HauioHnanbHuii JicoTexHiuHMii yHiBepcHTeT YKpaiHH

3aBaaHb OOMOBOT MiATOTOBKH, KEPIBHUKH BIHCHKOBHMX KOJIEKTHBIB BCiX PIBHIB y3-

TOJUKYIOTB CBOIO MOBCAKIEHHY MisUTBHICTE Y MUPHHUI 4ac i3 MPUPOTOOXOPOHHH-

MM 3aXOJaMH{ Ta HaMararoThCs MiHiMi3yBaTH BIUTMB OOMOBHX Midl y 30HI MpoBe-

neHHsd ATO Ha HaBKOJIMIIHE MPUPOIHE CEPENOBUILE.

INepcnexTHBH NMOAANBIINX PO3BiIOK Y boMy Hampsimi. [TorpebyroTs cre-
LiaJTbHOTO BUBYEHHS MUTAHHS YNPaBIiHHS CTAHOM | TEXHOJIOTIi BiTHOBJIEHHS HaBKO-
JMIIHBOTO TPUPOIHOTO CepeNoBHINA HA TepHUTOpii, Ae Oe3rnocepenHbO MPOBOAATH
HaBYaHHS | MaHEBPH Ta 3aCTOCOBYIOTh OOEMPUIACH ISl BOTHEBOTO YPa)kKeHHS B 30Hi
nposeaeHHs ATO.

[MoTpeOyroTh pO3pOOSICHHS MOAEN MPOTHO3Y EKOJIOTIYHOI TOBEMiHKHA BCiX
0e3 BUHATKY 00'€KTiB MOBCAKAEHHOT Ta 00HOBOT BilficbKOBOT MisSNTBHOCTI ISt TTOaTb-
LIOr0 HAWIIMPIIOro BUKOPHCTAHHS i/ Yac MIaHyBaHHS HisTIbHOCTI MiIpo3ainiB, Jac-
THH, 3'€MHaHb 30pONHIUX CHT YKpaiHW, TOB'SI3aHAX i3 IUMU 00'€KTaMM, Ta JTiKBigaril
HacliakiB OolioBuMX Aiil BilicbkoBUX (opmyBaHb y 30Hi mnposeneHHs ATO. Ilpu
LOMY [iIBUIIEHHS] TOYHOCTI PO3PaxXyHKIB IAacTh 3MOTY 3MEHIIWTH SIBHI Ta HEsBHI
BUTpATH, BPaXOBYIOUM TOM (haKT, IO Ha CHOTOJIHI Maibke HE ICHYe NOCTATHBOTO €K-
CHepUMEHTAIILHOTO MaTepiany ajis BUKOHAHHS €KOJOro-eKOHOMIYHUX pO3paxyHKiB
CTAaTUCTHIHAMHU METOJAMHU.
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T'envik BM., Kupunvuyk 10.@. Jxonornyeckasi 0e30MacCHOCTb IOBcea-

HEBHOIi 1eITeJIbHOCTH BOIMCK

OcyIecTBIeH aHaIN3 UCCIICAOBAHUI 1 MyOIMKAIHIA 10 SKOJIOTHYECKOM 0e30MacHOCTH
HOBCCHHGBHOﬁ JCATCIIBHOCTH BOIICK. PaCCMOTpCHLI OCHOBHBIC METOOOJIOTUYCCKUEC ITOAXOIbI
TEOPETHYECKOTO U MPAKTUYECKOr0 PEIeHus Mpo0aeM B3auMOAEHCTBUS BOOPYKEHHBIX CHII €
MIPUPOIHOI Cpedoil B MOBCEJHEBHOH nesTenpHOCTH BOMCK. IlpencTtaBneHs! mepcneKTuBbI
JATbHEHIINX MICCIIEA0BAHNI B HAMIPABICHUN MPOTHO3a YKOJIOTHYECKOTO MOBEACHHS, YIpaBie-
HHUE COCTOSHHEM ¥ TEXHOJIOTHiIT BOCCTAHOBIICHUS OKPY KaIOIIEH MPUPOIHOM Cpebl Ha TeppH-
TOPHH, TJIe HEMOCPEICTBEHHO MPOBOJIATCS YUEHHSI 1 MAHEBPBI M TIPUMEHSIOTCS OOCTIPUIIachI
JUTSL OTHEBOT'O ITOPaYKEHUSI.

Knrouesvie cnosa: sxonormdeckas 6€301MacHOCTh, OKpYIKarolas pupoiHas cpeaa, Bo-
opy»xeHHble CHITbl YKpauHbI.

Henyk V.M., Kirilchuk Yu.F.Environmental Safety of Daily Military Ac-
tivities

The studies and publications on environmental gadétdaily military activities were
analysed. The main methodological approaches oir¢tieal and practical solution of prob-
lems of interaction of the armed forces with theurel environment in the everyday activity
of troops were discussed. The prospects for fumtbeearch in the direction of prediction of
environmental behaviour, management of state atfthtdogy of restoration of the natural
environment in the area where the exercises anceunans take place and ammunition is
used to fire damage were shown.

