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JAPEBOCTOEB EBPA3UUN. COOBIEHUE 4: POJ Quercus L.

KuroueBble c10Ba: dybosvie Hacaxicoenus, buocgepuas pois 1ecos, pumomacca oe-
pesbes U OpesoCmoes, allomempuieckKue Mooeiu, npoobHvle NIowaou, OUOI0SUYEeCKds: Npo-
OYKMUBHOCMb, A0OUMUBHOCMb YPAGHEHUT, MPAHCKOHMUHEHMAbHble MAOIUYbL PUMOMACCHI.

BriepBbie Ha yHHKQJIBHBIX 10 00bEMY 0a3aM (pakTHYECKHX JAHHBIX O UTOMAcCCE Jie-
pPEBBEB U IPEBOCTOEB Ha mpumepe poaa Quercus L. pa3paboTaHbl TpaHCEBpa3uHCKUE aau-
TUBHBIC MOJIeNIM (PUTOMACCHI y0a, U TEM CaMbIM peIlleHa po0JieMa COBMEIICHUS A IUTHB-
HOCTU U BCEOOIIHOCTH Mojeneld. Monenb (puTomMacchl AepeBbeB rapMOHU3HPOBAHA JABOSKO: B
HEl yCTpaHEHa BHYTPCHHSS MPOTHBOPEUYMBOCTH «(HPAKIMOHHBIX» W OOIIETO ypaBHEHUS, W
KpOME TOI0, OHa YYUTHIBAET PETMOHAJIbHBIE PA3JIM4Msl PAaBHOBEIUKUX JEPEBbEB KaK IO BEJU-
YuHEe OONICH, HAI3EMHOW M TMOA3EMHOW (PUTOMACCHI, TaK U 1O e¢ (PAKIMOHHON CTPYKTYpeE.
AnautuBHasE MoJienb (PUTOMACCHI JIPEBOCTOEB FapMOHU3UPOBAHA TaKKe IO JBYM YPOBHSM,
OJIMH U3 KOTOPBIX OOCCIICYMBACT MPUHIUN AJJUTHBHOCTH (Ppakmmii (PUTOMACCHI, a BTOPOI
CBS3aH C BBOJIOM «(DUKTHBHBIX» IMEPEMEHHBIX, JOKAIU3YIOUUX MOJENb MO 3KOpPErnoHam
EBpaszun. Monenp neMOHCTpHpYET pa3inyusi (UTOMACCHI APEBOCTOEB HE TOJBKO MO adCco-
JIIOTHBIM €€ 3HAYEHUSAM JJIsI CTBOJIOB, XBOM, BETBEH U KOPHEH, HO M MO MX COOTHOILLICHHSM,
T.€. IO CTpYKType puromaccsl. [IpennoxeHHbIe MOETH U COOTBETCTBYIONINE TAOIUIIBI JIJIS
OLICHKH (PUTOMACCHI IEPEBLEB U JIPEBOCTOEB poaa Quercus Aal0T BO3MOKHOCTb ONPEAETICHUS
uX (puTomMaccel B pa3IUYHBIX KopernoHax EBpasuu mo JaHHBIM H3MEPUTETHHON TaKCAIUH.

V.A. Usoltsev, 1.S. Tsepordey, V.P. Chasovskikh, A.A. Osmirko

ADDITIVE REGIONAL MODELS OF TREE AND STAND BIOMASS FOR
EURASIA. MESSAGE 4: GENUS Quercus sp.

Key words: genus Quercus sp., equations additivity, biosphere role of forests, bio-
mass of trees and forests, allometric models, sample plots, biological productivity, transcon-
tinental tables of biomass.

When using the unique in terms of the volumes of databases on the levels of a tree and
stand of the genus Quercus sp., the trans-Eurasian additive allometric models of biomass of
trees and forests for Eurasia are developed for the first time, and thereby the combined prob-
lem of model additivity and generality is solved. The additive model of tree biomass of Quer-
cus 1s harmonized in two ways: it eliminated the internal contradictions of the component and
the total biomass equations, and in addition, it takes into account regional differences of trees
of equal sizes not only on total, aboveground and underground biomass, but also on its com-
ponent structure, i.e. it reflects the regional peculiarities of the component structure of tree
biomass. The additive model of forest biomass of Quercus is harmonized in two levels too,
one of which provides the principle of additivity of biomass components, and the second one
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is associated with the introduction of dummy independent variables localizing model for eco-
regions of Eurasia.

B npenpiaynieM M HacTOSIIEM BBITYCKax XypHajla «JKO-INIOTEHLIMAI» BIEPBbIE Ha
YHUKAJBHBIX 110 00bEMY 0a3ax (haKTHYECKUX TAHHBIX O (PUTOMACCE JEPEBHEB M JIPEBOCTOECB
Ha npumepe nonpoxaa Pinus L. (YconbueB u np., 2018) u ponos Larix Mill., Betula L. n
Populus L. pa3paboTaHbl TpaHCEBPA3UICKUE aIATHBHBIC MOJICIA (PUTOMACCHI COCHBI, JIUCT-
BEHHHIIBI, OEpPE3bI, OCHHBI U TONOJEH, M TEM CaMbIM pellleHa COBMEIICHHAs mpodiieMa ajiu-
TUBHOCTH U BCEOOLTHOCTH Mojeneld. Monenu ¢puTomMacchl JepeBbeB U APEBOCTOEB TAPMOHU-
3UPOBaHBI JIBOSIKO: B HUX YCTpaHEHA BHYTPEHHsISI MPOTUBOPEUYUBOCTD «(PAKIIMOHHBIX» U 00-
ero ypaBHCHUA, U KPOMC TOT'O, OHU YUYUTBIBAOT PCTHOHAJIBHBIC pa3Inynd KakK 10 BEJIMYUHC
o0rieit, Haq3eMHON | MOJI3eMHOM (PUTOMACCHI, TaK U 10 €€ (PAKIMOHHON CTPYKTYypeE.

