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Aunotamusi. B palore omucaH NPOrpaMMHbBIA ~ KOMIDIEKC  OLECHKM  QHTPOIIOTEHHON  HArpy3Ku
Ha TeppUTOpUalbHbIE 00pa30BaHus. MareMaTHyecKoi 0CHOBOM JaHHOTO POrPAMMHOIO KOMIUIEKCA SIBJISETCS METO/
KOHEYHBIX MpPEIUKATOB. Pa3paGoTaHHbBIA IPOTPAMMHBIM KOMIUIEKC OCYLIECTBISIET OOpa0OTKY JAHHBIX, pacuer
KOMIUICKCHOTO MOKAa3aTelsl M BU3YaM3allMI0 YPOBHS KOM(DOPTHOCTH NPOXKUBAHUSL. [[pOrpaMMHBIA KOMILIEKC ObLI
YCIIEMIHO anpoOupoBaH Ha Ha0opax JaHHBIX HalnMoHANBHOM CHCTEMbl MOHHUTOPHHIA OKPYXKAIoOUIeH cpelbl B
Pecmy6nuke Bemapycs [1].

Kniouegvie cnosa: oneHKa aHTPOIOTCHHOW Harpys3KH, KOMIIIEKCHBIN ITOKa3aTeNb 3arpsi3HEHHOCTH OKPYXKaIOIIeH
Cpenbl, TPOrpaMMHBII KOMILIEKC.

Abstract. The program complex of anthropogenic effect on territory units is described. This program complex
is mathematically based on method of finite predicates. It implements data processing, computation of complex
indicator a visualizing of comfort living level. The program complex is successfully tested on data sets from National
system of environmental monitoring of the Republic of Belarus [1].
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BBenenne

OneHka 3arpsi3HEHHS W MOHHTOPHHI OKPYXKAIOLIEH Cpeabl SIBISIOTCS BaXXHBIMH 3aJjauaMH,
KOTOPBIM YJEJsieTcs 0c000e BHUMAaHUE Ha MEXIyHapoIHOM ypoBHE. CyIIECTBEHHYIO POJIb HIPAET OLEHKA
AQHTPOIIOTCHHOTO BO3/ICHCTBHA Ha OKpyKaromlylo cpeay. MHpopmamus O BpeOHBIX U OIACHBIX
3arpsI3HSIONINX BEIIECTBAaX, BHIOpachiBaeMbIX B arMocdepy, BOJHYIO M IMOYBEHHYIO CPEHbI SIBISIETCS
Ba)KHOM JJIs1 OLCHKM 3arpsi3HEHHs] OKPY)KAaIoIIeH cperbl, 3a00JeBaeMOCTH U CMEPTHOCTH HACEJIEHHS.
OpHoii u3 neneil MeXXIyHapOIHBIX COTJAlIeHnH, B yacTHOCTH KOHBeHIMM O nocTyrne K MH(OpMaluy,
Y4acTHW OOIIECTBEHHOCTH B TIPOIIECCE MPHHATHS PEIICHWH W JOCTYIEe K MPAaBOCYAHMIO 1O BOIPOCAM,
KacarolmMest OKpyxatotei cpensl (Opxycckoit kKoHBeHIUH) [2], sBiseTcs akTHBHOE WHPOPMHPOBAHKE
0O0IIECTBEHHOCTH TIOCPeICTBOM MHTEepHEeTa, ITyOIMKaIMii OTYETOB O COCTOSIHUM OKPY’KAIOILEH CPeIbl.

[lpennaraemplii TpOrpaMMHBIH  KOMIUIEKC OyAeT CIIOCOOCTBOBATH OTKPBHITOMY JOCTYILY
K JKoJOrmyeckod wuHpopManuu. Takke JaHHBIA NPOTPAMMHBIM KOMIUIEKC TPH OSKCIUTyaTallid ero
TOCY/IapCTBEHHBIMH OpraHamMu OyZeT CIocoOCTBOBaTh COOpPY ¥ PaclpOCTPAHEHHIO SKOJIOTMYECKON
UH(OpPMALINH, MOCTEIICHHOMY YBEJIHYCHHIO €e O00beMa B JJIEKTPOHHBIX 0a3zaX NaHHBIX, SBISIOLIAXCS
JIETKOJIOCTYITHBIMU JUTSL OOIIECTBEHHOCTH Yepe3 IMyOJIMYHbIE CETH CBSI3H, YTO IPEIyCMOTPEHO CT. 5
Opxycckoii KOHBEHIHH [2].

