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This paper describes ongoing research efforts in optimization of human-computer interactions
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Global natural and anthropogenic disasters cause billions of dollars in infrastruc-
ture damages, unexpected disruption to socioeconomic activities and the tragic loss of
human lives each year (Fritz et al. 2008). Remote sensing techniques and GIS and
GNSS tools are frequently used in applications for disaster management in pre- and
post-disaster activities. Pre-disaster applications are associated with mitigation and
preparedness efforts. Mitigation refers to activities that reduce the vulnerability of so-
cieties to the impacts of a disaster, while preparedness refers to activities that facili-
tate preparation for responding to a disaster when it occurs (Mansourian et al. 2005).
Post-disaster applications are associated with response and recovery efforts. Re-
sponse is related to the immediate and short-term effects of a disaster, while recovery
refers to activities that restore communities to pre-disaster conditions, such as recon-
struction (Manfré et. al.2012, Mansourian et al. 2005). In spite of multiple efforts in
automation of geospatial imagery interpretation and understanding there are still sig-
nificant amounts of time and effort spent by human analysts on imagery interpreta-
tion. Thus nowadays operational workflow of geospatial imagery processing and in-
terpretation can be identified as a “human-in-the-loop”. Moreover, there are multiple
efforts in deploying voluntary interpreted data (\Voigt et al 2011) in emergency situa-
tions response. This novel direction is termed as a “crowdsourcing” and involves
many voluntary analysts for whom fundamental geospatial education is replaced by
quick on-site image interpretation training. Our research is challenged to explore po-
tential use of novel HCI technology such as eye-tracking for the optimization of dis-
cussed above geospatial imagery processing in terms of productivity and accuracy.

While the human brain performs searches and analysis of visual data, the opera-
tor’s eyes subconsciously scan the visual scene. Such eye movements are driven by
and indirectly represent results of internal processes of visual searching and match-
ing, performed by the whole human visual system. Tracking and analyzing eye
movements potentially allows us to arrange a ‘sight-speed’ loop with the computer
which should perform the rest of the tasks where computations and data storage are
predominant. The task-specific use of gaze is best understood for reading text
(O’Regan 1990) where the eyes fixate on almost every word, sometimes skipping
over small function words. In addition, it is known that saccade size during reading is
modulated according to the specific nature of the pattern recognition task at hand
(Kowler and Anton 1987). Tasks requiring same/different judgments of complex pat-
terns also elicit characteristic saccades (Dupont et al. 2014). The role of gaze has
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been studied by Land and Furneaux (1997) in a variety of other vision-motor tasks
such as driving, music reading, and playing ping pong. In each case, gaze was found
to play a central functional role, closely linked to the ongoing task demands. In sum-
mary, these studies strongly suggest that gaze control and saccadic eye movements
play a crucial role in mediating visual cognition, in addition to compensating for pe-
ripheral acuity limitations. It is well known from visual attention theory that the cor-
relation between perception and eye-movement is eye-fixation (Yarbus 1967).

This paper is devoted to the research of developing a potential eye-driven image
interpretation human-computer system through the performance of a simple task that
an image analyst performs every day: manipulating a cursor towards target objects.
Baseline control for comparison of eye-tracking-based cursor movement was regular
mouse control of the cursor to the same set of targets.

Paul Fitts (Fitts 1954) proposed a metric to quantify the difficulty of a target se-
lection task which nowadays is used by cognitive scientists as a law which is model-
ing @ human psychomotor behavior. The metric was based on an information analo-
gy, where the distance to the target (D) is like a signal and the tolerance or width of
the target (W) is like noise. The metric is Fitts's index of difficulty (ID, in bits):

ID = log, (%) 1)

Practically applying Fitts’s Law for the mouse or eye-driven targeting, the time to
move and point to a target of width W at a distance A is a logarithmic function of the
spatial relative error (A/W), according to MacKenzie and Buxton (1992):

MT=a+b*log2(%+c) 2
where
« MT is the movement time
- aand b are empirically determined constants, that are device dependent.
«Cisaconstantof 0,0.50r1
« Alis the distance (or amplitude) of movement from start to target center
« Wis the width of the target, which corresponds to accuracy

The term log,(2A/W + c) is called the index of difficulty (ID). It describes the
difficulty of the motor tasks. 1/b is also called the index of performance (IP), and
measures the information capacity of the human motor system. Thus comparative
verification of numerical performance of the mouse versus eye targeting may give us
an initial idea on estimating of eye-driven man machine interfaces efficiency.

One if the most interesting trends in eye-tracking technology is a fact that this
technology made an evolution from the exceptionally expensive systems deployed in
medical field to the inexpensive ubiquitous systems that are widely applied, for ex-
ample in controlling a computer as/or communication aids by people with disabilities
(COGAIN 2015). Specifically we deployed for our research an open source eye
tracker, The Eye Tribe, which is available for under USD $100 (The Eye Tribe 2015).
The Eye Tribe Tracker is an eye tracking system that can calculate the location of a

5



person’s gaze by means of information extracted from the face and eyes. The eye
gaze coordinates are calculated with respect to a screen the person is looking at, and
are represented by a pair of (x, y) coordinates given on the screen coordinate system.
A typical scenario is represented in Fig. 1(a).
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Figure 1. a) The Eye Tribe System b) Calibration process screen (TheEyeTribe)

To compute (x,y) coordinates on the screen and transform from those coordi-
nates to displayed image coordinates is typically performed calibration process as it is
depicted on Figure 1(b). Any computer equipped with an eye tracker enables users to
use their eye gaze as an input modality that can be combined with other input devices
like mouse, keyboard, touch and gestures, which is referred to as active applications.
We used the eye tracker as a mouse manipulator in the frame of the Fitts’s law re-
search described in section 3.1. The details of our research are listed in the following
sections.

An experimental study was performed at both Michigan Technological Univer-
sity (USA; www.mtu.edu) and Koszalin University of Technology (Poland;
www.tu.koszalin.pl/). Total of 10 participants included:

» 5 students majoring in Surveying Engineering at Michigan Tech

» 5 students majoring in Geodesy and Cartography at Koszalin U

For the experiments were used:

- 217 Displays with 1600x2000 ¢ resolution;

- PCs with USB 3.0 port;

- The Eye Tribe Tracker.

Figure 2(a) depicts experimental setup in the US and Figure 2(b) in Poland, re-
spectively. The US experimental setup was also equipped with chest holder to stabi-
lize results of the eye-tracker calibration, as shown in Fig. 2(a).
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Figure 2. Experimental setup: a) at Michigan Tech University and b) at Koszalin University of
Technology

For experimental software we used:

» TheEyeTribeSDK-0.9.41-x86 to calibrate the system tracking the eye move-
ments for all experiment participants;
» FittsStudy research software developed by Central Washington University

(Wobbrock et al 2011) for screen test-objects generation and analysis of the re-
sults with 1ISO 9241-9 standard compliance.

Each participant in the experiment carried out three successive operations:
» Calibration with post-calibration tests;
» Measurements of test-objects with cursor control by standard mouse;
> Measurements of test-objects with cursor controlled by eye-tracker.

The test objects were generated by FittsStudy accordingly to Test Options as is
shown in Figure 3(a). Test parameters were consistently the same for all experiment
participants. Figure 3(b) depicts a sample of circular test objects with 128 pixels di-
ameter demonstrated randomly within 512 pixels radius circular test-field.
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Figure 3. a) the experimental parameters setup and b) the test-object sample

Measurements results along with a timeline were recorded in XML format where
screen coordinates are in display system units and time is in milliseconds. Sample of
the raw experimental data are given in Table 1 below.
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Table 1. Cursor registration and time in microsecond raw data sample

<move index="0" | point= | X=793 Y=217 Time=130
<move index="1" | point= | X=789 Y=232 Time=350
<move index="2" | point= | X=786 Y=254 Time=360

The purpose of our experiment was to determine the time to move the cursor to
a specified object with the mouse and by gaze control with eye-tracker. We have to
recognize that when using the mouse, test participants were already exposed to this
process with some prior experience. Even for non-active computer user, during the
day a mouse is engaged hundreds of times, and for active users this is likely thou-
sands of times. However, the object measurements by means of eye tracker was the
first time that all participants in the experiment used this technology and without pri-
or training. Therefore, it can be assumed that the direct use of these experiments does
not allow a fully holistic evaluation of system cursor control by gaze.

For each test we performed statistical processing, including minimal, maximal
and a median time for measurement of test object by cursor. The results of the exper-
imental data processing are shown in tabular (Table 2) and graphical (Fig. 4) forms.
Specifically Figure 4(a) depicts statistics for experiments at Michigan Tech Universi-
ty and Figure 4(b) for Koszalin University of Technology, respectively.

Table 2. Statistical processing results comparing time for manipulating
mouse cursor via manual control (Mouse) and the eye tracker (Eye).

Time (MicroSec) |Mouse| Eye |Mouse| Eye |Mouse| Eye |Mouse| Eye |Mouse| Eye
Min 504/ 520 432] 520, 384] 552 360 504/ 368 408
Max 1648 1720| 877| 3584| 1109 3488 829| 5232| 726/ 1064
Median 1080 696/ 528 760] 480, 808 480 720] 496/ 455

6000 6000

5000 R 5000 N
4000 I \ 4000
3000 * ll =¢=min 3000 K R =¢=min

AV = (P AVAVA ey
VL [l

1000 - £ 1000 - #l
wv_m ‘_“V*vAv* -

Figure 4. Statistical results of experimental participants for a) Michigan Tech University and
b) Koszalin University of Technology using the manual mouse (m) and eye tracker (e) cursors.
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Time ratio between mouse and eye tracker modes is an average of 1.21. De-
tails are given for both US and Polish test subjects in Table 3 and in Fig. 5.

Table 3. Time ratio for cursor setup

Subject/Ratio #1 #2 #3 #4 #5 average
K PL 0,6 14 1,7 15 0,9 1,24
K US 0,9 1,3 1,6 1,2 0,9 1,17
1,8

A
ij 72 N

T \\\/

w / —o—K PL
0.8 / ——K US
0,6
0,4
0,2

nrl nr2 nr3 nra nr5 average

Figure 5. Graphical representation of mouse/cursor time ratio; here nr# is a participant id;
coefficients K are computed as (TimeMouse/TimeEyeTracker); PL-states for Poland,
US - for the USA

It is visible from Figure 5 that experiment results are practically the same in the
US and Poland groups. Practically 4 participants were working with the eye tracker
faster than with the mouse. It is obvious that the eye tracker results depend on:

» Eye resolution (ophthalmology factor)

» Overall reaction ability of subject

» Sizes and forms of test objects (rectangle, strip, cross)

» Distance between eyes and display

» Subject motivations

» Training and practical use of the gaze-control method

For the partial elimination of the abovementioned factors, we will analyze test
results of cursor movements in a mouse mode. Sample of cursor trajectory for the sta-
tistically averaged experiment is shown in Fig. 6.
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Figure 6. Average trajectory of cursor movement by mouse; X and Y are directional dis-
placements (in Pixels); horizontal graph axe is a Time in microseconds.

It is visible from Fig. 6 that the time taken to put the cursor on a target can be repre-
sented in 4 components:

t=t0 +t, +1; +1, 3)

where

t — total time;

t, — target search time;

t, — time of cursor movement to target which depends on cursor current position
and selected target;

t; — time for correction of cursor position on target and decision making; and

t, — time to click the mouse.

Per our experimental average results, these time components are:

t;- 250-300 ms;

t,=350 ms for the 510 pixels in average distance between current and targeted
cursor position;

t; =300- 350 ms; and

t; = 150-200 ms.

Similar analysis can be performed also for the eye tracking mode of our experi-
ment and is depicted in Fig.7.
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Figure 7. Average trajectory of cursor movement for eye tracking method; X and Y are di-
rectional displacements (in Pixels); horizontal graph axe is a Time in microseconds.

Analogously, for the mouse mode we can also decompose a common time to
perform a task into 4 stages:

t’ztl’-l-t;-l-té-i—t; (4)

where
t' - common time;
t'; -target search and eye inertia time;
t', - time for movement to target which does not depend on distance between
current cursor position and selected target;
t's - time for correction of cursor position on target and decision making; and
t'y - time to click a target using the mouse .

In average for the eye tracking mode this time components are:

t'1 = 200-250 ms;

t', = 60-100 ms - for the 510 pixels in average distance between current and tar-
geted cursor position;

t'; =350-400 ms; and

t'y =150-200 ms.

1. Gaze controlled cursor movement to the target is almost independent from the
distance to the on-screen target and occurs in 50-100 milliseconds. This speed is on
average 3 to 6 times faster than the mouse controlled cursor movement.

2. When a subject is trained in the use of an eye tracker, then time t; is signifi-
cantly reduced. Subject also may gain experience and confidence in cursor position-
ing by gaze and thus become an advanced user of the eye-controlled environments.

3. The command to fix the cursor position on screen, for example by a double-
blink command, could significantly reduce the t,time.
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Our future research efforts will be devoted to the development of the novel hu-
man-in-the-loop geospatial imaging environments which will increase the productivi-
ty of humans in visual analysis operations. Novel geospatial environments will doubt-
fully be efficient for emergency situation response application scenarios.
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Pe3koe Bo3pacTaHue 4pe3BbIUAWHBIX CUTYAlMH THAPOJIOTMYECKOTO XapakTepa
BBI3BIBAET HEOOXOJMMOCTh BBITMIOJHEHUSI HWCCIICOBAHUMN, CBSI3aHHBIX C MPOUCXOIS-
IUMH TUAPOKIMMATAYECKUMU U3MEHEHUSIMU, UTO SIBJIIETCS OJJHOM U3 aKTyaJIbHBIX
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JUIE MHOTUX PETHOHOB MHpa, BKJIIO4ast Anraiickuil kpail. [Ipo6Gnembl ruaposkosaoru-
YyecKkol 0e30macHOCTH B AJTaiickoM Kpae Haubosiee OCTpO MPOSIBUIIMCH B BECEHHE-
netHuii ce3oH 2014 r. HaBoguenue 2014 r. u3-3a TUBHEW U 3aTSHKHBIX JOXKACH MPO-
M30IIJI0 B 22 pailoHax Kpas, B TOM 4YHCJIe, B HAMOOJbIeH CTEIeHH B 0acceiiHe peKku
Yapeim. Ocoboe BHUMaHUE K U3MEHEHUSIM KJIMMaTa, K YBEJIMUYEHUIO KOJIMYECTBA Ka-
TacTpo(hUUECKUX HABOJAHEHUN OOYCJIOBJICHO HE TOJIBKO peajlbHO OTMEYaeMbIMU (hak-
TaMU, HO U BO3pacTarouiell 03a004eHHOCThIO O0IECTBA HEONMPEAEICHHOCThIO ITOTO
sBJICHHS HA (DOHE OOIIEH MOTUTUISCKON, IKOHOMUYECKON M COITMATbHON HECTAOUIIb-
HocTt B mupe [Poranosa, Xapnamona, Ocranun, 2012]. B pamMkax u3ydenus: HaOJro-
JA€MbIX W MPOTHOZUPYEMBIX THUAPOKIMMATAYECKUX HW3MEHEHHM, CYIIECTBYIOIIUX
U TOTEHIHUAIbHBIX MNPHUPOJHBIX PHUCKOB, BO3MOXHBIX YPE3BbIYANHBIX CHUTyallui
1 00ecCIeYeHus: THIPOIKOIOTUUECKON OE30MaCHOCTH CTaBSITCS 3a7a4d MOUCKA MyTeH
U MOJXOJIOB K aJanTalli IPUPOJHBIX U COIUATIbHO-D)KOHOMUYECKUX CUCTEM K TJIO-
OaJIbHBIM U3MEHEHUsIM. B CBSI3U ¢ 3TUM yXe NMpeAJIOKEHbI U MPeJIaratoTcs rodaib-
HbIE Y PErMOHAJIbHBIC KIMMATUYECKUE MOJICTU. 3HAUYUMYIO POJIb B M3YUCHHUH 3aKO-
HOMepHOCTeH (YHKIIMOHUPOBAHUS BOIHBIX OOBEKTOB UTPAIOT reOMH(OPMAIIMOHHO-
KapTorpaduyeckue rujpojaorudeckue (IKOIOro-ruipoIOrH4ecKue) UCCIeJOBaHuS.

Bomnpock! BausiHMS T7100aTbHBIX U3MEHEHUH, BKIIFOYAsk THAPOKIMMATHYECKUE, Ha
HKOCUCTEMBI U COLMATIbHO-3KOHOMUYECKHUE CUCTEMBI, a TaKKe MPOOJIEMBI OIpeese-
HUSI UX PEAKIUU Ha TPOUCXOSIINE U TPSIYIINE BO3JICUCTBUS U BMECTE C TEM BO3-
MOXHOCTH M OTPaHUYEHUS aJallTallii K HOBBIM YCJIOBUSM — BCE ATO SBJISIETCA B Ha-
CTOSIIEE BPEMSI PUOPUTETHBIM 711 HAYYHOT'O TTO3HAHUS U PACCMOTPEHUS B KAUECTBE
BBI30BOB HayKe B OOIIETIIAHETAPHOM, MEXKTYHAPOTHOM M PETMOHATIBHOM MacIiTadax.

B mexayHnaponHoMm macmrtade u B Poccuu cyliecTByeT OMbIT MU3y4YEeHHs Upe3-
BBIYAMHBIX THIPOJIOTUYECKUX CUTYaIMi, MATEMATHYECKOTO MOJIETUPOBAHUS BOJHOTO
peXuMa TEPPUTOPUM, WHKEHEPHO-TUAPOJOTMUYECKUX PACUYETOB, OLEHKH BOIHO-
PECYpCHON ¥  DKOJIOT0-BOJHOOACCEMHOBOW OOCTAaHOBKM PETHOHOB PETHOHOB
(GLEAMS, 1987; SWRRB, 1990; SWIM, 2000 u ap.).

BwmecTte ¢ Tem, mpobiema ciokHa U He perieHa. IMEIOIMiACs OmbIT OPHUEHTHPO-
BaH Ha YMEPEHHbIN (EBPOINENUCKUI) KIUMAT U ONPEIEICHHBIM TUIT BOAHOTO PEXUMA.
Omnenka cutyanuu B 6acceiine OOu U ee MPUTOKOB TpeOyeT HOBOM METOJO0JOTHYE-
CKOM MpopabOTKH B CBSI3U C OCOOCHHOCTSIMH KJIIMMAaTUYECKUX, THIPOTCOIOTHIECKIX
U THIPOJOTHYECKUX YCIOBHUH, UYTO BBI3BIBAET HEOOXOIUMOCTH OoJiee AETaTbHOTO
PAaCCMOTpPEHHUSI TOJ3EMHBIX M HA3eMHBIX HMCTOYHUKOB BOJOCHAOKEHUS, JOMOJIHU-
TEJIbHBIX UCCIIEAOBAHUN OTICIbHBIX, HaKOOJIee MPOOIEMHBIX TEPPUTOPHUH.

CoBepIIeHCTBOBaHME METOJIOB aHAJIM3a U OLIEHKU 0a3upyeTcsl Ha HAKOIIJICHHOM
K HACTOSIIEMY BpeMEeHU oO0bemMe MH(]OpMaIluu O MPUPOJHOM KAayeCTBE MOA3EMHBIX
BOJI, 3arPS3HEHUU MOBEPXHOCTHBIX BOJI, U HEBO3MOXKHO 0€3 MPUMEHEHHUsI COBPEMEH-
HBIX TEXHOJOTMi B oOnactu cOopa, 0OpabOTKH, MOJEIUPOBAHUS U MPEACTABICHUS
MPOCTPAHCTBEHHO-BPEMEHHBIX JAHHBIX, BEJICHUS KaJacTpa U MOHUTOPUHIA BOJHBIX
OOBEKTOB.

[IpoOneMbl OLIEHKHM W MPOTHO3MPOBAHUS COCTOSTHUSI BOJHBIX PECYpCOB CYIIH,
KOJMYECTBEHHBIX M KAYECTBEHHBIX M3MEHEHUM, MPOUCXOSAIIMX B MOBEPXHOCTHBIX
BOJAX IOJ BIUSHUEM XO3SUCTBEHHOW JEATEIbHOCTH YeJIOBEKa, BCe OOJIbIIE MPUKO-
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BBIBAIOT BHUMAHHE YUYCHBIX U CIEIUAINCTOB pa3HbIX obnacteil 3Hanus. [Ipusnaercs,
YTO YCHEIIHBIMU TAKUE HMCCIIEOBAHUS MOTYT OBITh JUIIb MPU PACCMOTPEHUH BO/I-
HBIX TIPO0OJIEM Ha OCHOBe OacceiHoBoro moaxoaa [Human..., 1999; Irina N. Rotanova
and Olga V. Lovtskaya, 2014].

B nocnegnue necsatuiietuss 0COOEHHO 3aMETHO BBIPOC MHTEpPEC K reonHdopma-
[IUOHHO-KapTOTpauuecKoMy MOJEIUPOBAHUIO TUIAPOJIOTUYECKUX TMPOIECCOB HA
KPYMHBIX BOJIOCOOpax B CBS3M OOOCTPEHUEM 3KOJIOTMUECKUX MPOOJIEM U IIHPOKUM
OCO3HaHUEM Toro (pakTa, yTo pazpaboTKa MEPONMPUITHNA MO YIYUIIEHHUIO COCTOSHUS
BOJ B Maciutabax peyHbIX O0acceiiHOB TpeOyeT COOTBETCTBYIOIIUX HWHCTPYMEHTOB
OLICHKH M MPOTHO3MpoBaHMs. PazBuTre reomHpOpMaIIMOHHBIX TEXHOJOTHI Mpenoc-
TaBJSIET MIUPOKHE BO3MOKHOCTH Ui T€OMH(OPMALMOHHO-KapTOrpahuyecKoro Mo-
JeIMPOBAHUS PEUYHOTO CTOKA C KPYyMHBIX BogocOopoB. Ceszp mexay ['MIC u ruapo-
JIOTUYECKUMHU JIETEPMUHUPOBAHHBIMU MOJIEISIMU SIBJIIETCSI €CTECTBEHHOM, IOCKOJIBKY
MOJIETMPOBAHUE CTOKA MPEJIOJIaraeT MCIOJIb30BaHUE MPOCTPAHCTBEHHO paclpee-
JICHHBIX MapaMeTpoB TeppUTOpuu. ['eOMHPOPMALIMOHHBIE CUCTEMBI UMEIOT B CBOUX
«apceHanax» (PyHKIMU THIPOJIOTUYECKOTO0 MOJEIUPOBAHMUS, TTO3BOJIAIONINE OIpee-
JSTh HAa OCHOBE IUGPOBOM Mojenu penibeda pazaudHble THIPOJIOTUYECKUE XapaKTe-
PUCTHUKHU.

[Ipu MonenupoBaHUM TUAPOJIOTUYECKUX MPOLECCOB T€OMH(DOPMAIIMOHHBIE CHC-
TEMbI HAXOJSIT MPUMEHEHUE, Yallle BCETo, B IBYX ciydasx. Bo-nepsoix, ' UC ucnomns-
3YIOTCSl KAK MHCTPYMEHT BBIJICJICHUS B U3Y4YAE€MbIX TMAPOJIOTHYECKUX CUCTEMAX €c-
TECTBEHHBIX MOJICUCTEM, a TAK)KE OJAHOTHUIIHBIX B NPHPOJHOM U XO3AHCTBEHHOM OT-
HomreHuu ydacTkoB [Krysanova et al., 1999]. Bropoe HampaBiieHHe — 3TO pa3BUTHE
['MC-unrepdeiica K U3BECTHBIM KOMIBIOTEPHBIM MOJENSM, KOTOPBIN MO3BOJISET Ie-
HEPHUPOBATH I HUX (paiiyibl BXOAHBIX JAHHBIX, HCTIOIL3YS MU(PPOBYIO MOJEIH PEilb-
epa u npyrue 3anoxenHHsie B ['MIC xapakTepucTuku BOAOCOOPOB (TOYBBI, pacTH-
TenpHOCTD U T. 11.) [GIS Hydro, 1999].

MO>XHO OTMETUTH padOThI, B KOTOPBHIX YHCIEHHOE MOJIETUPOBAHKUE TUAPOIOTH-
YECKUX MPOIECCOB U COMYTCTBYIOLIMX MPOIECCOB (POPMUPOBAHUS BOJHOIO CTOKa
IPOU3BOUTCS CPEJICTBAMH T€OMH(POPMAIMOHHBIX CUCTEM, C IIOMOIIBIO BHYTPEHHETO
A3bIKa 3aMPOCOB M YIPABICHUS JaHHBIMH, PEATHU30BAHHOTO B HEKOTOPHIX CTaHAAPT-
Heix ['IC. ITockonbKy B 3a7a4ax MOJEIUPOBAHUS BAXKHBIM MOMEHTOM SIBJIIETCS aHa-
JIU3 YYBCTBUTEIILHOCTU MCMOJIb3YEMbIX YMCIEHHBIX aITOPUTMOB K U3MEHEHUIO Iapa-
METPOB JMCKPETU3ALNNA PACYETHOW CXEMBbI, BOIPOCHI M0 MPOBEACHUIO TAKHX HCCIIE-
JOBAaHUM CTAJIM MOJHUMATHCS B JIMTEPATYPE U OTHOCUTEIBHO BBIUYMCIUTENBHBIX BO3-
moxHocten ['C.

Hanpumep, B padote [Vieux, 1993] oO6cyxaaioch BIUSHUE pa3Mepa SYSeK CET-
ku [IMP Ha BenMuYMHY YKJIOHOB M JUIMH CKJIOHOB, PACCUMTBIBAEMBIX C IOMOILBIO
I'YC, u, xak crneacTBue, Ha BRIYUCIsIEMbIE 00BEMBI TOBEPXHOCTHOTO CTOKA. B nmpyroit
padote B. Vieux and S. Needham [1993] moka3anu, 4TO YKPyIHEHHE CETKH BEICT
K TOMY, 4TO paccuuTbiBaemass ¢ mnomouipio ['MC nmmHa BOJOTOKOB CTAaHOBUTCS
MEHbIIIE, a BEHIHOC B3BEILIEHHBIX BEIECTB C BojocOopa yBenuuuBaercs. Kpatkuii 06-
30p padot no npumenenuto ['MC B ruaposornueckoM MoOJAEIMPOBAHUM CHIEJNIaH, Ha-
npumep, B [DeVantier and Feldman, 1999; Olivera and Maidment, 1999].
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B mayuno#l nurepaType 00CYKIal0TCs U CBS3aHHBIE C BOIMPOCAMHU MOJIEITHPOBA-
HUSl B T€OCUCTEMAX MPOOJIEeMbl CTaHIAPTU3ALUKA UCXOJHON TeMaTUYeCcKOn KapTorpa-
¢uueckoit mHopManuu. XapakTepHble A reorpaduu U HCHOJB3YIOIIKUECS MpU
KapTorpadupoBaHUU ONMKCATENIbHBIE TTOJXO0/IbI B X0JI€ BHEJIPEHUSI alrOPUTMHUYECKUX
METOJIOB MPETEPNEBAIOT NMPe0Opa30BaHus, BKIIOUAIOIINE dJIEMEHThI (hopMaln3alii,
eAMHO00pa3usi, OrpaHUUUTEIbHBIX yclnoBui. OmHako creuuduka reorpaduueckux
00BEKTOB KaK TEPPUTOPUATBHBIX 00pa30BaHUM, UMEIOUIUX KECTKOE MPOCTPAHCTBEH-
HOE TIOJIOKEHUE U CTPYKTYPY, YCIOKHSIET BOTPOCHI UX TUMU3AIMHA U UCIIOIH30BAHUS
B KAadeCTBE HCXOMHON WHGOpMAIMK B MAaTEeMAaTHUYECKUX MOCNSIX. JTa mpodiema
0COOEHHO aKTyaJbHa JJISl CJIOKHBIX MPOCTPAHCTBEHHBIX CHUCTEM, KAKUMHU SIBIISIOTCS
OacceliHbl KPYIHBIX peK.

B reonndopmanmoHHbIx cucTeMax, 00€CIeunBarONINX XpaHEHUE U MAHUITYJIHU-
poBaHue OONBIIMMH 00BEMaMHU MPOCTPAHCTBEHHO-KOOPAMHUPOBAHHBIX JAaHHBIX, HE
BCErJa pelieHbl BOMPOCHI KOPPEKTHOCTH PA3IMYHOM TeMaTUYecKoW HHGOpPMALIHH.
Becbma pesko onu nposiisitorest npu npuMmeHeHun [ MIC nist rugpoioruyeckoro Mo-
JENUPOBAHNUA, KOT/Ia HEOOXOIMMO HCIIO0Ib30BaTh OJJHOBPEMEHHO HA0Op MoKa3aresei
pPa3IMYHBIX TEMATUYECKUX cioeB. HeManoe BHUMaHUe MCCIEA0BATENIAMU YACISIETCS
TaKxke mpobsieMe BbIOOpa anemeHTapHoro Hocutenss uHbopmanuu B [IC (sueiiku
nepBuYHOM mH(OpManum): 100 CETOUHOE pa3OueHue, JU00 MPUHATHE B KaueCTBE
OCHOBBI TPUPOJHOTO MPOCTPAHCTBEHHOTO OOBEKTA - TaHAIadTa.

Bce BhIme ckazaHHOE CBHIETEIHCTBYET O KOMIUIEKCHOCTH TPOOJIEM MpUMEHe-
HUS TeonH(pOpMaAIMOHHO-KapTOrparuecKnX JaHHBIX B MCCIEIOBAHUSIX MPEATIOCHI-
JIOK BO3HUKHOBEHUS YPE3BBIUANHBIX CUTYAIlUH THIPOMETEOPOIOTHUESCKOTO XapaKTe-
pa. OTU WCCleNOBaHUs WMEIOT (PyHIaMEHTaJbHOE 3HAYCHHE, a CyIs IO MPOAOJI-
KAIOMUMCS TTyOTUKAIMsIM B HAYYHOU JINTEpaType M MEXIYHAPOIHBIM KOH(PEpPEHITH-
SIM, TIOCBSIIIIEHHBIM BOTIpocaM ucmoiab3oBanus [ MIC B THAPOIOTHYECKOM MOJEITHPO-
Banuu [GIS Hydro, 1999; Proceedings..., 2000], He yMeHbIIAETCS Ba)KHOCTh Hayd-
HBIX UCCJIeNOBaHUN B naHHOU oOnactu. Hasoquenue 2014 r. n3-3a JIUBHEN U 3aTSIK-
HBIX JIOKJed B ANTaliCKOM Kpae, B TOM 4HCIe, B HAaUOOJIbIIEH CTENEeHH MOCTPaaaB-
mei Tepputopun 0acceiiHa pexku Yapwiil, MHOrocHexkHas 3uma 2014-2015 rr., rua-
POMETEOPOJIOTMUECKUI TPOTHO3 Ha BeceHHUH nepuo 2015T. co3at0T npeanochuiKu
U HEOOXOAMMOCTh T'eOMH(OpMaAIMOHHO-KapTorpapuueckux padoT U TUAPOIOrHYe-
CKOT'O MOJEJIUPOBAHUS TEPPUTOPHUH AJITAiCKOTO Kpasi.
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napaMmeTpsl ApeHa)ka, TaKhe Kak yroj HakJIOHa, BBICOTA IISITHA, KOHTYpP U Apyrue Mop(hosIornyeckue
napameTpsl oBpara. [Io MHOroBpeMeHHbIM KocMudeckuM cHuMkam 2003, 2005, 2007, 2010 u 2013
rOZIOB BBISBICHO YETKOE OTCTYIUIEHHE BEpIIMHBI oBpara. OOpa3slbl NOYBBl OBUIM B3AThl PYYHBIM
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This paper assessed gully erosion at the University of Benin, Nigeria, using geoinformation,
ground survey data and geotechnical engineering methods. This will help to understand the mecha-
nism responsible for the gully formation and then develop control/management measures. The
catchment was geo referenced using GNSS, total station, Google historical imageries and multi
temporal images for monitoring land degradation. Topographical parameters of the catchment such
as slope angle, spot height, contour and other morphological parameters of the gully were obtained.
Using the multi temporal images, the gully head retreat was ascertained for 2003, 2005, 2007, 2010
and 2013 respectively. Soil samples were obtained to a maximum depth of 2m at both the upper and
lower reach of the catchment using hand auger. Boreholes 1, 2 and 3 where recovered from the up-
per reach of the catchment while Boreholes 4, 5 and 6 were obtained from the lower reach of the
catchment. Information obtained during the topographical survey shows that the ground slope at the
upper reach of the catchment is between 0,3 and 0,5 % while that of the lower reach is between 3
and 7 %; this accounts for the high rate of erosion at the lower reach of the catchment. Ground sur-
vey data were processed in excel format before imported into Arc GIS 9.3 software used for envi-
ronmental modeling; this was used to produce trend in environmental degradation.

