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B ycrnoBusxX M3MEHSFOLIETOCS KIMMara BO3pacTaeT aKTyalbHOCTh OLCHKH ITOJHOTO YIICPOIHOTO IMyJa BCEX KOM-
MTOHEHTOB JIECHBIX YKOCHUCTEM, IIPUYEM HE TOJBKO KUBOW HAJI3eMHOW M MOA3EMHON 4acTH, HO M NOACTUIIKH, KPYyII-
HBIX JIETPUTOB, NOYB U Ap. MeroTcss MHOrOYMCIIEHHbIE OLIEHKH (puTOMacchl HaA36MHOM YacTH JIECHBIX IE€PEBbEB U
JIPEBOCTOEB KaK C yYETOM MacChl BETBEH, OTMEPIINX M COXPAHUBIINXCS HAa CTBOJAX JICPEBBEB, TaK U O3 UX ydeTa.
B 0a3ax maHHBIX 0 HUTOMAacce AEPEBBEB CBEICHHS O Macce OTMEPIINX BETBEH Ha CTBOJNAX JIEPEBHEB OTCYTCTBYIOT.
DTOT NoKa3aresib He BXOAMUT B pacyeT Kak MPUXOIHOM, TaK U PaCXOAHOM COCTaBIIAIOLIECH YIIIEpOAHOro UUKIa, U IPU
OLIGHKaX yIIIEPOJHOIO IMyJjia JECHBIX 3KOCHUCTEM MPOUCXOAUT HEKOTOPOE €ro 3aHMXeHue. B omyOnuKkoBaHHBIX JaH-
HBIX OTHOIIICHHE MACChl OTMEPINNX BETBEH K Ham3eMHOU (uTomacce Bappupyet oT 0.1 mo 26 %, OIHAKO MOMBITKA
BBISIBUTH (DaKTOPbI, OOBSACHSIOIINE CTONb IIUPOKUH ee Juamna3oH, JOBOJbHO pelkd. B HacTosieM ucciieioBaHUU
MpeaNpUHsATA IIepBasi MONbITKA Pa3pabOTKH aJUIOMETPUUECKUX MOJENIeH Ul OLIEHKH Macchl OTMEPIIMX BETBEH pac-
TYIIUX JEPEBHEB COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) u Oepesbl noBucnoii (Betula pendula Roth) B ycmo-
BUAX CTEMHOW 30HBbI. OCHOBY HCCIIEIOBaHMS COCTaBMIN 405 MOJENIbHBIX JAEPEBbEB, MONyUeHHbIE Ha 35 MPOOHBIX
IUTOINA/ISAX. YCTAHOBIICHO, YTO B OEPE30BOM CIIETIOM PEBOCTOE Macca OTMEPIINX BeTBell cocTapiser 1.32 T/ra u ux
OTHOCHUTEJbHAs Macca — 2.5 %, B €CTECTBEHHBIX COCHsKaxX — cooTBeTcTBeHHO 0.9—17 T/ra m 0.7-13 % u B Ky”nbTY-
pax — coorBercTBeHHO 0.2—13 1/ra u 1.3—11 %. 3aBUCUMOCTH, TOCTPOEHHBIE JIsI OTHOCUTEIHHON MacChl BETBEH,
COBMEIICHbI C TabIMLIAMHU XOJa POCTa MO HaJ3eMHOW (uTOMacce APEBOCTOEB €CTECTBEHHOIO MPOUCXOKACHUS U
kyneryp Typraiickoro nporu6a. YCTaHOBIEHO, YTO B 3aBUCHUMOCTH OT IIPOMCXOKIIEHHS APEBOCTOS, €r0 Bo3pacra
U KJ1acca OOHUTETa OTHOCUTENbHAs Macca BeTBeil uamensercs ot 0.8 1o 15 %. IpeanoxeHHble aljoMeTpU4YeCcKHe
MOJIEJIM ¥ TaKCAIIMOHHBIE TAOIHUIIBI MOTYT OBITh HCIOJIB30BAHBI IPU OLIEHKAX MACChl OTMEPIINUX BETBEH IPEBOCTOEB.
[Ipu pacueTax yriepoaHbIX IMyJIOB B JIecax CTEIHON 30HBI HEOOXOAMMO YUHTHIBATH Maccy OTMEPIINX BETBEH myTem
MIPUMEHEHUs MOBbIIaIuX ko3dduuuentoB B cocHsakax ot 0.8 mo 15 % u B cnenbix 6epe3oBbix jecax — 2.5 %.
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BBEJEHHE

B ycnoBusx n3MeHstomerocs: Kimmara Bo3poc-
Ja aKTyalbHOCTh OIIGHKU IIOJHOTO YIJIEPOIHOTO
OIOKEeTa JIECHBIX KOCHCTEM M YIIIEPOJHOTO ITyia
Bcex nx komroHeHToB (Kyp6anos, 2002; 3amomnon-
YUKOB U JIp., 2005; Zamolodchikov et al., 2005; bo6-
KoBa u J1ip., 2006, 2014; Bobkova et al., 2006; Po-
MaHOBCKasi U Ap., 2018), mpudem He TOJIBKO KUBOU
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HaJA3eMHOM M MOA3EMHOM YacTH, HO M MOICTHIKH
(Uectnbix u ap., 2007), KpynHbIX 1eTPUTOB (3amMo-
nomuunkos, 2009), mous (PoxxkoB u np., 1997) u ap.
MmeroTcss MHOTOYHCIICHHBIE OLEHKH (DUTOMACCHI
HA/I3€MHOW YaCTH JIECHBIX JIEPEBbEB U JPEBOCTOECB
KaK C Y4eTOM MacChl BETBEH, OTMEPIIUX U COXpa-
HUBLIMXCSI Ha CTBOJdax jaepeBbeB (CmupHoB, 1971;
Cemeukuna, 1978; Vyskot, 1981; I'abees, 1990; ba-
Oouu u ap., 2004), tak u 6e3 ux yuera (MoiuaHOB,
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Tadsmmua 1. OTHOCHTEIBHAS Macca OTMEPIINX BETBEH pa3HbIX MOPOJ IO JIUTEPATYPHBIM JaHHBIM