B Hacrosmieli craThbe IpeanpuHsTa MepBas MOMBITKA pa3pad0TKH JIOKAITM30BAHHBIX 110
peruonam EBpazuu aJyIUTUBHBIX aJUIOMETPUYECKUX MOJEINEH (UTOMACCHI JIEPEBHEB U APEBO-
cToeB ayoa (pox Quercus L.). DTH MOJETH TOCTYKAT OCHOBOH ISl COCTABJICHHSI PETUOHAIb-
HBIX TPAHCEBPA3UICKMX HOPMATHUBOB JIJISl OLICHKU (PUTOMACCHI IEPEBBEB U IPEBOCTOCB OCHUHBI
U TOTIOJICH.

OO0LEKTHLI M METOADI

W3 BnepBbie ChOpMHUPOBAHHON M OIMyOJIMKOBAHHOW HamMM 0a3bl JaHHBIX O GHUTOMacce
JIEPEBBEB U JAPEBOCTOEB JiecooOpasyromux mnopox (Ycomsies, 2016; Usoltsev, 2013, 2016)
B3SIThI MaTEpUAJIbI B KOJIMYECTBE COOTBETCTBEHHO 100 MOAENbHBIX NepeBheB U 367 APEeBOCTO-
€B [IECTH BUKApUPYIOIIUX BUAOB pona Quercus L. M pactipeieneHsl o 6 SKOperuoHam, 3ako-
JMPOBAHHBIM COOTBETCTBYIOIIMMU OJI0KaMu (PUKTUBHBIX IepeMeHHbIX (Tadua. 1 u 2). Pacmpe-
JiesieHre MPOOHBIX TUIOIIAJeH, Ha KOTOPhIX U3MEpeHa puToMacca MOAEIbHBIX JA€PEBLEB (KT),
nmokaszaHo Ha puc. 1, a pacnpeneneHue MpOOHBIX TUIOMIACH, Ha KOTOPBIX OmpeesieHa GuTo-
Mmacca ApeBOCToeB (T/ra), - Ha puc. 2.

Tabmuua 1. Cxema koaupoBaHUs (PUKTUBHBIMU NEPEMEHHBIMH PErHOHABHBIX MAcCH-
BOB (hakTHUecKuX JaHHbIX GuromMaccsl 100 nepeBbeB nyoda.

bnok GUKTUBHBIX 11E-
Jwnanazon | Jluanazon Yucno
Ixo- Buz PCMCHHBIX JUAMETPOB |  BBICOT HabTI01e-
peruon* Quercus L. X |1 X% | X | X | Xs .
JIepeBa, CM | JIepeBa, M HUH
3CE Q. robur L. 010 |0]0 /|0 | 28,0697 | 26,7-32,6 7
3CE Q. rubra L. 100 ]0] 0| 15295 2,6-26,4 49
EPceB Q. robur L. 0100 |0 1,1+37,0 | 2,5+23.,0 14
EPror Q. robur L. 010|100/ 28469 5,2+32,4 10
/1B Q.mongolicaF.exL| 0 [0 [0 | 1|0 | 95345 12,0+23,2 7
Kbl Q. mongolicaF.exL| 0 [0 |0 |0 |1 1,1+16,5 3,0+8,9 13

* O0o03HaueHus pernoHoB 37ech u ganee: 3CE — 3anagnas u Cpenusis EBpona, mmpo-
KonucTBeHHbIe seca; EPceB — EBponelickas Poccus, ceBepHas yacts; EPror — EBponelickas
Poccus, roxxnas yacte; [ABxm — lansuuii Boctok, [Ipumopse; SAn — AnoHckue ocTposa.

75



9KO-MOTEHLIMAJ (EKO-POTENCIAL) Ne 2 (22), 2018

Tabnuua 2. Cxema KOJUPOBAHUS PETUOHAIBHBIX MAaCCUBOB (PaKTUUECKUX JAHHBIX (Pu-

TOMAcChl 367 IPEBOCTOEB /1yda.

bnok ¢ukTus- Jlnana3oHsl Yuco
Pern- [Bu HBIX repeMeH- (Bospact,| [ycrora, Cpenuuii | Cpennsis | HaOmo-
on Quercus L. HBIX JeT TBIC. DK3/Ta | JIWaMeTp, | BBICOTA, | JCHUM
XX | X5 | Xy | X5 M M
3CE |Q. robur L. 0/0|0[0|0]5+2201]0.166=7.00| 0.9+55.3 |2.0+32.8 170
3CE |Q. petraea L. 1/0(0[0]0|17+140|0.163+14.92| 2.3+46.7 |3.2+28.8 26
EPceB|Q. robur L. 011]0[0|0]|10+280]0.129+41.19| 1.5+70.0 |2.2+32.4 110
EPror |Q. robur L. 010|1[0|0] 1560 |0427+-5.67| 3.9+23.1 [4.2+21.5 46
JIB |0.mongolicaF.exL.{|0 |0 |0 |10 |38+190|1.116+491 | 6.7-28.8 |6.2+19.8 6
s (@ crispula Bl. 0|ofo]o]|1] 480 |0917+6.78 | 4.2+18.9 |43+11.5| 9
0. glauca Th.

enin

¢duTomaccel (kr) 100 MmomenpHBIX TepeBbeB ayoa (Quercus L.) Ha Tepputopuu EBpazum.

Puc. 2. Pacnp
dbuTomaccsl (1/ra) 367 npeBocroeB nyda (Quercus L.) Ha Tepputopuu EBpazun.

