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HccnenoBany B3aMMOCBSI3H pOCTa OOKOBBIX TOOETOB U XBOU B MOJIOJHSIKAX COCHBI C UCHONIb30BAHUEM METOAUIECKO-
ro MOAXOJa K MaTeMaTUKO-CTaTUCTUYECKONH 00paboTKe OMOMETPHUUECKUX JaHHBIX, KOTOPBIN JOMONHSACT COBPEMEH-
HBIC METOAbI aHanu3a. [1oaxo Mo3BoJISET BBISBIATH KAK JIMHEHHbIE, TaK U HEJIMHCIHHBIC B3aUMOCBA3U U3MEPSIEMBIX
MPU3HAKOB, HAOOP KOTOPBIX 00JerdacT (OpMUPOBAHUE COOCTBEHHBIX KOHIICNTYaIbHBIX MOJICTICH HITH BEPU(PHUKALIUIO
U3BECTHBIX U TIOMOTAET BBIABICHUIO MOP(HOMETPHUECKHIX MOKA3aTENCH, CyIIECTBEHHBIX ATl MOACTUPOBAHUS U3y4a-
€MBIX MPOLECCOB. YCTAHOBICHO HAJMUUE CIECAYIOMINX CBA3EH: 00paTHON 3aBUCHMOCTHU JJIHHBI XBOU OT €€ I'yCTOThI
(xonmMuecTBa XBOMHBIX Map HA €IMHMILY IUIONIAJU MTOBEPXHOCTH ayKcHOacTa); 3aBUCHMOCTHU JUIMHBI ayKcuoOnacTa
OT «Pa3BUTOCTH» OXBOCHHUS (IIPOMU3BEACHUS KOINNYECTBA XBOMHBIX Map Ha JUIMHY XBOH); 3aBHCUMOCTH KOJINYECTBA
XBOMHBIX Map Ha mobere M AJIHHBI M00era TeKyIEero roja OT BEIWYHMHBI OCEBOTO MPHUPOCTA MPEAbLAYINETro rofa;
B3aUMOCBSI3U «PA3BUTOCTH» OXBOCHHS C COOTHOIIIEHUEM OCEBBIX M PaHaIbHBIX pa3MepoB noodera. [lonoxkurensHas
KOPPEJISIA MEXKY YIaJeHHOCTBIO OT (hakena U BenuunHou kod(dduiimeHToB B hopmysie, KOHKpETHU3UPYOIEH To-
CJIC/IHIOIO B3aNMOCBSI3b, TO3BOJISICT MPETIOIIOKUTE BIUSHHUE ITOBBIMICHHUS TEMIIEpaTypbl Ha OTHOCUTENIBHOE Iepepac-
IpesieNeHNe PaauaIbHOTO B OCEBOTO MPUPOCTOB OMOMACCHI ayKCHOIAacTa. AHANN3 MOMYyYEHHBIX (POPMYIBHBIX COOT-
HOIIEHUH CBUACTEIBCTBYET O CYIICCTBEHHOM CBA3M PaJUalIbHOTO U OCEBOTO POCTOBBIX HMPOILIECCOB C OXBOCHHUEM, a
TaKXke 00 UX COMPSIKEHHOCTH ¢ COCTOSHUEM B MPEIBIAYIINII TO/l ¥ BIUSHUM HAa HUX ra30BOTO (axena.

KutoueBble cioBa: ananuz Ouomempuueckux OaHHbIX, MOOEIUPOsanue pocma pacmeHull, cOCHa 0ObIKHOGEHHAs,
Mopghoeenes nobeaa, nusHUE HAKMOPOS CPeobl HA POCI.
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BBEJEHUE HO U3MEPHUMEI, T. €. COBIIAIAIOT C 6I/IOMeTpI/I‘leCKI/I—
MM JaHHBIMH ITOJIEBBIX HCCIENOBAaHMI, 00ierdyaer
WHTEPIPETANI0 U BEPUPUKAIIUIO PE3YJIBTATOB €¢

¢dbopmaIbHOTO aHAN3A.

BaxupiMu 3amagamu u3ydeHus: mopdorenesa
SIBJSIFOTCSL pa3pa0d0TKa MaTeMaTHYEeCKUX MOJeeH

U ONHCaHUE OOUIMX 3aKOHOMEPHOCTEH, B COOTBET-
CTBUH C KOTOPBIMHU PEATM3YIOTCS MPOLECCHl MHIU-
BU/IyaJIbHOTO POCTa BCEX Mpe/iCTaBUTENeH BhIOpaH-
HOM Ul MCCIIEOBaHUM Ha TEOPETUYECKOM YPOBHE
rpynnsl Ouonornyeckux o0bekToB. [locTpoenue
MOJIENIH, BCE IEPEMEHHBIE KOTOPOH HENOCPEACTBEH-

Hcronp3oBanme arnmapara MaTeMaTnaeckon cTa-
TUCTHUKH JJ11 00pabOTKN OMOMETPUYECKUX JIAHHBIX
MO3BOJISIET OOHAPYKUTH CBS3h MEKIY W3MCHCHH-
MU TIOKa3aTelied win (HakTopoB, BHUJI KOTOPOM
KOHKPETU3UPYETCS PErpecCHOHHBIMH COOTHOIIIE-
HUSIMHU, XapaKTepU3YIONIMMH omoelbHble 3aBUCH-
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MOCTH, TPEICTABIAIONINE HHTEPEC C TOYKU 3pe-
Husi uccnenonarens. [lomydaembie (opmynbHbIE
COOTHOIIECHHUS MOTYT CIY)KUTh OCHOBOW Ba)KHOTO
COZIEPKATEIHHOTO aHAIM3a, OJHAKO pPEe3YJbTaThI
UCCIICZIOBAaHUN OKa3bIBAIOTCS  (hpacmMeHmuposan-
HbIMU KaK 110 YPOBHSIM PaCCMOTPEHUS 00BEKTa, TaK
U 110 COBOKYITHOCTSIM YYWTBIBAEMBIX MOKa3aTelnei.
Jlaxxe Oymyuu cBeIeHBI BMECTE, OHH, KaK IPaBUIIO,
HE 00pa3yroT MaTeMaTHYeCKyl0 MOJENb, KOTOpas
MOXET OBITh HCCIICIOBAHA AHATMTUYCCKUMHU WM
YHCJICHHBIMA METOJAMH M HCIOJb30BaHAa BHE pa-
MOK KOHKPETHOTO 3KCIIEPUMEHTAJIBHOTO Marepua-
Ja, 4TO UMEET MECTO NMPHU KOHIENTYaJIbHOM MOJIe-
JMPOBAHUH.