Keywords:ecological safety, the environment, the Armed Esraf Ukraine.
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MO/IEJIIOBAHHA 1 IPOTHO3 YACOBOI AMHAMIKY KOHIIEHTPAILII|
3ABPY/IHIOBAYIB Y ATMOC®EPI IH/IyCTPIAJIbHOT'O MICTA
(HA IPMKJIAZI OJIECH): HU3bKOPO3MIPHHI XAOC

PosryistHyTo pe3ynbTaTd JOCIiKEHHS JUHAMIKK Bapiallii KOHIEHTpallii arMochepHuX
3a0pyIHIOBaYiB (IOKCH/IM HITPOreHY Ta CIpKH) Yy MOBITPSHUX GaceiiHax iHIYCTpialbHUX MICT
Vxpainu (Ha npukitani Ozecun) 3a JOMOMOrOK METO/IIB HENIHIHOrO MPOrHO3yBaHHS i Teopil
xaocy. UncenbHO TOCTiKEHO XaOTUUYHY MOBEIIHKY 9aCOBUX PsAAiB KOHIEHTpamii JiOKCHAIB
HITPOreHy Ta CIpKH y KiJIbKOX MOHITOPHHTOBUX roctax Ojecu. 3a3Buyail, /Ui BiITBOPEHHS
BI/IMOBIIHOrO aTpakTopa MOTPiOHO BU3HAYUTH YacOBY 3aTPUMKY i PO3MIPHICTh BKJIAJICHHS.
[lepury BH3HAYaOTh METOJAMHU aBTOKOPEJLIHHOT (GYHKIIT Ta ycepeHeHol B3aeMHOI iH(op-
Malii, a OCTaHHIO PO3PAXOBYIOTh METOJAMU KOPEJIALIl PO3MIPHOCTI Ta aIrOPUTMOM XUOHKX
HalOmkauX cycinis. Jlami po3paxoByloTh KopeALiiiHy posMipHicTb, posMipricTs Kannana-
Hopxka, nokasuuku JlsmnyHosa, entpomnito Konmoroposa. BHaciiiok aHaltizy 4acoBUX psjiiB
BUSABJICHO HPOSBU HU3bKOPO3MIPHOTO XaocCy, IO Aa€ 3MOry e()eKTHBHO OyayBaTH KOPOTKOC-
TPOKOBUIT IPOTrHO3 IrHAMIKK (IIyKTyauil atTMocdepHuX 3a0pyaAHIOBAYIB.

Kniouosi cnosa: xaoc, atmocdepa, 3a0pyiHIOBa4i, YacoBa AMHAMiKa, IPOTHO3.

Beryn. Bigomo, mo xaoc € abTepHATHBOIO 10 MOHSATTS BUIMAAKOBOCTI i Bif-
OyBa€eThCs y Iy’Ke MPOCTUX AETEPMIHICTHYHUX cucTeMax. He3Bakatoum Ha Te, 1O Te-
opisl Xaocy HakJanae GyHIaMeHTalbHI 0OMeXKeHHs Ha JOBIOCTPOKOBE MepeadaueHHs
[1-1€], BoHa MOXe BMKOPHCTOBYBATHCS I KOPOTKOCTPOKOBHX TependadeHb, oc-
KiJIbKM BUNAAKOBI JaHi MOXYTh MICTUTH TMPOCTi JETEPMIiHICTUYHI BiIHOUICHHS i3
TIJILKY KiJIbKOMa CTYMeHs MU cBOOOMM. 3'siBUMCs Garato JOCIHiIKeHb y 0arathox ra-
Jy3sX HAyKH, 10 3aCTOCOBYBAIM TEOPil0 XaoCy 0 BENHMKOI KibKOCTI pi3HOMaHITHHUX
IrHaMiYHUX crcteM. OIHaK NOCIiKEHHS, 10 CTOCYBAJMCS HeJiHiHHOT MOBEiHKN
YacoBMX Ps/IiB KOHLEHTpaLiiiHOro cknaxy aTMocdepH, € MOOJMHOKI i TX pe3yabTaTH
HeoJHO3HauHi. Y po6oTi [5] mpoBeneHo aHami3 yacoBuX psiB KoHueHTpaiii NO,,
CO, Gi He oTpUMaHO XOIHUX O3HAK Xaocy. 3 iHIIOro OOKY, MOKa3aHo, M0 KOHIEH-
Tpauil 030Hy y luHuunHaTi (mrar Oraito) i CTamOyiti € sIckpaBo XaOTHUHUMHE i Heli-
HiMHKM Tiaxin qae 3Mory oTpuMyBaTH 3aJI0BiJIbHI pe3ysbTaty [6]. V poGoTi [15] mpo-
BEIIEHO aHali3 YyacoBMX psniB Konuentpauii NO,, CO, Qy [mancbkiit 0651. i 3Haiine-
HO CBiIUeHHs HasBHOCTI Xaocy. binblie Toro, 3po6iieHo eeKTHBHUI KOPOTKOCTPOKO-
BUii IPOrHO3 aTMoc(epHIX 3a0pyAHIOBaUiB 3a JOMIOMOTOI0 BUKOPUCTAHHS HeJiHiliHO-
ro anamizy. Lli mocnimkeHHs1 Toka3aiu, 10 HeJliHiiHI MeToau Teopii Xaocy Ta AvHa-
MIYHHUX CHCTEM MOXYTh i3 33[0BiJIbHOIO TOYHICTIO 3aCTOCOBYBATHCS ISl KOPOTKOC-
TPOKOBHX IMPOTHO31B YaCOBOI IMHAMIKM KOHIIEHTpALliif aTMoc(epHIX 3a0pyIHIOBaYiB.
V wiit po0OTi BUKIaAEHO pe3ysibTaTH 3aCTOCYBaHHS METOJIB HElliHiHOTO MPOTHO3Y-
BaHHJ i Teopil Xaocy 0 aHali3y 4acoBOi TMHAMIKM Bapialiii KoHIeHTpawLii aTMmocdep-
HUX 3a0pyaHIOBaYiB (TiOKCHIM HITPOTeHy Ta CipKH) Y MOBITpsHOMY Oaceiini OnecH.

