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Àáñòðàêò
Â ñòàòüå îïèñàíà ìåòîäèêà ïîñòðîåíèÿ ñõåìû ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ õèùíûõ ïòèö ñ èñ-
ïîëüçîâàíèåì èíñòðóìåíòàðèÿ ãåîèíôîðìàöèîííûõ ñèñòåì. Â êà÷åñòâå ÃÈÑ-ïðîãðàììû èñïîëüçîâàíà ArcView 
GIS 3x ESRI. Ìåòîäèêà àïðîáèðîâàíà íà ïðèìåðå äâóõ âèäîâ îðëîâ – ìîãèëüíèêå (Aquila heliaca) è áåðêóòå 
(Aquila chrysaetos) â ëåñîñòåïíîé è þæíî-òà¸æíîé çîíàõ Âîëãî-Óðàëüñêîãî ðåãèîíà. Äëÿ ìîãèëüíèêà íà îñíîâà-
íèè îáíàðóæåííûõ 15 ãí¸çä íà 2-õ ïëîùàäêàõ ïîñòðîåíà ñõåìà ðàçìåùåíèÿ èç 222-õ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ. Ïðîâåðêà ïîêàçàëà, ÷òî â öåëîì ñõåìà ÿâëÿåòñÿ ðàáî÷åé. Ãíåçäîâàíèå ìîãèëüíèêà óñòàíîâëåíî íà 
102-õ ó÷àñòêàõ, ÷òî ñîñòàâëÿåò 85,71% îò ÷èñëà ïðîâåðåííûõ. Ïðè ýòîì ïðè ïðîâåðêå 119 ïîòåíöèàëüíûõ ó÷àñò-
êîâ áûëî âûÿâëåíî 120 ðåàëüíûõ ãíåçäîâûõ ó÷àñòêîâ. Çà ïðåäåëàìè ïîòåíöèàëüíûõ ó÷àñòêîâ îáíàðóæåíî 8 ãí¸çä 
ìîãèëüíèêîâ, ïðè÷¸ì ðîâíî ïîëîâèíà èç íèõ íàõîäèòñÿ â íåïîñðåäñòâåííîé áëèçîñòè îò ãðàíèö ïîòåíöèàëüíûõ 
ó÷àñòêîâ. Ðàçìåùåíèå ðåàëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ îòêëîíèëîñü îò ñõåìû íà 14,29%, íî ïðè ýòîì 
÷èñëåííîñòü ìîãèëüíèêà íà ãíåçäîâàíèè íà îáñëåäîâàííûõ òåððèòîðèÿõ ïðåâûñèëà ðàñ÷¸òíóþ âñåãî íà 0,84%. 
Äëÿ áåðêóòà íà îñíîâàíèè ïàðàìåòðîâ ðàçìåùåíèÿ ãí¸çä â Âåðõíåêàìñêîé ãíåçäîâîé ãðóïïèðîâêå îò îäíîãî 
èçâåñòíîãî ãíåçäà áûëà ïîñòðîåíà ñõåìà, ñîäåðæàùàÿ 26 ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ íà ïëîùàäè 3,1 òûñ. 
êì2. Ïðîâåðêà ïîçâîëèëà íà âñåõ 26 ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêàõ ñ òîé èëè èíîé ñòåïåíüþ äîñòîâåðíîñòè 
çàðåãèñòðèðîâàòü ïðèñóòñòâèå áåðêóòîâ: äëÿ 11 ó÷àñòêîâ óñòàíîâëåíî ãíåçäîâàíèå îðëîâ, äëÿ 7 – îíî âåñüìà âå-
ðîÿòíî, äëÿ 3-õ ó÷àñòêîâ ãíåçäîâàíèå áåðêóòà âîçìîæíî è ñòàòóñ 5 ó÷àñòêîâ íå ÿñåí, òàê êàê îíè íå îáñëåäîâàíû, 
íî î ïðèñóòñòâèè áåðêóòà íà íèõ ñâèäåòåëüñòâóþò îïðîñíûå äàííûå. Èç ñõåìû âûáèëñÿ òîëüêî îäèí ãíåçäîâîé 
ó÷àñòîê áåðêóòîâ. Ïðîâåðêà ñõåì ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ îðëîâ ïîêàçàëà, ÷òî ìåòîäèêà 
ðàáîòàåò è å¸ ìîæíî ðåêîìåíäîâàòü äëÿ âûÿâëåíèÿ îñîáåííîñòåé ðàçìåùåíèÿ â ïðîñòðàíñòâå òåððèòîðèàëüíûõ 
ïàð ïåðíàòûõ õèùíèêîâ è îöåíêè èõ ÷èñëåííîñòè íà ãíåçäîâàíèè. 
Êëþ÷åâûå ñëîâà: õèùíûå ïòèöû, ïåðíàòûå õèùíèêè, áåðêóò, Aquila chrysaetos, ìîãèëüíèê, Aquila heliaca, 
ÃÈÑ, ïðîñòðàíñòâåííûé àíàëèç, ArcView.

Abstract
This article describes the procedure of constructing the distribution model of potential breeding territories of rap-
tors by means of geo-information systems. ArcView GIS 3x ESRI was used as the GIS software. The procedure was 
tested by the example of two eagle species – Imperial Eagle (Aquila heliaca) and Golden Eagle (Aquila chrysaetos) 
in forest-steppe and south taiga zones of the Volga-Ural Region. Based on 15 nests revealed on 2 sites, the distribu-
tion model comprising 222 potential breeding territories plotted for Imperial Eagle. The verification has proved this 
model in general to be valid. The nesting of Imperial Eagle was ascertained at 102 territories, which is 85.71% of the 
number of territories inspected. During the inspection of 119 potential territories, 120 real breeding territories were 
found. Outside the potential territories, 8 nests of the Imperial Eagle were found, half of them being located in direct 
proximity of boundaries of the potential sites. The distribution of the real breeding territories of the Imperial Eagle has 
deviated from the model by 14.29%; however, the population of the breeding Golden Eagle on the inspected ter-
ritories surpassed the calculated value by only 0.84%. For Golden Eagle, based on the parameters of nest distribution 
in the Upper Kama breeding group relative to one nest, the model that comprised 26 potential breeding territories 
on the area of 3,100 km2 was plotted. Now all 26 potential breeding territories are known as inhabited by Golgen 
Eagles with a particular measure of confidence: the breeding is confirmed for 11 territories, the breeding is quite 
probable for 7 territories, for 3 territories, nesting of the Golden Eagle is possible; the status of 5 sites is unclear since 
they have not been inspected, however, the questionnaire data attest to the presence of the Golden Eagle on them. 
The only breeding territory of Golden Eagle stood apart from the model. The verification of the distribution models of 
potential breeding territories of eagles has shown that the procedure works and it can be recommended for revealing 
the features of spatial distribution of territory pairs of birds of prey and estimating their breeding population. 
Keywords: birds of prey, raptors, Golden Eagle, Aquila chrysaetos, Imperial Eagle, Aquila heliaca, GIS, spatial 
analysis, ArcView.
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×ÀÑÒÜ ÏÅÐÂÀß, ÂÑÒÓÏÈÒÅËÜÍÀß
Ïðåäèñëîâèå, èëè

Ãäå íà÷èíàåòñÿ «òî÷íàÿ íàóêà»
 â ó÷¸òàõ æèâîòíûõ?

Äëÿ ðåøåíèÿ ìíîãèõ íàó÷íî-
ïðàêòè÷åñêèõ çàäà÷ â îáëàñòè çîîëîãèè 
(çîîãåîãðàôè÷åñêèå è áèîãåîöåíîëîãè-
÷åñêèå èññëåäîâàíèÿ, ýêîëîãè÷åñêàÿ ýêñ-
ïåðòèçà õîçÿéñòâåííûõ ïðîåêòîâ, áèî-
ìîíèòîðèíã è ïðîãíîç, âåäåíèå êàäàñòðà 
æèâîòíîãî ìèðà è ò.ï.) íåîáõîäèìû ñâåäå-
íèÿ î ÷èñëåííîñòè è ðàñïðåäåëåíèè èçó-
÷àåìûõ îáúåêòîâ íà èíòåðåñóþùåé òåððè-
òîðèè. Êàê áû íè õîòåëîñü èññëåäîâàòåëþ 
óçíàòü ÷èñëåííîñòü òîãî èëè èíîãî âèäà íà 
îïðåäåë¸ííîé òåððèòîðèè, áåç êîëè÷å-
ñòâåííîãî ó÷¸òà ýòèõ îáúåêòîâ äàííûå ïî 
èõ ÷èñëåííîñòè ïðîñòî íåâîçìîæíî ïî-
ëó÷èòü. À çíà÷èò, íàäî õîäèòü (èëè åçäèòü, 
ïëàâàòü, ëåòàòü), ñìîòðåòü, ñëóøàòü, ñ÷èòàòü 
è çàïèñûâàòü, ïðè÷¸ì æåëàòåëüíî ñëåäóÿ 
îïðåäåë¸ííûì ïðàâèëàì ïðè ïîñòðîåíèè 
ìàðøðóòîâ è âåäåíèè çàïèñåé. 

Ëþáîé ó÷¸ò ñâîäèòñÿ ê îïðåäåëåíèþ ïà-
ðàìåòðîâ ðàçìåùåíèÿ ó÷èòûâàåìîãî âèäà 
â ïðîñòðàíñòâå. Óïðîñòèâ ýòî ïîíÿòèå äî 
ìèíèìóìà, ìîæíî êîíñòàòèðîâàòü îáÿçà-
òåëüíîå îïðåäåëåíèå äâóõ îñíîâíûõ õà-
ðàêòåðèñòèê ðàñïðåäåëåíèÿ:

1. Ïðèóðî÷åííîñòü âèäà ê îïðåäåë¸ííî-
ìó ãåîáîòàíè÷åñêîìó èëè ëàíäøàôòíîìó 
âûäåëó.

2. Ïëîòíîñòü ðàñïðåäåëåíèÿ âèäà â äàí-
íîì âûäåëå.

Â ýïîõó äî ãåîãðàôè÷åñêèõ èíôîðìà-
öèîííûõ ñèñòåì (ÃÈÑ) âñå êîëè÷åñòâåí-
íûå ó÷¸òû æèâîòíûõ ñâîäèëèñü ê îïðåäå-
ëåíèþ èõ ïëîòíîñòè, òî åñòü êîëè÷åñòâà 
îáúåêòîâ (îñîáåé, ïàð, ñëåäîâ, ãí¸çä, ëî-
ãîâ è ò.ï.) íà åäèíèöó ïëîùàäè (íàïðèìåð, 
îñîáåé/1 êì2). Äàëåå ïëîòíîñòü ýêñòðàïî-
ëèðîâàëàñü íà îïðåäåë¸ííóþ ïëîùàäü äëÿ 
ïîëó÷åíèÿ êîëè÷åñòâåííîé îöåíêè ÷èñ-
ëåííîñòè îáúåêòîâ òîãî èëè èíîãî âèäà 
(èíà÷å ãîâîðÿ, çàïàñà).

Êàçàëîñü áû, âñ¸ äîñòàòî÷íî ïðîñòî, îä-
íàêî â äàííîì àëãîðèòìå èìååòñÿ ìàññà 
ïîäâîäíûõ êàìíåé, êîòîðûå ÿâëÿþòñÿ öå-
ëîé ñêàëîé ïðåòêíîâåíèÿ â îöåíêå ïîëó-
÷àåìîãî ðåçóëüòàòà è âûçûâàþò ìàññó íà-
ó÷íûõ è íåíàó÷íûõ äèñêóññèé. Ñóùåñòâóåò, 
êàê ìèíèìóì, ïÿòü îñíîâíûõ ïðè÷èí, 
âñëåäñòâèå êîòîðûõ èòîãîâûé ðåçóëüòàò 
âñåõ ó÷¸òîâ – îöåíêà ÷èñëåííîñòè – áóäåò 
ðàçíûì.

Ïðè÷èíà 1. Â íàñòîÿùåå âðåìÿ èìååòñÿ 
ðÿä ìåòîäîâ ó÷¸òà æèâîòíûõ. Îäíàêî ìíî-
ãèå èç íèõ èìåþò òîò îáùèé íåäîñòàòîê, 
÷òî ïðåòåíäóþò íà íåêîòîðóþ óíèâåðñàëü-

Introduction or 
What can GIS do to make 

the population estimations 
more exact?

GIS allows switching from extrapolation 
of density onto the area to the modeling of 
distribution of the counted objects on the 
basis of the parameters of their position 
relative to other animate and inanimate ob-
jects that were determined empirically.

GIS provides possibilities for:
- adjusting the point distribution using fil-

tration of the erroneous values and visual 
detecting the regularities in the normal dis-
tribution;

- determining the actual extrapolation 
zone based on the results of analyzing 
points that are normally distributed not in 
the overall area, but relative to certain ob-
jects or each other in visible clusters;

- extrapolating different density indices 
onto the same biotypes located in different 
areas.

To illustrate, let us give a simple example 
in fig. 1. Figure 1-A: regularities of distribu-
tion of the points are not clear until they 
are transferred from the paper into GIS. We 
construct convex polygons and have an-
other look at the pattern of distribution of 
the points. Figure 1-B: distribution of the 
points is scattered-grouped; the groups are 
randomly arranged. However, even a sim-
ple visual comparison of the position of the 
points with any landscape parameters may 
reveal certain regularities. Then, we connect 
the hydrogrid layer and observe the obvious 
result. Figure 1-C: the points are concen-
trated in the riverbeds that are remote from 
the river head by a certain distance. Figure 
1-D: analysis of the distances between all 
neighbors attests to the normal distribution 
of points along the riverbeds.

The main adjusting and specifying points 
of modeling is the conversion of the points 
into polygonal objects, though conditional, 
but still the individual sites that can be used 
not only to restrict the count area, but also 
to plot the model of site distribution (both 
real and potential) for any given territory 
and to visualize all its drawbacks that can-
not be revealed when using other methods 
of data processing. 

Next, let us consider the application of the 
algorithm of population calculation via “dis-
tance analysis” in solving particular academ-
ic and research problems that are related to 
large raptors. ArcView GIS 3x (ArcView…, 
1999b) was used as the GIS software, since 
it is the most available of all major licensed 
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íîñòü è çà÷àñòóþ ïðèìåíÿþòñÿ äëÿ îäíî-
âðåìåííîãî èçó÷åíèÿ âñåõ âèäîâ. Ïðè 
ýòîì äîïóñêàåòñÿ îøèáî÷íîå ïîëîæåíèå, 
÷òî âñå âèäû èëè ýêîëîãè÷åñêèå ãðóïïû 
âèäîâ ìîãóò áûòü ó÷òåíû ñ îäèíàêîâîé 
ñòåïåíüþ òî÷íîñòè. Â äåéñòâèòåëüíîñòè, 
ïðè èñïîëüçîâàíèè îäíîãî «óíèâåðñàëü-
íîãî» ìåòîäà, îøèáêà â îòíîøåíèè íåêî-
òîðûõ âèäîâ ïîëó÷àåòñÿ ÷ðåçìåðíî áîëü-
øîé. Ïîýòîìó íåîáõîäèìà ñïåöèàëèçàöèÿ 
ìåòîäîâ ó÷¸òà â çàâèñèìîñòè îò áèîëîãè-
÷åñêèõ îñîáåííîñòåé äàííîé ãðóïïû, õà-
ðàêòåðà ñòàöèé è ñåçîíà. 

Òàêèì îáðàçîì, äëÿ êàæäîãî âèäà 
òðåáóåòñÿ àäàïòèðîâàííàÿ ìåòîäèêà 
ó÷¸òà.

Ïðè÷èíà 2. Êëþ÷åâîé îñíîâîé âñåõ 
ìåòîäèê ÿâëÿåòñÿ âèçóàëüíîå èëè àêóñòè-
÷åñêîå âûÿâëåíèå è îïðåäåëåíèå âèäîâîé 
ïðèíàäëåæíîñòè æèâîòíûõ, ëèáî èõ ñëå-
äîâ æèçíåäåÿòåëüíîñòè, ãí¸çä èëè ëîãîâ, 
çàðåãèñòðèðîâàííûõ âî âðåìÿ ó÷¸òà. Ïî-
ýòîìó ñâåäåíèÿ ó÷¸ò÷èêîâ ñ ðàçíûìè ôè-
çèîëîãè÷åñêèìè äàííûìè (çðåíèå, ñëóõ, 
ñêîðîñòü ðåàêöèè), ïðîøåäøèõ ïî îäíîìó 
è òîìó æå ìàðøðóòó è ïîñ÷èòàâøèõ âèä 
ïî îäíîé è òîé æå ìåòîäèêå, áóäóò ñóùå-
ñòâåííî ðàçëè÷àòüñÿ. Ñîáñòâåííî, íà ýòîì 
çàêàí÷èâàåòñÿ íàóêà è íà÷èíàåòñÿ èñêóñ-
ñòâî. Îäèí èññëåäîâàòåëü íèêîãäà íå â ñî-
ñòîÿíèè â òî÷íîñòè ïîâòîðèòü ðåçóëüòàò, 
ïîëó÷åííûé äðóãèì èññëåäîâàòåëåì, îñî-
áåííî ïî èñòå÷åíèè íåêîòîðîãî âðåìåíè, 
òàê êàê, ïîìèìî ôèçèîëîãè÷åñêèõ êà÷åñòâ 
èññëåäîâàòåëÿ, íà êà÷åñòâî ó÷¸òà âëèÿåò è 
ìàññà ñîâåðøåííî ðåàëüíûõ ìàòåðèàëü-
íûõ ïðè÷èí, ìåíÿþùèõñÿ ñ òå÷åíèåì âðå-
ìåíè (íàïðèìåð, ïîãîäíûå óñëîâèÿ). 

Òàêèì îáðàçîì, ðåçóëüòàòû ó÷¸-
òà âñåãäà ñóáúåêòèâíû è ñ ýòèì ïðè-
õîäèòñÿ ïðîñòî ìèðèòüñÿ, ïîêà êòî-
íèáóäü íå èçîáðåòåò ðîáîòîâ-ó÷¸ò÷èêîâ 
ñ èäåàëüíîé ñïîñîáíîñòüþ ôèêñèðîâàòü 
âñ¸ æèâîå â îïðåäåë¸ííîé 
ïîëîñå ó÷¸òà. 

Ïðè÷èíà 3. Ðåçóëüòàòîì 
ëþáîãî ó÷¸òà ÿâëÿåòñÿ ðàñ÷¸ò 
ïëîòíîñòè, êîòîðûé ìîæåò 
îñóùåñòâëÿòüñÿ ðàçíûìè ñïî-
ñîáàìè, â îñíîâå êîòîðîãî 
âñåãäà ëåæèò ãëàâíàÿ ïðîáëå-
ìà – îïðåäåëèòü ïëîùàäü ó÷¸-
òà (èëè øèðèíó ó÷¸òíîé ïî-

GIS products. In addition to the basic shell, 
we will require units Spatial Analyst and Im-
age Analysis (ArcView…, 1999à, 1999ñ), 
extensions Image Warp (McVay, 1999), 
ShapeWarp (McVay, 1998), Edit Tools 
(Tchoukanski, 2004), X-Tools (DeLaune, 
2000), Repeating Shapes (Jenness, 2005), 
Nearest Features (Jenness, 2004), and TRLe-
gend (Dubinin, 2009). We use PHOTOMOD 
GeoCalculator software for coordinate recal-
culation, Adobe Photoshop CS2 – for image 
processing, and Statistica 5.0 – for statistical 
processing of the material.

The First Example, or
Wherever an Imperial Eagle’s nest is, 

we will see it in the GIS

Introduction
The example of approbation of the tech-

nique was carried out in the High Trans-
Volga Region and the Cis-Ural region in the 
border zone of five constituent entities of 
the Russian Federation – the Samara, the 
Ulyanovsk, and the Orenburg districts and 
Tatarstan and Bashkortostan Republics.

Why was it the Imperial Eagle that was 
selected? The first reason is that it is an en-
dangered species that is listed in the Red list 
of IUCN, and the Red Data Book of Russia 
(BirdLife International, 2008; IUCN, 2010; 
Galushin, 2001b) and the Red Data Books 
of all constituent entities of the Russian Fed-
eration, in which the breeding range of this 
eagle is located (Prisyazhnyuk et al., 2004). 
Another reason is that a large breeding 
group of the Imperial Eagle with the mixed 
pattern of nesting is conserved on the spec-
ified area on coniferous and deciduous trees 
along the uplands and deciduous trees in 
the lowered relief elements; this group is 
appreciably successfully assimilating in the 
forest-steppe landscapes that were strongly 

Ó÷¸ò ìîãèëüíèêà (Aquila heliaca) íà áîðîâîé îïóøêå.
 Ôîòî Ý. Íèêîëåíêî.

Account of the Imperial Eagle (Aquila heliaca) on edge
 of pine-forest. Photo by E. Nikolenko.
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ëîñû). Åäèíîãî ìíåíèÿ, êàê îïðåäåëèòü 
ýòîò ïàðàìåòð, íå ñóùåñòâóåò. Êàçàëîñü 
áû, âàðèàíò ôèêñèðîâàííîé ó÷¸òíîé 
ïëîùàäè ðåøàåò ïðîáëåìó, â îòëè÷èå 
îò âàðèàíòîâ îïðåäåëåíèÿ øèðèíû 
ó÷¸òíîé ïîëîñû íà îñíîâàíèè ñðåäíåé 
àðèôìåòè÷åñêîé èëè ñðåäíåé ãàðìîíè-
÷åñêîé, â îäíó èëè îáå ñòîðîíû îò îñè 
ó÷¸òà è ò.ä. Íî îí òàêæå èìååò íåäîñòà-
òîê – èíäèâèäóàëüíûå ó÷àñòêè æèâîòíûõ 
íå èìåþò êàêóþ-ëèáî ôèêñèðîâàííóþ 
ôîðìó è ïëîùàäü è çàâèñÿò êàê îò ôè-
çè÷åñêèõ êà÷åñòâ æèâîòíîãî, òàê è îò 
ëàíäøàôòíûõ õàðàêòåðèñòèê ìåñòíîñòè, 
â ðàçíûõ óñëîâèÿõ ðàçíûå îñîáè âûäåð-
æèâàþò ðàçíóþ äèñòàíöèþ äî ïðèáëè-
æàþùåãîñÿ íàáëþäàòåëÿ è ò.ï. Ïîýòîìó 
ôèêñèðîâàííàÿ ó÷¸òíàÿ ïëîùàäü ìîæåò 
ñîêðàùàòü ðåàëüíóþ ïëîùàäü, çàíèìàå-
ìóþ èíäèâèäóàëüíûìè ó÷àñòêàìè, ëèáî 
óâåëè÷èâàòü å¸. 

Òàêèì îáðàçîì, äëÿ êàæäîãî ñëó÷àÿ 
(ó÷¸òà) òðåáóåòñÿ àäàïòàöèÿ âûáîðà 
ðàñ÷¸òà ó÷¸òíîé ïëîùàäè. 

Ïðè÷èíà 4. Èòîãîì ó÷¸òíûõ ðàáîò ÿâ-
ëÿåòñÿ îïðåäåëåíèå ÷èñëåííîñòè, òî åñòü, 
ýêñòðàïîëÿöèÿ ïëîòíîñòè íà îïðåäåë¸í-
íóþ ïëîùàäü. Ñðàçó æå âîçíèêàåò äâà âî-
ïðîñà:

- Êàêèå äàííûå ìîæíî ýêñòðàïîëèðî-
âàòü, à êàêèå íåëüçÿ?

- Íà êàêóþ òåððèòîðèþ ýêñòðàïîëèðî-
âàòü ýòè äàííûå?

Åäèíîãî ìíåíèÿ, êàê âûáèðàòü äàííûå 
è ïëîùàäü äëÿ ýêñòðàïîëÿöèè, íå ñóùå-
ñòâóåò. Áîëüøèíñòâî èññëåäîâàòåëåé 
ïðèäåðæèâàåòñÿ ìíåíèÿ, ÷òî äëÿ ïîëíî-
öåííîé ýêñòðàïîëÿöèè ó÷¸òíàÿ ïëîùàäü 
â ïðåäåëàõ áèîòîïà (ëàíäøàôòà) äîëæíà 
áûòü ïðîïîðöèîíàëüíà ïëîùàäè áèîòîïà 
(ëàíäøàôòà), íà êîòîðóþ îñóùåñòâëÿ-
åòñÿ ýêñòðàïîëÿöèÿ, à äàííûå äîëæíû 
èìåòü íîðìàëüíîå ðàñïðåäåëåíèå. Îä-
íàêî íà ïðàêòèêå ýòî íèêîã-
äà íå ñîáëþäàåòñÿ, òàê êàê â 
áîëüøèíñòâå ñëó÷àåâ ó÷¸òû 
îñóùåñòâëÿþòñÿ íå òàì, ãäå 
íàäî ó÷èòûâàòü, à òàì, ãäå 
ýòî ëåã÷å. Â èòîãå, ïðè ó÷¸-
òå íà áîëüøèõ ïëîùàäÿõ ðàç-
íûõ âèäîâ, ìàòåìàòè÷åñêîå 
ðàñïðåäåëåíèå äàííûõ äëÿ 
áîëüøèíñòâà íå ìàññîâûõ âè-
äîâ äàëåêî îò íîðìàëüíîãî è 
ñòðåìèòñÿ ê êîíòàãèîçíîìó.

disturbed by human (Borodin, 2008; Kar-
yakin, 1998, 1999; Karyakin, Pazhenkov, 
1999; Karyakin et al., 2008). The non-uni-
formity of distribution of the Imperial Ea-
gle in the assimilated landscape results in 
obvious impediments when estimating its 
population; therefore, the solution to the 
problem will perfectly illustrate the poten-
tial of GIS tools.

Statement of the problem
Construction of the distribution model for 

brreding territories of the Imperial Eagle (Aq-
uila heliaca) on the key area of the forest-
steppe zone of the High Trans-Volga Region 
and the Cis-Ural region in order to estimate 
its population and determine the potential 
breeding territories with the purpose of the 
inspection thereof.

Surveys
During the season 1998, 2 plots were 

inspected in order to find the Imperial 
Eagle (fig. 2). The first plot (with the area 
of 1101.1 km2) was set up in forest-steppe 
of the High Trans-Volga Region (the extreme 
northeast of the Samara district bordering 
with Tatarstan Republic and the Orenburg 
district) and is a hilly forest-steppe with the 
fragments of pine-broadleaved forests pre-
served along high terraces of small rivers and 
separated stands of parvifoliate forests along 
the watersheds. The second plot (with the 
area of 191.7 km2) was set up in forest-steppe 
of the left bank of the Volga (northwest of the 
Samara district bordering with the Ulyanovsk 
district) and is a weakly hilled forest steppe 
with the fragments of pine-broadleaved for-
ests preserved along the sloping terraces of 
small rivers with watersheds totally occupied 
with agricultural lands.

15 nests were found during the inspection 
of these plots during the vehicle traverse 

Ó÷¸ò õèùíûõ ïòèö íà òî÷êå. Ôîòî À. Ëåâèíà.

Point account of raptors. Photo by A. Levin.
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Òàêèì îáðàçîì, äëÿ êàæäîãî âèäà â 
êàæäîì îòäåëüíîì ñëó÷àå òðåáóåòñÿ 
àäàïòàöèÿ âûáîðà ìåòîäà ýêñòðàïîëÿ-
öèè. 

Ïðè÷èíà 5. Äëÿ òîãî, ÷òîáû íà÷àòü ýêñ-
òðàïîëÿöèþ, íåîáõîäèìî èìåòü äëÿ ýòîãî 
êàðòîãðàôè÷åñêóþ îñíîâó: ãåîáîòàíè÷å-
ñêóþ èëè ëàíäøàôòíóþ êàðòó. Â íàñòîÿ-
ùåå âðåìÿ íåò âûðàáîòàííûõ êðèòåðèåâ 
îïðåäåëåíèÿ òèïè÷íûõ ìåñòîîáèòàíèé 
äàæå ïî ãðóïïàì âèäîâ. Ãåîáîòàíè÷åñêàÿ 
êàðòà äîñòàòî÷íî óñëîâíà, è, íàïðèìåð, â 
ñîñíÿêå-áåëîìîøíèêå íà ðå÷íîé òåððàñå 
è â ñîñíÿêå-áåëîìîøíèêå íà âîäîðàçäåëå 
âèä áóäåò èìåòü ñîâåðøåííî ðàçíóþ ïëîò-
íîñòü. Ëàíäøàôòíûõ êàðò íå ñóùåñòâóåò 
äàæå íà áîëüøóþ ÷àñòü ÎÎÏÒ, íå ãîâîðÿ 
óæå î òåððèòîðèè îáëàñòåé, è òåì áîëåå 
âñåé ñòðàíû. 

Òàêèì îáðàçîì, äëÿ êàæäîãî âèäà â 
êàæäîì îòäåëüíîì ñëó÷àå òðåáóåòñÿ 
àäàïòàöèÿ îïðåäåëåíèÿ çîíû äëÿ ýêñ-
òðàïîëÿöèè ó÷¸òíûõ äàííûõ. 

Ó÷èòûâàÿ âñ¸ âûøåñêàçàííîå, îöåíêà 
÷èñëåííîñòè æèâîòíîãî íà êàêîé-ëèáî 
òåððèòîðèè – ýòî ÷åòûð¸õêðàòíàÿ àäàï-
òàöèÿ ñóáúåêòèâíûõ äàííûõ, îñóùåñò-
âë¸ííàÿ èññëåäîâàòåëåì èñõîäÿ èç êàêèõ-
òî åãî îïðåäåë¸ííûõ çíàíèé îáúåêòà 
èññëåäîâàíèé è ìåñòíîñòè, êîòîðûå ìîãóò 
áûòü òîæå ñóáúåêòèâíûìè. 

Âîçíèêàåò äâà âîïðîñà:
- Ãäå æå íà÷èíàåòñÿ «òî÷íàÿ íàóêà» â 

ó÷¸òàõ æèâîòíûõ?
- Äëÿ ÷åãî æå íóæíà ñòàíäàðòèçàöèÿ 

ìåòîäîâ ó÷¸òà è ó÷¸ò ðàçíûõ âèäîâ îäíîé 
ìåòîäèêîé, õîòÿ äîïîäëèííî èçâåñòíî, ÷òî 
äëÿ áîëüøèíñòâà âèäîâ ðåçóëüòàò áóäåò 
èìåòü áîëåå ÷åì 50% îøèáêó?