B nanHOM mporpaMMHOM KOMIUIEKCE AJISi OLIEHKU COCTOSIHUSI OKpPY’KaloIIEH Cpeabl B KauecTBe
UCXOJTHBIX JIAHHBIX MCIIOJIB3YIOTCS TTOKA3aTelH, 3JI0KEeHHbIE B PyKOBOJICTBE 110 OATOTOBKE OLEHOYHBIX
JIOKJIAJIOB TI0 OXpaHe OKPYXKAaroIIel cpeJibl, OCHOBAHHBIX Ha MPHUMEHEHNHU YKOJIOTMYECKHUX T0Ka3aTelel B
crpanax Bocrounoii Esporsl (ECE/CEP/140) [3].



HOCTpOCHl/Ie MoJae/1u

B npeanoxeHHON MoAenu AN OLIEHKU aHTPOIIOI'€HHON Harpy3KH JaHHBIE CTPYKTYPHUPYIOTCS IO
YeThIpeM IIPHU3HAKAM: pailioH, HCTOUHUK 3arpsA3HEHNs, 3arpA3HUTEND, Cpea.
CTpyKTypa IporpaMMHOTO KOMILJIEKCa MpecTaBiIeHa Ha puc. 1.
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Puc. 1. CtpykTypHas cxema NporpaMMHOI0 KOMITIEKca

B mporpammHOM Kommiekce (puc. 2) WMeeTCsl CHpPaBOYHHK HOPMATHBHEIX IIOKa3aTesei
(IpenenbHO MOMYCTUMBIX KOHLEHTpAaLUUH, CPEIHETrONOBBIX, CPEAHECYTOYHBIX, MAKCHMAaJIbHO-Pa30BbIX
3HAYEHUH [T pa3IMYHbIX 3arpsA3HUTENICH B pa3IMYHBIX Cpejiax), cocTaBIeHHbIH 1o AericTBytommM THITA,
Hanpumep [4], 1 HeOOXOMUMBIH IS OIEHKHM IKCIIEPUMEHTAIbHBIX 3HadeHui. [Ipu m3menennn THITA
aIMHHHACTPATOP UMEET BO3MOKHOCTh U3MEHHUTH CIIPAaBOYHBIE 3HaUeHUs. FIMeeTcs pasrpaHudeHue JOCTyIa
Ionk30BaTe)Ib/ A TMUHHCTPATODP.
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Puc. 2. Cxematudeckoe n300pakeHue HHPOPMAIIMOHHOW MOJIEIH MPOrPAMMHOIO KOMILJIEKCa

CrarucTiueckre JaHHbIE MOTYT OBITh TpEJICTaBleHb B pa3inuyHbix (opmax. HaGop maHHBIX
COJEPKUT OJHO WJIM HECKOJIBKO 3HaYeHHH Ui KaXIIOTo M3 OTAEIbHBIX OOBEKTOB. B kauecTBe Takux
00BEKTOB MOTYT BBICTYNATh FOpPOJA, IPEANPUATHS, TPAHCIIOPT WIIM BCE, YTO MPEACTABISIET HHTEpPEC IS
U3y4YeHHs. DTH OOBEKTHI HA3BIBAIOT AIEMEHTAPHBIMU €AMHUIIAMU. JIJIsl KaxI0r0 00BEKTa PErHCTPUPYIOT
OJIMH M TOT K€ NMpHU3HAK WU NMpu3Haku. Hanmpumep, perucTpupyroTcss BUABI M TUIBI 3arpsi3HUTENEH U
3arpsizHsaeMas cpesia s KaXI0ro HCTOYHUKA U T. 1. [Ipu3Hak, KOTOPBIM perucTpupyeTcs Uil KaKI0ro U3
00BEKTOB, Ha3bIBAKOT MIepeMeHHOH [5]. Habophl JaHHBIX KIACCUPUITUPYIOT MO CIACTYIOIINM IPU3HAKAM:

— 10 KOJIMYECTBY TIePEMEHHBIX (OTHOMEpHBIE, IBYMEPHbIE MM MHOTOMEpPHBIE HAOOPbI JJaHHBIX);

— 10 TUIY JaHHBIX (KOJMYECTBEHHbIE WIN KAUeCTBEHHBIE);

— TI0 TOMY, Ba)KHa JI YIIOPSIOYEHHOCTh JJAHHBIX BO BPEMEHH WJIH HET.

Ha puc. 3 u 4 npeacrapneHs! IpUMEpPHI UCIIOIB30BaHUS YKa3aHHOTO METOA.