! Onecokuit JiepKaBHUI eKOJIOriuHuiA yHiBepeutert, By JIbBiBebka, 15,M. Oneca, YkpaiHa;

2 IncTHTyT XiMil i 3aXHMCTY HABKOIMIIHBLOTO cepenoBua, Texniunuii ynisepeurer Illenuna, np. Ilscrosa, 42, 71-065,
M. Hleuun, [Tonbma;

3 JleprkaBHa €KOJIOTIYHA aKaJeMis MiC/ISAUIIOMHOI OCBITH Ta yrpasiinus M. Kuis, Ykpaina
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MeTozo10Tisi MOLIYKY Xaocy Yy 4acOBHX psiiax

ExcnepumeHTalbHi AaHi. Y 11bOMY aHai3i BAKOPUCTAHO MOHITOPUHIOBI J1a-
Hi IIOJ0 YaCOBMX PsINiB KOHLEHTpaLiil TiOKCHIIB HITPOTeHY Ta CIpKM y IOBITPSHOMY
6aceiini Oznecu 3a nepion 3 1976mo 2000pp. [2, 3. OcraroyHo i aHATI3y BHKO-
pucTaHo GaraTopiuHi IIOrOAWHHI 3HAUYEHHs KOHLEHTpalliii 32 oboMa 3a0pyIHIOBa4a-
mu Ha noctax 8ta 10 Oneca): 25%8760rouok nanux. st mpuKiagy, Ha PUC. HaBe-

JIEHO YacoBHMit psx 3HaueHb koHueHTpauii NO, (y Mr/m).
125 ————— —

0 730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760
Puc. Yacosuit pao 3nauens konuenmpauii NO,y melr®

Howmyk xaocy y yacoBux psizax. [lepeBipky Ha HasBHICTb XaoCy y 4acoBO-
My DAl AaHMX JETaTbHO ommcaHo y po6otax [3, 15, 17-2], tomy 3ynuHUMOCS
TIIbKM Ha KiJIbKOX KJIFOUOBHX acnekTax. Po3risHeMo ckalspHe BUMIpIOBaHHA

s(n)=9s+m9,
ne: tp — mouaTKOBHII MOMEHT Yacy, At — 4acoBHii iHTepBal, a N — KiJIbKicTh BUMIpIO-
BaHb. Y 3arajbHOMY BUTMAJKY, S(N) € OyIb-sKMM YacOBUM PAIOM JaHUX (HAampUKIam,
KOHILIEHTpALlisl 3a0pyIHIOBAIbHIX PEUOBHH B aTMOChepi).

OCKiTBKH TIPOIIECH, IO TMPU3BOIATH O XaOTUYHOI MOBEIiHKH, € (pyHIaMeH-
TallbHO MYJbTHUBApiaTHBHI, NOTPiOHO BiAHOBUTH (ha30BMii MpPOCTip Halie()eKTUBHI-
UM MITIIXOM, BUKOPHUCTOBYIOUH iH(opMaliro, mo Mictutbest y S(n). Bracnimok Ta-
KOI PEeKOHCTPYKLIi 0TprMaeMo Habip BeKTOpiB Y(N) po3MipHicTIO d 1 KOXKHOTO CKa-
JISIPHOTO BUMipIOBAHHS.

OcHOBHa ijiesl oJIsiTae y MpsIMOMY BUKOPUCTaHHI 3MiHHUX 3aTPUMOK S(N+1),
e 7T € 1ine i Oyne BU3HAuUeHO Aalli, BU3HAUa€ CUCTEMY KOOPIAMHAT, B AKiil MOXKHA Bi-
HOBUTH CTPYKTYpY TpaekTopiil y ¢azoBomy npoctopi. LLnsaxom Bukopuctanus Habo-
Py 4acOBHIX 3aTPHMOK TS BiATBOPEHHS BEKTOPa y MPOCTOpPi po3MipHicTio d

y(m)=[s(0. { mr), § ), b n( @d1)]
BU3HAYAIOThCS HEOOXiMHI KoopauHaTH. Y HemiHilHiM cuctemi S(N +j7) € HeBimomi
HeJiHilHI koMGiHaL{T BUXiAHMX (i3MYHMX 3MiHHUX. Po3mipHicTs mpoctopy d € po3-
MIpHiCTIO BKJIaaeHHs Og.

Yacoa 3aTpuMka. Bubip BiAMmoBimTHOT 9acoBOT 3aTPUMKH € BAXKJIVIBAM ISt
MOAANTBINOT PEKOHCTPYKLIT (ha3oBoro mpoctopy. SKIIO T 00UPAETHCS 3aMalTiM, TO KO-
opouHaty S(N + j7), S(N +(j +1)r) € HacTiNBKK GIU3BKI OIMH IO OJHOTO B YHCEILHOMY
NpeacTaBieHHi, 10 He MOXYTh OyTH BiApi3HEHi OIUH Bix OJHOro. SKLIO T 3aHaATO
Benuke, To/i S(N+jt) i S(N+(j+1)r) € MOBHICTIO HEe3aNIeXKHi OJIMH BiJl OJHOTO Y CTaTHC-
TUYHOMY pO3yMiHHI. SIKIIo 7 3amane abo 3aBeJMKe, TOII KopensLiiiHa po3MipHICTh
aTpakTopa Moke OyTH 3aHIKeHa abo 3aBuiIeHa. ToMmy moTpiOHO oOupaTn neBHe ce-
peIHe 3HaYeHHs MK JBOMA Ha3BaHUMM BHUILE BUITaJKaMHU.