Kak ¢ TeopeTmyeckoi, Tak U C MPAKTUYECKOMN
TOYKH 3pEHHS WHTEPEC MPEACTABISET MOCTPOCHHUE
MOJIEIM POCTa PAcCTEHHs Ha YpPOBHE OpraHH3Ma
(buopaznoobpasue..., 2006; CucreMHasi KOMIbIO-
tepHast Ouonorusi, 2008; amunkuii, 2010, 2012;
Galitskii, 2013; T'aBpuxoB, 2016), xoTopas mo3-
BOJIUT PAa3lleUTh, BBISIBUTH M KOHKPETHU3UPOBATH
B3aMMHYIO OOYCJIOBJICHHOCTh BIIMSIHUSI BHEIIHUX
(KJIMMAaTUYECKHUX U aHTPOIIOTEHHBIX ) U BHYTPEHHUX
(HacnencTBeHHBIX) (PAKTOPOB Ha POCTOBBIE MPO-
[IECChI, M3YYaBIIETOCS MHOTHMH HCCIIEIOBATEIISIMU
(Pietarinen et al., 1982; Kozlowski, Pallardy, 1997;
3abyra, 3a0yra, 2006; Pallardy, 2008; Fries, 2012;
Almeida et al., 2015). Bo3MOXHOCTh ITOCTPOCHUS
TaKOH MOJIENIM Ha OCHOBE MOP(OMETpUUIECKUX TO-
Kazareneld OasupyeTrcs Ha B3aMMOCBS3aHHOCTH H
COIIACOBAaHHOCTH TPOIIECCOB PA3BUTHUS IS Kax-
JIOTO YPOBHSI CTPYKTYPHO-(D)YHKIIMOHAJIBHOM Opra-
HU3AIMHA OMOJIOTHYECKON CHCTEMBI M MEX/y HUMH.

[Ipennaraemas meromuka paspaboTaHa B pam-
Kax pa3BUBaEMOI0 aBTOpPaMH Moxo/1a K 00paboTke
JTAHHBIX HaOJIOIEHUH 32 OMOJOTHYECKUMH OOBEK-
TaMH U IpeAHa3HaueHa I MOJTYYEeHUS KaK MOKHO
OOJIBIIIETO KOJIMYECTBA IOCTOBEPHBIX HEAYOIHPYTO-
HIMXCs POPMYIIbHBIX 3aBUCUMOCTEH, CBSI3BIBAIOIINX
3HAYEHUS PU3HAKOB, ONPEICIIIEMbIX B pe3yJabTaTe

KOHKPETHOTO IT0JIEBOTO MccienoBanus. Habop dop-
MYJIBHBIX 3aBUCUMOCTEH o0JierdaeT (hopMupoBaHue
COOCTBEHHBIX KOHIIENTYyaJbHBIX MOZENeH W Be-
PUPUKALUIO U3BECTHBIX U MOMOIAET BBISABICHUIO
MOpP(POMETPUYECKUX MPU3HAKOB, CYIIECTBEHHBIX
JUTSE MOJISTTMPOBAHUS WHTEPECYIOINX HCCIIEI0BaTe-
JIS1 POIIECCOB.

Henp paboTbl — NodydeHHEe HAa OCHOBE HOBOM
METOJUKH MaTeMaTHYECKON MOJIENN B3aUMOCBS3H
XapaKTEePUCTUK TPUPOCTOB U ACCUMIISIIMOHHOTO
amnrmapara BETBEH COCHBI OOBIKHOBEHHOW M HCCIie-
JIOBaHHE 3aBUCHUMOCTHU €€ MapaMeTpoB OT PaccTo-
sHus 10 (akena. B kauecTBe sKcriepUMEHTAIBHBIX
JTAHHBIX B pab0Te MCTIOJIB30BAJIN PE3yIbTaThl H3Me-
peHuit MOp(HOMETPUIECKUX XapaKTEPUCTHK MOJIOJI-
HSIKOB COCHBI OOBIKHOBEHHOU Pinus sylvestris L.,
PacIoNIOKEHHBIX B 30HE TEIIOBOTO BIUSHUSA (pake-
Ja 1O CKUT'aHUIO TIOMYTHOTO rasa.

MATEPHAJIBI U METO/JbI

Ha Tteppuropun IlokayeBCKOro y4acTKOBOIO
JecHrYecTBa MErnoHCKOro JecHu4ecTBa XaH-
ThI-MaHCHIICKOTO aBTOHOMHOTO Okpyra — FOrpsl
[0 CTaHJAPTHOM METOIMKE 3aJI0KE€HA MOCTOSTHHAS
npob6nas tromans (IIIIIT) B cocHOBBIX MOIOTHS-
kax. Hacaxxnenue Ha ywacTke BbIpYyOJIEHHOTO BO
BpeMsl CTPOMTENBCTBA Ta30BOro (pakena CHEIOro
COCHSIKA JIMIIAHUKOBOTO MMEET €CTECTBEHHOE
npoucxoxknenue. Ha IIIIII Beigeneno 7 cexuwmit
mupuHoi 10 M, KOTOpbIE pacrojiaratoTcs BIOJIb
pazvaIbHOrO HalpaBieHUs K (akelry U MeprneHau-
KyJSIPHO HAalpaBICHUIO JTOMUHUPYIOIIUX BETPOB
(Shavnin et al., 2009). TakcannoHHBIE XapakTe-
PUCTHKH JIPEBOCTOS MTPUBEIEHBI B Ta0M. 1.