Îòâåòû î÷åíü ïðîñòû.
Ðåïðåçåíòàòèâíîñòü è äîñòîâåðíàÿ ïî-

âòîðÿåìîñòü ðåçóëüòàòà íà îñíîâå âûÿâ-
ëåííîé çàêîíîìåðíîñòè âîçìîæíà ëèøü â 
òîì ñëó÷àå, êîãäà íà ýòî âëèÿåò ìèíèìóì 
ñóáúåêòèâíûõ ïðè÷èí, ëèáî ýòè ñóáúåêòèâ-
íûå ïðè÷èíû âñåãäà îäèíàêîâû è âëèÿþò 
îäèíàêîâûì îáðàçîì âî âðåìåíè è ïðî-
ñòðàíñòâå. Ñëåäîâàòåëüíî, «òî÷íàÿ íàóêà» 
íà÷èíàåòñÿ òàì, ãäå íà÷èíàåòñÿ ðàñ÷¸ò 
÷èñëåííîñòè èëè, èíà÷å ãîâîðÿ, ïðåîá-
ðàçîâàíèå ó÷¸òíûõ äàííûõ â îöåíêó ÷èñ-
ëåííîñòè äëÿ êàêîé-òî áîëåå êðóïíîé òåð-
ðèòîðèè. À ñòàíäàðòèçàöèÿ ìåòîäîâ ó÷¸òà 
íåîáõîäèìà äëÿ òîãî, ÷òîáû îäèí è òîò æå 
èññëåäîâàòåëü ïî îäíîé è òîé æå òåððèòî-
ðèè ìîã ñðàâíèâàòü ñâîè (è íå áîëåå) ðå-
çóëüòàòû äëÿ îòñëåæèâàíèÿ äèíàìèêè ÷èñ-
ëåííîñòè èçó÷àåìûõ èì îáúåêòîâ. Âî âñåõ 
îñòàëüíûõ ñëó÷àÿõ «çàïàñ» – ýòî íåêàÿ àá-

focused on searching for the typical nests 
of the Imperial Eagle, (fig. 3). The nests 
were found in completely different types of 
habitats – the regions of needle-leaved and 
broad-leaved forest with the occurrence 
or predominance of pine in the first story 
bordering with fields and floodplains, flood 
plain forest bordering with pasture grounds 
and fields, and birch groves among the fields 
and steppe pasture grounds. 9 of 15 nests 
were revealed in the near marginal parts of 
needle-leaved and broad-leaved forest re-
gions and were constructed on pine trees 
(Pinus sylvestris), 3 – in aspen-birch forest 
stands and were constructed on birch trees 
(Betula pendula); 2 – in the floodplain of the 
river; and 1 – in the forest belt among de-
posits and was constructed on poplar trees 
(Populus sp.). 9 nests were found on plot 
¹1; 3 of those were constructed on birch 
trees, 3 – on poplar trees; on plot ¹2, 6 
nests were found, all of them on pine trees.

The key territory with its contour plotted 
appreciably subjectively through the terri-
tory that was planned to be surveyed in the 
1998–2008 occupies 31,244.9 km2 (fig. 2).

The simple calculation of density accord-
ing to the method of plot counts provides 
the average value of 1.16 pairs/100 km2 of 
the total area (0.82–3.13 pairs/100 km2 of 
the total area). Extrapolation of these data 
onto the area of the key territory allows as-
suming that 113–612 pairs are breeding in 
this territory, 363 pairs on average in the 
key territory. The estimation is characterized 
by a large error and is obviously inconsist-
ent. The visual analysis of the map assumes 
overestimation, since the extrapolation was 
carried out onto the territory with large 
habitat areas that are not optimal for the 
Imperial Eagle, on one of them the density 
of the Imperial Eagle explicitly being the 
maximum for the species (plot ¹2, den-
sity of 3.13 pairs/100 km2 of the total area). 
Abstracting from the plot contours and cal-
culating the density on the count transects 
(Karyakin, 2004), their length on plots 1 and 
2 being 66.0 and 244.15 km, respectively, 
at the average distance of the occurrence of 
nests of the Imperial Eagle of 1.18 km (the 
width of the count transect of 2.36 km), the 
density will be 2.05 pairs/100 km2 of near 
marginal forest zone (1.54–4.13 pairs/100 
km2 of near marginal forest zone). However, 
these parameters can be extrapolated only 
onto the near marginal zone, it being ap-
preciably complicated to calculate its area 
without using GIS-software.

So what can be done to update the es-
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ñòðàêöèÿ, íåîáõîäèìàÿ äëÿ òîãî, ÷òîáû ïî-
íÿòü, íàñêîëüêî äàëåêà ÷èñëåííîñòü âèäà íà 
äàííîé òåððèòîðèè îò îïòèìàëüíîãî (èëè 
äàæå âîçìîæíîãî) ìàêñèìóìà èëè áëèçêà 
ê êðèòè÷åñêîìó ìèíèìóìó. Ìåæäó ýòèìè 
êðàéíîñòÿìè îöåíêà ìîæåò ëåæàòü êàê â 
ïðåäåëàõ ±3SD, òàê è â áîëüøåì äèàïàçî-
íå. Èíà÷å ãîâîðÿ, îöåíêà ÷èñëåííîñòè â 
100–600 ïàð, ïîñòðîåííàÿ íà îñíîâàíèè 
ó÷¸òà 10 ïàð, ìîæåò ñ÷èòàòüñÿ äîïóñòè-
ìîé. Âîò òàêàÿ âîò çîîìàòåìàòèêà! 

Ââåäåíèå, èëè
×òî æå ìîæåò ñäåëàòü ÃÈÑ 

äëÿ óòî÷íåíèÿ îöåíîê ÷èñëåííîñòè?
ÃÈÑ ïîçâîëÿåò óéòè îò ýêñòðàïîëÿöèè 

ïëîòíîñòè íà ïëîùàäü ê ìîäåëèðîâàíèþ 
ðàçìåùåíèÿ îáúåêòîâ ó÷¸òà íà îñíîâàíèè 
ïàðàìåòðîâ èõ ïîëîæåíèÿ ïî îòíîøåíèþ 
ê äðóãèì îáúåêòàì æèâîé è íåæèâîé ïðè-
ðîäû, óñòàíîâëåííûõ ýìïèðè÷åñêè. 

Â ÃÈÑ ìîæíî:
- íàñòðàèâàòü ðàñïðåäåëåíèå òî÷åê, èñ-

ïîëüçóÿ ôèëüòðàöèþ îøèáî÷íûõ çíà÷å-
íèé è âèçóàëüíî âûÿâëÿòü çàêîíîìåðíîñòè 
íîðìàëüíîãî ðàñïðåäåëåíèÿ;

- îïðåäåëÿòü ôàêòè÷åñêóþ çîíó ýêñòðà-
ïîëÿöèè, èñõîäÿ èç ðåçóëüòàòîâ àíàëèçà 
òî÷åê, èìåþùèõ íîðìàëüíîå ðàñïðåäå-
ëåíèå íå â îáùåì ïðîñòðàíñòâå, à ïî îò-
íîøåíèþ ê êàêèì-íèáóäü îáúåêòàì èëè 
äðóã ïî îòíîøåíèþ ê äðóãó â î÷åâèäíûõ 
êëàñòåðàõ;

- ýêñòðàïîëèðîâàòü ðàçíûå ïîêàçàòåëè 
ïëîòíîñòè íà îäíè è òå æå áèîòîïû, ðàñ-
ïîëîæåííûå íà ðàçíûõ òåððèòîðèÿõ.

Äëÿ èëëþñòðàöèè ïðèâåä¸ì ïðîñòåé-
øèé ïðèìåð (ðèñ. 1). Ðèñóíîê 1–À: çà-

Ðèñ. 1. Ïðèìåð àíàëè-
çà ðàçìåùåíèÿ ãíåçäî-
âûõ ó÷àñòêîâ â ÃÈÑ.

Fig. 1. Example of 
analysis of breeding 
territory distribution 
within GIS-software.

timation of the population, having these 
count data? There are several variants. The 
first variant comprises calculation of the area 
of near marginal forest zones and extrapo-
late the density parameters obtained during 
the transect counts; the second variant is to 
translate the density in nesting habitats on 
the plots into the nesting habitats of the key 
territory; and finally, the third variant is to 
construct the model of distribution of the 
potential breeding territories on the basis 
of the specific characteristics of nest loca-
tion. In all three cases, we will have to use 
GIS-software; however, with almost equal 
efforts, the construction of the distribution 
model will provide much more precise es-
timation of the population and simultane-
ously solve another problem – detection of 
potential breeding territories of the Imperial 
Eagle for their validation.

Below is the minute consideration of the 
data processing using the third variant.

Data processing
In our case with the Imperial Eagle, data 

processing is an appreciably complicated 
task using GIS-software, which should 
comprise several steps. The first step – 
preparation of topographical maps. We 
will use it to determine the regularities of 
spatial distribution of nests of the Imperial 
Eagle and create of habitat maps of the Im-
perial Eagle in the region – it is the sec-
ond step. The third step is not connected 
with GIS; however, it is equally important. 
It is necessary to determine the difference 
in the distribution of the Imperial Eagles 
breeding on pine trees in pine forest, on 
birch and poplar trees in the forest-field 
landscape, and floodplains; as well as the 
probability for their separation over differ-
ent breeding groups with the specific pat-
tern of nesting. Discriminant analysis will 
help us here. The fourth step – preparation 
of the topographical maps of the Imperial 
Eagle differentiated with respect to differ-
ent breeding groups. The fifth – the final 
step – generating the model of potential 
breeding territories of Imperial Eagles for 
the key territories.

Step-by-step algorithm of data 
processing in ArcView 3.õ.

Stage 1. Preparing the topographical 
maps for the analysis within GIS-sofware.

1. Create a raster map for the key ter-
ritories based on topographical maps 
(scale 1:200 000). Topographical maps are 
scanned, converted in raster data TIFF for-
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êîíîìåðíîñòè ðàñïðåäåëåíèÿ òî÷åê íå 
ñîâñåì ÿñíû, ïîêà îíè ëåæàò íà áóìàãå, 
à íå â ÃÈÑ. Ïîñòðîèì êîíâåêñíûå ïîëèãî-
íû è âçãëÿíåì íà êàðòèíó ðàñïðåäåëåíèÿ 
òî÷åê åù¸ ðàç. Ðèñóíîê 1–B: ðàñïðåäåëå-
íèå òî÷åê ðàññåÿíî-ãðóïïîâîå è ãðóïïû 
ðàñïîëàãàþòñÿ â ñëó÷àéíîì ïîðÿäêå. Îä-
íàêî, äàæå ïðîñòåéøåå âèçóàëüíîå ñîïî-
ñòàâëåíèå ðàñïîëîæåíèÿ òî÷åê ñ ëþáûìè 
ëàíäøàôòíûìè õàðàêòåðèñòèêàìè ìîæåò 
âûÿâèòü îïðåäåë¸ííûå çàêîíîìåðíîñòè. 
Ïîäêëþ÷àåì ñëîé ãèäðîñåòè è íàáëþäàåì 
î÷åâèäíûé ðåçóëüòàò. Ðèñóíîê 1–Ñ: òî÷êè 
òÿãîòåþò ê ðóñëàì ðåê, óäàë¸ííûì îò èñ-
òîêà íà îïðåäåë¸ííîå ðàññòîÿíèå. Ðèñó-
íîê 1–D: àíàëèç äèñòàíöèé ìåæäó âñåìè 
ñîñåäÿìè ñâèäåòåëüñòâóåò î íîðìàëüíîì 
ðàñïðåäåëåíèè òî÷åê âäîëü ðóñåë ðåê. 

Îñíîâíîé êîððåêòèðóþùèé è óòî÷íÿþ-
ùèé ìîìåíò ìîäåëèðîâàíèÿ – ïðåîáðà-
çîâàíèå òî÷åê â ïîëèãîíàëüíûå îáúåêòû, 
ïóñòü è óñëîâíûå, íî âñ¸ æå èíäèâèäóàëü-
íûå ó÷àñòêè, ïî êîòîðûì ìîæíî íå òîëüêî 
îãðàíè÷èòü ó÷¸òíóþ ïëîùàäü, íî è ïîñòðî-
èòü ñõåìó ðàñïðåäåëåíèÿ ó÷àñòêîâ (êàê 
ðåàëüíûõ, òàê è ïîòåíöèàëüíûõ) äëÿ ëþáîé 
çàäàííîé òåððèòîðèè, âèçóàëèçèðîâàâ âñå 
å¸ èçúÿíû, êîòîðûå íå âèäíû â èíûõ ñëó-
÷àÿõ îáðàáîòêè äàííûõ. 

Åñëè, â ñëó÷àå ñ «áóìàæíîé» îáðàáîòêîé 
ó÷¸òíûõ äàííûõ, «ïëîòíîñòü» – ýòî íåêèé 
ïîêàçàòåëü, íåîáõîäèìûé äëÿ ðàñ÷¸òà ÷èñ-
ëåííîñòè, òî, â ñëó÷àå ñ îáðàáîòêîé äàí-
íûõ â ÃÈÑ, – ýòî íåêèé ðåçóëüòàò «âèçóàëè-
çàöèè ÷èñëåííîñòè». 

Ïðè îáðàáîòêå ó÷¸òíûõ äàííûõ â 
ÃÈÑ ðåøàþùåå çíà÷åíèå èìååò íå êî-
ëè÷åñòâî îáúåêòîâ íà åäèíèöå ó÷¸òíîé 
ïëîùàäè, à äèñòàíöèè ìåæäó âñåìè 
èëè áëèæàéøèìè ñîñåäÿìè, îáúåêòàìè 
æèâîé è íåæèâîé ïðèðîäû è àíòðîïî-
ãåííîé èíôðàñòðóêòóðû.

Âåðí¸ìñÿ åù¸ ðàç ê ìåòîäèêàì.
Äëÿ ïîëó÷åíèÿ èíôîðìàöèè î ïëîòíî-

ñòè æèâîòíûõ, äëÿ îïðåäåëåíèÿ èõ îòíî-
ñèòåëüíîé è/èëè àáñîëþòíîé ÷èñëåííîñòè 
ïðèìåíÿþò ñëåäóþùèå îñíîâíûå ãðóïïû 
ìåòîäèê êîëè÷åñòâåííîãî ó÷¸òà (Áèá-
áè è äð., 2000; Êàðÿêèí, 2004; Íàóìîâ, 
1963; Ðàâêèí, 1967; Ðàâêèí, ×åëèíöåâ, 
1990; ×åëèíöåâ, 1985; 1989; Blondel et 
al., 1977; Hayne, 1949; Palmgren, 1930; 
Recher, 1981; Sutherland et al., 2004):

- ìåòîäèêè ïëîùàäî÷íûõ ó÷¸òîâ,
- ìåòîäèêè ìàðøðóòíûõ ó÷¸òîâ,
- ìåòîäèêè òî÷å÷íûõ ó÷¸òîâ. 
Ìåòîäèêè ïëîùàäî÷íîãî ó÷¸òà äîâîëüíî 

òðóäî¸ìêè, è ïðè ðàáîòå ñ ðåäêèìè âè-

mat and registered in ArcView in projection 
UTM-83, zone 38 (datum WGS-84).

1.1. Merge and index maps in the graphic 
editor Adobe Photoshop CS2, as a result the 
raster in TIFF format indexing in color should 
be created for each sheet.

1.2. Coordinates of angular points of top-
ographical maps are recalculated from ÑÊ-
42 in WGS-84 the program PHOTOMOD 
GeoCalculator.

1.3. Calculated coordinates are exported 
to *.txt format.

1.4. The *.txt file with coordinates for ref-
erence points is imported in ArcView, thus 
using option Add Event Theme it is trans-
formed to a shapefile.

1.5. Using Image Warp extension topo-
graphical maps are registered in projection 
UTM-83, zone 38.

1.6. Using Transparent Legend exten-
sion maps are visually merged in the united 
layer.

2. On the basis of satellite image Landsat 
ETM + 2000 (by default we consider it to be 
already registered in the coordinate system 
that is used) with the assistance of propri-
etary materials, we prepare thematic maps: 
the vegetation map, which we isolate the 
layers of forest, open habitats, hydrographic 
network, settlements, and farms from.

2.1. Using Image Analysis Extension, we 
classify the satellite image into 16 classes 
(option Categorize) and generalize them 
(option Smooth).

2.2. The classified image is converted into 
the vector format (shapefile), the polygons 
with the lengths of the borders with the 
larger ones being smaller than 0.05 km2 are 
eliminated using Edit Tools extension (op-
tion Eliminate).

2.3. On the basis of the system of refer-
ence points, we construct the legend of cor-
respondence of the classes to vegetation 
types. Different vegetation types that were 
placed into one class with regard to their 
spectral characteristics (e.g., bushy meadow 
and young larch tree forest) or, vice versa, 
the same types that spectrally differ at the 
present time point (undisturbed steppe and 
steppe subjected to fire of the same year as 
that of the survey) are classified manually 
on the basis of the analysis of geometrical 
structure of the objects and their confin-
edness to landscape elements (command 
[field].substitute (“Class x”, “Class xx”) of 
the calculator of column values).

2.4. Classes 2–5 are isolated into an indi-
vidual thematic layer as forest habitats (de-
ciduous, mixed, and coniferous forests). The 
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äàìè òðåáóþò îãðîìíûõ óñèëèé, ïîýòîìó 
ïðèìåíÿþòñÿ ðåäêî. Ìåòîäèêè ìàðøðóò-
íûõ è òî÷å÷íûõ ó÷¸òîâ â ýòîì ïëàíå áîëåå 
ïåðñïåêòèâíû, ïîýòîìó èñïîëüçóþòñÿ èñ-
ñëåäîâàòåëÿìè íàèáîëåå ÷àñòî. Ìåòîäèêè 
òî÷å÷íîãî ó÷¸òà ðàçëè÷àþòñÿ ñïîñîáîì 
ðàñ÷¸òà ó÷¸òíîé ïîëîñû è âðåìåíåì ïðî-
âåäåíèÿ ó÷¸òà (Áèááè è äð., 2000; Êàðÿ-
êèí, 2004; ×åëèíöåâ, 1989; Blondel et al., 
1977; Recher, 1981). Ìåòîäèêè ìàðøðóò-
íîãî ó÷¸òà ðàçëè÷àþòñÿ ñïîñîáîì ðàñ÷¸òà 
ó÷¸òíîé ïîëîñû. Íåêîòîðûå îðèåíòèðî-
âàíû íà ó÷¸ò æèâîòíûõ íà ôèêñèðîâàííîé 
ïîëîñå (Íàóìîâ, 1963; Ïðèåäíèåêñ è äð., 
1986; Jarvinen, Vaisanen, 1977), íî áîëü-
øèíñòâî îðèåíòèðîâàíû íà îïðåäåëåíèå 
äèñòàíöèé îò ó÷¸ò÷èêà äî âñòðå÷åííîãî 
îáúåêòà, ïðè÷¸ì ðàçíûå ìåòîäèêè òðåáó-
þò ðàçíîãî ïîäõîäà ê îïðåäåëåíèþ ýòèõ 
äèñòàíöèé è ðàñ÷¸òà øèðèíû ó÷¸òíîé ïî-
ëîñû. Ðàñ÷¸ò ó÷¸òíîé ïîëîñû íà ìàðøðó-
òàõ áàçèðóåòñÿ íà îïðåäåëåíèè øèðèíû 
ó÷¸òíîé ïîëîñû ïî ïåðïåíäèêóëÿðíûì 
äèñòàíöèÿì îò ó÷¸ò÷èêà äî îáúåêòà (×å-
ëèíöåâ, 1985; Dixon, 1977; Sutherland et 
al., 2004), ïî ðàäèàëüíûì äèñòàíöèÿì ñ 
ðàçäåëüíîãðóïïîâûì ïåðåñ÷¸òîì (Ðàâêèí, 
1967), ïî ðàäèàëüíûì äèñòàíöèÿì ñ ðàñ-
÷¸òîì óäâîåííîé ñðåäíåàðèôìåòè÷åñêîé 
(Hayne, 1949; Ðàâêèí, Äîáðîõîòîâ, 1963; 
Êàðÿêèí, 2004), ïî ðàäèàëüíîé äèñòàíöèè 
è óãëó îáíàðóæåíèÿ (Áèááè è äð., 2000; 
×åëèíöåâ, 1988; Buckland et al., 1993). 
Ïîñëåäíèé âàðèàíò ìåòîäèêè èíòåãðèðî-
âàí â ïðîãðàììíûé êîìïëåêñ Distance, øè-
ðîêî èñïîëüçóþùèéñÿ çà ðóáåæîì (Áèááè 
è äð., 2000) è èìåþùèé ìîùíûé âñòðîåí-
íûé ñòàòèñòè÷åñêèé àïïàðàò íà îñíîâå èí-
ôîðìàöèîííîãî êðèòåðèÿ Àêàèêå (Akaike 
Information Criterion, AIC) (Buckland et al., 
1993), ÷åì íå ìîãóò ïîõâàñòàòüñÿ ðîññèé-
ñêèå ìåòîäèêè.

Âî âñåõ ñëó÷àÿõ ðàçíûé ïîäõîä ê âû÷èñ-
ëåíèþ ó÷¸òíîé ïëîùàäè âåä¸ò ê ïîëó÷åíèþ 
àáñîëþòíî ðàçíûõ ïîêàçàòåëåé ïëîòíîñòè 
æèâîòíûõ íà åäèíèöó ïëîùàäè, íåñìîòðÿ 
íà èñïîëüçîâàíèå îäíèõ è òåõ æå äàííûõ. 
Êîãäà æå ïðèõîäèòñÿ âåñòè ðå÷ü îá ó÷¸òå 
ãí¸çä ïòèö, îñîáåííî êðóïíûõ õèùíèêîâ, 
òî ïðè èñïîëüçîâàíèè ëþáîé ìåòîäèêè 
ðàñ÷¸òà ó÷¸òíîé ïîëîñû âîçíèêíóò èñ-
êàæåíèÿ, ñâÿçàííûå ñ ïðèðàâíèâàíèåì 
ãí¸çä ê âñòðå÷àì. Çäåñü âñòà¸ò òàêæå âî-
ïðîñ î íåîäíîçíà÷íîñòè òîãî, êàê ðàññ÷è-
òûâàòü ðàäèàëüíóþ äèñòàíöèþ îò ó÷¸ò÷èêà 
äî ãíåçäà, òàê êàê, âî ìíîãèõ ñëó÷àÿõ, ñ ëè-
íèè ìàðøðóòà ïðèõîäèòñÿ ïåðåäâèãàòüñÿ â 
ñòîðîíó ãíåçäîâîãî áèîòîïà, óâèäåâ ïòèö, 
ëèáî óæå ïðåäïîëàãàÿ òàì íàëè÷èå ãíåç-

map is simplified by the filtration of objects 
with area less than 0.1 km2, linear objects 
with width less than 0.1 km and by smooth-
ing the polygon orders (option of elimina-
tion of excess vertices).

2.5. The classes corresponding to 
steppe habitats are isolated into an in-
dividual thematic layer from the layer of 
open habitats. The objects correspond-
ing to the deposits, which are detected 
on the basis of their geometry (regular-
shaped contours, alien natural units) are 
eliminated manually.

Stage 2. Creation of habitat map.
2. The key parameters of the distribution of 

the known nests are determined according 
to the survey descriptions and in ArcView 
3x using thematic maps:

3.1. nesting tree species
3.2. forest type
3.3. forest age
3.4. elevation change (in km/km)
3.5. direction of slope*
3.6. orientation of the nesting tree rela-

tive to the forest margin and/or the slope
3.7. distance to an open space (margin)
3.8. distance to a forest*
3.9. distance to a river
3.10. distance to a field
3.11. distance to a pasture ground
3.12. distance to a standing water body
3.13. distance to a settlement
3.14. distance to a farm
* – parameters determined in those cases 

when there their determination is feasi-
ble, for example, there is an explicitly pro-
nounced relief or a nest is located in the 
open space.

4. The parameters for each nest are listed 
in the attributive table in the vector layer.

5. Descriptive statistics M±SD is obtained 
for each parameter.

6. Functioning parameters are selected; 
the criterion of this is the normal distribu-
tion and deviation from mean no higher 
than 30%.

7. In ArcView 3x, using the standard func-
tion for buffer construction on the basis of 
thematic maps, the buffer zones are con-
structed for each parameter step-by-step by 
using the mean value.

8. The buffer zones are merged into the 
single layer.

9. Using X-Tools extension, the vegeta-
tion map is cropped at the contour of the 
buffer zone layer – thus, we obtain the 
map of nesting habitats of the Imperial 
Eagle.
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äà. ×àñòî äâèæåíèå îñóùåñòâëÿåòñÿ âäîëü 
ëèíèè ãíåçäîïðèãîäíîãî áèîòîïà, ãäå ñ âå-
ðîÿòíîñòüþ äî 90% ðàñïîëàãàþòñÿ ãí¸çäà 
ó÷èòûâàåìîãî âèäà, ïðè÷¸ì äàæå ãí¸çäà 
êðóïíûõ âèäîâ, â ýòîì ñëó÷àå, ìîãóò âûÿâ-
ëÿòüñÿ ñ äèñòàíöèé âñåãî ëèøü â íåñêîëüêî 
ìåòðîâ.

Âñ¸ âûøåñêàçàííîå ñòàíîâèòñÿ íåâàæ-
íûì, êîãäà äàííûå ýêñïîðòèðóþòñÿ â ÃÈÑ. 
Çäåñü âèä ìåòîäèêè ó÷¸òà óæå íå èìååò 
òàêîãî îïðåäåëÿþùåãî çíà÷åíèÿ, êàê ïðè 
îáðàáîòêå «íà áóìàãå» èëè â ïðîãðàììå 
Distance, òàê êàê óïðîùàåòñÿ äî ïðîðèñîâ-
êè òðåêà è ðàññòàíîâêè òî÷åê. Ïî êîíôè-
ãóðàöèè òðåêà è ãðàíèöàì èíäèâèäóàëüíûõ 
ó÷àñòêîâ ðàçíûõ âèäîâ îïðåäåëÿåòñÿ ó÷¸ò-
íàÿ ïëîùàäü. 

Òàêèì îáðàçîì, ïðè ó÷¸òå íà ìàðøðóòå 
èëè òî÷êå ó÷¸òíàÿ ïîëîñà ìîæåò íå èìåòü 
ôèêñèðîâàííîé øèðèíû ïî ñðåäíåé äàëü-
íîñòè èëè îêðóæíîñòè îáíàðóæåíèÿ, à èç-
ìåíÿåòñÿ ïî ìåðå ïðîäâèæåíèÿ ó÷¸ò÷èêà 
è ðåãèñòðàöèè îáúåêòîâ, íà êîòîðûõ íà-
ïðàâëåí ó÷¸ò. Àíàëîãîì ïëîòíîñòè ÿâëÿ-
þòñÿ äèñòàíöèè ìåæäó âñåìè èëè áëèæàé-
øèìè ñîñåäÿìè, íà îñíîâàíèè êîòîðûõ è 
ñòðîèòñÿ ðàñ÷¸ò (òàáë. 1) è ïðîâåðÿþòñÿ 
îøèáêè ó÷¸òà. Ïðè ýòîì ñîõðàíÿåòñÿ âîç-
ìîæíîñòü ïåðåñ÷èòàòü äàííûå ïî ëþáîé 
ñòàíäàðòíîé ìåòîäèêå, èñïîëüçóþùåé òà-
êèå ïàðàìåòðû êàê ôèêñèðîâàííàÿ ïîëî-
ñà ó÷¸òà, ïåðïåíäèêóëÿðíàÿ è ðàäèàëüíàÿ 

Àëãîðèòì ðàñ÷¸òà ÷èñëåííîñòè «ñòàíäàðòíûé» 
The «standard» algorithm of number calculation

Àëãîðèòì ðàñ÷¸òà ÷èñëåííîñòè «ïî àíàëèçó 
äèñòàíöèé» 
The algorithm of number calculation «on analysis of 
distances»

Ïîñòðîåíèå ó÷¸òíîé ïëîùàäè èñõîäÿ èç êàêèõ-òî 
ôèêñèðîâàííûõ ïàðàìåòðîâ, îïðåäåë¸ííûõ ïî êàðòå, ëèáî 
íåïîñðåäñòâåííî â õîäå ó÷¸òà 
Generating a study plot on the basis of some fixed param-
eters estimated with use of a map, or calculated during the 
account

Îïðåäåëåíèå äèñòàíöèè ìåæäó âñåìè è/èëè áëèæàéøèìè 
ñîñåäÿìè 
Calculating the distances between all and/or nearest neigh-
bors 

Ðàñ÷¸ò ïëîòíîñòè / Calculation of density Îïðåäåëåíèå äèñòàíöèé ìåæäó òî÷êàìè âñòðå÷ îáúåêòîâ 
ó÷¸òà è çàäàííûìè îáúåêòàìè äðóãèõ âåêòîðíûõ òåì 
è ïîñòðîåíèå çîíû äëÿ ýêñòðàïîëÿöèè íà îñíîâàíèè 
ïîëó÷åííûõ äàííûõ ÃÈÑ-àíàëèçà 
Calculating the distances between records of target objects 
of other vector themes and generating the zone for extrapo-
lation on the basis of data obtained with use of GIS-analysis

Âûáîð çîíû äëÿ ýêñòðàïîëÿöèè 
Selecting the zone for extrapolation

Îöåíêà ìàòåìàòè÷åñêîãî ðàñïðåäåëåíèÿ äàííûõ 
Estimation of mathematical distribution of data

Îöåíêà ìàòåìàòè÷åñêîãî ðàñïðåäåëåíèÿ äàííûõ 
Estimation of mathematical distribution of data

Ýêñòðàïîëÿöèÿ íà âûáðàííóþ çîíó èñõîäÿ èç ïàðàìåòðîâ 
ìàòåìàòè÷åñêîãî ðàñïðåäåëåíèÿ äàííûõ 
Extrapolation on the selected zone on the basis of param-
eters of mathematical distribution of data

Ïîñòðîåíèå ñõåìû ïîòåíöèàëüíûõ ó÷àñòêîâ èñõîäÿ èç 
ïàðàìåòðîâ ìàòåìàòè÷åñêîãî ðàñïðåäåëåíèÿ äàííûõ 
Generating the model of potential areas on the basis of pa-
rameters of mathematical distribution of data

Òàáë. 1. Ðàçíèöà â àëãîðèòìàõ ðàñ÷¸òà ÷èñëåííîñòè ñòàíäàðòíûìè ìåòîäàìè è ìåòîäàìè ÃÈÑ (êóðñèâîì âûäåëåíû äåéñòâèÿ, â êîòîðûå 
ñóùåñòâåííî âìåøèâàåòñÿ ñóáúåêòèâíûé ôàêòîð).

Table 1. Difference between algorithms of number calculation with use of standard methods and GIS- software (italic font marks the 
operations that depend on the subjective factor very much).

Stage 3. Searching for the parameters, 
on the basis of which the map of breed-
ing clusters is constructed

10. Parameters of the nest distribution are 
exported to Statistica 5.0 software, and Dis-
criminant analysis of the data is carried out:

10.1. The following parameters are se-
lected:

10.1.1. nesting tree species
10.1.2. forest type
10.1.3. forest age
10.1.4. forest area
10.1.5 elevation change (in m/km)
10.1.6. distance to an open space (margin)
10.1.7. distance to a pasture ground
10.1.8. distance to a settlement
10.1.9 distance to a farm
10.2. The variables are grouped with re-

gard to the nesting tree species using the 
Forward stepwise method.

