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Generic models of birch (genus Betula 1..) tree biomass: a meta-analysis

V.A. Usoltsev, I.S. Tsepordey, V.P. Chasovskikh (Ural State Forest Engineering University;
Botanical Garden, Ural Branch of the Russian Academy of Sciences; Ural State University of
Economics)

Due to the increase in the level of greenhouse gases in the atmosphere and climate change,
an accurate assessment of biomass and carbon stocks in forest ecosystems is necessary in
order to obtain reliable estimates of the deposition of atmospheric CO, and its emissions into
the atmosphere. The key method for quantifying the aboveground biomass of forest ecosystems
is allometric models relating the tree biomass to the stem diameter. Since the development
of biomass models based on experimental data is a time-consuming process, it is necessary
to analyze existing models in order to assess their applicability in other regions. There are
allometric models of biomass for different species, but their use at regional levels can be
problematic due to the variability of the taxation structure of stands. Therefore, it is necessary
to develop generalized (generic) models of biomass for some species or for a set of species based
on meta-analysis. The purpose of this study is to develop generic models of the biomass of
birch (genus Betula L.) through meta-analysis of previously published in the world literature
and «recovered» meta-data of biomass in relation to the stem diameter at breast height, as
well as to assess possible biases in the conditions of their local applications. Empirical data on
the tree biomass and meta-data obtained by tabulating published models of biomass were used.
As a result, universal models designed to assess the biomass of birch trees in a wide range of
growing conditions have been constructed. The models explain 85—99 % of the variability of
biomass fractions and, with multiple application, may give a slight biases (2.6 %) from the true
values.
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BceoOume amiomerpuyeckue moaenn (puromaccs oepes (pox Betula 1..): mera-anaims
B.A. Ycombues, U.C. Ilenopaeii, B.I1. YacoBckux

B cBs131 ¢ MTOBBIIIICHEM YPOBHS ITAPHUKOBBIX Ta30B B aTMOc(epe U M3BMEHECHUEM KIIMMAaTa He-
0o0xomMMa TOYHas OIIeHKa 3armacoB (PUTOMACCHI 1 YIJIepoaa B JIECHBIX SKOCHCTEMaXx C IICJIbIO
TIOJIy4EHNST TOCTOBEPHBIX OLEHOK CBA3bIBaHMA nMmu arMoceproro CO, u ero BrIOPOCOB B
atMocdepy. KimodeBbIM METOIOM KOJIMYECTBEHHOM OLIEHKHM HAaa3eMHOI (hUTOMACCHI JIECHBIX
3KOCHUCTEM CITyKaT aJUIOMETPUUECKIE MOJIEIIH, CBSI3BIBAOIINE (hUTOMACCY IepeBa C TMaMEeTPOM
ctBoJia. [TockosbKy pazpaboTka Mojesneil (pMToMacchl Ha OCHOBE 3KCHEPUMEHTAIbHbBIX JTaH-
HBIX SIBJISIETCS TPYILOEMKUM MPOLIECCOM, HEOOXOMM aHAJIU3 CYIIECTBYIOIIUX MOJENE ¢ LeTbIo
OIIEHKY WX IPUMEHUMOCTH B Pa3IMUHBIX peTHOHAX. VIMeIoTCs astioMeTpruIecre MOIeIn (DUTO-
MacChl JJIsI KOHKPETHBIX IPEBECHBIX MOPOJI, HO UX MCITOJb30BaHUE HA PETUOHAIBHBIX YPOBHSIX
ObIBaeT MPOOIEMATUIHBIM BCICACTBIEC M3MEHUMBOCTY TAKCALIMOHHOM CTPYKTYPHI IPEBOCTOEB.
[TosroMy HeoOxomuma pa3paboTKa O0OOIIEHHBIX Mojeleil (uTomMacchl IJIs1 OIpeAcIeHHOM
JIPEBECHO MOPOIBI WU [UTSI COBOKYITHOCTH TIOPOJ HA OCHOBE METa-aHaIM3a.

