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UCIOJIb30BAHUE UCKYCCTBEHHBIX HEMPOHHBIX CETEN
JJI ONPEJAEJEHUSA NEPCHEKTUBHOCTHU UCITIOJIb30BAHUA
KJOHOB I'MBPUIHBIX ITOPOJA APEBECHUHbI
JJIA INTAHTAIIMOHHOTI'O JIECOBBIPAIIIMBAHU A

Bseoenue. T1oBplnienne yCTOHIMBOCTH M KaUueCTBa Jieca SBJISCTCS OCHOBHOM
3amavel JecHoro komruiekca Poccun. i pemeHus Takoii 3a1a4u HEOOX0IUMO
CO3JIaHME JIECHBIX TUIAHTAINH, KOTOPBIE MO3BOJIAT HOJXYYUTH 32 KOPOTKUH TepH-
O]l BBIPAIMBAHMS HACAXK/ICHUS BBICOKOH NMPOIYKTUBHOCTH W C 33aaHHBIMH Xa-
paxtepuctiukamu [CTonsHOB u ap., 2011; boitnos u ap., 2020a]. Ceituac necHoe
CEeMEHOBOJICTBO KaK Ba)kKHEHIIast 4acTh BOCIPOM3BOACTBA JIECOB OCHOBBIBACTCS
Ha CEJICKIIMOHHO-TEHETHYECKHX METOJaxX, I/Ie BaKHEHIIas Lelb y4eHbIX — MOo-
BBICUTh 3((EKTUBHOCTh IUIAHTAIMOHHOTO JICCOBBIPAIIMBAHMS, & JUI 3TOTO
HEOOXOJUMO OIICHMBATh MEPCIEKTUBHOCTH UCIIOJIB30BAHUS PA3IUYHBIX KJIOHOB
THOPUAHBIX TOPOJA JPEBECHHBI Ui co3JaHMs IumaHTarumii [DKurynos u np.,
2016a; Xurynos u np., 20166; boiios u np., 20206; dexopkos, 2021].

Jnst orpezneneHnst MEepCIeKTHBHOCTH HMCIOJIb30BAHHS KJIIOHOB THOPUAHBIX
MIOPOJ, IPEBECHUHBI ISl IIAHTAI[MOHHOTO JIECOBBIPAIMBAHUS aKTyaJbHOHN 3aja-
4yel sSBJISEeTCS pa3pabdoTKa HOBBIX aJTOPUTMOB OIIEHKH OMOMETPHYECKHX IMOKa-
3aTernel KJIOHOB THOpUIHON ocHHBL. OJHUM U3 aKTYaJlbHBIX W ITEPCHEKTHBHBIX
IyTed peIIeHUs] [aHHOM 3ajJayd SBISIETCS INPUMEHEHHE HMCKYCCTBEHHBIX
Heifponnsix cereit (MHC).

HHC yxe ycnemHo NpuMEHSUIACh AJIS PELIEHUs] YacTHBIX 33Jad B JIECHOM
XO3SHCTBE, HAPUMeEp, VIS KApTUPOBAHMS JIECHBIX M HEJICCHBIX ILIOMIANEH C Hc-
nons3oBanueM Landsat TM, ais mporHO3MpOBaHWS BO3HUKHOBEHMS M MOJEIIH-
POBaHHMSA PacIIpOCTPAHEHUS JECHBIX IOXKapoB, Ul CEIMEHTAIMU U KIaccu(pUKa-
UM TIOPOJHOTO COCTaBa jieca Ha a’spo(OTOCHUMKE, JUTS TPOTHO3A CEMEHOIICHNUS
JECHBIX KYJIBTYp B YCJIOBHSIX TEXHOTEHHBIX JIAHAIIA(TOB, U KIACCH(PHUKAINH
JecHO! pactutensHocTH [ScuHckuit u ap, 2011; Credannnoy u ap., 2015; Mn-
xoBa, 2016; Kenpos u ap., 2017; [onemyxk u ap., 2018; Crankesuy, 2019].