10.3. After looking at the result on the 
scattering plot of canonical scores, the vari-
ant of variable grouping that provides the 
most adequate division of the scores into 
groups is chosen.

10.4. The ordination parameter with the 
maximum loading for creation of the map 
of breeding groups is chosen.

Stage 4. Creation of the map of nesting 
clusters

11. Using the thematic maps on the ba-
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äèñòàíöèÿ äî îáúåêòà è íà-
ïðàâëåíèå (óãîë) íà âñòðå-
÷åííûé îáúåêò â ìîìåíò åãî 
ïåðâîé ðåãèñòðàöèè, åñëè 
âî âðåìÿ ó÷¸òà ôèêñèðîâàòü 
â ïîëåâîì äíåâíèêå äèñòàí-
öèè äî êàæäîãî âñòðå÷åííî-
ãî îáúåêòà è àçèìóò ñ òî÷êè 
íàõîæäåíèÿ ó÷¸ò÷èêà íà 
îáúåêò â ìîìåíò åãî îáíàðó-
æåíèÿ.

Äàëåå ìû ðàññìîòðèì ïðè-
ìåíåíèå àëãîðèòìà ðàñ÷¸òà 

÷èñëåííîñòè «ïî àíàëèçó äèñòàíöèé» â ðå-
øåíèè êîíêðåòíûõ íàó÷íî-ïðàêòè÷åñêèõ 
çàäà÷, ñâÿçàííûõ ñ êðóïíûìè ïåðíàòûìè 
õèùíèêàìè. Â êà÷åñòâå ÃÈÑ-ïðîãðàììû 
èñïîëüçóåì ArcView GIS 3õ (ArcView…, 
1999á), êàê íàèáîëåå äîñòóïíóþ èç ïîë-
íîöåííûõ ëèöåíçèðóåìûõ ÃÈÑ ïðîäóêòîâ 
(ñ îòêðûòûìè íàñòîëüíûìè ÃÈÑ, èìåþùè-
ìè ìíîãèå ôóíêöèè, äîñòóïíûå â ArcView, 
ìîæíî ïîçíàêîìèòüñÿ â ïóáëèêàöèè Ì.Þ. 
Äóáèíèíà è Ä.À. Ðûêîâà, 2010). Ïîìè-
ìî îñíîâíîé îáîëî÷êè íàì ïîòðåáóþòñÿ 
ìîäóëè Spatial Analyst è Image Analysis 
(ArcView…, 1999à, 1999ñ), ðàñøèðåíèÿ 
Image Warp (McVay, 1999), ShapeWarp 
(McVay, 1998), Edit Tools (Tchoukanski, 
2004), X-Tools (DeLaune, 2000), Repeating 
Shapes (Jenness, 2005), Nearest Features 
(Jenness, 2004) è TRLegend (Äóáèíèí, 
2009). Äëÿ ïåðåñ÷¸òà êîîðäèíàò èñïîëüçó-
åì ïðîãðàììó PHOTOMOD GeoCalculator, 
äëÿ îáðàáîòêè èçîáðàæåíèé – Adobe 
Photoshop CS2, äëÿ ñòàò-îáðàáîòêè ìàòå-
ðèàëà – Statistica 5.0.

×ÀÑÒÜ ÂÒÎÐÀß, ÃÈÑÎÂÀß
Ïðèìåð ïåðâûé, èëè 

Ãäå áû ìîãèëüíèê íè ãíåçäèëñÿ, 
â ÃÈÑ ó÷àñòîê çàñâåòèëñÿ!

Ââåäåíèå
Ïðèìåð îòðàáîòêè ìåòîäèêè ðåàëèçî-

âàí íà òåððèòîðèè Âûñîêîãî Çàâîëæüÿ 
è Ïðåäóðàëüÿ â ïîãðàíè÷íîé îáëàñòè 5 
ñóáúåêòîâ ÐÔ – Ñàìàðñêîé, Óëüÿíîâñêîé 
è Îðåíáóðãñêîé îáëàñòåé è ðåñïóáëèê 
Òàòàðñòàí è Áàøêîðòîñòàí. 

Ïî÷åìó âûáîð ïàë èìåííî íà ìîãèëüíè-
êà? Ïîòîìó ÷òî ýòî óãðîæàåìûé âèä, âíå-
ñ¸ííûé â Êðàñíûé ñïèñîê ÌÑÎÏ, Êðàñíóþ 
êíèãó Ðîññèè (BirdLife International, 2008; 
IUCN, 2010; Ãàëóøèí, 2001á) è Êðàñíûå 
êíèãè âñåõ ñóáúåêòîâ ÐÔ, â êîòîðûõ ëå-
æèò ãíåçäîâîé àðåàë ýòîãî îðëà (Ïðèñÿæ-
íþê è äð., 2004). Ïîòîìó ÷òî íà îáîçíà-
÷åííîé òåððèòîðèè ñîõðàíÿåòñÿ êðóïíàÿ 

sis of the chosen ordination parameter from 
the attributive table Thiessen polygons are 
constructed in ArcView 3x using Edit Tools 
extension.

12. On the basis of Thiessen polygons, the 
working vector layer of breeding groups is 
formed by isolating the overlapping zones 
between the clusters, if those are obvious, 
into individual polygons.

13. Using X-Tools extension, the identifi-
cation of the habitat map on the basis of the 
working vector layer of breeding groups is 
carried out; the corresponding attributes are 
listed into the attributive table.

14. On the basis of the type of the pre-
dominant habitats, the polygons of the 
habitat map that remained beyond the layer 
of breeding groups are attributed to a par-
ticular type.

15. The final habitat map divided into the 
breeding groups with the recorded attribu-
tive information is converted into the final 
vector layer.

Stage 5. Creation of the map of poten-
tial breeding territories

16. Using the Nearest Features extension 
in ArcView 3x, the distances between the 
nearest neighbors are determined, and the 
distance map is created.

17. Using the Edit Tools extension from 
the distance map, geometrical duplicates of 
distance lines between two nearest neigh-
bors are eliminated.

18. The average distance and the standard 
deviation are determined for each breeding 
group.

19. The layer of circles or hexagons imitat-
ing the distribution model of the potential 
breeding territories of the Imperial Eagle is 
constructed using Repeating Shapes exten-
sion for each contour of breeding group on 
the basis of the average nearest neighbor 
distance determined for this contour.

20. On the basis of the reference point 
that are the known nests of Imperial Eagles, 
the preliminary vector layer of the potential 
breeding territories of the Imperial Eagle is 
corrected using ShapeWarp extension by 
pulling the territory centers to the known 
points.

21. On the basis of the corrected prelimi-
nary layer of potential breeding territories 
of the Imperial Eagle, the centroid layer is 
obtained using X-Tools extension.

22. The final layer of potential breeding 
territories of the Imperial Eagle is construct-
ed on the basis of the centroid layer using 
the standard function of buffer construction, 

Ìîãèëüíèê 
(Aquila heliaca). 
Ôîòî Ý. Íèêîëåíêî.

Imperial Eagle 
(Aquila heliaca). 
Photo by E. Nikolenko.



Techniques and Methods 107Raptors Conservation 2010, 19

ãíåçäîâàÿ ãðóïïèðîâêà ìîãèëüíèêà, èìåþ-
ùàÿ ñìåøàííûé ñòåðåîòèï ãíåçäîâàíèÿ íà 
õâîéíûõ è ëèñòâåííûõ äåðåâüÿõ ïî âîç-
âûøåííîñòÿì è íà ëèñòâåííûõ äåðåâüÿõ â 
ïîíèæåííûõ ýëåìåíòàõ ðåëüåôà, äîñòà-
òî÷íî óñïåøíî îñâàèâàþùàÿ ñèëüíî íàðó-
øåííûå ÷åëîâåêîì ëåñîñòåïíûå ëàíäøàô-
òû (Áîðîäèí, 2008; Êàðÿêèí, 1998, 1999; 
Êàðÿêèí, Ïàæåíêîâ, 1999; Êàðÿêèí è äð., 
2008). Íåðàâíîìåðíîñòü ðàçìåùåíèÿ ìî-
ãèëüíèêà â îñâîåííîì ëàíäøàôòå ïðèâî-
äèò ê î÷åâèäíûì çàòðóäíåíèÿì ïðè îöåíêå 
åãî ÷èñëåííîñòè, ïîýòîìó ðåøåíèå ýòîé 
çàäà÷è îòëè÷íî ïðîèëëþñòðèðóåò âîçìîæ-
íîñòè èíñòðóìåíòàðèÿ ÃÈÑ. 

Ôîðìóëèðîâêà çàäà÷è
Ïîñòðîåíèå ìîäåëè ðàñïðåäåëåíèÿ ãíåç-

äîâûõ ó÷àñòêîâ ìîãèëüíèêà (Aquila heliaca) 
íà êëþ÷åâîé òåððèòîðèè ëåñîñòåïíîé 
çîíû Âûñîêîãî Çàâîëæüÿ è Ïðåäóðàëüÿ äëÿ 
îöåíêè åãî ÷èñëåííîñòè è îïðåäåëåíèÿ 
ïîòåíöèàëüíûõ ìåñò ãíåçäîâàíèÿ ñ öåëüþ 
èõ îáñëåäîâàíèÿ.

Ïîëåâûå èññëåäîâàíèÿ
Â ñåçîí 1998 ã. ïðîâåäåíî îáñëåäîâà-

íèå äâóõ ïëîùàäîê íà ïðåäìåò âûÿâëåíèÿ 
ìîãèëüíèêà (ðèñ. 2). Ïåðâàÿ ïëîùàäêà 
(ïëîùàäü 1101,1 êì2) çàëîæåíà â ëåñîñòå-

having specified the required distance for 
circle construction.

Estimation of the result
Let us start discussing the results start-

ing with the third stage. So, we obtained 
the working parameters of the distribution 
of nests of the Imperial Eagle on plots (ta-
ble 2). The first fact to stand out is that the 
area of the forest in which a nest is located 
strongly varies (from 0.1 to 311 km2); how-
ever, the pairs breeding on pine trees build 
nests in appreciably large forest territories. 
The minimum dispersion is characteristic of 
such parameters as the nest–farm distance – 
0.1–5 km, on average 1.81±1.52 km, nest–
settlement distance – 0.1–5 km, on aver-
age, 1.62±1.53 km, and elevation change 
– 0–0.6 km/km, on average, 0.02±0.02 
km/km. The Discriminant analysis of the pa-
rameters of nest location on the plots with 
respect to the parameters included in the 
model, such as the nest–settlement distance 
and elevation change, has demonstrated 
explicit distinctions between the patterns 
of the Imperial Eagle nesting on pine, birch, 
and poplar trees (table 3, fig. 4). The classi-
fication functions are shown in table 4. What 
does it suggest? It tells that we can boldly 
divide the habitat of the Imperial Eagle in 

Òèïè÷íûå ãí¸çäà 
ìîãèëüíèêà íà ñîñíàõ 
íà Áóãóëüìèíñêî-
Áåëåáååâñêîé âîçâû-
øåííîñòè. 
Ôîòî È. Êàðÿêèíà.

Typical nests of 
the Imperial Eagle 
on the pines in 
the Bugulminsko-
Belebeevskaya upland. 
Photos by I. Karyakin.
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ïè Âûñîêîãî Çàâîëæüÿ (êðàéíèé ñåâåðî-
âîñòîê Ñàìàðñêîé îáëàñòè íà ãðàíèöå 
ðåñïóáëèêè Òàòàðñòàí è Îðåíáóðãñêîé 
îáëàñòè) è ïðåäñòàâëÿåò ñîáîé âñõîëìë¸í-
íóþ ëåñîñòåïü ñ ôðàãìåíòàìè ñîõðàíèâ-
øèõñÿ ñîñíîâî-øèðîêîëèñòâåííûõ ëåñîâ 
íà âûñîêèõ òåððàñàõ ìàëûõ ðåê è êîëêàìè 
ìåëêîëèñòâåííûõ ëåñîâ ïî âîäîðàçäåëàì. 
Âòîðàÿ ïëîùàäêà (ïëîùàäü 191,7 êì2) çà-
ëîæåíà â ëåñîñòåïè ëåâîáåðåæüÿ Âîëãè 
(ñåâåðî-çàïàä Ñàìàðñêîé îáëàñòè íà ãðà-
íèöå ñ Óëüÿíîâñêîé îáëàñòüþ) è ïðåäñòàâ-
ëÿåò ñîáîé ñëàáî âñõîëìë¸ííóþ ëåñîñòåïü 
ñ ôðàãìåíòàìè ñîõðàíèâøèõñÿ ñîñíîâî-
øèðîêîëèñòâåííûõ ëåñîâ íà ïîëîãèõ òåð-
ðàñàõ ìàëûõ ðåê ñ âîäîðàçäåëàìè, ïîëíî-
ñòüþ çàíÿòûìè ïàøíÿìè.

Â õîäå îáñëåäîâàíèÿ ýòèõ ïëîùàäîê 
íà àâòîìîáèëüíûõ ìàðøðóòàõ, îðèåíòè-
ðîâàííûõ íà ïîèñê òèïè÷íûõ ãí¸çä ìî-

our key territory into three types that cor-
respond to patterns of the Imperial Eagle of 
breeding on pine, poplar, and birch trees. 
The simplest approach is to use for division 
of habitats the parameters included into 
the model of Discriminant analysis. How-
ever, the division will be more accurate if 
a series of other landscape characteristics 
that are visible in GIS are used, which have 
not been represented in the model, since 
they have no explicit connection to the pa-
rameters of nest distribution (such as the 
forest ratio on the breeding territory from 
its total area, the field/pasture ground ratio 
on the breeding territory, etc.).

The next stage is the determination of dis-
tances between the nests of different pairs. 
This stage is important due to the fact that it 
is the mean distance between the nests that 
will be used as a parameter on the basis of 
which the layer of circles imitating the sys-
tem of breeding territories will be construct-
ed. Here, the question arises – whether to 
use the distance between all neighbors, or 
between the nearest ones? If there is no ob-
vious dependence of linear arrangement of 
the breeding territories along certain objects 
that can be seen in the image (a margin of a 
solid extended massif, a river, etc.), it is bet-
ter to consider the distances between the 
nearest neighbors. In our case, the distance 
for the nests located on pine trees is (n=8) 
2.39–11.73, on average, 5.93±3.22 km; 
for the nests located on birch trees – (n=2) 
14.54–15.23, on average, 14.89 km; and 
for the nests located on poplar trees – (n=2) 
17.23–24.12, on average, 20.68±4.87 km. 
The model of potential breeding territories 
inside the contour of the key territory con-

Ðèñ. 2. Êëþ÷åâàÿ 
òåððèòîðèÿ è ïëîùàäêè 
(íóìåðàöèÿ ïëîùàäîê 
ñîîòâåòñòâóåò íóìåðà-
öèè â òåêñòå).

Fig. 2. Key territory and 
study plots (numbers 
of plots are similar with 
the same in the text).

Òèïè÷íûå ãí¸çäà 
ìîãèëüíèêà íà áåð¸çàõ 
(ñëåâà) è íà òîïîëÿõ 
(ñïðàâà). 
Ôîòî È. Êàðÿêèíà. 

Typical nests of the 
Imperial Eagle on the 
birches (at the left) and 
on the poplars (at the 
right). 
Photos by I. Karyakin.
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ãèëüíèêà, îáíàðóæåíî 15 ãí¸çä (ðèñ. 
3). Ãí¸çäà íàéäåíû â ñîâåðøåííî ðàçíûõ 
òèïàõ ìåñòîîáèòàíèé – ó÷àñòêè õâîéíî-
øèðîêîëèñòâåííîãî ëåñà ñ ïðèñóòñòâèåì 
èëè äîìèíèðîâàíèåì ñîñíû â ïåðâîì ÿðóñå, 
ãðàíè÷àùèå ñ ïîëÿìè è ðå÷íûìè ïîéìàìè, 
ïîéìåííûé ëåñ, ãðàíè÷àùèé ñ ïàñòáèùàìè 
è ïîëÿìè è áåð¸çîâûå ïåðåëåñêè ñðåäè ïî-
ëåé è ñòåïíûõ ïàñòáèù. Èç 15 ãí¸çä 9 âûÿâ-
ëåíû â õâîéíî-øèðîêîëèñòâåííûõ ó÷àñòêàõ 
ëåñà, â èõ ïðèîïóøå÷íîé ÷àñòè, è óñòðîåíû 
íà ñîñíàõ (Pinus sylvestris), 3 – â îñèíîâî-
áåð¸çîâûõ êîëêàõ è óñòðîåíû íà áåð¸çàõ 
(Betula pendula), 2 – â ïîéìå ðåêè è 1 – â 
ëåñîïîëîñå, ñðåäè çàëåæåé, óñòðîåííûå íà 
òîïîëÿõ (Populus sp.). Íà ïëîùàäêå ¹1 îá-
íàðóæåíî 9 ãí¸çä, èç êîòîðûõ 3 óñòðîåíû 
íà ñîñíàõ, 3 – íà áåð¸çàõ, 3 – íà òîïîëÿõ; 
íà ïëîùàäêå ¹2 – 6 ãí¸çä, âñå íà ñîñíàõ. 

Êëþ÷åâàÿ òåððèòîðèÿ, êîíòóð êîòîðîé 
ïðîâåä¸í äîñòàòî÷íî ñóáúåêòèâíî ÷åðåç 
òåððèòîðèþ, ïëàíèðîâàâøóþñÿ ê îáñëåäî-
âàíèþ â 1998–2008 ãã., çàíèìàåò ïëîùàäü 
31244,9 êì2 (ðèñ. 2).

Ïðîñòîé ðàñ÷¸ò ïëîòíîñòè ïî ìåòîäè-
êå ïëîùàäî÷íûõ ó÷¸òîâ äà¸ò ïîêàçàòåëü â 
ñðåäíåì 1,16 ïàð/100 êì2 îáùåé ïëîùàäè 
(0,82–3,13 ïàð/100 êì2 îáùåé ïëîùàäè). 
Ýêñòðàïîëÿöèÿ ýòèõ äàííûõ íà ïëîùàäü 
êëþ÷åâîé òåððèòîðèè ïîçâîëÿåò ïðåäïî-
ëîæèòü ãíåçäîâàíèå 168–784 ïàð, â ñðåä-
íåì 363 ïàð, ìîãèëüíèêîâ íà êëþ÷åâîé 
òåððèòîðèè. Îöåíêà èìååò î÷åíü áîëüøóþ 
îøèáêó è î÷åâèäíî, ÷òî îíà íå êîððåêòíà. 
Âèçóàëüíûé àíàëèç êàðòû ïðåäïîëàãàåò çà-
âûøåíèå îöåíêè, òàê êàê ýêñòðàïîëÿöèÿ 
îñóùåñòâëåíà íà òåððèòîðèþ, èìåþùóþ 
áîëüøèå ïëîùàäè ìåñòîîáèòàíèé, íå ÿâ-
ëÿþùèõñÿ îïòèìàëüíûìè äëÿ ìîãèëüíèêà, 
â òî âðåìÿ êàê îáå ïëîùàäêè çàëîæåíû â 
îïòèìàëüíûõ ìåñòîîáèòàíèÿõ, à íà îäíîé 

structed on the basis of these parameters 
is given in fig. 5. It consists of 222 objects 
(130 objects corresponding to the potential 
territories on which the breeding of the Im-
perial Eagle is supposed according to the 
pattern of breeding on pine trees, 67 – on 
birch trees, and 25 – on poplar trees).

Let us concentrate on the breeding pat-
tern. By this term we understand the ar-
rangement of a nest by the Imperial Eagle 
in the landscape so that with respect of 
the complex of parameters, it matched a 
certain typical variant that is characteristic 
of a number of eagle pairs in this region. 
The isolated patterns of breeding on pine, 
birch, and poplar trees have characteris-
tics as follows. The nest corresponding 
to the pattern of breeding on a pine tree 
is located on an elevated terrace territory 
(a watershed ridge or a bold mountain), 
mainly in the upper part of the slope or on 
its peak, usually in a large forest massif, al-
ways facing a pasture ground and a farm 
and/or a settlement. The nest is predomi-
nantly constructed on a pine tree, on its 
top; however, there may be different vari-
ants of nest construction on oaks, rarely 
on birch trees, usually in the same habi-
tats, where the pine forest is replaced by 
secondary broad-leaved or small-leaved 
forest. The nest corresponding to the pat-
tern of breeding on a birch tree is located 
in the wavy, usually watershed landscape, 
in the lower part of a slope or in its base, 
in a separated forest stand or a group of 
trees, among pasture grounds; however, 
commonly beyond sight from the farm or 
the settlement. The nest is predominantly 
constructed on a birch tree, more rarely, on 
an oak or aspen trees, in the mid-crown. 
The nest corresponding to the pattern of 
nesting on a poplar tree is located in a flat-
tened, typically floodplain landscape, with 
the minimum elevation change, on the ter-
ritory with the minimum forest coverage, 
within the sight from a pasture ground, but 
beyond the sight from a farm or a settle-
ment. The nest is predominantly construct-
ed on a poplar tree, more rarely, on an elm 
or a birch tree, in the upper crown.

Now let us minutely consider the resultant 
model. Three clusters of potential territories 
corresponding to the type of breeding of 
the Imperial Eagle on pine trees are isolated 
in this model, since precisely in these ter-
ritories the pine broad-leaved forests occur. 
The entire central part of the key territory 
is occupied by the potential territories cor-
responding to the type of breeding on the 

Ðèñ. 3. Ãí¸çäà ìîãèëü-
íèêà (Aquila heliaca) íà 
ïëîùàäêàõ (íóìåðàöèÿ 
ïëîùàäîê ñîîòâåòñòâóåò 
íóìåðàöèè â òåêñòå).

Fig. 3. Nests of the 
Imperial Eagle (Aquila 
heliaca) on study plots 
(numbers of plots are 
similar with the same in 
the text). Labels: 
1 – pine-type of nesting 
habit, 2 – birch-type of 
nesting habit, 
3 – poplar-type of 
nesting habit.
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èç ïëîùàäîê, ê òîìó æå, ïëîòíîñòü ìîãèëü-
íèêà áûëà ÿâíî ìàêñèìàëüíîé äëÿ âèäà 
(ïëîùàäêà ¹2, ïëîòíîñòü 3,13 ïàð/100 êì2 
îáùåé ïëîùàäè). Åñëè îòâëå÷üñÿ îò êîí-
òóðîâ ïëîùàäêè è ïîñ÷èòàòü ïëîòíîñòü íà 
ìàðøðóòàõ (ñì. Êàðÿêèí, 2004), ïðîòÿ-
æ¸ííîñòü êîòîðûõ íà ïëîùàäêàõ 1 è 2 ñî-
ñòàâèëà 66,0 è 244,15 êì, ñîîòâåòñòâåííî, 
òî, ïðè ñðåäíåé äèñòàíöèè îáíàðóæåíèÿ 
ãí¸çä ìîãèëüíèêà 1,18 êì (øèðèíà ó÷¸òíîé 
ïîëîñû 2,36 êì), ïëîòíîñòü ñîñòàâèò 2,05 
ïàð/100 êì2 ïðèîïóøå÷íîé çîíû ëåñîâ 
(1,56–3,85 ïàð/100 êì2 ïðèîïóøå÷íîé 
çîíû ëåñîâ). Íî ýòè ïîêàçàòåëè ìîæíî 
ýêñòðàïîëèðîâàòü òîëüêî íà ïðèîïóøå÷-
íóþ çîíó, ïëîùàäü êîòîðîé áåç ÃÈÑ äî-
âîëüíî ñëîæíî ïîñ÷èòàòü. 

×òî æå ìîæíî ñäåëàòü äëÿ êîððåêòèðîâ-
êè îöåíêè ÷èñëåííîñòè, èìåÿ íàñòîÿùèå 
ó÷¸òíûå äàííûå? Åñòü íåñêîëüêî âàðèàí-
òîâ. Ïåðâûé âàðèàíò – ïîñ÷èòàòü ïëîùàäü 
ïðèîïóøå÷íîé çîíû ëåñîâ è ýêñòðàïîëè-
ðîâàòü ïîêàçàòåëè ïëîòíîñòè, ïîëó÷åííûå 
íà ìàðøðóòíûõ ó÷¸òàõ, âòîðîé âàðèàíò – 
ïåðåñ÷èòàòü ïëîòíîñòü â ãíåçäîïðèãîäíûõ 
áèîòîïàõ íà ïëîùàäêàõ íà ãíåçäîïðèãîä-
íûå áèîòîïû êëþ÷åâîé òåððèòîðèè è, íà-
êîíåö, òðåòèé âàðèàíò – ïîñòðîèòü ñõåìó 

birch tree, even in those territories where 
the nests in open landscapes on poplar 
trees are known on the plots. It is connect-
ed with the fact that the open territories 
with the nests on poplar trees within the 
plot were isolated, and there was no pos-
sibility of constructing a layer from several 
neighboring territories with the diameter of 
20.68 km.

The main question is how reliable is the 
model of 222 potential breeding territories 
of the Imperial Eagle constructed on the ba-
sis of 15 nests (6.76% of the known nests of 
the estimated number of the species in the 
key territory)? Right now we will analyze 
the reliability.

There is not to say that the entire territory 
has been studied to the present moment; 
however, it has been annually, up to 2010 
inclusive, visited by different ornithologists 
and bird-fanciers, the database on breed-
ing territories of the Imperial Eagle being 
annually appended. By now, 119 potential 
breeding territories were inspected, which 
makes up 53.6% of the total number of those 
estimated in the model (table 5, fig. 6).

Inspection of the territories has shown 
that in general the model is working. Breed-

Òèïè÷íûå ãí¸çäà 
ìîãèëüíèêà íà ñîñíàõ 
â Ïðèâîëæñêèõ áîðàõ: 
íà îïóøêå òåððàñ-
íîãî áîðà (ââåðõó) è 
ñðåäè íàãîðíîãî ëåñà 
â óäàëåíèè îò îïóøêè 
(âíèçó). 
Ôîòî È. Êàðÿêèíà.

Typical nests of the 
Imperial Eagle on the 
pines in the Privolzhskie 
pine-forests: upper – on 
edge of pine-forest, 
bottom – in the upland 
forest. 
Photos by I. Karyakin.
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ðàñïðåäåëåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ èñõîäÿ èç ñïåöèôè÷åñêèõ õàðàê-
òåðèñòèê ðàçìåùåíèÿ ãí¸çä. È â òîì, è â 
äðóãîì, è â òðåòüåì ñëó÷àå ïðèä¸òñÿ èñ-
ïîëüçîâàòü ÃÈÑ, îäíàêî, ïðè ôàêòè÷åñêè 
îäèíàêîâûõ òðóäîçàòðàòàõ, ïîñòðîåíèå 
ñõåìû ðàñïðåäåëåíèÿ íàìíîãî òî÷íåå 
ïîçâîëèò ïîäîéòè ê îöåíêå ÷èñëåííîñòè, 
îäíîâðåìåííî ðåøèâ åù¸ îäíó çàäà÷ó 
– âûÿâëåíèå ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ ìîãèëüíèêà äëÿ èõ ïðîâåðêè.

Íèæå ìû ðàññìîòðèì ïîäðîáíî êàìå-
ðàëüíóþ ðàáîòó ïî òðåòüåìó âàðèàíòó.

Êàìåðàëüíàÿ îáðàáîòêà äàííûõ
Êàìåðàëüíàÿ ðàáîòà â íàøåì ñëó÷àå ñ 

ìîãèëüíèêîì – ýòî äîâîëüíî ñåðü¸çíàÿ 
ðàáîòà â ÃÈÑ, êîòîðàÿ äîëæíà ïðîõîäèòü 
â íåñêîëüêî ýòàïîâ. Ïåðâûé ýòàï – ïîä-
ãîòîâêà êàðòîãðàôè÷åñêîé îñíîâû. Ñ íåé 
ìû áóäåì ðàáîòàòü, îïðåäåëÿÿ çàêîíîìåð-
íîñòè ðàñïðåäåëåíèÿ ãí¸çä ìîãèëüíèêà â 
ïðîñòðàíñòâå, íà å¸ îñíîâå ñòðîèòü êàðòó 
ìåñòîîáèòàíèé ìîãèëüíèêà â ðåãèîíå – 
ýòî âòîðîé ýòàï. Òðåòèé ýòàï, îòâëå÷¸ííûé 
îò ÃÈÑ, íî íå ìåíåå âàæíûé – íåîáõîäè-
ìî ïîíÿòü, íàñêîëüêî ñèëüíî îòëè÷àåòñÿ 
ðàñïðåäåëåíèå ìîãèëüíèêîâ, ãíåçäÿùèõñÿ 
íà ñîñíàõ â áîðó, íà áåð¸çàõ è òîïîëÿõ 
â ëåñî-ïîëåâîì ëàíäøàôòå è ïîéìàõ, è 
êàêîâà âåðîÿòíîñòü èõ ðàçíåñåíèÿ ïî ðàç-
íûì ãíåçäîâûì ãðóïïèðîâêàì ñî ñïåöè-
ôè÷åñêèìè ñòåðåîòèïàìè ãíåçäîâàíèÿ. 
Çäåñü íàì ïîìîæåò äèñêðèìèíàíòíûé àíà-
ëèç. ×åòâ¸ðòûé ýòàï – ïîäãîòîâêà êàðòû 
ìåñòîîáèòàíèé ìîãèëüíèêà, äèôôåðåí-
öèðîâàííîé ïî ðàçíûì ãíåçäîâûì ãðóïïè-
ðîâêàì. Ïÿòûé ýòàï – çàêëþ÷èòåëüíûé ýòàï 
ðàáîòû – ïîñòðîåíèå ñõåìû ïîòåíöèàëü-
íûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ äëÿ 
êëþ÷åâûõ òåððèòîðèé.

Ïîøàãîâûé àëãîðèòì îáðàáîòêè äàí-
íûõ â ArcView 3.õ.

Ýòàï. 1. Ïîäãîòîâêà êàðòîãðàôè÷å-
ñêîé îñíîâû äëÿ ÃÈÑ-àíàëèçà.

1. Íà òåððèòîðèþ êëþ÷åâûõ òåððèòîðèé 
ñîçäà¸ì ðàñòðîâóþ ïîäëîæêó èç òîïîãðà-
ôè÷åñêèõ êàðò Ì 1:200 000. Òîïîãðàôè-
÷åñêèå êàðòû ñêàíèðóåì, ïåðåâîäèì â 
ðàñòðîâûé ôîðìàò TIFF è ðåãèñòðèðóåì â 
ArcView â ïðîåêöèè UTM-83, çîíà 38 (äà-
òóì WGS-84).

1.1. Â ãðàôè÷åñêîì ðåäàêòîðå Adobe 
Photoshop CS2 ñêëåèâàåì è èíäåêñèðóåì 
êàðòû, â èòîãå äëÿ êàæäîãî ëèñòà ïîëó÷àåì 
öâåòîäåë¸ííûé ðàñòð â ôîðìàòå TIFF.

