YK 519.22
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Anomauin. B cmammi npointocmposano cmamucmuyHe —OOCHIONCEHHS U000 0OpOOKU
EeKCMPeManbHUX MICAYHUX OAHUX AMMOCEHepHO20 MUCKY ma memnepamypu noeimps 3a nepioo 3
1999 no 2018 pix no m. Kponusnuyvkuii. 3 memor 6us6ieHHs KIIMAMU4HUX 3min 3a nepioo y 20
POKI8  OYl0 NpoBedeHi HACMYNHI 6UOU CMAMUCIMUYHO20 AHANI3Y! NepeGipKa HOPMALbHOL
PO3n00ineHocmi  OaHuX, NOPIGHAHH napamempie 060X 6ubOipok (oucnepcii ma cepeowix);
nobyoosaro epaghiku 0ns 8izyanizayii OuHamixu smin memnepamyp ma ammocgheprozo mucky. Ha
OCHOGI OMPUMAHUX pe3yIbMamie GUAGNEHI KIIMAMUYHI 3MIHU HA pIGHI pI3HUX Micayie O
EKCmpemalbHUxX NOKA3HUKIB memnepamypu ma mucky.
Knrwouosi cnoea: nopmanvHicms po3nooiny, HOPIGHAHHA OUCNEPCil,  NOPIGHAHHA  CEepPeoHiXx,
eKCmpeManbHi Oaui.

Analysis of climatic changes in Kropyvnytskyi

for the period from 1999 to 2018 year

Abstract. The article illustrates the statistical study of the processing of extreme monthly data on
atmospheric pressure and air temperature over the period from 1999 to 2018 in the city of
Kropyvnitsky. In order to detect climatic changes over a period of 20 years, the following types of
statistical analysis were performed: verification of the normal distribution of data; comparison of
the parameters of two samples (variances and averages); graphs were created for visualizing the
dynamics of changes in temperature and atmospheric pressure. Based on the results obtained,
climatic changes were found at the level of different months for extreme temperature and pressure
indicators.
Keywords: normality of distribution, comparison of dispersions, comparison of averages, extreme

data.

IlocTtanoBka mnpolGaemu. s mepeBipkd Ta aHali3y 3HAYHOTO OOCATY
iH(dopmarllli TEeBHUX TiIPOMETEOPOJIOTIYHUX CIIOCTEPEKEHh YacCTO 3aCTOCOBYIOTH
pi3H1 MeToau. 3a3BUuUail JaHUN CIEKTP 3aBJaHb 3pYYHO BUKOHYBATH 3a JIOIIOMOTOIO
METO/IIB MATEMAaTUYHO1 CTaTUCTUKU. SIK HayKa, CTaTUCTHUKA € 4YITKO C(POPMOBAHUM
CTPOTMM HAyKOBHM METOJIOM, SKHI Jla€ MOXJIMBICTb 3pO3YyMITH JaHl Ta BMITHU
BU3HAUUTH ix npupoxy . CraTucTMKa HaJa€ MOXJIIMBICTh YITKO Ta IIBUAKO

y3araJpHUTH Ta Bi3yalli3yBaTH, K HEBEJIIMKWN, TaK 1 3HAUHHUM oOcar iHpopmarti. Are,



OKpIM IbOTO BAXJIMBUM € 3aBIaHHS (OPMYITIOBAaHHS Ta OINUCY OTPUMAHHUX
pE3yNbTaTIB, 3HAXO/KCHHSI TIEBHUX 3aKOHOMIPHOCTEH, BU3HAYCHHS TUHAMIKH 3MiH
TOT'0 Y 1HIIOTO siBUINA. [lepeBipka HOPMaATBLHOCTI PO3MOILTY A03BOJISE 3HAWTH MEBHI
MOPYILIEHHS 1 HaJa€ MOXKIIUBICTh MPOJOBXKYBATH JOCIIKEHHS 31 3HAUHUM 00CATOM
JAaHUX, a caMe€ MPOBOAUTH MOPIBHSHHS MapaMeTpiB JABOX BUOIPOK. 3pyUyHUM JAHUM
METOJI € MPU POOOTI 3 TIAPOMETEOPOJIOTIYHUMHU JTAaHUMHU, SIK1 MICTATh 3HAYHHIN 00CsT
iHpopMarlii 3a pi3HMMH TOKa3HUKaMu. [IpoOrema 3MIHM KIIMaTy € OJHI€I0 3
npioputeTHux npodaem 21 cromitra. 3a manumu NASA'y 2016 pori Temneparypa
MOBEepxHI 3emili OyJjia J0csriia HalBUINOI MO3HAYKU 3 MOMEHTY IOYATKy BEJACHHS
cnoctepexkeHb y 1880 pomi. Cepeanst temneparypa B 2016 poui O6yna Ha 0,99
rpaayciB 3a llenbsciem Buia, Hix B cepeanni 20-ro crouitts [5]. Taki ekcTpemanbHi
SBMIIIA, SIK HAPUKIIAJ KBITHEB] cHironaau 2017 poky B YkpaiHi 10BOAATH TOH (axT,
o mpobsieMa 3MIHM KJIIMAaTy € aKTyaJbHOIO I YKpaiHu, HE MEHIIe, HIXK JUIs
IHITUX KPaiH CBITY.

