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Opecbkuin aepxaBHUA eKonoriyHum yHisepcureT, Ogeca

AHANI3 TA NPOrHO3YBAHHSA 3MIH KOHLUEHTPALIA AIIOKCUHY CIPKM
B ATMOCO®EPI MPOMUCIIOBOIO MICTA
(HA NPUKNAAI rAAHCbLKOIO PErIOHY, NOMbLA) METOOOM TEOPII XAOCY

Ha ocHoei memody meopii xaocy 3dilicHeHo aHani3 yacoeux psidie kKoHyeHmpauyitli diokcudy cipku e ammocgepHomy nosimpi
M. FuHa ma m. Conom (I"daHcbkulil pezioH, lMonbwa) i po3paxosaHo criekmp KopensiyiliHux po3mMipHocmel, wo nidmeepaxye
HasigeHicmb 8i0noeidHO20 xaocy. OmpumaHi YucesibHi OUYiHKU y3200)KyombCsl 3 OaHUMU 10 crieKmpy po3mipHocmet JlanyHoea,
po3mipHocmi Kanana-Mopka ma eHmponii Konmozopoea. [laHo oyiHKy nimimy neped6ayyeaHocmi memody. OmpumMaHo Kopom-
Kocmpokoeuli Ipo2HO3 Yacoeoi esosroUii KOHYeHmpauii diokcudy cipku U npoeedeHO MOPi8HSIHHA 3 haKMUYHUMU OaHUMU.

Knroyoei crioea: Yacoei psidu kKoHyeHmpauit, diokcud cipku, xaoc, Memod KopensyiliHoi po3mipHocmi.

BcTtyn i noctaHoBka 3apgayi. 3pocTaroumnini aHTpono-
reHHW BB Ha aTMoCcepHe MOBITPS CrnpasBnse BianoBi-
OHY NOTYXHY HeraTuBHy Ail0 Ha AOBKINNA B LiNIOMy, B TOMY
ynucni, Ha 340pOB'S MOAMHU, WO HanbINbLIOK Mipok Npo-
ABNAETbCA B MPOMUCMOBUX MICTax, A€ MPOXMBAE 3HAYHA
KiNbKICTb HaceneHHa N 30cepemkeHa Benuka KinbKiCTb
NPOMUCIIOBUX NIANPUEMCTB Ta TpaHcnopTy. OgHMM 3 KkIio-
YOBWX acnekTiB mpobnemu € Te, WO ckrnag atmocdepwn
npomMucrnoBoro Micta ¢opmyeTbcs nig BNAvBoM 6Geanivi
dakTopiB, A0 4YMCra SKUX BXOOSATb XapaKTEPUCTUKU [Ke-
pen 3abpyaHeHHs, X po3TallyBaHHS Ha MiCLIeBOCTI, knima-
TWYHI i rigpomeTeoponoriyHi napameTpu Towo [1, 2].

B ocTtaHHe gecaTuniTTa y 3B'A3KY 3 PO3BUTKOM Teopin
CTOXaCTUYHMX AMHAMIYHUX CUCTEM i Teopil xaocy cTae ak-
TyanbHUM BMKOPUCTaHHS LMX METOAIB y 3agavax npuknag-
HOI ekororii, MeTeoponorii, raponorii, couianbHO-eKOHO-
MiYHOT reorpadii Towo. Po3BUTOK Ha iXHiA OCHOBI NPUHLK-
MOBO HOBMX MiAXO4iB OO0 MOAENOBAHHA MPOCTOPOBO-
4YacoBOI CTPYKTYpW MOMiB KOHUEHTpaUin LWKIgIMBKUX OOMi-
LWIOK B aTMocdepi, iX aHanisy 1 NporHo3yBaHHA. Y cydacHin
Teopii CTOXaCTUYHMX [UHAMIYHMX CUCTEM YacoBUN psag
po3rNsgaeTbesa sIK peanisauis BUNnagkoBoro npolecy, Konu
BMNAJKOBICTb € pe3ynbTaToM CKNagHOoro pyxy 3 6aratbma
He3aneXxHUMu cTyneHsMu cBoboan. AnbTepHaTUBOK BU-
NagKoBOCTi € PeHOMEH Xaocy, Lo MOXe Matu Micue K y
HaNNpPOCTILIMX AETEPMIHICTUYHMX CUCTeMax, Tak i AOCUTb
CKIMagHUX CTOXaCTUYHNX CUCTEMAX.