@daken ISl CKUTaHUS MOMYTHOTO HedTsAHO-
rO ras3a, CO3[AIOUINi BOKPYT ceOsi TEIIOBOE IOJIe
(Bjerge, Bratseth, 1996; Shore, 1996; Schwartz,
White, 1997; erpanamus..., 2001), Haxogurcs Ha
paccrostuuu 70 M oT rpanuusl I cexiun. Cremgyer

Ta6amua 1. TakcalimoHHbBIE XapakTepUucTUku apeBoctos Ha [IT1TT

Cpennue [TomHoTa
Howmep Kiace Bospacr, 3anac, I'ycrora,
CeKIMH | GoHmTeTa et BEICOTA, IuaMmeTp, | abcomoTHas, OTHOCH- Mra IIT./Ta
M M Mm?/ra TeNbHAs
I I 11 2.6 4.1 6.774 0.50 7.2 5160
11 1T 12 2.9 4.3 9.390 0.97 10.2 6420
I I 12 2.7 4.2 6.063 1.42 6.2 4380
v I 12 2.6 4.7 4.965 1.72 5.2 2900
A% I 12 2.4 42 4.717 1.70 4.8 3470
VI I 12 2.6 3.6 5.154 1.63 53 5080
VII 1I 13 32 4.4 7.574 1.32 9.1 5020
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Memoouueckuii n00Xo0 K u3yueHuo mopgocernesa nobe2os 0epedvbes Ha npumepe MOI0OHAKOE COCHbL 0ObIKHOBEHHOILL. ..

OTMETUTH, 4TO Mexkay | u VII cexunsamu rpagueHT
TeMIepaTypbl BO3yXa Ha BeicoTe 1.3 M cocTaBiseT
1.0-1.5 °C, a mouBsl — 56 °C. JlaHHBIC 3HAUYCHUS
XapaKTepHBI U 00MIed KOH(UTYpaIi TETUIOBO-
ro nond. VM3mepenue temreparypsl B KOHKPETHOE
BpeMs JaTyvKaMH (B OTIENIbHBIX TOYKaX) I03BO-
JSIeT yCTaHOBUTH napaMmerpsl nons. Ilpu stom B
CBSI3M C MO3aMYHOCTHIO MUKpOpenbeda u HEeOmaHO-
POAHOCTBIO PACTUTENLHOCTH B TpeAeNax CEKIUU
TeMIepaTypa Ha pa3HbIX ydyacTKax HEOJUHAKOBA U
MOCTOSIHHO M3MEHSIETCS B TEUEHHE CYTOK U BCEro
BEreTallMOHHOIO nepuoaa. Bee 310 He mo3BomseT
npH OlIeHKe (haKTOpa KUCIOIB30BaTh 3HAYEHUS, TO-
Jy4yaemble YCpEeIHEHHEM IO BPEMEHH W/WJIM ILJI0-
I1a]I1 U3MEPEHNUI TeMIepaTypHbIX 1aTYUKOB. Bme-
CTE C TEM TEHJCHIMS K YBEIIMYEHHUIO TEMIIEPATyPhl
¢ pubIMKeHneM K (hakemy JOCTOBEpHA, TIOITOMY
BJIMSIHME TETIJIOBOTO TOJIS U3ydyaiH C IOMOIIBIO 3a-
KJIQJIKU CEKIUI, pachoJOKEHHBIX Ha Pa3IuYHOM
paccTositHUM OT Hero. B mepuoa mpoBeneHus uc-
CJIeIOBaHUN BO3PACT APEBOCTOsI COCTaBIsI 15 Jier,
a rycrota — oT 2900 mo 6420 mrT./ra. Ha cexnumsx
BbIOpa no 10 cpenHux mo MophoMeTpruuecKUM
XapaKTEepPUCTUKAM MOJEIbHBIX JEPEBbEB, Y KOTO-
PBIX B CpeIHEN YacCTH KPOHBI OTOOPATN TUITHYHYO
BETKY, PACTyIIyl0 Ha 3amagHoOd CTOpoHe, oOpa-
HIeHHOM K (axeny. Y KaXIOW BETKU ONpPEeIesisiiin
CIEYIOIME XapaKTePUCTUKH: JUIMHY (L) M nua-
Metp (D) 1-2-netHux aykcubmactoB (oOIiee Koim-
yectBo 140, nmuHa 2-JeTHUX ayKcHOIIacToB 000-
3Ha4eHa L, ); KOJINYECTBO XBOWHBIX Iap Ha HHUX
(N) n ux gmuny (/). [locnennue BpIOMpaIN ciydai-
HBIM 00pa30M U3 YHCJIa HEMOBPEKASHHBIX (15 mT.
Ha nobere). M3MepeHust mpoBOAWIN IITaHTEHIUP-
KyJIeM ¢ TOYHOCTBIO £ 0.5 x 1073 M.

Hamu ucrnonb3oBaH mMOAXoJ, CBSI3aHHBIN C IO-
CTPOEHUEM «JBYXYpPOBHEBOI» MOIEIU U MPEAro-
Jararolyil BBISABIECHUE CBS3BIBAIOIIUX MoOpdome-
TpUYECKHE TMOKa3arenu (OPMYIbHBIX 3aBUCHUMO-
CTEW, KOTOPbIE UMEIOT OJMHAKOBBIN BUJ JUISI BCEX
U3y4aeMbIX OOBEKTOB, HO OTIMYAIOTCS 3HAYCHUS-
MU K03((HULHUEHTOB B BbIIEISAEMbIX 110 PA3TUYHBIM
OCHOBAaHHUSM Tpymnmnax. BapuabenbHOCTh mocCien-
HUX Tpearnoaraercs 0O0yCIOBICHHOW pa3IMYHBI-
MH (Qakropamu (IIPU 3TOM IPYMIIbl BBIAEISIOTCS B
COOTBETCTBHHM CO CXOKECTbIO YCIIOBHO-IIEpEMEH-
HBIX (KJIMMAT, 3arpsI3HEHUE), YCIOBHO-ITOCTOSTHHBIX
(TIo4Ba) M MOCTOSTHHBIX (HACJIEICTBEHHOCTH) ITOKA-
3ateneil) 1 KOHKpeTU3upyeTcs B GOpMyIbHOM BUIE
Ha BTOPOM 3Tarle UCCae0BaHUM.

B kauecTBe cpencTB peanu3aluy CTaHAaPTHBIX
METOJMK CTaTHCTUYECKOW OOpaOOTKM JTaHHBIX HC-
nonb3oBanu maketsl StatGraphics Centurion XV
v 15, Statistica v 8.0, a Takxke Excel. Kpome Toro,
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MPUMEHSIN pa3paOOTaHHBI aBTOpaMH CHEIHalu-
3upoBaHHbIi naket «Kimaccan» (CBUIETENBCTBO. . .,
2017).

