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JOCIIIZKEHHSA BIIVIMBY AIAJBHOCTI JIFOAUHU HA ®OPMYBAHHA
TEMIIEPATYPHOI CKJIATOBOI PETTOHAJIBHOI'O KJIIMATY

CraTTs NpUCBSYE€HA BUBUYCHHIO MPOOJIEMHU 3MIHU KIIIMATHYHOTO PEKUMY OKPEMOI'O PErioHy 3a J0-
MOMOI'0I0 MaTEeMaTHYHOTO anapaTy aHajily 4acoBUX psaiB. Mera nanoi poOoTH mossirae B mo0yao-
Bl MaTEeMaTUYHOI MOJIENI TEMIEpaTypHOI TUHAMIKY 3a JaHUMH YaCOBOTO PSIy CEPEIHbOMICIUHHX
TEeMIIEpaTyp Ta JOCIIIPKEHHSI aHTPOIOreHHOI MisIbHOCTI Ha (JOPMYBaHHS TeMIEpPaTypHOI CKJIajio-
BOI

Cratbs IMOCBAIICHA U3YYCHUIO HpO6JI€MI)I HU3MCHCHUA KIIMMATHUYCCKOIro peXuMa OTACIbHOI'O peru-
OHA C MOMOIIBI0 MaTEMaTUYECKOr 0 alapara aHajau3a BPEMEHHBIX psAnoB. Llenbio 1aHHON padoThI
ABJIACTCA MMOCTPOCHUC MaTeMaTHUYECKOM MOICIIN TeMHepaTypHoﬁ JUHAMHWKU 110 TaHHBIM BPEMEHHO-
ro psgaa CpCAHEMECAYHBIX TEMIICPATYp U UCCICIOBAHUEC aHTpOHOFeHHOﬁ JACATCIIBHOCTH Ha (bOpMI/I-
pOBaHUE TEMIIEPATYPHOM COCTABIISIOIIEH

This article is about the problem of regional climate changes and it is studies with the mathematical
tool of time series analysis. The aim of this work is to construct a mathematical model of the
dynamics of average monthly temperature and to study the influence of human activities on the
formation this component of climate

ITocTanoBka mnpo6JeMu. baraToniTHIN CTAaTUCTHYHUN PEXKUM IIOTOIH,
XapaKTEepHUN MEBHIN MICIEBOCTI, Ha3UBalOTh KiIiMaToM. OCHOBHI 0COOJIUBOC-
T1 KJIIMaTy OOYMOBIIIOE LIIUI CHEKTP PI3HOMAHITHUX YMHHHKIB, CEpell SIKUX
3HAYHY POJb BIAITPAOTh AMHAMIKA TEMIEpaTypyu MOBITPS Ta BILUIUB JISJIBHOC-
T1 JIIOAWHU Ha 11eil poriec. HaitOuibin epeKTUBHIMIKMM CITIOCOOOM BUBYEHHS Ta
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JOCJIIJIPKEHHSI IUX (PAKTOPIB € CYMICHE BUKOPHUCTAHHS €KOJOTTYHOIO aHami3y
Ta MaTEMaTUYHOIO arapary.