Key words: gully erosion, watershed, GIS, geoinformation, soil loss.

Flood and erosion have seriously affected man since time immemorial and de-
spite governmental and prodigious effort to prevent and stop them the challenge still
remain till today causing damages to property and loss of lives. Initiation of gully is
as a result of localized erosion by surface runoff associated by rainfall events of high
intensity. Gully erosion is highly noticeable form of soil erosion and can impair soil
productivity as well as destroyed highway and water network. Eroded soil from gully
bed can cause siltation of streams, culverts, dams and reservoir. Water runoff increas-
es with energy as it spills over gully head and splash back water erodes the subsoil,
retreating the gully head up to a slope. This process maybe initiated by several differ-
ent factors including: cultivation or grazing on sites susceptible to gully erosion, in-
crease in runoff due to increase in land cover change, poor vegetative cover or re-
moval of preferred vegetative cover, improper storm water drainage design, construc-
tion or maintenance of waterways in cropping area (Ehiorobo, 2010).

In recent times, almost every part of the region in the world are exposed to deg-
radation and erosion caused by increasing population and over use of limited land re-
sources. Measuring soil erosion may not just be only expensive and time consuming;
the results may also be conditioned by single event such as rain storm (Hudson,
1995). Calibration requires soil loss data from the full range of field situation from
which the model will be applied. In practice, calibration is often based on data from
few runoff plots with or without use of an artificial simulator (FAO, 1993) and data
from site in other environment or measured according to the nonstandard technique
(Lal, 2001). All of these limit the predictive capacity of soil erosion model (De Bie,
2005). Monitoring procedure based on field measurement and the estimation on the
volume of rills and gullies in a time span such as several years are necessary in order
to assess erosion at the landscape scale (Poesen, 1996).
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The formulation of proper watershed management program for sustainable de-
velopment requires information on soil erosion and sediment yield (Pandey et al.,
2007). However, it is very challenging to model soil erosion because of the complexi-
ty of the interactions of factors that influence the erosion process (Wischmeire and
Smith, 1978). Substantial effort has been made in developing soil erosion models re-
sulting in a variety of models that range from simple empirically oriented equations
such as the Universal Soil Loss Equation, USLE and its Reversed version RUSLE
(Renard et al, 1997) to more advanced models such as Water Erosion Prediction Pro-
ject (WEPP).

When put on efficiency scale, the latter may be more functional and powerful
than other empirical models, but those models often need lots of data and are compu-
tationally intensive approach in many circumstances particularly with respect to
modeling soil erosion in medium and large scale watershed (Wang et al, 2009).

Arising from the above mentioned limitations with respect to soil loss models,
researchers dived into other areas of solving environmental challenges within a short
space of time using relevant data. In recent times, with the aid of Digital Elevation
Models (DEM), research has been addressed to predict the threshold contributing ar-
ea and other topographic effects, limits of initiation, distribution and location of gul-
lies in different locations (Ghoddusi, 1994). The current development in Remote
Sensing techniques provide spatial information that is normally difficult to obtain es-
pecially in developing countries (Bakoariniaina et al, 2006; Fistikoglu and
Harmancioglu, 2002).

The study area is University of Benin, Ugbowo campus which extends from Be-
nin-Lagos road in the west to the Benin- Auchi road in the Northeast. The campus is
divided into two (western and eastern) parts by the large basin of the Ikpoba River
which flows in the eastern direction. It lies between latitude 05° 44’ N to 06° 34’ N
and longitude 05° 04’ E to 06° 45’ E. The western sector slopes at between 3-8% (av-
erage slope of 4%) into the Ikpoba River which receives sediments from the gully area.
On this same sector (western), the slope breaks just behind the Capitol. From this point,
runoff due to change in gradient accelerates into the Ikpoba River, (Ehiorobo 2010).

The elevation of the study area ranges from 44m to 88m above mean sea level.
The average temperature in this area is approximately 27° C and annual rainfall is be-
tween 1,500 mm/yr to 3,000 mm/yr. The wet season spans from March to November
with break in the month of August otherwise known as August Break. Maximum
rainfall is as high as 549 mm (July/September) with minimum as low as 4.1mm (Jan-
uary/December). The major soil type in the area ranges from clayey soil in the upper
reach of the catchment to sandy soil towards the river bank. The land use types main-
ly include grassland, shrubs and bare soil. Humidity is about 85% most of the time
and the area lies in the tropical rain forest zone.
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Figure 1. Location plan of the study area

Reconnaissance survey was undertaken to have a good knowledge of the study
area while spatial and topographic survey was carried out using Total station instru-
ment (for gully bed mapping) and GNSS receiver, the coordinate obtained were con-
verted to Nigerian Transverse Mercator (NTM) by using INCA software. Morpholog-
ical parameters of the gully such as depth, top and bottom width, area of coverage
and total length of gully were determined at the site using measuring instruments and
spatial data. From the field measurement data, the cross sectional area was computed
using:

A =d (b+s.d) (1)
Where d — depth of Gully

b — Average width of Gully

s — Side slope of Gully

A — Cross sectional area

Volume of soil loss was also computed using Simpson rule given by Ehiorobo

(2011) as shown below:
L { J
V = A +4Am+ A
A ) @

Where V, - volume of soil loss between the sections
A, - cross sectional area of first section
A, - cross sectional area of second section
A, - cross sectional area of section midway between the first and second section

The projects coordinates from the total station were down loaded into arc GIS
environment as an excel spread sheet for further processing. Elevation data which
was used to produce the topographic catchment map. Apart from the fact that Geo-
graphic Information System (GIS) was used for contour and slope generation it was
also used to capture the extent of damage to infrastructure, water shed characteristics
and flood inundated areas within the catchment. During the reconnaissance and de-
tailed topographical survey of the area, it was observed that the average point density
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In some parts such as the gully head and edge were more intense than others. Arising
from the above, slope angle were computed at different sections of the gully so as to
ascertain or differentiate erosion intense area (due to increase in slope) from relative-
ly flat terrain. Total station also captured break in slope and other important topo-
graphic features of the catchment area. The cross section of the gully was recorded at
a spacing of 20m interval from the longitudinal direction.

The rate of gully head retreat over a period of five years (5) was ascertained us-
ing multi temporal satellite images for the period. Apart from 2013 head retreat
which was acquired using GPS receiver other were acquired from Google earth his-
toric images. Control points were set on each image and this control points were used
to carry out geo referencing of the images. The gully was then digitized for each year;
using overlay operation the various years were overlaid and the annual retreat was
measured. This will be used to compute the head retreat in other years.

Hand Auger was used to obtain soil samples from within the gully area and on
encroaching layer of the gully to a maximum depth of 2m. The samples were taken to
the Geotechnical Engineering laboratory for analysis/classification and other tests
which included particle size distribution, Natural moisture content, specific gravity;
Atterberg limits test, compaction and permeability. The tests were carried out in ac-
cordance with BS 1377:85. In order to ensure proper classification of soil within the
catchment, the study area was divided into two. Samples from boreholes 1, 2 and
3 were obtained from the upper reach of the catchment (towards Ekosodin) while sam-
ples from borehole 4, 5 and 6 were recovered from the lower reach (close to the river).

Information obtained during the topographical survey of the study area includes
the morphological data of the gully (length, breath, depth and volume of soil loss. Al-
so, the ground survey data was used to produce the catchment basin of the area show-
ing the direction of flow of the Ikpoba River. Using multi temporal satellite imagery,
the head retreat of the gully was monitored and recorded for a period of four years.
Acquisition of this imagery was then carried out from Google historic images while
that of 2013 was carried out using GNSS. Table 1 shows the head retreat acquired
from Google historical images while Fig. 2 shows the head retreat of the gully. In-
formation gathered during the ground survey was also used for slope computations
across each break in the catchment.

Table 1: Gully head retreat

Year Head retreat (m)
2005 -2006 90.8m
2006 - 2007 82.8
2007 - 2010 205.4
2010 - 2013 29.69
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Figure 2: Gully head retreat for 2003, 2005, 2007, 2010 and 2013

The tests carried out in accordance with BS 1377:85 are: specific gravity, parti-
cles size distribution (sieve analysis), Atterberg/consistency test, compaction test,
triaxial test and permeability test. Samples from boreholes 1, 2 and 3 (Ekosodin i.e.
upper reach of the catchment) were analyzed separately from those recovered from
the lower end (close to the sediment deposit). This was done so as to ensure proper
soil classification and identify the zone of soil transition within the catchment. The
results of the geotechnical investigation on the Hand Auger samples recovered from
different location within the catchment are presented in Table 2.

There are symbols in the table which mean: NP — not-plastic, LL — liquid limit,
PL — plastic limit, Pl — plastic index, OMC — maximum moisture content, MDD -
maximum dry density, C — cohesion while @ — angle of internal friction.

The data collected from the Nigerian Meteorological Agency, NIMET were
used to plot the charts in Fig. 3 using linear trend and scattered plot format. The chart
shows the yearly variation of the rainfall while the trend line represents the linear re-
lationships between the parameters involved.

From the data obtained during the topographical and field survey, the slope an-
gle for each section was computed at each slope break. The value of the slope angle
for the upper reach of the catchment (Ekoshodin area) ranges from 0.003% to 0.005%
while the value for the downstream (towards the Ikpoba River) ranges from 2.2% to
7%. Table 1 shows that between 2005 and 2013 the gully head retreat ranged from
29.69m (2013) to 205.4m (2007 — 2010; annual average retreat of 51.4m). Within this
period, the gully head had retreated 400m. A careful observation of Fig. 2 shows that
despite heavy rainfall recorded in 2013, the gully head retreat was almost 30m; the
smallest recorded since the initiation of the gully in year 2000. One of the factors re-
sponsible for the retarded retreat was the sharp reduction in the slope angle. Towards
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the upper reach of the catchment (Ekoshodin), the terrain is relatively flat and as such
runoff erosive index is low but increases in velocity as it approaches the lower part of
the catchment especially at the point where it experiences a break in slope (runoff
erosive index also increases at this section). At this section, runoff has left more dev-
astating effects than the upper reach.

Table 2: Geotechnical test results for the University of Benin erosion site

2 LZD), Triaxial ~ [Permeability
S/N.| LOC. | @ 2| Sieve analysis Atterberg limit Compaction
& E Test Test
> (cm/sec)
% Pass- [ % Pass-
ing ing
1 MDD | OMC |C(KN/
o £ 'g - LL L PL P emd) | ) fnz) 2°
55 |LE
— 2
(9]
1 BH1
0.5m | 258 | 85.89 | 46.84 [H7.82 PB4.79 PR3.03 [12.8 1.74 [27.76 |20 1,006 x 107
1m 2.6 82.7 5793 6.1 ¥1.04 R5.06 110 1.75 [18.45 23
2m 2.67 | 92.32 | 55.25 2.8 [39.87 [22.93 [10 1.83 [21.64 [19
2 BH 2
0.5m | 258 | 96.9 45,93 H8.91 [B2.44 p6.47 |11.9 1.73 [22.74 |12 1553 x 107
Im 253 | 80.51 [ 55.62 pB6.43 PR9.48 P6.95 1201 1.7 25.3 |11
2m 2.61 | 95.18 | 34.16 p9.01 B2.53 P6.48 P.5 1.18 [18.1 [12
3 BH 3
0.5m | 252 | 96.9 65.93 | 63.35(44.21 |119.14 125 1.8 19.73 9.8 1782 x 10°
1m | 26 | 96.42 | 58.92 |56.11 |39.72 | 16.39 133 175 hse2 p3 [ -
2m 259 | 96.45 | 49.91 [55.43]38.82 |16.61 |13.2 1.73 [21.29 |18
4 BH 4
0.5m | 238 | 89.23 | 12.97 | N.P - - [1.03 [1.68 6.9 5.4 1.104x 10°
1m 241 | 97.45 | 10.77 - - - P35 1.62 [7.11 [/.8
2m 2.39 | 80.15 | 17.57 - - - [lo.65 [L55 .55 6.1
5 BH 5
0.5m | 233 | 89.11 | 11.94 - - - [1322 [1.48 643 pB.5 [1.464x10°
1m 2.28 | 93.47 | 17.62 - - - {1014 (71 B18 |1
2m 24 | 91.73 | 1545 - - - 322 Q.74 @B51 6.6
6 BH 6
0.5m | 242 | 89.01 9.73 - - - Q157 44 72 B2 [1.433x10°
1m 231 | 90.34 | 11.37 - - - P.63 1.56 [10.73 pB.7
2m 257 | 94.73 | 16.84 - - - [L058 [1.8 11.48 |7.1
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Figure 3: Yearly variation of rainfall (1960 — 2010)

The geotechnical result (from the upper and lower part of the catchment) pre-
sented in Table 2 showed that the specific gravity for Bore Hole 1, 2 and 3 ranged
2.52 to 2.67 while the percentage passing through sieve number 0.075mm is between
34.16 and 65.93, this indicates that the soil in this part of the catchment is clayey soil
with high water retaining ability as reflected by the soil moisture content (1.18% -
1.8%) and also high plasticity index (16.61% - 26.95%). The permeability test results
show that the soil is impervious and hard when dried but swells when under wet con-
dition. When the topography is not tilted or faulted such soil hardly erode; this was
why the rate of retreat slowed during the wet season of 2013 despite the heavy rain-
fall. For Bore holes 4. 5 and 6, the specific gravity ranged from 2.28 to 2.42 while the
percentage passing sieve 0.075mm is between 10.77% and 17.62%. This implies that
this part of the catchment is predominantly sandy soil. This was confirmed by the
non-plastic nature of the samples and permeable tendency of the soil. The erodibility
index of the sample at this part of the catchment was also very low (2.6), a factor
which predisposes the soil to high erosion as gully retreated by almost 300m in four
(4) years (2007, 2011). From the foregoing, the following conclusion can be ascer-
tained:

— Geoinformation, multi temporal images and ground/field survey data can be
used to monitor the rate of head retreat in gully and other environmental changes with
respect to change in climate.

- Faulted or tilted land with intermediate slope break aid the velocity of runoff
and when such catchment lacks adequate soil protection, the rate of erosion in such
areas is usually intense.

- When GIS is fully utilized in addition to geotechnical and meteorological da-
ta, various factors contributing to the degradation of land can be ascertained and ade-
quate control measures recommended.
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THE USE OF SPACE IMAGERY DATA FROM SATELLITES OF THE
RUSSIAN-BELARUSIAN SPACECRAFT CONSTELLATION INTENDED

TO CONTROL NATURAL AND INDUSTRIAL DISASTERS, LAND USE, FORESTRY,
ECOLOGY AND PROVIDE FREE ACCESS TO GEOSPATIAL CONTENT
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The article discusses the use of space imagery data from spacecrafts of the russian-belarusian
spacecraft constellation intended to control natural and industrial disasters, land use, forestry, ecol-
ogy and provide free access to geospatial content.

Key words: space imagery, Earth remote sensing data (<ERS» data), land use control, emer-
gency, forestry monitoring.

After deployment of the satellite cluster in 2012 consisting of the Belarusian
spacecraft ("BS") and "Canopus-B» Nel spacecraft, the national operators started to
supply the ERS data to the public consumers of operational hydrometeorology, enti-
ties monitoring natural and industrial disasters, those of environmental resource man-
agement, ecology and cartography.

Table 1. Contains main characteristics of the spacecraft and its optoelectronic
facilities.

Later on, in order to improve the economic benefits of running the satellite clus-
ter, it was decided to establish a joint venture for the commercial use of ERS data and
promote it to the Russian and international markets. In February 2014 by order of the
Deputy Prime Minister of the Russian Federation Mr. D. Rogozin and Government
regulation of the Republic of Belarus was formed a joint Russian-Belarusian compa-
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ny "International space technology.” This has laid foundations for the partnership be-
tween Russian and Belarusian enterprises in the field of commercialization of space
activities.

Table 1

473,2 kg
510+10 km

2,1m
105 m

300 000 + 500 sg.km
4 days

30 + 50 m (no Ground control points)
4 + 7 m (with Ground control points )

0,54-0,86
0,46-0,52; 0,51-0,60; 0,63-0,69; 0,75-0,84

The founders of the joint venture are: on the Russian side - JSC "VNIIEM Cor-
poration”, developer of the meteorological satellites such as" Meteor-M "and small
ERS spacecrafts such as" Canopus-B ". On the Belarusian side it is "Geographic In-
formation Systems" Unitary Enterprise, the operator of the Belarusian ERS system.

JSC "MKT" main activities:

1. Commercial distribution of ERS data and its processing results got from the
BS and "Canopus-B" spacecraft as the exclusive sales representative "GIS" Unitary
Enterprise in the CIS countries excluding the territory of the Republic of Belarus.

2. Photogrammetric and subject based data processing of ERS data from the BS
and "Canopus-B" Nel satellite, byproducts: orthophotoplans, mosaics of space imag-
es, digital elevation models, etc.

3. Development and updating of specialized geo information systems.

Types of products supplied by JSC "MKT" can be seen in Table 2.

Under the terms of the multiagency agreement Roscosmos and the National
Academy of Sciences of the Republic of Belarus share the spacecraft cluster of two
satellites to provide Russian and Belarusian consumers with the ERS data and its
processing results. Images from "Canopus-B» Nel and Belorussian satellite are sup-
plied to consumers of space information in three processing levels resulting in the fol-
lowing types of the final product, "base product"”; "Standard product” - the image in a
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given map projection with radiometric processing, sensor distortion correction and
geometric correction; "Orthorectified product” - ortho-images, digital maps and digi-
tal elevation models.

Table 2
Spatial resolu- Number of Vector of
Type of ERS products ; : . : .
(Belorussian ERS data) tion nadir, m spectral image size, | Type of imaging
channels km

panchromatic 2,1 1 23x23 archlye
operative

multispectral 10,5 4 20x20 archive
operative

Panchromatic and multi- 23x23 archive
spectral 2,1n 105 > operative

20x20

RGB-synthesized 2,1 4 20x20 archlye

operative

Each ortho-corrected image is radiometrically calibrated and geometrically and
topographically improved according to high-accuracy measurements of the orbital pa-
rameters as well as according to Ground Control Points ("GCP").

EMERCOM of Russia its National Center for Crisis Management have success-
fully realized a ground computer based system for "Canopus-B" to receive and pro-
cess data, intended to detect flooding and forest fires situations, to evaluate the infra-
structure condition after significant earthquakes, natural and industrial disasters.

Fig. 1 and Fig. 2 represent instances of common use of satellite images for the
above tasks.

" JE w " 5
PeweHue npuknadtbix 3aday ¢ NPUMEHEHUEM CHUMKOS C PeweHue MpuknadHsIx 3ada4 ¢ NPUMEHeHUEM CHUMKOE C
«Kanonyca-BNe1 u BKA «KaHonyca-BNe1 u BKA

MOHMTOPUHI NaBOAKOB W HAaBOAHE! MoHuTopUHT noxapoB (noxap ot 19.10.2012 1., p-H 03. YepBoHoe)
P ———— CEEEEEES——

BeKTOpHble Com pycna pexi
oHb

ycna ps
1 Nasoaka Ha 29.04.2011 MODIS/TERRA (paspetuerive 250 m)

A 30H NaBOAKa ANA B3
TeppHTOpUi. MaBOAOK 8
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Fig. 1. Monitoring of emergency situations

A pioneering Russian experimental technology to process images using rational
polynomials (RPC) was developed for "Canopus-B» Nel and Belarusian spacecratft,
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which can be used to perform rough image conversion, independently of ground con-
trol points. Terrain Information is taken from SRTM public digital elevation model.
For adjustment purposes the image scenes and orthophotoplans can be based upon
ground object forms with coordinate readings imported from GLONASS technolo-
gies or appropriate map scale data from cartography-geodesic fund. The GIS "Map
2011" software with its "Raster map points" tool can be used to locate the image size.

Information, obtained from the "Canopus-B» Nel and Byelorussian satellite is
used to monitor the land use in agro-sector, natural resources control and eco-control,
ground mapping needs. Some examples of the use of ERS data taken from the space-
craft are shown in Fig. 2.

* S > v >
MOHNTOPUHT 06LEKTOB 3EMMENoNb30BaHMS MOHMTOPUHT M3MEHEHWIA B NIeCHOM hoHAe
MOHUTOPUHT U3MEHEHUIt B necHoM oHae

€MCNoNb30BaHNeM CHUMKOB BKA
(paiioH Bunefickoro BoAoxpaHWAMILA) (paspewetwe 2 m) ot 19.10.2012 r.

LIBETOCMHTE3MPOBAHHbI CHUMOK BKA

OueHKa COCTOAHNA 06BEKTOB MENMOPATUBHOTO $oHAA

AKTyanbHble AaHHbIE U3 UHTEpHET-
cTouHMKa «Maps.google.com»

BeaeHue 6aHKa AaHHbIX N0 06bekTam
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mMacwtaba 1:50000 v 1:25000
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1
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Fig. 2. Monitoring of land-use objects, forestry, eco-control and ground mapping

Starting from 2012 the Federal Forestry Agency has been using ERS data from
satellites "Canopus-B» Ne 1 to control forest arcas and identify illegal forest cutting,
as well as to perform contracts of forest inventory and while putting the forest plots
on cadastral record.

Fig. 3 shows examples of forest control (deforestation control) in panchromatic
view and images from the "Canopus-B» Ne 1 in 2013. For comparison «Google
Maps» images of the same area are provided.
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Fig. 3. Monitoring of forest areas

Thus, the space imagery data from BS and "Canopus-B» Nel spacecraft has been
efficiently used both in Russia and in the Republic of Belarus to provide real-time
monitoring of hydro meteorological objects, monitoring of natural and industrial dis-
asters, environmental resource management, ecology, and for the purposes of digital
and topographic and navigation mapping.
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[laBoKM M HABOJHEHUS 3TO CTUXUHHBIE OENCTBUS, OXBAThIBAIOIIUE OOJBIIKE
TEPPUTOPUH U TIPEBOCXOASIINE IO HAHOCUMOMY YIIIepOy BCE JIpyrue ype3BbluaiiHbIe
cutyanuu. Hanbonee 3hPpeKTUBHBIM METOJOM CJCKEHHUS 3a TMABOJKOM MOXET CIIy-
AKUTh KOCMUYECKUA MOHUTOPUHT C MCMOJb30BAHUEM JAHHBIX JIUCTAHLIIUOHHOTO 30H-
nupoBanus 3emin ([1/133). B ®I'BY «HUIL] «Ilnanera» perynsipHO MPOBOIUTCS MO-
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HUTOPUHT TMAaBOAKOB. [[s1 BBIABIEHUS 3aTOIUIEHHBIX TEPPUTOPHI HCIONB3YIOTCS
JaHHBIE ¢ TakuX Kocmuueckux ammaparoB (KA) kak Pecypc-I1 u Landsat-8, Tak kak
OHHM UMEIOT BBICOKOE MTPOCTPAHCTBEHHOE pa3peleHue. Takue CyTHUKU Aal0T CHUM-
KM, COJEpKaIlMe MCUYEPINBIBAIONIYI0O UHPOPMALMIO O MOBOJKE HA MOMEHT ChEMKH.
OpnHako, UHTEPBAIBI MEXAY ChbEMKaMHM TEPPUTOPUM HaBOAHEHUs >TuMu KA moryt
OBITH KpaiiHe Benuku. J[Jia perienus npoo6sieMbl CBOEBPEMEHHOTO OOHOBJICHUS MOXK-
HO MCIOJIb30BaTh IAHHBIE CO CIIYTHUKOB, MPOU3BOISAIIUX €KETHEBHOE 30HIUPOBAHHE
36MHOM ITOBEPXHOCTH.

[lenp sKCHIEpUMEHTA COCTOSUIA B JEMOHCTPALMH TEXHOJOTMYECKUX BO3MOXKHO-
CTe METOAMKU MOHUTOPHHIA MAaBOJIKA, & TAKXKE OLIEHKE MOTEHIMalIa UCIIOJIb30BaHuUs
unpopmannu ¢ KA TERRA u AQUA Ha nmpumepe HaBoAHEHHsI Ha peke UynbiMm
B arpene 2014 rona.

B navasie anpens 2014 rona Ha pexe UynbsiM Havasicsa naBoaoK. s MOHHTO-
pUHTA 3aTOIUICHHBIX TEPPUTOPUN HUCIOJIB30BAIUCH JaHHBIE CO CIIYTHUKOB Pecypc-11
n Landsat-8 ¢ mpocTpaHCTBEHHBIM paspelieHueM A0 15 MeTpoB KaxkAblid, a Takke
nanubeie GoogleMaps. Jlns onpenenenust o6iacteid NOATOIVIEHUS ObUIO HEOOXOUMO
BBIJICTTUTH TOJIOKEHUE TOWMBI peku. JJis 3Toro ObUT MCTONBh30BaH JETHUNW CHHUMOK
MeCTHOCTH U3 apxuBa GoogleMaps (puc. 1).

Hannusie co cmytauka Pecype-I1 3a 16 anpens 2014r. ObUTM OCHOBHBIM HCTOY-
HUKOM HMH(GOpPMAITUHU O MTABOJKOBOM 0OCTaHOBKE BO BpeMsi MoabeMa Boabl. [ ompe-
JIeJIEHUs1 KPOMKU BOJIbI ObLIa MPOBEACHA KIacCU(PUKALMSA W300paXeHUs] IO METOLY
IsoData. Ilocne BblAeneHUs KJIacCOB, COOTBETCTBYIOIIMX TEPPUTOPUSAM MOITOILIE-
HUs, ObLJIa MOJTyYeHa KapTa MOATOIICHHUs (puc. 2).

Puc. 1. Jletuuii cHUMOK MecTHOCcTH 3 PHcC. 2. Pe3ynbraT 00paboTku cHuMKa Pe-
apxuBa GoogleMaps ¢ BeinenesnsiM  Cype-I13a 16 anpens 2014 r. KpacubiM BbI-

KOHTYpPOM TNONMBI p. UybIM JieJIeHa TI0¥IMa PEKHU, CHHUM -
00J1aCTh 3aTOTIJICHUS
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Crnenyrommm n300pakKeHUEM BBICOKOTO pa3perieHus HHTEPeCyIoiel Hac Tep-
puTopuu OB CHUMOK co cnyTHuKa Landsat-8 ot 12 mas 2014 r. Ilocne armocdep-
HOM KOPPEKIIMM CHUMOK OBLI MPUBEAEH K Pa3pelICHUI0 15 METPOB ¢ MOMOIILIO Me-
toma Pan Sharpening. [lanee Oblia mpoBeieHa KaacCH(PUKAIUSA C LEIbI0 BbIICICHHS
obsacteit moaTomuieHus. Huke mpuBelleH CHUMOK C HAJIO)KEHHBIM Ha HETO BEKTOP-
HBIM CJIOEM 30H moaTorieHus. [1o aToMmy n300pakeHNI0 MOKHO OLIEHUTh, HACKOJIBKO
IUTOIIA/Ib BOJHOM MOBEPXHOCTH YMEHBIIIMIIACK 3a 25 nHel (puc. 3).

Puc. 3. Caumoxk co cimytHuka Landsat-8 ot 12 mas 2014 .
KpacHbIM BbII€TIEHA TTOMIMA pEKH, CHHUM - 00JIaCTh 3aTOTIICHHSI

OcHoOBbIBasICh Ha MOJyYEHHBIX pe3yibTaTax, B cpene ArcGIS Obuia mpoBeneHa
OIIEHKA TUIOLIAM BOJHON MOBEPXHOCTHU PA3IUBILIEIHCS PEKU HA MOMEHTHI 16 ampens
u 12 mas 2014 r. bpuin paccurTansbl MIOMIAAL TOWMBI U TIJIOIIAAX 3aTOIJICHUS HA 3TH
natel. B mpenenax obmacTu mHTEepeca IUIOHIANb MaBOJKa COCTaBHia: 16 amperns
~2.54 km?%; 12 masn~0.42 KMZ; wIomak moiMst ~0,24 km>.

[Ipyu MOHUTOpHHIEe NABOAKOBOM OOCTAHOBKM Ba)XKHBIM (DAKTOPOM SIBIISIETCS
CBOEBPEMEHHOCTh TMOJYYEHHBIX NaHHBIX. CTaHOBUTCS OYEBUAHOW HEOOXOIMMOCTH
WCIIOJIb30BaHUS TAHHBIX CO CIIYTHHKOB, MPOU3BOASAIINX €KEAHEBHOE 30HAUPOBAHUE
MHTEPECYIOIINX YYacTKOB 3eMHOW moBepxHocTH, Takux kak TERRA u AQUA.
C yderoM 00JaYHOCTH HMHTEpPBAT MEXIy CheMKamMu s Takux KA cocraBiser
B cpenHeM 4-5 mHeil. HeoOXoMuMo y4UTHIBATH OCOOEHHOCTH MCIOJIB30BAHUS TAKUX
JAHHBIX, TOCKOJIBKY CheMOUHOE 000pyoBanue 3Tux KA nmo3BosseT nojiy4yarb CHUM-
KM HU3KOTO MPOCTPAHCTBEHHOTO paspeleHus. B Hamieil pabore Mbl UCIONIB30BAIH
nauabie mpuoopa MODIS >TuX cryTHHKOB, UMEIONINE IPOCTPAHCTBEHHOE pa3pere-
Hue 250 MEeTpOB.

Jlns Bu3yanbHOW OIICHKM WH(POPMATUBHOCTU AaHHbIX Ha cHUMKH MODIS
ot 16 anpens 2014r. HalO)XeH KOHTYp OOJIacTeil 3aTOIMJICHUS, MOJYYCHHBIN MOCIe
obpaboTku caumka KA Pecypc-I1 Ha ananoruunyro gary (puc. 4).

WToroBBINi KOHTYpP HABOJHEHMS, KOTOPBIA YJaJ0Ch BBIABUTH KiacCUUKAIUEH
cuuMkoB MODIS, B 00uux deprax MOBTOPSET KOHTYp MAaBOJKA, MOJIYYEHHOTO Ha
OCHOBe JaHHbIX cyTHHKa Pecypc-IT (puc. 5).
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Jlyist BeIIENIeHrs 001acTe MOATOTUICHHSI M YTOYHEHUS TUIOIIAIA MaBOIKa, OBLITN
paccunTanbl 3HaYeHUs uHaekca NDVI ais repputopun naBojka (puc. 6).

Puc. 4. Caumox MODIS co cnytHuka Aqua:
KpacHBIM U UHGPAKPACHBIN CIIEKTPAIbHBIN KaHa

Puc. 6. NDVI no nanaeim MODIS(Terra), 16 anpens 2014 .

