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MOJEJIOBAHHA PO3ITOAIJNIB BMICTY 3ABPYJHIOBAJIBHUX PEYOBUH
B ATMOC®EPI METAIIOJIICIB (HA ITPUKIIAAI m. KUEBA)

[TpoBeneHo MOPiBHSUILHUY aHaATi3 MOJIeJIeil pO3MOAiTy BMiCTy 3a0pYIHIOBAIbHUX PEYOBUH B aTMOCGEPHOMY IMOBITPi
M. KreBa 3 BUKOpUCTaHHSIM MaKCUMAaJIbHO MPaBAONONiOHUX OLIIHOK MapaMeTpiB: HOPMaIbHOTO, JOTHOPMAJIbHOTO,
KOMITO3UIIIHHOTO 3 HOPMAaJIbHO PO3MOJiIEHUMU JOKATbHUMM CKIaA0BUMU, KOMIIO3ULIHHOTO 3 JOTHOPMAaTbHUMU
JIOKaJIbHUMU CKJIamoBUMU. JloBeeHO, 1110 OCTaHHi IBi MOJIEJi 1al0Th 3MOTY BUKOHYBAaTH CTiliKi OLIiIHKY TIJIOLI TTEPEeBU -
LIEHHS KPUTUYHUX MEX BMICTY HIKIUIMBUX PEUOBHMH. 3TiIHO 3 OLIiIHKaMU, CTaH 3a0pyIHEHHs aTMOCHEPHOTro MOBITPs
M. Kuena 3 2001 mo 2010 p. cyTTe€BO MOTipIIMBCS, OCOOIMBO 3a BMiCTOM MUY, TiIOKCUIY CipKM, JiOKCUIY a30Ty.

KniouoBi cioBa: atMocgepHe MOBITPsI, BMIiCT 3a0pyIHIOBaJIbHUX PEYOBUH, KOMITO3ULiTHO-HOpMaJibHA MOJIE/Ib, KOM-
MO3UIIiTHO-TOTHOPMaJIbHA MOJIeJIb, TPAHUYHO JomycTuMa KoHieHTpaitist ([1K).

Beryn. lopiyHO B ITOBITpSIHUIA OaceiiH Cy4acHO-
ro  Meramojicy 3 BHUKUIAMM  TMPOMUCIOBUX
MiAIIPUEMCTB i TPAHCIIOPTY HAAXOASITh COTHI, a iHOMI
W TUCSYi TOHH Pi3HUX IIKiIJIMBUX PEYOBUH. 3aJIeXK-
HO BiJl CKJIaly CITOJYK IMTPOMUCIOBUX BUKHUIIB, iX Ie-
PiOAMYHOCTI, BUCOTU, Ha SIKili BOHM 30ilCHIOIOTHCS,
a TaKOX BiJ KJIMaTMYHUX YMOB, 110 BU3HAYaIOTh
MepeHeCeHHsI, PO3CiloBaHHS BUKMUIiIB, i 0ararbox
iHImmXx hakTopiB (hOpMYETHCS PiBeHb 3a0pyTHEHHS
arMocdepu [6]. JJ1s1 MOJIMILIEHHS IKOCTi MOHITOPUH-
Ty TOBITPS CJig BYaCHO i OO’€KTMBHO OIIiHIOBATH
MOTOYHUI CTaH Ta IPOrHO3yBaTU 3MiHU y 3a0pyn-
HEHHI HaBKOJIMIIHBLOTO cepegoBuila. HeobxigHoIO
CKJIAIOBOIO € aJeKBaTHa MOIEJb PO3MOIiTY BMIiCTy
LIKiJUTMBUX PEYOBUH B aTMOC(HEPHOMY ITOBITPi MeTa-
nostica. Y Wi cTaTTi pO3IISSHYTO MOXIMBOCTI ONITHU-
MaJIbHOTO MOJEJIIOBAaHHS PO3IOAIIB BMIiCTy 3a3Ha-
YeHUX PEeYOBMH B aTMochepHOMY NoBiTpi M. Kuena.