AHanI3  JgocaifkeHb i myOJikamii. I'iapomereoponoriui  gaHi
MPOCTSKYIOTHCS Ta (PIKCYIOThCS IIOJACHHO y BCiX perioHax. Ha mpotssi 6aratbox
POKIB BCl AaHl (OPMYIOThCS y IIOJIEHHUK, 5Kl 30epiraioThbcsl Ha caiitax moroau. B
JaHii po0oTi mAaHi Oyno B3sTO 3 jokepena [3]. Meroau oOpoOKHM Ta CTaTUCTHUHUIA
amapar aHaji3y TiAPOMETEOPOJIOTiYHUX JaHuX omnucaHuii B [4] Ta iHIIUX
aHAJOTTYHUX JpKepeNiaX HayKOBOI JITEpaTypH.

MeTtow po00TH € aHami3 JUHAMIKM EKCTPEMaIbHUX MICSYHHX IMOKA3HUKIB
aTMOC(EpHOro TUCKY Ta TeMIlepaTypu MOBITPS y M. KponmuBHUIIBKMI 3a mepiof 3
1999 o 2018 pixk.

3a ocTaHHI POKHM TIO PI3HUX peErioHax YKpaiHW MPOCITIAKOBYETHCS 3MiHA
KiiMarty. I moaanbiioro AOCIIKEHHs] Ta BU3HAUCHHS 3MIH KJIIMAaTUYHUX YMOB 3a
MOKAa3HUKAMHU EKCTPEMAJIbHUX MICSYHUX TOKA3HHWKIB TeMmmeparyp (MiHIMalbHA Ta
MaKCUMaJlbHa TeMIepaTypa 3a MiICAllb) Ta aTMOC(PEPHOro THCKY (BIAMOBITHO,
MIHIMAJbHUM Ta MaKCUMaJbHUN TMOKAa3HUK 3a Micsllb) Oysio B3sATO AaHi 3 1999 mo

2018 pik no periony M. Kponusuuubkuii. Ilicis mpoBeaeHHs MepeBIpKU Ta aHAIIZY



UX JaHUX MOXKEMO BHU3HAUWTH JWHAMIKY IIUX 3MIH Ta OMWCATH I1X MOJKIIMBI

IIPOTrHO3U Ta HaCJ'IiI[KI/I.

Bci mani 6yno chopmoBaHOo y TaOnHIN 3a 4YOTUPMa MMOKa3HUKAMHK: MiHIMaIbHA
MiCsIYHA TeMIlepaTypa, MaKCUMallbHa MiCS'YHA TeMIlepaTypa, MiHIMaJIbHUM MiCSUYHUN
TUCK Ta MaKCUMaJIbHHM MicS9HHMM THCK. [lami cTBopuMo pobGodi TaOmuIl AJiss TOTO
00 MPOBOJUTH TEPEBIPKY JIAHUX HA HOPMAJBHICTh po3noaury. Takux Tabmuip y
Hac Oyjie ABaHAIIATh, /1€ 3a KOXKEH MicCsSIlb Oyae MICTUTUCH 1H(OpPMAILIis IO YOTUPHOX
nokazHukax 3 iHTepBaioM y 20 pokiB. Cepen METONIB OI[IHIOBAHHS 3aKOHIB
pO3MOJIITy WMOBIPHOCTEH BHIAIKOBHX BEJIMYMH OIS JIBOX JECATKIB OyIo
CIELIAIBHO PO3pPOOJICHO Ji TMEPeBIpKA HOpMalbHOCTI. OJHUM 13 HaNOUIBII
PO3IMOBCIOIPKEHUX BBAXKAETHCS KPUTEPIK acumeTpii i ekciecy. Came TakKUM METOJIOM
MU CKOPUCTAEMOCH JIJIsl IepeBipku Janux. Kpurtepii ekciieca Ta acuMeTpii moJsraloTh
y HNOpPIBHSHHI BIANOBIAHUX MMapaMeTPiB PO3NOALITY 3 MOXUOKAMHU iX OOYMCIICHHS.