Puc. 1. Pacnpe,ueneHI/Ie HpO6HBIX rmoma,ueﬁ, Ha KOTOPBIX BBIITOJHCHBI U3MCPCHUA

CACIICHUC HpO6HI)IX nﬂomaneﬁ, Ha KOTOPBIX BBIITOJHCHBI U3MECPCHUA
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AHann3 GUTOMACCHI IEPEBHEB U JPEBOCTOEB BHIMOTHEH HA OCHOBE AJTIOMETPHUYECKHX
QITUTHBHBIX PETPECCHOHHBIX YpaBHEHHH, CTPYKTYPHPOBAHHBIX COTJIACHO TPEXIIArOBOM a-
mutuBHOM cucteme (Tang et al., 2000; Dong et al., 2015) (cM. npeapaymMe CTaThbu HACTOSI-
IIETO BBHITYCKA).

Pe3yabTaThl M 00Cy:KIeHHE
1 Aooumusnas moodensb pumomaccovl Ha YposHe Oepesbes
PaccuntaHbl HCXO/IHBIE ATUIOMETPUYECKUE MOJIEIH
InP; = a;+b; (InD)+ ¢; (InH)+ d; (InD)(InH)+ Xg;;X;, (1)

rae P;— ¢uromacca i-it ppakum, kr; D — 1uamMeTp CTBOJIA Ha BBICOTE IPyaHd, cM; H — BbICOTa
JiepeBa, M; | — HHACKC (pakiuii puTomaccel: oo1en (¢), Haa3eMHou (a), KopHel (r), KpOHBI
(c), ctBona B kope (s), 1MCTBHI (f), BeTBe (b), ApeBecuHbI cTBOJA (W) U KOphI cTBOJIA (bk); j -
uHjekc (kox) GuxkruBHON nepemenHoi, ot 0 1o 5 (cm. Tada. 1). Xg;X; — 610K (PUKTHUBHBIX
NEPEMEHHBIX Ui i—i (pakuuu GuToMaccsl j—To 3koperuona. Mozaens (1) mociie moTeHupo-
BaHUs UMEET BH]I

p,= o4 pbiget pditinH) EgiiXi )

ITo mporpamMme MHOTO(AKTOPHOTO PErpecCHOHHOro aHanu3a Statgraphics BBIIOJIHEH
pacuet ko3¢ ueHToB ypaBHeHui (1) u momydeHa ux XapakTepUCTHKA, KOTOPas MOCIIE BBE-
JIEHUs TIONPABOK Ha jorapudmuueckoe npeoodopazoanue no I'.JI. backepsumto (Baskerville,
1972) wu npuBenenus ee K Buny (2) mana B TadJ. 3. Bce perpeccuonHbie KO3 HHUITHESHTHI
ypaBHEHMH (2) MpHU YUCIICHHBIX IEPEMEHHBIX 3HAYMMbI Ha YPOBHE BEPOSATHOCTH Py g5 U BbIILIE,
U YpaBHEHUS aJIeKBaTHBI HCXOTHBIM TaHHBIM.

Tabnuna 3. XapakTepucTHKa «HE3aBUCUMBIX)» (UCXOJIHBIX) aJUIOMETPUUECKUX YPABHEHUH TSI

¢duTOMacchl 1epeBbeB 1yOa

®pakuun
(uToMacchl

KOMITOHEHTBI perpecCHOHHBIX YPaBHEHUN adeZ

P, 0.9683 | D 2078 I PRES | D 00902 (] | o O-T9IXT | o 03Xz | o O0PTXT [OOSR | 06606 X5 0.992
Ilar 1

P, 02448 | D2 [ 0066 | p OO A [ OTaSXT [~ CORXZ [ cOWSXT [ COIRIXT [ COSXS [ 995

P, 11362 | D2 [ g 09T [ p OIS A [~ COBTRXT |~ OGSTRXZ [~ (OBWXT [ 000X [ 096X | () gog
Ilar 2

P. 34539 | D AT [ g 3019 [ [ O2TSSH] [ o ORG3XT | o OARKXZ [ COT6RXT | o O2TXT [ -T3667X5 0.971

P, 0,0748 | D T [~ gy 06680 |y OOTX0 (W) | O02TTXT |~ S 0T03TX2 |~ 0008 X3 |~ S OT602X7 | 04293 X3 0,995
IIlar 3a

