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Yuusepcumem Jlopaiin

HUCCIEJOBAHUE NNPOHECCA UJIEHTUOUKANUUN
JPEBECHBIX ITOPOJ
IO MAKPOCKOIIMYECKUM ITPU3HAKAM
C UCIOJIb30BAHUEM KOMIIBIOTEPHOM TOMOTI'PA®UM

KomnbioTrepuass Tomorpadusi, CKaHHPOBaHHE pPEBECHHBbI, COPTHPOBKA
OpeBeH.

Computed tomography, wood scanning, log sorting.

CoBepIICHCTBOBAHNE TEXHOJIOTUYECKUX IPOILIECCOB MEPBHYHOTO PACKPOS
CBIPBS B JICCONIIICHUH ¥ (JaHEPHOM MTPOU3BOJICTBE SBISIETCS AKTYIBHON HAYIHO-
TEXHUYECKON 3a/1adyeid, CBSI3BIBAIOIICH TEOPHIO PACKPOSI CHIPhS ¢ OEPEKHBIM HC-
10JIb30BaHUEM JIECHBIX PECYPCOB.
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CeronHs Ha MHOTHX NPEINPUATHAX YYET U COPTUPOBKA KPYTJIBIX JIecoMaTe-
pHAJIOB MTPOU3BOJUTCSI BU3yalbHO 110 BHEIIHUM MTpU3HaKkaM. BusyanbHas coptu-
pOBKa TpeOyeT MOATrOTOBKHU CIICLHAIICTA U JaXKe MPU BBICOKOU ero Kpanuduka-
IIMM MOXKET IPUBECTH K OIIMOKaM. [Ipy CyLIeCTBYIOIMX CKOPOCTIX 00pabOTKH
1 MCIIOJIb30BaHHUH OTIEPaTOPOB KAUeCTBEHHAs! COPTHPOBKA SIBJISIETCS PAKTUYECKH
HEBO3MOYKHOH, a HCIOJIb30BaHKE JIA3ePHOr0 U IPYTUX CPEICTB CKAHUpOBaHus [ 1, 2]
MOBEPXHOCTH SIBIISIETCS] HEAPPEKTHUBHBIM BCIICICTBHE MAJIOT0O KOJIUYECTBA XapakK-
TEPHUCTHK, BBIIEISIEMbIX ITPU TaKOi OLIEHKE, ¥ IPUBOJUT K OLIMOKAM IpH ajpeca-
LU OPEBEH 10 KapMaHaM JIMHHUH.

Lenbto MccreoBaHus SIBJSIETCS 000CHOBAaHNWE BO3MOYKHOCTH MIEHTH(UKA-
LMK IPEBECHHBI Pa3HBIX OPOJ] U COPTOB C HCIOJIb30BAHHEM KOMIIBIOTEPHOI TO-
Mmorpaduu (CT), mo3Bosromeil OeHUTh Kak BHELIHEE, TAK U BHYTPEHHEE COCTO-
SHUE KPYTJIBIX JecoMaTepuanos [4, 5].

MeToauka uccjienoBanus. ViccieroBaHuio MOJISKANI0 BHYTPEHHEE CTpoe-
HUe apeBecuHbl Ity mopoa (ens Hopsexckas (Picea abies), JlyrnacoBa muxTa
(Pseudotsuga), cocHa 0ObIKHOBeHHas1 (Pinus sylvesteris), nuxta Oenas (Abies
alba) n muctBeHHMIA eBponenckas (Larix decidua)), OTpaXXCHHOE Ha CHUMKaX,
MOJy4EeHHBIX KOMIIbIOTepHOI ToMorpadueit. [Ipumeprsr CT cHUMKOB mpeacTaB-
JIeHBI Ha puc. 1.

