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Abstract

The technique can be used in forestry when creating and modeling protective forest stands around nursery’s
objects. The equipment is designed for sites that are difficult to restore or inaccessible to ground-based mechanization
and human means. Hard-to-recover sites are defined as: 1) released as a result of deforestation, including fire, ineffec-
tive for the operational technology of ground-based sowing or planting; 2) released as a result of fires, ineffective for
the operational technology of ground seeding or planting; 3) inaccessible to ground-based mechanization facilities for
climatic and geomorphological reasons; 4) inaccessible to people due to the complication of the radiation background
and (or) after man-made disasters. The technique provides for accelerating the process of creating forests and improving
environmental safety for the environment by reducing the number of operations that violate the forest ecosystem, using
environmentally friendly energy sources in unmanned aerial vehicles, equipment and devices used in all groups of oper-
ations, improving environmental safety for humans by enabling the implementation of the method without the presence
of an operator directly at the site of the groups of operations, reducing the cost of performing energy-intensive and time-
consuming operations for preparing sites, transportation of forest reproductive material to the place of preliminary prep-
aration and back.
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Meto MOKeT OBITh MCIIOJIB30BAaH B JIECHOM XO3SHICTBE NMPU CO3IaHWU U MOJICIMPOBAHUH 3AIIUTHBIX JIECHBIX
HaCcaXJICHWH BOKPYT OOBEKTOB JIECHOrO NMTOMHUKA. [IpesHa3HayeH i yyacTKOB, KOTOPBIE TPYIHO BOCCTAHOBHUTH IO
MIPUYMHE HEIOCTYIHOCTH JUI HA3eMHBIX CPEICTB MEXaHH3allMK M 4elloBeKa. TpyIHOBOCCTAaHABIMBAaEMbIE YYacTKU
OTIpeNeNAroTCS Kak: 1) BBICBOOOKICHHBIC B PE3yJIbTaTe BEIPYOKH JIECOB, BKITIOYAS MOXAPHI, HEAPPEKTUBHEIC IS OTIe-
paTUBHOI TEXHOJIOTUH HA3€MHOTO TIOCEBA WIIH ITOCA/IKH; 2) BEICBOOOKAEHHBIE B PE3yJIbTaTe MOXapoB, Hed(dekTHBHBIE
JUISL OTIEPAIIMIOHHON TEXHOJIOTUH HA3€MHOTI'O I10CEBA WIIM MOCAJKH; 3) HEIOCTYIHbIE Ul HA3€MHBIX CPEJICTB MEXaHH3a-
UM 110 KIMMAaTUYeCKHUM M reoMop(oIOrHIecKuM NpUYNHAM; 4) HEJOCTYIHBIE Ul JIOJEH B CBSI3H C OCJIOKHEHHEM
panuanrMoHHOro (oHa ¥ (WIJIN) MOCie TEXHOICHHBIX KaTtacTpod. MeToa mpeaycMaTpuBaeT yCKOpeHHe npolecca co3/a-
HUS JIECOB M IOBBIIIEHNE DKOJIOTHUECKON 0€30MacHOCTH JUIS OKPYIKAIOIEH Cpellbl 3a CUET COKpAILEHUsI KOJIUYECTBa
oreparyii, HapyIaIIUX JECHYIO0 9KOCUCTEMY, HCIIOJIb30BaHNs SKOJIOIMIECKH YHCTHIX HCTOYHUKOB YHEPTHH B OecTH-
JIOTHBIX JIETATENBHBIX armaparax, 000pylI0BaHHN M YCTPOMCTBAaxX, UCIOJIB3yEMbIX BO BCEX IPYHIAX ONEpaIuid, MOBbI-
LIEHUE HKOJIOTHUYECKOI Oe30macHOCTH JUIs JIIOAEH 3a cueT oOecneyeHns pealnsayl MeToa 0e3 MPUCYTCTBHS olepa-
TOpa HEMOCPEACTBEHHO HAa MECTE NMPOBEICHMS TPYMIl ONEpaIlii, CHIDKEHHE 3aTpaT Ha BBIIIOJIHEHNE YHEPrOEMKHX U
TPYIOEMKHUX OIEpaIii MO MOJArOTOBKE YYacCTKOB, TPAHCHOPTHPOBKE JIECHOTO PENPOAYKTHBHOTO MaTepHana K MECTY
MIPEANOCEBHOM TOATOTOBKH U 00PaTHO.