Llenb HacTosIIIEro MCCAeA0BAaHMSI COCTOsIa B pa3paboTKe 00O0OIIEHHBIX Moaeelt dpuroMac-
CHI JiepeBbeB Oepesbl (pon Betula .) ocpeacTBOM MeTa-aHajlu3a paHee OMyOJUKOBAHHBIX B
MMPOBOI JIUTEPAType U «BOCCTAHOBJICHHBIX» METa-ITaHHBIX (DUTOMACCHI B CBSI3U C IMAMETPOM
CTBOJIa HA BBICOTE TPY/U, a TAKXKE B OLIEHKE BO3ZMOXKHbBIX CMEILIEHUI B YCIOBUSIX UX JTIOKATbHbIX
TIPUMEHEHU.

Hcnonp3oBaHbl SMITMPUYECKIE TaHHBIE O (hUTOMAacce IepeBbeB M METa-IaHHbIE, TIOTyUYeHHbIE
yTeM TabyIMpOoBaHUsI OMyOJIMKOBAHHBIX MoJesel (hputoMacchl. B pe3ynsrare mOCTpOeHBI Bee-
o01Ire Moesn, TIpeHa3HaYeHHbIE [T OIIeHKM (hrToMacchl 6epe3 B IMPOKOM HUAIIa30He yC-
JIOBUI TIpon3pacTaHus. Momean 00bsICHSIOT 85—99 % M3MeHIMBOCTH (PpaKInit (GUTOMACCH 1
IIPY MacCOBOM MTPUMEHEHUHN MOTYT 1aBaTh HE3HAYUTEIbHOE OTKIOHEeHUE (2,6 %) OT NCXOTHBIX
3HAUEHUIA.
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BBenenne

B cBsI3M ¢ TIOBBIIIIEHUEM YPOBHS IMapHUKO-
BBbIX Ta30B B aTMOc(epe U UBMEHEHUEM KiiuMaTa
HeoOxorMa TOYHAs OlleHKa 3aracoB (puTomac-
ChI U YIJIepojia B JIECHBIX 9KOCHUCTEMAX C LEIbIO
MOJYYEeHHUsI JTOCTOBEPHBIX OLIEHOK CBsI3bIBa-
Hus1 umu atMocepHoro CO, 1 ero BbIOPOCOB
B atmMocdepy [20]. OnpeneneHne U3MeHEHUI B
CTPYKTYype U 3aracax (hUTOMacChl UCITOIb3YIOT B
KauyecTBe KOJMYECTBEHHOM OLIEHKU YIJIEPOIHO-
ro oOMeHa B JIECHOM ITOKpOBE BO BpeMeHU [15] 1
KJIMMATUYECKU OOYCIOBJIEHHbBIX CIBUTOB TUIOB
pacTUTEILHOCTU B TIpocTpaHcTBe [24]. Kiroue-
BbIM METOAOM KOJWYECTBEHHOU OLIEHKU Haj-
3eMHOI (DUTOMACCHI JIECHBIX 9KOCUCTEM CJTy>KaT
AJUIOMETPUYECKUE MOJENU, CBs3bIBalOlIMe (hu-
TOMAcCy JIepeBa ¢ JMaMeTpoM cTBoJIa [26], KoTo-
phI€ IIIMPOKO UCITOJIB3YIOTCSI B BKOJIOTMYECKUX U
JIECOBOJICTBEHHBIX HMCCJIETOBAHUSIX BCJIEICTBUE
MPOCTOTHI M3MepeHusi aToro mnapamerpa. OHuU
TIPUMEHSIIOTCST IS OLIEHKM JIeCHOM ¢utomMac-
Chl Ha peruoHajJbHOM ypoBHe [14], mpu pacue-
Tax yriaepoaHoro 6anaHca [37], B TpOU3BOJACTBE
OouosHepruu [28] u pacdere KpyroBopoTa 3Jc-
MEHTOB IUTaHusI [34].