Memoouxa uccredosanus. J{ns o0ydeHUss HEUPOHHBIX CETEH M OIpeJere-
HUS TEPCIIEKTUBHOCTH HCIOIH30BAaHMS KIOHOB TMOPUAHBIX MOPOX JAPEBECHHBI
JUTS TUTAHTAIIMOHHOTO JIECOBBIPAIIMBAHMS OBLIN B3SIThI OMOMETPUYCCKIE TaHHbIE
kioHoB rubpumHoi ocuusl 2018 r.: VTI, SE1, 174/10, W3, ESCHS8, ESCH3,
ESCHS, L176 [boiios u ap., 2018a; Boiinos u ap., 201806].

288



A.K. bouyos, A.A. Jlocaues, X.I". Mycun

Hetiponnsle cetn OblIn Hammcanbl Ha Visual Basic 6.0. Apxutekrypa mnep-
BOM CETH BKJIIOYAET BXOJHOM cioil u3 3 HellpoHOB, | CKpBITHIH cioif ¢ 6 Helpo-
HaMM U BBIXOJHOH cnoil u3 1 HelpoHa; apXUTEKTypa BTOPOH CETU BKIIIOYAET B
ce0s1 BXOIHOM ol U3 3 HEHPOHOB, 2 CKPBITHIX CJIOS 1O 6 HEHPOHOB U BBIXOJ-
HO¥ cioii u3 1 Hepona (puc. 1, puc. 2).

« )

Puc. 1. Apxutexrypa MHC 1
Fig. 1. Architecture of the ANN 1

( ) ( )

( ) ( )

Puc. 2. Apxurekrypa UHC 2
Fig. 2. Architecture of the ANN 2
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Pezynomamor uccneoosanus. B xo1e BBIMOTHEHHUS paOOTHI OBLIH MOCTPOCHBI

JIBE HEHPOHHBIE CETH, B KOTOPBIE OBLIN 3arpy’KEHbI HOPMAJIU30BaHHbIE HCXOIHBIE

OHMOMeTpHYECKHe JaHHbIe Ul OOy4YEHHs OIpEEICHHS NMEepCIeKTUBHOCTU HC-

TIOJIb30BaHUSI KJIOHOB THOPHIHBIX MOPOJI APEBECHHBI ISl INTAHTAIMOHHOTO JIECO-
BhIpamuBanus (tabin. 1, puc.3).

Tabnuya 1

Hcxonnble GuoMeTpHyecKre JaHHbIE KIOHOB rHOpHIHOI ocuHbI 1151 00ydyennss UHC

Initial biometric data of hybrid aspen clones for ANN training

Krton Ipmwxwusa- | h2017,|d 2017, | CkpbIThIii KO3 QUITHI- Hab6monaemas
eMoCTb, % | oM MM | €HT HEpCIEKTUBHOCTH | TEPCHEKTUBHOCTD

L176 40 220 10 0,669021892 0,33
ESCHS 40 460 40,3 1,908346592 0,95
ESCH3 40 510 40,5 2,005937556 1,00
174/10 60 365 25,6 1,34667573 0,67
ESCHS 80 540 | 30,85 1,807792187 0,90

SE1 100 470 | 37,17 1,844487661 0,92

W3 100 536,6 | 37,27 1,970229896 0,98

VTI 75 490 40 1,955865963 0,98

Cpennee 451,2 | 31,71

MpUMEp BEPHbIX BXOAHbIX M BbIXOAHbIX A3HHbIX, HANPUMED, ecnk BxogHbie {0.25,0F, a BoiXogHbIe
’@ {1,0.01} - nvweTcA kak "0.25,0,1,0.01"
‘ 3,6|,1 LobaeuTb NnpuMep