AKTYaJBHICTB I JOUUIBHICTBL H0c/ixkenb. Hacnigku pi3koi 3MiHU pe-
TIOHAJILHOTO TEMIEPATYPHOTO PEKUMY MOXKYTh BIJIMHYTH HE TUIBKH HA €KO-
HOMIYHUN PO3BUTOK, a ¥ Ha O€3MeKy KUTTS HACENEHHS BChOro periony. Oco-
OJIMBOT aKTyaJdbHOCTI MpobJiieMa KIIMAaTUYHUX 3MIH HaOyja Ha Tl MUTAHHS
rJ100aJIbHOTO MOTETUIIHHS Ta BIUIMBY JISJILHOCTI JIFOJICTBA Ha IIeH mpolec, J0-
CJIIJKEHHSAM SIKO1 3aliMarOThCs HAYKOBO-IOCIIJHULBKI LIEHTPU Ta BYEHI IO
BCbOMY CBITY. [lOCHIKEHHSI aHTPOMOre€HHOr0 BIUIMBY Ha KIIIMAT BUBYAJIU
M.I1. Ulep6ans[1], B.H. JlutBun, B.I1. [lonos, I1.I. Konicuuk[2]. barato Bue-
HUX CTBEP/XKYE, 1110 I100aNIbHI 3MIHU KJIIMATy COIPUYMHUIIIA TISUIbHICTD JIFOIH-
HU, 11 HaAMIpHE 3JI0BKUBAHHS MPUPOJHUMHU pECypcaMu Ta HEKOHTPOJIbOBaHI
BUKH/IM IIKIJJIMBUX PeYOBUH B aTMochepy. Hanpuknan, Haykosi po6otu M.I.
[IlepOans moka3ainwu, 10 aHTPOIOT€HHA AISUTBHICTh 37]aTHA BIIMBATH Ha (Op-
MyBaHH$ PErioHajIbHOrO KiaiMaty [1].

3MiHa KJIIMAaTy € OJIHI€I0 3 HAMOUIbIII 3HAYHUX MPOOJIEM aHTPOMOTEHHOTO
BIUIMBY Ha HABKOJIMILHE cepefoBuine. ONHIEI0 3 TPUYMH LHUX 3MIH B OCTaH-
HbOMY CTOPI4Yl € 3pOCTaHHS BIUIMBY TEXHOT€HHUX YMHHMKIB, 1[0 MOPYIIYIOTh
IPUPOAHY PIBHOBAry KiIIMaTU4YHOI cuctemu. Lle mpu3BoAUTH 10 3MIH METEO-
POJIOTIYHUX TapaMeTpiB, 30UIBIICHHS YaCTOTH €KCTPEMAJIbHUX SIBUIL MOTOU
TOILIO, 1110 B CBOIO YEPTry BIUIMBAE HA €KOJIOTIYHY PIBHOBArY.

[Ipo xiimMaT miaHeTH BiAOMO, IO 3a OCTaHHI 65 MJIH. POKIB 3eMiisl mepe-
Kuja YOTHUPHU JIbOJIOBUKOBI epu. OCTaHHIN BIJCTYI JIbOJOBHUKIB PO3MOYABCS
10 tuc. pokiB Hazaa. OueBUAHO, 110 AHTPONOTCHHUIN (DAKTOP B TOMY IMOTEI-
JiHHI HEe npuiiMaB yyacTb. CaMe MOTEIUIIHHS BUSBUIOCH KOPUCHUM ISl JTHO/-
ctBa. KpiM Toro, HaBiTh MPOTATOM MUCHMOBOI ICTOPIil JIOACTBA KJIIMAT HE pa3
3miHtoBaBcs. B 982 poky Bikinr Eifpuk Pynuit Ha3BaB Bigkputy HuM I'penna-
Haito ['pennaniero, Tomy 1o BoHa AliicHo Oyna 3eneHorw. B X-XIII cronit-
Tax €Bpona Oyna Termnimo, HiK choroaui. B IliBHiuniid Himeyuuni 1 [loT-
naHfli 3poctaB BUHOTpan. [loTiM po3moudaBcs a0A0BUKOBHUI mepiof. CHIT
BUMAaAaB HaBiTh B ITanii. Uepes xomoaH1 3uMH po3movaBcs MacoBuii ronoja. B
XVI cromitti kiaiMatr €Bponu noremitimas, a B XVII cTomiTTi movyaB 3HOBY
3amep3atu. B 1621-1669 pokax 3amep3aB bochop, B Mocksi Ha moyaTky XVII
CTOJIITTSI 3aMOPO3KHU OyJIM B YEPBHI-CEPIIHI, & CHII' CTEJIUBCS HA MOYATKY OCe-
Hi. B XVI cr. xiimat €Bponu noTeriimas He yepe3 mapHuKkoBuil edekt. Ta-
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KO OYEBHIHO, 110 mpoiiec moTertinAasa X-XIII ¢T., He MpuBIB A0 3HUKHEHHS
JIIOJICTBA.