KnroueBble cji0Ba: j1eCHbIE MMTOMHUKY, 3ALIUTHBIC JICCHBIE HACAXKICHUSI, NIEJUIETUPOBAHUE CEMSH, COPTHPOB-
Ka CeMsH, IMCTaHIIMOHHOE 30HIMpoBanue Monoaoro yeca ¢ BITJIA, moces necHbix cemsiH ¢ BITJIA
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Introduction

The results of investments in forestry research
can be realized only if tenants or owners of forest areas
have access to a wide range of high-quality seed produc-
ers adapted to the method and place of creation of forest
crops, and also provide timely agrotechnical care for
forest crops. Historically, it is Pautov et al. known that
"due to the lack of equipment for creating forest crops
and caring for them in conditions of cluttered, water-
logged cuttings, the severity of climatic conditions, the
lack of systematic care, even in the conditions of the
European North, more than half of the crops created are
dying [1]”.

By improving and adapting the methodology to
the conditions of application of the technology, for exam-
ple in the Russian Federation, we will establish the basic
structural elements and elements characteristic of per-
forming operation groups for reforestation of hard-to-
reach sites. Well-managed vegetation is associated with
the reduction of soil erosion [2] and the protection of ju-
venile crops of forest nursery from damage by wind, snow
and sand [3].

To substantiate the structure, we will consider the
most characteristic, traditional technological processes
[1], including » main groups (n = 2) of K operations
(Figure 1): preparing the area and planting seedlings (in
less common cases — seeding).

Currently, there are no machines in the world
for a group of area preparation operations that can be
operated on waterlogged soils with low load-bearing
capacity without causing certain problems. There are
no military vehicles that can repeatedly move along the
same track in off-road conditions. Machines with wide
tracks and air cushion cannot be used on hard-to-
recover areas due to stumps. As a rule, special tractors
designed for this purpose should work on the slopes,
but it is also allowed to work with flat tractors — uni-
versally tilled on slopes with angles up to 8...9 © and
tracked general purpose — up to 12°.

Algorithmically, the traditional process of refor-
estation of hard-to-reach areas is described by the main
criteria [4] related to geomorphology and climatic con-
ditions of operations. There are the following options
for implementing the classical technology of forest
landscape restoration [5—7] according to the algorithm
shown in the figure:
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Soil treatment
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Seedlings Seeds (less common)

Figure 1. A block diagram of a two-group (n =2)
technological process of forest restoration in areas that
are difficult to restore or inaccessible to ground-based

mechanization or humans; adapted in [1].

Puc. 1. CtpykTypHas cxema AByXIpynIoBoro (n = 2)
TEXHOJIOTHYECKOTrO MPOLIECCa BOCCTAHOBIICHHS JICCOB
HA y4acTKaX, KOTOpbIE TPYAHO BOCCTAHOBHUTH UIIK OHU
HEJOCTYITHBI JJIsl HA3MHOW MEXaHW3aLUH HIIH JIFO/ICH
Source: Novikov, A.I. Improvement of technology for
obtaining high-quality forest seed material : advanced
Doctoral Thesis, Voronezh State University of Forestry

and Technologies, 2021.

Ucrounuk: HoBukos, A.M. CoBepiieHCTBOBaHUE TEX-
HOJIOTHH TIOJYYeHHUS] BBICOKOKAYECTBEHHOTO JIECOCe-
MEHHOTO MarepHania: Juc. J-pa TEXH. HayK:
05.21.01. Boponex, BI'JITY, 2021.