IMockonbky pa3paboTka Mozeneir duro-
Macchl HA OCHOBE 9KCTIEPUMEHTAIbHBIX JTaHHbIX
SIBJISIETCS TPYILOEMKUM IMPOLIECCOM, HEOOXOIUM
aHAJIU3 CYIIECTBYIOLIUX MOJIEJIEN C 11eJIbIO O1IEH-
KW UX IPUMEHUMOCTH B T€X UJIM MHBIX PErMOHaX
[43]. TIpumeHsIEMBIE AJUIOMETPUYECHE MOICITN
00J1a1a10T HEKOTOPBIMU HEI0CTaTKAMM, B 4acT-
HOCTU, OHU OOBIYHO CTPOSITCS HA OrpaHUYCH-
HOM OObEMe MCXOIHBIX JaHHBIX, a JAMAIa30HbI
M3MEHUYMBOCTH IMaMETPa CTBOJIA B UCCIIEAYEMBIX
JIPEBOCTOSIX BBIXOIST 32 MPeIeIbl COOTBETCTBYIO-
IIKUX AUAMETPOB B aJJTIOMETPUUECKUX MOICISIX.
151 MeHee M3y4eHHBIX JPeBECHBIX BUIOB B TaH-
HOM pErvoHe aUIOMeTpUYECKue MOJEIU 4acTo
HEJIOCTYITHBI WM OTCYTCTBYIOT BOOOIIIE.

HMmMeroTcst MHOroYMClIeHHbIE Monieu (puTo-
Macchl U1 KOHKPETHBIX BUIOB, HO UX UCTIOJIb-
30BaHME Ha PErMOHaJIbHBIX YPOBHSIX ObIBaeT
Mpo0JieMaTUYHO  BCJIENCTBUE WM3MEHUUBOCTU
TaKCallMOHHOW CTPYKTYphl JpeBocToeB. Ilo-
3TOMY HeoOXommMa pa3paboTKa O00OOIIEHHBIX
(generic, generalized) Momeneit puromaccel s
TOrO WM WHOTO BUJA WU JUJISI COBOKYIMHOCTH
BUJIOB Ha OCHOBE MeTa-aHanu3a [16, 25]. TepmuH
«MeTa-aHaju3» B HACTOsIIIEe BPEMsI MCIIOJIb3Y-
ercs i1 0003HAYeHMsT psila CTaTUCTUYECKUX

MpoLeayp, KOTOpbIe 0000IIAIOT Pe3yIbTaThl pa3-
JIMYHBIX MCCJICAOBAHMII MO HEKOTOpPOI 0OIIei
npobieme [18].

B yciaoBusix ABcTpannu, BapbUPYIOIIUX OT
CYXUX J0 BJIaXKHBIX 9KOTOIOB TPOIUYECKUX Jie-
COB, MPOCTbIE A/UIOMETPUYECKUE MOICIM Haid-
3eMHOI (puToMacchl 00bsICHSIIN 84—95 % ee 00-
1Iero BapbupoBaHusi. [1pu 3TOM MCIIOIb30BaHUE
0000IIIEHHBIX OMHOBHUAOBBIX MOJEJICd BMECTO
BUAOCTIELIM(PUUHBIX UMEJIO CJICACTBUEM IIOTEPIO
3(hGEKTUBHOCTU MIPOrHo3upoBaHust meHee 1 %.
Hcnonp3oBaHre 000OLIEHHBIX MHOTOBUAOBBIX
MoOJeseii He IPUBEI0 K MCKaXKEeHUI0 ITPOTHO3a
¢uromacchl y 92 % wu3 53 mpoTecTUPOBAHHBIX
BUIOB. B 3TOIi CBSI3M aBTOpPHI pPEKOMEHI0BAIU
HCITOJIb30BaTh OOOOIIEHHBIC AJUIOMETPUYECKIUE
MOJEN «IJII BKOHOMUYECKU 3(P(HEKTUBHOTO
IIPOrHO3MPOBaHUS (PUTOMACCHI B ILIMPOKOM M-
ana3oHe HacaxaeHuit» [32. c. 2107]. B AnoHuun
Ha OCHOBE WCCJIENOBAHUMN aJIJIOMETPUYECKUX
MoJeseil (pUTOMAaCChl MECTHBIX OPEBECHBIX BM-
JIOB clieJaH BBIBOJ, YTO pa3paboTka 00O0OIeH-
HOM aJJIOMETPUYECKON MOJEU, YYUTHIBAIOILIEH
MEXBUIOBBIE pa3inmuus, sBIsIeTcs 3(P(PeKTUB-
HBIM METOIOM TOYHOM OLIEHKM Haa3eMHOM (hu-
TOMACCHI 1 ee (ppakuuii B 00peaabHbIX, YMEPEH-
HBIX U CyOTPOIMYECKUX €CTeCTBEHHBIX JIecax
9T0¥ cTpansbl [21]. TeMm He MeHee B TPOITMUECKIX
Jecax MeKcnKr OBLIO YCTaHOBJIEHO, UTO 0000-
IIEHHbIE MHOTOBUIOBBIE MOJIEIN JAIOT 3aHMXE-
HUE OLIEHOK (DMTOMACChl HA €NMHMIIE TUIOIIAIN
Ha 9,1 % 110 cpaBHEHUIO ¢ BUAOCHEU(DUIHBIMU
MoaensMu [29].