B pesynbrare npuMeHeHHs CTAaHAAPTHBIX METO-
JTUK CTAaTUCTUIECKOI 00paObOTKM JAHHBIX 00 0CEBBIX
Y paJHalibHBIX MPUPOCTAX CTBOJIA paHEE BHISBICHbI
UX 3aBUCHUMOCTB OT PAacCTOsIHUSA A0 (akena u u3me-
HEHHUE XapaKTepa 3aBUCUMOCTH C BO3pacToOM Jepe-
BbeB (Shavnin et al., 2009). Ograxo mpu 06padboTke
pEe3ynbTaTOB M3MEPEHHs] MOPPOMETPHUECKHX Xa-
PaKTepUCTUK BEeTBEH Ha 0a3e 3THUX K€ METOJUK J0-
CTOBEPHBIX CBSA3EH MEK/y BEIMYMHON OCEBBIX MPU-
POCTOB MTOOETOB U TEMIEPaTypHBIM TPATUEHTOM HE
oOHapy>XeHO, XOTS paHee yCTaHOBJIEHO, YTO BOJH-
31 (pakena yBEIMUYMBAIOTCS TOJIMHA U TIOTHOCTh
XBOH, 2 TAaKXKE M3MEHSETCS KOMIUIEKC (hPU3UOIIOTO-
OMOXMMHYECKHX TTOKa3aTesIel, 4TO CBUACTEIbCTBY-
eT 0 KcepoMop(u3aIyi aCCUMIIAIIMOHHOTO arla-
paTa B CBSI3M C TEILIOBBIM BO3JeicTBUEM. Bo3HMKIa
HEOOXOAMMOCTh MPUMEHEHHSI HOBOTO MOJXO0/a JUIs
MOJTYYEHUsS] MOJICIH B3aHMOCBSI3U Mopdomerpuye-
CKHX XapaKTEPUCTUK BETBH, COBMECTHO YYHUTHIBA-
IOIIEH TPUPOCTHI BETKU M XapaKTEPUCTUKU XBOHU U
KOHKPETU3UPYIOLIEH 3aBUCUMOCTb OT TeMIleparTy-
PBI cpenbl (paccTosHUS 10 akerna).

[TpuMeHATUCh anropuTMHYECKass MOJAETh II0-
MOJTHEHHsT HaOopa MPHU3HAKOB 3a CYET «BBIUKC-
JSIEMBIX» TEPEMEHHBIX M OAMH U3 CHOCOOOB HX
UCTIONIb30BaHus. PaccMoTpiM noapoOHee peanusy-
E€MYIO TTOCJIEA0BATENIBHOCTD JEHCTBUM.

1. Ilononnenue nabopa npusHakog nepemeHHul-
MU, 3HAYEHUs KOMOPbIX He ObllU HeNOCPeOCmEeHHO
usmepenvl. 3HAYEHHUS «HOBBIX)» NEPEMEHHBIX BbI-
YHUCISIOTCA 10 (opMyliaM, KOTOpbIe aBTOMaTHye-
CKU TEHEPUPYIOTCSI HA OCHOBE CTaHIapTHOTO Habo-
pa apupMeTHUYECKUX OmNepanuil u anredOpanyecKux
(GyHKIMI WM BBOISTCS HCCieAoBareneM. Takum
o0pa3oM, KaXIOH «BBIYUCIIIEMOI» IEPEMEHHOMN
COOTBETCTBYET (popmysia, B OOIIeM ciydyae HeEIu-
HelfHas1, ompejaensieMas WHIMBUAYyaJIbHON KOMOU-
HalMel cTapplX M pPaHee IMOJYUYEHHBIX «HOBBIX»
nepeMeHHbIX. Kpome Toro, «BeluuCiIgeMble)» mnepe-
MEHHBIE MOTYT OIPENEIAThCS KaK Pa3HOCTh 3HaUe-
HUH TpHU3HaKa B KOHKPETHBIE MOMEHTBI BpEMEHH U
3HAYEeHUs MPU3HAKOB B JIPYrMe MOMEHTHI BPEMEHHU
(pa3BepTka Ky0a «OOBEKTHI-TIPU3HAKH—BpPEMS H3-
MEpEeHHsD» B TAOMUILY «O0BEKThI—TIPU3HAKI IO O
HOMY M3 BPEMEHHBIX cedeHuil). B pazpaborannom
MakeTe peajin3oBaHa MOCIOoiHas (ciioil ompenens-
€TCSl KOJMYECTBOM BKJIIOYAEMBIX MEPEMEHHBIX M
UCIOJIB3YyEMBIX OIEpalyii) Mpoueaypa reHepanuu
dbopmyn. B otmnuue oT MeTona rpynmnoBoro ydera
aprymenToB (MBaxueHko u nip., 1976) orcyTcTBYeT
0TCEB KOMOMHAIMI NMEPEMEHHBIX Ha MPOMEKYTOU-



A. A. Moumune, U. A. IOcynos, A. U. Monmune, C. A. [llagnun

HBIX CJIOSX TI0 KakoMy-uOo kpurtepuio. OreHke
MOJBEPralOTCs TOJBKO MTOTOBBIE COOTHOILEHUS,
IIPU 3TOM MCIIOJIB3YIOTCSl CTAaHAAPTHBIE KPUTEPUH,
C TIOMOIIBIO KOTOPBIX TMPOU3BOJUTCS COKpPAIICHHE
BBIJIaBa€MOTO TI0JIH30BATEINIO TIEPEUHS, @ HE BHIOOD
HautydIei (GopMyIbl.

2. Tlouck numelinvlx ces3eil medcoy napamu
uz ececo nabopa nepemenuuvix. Ilouck mpousBo-
JIUTCSl aBTOMAaTHUYECKH TOCPEICTBOM IMOCTPOSHUS
KOpPPEJSIMOHHON MaTpHIIbl Ha PAcIIMPEeHHOM Ha-
0ope mepeMEeHHBIX M BBIJICJICHUEM Iap IepeMeH-
HBIX C BBICOKOM (TIOPOT 3a7a€TCsl TOJIH30BATEIIEM )
CTEeTIeHbIO TApHON Koppensuuu. Hammume Oomb-
X K03(h(OUIHMEHTOB MapHON KOPPENISALUUA MEXITY
«BBIYUCIIAEMBIMUY» TIEPEMEHHBIMU, IS TOTYUYCHHUS
3HAYEHUsI KOTOPBIX MCIIOJIb30BAINCh HEJIUHEIHbIE
(dhopmynbl, obecrieunBaeT aBTOMATHUECKOE BBISB-
JICHUE HEeKOMOpbIX HEMTMHEUHBIX (DyHKIIMOHATBHBIX
3aBUCHUMOCTEH.