BpaxoByroun HaBeneH1 (akTH, 3HaYyHA KUIBKICTh BUEHUX CTBEPIXKYE, 110
(dakT rno6anbHOr0 MOTEIJIIHHSA 3YMOBJIEHUN LUKIIYHICTIO JTWHAMIKU KIliMa-
TUYHUX YUHHUKIB, 00 HaJA3BUYAalHO BaXKKO 3MIHUTH KJIIIMATHYHY IUIAHETApHY
CUCTEMY, aJ[KE€ IHEPTHICTh Ta EHEPTOEMHICTD LI1€1 CUCTEMHU BEJIMKA.

3aBaaHHS JOCJTIXKEHHS MOJSArae y noOyaoBi MaTeMaTH4HOI MOZENl
TEMIIEpaTypHOi JUHAMIKH CEPEJOBUILNA OKPEMOI'O PErioHY 3a JaHUMHU pALY
CEpPEeAHBOMICAYHUX TEMIIEpaTyp Ta MPOBEJEHHI €KOJOTTYHOTO TOCTIIKEHHS
pe3ynbTatiB. Lle 103BOJIsI€ BUSBUTH 3arajbHi 3aKOHOMIPHOCTI, 1HAMBIAYyaIbHI
crendiyHl XapaKTEpPUCTUKH, OCHOBHI TEHJICHIIT 3MIHU KJIIMATy Ta OLIHUTH
BHECOK JIISUTRHOCTI JIFOJJMHY Ha II€# TpoIiec.

BuxisiageHHst 0CHOBHOro martepiaiay. B sKocTi ekcriepuMeHTaIbHUX Ja-
HUX B3ATO PsAJl CEPEAHBOMICIYHUX TeMIepaTyp MicTa MOCKBM 3a mepioa 3
1960 no 2010 poxu, Tak ik HAHOLIBIIA KUTBKICTh CTATUCTUYHUX JaHUX BiJloMa
Ta JIOCTYIHA TUTBKU JJIsl IbOTo periony. Kpim Toro, M. MockBa oaHe 3 Haiibi-
JBIIMX MICT CBITY, B IKOMY 3HaXOJUThCS BEJIMKA KUIbKICTHh 3aBOJIB Ta (haod-
pPHUK, 110 BUKUJAIOTh 3HAYHY KUIBKICTh IIKIJUIMBUX PEYOBUH B arMochepy Ta
BIIMBAIOTh HA PET10HANIBHUI KiIIMaT. 3arajibHa KUIBKICTh JaHUX CKilagae 612
3HaueHb. Ha puc. 1 mo oci abcuuc BIIKIage€HO Yac y MICSIX, a MO OCl OpAH-
HaT — TeMIlepaTypa B rpajaycax 3a mkanor Llenbcis.

30

TeMieparypa, *C
et
=

1] 100 200 Joo 400

gac, Mic.

Puc. 1. 3miHa cepeTHbOMICIYHUX TEMIIEPATyp B Yacl

JlocipKeHHs BKJIFOYAJIO HACTYIIHI €Talu:
— nepeBipka (pakTy HasIBHOCTI Ta OL[IHKA MapaMeTpiB TPEHAY;
— aHaJT3 Ta OI[IHKA CE30HHOI CKJIag0BOT;
— aHaJIi3 CTAI[lOHAPHOCTI Py BUMAJAKOBUX 3aJMIIKIB Ta ieHTU]IKALIS
MOJEIII;
— MepeBIpKa aIeKBaTHOCTI CYKYITHOT MOJIENI PSAY;
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— aHaji3 BIUIMBY ALSUIBHOCTI JIOJUHU Ha (OpPMYyBaHHS TeMIIEpaTypHOI
CKJIaJI0BO1 KJIIMATY.
B sixocTi Mozeni, KoTpa ONUCY€e TaHU YacOBHM psii IPUIHATA aJUTHUB-
Ha Mozenb: x(¢)= f(t)+@(t)+&(t), ne f(¢t) — Tpenn; @(t) — ce30HHA KOMIIO-
HEHTa; £(f) — BUMAJKOBI 3aJUIIKHU.

