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OBIIIAA XAPAKTEPUCTUKA PABOTDBI

IlepedyeHb KIIIOYEBBIX CIIOB: BPEMEHHOM P4J1, ITPOTHO3UPOBAHUE,
S3BIK R, OIIUMCATEJBHBIE CTATUCTUKU, KOPPEJIAIIMOHHBIN AHAJIN3,
PEI'PECCHUOHHBIN AHAJIN3, MHOXXECTBEHHA S JIMHEMHAS PETPECCHS,
METO/I I''TABHBIX KOMITOHEHT, HEUPOHHBIE CETH.

[lenp paboOTHI: € TMOMOINBIO COBPEMEHHOTO S3bIKa MporpaMmupoBaHus R
OCYILIECTBUTh aHANU3, 00padOTKYy U MPOTHO3MPOBAHHUE PEATBHBIX BPEMEHHBIX PSIOB.
HeoOxoaumocTh mo100HOTO UCClIeIOBaHUS 00YCIIOBIIEHA TEM, YTO B HACTOSIIEE BpeMs
00BbEM HAKOILJICHHBIX HAOMIOJACHUN 3a HKOJOTMYECKUM COCTOSHHEM OKpY>Karolei
cpenpl pe3ko yBenuuwics. COBpEMEHHBIM MATEMaTHMYECKMM amnmapar W €ro
NPUKJIAJAHbIE YacTH TO3BOJSIOT HE TOJBKO MPOAHAIU3UPOBATH CIIOKUBIIYIOCS
CUTYalIHIO, HO U JaTh MPOTHO3 0 COCTOSHUIO OOBEKTA B OyayIIEM.

OOBEKTOM HCClIeIOBaHUs B pabOTe SIBISIOTCS €XKEHENeNbHble HAOMIOIEHUS 3a
3arpsI3HUTENSIMA BO3JyXa B Pa3HbIX YacTSIX TOpoJia M 3a €ro mpeaenamMu B NEPHOJ C
saaBaps 2012 roga no aexadps 2016 roma. B mponecce paboThl MOJyYEHHBIE JaHHBIE
OBbLIM MPOAHAIU3UPOBAHBI C MOMOILIBIO OMHCATENBHBIX CTATUCTUK M TpapuyecKoro
aHanu3a, ObLI MPOU3BEACH KOPPEISIMOHHBIA U PETPECCUOHHBINA aHAIN3bl, BEIYUCIICHUE
MMPOTHO3HBIX 3HAYECHUN BPEMEHHOTO psiia C MOMOIIBI0 MHOKECTBEHHOW JIMHEMHOU
pErpeccu U HEMPOHHBIX CETEH.

[Tonmy4yeHHble pe3yabTaThl MOTYT OBITb MCHOJB30BaHbl IS JaJbHEHIIEro
UCCJIEI0BAHMS OPTAaHU3ALUSIMHU 10 MOHUTOPUHTY OKPY>KaIOIIEH CPEebl.

CtpykTypa MarucTepCKoOu AUCCEPTALINU:

B rnaBe 1 npuBoasATCS OCHOBHBIE OHSTHS, CBSI3AHHBIE C 3arps3HEHUEM BO3/yXa,
OMKCAaHbl OCHOBHBIE BPEHBIE BEIIECTBA U UX BJIMSIHUE HAa YEJIOBEKA M OKPYKAIOLLYIO
cpeny. B riaBe 2 umccineqyroTcs OCHOBHBIE BHJIBI MOHMTOPHHIA 3a OKpYKarolleu
Cpelloil U ux o0IIKe CBOWCTBA, MPUBEIEHA 00111as cxeMa paboThl CUCTEMBI, pazpaboTaH
NepBOHAYANIbHBIN JU3aiiH 1Ji1 BeO-cucTeMbl. B riaBe 3 mpoBeeH mociaeaoBaTeIbHbIN
aHalW3 JaHHBIX TI0 3arpsA3HEHUI0 U PACCMOTPEHbl HAa TMPAKTUKE METOAbI
PErpecCUOHHOI0 aHaIU3a U HEUPOHHBIX CETEH.

Marucrtepckast AuccepTaius COCTOUT u3 52 crpanuil, 18 pucynkos, 9 tadmui, 28
HMCTOYHUKOB, 2 MPUJIOKECHUS.



ATI'YJIbBHASA XAPAKTAPBICTBIKA PABOTDI

Cric xmrouaBeix cioy: YACOBBI HIDPATL, TIPATHA3ABAHHE, MOBA R,
ATIICAJIBHASI CTATBICTBIKI, KAPRJIAIBIMHBIA AHAJII3, PAIPACIMHBI
AHAJII3, MHOXHAS JIIHEMHAS POIPACISA, METAJI TAJIOYHBIX
KAMITAHEHT, HEUPOHABBIS CETKI.