Xapaxkrepnble 3HaueHus NDVI nns ob6nacrei:
I(o3epo, nén) - 0.10; 2 - 0.14; 3-0.2; 4 - 0.2; 5(mocénoxk) - 0.23
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[Tockonbky o cauMkaM MODIS Henb3st BBIAEIUTh KOHTYPBI 3aTOILIEHUS C BbI-
COKOM TOYHOCTBIO, CJIEIOBATEIBHO, HET BO3MOXKHOCTU C IPUEMIIEMOM TOYHOCTBIO
paccuuTaTh IUIOUIAAM 3aTOIUIEHMsSI IO KOHTypaM. Takum oOpa3om, BCTa€r BONpPOC
OLICHKH JOJIY IUIOLIAH, 3aHSATOW BOJOW, BHYTPH OJHOTO nUKcelsd. CI0KHOCTh 3TOU
3aJa4l 00ycCIaBIMBAEeTCAd TEM, YTO HEJb3s MPOCTO CPABHUTH OTHOLIEHUS SPKOCTH
IIUKCENST B HEKOTOPOM CIIEKTpE B pa3HOE BpeMs (IO M BO BPEMsI HABOJAHEHHS), TaK
KaK U3MEHSETCS MHOKECTBO YCIOBUN MPOBEACHUS ChEMKH, TaKUX Kak BbicoTa COJH-
11a, yroJy ce€MkKH 1 np. OxgHako cpapHeHrue NDVI numeHo 3TUX HEA0CTaTKOB.

Hwxe npuBeneHo nBa pemeHus il OLEHKH JOJIM IHMKCENs, 3aHATOrO BOJOM:
OJTHO MPUOIMKEHHOE, BTOpoe 00jIee TOYHOE.

IIpubnuowcennoe pewenue:
s=1- (NDVI; *(14+NDVIy)) ’ (1)
NDVIp-NDVIy

rae NDVIj - 3nauenune nanekca NDVI no HaBognenus,
NDVI; - 3nauenne ungexca NDVI Bo Bpemst HaBoiHEHUS],
S - JIOJIS TJTOIIAN ITUKCES, 3aHITOr0 BOJOM.
Tounoe pewenue:

_ a-pyr@-y)
ST Una-p--pek) 2)

rae o - 3Hadenume nHaexkca NDVI 1o naBonHeHwus,

y - 3HaueHue uHjaekca NDVI Bo BpeMs HaBoIHEHU S,

[ - 3Hadenue unaekca NDVIaisa nukcens, MoaIHOCTHIO 3aHITOTO BOJIOM,

K - oTHOIICHHWE 3HAYCHUWH SIPKOCTH BOJHOHN IMMOBEPXHOCTH B OJM>KHEM HMH(Dpa-
KpacHOM KaHajie BO BpeMsl HAaBOJHECHHUS U JI0 HETO,

S - JIOJIS TUIOIIAIN ITUKCENIs, 3aHATOTO BOJOM.

Ha moment maBonka 16 ampenst 2014 1. Ha cHUMKe HE OBUIO OOHAPYKEHO OT-
KPBITBIX BOJAHBIX IMOBEPXHOCTEH JOCTATOYHOM ILIOIIAAM ISl OmpeaesieHus Kod3(du-
1MeHToB P u kK, cienoBaTenbHO, HE OBLIIO BO3MOYKHOCTH MCIIOJIB30BAaTh TOYHOE PEIlIe-
Hue. Takum 00pa3oM, OIeHKa IIJIOMIAIU MaBOJKa Oblja MPOBEJICHA HAa OCHOBE IPH-
OJIM’KEHHOT'O PEIICHHUS.

PaccunThiBas 1uromniaap MOATOINICHUS MO TUIOMIAAM KOHTYpa, KiIacCHpHUITUpye-
MOTO KaK BOJHAs MOBEPXHOCTh, MOJYUYHIIN IUIOINIA/Ib TAaBOJIKA PaBHOH 6 KM, 9TO 6O-
Jiee yeM B 2 pasa MpeBbIIaeT pealibHYIO TJIOIIaAb MTaBOJIKa HAa TAHHOM Y4acTKe PeKU
B 3TOT niepuo. Ilpu ydeTe nmomnpaBku, miomnaas maBojka Obljia olieHeHa B 4 KM?, 4TO
B 1,5 pa3a Gke K HCTHHE, 110 CPAaBHEHUIO C TIPEABIAYIITUM PE3YIBTATOM.

Hanee mbl ucnonb3oBanu npoaykt MCD43A4, kotopslil npeactapisieT coboi
16-T THEBHBIM KOMITO3UT CHUMKOB, cocTaBieHHBIN 1o maHHBIM TERRA u AQUA ¢
nomouibio ¢pyHkuuu BRDF (nBymydeBass ¢yHKIuUS oTpakaTeabHOW CIIOCOOHOCTH).
IIpocTpanctBenHoe paspemenne MCD43A4 coctaBnsier 500 metpos. Ilpu paznuBax
pek Ha Oosiee yem 250 METpPOB ITOT MPOJIYKT MOKHO HCIOJIB30BaTh JJIS OIICHKH
mIomaau HaBogHeHus. Ho mpu maBoakax HeOONBIIMX MacIITaOOB HCIIOIH30BAHHE
MPOJIYKTa C TaKUM pa3pericHUEM JUII MOHUTOPHWHTA COCTOSHHS ITaBOJIKA HE IMpe-
CTaBIIIETCS BO3MOKHBIM.
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BriBog

OcHOBHOM Mpo6sIeMOoi MOHUTOpUHTA TToToBoAMM 1o JIJ133 MokHO Ha3BaTh He-
XBaTKY OINEpPATHUBHBIX JIAHHBIX. JTa MpoOjeMa CBs3aHa C OTPAHUYEHUSIMU YaCTOTHI
MMOBTOPEHUSI CIYyTHUKOBOM CHEMKH KOHKPETHBIX 3aTOIUISIEMBIX TEPPUTOPUI U HaJU-
gueM o0jiagyHoCTH. [ToaToMy npu HAOIIOACHUSAX MMOJOBOAMM 11€71€CO00Pa3HO UCTIONb-
30BaTh MH(GOPMAIIMIO CO BCEX JIOCTYIMHBIX KOCMUYECKUX cucTeM. Bmecte ¢ Tem, npo-
CTPaHCTBEHHOE pa3pellieHue TaHHbIX HEKOTOphIX KA, Takux, kak TERRA u AQUA,
HE MMO3BOJIAET JOCTOBEPHO JAemU(PpUpOBaTH KPOMKY BOJBI U IPUBOJIUT K OITHOKAM B
OTIpeNIeTICHNN MAacCIITa0OB IMOJOBObA. Takum 00pa3oM, OnepaTUBHBIH MOHUTOPHUHT
MaBOJKOB W3 KocMoca 0e3 MCIOJb30BaHUSI HAa3eMHBIX HAOIOIEHUA B HEKOTOPBIX
ciydasax manodddextuBeH. i yiydileHHs KadecTBa MOHHUTOPUHIA HEOOXOIUMO
HCIIOJIb30BaTh JIAHHBIE CO CTAIMOHAPHBIX THAPOIIOCTOB U, IO BO3MOXHOCTH, OpTraHU-
30BBIBATh BPEMEHHBIC (MOOMIIBHBIC) MOCTHI THIPOJIOTHUECKUX HAOIIOIEHUN B TTaBO/I-
KOONAaCHBIX pailoHax. B mepcnekTuse, 11e1ecoo0pa3Ho MPOBECTH MOJIETUPOBAHKUE 30H
3aTOIUICHUS TI0 KOCMMUYECKUM CHUMKaM BBICOKOT'O MPOCTPAHCTBEHHOIO pa3peIieHus
B COYETAHUU C JAaHHBIMHU 00 YPOBHSIX BOJIbI, ONpEEsAeMbIX Ha rujiponoctax. Takue
MOJIEHN CIIOCOOHBI 00ECIIeUNTh BO3MOXKHOCTh 00Jiee ONEepPaTUBHO OIEHHUBAThH OOIIYIO
TUAPOJIOTUYECKYI0 OOCTAaHOBKY U IUHAMUKY €€ Pa3BUTHS.
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OnHuM U3 IIaBHBIX METOJOB MCCJENOBAHMS CEJIEBBIX MPOLIECCOB W SIBJICHUIA,
a Tak)Ke OIICHKHU CEJIeBOW OMAaCHOCTU B MPHUKJIAIHBIX LEAX SBISETCS KapTorpadupo-
BaHUE CeJiei, KOTOpOe 3aKJII0YaeTCsl B COCTaBICHHUH crienuaibHbIXx apT. Kaprorpadu-
pOBaHME cellel TPEACTABIAET COOOM OJIMH U3 BUJIOB TEMATUYECKOrO KapTorpapupo-
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BaHus. CyIlIeCTBYEeT YEThIPE TUIIA CENIEBbIX KapT, Pa3IMYAIOUINXCs 0 HA3HAYCHHUIO,
MaciTaly, COJEepP >KaHUIO U CII0OCO0aM COCTaBIICHHUS.

Hetanbapie ceneBbie KapThl (MacmTad 1:10 000 u xpymuee). [lo HasHaueHUIO
STH KapThl SBJISIOTCS MPOEKTHBIMH M OXBATBHIBAIOT OT/IENbHBIE CelIeBble OACCEHHBI
WIM OTPaHWYCHHBIE MO IUIOMIATM YYacTKHU. VX COCTaBIAIOT MpU MPOECKTHPOBAHHUH
MEp 3alllUThl U OPTaHU3AIMK CEJIEBBIX CTAIMOHAPOB. B OCHOBY cojep)kaHusl JeTalb-
HBIX KapT MOJIOKeHA MOPQOJIOTHUs JEHCTBYIONIUMX U MOTEHIIMAIbHBIX CEJIEBbIX Oac-
CEHHOB M 30H UX BO3MOKHOT'O BPEIHOTO BO3CHCTBUS.

2. KpynnomacmtabHble ceneBbie KapThl (MacimTadsl 1:25 000-1:50 000). Ilo
CBOEMY HA3HAUEHUIO TU KapThI SIBISIFOTCS MPOEKTHBIMU M COCTaBIISAIOTCS MpHU IJia-
HUPOBAHUU MEp 3aIUTHI U OpraHU3aIl[il MOHUTOpUHTA ceieil. OHM 0XBaThIBAIOT al-
MUHUCTPATUBHBIE 00JIACTU WJIM OTAENbHbIE y4acTKu. OCHOBY COAEpIKaHUS KPYITHO-
MacCIITa0HBIX CEJIEBBIX KapT COCTaBJSIOT MOP(OJIOTHS CENEBBIX TMOTOKOB, B HHUX
dbopMupyromUXCs.

3. Cpennemaciirabubie cenebie kapThl (1:200 000-1:500 000). ITo cBoemy Ha-
3HAUYEHUIO 3TU KapTorpauueckue MOJEIN SIBJISIOTCS OLEHOYHBIMU M OXBATHIBAIOT
IJIOIIAN OTIAEIBHBIX pernoHOB. OCHOBY MX COJEP’KaHMS COCTABISIIOT CelieBble Oac-
CEMHBbI U X XapaKTepPUCTUKA (TUMOJIOTHS), YTO, B COYETAHUU C KaJacTpaMmu celeil, 00-
pa3yeT OCHOBHOM CIPaBOYHBIN MAaCCHUB MIEPBUYHON MH(POPMAIIH O CETIEBBIX SBICHUSIX.

4. Menkomacmrabubie ceneBbie kapThl (1:1 000 000 u menbue). ITo cBoemy Ha-
3HAYEHUIO SBJIAIOTCS HAyYHO-CIIPABOYHBIMU, UMEIOT OO30PHBII XapaKkTep U OXBaThI-
BAIOT IUIOUIA/IM OTIENBHBIX TOCYNapCTB, MaTEPUKOB U Mupa B 1enoM. OCHOBY co-
JEp>KaHUsT MEJIKOMACIITa0HbIX KapT COCTaBISIOT TEPPUTOPUH, paszIuyaroiiuecs Mo
rOCMOJCTBYIOIIUM T€HETUUECKUM THIIaM CeJiel U CTENEHHU CEIeBOM aKTUBHOCTH.

JleTanbHble U KPYMHOMAcCHITAOHBbIE KapThl COCTABIISIIOTCS CIIOCOOOM TOJIEBOI
cbemku. CpeaHemaciTaOHbIE — MYTEM COYETAHUS IMOJIEBBIX M KaMEPaJIbHBIX METO-
JIOB, C IIMPOKHM HCIOJIb30BAaHUEM PE3YJIbTATOB MATEPUAIOB TUCTAHIIMOHHOTO 30H-
aupoBaHus. MenkoMacmTaOHble — KaMepalbHBIM CIIOCOOOM, IyTeM CHHTE3a Iep-
BUYHBIX M KapTOrpapuuecKux MaTepuasIoB U aHan3a (pakTopoB cenehopMUPOBAHHUS.

K OCHOBHBIM XapaKTEpUCTHKaM CEJEBBIX SIBICHUN, OTOOpakaeMbIX Ha KapTax,
OTHOCATCS: TE€HE3UC, I'YCTOTa CETU CEJIEBBIX pycel, 00bEM CEIEeBBIX BHIHOCOB, TOBTO-
pseMocTh. Tpu mocneaHue XapakTEPUCTUKU MO3BOJISIIOT OLIEHUTh CTEMEHb CEIeBOM
akTUBHOCTU. [Ipu 3TOM HEOOXOIUMO MCIIOIB30BAHUE IIIABHBIX XapaKTEPUCTUK Celel
BO BCEX Ipymnmax Kapt (B MpsSMOM WJIM MHTETPUPOBAHHOM BHJIE), UTO 00ECIEUMBAET
MPEEeMCTBEHHOCTh MacIITaboB KapTorpaupoBaHUs U BO3MOXHOCTb CBEICHHS U CO-
MOCTaBJICHUS KapT.

B Hacrosiielt ctaThbe paccMaTpuBaeTCsl OMBIT MPUMEHEHHUS HapaOOTOK KapTo-
rpadupoBaHust MOPPOCUCTEM B MOPPOIUHAMUYECKOTO aHAIHM3a HA MPUMEPE CENeo-
MACHOTO FO’KHOTO MakKpoCKJIOHa TYHKMHCKHUX TOJBIOB, NEPUOJUUYECKU «BBICTPEIH-
BAIOILIET0» BOJOKAMEHHBIMH U TPA3CKAMEHHBIMU CEJIEBBIMH IMOTOKAMU B CTOPOHY
TYHKHUHCKON KOTJIOBUHBI.

OObexTOM KapTOorpagupoBaHHsl CTall IOXKHBIM MAaKpOCKJIOH MOP(OCUCTEMBI
«TyHKWHCKHE TOJBIBI», pa3BUBAIOIICCS Ha MOP(OCTPYKTYpHOI OCHOBE M HMEIO-
et paur MmopdocuctMHoro okpyra. Vcciaenyempiii MaKpOCKJIOH PacloIOKEeH MEex-
Ay TJaBHBIM aTTPAKTOPOM OKpyra (TJIaBHBIM BOJOpa3aeioM TYHKHHCKHUX TOJIBIIOB)
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U TEKyIIUM O0a3MCcOM €ro JeHyJalluu, IPOCTPAHCTBEHHO COBMAJAOLUIMM C TEKTOHH-
YeCKUM IIBOM TYHKHHCKOTO cOpoca. DTa CTPYKTypHasl JIMHUS MPEICTaBIsET cOO0M
MOJ/IOIIBY OKPY>KHOU JEHYTAIIMOHHON MOP(HOCUCMBI, Ha HEW OTKPBIBAIOTCS BBIXOIBI
(T7aBHBIE aTTPAKTOPbI, TalbBern) OAaCCEHHOBBIX CHUCTEM U OMUPAIOTCS Oa3albHBIC
dacersr TynkuHCKOTO COpOCa.

bacceliHOBBIE CUCTEMBI, OTKpBbIBarOIMeCs B TYHKHHCKYI0 KOTJIOBUHY, UMEIOT
paHr MoppocucTeMHBIX palioHOB. [lopsiiok BoJOTOKOB, (hopMupyromuii 31U Oaccei-
HOBBIE CHUCTEMBbI BapbHpyeT B npeaenax |-1V, onnako Ha xapte mopdocucrtem paii-
OHBI TOKa3bIBAIOTCS 0€3 O0TOOPaKEHUS OCIOKHSIOIIMX WX TOUYEPHHUX M AJIEMEHTap-
HbIX OacceilHOB (MOApPaliOHOB), KaK 3TO U NPEIyCMOTPEHO METOAMKOW MopgocH-
cTeMHOro kaprorpaduposanus [1, 2].

[IpakTiuecku Bce yKa3aHHbIE 0acCEHHOBBIE CUCTEMBI SIBISIOTCS KOJJIEKTOpaMHU
PBIXJIOTO MaTepuajla U IOTECHUMAIbHBIMM CEJIEBBIMH anmnaparaMi. Meroauka Je-
mU(pUPOBaHUA CeJel IO MaTepuagaM JUCTAaHIIMOHHOTO 30HAUPOBAaHUS OTpabOTaHa
noctaTodyHo noyHo [3]. CeneBble OTI0XKEHUSI B TOPHOM Talire Ha BBIXOJE U3 Oaccei-
HOB U Ha NOJTrOPHOM IUIeH(e MpeKpacHO NEHIMUPPUPYIOTCS MO YTOJIIIEHHBIM CBET-
JBIM 10 O€JI0r0 IMOJIOCKAM CENEBBIX MPOYECOB. YUUTHIBAs, YTO JJIS 3apacTaHUsl TaKOTO
KOHYyCa JPEBECHOM pacTUTENhHOCTHIO (JIMCTBEHHHIIA, COCHA, Kenp) Tpedyercs 100-
150 stet, MOKHO BHJIETH, UTO 32 3TOT IIEPUOJ «BBICTPEIINIIAY CEIIIMU ITIOYTH I10JIOBHUHA
Bcex OacceliHoB. CKynocTh MHPOpMALMK 00 3TUX CEJIIX OOBSICHIETCS TEM, YTO MOATOp-
Hble nuIei(pl B TYHKMHCKOW KOTJIOBUHE MPAKTHUECKH HE 3aCelieHbI (32 UCKIIOUeHUEM
nocenkoB Apinal u X0HTOrol) ¥ CXOJ cellel 0cTaeTcsl He3aMeueHHbBIM (puc. 1).

~) ) () ) ) B¢ Il

Puc. 1. Kapra ceneBoii moaBepkeHHOCTH ceBepHOTro 0opTa TYHKHHCKON KOTJIOBUHBI.
1 — rpeGHM (BoIOpa3AeIibl) BOJIOCOOPHBIX 0ACCEHHOB; 2 — TaTbBETH MTOCTOSTHHBIX BOJOTOKOB,
10 KOTOPBIM BO3MOKHBI CXO/IbI CEJIEBBIX MIOTOKOB; 3 — TAIbBETH BPEMEHHBIX U HCYE3AI0LIIX
(MOIMOBEPXHOCTHBIX ) BOJOTOKOB, IO KOTOPBIM BO3MOKHBI CXOJIbI cefiel; 4 — ceseBble MOTOKU
18.06. 2014; 5 — ceneBbie MOTOKK UCTOpHUECKOTO Bpemenu (He crapire 100-150 ner);
6 — cenmuteOHBIE TEPPUTOPHA (TTOCETKU); 7 — 03epa

Tak, B HOub Ha 28 utoHs 2014 r. KypOpTHBI TOCETOK ApIIaH MEPEKUI CTUXUI-
Hoe OenctBue. OCMIBHBIC TOKINA CIPOBOIIMPOBAIA HABOTHEHHUE M CXOJ] MOIIHBIX Ce-
JIEBBIX TOTOKOB. OJJHOBPEMEHHO COILJIO TMSITh MOIIHBIX CEJEH.
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[TepBbrIit, camblii 3amaTHBINA TOTOK 3aCTPSUT B JIECY HA MMOATOPHOM HuIeHde.

BTopoii kaMeHHBIN MOTOK OCTAHOBWJICS B JBYXCTax METpax OT MapkKa KypopTa
«Apmany». Eciau Obl OH IpOJBUHYIICS €1lle Ha JIBECTH METPOB, TO 3a7es Obl Kopmyca
KypopTa. A BOJia C IECKOM, MEJIKUMHU KaMHSIMHU U 00JIOMKaMH JIEPEBLEB XJIBIHYJIA Ha

TEPPUTOPHIO NTapKa KypopTa U YJIULbI OCETKA.
E1e nBa moToka BBIIUIM U3 COCEIHUX MaJled, 3aT€M COETUHWINCH B IPEATOPHAX

U TOKE OCTAHOBUIIUCh.

Cawmpblil pa3pylmuTenbHbIN celb nojiomen Kk nancuoHaty «Caraan Jlanmy», o0Tek
KaMEHHOE CTPOEHHE, 3aBAJIMB €r0 BaJyHAMH U IPsI3bI0 O OKOH BTOPOIO 3Ta)Ka, CHEC
HECKOJIBKO JECSITKOB JEPEBSHHBIX CTPOCHUM U ocTaHOBUJCS. [I0TOKM BOJBI U Tpsizu
YCTPEMIUIUCHh AAJIBIIE W CIMJINCh C MOTOKaMU BTOporo censs. OOmuid moTOK OBLI
OUY€Hb MOIIHBIN, Ha yIuIIax 00pa3oBaiuch riyOokue pBbl. [leckoMm 3aHeco oropojsl
Y TI0JIBAJIbI JIOMOB.

UYeTBepThIil, CaMblil MOIIHBINA CEJIb, COIIEN BOCTOYHEE MTOCENIKa ApIliaH, 1Mo najau
ApTeMbeBa, U OCTAHOBUIICS B JIECY MPAKTUYECKU HE3AMEUEHHBII HACETICHUEM.

Ha puc. 2 npencraBieHa kapta cepuu APIIAHCKUX CeJei, COCTABJICHHAS IO
Pa3HOBPEMEHHBIM MaTepuaiaM JUCTAHIIMOHHOTO 30HaupoBanus. Ha kapTe nmokaszaHbl
OacceitHoBbIe MOP(HOCUCTEMBI, TTOPOIUBIITNE CEIEBBIC MMOTOKU, CAMHU CEJIH, UX BOJIO-
rpsi3eBble NUIeH(BI U 30HBI 3aTOIJICHUS TTOCEIIKa pa3uBIIeics pekoil Keinrapra.

11

12

N
.

13

14

TR

15

T
)

17

=]

10

=\ \—+/

Puc. 2. Mopdonnnamudeckasi cUTyalisi pailoHa cxojia cepuu ApIIaHCKUX ceseit

Ha puc. 2: 1- xpytbie u oueHb KpyThie (00see 30°) cKalbHBIC CKJIOHBI PEIUKTO-
BBIX KapOB W TPOTOB C Pa3BUTHUEM TPABUTAIMOHHBIX IMPOIECCOB (OCHITH, OOBAJIHI,
CHE)KHbIC M KaMEHHBIC JIABUHBI) U JINHEHHOW 3PO3UU BPEMEHHBIX BOJIOTOKOB; 2 — TIO-
aorue (3-6°) OyrpucThie MOBEPXHOCTH PEIMKTOBBIX IJIBIOOBBIX MOPEH IO JHHUIIAM
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KapoB M TPOTOB C MPOIECCAMH KPUOTEHHOTO KpHUIa U COMUGIIOKINU; 3 — CpeaHen
KpyTu3HbI (20-25°) CKIIOHBI SPO3MOHHO -ACHYIAIIMOHHOTO pelibeda OOPTOB MoIepey-
HBIX PEYHBIX JOJIMH MOKPBITHIE YEXJIOM PBIXJbIX TIBIOOBO-IIEOHUCTHIX OTIOKEHHM
C CyIeCUaHbIM HAIOJIHUTENIEM U Pa3BUTUEM JIMHEHHOM 3pO3UH BPEMEHHBIMH BOJIOTO-
KaMH, KpUOTEHHOTO Kpuiia U Aequrrokiuu; 4 — kpyTtbie (20-25°) ckitoHbl Oa3aibHBIX
dacer cmecurens TyHKHMHCKOTO cOpoca, TMOKPBITHIE YEXJIOM PBIXJIBIX TJIBIOOBO-
HIEOHUCTBIX OTJIOKEHHUH C CylecYaHbIM HAOJHUTEIEM, C PA3BUTHEM JIMHEHHOMN 3po-
3WHM BPEMEHHBIMH BOJOTOKaMHU, CEJICBOW JECHYIAIMHA, KPUOTCHHOTO KpHMa, MedITIoK-
IIUM, OIOJI3HEH-CPBIBOB M OChINel; 5 — monorue (6osee 3-4°) CKIOHBI MOJATOPHOTO
nuieida, ClIoXKeHHbIE MPOTIOBHAIILHBIMU U CEJIEBBIMU TIIBIOOBO-1IEOHUCTHIMU U CY-
MECYaHbIMU OTJIOKEHHUSIMU C Pa3BUTHEM MPOLIECCOB AKKYMYJISIIUA BPEMEHHBIX BOJIO-
TOKOB U CeJied, Kpula U MOBEPXHOCTHOTO CMbIBA; 6 — celMUTeOHbIE TEPPUTOPUH (I10-
celiok ApmiaH); 7 — poB oTcemaHust y mojgHoxus (acer TyHKuMHCKOro cOpoca;
8 — pycna moCTOSTHHBIX BOJOTOKOB (peka KpiHrapra); 9 — TansBeru BpeMEeHHBIX BOJIO-
TOKOB; 10 — rpeOHU (BoJiopa3iennl) BOJOCOOPHBIX OacceiHoB; 11 — ceneBbie KaHabI
1 KOHYyca BbIHOCaA ceneil, comenmux 28.06.14, cnoxeHHbIe c1ab00KaTaHHBIMU TJIbI-
0amu ¢ CymnecYaHbIM HAIOJHUATENEM; 12 — rpaHUIlbl CEIEBBIX TPS3EBBIX CYMECUYAHBIX
Y CYTJIMHUCTBIX OTJIO0XKEHUH; 13 — MII0CKUE MOJIOrue MOBEPXHOCTHU CEJIEBBIX IPSI3EBBIX
oTioxkeHuit; 14 — To ke Ha cenuTeOHOM TeppuTOopuu; 15 — TpaHUIBI MaBOJKA
28.06.14 na pexu Kemarapra; 16 — moaroniaeHHbIe TAaBOJAKOM CETUTEOHBIE TEPPUTO-
puu; 17 — T0 e BHE CeUTEOHOU TEPPUTOPUH.

[To cBexxuM ciiejaM HaMu OBLTU TPOBEICHBI MOJIEBbIE 00CIEI0OBAHUS U 3aMEPbI
rJIaBHOTO (4eTBepToro) ceis. [lapamienbHo BBHIMOIHAIOCH U3yUyeHHE MOPGHOIOTHH U
CTPYKTYPBI CEJIEBOT0 MOTOKA MO PA3HOBPEMEHHBIM KOCMUYECKUM CHUMKaM (0T 12 u
28 uroHs) U cHUMKaM, noidydyeHHbIM ¢ BIDJIA. Takxke ObUT BBINIOJIHEH aHAIU3 IMPO-
noJpHOTO TIpodruts censt, mosryaerroro mo [[IMP SRTM.

Hwuxe npuBeieHbl OCHOBHBIE XapaKTEPUCTUKHU APIIIAHCKOTO CEJIS:

— COCTaB OTJIOKEHUM: — TJIbIOBI W BalyHbI (10 3 M B IONEPEYHHKE), MECOK,
Tpsi3b, W, ¥ OOJIBIIIOE KOJIMYECTBO BOJIBI.

— JUTMHA OCHOBHOTO (Tpsi3ekameHHoro ceist): —4 100 m

— JUIMHA BMECTE C TPps3eBbIM nuiehdom: — okosio 8 000 m

— mupuHa Ha Bbixoje: — 500-600 m

— CKOpOCTh TIoTOKa: 5-10 M/cek

— MOIIHOCTH OTJIOKEHMH: — 4-4,5 M

— 06BeM oTIIOKeHHiT: 0Kkomo 1 000 000 m°
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B nanHoii cratbe uaeT peub 00 ATiace OmacHbIX THAPOMETEOPOIOTHYECKUX siBiaeHui [lepMm-
ckoro kpas. OmucaHbl 3Tanbl paboT MO CO3JAaHUIO JAHHOTO ATIiaca, U3JIOKEHBI €ro CTPYKTypa
n OCOGGHHOCTI/I. Hp€I[CTaBJIeHO OIMMUCAHUC MACCHUBAa NJAHHBIX, UCIIOJIB3YCMOI'0 JJIs1 TIOATOTOBKHU AT-
nmaca. Ctour OTMCTUTB, UTO ATtnac o I[aHHOﬁ TeMaTuke B Poccuu HU3aCTCA BIICPBBIC.

KiroueBble ciioBa: aTiiacHOe KapTorpaupoBaHUeE, OMACHBIE THAPOMETEOPOIOTHYECKHE SIB-
JICHUA.
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This article deals with the Atlas of hydrometeorological hazards of Perm region. Describes
the stages of work on the creation of the Atlas, outlines its structure and features. Presents the de-
scription of the data set used for the preparation of the Atlas. It is worth noting, that the Atlas on
this topic in Russia is published for the first time.

Key words: atlas mapping, hydrometeorological hazards.

B nocnennue roapl 3HaYMTENBHO YCWIWIIOCh BHUMaHHE OOLIECTBAa K IpodiieMe
CTUXUHHBIX O€JCTBUI, BBI3bIBAEMBIX, B YACTHOCTH, OIMACHBIMH T'MJAPOMETEOPOIIOTH-
yeckuMH siBiaeHusMu (OI'MA). OI'MA sBasitoTCcsl OTHAM M3 HCTOYHUKOB YpE3BbIYaii-
HbIX cuTyauui B Poccnn u mupe. [1o pasnmnunbiM oneHkaMm, B Poccnn norepu ot Bo3-
aeiictBust OI'MS u HeOmaronmpuATHBIX YCJIOBHMI TOTONbI cocTaBisitoT oT 30 1o
60 mupa. py0. B ro ¥ UMEIOT TeHIEHIUIO K pocTy. U3yuenuto OI'MS (ycnoBuii nx
(GopMHpOBaHUs, OCOOEHHOCTEH HX MNPOCTPAHCTBEHHO-BPEMEHHOIO PACIPOCTpaHe-
HUS, METOJIOB MX IPOTHO3UPOBAHMUS) HA PA3JIMYHBIX MACIITAOHBIX YPOBHSX MOCBS-
IIEHO OO0JIBIIOE KOJUYECTBO padOT, YTO TOBOPUT O BHUMAHUU HAyYHOW OOIIECTBEH-
HOCTHU K JaHHOU IpobiieMe.
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s Tlepmckoro kpast mpoGiaemMa puckoB, cBs3aHHbIX ¢ OI'MS, Takxe sBiIgeTCS
aktyanbHOW. Ha tepputopumn perrnona Bo3MoxHsl 20 BuaoB OI'MS, kotopsie crno-
COOHBI HAHECTHU 3HAUYUTEIbHBIA yiiepO. PerrnonanbHble 0COOEHHOCTH MX MPOCTpaH-
CTBEHHO-BPEMEHHOI'O paCIpeesIeHHs] H3y4aauch MHOTUMH aBTopaMu. B mocnennue
roJibl, B CBA3M C MHTEHCUBHBIM pa3BUTHEM M pacnpocTpanenueMm I 'MC-texHonorui,
JaHHBIX JUCTAaHIIMOHHOTO 30HAUpoBaHus 3emuu ([[33), uyncieHHbIX Mojenei mpo-
rHO3a TMOTro/ibl, 3HAYUTENBHO yBenuumics o0beM aaHHbix 00 OI'MSL. [1]. B pesynsb-
TaTe 3TOTO CTaJI0 BO3MOKHBIM KaK OOHOBJIEHHE CYIIECTBYIOUIUX, TAK U CO3/IaHHE HO-
BbIX KapTOrpaguuecKkux MaTepuajioB MO JIaHHOW TE€MaTUKe, U, B KOHEUHOM CYETE,
co3iaHue ATtiaca, HeOOXOIUMOTO AJis 000O0IIEeHUs, HHTErPAllii U CUCTeMaTU3aluU
HAKOIJIEHHBIX JaHHBIX 00 OI'MSI.