O4eBUAHO, L0 PANl CEPEAHBOMICIYHUX TEMIEPATYP MICTUTh y co0i
KOMITOHEHTY C€30HHOCTI. [lepion ctanoBUTH Osin3bko 12 micaiiB. [is ouiHKu
KOe(III€EHTIB CE30HHOCT1 BUKOPHUCTAIM ABI rapMOHIKU psxy Dyp’e, 3 BU3HA-
YEHOI0 YaCTOTOI0 Ta aMILTITY10t0. YacThHA KPUBOI CE30HHOT CKJIaJ0BO1 BiO-
OpakeHa Ha puc. 2.

HAC, MIC.

Puc. 2. Ce30HHa CKI1a0Ba psiy IMHAMIKH CEPETHROMICIYHUX TEMIIEPaTyp

JIyist mepeBipKH rinoTe3u Mpo HAasBHICTH JETEPMIHOBAHOI CKJIaJ0BOT —
TPEHAY CKOPUCTAIMCS KPUTEPIEM Ccepiil, 110 OCHOBAaHUM HA MeJliaHl, Ta KpUTe-
piem AOGe. Buile 3a3HaueHi KpUTEpPii MOKa3aiu, 1110 JOBrOTPUBAJa CKIIa0Ba
BiicyTHs. L{e roBopuTh mpo Te, 110 PEKUM JTUHAMIKUA CEPEIHbOMICIYHUX TEM-
nepaTyp B JJaHOMY PErioHi HE 3MIHIOBABCSl BIPOJOBXK OCTAHHIX I SITACCSATH
POKIB.

Psin BUmankoBUX 3aJUIIKIB BIAMOBIZAE MPOLIECY aBTOpErpecii Apyroro
nopsAnKy 3 koediuientraMu «, =0.475,a, =0.157, OCKUIbKM HEOOXI1JIHI Ta J0-
CTaTHI YMOBH CTalllOHAPHOCTI Py BUKOHYIOTBCS.

Takum 4MHOM, MaTeMaTUYHa MOJIEIb YaCOBOTO PSIAY JTUHAMIKH TeMIIe-
paTyp CKJIaJlaeTbcs 3 CyMH BUOIPKOBOI'O CEPEIHbOIO, MEPIIUX JBOX FAPMOHIK
psany ®yp’e, mpoliecy aBToperpecii Apyroro NopsaKy Ta O110ro mymy:
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612 o ) 612 (g
x(1)=55+ 2 a; CO{EMJ + 2 by Slﬂ(ﬁ ktj +0.475%(t —-1)+0.157¢(t —2) + o(¢)
k=1 k=1

Jlana mMaTeMaTH4YHa MOJIENb € aJ€KBAaTHOIO MPO, IO CBITYUTH IPOTHO3
3HaueHb Ha JuneHb-rpyneHb 2009 poky, noOynoBaHHl Ha OCHOBI HaBYalO4Oi
BUOIpKHU Ha niepiof 3 ciuna 1960 no yepsens 2009 pokis [4].

Tabnuis
[IporHo3H1 3HaY€HHS Ha OCHOBI MPUUHATOI MOJIEJl Ta BXKE€ BIAOMI 3HA-
YyeHHs 3 JIUnHA 1o rpyaess 2009 p.

Micsp [Iporno3 | PeanbHi 3HaueHHS BigHocHa TouHICTh MPOTHO3Y, %
Jlunienp 16.005 15.7 98.1
Cepnenn 14.007 13.8 98.5
Bepecenb 8.773 8 90.3
KoBtenn 3.073 2.7 86.2
JIucroman -3.682 -6.15 60.9
I'pynens -5.799 -7.275 79.7

BucHOBKM Ta mepcneKTHBH MNOJAJBIIOI0 PO3BHUTKY [0CIHiIXKEHb B
JaHOMY HampsiMKy. B mporieci BUKoHaHHS poOOTH OyJio MOOYyAOBaHO ajeK-
BAaTHY MaTeMaTU4YHy MOJEIb AUHAMIKK TEMIIEPAaTypHOI CKIaJ0BO1 KIIMaTy 3a
JAHUMHU PSIY CEPEIHBOMICSIYHUX TeMnepaTyp Micta MocKBu.