The development of an optimization model for
the classical mechanized technology of artificial refor-
estation is not included in the tasks of this scientific
work, however, based only on a simplified algorithm
(without taking into account: specific machines and
aggregates with their performance; variation of soil
types; reasons for reforestation — after continuous log-
ging, fires, etc.) we see that such a task is of a multi-
criteria nature and if a mathematical model is devel-
oped based on minimizing downtime of equipment and
people, then with a high degree of probability such a
task will be NP-complete [4], requiring either a com-
plete search of all possible options, or additional devel-
opment of a heuristic algorithm to solve it.

It is obvious that a transition is needed from a
two-group (see Figure 1) technological process of for-
est restoration in areas that are difficult to restore or
inaccessible to ground-based mechanization or human
means to a process that also takes into account the op-
erations of preparing high-quality forest reproductive
material.
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The purpose is to assess the degree of applica-
bility of technical and technological solutions for the
creation of protective forest on inefficient sites.

Materials and Methods

The type of the polygroup process (figure 2) of
creating protective forest plantations around gardens in

hard-to-reach areas was preliminarily determined. The
selection of technical and technological solutions and
frontier techniques was based on structural and func-
tional modeling.

11, 12, ...

, Ik

31,32,..., 3K

A

Y

e

A

—

21,22, ...,2K

Y

41,4, ...

, 4k

Figure 2. A block diagram of technological solutions of a semi-group (n >2) process of forest restoration technology in

areas that are difficult to restore or inaccessible to ground-based mechanization or human means

Puc. 2. CtpykTypHas cxema TeXHOJIOTHYECKHX PEeIICHHUH MOIyTrpyHIoBoro (n >2) mpouecca TeXHOIOTHH

BOCCTaHOBJICHUS JICCOB B paﬁOHax, KOTOPBIC TPYAHO BOCCTAHOBUTDH WUJIN HEAOCTYIIHBI IJIA Ha3eMHON MeXaHHU3aIluH

WITH YETOBEYECKUX CPEIICTB
Source: Novikov, A.I. Forest restoration method. RU Patent 2 714 705, 20 May 2019.
Uctounuk: Ilar. 2714705 Poccuiickas ®Denmepanus, MIIK A 01 G 23/00. Crioco6 BOCCTaHOBJICHHUsS Jjeca

/ HoBukoB A.W.; 3asBuTens u mnareHrooOmanarens Boponex. roc. necotexH. yH-T. — Ne 2019115418 ; 3assi.

20.05.2019 ; omy6u. 19.02.2020, Brom. NeS.

The degree of similarity and differences of tech-
nical and technological solutions when creating protective
forest plantations on inefficient sites was assessed using
hierarchy analysis in the IBM SPSS Statistics 25 applica-
tion software package.

Results and Discussion

Regarding the type of hard-to-reach area vacat-
ed as a result of logging or harem, this block diagram is

118

implemented in technological solutions (Pat. SU
1501975; A01G 23/00; 08/23/1989), including strip
preparation of the area and planting of forest crops,
carrying out simultaneously with gradual logging min-
eralization of dry sandy soils and thereby ensuring the
emergence of undergrowth and renewal of the forest
without the cost of creating crops (pat. RU 2138947;
A01G 23/00; 10.10.1999). No less interesting is the
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technological solution, which includes in the group of
operations for preparing the area the incision of the
surface of the stumps within the width of the tractor,
the application of spores from fruit bodies and myceli-
um of fungi for the semi-destruction or complete de-
struction of the stumps within 3-5 years, 1-2-fold pas-
sage along the strip marked for planting tools such as
knife rollers (pat. RU 2238634; AO01G 23/00;
27.10.2004). The process of afforestation and reforesta-
tion on a large-scale using aircraft is more technologi-
cally advanced from the point of view of accessibility
of the area (pat. WO 2007/033446; A01G 23/00, A01C
11/00; 29.03.2007), including the preparation of the
area for planting in the form of irrigation with drops
with adjustable size (water and herbicides), planting
seedlings from a helicopter or glider in disposable co-
coons of arrow shape.