1.2. Â ïðîãðàììå PHOTOMOD GeoCal-
culator ïåðåñ÷èòûâàåì êîîðäèíàòû óãëî-

ing of the Imperial Eagle was found in 102 
territories, which is 85.71% of the number 
of inspected territories. During the inspec-
tion of 119 potential territories, 120 actual 
breeding territories were revealed (fig. 7). 8 
nests of the Imperial Eagle were found be-
yond the potential territories, exactly half of 
those being located in immediate proxim-
ity from the borders of the potential territo-
ries (3 – in the 500 m wide buffer zone, 1 
– 1.5 km away from the edge of a potential 
territory), while the other 4 were found in 
non-typical nesting habitats (either far away 
from the margin inside a terrace pinewood 
or in larch forests inside the clusters with 
the pattern of breeding on pine trees). 2–3 
actual breeding territories were located in 
8 potential breeding territories, only in 2 
cases incorrect assignment of these territo-
ries into the habitat group with a different 
type of breeding of the Imperial Eagle being 
the reason for that, while in the remaining 
case it is a case of surpassing the optimal 
density due to good feeding and/or nesting 
conditions.

Thus, the location of actual breeding ter-
ritories of the Imperial Eagle diverged from 
the model by 14.29%; however, the number 
of breeding Imperial Eagles at the inspected 
territories was higher than the calculated 
number by only 0.84%.

Validation of the model of potential 
breeding territories of the Imperial Eagle 
has demonstrated that although there are 
certain drawbacks, the modeling with group 

Ãíåçäî ìîãèëüíèêà. Ôîòî È. Êàðÿêèíà.

The nest of the Imperial Eagle. Photo by I. Karyakin.
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âûõ òî÷åê òîïîãðàôè÷åñêèõ êàðò èç ÑÊ-42 
â WGS-84.

1.3. Ïåðåñ÷èòàííûå çíà÷åíèÿ ýêñïîðòè-
ðóåì â òåêñòîâûé ôîðìàò.

1.4. Òåêñòîâûé ôàéë ñ êîîðäèíàòàìè 
îïîðíûõ òî÷åê èìïîðòèðóåì â ArcView, 
ãäå ïðåîáðàçîâûâàåì â øåéï-ôàéë ñ ïî-
ìîùüþ îïöèè Add Event Theme.

1.5. Ñ ïîìîùüþ ìîäóëÿ Image Warp 
îñóùåñòâëÿåì ïðèâÿçêó òîïîãðàôè÷åñêèõ 
êàðò â ïðîåêöèþ UTM-83, çîíà 38.

1.6. Äàëåå êàðòû âèçóàëüíî ñëèâàåì â 
åäèíîå ïîêðûòèå ñ ïîìîùüþ ðàñøèðåíèÿ 
Transparent Legend.

2. Íà îñíîâå êîñìîñíèìêà Landsat ETM+ 
2000 ã. (ïî óìîë÷àíèþ ñ÷èòàåì, ÷òî îí 
óæå êîððåêòíî ïðèâÿçàí ê èñïîëüçóåìîé 
íàìè ñèñòåìå êîîðäèíàò), ñ ïðèâëå÷åíèåì 
âåäîìñòâåííûõ ìàòåðèàëîâ, ãîòîâèì òå-
ìàòè÷åñêèå êàðòû: êàðòó ðàñòèòåëüíîñòè, 
èç êîòîðîé âûäåëÿåì ñëîè ëåñà, îòêðûòûõ 
áèîòîïîâ, ãèäðîñåòè, íàñåë¸ííûõ ïóíêòîâ, 
ôåðì.

2.1. Ñ ïîìîùüþ ìîäóëÿ Image Analysis 
êîñìîñíèìîê êëàññèôèöèðóåì íà 16 
êëàññîâ (îïöèÿ Categorize…) è ãåíåðàëè-
çóåì (îïöèÿ Smooth). 

2.2. Êëàññèôèöèðîâàííîå èçîáðàæåíèå 
êîíâåðòèðóåì â âåêòîðíûé ôîðìàò (øåéï-
ôàéë), îñóùåñòâëÿåì ýëèìèíàöèþ ïîëèãî-
íîâ ìåíåå 0,05 êì2 ïî ïðîòÿæ¸ííîñòè ãðà-
íèö ñ áîëüøèìè ïî ïëîùàäè ïîëèãîíàìè c 
ïîìîùüþ Edit Tools (îïöèÿ Eliminate).

2.3. Íà îñíîâå ñèñòåìû ðåïåðíûõ òî÷åê 
ñîñòàâëÿåì ëåãåíäó ñîîòâåòñòâèÿ êëàññîâ 
òèïàì ðàñòèòåëüíîñòè. Ïîïàâøèå â îäèí 
êëàññ ïî ñâîèì ñïåêòðàëüíûì õàðàêòåðè-
ñòèêàì ðàçíûå òèïû ðàñòèòåëüíîñòè (íà-
ïðèìåð, çàêóñòàðåííûé ëóã è ìîëîäîé 
ëèñòâåííûé ëåñ) ëèáî, íàîáîðîò, îäèíàêî-
âûå òèïû, èìåþùèå ñïåêòðàëüíóþ ðàçíèöó 
â äàííûé ìîìåíò âðåìåíè (íåíàðóøåííàÿ 
ñòåïü è ñòåïü, ïðîéäåííàÿ ïîæàðîì òåêó-
ùåãî ãîäà ñú¸ìêè) ðàçäåëÿåì âðó÷íóþ íà 
îñíîâå àíàëèçà ãåîìåòðè÷åñêîé ñòðóêòóðû 
îáúåêòîâ è èõ ïðèóðî÷åííîñòè ê ýëåìåí-
òàì ëàíäøàôòà (êîìàíäà [field].substitute 
(«Class õ», «Class õõ») êàëüêóëÿòîðà çíà÷å-
íèé ñòîëáöà).

2.4. Â êà÷åñòâå ëåñíûõ ìåñòîîáèòàíèé 
(ëèñòâåííûå, ñìåøàííûå è õâîéíûå ëåñà) 
â îòäåëüíûé òåìàòè÷åñêèé ñëîé âûäåëÿ-
åì êëàññû 2–5. Êàðòó îáëåã÷àåì çà ñ÷¸ò 
ôèëüòðàöèè îáúåêòîâ ïëîùàäüþ ìåíüøå 
0,1 êì2, ëèíåéíûõ îáúåêòîâ øèðèíîé ìå-
íåå 0,1 êì è ïóò¸ì ñãëàæèâàíèÿ ãðàíèö 
ïîëèãîíîâ (îïöèÿ óäàëåíèÿ èçáûòî÷íûõ 
âåðøèí).

2.5. Èç ñëîÿ îòêðûòûõ ìåñòîîáèòàíèé 

separation on the basis of the breeding pat-
terns allows determining the spatial loca-
tion of breeding territories of the Imperial 
Eagle with more than 80% accuracy (5–10% 
of the known breeding territories from their 
estimated number). The estimation of the 
number of 222 breeding territories for the 
key territory with the area of 31,244.9 km2 

may be considered reliable, with the deter-
mined error less than 1%. The comparison 
with the estimates obtained by other meth-
ods (see table 6) demonstrate the great ad-
vantage of the method described above.

For the typical landscape that includes 
the most characteristic nesting and hunting 
habitats of the Imperial Eagle, the minimum 
threshold at which the use of the model of 
construction of the potential territories is rea-
sonable will be 3 neighboring breeding ter-
ritories, if the model is constructed around 
them for the area less than 10,000 km2; or 
6 breeding territories in two groups (each 
consisting of 3 territories that are remote 
from each other by the distance no more 
than 200 km), if the model is constructed 
between the groups for the area less than 
10,000 km2. It should be taken into con-
sideration that the less the number of the 
model breeding territories, the higher the 
final inaccuracy of the “model” construction 
and calculation of the number.

The Second Example or 
In GIS-software I‘ll input my figures to 

find in woods the Golden Eagles!

Introduction
The example of approbation of the tech-

nique is realized in the territory of Nizhe-
gorodskoe Zavolzhye (Nizhniy Novgorod 
Trans-Volga region) bordering with the Re-
public of Mary El. 

In this case the Golden Eagle (Aquila 
chrysaetos) has been chosen as a raptor 
having the largest breeding territory and 
inhabiting the least populates areas. Under 
conditions of forest and wetland landscapes 
of Nizhegorodskoe Zavolzhye there are 
many difficulties to make a success in the 
species research. The Golden Eagle is listed 
in the Red Data Book of Russian Federation 
(Galushin, 2001à) and in the Red book of 
the Nizhniy Novgorod district (Bakka, 2003) 
and is a priority species in the regional pro-
gram of actions on recovering the number 
by developing the system artificial nests 
(Bakka et al., 1999; 2001; 2003; 2010; 
Bakka, Novikova, 2005, 2006; Novikova, 
2003). 
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â îòäåëüíûé òåìàòè÷åñêèé ñëîé âûäåëÿ-
åì êëàññû, ñîîòâåòñòâóþùèå ñòåïíûì ìå-
ñòîîáèòàíèÿì. Âðó÷íóþ âû÷èùàåì îáú-
åêòû, ñîîòâåòñòâóþùèå çàëåæàì, êîòîðûå 
âû÷èñëÿåì ïî èõ ãåîìåòðèè (ïðàâèëüíûì 
êîíòóðàì, ÷óæäûì ïðèðîäíûì âûäåëàì).

Ýòàï 2. Ñîçäàíèå êàðòû ìåñòîîáèòà-
íèé.

3. Äëÿ èçâåñòíûõ ãí¸çä ïî ïîëåâûì îïè-
ñàíèÿì, à òàêæå â ArcView 3õ ïî òåìàòè÷å-
ñêèì êàðòàì, îïðåäåëÿåì îñíîâíûå ïàðà-
ìåòðû èõ ðàñïðåäåëåíèÿ:

3.1. âèä ãíåçäîâîãî äåðåâà
3.2. òèï ëåñà
3.3. âîçðàñò ëåñà
3.4. ïåðåïàä âûñîò â êì/êì
3.5. ýêñïîçèöèÿ ñêëîíà*
3.6. îðèåíòàöèÿ ãíåçäîâîãî äåðåâà îò-

íîñèòåëüíî îïóøêè ëåñà è/èëè ñêëîíà
3.7. äèñòàíöèÿ äî îòêðûòîãî ïðîñòðàí-

ñòâà (îïóøêè)
3.8. äèñòàíöèÿ äî ëåñà*
3.9. äèñòàíöèÿ äî ðåêè
3.10. äèñòàíöèÿ äî ïîëÿ
3.11. äèñòàíöèÿ äî ïàñòáèùà
3.12. äèñòàíöèÿ äî ñòîÿ÷åãî âîäî¸ìà
3.13. äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà
3.14. äèñòàíöèÿ äî ôåðìû
* – ïàðàìåòðû, îïðåäåëÿåìûå â òåõ ñëó-

÷àÿõ, êîãäà èõ îïðåäåëåíèå âîçìîæíî, 
íàïðèìåð, èìååòñÿ ÿðêî âûðàæåííûé ðå-
ëüåô èëè ãíåçäî ðàñïîëîæåíî ñðåäè îò-
êðûòîãî ïðîñòðàíñòâà.

4. Çàïèñûâàåì ïàðàìåòðû äëÿ êàæäîãî 
ãíåçäà â àòðèáóòèâíóþ òàáëèöó âåêòîðíî-
ãî ñëîÿ.

5. Ïîëó÷àåì ïî êàæäîìó ïàðàìåòðó 
îïèñàòåëüíóþ ñòàòèñòèêó M±SD.

By the end of 1990’, 3–5 pairs of the 
Golden Eagle had been estimated to breed 
in the Nizhniy Novgorod district (Bakka, 
Bakka, 1997), 1–2 pairs had been believed 
to inhabit the Kamsko-Bakaldinskie wet-
lands. The program on installation of artifi-
cial nests for rare species of birds of prey, 
including for Golden Eagle started in 1998–
2000. Golden Eagles began to use one of 
artificial nest as a perch in 1999, and built 
the nest and tried to breed in 2000 (Bakka 
et al., 2001). Occurrence of a breeding ter-
ritory of eagles in the Kamsko-Bakaldinskie 
wetland has allowed to plan actions on re-
covering the number of the species on the 
basis of GIS-software.

Statement of the problem
The model of the Golden Eagle’s breeding 

territory distribution has created for the ter-
ritory of Biosphere Nature Reserve “Nizhe-
gorodskoe Zavolzhye” and targeted for the 
most productive realization of actions on at-
tracting the species to artificial nests.

Surveys
During realization of these actions in the 

territory of the Kamsko-Bakaldinskie wet-
lands a pair of Golden Eagles occupied an 
artificial nest. The breeding territory (fig. 9) 
was formed at the forest-wetland landscape 
typical for the species under conditions of 
taiga of Eastern Europe. According to differ-
ent researchers birds were observed and in 
other areas of this wetlands and it allowed 
to assume other pairs breeding in the re-
gion. As a result we supposed a breeding 
group inhabiting the territory of wetland 
with the unique scheme of breeding ter-
ritory distribution. And it was all the data 
of surveys. We known one active nest of 
eagles and there were rumours that some 
Golden Eagles lived in neighbouring bogs.

Data Processing
In this case not it is not so obvious as in 

the first example, and we will build up the 
model of potential breeding territories of 
Golden Eagles by guesswork. The problem 
becomes more difficult because we should 
not only build the model of potential breed-
ing territory distribution, but also pick out 
their centers which should be characterized 
by the largest share of probability of the 
eagle’s nest location.

We do not know parameters of distribu-
tion of the Golden Eagle in this territory, 
but we see that following the topographi-
cal map and satellite image, this territory is 

Îòîáðàæåíèå ãíåçäî-
âîãî ó÷àñòêà ìîãèëüíè-
êà íà òîïîãðàôè÷åñêîé 
êàðòå â îêíå ArcView.

View of the Imperial 
Eagle’s breeding 
territory on the 
topographic map within 
ArcView.
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6. Âûáèðàåì ðàáîòàþùèå ïàðàìåòðû, 
êðèòåðèåì ÷åìó ÿâëÿþòñÿ íîðìàëüíîå 
ðàñïðåäåëåíèå è îòêëîíåíèå îò ñðåäíåãî 
íå áîëåå 30%.

7. Â ArcView 3õ ñ ïîìîùüþ ñòàíäàðòíîé 
ôóíêöèè ïîñòðîåíèÿ áóôåðîâ ïî òåìàòè-
÷åñêèì êàðòàì ïîøàãîâî ñòðîèì áóôåð-
íûå çîíû, ïî êàæäîìó ïàðàìåòðó èñïîëü-
çóÿ ñðåäíåå çíà÷åíèå.

8. Ñëèâàåì áóôåðíûå çîíû â åäèíûé 
ñëîé.

9. Ñ ïîìîùüþ ìîäóëÿ X-Tools îáðåçàåì 
êàðòó ðàñòèòåëüíîñòè ïî êîíòóðó ñëîÿ áó-
ôåðíûõ çîí – ïîëó÷àåì êàðòó ãíåçäîïðè-
ãîäíûõ äëÿ ìîãèëüíèêà ìåñòîîáèòàíèé.

Ýòàï 3. Ïîèñê ïàðàìåòðîâ, ïî êîòî-
ðûì ñòðîèì êàðòó ãíåçäîâûõ ãðóïïè-
ðîâîê.

10. Ïàðàìåòðû ðàñïðåäåëåíèÿ ãí¸çä 
ýêñïîðòèðóåì â Statistica 5.0 è îñóùåñò-
âëÿåì äèñêðèìèíàíòíûé àíàëèç äàííûõ:

10.1. Âûáèðàåì ñëåäóþùèå ïàðàìåòðû:
10.1.1. âèä ãíåçäîâîãî äåðåâà
10.1.2. òèï ëåñà
10.1.3. âîçðàñò ëåñà
10.1.4. ïëîùàäü ëåñà
10.1.5. ïåðåïàä âûñîò â êì/êì
10.1.6. äèñòàíöèÿ äî îòêðûòîãî ïðî-

ñòðàíñòâà (îïóøêè)
10.1.7. äèñòàíöèÿ äî ïàñòáèùà
10.1.8. äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà
10.1.9. äèñòàíöèÿ äî ôåðìû
10.2. Ãðóïïèðóåì ïåðåìåííûå ïî âèäó 

ãíåçäîâîãî äåðåâà, âûáðàâ ìåòîä Forward 
stepwise. 

10.3. Íà äèàãðàììå ðàññåÿíèÿ êàíî-
íè÷åñêèõ çíà÷åíèé ñìîòðèì ðåçóëüòàò è 
âûáèðàåì òîò âàðèàíò ãðóïïèðîâêè ïåðå-

similar to others with forest-wetland land-
scapes, which may be far from it at the dis-
tance of hundreds kilometers. Parameters of 
spatial distribution of the Golden Eagle are 
rather typical for Eastern European popu-
lation of the species. Thus for building the 
model of potential breeding territory distri-
bution within the Kamsko-Bakaldinskie wet-
lands we use parameters of distribution of 
eagles in the Upper Kama breeding group 
investigated during previous field seasons.

The list of parameters of Golden Eagle’s 
breeding territory distribution as follows:

1. Distance between centres of neighbour 
territories – 9.9±1.2 km.

2. Radius of the breeding territory buffer 
– 6.4±1.1 km.

3. Diameter of a breeding territory – 
5.68±0.98 km.

4. Overlapping of a breeding territory 
with a buffer zone of the neighbour territory 
– 5±0.7%.

5. High pine forest within the breeding 
territory – 100% priority.

6. The open peatbog within the breeding 
territory – 100% priority.

7. Lake within the breeding territory – 
50% tolerance.

8. Pine wastelands within the breeding 
territory – 50% tolerance.

9. A buffer zone around settlements which 
the species cannot inhabit – 5.3±1.1 km.

Data processing as well as in the previous 
example with the Imperial Eagle is divided 
into several steps. The first step – prepara-
tion of topographical maps. The second – 
creation of habitat maps (fig. 10). The third 
– the final step – generating the model of 
potential breeding territories of Golden Ea-
gles for the Kamsko-Bakaldinskie wetlands 
(fig. 11). The first article on this theme was 
published in 2006 (Karyakin et al., 2006), 
however the step-by-step algorithm of data 
processing within GIS-software has been 
described neither in that paper nor in the 
articles on results of activities on the artifi-
cial nest installing (Bakka, et al., 2010).

Step-by-step algorithm of data 
processing in ArcView 3.õ.

Stage. 1. Preparing the topographical 
maps for the GIS-analysis.

1. Create a raster map for the territory 
of Kamsko-Bakaldinskie wetlands based 
on topographical maps (scale 1:200 000). 
Topographical maps are scanned, convert-
ed in raster data TIFF format and registered 
in ArcView in projection UTM-83, zone 38 
(datum WGS-84).

Îòîáðàæåíèå âåêòîð-
íîãî ñëîÿ ëåñîâ, ñîç-
äàííîãî ïî êîñìîñíèêó 
Landsat ETM+ 2000, â 
îêíå ArcView.

View of a vector layer 
of forests created on 
the basis of a satellite 
image Landsat ETM+ 
2000, within ArcView.
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ìåííûõ, êîòîðûé íàèáîëåå àäåêâàòíî ðàç-
äåëÿåò çíà÷åíèÿ íà ãðóïïû. 

10.4. Îïðåäåëÿåì ãðóïïèðóþùèé àòðè-
áóò äëÿ ñîçäàíèÿ êàðòû ãíåçäîâûõ ãðóïïè-
ðîâîê.

Ýòàï 4. Ñîçäàíèå êàðòû ãíåçäîâûõ 
ãðóïïèðîâîê.

11. Â ArcView 3õ ïî òåìàòè÷åñêèì êàð-
òàì, íà îñíîâàíèè âûáðàííîãî ãðóïïèðó-
þùåãî àòðèáóòà èç àòðèáóòèâíîé òàáëèöû, 
ñòðîèì ïîëèãîíû Òèññåíà, èñïîëüçóÿ ìî-
äóëü Edit Tools.

12. Íà îñíîâàíèè ïîëèãîíîâ Òèññå-
íà ôîðìèðóåì ðàáî÷èé âåêòîðíûé ñëîé 
ãíåçäîâûõ ãðóïïèðîâîê, âûäåëÿÿ â îòäåëü-
íûå ïîëèãîíû çîíû ïåðåêðûòèÿ ìåæäó 
ãðóïïèðîâêàìè, åñëè òàêîâûå î÷åâèäíû.

13. Ñ ïîìîùüþ ìîäóëÿ X-Tools îñóùåñò-
âëÿåì èäåíòèôèêàöèþ êàðòû ìåñòîîáè-
òàíèé ïî ðàáî÷åìó âåêòîðíîìó ñëîþ 
ãíåçäîâûõ ãðóïïèðîâîê ñ çàíåñåíèåì ñî-
îòâåòñòâóþùèõ àòðèáóòîâ â àòðèáóòèâíóþ 
òàáëèöó.

14. Ïî òèïó äîìèíèðóþùèõ áèîòîïîâ 
îòíîñèì ïîëèãîíû êàðòû ìåñòîîáèòàíèé, 
îñòàâøèåñÿ çà ïðåäåëàìè ñëîÿ ãíåçäîâûõ 
ãðóïïèðîâîê, ê òîìó èëè èíîìó òèïó.

15. Âûâîäèì èòîãîâóþ êàðòó ìåñòîîáè-
òàíèé, ðàçäåë¸ííóþ íà ãíåçäîâûå ãðóïïè-
ðîâêè ñ çàïèñàííîé àòðèáóòèâíîé èíôîð-
ìàöèåé, â èòîãîâûé âåêòîðíûé ñëîé.

Ýòàï 5. Ñîçäàíèå êàðòû ïîòåíöèàëü-
íûõ ãíåçäîâûõ ó÷àñòêîâ.

16. Â ArcView 3õ ñ ïîìîùüþ ìîäóëÿ 
Nearest Features îïðåäåëÿåì äèñòàíöèè 
ìåæäó áëèæàéøèìè ñîñåäÿìè è ñîçäà¸ì 
êàðòó äèñòàíöèé.

17. Ñ ïîìîùüþ ìîäóëÿ Edit Tools èç êàð-
òû äèñòàíöèé óäàëÿåì ãåîìåòðè÷åñêèå 
äóáëèêàòû ëèíèé äèñòàíöèé ìåæäó äâóìÿ 
áëèæàéøèìè ñîñåäÿìè.

18. Äëÿ êàæäîé ãíåçäîâîé ãðóïïèðîâêè 
îïðåäåëÿåì ñðåäíþþ äèñòàíöèþ è ñòàí-
äàðòíîå îòêëîíåíèå.

19. Ñ ïîìîùüþ ìîäóëÿ Repeating Shapes 
äëÿ êàæäîãî êîíòóðà ãíåçäîâûõ ãðóïïèðî-
âîê íà êàðòå ìåñòîîáèòàíèé ïî ñðåäíåìó 
ðàññòîÿíèþ ìåæäó áëèæàéøèìè ñîñåäÿìè, 
îïðåäåë¸ííîìó äëÿ ýòîãî êîíòóðà, ñòðîèì 
ïîêðûòèå èç êðóãîâ èëè ãåêñàãîíîâ, èìè-
òèðóþùåå ñõåìó ðàñïðåäåëåíèÿ ïîòåíöè-
àëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ.

20. Îïèðàÿñü íà ðåïåðíûå òî÷êè, ÿâëÿþ-
ùèåñÿ èçâåñòíûìè ãí¸çäàìè ìîãèëüíèêîâ, 
êîððåêòèðóåì ÷åðíîâîé âåêòîðíûé ñëîé 
ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìî-
ãèëüíèêîâ ñ ïîìîùüþ ìîäóëÿ ShapeWarp, 

1.1. Merge and index maps in the graphic 
editor Adobe Photoshop CS2, as a result the 
raster in TIFF format indexing in color should 
be created for each sheet.

1.2. Coordinates of angular points of top-
ographical maps are recalculated from ÑÊ-
42 in WGS-84 the program PHOTOMOD 
GeoCalculator.

1.3. Calculated coordinates are exported 
to *.txt format.

1.4. The *.txt file with coordinates for ref-
erence points is imported in ArcView, thus 
using option Add Event Theme it is trans-
formed to a shapefile.

1.5. Using Image Warp extension topo-
graphical maps are registered in projection 
UTM-83, zone 38.

1.6. Using Transparent Legend exten-
sion maps are visually merged in the united 
layer.

Stage 2. Creation of habitat map.
2. Vector theme of settlements is created 

on the basis of topographical maps.
2.1. Using Spatial Analyst extension top-

ographical maps are converted to GRID for-
mat.

2.2. Black colored areas indicating settle-
ments and roads are converted as a sepa-
rate theme from the GRID-theme.

2.3. Using Edit Tools extension (option 
Eliminate) small polygons are deleted. The 
remained polygons not being settlements 
are deleted manually from the theme.

2.4. On the basis of satellite images Land-
sat ETM+ 2000–2001 and Aster 2001-2006 
settlements which have been extinct now 
are noted. The main criteria for it are the 
essential reduction of the area of the open 
ground inside of contour of settlement and 
overgrowing the roads to the settlement. 
Polygons of these settlements are deleted 
manually from the vector theme.

3. Create polygon for the analysis of the 
Golden Eagle distribution.

3.1. Based on the theme of settlements 
extracted from a topographical map buffer 
zones with width of 5.3 km are created for 
the territory characterized by absence of 
breeding Golden Eagles with high prob-
ability.

3.2. The territory out of buffers of settle-
ments is converted to a shapefile that is a 
zone of the Golden Eagle possible breeding.

4. Create the map of Golden Eagle habi-
tats.

4.1. On the basis of satellite images Land-
sat ETM+ and using Image Analyst exten-
sion (Seed tool), polygons of wetlands, pine 
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ïîäòÿãèâàÿ öåíòðû ó÷àñòêîâ ê èçâåñòíûì 
òî÷êàì.

21. Ïî îòêîððåêòèðîâàííîìó ÷åðíî-
âîìó ñëîþ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ ìîãèëüíèêîâ ñ ïîìîùüþ ìîäóëÿ 
X-Tools ïîëó÷àåì ñëîé öåíòðîèäîâ.

22. Ïî ñëîþ öåíòðîèäîâ ñ ïîìîùüþ ñòàí-
äàðòíîé ôóíêöèè ïîñòðîåíèÿ áóôåðîâ 
ñòðîèì èòîãîâûé ñëîé ïîòåíöèàëüíûõ ãíåç-
äîâûõ ó÷àñòêîâ ìîãèëüíèêîâ, çàäàâ íóæíóþ 
äèñòàíöèþ äëÿ ïîñòðîåíèÿ êðóãîâ.

Îöåíêà ðåçóëüòàòà
Íà÷í¸ì ðàçáèðàòüñÿ ñ òåì, ÷òî ïîëó÷è-

ëîñü, íà÷èíàÿ ñ 3-ãî ýòàïà. Èòàê, ìû ïîëó-
÷èëè ðàáîòàþùèå ïàðàìåòðû ðàçìåùåíèÿ 
ãí¸çä ìîãèëüíèêà íà ïëîùàäêàõ (òàáë. 2). 
Ïåðâîå, ÷òî áðîñàåòñÿ â ãëàçà – ïëîùàäü 
ëåñà, â êîòîðîì ðàçìåùàåòñÿ ãíåçäî, 
ñèëüíî âàðüèðóåò (îò 0,1 äî 311 êì2), íî 
ïðè ýòîì ïàðû, ãíåçäÿùèåñÿ íà ñîñíàõ, 
óñòðàèâàþò ãí¸çäà â äîñòàòî÷íî áîëüøèõ 
ïî ïëîùàäè ó÷àñòêàõ ëåñà. Ìèíèìàëüíûé 
ðàçáðîñ èìåþò òàêèå ïàðàìåòðû, êàê äèñ-
òàíöèÿ îò ãíåçäà äî ôåðìû – 0,1–5 êì, â 
ñðåäíåì 1,81±1,52 êì, äî íàñåë¸ííîãî 
ïóíêòà – 0,1–5 êì, â ñðåäíåì 1,62±1,53 êì 
è ïåðåïàä âûñîò – 0–0,6 êì/êì, â ñðåäíåì 
0,02±0,02 êì/êì.

Äèñêðèìèíàíòíûé àíàëèç ïàðàìåòðîâ 
ðàçìåùåíèÿ ãí¸çä íà ïëîùàäêàõ ïî âêëþ-
÷¸ííûì â ìîäåëü ïàðàìåòðàì, òàêèì êàê 
äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà è ïåðå-
ïàä âûñîò, ïîêàçàë ÷¸òêèå ðàçëè÷èÿ ìåæäó 
ñòåðåîòèïàìè ãíåçäîâàíèÿ ìîãèëüíèêà íà 
ñîñíàõ, áåð¸çàõ è òîïîëÿõ (òàáë. 3, ðèñ. 4). 
Ôóíêöèè êëàññèôèêàöèè îòîáðàæåíû â 
òàáëèöå 4. Î ÷¸ì ýòî ãîâîðèò? Î òîì, ÷òî 
ìû ñìåëî ìîæåì äåëèòü ìåñòîîáèòàíèÿ 
ìîãèëüíèêà íà íàøåé êëþ÷åâîé òåððèòî-
ðèè íà òðè òèïà, ñîîòâåòñòâóþùèå ñòåðåî-
òèïàì ãíåçäîâàíèÿ ìîãèëüíèêà íà ñîñíàõ, 
òîïîëÿõ è áåð¸çàõ. Ñàìûé ïðîñòîé ïîäõîä 
– èñïîëüçîâàòü äëÿ äåëåíèÿ ìåñòîîáèòàíèé 
ïàðàìåòðû, âêëþ÷¸ííûå â ìîäåëü äèñêðè-
ìèíàíòíîãî àíàëèçà. Îäíàêî äåëåíèå áó-
äåò òî÷íåå, åñëè èñïîëüçîâàòü è ðÿä äðóãèõ 
âèäèìûõ â ÃÈÑ ëàíäøàôòíûõ õàðàêòåðè-
ñòèê, êîòîðûå íå áûëè îòîáðàæåíû â ìî-
äåëè, òàê êàê íå èìåþò ÷¸òêîãî îòíîøåíèÿ 
ê ïàðàìåòðàì ðàçìåùåíèÿ ãí¸çä (íàïðè-
ìåð, äîëÿ ëåñà íà ãíåçäîâîì ó÷àñòêå îò 
åãî îáùåé ïëîùàäè, ñîîòíîøåíèå ïîëÿ/
ïàñòáèùà íà ãíåçäîâîì ó÷àñòêå è ò.ä.).

Ñëåäóþùèé øàã – îïðåäåëåíèå äèñòàí-
öèé ìåæäó ãí¸çäàìè ðàçíûõ ïàð. Ýòîò 
øàã âàæåí òåì, ÷òî èìåííî ñðåäíåå ðàñ-
ñòîÿíèå ìåæäó ãí¸çäàìè áóäåò òåì ïî-
êàçàòåëåì, ïî êîòîðîìó áóäåò ñòðîèòüñÿ 

wastelands, lakes and high pine forests are 
chosen. These polygons are converted to a 
shapefile (fig. 10).