Bospact OTHOCHUTEbHAS
ITopona HpeBocron er ’ Crpana, pernoH macca oTMep- ABTOpEI
X BeTBeH, %
CocHa 0OBIKHOBEHHAs Kynbrypsr 58 P®, Apxanrenbckas 0071. 0.1-9.4 Bbabuu u np., 2004
(Pinus sylvestris L.) » 18 Bonrapus, CTpan ika 8.3-18.3 Iarponos, 1984
C. uepHas » 1820 To xe 4.8-26.0 [Tatponos, 1984
(P, nigra J. F. Arnold)
C. 0OBIKHOBEHHAS EcrectBennsie | 25-122 P®, Tomckas 001 0.3-4.5 T'aGees, 1990
» 20-77 P®, Kpacnosipckast 1.2-223 CemeuknHa, 1978
JIeCOCTeINb
Enb eBponeiickas » 18-130 | P®d, Bomoroackast 00i1. 2.2-79 CmupHoB, 1971
(Picea abies (L.) H. Karst.) » 16-20 | Yemickas Pecrry6mka, 1.2-5.1 Vyskot, 1981
boremus
Hyrnacus Kymerypsr 18 Bonrapus, Crpanmxka 8.2-16.8 [Tatponos, 1984
(Pseudotsuga Carr.)
Hy06 (Quercus L.) » 24 Bonrapus, Crpanmgxa 1.1-9.2 ITatponos, 1984
ITopocan 20 Bonrapws, 1.1-2.3 MemuHes,

Benuko-TeIpHOBO Hukonos, 1990

PoOunwms (Robinia L.) Kynerypsr 5-50 CrnoBaxkwus, 1.8-7.3 Bencat, 1989
Wnensckuit Coxonen

JluctBennnna eBporetickas | EcrectBennsie | 36140 | Yemickas PecmyOnmka, 0.5-3.4 Vyskot, 1982
(Larix decidua Mill.) Mopasust
1971, 1974; Kasumupos, Mopo3osa, 1973; Barkos- MATEPHUAJIBI U METO/JbI
ckuit, 1976; Kyp6anos, 2002). B cymecTByromux NCCJIEJOBAHUA

0a3ax JaHHBIX O (pUTOMAcce AEPEBLEB CBEACHUS O
Macce OTMEpPIIUX BETBEH Ha CTBOJIAX JIEPEBHEB OT-
cyretByOT (Schepaschenko et al., 2017; Usoltsev,
2020).

Takum oOpa3oM, Macca OTMEpILUX BETBEH fe-
PEBBEB H JPEBOCTOEB HE BXOJHT B PacyeT KaK Mpu-
XOIIHOM (KMBasi Ormomacca), Tak U pacxXomaHoH (1mo-
CTHJIKA, BaJIEXK, CyXOCTOU, TIOYBBI) COCTABIISIONICH
yriepoaHoro 1ukia. Ilpu oleHkax yriepoaHoro
OaylaHca JIECHBIX 3KOCHUCTEM YUYWTBIBAIOTCA YIie-
POIHBIE TYJIBI HAA3EMHOMW U MTOJI3EMHOM KUBOH (hr-
TOMACCBI, IETPUTOB, CyXOCTOSI, TIOJICTHIIKH, TIOYBHI,
HO UTHOPUPYETCS My OTMEPILINX BETBEH pacTyInux
nepebeB (Benpora u ap., 2000; Kyp6anos, 2002;
Komowmerir, 2020), u TeM caMbiM, OOIIUH yTIiepo-
HBIH ITyJT JIECHOTO TTOKPOBA HECKOJIBKO 3aHIKACTCSI.

Jlomst oTMepiux BeTBe B Ha/I3eMHOH (huTOMac-
ce B a0COJIOTHO CyXOM COCTOSIHMHM (J1ajiee — OTHO-
CHUTEJbHAsl Macca OTMEPIINX BeTBEH, %) BapbUpyeT
y passbix nopox ot 0.1 no 26 % (tabn. 1), oqHako
HOMBITKU BBIIBUTH (DAKTOPBI, OOBSACHSIOIUE CTOJIb
LIIMPOKUH ee Tuara3oH, J0BOJBHO PENIKH.