MeTo/1 KOHEUHBIX NPEJHKATOB
Metpukn Boszayx Bona 3emust
Jlnokcun AmMmuax Aszot ITsu1n Y nobpennst Kucnornsie ocagku | JlexkapctBa | Tpancmopr | IlpomblIuieHHOCTH
Msinens 1 0 0 0 0 0 0 0 0
Buueiika 0 0 0 0 1 1 0 0 0
Jlorotick 0 0 0 0 0 0 0 0 0
Bopucos 0 0 0 0 0 0 0 0 0
Kpymnku 0 0 1 0 0 1 0 0 1
Bepesuno 0 0 0 0 1 1 1 1 0
YepseHb 0 0 0 0 0 0 0 0 0
ITyxoBuun 0 0 0 0 0 0 0 0 0
Crapbie Jloporu 0 0 0 0 0 0 0 0 0
Jlio6anb 0 0 0 0 0 0 0 0 0
Conuropek 0 0 0 0 0 0 0 0 0
Kormbuib 0 0 0 0 0 0 0 0 0
Krenx 0 0 0 0 0 0 0 0 0
Hecsmx 0 0 0 0 0 0 0 0 0
CTonb1bl 0 0 0 0 0 0 0 0 0
Bonoxux 0 0 0 0 0 0 0 0 0
MorofeuHo 0 0 0 0 0 0 0 0 0
Munck 0 0 1 1 0 0 0 0 1
CmoreBnuH 0 0 0 0 0 0 0 0 0
JI3epKHHCK 0 0 0 0 0 0 0 0 0
V3na 0 0 0 0 0 0 0 0 0
Cayuk 0 0 0 0 0 0 0 0 0

Puc. 3. BHewnuil Bua MaTpuLibl KOHEUHBIX IPEIUKATOB HA IPUMEPE IKOJIOTUUECKUX [TOKA3ATENEH
JUISL HACEJICHHBIX ITYHKTOB MHHCKOH 001acTH

Matpuua pe3yabTaToB
Merpri AHTpororeHHas Harpyska
Msiens 200
Buueiika 400
Jloroiick 0
bopucos 0
Kpynku 500
Bepesuno 1000
YepBeHb 0
IlyxoBuun 0
Crapsie loporu 0
Jlro6aHb 0
Counnropek 0
Kormbuib 0
Kieux 0
Hecpmx 0
Cronbupt 0
Bonoxux 0
Moioaeuso 0
Munck 500
CmoreBuyH 0
JI3epXKHHCK 0
V3na 0
Cryuk 0

Puc. 4. BHeutHuii BUJl MaTpHUIIbI pE3yJIbTaTOB

Jiist pa3paboTKu MPOrpaMMHOTO KOMIUIEKCA CIIOb30BaH METO] KOHEUHBIX TIPEANKATOB, KOTOPBIH
NpEACTaBIsIeT JaHHBIE B BUAE MHOTOMEPHBIX HAa0OpOB, BBIOOPKAMU M3 KOTOPBIX SABISIIOTCS OIHO- U
JIByMepHbIe HaOOpbl. OpHOMEpHBIE HAOOpBI JAHHBIX COJAEPKAT TOJBKO OJHMH TPHU3HAK YIS KaKIOTrO
o0beKTa. DOTH JAaHHBIC TIO3BOJIAIOT ONPEACIUTL THUIIMYHOC 3HAYCHHE IIPU3HAKA, HACKOJILKO 3HAUCHHA
OTIMYAIOTCA APYT OT JIpyTa, TPEOYIOT JIn OTAEIbHbIE JaHHbIE 0c000r0 BHUMaHus. [[pumepoM ogHOMEpHBIX
JaHHBIX ABJsieTCsl MH(pOpMaLus 0 BEIOpocax B aTMOc(epy 110 0OJHOMY BEILIECTBY I Pa3IMYHBIX PaHOHOB.
Omna 103BOJISIET BRIIBUTEH HanOoJlee U HaNMEHee 3arpsA3HCHHBIC paﬁOHBI, IIOHATH, HACKOJIBKO OTJIMYAIOTCs
YPOBHU 3arps3HEHHS o paifoHam, 00paTuTh BHUMAaHHUE
Ha HauOoJiee 3arps3HEHHbIE PAfOHBI.