146 36ipHEK HAYKOBO-TEXHIYHAX MPANb

[Mepmmii miaxin mossrae y po3paxyHKy JiHIHHOT (yHKUii aBTOKOpemswil
C.(0) i Bu3HaueHHi Takoi 4acoBol 3aTpuMKH, 32 sikoi C,(J) HalWIBHALIE MPOXOIUTh
4epe3 HyJb. Lle nae noOpy ouinky Bubopy 7, 3a sikoro S(N+j7) i (n+(j +1)) € niniiitno
He3ajexxHuMH. Kpalle BUKOPUCTOBYBATH MMiAXi HENiHIHHOT KOHLEMIIT He3aleXHOC-
Ti, HAMPUKJIA ycepeaHeHoi crijbHOi iHpopmanii. CrinbHa iHpopMmais | 1Box BuMI-
proBaHb & i by € cuMeTpruHOIO i HeBiM'EMHOIO i JIOPIBHIOE HYJIO TiJIBKU Y BHUIAJKY,
KOJIM CHICTEMH € He3aJIeXHi. YcepeqHeHa B3aeMHa iH(opMaris Mixk Oyab-siKuM 3Ha-
YeHHsAM & 3i cuctemu A i by i3 cictemu B ycepeTHIOEThCS 3a BCiMa MOYKJIUBUMHE BH-
MiproBaHHAMH |ap(@;, b). V po6oTi [4] mpornoHyoTh 06paTh 3HAYECHHS T TaKkM, s
SIKOTO CHIOCTepiraeThes mepumii MiniMym | (7).

Po3mipHicTh BK/IageHHs. MeTa BU3HAauY€HHS PO3MipHOCTI BKJIAaAE€HHS MOJs-
rae y peKOHCTPYKIIii eBKIIiI0BOro mpoctopy R mocTaTHbOi posmipHOCTi, 1106 Habip
TOYOK Oa Mir GyTH OJHO3HAYHO PO3rOPHYTHM. Po3MipHIiCTh BkianeHHs Og Mae OyTn
Oinbina abo TOPiBHIOBATH po3MipHOCTi atpaktopa da, T00TO Oe > da. IHIIMMYU crOBa-
MU, MOXKEMO CBiJlOMO 00OpaTu BejiMke 3Ha4yeHHs po3MipHocTi dg, Hampuknan 10um
15, ockinpKy momnepenHiii aHali3 1ae 3MOTY MPHUITYCTHTH, IO TUHAMIKa CHCTEMHU €,
HMOBIpHO, XaOTHYHOIO.

Awnani3z iHTerpamny Kopemslii — OAWH i3 IIMPOKOBXHWBAHWX METOJIB IOCIHi-
JUKEHHS Xaocy y 4acoBUX psaax. B aHasi3i BUKOPHCTOBYIOTH KOpEJALiiHMIT iHTerpas
C(r) ans po3misieHHs: MiXk XaOTHYHUMH i CTOXaCTHYHUMH cucteMamu. [Hrerpan C(r)
PO3paxoBYIOTh Ha OCHOBI anroputMy [8] 3rifHo 3 Bepciero, 3anponoHoBaHoio B [3, 4.
SIKIIO yacoBWM PAN XapaKTepU3yeTbCs aTpakTOPOM, TOHI KopemALiiiHuii iHTerpan
CMIBBiHOCUTBCA i3 paiiycoM I TaKMM YHHOM:

d = fim 129(1)
o logr

ne d € KopeTsLiiHOI eKCIOHSHTO. Y BUMAIKY, KON KOpelsLiiiHa eKCIIOHEeHTa 10-
csira€ HACWYEHHS 31 30UTBIIEHHSIM PO3MipHOCTI BKJIAIEHHS, 3a3BUYaii BBAXKAIOTh, II0
CHCTEMa Ma€ XaoTHYHY OMHAaMiKy. 3HAUeHHA HaCHYeHHS KOpEeJALiMHOT eKCIOHEHTH
BU3HAYalOTh K po3MipHicTh kopensuii (dy) atpakropa [3, 4, 15-2]

Pe3yabTaTu aHaizy yacoBux psiiB aTMoc(epHUX 3a0pyaHIOBaUiB

PesyabTaTn. YV Tabn. 2 HaBeoeHO pe3yNbTaTH YaCOBHX 3aTPUMOK, PO3Paxo-
Banux uis nepmmnx 10003Ha4eHs 4acoBUX pANIB JaHWX. ABTOKOpensuiiiHa (yHKIis
MepeTUHAE HYJb TiJIbKH JIS 4acoBUX psniB koHueHTpauii NO, wis MOHITOpHHTOBOT
Toukd Ne 15,a ms iHIMX 9acoBUX PAMIB IS CTATHCTHKA 3ATUIIAETHCS TTOZUTUBHOIO.
3HaueHHs, ne aBToKopemsiliiiHa ¢yHKuis gocsarae 3HaueHHs 0,1Moxe Oyt oOpaHO
K 7, oTHaK B [1] mokasaHo, 110 aTpakTop He MOXKe OYTH aJeKBaTHO PEeKOHCTPYHOBa-
HUI 7151 Jy>Ke BENTMKUX 3HaueHb 7. TakuM YMHOM, Nepel TUM, SIK 3po0MTH OCTaTOYHE
pillleHHs, pO3paXxOBYEMO PO3MIPHICTh aTpakTopa sl yCiX 3HaueHb 3 Tabn. 1.

OTpuMaHuit pe3ysbTaT MOACHIOE He TITbKM HEKOPEKTHI 3HAYEeHHS 7, ajie i He-
IOJIKKA METOIy KopesiuiiiHol po3mipHocTi [2]. Skmio 3actocyBaTtu anroput™ [1], To
BiJICOTOK XMOHWX HAWOMKYIMX CYCilliB € BiIHOCHO BEJIWKHM ISl BETUKUX 7. SKIIO
YyacoBa 3aTpUMKa BM3HAYAEThCA YCEPEIHEHOIO CHIJIbHOIO iH(popMaLlieto, Todi anro-
PUTM XHOHUX HaWONMKYMX cyciniB nae BennmunHy dg = 6 11 ycix 3a6pyaHIOBadiB.
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Taon. 1. Yacoei 3ampumku ona piznux 3naueny C, i nepuiuii MiniMym ycepeOHeHoi
cninbHoi inpopmauii | ing 01 uacosux paodie NO,, SGy monimopunzosomy nynkmi

Ne 106 Ooeci
MouitopuHrosuii myHkt Ne 10
NO, SO,
CL =0 — —
C. =01 141 218
C. =05 8 15
| min1 11 21

AHaJii3 Xxaocy Ha 0cHOBI Noka3HuKiB JIsanyHoBa. Haiinepiue, BaxxiavMBo BU3-
HAYMTH, HACKIJILKY TlepedadyBaHoOK0 € Xa0TUYHa chcTeMa. [i nependadyBaHicTh Mo-
e OyTH OLliHeHa 3a 1onoMoroto eHTporii KonMoroposa, sika € mponopuiiiHoo cymi
JIOoAaTHUX eKcroHeHT JIsmynoBa. CriekTp ekcroHeHT JIsmyHoBa € TMHaMiYHUM iHBa-
PiaHTOM HeJiHiiHOT CUCTEMH i3 XaOTUYHOO MOBEAiHKOIO.