ATiiac onacHbIX TMAPOMETEOPOJIOTHYECKHUX SBJIEHUM B llepmckom kpae cozma-
€TCsl BIIEPBbIE, AHAJIOTUYHBIE aTJIAChl JIs APYIMX PErHoHOB Poccum HaMm He U3BeCT-
HbI. ATJIaC NPEANoaaracTcs BbITYCTUTh B JJIEKTPOHHOM U NIEYaTHOM BHJIE.

enbs coznanus ATiaca - mpeacTaBUTh HauboJiee MOJHYIO MPOCTPAHCTBEHHYIO
XapaKTEPUCTUKY PAa3IUYHBIX BHUJIOB OIACHBIX THAPOMETEOPOJIOTMYECKHUX SIBICHUM,
HaOmoAaoIMxcs Ha Tepputopun Ilepmckoro kpasi.

NupopmaninoHHON OCHOBOM JIJIs1 cO31aHust ATlIaca MOCTYKUIIN:

- JJaHHbIE€ METEOPOJOTHYECKUX HaOmoAeHn u3 «MeTeopoJOorHYecKix exemMe-
cssuHukoBY» (1981-2014 rr.);

- apXWBBI METEOAHHBIX JJI1 KIMMATHYECKUX uccienoBannii u3 ¢pougos BHU-
NI'MU-MI/] u UaTepHET-pECYpPCOB;

- ONEpPATUBHBIE U APXUBHBIE JAHHbIE KOCMUYECKOW CHEMKH PA3JIUYHOrO IPO-
CTPaHCTBEHHOTO paspelieHus co cnytHukoB Terra/Aqua MODIS, LANDSAT, SPOT
4/5/6. CHUMKHM TIoJTydeHbl U3 apXuBoB LleHTpa reonH(pOpMallMOHHBIX CUCTEM U TEX-
Hosoruil IITHUY, MHxeHepHO-TEXHOIOTnYeCKOro neHtpa «CKaHOKC», OTKPBITHIX
WuTepuer-katanoros ['eonornyeckoii cimyx0p1 CIHA (manasie LANDSAT) u NASA
(manasie MODIS);

- ¢onnoBeie MaTepuansl LleHTpa reonH()OPMALMOHHBIX CUCTEM U TEXHOJIOTHIi
I[IM'HNY (Bxirowast jnetaybHbIe ITU(POBBIE MOJeNU pelibeda U Tomorpaduueckue
KapThl HACEJIEHHBIX MYHKTOB, PE3YyJbTaThl MOJEIUPOBAHHS 30H BO3MOYKHOIO 3aTOII-
neHust; hoToMaTepuabl);

- Hudpossie BekTopHbie KapTel M 1:1 000 000, M 1:200 000 («DenepanpHasi
ciryk0a ToCy1apCTBEHHOM pEeruCcTpaluy, KajacTpa u Kaprorpagumy);

- Jlannsie peanammza NCEP/NCAR, CFSv2 u GDAS, noxy4eHHbIe depe3 OT-
KkpbIThie cepBuchl NOAA;

- Pesynpratel cyeta Me3oMaciITaOHONW YHCICHHONM MOJAENTH aTMoc(epsl
WRF/ARW (110 OTIeIbHBIM CITyYasiM ONACHBIX SIBJICHUN ).

O06paboTKa MPOCTPAHCTBEHHBIX U CTATUCTUYECKUX JIaHHBIX, CO3/IaHUE KOMIIO-
HOBOK KapT BBINOJHSJIOCH IMPU TNOMOIIM CHENUAIU3HUPOBAHHOTO IPOTrPaMMHOIO
ob6ecneuenus ArcGIS 10.2, ScanexImageProcessor 4.2.

CTOHUT OTMETUTH, UTO CYLIECTBEHHOE BHUMaHHE B ATiace yAEIEHO HE TOJBKO
pexxuMHbIM XxapaktepuctukaMm OI'MS, HO U OTAENnbHBIM HamOoJee XapaKTePHBIM
ciayvasMm. [loaTomy B ero cojep:kaHue€ BKJIIOYEHBI HE TOJBKO KapThl (puc. 1), HO
¥ KOCMUYECKHE CHUMKHU (puC. 2), ¥ TPOTYKTHI UX AU PUPOBAHUS.

44



MOBTOPSEMOCTb OUEHB \E’ CPEJIHEIOJIOBOI MAKCHMYM
- L CUILHBIX QK EH . TEMIIEPATYPBI
;

= Al f Pl

'L TR peciie { %
— il Yertepnan , G
e aiiHb

L D A | g N il oo |

& '-{anbuﬁsup

., ‘Hepyios

I \ R 3, '{'\\""“ P

< PECIIYBJIHKA ",

{ ; -

] r‘F

e 1

& Maiircon

Mosropaemocts ouens W, # P

CHIALTBIX 10K CH, \qf\\ Bl sn
cayuacs/10er | s it

—2— H30nMHHH £
A [N N —— | -
Menee 2 3 4 5 8 Gomee |7

T T

l o —+32— maoTepMbt

T - s sel BT TN
| & mereocTaHuMu [™ wwke 30 31 32 33 pwme

T T

Puc. 1. ITpumepsl kapT onacHbIX ABiaeHUN n3 Atinaca OI'MS Ilepmckoro kpas:
A - KapTa noBTOpSEMOCTH CUJIBHBIX JOXKACH;
b - Kapra cpennerogoBoro MakcuMyMa TeMnepaTypbl Bo3ayxa

ITpu cozmanum Atnaca OI'MS [lepmckoro kpasi B Kau€CTBE MIPOTOTUIIA UCITOIb-
30Bajicd ATiac NPUPOJHBIX U TEXHOTEHHBIX onacHocTer B Poccuiickorn denepanun
(2005), pazpadotanusiiit MUC Poccuu u Poccuiickoit akamemueii Hayk [2].

Coznanmne ATnaca BKJIOYaio B ce0s HECKOJIbKO ATanoB. Ha mepBom stamne Oblia
COCTaBJICHA TIporpamMma ATiaca, B KOTOPOU ObLTH OMpeaesieHbl OPSIOK pabOThl HaT
ATtnacom, cTpykTypa ATinaca, popmaTt Oyaynux KapT U caMoro ATiaca, HCTOYHUKH
uH(OpMaIUu 71 €ro CO3JaHMs, MaTeMaTU4YecKasi OCHOBA JIJIs KapT, BKIIOYas Mac-
mrabHbie psaabl. Ha BTOpoM 3Tame mpousBOauiCsS cOOp U CUCTEMAaTH3AIMs, UMEO-
mUxcsi MarepuainoB, AaHHbIX 133, cosmaHue kapTorpaduuecKux OCHOB Pa3HOTO
Macitada s Oyaymux KapT, pa3paboTka €IMHBIX IBETOBBIX IIKaJ U HEKOTOPBIX
YCJIOBHBIX 3HAKOB. TpeTwil sTam — co3gaHue KOMIIOHOBOK KapT, oOpaboTka u je-
mupupoBaHre KOCMUYECKUX CHUMKOB, IMOJITOTOBKA JaHHBIX peaHaan3a u Co3JaHue
KapTorpaduueckux MpoIyKTOB Ha UX OCHOBE, MOATOTOBKA IrpaduuecKuX MaTepuaIoB
Y TEKCTOBOTO COMPOBOXICHUS. UeTBEPTHIM 3Tal — cO3/1aHNe MakeTa ATiaca.

B cTpykType ATnaca BelaensaroTcs 4 pa3aena:

1. BBenenue;

2. OrmacHble METEOPOJIOTHIECKUE SIBIICHUS;

3. OmacHble THAPOJIOTHYECKUE SIBICHUS;

4. XapakTepHble MOCJIECTBUS OMACHBIX THAPOMETEOPOTOTHYECKUX SIBJICHUM.
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Cunmor Aqua MODIS

IlpocTpancTBenHoe pazpemenne 250 M

JlaTa chemkn 08.08.2010

Cunares kananos: EcrecrBennsie nera (1-4-3)
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Puc. 2. Ilpumep xocmuueckoro canmka Aqua MODIS u3 Atinaca OI'MS Tlepmckoro
Kpasi (Ha CHUMKE N300pake€Hbl AbIMOBBIE IUIEH(BI OT JIECHBIX II0’KapOB Ha CEBEPE
ITepMmckoro kpast)

B kaxnom pasznene BbIJICNICHBI MMOJIpa3/ielibl, TOCBSIICHHBIE OTACIbHBIM BHIAM
OI'MSl. Hampumep, B pasznene 2 BbIJIEICHBI MOAPA3ACIbI, MOCBIIICHHbIE CUIbHBIM
MOpO3aM, CHJIbHOM jKape, CUJIbHBIM BETPaM M METEJISIM, CUJIBHBIM JOK/ISIM U JIUBHSIM,
CWIbHBIM CHETomnajaM, KOHBEKTHUBHBIM ONACHBIM SIBICHUSM (IIKBAJIbI, KPYIMHBINA
rpajl, CMEPUH).

B paznene, mocBsEeHHOM OMACHBIM THAPOJIOTHYECKUM SIBICHUSIM, J1aHa KpaT-
Kasi XapakTepucTuka pexuma pek [lepmckoro kpast (BOJHOTO U JIEIOBOI0), paccMat-
pPHUBAIOTCS TAKUE SIBIICHUSI KaK BECEHHEE IOJIOBOJIbE, JIEOBBIE 3aTOPbI, T0KIECBHIEC U
CHET0/I0K/IEBbIC MABOJIKM U HU3KHUE YPOBHU BO/IBI.

B paszgene, mocBAmEHHOM TMOCTEACTBUSIM W BO3MOXKHOMY yiepOy o OI'MS,
paccMaTpHUBAIOTCS 3aCyXH, JIECHBIC TTOXKAPhI U BETPOBAJIBI.

MacuiraObl kapt Jjisi ATiaca OnpeaessuINCh UCXO0Isl U3 0COOEHHOCTEH 0TOOpa-
KAEeMOTO0 ABJICHUS U pa3Mmepa tepputopuu [lepmckoro kpas (160,6 Thic. KMZ). C yue-
TOM 3TOro, s oOmereorpaduyecKux KapT pernoHa ObLI BBHIOpaH MacmiTad
1:1750000, nyist kKapT SABJIEHUM, OTOOpaKaeMbIX B MpeJiesiax BCEro Kpas - MaciITaObl
1:2500000 u 1:3500000. [/Ins otoOpakeHuss BO3MOXKHBIX TocnenctBuii OI'MS s
KOHKPETHBIX HACEJIEHHBIX MYHKTOB HCMOJb30Baauch MacmTadsl 1:15000 — 1:25000
(HampuMep, KapThl 30H BO3MOKHOTO 3aTOILICHUS MPU MPOXO0KICHUH MMaBOJIKOB U IO-
JIOBOAUHN PEAKON MTOBTOPSEMOCTH).
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B xauectBe cmocoOoB kapTorpaduueckoro OTOOPaKEHHSI WCIOJIb30BAIHCH
3HAUKH, 3HAKW JBMXKCHUS, KAPTOIPAMMBbI, U30JIMHUU U MCEBIOU30JIMHUH, KAaUeCTBEH-
HBIA QOH, JTOKAIM30BaHHBIEC TUArPAMMBbI, IIIKAJIbl YCIOBHBIX 3HAKOB.

Tun ganueix /133 mo mpocTpaHCTBEHHOMY pa3pelleHHIo, X macmrad otoOpa-
YKEHUsI, IBETOBOM CHHTE3 KaHAJIOB JIJII OTOOpa)XE€HUs MOJAOUPAIICS TaKUM 00pa3oM,
YTOOBI HAMJIYYILIUM 00pa30M MOKa3aTh SIBJICHUE, JINOO €ro MOCIeACTBUS.

Taxk, pa3aenbl, MOCBSIICHHBIC OIMMACHBIM SBJICHUSIM IIOTOJIbI, TOATOTOBJICHBI Ha
OCHOBE CHHMKOB HH3KOTO MPOCTPAHCTBEHHOro pasperinenus Terra/Aqua MODIS.
OTU CHUMKH MpeJICTaBiIeHbI B aTiiace B MacmTabax 1:3 000 000 — 1: 9 000 000. ITpwu
OTHMCAaHUM WHTEHCHUBHBIX OCAJKOB M KOHBEKTHUBHBIX SIBICHUH, a TaKKe€ ITOPMOBBIX
[IUKJIOHOB TIPE/ICTABJICHBI CHUMKH B CHHTE3€ KaHAJOB «IICEBIOHATYpPAJIbHBIC I[BETA
(SWIR-NIR-RED, 7-2-1). B psze ciay4aeB nmpu ONHUCAHWU KOHBEKTHBHBIX SIBJICHHH,
MIPE/ICTABJICHBl HOYHBIE CHUMKH (B TersioBoM nuamnazone). Caumku MODIS ¢ ecre-
CTBEHHOW IIBETONEpeaaveli MPUBEACHBI TOJBKO B pasjiele, MOCBAIICHHOM JIECHBIM
noskapam (OHH WJUTFOCTPUPYIOT PacTipOCTPaHEHHE MPOYKTOB TOPEHUS OT TIOKaPOB).

B pa3nenax, MOCBSIIIEHHBIX BETpOBATIaM, JIECHBIM IMOKapaM, 3acyXaM, a TaKkke
OTIAaCHBIM THUAPOJIOTHICCKAM SIBICHHSIM IIHPOKO UCIOJIB3YIOTCS CHUMKH CPEIHETO W
Beicokoro paspemieanss LANDSAT u SPOT 5/6).

Cuumkn co criyTHHKOB cepurd LANDSAT B 60ibIIMHCTBE CIy4aeB MPUBOIATCS
B aTiace B macmrabax 1: 100 000 — 1:200 000. Ownu npencraBieHbl, Kak MPaBUIIO,
B cuHTe3e «rceaoHatypaibabie 1BeTa» (SWIR-NIR-RED). OtoTt cunTe3 mo3Bosisier
0oJiee KOHTPACTHO BBIICTUTH U3y4aeMble OOBEKTHI, U B TO K€ BPEMSI COXPAHUTH IIBE-
Tonepeaady, ONMM3Kyr K ecTecTBeHHOM. CHHMMKU BbICOKOTo paspemieHus SPOT-6
B JIAHHOM pa3iesie MPEICTABICHbI B CHHTE3€ KaHAJIOB «ECTECTBEHHBIC 1IBETA» B Mac-
mrabax 1:25 000 — 1:100 000.

Cuaumku cBepxBbicokoro paspemienus (WorldView-2, GeoEye-1) ucnosnb3yrotcs B
ATnace MM30AMYECKH, ISl XapaKTEPUCTUKHU OTEIBFHBIX 00BEKTOB (MaccOBOTO BETPO-
Bajia B KoueBckoM paiioHe U MOCIEACTBUI JeCHOro noxapa B ['aiiHckoM paiione). Ouu
NpeCTaBICHbI B €CTECTBEHHOM 11BeTonepenade B Macmtadax 1:10 000 - 1:20 000.

ATnac OmacHbeIX THIPOMETEOPOJOTHYECKUX sBIeHH [lepmckoro kpas - mpo-
IOYKT, CHHTE3UPYIOUIUN U CUCTEMATU3UPYIOIIMI B ce0€ HAKOIUICHHBIM 110 JTaHHOM Te-
MaTHKe OOIIMPHBIN 00beM Matepuana. PaboTsl O €ro co3qaHuIo SBISIOTCS JIOTHYe-
CKHM IPOJOJDKEHHWEM BceX palboT mo m3ydeHutro OI'MS, BBIIIONHEHHBIX B PETHMOHE.
JlanHblil ATiac 3aJI0)KUT OCHOBBI JJIs JalibHEWIEeH paboThl MO CO3AaHHUIO €ro pac-
mupeHHor MHTepHeT konmuu B BUAE reonoprajia WM aTiacHOW HMH(OpMalmoOHHON

CUCTCMBI OIIACHBIX TUAPOMCTCOPOJIOTHICCKHUX SIBJICHUM HepMCKOFO Kpas.
Hccneoosanus svinonnensvt npu noooepixcke PODPU (npoexm Ne 14-05-96000-Vpar-A)
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B Ommxkaiimeld mepcrneKTUBe Takue BUIbI KapTorpaduyuecKod MPOAYKIIMHW KaK OyMaKHEBIE,
nuQpoBBIE U AIEKTPOHHBIC KApThl HE OyAyT CITOCOOHBI YIOBIECTBOPSATH HOBBIM TPEOOBAHUSM IITH-
POKHX CJIOEB HACEJIEHUS, OPUCHTUPOBAHHOI'O Ha MOOMJIBHBIE CIIOCOOBI MOJMyYeHHUS MH(POPMALIUH.
[ToaToMy BO3HHKJIA HEOOXOIMMOCTH CO3/IaHHS HOBOTO KapTOrpapuyeckoro MpoayKTa, KOTOPHIH
00BETMHUT BCE HEOOXOIMMBIE CBOMCTBA KapT, KAPTOrpapUIECKUX U TCOMH(POPMAIIMOHHBIX CUCTEM,
MOOMIJIBHOTO MHTEpHETa U OyJeT MPUMEHHUM, B YACTHOCTH, IIPU PELICHUH 3ajlay yIpaBJICHUsS B KpH-
SUCHBIX CUTYallHUAX.

KiroueBble c10Ba: MOOMIIbHBIE YCTPOMCTBA, IeOMH(POPMAIIMOHHOE TPOCTPAHCTBO, OOIbIINE
JaHHbIE, Ype3BbIYAHbBIC CUTYAIH, KapTorpado-uHPOpMaLMOHHAS CHUCTEMa, KapToTrpagupoBaHue.

THE SPECIFICITY OF CARTOGRAPHIC SUPPORT
OF THE POPULATION THROUGH MOBILE DEVICES

Dmitry V. Lisitsky

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St., Dr., Prof., CEO of the Institute of Strategic Development, tel. (383)344-35-62,
e-mail: dlis@ssga.ru

Oleg V. Akimenko
Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St., post graduate student, tel. (913)489-63-14, e-mail: novanolik@gmail.com

In the short term, these types of cartographic products as paper, digital and electronic cards
will not be able to meet the new requirements of the consumer. Therefore, it became necessary to
create a new mapping product that will bring together all the necessary properties of maps, carto-
graphic and geographic information systems, and will be applied, in particular, for solving crisis
management.

Key words: mobile device, geoinformation environment, big data, emergency, cartographic
information system, mapping.

HayuHo-TexHuueckuil nporpecc B 00J1acTu UHTEPHETA, MOOMIILHOM CBSI3H, TIOP-
TATUBHOW KOMIIBIOTEPHON TEXHUKH XapaKTEPHU3YeTCs] CTPEMUTEIHHBIMH TEMITAMH
uHopMaruzanuu yemoBeuectna. [1,2,3,4]

Wcnonaurenbhelii Bute-npe3uneHT Oracle mo paspabotke mpomayktoB Tomac
Kypuan (Thomas Kurian) npuBen B cBoeM J10KIIaje psia uarepecHsix mudp. B 2012 ro-

48


mailto:dlis@ssga.ru�

Ty BO BCEM MHUPE HACUUTHIBATIOCH 9 MUJUTHAPIOB YCTPOMCTB, CIOCOOHBIX BHIXOJIUTH B
ceTb. Beero uepe3 7 net - B 2020 roay - 4Mciio TaKUX JEBaliCOB BhIpAcTeT 0ojiee Yem
B 5,5 paza - 1o 50 mummapaoB. O0beMbl nepenaBpaeMoit HHGOPMAIMK YBEIUYATCS B
50 pa3. DT0 IpOU30UJIET, B TOM YHCIIE, U3-3a POCTA TPOHUKHOBEHUS MOOMIBHOTO HH-
TEepHETa, KOTOPHIM K 0003HAYEHHOMY BpeMeHH OylieT moJib30BaThes nouTtu 90% xu-
Tenei 3emin. [5]

CoBpeMeHHOe cocTosiHue MH(pOopMaTH3aluu OOIIECTBAa XapaKTepU3yeTcs clie-
TYIOUIMMH OTJIUYUTEIbHBIMU YEPTAMU:

- WHTEpPHET cTajd O0eCrpOBOMHBIM U MOOWJILHBIM; MPOUCXOJIUT €0 paciivpe-
HUE, KaK GYHKIIMOHAITHHOE, TaK U B YACTH JOTIOJTHCHUS KMHTEPHETOM BEIICH;

- Ppa3BUBAETCS MCIIOIB30BAHNE «OOJBIIMX TAHHBIX), TOJYYCHHBIX C PA3JIMIHBIX
JTATYUKOB, KaMep, TEPMUHAJIOB, COLIMAIIbHO-OPUEHTUPOBAHHBIX CEPBUCOB, COLHAIIb-
HBIX CETEU U U3 «KMHTEPHETA BELIECHY;

- MPAKTHUYECKH KKl YEJIOBEK OCHAIIEH BBICOKOTEXHOJOTUYHBIM cMapTdho-
HOM/IUIAHIIIETOM, KOTOPBIA COBMEIIAET B ce0€ HECKOJIbKO Pa3HBIX YCTPOMCTB B O/I-
HOM KOPITyCE€ U UMEET BO3MOKHOCTh BBIXO/Ia B MHTEPHET; pa3pabOTUNKU MOOMIIbHBIX
YCTPOMCTB MOJIETUPYIOT BO3MOXHBIE 3arpochl U (GOpMbI MpEACTaBICHUSI UHPOpMa-
L[MU; KPOME TOTO BO3MOXHO KOMOMHHMPOBATh U KOMIIOHEHThI CAMHX T'aJKETOB B 3a-
BUCHMMOCTH OT KJIacca penraeMbIx 3a1a4f6];

- MEHsIeTCs crnoco0 mepeaaun UHGOpMaIUU - IJIs JIOJIEH CTallo COBEPIICHHO
€CTECTBEHHBIM M MPUBBIYHBIM HMCKATh C MOMOIILI0 CMapT(HOHOB M IUIAHIIETOB HMH-
(dopManuio o J1ito000OM UHTEPECYIOLIEM UX MPEAMETE, B TOM UUCIIE O MECTOIOJIOKEHUN
oOBeKTa UHTEpeca;

- CTajJu TMOSIBJIATHCA PA3HOOOpa3HbIE COIUATBLHO-OPUEHTUPOBAHHBIE CEPBUCHI,
B PSAAE KOTOPBIX HUCHOJIB3YIOTCA I'€0-TETH, U TOJIb30BATENbCKAsl aKTUBHOCTh B 3TOM
KATerOpUU 3HAYUTEIBHO U HEYKJIOHHO BO3PACTAET;

- MOJ BJIMSHUEM WHTEPHET-TEXHOJIOTUI IMPOUCXOJUT HM3MEHEHHE crocobda BOcC-
puATAS UHPOPMAIUK: OT MBIIUICHHS TEKCTOIEHTPUIHOTO K «KJIMIIOBOMY MBIIILIC-
HUIO»: 3TO U3MEHEHHUE TPAKTYETCS MHOTUMH CIIEIUAIMCTAMUA KaK MEXaHU3M a/1allTalliu
K pa3BUTHIO HH(OPMAIIMOHHBIX TEXHOJIOTHH, YBETMUEHHIO 00bEMOB MOCTYTAIOIIECH WH-
dopmarum, yCKOpEeHUI0 JUHAMHUKH MPOU3BOICTBA U )KU3HEACATEILHOCTH YEIIOBEKA.

[lepeuncnennple W3MEHEHHS OOYCIABIMBAIOT CYIIECTBEHHO HOBBIC YCIIOBUS,
3aJ1auyy ¥ BO3MOKHOCTH 00OecIieueHus ioIei kapTorpadgudeckoit mapopmarmeii. Co-
BPEMEHHBIN PUTM KU3HU, pa3BUTHE MUH(POPMAIIMOHHBIX TEXHOJIOTHI, TOBCEMECTHOE
UCIIOJIb30BAaHUE MOOMJIBHBIX YCTPOWCTB, CPABHUMBIX MO CKOPOCTH OOpabOTKH WH-
dbopmManyK ¢ MepCOHATLHBIMU KOMITBIOTEpaMU, JUKTYET CBOM MpaBUiia U JIJIsl KapTo-
rpaduu. YenoBeky yxe HEJOCTATOYHO MOJIb30BATHCS MPOCTHIMU KapTaMU U aTjacaMu,
OH ’KeNlaeT MOJYYUTh MaKCUMAJIbHOE KOJIMYECTBO MPOCTPAHCTBEHHOM HMH(OpMaIuu B
PEXKHUME pEeaIbHOTO BPEMEHHU, MPUYEM yKe 00paOOTaHHON U CUCTEMAaTU3UPOBAHHOM.

Takum oOpazom, B OiKalIel MEPCIEKTUBE TaKUe BUIIBI KapTOTpaPUIECKOM
OPOAYKIMH Kak OyMmakHble, HU(POBBIE U ANEKTPOHHBIE KAPThl HE OyIyT CIIOCOOHBI
YAOBIIETBOPSTH HOBBIM TpeOoBaHUSIM TOTpeOuTeNns. [[03ToMy MODKEH MOSBHUTHCS
HOBBIN KapTorpapuuecKkuil MpoIyKT, KOTOPHIA OOBEIUHUT BCE HEOOXOAMMBIE CBOMi-
CTBa KapT, KapTorpadpuyeckux U reoMHPOpPMaIIMOHHBIX cucTeM. To ecTh CyIecTByeT
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NOTPEOHOCTH MOCTABJIATH JIOJSM HE IIEJIOCTHBIE KapThl (UTO COOTBETCTBYET TEKCTO-
LIEHTPUYHOMY MBILUIEHUIO), & CUCTEMATU3UPOBAHHYI0, 00pab0TaHHYI0 HH(POPMALUIO
B BHJIE KapTOrpauyecKoro «KJIWIa» Ha JUCIUIEE MOOWJIBHOTO YCTpPOMCTBa B COOT-
BETCTBUM C 3alIpOCOM I0JIb30Batelis. IlpeaHazHauenue 3Toro Kiuna JOHECTU 10 MOJIb-
30BaTels ONPEAEICHHYI0 HH(OPMALIHIO C KapThl B JOCTYITHOM JIs1 IOHUMAaHUs BUJIE.

Peanuzanus »TOM Maew, ogHAKO, MOTPeOYyeT PElIeHUs LEJIOro psaa TeXHUYe-
CKUX M HAay4YHBIX 33]1a4:

- o0ecnevynTh HArISIIHOCTh M O030PHOCTh KapTorpaduueckoro M300pakeHHs
IIPU CPABHUTENILHO MAJIBIX pa3Mepax 3KpaHOB MOOMIIBHBIX YCTPOMCTB;

- pa3paboTaTh HAy4YHO-METOJMYECKHE OCHOBHI MOOWIbHOU Kaprorpadun (ma-
TeMaTHYeCKas OCHOBA, IeHepau3als, YCIOBHbIE 3HAKH, CIOCOOBI KapTorpaduye-
CKOT'0 OTOOpakeHHsI OOBEKTOB T'€ONMPOCTPAHCTBA);

- o0ecrnieunTh B3aMMOCBSI3b KapTorpaduueckoil nHPpOpMAIIUK CO BCEMH JPYTH-
MU BUAAMH MYJIbTUMEIUIHON HHPOPMAITNH;

- 00ecrneuynTh KOOPAMHATHYIO YBSI3KY OOBEKTOB KapThl U OOBEKTOB OKPYKaro-
IETO MPOCTPAHCTBA, B TOM YUCJIE CYOBEKTOB «HHTEPHETA BEIICH»;

- CO3J1aTh €IUHOE KOOPJAMHATHOE MPOCTPAHCTBO TEPPUTOPUHU, OOpasyrolee
BMECTE C JIPyTMMU BUJAMU MHPOPMALMKU €IUHOE T€OUMH(POPMALUOHHOE (IJIEKTPOH-
HOE) IPOCTPAHCTRBO;

- 00ecrneunuTh CBSI3b MEXAY MOOMIIbHBIM YCTPOMCTBOM IOJIB30BATENS U OOBEK-
TOB OKPY>KaIOILIEro MPOCTPAHCTBA;

- pa3palboTaTh CUCTEMY OIEPATUBHOIO KOHCYJIbTHUPOBAaHUS IOJb30BATENS IO
IPOCTPAHCTBEHHOMN HaBUTALMU C UCIOJB30BaHUEM KapTOrpapuuecKkux n300paxeHun
Ha JIUCIIIee MOOMIIBHBIX YCTPOUCTB.

[Tpu mpocmoTpe kapTorpadpuyeckux U300pakeHU Ha MOOUIIBHBIX YCTPONWCTBAX
CJIEyET YUUTHIBATh Pa3MEpPbl CEHCOPHBIX IKPAHOB, 3a4aCTYI0 OHU CPaBHUTEIBHO Ma-
7. Manblii pa3mep 9KpaHa OKa3bIBACT BIMSHUE HAa BOCIPHUATHE U300paKeHUs, O/THA-
KO U3-3a MPUMEHEHUS CEHCOPHOTO THIIA YIPABICHUS y MOJb30BATECH MOSBISIOTCS
HOBBIE CTIOCOOBI B3aUMOJICHCTBUS ¢ HUM. Takue Kak M3MeHeHue macitaba m3o0pa-
KEeHUs, BpauieHue n3oopaxenus. CoBpeMeHHble MOOMIIbHBIE YCTPOMCTBA C CEHCOP-
HBIMH SKpaHaMH MO3BOJISIFOT JIETKO MEPEKITI0YaThCs MEXy TOPU30HTAIBHBIM U BEp-
TUKAJIBHBIM PACIOJIO0XKEHUEM BBIBOAMMOIO U300paXKEHHSI B OTJIMYUE OT YCTPOMNCTB C
bu3uIecKoi KiraBuaTypoil. Takke CymecTByeT BO3MOXKHOCTh MCTIOJb30BaHUS (hU3H-
YEeCKUX JIBUKEHUI MOOWJIBHOIO YCTPOMCTBA, >KECTOBOIO HHTepdeiica, rojJocoBOro
yIIpaBJeHUs, (PYHKIIMY KOHBEPTALIMH LIBETOB JUIS JIFOJIEH CTPaJAIOLINX JAIBTOHU3MOM.

CoBpeMeHHbIE MOOUIIBHBIE YCTPOMCTBA MMOCTOSIHHO BEAYT JKYypHAJbl, B KOTOPBIX
OTpa)XEHbI UCTOPHS HAIIMX MEPEMELIEHUI, UCTOPHSI 3allpOCOB B IMOUCKOBBIX CHUCTE-
MaXx, UCTOPHSI 4aCTO 3aIyCKAEMBbIX MPUIIOKEHMI; UTO YK€ ceiiuac Mo3BOJseT HAIlUM
yCTpPOMCTBAM IPEBUIETh, KaKasi HHPOpMAIMs HAC MOXKET 3aUHTEPECOBaTh, U MOJa-
BaTh €€ HaMm. C yBennueHHneM oO0beMa OOJIbIINX JAHHBIX MOXKHO OyJeT KapTorpadu-
YEeCKHU HaIJIAHO MPEJOCTaBUTh MEPCOHU(PUIIMPOBAHHYIO HEOOXOAUMYIO MOJIb30BaTe-
710 “THPOPMAIHIO.

OnHuM u3 Hambosiee MPEANOYTUTENbHBIX MPUMEHEHH HOBOTO KapTorpaduue-
CKOTO TPOJYKTa SIBJIAETCS KapTorpaduueckoe oOecriedeHue roAed (HaceleHus u
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CIIy>keOHOTO TIEpCOHAJIa) MPH YPE3BbIYANHBIX CUTYalUsIX B paMKax MOAIEPKKH U UC-
[I0JIb30BAHUS €IMHOTO I'€ONPOCTPAHCTBA ISl HABUTALMH, B YAaCTHOCTH I LIEJIEH
ABaKyalllu JIOJCH.

