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I[Tpouecc BoccTaHOBIIEHUS JIECHBIX JaHAMA(TOB B yCIOBHAX II00AIbHOM ypOaHU3aUK U BEIPYOKH PETUKTOBBIX
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HOJIOTMYECKHUX OTEPALUA JJIsl IPOTHO3UPOBAHKS BUTAINTETA U IPUPOCTA ApeBOCTOsL. JIis perieHns: JaHHOH 3a1a4un pas-
pabaTbIBaeTcs cripaBo4Hasi HH(POPMAIMOHHAS CHCTEMa JUIsl aIallTUBHOTO JIECOBOCCTAHOBIICHHS. [IpoBeieHO Moaenupo-
BaHME U ONMCAHUE MPOIIECCca aJaTHBHOTO JECOBOCCTAHOBIICHHUS C IIOMOIIBIO (DYHKIIMOHAIBHBIX HarpaMM, IIOCTPOCH-
HBIX 110 MeTononoruu IDEF0, monpoOHO mpuBeneHO onrcaHne CTPEIOK KOHTEKCTHOHM THarpaMMBbI ¢ TIOSICHEHUSIMH TIPO-
1eccos. [lJist AeTaabHOTO aHaIN3a MPEAMETHON 00J1aCTH ¥ MOJEITMPOBAHUS NIPOIIECCa aJal THBHOTO JIECOBOCCTAHOBIICHHS
MIPOM3BE/CHA JEKOMITO3ULINIO KOHTEKCTHON JuarpaMMel Ha quarpaMMy A l, KoTopas IoKa3bIBaeT peann3aliio Iporecca
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Abstract
The process of restoring forest landscapes in the context of global urbanization and deforestation of relict stands,

as well as climate change, is complex and important for studying, planning stages and technological operations and
predicting the results of vitality and growth of stands. To solve this problem, a reference information system for adaptive
reforestation is being developed. In this paper, the modeling and description of the adaptive reforestation process is carried
out using functional diagrams constructed using the IDEF0 methodology, and the description of the arrows of the context
diagram with explanations of the processes is given in detail. For a detailed analysis of the subject area and modeling of
the adaptive reforestation process, we decomposed the context diagram into diagram A1, which shows the implementation
of the process of choosing a technology for the restoration of the forest landscape from the point of view of technology
and technical means, and diagram A2, which examines the restoration technology from the point of view of several
forestry descriptors, which takes into account the specifics of the industry. As a result of the simulation, diagrams A0,
Al, A2 were obtained, which show a structured image of the system functions, information and objects connecting these
functions.

Keywords: forest landscape restoration, FLR, adaptive reforestation, reference system, information model,
methodology IDEFO.
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BBenenne MPOBECTU aHAIN3 ACCKPUIITOPOB «JIECCH, <«JICCHBIC JIAH/-

. mad T, «aJanTUBHOE JIECOBOCCTAHOBIEHUE» H T.II.
B pamkax mpoekra «Pa3paboTka cripaBouHOM

. [2], B TOM uucne NpOBECTH KJIACTEPHBIN aHANU3 CXOA-
MH(pOPMAMOHHOM CHUCTEMBI ISl aJalTHBHOTO BOCCTa-

. CTBa M pa3JIMuus AecKpuntopos [2,3], a Taxxke pazpado-
HOBJIeHus JiecHBIX snaHamagdToB (FLR-Library)» [1] B P P B pos [2,3], B pasp
TaTh MOJEJb CIPABOYHONW MH(POPMALMOHHON CHCTEMBI

TIePBBIH O OBUTH MTOCTABIICHBI CIEAYIOMINE 3aJa9H: CO- (CHO)
HQO).