OOMeXeHICTh Tepen0adyBaHOCTi XaoCy BU3HAYAETHCS JIOKAJbHUMH i TJIO-
OaJbHMMHK eKcIOHeHTaMH JIAMyHOBa, MO MOXYTb OyTH BH3HA4YeHi 3 BHMipIOBaHb.
Excnonenty JIsmyHoBa BiIHOCATb 10 BIACHUX 3HAa4Y€Hb JliHeapu30BaHOT AMHAMIKHU 110
BCBOMY aTpakTopy. Bin'eMHi 3Ha4eHHs BiAMOBinat0Th CTabibHIll MOBEiHL, a MO3H-
THBHI 3HaY€HHS — JIOKaJIbHIl HecTabiNbHili MOBediHLL.

JIist XaOTUIHUX CHCTEM, IIO € OJHOYACHO CTaOUThHI i HeCTabiIbHi, eKCTIOHEH-
TH JIsimyHOBa MOKAa3yIOTh CKIAIHICTD iX TMHAMiKK. Bennki mo3uTuBHI 3HaYeHHS BU3-
HavaloTh MEBHUN ycepeaHeHui NiMiT nependadyBaHocTi. OCKiibkU ekcroHeHTH JIs-
MyHOBA BU3HAYAIOTHCS K aCHMMTOTHYHI CepelHi BeTMYMHH, BOHM HE 3aIeXaTb Bil
BUXIiJJHUX YMOB, TOOTO Bill BHOOpPY Tpa€eKTOpii, i CKllanaloTh iHBapiaHTHY Mipy aTpak-
Topa. OLiHKa 1iel Mipy € cymMa TO3UTUBHUX eKcroHeHT JlsmyHoBa. OniHka po3mip-
HOCTi aTpakTopa BU3HAYAEThCS KOH'€KTYporo d, i ekcrioHeHTH JIAmyHOBa OOUPAIOTh-
csl y MOpAAKY 3MeHIIeHHs . Po3MipHicTh 0, BH3Hayae 3HAYCHHsS ONM3BKi 10 OLIHKH
PO3MIpPHOCTI, IO PO3TISIIAIOTH BUIIE, i OLTBIN e()eKTHBHA IS OLIHKA BACOKHX PO3-
MipHOcTeit. [[ms po3paxyHKy eKCmoHeHT JIsrmyHoBa BHMKOPHCTOBYEMO METOX Ji-
HiliHUX iHTeproIbOBaHMX KapT [1-4], oHAK TaKOXK MOXYTbh BUKOPHCTOBYBATHCS Kap-
TH i3 OiJIBLUIMM MOPSIKOM IOJTiHOMIB.

HeniniiiHa mMoaesab xaoTH4yHoro mpouecy. HeniHiliHa Monenb XaoTHU4HOTO
Tporecy TPYHTYETbCS HAa KOHLEMII] KOMIAKTHOrO T€OMETPUYHOTO aTpakTopa, Ha
AKOMY PpO3BHMBAIOThCA CIIOCTEpeKEHHS. Buxomsuu 3 Toro, L0 TpaekTopis 3arop-
Ta€ThC Ha3a] Ha cebe OUCUMAaTUBHUMH CHJIaMU i HENiHIMHOIO YacTHHOIO JAMHAMIKH,
neski Touku Tpaektopii Y (K), r =1, 2, ... Ng MoxkyTb 6yTH 3HalifieHi B OKONHLI 6y 1b-
skoi Touku Tpaektopii Y(K). Tomi MokHa 0OpaTH TMeBHY iHTEPHONALINHY (YHKIIO,
sIKa BPaxoBY€ YBEChb OKLI (pa30BOTO MPOCTOPY i 32 SIKUMHU 3aKOHOMipHOCTSIMH 3Mi-
HIOETBCS Bech Habip Touok B okoii Y(K+1) mis Bckoro okomy Y(K). BrpoBamkenHs
wiei KOHLEMLIT moJArae y noOyaoBi mapameTprzoBaHol HeniHiiHOT ¢yHKUii F(X, )
1o nepetsopioe Y(K) y

y (k+1) =F(y (), @)

i BUKOPHCTaHHI pi3HUX KPUTEPIiB A1 BU3HAUSHHS nmapaMeTpiB a. Buxonsuum 3 Hass-

TH TII00aTbHY HETiHIHY MOJIeIb, 0 BMIIILy€e OiNIbITy YaCTHHY CTPYKTYPH y CaMOMy
aTpaxTopi.

AHaJi3 Ta KOPOTKOCTPOKOBHIl NMPOrHO3 4acoBHUX PsiAiB aTMocdepHUX
3a0pyaHioBayiB. Tali. 2 1eMOHCTpPYe po3paxoBaHi MapameTpH: KOpeNALiliHy po3-
MipHicTb (dy), po3mipHicTs BknaneHHs (dg), posmipHicTs Kannmana-Hopke (d,), mBi
nepuri excrioneHTH JlsmynoBa E(1;, 1,), i cepenHio Mexy nependadyBaHOCTi (Plmax
ron) mis yacoBux papiB NO,, SQ;Ha MoHiTopuHroBMX Toukax Omecu (ciueHb
1976p.-rpynens 2000p.).