Crninyroun kputepiro H.O. IInoxiHChKOro po3noau He Oy/e BIAPI3ZHATHUCS Bij
HOPMAaJIBHOTO, SKIIO aCUMETpIS Ta €KCIeC BIJIPIZHSAIOTBCA BiJ CBOIX MOXHOOK

BIJITBOPEHHS HE OlIbllIE, SIK Y TpU pa3u. TouHilIe, SKILIO:
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PO3MOT MOKEMO BBaXKaTH HOPMAJIbHUM.
[Ticns mpoBeAeHHsS aHaNI3y AaHUX OyJIO BUSBJIEHO TPU BUMNAAKU MOPYIICHHS
HOPMAaJILHOCTI po3moity (quB. Tadu. 1.).

Ta6a. 1. PesynpTaTi nepeBipky po3moIiTy BUHOIpOK Ha HOPMAJIbHICTh

micaub Makc t | MiH t MaKC THCK | MiH THCK
CiueHb HOPM | HOpM HOpM HOpM
JIIOTHH HOPM | HOpM HOpM HOpM
Oepe3eHb | HOpM | HOpM HOPM HOPM
KBITEHb | HOPM | HOpM HOPM HOPM
TpaBeHb | HOPM | HOPM HOPM HOPM
YepBeHb | HOPM | He HOPM | HOpM HOPM
JTUTICHb HOPM | HOpM HOpM He HOPM
CepIieHb | HOpM | HOpM HOpM HOpM




BepeceHb | HOPM | HOpPM HOPM HOPM

JKOBTEHb | HOPM | HOpM HOpM HOpM
JUCTONAj | HOpM | HOpM HOpM He HOpM
TPyAE€Hb | HOPM | HOpM HOpM HOpM

BigxuieHHs Biji HOpMaJIbHOTO PO3MOJAUTY MPOCTIAKOBYETHCS Y YEPBHI MICSII
3a MMOKa3HUKOM MiHIMaJbHOI TeMIIEpaTypH, y JUIHI Ta JUCTOMAl 3a TOKa3HUKaMHU

MIHIMQJIBHOTO aTMOC(HEPHOTO TUCKY. TakuM YUHOM BiJOYBA€ETHCS TIOPYIICHHS] YMOBU

A E .
t4= % <3 Ta tg = 1|n_,1~ < 3, Tak fAK: y 4epBHi (MiHIMaJIbHa TeMIepaTypa) : t, = 3, 72,

ty = 582; y nmunni (MiHiManbHMM THCK): t, = 8,16; tz= 18, 23; y nucromani
(MiHiMampHUR THCK): t,= 5,45, ty = 10,32. JInsa oOpoOKM CTaTUCTUYHUX NAHUX, SKi
HE MIJISTal0Th HOPMAJIbHOMY pPO3NOALTY, Haaadl OyJaeMO BUKOPUCTOBYBATH
HeMapaMeTPUUHI METOAU OOpPOOKHU JaHUX.

Jlami mepeiiieMo 70 TOPIBHSAHHS TapaMmeTpiB BUOIpOK (aucmepciii Ta
cepenuboro). Po3i6’emo mepiom y 20 pokiB Ha JBa JIeCATHPIYYS Ta CIPOOYEMO
BUSBUTH KIIMaTH4YHI 3MiHM y ocTtaHHboMy paecstupiuui (2009-2018 pp.) mo
BigHOIIeHHIO 0 monepeanboro (1999-2008 pp.). Omke HaM MOTPIOHO MOPIBHATH
cepeHE 3HAYECHHS KOXKHOTO EKCTPEMAIBHOTO TMOKa3HHWKa y TEpIIOMYy Ta APYyromy
JnecATUpiudl. AJe Juisi TIOPIBHSHHS CEpeIHIX CIOYaTKy HEOOXIAHO BHUKOHATH
MOPIBHSAHHS qucnepciii ABox BUOIpok X Ta Y.