31aThb Ha6op JTaHHBIX JIECOXO03SHMCTBEHHBIX TEPMHUHOB U
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Mopnens cnpaBodHOH WH(POPMAITMOHHON CH-
CTEMBI IOJDKHA OTpaXkaTh NMPEeIMETHYI0 00nacts [4,5] u
0a3MpoBaThCA Ha aJITOPUTME YIPABICHUS, KOTOPBIA
YUUTBIBAET COBPEMCHHLIC TCHACHUUW MPU BOCCTAHOB-
JICHUH JICCHBIX JaHamadToB [6,7], Takue, KaKk OICHKA
KayecTBa CEeMsIH W Hepas3pyLIalonil KOHTPOJIb Kade-
ctBa cemsiH [17,20], 00pabOTKa JECHBIX CEMSIH COCHBI
OOBIKHOBEHHOM (B TOM YHCJIE, CElapupOBaHUe MO LBe-
TOCEMEHHBIM pacaM, KalCyJIUpOBaHHE U APAKKHPOBA-
Hue ceMsH) [15,17,19], BIUSHUSA KIMMATHIECKAX H3ME-
Henuit Ha caxkeHibl ¢ 3KC [18], mpuMeHeHUs TEXHOIIO-
THH ¥ TEXHHYECKUX CPENICTB IS BBICEBA JIPAKUPOBAH-
HBIX ceMsH ¢ BITJIA [16]. Tak kak B nanbpHeMHIIeM Iia-
HHUpYETCsl IPUMEHEHHE CIIPaBOYHON MH(OPMaLMOHHOI
CHCTEMBI ISl aJalTHBHOI'O BOCCTAHOBJICHHS JIECHBIX
JaHAMA(TOB C HENBI0 HOAAEP)KKH PUHSTHS YIIPaBJICH-
YEeCKUX PEIICHHH 110 BEIOOPY TEXHOJIOTHH BOCCTaHOBIIE-
HUS TIPU peaji3alrd MPOSKTOB aJalTHBHOTO BOCCTA-
HOBIICHUSI JIECHBIX JIAHAMA(PTOB, TO HEOOXOINMO TOA-
KITIF0YeHre 6a3 JaHHBIX 110 AECKPUITOpaM Ui ydeTa Xa-
PaKTEepUCTUK TPeIMETHOI 00nacTu, u 0a3 TaHHBIX JPY-
T'HX TEPEMEHHBIX, OTPAKAIOIIUX TEXHHYECKYI0, TEXHO-
JIOTHYECKYI0, aJalTHBHYIO, IIPUPOJIHO-KINMATHIECKYIO
KOMIIOHEHTHI ITPOIiecca BOCCTAaHOBJICHHUS JIECHBIX JIaH/I-
magdToB. Bee 3T0 10/KHO OBITH YUTEHO Ha 3Tare Moje-
nuposanus CUC.

O030p mporpaMMHOTO OOECHeueHHs ITOKa3all,
YTO IOUPOKO NPEACTABICHH WH(POPMALNOHHBIE CH-
crembl ynpasienus (MCY) mis peMOHTa B TeXHUYE-
CKOTo 00CTyXKMBaHHUS JIECHBIX MaIIuH [8], ymemsercs
00JIbIIIOEe BHUMAHUE €IMHOMY HH(POPMAIIMOHHOMY IIPO-
CTPaHCTBY M KaueCTBY Iepeiauy JaHHBIX, HH(popManu-
OHHOMY YIPABJIEHUIO NMapKoM JieCHbIX MauuH [9]. Cy-
LIECTBYIOIIEE TPOTPaMMHOE 00ecTieueHHe ISl JIECHOTO
komruiekca [10-14] pa3pabaTbIBaioch ¢ 1epio aBTOMa-
TU3AIUH PabOTHI C OTYETHOM HOKyMEHTAIMel, OTce-
JKUBAHUS TEXHUYECKUX XapaKTEPUCTHK MAIINH U 000-
PyIOBaHUS JJIs IUIAHUPOBAHUS TEXHHUYECKOTO 00CIy-
JKUBAHMA, JHOO BBIIBICHUS NPUYMH IOJIOMOK; IS
cbopa JaHHBIX O 3aTpaTax BPEMEHH Ha OT/AEIbHBIC OIle-
pauuu, 3atpatax ['CM, Tpyno3aTparax u T.I. Ui Ipo-
THO3UPOBaHMS BPEMEHHM U OObeMa 3aroTOBKH Jieca.
Heo6xoaumMo oTMeTHTb, UTO CyIecTBYIONE HH(pOpMa-
LIMOHHBIE CHCTEMBI CBS3aHBI C IPOIIECCAMH 3aTOTOBKH 1
repepabOTKH PEBECHHBI, M IIPAKTHYECKH HE KacaroTCs