TakuM 00pa3oM, MMEIOTCSI NPUMEPHI MC-
MOJb30BaHUs: 1) OMyOJIMKOBAaHHBIX MOJEei
IIJISI OMHUX Y TeX e BUAOB, IIPOM3PACTAIOIINX B
pa3HbIX peTHoHax, 2) OMmyOJMKOBAHHBIX MOJE-
Jeit mist OJM3KOPOACTBEHHBIX BUAOB, 3) 0000-
LIEHHBIX MOJeJel, pa3pabOTaHHBIX IJiS COBO-
KYIHOCTHM APEeBECHBIX BUAOB M pomoB [11, 38,
41] 1 00001IeHHBIX MOJIEJICi IJIT COBOKYITHOCTU
BUIIOB B Ipefesiax TOro Wi MHOro poga [6—8].
OgHako B KaXIOM cliydae IPUMEHSIEMbI Me-
Ta-aHaJIM3 IIPEArojaraeT OLIEHKY BO3MOXKHBIX
CMEIIEHMI, BBI3BIBAEMBIX TOJOOHBIM 00001IIe-
HUEM.

Pon  Betula.. oTHOCAT K CEeMEUCTBY
Betulaceae C.A. Agardh., oH BKIIOYaeT OKOJIO
120 BunmoB, B ToM uncie 40 BUIOB ITpou3pacTra-
10T B Poccuiickoit @enepanuu. Ha tepputopun
EBpasuu Oepesbl npouspactaiu eiie B TpeTud-
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HoMm tiepuone [2]. CeromHss OGepe3bl IIMPOKO
pacIpocTpaHeHHI 10 BCEMY CEBEPHOMY ITOJIyIIIa-
puro. B Poccuu 6epe3soii 3amsaTo 60 % 1uromaneit
JIMCTBEHHBIX Topon U 15 % muoinazneit obiero
necHoro ¢onaa. ITo 3aHMMaeMoli TTOIIAAN OHA
HaAXOAUTCS Ha TPETheM MECTE II0CJIe JIMCTBEH-
HuLbl 1 cocHHI [10]. Ha Tepputopun CeBepHoii
EBpasum Gepesbl IylmcTas M IIOBUCJIAs 4acTo
IIPOM3PACTalOT COBMECTHO, JaBasl B pe3yjbrare
€CTECTBEHHOM r'MOpUIM3aliii pa3IndHbIe TIepe-
XOJHbIe (hOPMBI. YIIaIOK CEIbCKOrO X03sICTBa C
Havana 1990-Xx romoB mpuBeJl K TOMY, YTO 3HAUM -
TeJIbHBIC TIJIOLIANN CEJIbCKOXO3SIHCTBEHHBIX 3¢-
MeJIb IIepeCTalld UCIO0JIb30BaThCsI, U OpOLIEHHbIE
3eMJIM CTaJd aKTMBHO 3apacTaTh JPEeBECHBIMU
nopogamu. B BpstHckoii, TIcKoBCcKoO 1 Ipyrux
obnactax Poccuu Oosbliast 4acTh TaKUX ILJIOLIA-
JIeil 3acelisieTcs MENKOJUCTBEHHBIMHU I1OpOIa-
MU-TIMOHEpaMH, B TOM uuciie bepesoii [1, 4, 9].
HopmatuBbl mJIsi OLEHKU YIVIEPOI-ICIOHUPY-
IOIIEHA CIIOCOOHOCTM ITOHOOHBIX HaCaXKACHMIA,
a TaKXKe HaCaXICHWI pa3MYHBIX BOCCTAHOBHU-
TEJIbHBIX CYKILIECCHIA C yuacTueM Oepe3bl BO MHO-
TMX peTHOHaX IUIAaHEThl OTCYTCTBYIOT. OmHUM U3