4.2. Border zones between peatbogs and 
high pine forests, pine wastelands and high 
pine forests and lakes and high pine forests 
are converted in a shapefile separately.

Stage 3. Generating the model of poten-
tial breeding territories.

5. On the basis of map of habitats of the 
Golden Eagle the system of potential breed-
ing territories are created.

5.1. Using extension Repeating Shapes 
(Jenness 2005.) and the measured means 
of the nearest neighbor distances generate 
round polygons which model the distribu-
tion of potential breeding territories. 

5.2. Using known nest locations correct 
the model using ShapeWarp (McVay 1998) 
extension by moving the centers of the 
rounds to the known breeding territory of 
the Golden Eagle and centers of high pine 
forests bordering with peatbogs.

5.3. Using XTools extension (Delaune 2003) 
a new centroid layer is created on the basis of 
transformed theme of round polygons.

5.4. The final system of round polygons 
imitating the distribution potential breeding 
territories is constructed around centroids by 
means of standard option of buffer creating.

Estimation of the result
So, applying the parameters of distri-

bution of Golden Eagle’s breeding terri-
tory in the Upper Kama breeding group 
we have constructed the model of poten-
tial breeding territory distribution for the 
Kamsko-Bakaldinskie wetlands (fig. 11). 
The breeding territory ¹1 has become 
a reference point of the model creating. 
This territory was formed around artificial 
nests (on the site eagles used 3 artificial 
nests locating on a line in 3 km by turns 
during several years). 

Constructing the model of potential 
breeding territories of Golden Eagles has 
allowed to determine 19 territories for the 
area of 2,300 km2. As a result of target 
check of potential territories and moni-
toring of existing system of artificial nests 
(the nests installed before 2000, and the 
nests built after 2000, during target check 
of them in the centers of potential territo-
ries) 12 breeding territories of Golden Ea-
gles have been discovered with a different 
degree of data verification. We recognized 
the territories as “confirmed” which eagles 
(8 territories) had bred in, as “probable” – 
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ïîêðûòèå èç êðóãîâ, èìèìèòèðóþùåå 
ñèñòåìó ãíåçäîâûõ ó÷àñòêîâ. Äèñêðèìè-
íàíòíûé àíàëèç ïîêàçàë ðàçíèöó â ðàç-
ìåùåíèè ãí¸çä íà ñîñíàõ, áåð¸çàõ è òî-
ïîëÿõ, ñëåäîâàòåëüíî, ñ÷èòàåì äèñòàíöèè 
ïî ãí¸çäàì, óñòðîåííûì íà ðàçíûõ âèäàõ 
äåðåâüåâ, îòäåëüíî. Çäåñü âñòà¸ò âîïðîñ, 

which a pair of birds had been recorded or 
single adults had been observed repeatedly 
and their permanent perches (2 territories) 
had been found in, to “possible” – which 
only perches or subadults (2 territories) 
had been recorded in. It should be noticed, 
that during that period on a background of 

Ãíåçäîâîå 
äåðåâî 
Nesting tree

Ïëîùàäü 
ëåñà (êì2) 

Area of 
forest (km2)

Äèñòàíöèÿ 
äî îïóøêè 

(êì) 
Distance to 
the nearest 
open space 

(km)

Ïåðåïàä âûñîò 
(êì/êì) 

Maximum height 
difference measured 

in DEM for 1 km 
line across steepest 

gradient (km/km)

Äèñòàíöèÿ 
äî ïàñòáèùà 

(êì) 
Distance to 
the nearest 

pasture (km)

Äèñòàíöèÿ äî 
íàñåë¸ííîãî 
ïóíêòà (êì) 

Distance to the 
nearest settle-

ment (km)

Äèñòàíöèÿ 
äî ôåðìû 

(êì) 
Distance to 
a livestock 
farm (km)

Ñîñíà / Pine 27.0 0 0.06 0 0.1 0.5

Ñîñíà / Pine 311.0 0.5 0.02 0.5 0.3 5.0

Ñîñíà / Pine 45.0 0.1 0.005 0.1 0.5 0.5

Ñîñíà / Pine 45.0 0.1 0.005 0.1 0.9 0.1

Ñîñíà / Pine 45.0 0.1 0.005 0.1 1.1 2.0

Ñîñíà / Pine 48.0 0 0.005 0 0.5 0.5

Ñîñíà / Pine 67.0 0 0.005 0 0.5 4.0

Ñîñíà / Pine 95.0 0 0.005 0 1.1 4.0

Ñîñíà / Pine 87.0 0 0.005 0 0.8 0.1

Áåð¸çà / Birch 0.3 0 0.04 0 2.0 1.5

Áåð¸çà / Birch 3.6 0 0.04 0 4.0 2.0

Áåð¸çà / Birch 6.6 0 0.04 0 2.0 2.5

Tîïîëü / Poplar 0.1 0 0 0 5.0 1.0

Tîïîëü / Poplar 3.0 0 0.005 0 1.5 1.5

Tîïîëü / Poplar 6.0 0 0.005 0 4.0 2.0

Ñðåäíåå
Average (M±SD) 52.64±78.12 0.05±0.13 0.02±0.02 0.05±0.13 1.62±1.53 1.81±1.52

Òàáë. 2. Ïàðàìåòðû ðàçìåùåíèÿ ãí¸çä ìîãèëüíèêà (Aquila heliaca), âûÿâëåííûõ íà ïëîùàäêàõ.

Table 2. Parameters of the Imperial Eagle’s (Aquila heliaca) nest distribution discovered in the study plots.

Ïàðàìåòðû ðàñïðåäåëåíèÿ ãí¸çä 
Parameters of nest location

Wilks’ 
Lambda

Partial 
Lambda

F-remove 
(2.11) p-level Toler.

1-Toler. 
(R-Sqr.)

Äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà (êì) 
Distance to the nearest settlement (km) 0.54 0.29 13.40 0.001 0.93 0.07

Ïåðåïàä âûñîò (êì/êì) 
Maximum height difference measured in DEM for 1 km 
line across steepest gradient (km/km) 0.31 0.51 5.36 0.024 0.93 0.07

Ïëîùàäü ëåñà (êì2) / Area of forest (km2) 0.15 0.93 0.37 0.70 0.99 0.01

Äèñòàíöèÿ äî îïóøêè (êì) 
Distance to the nearest open space (km) 0.15 0.98 0.11 0.89 0.99 0.01

Äèñòàíöèÿ äî ïàñòáèùà (êì) 
Distance to the nearest pasture (km) 0.15 0.98 0.11 0.89 0.99 0.01

Äèñòàíöèÿ äî ôåðìû (êì) 
Distance to a livestock farm (km) 0.15 0.98 0.09 0.91 0.99 0.01

Òàáë. 3. Èòîãîâàÿ òàáëèöà äèñêðèìèíàíòíîãî àíàëèçà äàííûõ (æèðíûì ïîìå÷åíû ïàðàìåòðû, âêëþ÷¸ííûå â ìîäåëü, êóðñèâîì – íå 
âêëþ÷¸ííûå â ìîäåëü).

Table 3. The final table on the discrimanant analysis of data (bold font marks the parameters included in the model, italic– not included in the 
model).
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ñ÷èòàòü ëè äèñòàíöèþ ìåæäó âñåìè ñîñå-
äÿìè èëè áëèæàéøèìè? Åñëè íåò î÷åâèä-
íîé çàâèñèìîñòè ëèíåéíîãî ðàçìåùåíèÿ 
ãíåçäîâûõ ó÷àñòêîâ âäîëü êàêèõ-ëèáî 
îáúåêòîâ, âèäèìûõ íà ñíèìêå (îïóøêà 
ñïëîøíîãî ïðîòÿæ¸ííîãî ìàññèâà, ðåêà 
è ò.ï.), ëó÷øå ñ÷èòàòü äèñòàíöèè ìåæäó 
áëèæàéøèìè ñîñåäÿìè. Â íàøåì ñëó÷àå 
äèñòàíöèÿ äëÿ ãí¸çä, ðàñïîëîæåííûõ íà 
ñîñíàõ, ñîñòàâëÿåò (n=8) 2,39–11,73, â 
ñðåäíåì 5,93±3,22 êì, äëÿ ãí¸çä, ðàñ-
ïîëîæåííûõ íà áåð¸çàõ, – (n=2) 14,54–
15,23, â ñðåäíåì 14,89 êì, äëÿ ãí¸çä, 
ðàñïîëîæåííûõ íà òîïîëÿõ, – (n=2) 
17,23–24,12, â ñðåäíåì 20,68±4,87 êì. 
Ïîñòðîåííàÿ ïî ýòèì ïàðàìåòðàì ñõå-
ìà ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ 
âíóòðè êîíòóðà êëþ÷åâîé òåððèòîðèè 
ïðåäñòàâëåíà íà ðèñóíêå 5. Îíà ñîñòîèò 
èç 222-õ îáúåêòîâ (130 îáúåêòîâ, ñîîò-
âåòñòâóþùèõ ïîòåíöèàëüíûì ó÷àñòêàì, 
íà êîòîðûõ ïðåäïîëàãàåòñÿ ãíåçäîâàíèå 
ìîãèëüíèêà â ñîîòâåòñòâèè ñî ñòåðåîòè-

peak of number of hares and activities on 
the artificial nest installing there was an 
intensive formation of breeding territories 
of Golden Eagles, and the new pairs con-
sisted of young birds. Formation of pairs 
was confirmed in 3 territories which have 
initially occupied by individuals in the age 
of 3–5 years and they began to breed only 
1–3 years later (Bakka et al., 2010). And all 
real breeding territories were formed in the 
centers of potential sites. All registrations 
of birds had made before 2006 were also 
in the centers of potential sites.

Considering the occurrence of new data 
on the Kamsko-Bakaldinskaya breeding 
group of Golden Eagles the new model 
of potential breeding territory distribution 
developed on all the territory of wetlands 
including the right side of the Kerzhenets 
river has been constructed (fig. 12). The 
new model has also included the param-
eters of distribution of Golden Eagle’s 
breeding territories in relation to each 
other and in relation to elements of a 
landscape within the considered area. As 
a result several types of bogs have been 
included in the model, the radius of buff-
ers around settlements has been reduced 
up to 3.05 km, the posts of the Forestry 
Service existing on a place of former set-
tlements have been removed from the 
theme of settlements, also the nature ter-
ritories characterized by constant people 
presence (pastures, peat mines etc.) have 
been added to the theme of settlements 
with the buffer radius of 1.4 km. 

As a result of updating the model of 
potential breeding territories distribution 
for the Golden Eagle on all territory of the 
Kamsko-Bakaldinskie wetlands 26 breeding 
territories have been established in the area 
of 3,100 km2. And only territory has been 
added to the number established within the 
previous variant of the model developed for 
the area of 2,300 km2 (fig. 12). In addition 
to 12 territories of Golden Eagles already 

Ïàðàìåòðû ðàñïðåäåëåíèÿ ãí¸çä 
Parameters of nest location

Ãíåçäîâîå äåðåâî / Nesting tree

Ñîñíà / Pine 
p=0.6

Áåð¸çà / Birch 
p=0.2

Òîïîëü / Poplar 
p=0.2

Äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà (êì) 
Distance to the nearest settlement (km) 1.06872 4.1673 4.49553

Ïåðåïàä âûñîò (êì/êì) / Maximum height difference measured in DEM 
for 1 km line across steepest gradient (km/km) 73.05524 241.5568 85.06265

Constant -1.32193 -11.9969 -9.61838

Òàáë. 4. Ôóíêöèè êëàññèôèêàöèè ïàðàìåòðîâ ðàçìåùåíèÿ ãí¸çä ìîãèëüíèêà íà ïëîùàäêàõ ïî äàííûì äèñêðèìèíàíòíîãî àíàëèçà.

Table 4. Classification functions of parameters of the Imperial Eagle’s nest location on the plots according with the Discriminantal analysis data.

Ðèñ. 4. Äèàãðàììà ðàñ-
ñåÿíèÿ êàíîíè÷åñêèõ 
çíà÷åíèé ïàðàìåòðîâ 
ðàçìåùåíèÿ ãí¸çä ìî-
ãèëüíèêà íà ïëîùàäêàõ.

Fig. 4. Scatterplot of 
canonical scores of 
parameters of the 
Imperial Eagle’s nest 
distribution on plots.
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ïîì ãíåçäîâàíèÿ íà ñîñíàõ, 67 – íà áå-
ð¸çàõ è 25 – íà òîïîëÿõ). 

Ñëåäóåò îñòàíîâèòüñÿ íà ñòåðåîòèïå 
ãíåçäîâàíèÿ. Ïîä íèì ìû ïîíèìàåì ðàç-
ìåùåíèå ìîãèëüíèêîì ãíåçäà â ëàíäøàôòå 
òàêèì îáðàçîì, ÷òîáû îíî ñîîòâåòñòâîâàëî 
ïî êîìïëåêñó ïàðàìåòðîâ íåêîìó òèïè÷-
íîìó âàðèàíòó, õàðàêòåðíîìó äëÿ ìíîæå-
ñòâà ïàð îðëîâ â äàííîì ðåãèîíå. Âûäå-
ëåííûå íàìè ñòåðåîòèïû ãíåçäîâàíèÿ íà 
ñîñíå, áåð¸çå è òîïîëå èìåþò ñëåäóþùèå 
õàðàêòåðèñòèêè. Ãíåçäî, ñîîòâåòñòâóþùåå 
ñòåðåîòèïó ãíåçäîâàíèÿ íà ñîñíå, ðàñ-
ïîëàãàåòñÿ íà âîçâûøåííîì ó÷àñòêå òåð-
ðàñû (âîäîðàçäåëüíîãî óâàëà èëè ñîïêè), 
ïðåèìóùåñòâåííî â âåðõíåé ÷àñòè ñêëîíà 
èëè íà åãî âåðøèíå, îáû÷íî â êðóïíîì 
ìàññèâå ëåñà, âñåãäà ñ âèäîì íà ïàñòáèùå 
è ôåðìó è/èëè íàñåë¸ííûé ïóíêò. Ãíåçäî 
óñòðàèâàåòñÿ ïðåèìóùåñòâåííî íà ñîñíå, 
íà å¸ âåðøèíå, íî ìîãóò áûòü âàðèàíòû 
óñòðîéñòâà ãí¸çä íà äóáàõ, ðåæå áåð¸çàõ, 
îáû÷íî â òåõ áèîòîïàõ, ãäå ñîñíîâûé ëåñ 
çàìåù¸í âòîðè÷íûì øèðîêîëèñòâåííûì 
èëè ìåëêîëèñòâåííûì. Ãíåçäî, ñîîòâåò-
ñòâóþùåå ñòåðåîòèïó ãíåçäîâàíèÿ íà áå-
ð¸çå, ðàñïîëàãàåòñÿ â õîëìèñòî-óâàëèñòîì, 
îáû÷íî âîäîðàçäåëüíîì, ëàíäøàôòå, â 
íèæíåé ÷àñòè èëè â ïîäíîæèè ñêëîíà, â 
êîëêå èëè ãðóïïå äåðåâüåâ, ñðåäè ïàñòáèù, 
íî ÷àñòî âíå ïðåäåëîâ âèäèìîñòè ñ ôåðìû 
èëè íàñåë¸ííîãî ïóíêòà. Ãíåçäî óñòðàèâà-
åòñÿ ïðåèìóùåñòâåííî íà áåð¸çå, ðåæå 
äóáå èëè îñèíå, â ñåðåäèíå êðîíû. Ãíåçäî, 
ñîîòâåòñòâóþùåå ñòåðåîòèïó ãíåçäîâàíèÿ 
íà òîïîëå, ðàñïîëàãàåòñÿ â âûïîëîæåííîì, 
÷àñòî ïîéìåííîì, ëàíäøàôòå, ñ ìèíèìàëü-
íûì ïåðåïàäîì âûñîò, íà òåððèòîðèè ñ ìè-
íèìàëüíûì ëåñíûì ïîêðûòèåì, â ïðåäåëàõ 
âèäèìîñòè ñ ïàñòáèùà, íî îáû÷íî âíå ïðå-

known another 4 territories had been dis-
covered by 2008, and in one case (in 2007) 
the territory was formed in a buffer zone be-
tween three confirmed breeding territories 
(due to increasing the density of the breed-
ing group). 

The figure 13 has shown the final result of 
monitoring the breeding group of Golden 
Eaglen inhabiting the Kamsko-Bakaldins-
kie wetlands. Now all 26 potential breed-
ing territories are known as inhabited by 
Golgen Eagles with a particular measure 
of confidence: the breeding is confirmed 
for 11 territories, the breeding is quite 
probable for 7 territories (adult birds and 
permanent perches were recorded, a ju-
venile was observed near another site), 
and the breeding is possible for 3 terri-
tories (perches, remains of preys and pel-
lets were found), status of 5 territories is 
unclear, since they have not surveyed, but 
the data of questionnaire show the pres-
ence of Golden Eagle there (see Bakka et 
al., 2010). Only territory of Golden Eagles 
stood apart from the model. There is the 
confirmed breeding in the artificial nest. 
This territory has appeared in peak of a 
hare number (fig. 12, 16) and has caused 
increasing the density of breeding group 
for the period of peak of the main prey 
species number.

Comparing the model of potential breed-
ing territories being constructed with use 
of parameters of distribution of the Upper 
Kama breeding group and based on one 
known living nest and the modern model 

Ðèñ. 5. Ñõåìà ðàçìå-
ùåíèÿ ïîòåíöèàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ ìî-
ãèëüíèêà íà êëþ÷åâîé 
òåððèòîðèè.

Fig. 5. Distribution of 
potential breeding 
territories of the 
Imperial Eagle in the 
key territory (numbers 
of plots are similar with 
the same in the text). 
Labels: 1 – pine-type of 
nesting habit, 2 – birch-
type of nesting habit, 
3 – poplar-type of 
nesting habit.

Ñàìêà ìîãèëüíèêà íà ãíåçäå. Ôîòî À. Ïàæåíêîâà.

Female of the Imperial Eagle on the nest. 
Photo by A. Pazhenkov.
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äåëîâ âèäèìîñòè ñ ôåðìû èëè íàñåë¸ííî-
ãî ïóíêòà. Ãíåçäî óñòðàèâàåòñÿ ïðåèìóùå-
ñòâåííî íà òîïîëå, ðåæå âÿçå èëè áåð¸çå, â 
âåðõíåé ÷àñòè êðîíû.

Òåïåðü ïîäðîáíî ðàññìîòðèì ïîëó÷èâøó-
þñÿ ñõåìó. Íà ñõåìå âûäåëÿþòñÿ òðè êëàñòå-
ðà ïîòåíöèàëüíûõ ó÷àñòêîâ, ñîîòâåòñòâóþ-
ùèõ ñòåðåîòèïó ãíåçäîâàíèÿ ìîãèëüíèêà íà 
ñîñíàõ, òàê êàê èìåííî íà ýòèõ òåððèòîðèÿõ 
ïðèñóòñòâóþò ñîñíîâî-øèðîêîëèñòâåííûå 
ëåñà. Âñþ öåíòðàëüíóþ ÷àñòü êëþ÷åâîé òåð-
ðèòîðèè çàíèìàþò ïîòåíöèàëüíûå ó÷àñòêè, 
ñîîòâåòñòâóþùèå ñòåðåîòèïó ãíåçäîâàíèÿ 
íà áåð¸çå, ïðè÷¸ì äàæå òàì, ãäå íà ïëîùàä-
êå èçâåñòíû ãí¸çäà â îòêðûòîì ëàíäøàôòå 
íà òîïîëÿõ. Ñâÿçàíî ýòî ñ òåì, ÷òî îòêðûòûå 
ó÷àñòêè ñ ãí¸çäàìè íà òîïîëÿõ â ïðåäåëàõ 
ïëîùàäêè áûëè èçîëèðîâàíû, è ïðîñòðîèòü 
ïîêðûòèå èç íåñêîëüêèõ ñîñåäíèõ ó÷àñòêîâ 
äèàìåòðîì 20,68 êì çäåñü íå ïðåäñòàâèëîñü 
âîçìîæíûì.

being created on parameters of distribution 
of several real nests of Golden Eagles of the 
Kamsko-Bakaldinskaya breeding group (fig. 
14) we can speak only about several distor-
tions in a peripheral part of the final model. 
Distortions are connected generally with 
buffer removing and changing its radius. 
Distortions of the model seem to be mini-
mal at input of new parameters because it is 
based mainly on polygons of a vector map 
of bogs and opportunities of movements of 
potential breeding territories are strongly 
limited by borders of these polygons. Such 
little distortions allow to solve with the 
great efficiency two essential tasks – to nar-
row a zone of searching the nests of Golden 
Eagles and a zone of the artificial nest in-
stalling. The last task is the extremely actual 
because essentially reduces not only labour, 
but also costs of artificial nest installing, and 
also increases efficiency of actions since al-

Ñòåðåîòèïû ãíåçäî-
âàíèÿ ìîãèëüíèêà: íà 
áåð¸çå – äåðåâî ðàñò¸ò 
â íèæíåé ÷àñòè ñêëîíà, 
ãíåçäî óñòðîåíî â 
ðàçâèëêå ñòâîëà â 
ñåðåäèíå èëè âåðõíåé 
òðåòè êðîíû (ââåðõó), 
íà ñîñíå – äåðåâî 
ðàñò¸ò â âåðõíåé ÷àñòè 
ñêëîíà èëè íà âåðøèíå 
âîçâûøåííîñòè, ãíåçäî 
óñòðîåíî íà âåðøèíå 
äåðåâà (â ñåðåäèíå); íà 
òîïîëå – äåðåâî ðàñò¸ò 
â ïîíèæåíèè ðåëüå-
ôà, ñðåäè îòêðûòîãî 
ëàíäøàôòà, â óäàëåíèè 
îò êðóïíûõ ëåñíûõ 
ìàññèâîâ, ãíåçäî 
óñòðîåíî â ðàçâèëêå 
ñòâîëà â ñåðåäèíå èëè 
âåðõíåé òðåòè êðîíû. 
Âàðèàíòû ðàñïîëîæå-
íèÿ ãí¸çä ìîãèëüíèêà: 
ââåðõó – íà äóáå, 
áåð¸çå è ñîñíå â ñî-
îòâåòñòâèè ñî ñòåðåî-
òèïîì ãíåçäîâàíèÿ íà 
áåð¸çå; â öåíòðå – íà 
áåð¸çå, ñîñíå è äóáå 
â ñîîòâåòñòâèè ñî ñòå-
ðåîòèïîì ãíåçäîâàíèÿ 
íà ñîñíå; âíèçó – íà 
îëüõå, òîïîëå è îïîðå 
ËÝÏ â ñîîòâåòñòâèè ñî 
ñòåðåîòèïîì ãíåçäîâà-
íèÿ íà òîïîëå. 
Ôîòî È. Êàðÿêèíà.

Patterns of the Imperial 
Eagle nesting: birch-
type – tree was in the 
bottom part of slope, 
nest was placed on 
the fork of trunk in the 
mid-crone or in the 
its upper part (upper), 
pine-type – tree was in 
the upper part of slope 
or on the top of upland, 
nests was placed on 
the top of tree (center); 
poplar-type – tree was 
in lowlands surrounded 
open landscapes far 
from large forests, 
nests was placed in 
the fork of trunk in 
the mid-crone or in its 
upper part. Different 
nests locations for the 
Imperial Eagle: upper 
– on oak, birch and 
pine according with 
the birch-type nesting; 
center – on birch, pine 
and oak according with 
the pine-type nesting; 
bottom – on alden, 
poplar and electric pole 
according with the 
poplar-type nesting. 
Photos by I. Karyakin.
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Ãëàâíûé âîïðîñ – íàñêîëüêî äîñòîâåðíà 
ñõåìà èç 222-õ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ ìîãèëüíèêà, ïîñòðîåííàÿ íàìè 
ïî 15 ãí¸çäàì (6,76% èçâåñòíûõ ãí¸çä îò 
ïðîåêòèðóåìîé ÷èñëåííîñòè âèäà íà êëþ-
÷åâîé òåððèòîðèè)? Èìåííî àíàëèçîì å¸ 
äîñòîâåðíîñòè ìû ñåé÷àñ è çàéì¸ìñÿ.

Íåëüçÿ ñêàçàòü, ÷òî âñÿ ýòà òåððèòîðèÿ 
â íàñòîÿùåå âðåìÿ ïîëíîñòüþ èçó÷åíà, 
îäíàêî îíà åæåãîäíî, äî 2010 ã. âêëþ-
÷èòåëüíî, ïîñåùàåòñÿ ðàçíûìè îðíèòî-
ëîãàìè è ëþáèòåëÿìè ïòèö è áàçà äàííûõ 
ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ åæåãîä-
íî ïîïîëíÿåòñÿ. Ê íàñòîÿùåìó âðåìåíè 
óäàëîñü ïîñåòèòü 119 ïîòåíöèàëüíûõ ãíåç-
äîâûõ ó÷àñòêîâ, ÷òî ñîñòàâëÿåò 53,6% îò 
îáùåãî ÷èñëà ñïðîåêòèðîâàííûõ â ñõåìå 
(òàáë. 5, ðèñ. 6). 

Ïîñåùåíèå ó÷àñòêîâ ïîêàçàëî, ÷òî â öå-
ëîì ñõåìà ÿâëÿåòñÿ ðàáî÷åé. Ãíåçäîâàíèå 
ìîãèëüíèêà óñòàíîâëåíî íà 102-õ ó÷àñò-
êàõ, ÷òî ñîñòàâëÿåò 85,71% îò ÷èñëà ïðî-
âåðåííûõ. Ïðè ýòîì, ïðè ïðîâåðêå 119 
ïîòåíöèàëüíûõ ó÷àñòêîâ áûëî âûÿâëåíî 
120 ðåàëüíûõ ãíåçäîâûõ ó÷àñòêîâ (ðèñ. 7). 
Çà ïðåäåëàìè ïîòåíöèàëüíûõ ó÷àñòêîâ îá-
íàðóæåíî 8 ãí¸çä ìîãèëüíèêîâ, ïðè÷¸ì 

lows to install nests exactly in the centers 
of potential breeding territories with a high 
share of probability of their occupancy.

Conclusions
Two examples described above and real-

ized in quite real territories with quite cer-
tain species have illustrated the method 
of building “the model of distribution of 
potential breeding territories” and its suc-
cessfulness. The efficiency of this method is 
connected with the fact that predicting the 
raptor’s breeding territory distribution we 
base on two important biological features. 
The first – distribution of raptors is defined 
by the nesting and hunting habitats. The 
second – raptors in their distribution try to 
occupy all area comfortable for a life with 
the distances between nearest neighbors al-
lowing them to hunt productively and avoid 
conflicts with each other. If there is only 
nesting habitat without any hunting habitat, 
the raptor will not inhabit such territory. If 
there is only hunting habitat, and the nest-
ing habitat is absent, we can project several 
variants of raptor presence, but in any cases 
this phenomenon can have a casual charac-

Ñòåðåîòèï ãíåçäîâàíèÿ
Nesting habit

Âñåãî 
Total

Ñîñíîâûé
 Pine type

Áåð¸çîâûé
 Birch type

Òîïîë¸âûé
 Poplar type

Âñåãî ïîòåíöèàëüíûõ ó÷àñòêîâ / Total number of potential areas 130 67 25 222

Îáñëåäîâàíî ïîòåíöèàëüíûõ ó÷àñòêîâ 
Number of surveyed potential areas 77 32 10 119

Îáíàðóæåíî ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ 
Number of discovered breeding territories of the Imperial Eagle 78 31 11 120

Ïîòåíöèàëüíûå ó÷àñòêè, íà êîòîðûõ îáíàðóæåíû ãíåçäîâûå 
ó÷àñòêè ìîãèëüíèêîâ / Number of potential areas which the 
Imperial Eagle’s breeding territory were found in. 69 25 8 102

Îáíàðóæåíî ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ â ïðåäåëàõ 
ïîòåíöèàëüíûõ ó÷àñòêîâ / Number of the Imperial Eagle’s breeding 
territories within the potential areas 74 28 10 112

Êîëè÷åñòâî ïîòåíöèàëüíûõ ó÷àñòêîâ, â êîòîðûõ ïîïàëî ïî 1 
ðåàëüíîìó ãíåçäîâîìó ó÷àñòêó ìîãèëüíèêîâ / Number of potential 
areas including 1 real breeding territory of the Imperial Eagle 65 22 7 94

Êîëè÷åñòâî ïîòåíöèàëüíûõ ó÷àñòêîâ, â êîòîðûõ ïîïàëî ïî 2 
ðåàëüíûõ ãíåçäîâûõ ó÷àñòêà ìîãèëüíèêîâ / Number of potential 
areas including 2 real breeding territories of the Imperial Eagle 3 3 6

Êîëè÷åñòâî ïîòåíöèàëüíûõ ó÷àñòêîâ, â êîòîðûõ ïîïàëî ïî 3 
ðåàëüíûõ ãíåçäîâûõ ó÷àñòêà ìîãèëüíèêîâ / Number of potential 
areas including 3 real breeding territories of the Imperial Eagle 1 1 2

Îáíàðóæåíî ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ çà ïðåäåëàìè 
ïîòåíöèàëüíûõ ó÷àñòêîâ / Number of the Imperial Eagle’s breeding 
territories discovered out of the potential areas 4 3 1 8

Òàáë. 5. Ðåçóëüòàòû ïðîâåðêè ñõåìû ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêà.

Table 5. Results of checking the model of the Imperial Eagle’s potential breeding territory distribution.
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ðîâíî ïîëîâèíà èç íèõ íàõîäèòñÿ â íå-
ïîñðåäñòâåííî áëèçîñòè îò ãðàíèö ïîòåí-
öèàëüíûõ ó÷àñòêîâ (3 – â áóôåðíîé çîíå 
øèðèíîé 500 ì, 1 – íà óäàëåíèè 1,5 êì 
îò êðàÿ ïîòåíöèàëüíîãî ó÷àñòêà), à äðóãèå 
4 íàéäåíû â íåòèïè÷íûõ ãíåçäîâûõ áèî-
òîïàõ (ëèáî íà áîëüøîì ðàññòîÿíèè îò 
îïóøêè âíóòðè òåððàñíîãî áîðà, ëèáî â 
ëèñòâåííûõ ëåñàõ âíóòðè ãðóïïèðîâîê ñî 
ñòåðåîòèïîì ãíåçäîâàíèÿ íà ñîñíàõ). Íà 
8-ìè ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêàõ 
ðàçìåñòèëîñü ïî 2–3 ðåàëüíûõ ãíåçäîâûõ 

Ðèñ. 6. Ðåçóëüòàòû ïðîâåðêè ñõåìû ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ ìîãèëüíèêà.

Fig. 6. Results of checking the model of the Imperial Eagle’s potential breeding 
territory distribution.

Ðèñ. 7. Ðàçìåùåíèå ðåàëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ îòíîñèòåëüíî 
ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ.