B nuteparype 3a HEKOTOPBIMH HCKIIOYCHUS-
mu (Cemeukuna, 1978; Yrtkun, Epmonosa, 1982;
babuyu u ap., 2004; bobkosa u mp., 2014) 06b19HO
HE UCCIIEIYIOTCS CBSI3U MacChl OTMEPIINX BETBEH C
JCHIPOMETPUYECKUMH TIOKa3aTeIsIMU JICPEBBEB U
JPEBOCTOEB.
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Llenp mccnemoBanuii — pa3paboTaTh MOJCIN H
TaOJIUIBI YTIIEPOAHOTO TyJla OTMEPIIUX BETBEH Y
pacTyIIux JepeBbEB COCHbI OOBIKHOBEHHOM U Oepe-
3bI IoBUCIION (Betula pendula Roth) u onieHuts cte-
IIEHb 3aHWKEHUS YIIIEPOLHOTO ITyJia JIECHBIX DKOCH-
CTEM MPHU €ro UTHOPUPOBaHUU. J1st ee 1oCTUKEHUS
MIOCTABJICHBI CIIEIYIOIINE 3aa4u:

— pa3paboTarh aJUIOMETPUYECKIE MOAEIH, el
Ha3HAYECHHBIE JUISI OLEHKH MAacChbl OTMEPIINX BET-
BEl pacTyImuX JIepeBbEB COCHBI OOBIKHOBEHHOM
€CTECTBEHHOI'0 U UCKYCCTBEHHOI'O MPOUCXOKICHUS
u Oepe3bl MOBUCION MO U3MEPEHHOMY JUaMETPy
CTBOJIA;

— BBIMOJHUTH PAcCueT Macchl OTMEPIINX BETBEH
Ha E€AMHHULE IUIOUIAJU JPEBOCTOEB COCHBI €CTe-
CTBEHHOT'O M HCKYCCTBEHHOI'O IPOMCXOXKACHUMN W
CIIEJIOTO IPEBOCTOS Oepe3bl MOBUCIION;

— pa3paboTark SMIUPHUUECKNE MOJIEIH, IPEIHA-
3HaYEHHBIE JJIsI OLIEHKH MAacchl OTMEPIIMX BETBEH
Ha €IMHULE IUIOIIAJHd JAPEBOCTOEB COCHBI €CTe-
CTBEHHOI'O U HMCKYCCTBEHHOI'O ITPOMCXOXKAECHHUM IO
MU3MEPEHHBIM TaKCallMOHHBIM I10KA3aTeIIsIM;

— COBMECTHTB TOJTy4YE€HHBIC MOJICIH C TaONInIa-
MU XOJ]a pOCTa €CTECTBEHHBIX APEBOCTOEB U KYJlb-
Typ COCHBI U II0Ka3aTh BO3PACTHYIO TMHAMHUKY 3Ha-
YEHHMI Macchl OTMEPIINX BETBEH U OTHOCUTEIBLHON
MacChl OTMEPIINX BETBEU.
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Tadsmua 2. TakcalmoHHas XapakTepUCTHKa JPEBOCTOEB M pacueTHbIE 3HaUYeHUs UTOMAacChl NPOOHBIX IUIOLIaeH

. duromacca B aOCOIOTHO
Bospacr, | I'ycrora, Cpenmii | Cpens 3amac, Knace Huero CYXOM COCTOSIHHH, T/Ta 1:2,
ner | Teic. oKk3./ra | AUAMETP, | BRICOTA, m’/ra Gonntera | M ONCHPHPIX OTMEpIINX | HaJ3eMHas %
cM M JIepeBbEB
BerBei (1) 2)
EcrectBenHbIe cocHIKM 0cTpoBHBIX O0poB Typraiickoro nporuda (52°20-53°10’ . m., 64° B. 11.)
13 82.40 1.7 2.7 63 v 10 0.90 33.21 2.7
21 6.050 7.0 6.6 130 111 10 2.32 52.06 4.5
22 43.81 33 5.6 142 111 8 1.39 71.21 2.0
25 19.28 43 6.8 123 111 10 4.01 56.61 7.1
27 37.7 32 5.7 113 I\% 10 2.70 58.42 4.6
31 12.80 6.9 9.5 247 m 10 10.20 105.27 9.7
31 26.25 4.0 7.8 163 11 10 2.10 73.49 2.9
32 19.91 5.1 7.6 199 v 10 1.98 88.58 2.2
35 9.12 7.7 10.4 255 111 10 5.84 110.55 53
35 6.95 9.0 11.8 276 I 10 5.19 111.28 4.7
36 2.049 15.2 14.2 277 I 10 16.62 127.37 13.0
39 9.621 8.3 12.8 370 II 10 2.81 161.00 1.7
40 3.197 12.6 13.8 241 II 9 12.13 110.85 10.9
40 2.271 17.0 17.8 423 Ia 10 16.29 177.47 9.2
54 2.39 12.8 15.3 232 1 10 5.76 108.51 53
65 2.14 133 14.8 202 I 10 2.51 90.38 2.8
68 3.95 11.6 14.3 315 v 10 3.41 126.50 2.7
70 0.874 22.4 21.6 339 I 10 3.89 149.56 2.6
110 1.350 22.0 21.4 558 I 10 1.62 228.55 0.7
Kymberypht cocHBI ocTpoBHBIX 00poB Typratickoro mporuba (52°20' c. m., 64° B. 1.)
9 11.532 2.5 2.6 16 Uil 5 0.18 13.07 1.4
10 18.875 33 4.0 50 I 10 0.92 27.42 34
12 19.266 3.5 34 51 m 10 0.49 38.86 1.3
13 9.203 4.4 43 44 II 9 1.15 27.26 4.2
15 8.438 4.1 3.7 41 m 10 0.69 22.28 3.1
19 4.446 7.9 6.1 88 1 10 1.46 51.82 2.8
19 7.002 9.0 9.5 233 Ia 10 11.64 110.67 10.5
20 6.333 7.0 7.0 100 I 9 4.57 47.51 9.6
21 3.238 7.7 5.5 54 m 9 1.03 32.12 3.2
22 3.846 10.8 9.0 182 I 5 6.68 93.14 7.2
22 4.244 9.6 9.2 166 I 9 6.36 85.28 7.5
24 5.340 10.5 11.4 295 Ia 9 12.87 130.57 9.9
25 8.637 7.0 7.5 149 il 10 5.37 76.74 7.0
26 6.085 8.8 9.9 192 I 11 7.90 84.21 9.4
50 1.810 16.0 16.4 262 I 10 8.16 111.63 7.3
Bepesnsk mopocneBoro npoucxokaeans Kazaxckoro menkocomnoganka (53°00° c. mr., 70°10" B. 1.)
50 | 0650 154 | 153 | 134 mo | 104 | 132 | 5162 | 25