JlyraacoBa nuxra Eab HopBexckas JInereennuua EBponeiickas

IInxTa Genas CocHa 00bIKHOBEHHast

Puc. 1. Ilpumepst CT cHUMKOB JUISl HCCIIEAYEMBIX ITOPOJL
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B xauecTBe cpesicTBa CKAHUPOBAHUS UCIIOJIB30BAH MEANITMHCKUH KOMITBIO-
tepHbI Tomorpad BrightSpeed Excel by GE Healthcare. Jlannast cuctema cka-
HUPOBaHUS MO3BOJIMIIA MTOJYYNUTh CHUMKH C paspeiieHuem 512x512 nukcenei,
rIe KaXJI0My CHHUMKY COOTBETCTBYET JapeBecHHa ToimuHou 0,65-10 mm.
Kaxnomy mnukcenro wu300pakeHHs OBUI IPUCBOEH YPOBEHb TIpajaliuu
CEeporo [BETa B COOTBETCTBHH C JINHEHHBIM KO3 (GHUIIUEHTOM OCIa0JICHHS MaTe-
puaina, KOTOpbIi MOXeT OBITh IPeoOpa30BaH B 3HAYCHHUE IIIOTHOCTH 3TOTO Ma-
TepHuaa.

O6paboTky pe3ynbTaTtoB, moaydeHHbIX ¢ CT CHUMKOB OCYIIIECTBIISIIN TPO-
rpaMMHBIM npoaykroM «Gourmandsy marun Imagel] software, mossosstomumm
OLIEHUTD IUNIOTHOCTh, FTEOMETPHUUYECKHUE TapaMeTPbl OPEBEH, CYIKOB U IpyTHe MaK-
pockonuyeckue npusHaku. [1o pesynbraram namepenus 6sutd nosrydenst 3D rpa-
¢uueckue monenu OpeBeH B nporpamme Bil3D, paspaborannoit Frederic Mothe
B 1994 rony. ITpumepsr 3D Moneneit OpeBeH U pa3IMdHBIX TOPOJT IPUBEICHEI
Ha puc. 2.

Puc. 2. Ilpumepst 3D mozeneii B nmporpamme Bil3D:

1 — Jlyrnacoa nuxra; 2 — ITuxra 6enas; 3 — JIuctBennuna EBponeiickas;
4 — CocHa obsikHOBeHHas1; 5 — Enp HopBexckas
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Ha ocHoBe u3MmepeHuii cocraBineHa 0a3a JaHHBIX HNEPEMEHHBIX BEIHYUH
(tabmuua). CTaTHCTUYECKUIA aHAIH3 BBIMOJIHEH C IPUMEHEHHEM KOMITBIOTEPHOM
mporpammsl R (http://www.R-project.org/, 12.11.2011) [3]. AHanu3 pe3yIbTaToB
HCCIIeIOBaHUS NPOBE/ICH C UCIOJIb30BAHHEM MaTEMaTHKO-CTATUCTHYSCKHX METO-
I0B: box plots, MeTo/a IITaBHBIX KOMITIOHEHT, IepeBa PeLICHHI.

XapaKkTepHCTHKH IPeBECHBIX MOPO/

3HaueHus MenuaH Ha box plots

JIucr-
Jlyrna- CocHa | Emp
IIepemennas [MuxTa|BeHHMLIA
coBa 00bIkHO- | HopBex-
Oemnasi| eBpo-
ITHXTa . BEHHas | CKas
nerckas
1 2 3 4 5 6

CpenHuii ypoBeHb TOHOBOM rpagauuu| —420 | 250 | 380 -210 -380
Ceporo IBeTa IS APEBECHHBI
Cpenumii  ypoBeHb TOHOBOH Tpamammu| —490 | —190 | —420 —400 -540
Ceporo mBeTa sl IPEBECHHBI B pajuyce
1 cM OT cepALIeBUHBI

Cpennee 3HadeHwe oTHocUTenbHOU TON-| 0,031 |0,023| 0,033 | 0,016 | 0,020
LIHBI KOPBI, M

CpenHee 3HaYCHUE TUAMETPOB CY4IKOB, MM | 14 10 8 15 10,5
CpeznHee 3HaueHHWE OTHOCHTENBHBIX mua-| 0,12 | 0,12 0,08 0,15 0,07
METPOB CY4KOB

Cpennee 3HadeHHe OTHOCHTENbHBIX jmuH| 0,49 | 0,48 0,35 0,55 0,44
CYYKOB

Cpennee 3HadeHne otHocuTenbHBIX amuH| 0,37 | 0,45 0,32 0,42 0,35
3apOCIINX CYYKOB