0.4,0.00454545454545455,0.1,0.333520796974458
0.4,0.00217391304347826,0.403,0.951348952078246
0.4,0.00196078431372549,0.405,1
0.6,0.00273972602739726,0.256,0.671344791594856
0.8,0.00185185185185185,0.3085,0.901220569720147
1,0.00212765957446809,0.371666666666667,0.919513997486778
1,0.00186335403726708,0.372666666666667,0.982199017045484
0.75,0.00204081632653061,0.4,0.975038309102146

Yaanuto BCE Yaanute npuMep 3arpysutb U3 Qarna loToBO

Puc. 3. Tlpumep BBOIa HCXOIHBIX HOPMAIN30BaHHBIX NAaHHEIX 11t o0ydeHus MHC 1
Fig. 3. Example of input normalized input data for training ANN 1
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B xone uccnenosanus u odyuenuss MHC 1 6o mposeaeno 9900 utepa-
Uil (IIaroB) B pe3ysibTaTe 4ero TOYHOCTH cocTaBmia 98.197%, a B xome 9900
nrepanuit MHC 2 tounocts cocraBuina 96, 317% (puc. 4 u 5).

Apxwtexrypa cetw (pasmep cnogs vepes sanamyi): [3,6,1  JNCHEEHAN Sarpyaums | o ™, O6ysarouas owbopka| [l

[0.400]
0.330 >

4 [o-003]

p-109]

| Obyuene

war LLiar N2 9900, To4HoCTb: 98.197%
Puc. 4. UHC 1 mocne o0y4yenns
Fig. 4. ANN 1 after training

Tounse sscmee
ApxwTeKTypa cet (paamep cnoée uepes sanstyi): [3,6,6,1 GHeel| sarpysvms | o 1 % ,| Obyuatowan sbibopka .]

Mokasbigats Kaxabiii 50

0.098

0.341 >

Mokassisars kaxasi 50 (Sfuwar War N2 9900, TouHoCTb: 96.317% Obyetine ﬂ

Puc. 5. UHC 2 nocne o0y4eHus
Fig. 5. ANN 2 after training

KonmmuecTBo miaroB o3Hadaer, CKOJIBKO pa3 OBUIO TPOBEIEHO OOYUeHHE
HEWPOHHOM CEeTH MO KaXJ0H CTPOKE UCXOIHBIX OMOMETPUYECKUX JaHHBIX. CBA3N
MEXTy HelipoHaMH 0003HAa4eHB! KPaCHBIM M CHHHMM I[BETOM. B MaTematmueckom
CMBICTIE KPACHBIM I[BETOM 0003HAYECHBI OTPUIATENILHEIE CBSI3H, CHHIM — ITOJI0XKH-
TenbHble. UeM mupe cBsA3b, TEM CUIIbHEE BIUAET OJUH HEHPOH Ha OpYroil.
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3arem B cioit ucxogusix naHHeix MHC 1 BBenn HopMaan3oBaHHBIE OHO-
MeTpuieckue aaHHbie kKjoHa VTI: mepBelii mokazareiab — MO MPUKUBAEMOCTH
(0,750), Bropoii - o Beicote (0,002), Tperuii mo auametpy (0,400) 1 momyvmin
Ha BbIXOZie nepcnekTuBHOcTh 0,970 (puc. 6). IIpoaenamu to xe Ha MHC 2 u no-
TTyqwid nepenektuBHocTs 0,963 (puc. 7).

Tounee Sucmee
ApxwTeKTypa cetw (pasmep cioés uepe3 3anstyio): [3,6,1 GHEEll 32royvavm | o I = ,| O6yuarowan ssicopka | [l

0.000

0.750

> 0.002) <

1.000
5.4p0) e
F
1.000
o
MokasbiBaTb Kaxalii 50 :}mar LWar N2 9900, To4HocTb: 98.197% O6yueHne

Puc. 6. TlpuMep OLICHKU MEPCIICKTUBHOCTH KIOHA TuOpuaHOit ocuubl VTI
0 HOPMAIN30BaHHBIM OroMeTpuueckuM nanabiM MHC 1