P, ] 03902 | D TEIS0 [ f7 29708 [ 1y OO0TAWH] [ S OSGG6XT | o O3STTXZ [ 0Z600X3 | o O3BTXF [ -TATI0X3 0.951

P, 2.1935 | D IO [y 335 | OSIMH] | O9ASXT [ OAGIIXT [ OTSIXT [ COITOXT | TIRIXS 0.967
Illar 36

P, | 00235 | D AT [ g 3780 [ OORTMH) [ o O0M0XT [ C00007X2 [ OI9X3 [ JOBITXT | 0KHX5 0.994

Py | 0.0307 | D TASRT | gy 03616 | ) O39S W] | -0094ZXT | S 0I966X2 | 00aSAX3 | JOIB5XT | 03035X5 0,980

[TonydeHHble cornacHO CTPYKType (2) He3aBUCHMBIE (MUCXOJHBIE) ypaBHEHUS, MpUBe-
néHHble B TabJ. 3, npeoOpa3oBaHbl B HCKOMYIO MOJIENb aJIMTUBHON CTPYKTYpHI (pruTOMacchl
nepeBbeB (TadJl. 4) 0 anTOpUTMY TPEXIIIATOBOTO MPOMOPIIMOHATEHOTO B3BEITMBAHHUSA, TTOKA-
3aHHOMY B NPEABIAYIIUX CTaThsX HACTOSLIETO Bbliycka. Mojenb AelcTBUTENbHA B AMara-
30HEC (baKTquCKHX JAaHHBIX BBICOTHI U AUaAME€TpPa CTBOJIA MOACIIBHBIX JE€PEBLEB, IPUBCACHHBIX
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B Taba. 1. Ilyrem TaGynupoBaHus MoNydueHHON Monenu (Tad.a. 4) 1Mo 3a1aBaeMbIM 3HAYCHU-
aM D u H 1 1o 3Ha4eHUsM (PUKTUBHBIX NEPEMEHHBIX, JIOKAIU3YIOIKUX OOIIyI0 MOJENb IO
HKOpPETMOHAM, MOJYYEHbl B UTOre PErHOHAIbHBIC HOPMATHBBI, aJIUTUBHBIC MO (PAKIUIM
¢uToMacchl M NpeiHa3HAYEHHbIE JUIsl €€ OLEHKH B ApPeBOCTOAX Quercus Ha TEPPUTOPHUU
EBpasun. B wactHOCTH, U1 eBporeiickoil yactu Poccuu mogo0HbI pernoHanbHbIH HOpMa-
TUB II0Ka3aH B Ta0J. S. PernonanbHble 0COOEHHOCTH CTPYKTYPbI (PUTOMACCHI PaBHOBEIMKUX
nepeBbeB Quercus MOXHO TPOCIEIUTh Ha (pparMeHTe TPAaHCKOHTUHEHTAIBHON TaOIHLIbI 115
JIepeBbEB TUaMeTpoM 14 cMm u BeicoTol 14 M (Tab.a. 6).

Tabmuua 6. @parMeHT agAUTUBHON TaOIUIBI (PUTOMACCH IS IepeBbEB nuameTpoM 14
CM U BBICOTOM 14 M 110 3KOpEruoHaM U COOTBETCTBYIOIIUM BujaM Quercus.

DKOPEruoH U COOTBETCTBYIONIUN BUA Quercus
q)palﬁgzgmo' 3CE 3CE EPces EPror 7B S
Q.robur | Q.rubra Q. robur Q. robur |Q.mongolica Q. mongolica
O6mas ¢puromacca | 128,60 149,29 92,16 135,10 140,06 66,43
Kopuu 40,47 51,37 19,96 47,78 35,34 9,43
Hanzemnas 88,13 97,92 72,21 87,32 104,73 57,00
Kpona 14,76 22,41 17,11 15,97 19,90 16,07
JIuctBa 2,12 3,59 2,27 2,45 2,52 2,99
BetrBn 12,64 18,82 14,84 13,53 17,38 13,09
CTBOJI B KOpE 73,37 75,51 55,10 71,35 84,82 40,92
JlpeBecuHa cTBONA 61,44 64,45 47,38 61,77 71,13 34,17
Kopa cTBosa 11,93 11,06 7,72 9,57 13,70 6,76

[lo nanHBIM TadJ. 6 MOXXHO cleNaTh BbIBOJ, YTO HauOOJbIINE 3HAUEHUS o0mel du-
TOMAacCChl PaBHOBEJIMKHUX JEPEBHEB UMEIOT MECTO y AyOa KpacHoro B 3amaaHoil Espone (149
Kr) 1 y 1y0a monronsckoro B [Ipumopse (140 kr) u HauMeHbpIINe — B IJIAHTAUAX 1y0a MOH-
rojbckoro B Slnonuu (66 Kr), a B OCTaJIbHBIX perMoHax obmiast ¢puromacca HaXOAUTCS B Mpe-
nenax ot 92 no 135 xr. Haubonbiuas 10715 TUCTBBI B HaJA3eMHOU (uTomMacce — y 1y0a MOH-
roJIbCKOro B IulaHTauusax SAnonuu (5,2%), a B OCTaJIbHBIX PETHOHAX OHA KojeOiercs B mpeje-
nax ot 2,4 1o 3,7%.

s cimyyaeB, KOrjja HEBO3MOXHO 3aMEpPUTh BBICOTHI JIEPEBbEB Ha MPOOHBIX IUIOLIA/IAX
pH pacyeTax pUTOMACCHl Ha €IMHHUILIE IUIOIAIN JPEBOCTOS C MPUMEHEHHUEM NPEI0KEHHOM
Mojenu (2), pacCUUTaHO BCIIOMOTATENIbHOE YpaBHEHUE, CKOPPEKTUPOBAHHOE Ha JIOrapu(pMu-
YECKYI0 TpaHC(hHOpMaIUIO

410 - X1 _-0,1471X2 264X. 202X4 - X .2
H:2,7164 DO,6 0e 0,0906. e0, 7 eO,O 6 360,0 0 e(),3099 5; ad]R :0’924 (3)

Perpeccuonnsiit koapunueHT (3) npu YUCIeHHOW nepeMeHHoNW D 3HauuM Ha YpOBHE
BEPOATHOCTH Py 999.