Cpennee 3HadeHue oTHOcuTenbHoro yncial| 0,13 | 0,13 0,68 0,66 0,4
3apOCIINX CYYKOB

Koaddurpent Bapuaruu [UTHH CyYKOB 0,2 | 0,12 | 0,35 0,24 0,2
CrargaptHoe oTKiIoOHeHHe oTHocuTenbHEIX| 0,09 | 0,06 | 0,08 0,10 0,05
JINaMETPOB CY4KOB

CrannapTHoe OTKJIOHEeHHe oTHocuTenbHEIX| 0,1 | 0,06 | 0,13 0,11 0,09
JUTAH CY4KOB

CpenmHee KOJMMYECTBO CYYKOB Ha MeTp| 2,5 3,5 4.8 1,1 32
JUTMHBI OpeBHA

CpenHee KOIMYECTBO CYYKOB B TomoBoM| 17 9 30 3 20
MPUPOCTE TI0 BBICOTE CTBOJIA JIepeBa

CpenHee KONMMYECTBO KPYMHBIX CY4KOB| 5,5 4,2 6,8 4 6
B MyTOBKE
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OKOHYaHUE TaOIUIIEI

3HaueHusa MeauaH Ha box plots

Jluct-
TJia- CocHa Enn
Ilepemennas Ay [TuxTta|BeHHMLIA
coBa 00bIkHO- | HopBex-
Oenasi| eBpo-
MUXTa o BEHHas | cKas
neickas
1 2 3 4 5 6
OTHoLIeHHE KoJMuecTBa KpynHbix cyukos| 0,31 | 0,4 0,23 0,3
B MYTOBKE K KOJIMYECTBY BCEX CYUYKOB JUIS
MOJHBIX TOJIOBBIX HPHPOCTOB IO BBICOTE
CTBOJIA JiepeBa
CpeznHee 3HauCHME yIyla HaKJIOHA Cy4koB| 11 10 9 33 3
JUTSL BCEX TOJIHBIX TOJOBBIX HPHPOCTOB MO
BBICOTE CTBOJIA JiepeBa, °
CpemHuil yroia HaklIOHA Cy4KoB B Omm3u| 5 3 5 7 7
K CepALIeBUHE, °
CraHzapTHOE OTKJIOHEHHE YIJla HakJioHa| & 5 8 10 7
CYYKOB B TOJIOBBIX IPHPOCTaX IO BHICOTE
CTBOJIA JiepeBa
CraHzapTHOE OTKJIOHEHHE YIJla HakiioHa| & 8 9 9 10
CYYKOB BOJIM3H K CEPALICBUHE
CpenHee 3HadeHue JIMHBI rogosoro npu-| 700 | 300 500 360 600
pocTa 1o BEICOTE CTBOJIA JIEpeBa, MM
CpenHuil MakCUMaJbHBIA AuaMeTp cyuka| 45 15 22 35 33
JUTS TIOJHBIX TOJOBBIX MPHPOCTOB IO BBI-
cOTe CTBOJA JAEPEBa, MM
Cpennee 3HaueHue orHocurenbHoro mua-| 0,03 |0,039| 0,032 0,05 0,020
MeTpa HAUMEHBIIIETO CYyYKa B TOJIOBOM IPH-
pOCTe 0 BBICOTE CTBOJIA /ISl BCEX MOTHBIX
TOZOBBIX IPHPOCTOB B OpeBHE
Cpennee 3HaueHue orHocurenbHoro mua-| 0,35 | 0,21 0,27 0,26 0,2
MeTpa HauOOJIBILIETO CYyYKa B TOIOBOM IIPH-
pOCTe TI0 BBICOTE CTBOJIA AJISI BCEX IMOJHBIX
TOJIOBBIX MIPUPOCTOB B OpEeBHE
Cpennee 3HavueHUE OTHOCUTENBHOH mo3u-| 0,6 | 0,68 0,58 0,93 0,63
UM CYYKOB B TIpeJieNiaX TOJAOBOTO IPUPO-
CTa 10 BBICOTE CTBOJIA JISI BCEX MOJIHBIX TO-
JTOBBIX TIPUPOCTOB B OpEeBHE, M
CraHzapTHOe OTKJIOHeHHe oTHocuTenbHbIX| 0,27 | 0,24 | 0,25 0 0,25
MO3UIINHI CYyYKOB
CpenHee 3HaUEHHE N30THYTOCTH CY4Ka 1,015 1,02 | 1,022 1,05 1,015