Bnacnizok mepeBipKy TINMOTE3W Ha HASABHICTH JOBTOTPHUBAJIOl CKJIaJIOBO1
BUSIBUJIOCH, 1110 TpeHJ BiacyTHii. [IpoTe cTBepKyBaTh MPO OJHO3HAYHICTH
OTPUMAHOTO PE3yJbTAaTy HE € JOLUIBHUM, aJ’)Ke BUSBUTU TPEH] 3a Mepiol B
m’AataecsaT ado HaBITh CTO POKIB HE MOXKIIMBO, 00 HE BUCTAYa€ CTATUCTUYHUX
nanux. Beranosneno, mo 3 XI g1o XV cToniTTs TpuBaB TEIUIU Nepiof, Bilo-
Muii sik CepeHbOBIUHA KJIIMATUYHA aHOMAaNisA, a 3 TUX mip 1 A0 KiHig XIX
CTOJIITTSI TPUBAB XOJIOJIHUM 1epiof], abo Tak 3BaHui Mannii 1,010BUKOBUH. 3
kiHsg XIX cTonmiTra TeMmnepaTypa 3HOBY Houaia MIABUIIYBATHCS 1 B LIEH ke
yac B1IOyBCA 3HAUHUM HAyKOBO-TEXHIYHUM mporpec. | TOMy BUHUKIIO MUTaH-
HSl aHTPOIMOTEHHOTO BIUIMBY HA KJIIMaT.
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TEXHUMSCKOrO yHUBEpCUATETA «XaPbKOBCKHI
TONUTEXHYYSCKAR UHCTUTYT»)

NPUHANA Yy4acTve B KoHbepeHLn

be3 cyMHIBY NisUIbHICTH JIFOAMHHM 3HAYHO BIUIMBA€ HAa CTaH HABKOJIMII-
HBOTO CEpEeIOBHINA, ajie MO0 BIAMOBICTH B SKIH Mipi, HEOOXITHO MPOBECTHU
KOpeJALiiiHui a00 KOMIOHEHTHUI aHaji3 aHTPOIOIeHHUX YMHHUKIB Ha (op-
MYBaHHSI TEMIIEPATYpPHOI Ta IHIIKUX CKJIAJIOBUX pErioHadbHOTO Kiimaty. Hac-
JAKYW BIUIUBY JIOJIMHM 3arajioM BiJIoMi: 3a0pyJHEH1 I'PYHTH, MOBITPsI, BOJO-
HMU TOIO. AJie HAroJOUIyBaTH Ha TOMY, IO TUIbKU Bl JKUTTEAISIIBHOCTI JIFO-
JIUHU 3aJIeKUTh 3MiHA KJIIMAaTHYHOT'O PEXKUMY BCI€l IJIAHETU HE € JOLUILHUM.
JIyist BUpIIIEHHS BU3HAYEHOTO 3aBJaHHS Tpeba MPOBECTU JOCHIIIKEHHS BILIU-
BY 3HAYHOI KUIBKOCTI ()aKTOpPiB HA CTaH HABKOJHUIIHBOT'O CEPE/IOBUINA 3 Bpa-
XYBaHHSIM HACIIJIKIB AISUTbHOCTI JIFOJUHU 1 MOOYAYyBaTH I1I€ HE OJHY MaTeMa-
TUYHO-EKOJIOT1YHY MOJIEb.

Jlana po6ota Oyna mpe3eHTOBaHA Ha IMIOCTIM MIXKHAPOJHIA HAYKOBO-
MpaKTUYHIN KOH(EpeHIlii 32 y4yacTio MOJoAuX BueHUX «Ekonoro-rnpaBoBi Ta
€KOHOMIYHI acTeKTH €KOJIOI1YHOI O€3MEeKH PErioHIB» Ta OTpUMaia CXBaJlbHI

BIITYKH.
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