Mpy ubomy dyHaameHTanbHy ponb Bigirpae nputa-
MaHHa BCiM XaOoTW4YHUM cUCTEMaM BMacTUBICTb paaukarb-
HOT 3MiHW AMHaMIiKK cucTemMun y ba3oBOMY NPOCTOPI 3anex-
HO BiZ 3MiHM NOYaTKOBMX YMOB. [Ins Tak 3BaHWX AMcuNaTtu-
BHUX CUCTEM IXHS OuHamika peanidyeTbCa B OOMEXeHin
obnacti ha3oBOro MpoCcTopy CTaHiB, 3a3BM4Yan 3BAHOMO
OVBHUM aTTpakTopom. MNpu LUbOMYy AN YacoBUX XapakTe-
PUCTUK AMHAMIYHUX 3MIHHUX aTTPaAKTOPHUX CUCTEM BUSB-
NSIETLCA XapaKTEPHUM (PaKTUYHO CTOXACTUYHUIA PEXMM.

OTXe, HaBaXNUBILLOro 3Ha4YeHHs HabyBae matematu-
YHWIA acnekT npobnemu, NoB'A3aHUn 3 agekBaTHUM aHani-
30M YacoBWUX psAiB KOHLUEHTpaLin 3abpyaHio4YnMx aTtmMoc-
depy peyoBUH. Y BUBYEHHI @aHTPOMOrEHHOrO BMMBY Ha

€KOonoriYyHMn ctaH atmocdepu NPoMUCIOBOrO MicTa MeTo-
On Teopii xaocy O03BONATb, Hanpuknag, Ha OCHOBI AO-
CRiXXEeHHs1 4YacoBWX pAAIB KOHUEHTpauii 3abpyaHIoUnx
aTtMocdepy NPOMUCIIOBOrO MiCTa PEYOBUH AaBaTU LiMKOM
afeKkBaTHUA aHani3 i HaBiTb KOPOTKOCTPOKOBWUWA MPOrHO3
noAarnbLUIOi YacoBOi eBOMoLil KOHUEHTpaLi 3abpyaHtoto-
4nx peyoBuH [3—14]. Takuin nigxig 3 ycnixom BUKOPUCTOBY-
BaBCS NpuW aHanisi pnykTyauin MeTeoponoriyHnx Ta rigpo-
noriyHux xapakrepuctuk [15-17]. Y pobotax [3—6] meToan
HEeNiHIMHOro NPOrHo3y i Teopii xaocy 3 yCniXom 3aCcTOCOBY-
Banuca [0 aHanisy 4acoBuX PsSAiB KOHUEHTpauin nuny,
Jiokcuay Cipkn Ha ABOX cTauioHapHux noctax m. Ogecu, a
Takox B padi micT (gaHcbkoro perioHy. byno nokasaHo, Lo
HaBiTb cnpolleHa MeToanka nobyaoBM NPOrHOCTUYHOI MO-
Aeni gae Uinkom 3agoBinbHi pe3ynbTaTtv NPorHoay.

Ha ocHoBI BULLE BKasaHMX MigxodiB CTaBUTbCA 3agada
AOCniAUTU MOXITMBOCTI 3aCTOCYBaHHS MeTOAIB Teopii xao-
Cy 00 aHanisdy i NporHo3yBaHHS 3abpyaHeHHA atMmocdepu
MicT 'maHcbkoro perioHy, MonbLa.