CIIOCOOOB yCTpaHEHUS «OCJBbIX IISITEH» MOXKET
OBITh TTOCTPOEHUE OOOOIIEHHBIX AJUIOMETpUYE-
CKUX MoJieJieli Ha OCHOBE MeTa-aHajn3a Cyllle-
CTBYIOIIMX SMITMPUYECKUX U «MOJETbHBIX» TaH-
HbBIX 0 (hpUTOMACCE JIEPEBHEB.

lenb HacTosILIErO HMCCAENOBaHUS COCTO-
s7a B pa3paboTKe OO0OOIIEHHBIX (BCEOOIINX)
MoJIeJieit (puTomMacchl IepeBbeB Oepesbl (Pon
Betula 1..) mocpeAcTBOM MeTa-aHajiu3a paHee
OMyOJMKOBAaHHBIX B MMPOBOW JUTEpaType U
«BOCCTAHOBJICHHBIX» MeTa-IaHHBIX (PUTOMACCHI
B CBSI3U C IMAMETPOM CTBOJIA HA BBICOTE TPYIH, a
TakXke B OLIEHKE BO3BMOXHbBIX CMEILIEHUI B yCI0-
BUSIX X JIOKAJTbHBIX TPUMEHEHUA.

OO0DbeKTbI M METOIBI HCCJIEIOBAHMS

B kauecTBe MCXOAHBIX JaHHBIX (PUTOMACCHI
WCIIOJb30BaHbl KakK (PakKTUYEeCKME MaTepuaibl
M3 aBTOPCKOI 0a3bl JaHHBIX [5], TaK U BOCCTa-
HOBJIEHHbIE METa-JaHHbIE, TOJyYEHHbIE MyTeM
TaOyJIUpOBaHUSI ~ OIYOJMKOBAaHHBIX  MOJEJIei
MO IMaMETpPy CTBOJIA B M3BECTHBIX JMara3oHax
(Tadm. 1).

Tabnuua 1

XapaKTepI/ICTI/IKa UCXOMHBIX JAHHBIX HAI3€MHOMN (1)I/ITOMaCCbI 6Cp63bl,
BKJIIOYCHHBIX B ME€Ta-aHaJIN3

Bug Crpana Uctounuxk dopma Jlnama3oHbl 3HAYEHU N
WA PETHOH nHbOpMALUK  TIPEJICTABIEHUS  gaj3eMHOM auamerpa
JaHHBIX* (uToMacchl CTBOJIa Ha
JiepeBa, Kr BBICOTE
TPYyJIH, CM
Betula alba L. A3epOaiixan [5] 1 2,7-11,7 4.4-6,5
Typraiickuit [5] 1 0,04-911,0 0,5-48,0
porud

AHrUs [5] 1 12,0-186,0 6,0-19,0

Poccus [5] 1 0,03-1031,0 0,2-44,7

VYkpauna [5] 1 0,8-793,0 1,3-37,0

[IBenus [43] 3 0,1-22,9 1,0-9,0

B. pubescens Ehrh.. benopyccus [5] 1 11,9-295,0 8,0-24,0
JIutBa [5] 2 9,5-474,0 6,0-31,0

B. pendula L. Dunnsaaaus [5] 1 0,1-767,0 0,5-36,6
Hopgerus [30] 2 0,6-102,5 2,0-14,0

[IBenns [43] 2 0,9-73,1 2,0-14,0
B. platyphylla Suk. Kuraii [5] 1 36,0-155,0 12,0-20,0
MoHuromwst [5] 1 0,03-285,0 0,2-28,0