3abpymHeHHsT aTMOC(epHOTO TIOBITPST BU3HAYaAE
¢dopMyBaHHSI SIKOCTi BCiX KOMITOHEHTIB HABKOJMIII-
HBOTO CEPEIOBUIIA, a TAKOX CTaH 3A0POB’ST HACEJIeH-
Hi. [IpoTe mopymeHHS HOPMaJIbHOTO CKJIaay IO-
BITPSIHOTO CEpEeOBUILIA MOXE BIUIMBATA HE JIMILIE Ha
3MIOPOB’s, a 1 Ha PiBeHb 3aXBOPIOBAHOCTI OpPraHi3My.
Tak, 3abpynueHHst atmocepn Kuesa mesikumu cro-
JIyKaM1 HaOyBa€ HE3BOPOTHOTO Xapakrtepy. [4].

3a manumu ExonoriunHoro macmopty M. Kwe-
Ba [1], “omHi€ro 3 HAMBaXKJIMBIIIMX €KOJOTIYHUX TTPO-
omem M. KueBa € 3abpymHeHHS aTMOCGEpHOTro IT0-
BiTpss”. Cepen OCHOBHMX JXKepes 3a0pymHCHHS
atMocdepu — TIEpPEeCyBHI JXepesa, 3 SIKUX Ieplie
Miclle 3aliMa€e aBTOTPAHCIIOPT, a TAKOX MiANPUEM-
CTBa €HEPreTUKM (TEIUIOENIeKTPOIeHTpai), OymiH-
IyCTpii, MAaIIMHOOYMiBHOI, XiMiKO-(hapMaeBTUIHOI,
Xap4oBOi MPOMHUCIOBOCTI. 30kpema, y 2010 p. 3a-
TaJibHa KiJIbKICTh BUKWAIB 3a0pyIHIOBAJbHUX pPEYO-
BUH B aTMOC(hepHe TTOBITPS Bill CTallioOHApHUX Ta Tepe-
cyBHuUx mxeped M. Kuesa cranouna 265,3 tuc. T [5].

© M.H. XKykos, I.P. Cmaxie, A.B. Kiuna
ISSN 1684-2189 TEOIH®OPMATHKA, 2013, Ne 2 (46)

Y 3a0pymHenHs atMocdepHOro moBiTpsg M. Kwmea
CTalliOHAapHUMHU JXEepeJaMy HaWOiIbIIMIA BHECOK
pobuate mignpuemcta eHepretuku (TEL-5, TELL-6
AK “KwuiBenepro”, ¢inian “3aBon «Enepris» Kuise-
Hepro”, I[IpAT “Exocranmapt”).

Mema 1poro NOCHIIXEHHS — BHU3HAYCHHS 3a-
CO0iB TiABUIIEHHS e¢(DeKTUBHOCTI MOACTIOBAHHS PO3-
MOIUTIB BMICTYy 3a0pyIHIOBAJbHUX PEYOBUH B aTMO-
chepromy moBiTpi M. Kuesa. HalimommpeHimmmum
MOJEISAMU PO3NOAiTY 3a0pyAHIOBAJIbHUX PEYOBUH €
KJJacMYHa TayCiBCchbKa (HOPMaJIbHUM 3aKOH) i JOTHOP-
MayibHa (Jtorapr¢MivHO HOpMaJbHUI 3aKOH). 3a pe-
gyabratramu  pocraimkeds 2001—2010 pp. aBropm
NI BUCHOBKY, 110 OOMABI MOJAEJi HE € YHiBep-
CUTBHUMMU, OCKIJIBKM HAJ€KO HE 3aBXIU aleKBAaTHO
OMUCYIOTh PO3IOAUIM PE3YIbTATIB BUMipIOBaHb. Bua-
JIe 3aCTOCYBaHHSI MOJEJIE KOMITO3ULIIMHOTO pO3MO-
Iy (KOMITO3UIIiTHO-HOPMAaJIbHOI Ta KOMITO3UIIiIAHO-
JIOTHOPMAJIBHOI) IIiJ 4Yac BHBUEHHS PO3MOMIiJIiB
BMICTY BaXKHMX METaJiB y MoBepXxHeBUX Boaax Iloi-
TaBCchKOi, YUepHiriBchbkoi obOmacteit [3] mamo MoX-
JIMBIiCTh 3aCTOCYBaTH 1Ii MOJENi JUIST PO3B’SI3yBaHHS
3a7a4i Ta MOPiBHATH iX 3 KIIACMYHUMU HOPMAJIBHUAM i
JIOTHOPMAJIBHUM 3aKOHaMU PO3IMOiTiB.