162




Pe3yabraThl nccnenoBanuii 1 ux aHaiau3. B pesynbsrare moctpoeHus box
plots (puc. 3) ompeneneHo, 4To JAUana3oHbl BApbUPOBAHMUS MIEPEMEHHBIX BEIIMINH
JUISL Pa3iIMYHBIX MOPOJ] HAKIIAIBIBAIOTCS APYT Ha JIpyra B OOJBIIMHCTBE CIIydaes.
OnHaKO HEKOTOPBIE IEPEMEHHBIE BCE XKE MO3BOJISIOT BBIACISTH TIOPOJIBI U3 TPYIIIIBI
ocralpHblX. Hanpumep, cpeqHuil ypoBeHb TOHOBOM TIpaJallud CEpOro LBETa
(puc. 3, mo3. 1), XxapakTepu3yrOnMii IUIOTHOCTH JPEBECHHBI NMUXTHI O€NIoi Haxo-
nutest B ipeaenax —175...-320, B To BpeMs Kak AJis APYTUX MOPOJ 3TOT IMapameTp
HECKOJIbKO HuXke. Tak, UL €M HOPBEKCKOM CPEHUI YPOBEHb TOHOBOM Ipafaluy
ceporo 1eTa JIexxuT B npenenax —470...—600, 4To Takke Mo3BOJISET BBIAETUTD 3Ty
MOPOIy W3 TPpynmsl Apyrux. KonmdecTBo CydkoB B MeTpe AIHMHBI OpeBHA (pHcC. 3,
1103. 2) ¥ B TOAUYHOM IIPUPOCTE I10 BHICOTE CTBOJIA (pHC. 3, 1103. 3) MO3BOJISIET UACH-
TH(UINPOBATH JPEBECHHY COCHBI OOBIKHOBEHHOMH, MOCKOJIbKY OpeBHa 3TOH IIO-
POMBI XapaKTEepU3YIOTCs HATMIHEM HEOOIBIIOT0 KOJIMUECTBA CyYKOB, CKOHIICHTPH-
POBaHHBIX PEUMYIIIECTBEHHO B 00JIaCTAX MyTOBOK. OTHOCHTEbHAS MO3HILIHS ATHX
Cyd4KOB Onm3ka K exunune (puc. 3, 1mo3. 5). Y Apyrux mopoj Cydku pa3HECEHBI
BJI0JIb TOJIOBOTO IIPUPOCTA 10 BBICOTE CTBOJIA JiepeBa. CpeHsst OTHOCUTENbHAS [10-
3HIHS CYYKOB Y COCHBI MOJKET OBITH B iuana3one 0,88—0,98, mis apyrux nopon —
He npesbimaer 0,7. CocHa OOBIKHOBEHHASI XapaKTEPH3YETCsl CYYKaMH KPYITHBIX
pa3MepoB, MOITOMY MMeeT IMMPOKHHA JHana30H BapbUPOBAHUS CPEIHEr0 OTHOCH-
TenmbHOTO muamMerpa cydkoB (0,66—0,24) 1 GONbIIeH BETMYMHON HX U30THYTOCTH
(1,041-1,052) (puc. 3, mo3. 6). Kak BHIHO U3 OTyYCHHBIX T'Pa(HUKOB, YTOJI HAKJIOHA
Cy4KOB (puc. 3, 1103. 4) COCHBI IPUHUMAET OOJIbIIICE 3HAUCHHE, YEM IS PYTUX I10-
poxn (20-34). CocHa 0OBIKHOBEHHAsI B pe3yJIbTaTe aHaIn3a 1Mo MeToay box plots,
JIeTKo uaeHTHHuupyema. JlyriacoBa MuXTa, JUCTBEHHHUIIA €BPOIEHCKas U enb
HOPBEKCKasi HIMEIOT OOJIBIIOE YHCIIO CYYKOB MAJIOTO IMaMETpa, YTO MO3BOJISET OT-
JIMYATH TPYMITY JTaHHBIX OPOJ] OT MUXTHI OEJI0i U COCHBI OOBIKHOBEHHOM. bperHa
€]l HOPBEXXCKOM XapaKTepHU3yIOTCSl MajbIM CPEJHUM 3HAYEHHEM yTJa HAKJIOHA
CYUYKOB, KOTOPBII Bapbupyer B npenenax —2...9. IIpencraBnenHsle OpeBHa gyria-
COBO¥ TTHXTHI TIOJTy9IEHBI U3 IePEBbEB, KOTOPBIC MOIBEPraiCh pyOKe yXoaa U Huc-
KyCCTBEHHOMY OTCEUEHHUIO BETBEH, II09TOMY MMEIOT OOJIbIIIOE KOJINYECTBO 3apoc-
muX Cy4koB. JlyrmacoBa mmxTa XapakTepU3YIOTCS OONBIIMM HHTEPBAIOM
BapbUPOBAHUS CPEIHETO 3HAUCHUSI OTHOCHTEIIBHON JUIMHBI 3aPOCIINX CYyYKOB.