SInonust [5] 1 4,0-755,0 4,3-37,8
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Bun Crpana Ucrounnxk dopma Jlrarna3oHbl 3HAYEHU I
VI PETHOH uHGbOpPMALUK TIPEJICTABIEHUS  Han3eMHOM Juamerpa
JaHHBIX* (uTomMacchl CTBOJIa Ha
JiepeBa, Kr BBICOTE
TpyId, CM
B. populifolia Marsh. CIIIA [23] 2 0,6-214,4 2,0-24,0
[19] 2 0,6—-16,1 2,0-8,0
[35] 2 0,7-98,7 2,0-16,0
B. papyrifera Marsh. CIIIA [23] 2 0,6-567.,5 2,0-34,0
[35] 2 0,4-123,6 2,0-16,0
[22] 2 9,8-277,9 6,0-24,0
[31] 2 0,8-52,1 2,0-14,0
Kanana [36] 2 0,5-535,1 2,0-30,0
B. allcghaniensis Britt.. CHIA [40] 2 1,8-2497,0 3,0-66,0
[13] 2 0,8—668,7 2,0-34,0
[33] 2 3,1-259,0 4,0-22,0
[17] 2 0,6-495,7 2,0-30,0
[19] 2 0,6-54,8 2,0-12,0
[23] 2 0,7-408,7 2,0-28,0
[35] 2 0,8-108,5 2,0-16,0
B. ermanii SInonwus [5] 1 2,5-1279,0 3,8-51,5
Cham.,
B. grossa S. et Z.
B. costata Poccus [5] 1 7,9-894,0 6,7-30,8
Trautv.,
B. dahurica
Pall.,
B. platyphylla
Suk.

[Mpumeuanwe: 1 — pakTyecKe TaHHBIC, 2 — MeTa-JAaHHBIC, IMOJyYeHHBIC MyTeM TaOyIupOBaHUS
MoJesIeit 110 3amaBaeMbIM 3HAUCHUSIM TMaMeTpa CTBOJIA.

IIpu pazpabotke Mera-mojeneit uromac- Pe3synbrarbl M MX 00CyXKIeHHE
CBI MCIIOJIb30BaHAa IIPOrpaMMa PerpecCUMOHHOIO B pesynbrare perpecCMOHHOrO aHalM3a
ananmza Statgraphics Centurion (Aftfp;//www. HaHHBIX, XapaKTEPUCTHKA KOTOPBIX IpUBEACHA
statgraphics.com/for more information). B Tabsuue 1, moysyyeHa ajuioMeTpUYecKasi Me-
Ta-MOJEb:
InPa=—-2,2307 + 2,4603 InD, adjR*> = 0,967; SE= 0,34; n = 2140, (N
rne Pa — Hang3eMHas (puTomMacca nepena, KT, YTO OJM3KO K (DYHKIIMOHAJIBHOU CBSI3M. B Mo-
D — nuameTp CTBOJIa Ha BBICOTE IPYAU, CM; nenu (1) cBOOOAHBIN UJIeH CKOPPEKTUPOBAH BO
adiR® — xosbhduiueHT AeTepMUHALNM, U30eXaHWEe CMELIECHUSI, BBI3BAHHOIO €¢ Jora-
CKOPPEKTHPOBAHHBIN Ha YMCJIO TTapaMeTPOB; pudmumueckoit ¢popmoii [12, 27]. Ipaduueckas
SFE — cranaapTHasl OlIMOKa MOJIE/H; WHTEpOpeTals METa-MOJEIU CBUAETEIbCTBYET
1 — KOJINYECTBO UCXOAHBIX JaHHBIX. 00 OTHOCHUTEJIbHO PaBHOMEPHOIl OCTAaTOYHOM

IMonmyueHHasTt MeTa-MOIENIb OOBSICHSIET OKO-  TUCIIEPCUU U OTCYTCTBMU KOPPEJSIIUA OCTATKOB
10 97 % wu3MeHYMBOCTH uUTOMacchl jaepesa, (puc. 1).
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1,7
InD, cm

2,7 3,7

Puc. 1. Ipadpuueckast uHTeprnpeTaust Meta-moaeau (1) Ha poHe UCXOTHBIX JaHHBIX

Bbliie ObUTM yITOMSIHYTBI 00O0IIEHHBIE MO-
Jenu, paspabarbiBaeMble IS  COBOKYMHOCTU
NPEBECHBIX BUIOB M pomoB. OmgHa M3 MTOMOOHBIX
ATOMETPUIECKUX MOJEJIeii OIMMCHIBAeT CBSI3b
Haa3eMHOI (PUTOMACCHI C TMAMETPOM CTBOJIA TIPU
3HAYEHUU PErPECCUOHHOr0 KoadduiimeHTa mnpu
nepemeHHoi InD, paBHoM 2,67 [39]. B mpyrom
rnobaibHOM MeTa-aHanuse 190 paboT, BKiItOUa-
o1mmx 279 aJuloMeTpUYECKUX MOJAEIEH pPa3HBIX
JIPEBECHBIX BUIOB JUISI Pa3HbIX PETMOHOB ILJIaHe-
Thl, OBLJIO TTOJIYYEHO 3HauyeHUe KoapdulimeHTa
pu riepeMeHHoit InD, paBHoe 2,37 [42]. B Hameii
Mozenu (1) perpeccoHHbBIN KOA(POUIIMEHT OKa-