[aHi Ta meToamuka aHanisy. Y AKOCTi BMXIOHUX OaHWUX
BMKOPUCTAHO pe3ynbTaTy CNOCTEPEXEHb 3a OiOKCMOOM Cip-
kn (SO2) Ha noctax micT ConoT i FamHsa (NeNe 6 i 9 Bignosia-
Ho) maHcbkoro perioHy Monbui npogosx 2003 poky. Kon-
ueHTpauii umMx gomiwok (y mr/m3) BuUMIpHOBaNUCL KOXHi 5
XBWMWH, @ NOTIM MO UMX BMMipax po3paxoByBanuCb Cepe-
OHBOTOAVHHI 3HadveHHsi (ycboro 8760 BenuuumH). BigsHauw-
MO, O 3 AECSTU NOCTIB, pO3TallOBaHUX Y panoHi [oaHcbka,
TiMbKM Ha Uux ABOX, npotarom 2003 poky cnocTepexeHHs
BigbyBanucb 6e3ynuHHO. Lle 1 ctano npuunHoo BuBOpY
OaHUX 3a3Ha4YeHuX BULLE MOCTIB, OCKINbKU A4S NoAanbLLIoro
aHanisy Metogamu Teopii xaocy HeobXxigHWIi Habip gaHux 3
perynsipH1um Kpokom 3a 4acom. [NokasaHo, wwo npogosx 2003
pOKy crocTepiranocs Aekinbka BUnagkis, Konv gocsra- nocs
3HAUYEHHS] HWKHBOI MeXi iHOekcy 3abpydHEeHHs aTMoc-
depHoro nogiTps ana SOz, i BCi BOHWM OOBOAMNNCS HA 3UMY
abo noyaTok BecHW, ToAi sK YNiTKYy KOHUEHTpauia 3abpya-
HIOKOYOT PEYOBUHHU, Y CEPEAHbOMY, MEHLLIE.

Pe3ynbTaTyM aHanisy i nporHosyBaHHS. Baxnusum
KPOKOM Y aHanisi 3MiH KOHUEeHTpaLii 3abpyaHor4oi pevo-
BVHW € BifHOBINEHHS (ha30BOro NpocTopy, A1 Yoro noTpi-
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OHO BM3HAYEHHs1 4YacoBOI 3aTPUMKWM 3a LOMOMOrOK aBTO-
KopensuinHoi dyHKuii abo B3aeMHoi iHdopmauii. Mogans-
LLUMIA KPOK — YMCENbHI €KCNEPUMEHTU 3 BiJHOBMNEHHS PO3Mi-
pHocTi basoBoro npoctopy (de), BUKOPUCTOBYHOUM Npwu
LbOMY MeToA KOpenAuinHOT pO3MipHOCTI 1 anropuTtm no-

MUIMKOBUX Hanbnux4mx cycigHix Toyok. Y T1abn. 1 3BegeHi
BCi pe3ynbTaTu MO BiAHOBMEHHIO aTTPaKTOpiB, a TaKoX
po3paxyHKy nokasHuka K Tecty lottBoga 1 MenbGehna i
rnobanbHux po3mipHocTen JlanyHoBa.

Tabnuys 1. YacoBa 3aTpumKa (7), KopensiliiiHa po3mipHicTb (d,), po3MipHicTb NpocTopy BknapeHHs (de), nepuwi
aBi poamipHocTi JlsinyHoBa (A, i A,), po3mipHicTb Kannana-Wopka (d.), mexa nepea6adysaHocTi (Prya, FoanHm)
i nokasHuk K ana SO, Ha nocTax [AaaHCbLKOro perioHy

T | dz I dE I )\.1 | )\.2 I d|_ | Prmax I K |
MocTt 6 (ConoT) |
SO, 19 | 158 | 6 [ 00164 | 00066 | 501 | 43 | 071
Moct 9 (IAnHA)
SO, 17 [ 340 | 6 | 00150 | 00052 [ 460 | 49 | 073

Haragaemo, wo nokasHuk K tecty N'ottBoga n MenbGe-
Ha HabyBsae 3Ha4eHb Big 0 (perynsapHicte) o 1 (xaoc). Mpwu
LUbOMY BaXIMBO 3a3Ha4MTW, WO BENUYMHWU BIiAMiHHI Big
Hyns, € MoKasHMKaMM XaoTUYHOCTI npouecy. B Hawwomy
BMNaaKy 3HadveHHs K y Bcix Bunagkax nepesuiytoTs 0,6,
TOGTO PO3rNsAHYTi YacoBi psaau NigaarTbCs BMMMBY XaoTu-
YHOI ANHaMiKM. MOXHa TakoX BiA3HA4YMTH, LLIO PO3MIPHICTb
KannaHa-Mopka, sika Takox € OfHUM 3 NOKa3HUKIB PO3Mip-
HOCTi aTTpakTopa, Y BCiX BMMagkax MeHLUa, HiXX BUMKOPUC-
TOBYBaHa HaMu PO3MIPHICTb da, @ Lie TakoX MOXe CIyXWUTU
OOHVM 3 MOKa3HWKIB NPaBUNbLHOCTI HaLoro Bubopy.