OOBexTaMu UCCIIeOBAaHUS TTOCITYKUITN YACTHIC
COCHSIKM €CTECTBEHHOTO W HMCKYCCTBEHHOTO TIPO-
HUCXOXKJICHUS CTEITHOW 30HBI, B KOTOPHIX OBLIO 3a-
noxeHo 34 npoOHbIe Tionaan. Kpome Toro, Obuta
WcclieoBaHa Haja3eMHas ¢uromacca S50-1eTHero
JpeBOCTOsI Oepe3bl MOBHUCION MOPOCIEBOTO IMPO-
ucxoxaenus ¢ noxaoroi 0.9. Ha minomamu 0.16 ra
ObuTH CpyONIeHBI 1 00pabOTaHbI BCE JIEPEBbS B UUC-
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ne 104. TakcarmoHHass XapaKTePUCTHKA OOBEKTOB
npezacrasieHa B Tabi. 2. Ha kaxnoit mpoOHoii muio-
IIaJId COCHOBBIX JIPEBOCTOEB IO CTYNEHSIM TOJIIH-
HBI B JIMANla30He WX BapbUPOBaHMs OBLIO B3STO JI0
10—11 MomenpHBIX MEpPEeBbEB. Y KAXKIOTO MOJEIb-
HOTO JIepeBa COCHBI M Oepe3bl OIpeeieHa Macca
OTMEpILUX BETBEH, a TAK)KE XBOH (JIMCTBBI), KUBBIX
BETBEU U CTBOJIA.

CUBUPCKUM JIECHOM XYPHAJL Ne 6. 2022
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Taoaumna 3. XapakrepucTtika 465 MOJIEIBHBIX AEPEBBEB, B3STHIX Ha MPOOHBIX TUIOMIA/ISIX B COCHOBBIX

1 6epe30BbBIX JPEBOCTOSX CTETTHOW 30HBI

0O0603HaYeHNE CTATUCTHK | A | D | H | P, | P, | P, | P, P,
EcTecTBeHHBIE COCHSIKM OCTPOBHBIX O0poB Typraiickoro mporuba
Cpemnee 49 10.6 11.1 40.6 4.6 2.1 47.3 1.7
MunnumansHOE 13 0.4 1.4 0.04 0.001 0.01 0.05 0.002
MakcumaiabHOe 110 34.5 26.1 436.2 48.6 13.3 483.2 233
CrannapTHOE OTKJIOHEHHE 26.6 7.5 53 61.4 8.3 2.9 71.3 32
Koaddumment Bapuannu, % 54.6 71.2 47.6 151.3 179.4 141.9 150.7 184.4
Yuciio HabaroneHui 222 222 222 222 222 222 222 222
Kynberypht cocHBI ocTpoBHBIX 00poB Typratickoro mporuda
Cpennee 21 6.6 6.8 9.0 1.5 1.3 11.8 0.9
MunnmansHOE 9 0.6 1.6 0.09 0.012 0.02 0.14 0.002
MaxkcumansHOE 50 21.7 16.2 107.0 9.8 7.8 120.2 9.8
CranmapTHOE OTKJIOHEHHE 9.6 4.1 34 14.4 2.0 1.5 17.0 1.5
Koaddunuent apuanuu, % 46.3 62.0 50.2 159.9 136.4 121.6 144.2 166.3
Yucmo HaOMOAeHUH 139 139 139 139 139 139 139 138
Bepesnsik mopocineBoro mpoucxokacHus: Kazaxckoro MeJIKoCOMOYHUKA (CIUTIONIHAS pyOKa)
Cpennee 50 14.4 14.1 61.7 13.5 3.2 78.5 1.9
MunnmansHOE 50 5.6 5.8 4.7 0.6 0.2 6.2 0.05
MaxkcumanbHOE 50 28.0 18.3 235.6 92.6 13.7 304.3 11.3
CraHgapTHOE OTKIOHEHHE - 5.4 2.5 494 17.0 2.9 67.9 2.5
Koaddunuent Bapuanuu, % - 37.2 17.8 80.0 125.5 89.0 86.5 128.3
Uucno HaOmroeHuH 104 104 104 104 104 104 104 104
Ipumeuanue. 3nech u nanee: A —BO3pacT AepeBa, JieT; D —1uaMeTp CTBOJIA Ha BBICOTE IPYH, ¢M; H — BbicoTa aepesa, M; P, Py, P,

P, w1 P;— COOTBETCTBEHHO (UTOMACCA CTBOJIA, JKUBBIX BETBEH, XBOM, HaI3EMHAS H OTMEPILMX BETBEH B a0COIIOTHO CYyXOM COCTOSIHUM, KT.

Mertorka BHIOOPOYHOTO yueTa M HPUBEICHHUS
nokaszaresneii puTomMacchl K abCOIOTHO CYyXOMY COC-
TOSIHUIO M3NokeHa panee (Yconbie, 1985). Cra-
TUCTUKHA BBIOOPOK aHAJIM3MPYEMbIX TMOKa3aTesei
B3STHIX MOJICIIbHBIX JIEPEBbEB MMOKa3aHbI B Ta0J. 3.
OO0paboTka 3KCIEPUMEHTAIBLHOIO Marepuaja Bbl-
MOJIHEHA 0 IPOrpaMMe MHOTO(GaKTOPHOTO perpec-
CHOHHOTO aHanm3a Statgraphics-19 (2022).