Fig. 6. An example of assessing the promisingness of the hybrid aspen clone VTI
according to normalized biometric data of ANN 1

Tounee Bucrpee
ApxuTeKTYpa ceT (pasmep croée uepes 3anatyio): [3,6,6,1 Geetl| sarpysvs | o 1 " | Obyuaiowian swibopka l

0.016

0.963

Nokasiears kaxawii 50 &|war LWar Ne 9900, TouHocTb: 96.317% O6yuenve H

Puc. 7. Ilpumep OIeHKH MEPCIEKTUBHOCTH KIOHA THOpHAHOI ocuHbl VTI
110 HOPMaIN30BaHHBIM OnomeTpudeckuM gaHHbM MTHC 2

Fig. 7. An example of assessing the promisingness of the hybrid aspen clone VTI
according to normalized biometric data of ANN 2
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[o pe3ympTaTam JaHHOTO HCCIIECIOBaHUS ObLIa COCTAaBIICHAa CPaBHUTCIbHAS
xapakrepuctuka TouHoctd MHC 1 u MHC 2 nns oueHkW NepcreKTUBHOCTH
KJIOHOB THOPHIHBIX ITOPO PEBECHHEI (Tabm. 2).

Tabnuya 2
CpaBauteabHas xapaktepuctuka Tounoctd MHC 1 m UHC 2 a5 onenkn
MePCNeKTHBHOCTH KJIOHOB THOPUIHBIX MOPOJI IPeBeCHHbI

Comparison of the accuracy of ANN 1 and ANN 2 for assessing the prospectivity
of hybrid wood species clones

TTpriu- h d |Pacuérnas mepcriek-| Habmomae- | OTkimoHeHue,
Kion BACMOCTE 2017, |2017,| tuBHocTh (MHC) |M™mas mepcrex- %

cM v | MHC1 | UHC?2 tuBHOCTh |MHC 1 |MHC 2

L176 40 220 10 0,330 0,340 0,334 0,35 | 0,65
ESCHS5 40 460 | 40,3 0,972 0,963 0,951 2,07 1,17
ESCH3 40 510 | 40,5 0,972 0,963 1,000 2,80 | 3,70
174/10 60 365 | 256 | 0,680 0,731 0,671 0,87 | 5,97
ESCHS8 80 540 [30,85| 0,887 0,892 0,901 1,42 | 0,92
SE1 100 470 |37,17| 0,960 0,961 0,920 4,05 | 4,15
W3 100 [536,67|37,27| 0,960 0,962 0,982 2,22 | 2,02
VTI 75 490 | 40 0,970 0,963 0,975 0,50 | 1,20
CyMMa OTKJIOHEHUH 14,28 | 19,77

Cpasunenue n8yx MHC noxkazano, uro MHC 1 Gonee TouHas, Tak Kak €€ OT-
kionenune Ha 3,49% menbire MHC 2 ot HabmoaeMoi epCrieKTHBHOCTH.

ITo onenke pacuérnoit nepcnektuBHoctT MHC 1, kak Hambonee TOYHOM,
ObUTH OTMEUYCHBI HamOoJiee MEPCIEeKTHBHBIC KIOHBI THOpHAHBIX mopox VTI
(0,970), ESCH3 (0,972), ESCHS (0,972).

Boisoovl. B HacTosmee BpeMst HanOoJiee IepCIeKTUBHBIM SBISICTCS HCTIONb-
3oBanre MHC st onpeneneHus nepeleKTUBHOCTH MCHOIB30BAHUS Pa3IHYHBIX
TIOPOJT IPEBECHHBI, PEXKIE BCETO, AT TUITAHTAIIMOHHOTO JIECOBBIPAIINBAHNS.

ITo pesynpTatam paboThl ObUIO co3maHo u obydeno 2 MHC. Tlocne wero
MOJYYCHHBIC Pe3yJIbTaThl OBUIM MPOAHAIU3UPOBAHBI U ObLIa BBIOpaHa HepBas
HNHC kak onTuMasnbHast O TOYHOCTH.