3ynMHUMOCA Tenep Ha pesynbTaTtax po3paxyHKy CMeKT-
py po3mipHocTel JlanyHoBa. Y Tabn. 1 HaBeaeHi NO3UTUBHI
Ai. OcKinbky WBMAKICTE NEpeTBOPEHHS cdepu B enincoig no
Pi3HMX OCSIX BUBHAYAETLCS Ai, TO ACHO, LLIO YMM MEHLLA cyma
NO3UTUBHUX PO3MIPHOCTEN, TUM BirbLU CTIKO € AMHaMIYHA
cuctema. BignosigHo ue 36inblwye ii nepenba- yyBaHiCTb.
HasBHiCTb ans koxHOi i3 cucteM ABox (i3 wec- Tw)
MO3UTMBHUX Ai CBIOYWTb MPO Te, WO B LUECTUBUMIPHOMY
NpPOCTOpPi CUCTEMA PO3LLMPIOETLCA Y3A0BX [OBOX Bicen i
3BYXKYETbCHA Y30OBX YOTUPLOX, WO 3anuwwunucsa. Cyma
No3nTMBHUX Ai BU3Ha4ae eHTponito KonmoropoBsa, sika obe-
PHEHO NponopLiHa Mexi nepeabdayyBaHOCTI.

[na BMKOPUCTaHHS MeTody HEeniHIMHOro MporHosy He-
0o6xigHO po3B'A3aTy We ofHy 3ajadvy, siky MoxHa cdop-
MyIHOBaTV TAKUM YMHOM: CKiflbKM HaNBNMxXYmMx cycigHix

30

To4ok (NN) noTpibHO B3ATW, WOO pesynbTaTM NPOrHO3y
Oynn 3apoBinbHUMK. [Ins po3B'A3aHHA Uiei 3agadi MoXHa
nonepeaHbo 3pobuTK Kinbka OLiHOK Anis pi3HOi kinbkocTi NN,
a noTim pospaxyBatn koediuieHT kopenauii Mk dak-
TUMHMMU i NPOTHOCTUYHUMKW AaHMMK. AK npaBuno, koe-
diLieHT Kopensuii 36inbLyeTbCa, JocsArae sKOrocb Mak-
cumymy [15]. Hamm Takunm nigxig 6yB BukopucTaHuin ans
nporHo3y Ha ABagusTb Yotupu roguHn ans 100 ocTaHHixX
TOYOK YacoBuMX pAAiB Aiokeuay cipku. NpoBeaeHi yncenb- Hi
€KCNepUMEHTN nokaszanu, wo 3i 36inbleHHaM 4ucna
HaWBNMXYMX CYCiAHIX TOYOK MNPOrHOCTUMYHA KpWBa, $K
npasumno, HabnMxaeTbca 40 PaKTUYHOI.

Ak BkasyBanocs BuLle, KoedilieHT kopensuii 3pocTae 3i
30inbLueHHAM Yucna NN i gocsrae geskoro sHaveHHs, nicns
4Oro Moro 3miHM He icToTHi. OCKiNbKM KINbKICTb AaHWX Yy Ya-
COBUX psigax y HalWOMy BMNagKy Benvka, TO MakKCUMyMy
KoediLlieHT kopensayii MoXe OOCArTU Npu AyXe BENUKIN Kifb-
KOCTi HanbnmK4MX CyCiaHiIX TOYOK, ogHak, bpaTtu ix ycix ans
no®ynoBu mMoAeni NPporHo3y He Mae CeHCy, TOMY LLO SKiCTb
CaMoro NpPorHo3y npu LibOMy iCTOTHO HE MOKPaLLMTLCS. Tomy
ONsi HAaCTYMHUX PO3paxyHKiB LUKIANMBOI AoMmiwku 6yno ob-
paHo NN=260 Ha nocTi 6 i NN=250 Ha nocri 9.