I1iapHICTh TAyCIBCBKOTO (HOPMAaJIbHOTO) PO3IIO-
Ty OMHOBUMIpPHOTO IMTOKa3HUKA & Ma€ BUTJIS

21 _(x=m)’
p(X)—m/%eXp( j

267
e m = Mg — MaTeMaTU4He CIOAiBaHHA &; 6 =,/DE —
cepenHe KBamparnyHe BimxuineHHs. DyHKITST po3mmo-
miny

F(X) :(D(—X_Maj,
(o}

ne O(x) — ¢yukuis (0, 1)-HOpMaIbHOTO PO3MOIITY
N(0, 1) (HOpMaJIBHOTO PO3MOATY 3 HYJIbOBUM Mare-
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MaTU4YHUM CIIOAiBaHHIM i
ciero) [2].

IIinbHICTH JOTHOPMAJIBLHOIO pPO3MOAUIY Mae€
BUTJIS,

OOWHWYHOIO IUCIIEp-

1 ~(Inx—p)*
P(X) = +/2n8x eXp{ 28°

0 , Akmo X< 0,

} , AK1o X >0,

e p= MiIng, 82 = DInE. @yHKIlig po3MoOAiTy

0 , ko X < 0,

F(x)= (D(In x—pj
0

, ko X > 0.

Jns aBromMaTM3allii BUOOpPY 3aKOHY pO3MOIiny
BUKOPHUCTAHO KPUTEPili HOPMaJIbHOCTI 3a aJibTepHa-
TUBW JIOTHOPMAJIBHOTO 3aKOHY, 3alpoIlOHOBaHWI
M. Kykosum [2]. Hyznboa rinoresa H, monsrae y
TOMY, IO 3aJlaHa BeJIMYMHA & K BMOipKa He3aleX-
HUX CIIOCTEPEXKEHD X,, X,, ... , X, MA€ HOPMaJIbLHUI PO3-
oI, AJIETEPHATUBOIO H, CIyrye JIOTHOPMAaJIbHUIA
3aK0H po3mnoniny. MMoBipHicTb rimote3n H, ouiHioe-
MO y BUIJISIII

P, =1/ (1+5"),

G _ 1n >
S:\,—, = [— . — X ,
S’ © VSTV
5= linl(mxi—ﬁ)z, ﬁziin“lnxi.
Ni=1 Ni=1

OuiHka iIMOBipHOCTI ajbTepHAaTUBY | TOpiBHIOE
p=1-p,. Axmwo p,>0,5, TO NIpUEMaEMO HYJIbOBY
rinore3y (HOpMajbHUI 3aKOH), a SIKILO P, <05, To
BOHA BiIXWJISIETHCS HAa KOPHUCTh aJbTepHATUBU (JIOT-
HOPMaJIbHOTO 3akoHy). [lJIsT OILiHKM mapameTpiB y
dopmynax (1) BUKOPUCTAHO METOJ MAaKCUMyMY TIpaB-
noroaioHocTi [2].

Mogaenb KOMMOO3WULIAHOTO PO3MOAIAY TIpPYyH-
TYETHCS Ha TAKOMY YSIBJICHHi. 3JHAU€HHS MMOKa3HU-
Ka B KOXHIN TOUIli 00’€KTa HOCIHimKeHHS (TOOTO
3a0pyTHEHHS IIOBITPS) SIBIISIE COOOIO0 BEJIWYNHY,
pPO3MOIIJIOM SIKO1 KEPYIOTh BUMIAAKOBI (DaKTOpU JIO-
KaJIBHOTO XapakTepy. BinmosimHo, Bapialis JJoKaib-
HOTO PO3MOIiJly € BITHOCHO HEBEJIMKOIO i 31€0ib-
IIOr0 MOXe OyTM OIlliHeHa 3a pPO3PaxXyHKOM.
JloxanbHi hakTOpM CKIAZAIOTHCS 3 METPOJIOTIYHO-
ro (BMITQAKOBA IMOXMOKa BUMIipIOBaHHS) Ta TpH-
pomxHOTO (JOKaJJbHA HEOOHOPIAHICTH 00’€KTa
mocrimkeHHs). Bkasawniii Mmomesni BimmoBimae Taka
CTPYKTypa I0JIs BUMipIOBAaHUX 3HAYEHb MOKAa3HUKA
3a0pynHeHHS (3 TPUB’SI3K0I0 A0 KOOPIWHAT Yy TO-
PU3OHTANbHIN TUIOIIMHI):