Fig. 7. Distribution of real breeding territories of the Imperial Eagle regarding with 
potential breeding territories.

ter. Equal distribution in the same landscape 
can be distorted owing to influence of the 
several negative factors causing bird deaths 
that is basically discovered during field sur-
veys and impact on methods of forecasting 
of territory distribution.

Thus in the most cases raptors are distrib-
uted under the relation to each other and 
to elements of a landscape as usual geo-
metrical objects under the relation to each 
other and to other geometrical objects. 
Accordingly to predict the breeding terri-
tory distribution and/or to define a number 
of raptors for any territory it is necessary to 
input breeding territories and the key ele-
ments of a landscape equal to the nesting 
and hunting habitats of raptors into GIS-
software as simple geometrical objects. 
Then another important factor in the model 
creating is the nearest neighbor distance. 
The landscape does not ideal to provide 
the ideal equal distribution of raptor breed-
ing territories in it. Depending on quality 
of environment, predators will separate 
from each other, avoiding poor habitats for 
hunting and nesting, or on the contrary will 
be located closer to each other competing 
for the most productive habitats, however 
these “displacement” will be determined 
by a certain limiting range which depends 
on the environment capacity and ability of 
raptors to search each other and to form 
pairs successfully. Hence, the distance be-
tween territories cannot be less or more 
than the certain values. If we can present 
the border between the nesting and hunt-
ing habitats as a line the model construct-
ing will meet the reality as much as pos-
sible. Distributing the breeding territories 
along this line and basing on a certain 
value of nearest neighbor distance we can 
predict the distribution and number of ter-
ritories with the minimal error because the 
displacement of territories are limited both 
the line and the next sites. 
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ó÷àñòêà, ïðè÷¸ì, ëèøü â 2-õ ñëó÷àÿõ ïðè-
÷èíîé ÿâëÿåòñÿ íåïðàâèëüíîå îòíåñåíèå 
äàííûõ òåððèòîðèé â ãðóïïó ìåñòîîáèòà-
íèé ñ èíûì ñòåðåîòèïîì ãíåçäîâàíèÿ ìî-
ãèëüíèêà, à â îñòàëüíûõ ñëó÷àÿõ ðå÷ü èä¸ò 
î ïðåâûøåíèè îïòèìàëüíîé ïëîòíîñòè â 
ñâÿçè ñ õîðîøèìè êîðìîâûìè è/èëè ãíåç-
äîâûìè óñëîâèÿìè.

Òàêèì îáðàçîì, ðàçìåùåíèå ðåàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêîâ îòêëî-
íèëîñü îò ñõåìû íà 14,29%, íî ïðè ýòîì 
÷èñëåííîñòü ìîãèëüíèêà íà ãíåçäîâàíèè 
íà îáñëåäîâàííûõ òåððèòîðèÿõ ïðåâûñè-
ëà ðàñ÷¸òíóþ âñåãî íà 0,84%.

Ïðîâåðêà ñõåìû ïîòåíöèàëüíûõ ãíåç-
äîâûõ ó÷àñòêîâ ìîãèëüíèêîâ ïîêàçàëà, 
÷òî ïðè íåêîòîðûõ èìåþùèõñÿ èçúÿíàõ 
ðàçäåëüíîãðóïïîâîå ìîäåëèðîâàíèå ïî 
ñòåðåîòèïàì ãíåçäîâàíèÿ ïîçâîëÿåò ñ 
áîëåå ÷åì 80% òî÷íîñòüþ îïðåäåëÿòü 
ìåñòîïîëîæåíèå ãíåçäîâûõ ó÷àñòêîâ 
ìîãèëüíèêà â ïðîñòðàíñòâå, îñíîâûâàÿñü 
íà íåáîëüøîì êîëè÷åñòâå àíàëèçèðóå-
ìûõ ãí¸çä (5–10% èçâåñòíûõ ãíåçäîâûõ 

ó÷àñòêîâ îò èõ ïðîåêòèðóåìîãî êîëè÷å-
ñòâà). Îöåíêó ÷èñëåííîñòè â 222 ãíåç-
äîâûõ ó÷àñòêà äëÿ êëþ÷åâîé òåððèòîðèè 
ïëîùàäüþ 31244,9 êì2 ìîæíî ñ÷èòàòü 
äîñòîâåðíîé, ïðè óñòàíîâëåííîé îøèá-
êå ìåíåå 1%. Ñðàâíåíèå ñ îöåíêàìè, ïî-
ëó÷åííûìè èíûìè ìåòîäàìè (ñì. òàáë. 6), 
ïîêàçûâàåò áîëüøîå ïðåèìóùåñòâî âû-
øåîïèñàííîãî ìåòîäà. 

Äëÿ òèïè÷íîãî ëàíäøàôòà, âêëþ÷àþùåãî 
â ñåáÿ íàèáîëåå õàðàêòåðíûå ãíåçäîâûå è 
îõîòíè÷üè áèîòîïû ìîãèëüíèêà, ìèíèìàëü-
íûì ïîðîãîì, ïðè êîòîðîì öåëåñîîáðàçíî 
èñïîëüçîâàòü ñõåìó ïîñòðîåíèÿ ïîòåíöè-
àëüíûõ ó÷àñòêîâ, áóäåò 3 ñîñåäíèõ ãíåçäî-
âûõ ó÷àñòêà, åñëè ñõåìà ñòðîèòñÿ âîêðóã 
íèõ äëÿ ïëîùàäè íå áîëåå 10 òûñ. êì2, ëèáî 
6 ãíåçäîâûõ ó÷àñòêîâ â äâóõ ãðóïïàõ, ïî 3 
ó÷àñòêà â êàæäîé, óäàë¸ííûõ äðóã îò äðóãà 
íà ðàññòîÿíèå íå áîëåå 200 êì, åñëè ñõåìà 
ñòðîèòñÿ ìåæäó ãðóïïàìè äëÿ ïëîùàäè íå 
áîëåå 10 òûñ. êì2. Ñëåäóåò ó÷èòûâàòü, ÷òî 
÷åì ìåíüøå êîëè÷åñòâî ìîäåëüíûõ ãíåç-
äîâûõ ó÷àñòêîâ, òåì áîëüøå êîíå÷íàÿ ïî-

Ìåòîä / Method
Îöåíêà ÷èñëåííîñòè (ïàðû) 

Estimated number (pairs)

Ïåðåñ÷¸ò ïëîòíîñòè íà ïëîùàäêàõ íà îáùóþ ïëîùàäü êëþ÷åâîé òåððèòîðèè 
Computing the density calculated on the study plots for a total area of the key territory 363 (168–784)

Ïåðåñ÷¸ò ïëîòíîñòè, ïîëó÷åííîé ïî ìåòîäó ìàðøðóòíîãî ó÷¸òà, íà ïëîùàäü 
ïðèîïóøå÷íîé çîíû íà êëþ÷åâîé òåððèòîðèè* 
Computing the density calculated at the transect counts for the area of open space along 
the margin of the woods within the key territory* 238 (181–295)

Ïåðåñ÷¸ò ïëîòíîñòè íà ãíåçäîïðèãîäíîé ïëîùàäè íà ïëîùàäêå íà ãíåçäîïðèãîäíóþ 
ïëîùàäü íà êëþ÷åâîé òåððèòîðèè 
Computing the density calculated at the area of breeding habitats in a study plot for the 
total area of breeding habitats in the key territory 240 (162–318)

Ðàçäåëüíîãðóïïîâîé ïåðåñ÷¸ò ïëîòíîñòè íà ãíåçäîïðèãîäíîé ïëîùàäè íà ïëîùàäêå íà 
ãíåçäîïðèãîäíóþ ïëîùàäü íà êëþ÷åâîé òåððèòîðèè** 
Computing the density calculated at the area of breeding habitats in a study plot for dif-
ferent habitats for the total area of breeding habitats in the key territory** 198 (141–255)

Îöåíêà ÷èñëåííîñòè ïóò¸ì ïîñòðîåíèÿ ñõåìû ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ 
Estimated number calculated by means of generating the model of potential breeding 
territories 222

* Ïëîùàäü ïðèîïóøå÷íîé çîíû ëåñîâ îïðåäåëÿëàñü ïóò¸ì ïîñòðîåíèÿ áóôåðà âäîëü âíåøíåãî êðàÿ ïîëèãîíîâ òåìàòè÷åñêîé 
êàðòû ëåñîâ (øèðèíà áóôåðà â äàííîì ïðèìåðå ñîîòâåòñòâóåò øèðèíå ó÷¸òíîé ïîëîñû).
* The area of open space along the margin of the woods was calculated by means of creating the buffer along the out borders 
of polygons at the thematic map of woods (width of the buffer in the example corresponds to width of a transect).
** Â äàííîì ïðèìåðå ó÷¸òíàÿ ïëîùàäü â ñîîòâåòñòâèè ñî ñòåðåîòèïàìè ãíåçäîâàíèÿ ìîãèëüíèêà ïîäåëåíà íà òðè ÷àñòè è 
ïîêàçàòåëè ïëîòíîñòè, ïîëó÷åííûå â êàæäîé å¸ ÷àñòè, ýêñòðàïîëèðîâàëèñü íà òåððèòîðèè, òàêæå âûäåëåííûå ïî ñòåðåîòèïó 
ãíåçäîâàíèÿ ìîãèëüíèêà (ñì. ìåòîäèêó âûäåëåíèÿ ãíåçäîâûõ ãðóïïèðîâîê â îïèñàíèè ñõåìû ïîñòðîåíèÿ ãíåçäîâûõ 
ó÷àñòêîâ). 
** In this case according with nesting habits of the Imperial Eagle the study plot was divided into three parts and densities 
calculated for every part, were extrapolated on the territories that had been also determined following the nesting habits of 
the Imperial Eagle (see the methods of generating the map of breeding groups in the description of generating the model of 
breeding territories.

Òàáë. 6. Ðåçóëüòàòû ïðîâåðêè ñõåìû ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ ìîãèëüíèêà.

Table 6. Results of checking the model of the Imperial Eagle’s potential breeding territory distribution.
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ãðåøíîñòü ïîñòðîåíèÿ «ñõåìû» è ðàñ÷¸òà 
÷èñëåííîñòè. 

Îáñóæäåíèå íåêîòîðûõ ïîáî÷íûõ 
ðåçóëüòàòîâ ðàáîòû

Â çàêëþ÷åíèè õîòåëîñü áû âåðíóòüñÿ 
ê äèñêðèìèíàòíîìó àíàëèçó, íî óæå ïî-
âòîðèâ åãî ñ òåì èìåþùèìñÿ ìàòåðèàëîì, 
êîòîðûé íàðàáîòàí ê 2010 ã., ò.å., ïðîàíà-

ëèçèðîâàòü äàííûå ïî âñåì 120 ãí¸çäàì, 
èçâåñòíûì íà êëþ÷åâîé òåððèòîðèè è ñäå-
ëàòü ðÿä âûâîäîâ î ãíåçäîâûõ ãðóïïèðîâêàõ 
ìîãèëüíèêà â ðàññìàòðèâàåìîì ðåãèîíå. 

Íà êëþ÷åâîé òåððèòîðèè äîìèíèðóåò 
ñòåðåîòèï ãíåçäîâàíèÿ ìîãèëüíèêà íà ñî-
ñíàõ – 65,0% îò îáùåãî êîëè÷åñòâà èçâåñò-
íûõ ãí¸çä, ïðè ýòîì, ñîáñòâåííî íà ñîñíàõ 
ðàñïîëàãàåòñÿ 51,67% ãí¸çä, îñòàëüíûå, 
ñîîòâåòñòâóþùèå äàííîìó ñòåðåîòèïó, – 
íà äóáàõ è áåð¸çàõ (òàáë. 7). Âòîðóþ ïî-
çèöèþ çàíèìàåò ñòåðåîòèï ãíåçäîâàíèÿ íà 
áåð¸çàõ – 25,83% îò îáùåãî êîëè÷åñòâà 
èçâåñòíûõ ãí¸çä, ïðè ýòîì, ñîáñòâåííî íà 
áåð¸çàõ ðàñïîëàãàåòñÿ 26,67% ãí¸çä. Íà 
äóáàõ óñòðàèâàåò ãí¸çäà 11,67% ïàð ìî-
ãèëüíèêîâ íà êëþ÷åâîé òåððèòîðèè è â 
îñíîâíîì äóá ÿâëÿåòñÿ íåêèì çàìåíèòåëåì 
ñîñíû, òàê êàê ïî ëàíäøàôòíîé ïðèóðî-
÷åííîñòè ãíåçäîâûõ äåðåâüåâ è õàðàêòåðó 
óñòðîéñòâà ãí¸çä â êðîíå îñíîâíàÿ ìàññà 
ïîñòðîåê íà äóáàõ ñîîòâåòñòâóåò «ñîñíî-
âîìó» ñòåðåîòèïó. «Òîïîë¸âûé» ñòåðåîòèï 

Ñòåðåîòèï 
ãíåçäîâàíèÿ 
Nesting habit

Ãíåçäîâîå äåðåâî / Nesting tree

Âñåãî 
Total

Ñîñíà 
Pine

Äóá 
Oak

Áåð¸çà 
Birch

Âÿç 
Elm

Îëüõà 
Alder

Òîïîëü 
Poplar

Ñîñíîâûé 
Pine-type 62 11 5 78

Áåð¸çîâûé 
Birch-type 3 27 1 31

Òîïîë¸âûé 
Poplar-type 1 3 7 11

Âñåãî / Total 62 14 32 2 3 7 120

Òàáë. 7. Ãíåçäîâûå äåðåâüÿ ìîãèëüíèêà íà êëþ÷åâîé òåððèòîðèè.

Table 7. The Imperial Eagle’s nesting trees within the key territory.

Òàáë. 8. Èòîãîâàÿ òàáëèöà äèñêðèìèíàíòíîãî àíàëèçà ïàðàìåòðîâ ðàçìåùåíèÿ ãí¸çä ìîãèëüíèêà íà êëþ÷åâîé òåððèòîðèè (æèðíûì ïî-
ìå÷åíû ïàðàìåòðû, âêëþ÷¸ííûå â ìîäåëü, êóðñèâîì – íå âêëþ÷¸ííûå â ìîäåëü).

Table 8. Final table of discriminant analysis parameters of the Imperial Eagle’s nest distribution in the key territory (bold font marks parameters 
included in the model ,italic – not included in the model).

Ïàðàìåòðû ðàñïðåäåëåíèÿ ãí¸çä 
Parameters of nest distribution

Wilks’ 
Lambda

Partial 
Lambda

F-remove 
(2.11) p-level Toler.

1-Toler.
 (R-Sqr.)

Äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà (êì) 
Distance to the nearest settlement (km) 0.36 0.62 35.03 0.0000 1.00 0.0005

Ïåðåïàä âûñîò (êì/êì) 
Maximum height difference measured in DEM for 1 km 
line across steepest gradient (km/km) 0.40 0.56 44.68 0.0000 0.86 0.14

Ïëîùàäü ëåñà (êì2) / Area of forest (km2) 0.31 0.73 21.56 0.0000 0.86 0.14

Äèñòàíöèÿ äî îïóøêè (êì) 
Distance to the nearest open space (km) 0.22 1.00 0.10 0.90 0.76 0.24

Äèñòàíöèÿ äî ïàñòáèùà (êì) 
Distance to the nearest pasture (km) 0.22 1.00 0.10 0.90 0.76 0.24

Äèñòàíöèÿ äî ôåðìû (êì) / Distance to a livestock farm (km) 0.22 0.99 0.83 0.44 0.98 0.02

Òàáë. 9. Ôóíêöèè êëàññèôèêàöèè ïàðàìåòðîâ ðàçìåùåíèÿ ãí¸çä ìîãèëüíèêà íà êëþ÷åâîé òåððèòîðèè ïî äàííûì äèñêðèìèíàíòíîãî 
àíàëèçà.

Table 9. Classification functions of parameters of the Imperial Eagle’s nest distribution in the key territory according with data of Discriminant 
analysis.

Ïàðàìåòðû ðàñïðåäåëåíèÿ ãí¸çä 
Parameters of nest distribution

Ãíåçäîâîå äåðåâî / Nesting tree

Ñîñíà / Pine 
p=0.65

Áåð¸çà / Birch 
p=0.26

Òîïîëü / Poplar 
p=0.09

Äèñòàíöèÿ äî íàñåë¸ííîãî ïóíêòà (êì) 
Distance to nearest settlement (km) 0.68545 2.0895 2.29034

Ïåðåïàä âûñîò (êì/êì) / Maximum height difference measured in 
DEM for 1 km line across steepest gradient (km/km) 50.56768 189.0970 10.78322

Ïëîùàäü ëåñà (êì2) / Area of forest (km2) 0.00575 -0.0053 0.00011

Constant -2.32230 -10.3418 -7.88053
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íà êëþ÷åâîé òåððèòîðèè ÿâëÿåòñÿ ðåäêèì 
– 9,17%, ïðè òîì, ÷òî ñîáñòâåííî íà òî-
ïîëÿõ ðàñïîëàãàåòñÿ 5,83% ãí¸çä. Â ïîé-
ìàõ ìàëûõ ðåê íåêèì çàìåíèòåëåì òîïîëÿ 
ÿâëÿåòñÿ îëüõà, íà êîòîðîé îáíàðóæåíî 
2,5% ïîñòðîåê ìîãèëüíèêîâ. 

Ðåçóëüòàò äèñêðèìèíàíòíîãî àíàëèçà ïî 
120 ãí¸çäàì ñ âêëþ÷åíèåì â ìîäåëü òàêèõ 
ïàðàìåòðîâ, êàê äèñòàíöèÿ äî íàñåë¸ííî-
ãî ïóíêòà, ïåðåïàä âûñîò è ïëîùàäü ëåñà 
(òàáë. 8, 9, ðèñ. 8), â ñðàâíåíèè ñ òåì, ÷òî 
ïîëó÷åí ïî 15 ãí¸çäàì (òàáë. 3, 4, ðèñ. 4), 
óêàçûâàåò íà áîëüøóþ áëèçîñòü ïàðàìå-
òðîâ ðàçìåùåíèÿ íåêîòîðûõ ãí¸çä ìîãèëü-
íèêà â ðàçíûõ ãíåçäîâûõ ãðóïïèðîâêàõ. 
Òåì íå ìåíåå, ðàçäåëåíèå íà ãðóïïèðîâêè 
î÷åâèäíî è õîðîøî ïðîñëåæèâàåòñÿ íà 
äèàãðàììå ðàññåÿíèÿ êàíîíè÷åñêèõ çíà-
÷åíèé (ðèñ. 8). Â çîíå áëèçêèõ çíà÷åíèé 
ëåæàò äàííûå ïî ãí¸çäàì, êîòîðûå ðåàëü-
íî íà ìåñòíîñòè íàõîäÿòñÿ â ïîãðàíè÷íîé 
çîíå ìåæäó ãíåçäîâûìè ãðóïïèðîâêàìè. 
Àíàëèç êàðòû ïîêàçûâàåò, ÷òî ïî ìåðå 
ñíèæåíèÿ ëåñèñòîñòè òåððèòîðèè è çà-
ìåíû õâîéíûõ ïîðîä íà ëèñòâåííûå ïðî-
èñõîäèò ïåðåõîä ìîãèëüíèêà ñ ñîñíû íà 
áåð¸çó è äàëåå – íà òîïîëü â ñîâåðøåí-
íî áåçëåñíûõ è ðîâíûõ ìåñòîîáèòàíè-
ÿõ, ïðè÷¸ì ïëîòíîñòü ãíåçäîâàíèÿ òàêæå 
ñíèæàåòñÿ (îíà ìàêñèìàëüíà â ñîñíîâûõ 
ãíåçäîâûõ ãðóïïèðîâêàõ, ñðåäíÿÿ – â áå-
ð¸çîâûõ è ìèíèìàëüíàÿ – â òîïîë¸âûõ). Â 
ðåãèîíàëüíîì ìàñøòàáå õîðîøî çàìåòíî, 

÷òî «áåð¸çîâûå» ãíåçäîâûå ãðóïïèðîâêè 
ôîðìèðóþòñÿ âîêðóã «ñîñíîâûõ», à òî-
ïîë¸âûå ëåæàò íà ñàìîé ïåðèôåðèè, ïî 
ñóòè – íà ãðàíèöå îïòèìàëüíûõ è ñóáîï-
òèìàëüíûõ ìåñòîîáèòàíèé ìîãèëüíèêà. Â 
ýòîé ñâÿçè õî÷åòñÿ îòìåòèòü, ÷òî ñòåðåî-
òèï ãíåçäîâàíèÿ íà òîïîëÿõ â ïîíèæåííûõ 
ýëåìåíòàõ ðåëüåôà âðÿä ëè èìååò êàêîå-
òî îòíîøåíèå ê ïòèöàì ÷óæäûõ ïîïóëÿöèé, 
íàïðèìåð ïðèêàñïèéñêîé, êàê ýòî ïðåäïî-
ëàãàëè Â.Ï. Áåëèê è Â.Ì. Ãàëóøèí (1999). 
Ñêîðåå âñåãî, ýòî ñòåðåîòèï ñòîêîâûõ ìå-
ñòîîáèòàíèé åäèíîé Âîëãî-Óðàëüñêîé ïî-
ïóëÿöèè, íàñåëÿþùåé ëåñîñòåïü îò Âîëãè 
äî Óðàëà, ÿäðàìè êîòîðîé ÿâëÿþòñÿ «ñî-
ñíîâûå» ãíåçäîâûå ãðóïïèðîâêè. Çà áîëåå 
÷åì 10-ëåòíèé ïåðèîä èìåííî íà ó÷àñòêàõ 
ñî ñòåðåîòèïîì ãíåçäîâàíèÿ îðëîâ íà òî-
ïîëÿõ ïàðû äîñòàòî÷íî ñèíõðîííî ïðîïà-
äàëè è ïîÿâëÿëèñü, ïðè÷èíîé ÷åìó ñëóæè-
ëà, âèäèìî, êîðìîâàÿ ñèòóàöèÿ â ðåãèîíå 
â öåëîì (Êàðÿêèí, 2007).

Ïðèìåð âòîðîé, èëè 
Öèôðû â ÃÈÑ ÿ çàíåñó, 

÷òîá íàéòè áåðêóòà â ëåñó!

Ââåäåíèå
Ïðèìåð îòðàáîòêè ìåòîäèêè ðåàëèçîâàí 

íà òåððèòîðèè Íèæåãîðîäñêîãî Çàâîëæüÿ 
â ïðåäåëàõ Íèæåãîðîäñêîé îáëàñòè íà 
ãðàíèöå ñ Ðåñïóáëèêîé Ìàðèé Ýë. 

Â äàííîì ñëó÷àå âûáîð ïàë íà áåðêóòà 
(Aquila chrysaetos), êàê íà õèùíèêà, èìåþ-
ùåãî ñàìûå êðóïíûå ãíåçäîâûå ó÷àñòêè è 
íàñåëÿþùåãî íàèìåíåå îñâîåííûå òåððè-
òîðèè, ÷òî â óñëîâèÿõ ëåñî-áîëîòíûõ ëàíä-
øàôòîâ Íèæåãîðîäñêîãî Çàâîëæüÿ ñîçäà¸ò 
îãðîìíûå òðóäíîñòè äëÿ ïðîäóêòèâíîãî åãî 
âûÿâëåíèÿ. Áåðêóò âêëþ÷¸í â Êðàñíóþ êíè-
ãó Ðîññèè (Ãàëóøèí, 2001à) è Êðàñíóþ êíè-

Ðèñ. 8. Äèàãðàììà ðàññåÿíèÿ êàíîíè÷åñêèõ çíà÷åíèé ïàðàìåòðîâ ðàçìåùåíèÿ 
ãí¸çä ìîãèëüíèêà íà êëþ÷åâîé òåððèòîðèè.

Fig. 8. Scatterplot of canonical scores of parameters of the Imperial Eagle’s nest 
distribution in the key territory.

Áåðêóò (Aquila chrysaetos).
 Ôîòî È. Êàðÿêèíà.

Golden Eagle (Aquila chrysaetos).
 Photo by I. Karyakin.
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ãó Íèæåãîðîäñêîé îáëàñòè (Áàêêà, 2003) è 
ÿâëÿåòñÿ ïðèîðèòåòíûì âèäîì â îáëàñòíîé 
ïðîãðàììå ìåðîïðèÿòèé ïî âîññòàíîâëå-
íèþ ÷èñëåííîñòè ïóò¸ì ñîçäàíèÿ ñèñòå-
ìû èñêóññòâåííûõ ãíåçäîâèé (Áàêêà è äð., 
1999; 2001; 2003; 2010; Áàêêà, Íîâèêîâà, 
2005, 2006; Íîâèêîâà, 2003). 

Ê êîíöó 90-õ ãã. â Íèæåãîðîäñêîé îá-
ëàñòè ïðåäïîëàãàëîñü ãíåçäîâàíèå 3–5 
ïàð áåðêóòîâ (Áàêêà, Áàêêà, 1997), èç 
íèõ 1–2 ïàðû – íà Êàìñêî-Áàêàëäèíñêèõ 
áîëîòàõ. Â 1998–2000 ãã. â îáëàñòè ñòàëà 
ðåàëèçîâûâàòüñÿ ïðîãðàììà ïî óñòàíîâ-
êå ãíåçäîâûõ ïëàòôîðì äëÿ ðåäêèõ âèäîâ 
õèùíûõ ïòèö, â òîì ÷èñëå è äëÿ áåðêóòà. 
Óæå â 1999 ã. îäíó èç ïëàòôîðì áåðêó-
òû ñòàëè èñïîëüçîâàòü êàê ïðèñàäó, à â 

2000 ã. ïîñòðîèëè ãíåçäî è ïîïûòàëèñü 
ãíåçäèòüñÿ (Áàêêà è äð., 2001). Ïîÿâëåíèå 
ýòîãî ãíåçäîâîãî ó÷àñòêà áåðêóòà â ãðóï-
ïå Êàìñêî-Áàêàëäèíñêèõ áîëîò ïîçâîëèëî 
ïîäîéòè ê ïëàíèðîâàíèþ ìåðîïðèÿòèé ïî 
âîññòàíîâëåíèþ ÷èñëåííîñòè ýòîãî âèäà 
íà îñíîâå ÃÈÑ-òåõíîëîãèé.

Ôîðìóëèðîâêà çàäà÷è
Ïîñòðîåíèå ìîäåëè ðàñïðåäåëåíèÿ 

ãíåçäîâûõ ó÷àñòêîâ áåðêóòà íà òåððèòîðèè 
áèîñôåðíîãî ðåçåðâàòà «Íèæåãîðîäñêîå 
Çàâîëæüå» äëÿ íàèáîëåå ïðîäóêòèâíîé ðå-
àëèçàöèè ìåðîïðèÿòèé, íàïðàâëåííûõ íà 
ïðèâëå÷åíèå ýòîãî âèäà íà èñêóññòâåííûå 
ãíåçäîâüÿ.

Ïîëåâûå èññëåäîâàíèÿ
Óïîìÿíóòûé âûøå ãíåçäîâîé ó÷àñòîê 

íà ïëàòôîðìå (ðèñ. 9) ñôîðìèðîâàëñÿ 
â ëåñîáîëîòíîì ëàíäøàôòå, òèïè÷íîì 
äëÿ äàííîãî âèäà â óñëîâèÿõ âîñòî÷íî-
åâðîïåéñêîé òàéãè. Ïî äàííûì ðàçíûõ 
èññëåäîâàòåëåé áûëè èçâåñòíû âñòðå÷è 
ïòèö è â äðóãèõ ðàéîíàõ ãðóïïû áîëîò, 
÷òî ïðåäïîëàãàëî íàëè÷èå è äðóãèõ ïàð, à 
ñëåäîâàòåëüíî, èìåþùóþñÿ íà òåððèòîðèè 
ãíåçäîâóþ ãðóïïèðîâêó ñî ñâîåé óíèêàëü-
íîé ñõåìîé ðàçìåùåíèÿ ãíåçäîâûõ ó÷àñò-
êîâ. Íà ýòîì, ïîæàëóé, âñå ìàòåðèàëû ïî-
ëåâûõ èññëåäîâàíèé è çàêàí÷èâàþòñÿ. Â 
àêòèâå åñòü æèëîå ãíåçäî áåðêóòà è ñëóõè 
î òîì, ÷òî íåñêîëüêî áåðêóòîâ îáèòàåò â 
îêðåñòíûõ áîëîòàõ.

Êàìåðàëüíàÿ îáðàáîòêà äàííûõ
Â äàííîì ñëó÷àå íå âñ¸ òàê î÷åâèäíî, êàê 

â ñëó÷àå ñ ìîãèëüíèêîì, è ïðåäñòîèò ïðàê-
òè÷åñêè «òêíóòü ïàëüöåì â íåáî», ïîñòðîèâ 
ñõåìó ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ 
áåðêóòîâ. Îñëîæíÿåòñÿ çàäà÷à åù¸ è òåì, 
÷òî íåîáõîäèìî íå òîëüêî ïîñòðîèòü ñõå-
ìó ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñòêîâ, íî 
è âûäåëèòü èõ öåíòðû, ãäå ñ ìàêñèìàëüíîé 
äîëåé âåðîÿòíîñòè âîçìîæíî íàõîæäåíèå 
ãíåçäà áåðêóòà. 

Ìû íå çíàåì ïàðàìåòðîâ ðàñïðåäåëåíèÿ 
áåðêóòà íà äàííîé òåððèòîðèè, íî âèäèì 
ïî òîïîãðàôè÷åñêîé êàðòå è êîñìè÷åñêî-
ìó ñíèìêó, ÷òî îíà àíàëîãè÷íà äðóãèì òåð-
ðèòîðèÿì ñ ëåñîáîëîòíûìè ëàíäøàôòàìè, 
ïóñòü è óäàë¸ííûì íà ñîòíè êèëîìåòðîâ. 
Ïàðàìåòðû ïðîñòðàíñòâåííîãî ðàñïðå-
äåëåíèÿ áåðêóòà äîñòàòî÷íî òèïè÷íû äëÿ 
âîñòî÷íîåâðîïåéñêîé ïîïóëÿöèè âèäà, 
â ñâÿçè ñ ÷åì äëÿ ñîçäàíèÿ ñõåìû ðàç-
ìåùåíèÿ ãíåçäîâûõ ó÷àñòêîâ áåðêóòà íà 
Êàìñêî-Áàêàëäèíñêèõ áîëîòàõ èñïîëüçóåì 
ïàðàìåòðû ðàçìåùåíèÿ ïòèö Âåðõíåêàì-

Ðèñ. 9. Ãíåçäîâîé ó÷àñòîê áåðêóòà (Aquila chrysaetos) ¹1 â ãðóïïå Êàìñêî-
Áàêàëäèíñêèõ áîëîò (ââåðõó – íà ìîçàèêå êîñìîñíèìêîâ Landsat ETM+ 2000 ã., 
âíèçó – íà òîïîãðàôè÷åñêîé êàðòå).