Mbsra mpicepTanbli: 3 qamaMorail cydacHail MOBBI IparpamMaBaHHsS R aXbINIIsBilb
aHai3, amparoyKy 1 MparHa3aBaHHE pPIATBHBIX YacOBBIX mdparay. HeabxomHacihs
najoOHara jacienaBaHHd aOyMoyiaeHa ThIM, INTO Y IgOepamHi yac al'ém
Ha3alallaHblX Ha3ipaHHSIY 3a JKaJaridyHbIM CTaHAM HaBaKoJbHAra acspoja3s pa3Ka
naBsutiyblyca. CydacHbl MaTAMATBIUHbI anapar 1 sir0 MPbIKJIAIHBIS YaCTKI Ja3BaJSIOLb
HE TOJIbKI MpaaHali3aBallb CITyallbllo, fKas CKjajacs, aje 1 Jallb MNparHo3 ma cTaHe
a0'exta y OynydblHI.

AG'ektam pacnenaBaHHS ¥ Mpanbl 3'YISIIONLIA IITOTHIIHEBBIA HA3lpaHHS 3a
3a0pyKBaJIbHIKAM1 MIABETpa ¥ pPO3HBIX YACTKAX ropaja 1 3a Aro Mexkami y mephlsj ca
cryn3ens 2012 rona nma cuexxanb 2016 rona. ¥V npaipce paOOThl aTpbIMaHbIs 1a13€HbIS
OBl IpaaHaJli3aBaHbl 3 JallaMOTail almicalbHBIX CTATBICTBIK 1 rpadiyHara aHaisy, Obly
BbIPAOJIEHbl KapAJSLBIMHBIA 1 PArpICIiHAs aHali3bl, BBUIIYIHHE MPArHO3HBIX
3HAUAHHSAY yacoBara upary 3 ganamoraid MHOKHAi JiHEHal parpacil 1 HEUPOHABBIX
CETaK.

ATpbIMaHbIs BBIHIKI MOTYIIb OBbILb BBIKAPBICTAHBI ISl JAajiefliara jJaciie/laBaHHs
apraHizaipisiMi 1a MaHITOPBIHTY HABAKOJIbHATA acsipOIA3s.

CrtpykTypa Marictapckai JplcepTalbli:

VY pazmzene 1 mpwiBoA3sIIIA ACHOYHBIS MaHSII, 3BSI3aHbIA 3 3a0pyIKBaHHEM
NABETpPa, aliCaHbl ACHOYHBIS IIKOJIHBIS PIYBIBHI 1 1X YIUIBIY Ha YajlaBeKa 1 HABAKOJIbHAE
acspoaaze. Y pazasene 2 Jacienaylolila acHOYHBIS BiIbl MAaHITOPBIHTY 34
HABAKOJIBHBIM acspOJA3€M 1 1X aryibHbIS YiacliBacll, MPbIBEA3CHA aryjibHas cxema
npaipbl CICT3MbI, paclpalaBaHbl MeplIIaNayaTKOBbl JAbI3aliH i1 B30-CICTAMBL. Y
pazmzene 3 TmpaBeA3eHbl MACHSIOYHBI aHali3 JaJ3€HbIX IMa 3a0pyIKBaHHI 1
pasrieakaHbl Ha MPaKTHILBI METaAbl PArpaciiiHara aHasizy 1 HeHpOHABBIX CETaK.

Maricrapckas apicepraiibis Mae 52 crapoHki, 18 mamonkay, 9 tadin, 28 KpbIHiIL,
2 TPBIKJIaJIaHHI.



BRIEF DESCRIPTION OF THE THESIS

The list of keywords: TIME SERIES, FORECASTING, LANGUAGE R,
DESCRIPTIVE STATISTICS, CORRELATION ANALYSIS, REGRESSION
ANALYSIS, MULTIPLE LINEAR REGRESSION, PRINCIPAL COMPONENT
ANALYSIS, NEURAL NETWORKS.

The purpose of the work: to analyze, process and predict real time series using
modern programming language R. Such a study is of current interest due to the fact
that the volume of accumulated observations of the ecological environmental state has
increased dramatically in the latest days. The modern mathematical apparatus and its
applied parts not only allow to analyze the current situation, but also to forecast the
state of the object in the future.

The object of research is weekly monitoring of air pollution in different parts of
the city and outside of it starting from January 2012 till December 2016. In the process
of work, the data were analyzed using descriptive statistics and graphical analysis,
correlation and regression analysis were performed, predictive values of the time series
were computed using multiple linear regression and neural networks.

The results obtained can be used for further research by environmental monitoring
organizations.

Structure of the master's thesis:

Chapter 1 introduces the basic concepts associated with air pollution, describes the
main harmful substances and their effects on humans and the environment. In Chapter
2, the main types of environmental monitoring and their general properties are
explored, a general scheme for the operation of the system is provided and initial
design for the web system is created. In Chapter 3, a sequential analysis of
contamination data is carried out and methods of regression analysis and neural
networks are considered in practice.

Master's thesis consists of 52 pages, 18 figures, 9 tables, 28 sources, 2 appendices.



