIUN, HECOMHEHHO, €CTh OTPaK€HHE MPOTrpamMMBbl
pa3BuTHs noodera.

CpaBHuBas pacnpenaeneHus auarpamMmvmbl A U b Ha puc. 6, otTmeTuMm
OOJIBILIYI0 BapHa0ENbHOCTh HAKOIUICHHBIX CYMM JUIMH, a 3HAYUT, U HUX
OTHOIIIEHUH, B Hauyaje mobera 1Mo CpaBHEHUIO C €ro KOHIIOM. B nureparype
XOpOIIO U3BECTHBI PA3NUYMs M0 BPEMEHHU U CKOPOCTH POCTa Hayaja M KOHIA
nobera (Bacuibes u ap., 1974). B Hamem citydae, 3T0 NPOSBISETCS B pa3HON
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TOJIIIUHE 3JUIUIICOB M MX OTKJIOHEHHs OT ocu /. B wacTHOCTH, 3TO O3HayaeT
acuMMeTpuro kpusoil Kpenke.

Ha puc. 6.A Obu1 TpOW3BONBHO BBIOpaH HEOOBIION aMAIIa30H
3HAUEHUH MEepPBOIl TNIABHONW KOMIIOHEHTHI, OTMEUEHHBIH (DUTYypHOU CKOOKOM
Ha auarpamme. ['pynma moOeros, MOMaBIIMX B 3TOT JUANA30H, COCTOSIIA U3
26 moOeroB u obnagaia CXOMHOW JUTMHOM MEXI0y3iui (puc.?., Tadm. 3). B
COCTaB ITOU TPYIIIBI BOIUINA PACTCHUS TPEX PA3TUYHBIX MOMYJISIUN 00IIEero
MaccHBa JIaHHBIX.

A 4, I 4+5, [ 4+5+6, B 4+5+6+7, PMl4+5+6+7+8

(OO T X

3 7 151 225 299 373 447 521 595

B a; [l a+6; [l a+6+8; E= a+6+e+r; B a+6+e+r+a

28

26
24
22

20

2 |
0 < = N —
595 521 447 373 299 225 151 77 3
Puc. 7. CoBMeCTHBIC THCTOTPAMMBI HAKOIUICHHBIX CYMM JUTHH MEXI0Y3IUil B
rpymre 26 moberos ¢ Hadana (A) u ¢ konmna (b) mobera. Orubarorue
pacnpeeneH! MPU3HAKOB 4 U «a» UMEIOT JOTHOPMAIBHBINA THII.
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