ac

(1)

nx y) =mx y) + A y) + (X, ¥),
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ne m(x, y) — OYHKIIIST MaTeMaTUYIHOTO CITOHiBaHHS,
III0 OTOTOXHIOETHCS 3 PETIOHAIBHOIO CKJIAJ0BOIO
moJist; ¢(X, y) — BUITaAKOBE I10JIe JTOKAJIBHOI CKJIaI0-
Boi; A(Xx, y) — y3dTa i3 3HAKOM TIOXMOKa BUMIpYy.
[ToemHaBILM CTOXaCTUYHI CKIaAOBi, ONEPXKUMO:

n(x, y) =m(x, y) +v(x, y),
ne y(x, y) — ctoxacTU4YHa (JloKajabHa), m(x, y) — TpeH-
IoBa (perioHaibHa) CKJIAIOBI.
OTXe, MAEMO TaKy CTPYKTYPY CIIOCTEpPEKEHHSI:

X =m+y, i=1l.n,

Jie m, — MaTeMaTU4YHe CIOAiBaHHS BMIiCTY 3a0pyIHIO-
BaJIbHOI PEYOBUHU B i-if TOYLIi; y, — Y34Te i3 3HAKOM
BiIXWJICHHS JIOKAJIBHOI CKJIAIOBOI Bil MAaTEMaTUYHO-
o CHOJiBaHHS PO3MOATY B Wi camiii Touli; n —
KUJIBKiCTh CIOCTEPEXEHb.

Y 3arajbHOMY BUINAAKY

Mx =m,oy, =f(m), i=1l.n,

ne fim) — GyHKUIA, 10 ONMUCYE 3alEXHICTh JIOKAb-
HOTO CepeIHbOTO KBaAPAaTUYHOTO BiAXUJIEHHS BiJ Ma-
TEMATUYHOTO CNOAiBaHHA. Mojesib KOMITO3MIIii JIO-
KaJIbHUX PO3MONUIB B Wi 3amayi OyoyeMO 3 TakKuXx
YSIBJIEHb.

[TozHaynMo S, Moy 4acTMHM 0O’€KTa HOCHi-
JUKEHb, SIKy TMPENCTaBIsE€ y 3arajibHiil BUOOPII CHO-
CTEPEXEHHS X; & — BMICT 3a0pyaHIOBaYa y JOBUIBHO
y34Tiii TOuli 00’€KkTa; & — HOro BMICT y NOBiUILHO
y34Tiii Touni miowi S. Buxoadayu 3 reoMeTpUYHOTO
O3HAYeHHS WMOBIpDHOCTI, MAa€eMO TaKWiA BHUpa3
GbyHKIIIi po3momily BMICTY:

FO=PlE< =Y o PlE <3 =) 0, F ()

ne o, =S/S; SZZS; F(x) — (dyHKLisA JTOKaJIbHOTO
i=1

posmnoaiay Ha riowi S, BianosinHo, IMiIBHICT PO3-
oA LTy

P9 = o B (X,

ne p(x) — ILUIBHICTH JIOKAJILHOTO PO3MOAiNTY Ha
miouti . ¥V pasi piBHOMipHOro po3TailyBaHHs TOYOK
BUMIipIOBaHb Ha IO JOCIiIXEHb

FOO=22 R0 pOXI= 2P0,

[IpoBeneHnii aHai3 MokKa3aB, 110 B OOrOBOpPIO-
BaHii 3aga4i UiJIKOM 3aJ0BUJILHOIO € JIiHiliHA almpoOK-
cumartiss pyHkil f{m):

f(m)= Am+B.

OuiHku KoedilieHTiB A Ta B MOXyTh OyTH Ofiep-
JKaHi B XOJi CITelliaJIbHNX €KCIIepMMEHTIB a00 MeTo-
JIOM MaKCHMYyMY MPaBaOTOAiOHOCTI.

Y 1boMy HOOCHIIXEHHI MPOBEAEHO IOPiBHSJIb-
HUM aHaJi3 MoJeJeld PO3MOAiay 3 BUKOPUCTAHHAM
MaKCUMAJILHO MPaBIOIOAIOHUX OL[IHOK MapaMeTpPiB:
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HOPMAaJIbHOTO, JIOTHOPMaJIbHOTO, KOMITO3UIIIHHOTO 3
HOPMaJIbHUMU JIOKaJTbHUMM CKJIaJOBUMU, KOMITO3M-
IIAHOTO 3 JIOTHOPMAJIBHUMM JIOKAJIbHUMU CKJIaI0-
BUMM.