Fig. 9. Breeding territory of the Golden Eagle (Aquila chrysaetos) ¹1 in the 
Kamsko-Bakaldinskie wetlands (upper – on satellite images Landsat ETM+ 2000., 
bottom – on a topographic map).
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ñêîé ãíåçäîâîé ãðóïïèðîâêè, âûÿñíåííûå 
â ïðåäûäóùèå ïîëåâûå ñåçîíû.

Ïàðàìåòðû ðàñïðåäåëåíèÿ ãíåçäîâûõ 
ó÷àñòêîâ áåðêóòà:

1. Ðàññòîÿíèå ìåæäó öåíòðàìè ãíåçäî-
âûõ ó÷àñòêîâ – 9,9±1,2 êì.

2. Ðàäèóñ áóôåðà ãíåçäîâîé òåððèòîðèè 
– 6,4±1,1 êì.

3. Äèàìåòð ãíåçäîâîãî ó÷àñòêà – 
5,68±0,98 êì.

4. Ïåðåêðûâàíèå ãíåçäîâîãî ó÷àñòêà ñ 
áóôåðíîé çîíîé ñîñåäíåé ãíåçäîâîé òåð-
ðèòîðèè – 5±0,7%.

5. Ó÷àñòîê âûñîêîñòâîëüíîãî ñîñíîâî-
ãî ëåñà â ïðåäåëàõ ãíåçäîâîãî ó÷àñòêà – 
100% ïðèîðèòåò.

6. Îòêðûòîå âåðõîâîå áîëîòî â ïðåäåëàõ 
ãíåçäîâîãî ó÷àñòêà – 100% ïðèîðèòåò.

7. Îçåðî â ïðåäåëàõ ãíåçäîâîãî ó÷àñòêà 
– 50% äîïóñê.

8. Ñîñíîâûå ïóñòîøè â ïðåäåëàõ ãíåçäî-

Ðèñ. 10. Ôðàãìåíò òåìû áîëîò è ïóñòîøåé â ArcView (ââåðõó) è ãåíåðàëèçîâàí-
íàÿ êàðòà áîëîò, ðàíæèðîâàííàÿ ïî òèïàì áîëîò (âíèçó).

Fig. 10. Fragment of the thematic map of wetlands and wastelands in ArcView 
(upper) and generated map of wetlands ranged on type of wetlands (bottom).

âîãî ó÷àñòêà – 50% äîïóñê.
9. Áóôåðíàÿ çîíà âîêðóã íàñåë¸ííîãî 

ïóíêòà, â êîòîðîé âèä íå ìîæåò ãíåçäèòüñÿ 
– 5,3±1,1 êì.

Ðàáîòà, êàê è â ïðåäûäóùåì ïðèìåðå 
ñ ìîãèëüíèêîì, èä¸ò â íåñêîëüêî ýòàïîâ. 
Ïåðâûé ýòàï – ïîäãîòîâêà êàðòîãðàôè÷å-
ñêîé îñíîâû. Âòîðîé ýòàï – ñîçäàíèå êàð-
òû ìåñòîîáèòàíèé áåðêóòà â ðåãèîíå (ðèñ. 
10). Òðåòèé ýòàï – çàêëþ÷èòåëüíûé ýòàï ðà-
áîòû – ïîñòðîåíèå ñõåìû ïîòåíöèàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ áåðêóòîâ äëÿ Êàìñêî-
Áàêàëäèíñêèõ áîëîò (ðèñ. 11). Ïåðâàÿ ïó-
áëèêàöèÿ ïî äàííîé òåìå ïðîøëà â 2006 ã. 
(Êàðÿêèí è äð., 2006), îäíàêî íè òîãäà, íè 
â îïóáëèêîâàííûõ ðåçóëüòàòàõ áèîòåõíè-
÷åñêèõ ìåðîïðèÿòèé (Áàêêà è äð., 2010), 
ïîøàãîâûé àëãîðèòì îáðàáîòêè äàííûõ â 
ÃÈÑ íå áûë îïèñàí.

Ïîøàãîâûé àëãîðèòì îáðàáîòêè äàí-
íûõ â ArcView 3.õ

Ýòàï. 1. Ïîäãîòîâêà êàðòîãðàôè÷å-
ñêîé îñíîâû äëÿ ÃÈÑ-àíàëèçà.

1. Íà òåððèòîðèþ Êàìñêî-Áàêàëäèíñêèõ 
áîëîò ñîçäà¸ì ðàñòðîâóþ ïîäëîæêó èç 
òîïîãðàôè÷åñêèõ êàðò Ì 1:200 000. Òî-
ïîãðàôè÷åñêèå êàðòû ñêàíèðóåì, ïåðåâî-
äèì â ðàñòðîâûé ôîðìàò TIFF è ðåãèñòðè-
ðóåì â ArcView â ïðîåêöèè UTM-83, çîíà 
38 (äàòóì WGS-84).

1.1. Â ãðàôè÷åñêîì ðåäàêòîðå Adobe 
Photoshop CS2 ñêëåèâàåì è èíäåêñèðóåì 
êàðòû, â èòîãå äëÿ êàæäîãî ëèñòà ïîëó÷àåì 
öâåòîäåë¸ííûé ðàñòð â ôîðìàòå TIFF.

1.2. Â ïðîãðàììå PHOTOMOD GeoCal-
culator ïåðåñ÷èòûâàåì êîîðäèíàòû óãëî-
âûõ òî÷åê òîïîãðàôè÷åñêèõ êàðò èç ÑÊ-42 
â WGS-84.

1.3. Ïåðåñ÷èòàííûå çíà÷åíèÿ ýêñïîðòè-
ðóåì â òåêñòîâûé ôîðìàò.

1.4. Òåêñòîâûé ôàéë ñ êîîðäèíàòàìè 
îïîðíûõ òî÷åê èìïîðòèðóåì â ArcView, 
ãäå ïðåîáðàçîâûâàåì â øåéï-ôàéë ñ ïî-
ìîùüþ îïöèè Add Event Theme.

1.5. Ñ ïîìîùüþ ìîäóëÿ Image Warp 
îñóùåñòâëÿåì ïðèâÿçêó òîïîãðàôè÷åñêèõ 
êàðò â ïðîåêöèþ UTM-83, çîíà 38.

1.6. Äàëåå êàðòû âèçóàëüíî ñëèâàåì â 
åäèíîå ïîêðûòèå ñ ïîìîùüþ ðàñøèðåíèÿ 
Transparent Legend.

Ýòàï 2. Ñîçäàíèå êàðòû ìåñòîîáè-
òàíèé.

2. Íà îñíîâå òîïîãðàôè÷åñêèõ êàðò ñîç-
äàåì âåêòîðíóþ òåìó íàñåë¸ííûõ ïóíêòîâ.

2.1. Òîïîãðàôè÷åñêèå êàðòû ïåðåâîäèì 
â ôîðìàò GRID ñ ïîìîùüþ ìîäóëÿ Spatial 
Analyst.
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2.2. Èç ãðèä-òåì èçâëåêàåì îáëàñòè ÷¸ð-
íîé çàëèâêè, ñîîòâåòñòâóþùèå íàñåë¸í-
íûì ïóíêòàì è äîðîæíîé ñåòè.

2.3. Îñóùåñòâëÿåì ýëèìèíàöèþ ìåëêèõ 
ïîëèãîíîâ ñ ïîìîùüþ Edit Tools (îïöèÿ 
Eliminate) ïóò¸ì èõ óäàëåíèÿ. Îñòàâøèåñÿ 
ïîëèãîíû, íå ÿâëÿþùèåñÿ íàñåë¸ííûìè 
ïóíêòàìè, âû÷èùàåì èç òåìû âðó÷íóþ.

2.4. Ïî êîñìîñíèìêàì Landsat ETM+ 
2000–2001 ã. è Aster 2001–2006 ãã. âûÿâ-
ëÿåì íàñåë¸ííûå ïóíêòû, êîòîðûå ïåðå-
ñòàëè ñóùåñòâîâàòü â íàñòîÿùåå âðåìÿ, 
êðèòåðèåì ÷åìó ñëóæèò ñóùåñòâåííîå 
ñîêðàùåíèå ïëîùàäè îòêðûòîãî ãðóíòà 
âíóòðè êîíòóðà íàñåë¸ííîãî ïóíêòà è çà-
ðàñòàíèå äîðîã, âåäóùèõ ê íàñåë¸ííîìó 
ïóíêòó. Ïîëèãîíû ýòèõ íàñåë¸ííûõ ïóí-
êòîâ óäàëÿåì èç âåêòîðíîé òåìû âðó÷íóþ.

3. Îãðàíè÷èâàåì îáëàñòü äëÿ àíàëèçà 
ðàñïðåäåëåíèÿ áåðêóòà.

3.1. Ïî òåìå íàñåë¸ííûõ ïóíêòîâ, èçâëå-
÷åííîé èç òîïîãðàôè÷åñêîé êàðòû, ñòðîèì 
áóôåðíûå çîíû øèðèíîé 5,3 êì äëÿ òåððè-

òîðèè, íà êîòîðîé áåðêóò ñ âûñîêîé äîëåé 
âåðîÿòíîñòè îòñóòñòâóåò íà ãíåçäîâàíèè.

3.2. Òåððèòîðèè, îãðàíè÷åííûå áóôå-
ðàìè íàñåë¸ííûõ ïóíêòîâ, ïðåîáðàçóåì â 
øåéï-ôàéë, îïðåäåëÿþùèé çîíó âîçìîæ-
íîãî ãíåçäîâàíèÿ áåðêóòà.

4. Ñîçäàåì êàðòó ìåñòîîáèòàíèé áåðêóòà.
4.1. Ïî ìîçàèêå êîñìîñíèìêîâ Landsat 

ETM+ ñ ïîìîùüþ Image Analyst èíñòðó-
ìåíòîì îòáîðà âûäåëÿåì ïîëèãîíû áîëîò, 
ñîñíîâûõ ïóñòîøåé, îç¸ð è âûñîêîñòâîëü-
íîãî ñîñíîâîãî ëåñà. Äàííûå ïîëèãîíû 
ïðåîáðàçóåì â øåéï-ôàéë (ðèñ. 10).

4.2. Ïîãðàíè÷íûå ýêîòîíû áîëîòî/âû-
ñîêîñòâîëüíûé ëåñ, ñîñíîâàÿ ïóñòîøü/
âûñîêîñòâîëüíûé ëåñ è îçåðî/âûñîêî-
ñòâîëüíûé ëåñ èçâëåêàåì â îòäåëüíûé 
øåéï-ôàéë.

Ýòàï 3. Ñîçäàíèå êàðòû ïîòåíöèàëü-
íûõ ãíåçäîâûõ ó÷àñòêîâ.

5. Ïî êàðòå ìåñòîîáèòàíèé áåðêóòà 
ñòðîèì ñèñòåìó ïðåäïîëàãàåìûõ ãíåçäî-
âûõ ó÷àñòêîâ.

5.1. Äëÿ òåìû ýêîòîíîâ, ìåòîäîì áëè-
æàéøåãî ñîñåäà ïî çàäàííîìó ðàññòîÿíèþ 
ñ èñïîëüçîâàíèåì ðàñøèðåíèÿ Repeating 
Shapes, ñòðîèì ñåòü êðóãëûõ ïîëèãîíîâ, 
èìèòèðóþùóþ ñòðóêòóðó ðàñïðåäåëåíèÿ 
ãíåçäîâûõ ó÷àñòêîâ áåðêóòà. 

5.2. Ñ ïîìîùüþ ðàñøèðåíèÿ ShapeWarp 
îñóùåñòâëÿåì òðàíñôîðìàöèþ ñèñòåìû 
êðóãëûõ âåêòîðíûõ ïîëèãîíîâ äëÿ ñîâìå-
ùåíèÿ èõ öåíòðîâ ñ ó÷àñòêàìè âûñîêî-
ñòâîëüíîãî ëåñà âäîëü áîëîò è åäèíñòâåí-
íûì èçâåñòíûì ãíåçäîì áåðêóòà.

5.3. Ïî òðàíñôîðìèðîâàííîé òåìå êðó-
ãëûõ ïîëèãîíîâ ñîçäà¸ì ñåòü öåíòðîèäîâ ñ 
ïîìîùüþ XTools.

5.4. Âîêðóã öåíòðîèäîâ ñ ïîìîùüþ 
ñòàíäàðòíîé ôóíêöèè ïîñòðîåíèÿ áóôå-
ðîâ ñòðîèì èòîãîâóþ ñèñòåìó êðóãëûõ 
ïîëèãîíîâ, èìèòèðóþùóþ ðàñïðåäåëå-
íèå ïðåäïîëàãàåìûõ ãíåçäîâûõ ó÷àñòêîâ 
áåðêóòà.

Îöåíêà ðåçóëüòàòà
Èòàê, ïðèìåíèâ ïàðàìåòðû ðàçìåùåíèÿ 

ãíåçäîâûõ ó÷àñòêîâ áåðêóòà âåðõíåêàìñêîé 
ãíåçäîâîé ãðóïïèðîâêè, ìû ïîñòðîèëè ñõå-
ìó ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ áåðêóòà ñíà÷àëà äëÿ îñíîâíîãî 
ìàññèâà Êàìñêî-Áàêàëäèíñêèõ áîëîò (ðèñ. 
11). Òî÷êîé îòñ÷¸òà ñõåìû ñòàë ãíåçäîâîé 
ó÷àñòîê ¹1, ñôîðìèðîâàâøèéñÿ íà ïëàò-
ôîðìàõ (íà ó÷àñòêå áåðêóòû íåñêîëüêî ëåò 
èñïîëüçîâàëè ïîïåðåìåííî 3 ãíåçäîâûå 
ïëàòôîðìû, ëåæàùèå íà ëèíèè â 3 êì). 

Ïîñòðîåíèå ñõåìû ïîòåíöèàëüíûõ ãíåç-

Ðèñ. 11. Cõåìà ðàçìå-
ùåíèÿ ïîòåíöèàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ 
áåðêóòà â îñíîâíîì 
ìàññèâå Êàìñêî-
Áàêàëäèíñêèõ áîëîò 
(ââåðõó) è çàíÿòîñòü ïî-
òåíöèàëüíûõ ó÷àñòêîâ 
áåðêóòàìè, óñòàíîâëåí-
íàÿ ê 2006 ã. (âíèçó) 
(Êàðÿêèí è äð., 2006).

Fig. 11. GIS-model of 
distribution of potential 
breeding territories 
of the Golden Eagle 
within the Kamsko-
Bakaldinskie wetlands 
(upper) and occupancy 
of potential territories 
by eagles that had 
been recorded by 2006 
(bottom) (Karyakin et 
al., 2006).
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äîâûõ ó÷àñòêîâ áåðêóòà ïîçâîëèëî âûäå-
ëèòü 19 òåððèòîðèé íà ïëîùàäè 2,3 òûñ. 
êì2. Â ðåçóëüòàòå öåëåíàïðàâëåííîé ïðî-
âåðêè ïîòåíöèàëüíûõ ó÷àñòêîâ è ìîíèòî-
ðèíãà ñóùåñòâóþùåé ñèñòåìû ãíåçäîâûõ 
ïëàòôîðì (ïëàòôîðì, óñòàíîâëåííûõ äî 
2000 ã., è ïëàòôîðì, ñîîðóæåííûõ ïî-
ñëå 2000 ã., â õîäå èõ öåëåâîé óñòàíîâ-
êè â öåíòðàõ ïîòåíöèàëüíûõ ó÷àñòêîâ) 
óäàëîñü âûÿâèòü 12 ãíåçäîâûõ ó÷àñòêîâ 
áåðêóòîâ ðàçíîé ñòåïåíè äîñòîâåðíîñòè. 
Ê äîñòîâåðíûì ìû îòíåñëè ó÷àñòêè, íà 
êîòîðûõ óñòàíîâëåíî ãíåçäîâàíèå îðëîâ 
(8 ó÷àñòêîâ), ê âåðîÿòíûì – íà êîòîðûõ 
âñòðå÷åíû ïàðû ïòèö èëè íåîäíîêðàòíî 
íàáëþäàëèñü âçðîñëûå îñîáè è îáíàðó-
æåíû èõ ïîñòîÿííûå ïðèñàäû (2 ó÷àñòêà), 
ê âîçìîæíûì – íà êîòîðûõ îáíàðóæåíû 
ðàçîâûå ïðèñàäû ïòèö èëè âñòðå÷åíû íå-
ïîëîâîçðåëûå áåðêóòû (2 ó÷àñòêà). Ñëå-
äóåò çàìåòèòü, ÷òî â ýòîò ïåðèîä, íà ôîíå 
ïèêà ÷èñëåííîñòè çàéöà è ìåðîïðèÿòèé 
ïî ñîçäàíèþ èñêóññòâåííîãî ãíåçäîâîãî 

ôîíäà, øëî èíòåíñèâíîå ôîðìèðîâàíèå 
ãíåçäîâûõ ó÷àñòêîâ áåðêóòîâ èç ìîëî-
äûõ ïòèö. Ôîðìèðîâàíèå ïàð äîïîäëèí-
íî óñòàíîâëåíî íà 3-õ ó÷àñòêàõ, êîòîðûå 
èçíà÷àëüíî çàíÿëè îñîáè â âîçðàñòå 3–5 
ëåò è ñòàëè ðàçìíîæàòüñÿ ëèøü ñïóñòÿ 
1–3 ãîäà (Áàêêà è äð., 2010). Ïðè÷¸ì, âñå 
ðåàëüíûå ãíåçäîâûå ó÷àñòêè ôîðìèðî-
âàëèñü èìåííî â öåíòðàõ ïîòåíöèàëüíûõ 
ó÷àñòêîâ. Âñå íàáëþäåíèÿ ïòèö äî 2006 
ã. çàðåãèñòðèðîâàíû òàêæå â öåíòðàõ ïî-
òåíöèàëüíûõ ó÷àñòêîâ.

Ó÷èòûâàÿ ïîÿâëåíèå ñâîäà íîâûõ äàííûõ 
ïî Êàìñêî-Áàêàëäèíñêîé ãíåçäîâîé ãðóï-
ïèðîâêå áåðêóòîâ, áûëà ïîñòðîåíà íîâàÿ 
ñõåìà ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäî-
âûõ ó÷àñòêîâ, ðàçâ¸ðíóòàÿ íà âñþ òåððè-
òîðèþ êîìïëåêñà áîëîò, âêëþ÷àÿ ïðàâî-
áåðåæüå ð. Êåðæåíåö (ðèñ. 12). Â íîâîé 
ñõåìå ó÷òåíû ïàðàìåòðû ðàñïðåäåëåíèÿ 
áåðêóòà íà ðàññìàòðèâàåìîé òåððèòîðèè 
êàê ïî îòíîøåíèþ äðóã ê äðóãó, òàê è ïî 
îòíîøåíèþ ê ýëåìåíòàì ëàíäøàôòà. Â ðå-
çóëüòàòå â ìîäåëü âêëþ÷åíû íåêîòîðûå 
òèïû áîëîò, ðàäèóñ áóôåðà íàñåë¸ííûõ 
ïóíêòîâ óìåíüøåí äî 3,05 êì, èç ñèñòåìû 
íàñåë¸ííûõ ïóíêòîâ óäàëåíû êîðäîíû ëåñ-
íè÷åñòâ, ñóùåñòâóþùèå íà ìåñòå áûâøèõ 
ñåëåíèé, ê ñèñòåìå íàñåë¸ííûõ ïóíêòîâ 
äîáàâëåíû ïðèðîäíûå òåððèòîðèè, íà êî-
òîðûõ ïîñòîÿííî ïðèñóòñòâóþò ëþäè (òîð-
ôîïðåäïðèÿòèÿ, âûïàñû è ò.ï.), áóôåð äëÿ 
êîòîðûõ îïðåäåëåí â 1,4 êì. 

Â ðåçóëüòàòå êîððåêòèðîâêè ñõåìû ðàç-
ìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ ó÷àñò-
êîâ áåðêóòà íà âñþ òåððèòîðèþ Êàìñêî-
Áàêàëäèíñêèõ áîëîò óäàëîñü âûäåëèòü 26 
òåððèòîðèé íà ïëîùàäè 3,1 òûñ. êì2, ïðè-
÷¸ì, äëÿ òåððèòîðèè, îòðàáîòàííîé ðàíåå, 
ïëîùàäüþ 2,3 òûñ. êì2, äîáàâèëñÿ òîëüêî 
îäèí ó÷àñòîê (ðèñ. 12). Ê 2008 ã. íà ðàññìà-
òðèâàåìîé òåððèòîðèè óäàëîñü âûÿâèòü, â 
äîïîëíåíèå ê 12 óæå èçâåñòíûì ãíåçäîâûì 
ó÷àñòêàì áåðêóòîâ, åù¸ 4, ïðè÷¸ì, â îäíîì 
ñëó÷àå (â 2007 ã.) ó÷àñòîê ñôîðìèðîâàëñÿ 
â áóôåðíîé çîíå ìåæäó òðåìÿ äîñòîâåð-
íûìè ãíåçäîâûìè ó÷àñòêàìè (çà ñ÷¸ò óïëîò-
íåíèÿ ãíåçäîâîé ãðóïïèðîâêè). 

Èòîãîâûé ðåçóëüòàò ìîíèòîðèíãà 
Êàìñêî-Áàêàëäèíñêîé ãíåçäîâîé ãðóïïè-
ðîâêè áåðêóòîâ ïîêàçàí íà ðèñóíêå 13. Â 
íàñòîÿùåå âðåìÿ íà âñåõ 26 ïîòåíöèàëü-
íûõ ãíåçäîâûõ ó÷àñòêàõ, ñ òîé èëè èíîé 
ñòåïåíüþ äîñòîâåðíîñòè, çàðåãèñòðèðîâà-
íî ïðèñóòñòâèå áåðêóòîâ: äëÿ 11 ó÷àñòêîâ 
óñòàíîâëåíî ãíåçäîâàíèå îðëîâ, äëÿ 7 îíî 
âåñüìà âåðîÿòíî (íà 6 ó÷àñòêàõ íàáëþäà-
ëèñü âçðîñëûå ïòèöû è îáíàðóæåíû ïî-
ñòîÿííûå ïðèñàäû, ïîáëèçîñòè îò îäíîãî 

Ðèñ. 12. Cõåìà ðàçìå-
ùåíèÿ ïîòåíöèàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ 
áåðêóòà â ìàññèâå 
Êàìñêî-Áàêàëäèíñêèõ 
áîëîò, ïîñòðîåííàÿ ïî 
ðåàëüíûì ãíåçäîâûì 
ó÷àñòêàì 2000–2006 ãã. 
(ââåðõó) è çàíÿòîñòü ïî-
òåíöèàëüíûõ ó÷àñòêîâ 
áåðêóòàìè, óñòàíîâëåí-
íàÿ ê 2008 ã. (âíèçó).

Fig. 12. GIS-model of 
distribution of potential 
breeding territories 
of the Golden Eagle 
within the Kamsko-
Bakaldinskie wetlands 
in 2000–2006 (upper)
and occupancy of 
potential territories by 
eagles that had been 
recorded by 2008 
(bottom).
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ó÷àñòêà âñòðå÷åíà ìîëîäàÿ ïòèöà), äëÿ 3-õ 
ó÷àñòêîâ ãíåçäîâàíèå áåðêóòà âîçìîæ-
íî (íàõîäêè ïðèñàä, ïîåäåé è ïîãàäîê) è 
ñòàòóñ 5 ó÷àñòêîâ íå ÿñåí, òàê êàê îíè íå 
îáñëåäîâàíû, íî î ïðèñóòñòâèè áåðêóòà 
íà íèõ ñâèäåòåëüñòâóþò îïðîñíûå äàííûå 
(ñì. Áàêêà è äð., 2010). Èç ñõåìû âûáè-
âàåòñÿ åäèíñòâåííûé ãíåçäîâîé ó÷àñòîê 
áåðêóòîâ, ïðè÷¸ì ñ äîñòîâåðíî óñòàíîâ-
ëåííûì ãíåçäîâàíèåì íà ïëàòôîðìå, êî-
òîðûé ïîÿâèëñÿ â ïèê ÷èñëåííîñòè çàéöà 
(ðèñ. 12, ¹16). Ýòîò ó÷àñòîê âûçâàë óïëîò-
íåíèå ãíåçäîâîé ãðóïïèðîâêè íà ïåðèîä 
ïèêà ÷èñëåííîñòè îñíîâíûõ âèäîâ-æåðòâ 
áåðêóòà.

Ñðàâíåíèå ñõåìû ïîòåíöèàëüíûõ ãíåç-
äîâûõ ó÷àñòêîâ, ïîñòðîåííîé ïî âåðõíå-
êàìñêèì ïàðàìåòðàì îò îäíîãî ãíåçäà, è 
ñîâðåìåííîé ñõåìû, ïîñòðîåííîé ïî ïà-
ðàìåòðàì ðàçìåùåíèÿ íåñêîëüêèõ ðåàëü-
íûõ ãí¸çä áåðêóòà Êàìñêî-Áàêàëäèíñêîé 
ãðóïïèðîâêè (ðèñ. 14), ïîçâîëÿåò ãîâî-
ðèòü âñåãî ëèøü î íåñêîëüêèõ èñêàæå-
íèÿõ â ïåðèôåðèéíîé ÷àñòè ïîñëåäíåé. 
Èñêàæåíèÿ ñâÿçàíû, ïî áîëüøîìó ñ÷¸òó, 
ñ óäàëåíèåì è èçìåíåíèåì áóôåðîâ. Èñ-
êàæåíèÿ ñõåìû îêàçàëèñü ìèíèìàëüíûìè 
ïðè ââîäå íîâûõ ïàðàìåòðîâ ïî òîé ïðè-
÷èíå, ÷òî îíà âñÿ áàçèðóåòñÿ, ïðåèìóùå-
ñòâåííî, íà ïîëèãîíàõ âåêòîðíîé êàðòû 
áîëîò è âîçìîæíîñòè äâèæåíèÿ ó÷àñòêîâ 
â òó èëè èíóþ ñòîðîíó ñèëüíî îãðàíè÷å-
íû. Òàêàÿ íè÷òîæíîñòü èñêàæåíèé ïîçâî-
ëÿåò ñ ìàêñèìàëüíîé òî÷íîñòüþ ïîäîéòè ê 
ðåøåíèþ äâóõ ïîñòàâëåííûõ çàäà÷ – ñó-
ùåñòâåííîìó ñóæåíèþ çîíû ïîèñêà ãí¸çä 
áåðêóòà è çîíû óñòàíîâêè èñêóññòâåííûõ 
ãíåçäîâèé. Ïîñëåäíåå êðàéíå àêòóàëüíî 
åù¸ è ïîòîìó, ÷òî ñóùåñòâåííî ýêîíîìèò 
íå òîëüêî òðóäîâûå, íî è ôèíàíñîâûå çà-
òðàòû íà âîçâåäåíèå ïëàòôîðì, à òàêæå 
óâåëè÷èâàåò ïðîäóêòèâíîñòü ìåðîïðèÿ-
òèé, òàê êàê ïîçâîëÿåò ñòàâèòü ïëàòôîð-
ìû òî÷å÷íî, â öåíòðàõ ïðåäïîëàãàåìûõ 
ó÷àñòêîâ, ïðè âûñîêîé äîëå âåðîÿòíîñòè 
èõ çàñåëåíèÿ.

Îáñóæäåíèå íåêîòîðûõ ïîáî÷íûõ 
ðåçóëüòàòîâ ðàáîòû

Â çàêëþ÷åíèè õîòåëîñü áû ñêàçàòü ïàðó 
ñëîâ îá îöåíêå ÷èñëåííîñòè áåðêóòà íà 
Êàìñêî-Áàêàëäèíñêèõ áîëîòàõ. Õîòÿ çà-
äà÷à îöåíêè ÷èñëåííîñòè â äàííîì ñëó÷àå 
íå áûëà ñôîðìóëèðîâàíà, îíà ëîãè÷íî 
âûòåêàåò èç íåîáõîäèìîñòè íàéòè ìàêñè-
ìàëüíîå êîëè÷åñòâî áåðêóòîâ íà äàííîé 
òåððèòîðèè è ïðîñ÷èòàòü âîçìîæíîñòè 
çàñåëåíèÿ áåðêóòîì òåõ òåððèòîðèé, ãäå 

Ðèñ. 13. Cõåìà ðàçìåùåíèÿ ïîòåíöèàëüíûõ 
ãíåçäîâûõ ó÷àñòêîâ áåðêóòà â ìàññèâå Êàìñêî-
Áàêàëäèíñêèõ áîëîò è èõ çàíÿòîñòü îðëàìè çà ïåðè-
îä ñ 2000 ïî 2010 ãã.

Fig. 13. GIS-model of distribution of potential breeding 
territories of the Golden Eagle within the Kamsko-
Bakaldinskie wetlands (upper)and occupancy of 
potential territories by eagles in 2000–2010 (bottom).

Ðèñ. 14. Ðàçíèöà â ñõåìàõ ðàçìåùåíèÿ ïîòåíöèàëü-
íûõ ãíåçäîâûõ ó÷àñòêîâ áåðêóòà, ïîñòðîåííûõ ïî 
ðàçíûì ïàðàìåòðàì.

Fig. 14. Differences between models of distribution 
of potential breeding territories of the Golden Eagle 
created on different parameters.
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îí íå áûë îáíàðóæåí, íî áûëè ïðîâåäåíû 
ìåðîïðèÿòèÿ ïî åãî ïðèâëå÷åíèþ íà èñ-
êóññòâåííûå ãí¸çäà. Â äàííîì ñëó÷àå ñõå-
ìà ïðåäïîëàãàåò âîçìîæíîñòü íîðìàëüíî-
ãî ãíåçäîâàíèÿ íà Êàìñêî-Áàêàëäèíñêèõ 
áîëîòàõ 26 ïàð áåðêóòîâ. Ïðè ýòîì, ýòî 
÷èñëî íèæå ̧ ìêîñòè Êàìñêî-Áàêàëäèíñêèõ 
áîëîò, íî âûøå ðåàëüíîé ÷èñëåííîñòè âèäà 
íà ãíåçäîâàíèè. 