PE3YJIBTATBI U UX OBCYXJIEHHE

Jnst oleHKH Macchl OTMEPIINX BETBEM W HAJ-
3eMHON (pUTOMAcCChl Ha €IWHUIE TUIOMIAIN €CTe-
CTBCHHBIX COCHSKOB, KyJ'IbTyp COCHBI U €CTCCTBCH-
HOTO Oepe3Hsika pPacCUUTaHbl aJUIOMETPUYECKUE
MOJICJIN:

InP, u InP, = a, + a,(InD). (1)

Bce mnosyueHHble MOJETH XapaKTEpPHU3YHOTCS
JIOCTaTOYHOM CTeneHblo ajekBaTtHocTU. Koaddu-
LUEHTHI JeTepMuHanu monenei (1) pna P, u P,y
6epesbl coctaBuin 0.72 1 0.98, y COCHBI eCcTeCTBEH-
Horo npoucxoxjaenus — 0.41-0.90 u 0.96-0.99, y
KynbTyp — 0.38-0.98 u 0.93-0.99, Bce Ha ypoBHE
3HauuMocTH p < 0.05 u BhIIIIE.

CUBUPCKUI JIECHOU YKYPHAJL Ne 6. 2022

[To marepuanam mepedera AepeBbEB Ha MPOO-
HBIX TUIOIIAJAX pacCCUUTaHbl Macca OTMEPLINX BET-
Bell, Ham3eMHas (uTomacca (T/ra) U OTHOCHUTEIb-
Has Macca orMepmux BeTBer (%) (cm. Tabm. 2).
Jlns eAMHCTBEHHOM NpOOHOM IUIOIIAAM CIIETIOro
OepesHsKa 3HAUYEHUS] HA3BaHHBIX MOKazaTesel coc-
TaBUJIM cooTBeTcTBeHHO 1.32 m 51.6 T/ra u 2.5 %
B €CTECTBEHHBIX COCHSIKAX — COOTBETCTBEHHO 0.9—
17 n 33-228 1/ra u 0.7-13 %, a B Ky’abTypax — co-
orBercTBeHHO 0.2—-13 1 13-130 /ram 1.3—11 %.

Jlasnee mocTpoeHbl 3aBUCUMOCTH MacChl OTMEp-
IIMX BETBEHM M OTHOCUTEJIBHOW MAacChl OTMEPIIHX
BETBEH COCHSKOB OT BO3pacTa W CPEAHEU BBICOTHI
JpeBOCTOs (TyCTOTA U CPEAHUNA TUAMETP APEBOCTOS
OKa3aJMCh CTaTUCTUYECKH HE3HaYMMbIMH). BBOI B
MOJIe)Tb OMHAPHOH MTEPEMEHHOM, KOIUPYIOIEH Tpo-
HCXOXJICHHE JPEBOCTOEB, MOKa3ajl €€ 3HAYNMOCTh
Ha ypoBHe p < 0,001, a ee Bkaa B 00bsCHEHUE U3-
MEHYMBOCTH MAacChl OTMEPIIUX BETBEH U OTHOCH-
TEJIbHOM Macchl OTMEPIINX BeTBeH cocTaBui 29 %.
Bcnencreue ctonbs 00MBIION pa3HUIIBI OTMEUEHHBIX
BKJIQJIOB, PErPECCHOHHBIE MOJIEIH 3aBHCUMOCTH
Macchbl OTMEPILUX BETBEH U OTHOCUTEIBHON MacChl
OTMEpILUX BETBEH OT BO3pAcCTa U CPEIHEN BBICOTHI
JPEBOCTOS PACCUUTAHBI ISl €CTECTBEHHBIX COCHS-
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KOB M KyJbTyp oTHenbHO. IlomydeHnsl moaenu asis
€CTECTBEHHBIX COCHAKOB:

P,=3.8309-2.6573 In4 + 3.1077 InH,;

adjR? = 0.729; SE = 0.44; )
P,/P,=5.8124 -2.6843 Ind + 2.3247 InH;
adjR? = 0.598; SE = 0.46; 3)

W JJIS1 JIECHBIX KYJBTYp:

P,=-1.2099 —1.5262 In4 + 3.5731 InH,

adjR? = 0.920; SE = 0.37; ()
P,/P,=0.9011—0.9227 In4 +1.8505 InH;
adjR? = 0.748; SE = 0.35, (5)

rae P, — macca orMepmiux BeTBel, 1/ra; P,/P, — ot-
HOCHTEJIbHAsl Macca OTMEpLINX BeTBeH, %o; 4 — BO3-
pacT apeBocTos, JieT; [ — cpenHss BbICOTa JIPEBO-
CTOSI, M.

[Ipu pacuere moneneit (2)—(5) npumeHena mo-
npaBka CBOOOTHOTO WieHa Ha Jiorapu(pMuueckoe
npeoOpaszoBanue (Baskerville, 1972). Bce perpec-
cuOHHBIE K0OdPPHUIHIEeHTHI B (2)—(5) 10CTOBEpHBI Ha
ypoBHe p < 0.001. Monenu (2) u (4) MoryT ObITh
MIPUMEHEHBI 11 OLEHKHU MACcChl OTMEPILUX BETBEH
10 JAHHBIM TaKCallUU JIPEBOCTOEB MPOOHBIX IIJI0O-
maaeiu.