Tpornecca JIECOBOCCTaAaHOBIICHUS (J'II/IH.[L B 4aCTH OLICHKH
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TEXHUYECKOTO COCTOSHHSI JIECHBIX MamwH). OIHAKO
MPOLIECC BOCCTAHOBJICHHS JIECHBIX JIAHAIIA(DTOB B YCIIO-
BHSIX TJI00aNbHON ypOaHW3alud M BBIPYOKH PETUKTO-
BBIX HaCaK/ICHWH, a TakKe M3MEHEHUs! KIIMMaTa sIBJIs-
€TCsl CJIOHBIM M BaYKHBIM JUJISI U3y4YEHUs], IUTaHUPOBa-
HUSI DTATIOB U TEXHOJOTUYECKHX OTIEPAIMi M IIPOTHO3H-
pPOBaHMS PE3yJIbTATOB BUTAJIUTETa W MPUPOCTa IPEBO-
croa. Mogens CHUC asbxkeT B OCHOBY CIIPaBOYHOM HH-
(hOpMaIMOHHOM CUCTEMBI JJIS1 aJalITUBHOTO BOCCTAHOB-
nenns jgecHeix naHmmagdro (FLR-Library), xotopas
obecrevnT MoACPKKY MPUHSITHS PELICHHS 10 BEIOOPY
TEXHOJIOTHH BOCCTaHOBJICHHS, HA0OPY MAIIHH U 000pY-
JIOBaHMS.

Martepuajbl 1 METOABI

Obvexm ucciedosanus

[Tpomeccsl BOCCTaHOBJIEHUS JICCHBIX JaHamad-
TOB, I10]] KOTOPBIM TIOHIMAEM JIECOBOCCTAHOBJICHHUE, JIe-
COpa3BEJICHUE, COJCHCTBHE ECTECTBEHHOMY JIECOBOC-
CTaHOBJICHHIO.

[IpeaMeT uccnenoBaHUil — KOMIIO3MLIUSL U Jie-
KOMITO3HILIMSI TEXHOJIOTMYECKUX OINepanuii yKa3aHHOTO
IpoLIecca BOCCTAHOBJICHHS JIECHBIX JIAaHIIA(TOB.

Cobop u ananuz OaHHvIX

MonenupoBaHue U ONMCaHHE Mpoliecca ajar-
THUBHOTO JIECOBOCCTAHOBJICHHUS OBUIO BBITIOJHEHO C T10-
MOIIBIO (PYHKINOHAIBHBIX JHarpaMM, HIOCTPOCHHBIX T10
metonoioruu IDEF0. Monens paccMatpuBaeMoro mpo-
1iecca MpeacTaBsieT co00 COBOKYITHOCTh HepapXuie-
CKM CBA3aHHBIX JUarpamm, BEPIIMHON KOTOPOH SIBJIS-
eTcsi KOHTEeKCTHas aumarpamma. KoOHTeKkcTHas jaua-
rpaMMa COCTOHT U3 €IMHCTBEHHOT0 00bekTa — «Bribop
TEXHOJIOTUM BOCCTA@HOBJICHHS JIECHOTO JaHamadra» u
MOKa3bIBA€T €ro B3aMMOJEHCTBHE C BHELIHEW cpenoi
MyTeM OTOOPAKCHMSI BXOJHBIX M BBIXOJIHBIX JAaHHBIX,
YHpaBisiomed HHPOPMAUKU U MEXaHU3Ma BBITIOJTHE-
HUsL. JluarpaMmbl JAEKOMITO3HIMH OIHCBHIBAIOT POIH-
TEJIBCKYIO MarpaMMmy, COAEPkKAT HECKOIBKO JOUYEPHUX
paboT U CTPENKH B3aUMOICHCTBUSI.