B pesynbprare uccineoBaHNs BHYTPEHHEH CTPYKTYpbl OpPEBEH JIMCTBEHHHIIBI
EBPOIICHCKON M eIl HOPBEKCKON OBIIIO 0OHApY’KEHO, YTO ATH IOPOJIBI OTIINYA-
IOTCSI HAJIM4KEeM OONBIIOTo YKCIa CYy4YKOB (IPEUMYIIECTBEHHO MajlbIX). DTOT Ma-
paMeTp XapaKkTepH3yeTCsl 3HAUCHUSIMU «CPEIHEro KOJIMYeCTBa CYYKOB HA METP
OpeBHa» M «CPEIHET0 KOJIMYECTBA CYYKOB B TOJOBOM NPHPOCTE APEBECHHEI IO
BBICOTE CTBOJIA», KOTOPBIE M3MEHsIOTCs B quana3onax 0,025-0,084 u 13-53 co-
OTBETCTBEHHO.
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Puc. 3. TIpumepsl 00pabOTKN SKCIIEPUMEHTAIBHBIX IaHHBIX 110 MeToxy Box plots:

1 — cpenHuit ypoBeHb TOHOBOM Ipajalliyl CEpOro LBETA VISl APEBECHUHBL; 2 — CpeHee
KOJINYECTBO Cy4YKOB Ha METP JUIMHBI OpeBHa; 3 — CpelHee KOJIUYECTBO CYYKOB B TOZIOBOM
MPUPOCTE IO BBICOTE CTBOJIA IePEBA; 4 — Cpe/lHee 3HaUSHHUE yIila HAKJIOHA CY4YKOB JUISl BCEX
TOJIHBIX TOJIOBBIX IIPHPOCTOB I10 BBICOTE CTBOJIA IEPEBa; J — CpeIHEE 3HAUCHHE OTHOCHTEIIBHOM
MO3MIMH CYYKOB B IIPEZeIax TOA0BOT0 MPUPOCTA TI0 BBICOTE CTBOJIA; 6 — CPEIHEE 3HAUCHUE
H30THYTOCTH Cy4Ka

MeTox raBHBIX KOMIIOHEHT MO3BOJISIET HACHTU(HIIMPOBATH OPEBHA COCHBI
OOBIKHOBEHHOHN M NUXTH Oenoit (puc. 4). I'padbr aAnst ocTampHBIX TpeX MOPOX
HaKJIa/[BIBAFOTCSI APYT HA pyTa, OOBEIUHSAS UX B OOIIYIO TPYIITY.

HepeBo peienuii (puc. 5) nos3poisier KiaccuuupoBaTh OpeBHA 110 MOPO-
nam ¢ TouHocThio 10 100 %. B xagecTBe MUCTHEB OBUINM MCIOIB30BAHBI TaKHE
TapaMeTpBl, KaK «CpelHee KOINIECTBO CYYKOB B TOZJOBOM IIPUPOCTE APEBECHHEI
T10 BBICOTE CTBOJIA», «CTAHIAPTHOE OTKIOHEHHE OTHOCUTEIBHBIX JAJIHH CYYKOBY,
«cpenHee KOIMIECTBO CydKOB B METPE JUTMHBI OPEBHA», « HAUMEHBIIHA OTHOCH-
TENIBHBIA JUaMeTp Cydka B TOJJOBOM IIPUPOCTE JIPEBECHHBI 110 BBICOTE CTBOJIAY,
«OTHOIIIEHUE KOJINYECTBA CYUYKOB B MYTOBKaX K OOIIEMY KOJIHUYECTBY CYYKOB)