B xoje ucnomnp3oBanus paspadorannoit MHC 1 B kadecTBe Hanbosee mep-
CTIEKTUBHBIX JJIS IUTAHTAIIMOHHOTO JICCOBBIPAIIMBAHKS OBLTH BBISBICHBI KIIOHBI
rudpuaHeIx nopon apesecunsl VTI, ESCH3, ESCHS.

Buenpenune MHC B oTpacib JIeCHOTO X0341CTBA YIIPOIIAET OLEHKY PE3YJIb-
TaTOB OMOMETPHYECKHX ITOKa3aTeiell APEBECHHBI, OCOOCHHO U HAYMHAIOLIHX
CTHELHATUCTOB, YTO 00eCHeYrBaeT MOCIEAYIOIyI0 TOYHYIO OLIEHKY IepcIieK-
TUBHOCTH TIOPOJ] IPEBECHUHBI.
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boiinoB A.K., JloraueB A.A., Mycun X.I'. lcnonb30BaHne HCKYCCTBEHHBIX
HEWPOHHBIX ceTeil A OnpeneseHHs IEePCIEeKTMBHOCTH HCIOJIb30BaHHUS KIOHOB
THOPUIHBIX MOPOJ] IPEBECHHBI JUIS IIAHTALIMOHHOTO JiecoBbIpamuBanus // M3Bectus
Cankr-IlerepOyprekoit necorexuuueckoi akagemuu. 2021. Bem. 237. C. 288-298.
DOI: 10.21266/2079-4304.2021.237.288-298

OHeHKa TIEPCIICKTUBHOCTU HCII0JIb30BaHUA KJIOHOB FI/I6pI/II[HBIX nopoa
JAPEBECUHBI ABJISICTCA OI[HOI71 W3 aKTyaJIbHBIX 3aJa4 JUIsl MOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I
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IUTAaHTAIOHHOTO JiecOBBIpauBanusa. OIHUM W3 TEPCIEeKTHBHBIX ITyTei pereHus
JAHHOHM 3a/aud SBJSIETCS MPUMEHEHHE HMCKYCCTBEHHBIX HelpoHHbIX cererr (MHC).
Yfcnjzofz nayunas pabota sBIsIeTCsI OHON M3 HEMHOTHX, Tae npumensiercs MHC mis
pelIeHus MoJOOHBIX 3aay B JIECHOM xo3sicTBe. [l oOyueHns HEHpOHHBIX ceTeil n
ONpEIETICHUs] TEPCHEKTUBHOCTH HCIIONB30BAHUSI KJIOHOB THOPUAHBIX IIOPOJ
JPEeBECHHBI Ul IUIAHTAIIMOHHOTO JIECOBBIPAIMBAHUS OBUIM B3SITHI OMOMETpHUYECKHE
JaHHBIE KJIOHOB THOpumHON ocuHBl 2018 r. B Xome BeImonHeHUs paboOThl OBLTH
noctpoens! ase MHC, rae apxuTekTypa mepBoi CeTH BKIIOYAeT BXOAHON cioi u3 3
HEHpoHOB, | CKPHITHIA €O ¢ 6 HeHpoHAMHM W BBIXOZHOW cioi m3 1 HelpoHa;
ApXHUTEKTypa BTOPOH CETH BKIIOUAET B ceOs BXOAHOH CII0i U3 3 HEWPOHOB, 2 CKPHITHIX
cJ10st 110 6 HEHPOHOB M BBHIXOJHOM ci0M n3 | HelpoHa, B KOTOpbIE OBUIN 3arpy>KeHbI
HOPMAaJIM30BaHHbIE HCXOJHbIC OHOMETPUYECKHE JaHHbIC IJIsi OOYYCHUS ONpPEACICHUS
MEPCTICKTUBHOCTH HMCIOJNB30BAHUSI KIOHOB T'MOPHIHBIX MOPOJ JPEBECHHBI JUIS
IUTAaHTAIMOHHOTO JecoBbIpamuBanus. Ilo pe3ympTaTaM JaHHOTO HCCIIEOBAHUS ObLIA
COCTaBJICHA cpaBHUTENbHAs xapakrepuctuka tounoctd MHC 1 m MHC 2, kotopas
mokasana, yro MHC 1 Gonee TouHast, Tak Kak e orkiaonenue Ha 3,49% menpme MHC
2. PesynpraTel HacTosmied pabOTHI MONTBEPAMIM TNEPCHEKTUBHOCTh HMPUMEHCHHUS
WHC s OneHKHM HCHONB30BaHUS KIOHOB THOPHIHBIX IIOPOJ IPEBECHUHBI IS
IUTAaHTAIMOHHOTO JIecoBhIpanmBanus. [lo omenke pacuérHoil nepcnekrusHoctu MHC
| 47 NMIaHTAIMOHHOTO JIECOBBIPAIUMBAHMS OBUIM BBISBICHBI KJIOHBI THOPHIHBIX
nopox apesecunsl VTI, ESCH3, ESCHS5. Buenpenne MHC B otpacne necHoro
XO034HCTBa YIPOIIAET OLIEHKY Pe3yIbTaTOB OMOMETPHUECKHX MOKa3aTeIel APEeBECHHBL,
OCOOEHHO /IS HAYMHAIOMIMX CIELUAIMCTOB, YTO OOECIeYMBAET IIOCIEAYIOLIYIO
TOYHYIO OIIEHKY NEePCIIEKTUBHOCTH MOPOJ APEBECHHBL.