3. Ilouck ne 8bIA8TIEHHBIX HA NPEObIOYULEM Wae
HENUHEHbIX C8A3ell MedNCcOy BCeMu NnepemMeHHbIMU
peausyeTcs MoJIb30BaTesieM B aBTOMAaTHU3UPOBAH-
HOM pEXHME, B YaCTHOCTH MOCPEACTBOM BH3Y-
aJbHOTO aHaJN3a, KOTOPBIH, €CIIN NEPEMEHHBIX HE
OoJbIlie Tpex, Kak MpaBHiIo, yIoOHee Ha MPAKTHKE
110 CPABHEHUIO C MOJATBEPKICHUEM HATUYHS HEIU-
HEWHOHN 3aBMCHUMOCTH IIyTEM aHaJIM3a KOPPEJALH-
OHHBIX OTHOILIEHUH.

4. Ecin 11Be mepeMeHHbIE, MEX1y KOTOPBIMU
3a(KCHUpOBaHA CBSI3b, SBISIFOTCS MCXOAHBIMH, TO
IPOBOJUTCS TpaJAuLIMOHHAs 00paboTKa — 1100 BOC-
CTaHOBJICHHE JTMHEHHOI perpeccuu 1 MoaATBepK/Ie-
HHE ee JIMHEHHOTO XapakTepa, Ju00 HeluHeHHas
anMPOKCUMAIINS YaCTHOTO MJIM OOIIEro BHUIA.

5. Ecnu ogHa U3 nepeMeHHbIX «HOBash), TO OCY-
LIECTBIIICTCS MOJCTAHOBKA BMECTO Hee (OpPMYIIbI
JUIS BBIYHUCIICHHUS.

B pesynbrare BhIMmonMHEHUS] TYHKTOB 4 U 5 BHI-
SIBIISTIOTCS CBSI3U BUA

y :f(xlax29 "'7‘xn)'

5. Ecnu 1Be mepeMeHHbIe «HOBBIE», TO (hopmy-
JbI, WMCIIOJIb30BAHHBIC IS MX BBIYUCIICHUS, I1OI-
CTaBIISIOTCS BMECTO 00eux. Takum o0pa3oMm, BbIsIB-
JsieTCs CBSI3b BUA

(p(xil, Xy v xl.k) =f(le, X e X)),
iyel, joed, INnJ=0,
YTO HEBO3MOXKHO TPH HCIOJb30BAHUU CTaHIAPT-
HBIX METOJIOB.

Takum oOpazoM, monydaercs HaOop ¢opmy,
KOTOpbIE MOTYT PacCMaTPUBAThCs B Ka4eCTBE KaH-

JU/IaTOB Ha BKIIOYEHHWE B MaTEeMaTUYECKyl MO-
JIeNb, «OMUPAOLIYIOCS» Ha HEMOCPEICTBEHHO U3-
MepsIEMbIE BETMYHHBI.

C ucTopuyecKoil TOYKH 3PEHUS MPUBEICHHBIN
¢bparmeHT pa3pabarTbiBaeMON METOIUKU SBISETCA
pa3BUTHEM NOAX0na, IpensoxkeHHoro M. M. bos-
rapaom (1967), BBIIEYIOMSIHYTOTO METOJA TPYII-
moBoro ydera aprymeHtoB (MBaxHeHko u jp.,
1976), MeToa MOIMHOMHAIIEHOTO TTPE0Opa30BaHUS
npoctpanctBa npusHakoB (Ty, T'oncanec, 1978),
METoJa IMOCTPOCHUS MOTEHIMATIBHBIX (QYHKIHHA
(bpaBepman, Myunuk, 1983). CymecTBeHHBIMU
OTIMYMSAMHU TIPEUIaraéMoro MeToAa OT YyKa3aH-
HBIX SBJISIIOTCS OPHEHTAllMs Ha MoJy4yeHue Habopa
dopmyn, a He eTUHCTBEHHON HAMITYYIIeH U OTCYT-
CTBUE NPUHUMIHUAIBHBIX OrpaHUYEHUN Ha mepe-
YEeHb WCIOJB3yEeMbIX OIEpaIyii U anre0pandecKux
(byHKIMH.

[Tpu oOpaboTke maHHBIX O moberax HAbOp He-
MOCPEACTBEHHO U3MEPEHHBIX TPU3HAKOB JOIOJHEH
«BBIYUCIIIEMBIMI» TIEPEMEHHBIMH CO CIICAYIOLTIM
OTpaHMYEHHEM: B BBIYUCIICHUSX y4YaCTBOBAJIU [0
TpeX MePEeMEHHBIX U UCMOIb30BAIOCH HE OoJiee ue-
TBIPEX ONeparyii (CI0KEeHUs /BBIUNTAHNS, YMHOXeE-
HUS/IeTICHNs, BO3BE/ICHUS B KBa[paT M Ky0), a Tak-
K€ OJTHOM CTaHIAapPTHOM anredpandeckor PyHKINH.