3aJIcsl paBHBIM 2,46, 1 OH HAXOJAUTCS B IUAMa30HE
MEKIY YIOMSIHYTBIMU 3HaYeHusIMu 2,37 1 2,67.

HecMmoTpst Ha BBICOKYIO OOBSICHUTEJIbHYIO
crnocobHocTh Mozenu (1), uMeroTces cucteMaTu-
YecKMe CMEIIEHUS TEOPEeTUUEeCKUX (pacyeTHBIX)
3HAUYEHUU OTHOCUTEbHO MCXOAHBIX 3HAYECHUU
¢duromaccel (Tabi. 2). BenmmumHa BO3MOXKHBIX
CMEIIeHW B CpelHeM cocTaBisieT 2,6 %, n B
cllydasix NMpUMEHEHUsI MeTa-MOjeNu MpU Tak-
calu COBOKYITHOCTM HacCaXIEHWI B permoHax
UMM MOXHO TIpeHeOpeub. CMeleHust 0KoJ1o 2 %
ObUTM CBOMCTBEHHBI MeTa-MOJIEJSIM, MOJyYeH-
HBIM HaMU Il ApYruX BUIOB [6—8].

Tabnura 2

CpenHue cMelleHUs] perMOHATbHBIX TICEBA0-IaHHBIX HAA3eMHON (hUTOMACCHI
Oepe3 OTHOCUTEbHO PACUETHBIX 3HAUEHU I COTJIAaCHO MeTa-MOACIU

IToka3zatenb ITo pazauyHbIM UCTOYHUKAM MHMOpMaALIUT
[5] [5] [5] [5] [5] [5] [5] [5]
CucremMaTu4yeckKoe -9,6 -30,7 -12,4 5.8 8,5 -1,6 -2,1 -7.8
CMelleHue
OmunbKa cpeaHero +12,0 +2.9 +9,5 3,7 £8,3 +4,5 X277 +1,1
[5] [5] [5] [5] [5] [40]  [23] [19]
CucremaTuyeckoe 19,5 9,6 -6,5 19,3 9,6 19,0 -13,2 -4.6
cMelleHue
OmunbKa cpeaHero +3,2 +5,2 +1,3 6,1 *1,2 =*14,1 =19 +2.8
[35] [23] [35] [36] [13] [33] [17] [19]
CucremaTyeckoe 5,9 -6,0 -9.,7 4.8 14,5 10,8 8,0 10,7
cMellleHue
OunbKka cpeaHero +3,1 +2.,0 +8,0 +2,0 =*1,9 +£24 +0,2 +0,7
[23] [35] [30 [43] [43] [22] [31] B uenom
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TTokazaTenb TTo paznuHbBIM UCTOYHUKAM WHMOpMaALIUN
[5] [5] [5] (5] [5] [5] [5] [5]
CucreMaTndecKkoe 11,0 15,4 12,3 18,5 -4.9 6,3 -9.9 2,6
CMellleHre
OmubKa cpeaHero +1,8 +3.,1 +7,3 +6,6 =£1,0 0,7 =£7,1 +4,1
JIT  OpMEeHTUPOBOYHBIX OIICHOK  yIJie- In(Pbk) = a+b InPs, 3)

pOJI-IEeMOHUPYIOLIEH CITOCOOHOCTU HaCAXKISHU I
HEOOXOIUMBI TaHHbIE 0 (PPAKIIMOHHOM COCTaBe
¢uromaccel. [TogoOHBIE MOAEIM HAMU PacCUM-
TaHbl M0 HEKOTOPBbIM M3 JAHHBIX, MOKa3aHHBIX
B Tabmuile 1, st KOTOphIX huToMacca Tosyve-
Ha modpakunoHHo. [IprmHATE Mogenn oOIIero
BUJA, 0E30THOCUTEILHO K pa3Mepy JiepeBa:

roe Pi — ¢uromacca cTBosa, BETBEll, JIUCThEB,
KOpHEN 1 KOpHBI CTBOJIA, 0003HAUYeHHAS COOTBET-
ctBeHHoO Kak Ps, Pb, Pf, Pru Pbk, xr;