KnrwoueBbie ciaoBa: TUTAaHTAllTUOHHOE JICCOBBIpAIlIUBAHUE, rn6pn)1m>le TIOPOAbI
JAPEBECUHBI, HCKYCCTBCHHLIC HeﬁpOHHLIC CCTH, HeﬁpOCCTH B JICCHOM XO3SHCTBE.

Boitsov A.K., Logachev A.A., Musin H.G. Using artificial neural networks to
determine the prospects of using hybrid tree clones for plantation reforestation.
Izvestia Sankt-Peterburgskoj Lesotehniceskoj Akademii, 2021, iss. 237, pp. 288-298
(in Russian with English summary). DOI: 10.21266/2079-4304.2021.237.288-298

Assessing the prospects of using hybrid wood clones is one of the urgent tasks to
improve the efficiency of plantation silviculture. One of the promising ways to solve
this problem is the use of artificial neural networks (ANN). This research work is one
of the few where ANN are used to solve such problems in forestry. Biometric data
from 2018 hybrid aspen clones were taken to train neural networks and determine the
potential use of hybrid wood clones for plantation silviculture. During this work, two
ANNs were constructed where the architecture of the first network includes an input
layer of 3 neurons, 1 hidden layer with 6 neurons and an output layer of 1 neuron, the
architecture of the second network includes an input layer of 3 neurons, 2 hidden
layers of 6 neurons and an output layer of 1 neuron, into which the normalized input
biometric data were loaded for learning to determine the prospective use of hybrid
wood species clones for plantation silviculture. Based on the results of this study, a
comparison of the accuracy of ANN 1 and ANN 2 was made, which showed that ANN
1 was more accurate because its bias was 3,49% less than ANN 2. The results of this
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work confirmed the promise of using ANN to evaluate the use of hybrid wood clones
for plantation reforestation. According to the evaluation of the calculated
promisingness of ANN 1 for plantation silviculture, VTI, ESCH3 and ESCHS5 hybrid
wood clones were identified. The introduction of ANN in the forestry industry
simplifies the evaluation of wood biometric results, especially for beginners, which
provides a subsequent accurate assessment of the perspective of wood species.

Keywords: plantation forestry, hybrid wood species, artificial neural
networks, neural networks in forestry.
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