U 1Ip.
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Puc. 4. Tlpumepst 06pabOTKH IKCHEPHUMEHTATBHBIX TaHHBIX
110 METOLY TJIaBHBIX KOMIIOHEHT

3 _GU>=0 01553
CPR
070704

00/ 210

Puc. 5. Tlpumepst 00pabOTKH IKCHEPUMEHTATBHBIX JaHHBIX
no merony JlepeBo pemeHui

165



BoiBoasl. bpeBHa maTH pa3nMYHBIX TOPOA OBUTH MCCIIEOBAHbI C HETIbI0 NX
UACHTU(QHKAIIMK U OLCHKH CTPOCHUS 110 Py MAaKpPOCKOIMYECKHX MPU3HAKOB.
[MonyueHHble pe3ybTaThl aHATN3UPOBAIUCEH C IOMOIIBIO Pa3JIMYHBIX CTATUCTH-
YECKUX METOJIOB B IIporpamme R.

1. PesynbraTsl MccienoBanus (CM. TaONHMIy) JOKa3alnn BO3MOXKHOCTH HC-
TI0JIb30BaHMsI KOMIIBIOTEPHOH ToMorpaduu il MASHTU(GHUKALMA 1 COPTUPOBa-
HUSI IOPOJ] B TIPOMBIIIUICHHOM ITPOU3BOJICTBE.

2. Wcnonp3oBaHKue TpeX METOAOB aHAJIM3a paclIUpseT TPaHHIBI IIPHUMECHH-
MOCTH KOMIBIOTEPHOH ToMOrpaduu Uit MICHTH(OUKALUH JPEBECHBIX IOPO/.
Mertox box plots BU3yalIbHO MPEACTABISAET COOTHOLICHHE 3HAUYSHUH Pa3IMIHBIX
rapaMeTpoB ISl Pa3HBIX MMOPoA. MeTos IIIaBHBIX KOMIOHEHT IT03BOJISICT BbIJIE-
JIUTH HanOoJee 3HaYUMbIe XapaKTePUCTUKHU IOPOJ, 10 KOTOPBIM OHH, B JTydIIeM
clly4ae, MOTYT OBITh KJlacCH(UIMPOBaHbI HA TPH IPyNIbL. JlepeBo penieHui nos-
BOJISIET UACHTU(HULMPOBATH KaXIyl0 U3 ISTH MOPOJI.
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[pennoxeHa MeToIMKa MASHTU(PUKALINH JIPEBECHBIX OPOJ] C HOMOIIBIO KOMITbIO-
TepHOW ToMorpaduu, KOTopas IO3BOJISICT HCCIE0BaTh BHYTPCHHHE XapaKTePUCTUKU
1 0COOCHHOCTH aHATOMHYECKOT0 CTPOSHHMSI Pa3InIHBIX opoA. Ha ocHoBe 3THX Xapak-
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TEPUCTUK TONydeHa 0a3a JAaHHBIX MEPEMEHHBIX BEJIWYUH, KOTOpas Obuia oOpaboTana
C MOMOII[BI0 MaTEMaTHKO-CTaTHCTHYECKUX METOJIOB, TAKUX Kak: box plots, MeTox rinas-
HBIX KOMIIOHEHT, JIEPEBO PELICHUH. AHAIN3 TOKA3aJl, YTO JAHHBIN aJrOpPHTM O3BOJISIET
UACHTUGUIMPOBATH TIOPOABI C BBICOKOH TOYHOCTHIO.

* % ok

In the work a method of wood species identification by using computed tomogra-
phy was proposed. Computed tomography allow us to explore internal characteristics of
wood and specific anatomical features of different species. Data base of variables was
obtained, that was analysed by mathematic-statistical methods such as box plots, PCA,
Classification tree. The analyze revealed, that the method allow us to identify different
species of wood with good accuracy.
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