B Hacrosiee BpeMsi HCIOJIB3YIOTCS pa3paboTaHHbIE 3apaHee IUIaHbl 3BAKYalllH,
KOTOpBIE Pa3MEIIAIOTCS HA KAKIOM JTaXKe 3/1aHUs HA CTeHAaX. B 0CHOBHOM, 3TH Ija-
HBI UCIIOJB3YIOTCA Ul HaXOKIECHUS BBIXOJA B cllydae nokapa. boisiee npoaBuHyTOM
ABJISIETCSI MHPPACTPYKTYpa, KOTOpas BKIIOYAET B ce0s aBTOMATHUYECKHUE CUCTEMBI
oOHapyxeHus npu3HakoB YC ¢ MOMOIIBIO JATYUKOB, PACTIONOKEHHBIX B 3/1aHUH, Ha-
CTPOCHHBIX Ha OOHApy>XKEHHE OTHsl, Tera, AbiMa. COBpEeMEHHbIE CPECTBA TAKKeE MO-
3BOJISIIOT HHPOPMHUPOBATH O HATMYUU YPE3BBIYAMHON CUTYyallMM Yepe3 CUCTEMbI CHUT-
HaJU3alH{; 3TO BKIIOUYEHHE CHUPEH WIM ONOBEUIEHHE MO I'POMKOW cBsi3u. OpHako,
YEJIOBEKY, YK€ IOIABIIEMY B KPU3HCHYIO CHTyalWI0, YaCTO HEKOrJa MCKaTh IUIaH
ABaKyallMH U, COOTBETCTBEHHO, pa3Ouparbcst B HeM. EMy HeoO6xoauM mMapuipyT, yka-
3aHMS, KOTOPbIM OH Oyner moguuHsAThesA. W uHboOpManroHHO-KapTorpaduyeckas
CUCTEMa Ha OCHOBE OOJBIIMX JAHHBIX U MHTEpPHETA Belled (IaT4yuKH, KaMepbl, Tep-
MUHAJIbl) CMOXKET JIMOO BBIBECTH YeJIOBEKAa B O€30I1aCHOE MECTO, JIMOO YBEJIUYUTD €r0
IIaHChl HAa CHAaceHHWe CIelcayk0aMu, Nojydas U TIepenaBas JaHHbIE B pealbHOM
BpeMeHU. Benb, OONBIIMHCTBO MPOOJIEM BO3HUKAET M3-3a TOrO, YTO OYEHb Majo UH-
dbopmali B peKMME peajJbHOTO BPEMEHU MOCTYHAeT OT JIOAECH, HaXOIALIUXCS B
3JaHUM BO BpeMs 3BaKyalud. B peanbHOCTH, Ype3BbIUYAHBIE CUTYAIIMH, BbI3BAHHBIE
pa3IMYHBIMU THUIIAMH OMACHOCTEW, TPEOYIOT pa3HbIX CIIOCOOOB pEIlIEHHUs, B TOM YHUC-
Jie ¥ ¢ TOMOUIbI0 MOOMJIBHBIX KapTOrpauuecKUX CUCTEM U TEXHOJIOTHUH.
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310pOBbE HACENCHHUS ABISETCS OJHUM U3 BEIyIIUX (PAKTOPOB COLMAIBHO-
HKOHOMHUYECKOTO Pa3BUTHS, XapaKTEPU3YIOUIUH >KU3HECTOCOOHOCTh OOIIECTBAa Kak
€MHOTO OpraHU3Ma M €ro BO3MOKHOCTH JUIsl HEMPEPHIBHOIO TAPMOHMYHOI'O POCTA.
Ha coBpemMeHHOM 3Tamne pa3BUTHS T€OMH(DOPMAIIMOHHBIX TEXHOJIOTHI Bce OOJbIlee
BHUMAaHHUE YJEISIETCS MEIUKO-TeorpapuueckoMy KapTorpaupoBaHUIO PETUOHOB,
CO3JaHUI0 MEIUKO-TeorpapuuecKux U MEIUKO-IKOJIOTMYEeCKUX ariacoB. B co3pan-
HOM TIpH y4acTUU aBTOPOB 0aze maHHbIX «PecypcHbiit motennuan Pecnybnuke TriBa»
COJIEPKATCSl CBEJIEHUSI O COCTOSIHMM CHUCTEMBI 3[paBOOXPAHEHUs B PETrHOHE: KOJINYe-
CTBE MEAMLMHCKHHA YUpEeXIECHUN, YMCIECHHOCTh MEIUIIMHCKOTO IEepCOHaja, MOII-
HOCTh aMOyJIaTOpHBIX yupexaeHuil u aAp. Ha ocHoBe pa3paboTtaHHOl 0a3bl TaHHBIX
(bM), co3mana cepusi KapT, MOKa3bIBaroOIIasi 00ECIEUEHHOCTh HACEJICHHS YCIyraMu
3/IpaBOOXpAHEHUs], YPOBEHb 3a00JI€Ba€MOCTH IO OTIEIbHBIM BHAAM U KiaccaM 00-
Je3HeH, a Tak)Ke ToKa3aTesld CMEPTHOCTH.

b/l mo3BossieT HE TOIBKO CUCTEMAaTU3UPOBATh HEOOXOAUMYIO HHPOPMALIUIO, HO
U3Y4YUTh TpeOyeMble MOoKa3aTeau B CTaTUKE U JUHAMUKe. B kauecTBe TeppuToprab-
HBIX SYEEK JJIA pacueTa U OTOOpaKEHHs UCCIEAyEeMbIX MOKa3aTenel ObUi BhIOpaHBI
MYHUITUTIAIBHBIC PAOHBI (KOKYYHBI) M TOPOJICKHE OKpPYTa, TaK KaK UX pa3Mepbl XO-
POIIIO COOTBETCTBYIOT MaciiTady W 3ajayaM HWCCIASAOBAHHS W A HUX (MMEETCs)
JOCTyIMHa HeoOxoaumasi crtaTucThyeckas uHpopmarms. OCHOBHBIMH CIIOCOOAMH
KapTorpadguueckoro n300pakeHus MokKaszareiael U uX TUHAMHUKU U TOCITYXHIN Kap-
TOTPaMMBbI ¥ KapTOIUarpaMMBbl.

Ha puc. 1 uzo6paxkeHa kapTa, oTpakaromiasi U3MEHEHHE Yrciia O0TbHUYHBIX KO-
ek B Pecrrybnuke Toia B mepuos ¢ 2005 o 2013 rojsl, a Takke YUCISHHOCTH MEIH-
LIUHCKOTO MepcoHaa.

WameHerue sncneHHocTv 3a nepuon 2005-2013 . @ HomMep paftoHa (kowyyHa) Ha kapTe
1 gpaveit - Bat-Tadrunckuii 10 - CyT-Xonsckuii
101" cpeariero MeAULHCKOTO NepCoHana ol - Ba e 1. %Hwﬁ
Ll ' o 105 - Keizbin 12 - Tepe-Xonsckui
100 - Nayw-Xemumkckuin 13 - Tec-Xemckuit
) - Kaa-Xemckmi 14 - TopruHbcis

- Ketabincii 15 - Ynyr-Xemcrmit

- MoHryH-TairuHcknidi 16 - Yaa-Xonsokii
- -+ 4§ - OBlopCKiA 17 - Yeau-Xonbekui

ol B2 B2 L R1IZ0 0000 9-nua A 18-3 7

C®ENDO s WN =

_,,f"' o WameHerne Yvcna BonbHUYHBIX Koek 3a nepioa 2005-2013 .
s — Ha 10000 yenoBex HaceneHs B % o

= [ A 1--102 [ -57--245 [ -205-%6 [ -+ [l «7s-515 ® v o— o

Puc. 1. U3smenenue yncia O0JbHUYHBIX KOEK
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Jnis xapTsl BeIOpaHbl 5 rpagauuii GoHa, KOTOPbIE XapaKTEPU3yIOT OTPULIATENb-
HYI0 IMHAMHUKY MU3MEHeHUs yucia 0onbHUYHBIX Koek Ha 10 000 yenosek B %. Hau-
OOJIBbIIIEMY COKPAILEHUIO KOEYHOTO (POHJA MOABEPTIUCH METUIIMHCKUE YUPEKICHUS
4yeThIpex K0KyyHOB: Kaa-Xemckoro, J[3yH-XeMunkckoro, OBIOPCKOro U DP3UHCKO-
ro. A HauMeHbIIeMy ABa KOKyyHa MoHryH-Tairuackuii u Tepe-XoJIbCKHil, a TaKKe
ropox Ksi3pu1 — cronuna pernona. Ha kapre Xopomo BUIHO, YTO yIAJICHHBIE KOXKYY-
Hbl MonryH-Tairuackuii 1 Tepe-XonbCKul NpakKTUYECKU COXPAHWIA CBOW KOCUHBIN
(GOHJI, YTO HEMAJIOBAXKHO B CHJTy UX YJAJIEHHOCTH U TPYAHOAOCTYITHOCTH, B CTOJIUIIE
pervoHa HaOJIIOJaeTCsl MUHHMAJIbHOE COKpAalIeHHE, YTO MPOJUKTOBAHO OOJBILION
YHICIIEHHOCThIO HaceneHusi caMoro Kei3plia, a Takke BOCTPEOOBAHHOCTH y JIPYTHX
KUTeNel pecnyOonuku. B 1ienoMm MoXHO cka3aTh, YTO COKpAaIIEHHEM MPOU3O0ILIO IMO-
BCEMECTHO, JIa)KE€ IMPHU peAIU3alUd UJEU O CO3JaHUU KPYHHBIX MEIUIMHCKHX IEH-
TpOB B bapyH-XeMUuKCKOM U Yiyr-XeMCKOM KOXYyHax IepepacrnpereieHue Koeu-
Horo ¢oHJa HE MPOU3OIIIO, a, KaK Mbl HAaOJIOJaeM IO KapTe, B OJM3IEKAIIUX KO-
KYYHaX 4HCIIO KOEK PEe3KO COKPATHIIOCh, a B BBILIE YKA3aHHBIX pailoHax HE MpUOaBU-
nock. B Toxxke Bpems, Ha ¢oHE COKpallleHHs KoeuyHoro ¢oHaa, HaOIOJaeTCs POCT
4yycjaa BpadyeH, aKTUBHAs IIOJOKHUTENIbHAS JAUHAMHUKA OTMEYAETCS B YAAICHHBIX U
TPYAHONOCTYNHBIX  KOXyyHax: Moryn-Taiiruackom, Yenu-Xonsckom, Yaa-
XOJIbCKOM U Ap.

Ha puc. 2 npexncraBieHa kaprta, XxapakTepu3yrolias YpoBeHb 3a0071€Ba€MOCTH
HACEJIEHUsI, OCHOBHBIE KJIacChl 00JIE3HEW, KOTOpPhle MMEIOT HAauOOJbIlIee YUCIIO HPO-
SBJICHHM, a Takke 00muii koapduiment cmepTHOCTU. [[BeTOBas rpamanus KOKyyHOB
xapakTepusyet 3aboneBaemMocth Ha 1000 yenoBek HaceIeHHUs 3aperuCTPUPOBAHHBIX
OOJIBHBIX C IMATHO30M, YCTAaHOBJICHHBIM BriepBbie B sku3HU B 2013 roay. Copmupo-
BaJIOCh MATH TPYNN aJMUHUCTPATUBHBIX 00pa3oBaHWi, HauOoOJbIlIee YUCIo 3a00Ie-
BaHuii HaOmomaercs B [uii-Xemckom, Yaa-XonbCckoM KOKyyHaxX U B ropojie Kbi3bi-
ne. Jlanabie oOmiero mokaszatens cMepTHocTd 3a 2013 Toa mpencTaBiieHBl B BUJC
CTOJOMKOBOM TuarpaMmsbl M (PUKCUPYIOT Hanboibmnii ypoBeHs B [1uit-Xemckom Ko-
KYYHE, U3 4ETO MOXHO CHENATh MPEANOJIOKUTEIBHBIA BBIBOJ, YTO BBICOKAs CMEPT-
HOCTb B JAHHOM paiOHE SIBJSIETCS CJIEICTBHEM BBICOKOW 3a00J€Ba€MOCTH HACEJICHHUS,
Takxke Kak B Yaa-XoJIbCKOM, TJi€ MOKa3aTelib CMEPTHOCTH YETBEPTHIA MO peciyosin-
ke. B Toxxe Bpems, B r. KbI3bie oTMeuaeTcs camblii HU3KUIM KOG (GUIIMEHT CMEPTHO-
CTH MO pecnyOJuKe, MOKHO MPEANOIOKUTh, YTO TOPOKAHE MHOI'O OOJICIOT, HO HE C
JE€TaJbHBIMUA UCXOJAMHU.

B kpyroBeix nquarpammax npeicTaBieHbl OCHOBHBIE Kiacchl Oone3Hei. C 1elnbro
BBISIBUTh OOBEKTUBHYIO KAPTHUHY MO JAPYTMM CEpPhE3HbIM 3a00JIEBaHUSIM HaMEpPEHO
OBLITM MCKJIIOYEHBI OOJIE3HH OPraHoOB JbIXaHUs, KOTOPbIE UMEIOT CaMble BBICOKHUE Ce-
30HHBIE MPOSBIICHUS, TaK, HAIpUMeEpP, XOPOIIO BUJIHO, YTO IIMPOKO PACIPOCTPAHEH-
HBIM KJIACCOM SIBJISIETCS 3a00JI€BaHUs CBSI3aHHbIEC C TPABMAaMM, OTPABJICHUS U HEKOTO-
pPBIMU JIPYTHUMU MOCIEACTBUSIMU BO3/IEUCTBUS BHEIIHUX NpuunH. Ha BTOpOoM mecte
pacnpocTpaHeHbl O0JE3HU OPraHOB MUIIEBAPEHUs, Jajiee OPraHOB KPOBOOOPAIICHHS
U SHIOKPUHHOU cuctembl. [loBcemMecTHO oTMeuaeTcst pocT yucia 0oJjie3Hel CBA3aH-
HBIX C HOBOOOPA30BaHUSIMH.
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Puc. 2. Yposenb 3a0oneBanust HaceneHus: Pecriyonuku Tria

Taxkum 06pa3zom, HHCTpYMEHTaJIbHbIE CPEACTBA F€OMH(POPMALIMOHHON CUCTEMBI
MO3BOJIAIOT MPOBOJUTH PAa3HOCTOPOHHUN KOMIUIEKCHBIA aHAIMU3 3PaBOOXPAHEHUS
PecniyOnuku TeiBa. [Ipu reomnpopManinoHHOM KapTorpadupoBaHUU HUCCIETYEMOTO
mpoLecca MOKHO MOJIYYUTh IIUPOKUHM CHEKTp MOKas3aTesleldl U MHAMKATOPOB, Xapak-
TEPU3YIOIIUX O0IIKEe TEHJACHIUN U COBPEMEHHYIO CUTYaIIUIO B 3IpaBOOXPAHEHUHU.
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MOAEJb ONPEAENEHUA NPOCTPAHCTBEHHO-BPEMEHHOIO
COCTOAHUA TEXHOMEHHbIX CUCTEM METOOAMU
No AAHHbIM FrEOAE3UYECKUX HABJIOOEHUA
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Cubupckuii TOCYTapCTBEHHBI yHUBEpPCUTET reocucteM U TexHonormit. 630108, Poccus,
r. HoBocubupck, yiL. [TnaxoTHOTO, 10, aCIHMpPaHT, tei. (383)343-18-53,
e-mail: dimitry.borisoff@gmail.com

OnHoil U3 OCHOBHBIX 337]a4 COBPEMEHHOM HAYKH SIBIISIETCS] UCCIIEIOBAHUE COCTOSIHUIM TEXHO-
TeHHBIX OOBEKTOB C IIEJIbI0 O0ecreueHus: 0€30MacCHOCTH TPAXKJIaH, COXPAHHOCTH KUJIHMIIHOTO (OH-
Ja ¥ MPEAYNPEKACHHS Ype3BbIUaiHbIX cUTyaluid. [IpupoHbie 1 TEXHOTEHHBIE KaTacTpodbl, Ipo-
UCXOJSIINE B MHUpE, 00YCIOBINBAIOT HEOOXOJUMOCTh pa3pabOTKU HOBBIX MPUEMOB U METOJOB HC-
CJICJTOBAHMSI M IPOTHO3UPOBAHUS COCTOSHUS TAKUX O0BEKTOB. B cTaThe paccMOTpeHa BO3MOXKHOCTh
MOJIETTUPOBAHUS U3MEHEHHS TPOCTPAHCTBEHHO-BPEMEHHOTO COCTOSTHUSI TEXHOTCHHBIX O0OBEKTOB IO
JaHHBIM Teojie3ndeckux HaOmoaeHui. IlpencraBieHa Moaenb OMpeAeNeHUsT MPOCTPAHCTBEHHO-
BPEMEHHOI'O COCTOSIHUSI TEXHOT€HHBIX cucTeM. [IpuBeneHbl MpUMephl pelieHns 3a/1auil oIpeere-
HUsL GOPMBI, pa3MePOB, TIOJOKEHUS U OPUEHTAIIMA O0BHEKTA B TIPOCTPAHCTBE U BPEMEHU METOAAMH
MaTEeMaTHYeCKOr0 MOJICITHPOBAHUSI.

KiroueBble cjioBa: MOJEIMpOBaHUE, MaTeMaTH4eCKas MOJIENb, IPOCTPAHCTBEHHO-BPEMEH-
HOE COCTOSIHHE, WHXXCHEPHBIC COOPYXKCHHsI, MPUPOJHBIC OOBEKThI, I'C€OAC3MUECKUII MOHUTOPHHT,
dbopma, pa3mMepsl, MOJI0KEHUE B IPOCTPAHCTBE.

MODEL FOR DETERMINING SPATIOTEMPORAL STATE TECHNOGENIC
SYSTEMS METHOD FROM THE DATA OF GEODETIC SURVEYING

Tatyana Yu. Bugakova

Siberian State University of Geosystems and Technologies, 63008, Russia, Novosibirsk,
10 Plakhotnogo St., Ph. D., Assoc. Prof., head of the Department of Applied Informatics and Infor-
mation Systems, tel. (383)343-18-53, e-mail: kaf.pi@ssga.ru

Dmitry A. Borisov
Siberian State University of Geosystems and Technologies, 63008, Russia, Novosibirsk,
10 Plakhotnogo St., graduate, tel. (383)343-18-53, e-mail: dimitry.borisoff@gmail.com

One of the major problems of modern science is the study of states of of technogenic objects
to ensure public safety, preservation of housing and prevention of emergency situations. Natural
and technogenic accidents occurring in the world, made it necessary to develop new techniques and
methods of research and forecasting of such objects. The article described the possibility of model-
ing the spatial and temporal changes in the state of of technogenic objects according to geodetic ob-
servations. Presents a model determining spatiotemporal state of technogenic systems. Gives exam-
ples of solutions of the problem of determining the shape, size, position and orientation of the object
in space and time using mathematical modeling.
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Oxpyxaromiasi cpefa MNpeacTaBisieT co00M COBOKYITHOCTh B3aMMOCBSI3aHHBIX
Mexay co0Oil CHUCTeM: €CTECTBEHHBIX, MCKYCCTBEHHBIX, CMEIIAHHBIX, HEMPEPbIBHO
B3aUMOJICUCTBYIOIIMX APYT C JIPYroM. Y CIIOKHEHUE CUCTEM TEXHOI'€HHOIO MpOUC-
XOKJEHUS, C OJHOM CTOPOHBI CBHJIETEIBCTBYET O HAYYHO-TEXHHUYECKOM IIPOrpecce,
C IpYroil — MOpoKAaeT HEBUAAHHBIE PAHEE NOTEHIMAIBHBIE U PEAIbHBIE YTPO3bI Ye-
JIOBEKY, CO3JaHHBIM MM OOBEKTaM, JIOKAJILHON U TJI00aNbHOU cpene ooutanus. [lo-
ATOMY BO3HHUKAET HEOOXOIUMOCTh U3yUEHHUS CIOXKHBIX CUCTEM MJisi MX 3P (HEKTUBHO-
r0 KOHTPOJIA U IPEIYNPEKACHUS YPE3BBIYANHBIX CUTYAIIHA.

[IpoOneMbl pucka W MPOU3BOJICTBEHHONW O€30MaCHOCTH TEXHOTE€HHBIX CHUCTEM
(TT'C) B HacTosi1Iee BpeMsi UMEIOT Oouiblloe 3HaueHue. Oco0yro akTyalbHOCTh OHU
MpUOOPETAIOT B CBSI3M C BOSHUKHOBEHHEM TEXHOTEHHBIX KAaTacTpod MPU CTPOUTEIb-
CTBE M DKCIUTyaTallM¥ KPYIMHBIX WHXKEHEPHBIX COOPY)KCHUMU, HAPUMEP, B aTOMHOMU
DHEPreTHKE, XUMUYECKON MPOMBIIUIEHHOCTH, MalTMHOCTPOSHUH, Ha TPAHCIIOPTE H
IPYTUX OTpACIAX XO34MCTBEHHOW nearenbHOCTH. [IpmunmHamu katacTpod B OCHOB-
HOM SIBJISIFOTCSI HENpPaBWJIbHAS SKCIUTyaTalUsl 4eJIOBEKO-MAIlMHHBIX CHUCTEM M pas-
JUYHBIE TE€OJUHAMUYECKHE MPOLIECCHl U sBIeHUS [1].

Obecneuenune OezonacHoctu TI'C cBsi3aHO € pelIEHHEM COBOKYITHOCTH 3a/ay
OTHOCSIIUXCS K pa3IMuHbIM o0jacTsM 3HaHui. K HUM OTHOCATCS 3a7auu MOIUTHYE-
CKOI'0, COUMAJIBbHO-3KOHOMHUYECKOT0, YIIPABIEHYECKOT 0, TEXHOJIOTMYECKOr0 XapaKTe-
pa u T.1. J{ajneko He MOCIEeIHIOI POJib B 3TOM CIHCKE 3aHUMAET 3a7a4ya 00ecreyeH sl
0€30MacCHOCTH TEXHOT€HHBIX CUCTEM CPEACTBAMHU I'€0JI€3UYECKOTr0 KOHTPOJIS, pelle-
HUE KOTOPOU jaeT uHGOpMaIMIO O MPOCTPaHCTBEHHO-BpeMeHHOM cocTosinuu (ITBC)
TTC.

CoBpeMEeHHbIE T€0JIe3UUYECKUE TEXHOJOTMU (HallpuMep, HA3eMHOE JIa3epHOE
CKaHUPOBAHKE) COBMECTHO CO CIEIHMATM3UPOBAHHBIMH MPOTPAMMHBIMUA KOMIUIEKCAMH
MO3BOJISIFOT ONPEAEIUTh CTATUYECKYIO0 MOJIEIb COCTOSIHUS 00bekTa. Pe3ynpraTom mna-
3€pHOT0 CKaHUPOBAHUS MH)KEHEPHBIX COOPYKEHUN U IPUPOIHBIX OOBEKTOB SIBISIETCS
MaccuB (00aKk0) Touek ¢ koopAauHaTamu X,Y,Z, ONpeAeeHHbIX OTHOCUTENBLHO yCTa-
HOBJICHHOM cuCTeMbl koopauHaT. [Iporpammel, obGecnieunBaromire oOpabOTKy JaH-
HBIX JIA3€PHOT0 CKaHUPOBAHUS, MO3BOJISIIOT mpenctaButh TI'C (nanee oObeKT) B BU-
7€ TPEXMEPHOTO CKaHa, OINPEACIIUTh €€ pa3MEPbl U OPUEHTAIIMI0 OTHOCUTENILHO yC-
TAHOBJICHHOM CHCTEMbI KOOPJAMHAT, BBIMIOJHUTh MOHUTOPUHT T€OMETPUUYECKUX IMapa-
METpPOB 00BEKTA.

Jlis onpeneneHnss U3BMEHEHHsI COCTOSIHUSL OOBEKTa B IPOCTPAHCTBE U BPEMEHHU
HEO0OXOUMO MMETh BPEMEHHBIC DPsIbl JAHHBIX, KOTOpPHIE MOJY4YalOT B pe3yjbTare
MHOTOKPATHBIX IIUKJIOB HaOo/eHul 3a 00bekToM. B HacTosiee Bpems Haubosee
MOMYJISIPHBl aBTOMAaTU3WPOBAaHHbIE CUCTEMBbI MOHMTOpUHTA (ACM), KOHTpOJIUPYIO-
e o0beKT B JI000€ BpeMs CYTOK, HEB3Wpas Ha MOTOJIHBIE YCIOBHUS C 3aJaHHBIM
BPEMEHHBIM MHTEpBajoM. J[Jisi 3TOro B Tene 0O0BbEKTa 3aKPEIUISIOTCS KOHTPOJIbHBIC
TOYKH (IaTYUKH), IEPENAIOIINE CUTHATIbHYIO HH(OPMAIUIO O COCTOSIHUU 00BEKTa.
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MonenupoBanue usmenenunii [IBC oO0bexkTa mpencTaBisieT TOCTATOYHO CIIOXK-
Hyt0 3aaa4y. [lonyunts BpeMmenHbie psasl koopauHaT X(t),Y(t),Z(t) meTomom nasep-
HOT'O CKaHHWPOBAHUS MPEICTABIIACTCS CIUIIKOM 3aTpaTHBIM, a JAHHBIX, MOJYyYEHHBIX
MeroaoM ACM HepocratouHo st onpeaenenus usmenenus [IBC o6bekTa B 11e51om.

[Tostomy, nnsa onpeneneHus nuHaMudeckor moxaenu usmenenusd [IBC u mpo-
THO3UPOBAHMS COCTOSIHHUS O0OBEKTa B OyyllleM HEOOXOJMMO NMPUMEHEHUE METOOB
MaTeMaTH4YECKOro MojienupoBanus [2,3,4,5,6,7].

[IpocTpaHCTBEHHO-BPEMEHHOE COCTOSTHHE OOBEKTa B MOJTHOW MEPE XapaKTepH-
3yeTcst (popmoii, pasMepaMu, OpUEHTAITMEH U TTOJI0KEHUEM B TIPOCTPAHCTBE U BpEMe-
HU. T.e. MPOCTPaHCTBEHHO-BPEMEHHOE COCTOSIHUE 00BEKTa ONpeaesieTcss PyHKITH-
eit (1)

IIBC(t) = IIBC(F (t), R(t), P(t),O(t)) (1)

rae F(t) dopma oObekra, R(t)- pasmepsl, P(t) - momokeHne o0ObeKkTa B MpOCTpaH-
CTBE OTHOCHTEIbHO crcTeMbl KoopauHaT, O(t) - opueHTaIUs B MPOCTPAHCTBE.

N3menenne IIBC oObekTa 3aBUCHT OT M3MEHEHHUS €ro XapaKTEePUCTHUK:
F(t), R(t), P(t),O(t), ompenensieMbix Kak GYHKIIUHA BPEMEHH.

PaccmoTpuMm HEKOTOpBIE BapHaHTHl OMPEACIICHUS] XaPaKTEPUCTUK COCTOSTHHS
TT'C MeTogaMu MaTeMaTUYECKOTO MOAECIUPOBAHUSI.

1. ®opma mr060r0 00BEKTa ONpEAENETCS TPaHHUIEH MEXAy 3TUM OOBEKTOM
U OKPYKaKLIEH CPEIOH.

Nudopmarus, Heodxoaumas i 1IEJIOCTHOTO OMHMCcaHUsA (OPMBI, MOKET OBITh
HeTpephIBHOM M AUCKpeTHOU. HempepriBHas uHbOpMaIids 0OBIYHO MPECTABIISCTCS
KaK HEMpepbIBHAS (PYHKITUS KOOPAWHAT W/ WK BpeMeHHU. JluckpeTHas nHbopmarus —
MOCJIEIOBATEILHOCTh OTACIBHBIX CUTHAJIOB, OTACICHHBIX APYT OT Apyra KOHCYHBIMU
BPEMEHHBIMU WJIM MPOCTPAHCTBEHHBIMHU UHTEpBaIaMu [§].

[IpuBenem mpumepsl ompenenacHuss GopMbl 0OBEKTOB, MPEICTABICHHBIX 00J1a-
koM Touek ¢ koopauHatamu X(t),Y;(t),Z(t), rne i = 1,2..M — HOMEp TOUKH.

Ilpumep 1.

Jlnsa onpenencuus Gynkimu F (1) HE0oOX0auMO BBIOpaTh T€OMETPHUYCCKHUI 00-
pa3, KOTOPbIH MPUHUMAETCS B Ka4eCTBE MOJEIN (GOPMBI, U ONPEACTUTh TpeOOBaHUS
(KpuTepHHn), KOTOPHIM 3TOT 00pa3 J0HKEH YAOBIETBOPATH. [locie 3Toro HyxHO o11e-
HUTh 3HAYCHUSI KOHEYHOTO YHClia MapaMeTpPoB, HEOOXOIUMBIX JIJII MAaTEMaTUUECKOTO
OTMCaHUs BEIOPAHHOTO IeOMETPUYECKOro oopaza popMbl CUCTEMBI COOTBETCTBEHHO
MIPEABSIBISIEMBIM TPEOOBAHUSIM.

dopMy 00BEKTa, TPENCTABICHHOTO OOJAKOM TOYEK C KOOpJAMHATAMH
Xi(t),Yi(t),Z(t), moxnO npencTaBuTh chepoit A (puc. 1), paguyc I KOTOpOU paBeH

r=r—rg (2)

, 1
rJe I; - TO4Ka C HOMEPOM I, Iy = MZ I, M - KonM4ecTBO TOYEK.
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Puc. 1. Chepuueckas moaenp o0bekTa

KonuuectBo 3Tux cdep paBHO N, T.e. KOJIMYECTBY MOMEHTOB BpeMmeHH 1.1,
B KOTOPBIE IPOU3BOIUIIUCH I'eoie3nueckue HaomoaeHus [9].

Ilpumep 2.

OnHUM W3 BapUaHTOB OIpeesieHus quckpetHor Gynkiuu F(t) sisercs npu-
MEHEHHE METOJI0B, OCHOBAaHHBIX Ha YHCIIEHHBIX pacueTax, ONpeAeICHHs JUCKPETHOM
uHpopmaiu o hopme oobekTa. Juckperuszanus 0o0eceurnBaeTcsl CO31aHUEM TOJIH-
TOHAJILHOM CETKH, MPEACTaBISAIoOMEN 13 ce0sl CeTh U3 JNUCKPETHBIX 3JIEMEHTOB, IO-
KPBIBAIOITUX OOBEKT.

OmHUM U3 OCHOBHBIX BHJIOB HECTPYKTYPHUPOBAHHBIX MOJIUTOHAIBHBIX CETEH SB-
JSIOTCS TpUAHTYIsIUK. Ha ceromusmHuii JeHb CylecTBYIOT HECKOJIBKO BHIOB TpU-
aHTYJIALMNA: TPUAHTYISAuUs J(eoHe, TPUAHTYISIIKS METOJI0OM KOPPEKIUH, TPUAHTY-
JSUS METOIOM TOTJIONIeHUs U apyrue. Hanbonpiryio nonyaspHOCT UMEET TpUaH-
rymsinust [lenone, Tak Kak siBisieTcss Haubosee cOanaHCUPOBAHHON. DTO TIOCTUTAETCs
TEM, YTO TPUAHTYJSALUs J[eTOHEe CTPOUT TPEYroJbHUKU MO BO3ZMOKHOCTH OJHM3KHE K
PaBHOYTOJIbHBIM (HE JOIYCKAaeT MOCTPOEHUE HEOIPAaBAAHHO BBITSAHYTBIX TPEYIrOJib-
HUKOB).

HcxoquapiMy TaHHBIMH JIJIS1 TIOCTPOCHHSI TPUAHTYJISIIUU SIBIISIETCS MHOYXECTBO
(o0ako) Touek oobekTa ¢ koopauHatamu X(t),Y(t),Z(t). Merox [lenoHe mo3BossieT
Ha OCHOBE KOOPJIMHAT TOYEK 0OBEKTa MOCTPOUTH BBITYKIYIO 000JIOUKY, COCTOSIIYIO
U3 MHOXKECTBA KOHEYHBIX TPEYTOJbHBIX 3JIEMEHTOB, T.€. allllPOKCUMHUPOBATH TEXHO-
TE€HHBIN 00BEKT CETKOM U3 TPEYrOIbHUKOB.