C uenbio BBISICHUTH, TOCTaTOYHO JIM aJeKBaTHA MOJy4YeHHas aJAUTUBHAs MOJEIb U
KaK €€ XapaKTEepUCTUKU COOTHOCATCS C MOKAa3aTEeJsIMM aJIeKBATHOCTH HE3aBHUCHUMBIX YpaBHeE-
HUH, pacueTHbIE NMOKa3aTenu (puromMacchl, MOJy4eHHbIE, C OJIHOM CTOPOHBI, IO HE3aBUCHMBIM
(MCXOIHBIM), a C IPYTOil CTOPOHBI, 10 aJJUTUBHBIM YPaBHEHUSM, COMTOCTABJICHBI C (haKTHUe-
CKMMH 3HAYCHHSAMH (HTOMACCHI yTeM pacdera kodhduienTa nerepmunarmu R, st Kop-
PEKTHOIO CPAaBHEHMs aJeKBaTHOCTH HE3aBUCHMBIX M AJJIUTUBHBIX YPAaBHEHHMH HCXOIHBIE
JaHHbIE TPUBOJMM B COINOCTAaBUMOE COCTOSHUE, T.€. HE3aBUCHMbIE ypaBHEHHUS JIs BCEX
¢dpakuuii GpUTOMACCH PACCUUTHIBAIOTCS 1O TEM XK€ JAaHHBIM, YTO U aJJUTHBHbIC YpaBHEHHS
JUIst o01Ielt puToMacchl. XapakTepUCTHUKA TaKUX «IIPUBEIEHHBIX» YPaBHEHUH JjaHa B Ta0JI. 7.
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Tabmuma 5. Tabnuia ajst onpeneneHus aJTuTUBHON (PUTOMACCHI IepeBhEB 1yda MO BBI-
COTE M JUAMETPy CTBOJIA B TOJ30HE XBOHHO-IIIMPOKOJMCTBEHHBIX JICCOB €BPOIECHCKON YacTH

Poccun.
H @paxuuu puro- [uamerp cTBOJIA, CM
’ MaccChl 6 10 14 18 22 26 30

OO6mias 14,63 | 46,08 | 98,12 172,57 - - -
Kopuu 4,07 | 13,93 | 31,27 57,16 - - -
Hamzemnas 10,56 | 32,15 | 66,86 115,41 - - -
Kpona 1,79 8,67 23,58 48,66 - - -

10 JluctBa 0,39 1,46 3,30 5,93 - - -
BerBu 1,40 7,21 20,28 42,73 - - -
CtBOJ B KOpE 8,77 | 23,49 | 43,27 66,75 - - -
ETI;Z?;“HE‘ 7,51 | 19,73 | 3583 | 54,64 - - -
Kopa cTBoMa 1,25 3,76 7,44 12,10 - - -
Oo6mas 13,39 | 42,84 | 92,16 163,32 | 257,91 - -
Kopuu 2,57 8,85 19,96 36,62 4,05 - -
Hamzemnas 10,82 | 33,99 | 7221 126,70 | 198,46 - -
Kpona 1,11 5,88 17,11 37,29 68,56 - -

14 JIuctBa 0,24 0,95 2,27 4,23 6,85 - -
BerBu 0,87 4,93 14,84 33,06 61,71 - -
CtBoOJ B KOpE 9,70 | 28,11 55,10 89,42 129,91 - -
iiZBf;HHa 8,61 | 24,50 | 47,38 | 76,08 | 109,53 | - -
Kopa cTBona 1,09 3,61 7,72 13,34 20,37 - -
O6ias - 40,57 | 87,95 156,74 | 248,65 | 365,09 -
Kopuu - 6,13 13,83 25,39 3,38 61,73 -
Hanzemuas - 34,44 74,12 131,35 | 207,41 | 303,36 -
Kpona - 4,14 12,55 28,31 53,61 90,46 -

18 JIuctBa - 0,65 1,59 3,04 5,03 7,56 -
BerBu - 3,49 10,96 25,27 48,58 82,89 -
CtBoOIX B KOpe - 30,30 | 61,56 103,05 | 153,81 | 212,90 -
f;?}f;“a - 27,00 | 5420 | 89,82 | 132,92 | 182,62 | -
Kopa cTBona - 3,29 7,36 13,23 20,88 30,28 -
O6mas - - 84,72 151,68 | 241,49 | 355,66 | 495,52
Kopuu - - 10,17 18,65 2,62 45,30 | 63,99
Hamzemuas - - 74,55 133,03 | 211,22 | 310,36 | 431,53
Kpona - - 9,49 21,88 42,28 72,63 | 114,82

79 JIuctBa - - 1,16 2,25 3,77 5,73 8,16
Bersu - - 8,32 19,63 38,51 66,90 | 106,66
CtBoJ B KOpe - - 65,07 111,15 | 168,94 | 237,72 | 316,71
iieo’f:”‘*a - - 58,23 | 98,53 | 148,55 | 207,54 | 274,73
Kopa cTBona - - 6,84 12,62 20,39 30,18 41,97

26 OO6mas - - - 147,59 | 235,69 | 347,99 | 485,88
Kopuu - - - 14,30 2,01 34,68 | 48,95
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H Opakuun puro- Huamerp cTBOJIA, CM
’ Macchbl 6 10 14 18 22 26 30
Hanzemuas - - - 133,29 | 212,50 | 313,31 | 436,93
Kpona - - - 17,30 33,92 59,04 | 94,46
JIuctBa - - - 1,72 2,89 4,44 6,36
Bertsu - - - 15,59 31,02 54,60 | 88,10
CtBoON B KOpE - - - 115,99 | 178,58 | 254,27 | 342,46
€BeCuHa
/b - - - 104,11 | 159,06 | 224,94 | 301,11
CTBOJIA
Kopa cTBOMNa - - - 11,88 19,52 29,33 41,36
Tabmuua 7. XapakTepucTUKa «IIPUBEICHHBIX» AJUIOMETPHUECKUX YPaBHECHHUN
Zz KOMITOHEHTHI perpeCCMOHHBIX YPaBHEHHUU adjR
& §
=
P, 0,9683 I D 2,0388 | H -0,4242 | D 0,0902 (InH) | e 0,1492 X1 | e -0,3331X2 | e 0,0493 X3 e 0,0854 X4 e -0,6606 X5 0’992
Iar 1
P 0.1820 D 1,7678 H 0,1678 D 0,1334 (InH) e 0,1049 X7 e -0,150T X2 e 0,0848°X3 e 0,2583 X4 e 0,0943 X5 0.994
P(: 1:1362 D 2,3418 H -0,9987 D -0,0168 (InH) e 0,2378 X1 e -0,6578 X2 e 0,2599 X3 e -0,0500 X4 e -0,9263 X5 0:924
[Har 2
P 0.1111 D 2,5737 H -1,2657 D 0,180T (InH) e 0,4430 X1 e 0,2341X2 e 0,2043 X3 e 0,3897 X4 e 0,6196 X5 0.953
PZ 0:1064 D 1,5252 H 0,5324 D 0,1326 (InH) e 0,0537 X1 e -0,2001 X2 e 0,097T X3 e 0,2355 X4 e -0,0499 X5 0:995
Iar 3a
P 0.0275 D 2,5129 H -0,9152 D -0,0157 (InH) e 0,6074 X1 e 0,231TX2 e 0,3160 X3 e 0,3T17 X4 e 0,9027 X5 0.927
P; 0:0604 D 2,6983 H -1,2402 D 0,1805 (InH) e 0,4773 X1 e 0,3253X2 e 0,2400 X3 e 0,4558 X4 e 0,5952 X5 0:949
[ar 36
P 0.0235 D 1,4579 H 1,3780 D 0,028T1 (InH) e 0,0290 X7 -0,0207 X2 0,1799 X3 e 02317 X4 e 0,2844 X5 0.994
Pl:; 0:0307 D 1,4582 H 0,3616 D 0,1395 (InH) e -0,0942 X7 e -0,1966 X2 e -0,0454 X3 e 0,2235X4 e 0,3025 X5 6,980