Jly1s olileHKH BO3pAaCTHOM AMHAMUKH MAacChl OT-
MEpILUX BETBEH M OTHOCUTEIBHOM Macchl OTMep-
mux BeTBer mojienu (3) u (5) mpoTabyaupoBaHbl MO
3HAYEHHUSIM BO3pacTa IPEBOCTOS, CPETHEH BBICOTHI
U HaJ3eMHON (uTOMacchl TabIUIl X0Aa pocTa Mo
(uTOMacce IpeBOCTOEB €CTECTBEHHOTO IIPOUCXOXK-
JieHus ¥ KyneTyp Typratickoro nporuda (Ycosblies,
2002) (tabmn. 4).

[IpencraBieHHble JaHHBIE MOTYT OBITH IE€peBe-
JICHbI Ha TOKa3aTeNy yIIIEPOJHOro Iyja 1Mo Kodg-
¢unmenty 0.5 (KoGak, 1988).

[lomyueHnHble 3aKOHOMEPHOCTH IOKa3bIBAIOT,
YTO B €CTECTBEHHBIX COCHsKax | kiacca OoHMTETA
Macca OTMEpPUIMX BETBEH B BO3PAaCTHOM JHaraso-
He 20-120 ner BHavane yBEIUYMBAETCS, JOCTU-
rast makcumyma B 80 met (11.5 1/ra), a k Bo3pacty
120 ner camxkaercs o 8.8 1/ra (Tadn. 4). B npeo-
crosix I, Il m IV xmaccoB OOHHMTETA MPOUCXOTUT
CHIDKEHHE MACChl OTMEPIIINX BETBEH COOTBETCTBEH-
HO Ha 35, 43 u 45 % mo orHomieHuto K | Kiaccy.
AHaJOTMYHBIA KOJIOKOJIOOOpa3HBIA TPEHJ B ecTe-
CTBEHHBIX JIPEBOCTOSX HAOIIOMACTCS U JUI1 OTHOCH-
TEJIBHOM MacChl OTMEPIINX BETBEU ¢ MAKCUMyMOM
B Bo3pacte 40 JieT, 1 3TH MaKCUMaJIbHbIE 3HAUYCHHS
0 KJ1accaM OOHUTETA COCTABIISIOT COOTBETCTBEHHO
7.1,5.1,3.5u2.2 %.
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B kynbsTypax COCHBI B BO3PACTHOM JMaIla30HE
1040 neT mpoucXOAUT MOHOTOHHOE YBEIMUYEHHE
MaccChl OTMEPIINX BETBEH M OTHOCUTEIBHOM MacChl
OTMEpILHUX BETBEH, C MAKCUMAJIbHBIMU 3HAYEHUSIMHU
B Bo3pacrte 40 ser B 10, la u [ kmaccax Gonurera co-
OTBETCTBEHHO IO TTOKA3aTEJISIM MAacChl OTMEPIINX
BeTBel 18.4, 13.1 1 9.0 T/ra ¥ OTHOCUTEIILHOMN Mac-
cbl otMepiux BetBei 14.7, 11.8 u 9.4 % (Tadm. 4).

OTtHOocHTENbHASE Macca OTMEPIIUX BETBEH CIie-
joro Oepe3Hska Ha ypoBHE 2.5 % U JpeBOCTOEB
COCHBI B HEKOTOPBIX BO3pacTax M Kjaccax OOHUTe-
Ta Ha ypoBHE 1-2 %, KOHEYHO, HEBEJIMKA, U MOKET
BO3HHKHYTH BONPOC O IENIeCO00pa3HOCTH ydera
Macchl OTMEPIIMX BETBEH B MOJOOHBIX CIIydasx
(Tabn. 4). Kak u3BeCTHO, B CTATHCTHYECKOM OICHH-
BaHUU Pa3IMYalOT JIB€ OCHOBHBIC Pa3HOBUIHOCTH
ommnOOK — ciyd4aiiHble ¥ cucTeMarndeckue. Ecim
ciTyJaifHast omrOKa MOKeT ObITh CKOPPEKTUPOBaHa,
HampuMep YBEIMYEHHEM YHuCiia HaOIIONeHUH, TO
CHUCTEMAaTHYECKYIO0 OIIMOKY 3TUM CHU3UTH HEJb3s,
U B pacyeTax yIIepoAHbIX MYJIOB B Jecax CTEMHOMN
30HBI HEOOXOIMMO BHOCHUTB ITONPABKHM HA MaccCy OT-
MEpIINX BETBEH.

3AKJIOYEHUE

Takum 00pa3oM, yCTaHOBJIEHBI MOJOKUTEIb-
HBIE CBSI3U MAcChl OTMEPILINX BETBEH € TNAMETPOM
CTBOJIa B €CTECTBEHHBIX COCHSKAX, KyJIbTypax cOC-
HBI 1 €CTECTBEHHOM CIIEJIOM Oepe3HsiKe, 3HAUMMBbIE
Ha ypoBHe p < 0.05 u Bbime. Koaddumuent nerep-
MuHaI# y 6epesbl coctaBmil (.72, B €CTECTBEHHOM
cocusike BapbupyeT oT 0.41 10 0.90 u B kynsrypax —
ot 0.38 1o 0.98.

B pacuere Ha enuHMIly TUOmanU B Oepe3HsKe
Macca OTMEpIIMX BeTBel cocraBmia 1.32 T/ra u
OTHOCHTEIIbHAs Macca OTMepIIux BeTtser — 2.5 %,
B €CTECTBEHHBIX COCHSAKAX — COOTBETCTBEHHO OT
0.9 o 17 t/ra m ot 0.7 no 13 %, a B KynbTypax —
or 0.2 no 13 t/ramor 1.3 go 11 %.