Pa — HangzemHas outomacca aepeBa, KL

XapakTepruCcTUKa ITOJyYeHHBIX pPacyeToM

In(Pi) = a+b InPa, (2) ™mogeneil mpuBeneHa B Tabaule 3.
Tabnuua 3
XapakrepucTtuka mogeneit (2) u (3)
Howmep 3aBucumast Perpeccuonnbie KOa(pPUIIUEHTHI
MOIEIn nepeMeHHas MeTa-Mojeei adjR2 SE n
a b
InPs -0,1162 0,9892 0,990 0,19 2140
2 InPb -1,9625 0,9947 0,929 0,52 2140
InPf -2,3221 0,7447 0,854 0,58 2125
InPr -1,4303 0,9546 0,928 0,56 270
3) In Pbk -1,5174 0,9362 0,959 0,35 1515

Kak u B pesynabrarax HccleAOBaHUK py-
IMX aBTOPOB, KOA(M(GUIMEHT AeTepMUHALMN IS
(pakumii CHIDKaeTcss B IMOCIEI0BATEILHOCTH:
CTBOJI, BETBHU, JINCTBA. DTO CBSI3aHO C TEM, UYTO Mac-
ca acCUMWJISILIMOHHOIO amriapata v MoaAep>KK1Ba-
IOIlasi €ro B IPOCTPAHCTBE Macca BETBEil pearu-
PYIOT Ha U3MEHEHME BHEITHUX YCJIOBUI B TIEPBYIO

a
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ouepeb. 1o OTHOIIIEHUIO K BHEITHUM YCIOBUSIM
Macca CTBoJIa HanboJjiee KoHcepBaTuBHa [3].
Ipacduueckass uHTEprpeTauusi MeTa-Mo-
neyeit  (ppakKUMOHHOTO cocTaBa (PUTOMACCHI
Ha (oHE MCXOOHBIX NAHHBIX, HATJSAHO TOMI-

TBEpPKIAIoIIasl MX BBICOKYIO aIeKBaTHOCTD, I10-
Ka3aHa Ha pUCYHKe 2.
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3,0
f—
0
<
=
3,0
-6,0
40 20 0 2,0 4,0 6,0 8,0 40 20 0 2,0 4,0 6,0 8,0
6,0
. 30
X
£
_
£
-3,0
60 *°
40 20 0 2,0 4,0 6,0 8,0
In Ps, kr
Puc. 2. Ipadpuueckme nHTeprnperauu Meta-mozmaeneii (2) u (3) Ha (poHe MCXOTHBIX TaHHBIX;
a, 0, 6, 2, 0 — COOTBETCTBEHHO JINCTBA, BETBU, CTBOJI, KOPHM, KOpa CTBOJIA
3akiouenue npouspacranusgd. Mogean o0bsICHSAIOT 85—99 %

Ha ocHoBe aMmmpuvecKux TaHHBIX O (K-
TOMacce JepeBbeB U BOCCTAHOBJICHHBIX TICEB-
Io-AaHHBIX  (MeTa-JaHHBIX),  ITOJyYEeHHBIX
IyTeM TaOyJMpOBaHUS OIyOIMKOBAHHBIX MO-
neeil GUToMacchl, MOCTPOCHBI BCEOOIINE MO-
e, TpeJHa3HAaYeHHbIE ISl OLIeHKU (DUTO-
Macchl Oepe3 B IMPOKOM AMAra3oHe YCIOBHUI

U3MEHYMBOCTU (Ppakuuii utoMaccel U MpU
MacCOBOM MPUMEHEHUM MOTYT JaBaThb He3Ha-
YUTEJIbHOE OTKIOHeHUE (2,6 %) OT MCXOMHBIX
3HAYEHU M.

Paboma evinoanena coenacho eocyoap-
cmeennomy 3adanuro bomanuueckoeo cada YpO
PAH.
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