Pe3y.]'IBTaTBI CONMOCTAaBJICHUA (Taﬁ.]'l. 8) CBUIACTCIILCTBYKOT O TOM, YTO aAJUTHUBHBLIC

YpaBHEHHUS HE TOJIbKO BHYTPEHHE HENPOTHBOPEUMBHI, HO U 00JIaJal0T MPUMEPHO OJIMHAKO-
BBIMM IOKAa3aTeJsIMM aJIeKBaTHOCTU 10 CPAaBHEHHUIO C HE3aBUCUMBIMU ypaBHeHUsMHU. OTMme-
THM TaK)Xe, YTO IIPU peau3alyy MPUHLIUIIA aJAUTUBHOCTH LIE€JIb MTOBBIIICHHS aICKBaTHOCTH
MOJIy4Yae€MBIX MOJIEJIEH MO OTHOUIEHHUIO K TPaJULMOHHBIM MOJIEISIM O BCeM (ppakuusimM Qu-
TOMAcCChl HE CTaBUJIACh.

Tabnuma 8. CpaBHeHue ToOKa3aTelel aJeKBaTHOCTH HE3aBUCHMBIX M aJTUTHBHBIX
ypaBHEHUH (pUTOMACCHI IepeBbeB Quercus

Mokasatemn O®pakuuu puromacchl
Pt | Pa | Pr | Ps | Pw | Pbk | Pc | Pb | Pf
HeszaBucumeie YpaBHCHHA
R | 0,993 | 0,996 | 0,862 | 0,990 | 0,958 | 0,954 | 0,740 | 0,706 | 0,877
AI[)II/ITI/IBHBIG YpaBHCHHUA
R | 0,993 | 0,996 | 0,860 | 0,971 | 0,992 | 0,888 | 0,853 | 0,846 | 0,935

* O6o3HaueHus cM. ypasaenue (1).

CooTHomleHre (paKkTUYeCKUX 3HaYeHHHM U 3HAUYEHUH, MOITYYeHHBIX PacyéToM IO He3a-
BUCHMBIM H aJ/IUTUBHBIM MOJIENISIM (PUTOMACCHI IepEeBbEB (PHC. 3), TOKA3BIBACT CTENEHb KOP-
PENMPOBAHHOCTY HAa3BAaHHBIX IMOKA3aTENEH, a TAKKE OTCYTCTBHE BUANMBIX Pa3JINUUi B CTPYK-
Typ€ OCTATOYHBIX IUCIIEPCUH, IIOJIYYEHHBIX I10 JBYM Ha3BaHHBIM MOJEIIAM.
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Aooumuenas mooenv umomaccvl Ha ypogHe Opesocmoes

PaCC‘-II/ITaHbI HNCXOIHBIC aJIJIOMeTpI/I‘-IeCKI/Ie MOICIHU
InP; = a;+b; (InA)+c; (InA)*+ d; (InH)+e; (InD)+f; (InN)+ Zg; X, 4)

rae P; — macca i-ii gppakmum, 1/Ta; A — BO3pacT APeBOCTOs, JIeT; H — cpeHss BBICOTa IPEBO-
cTos, M; D — cpelHU AUaMeTp CTBOJIOB, cM; N — r'ycTOTa JAPEBOCTOA, ThIC. 9K3/Ta; a-g — pe-
rpeccoHHbIe KOA(PGUIMEHTHI; | — HHAEKC (ppakiuii puromaccsl: obmeit (7), Haa3eMHOi (a),
KOpHEW (r), KpoHHI (¢), cTBONa B Kope (s), 1McTBHI (f), BeTBel (D), npeBecuHsl cTBOsa (W) U
KOpHI cTBOJIA (bK); j - nHIEKC (Kom) B O10Ke (MKTUBHBIX MIEPEMEHHBIX, KOAUPYIOMUX 10 3K0-
peruoHoB, ot 0 10 5 (cM. TaduI. 2).