B pa6ote [10] paccMoTpeHa BO3MOKHOCTh IPUMEHEHUSI METOJIa TPUAHTYIISIIIUN
Jlenone uist omnpeneneHus (GopMbl TEXHOTEHHOTO OOBEKTa MO T'e0/Ie3UUYECKUM JTaHHBIM
U PeasT30BaHO MPOrPaMMHOE PEIICHHE AITOPUTMA Ha IPUMEpe Kapbepa (puc. 2).

N3menenne Gopmbl 00bEKTa MPUBOAUT K NMEPECTPOCHUIO TPUAHTYJISALUOHHON
CETKH, T.€. ISl KaXKI0TO MOMEHTa BpeMeHH t OyJeT moCcTpoeHa CBOsI TPUAHTYJISIIHSI.

2. 3Has popmy 00BEKTa, T.€. UMESI BOBMOXHOCTb IIPEICTABUTH €r0 OJJHUM I'eo-
METPUYECKUM TEJIOM, MOXXHO HAWTH MHTErpajibHbie Xapaktepuctuku R(t), Hampu-
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MCp, IIomaab IMOBCPXHOCTH, 00BEM 3aHHMMAEMOIO MMpOCTpaHCTBA, YUCJIOBBLIC 3HAYC-
HHU HHBAPWAHTHBIX XapaKTCPHUCTUK.
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Puc. 2. Peanuzanust metona tpuanrysiuu Jemnone B mporpamme «DELONE»
Ha [pUMEpPEe MOJEIN Kapbepa

Kpome TOro, paccmarpuBas OTAEIbHBIC T€0IC3MUECKUE TOYKU WM HEKOTOPHIE
WX MHOYKECTBA, CBSI3aHHBIC 3aJJAHHBIMH OTHOIICHUSIMH, KaK JJIEMEHTapHbIC O0BEKTHI,
CBSI3M MEXKIYy HHUMH MOYXHO YCTaHOBUTBH MOCPEACTBOM MAaTEMaTHYECKHX IMPaBWI U
TEM CaMbIM Ha MHOXECTBE 3JIEMEHTAPHBIX 0OBEKTOB OMPEISITUTh OTHOIICHHS MEXKTY
HUMH, Xapaktepusyromue pasmepbl R(t) oObekrta. M3meHenune Gopmbl U pa3mMepoB
CBUACTENBCTBYIOT 00 MHTETpaNbHBIX WIH JuddepeHInanbHbIX AeGopMarusix
[10,11,12,13,14,15].

3. U3menenne nonoxenust P(t) oObekTa B MpOCTpaHCTBE, MPEACTABICHHOIO
MHOKeCTBOM Touek ¢ koopauuHatamu X;(t),Yi(t),Z(t), onpenensercs mo ABUKECHHIO
TUIIOTETUYECKON TOYKH, KOOPAMHATHI KOTOPOM OMpEAesaioTCsS Kak cpeaHee apudme-
TUYECKOE KOOPJMHAT TOUEK MHOXKecTBa, T.e. P(t) xapakrepusyeT mocrymarenbHOE
IBIDKEHNE 00BEKTa B MPOCTPAHCTRE.

4. Onpenenenue opuentanmu O(t) o0ObeKTa B MPOCTPAHCTBE MOKET OBITH BBI-
MIOJTHEHO Pa3HBIMU CITOCOOAMH.

Ilpumep 1.

[Tonoxxenue obiaka TOYEK B MPOCTPAHCTBE MPEACTABUM IUIOCKOCTBIO S TaKOM,
4TO CyMMa KBaJpaToB PacCTOSIHUI TOYEK 00aka oT Hee MHHMMalbHa (puc. 3). Opu-
EHTalMs TJIOCKOCTH B MPOCTPAHCTBE MOJHOCTBIO onpezernsercs HopMainbio N K 3Toi
IJIOCKOCTH, MPOXOIAIICH uepe3 TouKy npuHamiekameir S[10].
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Puc. 3. FCOMeTpI/I‘IeCKaH MOACIIb ITOJTOKCHU A o0Jy1aKa TOYCK B IMPOCTPAHCTBEC

Ilpumep 2.

Ecin Havano koopauHaT COBMECTUTH C TOYKOM, KOOPAUHATHI KOTOPOU Ompee-
JSIOTCSL KaK cpefHee apu(MeTHIecKoe KOOpAWHAT TOYEeK O0JaKa, TO OPHUEHTAIIHIO
9TOTrO 00JIaKa TOYEK B MPOCTPAHCTBE MOXKHO OIPEICTHUTh Yepe3 yriibl Ditnepa (puc. 4).

M3MeHeHne oOpHeHTalnu OOBEKTa B TPOCTPAHCTBE ONPEACISCTCS YIiaMH
a(t), B(t),y(t) u aBusercs IBHBIM MPU3HAKOM BPAIIATEIIBHOTO JIBHKCHUS.

Takum 00pa3om, U3JI0KEHHBIE OOCTOSTENBCTBA U NIPUBEACHHBIE PUMEPHI CBU-
JETEIBCTBYIOT O CIEAYIOLIEM:

1) mpoctpaHcTBeHHO-BpeMeHHOEe cocTossHre TI'C B monHON Mepe xapakTepu-
3yeTcst Moaenbio (1);

2) ompezeieHUE apryMEHTOB z
¢ynakmun  [IBC(t) wmaremaTude-

-
>

CKMMHU METOJIaMH TIO3BOJISIET OTIpe-
AEIUTh  JegopMalyio, IOCTyIa-
TEJIBHOE WM BpAILATEIbHOE JIBUKE-
Hue TI'C.

3) ompeneneHUe MPOCTPaH-
CTBEHHO-BPEMEHHOTO  COCTOSTHUS
TEXHOTEHHBIX CUCTEM JaeT HEO0O-
XOJUMYI0O M JOCTAaTOYHYIO WH-
dbopmanuro I oOecredyeHHs
0€30MacHOCTH WX OKCIUTyaTaluu Puc. 4. Opuenranus o0naka TOYEK
10 T€0JIE3UYECKUM JaHHBIM. B TIPOCTPAHCTBE Yepe3 yribl Dijepa

TouKa ¢ KoopauHatamm
X,Y,X
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3D-MOAENNPOBAHUE U BU3YAJTU3ALUA OEPOPMALIMUN NOBEPXHOCTH
HA NMPUMEPE KYTMNOJIA HOBOCUBUPCKOI'O NJITIAHETAPUA

Tamwvana IOpvesna byzakoea

Cubupckass TOCyIapCTBEHHBIH YHUBEpCHUTET TeocucteM U TexHomnorui, 630108, Poccus,
r. HoBocubGupck, yn. [Inaxornoro, 10, kaHauaaT TEXHUYECKUX HAyK, 3aBeayromias kadeapoi mpu-
KJIaJHOM nHpOpMAaTHKK U MHOOPMAIMOHHBIX cucTeM, Tel. (383)343-18-53, e-mail: kaf.pi@ssga.ru

Mapua Muxaiinoena Illnaxosa

Cubupckas TOCyZapCTBEHHBIM YHHBepcHUTeT TeocucteM u TexHojorud, 630108, Poccus,
r. HoBocuGupck, yiu. [lmaxotHoro, 10, kaHAMAAT TEXHUYECKUX HAYK, CTAPIINI MperogaBaTelb Ka-
benpsl npukIagHOW HMHMDOPMATHMKH H WHPOPMANMOHHBIX cucteM, Tea. (383)343-18-53,
e-mail: plazma_space@mail.ru

[IpocTpaHCTBEHHOE COCTOSIHME TEXHOTEHHBIX OOBEKTOB HE OCTAETCsl MOCTOSHHBIM. MX co-
CTOSIHUE U3MEHSIETCS B 3aBUCHMOCTH OT BIIUSHUS BHEITHUX (DAKTOPOB WJIM BHYTPEHHHUX MPOIECCOB.
V3MeHeHne mpoCTpaHCTBEHHOTO COCTOSIHUS MPOSIBISIETCA B IBMKEHUSAX U JedopManusix 00beKTa,
YTO BJIEUET 32 COOOH, MOPOH, HEOOpaTUMBIE TTOCIEICTBHS — OT Pa3pyIICHUsI KOHCTPYKIIUN 10 YeJI0-
BEUYECKUX KEPTB. B CBsI3U € 3TUM, OJTHOM M3 BaKHEHIIMX 3a/1ay re0J]e3nYeCKOro MOHUTOPHUHTA SIB-
JieTCs OIpeielIeHHe U3MEHEHUsI MPOCTPAHCTBEHHOTO COCTOSIHMSI TEXHOTCHHBIX 00beKTOB. B cra-
Th€ MpPUBEIEH MPUMEp olpeaenaeHus nedopMalnnu TEXHOT€HHOro 00beKTa Mo pe3yabTaTaM Jiaszep-
HOTO CKaHUPOBaHUS

Mopenu, MmoJlyueHHbIE MO JaHHBIM JIA3€PHOTO CKAaHUPOBAHUS, SIBISIOTCS CTATUUYECKHUMH.
Nwmest cratnueckyro 3D mMozmens IpOCTPaHCTBEHHOTO COCTOSIHHSI 00OBEKTa COOTBETCTBYIONIYIO (DHK-
CUPOBAaHHOMY MOMEHTY BpeMeHH i, onpezenenue nedopMaliuu MoBEpXHOCTH BO3MOKHO ITYTEM €€
COBMEIILIEHUS C TPOEKTHON MOBEPXHOCThIO. OTKIIOHEHHUE PeaIbHOM MOJIENIM OT IPOCKTHOW Ha BEJIH-
YUHY OOJBIIYIO JOMYCTUMOM CBUAETEILCTBYET O JehOopMalluu 3TON MOBEPXHOCTH.

KiroueBbie cioBa: 3D MozaenupoBaHue, Ha3eMHOE JIa3€pHOE CKAHUPOBAHME, MPOCTPAHCT-
BEHHOE COCTOSIHUE, TEXHOT€HHble 00BEKThI, AeopMaliys MOBEPXHOCTH, BU3yanuzauus aedopma-
1117078

3D MODELING AND VISUALIZATION OF SURFACE DEFORMATION BY
THE EXAMPLE OF NOVOSIBIRSK PLANETARIUM DOME

Tatyana Yu. Bugakova

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St., Ph. D., Assoc. Prof., head of the Department of Applied Informatics and Infor-
mation Systems, tel. (383)343-18-53, e-mail: kaf.pi@ssga.ru

Maria M. Shlyakhova
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10 Plakhotnogo St., Ph. D., senior lecturer, Department of Applied Informatics and Information
Systems, tel. (383)343-18-53, e-mail: plazma_space@mail.ru

Spatial state of anthropogenic objects is not invariable. It changes under the environmental
impact or interior processes. Spatial state variations show in motions and deformations of the object
resulting sometimes in irreversible impacts (from structure failure to human toll). In connection
with the above said, one of the major problems of geodetic monitoring is determination of changes
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in anthropogenic object spatial state. The example of anthropogenic object deformation determined
by laser scanning data is presented.

The models developed by laser scanning are static. With static 3D model of the object spatial
state referred to the fixed instant of time t, we can reveal surface deformation by its superposing on
the design surface. Real model deviation from the design one by the value greater than allowable
testifies to the surface deformation.

Key words: 3D modeling, terrestrial laser scanning, spatial state, anthropogenic objects, sur-
face deformation, deformation visualization.

be3onacHas sKkcruTyaramnusi TEXHOTEHHBIX OOBEKTOB (3MaHUN, COOPYKEeHH, 000-
PYZIOBaHHS NPOMBIIUIEHHBIX W TIPAXKJAHCKMX KOMIUIEKCOB) HEBO3MOXHa 0e€3 Ipa-
BWJIBHO ITOCTABJIICHHOW JUArHOCTUKU MX TEXHUYECKOTO COCTOSHU. JlnarHocTuKa oc-
HOBBIBAETCS HA PE3yJIbTaTax KOHTPOJIS PsAa MapameTpoB, XapaKTEpU3YIOIIMX HKC-
IUTyaTallUOHHBIE KauecTBa 3/1aHUM, COOpYKEHUM U oOopynoBaHus. s momydeHus
MOJTHBIX M JIOCTOBEPHBIX CBEACHUN O COCTOSIHMM OOBEKTa HE0OXOJUMO MPUMEHEHHE
MH(}OPMAIIMOHHO-TEXHUYECKOM CHUCTEMBI, B COCTaB KOTOPOM BXOJAT reoJuHaAMUYe-
CKHE, TUAPOJOTUYECKUE, TEOAEC3UUECKUE U JIp. MOACUCTEMBI KOHTPOJIS COCTOSHHS.
BaxHelmmMH U3 HUX SBISIIOTCS T€0IE3UYECKUE MTOJACUCTEMBI, OLIEHUBAOIIME MPO-
CTPAHCTBEHHOE COCTOSIHME (IOJIOKEHHUE, NeQOopMalri0 U T€OMETPUUYECKUE XapaKTe-
pUCTUKH) 00bEKTOB. COBPEMEHHOE Ie0/Ie3MUYE€CKOe 000pYA0BaHNE MO3BOJISIET C BBHICO-
KON TOYHOCTBIO, CKOPOCTBIO U KAYE€CTBOM BBINIOJIHATH T€0AE3UUECKUE U3MEPEHUS JJIS
OLIEHKH MPOCTPAHCTBEHHOTO COCTOSIHUSA TEXHOT€HHBIX 00bekToB. Hampumep, nazep-
HBIA CKaHep, MO3BOJISIET ONPENETUTh JII00bIE CIOKHbBIE W/UIUM HEJOCTYIIHbIE OBEPX-
HOCTH B TPEXMEPHOM IPOCTpaHCTBE. Pe3ynbraToM paboThI J1a3epHOTO CKaHEpa SBJIs-
eTcs 00jako (MHOXECTBO) Touek ¢ koopauHaramu X,Y,Z. Jlist oOpabOTKH JTaHHBIX,
HOJYYEHHBIX MPHU MOMOIIM JIa3epHOTO CKaHEpa, CYIIECTBYET MporpaMMHoOe olecrie-
yerue (I10), koTopoe naeT BOZMOKHOCTh MOCTPOEHUSI PEATMCTUYHBIX TPEXMEPHBIX
METPUUYECKHUX Mojiele 00bekToB. Ha X 0CHOBE MOXHO MOIy4ars UH(POPMALIUIO O
MOJIOXKEHUH O0BEKTa B MPOCTPAHCTBE, €M0 T€OMETPUUECKUX XapaKTEpUCTHKaX (pac-
CTOSTHUSIX, 00beMax, miomassx) [1,2,3].

Mopenu, noJlydeHHbIE 0 JaHHBIM JIa3€pHOI0 CKaHUPOBAHUS, SBIISIOTCS CTaTH-
yeckuMH. OHAKO, IPOCTPAHCTBEHHOE COCTOSIHHE TEXHOT'€HHBIX OOBEKTOB HE OCTa-
€TCsl MOCTOSSTHHBIM. X cOCTOsITHUE MU3MEHSETCA B 3aBUCUMOCTU OT BIIUSHUS BHELIHUX
($akTOpOB WM BHYTPEHHUX MPOIECCOB. M3MeHeHne mpocTpaHCTBEHHOTO COCTOSIHUS
IPOSIBIISIETCS B ABMKEHUSIX U JedopMalusix 00beKTa, YTO BJIEYET 3a COOOM, MOpoi,
HEeoOpaTUMBbIE TMOCHEACTBUS — OT Pa3pyUICHUS KOHCTPYKIMH 10 YeIOBEUECKUX
XKepTB. B CBA3M € 3TUM, OAHON M3 BAKHEUIIMX 33]1a4 re0Ae3M4eCKOr0 MOHUTOPHUHTA
ABJISIETCSA ONPENIECICHUE W3MEHEHHS MPOCTPAHCTBEHHOI'O COCTOSIHUS TE€XHOTEHHBIX
00bekToB [4,5].

Henpto pabotel sBisercs 3D monenupoBaHue U BuU3yainuzanus aedopmanuu
MOBEPXHOCTEH TEXHOTC€HHBIX OOBEKTOB CPEICTBAMH HA3€MHOTO JIA3€PHOTO0 CKaHUPO-
BaHMS.

OO0BbexTOM HcclieoBaHusl ObLT BRIOpaH Kymod mianerapusi ropojga HoBocubup-
CKa, Cb€MKa KOTOPOTO MPOU3BOAWIIACH C BHYTPEHHEN CTOPOHBI IOMEILICHMUS.
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JHannable 00 00BEKTE MOSyUYEHbl YHUBEPCAIbHBIM KOMITAKTHBIM JIa3€pHBIM CKa-
Hepom Leica ScanStation C10. On npencrapnsieT co00il OAMH U3 CaMbIX MOMYJISIPHBIX
npubOpoOB B cepuu CKaHepoB ScanStation, oOecrieurBasi BbicoYaiinyio 3¢hdeKTHB-
HOCTb U TPOU3BOJMTEILHOCTh BO BpPEMsI BBIIIOJIHEHHS] TOMOTPa(QUUECKUX CHEMOK.
HNmnynecHas ja3epHas cucTeMa rapaHTUPYEeT MPOM3BOACTBO CKAHWPOBAHMS HA pac-
crostuuu 10 300 meTpoB co ckopocThio 70 50000 TOoUuek B CEKyHIy, UYTO MO3BOJISET
M0JIy4aTh JeTaldbHble TpeXMepHble n3o0paxeHus. [lone 3peHust ckanepa cocTaBisieT
270° mo Beptukanu u 360° mo ropu3oHTanu. BeTpoeHHass Buaeokamepa BBICOKOTO
paspenieHusi o0ecrneynBaeT MOJyuYeHUEe YETKUX U JCTaNbHBIX peajbHBbIX M300pake-
HUH, KOTOPBIE 3aT€M COBMEIIAIOT C OTCKAHUPOBAHHBIM 00JIaKOM To4eK. B pesynbTare
CKaHUpOBaHHUA ObLT monydeH 1 ckaH. /laHHbIe u3MepeHus MPUBEICHBI U CKOPPEKTH-
pOBaHbI B mporpaMMHoM TipoaykTe Cyclone mo ropu3oHTaIbHOMY YPOBHIO C TOYHO-
CThIO KOMIIeHcaTtopa 4 MMm. Moenb onpenienieHa B efquHoi cucreme koopaunat OXY,
KOOpAMHATHI Z TOJIyYeHBI B pEaIbHOM CHCTEME BBICOT.

Hnst 0O6paboTKM maHHBIX BbIOpaH mporpammubld mpoaykt Rapidform XOR.
Rapidform XOR - sto mporpaMma, mo3BoJIsIioIIast 0Jab30BaTe/IIM mepeidtu oT 3D-
CKaHa K MOJHOCThIO mapameTpudeckoir CAD-moznenu.

Nmes cratrueckyio 3D mMozens mpoCTpaHCTBEHHOTO COCTOSTHHSI OOBEKTa COOT-
BETCTBYIOIIYIO0 (PUKCHUPOBAHHOMY MOMEHTY BpeMeHH 1, ompeneneHue aedopmaiuu
MOBEPXHOCTH BO3MOXKHO ITyTEM €€ COBMEIICHHUS C MPOEKTHOW MOBEPXHOCTHIO. OT-
KJIIOHEHUE PEaTbHOW MOJICTN OT MPOSKTHOW Ha BETUYHHY OOJBIIYIO TOMyCTHMOM Oy-
J€T CBUJIETENBCTBOBATH O Je(OpMalliU 3TON OBEPXHOCTH.

Pabota mo ompeneneHuio U BU3yanu3aluuu ne(opManuy MOBEPXHOCTH KyIoJia
IUTAHETapHsl BHIMIOJIHAJIACH B HECKOJIBKO 3TaIlOB.

1. B nporpammusiii mpoaykT Rapidform XOR BeimosHen uMmopt o0j1aka TOYEK.

2. [loctpoena TIN moBepXxHOCTH Kymoja miaHeTapus (BBIIOJIHEHO Pa3psuKEHUE
TOYEK, y/aJeHbl ITYMbI, TOCTPOCHA TPUAHTYJISIINA).

3. Ans onpenenenust nedopmariii MOBEPXHOCTH KYIOJa BBIMOJHEHA aIlpOK-
cumanus, T.e. coBMmemieHre IIN MOBEpXHOCTH € MPOEKTHBIMU JIaHHBIMU TaK, YTO
CyMMa KBaJpaToB OTKJIOHEHHS KOOPAMHAT TOYEK PeaIbHOM MOBEPXHOCTH OT MPOEKT-
HOM TMOBEPXHOCTU - MUHUMAaJbHA. B KadecTBe MPOEKTHOW MOBEPXHOCTH BBIOpaHa
cdepa, 3a7aHHasT ypaBHEHUEM

(x-x0)* + (¥ - y9)* + (2 - ¢g)* = R? (1)
rae R —paauyc chepsi.

4. BeinonHeHa olleHKa cpenHekBaaparuueckoro otkioHeHus (CKO) kymona
IUTaHeTapusi OT MpoekTHOM cdepsl. [lomyden BekTOp 3HAYEHMI CpeaHEKBaapaTUye-
CKUX OTKJIOHCHUU

? = ?(V] N V,,t) 1
rae N — konudectBo 3HaueHuit CKO. Cpennue 3HaUeHUSI OTKJIOHEHUN paBHBI 36 MM.
[Toctpoena 3D monens o0bekTa ¢ M300pakeHneM 30H JehopMalui MOBEPXHOCTH

(puc. 1).
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Hedbopmanmsi oO0beKTa — 3TO TPO-
1ecc, MPOTEKAIOIIUH BO BPEMEHU U OTIpe- I
NensieTcs OH Kak QyHKIUsS BpeMeHu D(t;) |
T /; TPUHAMICKUT BPEMEHHOMY HHTEP-
Balny T, i=1.k, K —KOJIMYECTBO MOMEHTOB
BpeMeHU B uHTepBajie [. Iloatomy nms b
onpenenenus ¢GyHkuu D(;) Ha BceM I
BPEMEHHOM HHTEpBasie | HEOOXOAUMO
uMeth K cratmdeckux moxenei. Takum
oOpa3zom, JIs onpeaeneHus aedopManuu
MOBEPXHOCTH OO0BEKTa HAa BCEM BpPEMEH-
HOM WHTEpBaje | METOAOM COBMEIICHUS
CTaTUYECKUX MOJIeNIEH HY>KHO BBITIOJTHUTH
K uteparuii.

Jns cokpaileHusi KojimuecTBa UWTepaluii, B paboTe ObLI MPOBEICH JKCIIEpH-
MeHT. PaccMOTpeHa BO3MOKHOCTh COBMEIIEHUSI TPEX MOJIENICH.

B cBs13u ¢ 3THM, OblTa BEITIOJIHEHA UMUTAITUS TeopMaIiiyd MOBEPXHOCTH KYIIO-
na. VI3MeHeHbl BBICOTHBIE KOOPAMHATHI B €r0 BEpXHEW 4acTu, MOCIe Yero Mojielb
OblJIa COBMEIIEHA ¢ MMPOCKTHON Moaenbro. CpeaHue 3HaYeHNUS OTKJIOHEHWH paBHBI 38
MM (puc. 2).

3aKJIIOYUTENIBHBIM 3TallOM JKCIEPH- I
MeHTa ObLTIO COBMEIICHHUS TPEX MOICIIEH:

NPOCKTHOM, 3amaHHOW ypaBHeHHeM (1); e -
pealbHOM, TOJIYYEHHOM II0 pe3yJibTaTaM
Ja3epHOTO CKaHUPOBAHUS U J1ePOpMUPO-
BaHHOW.

[lonyuyeHHass MOJEnb SBISIETCA pe-
3yJbTaTOM YCPEIHEHHUs] TpeX Mojenen I

Puc. 1. 3D Mozaens NOBEpXHOCTH
KyIoJia IjIaHeTapusi ¢ u300paKeHueM
30H JedopManiu mOBEpXHOCTH
u pesysbtaT oneHku CKO

noBepxHocTu. OHa He siBIsieTcsl MHOOP-
MAaTUBHOW W HE OTOOpa)kaeT MPOoIecC Jie-
dbopmanmu 00BEKTA. Puc. 2. 3D moxaens nedopMupoBaHHOTO

B pesynbTare wuccrnemoBaHus ObLI MIPOEKTHOTO KyToJja
C/ieNiaH BBIBOJI;

1. Ompenenenue aedopmamnmy MOBEPXHOCTH TEXHOTCHHOTO OOBEKTa IO pe-
3yJbTaTaM JIa3epHOTO CKAHUPOBAHMS JACT TOJHYIO HATJISIHYI0 BU3YAIbHYIO HHQOP-
MaIio myTeM coBMerieHus aByx 3D moneneid. 13 KOMU4eCTBEHHBIX XapaKTEePUCTHK
MOJTy4aeM CPeTHEKBAIPATUUECKUE OTKIIOHCHHSI OHON MOJICIH OT IPYTOM.

2. Jledbopmanus oO0beKTa — 3TO MPOLECC TUHAMUYECKHM, N3MEHsIEMBbI BO Bpe-
MEHH, 4TO MpeArnoaaraeT padboTy ¢ BpEMEHHBIMU psiiaMu JaHHbIX. [lo pesynabTatam
Ja3epHOT0 CKAaHUPOBAHUS MOKHO MOTYyYUTh MH(MOpMALHIO O fedhopMannuy 00ObeKTa B
3aJJaHHBII MOMEHT BPEMEHH, OJTHAKO, 3TO mporecc Tpynoemkuil. OyHkuus D(;)B
ATOM Ciydae ompejesneHa AUCKpeTHo. /st aHanu3a, MHTepHpeTalui U MPOTrHO3UPO-
BaHMsI TPOIECCOB AehopMaliii HEOOXOIUMO ompeseneHne D) Kak HempephIBHOM
(YHKIMH, 9TO HEBO3MOXKHO 0€3 METOJI0OB MaTeMaTHYECKOTr0 MoienupoBanus [6,7,8].
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3. Ompenenenrie ¥ BuUzyanu3anus naedopManuii MOBEPXHOCTH TEXHOTEHHBIX
00OBEKTOB IO pe3yJibTaTaM JIA3€pPHOTO CKAHUPOBAHHUS XOPOIIO MOAXOMAST JJISi PEKOH-
CTPYKLIMH 31aHUM U COOPYKEHUH, a TAaKKE MOHUTOPUHIAa T€OMETPUUECKUX MapameT-
POB MyTEM ONpeeSICHUs OTKIOHEHUI OT MPOEKTHBIX 3HAYEHU.

BUBJTMOMPAPUYECKNI CMTMCOK

1. byrakosa T. FO. OneHka yCTOWYMBOCTH COCTOSIHHI OOBEKTOB IO T€0AC3NUYECKUM JTaHHBIM
MeTOJIOM (Pa30BOro MPOCTPAHCTBA: aBTOPEd. JUC. HA COMCKaHUE YYEHON CTENEeHM KaHIuIaTa TeX-
Hudeckux Hayk. — HoBocubupcek: CITA, 2005.

2. Boek W. TI'., byrakoa T. FO. MaremaTudyeckoe MOJICIMPOBAHUE MPOCTPAHCTBEHHO-
BPEMEHHOTO COCTOSIHHS CHCTEM IO T€OMETPHUYECKUM CBOMCTBAM M OLIEHKA TEXHOI'€HHOTO PHCKa
METOJ0M dKCTHOHEHIMaNbHOTO craaxuBanus / Bectauk CITA. — 2012, — Beim. 4 (20). — C. 47-58.

3. byrakoBa T. FO., Bok M. I'. Maremarnueckoe MOJEIHPOBAHUE MPOCTPAHCTBEHHO-
BPEMEHHOT'0 CcOCTOsIHUS cucTeM // Marepuansl V Bcepoccuiickoit HaydHO-TEXHUUYECKOW KOH(e-
peHLIMU «AKTyallbHbIe BOMPOCHI cTpoutenscTBay. — HoBocubupck: HICACY (Cuberpun), 2012, —
T. 2. - C. 100-105.

4. byrakoBa T. 0., Boek WM. I'. Maremaruueckoe MOJETUPOBAHUE MPOCTPAHCTBEHHO-
BPEMEHHOT'O COCTOSIHUSI CHUCTEeM M0 TeoMmeTrpuueckuMm cBoiictBaM // MaTepakcno 'EO-Cubups-
2012. VIII MexayHap. Hayd. KOHTp. : MexayHap. Hayd. KoH}. «[ eone3usi, reonHpopmaTuka, Kap-
torpadus, Mapkmenaepus» : ¢6. marepuanoB B 3 T. (HoBocubupck, 10-20 anpens 2012 r.). — Ho-
Bocubupck: CITA, 2012. T. 3. — C. 26-31.

5. Boek W. I'., byrakosa T. IO. Teopus omnpeneneHuss TEXHOTEHHOIO0 I'€OAMHAMHUYECKOIO
pUCKa TPOCTPAHCTBEHHO-BPEMEHHOTO COCTOSIHUS TexHuueckux cuctem // ['EO-Cubupn-2010.
VI Mexnynap. Hayd. KOHTp. : ¢0. marepuainoB B 6 T. (HoBocubupck, 19-29 anpens 2010 r.). — Ho-
Bocubupck: CITA, 2010. T. 1, 4. 2. - C. 21-24.

7. byrakoBa T. IO. K Bompocy OLIEHKM pUCKa I€OTEXHUYECKMX CHUCTEM IO I'€OAE3UYECKUM
nanabiM // TEO-Cubups-2011. VII Mexaynap. Hayd. KoHrp. : ¢6. marepuanoB B 6 1. (HoBocu-
oupck, 19-29 anpens 2011 r.). — HoBocubupck: CITA, 2011. T. 1, 4. 1. - C. 152-156.

8. byrakosa T. 0., BoBk U. I'. OnpeneneHue BpamareabHOr0 IBIKCHHS 00BEKTa 10 Pe3yilb-
TaTaM MHOTOKpAaTHBIX reojiesndeckux mamepenuit // Marepakcno I'EO-Cubups-2013. IX Mexny-
Hap. Hay4. KOHTp., 15-26 anpens 2013 r., HoBocubupck : Mexxaynap. Hayd. koH(]. «PaHHee mpe-
OYNPEKISHUE U YIIPABICHUE B KPU3UCHBIX M YPE3BBIYAMHBIX CHTYAIUAX: TPEAIPUHAMAEMBIC MIaTH
1 WX peaju3amus ¢ MOoMOIIbi0 Kaptorpadguu, reoundopmaruu, GPS u TUCTaHIIMOHHOTO 30HIUPO-
BaHUs» : c0. MatepuanoB. — HoBocubupck : CITA, 2013. — C. 88-92.

© T. IO. byzaxosa, M. M. IlInsaxosa, 2015

67


http://elibrary.ru/item.asp?id=17920821�
http://elibrary.ru/item.asp?id=17920821�
http://elibrary.ru/item.asp?id=17920821�
http://elibrary.ru/item.asp?id=17920821�

YK 004:528.91

MHTErPALUUNA NOACUCTEM TEOUHPOPMALIMOHHOIO OBECINEYEHUA
YNPABJIEHNA KPU3NCHbIMU CUTYALUNAMU HA MYHULIUMNATIBHOM YPOBHE

Anekceit Buxmopoeuu /[yopoeckuii

Cubupckuil rocyapcTBeHHBI YHUBEPCUTET IreocucTeM U TexHonoruid, 630108, Poccus, r. HoBo-
cubupck, yi. IlnaxotHoro, 10, kaHaAUAAT TEXHUYECKUX HAyK, JOLEHT Kadeapsl KaaacTpa U TeppH-
TOpHAJIBHOTO TUIaHupoBaHus, Tel. (383)361-01-09, e-mail: avd5@ssga.ru

Aoyapo JTuouanosuu Kum

Cubupckuii TOCYHapCTBEHHBIM YHHMBEPCHTET TeocucteM © TexHojorui, 630108, Poccus,
r. HosocubOupck, yun. Ilmaxornoro, 10, HawampHuk mmraba ['OYC, ten. (383)343-39-37,
e-mail: Kim@ssga.ru

Ana Koncmanmunoena Muwycmuna
Cubupckuii TOCy1apCTBEHHBI YHUBEPCUTET TeocucTeM u TexHonorui, 630108, Poccus, r. HoBo-
cubupck, yia. [Tnaxornoro, 10, crynentka, Ten. (383)361-01-09, e-mail: avd5@ssga.ru

B cratbe paccMOTpeHBI BONPOCHI MHTETPALUU HOJCUCTEM IreonH(OpMAIIMOHHOTO olecreye-
HUS YOpaBJICHUS KPU3UCHBIMHM CHUTYallMsIMH Ha MYHULIMIAIbLHOM ypoBHe. I[IpuBeneHbl mpumepsl
reOMH(OPMALIMOHHOTO 00eCTIeUeHHS.