PE3VYJIBTATHBI U UX OBCYXJIEHHUE

Brisiieno 16 3aBucumocteii ¢ koddduiuenTa-
MU napHoi koppensuuu Boie 0.6 (p < 0.05), us3
HUX OTOOpaHbI Te, JUISI KOTOPBIX KOA(PPHUITHCHTHI
KOppEISUY yIy4lIaroTCs Wi, 110 KpalHeu mepe,
MUHUMAJIBHO YXYIIIAIOTCS TIPU CY>KEHUU BBIOOPKH
(mpu 006paboTKe JAHHBIX MO OTAEIBHON CEKLHUH).
Heo0xoqmuMo OTMETUTb, YTO TaKOW MOAXOJ MPOTH-
BOPEYHT OCHOBHOH wWiee Bepu(HUKAIUU SMITHPH-
YECKM BBIABISIEMBIX 3aBUCHUMOCTEH, CBSI3aHHOW C
YCTOMYHMBOCTBIO PE3YIbTATOB MIPHU YBEIMUEHUH BbI-
6opku (3aropyiiko, 1999). OcHoBaHMEM TaKoro or-
0opa B HaIlleM cly4ae SBJSUIOCH MPEIONIOKEHNE O
BO3MOYKHOM BIJIMSIHUM HEYYTEHHBIX XapaKTEPUCTHK
MECTHOCTH, BapuabeTbHOCTh KOTOPBIX YMEHbBIIIAET-
Csl IPM COKPAICHNUH IJIOAAN yyacTka. dparmMeHT
KOPPEJSLUOHHON MaTPULIBI 711 OTOOpaHHBIX Tepe-
MEHHBIX NpuBeJieH B Tabun. 2, a g [T u otnens-
HBIX CeKIUil — B Ta0MI. 3.

Crnenyer OTMETHTb, YTO KaK MOJy4YEHHbIE, TaK
¥ OTOOpaHHbIE YIS BKIIIOYEHUS B MOJIENIb COOTHO-
IICHUS JIOIYCKAIOT COJEP)KaTeIbHYI0 HHTEpIIpe-
Tanuio. PaccMoTpuM 0OTOOpaHHBIE 3aBHCHUMOCTH
nozxpoOHee (B (opMynax cuMBoiaaMu k,—k,, 06o-
3HA4YEHbI KOHCTAHTHI).

CUBUPCKUM JIECHOM KYPHAJL Ne 3. 2018
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Taoaumna 2. BeiOopka 13 KoppessiiinOHHON MaTpHUIBI ISl IEPEMEHHBIX, BXOSIINX B COOTHOIICHUS,

HCIIOJIB3YEMBIC B AaHAJIN3C JaHHBIX

CooTHoIIIeHHE N L NI/(L - D) / N-1 In(N-)) npen
L 0.868 1 - - - - -
N/I(L - D) — 1 - - - -

/ 0.464 0.620 —0.611 1 - - -
N-I 0.890 - - 1 - -
In(N-1)) 0.781 - - - 1 -
Loy 0.891 0.893 —0.622 0.531 0.875 0.633 1
L/D 0.657 - —-0.501 0.505 0.657 0.739 0.675

Ipumeuanue. I1omyKUpHBIM WIPUPTOM OTMEUEHBI 3HAYCHHS MISTH aHATH3UPYEMbIX COOTHOILICHUH.
Tadmmnua 3. Berdopka k03 GUIIHEHTOB KOPPEISLIUH Il OTOOPAHHBIX COOTHOLICHUI TPUMEHHUTEITLHO
K OTJICJIbHBIM CEKLIMSM U UX COBOKYITHOCTH
Cekuust
CootHommeHne COBOKYITHOCTB
I 11 v v VI VII

=k -N(L-D)+k, —-0.61 —0.64 -0.72 —-0.65 -0.67 —-0.68 -0.36 —0.40
L=k -N-1+k, 0.89 0.88 0.93 0.84 0.90 0.93 0.94 0.93
N=ks L, tk 0.89 0.92 0.96 0.70 0.92 0.91 0.95 0.90
L=k, L., +k 0.89 0.91 0.94 0.96 0.80 0.90 0.97 0.96
LD=ky-In(N-I)+k, 0.74 0.78 0.77 0.51 0.74 0.95 0.91 0.63

Ipumeyanue. COOTHOIICHHUS IMHEHHBI OTHOCUTEIIBHO «BBIYHUCIISIEMBIX IepeMeHHbIX» N/(L - D), N - [, L/D, In (N - ).

I=k -N(L-D)+k,k <0
HNJIN B YUCJIIOBOM BU/JIC:

=-0.3287 - N/L - D) + 4.3449;
R*=0.3731.

(1)

W3 nonydenHoro ypasuenus (1) ciemyert, 4to
JUTMHA XBOM HaXOAWTCSI B OOpAaTHOM 3aBHCUMOCTH
OT TYCTOTBHI OXBOCHHS, ONpENEeNIeMOIl KaK KO-
YECTBO XBOWHBIX IIap HAa €IUHUIY IIOBEPXHOCTHU
aykcuOnacta. Takum oOpa3zoM, pa3Mepbl XBOH, KO-
JMYECTBO Map KOTOPOH 3aKIIa/IbIBACTCsI B POCTOBOM
MOYKE B MPEIBIAYINUI TOM, 3aBHCAT OT MPHPOCTA
aykcubiacTa B TEKyIIeM rofay, a 6oiee TOYHO — OT
BEJTMYMHBI TOBEPXHOCTHU MOOETra TEKYIIero roja.

L=k, N-Il+k, unu B uucI0BOM BUJE:

2
L=0.0214 - N-1+3.0016; R>=0.7922. 1

VYpaBHenue (2) mokasbpIBaeT, YTO JUIMHA AyKCH-
Onacta mpsSMO TPOTOPIMOHAIBHA «PAa3BUTOCTHY
OXBOEHHUS. Mepoil «pa3BUTOCTH» B JAHHOM CIIy-
yae SBISIETCS TPOW3BEIACHHE KOJIMYECTBA XBOW-
HBIX [ap Ha JUIMHY XBOMHKHU. OTMeTUM, 4To Oojee
aJIeKBaTHOM XapaKTEePUCTUKOM MpencTaBisieTcs mno-
BEPXHOCTHAs JTHOO0 00bEeMHAs BEJIMYUHA IS XBOH.
[IpoBepka HaHHOTO TPENIONOKECHHUS SBISICTCS
MIPEAMETOM JaTbHEUIIINX UCCIETOBAHUM.

CUBUPCKU JIECHOU YKYPHAJL Ne 3. 2018

AHAJIOTUYHBIC, HO MEHEE 3HAYMMbIC 3aBHCH-
MOCTH BBISIBIICHBI Ul AMaMeTpa U oObeMa (BbI-
quciasieMasi BeJTMYMHA) ayKCHOIacToB. YpaBHEHHE
CBSI3M JIJISl 3aBUCUMOCTH JIHaMeTpa UMeeT Kodphu-
et nerepmuHanyu 0.54, a s oovema — 0.70, u
€ro BEJMYWHA BBIINIE JUIsl BEIOOPOK 1O OTACIBHBIM
CEeKILIUSM.