Òî, ÷òî ¸ìêîñòü Êàìñêî-Áàêàëäèíñêèõ 
áîëîò î÷åâèäíî áîëüøå, è ïðè âñïûø-
êàõ ÷èñëåííîñòè îñíîâíûõ âèäîâ êîðìîâ 
áåðêóò ìîæåò ãíåçäèòüñÿ çäåñü ñ áîëüøåé 
ïëîòíîñòüþ, ïîäòâåðæäåíî íàáëþäåíèÿ-
ìè. Ïåðåñ÷¸ò ìîäåëè ñ ó÷¸òîì ìèíè-
ìàëüíûõ äèñòàíöèé ìåæäó áëèæàéøèìè 
ñîñåäÿìè ïîçâîëÿåò ãîâîðèòü î âîçìîæ-
íîñòè ãíåçäîâàíèÿ çäåñü 38 ïàð, ÷òî íà 
òðåòü áîëüøå îïòèìàëüíîé ÷èñëåííîñòè. 
Ìîæíî ïðåäïîëîæèòü, ÷òî ìèíèìàëüíàÿ 
÷èñëåííîñòü – ýòî ïîêàçàòåëü ðàçìåùå-
íèÿ, ïðè êîòîðîì âûïàäàþò áëèæàéøèå 
â ãðóïïàõ ñîñåäè, îõîòíè÷üè òåððèòîðèè 
êîòîðûõ îãðàíè÷åíû îäíèì êðóïíûì 
áîëîòîì. Â òàêîì ñëó÷àå ìèíèìàëüíàÿ 
÷èñëåííîñòü ñîîòâåòñòâóåò 12 ïàðàì. 
Òàêèì îáðàçîì, ïðåäåëû ÷èñëåííîñòè 
áåðêóòà äëÿ Êàìñêî-Áàêàëäèíñêèõ áîëîò 
îïðåäåëåíû â 12–38 ïàð, ïðè îïòèìàëü-
íîé ÷èñëåííîñòè 26 ïàð. Âîçìîæíî, ÷òî 
â íàñòîÿùåå âðåìÿ ÷èñëåííîñòü òåððè-
òîðèàëüíûõ ïàð áåðêóòîâ íà Êàìñêî-
Áàêàëäèíñêèõ áîëîòàõ íèæå îïòèìàëü-
íîé, íî î÷åâèäíî âûøå ìèíèìàëüíîé è 
ñîñòàâëÿåò îêîëî 19 ïàð (±2 ïàðû). Äëÿ 
ïëîùàäè â 3,1 òûñ. êì2 ýòî ñîîòâåòñòâó-
åò ïëîòíîñòè 0,55–0,68, â ñðåäíåì 0,61 
ïàð/100 êì2 îáùåé ïëîùàäè, ÷òî êðàéíå 
íåïëîõîé ïî òî÷íîñòè ïîêàçàòåëü.

×ÀÑÒÜ ÒÐÅÒÜß, ÇÀÊËÞ×ÈÒÅËÜÍÀß

Íà äâóõ âûøåîïèñàííûõ ïðèìåðàõ, ðåà-
ëèçîâàííûõ íà âïîëíå êîíêðåòíûõ òåð-
ðèòîðèÿõ ñ âïîëíå êîíêðåòíûìè âèäàìè, 
áûëî äîñòàòî÷íî ÷¸òêî ïðîèëëþñòðèðîâà-
íî, êàê ðàáîòàåò ìåòîä ïîñòðîåíèÿ «ñõå-
ìû ðàçìåùåíèÿ ïîòåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ» è íàñêîëüêî óñïåøíî îí ðàáîòà-
åò. Âîçíèêàåò âîïðîñ: ñ ÷åì ýòî ñâÿçàíî? 
À ñâÿçàíî ýòî ñ òåì, ÷òî, ïðîãíîçèðóÿ ðàç-
ìåùåíèå ãíåçäîâûõ ó÷àñòêîâ õèùíèêîâ, ìû 
îïèðàåìñÿ íà äâå âàæíûå áèîëîãè÷åñêèå 
îñîáåííîñòè. Ïåðâàÿ – ðàçìåùåíèå õèù-
íèêîâ â ïðîñòðàíñòâå îïðåäåëÿåò ñîâî-
êóïíîñòü ãíåçäîïðèãîäíîãî è îõîòíè÷üåãî 
áèîòîïîâ. Âòîðàÿ – îíè ñòàðàþòñÿ çàïîë-
íèòü îïòèìàëüíîå äëÿ æèçíè ïðîñòðàíñòâî 
ïîëíîñòüþ è ðàâíîìåðíî, äèñòàíöèðóÿñü 
äðóã îò äðóãà íà ðàññòîÿíèå, ïîçâîëÿþùåå 
èì ïðîäóêòèâíî îõîòèòüñÿ è íå âñòóïàòü 
â îñòðûå êîíôëèêòíûå îòíîøåíèÿ äðóã ñ 
äðóãîì. Åñëè åñòü ãíåçäîïðèãîäíûé áèî-
òîï, íî íåò îõîòíè÷üåãî – õèùíèêà íà òåð-
ðèòîðèè íå áóäåò. Åñëè åñòü îõîòíè÷èé, 
íî íåò ãíåçäîïðèãîäíîãî, óæå ìîãóò áûòü 
âàðèàíòû, ïðè êîòîðûõ õèùíèê áóäåò, íî 
ýòî ÿâëåíèå ìîæåò íîñèòü ñëó÷àéíûé õà-
ðàêòåð. Ðàâíîìåðíîñòü ðàñïðåäåëåíèÿ â 
îäíîòèïíîì ëàíäøàôòå ìîæåò èñêàæàòüñÿ 
ïî ïðè÷èíå âëèÿíèÿ íåñêîëüêèõ íåãàòèâ-
íûõ ôàêòîðîâ, âûçûâàþùèõ ñìåðòíîñòü 
ïòèö, ÷òî, â ïðèíöèïå, âûÿâëÿåòñÿ â õîäå 
ïîëåâûõ èññëåäîâàíèé è íàêëàäûâàåò ñâîé 
îòïå÷àòîê íà ìåòîäû ïðîãíîçèðîâàíèÿ 
ðàçìåùåíèÿ ó÷àñòêîâ.

Èòàê, â áîëüøèíñòâå ñëó÷àåâ, õèùíèêè â 
ïðîñòðàíñòâå ðàçìåùàþòñÿ ïî îòíîøåíèþ 
äðóã ê äðóãó è ê ýëåìåíòàì ëàíäøàôòà êàê 
îáû÷íûå ãåîìåòðè÷åñêèå îáúåêòû ïî îò-
íîøåíèþ äðóã ê äðóãó è ê äðóãèì ãåîìåòðè-
÷åñêèì îáúåêòàì. Ñîîòâåòñòâåííî, ÷òîáû 
ñïðîãíîçèðîâàòü ðàçìåùåíèå ãíåçäîâûõ 
ó÷àñòêîâ è/èëè îïðåäåëèòü ÷èñëåííîñòü 
õèùíèêîâ íà êàêîé-ëèáî òåððèòîðèè, â 
ÃÈÑ íåîáõîäèìî ïðåäñòàâèòü ãíåçäîâûå 
ó÷àñòêè è êëþ÷åâûå ýëåìåíòû ëàíäøàô-
òà, ñîîòâåòñòâóþùèå ãíåçäîïðèãîäíîìó è 
îõîòíè÷üåìó áèîòîïàì õèùíèêîâ, â âèäå 
ïðîñòûõ ãåîìåòðè÷åñêèõ îáúåêòîâ. Äà-
ëåå îïðåäåëÿþùóþ ðîëü â ìîäåëèðîâàíèè 
áóäåò èãðàòü äèñòàíöèÿ ìåæäó ñîñåäÿìè. 
Ëàíäøàôò íå áûâàåò èäåàëüíûì, ÷òîáû 
îáåñïå÷èòü èäåàëüíîå ðàâíîìåðíîå ðàñ-
ïðåäåëåíèå ó÷àñòêîâ õèùíèêîâ â í¸ì. Â 
çàâèñèìîñòè îò êà÷åñòâà ñðåäû, õèùíè-
êè áóäóò äèñòàíöèðîâàòüñÿ äðóã îò äðóãà, 
èçáåãàÿ ïëîõèå äëÿ îõîòû è ãíåçäîâàíèÿ 
ó÷àñòêè, ëèáî íàîáîðîò – ñáëèæàòüñÿ, 

Ïòåíåö áåðêóòà â ãíåçäå íà ïëàòôîðìå. Ôîòî Ñ. Áàêêè.

Nestling of the Golden Eagle in the artificial nest. Photo by S. Bakka.
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âñòóïàÿ â êîíêóðåíòíûå îòíîøåíèÿ çà 
íàèáîëåå ïðîäóêòèâíûé áèîòîï, îäíàêî 
ýòè «ñìåùåíèÿ» áóäóò îïðåäåëÿòüñÿ íå-
êèì ëèìèòèðóþùèì äèàïàçîíîì, êîòî-
ðûé îãðàíè÷èâàåòñÿ, ñ îäíîé ñòîðîíû, 
¸ìêîñòüþ ñðåäû, ñ äðóãîé – âîçìîæ-
íîñòüþ õèùíèêîâ èñêàòü äðóã äðóãà è 
óñïåøíî ôîðìèðîâàòü ïàðû. Ñëåäîâà-
òåëüíî, äèñòàíöèÿ ìåæäó ó÷àñòêàìè íå 
ìîæåò áûòü ìåíüøå èëè áîëüøå îïðåäå-
ë¸ííûõ çíà÷åíèé. Åñëè ìû ìîæåì ïðåä-
ñòàâèòü ýêîòîí ìåæäó ãíåçäîïðèãîäíûì 
è îõîòíè÷üèì áèîòîïîì â âèäå ëèíèè, òî 
ïîñòðîåíèå ñõåìû áóäåò ìàêñèìàëüíî 
ïðèáëèæ¸ííûì ê ðåàëüíîñòè. Ðàñïðåäå-
ëÿÿ âäîëü ýòîé ëèíèè ãíåçäîâûå ó÷àñòêè, 
îïèðàÿñü íà íåêóþ âåëè÷èíó äèñòàíöèè 
ìåæäó ñîñåäÿìè, ìîæíî ïðîãíîçèðîâàòü 
ðàçìåùåíèå è êîëè÷åñòâî ó÷àñòêîâ ñ ìè-
íèìàëüíîé îøèáêîé, òàê êàê ñìåùåíèå 
ó÷àñòêîâ áóäåò îãðàíè÷åíî êàê ëèíèåé, 
òàê è ñîñåäíèìè ó÷àñòêàìè. 

Íà ðèñóíêå 15 îòîáðàæ¸í ïðèìåð ïî-
ñòðîåíèÿ ñõåìû ðàçìåùåíèÿ ãíåçäîâûõ 
ó÷àñòêîâ áåðêóòà âäîëü ëèíèè, äîñòàòî÷-
íî ãðóáî îïðåäåëÿþùåé ýêîòîí ëåñ/áî-
ëîòî. Ñõåìà ïîñòðîåíà ïî ìàêñèìàëüíîé 
äèñòàíöèè ìåæäó ñîñåäÿìè (ðèñ. 15 – B, 
C), ìèíèìàëüíîé (ðèñ. 15 – D, E) è ñðåä-
íåé (ðèñ. 15 – F) ïóò¸ì ïîäòÿæêè öåí-
òðîèäîâ ó÷àñòêîâ ê ëèíèè (ðèñ. 15 – B, D) 
è íàîáîðîò, èõ äèñòàíöèðîâàíèÿ îò ëèíèè 
(ðèñ. 15 – C, E). Îïèðàÿñü íà ýòó ñõåìó, 
ìîæíî óòâåðæäàòü, ÷òî â çîíå ðàññìà-
òðèâàåìîãî ýêîòîíà òåîðåòè÷åñêè ìîæåò 
ãíåçäèòüñÿ îò 6 äî 13 ïàð áåðêóòîâ, ïðè 
îïòèìàëüíîì óðîâíå ÷èñëåííîñòè â 7 ïàð. 

Îøèáêà ñàìîãî ìåòîäà ïîñòðîåíèÿ ñõå-
ìû, â ñëó÷àå ñ ìàêñèìàëüíûìè è ìèíè-
ìàëüíûìè äèñòàíöèÿìè, ñîñòàâëÿåò 14% 
è 23%, ñîîòâåòñòâåííî. Îøèáêà ïîñòðî-
åíèÿ ñõåìû ïî ñðåäíåé äèñòàíöèè ñî-
ñòàâëÿåò 14% ïî îòíîøåíèþ ê ïðåäïîëà-
ãàåìîìó ìèíèìóìó è 46% îòíîñèòåëüíî 
âîçìîæíîãî ìàêñèìóìà. Òàêèì îáðàçîì, 
ïðè ïîñòðîåíèè ñõåìû ïîòåíöèàëüíûõ 
ó÷àñòêîâ ìû èçáåãàåì äàæå 2-êðàòíîé 
îøèáêè ñðåäíèõ ïîêàçàòåëåé, íå ãîâîðÿ 
óæå î 3–5-êðàòíîé îøèáêå, âîçìîæíîé 
ïðè ñòàíäàðòíûõ ìåòîäàõ ýêñòðàïîëÿöèè 
ó÷¸òíûõ äàííûõ.

Èñõîäÿ èç âûøåèçëîæåííîãî ìàòåðèà-
ëà, ìîæíî ïðåäïîëîæèòü, ÷òî ìåòîä ïî-
ñòðîåíèÿ ñõåì ïîòåíöèàëüíûõ ó÷àñòêîâ 
ðàáîòàåò òîëüêî íà îðëàõ. Îäíàêî, èìå-
þùèåñÿ ó íàñ ìàòåðèàëû ãîâîðÿò î âîç-
ìîæíîñòè øèðîêîãî ïðèìåíåíèÿ äàííîé 
ìåòîäèêè. Îíà àïðîáèðîâàíà è íà äðó-
ãèõ âèäàõ õèùíûõ ïòèö, èìåþùèõ äîñòà-
òî÷íî âûðàæåííóþ òåððèòîðèàëüíîñòü 
(íàïðèìåð, áîðîäà÷ Gypaetus barbatus, 
îðëàí-áåëîõâîñò Haliaeetus albicilla, òå-
òåðåâÿòíèê Accipiter gentilis, äëèííîõâî-
ñòàÿ íåÿñûòü Strix uralensis è äð.) (Áàêêà, 
Êèñåë¸âà, 2008; Êàðÿêèí è äð., 2009; 
Ñ.Â. Áàêêà, È.Â. Êàðÿêèí, À.Ï. Ëåâàøêèí, 
Ë.Ì. Íîâèêîâà, À.Ñ. Ïàæåíêîâ, íåîïó-
áëèêîâàííûå äàííûå). Òîãäà âîçíèêàåò 
çàêîíîìåðíûé âîïðîñ, ìîæíî ëè ðàáî-
òàòü òàêèì ìåòîäîì ïî âèäàì, êîòîðûå íå 
èìåþò ÿðêî âûðàæåííîé òåððèòîðèàëü-
íîñòè è ñêëîííû îáðàçîâûâàòü ãíåçäîâûå 
êîíöåíòðàöèè (ñêîïà Pandion haliaetus, 
ëóíè Circus sp.), ëèáî äàæå êîëîíèè (ñèïû 

Ðèñ. 15. Ïðèìåð 
ïîñòðîåíèÿ ñõåìû ïî-
òåíöèàëüíûõ ãíåçäîâûõ 
ó÷àñòêîâ áåðêóòà âäîëü 
óñëîâíîé ëèíèè ýêî-
òîíà ìåæäó ãíåçäîâûì 
(ëåñ) è îõîòíè÷üèì 
(áîëîòî) áèîòîïàìè.

Fig. 15. Example of 
creating the model of 
distribution of potential 
breeding territories of 
the Golden Eagle along 
conditional borderline 
between breeding 
(forest) and hunting 
(wetlands) habitats.
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Gyps sp., êîá÷èêè Falco vespertinus)? – 
Åñòåñòâåííî, ìîæíî, åñëè ìû ìîæåì óâè-
äåòü ïî êàðòå è/èëè ñíèìêó ãíåçäîâîé è 
îõîòíè÷èé áèîòîïû âèäà è ïîëó÷èòü ïà-
ðàìåòðû ðàçìåùåíèÿ â ïðîñòðàíñòâå êî-
ëîíèé è îòäåëüíûõ ïàð. Íî, åñòåñòâåííî, 
ñëåäóåò àïðîáèðîâàòü ìåòîä íà ïðàêòèêå 
è àäàïòèðîâàòü åãî êîíêðåòíî ê èññëåäóå-
ìîìó âèäó. 

Î÷åíü âàæíîé ñîñòàâëÿþùåé â àïðî-
áàöèè ìåòîäà ïîñòðîåíèÿ ñõåìû ðàçìå-
ùåíèÿ ïîòåíöèàëüíûõ ó÷àñòêîâ ÿâëÿåòñÿ 
ïðîâåðêà ýòèõ ó÷àñòêîâ íà ïðåäìåò ãíåç-
äîâàíèÿ âèäà. Âîò çäåñü ìû ñòàëêèâàåìñÿ 
ñ ìàññîé ïîäâîäíûõ êàìíåé, î êîòîðûõ 
øëà ðå÷ü âî âñòóïèòåëüíîé ÷àñòè äàííîé 
ðàáîòû. Î÷åâèäåí òîò ôàêò, ÷òî ñïåöèà-
ëèñò, êîòîðûé íå çàíèìàåòñÿ öåëåâûì îá-
ðàçîì èñêîìûì âèäîì, âî ìíîãèõ ñëó÷àÿõ 
íå ñïîñîáåí ëîêàëèçîâàòü åãî ãíåçäîâîé 
ó÷àñòîê íà ìåñòíîñòè è íàéòè ãíåçäî. 
Ïðîäóêòèâíîñòü ñïåöèàëèñòà, êîòîðûé 
çàíèìàåòñÿ öåëåâûì îáðàçîì èñêîìûì 
âèäîì, áóäåò, ïî îïðåäåëåíèþ, âûøå, îä-
íàêî è çäåñü âîçìîæíû âàðèàíòû. Â ÷àñò-
íîñòè, ïðèâû÷êà îðèåíòèðîâàòü ïîèñê 
íà òèïè÷íûå ãí¸çäà è ãíåçäîâûå ó÷àñòêè 
ìîæåò ïðèâåñòè ê ïðîïóñêó íåòèïè÷íûõ. 
Ñ òàêèìè ïðîáëåìàìè ñòàëêèâàåòñÿ ïî-
äàâëÿþùåå áîëüøèíñòâî èññëåäîâàòåëåé. 
Ïîýòîìó íåîáõîäèìî ó÷èòûâàòü ñóáúåê-
òèâíûé ôàêòîð, êîòîðûé íåóêëîííî áó-
äåò âëèÿòü íà îöåíêó ðåçóëüòàòà. 

Áëàãîäàðíîñòè
Â çàêëþ÷åíèè õî÷åòñÿ ïîáëàãîäàðèòü 

âñåõ îðíèòîëîãîâ è ëþáèòåëåé ïòèö, êîòî-
ðûå îáñëåäîâàëè ïîòåíöèàëüíûå ó÷àñòêè, 
ñïðîåêòèðîâàííûå â ÃÈÑ, è äåëèëèñü ñâî-
åé èíôîðìàöèåé ïî âûÿâëåííûì ãíåçäî-
âûì ó÷àñòêàì îðëîâ, – ýòî Ñåðãåé Àäàìîâ, 
Ñåðãåé Áàêêà, Òèìîôåé Áàðàáàøèí, Ðè-
íóð Áåêìàíñóðîâ, Äìèòðèé Êîðæåâ, Àëåê-
ñåé Ëåâàøêèí, Àíäðåé Ìåäâåäåâ, Ýëüâèðà 
Íèêîëåíêî, Ìèõàèë Íåëþáèí, Ëþäìèëà 
Íîâèêîâà, Àëåêñåé Ïàæåíêîâ, Äìèòðèé 
Ïîñòíèêîâ, Âëàäèìèð Ñåìåííîé, Àíäðåé 
Ñåìåíîâ.

Ñïåöèôè÷åñêèå òåðìèíû, èñïîëüçî-
âàííûå â ñòàòüå

Àòðèáóò (Attribute) – ñèí. ðåêâèçèò – 
ñâîéñòâî, êà÷åñòâåííûé èëè êîëè÷åñòâåí-
íûé ïðèçíàê, õàðàêòåðèçóþùèé ïðî-
ñòðàíñòâåííûé îáúåêò (íî íå ñâÿçàííûé ñ 
åãî ìåñòîóêàçàíèåì) è àññîöèèðîâàííûé 
ñ åãî óíèêàëüíûì íîìåðîì èëè èäåíòè-
ôèêàòîðîì. Íàáîðû çíà÷åíèé àòðèáóòà 
(Attribute value) îáû÷íî ïðåäñòàâëÿþòñÿ 

â ôîðìå òàáëèö ñðåäñòâàìè ðåëÿöèîííûõ 
ÑÓÁÄ; êëàññó àòðèáóòà (Attribute class) 
ïðè ýòîì ñîîòâåòñòâóåò èìÿ êîëîíêè, èëè 
ñòîëáöà (Column),èëè ïîëÿ òàáëèöû (Field). 
Àòðèáóòèâíûå äàííûå (Attribute data) 
óïîðÿäî÷èâàþòñÿ, õðàíÿòñÿ è ìàíèïóëè-
ðóþòñÿ â ñèñòåìàõ óïðàâëåíèÿ áàçàìè 
äàííûõ, êàê ïðàâèëî, ðåëÿöèîííîãî òèïà. 
Â áîëåå øèðîêîì ñìûñëå ïîä àòðèáóòîì 
ïîíèìàåòñÿ ëþáîå, ïðîñòðàíñòâåííîå è 
íåïðîñòðàíñòâåííîå, ñâîéñòâî îáüåêòà; 
â ýòîì ñëó÷àå ãîâîðÿò î ïðîñòðàíñòâåí-
íûõ àòðèáóòàõ (Spatial attribute) è íå-
ïðîñòðàíñòâåííûõ àòðèáóòàõ (Aspatial 
attribute). Ïðîöåññ ïðèñâîåíèÿ ïðî-
ñòðàíñòâåííûì îáúåêòàì àòðèáóòîâ èëè 
ñâÿçûâàíèÿ îáüåêòîâ ñ àòðèáóòàìè íî-
ñèò íàçâàíèå àòðèáóòèðîâàíèÿ (Attribute 
tagging, attribute matching).

Áàçà äàííûõ, ÁÄ (Data base, database, 
DB) – ñîâîêóïíîñòü äàííûõ, îðãàíèçî-
âàííûõ ïî îïðåäåë¸ííûì ïðàâèëàì, 
óñòàíàâëèâàþùèì îáùèå ïðèíöèïû îïè-
ñàíèÿ, õðàíåíèÿ è ìàíèïóëèðîâàíèÿ 
äàííûìè. Õðàíåíèå äàííûõ â ÁÄ îáåñïå-
÷èâàåò öåíòðàëèçîâàííîå óïðàâëåíèå, 
ñîáëþäåíèå ñòàíäàðòîâ, áåçîïàñíîñòü 
è öåëîñòíîñòü äàííûõ, ñîêðàùàåò èçáû-
òî÷íîñòü è óñòðàíÿåò ïðîòèâîðå÷èâîñòü 
äàííûõ. ÁÄ íå çàâèñèò îò ïðèêëàäíûõ 
ïðîãðàìì. Ñîçäàíèå ÁÄ è îáðàùåíèå ê 
íåé (ïî çàïðîñàì) îñóùåñòâëÿþòñÿ ñ ïî-
ìîùüþ ñèñòåìû óïðàâëåíèÿ áàçàìè äàí-
íûõ (ÑÓÁÄ). Ïðîãðàììíîå îáåñïå÷åíèå 
ëîêàëüíûõ âû÷èñëèòåëüíûõ ñåòåé (ËÂÑ) 
ïåðâîíà÷àëüíî ïîääåðæèâàëî ðåæèì 
ðàáîòû, ïðè êîòîðîì ðàáî÷èå ñòàíöèè 
ñåòè ïîñûëàëè çàïðîñû ê ÁÄ, ðàñïîëî-
æåííîé íà îáñëóæèâàþùåì èõ êîì-
ïüþòåðå – ôàéë-ñåðâåðå (File server), 
ïîëó÷àëè îò íåãî íåîáõîäèìûå ôàéëû, 
âûïîëíÿëè ñîâîêóïíîñòü îïåðàöèé ïî-
èñêà, âûáîðêè è êîððåêòèðîâêè – òðàí-
çàêöèé (Transaction) è îòñûëàëè ôàéëû 
îáðàòíî. Ïðè äðóãîì ðåæèìå ðàáî÷èå 
ñòàíöèè ËÂÑ âûñòóïàþò â ðîëè êëèåíòîâ, 
à ñåðâåð ÁÄ ïîëíîñòüþ îáñëóæèâàåò çà-
ïðîñû (êàê ïðàâèëî, çàïèñàííûå íà ÿçû-
êå SQL) è îòñûëàåò êëèåíòàì ðåçóëüòà-
òû, ðåàëèçóÿ òåõíîëîãèþ êëèåíò-ñåðâåð 
(Client/Server).

Áóôåðû (Buffers) – ïîëèãîíàëüíûå îáú-
åêòû îïðåäåë¸ííîé øèðèíû, ñîçäàííûå 
âîêðóã ëþáûõ âåêòîðíûõ îáúåêòîâ âõîä-
íîãî ñëîÿ.

Âåêòîðíàÿ ìîäåëü äàííûõ (Vector 
data model) – öèôðîâîå ïðåäñòàâëåíèå 
òî÷å÷íûõ, ëèíåéíûõ è ïîëèãîíàëüíûõ 
ïðîñòðàíñòâåííûõ îáüåêòîâ â âèäå íà-
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áîðà êîîðäèíàòíûõ ïàð, ñ îïèñàíèåì òîëüêî ãåî-
ìåòðèè îáúåêòîâ, ÷òî ñîîòâåòñòâóåò íåòîïîëîãè-
÷åñêîìó âåêòîðíîìó ïðåäñòàâëåíèþ ëèíåéíûõ è 
ïîëèãîíàëüíûõ îáüåêòîâ, èëè ãåîìåòðèè è òîïîëî-
ãè÷åñêèõ îòíîøåíèé (òîïîëîãèè), ÷òî ñîîòâåòñòâóåò 
âåêòîðíî-òîïîëîãè÷åñêîìó ïðåäñòàâëåíèþ. Â ìà-
øèííîé ðåàëèçàöèè âåêòîðíîé ìîäåëè äàííûõ ñî-
îòâåòñòâóåò âåêòîðíûé ôîðìàò ïðîñòðàíñòâåííûõ 
äàííûõ (Vector data format).

Ãåîãðàôè÷åñêàÿ èíôîðìàöèîííàÿ ñèñòå-
ìà (Geographical Information System, GIS) – ñèí. 
ãåîèíôîðìàöèîííàÿ ñèñòåìà, ÃÈÑ – èíôîðìàöè-
îííàÿ ñèñòåìà, îáåñïå÷èâàþùàÿ ñáîð, õðàíåíèå, 
îáðàáîòêó, äîñòóï, îòîáðàæåíèå è ðàñïðîñòðàíå-
íèå ïðîñòðàíñòâåííî-êîîðäèíèðîâàííûõ äàííûõ 
(ïðîñòðàíñòâåííûõ äàííûõ). ÃÈÑ ñîäåðæèò äàííûå 
î ïðîñòðàíñòâåííûõ îáúåêòàõ â ôîðìå èõ öèôðî-
âûõ ïðåäñòàâëåíèé (âåêòîðíûõ, ðàñòðîâûõ è äð.), 
âêëþ÷àåò ñîîòâåòñòâóþùèé çàäà÷àì íàáîð ôóíê-
öèîíàëüíûõ âîçìîæíîñòåé, â êîòîðûõ ðåàëèçóþò-
ñÿ îïåðàöèè ãåîèíôîðìàöèîííûõ òåõíîëîãèé èëè 
ÃÈÑ-òåõíîëîãèé (GIS tehnology), ïîääåðæèâàåòñÿ 
ïðîãðàììíûì, àïïàðàòíûì, èíôîðìàöèîííûì, 
íîðìàòèâíî-ïðàâîâûì, êàäðîâûì è îðãàíèçàöèîí-
íûì îáåñïå÷åíèåì.

Ãåîèíôîðìàöèîííûé àíàëèç (GIS based analysis) 
– àíàëèç ðàçìåùåíèÿ, ñòðóêòóðû, âçàèìîñâÿçåé 
îáüåêòîâ è ÿâëåíèé ñ èñïîëüçîâàíèåì ìåòîäîâ ïðî-
ñòðàíñòâåííîãî àíàëèçà è ãåîìîäåëèðîâàíèÿ.

Êîíâåêñíûé ïîëèãîí (Convex hull) – íàèìåíüøèé 
ïîëèãîí, îïèñûâàþùèé âñå èëè âûáðàííûå âåêòîð-
íûå ýëåìåíòû âõîäíîãî ñëîÿ.

Ïîëèãîíû Òèññåíà (Thiessen polygons) – ñèí. äèà-
ãðàììû Âîðîíîãî (Voronoi diagrams) – ïðåäñòàâëÿþò 
ñîáîé ãåîìåòðè÷åñêèå êîíñòðóêöèè, îáðàçóåìûå îò-
íîñèòåëüíî ìíîæåñòâà òî÷åê òàêèì îáðàçîì, ÷òî ãðà-
íèöû ïîëèãîíîâ ÿâëÿþòñÿ îòðåçêàìè ïåðïåíäèêóëÿ-
ðîâ, âîññòàíàâëèâàåìûõ ê ëèíèÿì, ñîåäèíÿþùèì äâå 
áëèæàéøèå òî÷êè.

Ðàñòðîâàÿ ìîäåëü äàííûõ (Raster data model) – 
öèôðîâîå ïðåäñòàâëåíèå ïðîñòðàíñòâåííûõ îáúåê-
òîâ â âèäå ñîâîêóïíîñòè ÿ÷ååê ðàñòðà (ïèêñåëîâ) ñ 
ïðèñâîåííûìè èì çíà÷åíèÿ è êëàññà îáúåêòà â îòëè-
÷èå îò ôîðìàëüíî èäåíòè÷íîãî ðåãóëÿðíî-ÿ÷åèñòîãî 
ïðåäñòàâëåíèÿ êàê ñîâîêóïíîñòè ÿ÷ååê ðåãóëÿðíîé 
ñåòè (ýëåìåíòîâ ðàçáèåíèÿ çåìíîé ïîâåðõíîñòè). 
Ðàñòðîâàÿ ìîäåëü äàííûõ ïðåäïîëàãàåò ïîçèöèîíè-
ðîâàíèå îáúåêòîâ óêàçàíèåì èõ ïîëîæåíèÿ â ñîîò-
âåòñòâóþùåé ðàñòðó ïðÿìîóãîëüíîé ìàòðèöå åäèíîî-
áðàçíî äëÿ âñåõ òèïîâ ïðîñòðàíñòâåííûõ îáúåêòîâ 
(òî÷åê, ëèíèé, ïîëèãîíîâ è ïîâåðõíîñòåé); â ìàøèí-
íîé ðåàëèçàöèè ðàñòðîâîé ìîäåëè ñîîòâåòñòâóåò 
ðàñòðîâûé ôîðìàò ïðîñòðàíñòâåííûõ äàííûõ (Raster 
data format). Â öèôðîâîé êàðòîãðàôèè ðàñòðîâîé 
ìîäåëè ñîîòâåòñòâóåò ìàòðè÷íàÿ ôîðìà ïðåäñòàâ-
ëåíèÿ öèôðîâîé êàðòîãðàôè÷åñêîé èíôîðìàöèè 
(ÃÎÑÒ 28441-90. Êàðòîãðàôèÿ öèôðîâàÿ. Òåðìèíû è 
îïðåäåëåíèÿ).

Öåíòðîèä (Centroid) — öåíòð ìàññ ôèãóðû.
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