The disadvantages of these technological solu-
tions are high energy consumption, material consump-
tion and labor intensity, as well as low survival rate of
plants due to damage to the root system during double
transplantation, and in the case of a manned aircraft,
also a low level of landing accuracy due to the impos-
sibility of approach at an ultra-low altitude.

Regarding the type of inaccessible area caused
by geomorphology [8], this block diagram is imple-
mented in technological solutions (pat. RU 2643245;
A01G 23/00; 31.01.2018), including the site prepara-
tion [9-14], planting, and reforestation is carried out on
mountain slopes in stages: at the first stage, mountain
areas for reforestation are determined, taking into ac-
count the presence of wild seedlings in neighboring
areas in the lowlands, near roads, quarries or ravines, at
the second stage, two-three-year-old wild seedlings are
dug out and transplanted to places on selected sites
with subsequent watering, forming curtains to create
conditions for the seeds of grown trees, curtains at the
age of 20-30 in the autumn and spring periods are
transferred by wind currents to the rest of the selected
site.

The disadvantages of these technological solu-
tions are possible damage to the root system of trans-
planted two- to three-year-old trees, high costs of
transplanting trees, increasing during manual trans-
planting, as well as a significantly time-stretched refor-
estation process.
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It is obvious that a transition is needed from a
two-group (see Figure 1) technological process of for-
est restoration in areas that are difficult to restore or
inaccessible to ground-based mechanization or human
means to a process that also takes into account the op-
erations of preparing high-quality forest reproductive
material.

Regarding the transition to the poly-group pro-
cess, there are technological solutions (pat. US
5406898; AO01G 23/02; 18.04.1995), including the
preparation of the area (cutting down trees and shrubs,
transporting whips), preparation of forest reproductive
material (crushing on-site felling residues, including
cones, and obtaining seeds of various coniferous crops
from them), sowing randomly on the area being re-
stored.

The disadvantages of these technological solu-
tions are the absolute seasonality of implementation,
since the yield of seeds in cones is provided only in a
certain period once every three to four years, high
damage and low viability of forest seeds.

Figure 2 shows a block diagram of the imple-
mentation of the forest restoration method, including
groups of operations: monitoring of area 14, 1o, ..., 1x;
preparation of area 2, 2, ..., 2x; preparation of forest
reproductive material 3, 3,, ..., 3x; sowing seeds or
planting seedlings on the restored area 41, 4., ...,4x.

According to a fundamentally new structure, the
implementation of the technology is carried out in the
following order.

1. Conduct a group of operations 11, 1o, ..., 1k
monitoring of the forest landscape restoration (FLR)
area, including operations of preliminary multi-criteria
assessment of the FLR area, implemented on the basis
of an unmanned aerial vehicle of helicopter, airplane or
hybrid types.

2. Assess the degree of necessity and efficiency
of performing energy-consuming and time-consuming
operations in groups of operations for site preparing,
preparing forest reproductive material [15] (seed spec-
trometric grading [16], seed pelleting [17,18]), seeding
or planting [15] on the site, implemented on the basis
of fuzzy logic algorithms [19].

3. Determine the required number of operations
(K) in each of the groups and the number of equipment
(Q) to perform them.
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4. Carry out, if necessary, which is defined in
paragraph 2, a group of operations for preparing the
area 21, 2, ..., 2x.