N=ks L.,
N=6.6136 - L__ +7.9639; R*=0.7930.

npes

+ ké;
3)

CornmacHo ypaBHeHHIO (3), KOJIMYECTBO Hap
XBOW Ha MO0ere JaHHOTO TOAa ONPEeNseTCs UIn-
HOW mobera (BETMYMHON TPUPOCTA) TPEIBITYIIe-
ro roga. JTo yKa3bIBaeT Ha BaXHYI 0COOCHHOCTb
Mop(horeHesa BETBH — CYIIECTBEHHYIO CBA3b MEXKITY
KOJIMYECTBOM OpaxmOIacToB M JUTMHOW ayKcuOma-
CTa MPEeIIECTBYIOMIETO roia.

L=k, L.,
—0.1267; R*=0.7975.

+ ky;
4)
L=0.6948 - L

npex

U3 ypaBHeHnus (4) ciemyert, 4ToO JJIMHA TOIWY-
HOTO ro0era mpsiMO TPOMOPIHOHAIEHA BETHYNHE
NpUpOCTa 3a MPEAMISCTBYIOIIUI Troa. AHaIOruy-
HBIC Pe3yibTaThl IpuBeaeHBI B padote B. F. Wilson
(1989), B KOTOpO# yCTaHOBJIEHAa BBICOKAs CTe-
NEHb KOPPEJSIMUA TMPHUPOCTOB BETBEH AyINIacHH



A. A. Moumune, U. A. IOcynos, A. U. Monmune, C. A. [llagnun
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IIpousBenenre XBOWHBIX Hap HA UX JUIUHY In(N- /)

Puc. 1. 3aBUCUMOCTh OTHOILEHUS! JUIMHBI OCEBOTO MPUPO-
CTa ayKcuOnacTa K IMaMeTpy OT «Pa3BUTOCTI OXBOCHHUSL.

Pseudotsuga menziesii (Mirb.) Franco 3a npenue-
CTBYIOIIUI W TeKyIui roapl. Taxke oOHapyKeHa
CBSI3b HHTEHCUBHOCTH POCTa TIOOETOB COCHBI CKPY-
YEeHHOW MIHUPOKOXBOMHOM Pinus contorta Loud. var.
latifolia S. Wats ¢ TemmiepaTypoil BO3ayxa Mmocie/-
HuX OByX cMexHbIx JieT (Kilpatrick, Seaby, 1991).

LID=k, In(N- 1)+ ky;

L/D=15453 -In(N-1)-5.3994;  (5)
R>=0.5465.

VYpaBHenue (5) CBUAETENLCTBYET O TOM, YTO
Pa3BUTOCTh OXBOCHHUS 3aBUCUT HE TOJIBKO OT €ro
rycrotel (ypaBHenue (1)) m mpupocTa moOera 3a
npeauecTByomuii rox (ypaBuenue (3)), Ho U B3au-
MOCBSI3aHa C COOTHOIICHUEM JINHEHHBIX U PaUalib-
HBIX pa3MepoB C(HOPMHUPOBAHHOTO B TEUECHHUE rofia
aykcubmnacra (puc. 1).

CoorHomenue (5) mpencraBisieT CamMOCTOS-
TENbHBIM MHTEpEeC, TaKk KaK OfHA M3 Lieseil uccie-
JIOBAaHHI — OTIpe/IeNICHHEe BIHMSHUS YIaJCHHOCTH OT
(akena Ha POCTOBBIE MPOLECCH. BBIABICHO, YTO
BHEIIIHUE YCJOBHUS BIMSIOT HAa KOA(QQUIMEHTHI B
HIOJTyYeHHBIX 3aBUCHMOCTSX. B wacTHOCTH, 0OHa-
pyXeHa NoJoXKHUTeIbHast koppensuus (ko3dduin-
ent koppensituu 0.737, p < 0.05) mexay 3HaueHH-
MU KO3 pULneHTa k, U yIaJEeHHOCTbIO OT (pakena
(puc. 2).

[Mocnennee mo3BONAET BBICKA3aTh IMPEIIONO-
JKCHHUE: YeM BBIIIE TeMIeparypa, TeM OoJbIle npu-
poct nuameTpa OOKOBOTO TOOEeTra OTHOCHUTEIBHO
JUIMHBI TIPY YCIIOBUUM HEU3MEHHOCTH Pa3BUTOCTH
oxBoeHHs. He3HaunrtenbHas CBsI3b OOHapyXeHa U
i kodduuueHToB k, (xkodddumment xoppens-
muu 0.581; p < 0.05) u k; (ko3dduuueHt koppemns-
uuu 0.584; p < 0.05) u3 coornomenuit (1) u (2) co-
OTBETCTBEHHO.

ITonTBepxknaeMblii aHATU30M OCTATKOB JIMHEMN-
HBIH XapakTep 3aBUCUMOCTH JIJTHHBI BEPXYIIIEYHOTO
CErMEHTa BETKH OT MPUPOCTA 3a MPEIbIAYIIUN IO
C BBICOKUMH 3HAYCHUSMH KOAPPHUIMESHTOB MApHOU
Koppersiuu (cM. Tabi. 3) 1o pa3TUdHBIM BBIOOP-

234
2.1
1.9+
1.7
1.5+

1.3 T T T T \ \ \
70 80 90 100 110 120 130 140

Paccrosinue o dakena, m

3=0.011-x + 0.541 *
R*=0.543

Kosddunuenr kg

Puc. 2. 3aBucumocts ko3dduinenTa k, B COOTHOIIEHHU
L/D=k, In(N -[)+k, or paccrossaus 10 (hakemna.