MozenupoBaHue IPOIECCOB ObLIO BHIOIHEHO B
Microsoft Visio Drawing B pa3aeine Cxema IDEF0. Me-
tonosnorusi IDEFO npennasnaueHa i GyHKIMOHAIb-
HOT'O MOJIEJIMPOBAHHMS, T.€. MOAEIMPOBAHUS BBIIIOJIHE-
HUSL QYHKIMH 00BEKTa IMyTeM CO31aHHs ONMCATEIbHON

rpaduyecKoi MOAEIH.
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Pe3y.]'leaTbI H 06cymz[elme

Ha puc. 1 mpexacraBneHa KOHTEKCTHas ua-
TrpaMMa, KOTOpasi COCTOUT M3 €IMHCTBEHHOTO 00bEKTa —
«BBIOOp TEXHOJOTHH BOCCTAHOBJICHHUS JICCHOTO JIAHJI-
mraray U MoKa3bpIBaeT €ro B3aMMOICHCTBHE C BHEIITHEH
Cpelol MyTeM OTOOpaKEHUS BXOJHBIX M BBIXOJHBIX
JTAaHHBIX, YIIPaBITIONICH HH)OPMAIIMH U MEXaHU3Ma BhI-
noyiHeHusl. Onucanue KOHTEKCTHOW AuarpamMmbl JaHo B
Tabm. 1.

Jns netanpHOTO aHANIM3a MpeAMETHON o0lacTh
1 MOJICTTUPOBAHUS MPOIIEcca aJaTHBHOTO JECOBOCCTA-

HOBJICHUS TIPOM3BEIIN JACKOMIIO3UIUIO KOHTEKCTHOU

quarpaMMel Ha auarpammy Al (pucyHOK 2), KoTopas
[IOKa3bIBAeT PealM3aliio Ipolecca BBIOOpa TEXHOJIO-
MU BOCCTAHOBIICHUS JIECHOTO JTaHIIadTa ¢ TOYKHU 3pe-
HUS TEXHOJIOTHH U TEXHUYECKHX CPEJCTB U TUarpaMMy
A2 (pucyHOK 3), KOTOpasi pacCMaTpHUBaeT TEXHOJIOTHIO
BOCCTAHOBJICHUS JIECHBIX JIAHAIIA(TOB C TOUKH 3PEHUS
JIECOBOCTAHOBJIEHUS, JIECOPA3BEICHUSI M COJCHUCTBHS
€CTECTBEHHOMY JiecoBOCccTaHOBIeHMIO. [lonpoOHoe
paccmotpenne nexommosunuit Al.1, A1.2, ..., Al.5u
A2.1,A2.2, A2.3 mranupyetcs B Oy Iynux padoTax, TaK
Kak 00beM JaHHBIX 10 AMarpaMMaM HE COOTHOCUM C

00BEMOM CTaThH.