HaGopsl nBYMEpHBIX [AaHHBIX COAEpKaT HMHPOPMALUIO O JABYX MpH3HAKaX Ui KaxJIOro
u3 00bekToB. KpoMe Toro, 4to OHM JArOT BO3MOXKHOCTH MOJYYHTh JBa HaOOpa OJHOMEPHBIX JIAHHBIX.
JIByMepHBIE JaHHBIE TO3BOJISIOT YCTAHOBUTD, CYLIECTBYET JI KOPPEISILHS MEXILY IByMS IEPEMEHHBIMH,
MOXHO JIM IpPEACKa3aTh 3HAYEHHE OJHOM INEPEMEHHOH IO 3HAYEHUIO IPYroM W €ClM Ja, TO C KAKOW
BEPOATHOCTHIO.

Xo3siicTBeHHass JEsITEeNbHOCTh YEIOBEKa OKAa3bIBaeT CYLIECTBEHHOE BIMSHHE Ha Ouocdepy,
MIO3TOMY BOIPOCHI SKOJIOTHH, OXPaHbl OKPYIKAIOLIEH Cpellbl, OLEHKH BIUSHHS 3KOJIOTHYECKUX (PaKTOPOB
Ha 3/I0POBbE YEIOBEKa, OOIIEAOCTYTHOCTh IKOJIOTHYECKOM HH(OpMAIINKE UMEIOT BakHOE 3HaYeHue [6-9].
[IpencraBiaeHHbIN TPOrPaMMHBII KOMIUIEKC ITO3BOJISIET BBIMOIHATH KOMIUIEKCHYIO OLIEHKY aHTPOIOT€HHON
Harpy3kd Ha TEpPUTOPHAJIBbHBIC €IUHMLBI, BKIIOYAIOIIYIO Y4YeT 3arpsA3HEHUH M0 Pa3IHyHBIM CpeaaM,
TUIIaM SanHSHPITeHeﬁ, OTACIIbHBIM 3arpA3HUTCIIAM.



[IporpaMMHBII KOMIUIEKC TNPOM3BOIUT CTATUCTHYECKYI0 OOPaOOTKY IaHHBIX, MOJYYEHHBIX
OT CTallMOHAPHBIX U TMEPEIBMKHBIX TIOCTOB HAONIOAECHHS 32 COCTOSHHEM OKPYXKAaIOIIeW Cpembl.
IlpencraBieHsl AaHHBIE MO CIACAYIOIIMM MpHU3HAKAM: Cpela, BUJ 3arps3HUTENs, THUI 3arpsi3HUTEN,
3arps3HUTEIb, TOPOJI, THII TOCTa HAOIIOACHUS, TIOCT HAOIFOICHUSI.

B 6a3y maHHBIX 3a7105K€HBI 3HAYSHHS MTPEIETHHO JOMYCTUMBIX KOHIIEHTPAINI, COOTBETCTBYIOIIHE
YCTaHOBJICHHBIM B HACTOAIIee BpeMsl HOPMATHBHO-TIPABOBBIMU aKTaMH, KOTOPBIE IMOJE30BATENb MOYKET
MTOCMOTPETb.

[Tomp30BaTenp MOKET 3a/1aBaTh MapaMETPHI MTOUCKA, KOTOPBIE OyIyT OTPaKeHBI B OTYETE; OTUET
MOJKET OBITh CPOPMHUPOBAH T KOHKPETHON TEPPUTOPHUAITBHON €TUHHIIBI, OMPEIEIIEHHOTO 3arpsI3HUTEIS,
3arps3HIEMOM cpeibl U IeprUoaa BPEeMEHH.

B oTderax MMEIOTCS ABE BO3MOXHOCTH BHU3YalU3allMU MO YACTHBIM IMOKA3aTeNsIM: MOCTPOCHHE
JTUHEWHBIX IUarpaMM Ha JOHE YCPETHEHHBIX 110 BCEM TEPPUTOPHUATBHBIM €MHHIIAM 3HAYEHUH UITH B BUJIE
chopmupoBanHoro B ¢opmare .pdf oTyera ¢ IBETOBBIM BBIACICHHEM JOMYCTUMBIX/HEAOMYCTHMBIX
KOHILIGHTpanuil. Busyanuzanus KOMIUIGKCHOTO  MOKa3aTeldsl  OCYIIECTBISETCS  3aKpallliBaHUEM
TEPPUTOPHAIIGHBIX EIMHMI] OIpPEJEICHHBIM IIBETOM B 3aBUCHMOCTH OT 3HAYEHHS KOMIUIEKCHOTO
nokaszaress (puc. 5). [l moCTpOSHHs IMarpaMM M OTYETOB MCIIOJIb30BAIMCh HCXOHBIC TaHHbIe U3 [1].