Mopnens (4) nociie NOTEHUUPOBAHUS IPUBEACHA K BUY

XapakTepucTuka ypaBHEHUU (4), TOJydeHHasT WX anmpoKCUMAaIued 1mo GpakTHIeCKUM
JTaHHBIM (puTOMAacChl, MOCJIe BBEACHHS MOIMPABOK Ha JiorapudmMuieckoe mpeodpa3oBaHue Mo
I'. JI. backepsuiio (Baskerville, 1972) u mocneayromiero mnoTeHIUPOBAHUS COTIIACHO (5) MpH-
BeZieHa B Ta0J1. 9. Bece perpeccuonnbie ko3 duinenTsl ypaBHeHuid (4) Ipu YUCICHHBIX Te-
PEMEHHBIX 3HAYUMBI HA YPOBHE BEPOATHOCTH Py gs M BBIIIE, M YPAaBHEHHS a/I€KBATHBI UCXO/I-
HBIM JJAHHBIM.

[Tony4yennsie ypaBHeHus (5) (Tada. 9) MoaudUIMPOBAHBI COTIACHO BBIIIEC U3JIOKECH-
HOMY aJIFOPUTMY TPEXIIArOBOTO MPOMOPLHOHAIBHOTO B3BEIIMBAHUSA, 1 OKOHYATEIbHBIA BU
TPAaHCKOHTUHEHTAJIBHON aJINTUBHON MoJenH (PPakIMOHHOTO cocTaBa (PUTOMACCHI TyOOBBIX
npeBocToeB npuBeaeH B Tadua. 10. Monenb aelicTBUTENbHA B [uana3oHe (PakTUYECKUX JaH-
HBIX BO3pacTa JAPEBOCTOEB, CPEIHEN BBICOTHI, CPEAHETO TUAMETPaA CTBOJIA U T'yCTOTHI APEBO-
CTOEB, IPUBEICHHBIX B Ta0JI. 2, U XapaKTepu3yeTcs ABOWHONW rapMOHHU3AIMeH: OHa U3 KOTO-
pBIX o0ecrieurBaeT MPUHILMI JIUTUBHOCTH (ppakumii puromacchl, a BTopas cBi3aHa C BBO-
JIOM (PUKTUBHBIX [TEPEMEHHBIX, JIOKAIHU3YIOIIUX MOJIENb 10 3KopernoHam EBpasuu.

Ha cnenyromem s3tamne uccienoBaHMs BBINOJIHEHO COIMOCTABIIEHHWE aJ€KBATHOCTH I10-
CTPOECHHOM aIMTUBHON MozaenH (cM. Tada. 10) U He3aBUCUMBIX YpaBHEHUH, MOKa3aHHBIX B
Tada. 9. /{1 KOPPEKTHOrO COMOCTaBICHUS MO MOAU(GUIMPOBAHHOMY MACCHUBY HCXOJHBIX
JAHHBIX allPOKCUMHUPOBAHBI YpaBHEeHHs (5), U MX OKOHYATENbHBIN BUJ qaH B Tada. 11. Kak
aJJIMTUBHAs MOJIENb, TaK M HE3aBHCHMBbIE YPaBHEHHUs, MPOTaOyJIUPOBAHbI MO (PaKTUUECKUM
Maccoo0pa3yroIKM MoKa3aTeNsiM MaccuBa (PAKTMUECKUX JAHHbBIX, U MOJYyYEHHbIE pacueTHbIE
3HAYCHHUS (PHTOMACCHI COIOCTABNEHBI ¢ (PAKTHIECKMMH 10 TT0Ka3aTemo K. Pe3ybTaThl Como-
CTaBJIEHMsI aJIeKBaTHOCTH JBYX METOJOB MOJEIUPOBAaHUs CBeACHbI B Tadua. 12 u cBUaeTeNb-
CTBYIOT O TOM, YTO IIOKa3aTeIN aJ€KBATHOCTU JBYX CHUCTEM ypaBHEHUN OJM3KU MEXIY CO-
60it. CooTHomIeHNE (PaKTUUECKUX 3HAUEHUI U 3HAUEeHUH, MOJTYYEHHBIX PacYETOM 10 HE3aBH-
CHUMBIM U aJIUTUBHBIM MOJEIISIM (PUTOMACCHI IPEBOCTOEB (PHC. 4), TOKA3BIBAET CTENEHb KOP-
PETUPOBAaHHOCTH HAa3BAaHHBIX IMOKa3aTeNeil U OTCYTCTBHE BUIUMBIX Pa3ndMil B CTPYKTYpe
OCTaTOYHBIX UCIEPCUM, MOJYYEHHBIX 1O JBYM Ha3BaHHBIM MojeisM. bonibias umm MeHb-
mas BedMYMHA R’ JIBYX CpAaBHMBAEMBIX MOJCIEH ONpEIENseTcss CAydailHbIM IOTOKEHHEM
dakTHyeckux 3HaUeHUH (puToMacchl Harboee MPOIYKTUBHBIX APEBOCTOEB B IOBEPUTEIHLHOM
Jana3oHe ¥ HepaBHOMEPHOH aucrepcuell, MMEHHO CIIyYailHBIM - M3-32 UX MaJIOrO Yuclia U
HanOOJIBIIIETO BKJIaJa B OCTATOYHYIO TUCIIEPCHUIO (CM. pHC. 4).
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Tabnuma 12. CpaBHeHue TOKa3aTelel aleKBAaTHOCTH HE3aBHCHUMBIX WM aJTUTHBHBIX
ypaBHeHUW (puTOMacChl ApeBocToeB Quercus, PaCCUNTAHHBIX C UX PETHOHAIM3AIUEH TTyTeM
BBEJICHUS] (PMKTUBHBIX NMEPEMEHHBIX

®paknuu huToMacchl
Howasarent =, 1% T pc [ pf | Pb | Pr | Ps | Pw | Pk
HesaBucumble ypaBHEHUS
R | 0,746 | 0,798 | 0,571 | 0,292 | 0,570 | 0,249 | 0,803 | 0,856 | 0,643
AJITUTUBHBIEC YpPAaBHEHUS
R 0746 | 0,799 | 0,571 | 0,293 | 0,571 | 0,238 | 0,804 | 0,871 | 0,660