3 T1abn. 2 BUNNHMBaE, WO po3MipHicTs Kamnana-Mopka, fka Takox € po3mip-
HICTIO aTPaKTopa, € MEHLIO, Hi’K PO3MipHICTh, OTpYMMaHa 3a I0MOMOT 00 aJITOPUTMY
XUOHMX HAWOIDKIHUX CYCiIiB.

Taon. 2. Kopenauiina posmipuicms (0,), po3mipuicme éxnadenns (dg), posmipuicme
Kannana-Hopxka (0.), 06i nepwii excnonenmu JIanynosa E(Ly, 15), i cepeona memnca
nepeobauysanocmi (Pryay, 200) 01 wacosux paoie NO,, SO Ha monimopunzosux
moukax Qoecu (ciuenv 1976p.-2pyodens 2000)

Touxa 18 Oneca) |Touxa 18 Omeca)| Touka 10 Oneca) | Touka 10 Oxeca)
O, SOG O, SOG

A 0,0185 0,0164 0,0191 0,0152

Ao 0,0058 0,0061 0,0049 0,0046

d, 5,28 1,62 5,26 3,47

de 6 6 6 6

d. 4,08 5,03 391 4,62
Plmax 40 45 41 47

HasiBHiCTb 1BOX (31 1I€CTH) MO3UTUBHUX A; 1a€ 3MOTY MPUITYCTUTH, IO CHCTE-
Ma pO3LIMPIOETHCS B3IOBXK JIBOX OCEH i 3BY)KYETHCS 3@ YOTHPMA OCSIMH Y 6-BHMipHO-
My nipoctopi. YacoBi psau SO,y MoHiTopuHTOBII Touli Ne 10 MatoTh HalibinbIIy Te-
pendauyBaHicTh (Oibie ABOX 1i6), a mepenbadyBaHicTh iHIINX YaCOBHX PSAIIB Ma€
MEHILy ependadyBaHicTh, sIka CTAHOBUTD A0 MEHILE JBOX Ii0.

BucnoBku. OTxe, HaBeIleHO pe3yJIbTaTH YHCEFHOTO aHAJli3y Ta MPOTHO3Y
YacoBOi TMHAMiKKM KOHIIEHTpalilil aTMoc(epHHX 3a0pyaHIOBaviB (TiOKCiau HITPOTeHY
Ta CipkH) y TOBiTpssHOMY GaceitHi Onecr Ha OCHOBiI METOIIB Teopii Xaocy Ta AvHa-
MiuHHX cucTeM. [Is peKOHCTPYKLUii BiAMOBIIHOIO aTpPakTopa CHUCTEMH YUCEIbHO
BU3HAUEHO YacOBY 3aTPHUMKY 3a JOTMIOMOTOI0 METOIIB aBTOKOPENALiiHOT (yHKLIT Ta
ycepemaHeHOI CIiIbHOI iH(popMartlii i po3MipHICTh BKIaASHHS 3a JOMOMOTOI METOJIIB
KOpeJIsIiifHOT PO3MipHOCTI Ta aNTOpUTMY XMOHMX HaiOmmwkunx cycimis. Pospaxosa-
HO KOpesliiiHy po3MipHicTs, po3mipHicTs Kamnana-HMopka, nokasanku JlsmyHoBa,
enrpomnito KonmmoropoBa, cepeiiHio Mexy mnependauyBaHOCTI i TOKa3aHO iCHYyBaHHA
€JIEeMEHTIB HU3bKOPO3MiPHOTO XaoCy B OCIIDKEHUX cUcTeMaXx, 110 Jaji Hada€e MOX-
JIMBICTh KOPOTKOCTPOKOBOTO MPOTHO3Y YacOBOI JMHAMIKM KOHLEHTpaLii atmocdep-
HUX 320pyAHIOBadiB B aTMOCc(epi iHIyCTpiabHOTO MicCTa.

Jlirepatypa
1. Bykowszczenko N. Determination of heavy metahcemtration in mosses of Stawsky

National Park using atomic absorption spectrometng neutron activation analysis methods /
Bykowszczenko N., Baranowska-Bosiacka |., BosiaBka Kaczmarek A., Chlubek D. // Pol J
Environment. Stud. — 2006. — Vol. 15. — Pp. 41-46.

2. EKOJIOTist Ta T0BKILIS 149

HOCTi MaTeMaTUIHOTO 3aMKCy MiCIIEBOTO OKOJTY, MOXKIIIBO TIOOY TyBaTH MOJENH M-
XOM 00pOOJIEHHS OKOJIy 332 OKOJIOM i, MiCIis 3MIMBKH JIOKAJILHUX MOJenel, modyaysa-

148 36ipHEK HAYKOBO-TEXHIYHAX MPANb



HauionanpHuii nicorexniynmii yniBepcuter Ykpainu

2. Glushkov A.V. Non-linear prediction method indoast of air pollutants NOSG, CG, CO.
Transport and Air Pollution / Glushkov A.V., KhokklV.N., Loboda N.S., Khetselius O. Yu.,
Bunyakova Yu.Ya. — Ziirich : ETH University Pré§Ssvitzerland), 2010. — Pp. 131-146.

3. Bunyakova Yu.Ya. Analysis and forecasting théhimpogenic factors effect on an air baseine
of the industrial city / Yu.Ya. Bunyakova, A.V. Glokov. — Odessa, Ecology, 2010. — 125 p.

4. Gallager R.G.: Information theory and reliabbenmunication / R.G. Gallager. — New York :
Wiley, 1986. — 84 p.

5. Lanfredi M. Searching for low dimensionality air pollution time series / M. Lanfredi, M.
Macchiato. // Europhysics Letters 1997, 1997. -58p-594.