3a nmonomororo komanau JAMCII 3HaxoauMo Aucrepcii mapameTpiB JIBOX
BUOIpOK. 3a JomomMororo npocroro nopiBasHHsA (DX>DY a6o DX<DY) chopmyemo
CTATUCTUYHI TIIOTE3U CTOCOBHO MOPIBHIOBAHUX JUCIIEPCIH.

Bukonaemo mepeBipKy Ha PIBHICTh JUCIEPCIH JBOX BUOIPOK, 3aCTOCYBABIITH
JIBoxBHOIpKOBUI F-rect nms mucnepcii  (kputepiit  ®imepa-CHenekopa) 3
HanoOynoBu [laker AHani3y, OKpeMoO ISl KO)KHOTO 13 YOTUPHOX MOKAa3HUKIB. 3p0OHMO
BMCHOBKH PO AUCHEPCii 1BOX BUOIPOK. ¥V Bumanky, komu Fp, < F, (rimoresa H,
PO PIBHICTh JUCTEPCIN MPUHMAETHCS), IEPEXOTUMO 0 JBOXBHOIPKOBOIO t-TECTy 3

OJTHAKOBUMHU aucrepciaMu. Skmo F, > F, (rinoresa Hy mpo piBHICTL qucnepcii



BIIXWJISIETHCS), TO BIAMOBIIHO 3aCTOCOBYEMO JBOXBHOIPKOBHM [-TecT 3 pi3HUMH
JUCTIEPCISIMHU.

[licns mpoBelleHHS LUX oOmepaliii Ta aHajgizy OTPUMAHUX JTAaHUX MOMKEMO
NIEPEXOIUTH JI0 TIOPIBHSHHS CEPeIHIX.

Jlns Toro, moO0 MOpUHHATH pillleHHS aOCOMIOTHE 3HA4YeHHsS OOdYHcieHoro t
MOPIBHIOEMO 3 HOTO KPUTUYHUM 3HAUCHHSIM.
Axmo [t <t

To H, npuiimaeTses, ko t| > t,,, To Hy BiOXUaseThes.

Kp> Kp!

[lepeBipuBIIN KOXKEH 13 YOTHPHOX €KCTPEMATbHUX MOKA3HUKIB MO MICSIAX 32
octanHl 20 pOKIB MpO NPUUHATTS a00 BIAXHIJIEHHS HYJBbOBOI TINOTE3H MOXKEMO
chopMmyBaTi TaOJHUIIO KIIMATUYHUX 3MiH aTMOC(HEpPHOTO0 THCKY Ta TeMIlepaTypu
noBiTpsA. Ha 0oCHOBI JaHMX B TaOJIHUISIX MOKEMO IPOBOJUTH iX OMUC Ta aHANI3yBaTH
JUHAMIKY [HAX 3MiH.

Ta6a. 2. PesynpraTi KIIIMAaTUYHUX 3MIH Y OCTAHHBOMY

necsatupiudi (2009-2018 pp.) no BigHOIIEHH!O /10 ToniepeaAHsoro (1999-2008 pp.)