[TocTpoennast anauTuBHasE MoJeib (cM. Tadua. 10) BKIItOUaeT YeThIpe YMCICHHBIX He-
3aBUCHUMBIX NepeMeHHbIX. [Ipu TaOynupoBaHuu ee BO3HMKAeT mpolsema, KOTopasi 3aKioua-
€TCsl B TOM, YTO MbI MOKEM 3aJaTh U3 YETHIPEX NEPEMEHHBIX TOJIBKO BO3pACT JIPEBOCTOS, a
OCTaJIbHbIE TPH MEPEMEHHBIE MOTYT OBITH BBEICHBI B TAOIUILy JTUIIb B BUAE PACUCTHBIX BEIU-
YUH, MMOJYYEHHBIX CHCTEMOW BCIIOMOTATEIbHBIX PEKYPCUBHBIX ypaBHEHUN. Takue ypaBHEHUs
paccuuTaHbl O UCXOTHOMY MaccUBY (DaKTHUUECKUX JaHHBIX U MOKa3aHbl B Ta0.1. 13.

Pesynberarel nmocnempoBaTensHOrO TaOyaupoBaHus ypaBHeHud B Tada. 13 u 10 npen-
CTaBJISIFOT TPOMO3JIKYyI0 Tabiuiy. [103ToMy cpaBHUTENBHBINA aHAIHU3 CTPYKTYPhl (PUTOMACCHI
JyOOBBIX JIPEBOCTOEB Pa3HBIX SKOPETMOHOB OTpaHu4YuM Bo3zpacTom 60 et (TadJa. 14).

CornacHo Taba. 14, HauGonbime 3HayeHus guromaccsl (321 T/ra) COOTBETCTBYIOT
ny6oBBIM peBocTosiM Q. crispula u Q. glauca B Slnonnu, a Haumensiue (194 1/ra) — npeBo-
ctosm Q. robur B 3anaanoit EBpomne. [IpomexxyTouHOE MONOKEHHUE MO MOKA3aTeN0 00Iei
¢uromaccer (213-242 1/ra) 3aHnMaroT 1yO0OBBIE IPEBOCTON B OCTAIBHBIX SKOPErHOHAX.

[Tokazarenu puromMacchl pa3HbIX SKOPETHOHOB Pa3INYarOTCs HE TOJIBKO MO a0COIOT-
HOW BEJIMYMHE, HO ¥ 10 COOTHOIIECHHUSIM MacChl pa3sHbIX (PaKIMii; HAIIPUMEDP OIS JIUCTBHI B
HaJ3eMHON (uTtomacce mMakcuManbHas (2,6-3,0 %) B ny0oBbix npeBoctosix [Ipumopes u
Anonun, muanManbHas (2,1%) B nyOHsikax 3anannoil u Cpenneil EBponbl, a B ocTambHBIX
pernoHax HaXOJUTCS Ha CTaOUIbHOM ypoBHE 2,2-2,4%.

3akjao4yeHue

Takum 006pazom, BIiepBbIe HA YHUKAIBHBIX MO 00bEMY 0a3aM (pakTHUECKHUX JaHHBIX O
¢dbuTomMacce iepeBbeB U ApeBocTOEeB poaa Quercus L. pazpaboTaHbl TpaHCEBPA3UNCKHUE aJIH-
TUBHBIE MOl (hUuTOMacchl Ay0a, U TEM CaMbIM pellleHa mpobiieMa COBMEIEHUs alIUuTHB-
HOCTH U BCEOOIIHOCTH Mojienei. Monens puromacchl JepeBbeB FrapMOHU3UPOBAHA ABOSIKO: B
HEell ycTpaHEeHa BHYTPEHHSSI MPOTUBOPEUMBOCTH «(HPAKIMOHHBIX» U OOIIEr0 ypaBHEHUS, H
KpOME TOT0, OHa YYUTHIBAET PErMOHAJIbHbIE (M COOTBETCTBEHHO, BUJOBBIE) PA3INYUS PABHO-
BEJIMKUX JEPEBbEB KakK MO BENWYMHE OOIIeH, Ha3eMHON U MOA3EeMHOM (PUTOMACCHI, TaK U MO
ee (pakIMOHHON CTPYKTYpE.

AnauTuBHas MOJAENTh (PUTOMACCHI JAPEBOCTOEB TAPMOHHM3UPOBAHA TaKXKe MO ABYM
YPOBHSIM, OJMH M3 KOTOPBIX 0OecreynBaeT IPUHLIUI aJAUTUBHOCTH (pakiuil puTomMaccel, a
BTOPOIl CBSI3aH C BBOJOM «(DUKTUBHBIX)» MMEPEMEHHBIX, JIOKATH3YIOIMIUX MOJIETh MO0 YKOPETHO-
HaMm EBpasun. IlomydeHHass Momens JEMOHCTPHUPYET pa3inuvs (PUTOMAcChl JPEBOCTOEB HE
TOJIBKO 1O a0COTIOTHBIM €€ 3HAUEHUSIM JIJIsl CTBOJIOB, XBOW, BETBEH U KOPHEH, HO U MO UX CO-
OTHOUICHUSIM, T.€. N0 CTPYKType puToMacchel. [IpensoxkeHHble MOAETU U COOTBETCTBYIOLIUE
TaONUIIBI AJI OLEHKU (PUTOMACCHI IEPEBHEB U JIPEBOCTOEB 1y0a 0T BO3MOKHOCTH OTIpeie-
JeHus ux (puTomMacchl B pa3IMYHbIX 3KOperruoHax EBpasuu 1o JaHHBIM U3MEPHUTEIHHOM Tak-
Caluu.
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