Ha puc. 1 npeactaBneHi hakTnyHi 1 NPOrHOCTUYHI Ha 12
FOAVH BENNYMHM KOHLEHTPALIN 4iOKCuay Cipku Ha NocTi 6.
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Puc.1. ®akTn4Hi (cyuinbHi) i nporHocTuyHi Ha 12 roauH (nyHkTUp) SO, (6) Ha NocTi 6 ANA ocTaHHIX cTa YNeHiB YacoBUX pPAAIB.
Bicb X — nopsinkoBui HOMEpP TEPMiHY

BucHoBku. Ak MOxHa 6aunTun, HE3BaXalun Ha Te, WO
NPaKTUYHO BCi MiKM Ha (PaKTUYHIN KPpUBIN NOBTOPIOKOTLCS Ha
NPOrHOCTUYHIN, Pi3HWLST MK MPOTrHO30M i (haKTUYHUMMK Oa-
HAMW Yy BMNAAKy MiABULLEHMX KOHLUEHTpauin iHrpeadieHTiB
Moxe ByTW OOCUMTb BenvKow. TUM He MeHLle pesynbTaTtu
TaKOro NPOrHo3y MOXHa BBaXaTu LifKOM 3a40BiNbHUMN.

MpencTaBneHi TyT pe3ynbTaT MOXYTb PO3rMisAaTMCs SK
npuknag LUinkoM 3a40BibHOTO KOPOTKOCTPOKOBOIO Mpo-
rHO3Y KOHLIEHTpaLi AOMILLOK B aTMocdepi.

MoxHa BiA3HaUMTU 1 TOM aKT, WO MeToq HEeNiHINHOro
NpPOrHo3y AoCTaTHLO JoOpe Mpautoe y BUNagkax, Konwv Big-
6yBaeTbCs 36inblUeHHS KOHUEHTpaLi, NPMHaNMHI, NpakTu-
YHO YyCi TeHAEeHLT 40 Takoro 36inbLeHHs1 6ynu BUSIBNEHi npu
NPOrHo3yBaHHi, a LuUe CBigYNTb MPO MOXNMBICTb WMOro
BMKOPWCTaHHSA SK anbTepHaTUBK A0 3BMYAVHNX METOAIB.
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10. ByHsikoBa, KaHA. reorp. Hayk, Aou.
Opecckui rocyaapcTBeHHbIN eKonornyeckuin ynmsepcuteT, Ogecca, YkpanHa

AHAINU3 U NPOrHO3UPOBAHMUE U3MEHEHWA KOHLEHTPALIMW AWOKCUOA CEPbI B
ATMOCO®EPE NPOMbBILIEHHOIO rOPOOA (HA NMPUMEPE FrMAHCKOIO PETMOHA, MOJIbLLUA)
METOOOM TEOPUU XAOCA

Ha ocHoee Memoda meopuu xaoca ebIrno/IHeH aHanu3 epeMeHHbIX psidoe KoOHUyeHmpayuii duokcuda cepbl! 8 2.l ObiHs u 2.Conom
(FoaHbckuli pezuoH, [lonbwa) u paccyumaH crekKmp KoOppensiyUOHHbIX pa3MepHocmel, nodmeepxoaowuli Hanu4yue
coomeemcmeyrouje2o xaoca. [TosnyyeH- Hble YUCJIeHHbIE OYEeHKU cozsiacyromcsi ¢ 0aHHbIMU MO criekmpy pa3mepHocmeli JlsanyHoea,
pasmepHocmu KanaHna-Wopka u sHmponuu Konmozo- poea. [aHa oueHka npedena npedckasyemocmu memoda KpamKoOCPOYHO20
npozHo3a.

Kntoyeenle croea: epemeHHble psidbl KOHYeHmpayul, duokcud cepbl, Memod KoppesssyUuoHHOU pa3MepHOCMU, Xaoc.
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AN ANALYSIS AND PROGNOSTICATION OF CHANGES OF CONCENTRATIONS OF DIOXIDE OF
SULPHUR ARE IN THE ATMOSPHERE OF INDUSTRIAL CITY (ON THE EXAMPLE OF THE GDANSK
REGION)

On the basis of method of theory of chaos the analysis of temporal rows of concentrations of dioxide of sulphur is executed in
Gdynia and Sopot (Gdansk region, Poland) and the spectrum of cross-correlation dimensions, confirmative the presence of
corresponding chaos, is expected. The got numeral estimations comport with data on the spectrum of dimensions of Lyapunov,
dimension of Kaplan-York and entropy of Kolmogorov. The estimation of limit of predictability of method of short-term prognosis is
given.

Keywords: temporal rows of concentrations, dioxide of sulphur, method of cross-correlation dimension, chaos.