Ouninku KoedimieATiB A Ta B 004YMCIIEHO 3a Me-
TOIOM MaKCHUMyMy IpaBmonoAioHocTi. Jns Moneni
Gaussian mixture jJorapudmM (QYHKIIII TTpaBaOIOmio-
HOCTi Ma€ BUTJISIT

n

_ 1 % B
L (AB)=In ;M+Bap{ 2(A>§+B)2j Inn.

J7s1 cyMu JIOTHOPMaJTbHUX CKIIAZOBUX OUCIIEPCist
Jorapudma BMICTy Ha o S,

2

B
A+— | +1},

(Am +B)’
] m

DIng, =1In +1|=In

oTXe, JorapudmM QyHKIIiT TpaBIOITOai0HOCTI

Posnonisiv BMiCTy WIKiIJIMBUX PEYOBUH B aTMO-
chepHomy moBiTpsg M. KumeBa 3a mepiom 2001—
2010 p. 3MoxenbBaHoO 3a faHUMU LleHTpaabHOI reo-
¢iznunoi oocepraropii MHC Ykpainu (LII'O MHC)
[7]. BuUKOHAHO MOPiIBHSUILHUM aHaJi3 MOJEJIEH 3 BU-
KOPUCTAaHHSIM MaKCHUMAJIBHO IPaBAOIOAIOHUX OIlli-
HOK TapaMmeTpiB: HOPMAaJbHOTO, JIOTHOPMAaJbHOTO,
KOMITO3UIIIHHOTO 3 HOPMaJIbHO PO3MOMiJIEHUMU JIO-
KaJIbHUMU CKJIAIOBUMM, KOMITO3UIIMHOTO 3 JIOTHOP-
MaJIbHUMU JIOKATbHUMHU CKJIAJIOBUMM.

ABTOPU PO3POOMIIN i TECTYBaJIM ITPOrPaMHMI MO-
IyJIb JJISI aBTOMaTU30BaHOI MOOYAOBM HEMapameT-
PUYHOI Ta MapaMeTPUYHUX OLIIHOK IIIJIBHOCTEH pO3-
MOAiIiB 3a JOMOMOIrOol OOrOBOPIOBAHUX MOAENEH,
a TakoXX IJIS Bizyallizallil IIiJIbHOCTEM po3Moaiay pa-
30M 3 aBTOMAaTMYHUM BMOOpPOM 3aKOHY PO3MNOALTY
KOXHOI1 KOMITOHEHTH.

[ToGypoBaHO HEMapaMETPUUYHY OL[IHKY IIIJIbHOCTI
po3noaiy Ta ii MaKCMMaJbHO NpaBAONOAiOHY HOP-
MaJbHy ampokcuMmaiiio (puc. 1, a), MakcuMaabHO

L. (AB)=In Z”: 1 5 NpaBAOMNOAiOHY JIOTHOPMAaJbHY ampoKCUMALlilo —
tog ~ Xi\/ln((A+B/ x)? +1) TE€X y 3iCTaBJI€HHI 3 HENApaMETPUYHOIO OLIHKOIO
LIIJIBHOCTI pO3MOIiJ uc. 1 ; allPpOKCUMMOBAHO
9
exp| - (Inx)? “Inn KOMITO3UUIMHUNA PO3MOAIT 3 HOPMAJIbHUX JIOKaJb-
2In((A+ B/ xi)2+1) HUX KOMIOHEHT (puc. 1, ) i KOMIO3UIIAHANA pPO3-
NoJia 3 JIOTHOPMaJbHUX JIOKAJbHUX KOMIIOHEHT
Ymax_vn / 7 \ Ymax vl / \
\ / T
@(xx,0) 20| / \ ﬁmo) 20 / \
GR(xx 1) )/ \ @) | 4 \
R(xx2) | \ i 7 N
A ] // \\\ L Ay B / 3 f//_‘:\\‘g,\
p_x(xx,o) \ POt = Exx,o) S L
wtm) / E /_)\ ™y ey | \
Lbap 7 i % Lten /! 7] ©
) /A & " N \\ o) / v \\ \
T s/ // O \\\ s // ! \\ 8
Lot . o s (/ | | \l\L\ _ ._\\“*L
2 o . 0.06 . 0.08 . ol . 02 0I4’ T‘I-\nl_ ;‘; 02 . & ’006 008 ol oz 0I47 06 ‘ﬂlﬁ 0z
g — xkg sy - xky
a 0
XfmeLzS Yimx VL
REx,0 R0
Tt 0 7 20
e N el
REx2 / R(xx2
ﬁxm) 15 // ‘4\. >/ /\ﬂ\ ﬁw \ 15
BT 77 Nevmhl et | e
plomis ) | |7 ING LY plangay | [
Plomixd // I % \ oy §
Pplom 3 = pkom (3 7
g0 ' / N N Fatd :
9 -4’/ A ' ‘\-:»L?_i}___l__ b o i ]
006 [0 01 a1z 014 0lé 018 02 i 006 08 01 012
X0 y x g x(p %
8 2