[TocTpoeHHBIE 3aBUCUMOCTH MAacChl OTMEPIITUX
BETBEM M OTHOCHUTEIBHON Macchl OTMEPIIMX BET-
BEil Ha €IMHULIE TUIOIIAU COCHIKOB OT BO3pacTa 1
CpEIHEN BBICOTHI IPEBOCTOSI XapaKTEPU3YIOTCS KO-
saddunmentamu gerepmuranuu ot 0.60 mo 0.92, u
Bce JocToBepHbI Ha ypoBHE p < 0.001. IIpennoxen-
HbIE MOJIEJI MOTYT OBbITh MPUMEHEHBI ISl OLICHKH
Macchl OTMEpPIIUX BETBEH MO JAaHHBIM TaKCALUH
JPEBOCTOEB NMPOOHBIX TUIONIA/ICH.

3aBUCUMOCTH, TOCTPOCHHBIE JUII OTHOCUTEIb-
HOM Macchbl OTMEPIINX BETBEH, COBMEIEHBI C Ta0-
JUIAMHU XO/la poCTa IO HaA3eMHOU (uromacce
JPEBOCTOEB €CTECTBEHHOIO IIPOUCXOXKICHUSA U
KyasTyp Typraiickoro mporu0a. YcTaHOBIEHO, UTO
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Ta6amua 4. Bo3pacTHast [MHAMHKA PacyeTHBIX 3HAYEHHI MacChl OTMEPIINX BeTBell (P, T/Ta) 1 OTHOCUTEIBbHOM Macchl
otrMmepuinx Betsei (P,/P,, %), copMmenienHbIx ¢ TXP mo HagzemHoll putomacce cocHsikos Typraiickoro mporu6a

.| Cymma ®duromacca, T/ra
Boszpact | Cpennsist | Cpenuuit N Yucno ’
mIomazen 3anac, P,/P,
JIPEBOCTOR, | BBICOTA, | MAMETD, | ' o - o CTBOJIOB, e HaJl- y
aer M cM \P/ra > | TBIC. 9K3./a CTBONBI| XBOA | BETBH | ... | P, °

CoMKHYTBIE COCHSIKM OCTPOBHBIX O00poB Typraiickoro nporuta (Ycoasues, 2002, C. 406)
Knacc 6onurera I

20 5.1 42 16.9 12.20 56 24.5 4.98 4.3 33.8 1.61 4.8
40 13.5 12.9 30.6 2.341 208 90.6 6.15 10.0 | 106.8 | 7.59 7.1
60 20.4 21.0 379 1.094 364 159.2 | 6.59 142 | 180.0 | 11.2 6.2
80 253 28.5 42.6 0.668 495 | 217.7 | 6.93 18.0 | 242.6 | 11.5 4.8
100 28.8 35.5 46.0 0.465 601 | 266.0 | 7.21 214 | 2946 | 104 3.5
120 31.3 42.0 48.6 0.351 680 | 302.8 | 7.37 244 | 334.6 | 8.80 2.6
Knacc 6onutera II
20 44 35 15.3 15.90 47 20.7 4.76 3.8 29.3 0.99 34
40 11.7 10.7 27.8 3.092 169 74.1 5.63 8.3 88.0 4.48 5.1
60 17.8 17.4 344 1.446 291 128.2 | 5.88 11.5 | 145.6 | 6.63 4.6
80 21.9 23.7 38.8 0.880 397 176.0 | 6.28 149 | 1972 | 6.71 34
100 24.9 29.5 41.8 0.612 479 | 213.6 | 6.50 17.7 | 237.8 | 5.99 2.5
120 27.0 349 442 0.462 544 | 244.1 | 6.69 20.2 | 271.0 | 5.05 1.9
Knacc 6onurera II1
20 3.7 2.9 13.8 2091 38 16.9 4.51 33 24.7 0.56 2.3
40 9.9 8.8 25.1 4.127 133 58.8 5.14 6.9 70.8 2.45 3.5
60 14.9 14.4 31.1 1.909 229 101.7 | 5.46 9.8 117.0 | 3.52 3.0
80 18.6 19.5 35.0 1.172 311 139.0 | 5.68 12.2 | 156.9 | 3.65 2.3
100 21.1 24.3 37.7 0.839 373 167.8 | 5.82 144 | 188.0 | 3.22 1.7
120 22.9 28.8 39.9 0.612 424 191.9 | 6.04 16.6 | 2145 | 2.73 1.3
Kiacc 6onutera IV
20 3.0 2.3 12.3 29.66 31 13.9 4.45 2.9 21.3 0.29 1.4
40 8.1 7.0 224 5.816 102 45.5 4.71 5.7 55.9 1.21 2.2
60 12.2 11.4 27.7 2.713 173 77.6 4.92 7.9 90.4 1.71 1.9
80 15.1 15.5 31.2 1.652 232 104.7 | 5.12 9.9 119.7 | 1.72 1.4
100 17.2 19.3 33.7 1.150 280 127.2 | 5.28 11.7 | 1442 | 1.54 1.1
120 18.7 22.9 35.6 0.863 317 1449 | 542 13.4 | 163.7 | 1.30 0.8
KyabTyphl cocHbl 0ocTpoBHBIX 00poB Typratickoro nporuba (Ycouasues, 2002, C. 463)
Kunacc 6onuteta 16
10 4.0 4.6 11.4 6.829 32 11.3 5.96 3.9 21.2 0.81 3.8
20 8.5 10.9 26.3 2.813 121 41.8 8.81 8.7 59.3 4.83 8.1
30 12.7 15.2 35.0 1.927 210 74.2 8.95 10.4 93.5 11.0 11.8
40 16.5 17.4 39.1 1.646 293 106.5 | 8.55 10.7 | 1257 | 18.4 14.7
Knacc 6onurera la
10 3.6 4.2 10.6 7.646 30 10.6 6.17 3.9 20.7 0.65 3.1
20 7.6 9.5 24.5 3.475 104 36.4 8.23 7.7 52.3 3.46 6.6
30 11.3 13.5 32.6 2.281 179 63.9 8.42 9.4 81.7 7.75 9.5
40 14.7 15.6 36.5 1.912 252 92.4 8.14 9.8 110.3 | 13.1 11.8
Knacc 6onurera I
10 3.1 3.8 9.8 8.677 26 9.2 6.19 3.8 19.2 0.46 2.4
20 6.7 8.2 22.8 4.308 89 31.5 7.77 6.9 46.2 2.42 5.2
30 10.0 12.0 30.3 2.680 153 55.1 8.01 8.6 71.7 5.43 7.6
40 13.0 13.6 33.9 2.334 214 79.4 7.63 8.8 95.8 9.03 9.4