IInanupyemslii coctas ApeBOCTOS

JIecHOI KOJEKC H JIPYrHe HOPMATHBHO-IIPABOBBIC AKTHI
The Forest Code and other normative legal acts

TeXHONOTHS BOCCTAHOBJICHUS JIECHOTO J'IaHlIIIIa(I)Ta

The planned composition of the stand

Br16op TexHoIOrnu
N BOCCTaHOBJIEHHS JIECHOTO
naxamadra
The choice of forest landscape
restoration technology

Forest landscape restoration technology

v

v

I"eomopdonorudeckue u
KJIMMATU4ECKHE JAHHBIC yYaCTKa, COCTOSHHUE YUacTKa
Geomorphological and
climatic data of the site, the condition of the site

MarmmHsl 1 MEXaHHU3MBI,
o6opyoBaHue
Machines and mechanisms,
equipment

HaGop TexHonornyeckux oneparui
A set of technological operations

CripaBouHble 06a3bl JaHHBIX
FLR-Library
Reference databases FLR-
Library

NODE: A0 [TITLE:

IDEFO ¢ ncnonb3oBanvem NC

[NO.: 1.1

Pucynok 1. Korrekctras auarpamma IDEFO mns cipaBogHON HH(DOPMAIIMOHHON CHCTEMBI IS aJaliTHBHOTO

BoccTaHoBleHus JecHbiX anamadpToB (FLR-Library)

Figure 1. IDEFO context diagram for a reference information system for adaptive forest landscape restoration
(FLR-Library)

HcTouHuK: COOCTBCHHBIC PE3YJIbTAThl aBTOPOB

Source: own results
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Tabmuma 1

Omnmcanue cTPeIoK KOHTEKCTHON AuarpaMMbl

Table 1
Description of the context diagram arrows

Wwmst ctpenku | Arrow Name

Onpenenenue crpenku | Arrow Definition

[Inanupyemsblii cocTaB APEBOCTOS
(BxOM)

The planned composition of the
stand (Input)

CocraB IUIaHUPYEMOI'O JAPEBOCTOS ONpPENEIsieT PSJl BXOJHBIX TEPEMEHHBIX U
YCTaHABIMBAET PsiJ] TPEOOBAHMUIT K XapaKTEPUCTUKE MOYBBI, JIECOCEMEHHOMY Ma-
TepUally W ero MoJAroTOBKe, K JECHBIM MAIIMHAM U OTIAENIbHBIM TEXHOJIOTHYE-
CKHM OIIEpaLHIM.

The composition of the planned stand determines a number of input variables and
establishes a number of requirements for soil characteristics, seed material and
its preparation, for forestry machines and individual technological operations

I'eomopdonornyeckue u
KJIMMaTUYEeCKUE JJaHHbIE Y4acTKa,
COCTOSIHHE Y9acTKa (BXO[)
Geomorphological and

climatic data of the site, the condi-
tion of the site (Input)

OnpenenseT psiJi BXOJHBIX IEPEMEHHBIX: COCTaB U (PU3UKO-MEXaHUICCKHUE CBOM-
CTBa MOYBOTPYHTOB (BJIMACT Ha BBHIOOP MAIIWH M 00OPYHZOBAaHHSA, yUUTHIBACTCS
IIpH BEIOOPE BpEMEHHM Mocaaku(IIoceBa) ISCOCEMEHHOr0 Marepuraa); reoMmopdo-
JIOTUYECKUE XapaKTePUCTHUKH YYacTKa: YKIJIOH, pesibed), BBICOTa Hal YpOBHEM
Mopsi, TUTOIAAb, (hopMa ydacTka (BIHAIOT HAa BEIOOp MAaIlvH U 000PYIOBaHUS 1
TEXHOJIOTHIECKUX OIepanuii); COCTOSHUE ydacTKa (OymeM moHMMaTh: 1) mocie
noxapa, 2) pyook, 3)paHee Jiec He ITpou3pacTall.

Determines a number of input variables: composition and physico-mechanical
properties of soils (affects the choice of machinery and equipment, is taken into
account when choosing the time of planting (sowing) of seed material); geomor-
phological characteristics of the site: slope, relief, height above sea level, area,
shape of the site (affect the choice of machinery and equipment and technological
operations); condition of the site (we will understand: 1) after the fire, 2) logging,
3) previously, the forest did not grow.