It should be noted that if it is impossible to
completely exclude a group of soil preparation opera-
tions, it is necessary to use a tool for cavity tillage,
which ensures sufficient patency of the unit in uncor-
rected cuttings and the required quality of tillage. At
the same time, the economic effect will be achieved
due to [20]:

— the ability to carry out tillage without prior
expensive and energy-intensive operations for uproot-
ing and clearing of cuttings and harems;

— increase productivity by increasing the width
of the processing, and therefore reducing the number of
passes over the treated area and eliminating stops of the
unit for cleaning disk housings, since the design elimi-
nates sticking of the tool with soil and clogging with
plant residues;

— reducing the energy consumption of the unit,
due to the reduction of the pulling force of the gun, due

3
4
5

LAY airplane aerodynamic scheme
UAY helicopter aerodynamic scheme
UAY hybridical aerodynamic scheme

to the individual adjustment of each disk housing to the
optimal technological modes of operation (angle of
attack, angle of inclination relative to the vertical, an-
gle of rotation of the blade);

— reduction of material costs for the repair of the
gun, since the individual attachment of the disc-cutter
housings to the gun frame will reduce the impact loads
that occur when encountering obstacles;

— improvement of germination, survival and
subsequent development of planting material, due to
the exclusion of uprooting of stumps, which leads to
the removal of the upper humus soil layer along with
the stumps and exposure of underlying structureless
horizons, while the strip after clearing acquires a hol-
low profile, contributing to water stagnation and water-
logging; ensuring full turnover of the soil layer and
embedding plant residues in the upper soil layer, which
contributes to the accumulation of humus.

The levels of energy costs and environmental
safety depending on the method of implementation of
seeding and planting operations are illustrated in Fig. 3.

1
2
]
7

MAV helicopter aerodynamic scheme
Ground-hased mechanized

> WAV girplane agrodynamic scheme
Ground-based manal

Figure 3. A diagram of the similarity of technical and technological solutions of frontier technique. To visualize the
analysis of hierarchies, the median clustering method with a quantitative Euclid Square (Y-axis) measure was used.

Puc. 3. Jlnarpamma cXoACTBa TEXHUIECKUX M TEXHOJIOTHUECKHUX PEHIeHHH (GpOHTHPHOTO MeToa. st BU3yanu3aun

aHanM3a uepapxui UCIOIb30BAJICA METO MEAUAHHOM KJIacTepU3alluu C KOJM4YECTBEHHON Mepoil kBaapaTa EBknnoBa

paccrostHus (0Cch Y)

Source: own calculations cTo4HuK: COOCTBEHHBIE BBIYHUCIICHHSI aBTOPOB
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5. A group of operations for the preparation of
forest reproductive material 31, 32, ..., 3k is carried out,
including: an alternative operation for express analysis
of geometric and spectrometric characteristics of seeds,
carried out in the field using mobile technical means -
separating devices, isolating viable coat colour seed
races in the visible and infrared wavelength region
[21-24] at the earliest stage of processing, which are
the basis for obtaining forest reproductive material with
specified qualitative characteristics; an alternative en-
capsulation operation carried out in the field with the
use of mobile technical means forming capsules of a
certain aerodynamic shape, weight and strength, with
the necessary supply of nutritious, fungicidal and anti-
predatory substances that ensure optimal performance
of seeds during sowing and seedlings during planting,
including from the air, and protective functions for
early-growing seedlings.

6. A group of seed seeding or seedling planting
operations is carried out on an area of 4y, 4, ..., 4k,
including an alternative operation of spot seeding or
landing from the air, carried out using unmanned aerial
vehicles of helicopter, airplane or hybrid types,

equipped with closely integrated (satellite-inertial) nav-
igation equipment [25] for movement under the canopy
of the forest at long intervals, equipment for simultane-
ous storage of sown seeds or planted seedlings, taking
into account their take-off weight, control of a given
seeding rate or planting seedlings on a quantitative or
mass basis and accurate seeding or planting seedlings,
depending on a given scheme of placement of forest
crops and the speed of an unmanned aerial vehicle,
energy storage equipment to create an energy reserve
for the purpose of directional movement of seedling
capsules or capsules with seedlings to the area being
restored, providing a given depth of seeding or planting
seedlings, depending on the height of the flight corridor
and the agrotechnical condition of the area.

Conclusion

The analysis of hierarchies among technical and
technological solutions by the level of time, technolog-
ical, financial costs and environmental safety identified
4 significantly distinguishable groups that have pro-
nounced features.
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