KiroueBble cj10Ba: reonHPOPMAITMOHHOE O0eCTIeueHre, KPU3UCHBIE CUTYAIINH, PUCK, yTPo3a,
CHUCTEMa MEPOTIPUATHI TPakIaHCKOW 00OPOHBI U MPEAOTBPAIICHUS YPE3BBIYAHBIX CUTYAITHH.

INTEGRATION OF GEOINFORMATION SUPPORT SUBSYSTEMS
FOR CRYSIS SITUATIONS MANAGEMENT AT MUNICIPAL LEVEL

Alexey V. Dubrovsky

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St, Ph. D., Assoc. Prof., Department of Cadastre and Territorial Planning,
tel. (383)361-01-09, e-mail: avd5@mail.ru

Eduard L. Kim

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St, Chief of Staff for Civil Defense and Emergency Situations (Civil Defense),
tel. (383)343-39-37, e-mail: kim@ssga.ru

Yana K. Mishustina
Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk,
10 Plakhotnogo St, Student, tel. (383)361-01-09, e-mail: avd5@ssga.ru

The problems of geoinformation support subsystems integration for crisis situations manage-
ment at local levels are considered.

Key words: geoinformation support, crisis situations, risk, threat, system of civil defense
measures and emergency prevention.

68


mailto:avd5@mail.ru�
mailto:kim@ssga.ru�
mailto:avd5@mail.ru�
mailto:avd5@mail.ru�
mailto:kim@ssga.ru�
mailto:avd5@mail.ru�

CnoxHble TNPOCTPAHCTBEHHBIE CTPYKTYPbl U HMX COLMAJIbHO-3KOHOMHUYECKHE
B3aUMOCBS3H, CYILECTBYIOIME HA TEPPUTOPUM TOPOAA, SBIAKOTCA HCTOYHUKAMMU
NOTEHUUAIbHBIX YIPO3 JJIs KU3HU M 370poBbs HaceneHus. [Ipu »ToM Haumbonee
OIIACHBIMU ABJIAKOTCA YIPO3bl, PA3BUTHE KOTOPBIX MOMKET IOCIYKUTh TOIYKOM IS
BO3HUKHOBEHUS IIETIOTO psAJia YpE3BbIUANHBIX cUTyauuit [1].

IlpenBuners  3apaHee  MOXHO  TOJIBKO  BEPOATHOCTb  BO3HUKHOBEHMS
Yype3BbIYaHOW cuTyanuu. [Ipu 3TOM Ba)XKHO BBINIOJIHUTH aHAJIU3 BO3MOKHOI'O PUCKA.
Hecmotpss Ha TO, UTO MOHSATHE PUCK BCTpEUaeTCs MPAKTUYECKH BO Bcex cdepax
COLIMAJIbHO-PKOHOMUYECKOM  JIeATENIbHOCTH COBPEMEHHOro  oOiecTBa, OyneMm
paccMaTpuBaTh €ro B CIEAYIOIIMX ACIIEKTaX:

- TEXHUKO-TIPOU3BOJCTBEHHBIN PUCK — PUCK BOSHUKHOBEHHUs aBapui, I10XKapOB,
MOJIOMOK Ha MPOMBIIUICHHBIX O0BEKTaX WA C Y4aCTUEM Pa3IUYHbIX TEXHUYECKUX
CPEACTB;

- SKOJIOTUYECKHIM PUCK — PUCK HAHECEHMs ylepOa OKpyKarolehd MpUpOIHOM
Cpele B pe3yJbTaTe MPOMBIILICHHO-XO3IMCTBEHHON AESATEIbHOCTU YEJIOBEKA WM B
pe3ynbTare HeOJaronpUsTHBIX IPUPOJHBIX SBICHUN;

- COUMAIBHO-DKOHOMUYECKUM PHUCK — PHCK YXYAWIEHUS COLUAIBHBIX H
HKOHOMHUYECKUX TI0OKa3aTeieldl COBPEMEHHOI0 OOLIECTBa B pE3yJIbTaTe MPOSBICHHUS
Pa3IMYHOro poja yrpo3 MpUPOIHOIO ¥ TEXHONEHHOT'O XapaKTepa.

IlonaTHE pHCKa HEpPa3pbIBHO CBA3aHO C MNOHATHEM yrposa. [lox yrpo3soii
cleayeT MOHUMAaTh ONACHOCTh, CBA3AHHYIO B IIEPBYIO OYEPENb C COBEPLICHUEM WU
IpPOSIBIICHUEM  KAKOro-Iu00 COOBITHSI TOBJIEKIIEr0 YXYALIEHHWE COLHAJIbHO-
HKOHOMUYECKOTO COCTOSIHUS COBPEMEHHOI'O OOHIECTBA, YXYJALIEHUE COCTOSHUSA
OKpY’Kalolled IPUPOJHOM Cpenbl WIM IPUYUHEHHE BpeNa KU3HU U 310POBBIO
HaceneHus [1].

B pabote [2] mpoBeneH CTAaTUCTUYECKHM aHalIM3 BO3MOXKHBIX Yyrpo3 Ha
Tepputopuu ropoaa HoBocuOupcka. BeposTHOCT, BO3HMKHOBEHHS YIrpo3 Ha
TEPPUTOPUHU TOPOJA MOXKET OBITh OMpeJeleHa MO KIACCHYECKOW (opMylie TeopHuu

A o
BepositHOocTH [3]: P(A)= N e A — 41CcTI0 37IeMEHTapHBIX COOBITUN OIaroNpPUSTHBIX

JUISL BOSHMKHOBEHHMS YTPo3bl; N — 4HCII0, BCEX BO3MOKHBIX 3JIEMEHTapPHBIX COOBITHIA,
IIPU 3TOM KaXKAOMY CIy4aiiHOMY COOBITHIO A IOCTABIEHO B COOTBETCTBHE YHCIIO
P(A)— BepOATHOCTB COOBITHS A, TakuM 00pasom, uto: 0< P(A)<1.

Bce BO3MOMKHBIE YIPO3bI HEOOXOAMMO KIacCU()UIMPOBATh MO CIECAYIOIIHM
rpynmnaM: HesepoaTHble 0< P(A)<0.2; manoBeposiTHbie 0.2 < P(A)<0.4; BeposATHBIE

0.4 < P(A)< 0.6 ; BeICOKOBeposTHEIE 0.6 < P(A)< 0.8 ; BechMa BeposaTHbIe 0.8 < P(A)<1.

JInss oTHeceHusT Yrpo3bl K ONPEACICHHOMY KJIAcCy OJHHM W3 OCHOBHBIX
KpUTCPUCB BBICTYINAOT CTATUCTUYCCKHUC HOAHHBIC O CIIYUUMBHINXCS ‘-IpGSBbI‘-IElﬁHbIX
CUTyalUsAX Ha PacCMaTpUBAEMOM TEPPUTOPUU 3a ONPEAECICHHBIA NEPUOJ BPEMEHMU.
Kpome Toro, mpu pacdere BEpOATHOCTH YIrPo3bl HEOOXOAMMO YYUTHIBATH
00IIIEeMUPOBYIO CTATUCTUKY YpPE3BbIYaHBIX cUTyarui [3].

Difficult spatial structures and their relations, existing on a city territory, are
sources of potential threats for the people life and health. Thus the most dangerous
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are the threats which development can be an incitement for occurrence of some
emergency situations [1].

It is evident that only the possibility of emergency situation can be expected in
advance. Thus it’s important to make the analysis of possible risk. In spite of the fact
the concept «Risk» meets practically in all areas of social and economic activity of
modern society, we will consider it in following aspects:

- Technical and industrial risk — risk of fire, damage on industrial objects or with
the participation of different technical equipment;

- Ecological risk — risk of environmental disruption caused by people’s industri-
al activity or by natural disaster;

- Social and economic- risk of deterioration of modern society’s social and eco-
nomic indicators as a result of natural and industrial threats.

«Risk» is inseparably linked with «Threats». The threat is a danger, connected
with some facts or events, which cause the deterioration of modern society’s social
and economic situation, environmental disaster or trespass to people’s life and
health[1].

This research [2] gives us statistic analysis all possible threats on Novosibirsk
city territory. The possibility of threats occurrence on the city territory can be defined

A

under the classical Probability theory formula [3]: P(A):N, where A — number of
elementary situations, favorable for threat appearance; N — number of all possible el-
ementary situations, at that each elementary situation A corresponds to number P(A)—
situation’s possibility A, thus: 0 < P(A)<1.

All possible threats are necessary to classify on following groups:

Improbable 0<P(A)<0.2; Few probable; 02<P(A)<0.4; Probable:
0.4<P(A)<06;

Rather probable: 0.6 < P(A)<0.8; Highly probable: 0.8 < P(A)<1.

To refer the threat to a certain class by one of the basic criteria we use the statis-
tical data about the frequency of happened emergency situations on considered terri-
tory for the certain time period. Besides, to calculate the threat possibility it is neces-
sary to consider all around world statistics of emergency situations [3].

OCHOBHBIMHU JTOKyMEHTaMHU, KOTOPbIE perJaMeHTHPYIOT pa3paboTky [lacmopros
6e3onacHocTu cyObekTOB P® u myHununanbHeix oOpa3oBaHuil aBistorcs: [Ipukas
MUYC Poccun ot 28.02.2003 Ne 105 «O6 yrBepxkaeHuu TpeOoBaHuii 10
MPEaYNPEKICHUIO YPE3BbIYANHBIX CUTYaIlMi HAa MOTEHIIMATLHO OMIACHBIX OOBEKTaX U
obbekTax kuzHeoOecneueHus» [4] u Ilpukaz MUC Poccum ot 25.10.2004 Ne 484
«O0 ytBepxkaeHun Tumooro macmnopra O€30MACHOCTH TEPPUTOPHUN CYOBEKTOB
Poccuiickoit deaepalini 1 MyHHIMITAILHBIX 00pa3oBanuii» (pea. ot 11.09.2013) [5].
[Tacniopt 6e30macHOCTH TeppUTOpUK MYHUIIMITAILHOTO 00pa30BaHus pa3padaThiBaeTCs
Ha OCHOBE IIOKa3zaTeJIe CTEIeHH pUCKa I IMOTCHIHAJIBHO OIIaCHBIX 0O0BEKTOB.
K mnacmopry Oe3omacHOCTH  TeppuTOpur  MYHMIUIIAIBLHOTO  OOpa3oBaHUs
[IpuiIararoTCad KapTbl HHAWBUAYAJBHBIX PHCKOB IIO BCCM THIIAaM YI'PO3. HacnopT
0€30MacHOCTH UCTIOJIB3YETCS JJIS PEIICHUS CIEeIYIONUX 3aa4:
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- OIIpEJEIICHUE TTOKA3aTEEN CTEIIEHU PUCKA YPE3BbIYAHBIX CUTYalUK;

- OLICHKU BO3MOHBIX MOCIEACTBUM YpE3BbIYANHBIX CUTYaIIH;

- OLIEHKH COCTOSIHUSI PabOT TEPPUTOPUAIILHBIX OPraHOB IO MPEIYyHPEKICHUIO
Ype3BbIUANHBIX CUTYaIIUN;

- pa3paboTKX MEpPONPUATHIA MO CHUXKEHUIO PUCKA U CMITYEHHUIO IMOCIEICTBUMA
YpEe3BbIUANHBIX CUTYALIUM HA TEPPUTOPUH.

Onpenenuts NPOCTPAHCTBEHHYIO JIOKAIA3AIMIO TE€OMPOCTPAHCTBA YPE3BBIYANHOM
CUTyalldd BO3MOXKHO Ojarojapsi JAEWCTBYIOIIMM CHCTEMaM MOHUTOPUHTA U
WHOOPMAITMOHHOTO  B3aWMOJICUCTBHSI ~ MEXKAY  CYIICCTBYIOIIMMHU  0Oazamwu
MIPOCTPAHCTBEHHBIX U CTATUCTUYECKUX AAHHBIX HA UccienyeMou teppuropun. [Ipu
9TOM oIeHKa xapakTepucTuk UYC ©u mporHo3 pa3BUTHS CUTyallid MOTYT OBITh
MOJIy4YeHbl C HCIOJIB30BAHUEM METOJOB TeOMH(DOPMAIMOHHOTO aHalM3a W
MoaenupoBanus [6]. Ha puc. 1 mnoka3aHa cxema MHTErpalud MOJICUCTEM
reoOMH(QOPMALIMOHHOTO O00ECeUeHUs] YNPaBICHUS KPU3UCHBIMU CUTyalUsIMU Ha
MYHUIIMTNAJIFHOM YPOBHE C HCIOJIb30BaHHEM KapTorpaduyeckoro cepsepa CI'YTuT.

. KapTorpadudeckuin cepeep
cryruT
Kaptorpaduueckasa 6asa |, Moacuctema cbopa
AaHHbIX Ha TeppuTtoputo HCO nHopmauunm
FNC-BbloBEp i

A 4

ABTOMaTU3NpOBaHHOE paboyee Moacuctema TenedOHHOro
mMecTo mogenupoBaHus YC OMnoBeLLEeHNs

Puc. 1. Cxema nHTErpanuu NoJCUCTEM reONH()OPMALIMOHHOTO 00ECTICUEHM S
YIPaBICHUS KPU3UCHBIMU CUTYALUsIMU HA MyHULIMIIATBHOM YPOBHE
C HCTIOIb30BaHueM Kaprorpaduueckoro cepsepa CI'YI'uT

OcHOBHBIMU TpPeOOBaHUAMU K T€OMH(GOPMAIMOHHOMY OOECMEUYEHHIO YIpaBiie-
HUSI KPU3UCHBIMU CUTYAIUSIMU SIBIISIOTCS:

- IOJTHOTA, KaYeCTBO, CBOEBPEMEHHOCTh MOJIYYEHHS UCXOJHBIX MPOCTPAHCTBEH-
HBIX JTAHHBIX;

- eIMHasl  CTPYKTypa TNPEACTaBICHUS  MPOCTPAHCTBEHHBIX  JAHHBIX Yy
MOCTAaBIIMKOB HH(OpMaIUY;
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- NPUMEHEHUE CTAHIAPTU3UPOBAHHOTO AJITOPUTMUYECKOIO M MPOrPAMMHOIO
oOecriedyeHus JAJisi aBTOMATH3allMU TEXHOJOTHMHM pacueTa PHCKOB MO BCEM THIIaM
yrpos;

- OpraHM3alysi MHOTOIOJB30BaTEIbCKOrO JOCTYNAa K IPOCTPAHCTBEHHBIM
JaHHBIM Ha TEPPUTOPUIO MYHUIUIIAIIEHOTO 00pa30BaHus.

I'opon HoBocubOupck sBIsS€TCS NTMHAMUYECKH PAa3BUBAIOLIMMCS METAIOIUCOM C
pa3BuTOil HHppacTpykTypoil. CTpOUTENBCTBO M BBOJ B JKCIUTyaTalllI0 HOBBIX KU-
JBIX O0BEKTOB, 3JIEMEHTOB TPAHCIOPTHOM MHPPACTPYKTYPHI, COLUATBHO-3HAUMMBIX
00BEKTOB, 00BEKTOB KU3HEOOECIIEYEHHS] TOpOjia MPUBOJUT K MOCTOSHHOMY M3MEHE-
HUIO U HEOOXOJMMOCTH OINEPaTUBHONW KOPPEKTUPOBKHU CYHIECTBYIOIIUX MOACHUCTEM
reonH(pOpPMalMOHHOTO 00ECTIeYeHHs! YIIPaBICHNUs KPU3UCHBIMU CUTYallMsIMU Ha MY-
HULMAIIAJIBHOM YPOBHE.

OnHuM 13 OCHOBHBIX METOJIOB 3aLIUThI HACEJIEHUS B YPE3BbIYANHBIX CUTYALUSIX
(UC) sBnsiercs aBakyarus B 0e3omacHbie paiioHbl. B ropoge HoBocubupcke creneHb
yrpo3bl BO3HUKHOBEHUsI YC TEXHOT€HHOrO0 M IMPUPOJHOTO IMPOUCXOKICHUS BEJIHKA.
Oco0eHHOCTh PACIIONOKEHUS TOPOJa, €ro 3aCTPOMKH U TPAHCIOPTHOU MH(PPACTPYK-
Typbl TPEOYIOT 0COOOr0 MOAXO0JAa K OpPraHHU3alMu U MPOBEIACHUIO 3BaKyal[MOHHBIX
MeponpuaTuidi. B ¢Bsi3u ¢ 3TiM 3a1aya pa3paboTku reonH(popManmoHHOro odecrneye-
HUA IJis [UIAHUPOBAHUSL U peaM3alliil MEPOINPUATUN MO 3BaKyaluu HACEJEHUs ro-
poaa HoBocubupcka ¢ yaeTom ero 0COOCHHOCTEH SIBJISIETCS aKTyalIbHOM.

Ha puc. 2, a noka3an (pparMeHT yKpyITHEHHOTO CXEeMaTHYECKOTO TJIaHa IBaKya-
uuu HaceneHus ropoga HoocuOupcka B 3aropojnyto 30Hy. ['eonHpopmManronHoe
oOecnieyeHre ISl TUTAHUPOBAHMSI U IPOBEJEHUS 3BAKYALMOHHBIX MEPONPUSITUN
BKJIIOUAET B ce0s Tonmorpapuueckue u TemMaruyeckue ciio. Tomnorpaduyeckue ciou
BKJIIOYAIOT LU(POBBIE MOJAEIN CIEAYIOUIMX OOBEKTOB: JOPOXKHAs CETh; YJIUYHAs
CETb; JKEJIE3HBbIE JOPOTH; 3[aHUs; THAporpadus; pacTUTENbHOCTh; coopyxkeHus. K
TEMaTUYECKUM CJIOSIM 3BaKyallMOHHOW CXEMbl OTHOCATCS: COOpPHBIE IBAaKyal[MOHHBIE
IYHKTbI; IPUEMHBIEC SBaKyallMOHHbBIE ITyHKThl pPa3MEILEHUSI HACEICHUs; IYHKTHI I0-
CaJIKM 3BaKyHpPYEMOr0 HACEJECHHs Ha TPAHCIOPTHBIE CPENCTBA; MPOMEXKYTOUHBIE
IIyHKTHI 3BaKyalyy; palloH 3BaKyallMd HACEJICHHsS B 3arOpOJAHOW 30HE; MapLIPYThI
sBaKyauuu; opransl ynpasiienusa ['O UC; paiionsl cocpenorouenus cui ['O.

Ha puc. 2, 6 nmpuBeseHa MoJienb PacroioKEeHUs: 30H BO3MOKHOTO HABOJHEHUS
Ha TeppuTopun HoBocuOupckoil obnacth B HEpHOJ] MAaBOJAKOBOW cuTyauuu. Ilo
oreHkaM crienuanuctoB 'O 1 YC naBoAOK MOKET IPUYUHHUTH yUIEpO HAa TEPPUTOPHUH
20% HoBocubupckoii obmacTu.

Enusblil reonH()OpMallMOHHBIA POEKT JUI NONIEPKKU MPUHATUS PELICHUN 10
OPEJOTBPALICHUIO  4YpEe3BbIYAMHBIX  CUTyalMdl  JJii  OpPraHoB  MECTHOIO
CaMOYIPABJIEHUS MYHULUNAIBHOTO O00pa30BaHus, JOJDKEH COCTOSATh M3 Tpex
ypoBHEil: cOop 1 00paboTKa KapTOrpapuuecKux JaHHBIX; ONIEPaTUBHOE YIpPaBICHHE
(aBTOMaTu3anus pabOThl ONEPATUBHOIO JIEKYPHOIO) U CHUCTEMBI MOAJEPIKKU
IPUHATHS PEIICHUI 11 pyKoBoauTe s [7-9].

B pesynbrare MHTErpanuu IMOACHCTEM T'€OMH(OPMALMOHHOIO OOECeUeHUs
yIOpaBlIeHUS KPU3UCHBIMU CUTYaI[MsIMH Ha MYHULUIAIHLHOM YPOBHE JOJKHBI OBITH
YCTaHOBJIEHbl HamOojiee Oe30MacHble, HE TOJABEP)KCHHbIE NPUPOJIHBIM U
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TEXHOTEHHBIM KaTacTpodaM pailOHBI IJIs PA3MEIICHUS YIBAKYUPOBAHHOTO HACEICHHUS.
Kpome Toro, Bce cueHapuy BO3MOKHBIX UPE3BBIYANHBIX CUTyalUld U MEPOIPUATHUS
M0 WX JIMKBUJALMU JTOJDKHBI OBITh MPEJCTABICHBI B €IUHON CUCTEME MEPONPUSITHIA
CHUCTEMa MEPOIPHUATHI TpaKAaHCKOW OOOpPOHBI U MPEJOTBpAICHUS YPE3BhIUYAMHBIX
cutyanuii Cyobekra PD.
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3BAaKyHPOBAHHOI'O HACENICHHS B 3aro- SOHBL BOSMOMHOTO HABOIHCHEA
POJTHOU 30HE [ 1 rpanuu paiionon

I nacenennbie myHKTHI

a) 0)

Puc. 2. Ilpumepsl reonH()OPMAIMOHHOTO 00ECIICUCHSI YIIPABIICHUST KPU3UCHBIMH
CUTYaIlUsIMU Ha MyHHUITUTIAJIBEHOM YPOBHE: a) (parMeHT YKPYITHCHHOTO CXeMaTHIe-
CKOTO TIIaHa 3BaKyaIllMH HaceJIeHUs Topojia HoBocuOmMpcka B 3aropoIHyIO 30HY;
0) MoJIeTb paCIOJIOKEHHUS 30H BO3MOYKHOTO HaBOJAHCHHS Ha TeppuTopuu HoBocu-
Oupckoi odacTu
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['moGanbHBIe M3MEHEHUsI CYIIHOCTH KapTorpaduu, BhI3BAHHBIE PAa3BUTHEM HH-
(OopMaIIMOHHBIX TEXHOJIOTUM, MPUBEIN K MOSBJICHUIO HOBBIX HAMNpPABICHUN MPaKTH-
YECKOro MCIOJIb30BaHMs KapTorpaduueckux npoussenenuit [1, 2]. Haubonee momy-
JSPHBIMH B Maccax, MEPCIEeKTUBHBIMU M JTUHAMUYHO Pa3BUBAIOIIMMMUCS HAIpaBiie-
HUSIMU CETOJIHS SIBJISIIOTCS MOOMIIbHAsA U BeO-kapTorpadus [3,4,5,6]. O0ycinoBieHO
TO COBPEMEHHBIMH BO3MOXKHOCTSIMU BEO-TEXHOJIOTHM, MOOWJIBHBIX YCTPONCTB H
CpeACTB OECIPOBOAHOM Mepeaaun TaHHbIX.

3HAYMMOCTh MOOMJIBHBIX YCTPONCTB B COBPEMEHHOM MHUPE 3HAYUTEIHHO BO3-
pociia, U Teneph, 3a4acTyl0, OHU HCIOIB3YIOTCS HE TOJBKO Kak MHGOPMAIMOHHO-
pa3BIIEKATENHHOE CPEJICTBO, HO M KaK OJIMH M3 UHCTPYMEHTOB JUIsl BHITIOJIHEHUS TIPO-
M3BOJICTBEHHBIX PabOT, M CYIIECTBEHHYIO POJIb B 9TOM HaIPaBJICHUU WX UCIIOJIb30Ba-
HUS TIOJIOKWIM UMEHHO Kaprorpaduueckue pa3padoTku. Bo3aMoxkHOCTH COBpemMeH-
HBIX MOOWJIBHBIX YCTPOMCTB MPUBEIH K UX OI'POMHON MOIYJISIPHOCTH U KakK CIIEJCT-
BHE K TOSIBJICHUIO aKTUBHO Pa3BUBAIOIIETOCS PhIHKA MOOMJIBHBIX MPHIIOKCHUH, 3HA-
YUTEIBHYIO JIOJTI0 KOTOPOTO 3aHMMAIOT UMEHHO KapTOrpauuecKue MporpaMMHBIC
mpoayKThl. [louTH Ha KaXXJIO0M COBPEMEHHOM CMapThOHE UMEIOTCs KapTorpadude-
CKHE TPUIIOKCHUS M TTPHIIOKEHUS, UCTIONB3YIOMINe (PYHKIINN T€OTTO3UITHOHUPOBAHUSI.

B cBs13u ¢ 3TUM, OBLIO pElIEHO PACCMOTPETh OCOOCHHOCTH Pa3pabOTKU U CIIOXK-
HOCTH, BO3HHMKAIOIINE B TMPOIECCE CO3MaHMsI KapTorpapuuecKux MOOMIIBHBIX MTPHUIIO-
KEHUH, a TAK)KE BO3MOYKHBIC BAPUAHTHI X PealTh3aIliy.

B Hacrosiiee BpeMst [uisi MOOWJIBHBIX IIAT(OPM HE CYIIECTBYET YHUBEpCAIb-
HBIX SI3BIKOB MOJOOHBIX java U MHTepdeiicoB mogo0HbIX Qt, OHAKO KaXIbIH pa3pa-
OOTYUK CTPEMUTCS ClieJlaTh CBOE MPUIIOKEHUE JOCTYHHBIM JUISI MAaKCUMAaJIbHO BO3-
MO>KHOT'O KOJIMYECTBa MOJb30BaTeNied U eMy HEoOXOJUMO CO37aBaTh NMPHIIOKEHHE,
KOTOPOE MOKET paboTaTh Ha BCEX CaMbIX MOIMYJISIPHBIX MOOUJIBHBIX ONEPAIIMOHHBIX
cucremax (Android, 10S u WP8) [7]. CremoBaTenbHo, Ha4aTh 0030p CTOUT C BO3-
MOKHBIX BApUAHTOB peaTN3allii, TaK KaK OHU SBIISFOTCS OOIUMH /I OOTBITMHCTBA
MOOMJIBHBIX MpUIokKeHUH. CyIecTBYeT TP OCHOBHBIX BapraHTa pa3paboTku [9]:

— Be0-callT, aanTHPOBAHHBIN 11Ol MOOMJILHBIE YCTPOUCTBA,

— HatuBHOE (aHTJI. Native) mpuiio’KeHHWe Ha OCHOBE Cpeibl pa3pabOTKH, Mpe-
JIOKEHHOM CO3/IaTeJISIMA YCTPOUCTBA U OTIEPALMOHHON CUCTEMBI;

- THOpPUAHOE TMPWIOKEHUE, TO €CTh COUYeTaHWe MOOHMIILHOTO caiiTa U 000JI0YKH
ISl HErO, KOTOpasi KHTErpupyeT B ce0st mporpammMuslii uaTepdeiic (API) ycrpoiicTaa.

PaccmoTpuM 0COOEHHOCTH, MPEUMYIIECTBA U HEAOCTATKH KaXXIOTO M3 BapUaH-
TOB KaK C TOYKHU 3pEHHUS pa3padOTunKa, Tak U MoJIb30BaTelsl.

AnanTupoBaHHBIA 1MOJ MOOWIBHBIA MHTEpdenc BeO-caliT moapa3ymMeBaeT co3-
JaHUE caiiTa, peaqu3ylollero Bce HeoOxoaumble GYHKIMUA MPU MOMOIIM CTaHAApT-
HBIX CpeAcTB BeO-pa3paboTku: html, css, javascript, cepBepHbBI S3BIK BeO-
nporpammupoBanus. Uarepdeiic caiita cTpouTcs Mo NpUHIMIAM aallTUBHOTO IU-
3aifHa, MO0 3a CUeT CO3JaHusl JBYX BepCcHil caiiTa - OOBIYHOM U MOOHIIBHOIM,
B 3TOM CIllyyae OIpEEeJeHHE YCTpOWCTBa M Opay3epa IMOJIb30BATENsl peaan3yercs
¢ nmomombto JavaScript. [lmocaMu 1aHHOTO BapuaHTa SBISIOTCS KpOcCCIutaTopMeH-
HOCTh M, KaK CIJIEJCTBUE, CKOPOCTh U OTHOCHTEIbHAS MPOCTOTA MpoIiecca pa3padoT-
k. MUHYCHI - OTCYTCTBHE, JITOO OTPAHUYEHHOCTD JOCTYIA K QYHKIIUSIM YCTPOMCTBA,
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HEO0OXOMMOCTh MOJKIIOYEHHUSI K MHTEPHETY BO BpeMsi pabOThl ¢ CaliTOM, MOHUKEH-
Hasi TPOU3BOAUTEIILHOCTb.

Pa3paboTka HATUBHOTO MPUIIOKEHHSI HA SI3bIKE MPOTrpaMMHUPOBAHUS, MPEIIO-
KEHHOM pa3pabOTYUKOM YCTPOWCTBA U ONEPALMOHHOM CUCTEMBI SBIISIETCS MEHeEe
YHUBEpCAIbHBIM CIIOCOOOM. B naHHOM ciydae MpUXOIUTCS MEpeaeblBaTh MPHUIIO-
KEHUE MO KAKIYI0 MOOMIBHYIO ONIEPALIMOHHYIO CUCTEMY MCHOJB3YS «POJTHON» IS
He€ SI3bIK MPOTPAMMHUPOBAHUS M YUYUTHIBAs HMHIUBHUAYyaJIbHbIE OCOOEHHOCTH. ITO
CIJIBHO OTJIMYAETCsl OT MPOCTOM ajanTalyd MPUIIOKEHUS TOJ pa3Hble MIaTPOpMBbI
U, 324aCTyI0, 03HAYAET YTO pa3pabOTUMKy MPUXOAUTCS JeNaTh pa3Hble, C TEXHOJIOTU-
YEeCKOM TOUKHU 3pEHUs], MPUIIOKEHUS U KXo miatdopMbl yBelIn4yuBas, TeM ca-
MBIM, TPYJ03aTpaThl U BpeMs HEOOXOIuMMoOe IS MOJy4yeHHUs pesyibTrara. OgHako,
TaKkOM NOAXOJ HE JIMIIEH CBOMX IUIOCOB. HaTMBHOE NpUIIOKEHUE MMEET IOJIHBIN
J0CTYyN K (PYHKIUSAM MOOMIIBHOTO YCTPOMCTBA IPH MOMOILIM CTaHAAPTHBIX CPEICTB,
MPEAYCMOTPEHHBIX pa3pabOTYMKaMU OMEPAIMOHHON CUCTEMBI U, KaK MPaBHIJIO K Ha-
0opy IpeaoCTaBIsieMbIX CTaHIAPTHBIX dJIeMeHTOB uHTepdeiica. Kak ciencrsue, 3To
MPUBOJMUT K BBICOKOW MPOU3BOAMTEIILHOCTH TaKUX MPUIIOKEHUN U K €IUHOOOPa3UI0
uHTepdeiica npuiokeHus ¢ uHTepdeiicom cucremsl [8].