KaM, C OJIHOM CTOPOHBI, U OOBSICHEHHUE TaKoh 00y-
CJIOBJICHHOCTH Ha MOJICJIBHOM YPOBHE (COOTHOIIIE-
Hus (1-3)) — ¢ ApyToil, MO3BOJSIIOT ClIeNaTh BBIBO
0 CYIIECTBEHHOW CBSI3M JIMHEHHOTO TIPUPOCTA BET-
Bell ¢ KJIMMAaTUYECKUMH MOKa3aTeIsIMU KaK JaHHO-
IO, TaK W MPEIBIIYIIETro To0B. JIpyruMu cioBamu,
MIPH ONMCAHUM, MOACIUPOBAHUY WJIH OOBSICHEHUH
OCEBBIX MPHUPOCTOB BETBEH HEOOXOIUMO COBMECT-
HO YYHUTBIBATh MOP(OJIOTHUECKHE XapaKTePUCTHKH
ayKCUOJIaCTOB JIBYX CMEXHBIX JIET, YTO MOJATBEPIK-
JTaeT MPEOI0KEeHNE 00 00eCIIeYeHNH 0CEBOTO PO-
CTa 3armacHeIMH (POHJAMHU ACCUMUIIATOB, CO3/IaBae-
MBIMH OCEHBIO IMPOIIJIOTO TOAA W HUCITOJIb3YyEeMbIMU
JUIsl pocta obera B TekyleMm roay (3abyra B. @.,
3abyraI. A., 2006).

3AKJTIOYEHUE

1. Tlpennaraemass METOQMKA MOIOIHEHUSI 00-
pabarsiBaeMOoro HabOpa MPHU3HAKOB 32 CUET «BBI-
YHCIIIEMBIX)» TIEPEMEHHBIX 00€CIICYMBACT BBICOKYIO
CTEIeHb aBTOMATU3AIMH1 BBISBICHUS 3aBUCUMOCTEH
MEX/1y U3y4aeMbIMU ITOKa3aTesIMU TpU 00paboTKe
3HAYUTETIHLHBIX 00bEMOB JJAHHBIX.

2. BBISBICHBI 3aBHCHMOCTH, KOTOpPBIE MOTYT
paccMaTpuBaThCs KaK KOMITOHEHTHI MaTeMaThye-
CKOM MOZIeNM POCTa BETKH, XapaKTEePU3YIOILIHe B3a-
UMOCBSI3M MOP(OMETPHUECKUX TOKa3aTesIeil XBOU
U TIPUPOCTOB 1OOETOB COCHBI OOBIKHOBEHHOH. Mo-
JIeTb BKJTFOYAeT B CBOM COCTaB MmapaMeTphl, 3Haue-
HUSI KOTOPBIX OINPEIEISIOTCS pa3InyHbIMU (aKTo-
paMu, BIUSIOIIMME Ha TPOLIECCHI POCTA.

3. Iomy4ens! popManbHbIE COOTHOMICHHS, KOH-
KPETH3HUPYIOIINE PsiZl HU3BECTHBIX HA COEPIKATEIb-
HOM ypOBHE ocoOeHHocTeld MopdoreHesa BeTBEH
COCHBI, M BBIABJICH psiZi HOBBIX. Hanbornee BaxkHbIE
U3 HUX: JUIMHA XBOM OOpaTHO MpPOMOPLHOHATIbHA
ee TycToTe; JJIMHA ayKchOiiacta MpsMO HpOIop-
[IMOHAJbHA IMPEAJIOKEHHOMY B paboTe ToKa3are-
JIO «Pa3BUTOCTH» OXBOCHHS; PaJHalbHBIC U OcCe-
BbI€ TPUPOCTHI B3aUMOCBS3aHbBI C «Pa3BUTOCTHIO»
OXBOCHHUSL.

CUBUPCKUM JIECHOM KYPHAJL Ne 3. 2018
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4. Cnena"o mOpenrnoiaoKEeHUe O BIUSHUU TEM-
neparypsl Ha OTHOCUTEIBHOE IMepepacipeiesieHue
paaraIbHOTO M OCEBOTO IPUPOCTOB OMOMACCHI ayK-
cubnacra.

5. BriaBneHa He0OXOAMMOCTh yUeTa yCIoBHi (B
YACTHOCTH KJIMMAaTUYECKHUX) 3a JABa CMEKHBIX roAa
JUISE KOPPEKTHOTO (hOPMAIILHOTO OMUCAHUS U 00b-
SICHEHUSI TIPOIIECCOB POCTA BETBEH COCHBI.

Asemopul svipadicaiom 061a200apHOCHb HAYATb-
HUKY 0moena 3Kono2uyecko2o Hopmuposanus 340
«CubHUIIUPII» U. JI. MockeuHoll 3a HeOYeHuUMyo
nomowb npu coope mMamepuanos ons nyoIUKAyuu.
Aemopbl npuzHamenvHvl peyeH3eHmy, Ybl noopoo-
Hble U KOHCMPYKMUGHbIE 3aMeUaHUsi NO38O0IUNU C)-
WecmeeHHO YIy4uums Cmamayio.

Paboma evinonnena npu noooepowcke Kom-
NJIEKCHOU npopammsl Ypanvckozo omoenenus PAH
(npoexm Ne 18-4-4-10).
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METHODICAL APPROACH TO THE STUDY OF TREE SHOOTS
MORPHOGENESIS ON EXAMPLE OF YOUNG SCOTCH PINE
TREE STANDS, GROWING IN THE GAS FLAME IMPACT ZONE
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The subject of the study is the relationship between growth of lateral shoots and pine needles. A methodical approach
to the mathematical-statistical processing of biometric data is used, which supplements modern methods of analysis.
The approach makes it possible to identify both linear and nonlinear relationships between directly measurable
characteristics in the form of formula relations, the set of which facilitates the formation of ones own conceptual
models or the verification of known ones and helps identify morphometric characteristics that are essential for
modeling the studied processes. The presence of the following relationships is established: the inverse dependence
of the length of the needles on its density (the number of needles pairs per unit surface area of the auxiblast); the
dependence of the length of the auxiblast on the «development» of needles (the product of the number of needles
pairs by the length of the needles); the dependence of the number of needles pairs on the shoot and the length of the
current year’s shoot from the value of shoot increment of the previous year; the relationship of «development» of
needles with the ratio of axial and radial dimensions of the shoot. A positive correlation between the remoteness from
the flame and the magnitude of the coefficients in the formula specifying the latter relationship allows one to make
supposition on the effect of temperature increase on the relative redistribution of the auxiblast biomass over radial or
axial increments. An analysis of the formulas obtained indicates a significant relationship between radial and axial
growth processes with «development» of needles, as well as their conjugation with the state in the previous year, and
the effect of a gas flame on them.

Keywords: analysis of biometric data, modeling of plant growth, Scotch pine, shoots morphogenesis, influence of
environmental factors on growth of woody plants.
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