Puc. 5. [Ipumep npeacTaBieHus JaHHBIX 110 KOHIIGHTPAIUSIM 3arps3HUTENCH,
MOJIy4EHHBIE C TOMOUIBIO MPOTPAMMHOI0 KOMIUIEKCa

Pe3y.]'leaTbI u oﬁcym}leﬂne

B pesynbrare MOAENMPOBAHHS MOJYYEH MPOrPAMMHBIA KOMILIEKC-00pa0OTUYNK CTATHCTHKH,
B OCHOBY KOTOPOTO IMOJIOKEH METO]] KOHEUHBIX MPETUKATOB, KOTOPBIN ObLIT pPeaIn30BaH B Cpejie 00bEKTHO-
OpUeHTHpPOBaHHOTO mporpammupoBanusi Angular]S u Google Web Toolkit (GWT). [IporpamMmmHbIii
KOMIUIEKC arnpoOupoBaH Ha HAOOpax JaHHBIX, MPHUBEICHHBIX B OTUeTaXx HalMOHAIBHOW CHUCTEMBI
MOHHMTOPHHTA OKpyKaromiei cperapl Pecryonuku Benapych [1]. BHOCHTH M3MEHEHUS] MOXET TOJBKO
ayTeHTU(UIIMPOBAHHBIH MOJIE30BATEb, /I YET0 MPEyCMOTPEHA CHCTeMa JIOTHHOB | naposiei. [TokasaHo,
YTO MO pe3yJbTaTaM CTATUCTHUYECKOH 00paboTKu (OPMHUPYETCS OTYET B BUJC JIMHEHHBIX JIHArpaMM,
MO3BOJISTFOIIMX HAMISAHO YBUICTh THHAMUKY U3MEHEHHS HEOIaronpusaTHbIX (DaKTOPOB BHEITHEH Cpe/Ibl B
TOM WJTH MFHOM HaCeJICHHOM ITYHKTE, a TaKke B Bujie copmupoBanHoro B popmate .pdf oruera ¢ 1iBeToBbIM
BBIJICJICHHEM JIONYCTUMBIX/HEJOMYCTUMBIX KOHIIGHTpanuid. Busyanusanus KOMIUIEKCHOTO IOKa3aTels
OCYIIECTBIISICTCS 3aKpalllMBaHUEM TEPPUTOPHAIILHBIX EAMHMIL OMPECICHHBIM I[BETOM B 3aBUCHUMOCTH OT
3HAYCHHUST KOMIUIEKCHOTO TIOKA3aTelsl.

3akaoyenue

B crarbe omucan pa3paboTaHHBIN IPOrpaMMHBIN KOMIUIEKC OIIEHKH aHTPOTIOT€HHON HAarpy3KH Ha
TEeppPUTOpHANIbHBEIE 00pa30BaHMs, MaTEMAaTUYECKOW OCHOBOM KOTOPOrO SIBISAETCS METOA KOHEYHBIX
NPEIUKATOB, MO3BOJISIIOIINM YUECTh 3arpa3HeHHe aTMoc(epbl, BOIHBIX PECYPCOB, MOYBEHHOTO MOKPOBA
pa3IMYHBIMKA BELIECTBAMH M M3 Pa3lIMYHBIX HCTOYHHUKOB. Pa3paboTaHHBIN MpOTpaMMHBIN KOMIUIEKC
OCYILECTBIISAET 00paboTKy JIaHHBIX, pacyer KOMILIEKCHOI'O HoKasarelrs
¥ BU3YQJIM3ALMIO YPOBHS KOM(OpTHOCTH npokuBanus. [Ipennaraemplii mporpaMMHBIA KOMIUIEKC OyaeT



CITOCOOCTBOBATH OTKPBITOMY JOCTYIY K 3KoJiormueckor mHpopmarmu. Takxke HaHHBIA MPOTpaMMHBINA
KOMILJIEKC TPH SKCIUTyaTallid ero TroCyJapCTBCHHBIMH OpraHaMu OyaeT crocoOCTBOBaTh cOOpy U
PacpOCTPaHEHHIO SKOJIOTHIECKON HHPOPMAIIUH, IOCTSIICHHOMY YBEIIMYCHHIO €€ 00heMa B 3JICKTPOHHBIX
0azax JTAHHBIX, SIBJISTEOIITMIX CS JIETKOJOCTYITHBIMU
JUTST  OOIIECTBEHHOCTH dYepe3 NyOJWYHBIE CETH CBSI3W, YTO NPEIYCMOTPEHO MEXIYHAPOIHBIMA
COTJIAIIEHUSIME B 00J1aCTH OXPaHbI OKPYKAIOIIEH Cpebl.
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