6. Kogak K. Nonlinear time series prediction of @@ncentration in Istanbul / K. Kocak, L.
Saylan, OSen. // Atmospheric Environment (Elsevier), 20000k 34. — Pp. 1267-1271.

7. Kennel M.B. Determining embedding dimension filtase-space reconstruction using a
geometrical construction / Kennel M.B., Brown Rhatbanel H. // Physical Review A, 1992. — Vol.
45. — Pp. 3403-3411.

8. Grassherger P. Measuring the strangeness nfstadtractors / Grassberger P., Procaccia I. —
Physica D. — 1983. — Vol. 9. — Pp. 189-208.

9. Glushkov A.V. Modeling of interaction of non-iar vibrational systems on basis of temporal
series analyse@pplication to semiconductor quantum generatoiG)ushkov A.V., Prepelitsa G.P.,
Khetselius O. Yu., Kuzakon V.M., Solyanikova E.8vjnarenko A.A. // Dynamical Systems — Theory
and Applications. (Lodz, Poland) BIF-110, 2010p- R8.

10. Glushkov A. Sensing non-linear chaotic featuimes dynamics of system of couled
autogenerators / Glushkov A., Fedchuk A., Svinawehketal. // Sensor Electronics and Microsystem
Technologies, 2007. — Vol. 1(4). — Pp. 14-17.

11. Glushkov A.V. Atmospheric teleconnection paiser wavelet analysis. Nonlin /
Glushkov A.V., Khokhlov V.N., Tsenenko I. // Prac.Geophysics, 2004. — Vol. 11. — Pp. 285-293.

12. Glushkov A.V. Wavelet analysis and sensingated ozone content in the Earth atmosphere:
MST "Geomath" / Glushkov A.V., KhokhlovV.N., Svimmko A.A., Bunyakova Yu.Ya,
Prepelitsa G.P. // Sensor Electronics and Micresystechnologies, 2005. — Vol. 2 (3). — Pp. 43-48.

13. Rusov V.D. On possible genesis of fractal dsiwrs in turbulent pulsations of cosmic
plasma- galactic-origin rays-turbulent pulsation pranetary atmosphere system / Rusov V.D.,
Glushkov A.V., Prepelitsa G.P., et al. // Adv. Spdesearch (Elsevier), 2008. — Vol. 42. — Pp.
1614-1617.

14. Glushkov A.V. Methods of a chaos theory / AGlushkov. — Odessa, Astroprint, 2012.

15. Khokhlov V.N. Short-range forecast of atmosghgollutants using non-linear prediction
method / Khokhlov V.N., Glushkov A.V., Loboda N.Bunyakova Yu.Ya. // Atmospheric
Environment (Elsevier), 2008. — Vol. 42. — Pp. 1:2220.

16. Khokhlov V.N. Signatures of low-D chaos in Hgwrater level measurements at coastal site
of Mariupol, Ukraine / Khokhlov V.N., Glushkov A.VLoboda N.S., Serbov N.G., Zhurbenko K. //
Stoch Environ Res Risk Ass€8pringer), 2008. — Vol. 22 (6). — Pp. 777-788.

17. Glushkov A. Using meteodata for reconstruatibannual runoff series: Orthogonal functions
approach / Glushkov A., Loboda N., Khokhlov V. th#spheric Research (Elsevier), 2005. — Vol. 77.
— Pp. 100-113.

18. Glushkov A.V. Non-linear prediction method ifog-range forecast of atmospheric
pollutants: low-D chaos / Glushkov A.V., Khetseli®s Yu., Bunyakova Yu.Ya., et al. // Dynamical
Systems — Theory and Applications (£6Boland) LIF111, 2011. — Pp. 1-6.

19. Glushkov A.V. Geometry of Chaos: Theoreticaifia of a consistent combined approach to
treating chaotic dynamical systems and their paemnaletermination / Glushkov A.V., Kuzakon'
V.M., Khetselius O. Yu., Prepelitsa G.P., SvinaeAkA., Zaichko P.A. // Proc. of International
Geometry Center, 2013. — Vol. 6 (1). — Pp. 43-48.

20. Glushkov A.V. Geometry of Chaos: Consistent ltioed approach to treating chaotic
dynamics atmospheric pollutants and its forecastir@lushkov A.V., Kuzakon' V.M., Khetselius
O. Yu., Bunyakova Yu.Ya., Zaichko P.A. // Proclaternational Geometry Center, 2013. — Vol. 6 (3).
—Pp. 6-13.

I'nywrkoe A.B., Xeyenuyc O.10., Bynakoea 10 4., bvikosuenxo H., Ilamna-
wienko JK.H. MojeaupoBaHue U NMPOTrHO3 BPeMEHHOI THHAMHKH KOHLEHTPaLUH
3arpsisHuTe/Ieil B aTMocdepe MHIYCTPHAILHOrO ropoaa (Ha nmpumepe Omeccbl):
HH3KOpa3MepHbIii Xaoc