Ilpumeuanue. 3navenns P, u P,;/P nonydensl pacueToM 110 Moaensm (3) u (5), a ocTalbHbIE NOKa3aTeNd NIEPEHECEHBI M3 TaOIuIL
X071a pocTa 10 (hUTOMACCE IPEBOCTOEB ECTECTBEHHOIO MPOUCXOXKICHHS U KynbTyp Typraiickoro mporuba.
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B. A. Yconvyes, U. C. [{enopoeti

C BO3pPAacTOM OTHOCHUTEJbHAs Macca OTMEPILUX BeT-
Bell €CTECTBEHHBIX COCHSIKOB U3MEHSETCA 10 KOJO-
KOJIOOOpa3HOM KpHUBOHM, MOCTHUTash MaKCHUMaJIbHOTO
3Hauenus (7.1 %) B I xiacce 6onurera. B KynbTy-
pax OTHOCHUTENIbHAs Macca OTMEpIIMX BETBEH Mo-
HOTOHHO YBEJIMYMBAETCS C BO3PACTOM, JOCTHUrasi B
40 net B 16 kmacce 6onuTeTa okoso 15 %.

[IpennoxeHHble aNJIOMETPUUECKUE MOAETH U
TaKCallMOHHbIE TAOJIUIBI MOTYT OBITH HCIIOJIB30Ba-
HBI MIPH OLIEHKaX MAacCchl OTMEPILIUX BETBEH COCHBI
00bIKHOBeHHOM. [IpH pacueTax yriepoaHbIX MyJI0B
B JIecax CTEMHOHM 30HBI HEOOXOAMMO IMPHUMEHSTH
HOBBIIIAIOINN K03()(UIIMEHT Ha IyJd Macchl OT-
MepIux BeTBel: B cocHakax — ot 0.8 10 15 % u B
crelnbix 6epe3oBsIx Jiecax — 2.5 %.

Paboma evinonrnena no zocyoapcmsenmnomy 3a-
oanuto bomanuuecxozo caoa YpO PAH.
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MODELS AND TABLES OF THE PHYTOMASS OF DEAD BRANCHES
IN GROWING TREES OF SCOTS PINE AND SILVER BIRCH
IN THE STEPPE ZONE
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Under conditions of a changing climate, the relevance of assessing the full carbon pool of all components of forest
ecosystems increases, not only of the living aboveground and underground parts, but also of litter, large detritus,
soils, etc. There are numerous estimates of the phytomass of the aboveground part of forest trees and stands, both
taking into account the mass of branches that have died and preserved on tree stems, and without taking them into
account. There is no information about the mass of dead branches on tree stems in the available databases on the
phytomass of trees. Thus, the mass of dead branches of trees and stands is not included in the calculation of both
the input and output components of the carbon cycle, and when estimating the carbon pool of forest ecosystems, it
is underestimated by some unknown amount. In the published data on the phytomass of trees, the relative mass of
dead branches, i.e. the ratio of the mass of dead branches to the aboveground phytomass, varies from 0.1 to 26 %,
however, attempts to identify factors explaining such a wide range of it are quite rare. In this study, the first attempt
was made to develop allometric models designed to estimate the mass of dead branches of growing trees of Scots
pine (Pinus sylvestris L.) and silver birch (Betula pendula Roth) in the conditions of the steppe zone. The study was
based on 465 model trees obtained on 35 sample plots. It was found that in the mature birch stand, the mass of dead
branches is 1.32 t/ha and relative mass of dead branches is 2.5 %, in natural pine forests 0.9—17 t/ha and 0.7-13 %,
respectively, and in plantations 0.2—13 t/ha and 1.3—11 %, respectively. The dependencies constructed for the relative
mass of dead branches are combined with yield tables of the aboveground phytomass of stands of natural origin and
plantations of the Turgay Depression. It was found that, depending on the origin of the stand, its age and site index,
the relative mass of dead branches varies from 0.8 to 15 %. The proposed allometric models and inventory tables can
be used in the assessment of the mass of dead branches on tree stems of pine stands. When calculating carbon pools
in the forests of the steppe zone, it is necessary to take into account the mass of dead branches by applying increasing
coefficients in pine forests from 0.8 to 15% and in mature birch forests 2.5 %.

Keywords: natural tree stands, forest crops, Pinus sylvestris L., Betula pendula Roth, mass of dead branches,
allometric models, corrections to the carbon pool.
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