- max t min t max THCK min THCK
CiYCHb HE 3MiHUJIaCh HE 3MIHWJIaCh He 3MiHUBCS HE 3MIHUBCS
JIOTUHN HE 3MIHMJIACh HE 3MiHHJIach HE 3MIHUBCS HE 3MIHUBCS
Oepe3eHb | HE 3MIHMJIACh HE 3MIHUJIaCh HE 3MIHUBCS HE 3MIHUBCS
KBITCHb 3MiHmIach (+) HE 3MIHUJIaCh HE 3MIHUBCS HE 3MIHUBCS
TpaBEeHb HE 3MIHMJIACh He 3MiHHJIach 3MiHHBCS (-) HE 3MIHUBCS
YEpBEHb 3MiHMIACH (+) 3MiHMIIAch(+) HE 3MIHUBCS HE 3MIHUBCS
JIUTIEHb HE 3MiHWIACh HE 3MIHWJIaCh He 3MiHUBCS HE 3MIHUBCS
CEpIIEHb HE 3MIHWJIACh He 3MiHMJIach HE 3MIHUBCS 3MiHUBCS (+)
BEepeCceHb | 3MiHMIACh (+) HE 3MIHWIaCh HE 3MiHUBCS HE 3MiHUBCS
JKOBTEHb He 3MIHUIACh HE 3MiHHJIach HE 3MIHUBCS HE 3MIHUBCS
JUCTONAA | He 3MIHMIACh HE 3MiHHJIach He 3MIHUBCS 3MiHUBCS (+)
rpylieHb 3MiHMIACH (+) HE 3MiHHJIach 3MiHHBCS (-) HE 3MIHUBCS

(+) — 30uBIICHHS TeMIepaTypH (THCKY);

(-) — 3MeHIICHHS TeMmepaTypH (THCKY);

3 Tabnuill 2. CrocTepiraeMo, IO 3a OCTaHHI JiBa JECATIITTS 3MiH 3a3Hajia
MaKCUMaJibHa TeMIlepaTypa 3a KBITE€Hb, Y€pPBEHb, BEepeceHb Ta TpyaecHb. Cepemne

3HAYEHHs TEMIIEpaTypH 3a 111 MICAILIl 3pOCJIO 1 BIAOYINUCh HACTYIHI 3MIHU MTOKA3HHUKIB!



y kBiTHI Big 20,6 no 24,5,y 4epsHi 3 29,7 no 32,6; y Bepecni 327, 2 no 30; y rpyaHi
38,6 10 14,2 .

3MiHU y MIHIMaJIbHINA TeMIepaTypi BIIOYJIUCS JIMILE Y YEPBHI MICSIl CepeHi
ITOKA3HHUKH SIKOI 3MIHMJIKCE Bix 11,5 mo 15,3.

MakcuMallbHUN THUCK 3MIHHUBCS y TpaBHI MICAIl 1 3 CEPEAHBOTO 3HAYCHHS
753,2 3meHmmBes 10 751,9 Ta y TpyaHI cepenHiil MoKa3HUK ckiagae 761,1 3amicTh
758,2.

3MiHU MIHIMAQJIBHOTO TUCKY BiIOYJNHCS HaAmpHKiHI JiiTa (y CEpIHI MICSII)
cepenHii moka3HUK sikoro ckiagae 740,6 3amicte 738,1. Takox 3HauYeHHS
MIHIMQJIBHOTO THCKY 3MIHHJIOCS] HAITPUKIHII OCEHl, a caMe B JIUCTOMA/l MICSLI 1 HOro
CepelHE 3HAYEHHS CTaHOBUTH 738,5 3amicTh 726,9, 110 CBIIYWTH MPO ITiABUIIECHHS
aTMOC(EPHOro TUCKY Y IIbOMY MICSIII.

[TokaxkeMo mpolieTypy BUSBIICHHS 3arajibHUX 3MIH Ha MPUKJIAA1 MAaKCUMAaJIbHOT
TeMIlepaTypH, o Bi0yauch y M. KponuBauiipkuii 3a nepiof 3 1999 no 2018 pik.

Ta6x1.3. 3aranpuuii anani3 3MiH Max t y M. Kponusauibkuii 3a nepioa 3 1999 no

2018 pixk.

S | 2o | Ez |2E8g|2fg|Ezi|E:

58 |28 |£2 |[Szg|8dgg|EFE| L

E( e § = ~ B O 5 @ |0 5 g S S g
ciueHpb 11,6 6 OJHAKOBI 5,4 5.8 O/IHAKOBi 0,4
JIFOTAM 13,5 6,9 0JIHAKOBI1 7,2 7,4 OJIHAKOBI 0,2
OepeseHb 26 48 pi3Hi 13,7 16,1 OJ/IHAKOBI 2,4
KBITE€Hb 3,6 9,2 pi3Hi 20,6 24,5 pisHi 3,9
TpaBEHb 16,6 55 OJIHaKOBI 28,2 27,8 OJTHAKOBI -04
YEpBEHb 4,5 3,6 OJTHAKOBI 29,7 32,6 pi3Hi 2,9
JIATICHb 8,3 2 pi3Hi 32,5 33,6 OJIHAKOBI 1,1
CEpIIEHb 8 47 OJIHaKOBI 33,7 34,5 OJIHAKOBI 0,8
BEepeCceHb 5,5 10,2 pi3Hi 27,2 30 pisHi 2,8
’)KOBTEHD 7.9 17,6 pi3Hi 23,1 21,3 OJIHAKOBI -1,8
JIACTOIIA] 4,5 8,6 pi3Hi 12,7 14,2 OIHAKOBi 1,5
rpyJicHb 18,3 10 OJTHAKOBI 8,6 9 pizui 0,4