150 36ipHEK HAYKOBO-TEXHIYHAX MPANb

HayxkoBmii Bichuk HJITY Vkpainn. — 2015. Bun. 25.9

PaccmoTpensl pe3ysbTarhl HCCIE0BaHUs JUHAMUKY BapUalllM KOHLIEHTPALUH aTMOC-
(depHbIX 3arps3HUTeNeil (IMOKCHIBI a30Ta M cepbl) B BO3IYLIHBIX OacceifHax MHIYCTpHAb-
HBIX ropoJoB YkpauHsl (Ha mpuMmepe Oecchl) ¢ IOMOMLIBI0 METOJOB HEJTMHEHHOTO IPOrHO3H-
pOBaHUs M TEOPUH Xaoca. UMCIEHHO MCCIIeI0BAHO Xa0THYECKOE MOBEIEHHE BPEMEHHBIX psi-
JIOB KOHLIGHTPALMHK JIMOKCUJIOB a30Ta U cepbl Ha HECKOJILKMX MOHUTOPHHIOBBIX ocTax Onec-
cbl. OOBIYHO, UIS MOCTPOCHHS COOTBETCTBYIOIIMX aTTPAKTOPOB HEOOXOAMMO ONPEICIUTD
BPEMEHHYIO 3aJIepXKKY M pa3MepHOCTb BiioxeHHUs. [lepBast onpesensiercst MeToamMmu aBTOKOP-
PeNAUMOHHON (GYHKIMU U yCpeTHCHHOW B3aUMHOM MH(OPMALIUH, a MOCIEAHSs PacCUUThIBa-
€TCA METOJIaMU KOPPEISINY Pa3MEPHOCTH M aITOPUTMOM JIOKHBIX Ommkaifmmix coceneit. Ja-
Jlee PacCUUTHIBAIOTCA KOPPENAIMOHHAs Pa3MepPHOCTh, pasMepHocTh Karnana-Hopka, mokasza-
termu JlsnyHosa, sutpornus Koamoroposa. B pesynbrare anann3a BpeMEHHBIX PSI0B 00HApY-
JKEHbI MPOSBICHUS HHU3KOPA3MEPHOTr0 Xaoca, JMAIOIIUE BO3MOXHOCTb 3(P(PEeKTUBHO CTPOUTDH
KPaTKOCPOUHBIii MPOTHO3 AMHAMUKH (IIyKTYyaluu aTMOC()EPHBIX 3arpsA3HUTEINICH.

Kniouesvie cnosa: xaoc, armocdepa, 3arps3HATENN, BpeMEHHAs JUHAMUKA, IPOTHO3.

Glushkov O.V., Khetsleius O.Yu., Bunyakova Yu.Ya., Bykmweenko N.,
Zh.l. Patlashenko Zh.I.Modeling and Forecasting of Temporal Dynamics of Pol-
lutant Concentrations for Atmosphere of an Industrial City (Odessa): Low-di-

mensional Chaos

Some research results of atmospheric pollutantsof@n and sulphur dioxides) con-
centrations of variation dynamics in air basinsofindustrial city (Odessa) by using non-li-
near prediction and chaos theory methods are pexke@haotic behavior in nitrogen and
sulphur dioxides concentrations time series atrag¥@dessa observation sites is numerically
investigated. Time delay and embedding dimensieruaed to reconstruct the corresponding
attractor. The first parameter is determined byhmes$ of autocorrelation function and avera-
ge mutual information, and the last one is caledldiy correlation dimension method and al-
gorithm of false nearest neighbors. Further, catieh and Kaplan-Yorke dimensions, and al-
so Lyapunov's exponents spectrum and Kolmogoromopytare computed. The existence of
a low-dimension chaos in time series has been fohaidprovides a possibility of short-term
forecast of atmospheric pollutants fluctuationsaiyics.

Keywords:chaos, atmosphere, pollutants, temporal dynarfuoscast.
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OLIHIOBAHHA JEKOPATHUBHOCTI MOXOIIOAIGHUX HA ITPUKJIAI
NNPEACTABHUKIB BPI0®J/IOPU MICTA KHEBA

Po3rissHyTO nUTaHHS OLIHIOBAHHS JEKOPAaTHBHOCTI MOXOMOAIOHUX Ul TIOTpeb caqoBo-
napkoBoro mucrentsa. [IpoaHanizoBaHO HasBHI METOAM OLIHIOBAHHS JEKOPATUBHOCTI pOC-
nuH. Ha ocnoBi Metony Korenooi-BuHorpagosoi po3po6ieHo opHriHaibHy METOINKY KOM-
TJIEKCHOTO JICKOPATUBHOIO OLiHIOBAaHHS OpioQiTiB. BuiieHO CK1a0Bi eJIeMEHTH 3arajibHOro
OLIIHIOBAHHSI JICKOPATUBHOCTI KOKHOrO Opiodita (ekopaTuBHICTh (OpMH pOCTY, 3a0apBiieH-
Hsl BEr€TaTUBHOI YaCTHHU, TEKCTYypa MOBEPXHI BEreTaTUBHOI YaCTHHH, JIEKOPATHBHICTh Bere-
TATUBHOI YaCTUHU Y CYXOMY CTaHi, ICKOPATHBHICTh TeHEPATHBHUX OPIraHiB) Ta BCTAHOBJIEHO
BiMOBiHI KoedilieHTH iX 3HauyIocTi. BHACTiIOK KOMIUIEKCHOTO JIEKOPATHBHOIO OLIiHIO-
BaHHs Opioduiopu Kuesa, 3a po3po6IieHOI0 METOAMKOIO, BCTAHOBIICHO, 1110 31 128 BUsBICHNUX
BUJIiB MOXOIOAIOHNX — npecTaBHUKN 60 € TOCUTh IeKOPATUBHUMU BUIaMH, 52 —3a10BiIbHO
JIEKOPAaTUBHUMH, 14 —BHCOKOAEKOPATUBHIMH, 2 —HHU3bKOAEKOPATUBHIMH. Po3pobieny me-
TOJMKY KOMIUIEKCHOTO JIEKOPAaTUBHOTO OI[IHIOBAaHHS MO>KHA 3aCTOCOBYBATH JUTS OL[IHIOBAHHS
JIEKOPATHUBHOCTI 1HIIUX MPEICTaBHUKIB MOXOMOIIOHHX.

Kniouogi cnosa: 6piodiopa, KOMIUIEKCHE OLIHIOBAHHS AEKOPATUBHOCTI, KPUTEPIi, MOX,
MOXOITO/Ii0HI, METOI.
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