['uOpuaHOe MpUIIOKEHUE SIBISIETCS PE3yIbTATOM COBMECTHOI'O HCIOJb30BaHUS
BeO-TEXHOJIOTU, BeO-Opay3epa U MPOrpaMMHON 000JIOUKH, peau3yrouiend T0CTYI
K (DyHKIMSM ONEepalMOHHOW CUCTEMBI U yCTpoiicTBa. B pe3ynbTaTe Takoe mpuioxe-
HUEe paboTaeT Kak 0ObIuHAsl BeO-CTpaHHIlAa BHYTpU BeO-Opaysepa, HO IIPH 3TOM Mpo-
rpaMMHBIM MHTEpdeiic cpeapl pa3pabOTKU JaeT BO3MOXHOCTh HCIIOJIb30BaTh BCE
yCTpOICTBa B MPUIIOKEHUU: KaMepa, 3ByK, GPS, dailnoBas cucrema, KOHTaKThI, yBe-
nomiieHus U T.4. K mumrocaM TaHHOTO MOAXOJa SIBJISIFOTCS: YHUBEPCAIbHOCTb, BBICO-
Kas CKOpOCThb pa3pabOTKH, JOCTYH K MPOrpaMMHOMY HHTepdeicy ycrpoiicTBa. Of-
HAKoO, KaK M B cIy4ae ¢ Be0-CaliTOM MOT'YT BO3HUKATh MPOOJIEMBbI C MPOU3BOAUTEIb-
HOCTBIO 1 BO3MO>KHBIE MPOTPAaMMHBIEC OTPaHUYEHUS HA UCIOJIb30BaHne (QYHKIIUH MO-
OwIBHOTO yCTporcTBa [9].

Hcnonp3oBanue kaprorpaduieckinx (PyHKIHA B MOOMIEHOM MPHIIOKEHUN HMeE-
€T Psii OCOOEHHOCTEM, YacTh U3 KOTOPBIX TaKKE€ CBSI3aHA C BapHMAHTOM peaju3aluu
MPUIIOKEHUS.

HuTepdeiic kaprorpaduaeckoro MOOMIBHOTO MPUTIOKEHUS JOKEH OBITH JTOC-
TATOYHO YAOOHBIM MPH HCIOIH30BAaHUH HA SKpaHEe HEOOIBIIIOTO pa3Mepa U B YCIOBU-
X CEHCOPHOIO BBOJIA, YTO TPEOYET 3HAYUTEIBHBIX 3aTPAT BPEMEHU U OIPEACIICHHbBIX
HABBIKOB OT pa3paboTyMKa Ha ajanTtanuio. ITU (AKTOPbl JODKHBI YUYUTHIBATHCS
U TIPY F€HEpaIn3aluu KapThl.

MoOuiibHbIE YCTPONUCTBA UMEIOT MEHBIIYIO MPOU3BOAUTENBHOCTh U O0BEM IO-
CTOSIHHOW MaMsITH, YEM CTallMOHAPHBIE KOMIBIOTEPHI U HOYTOYKH, UTO TaK K€ JOJIK-
HO YUYUTBIBAThHCS MPU BbIOOPE (hOPMATOB U CIIOCOOOB XpaHEHUs UJTU TIepeiaun KapTo-
rpaduyeckoit nupopmarmu. PacTpoBbie JaHHBIE 3aHUMAIOT MHOTO MAaMSITH, BEKTOP-
Hele ke (GeoJSON k mpumepy) 3a4acTyr0 TPUBOAIT K CEPHhE3HBIM MpoOIeMaM C
MPOU3BOIUTENBHOCTHIO. OJTHUM U3 BapUAHTOB pEIICHUs MPOOIEeMbl OOJIBIINUX 00Be-
MOB SIBJISIETCS XpaHEHUE KapTorpapuuecKuX JaHHBIX Ha YAAJIEHHOM U CepBepe U UX
MOCTETNEeHHasl OArpy3Ka Yepe3 UHTEPHET MpH npocMoTpe. OaHako, He0OX0UMOCTh
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COCIMHEHHSI C MHTEPHETOM SIBJIAETCS CYLIECTBEHHBIM HEJOCTATKOM MPHIIOKECHUS,
BeJb KapTorpaguueckas MHGOpMAIM 3a4acTyl0 HEOOXOJIMMa MMEHHO B MecTax
¢ orcyrcTBUEM NOKpbITHd GSM cetu.

[Ipu pa3paboTke HATUBHOTO KapTOrpauuecKoro MPHIIOKEHUS MOSBISIOTCS
CJIOKHOCTH TPU BBIOOpE KapTOrpauuecKoro «JIBHXKKa» IS KKIOM TIaT@opMbl.
Kpome Toro, uto peanuzanus KapTbl A1 KaKIOTO <«JIBMXKKa» TpeOyeT OTAENIbHBIX
HaBBIKOB y pa3pabOTuMKa M 3aTpaT BPEMEHHU, HE ]ISl BCEX ONEPAIIMOHHBIX CHCTEM
MMEIOTCSl KaYECTBEHHbIE U OECIUIaTHbIE BAPUAHTBHI.

[Ipu pa3zpaboTke kapTorpadudecKoro MPUIIOKEHHS CTOUT MpoOJieMa WHTEpaK-
TUBHOTO B3aMMOJEMCTBUSI MOJIb30BaTEN ¢ O0ObEKTaMU KapThl MPH HCIOJIb30BAHUU
dopmara WMS. Jleno B ToM, 4TO mpu nepeaaun AaHHBIX B ¢popmatre WMS mosnb30-
BaTeJNIO MEPEAAI0TCS TOJBKO T'€ONPUBSI3aHHBIE PACTPbI, YTO MPUBOIUT pa3zpaboTUnKa
K HEOOXOJAMMOCTH CO3/1aHUsl JOMOJIHUTEIbHBIX MEXaHU3MOB, MMO3BOJISIONIMX MPHIIO-
YKEHUIO BBITIOIHATH 3alPOChl K UICXOAHOW BEKTOPHOM KapTe, XpaHAIIEHcs Ha CepBepeE,
YTO B CBOIO OUYEpE]b MPUBOJAUT K JOMOJHUTEIBHBIM 3aTpaTaM BPEMEHHU Ha pa3paldoT-
KY, YCIO)KHEHHUIO KIMEHTCKOU U CEPBEPHON YaCTEM.

Takum 00pa3om, B mporiecce pa3paboTKu KapTorpaguueckux MOOMIbHBIX TpU-
JIOKEHHUI BO3HUKAIOT ONpPE/ETICHHBIE CJIOXHOCTH, CBA3aHHbIE CO crneunpukoi oroOpa-
XKEHHUS U 00pabOTKU MPOCTPAHCTBEHHON MH(POPMALIMH, YACTh U3 KOTOPBIX HE UMEIOT
OJIHO3HAYHOTO peuIeHus, KOTOpoe ObUIO Obl MOJHOCTBIO YCTpauBajio Bcex. B yacTHo-
CTH, HE pelleHa A0 KOHIa polieMa JIOKaJIbHOr0 XpaHEH!sI U BU3yaIM3allii pOCTpaH-
CTBEHHBIX JAHHBIX HA MOOMJIBHOM YCTPOMCTBE U TPeOYyEeT MPOBEACHUS UCCIIEIOBAHUH.
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[TyO6nukamus moarotosiaeHa B pamkax BbinoiaHeHus HUP «IIpoctpancTBenHo-
BPEMEHHOE MOJECIMPOBAHME OKPYKAKOUIEM Cpenbl I LeNed  COLUAIBHO-
HKOHOMHUYECKOTO Pa3BUTHUS TEPPUTOPHI» MO TOCYJAPCTBEHHOMY 3alaHHi0 B cdepe
HayyHOU nesitenbHOCTH No 2014/141; HOMep rocyaapctBeHHoi peructparmu HUP

01201461633.

CoBpeMEHHOE YeI0BEYECKOE OOIIECTBO JKUBET OJHOBPEMEHHO BO MHOKECTBE
MEPECEKAIOIINUXCS MPOCTPAHCTB: (PU3UYECKOM, MPaBOBOM, 00pa3zoBaTEIbLHOM, IMPO-
¢deccuonanpHOM U T. 1. Kaxkmoe u3 3TUX MpOCTPAaHCTB OTIAMYAETCsS HAOOPOM Xapak-
TepucTUK. [Ipu 3TOM HX NeficTBHE BCerna paccMaTpuBaeTcs Ha KaKoU-11u00 TeppuTo-
puanbHOM (MIPOCTPAHCTBEHHOM) OCHOBE. BhIfensisi TeppUTOPUAIIBHYI0 OCHOBY Kak
cucteMooOpa3zytonuil GakTop, Mbl MOKEM OOBEUHUTH PA3HOTO pojaa MH(OpMAIUIO
M3 KaXKJIOTO MPOCTPAHCTBA B OJIHY OOJIBIIYIO MH(OOPMAIIMOHHYIO CUCTEMY, KOTOPYIO
MOKHO Ha3BaTh «EIMHOE T€OMH(POPMAIIMOHHOE POCTPAHCTBOY.

I'eoundopmanmonnoe npoctpanctso (I'MII) mpexacraBnsier coOoi COBOKyI-
HOCTh MH(OPMAIMOHHBIX KOOPJIUHUPOBAHHBIX KOMIIBIOTEPHBIX MOJIEJIEH TEPPUTO-
puii. OHO siBJIsSIETCSL TU(PPOBBIM OMKUCAHUEM COBOKYITHOCTH YACTHBIX MPEACTaBICHUN
M3y4aeMoro TeONpPOCTPAHCTBA, CO3AAHHBIX YEJIOBEKOM B KOMIBIOTEPHOU cpele
U TIpeHa3HAYEHHBIX JIJI1 KOMIIBLIOTEPHOTO MCIOJIb30BAHUS TIPU PEIICHUH MPOCTPaH-
CTBEHHBIX 3aJlad W BBIPAOOTKH MpocTpaHCcTBeHHBIX pemenuit [1]. ['HUII conepxur
nHpopmaiuo 006 n3yuyaeMoM reorpauyeckoM MPOCTPAHCTBE B YIOPSIOYECHHOM BH-
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7ie: B BUJI€ T€OMH(OpMAIIUU U MHOKECTBA €r0 MOJEJNIei, 0TOOpa)KaoIIUX OCHOBHBIE,
HY>KHbIE OJIHOMY MOTPEOUTENIO WM MHOXKECTBY NMOTpeOUTENEH, MPOCTPAHCTBEHHbBIE
MpEIMETHI U UX CBOMCTBA. B oTiinune 0T 00OBbEKTUBHOM peaibHOCTH (T€OMPOCTPAHCT-
Ba), ['MII mpoekTupyercs U co3gaeTcsl 4YeJIOBEKOM TOJBKO B KOMIIBIOTEPHOU CpEJIE,
T. €. €r0 CBOMCTBA B 3HAUUTEJILHON Mepe MPEAOIPEIEIIEHBI B COOTBETCTBUHU C pellae-
MOM 3aiauei. [4, 5]

['eonndopMalinoHHOE MPOCTPAHCTBO SBISETCS HE MPOCTO XPAHWUIIMILEM HH-
dbopmalm, HO ¥ IPEJICTABIIAET MEXAaHU3MBI JUIsl €€ MepepabOoTKU, TOJKHO COJIEPKaTh
yHUGUIIMPOBAHHBIE HHTEP(EHCH JOCTyNa I HHTETPAMA B OJHOPOJHYIO CUCTEMY
PA3HOPOJHBIX MACCUBOB JIAHHBIX, a TAKKe 3alIUTY MHPOPMAIUU SBIISIOMICHCS KOM-
Mep4ecKoil TaiiHO#. ['eonmH(pOpMaIIMOHHOE MPOCTPAHCTBO MOKHO MPECTABUTH B BU-
JIe IPOrPaAaMMHOTO MPUIJIOKEHUS, C KOTOPBHIM CBsI3aH OOBEMHBIN KOMILUIEKC CTPYKTY-
PUPOBAHHBIX MAaCCHUBOB MH(GOPMAIIMK PA3HOTO BUJA: TEKCTOBOM, TaOIMYHOM, Tpadu-
YeCcKOM, Kaprorpaduyeckon, TuarpaMMHON, 3BYKOBOH, (DOTO, a3po- U KOCMHUUYECKHE
cauMku, Bupeo. Codueranme Oospioro odobema WH(POpPMAIMKM C MHOTOOOpazHeM
dbopm e€ TpeAcTaBICHHs OIpPEACNIeT HOBbIE BO3MOXKHOCTH €€ MPUMEHEHHUS B pas-
JUYHBIX cepax AesTENbHOCTH.

B TexHuueckoM u WHGOPMAIIMOHHOM acleKTaX T€oMH(OpMAIMOHHOE Mpo-
CTPAHCTBO JOJKHO MPEJCTaBISATh COOOK COBOKYHMHOCTb IMPOCTPAHCTBEHHBIX UH(DOP-
MaIlIMOHHBIX CHUCTEM Ha Pa3HbIX TEPPUTOPUATBHBIX YPOBHSIX.

Kak MHCTpyMEHT nJis pelieHus] MpOCTPAHCTBEHHBIX 3ajay, T€OUH(pOpMaIUOH-
HOE€ IIPOCTPAHCTBO SIBISIETCSI OCHOBOW JJIsl IPUHSATHS PELICHU HA PA3IMYHBIX YPOB-
HSX: MYHMIIMTIAIBHOM, PETMOHAIIBHOM, TOCYJapCTBEHHOM, MEXKIOCYIapCTBEHHOM,
rio0ansHOM (pHC.).

Takum 00pa3oMm, reoMH(POPMALMOHHOE MPOCTPAHCTBO MOXKET ObITh MYHHUIU-
MaJbHBIM, €CJIM OHO (POPMUPYETCS HA TEPPUTOPHUH OJJTHOTO MYHHUITUTIATHLHOTO 00pa3o-
BaHus (Topona). B macmrabax pervona (paiioHa) rocygapcTBa OHO MOXKET OBITh pe-
TMOHAJIbHBIM. Jlaliee uaeT ypoBEeHb OJHOTO TOCyAapcTBa, HA KOTOPOM MOKHO Opra-
HU30BaTh TOCyAapcTBeHHYI (wiu HammoHanbHyro) ['MII. Hakomwen, ['MII moxer
OBITh MEXTOCYJIAPCTBEHHBIM HWJIM TJIO0ATBHBIM B paMKaX HECKOJIbKUX TOCYAapCTB,
KOHTUHEHTOB Wi Bcex cTpaH. Macmtad ['MII HemocpencTBeHHO BIHMSET Ha BO3-
MOYXHOCTH €€ HUCIIOJIb30BaHUs, a TaKXKe 3aJaeT TUIbI MOJeNed, TPUMEHSIEMBbIX s
peanu3anuy reonH(pOoPMaIMOHHOTO IPOCTPAHCTBRA.

['eonHdopMalinoHHOE MPOCTPAHCTBO JIOJKHO MPEIOCTABIATH MOJIb30BATEISAM U
WH()OPMAITMOHHBIM CUCTEMaM, IO 3ampocy, yHukanbHyo [ MC-hyHKIMOHATBEHOCTD:
MIPOCTPAHCTBEHHBIN aHanu3, 3D-MoaenupoBaHue, MOCTPOEHUE MPOCTPAHCTBEHHBIX
MOJEJIEH, CO3JaHuE TEMATUYECKUX KapT CHEUAIbHOTO HA3HAYEHWS, NperoCcTaBie-
HUE T€0CTaTUCTUYECKUX JaHHBIX, CO3/IaHUE KapTOrpapUUIEeCKUX OTYETOB.

['eonndopmMainoHHOE MTPOCTPAHCTBO, OPUEHTHPOBAHHOE HA OMNPEICICHHYIO
TEPPUTOPHIO, MPEIHA3HAYEHO IS MACCOBOTO IMOJIb30BATENs, HAIPUMEp: OpPraHOB
MECTHOTO CaMOYIIPABJICHHS, KOMMEPUYECKUX CTPYKTYp, Pa3IMYHBIX OpraHu3aiui
U YUPEKICHUMN, HAYYHbIX U Y4eOHbIX, OMOIMOTEK, IIMPOKOro Kpyra rpaxk/iad v Iopu-
TUYECKUX JIUII, a TAKKE MEXIYHAPOIHBIX U HHOCTPAHHBIX OpraHu3aiui, Gpupm, rpa-
XKIaH JPYTUX TOCYAApCTB, & TAKXKE BCEX )KUTEJIEH OKpyTa.
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S

Puc. MuoroypoBHEBasi CTpyKTypa reonH(GOPMAIIMOHHOTO MPOCTPAHCTBA:
1 — rno6ansroe ['UIT; 2 — mexrocynapcreernoe [ UIT; 3 — rocynapcrsennoe I'UIT;
4 — pernonansuoe ['UIT; 5 — myaununansaoe ['MIT

HNudopmaris MoxkeT ObITh UCOIB30BaHA B KAYECTBE CIIPABOYHOTO MCTOYHUKA,
a TaKXe JJI1 KOMIUIEKCHOTO U3yYEHHUS U OLEHKH TEPPUTOPUH, BKIIOYAIOLIEE:

— COCTaBJICHMS IIJIJAHOB OCBOEHUS MPUPOJHBIX PECYPCOB U MPOrHO3a IMOCIE-
CTBUI BMEULIATEJIbCTBA YEJIOBEKA B OKPYXKAIOILYI0 CpeNy, IPOEKTUPOBAHUE IIPUPOIO-
OXPAaHHBIX MEp JUIS YIYUIIEHUS IKOJIOTUYECKON 0OCTaHOBKY;

— HH)XEHEpHOE 00yCTPONCTBO TEPPUTOPUH;

— OIlepaTUBHOE MPHUHITHE YIPABICHYECKUX PEIICHUN B cpepe OCyIIECTBICHUS
PYKOBOJICTBA U IUTAHUPOBAHUS YCTOWYUBOTO Pa3BUTHSI TEPPUTOPHUU;
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— OpraHu3anus JUCIETYEPCKOTO KOHTPOJIA 3a CUTyallueld C MPHUBICUYCHHUEM
IIIUPOKOTO Kpyra CIelUalIiCTOB;

— IUJIJAHUPOBAHME M OCYIIECTBJICHHE MEPOINPUITHI TPABOOXPAHUTEIbHBIMU
ctpykrypamu 1 MUC;

— HaKOIUJICHUE W HCIIOJIb30BaHWE WH(OpPMAIMK MO OCHOBHBIM ITOKA3aTEIsIM
pa3BuUTUsSl OKpyra (MPOU3BOJACTBO, COLUAIBHO-3KOHOMHYECKOE PAa3BUTHE, >KUJIbE,
TPAHCIIOPT, SKOJIOTHUSA U T. 11.);

— OCYIIECTBJIECHHUE BHYTPHUXO3SHUCTBEHHOTO U MEXKXO3SUCTBEHHOTO 3EMJICYCT-
pOICTBA U MUIAHUPOBAHUS MEPOIIPUATUM 110 PAIMOHATIEHOMY TTPUPOIONOIB30BAHUIO.

MaccoBoe 10JIb30BaHHE TPEIoaraeT eKeJHEBHOE UCIOIb30BaHUE KapTorpa-
¢uyeckoro Marepuaia s 3HAKOMCTBA C TEPPUTOPUEH 1 OBITOBBIX HYXK[ (MCIIOJIB30-
BaHHE BUPTYAJILHOTO MyTEIIECTBHS, MOMCK HY)KHOTO 00BEKTa Ha KapTe C MOJTyYCHH-
€M 0 HEM JIOCTOBEPHOM MH(POPMAIIUU, BEIOOP 00BEKTOB OTBEUAIOIIHUX OTPEICICHHBIM
TpeOOBaHUSIM, ONTUMHU3AIMS MapIIpyTa MPOE3/1a, BHIMOJHEHUE TPOCTEUIIINX U3MEPHU-
TEJbHBIX ONepaluii u T. 1.) [2, 3].

Hcnonp3oBanre reonHPOPMAIIMOHHOTO MPOCTPAHCTBA OTIEIBLHBIMH OTPACIISIMHU
SKOHOMUKH M YaCTHBHIM OM3HECOM BO3MOKHO B KQU€CTBE MHCTPYMEHTA JIJISl TPOCKTH-
POBaHUS U MOCTPOCHUS CETU PA3IMYHBIX BUJIOB KOMMYHHMKAIIUKA (CETh OMOPHBIX TO-
YeK JIJIS pa3MEIleHHs MIEPeIaTINKOB COTOBOUM CBSI3M, OIpEeeHUE MPSIMON BUIUMO-
CTH MEXAY ABYMs 0ObEeKTaMHU JJisl O€CIIPOBOHOM CETH), TAK)KE MTOCTPOCHUS M OTITH-
MU3AIMU JBUKEHUS aBTO- U KEJIE3HOJOPOKHOTO TPAHCTIOPTA U T. .
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B nHacTosiee BpeMsi B COOTBETCTBUU C TPEOOBAaHUSIMU HOBBIX HH(POPMAIOH-
HBIX TEXHOJOTUN CO3JaI0TCS U PYHKIMOHUPYIOT MHOTHE CUCTEMbI YIIPABJICHUS, KO-
TOpbIE€ PETYIUPYIOT NESITENbHOCTh TEXHUYECKUX U COLUUAIBHBIX CUCTEM, (QYHKIHO-
HUPYIOIIUX B HEKOTOPOM OIEPAIMOHHOM IMPOCTpPaHCTBE (reorpaduyueckoM, 3KOHO-
MHUYECKOM U T.II.) C SIBHO BBIPAXXEHHON MPOCTpaHCTBEHHOU mnpupoaoi. B obnactu
oOecrieueHuss cecMUYecKor 0e30MacHOCTU TEPPUTOPUM TAKKE MPUOPUTETHBIM SIB-
asietcst pa3Butie ['MC-opueHTupOBaHHBIX CUCTEM MH(GOPMAIIMOHHOTO 00€CTIeYeHHUS
Y CUTYallHOHHOT'O aHaJIN3a CeMCMUYECKUX pUckoB [ YiomoB, 2007].

Paiion Ynan-VY a3 xapakrepusyeTcsi BBICOKOM CEMCMUYECKONW aKTUBHOCTBIO. Do-
HOBAasi CENCMUYHOCTb TEPPUTOPHUH, COTJIACHO KAPTE CEUCMUYECKOr0 PalOHUPOBAHUS
[KapTa..., 1999] - 8 6amnoB (8-Bo3MOXKHass TOBTOPSIEMOCTh 3€MJICTPSICEHHUI OJMH pa3
B 100-1000 net). B 1985 r. BoctCubTHCH30M OBUIO BBIMOJHEHO CEHCMUYECKOE MUK-
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popaiioHupoBaHue Tepputopuu ropoza. Ilo pesynbraTam pabOT BBIJENEHBl YYaCTKU
c ceficMuuHOCTBIO 7, 8 1 9 GamnoB. [lpuyem, Ha BBIIEICHHBIX yJacTKaX, CeHCMUY-
HOCTb Jlaetcs AByMs nokazaresnsimu 7 (8), 8 (7), 8 (8), 8 (9), 9 (8) u 9 (9). Ileproe
3HAYEHUE YKa3bIBAET HA CEHCMUYHOCTh BEPXHEW NUHAMMYECKOM 30HBI MOIIHOCTBIO
10 M HEnocpeACTBEHHO C IOBEPXHOCTU 3EMJIM, BTOPOE - CO CHATHUEM BEPXHEIrO
3-x MeTpoBoro cios. OCHOBHBIMU (paKTOpPaMH, BIUSIOIIMMU Ha U3MEHEHHE (POHOBOU
CEHCMUYHOCTH, SIBJISIOTCS TPYHTOBBIE YCJIOBHS (BEpXHsISl 4acTh pa3pe3a XapakTepu-
3yeTCsl CHJIbHOW JIMTOJIOTMYECKON M3MEHUYMBOCTBIO T'PYHTOB: OTMEUYAETCS MOpALKa
10-T MX JUTONOTMYECKUX PA3HOBUIHOCTEW, HEBBIIEP)KAHHBIX KaK MO MOIIHOCTH,
TaK ¥ 10 NPOCTUPAHUIO), & TAK’KE€ OOBOJHEHHOCTh IPyHTOB. CeliCMUYECKO MHTEH-
CHUBHOCTBIO B 7 OaJIJIOB XapaKTEpU3YyIOTCA YUaCTKH PACIIPOCTPAaHEHUSI TPAaHUTHBIX MH-
Tpy3uii, B 8 06a/IOB - CKIOHBI, C(HOPMHUPOBAHHBIC HA TPAHUTHBIX UHTPY3HUIX IPU YyT-
Jax HAaKJIOHA MOBEpXHOCTH 15-35° (3mech BO BpeMs CHUIIBHBIX 3€MJIETPSICEHUN BO3-
MOKHBI CEHCMOTPABUTALIMOHHBIE SIBJICHHS) U YyYaCTKH, IJIE MOIIHOCTb PBIXJBIX OT-
noxxeHuit He npebimaetr 10 M. CelicMuueckass HHTEHCUBHOCTh 8(9) OajioB xapak-
TepHa JJIs 3HAYUTEIbHOM YacTH PACIPOCTPAHEHMS MECUYAHBIX TPYHTOB (MOILIHOCTb
PBIXJIBIX OTJ0KeHuH oT 15 10 90 m). 3aeck 8 OamnoB 6e3 ydera MOMpaBKU HA Pe3o-
HAaHCHBIA 3PPexT, a 9 - ¢ yuerom nonpaBku. CelicMuuHOCTh 9(9) xapaktepHa IS
KPYTBIX CKJIIOHOB, OTPaHMYMBAIOIINX TPSIOBO-OYTPUCTYIO MOBEPXHOCTH, CHPOPMHUPO-
BAaHHYIO Ha PBIXJIbIX ECYAHBIX OTJIOKEHUAX BBICOKMX HAIONMEHHBIX T€ppac.

Opnoit 3 npo6siem cozpanus equHont ['MC siBisieTcst KOHCOMUAALMS Pa3HOPOI-
HOW MHQOpMAIMK B eANHYIO 0a3y AaHHBIX. [IepBbIM 3Tarom AJis pelieHus 3Tou mpo-
OJieMBbl ABIISIETCS ONpeAeNieHuEe CTPYKTYphl 0a3bl gJaHHbIX. Hamu pa3paborana cxema
['MMC-0opHeHTHPOBAaHHON CUCTEMBI OLICHKM CEHCMHYECKOW OINMACHOCTH TEPPUTOPHH
r. Ynau-Ya (puc.), koTopasi IpeaHa3HaueHa JJisl UCIIOJIb30BaHUs IPU PEIICHUU Clie-
OYIOIIUX 3a1ay:

1. YTouHeHne kapThl cericMuueckoro mMukpopaiionupoBanus (CMP) tepputo-
pun r. Yinad-Y 13, KOJIM4EeCTBEHHAs OLIEHKA CEHCMUYECKOTO BO3ACHCTBUS.

2. Co3nanue 6a3bl JaHHBIX CETH MHKEHEPHO-CEMCMOIOTMYECKOr0 MOHUTOPUHTA
3IaHUR-TIpeICTaBUTENEH, 00BEKTOB U COOPYKEHHM MOBBIIIEHHON OTBETCTBEHHOCTH.

Yrounenue kaptel CMP noapasymeBaet noctpoenue popmare I'MIC kapr ceiic-
MHUYECKOT0 MUKpPOpaOHUpOBaHus, popMupoBaHue 0a3bl TaHHBIX PETHMOHATBHBIX AK-
cesieporpaMM BO3MOXKHBIX o4aroB 3emietpscennit (BO3), dopmupoBanue 6a3bl gaH-
HbIX HHXXEHEPHO-TeO(U3UUECKUX MCCIEIOBaHUN (perucrpauus 3eMIIETPSICEHUI,
CEHCMOpa3BEKa, 3alMCH MUKPOCEMCM) Ha ydacTKax pas3jIMyHOro TUna (IIOCTPOEHHUE
MOJIETIN T€0JIOTMUECKOM Cpe/ibl, OLEHKAa MOIIHOCTH PBIXJIBIX OTJIOKEHUHN IO TIIyOUHBI
30 M, XapaKTepUCTHKa TUIIOB TPYHTOB) U pacueThl CIEKTpa peakluu rPyHTOB TOPO-
CKOM TEPPUTOPUHU HA ITPOTHO3HBIC CEUCMUYECKUE BO3AECHCTBHUS.

[Ipu co3manuu AIEKTPOHHOM 0a3bl TaHHBIX 3a OCHOBY B3sIThI JaHHBIE BocTCuob-
TUCH3a TI0 celicMoMuKpoparionupoBanuto (CMP) tepputopuu r. Yinan-Y1p Ha mionia-
au 210 xB. kM. DBbIIM HWCMONB30BaHbl cleAylomye rpaduuecKkue MaTepHuasbl
M-0a 1:10000: kaprta (hakTHUECKOro MaTepualia TEPPUTOPUU TOpoJa, KapTa WHXKeE-
HEPHO-TEOJIOIMYECKUX YCIOBUHM, KapTa TNIyOWH 3aJleraHus MPOTHO3HOIO YPOBHS MO/I-
3€MHBIX BOJ, KapTa CEHCMHUYECKOTO MHUKPOPAMOHUPOBAHHUA, CXEMa PalOHUPOBAHUS
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TEPPUTOPUH T. YNaH-YI3 O TPYHTOBBIM YCJIOBUSIM, B COOTBETCTBMM C Tabm. 1
[CHulI I1-7-81%*, 2011].

War 1. WHxeHepHo- T
C6op leovexHnyeckue reonornveckoe |€—| Tonorpapuueckue ®oHoBas < eKTOHUYeCcKHe
AaHHBIX nccnenosaHna paitioHnpoBaHmne AaHHbIE CERCMWYHOCTR ycnosua

OueHka
CEMCMUYECKUX
NEWKEHUA

War 2.
Beop v obpaboTka
BaHHLIX

AHanus ceMcMUYecKoro
OTKNWKE FPYHTOB

R i G

AHanuz ceMcMUYecKoro
OTKNWKa rPYyHTOB
W IKCNOPT GaHHBIX

1
1
|
|
War 3. 1
|
I
I
1

War 3.
KapTupoBaHue
cencMUYecKon
WHTEHCHMBHOCTH

KapTa ceMcMM4eCcKONW ONacHOCTH

Puc. Cxema ['MC-oprieHTUpOBaHHOW CUCTEMBI OLICHKU
CEHCMMYECKON ONTACHOCTH TEPPUTOPHUN

IIpoBeneHs! ciaenyromye MoAroTOBUTENbHbBIE pA0OTHI:

- OOpaboTka U co37aHuE T€OJaHHBIX — CKAHUPOBAHUE U MPeoOpa3oBaHUE Kap-
TorpaMuecKuX MaTepuajoB ¢ OyMaKHBIX HOCHUTEJNECH B 3JIEKTPOHHBINA (PacTpOBBIii
U BEKTOPHBIN BUJ), reorpaduueckas NpuBsA3Ka JaHHBIX, KOHBEPTALUs '€OJaHHbIX U3
dopmara B hopmar;

- Co3nanue TeMaTH4ecKuX KapT — CO3/laHue TaOJuil, KapT, IJIAHOB B NIEYAaTHOM
1 IUPpoBOil popmax ¢ HAHECEHUEM TEMATUYECKUX JTaHHBIX.

HTorom moAroTOBUTENHHOTO MEPHUOAA CTAT BHIOOP OMOPHBIX T€OCCHCMHUECKUX
pa3pe3oB ISl paCYETOB CEMCMUYECKOTO OTKJIMKA TPYHTOB.

B panpHeliiem mpeanonaraeTcsi  CO3JaHUE €IMHOTO  OHJIAlH-pecypca,
KOHCOJIMAMPYIOIIEro 0a30BYI0 IPOCTPAHCTBEHHYK HH(OpPMAlLMIO U  JIaHHBIE
0 CEHCMHUYECKOW OMAacCHOCTH JJisi OOBEKTOB JKUIIbS U MHPPACTPYKTYPHI TEPPUTOPHH.
Pe3ynbratroM Takoro pemieHus SBISIETCS CO3/aHue BEO-IPUJIOKEHUS, TIJIe BCE
UMEIOIINECS J1TaHHbIe (KapThl, a9pOKOCMOCHHUMKH, CBEJICHUS PA3JMYHBIX BEJOMCTB,
Hanpumep PocpeecTpa) mpuBeneHs! K eIMHOMY (QopMarTy.
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