JIist Bizyamizamii AMHAMIKHA JTaHUX 3MiH 300pa3uMo iX rpadiku Ta IPOBEIEeMO

JiHIO0 TpeHaa. Js npukiaay Bi3bMeMO MOKa3HUKH 3MiH Y KBITHI Ta y Y€PBHI MICSIII.
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3MiHM Max t 3a KBiTeHb y = 0,2594x - 498,45
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Puc.1l. I'padik 3MiHM MaKCUMaJIbHOI TEMIIEpATypHU y KBITHI
3a iepioA 3 1999 mo 2018 pik
[IpoBiBIIM JiHIIO TpeHAAa HaA pUC.l. MOXHA CIOCTEpIraTd MNOCTYIOBE
30UIbIIIEHHSI MaKCUMaJIbHOI Temmeparypu, ske 3a octanHl 20 pokiB. BinOyBaerbcs
MOCTYTNOBE 3pOCTaHHs B iHTepBa Bij 20 10 25 rpaaycis.

[IpountocTpyeMO TUHAMIKY 3MiH MaKCUMaIbHOI TeMIepaTtypu y 4epBHi 3 1999

no 2018 pik.

3MiHa MaKkc. TeMIepaTypu 3a YepBeHb
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Puc.2. I'padik 3MiHM MaKCUMAaJIbHOT TEMIIEpaTypH Y YE€pPBHI
3a mepiof 3 1999 mo 2018 pix

VY 4epBHI BIIOYIUCH 3MIHM MaKCUMAaJIbHO1 TEMIIEPATypH B CEPEIHHOMY Ha TPHU
rpaxycH BUIIE. 3HaYHa 3MiHa criocTepiraerbes B mepion 3 2010 mo 2015 poky.

BucnoBku. Yy CTaTTI MPOBEJCHUN CTATUCTUYHHUU a”am3
T'1IPOMETEOPOJIOTTYHUX CIIOCTEPEIKEHD, a CAME EKCTPEMAIbHUX MICSIYHUX MTOKAa3HUKIB
TeMIiepaTypu Ta atMochepHoro THUCKy 3a mepioxm 3 1999 mo 2018 pik y
M.KpOnMBHUILIBKUH 3 METOIO BUSIBIICHHS AUHAMIKH 3MiH ITUX MTOKA3HUKIB MO PETIOHY.
[IpoBeneHuii MOPIBHSAIBHUN aHAI3 IOTOJHO-KIIMAaTUYHUX YMOB 3a OCTaHHI JIBa
JNECATWIITTS. 3arajioM MOKHa 3pOOMTH BHCHOBOK MpO Te, IO MPHU TMepeBipii
HOPMAJILHOCTI OYyJI0 BHUSIBJIICHO MOPYIICHHS JHIIE TMPU MOKa3HUKAX MIHIMaJIbHOTO
TUCKY Ta MIHIMAQJIbHOI TEMIIEpATypu y ACSIKHUX MICALSIX, IO CBIAYUTH MPO TE, IO
caMe y IUX MICAISX JIaHl MOKa3HUKM 3a3HaIM HAWOUIbIIMX 3MIH Ta MepenajiiB Ha
IpoTsA31 JABAALSITH POKIB. B pe3ynbrari mpoBeAeHOI MEpeBIpKUA JaHUX, MOKHA
chopMyBaTl BUCHOBOK TIPO Te€, 1110 3a ocTaHH1 20 pokiB kiiMaTr y M. KponmuBHUITBKHI
3MIHIOETHCA, 0 MIATBEPKYE TEOPIIO TI00aTLHOTO MOTETUTIHHS.
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