JlecHoli KoJeKe U Apyrue HopMa-
TUBHO-IIPABOBBIC aKThI (yIpaBie-
HHE)

The Forest Code and other norma-
tive legal acts e (Control)

I'mobanmeHo Ha cuctemy Bimsier JlecHoit komexc P®, ompenmernsss rpaHUIBI
y4acTKa U [pasa JIeCOMOIb30BaHHS.

Globally, the system is influenced by the Forest Code of the Russian Federation,
defining the boundaries of the site and the rights of forest use.

MamivHbel 1 MeXaHH3Mbl, 000py-
JIoBaHUE (MEXaHHU3M)

Machines and mechanisms, equip-
ment (Mechanism)

JlecHble MalIMHBI, MEXaHU3MBI 1 000PYI0BAHUE HEOOXOAUMBIE [UISl peaTi3aluu
000 BRIOPAHHOM TEXHOJIOTUH BOCCTAHOBIICHHUS JIECHBIX JaHAIAdTOB.

Forest machines, mechanisms and equipment necessary for the implementation
of any chosen technology for the restoration of forest landscapes.

CnpaBouHble 0a3bl JaHHBIX
FLR-Library (Mexauu3m)
Reference databases FLR-Library
(Mechanism)

CnpaBouHble 6a3bl JaHHBIX, KOTOPBIE cOAEPKAT HHOOPMALIUIO O MEXKAYHAPOI-
HOM TEPMHHOJIOTHH, XapaKTEePUCTUKH JIECHBIX MAIINH, IOYBOIPYHTOB, KIUMaTa
U 1p.

Reference databases that contain information on international terminology, char-
acteristics of forest machines, soils, climate, etc.

TexHonorus BOCCTAHOBJICHUS
JiecHoro jJaHmmagdra (BbIXO.T)
Forest landscape restoration tech-

nology (Output)

Wudopmanus, xapakrepu3syolias BBIOOp TEXHOJIOTHH BOCCTAHOBIJICHHS JIECHOTO
nmaHamadTa coraacHO BXOTHBIM TaHHBIM (BXOI) U pecypcaM (MeXaHu3M).
Information characterizing the choice of forest landscape restoration technology
according to input data (input) and resources (mechanism).

HaGop TexHOIOrHYeCKHX omepa-
LU (BBIXO)
A set of technological operations

(Output)

Nudopmarnus, xapakrepu3yrolias BbIOOP KOHKPETHBIX ONepaluii B paMKax pe-
KOMEH/IOBAHHOMN TE€XHOJIOTHH.

Information describing the choice of specific operations within the recommended
technology.

Wcroynnk: coOCTBEHHBIE Pe3yIbTaThl aBTOPOB

Source: own results

118

Jlecorexunueckmii :xypHaa 4/2023




TexHosorun. MamuHbl 1 000py10BaHHE

TIpoueaypst u mpasuna paGoTst
N
IInanupyemsrit
A,
cocTaB Onpenenene Mnanmpyemsie
JIPEBOCTOSI onepauuy
| TEXHOIOrHYECKHX | no noaroroske
oIepanuii mno nousb!
I
_,|  moaroroske
TTOYBBI
T'eomopdonornueckne 0 Crcok
1 BuG MawmH v
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Pucynox 2. Pe3ynbraT JeKOMIIO3UIINY KOHTEKCTHOW AnarpaMmbl Ha Al 1y cipaBoYHON MH(OPMAIIMOHHOM CHCTEMBI
JUISl aJalITUBHOTO BOCCTaHOBJIEHHS JiecHbIX Janamadros (FLR-Library)
Figure 2. The result of decomposition of a context diagram A1 for a reference information system for adaptive
restoration of forest landscapes (FLR-Library)
Hcrounuk: cOOCTBEHHBIE PE3YIbTaThl aBTOPOB
Source: own results
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Figure 3. The result of decomposition of a context diagram A2 for a reference information system for adaptive

restoration of forest landscapes (FLR-Library)
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Source: own results
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