Puc. 1. Posnoain Bmicty muny (Mr/m?) B atMmochepHomy nositpi M. Kuesa (GR(xx, n) — ricrorpama, n=0 —y 2001 p., n=1—
y 2004 p., n=2 — y 2007p, n=3 — y 2010 p.): @ — HOpMalbHUI po3moain pn(xx, n); 6 — JOTHOPMAJIbHUI PO3MOMIIN
p_kom(xx, n); 6 — KOMNO3UUIHHUI HOpManbHUiI po3nofain p_kom_n(xx, n); ¢ — KOMINO3ULIMHMAI JOTHOPMaJbHUI PO3IMOAiT

p_kom_L(xx, n)
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Ms(Ip) 0-21
.l_
.|_

0.18 + t

0.15
Giiio + + T + + |
o = . LA L S
-I-u-ll- | t [ 4+ +
Gy + + * H + H#L ot
-|--|-0089 + T ‘|‘—"I= +=I=+ + o+ =
t+ , | + | |

0.06 4 _|__|_ + e - +

0.03

0 05 10 20 30 40 50 60
0 0 il Li2 , i3 n-1

Puc. 2. Bino6paxeHHst crnioctepexenb nmuiy: Gi(ii0) — cnocrepexennst 2001 p.; Gi(iil) — 2004 p.; Gi(ii2) — 2007 p.; Gi(ii3) —
2010 p.

2001 p. 2004 p.
03 0276
0200 0188 0,2006 02531
0,171 025
0,157
0160
02
0100
0120 007 : 015 |
0,080 1 014
0,040 1 0,05
0,000 + : T T T 0+ T T T
No Log Komp_No Korp_Log Gist No Komp_Log Gist
2007 p. 2010p.
08 08
' 0,7362 ' 07283 0,7187
0,6872
071 0,673 07
0,61 06
05 05
0,4 04
0,31 03
0,21 02
0,109
0 - 0
No Log Komp_No Komp_Log No Komp_No Komp_Log

Puc. 3. T'padiuHe BimoOpaxeHHsI OLIIHOK iIMOBIpHOCTEM MepeBUILCHHS (AKp = 0,1 Mr/m?): No — 3a HOPMaJIbHOIO alpPOKCUMALIi€I0;
Log — 3a norHopmaibHow anpokcumauieo; P_kom pN — kommosuiis 3 JoOKadbHUX HOpMalbHMX po3noainiB; P_kom pL —
KOMITO3UIIisl 3 JIOKAJIbHUX JIOTHOPMAalIbHUX po3mnoaiiiB; Gist — 3a yacToTol (riCTOrpaMoro)
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Tabauua 1. Ouinxu iimosipHocmeii nepesuuyeHHsA KPUMUHHOI meXci émicmy 3a6pyOHIOGAAbHUX pevosurH 6 ammocghepHomy nogimpi
M. Kuesa, 3a oanumu IITO y 2001—2010 pp.

Jomimka A K Pix No Log Komp_No Komp_Log Gist
0,1 0,15 2001 0,1005 0,109 0,157 0,171 0,1876
. 0,1 0,15 2004 0,2606 0,2259 0,264 0,276 0,2531
0,1 0,15 2007 0,7352 0,109 0,673 0,681 0,6872
0,1 0,15 2010 0,7283 0,7259 0,647 0,652 0,7187
0,01 0,04 2001 0,8342 0,8342 0,739 0,747 0,7366
Jiokenn 0,01 0,04 2004 0,9715 0,9563 0,979 0,978 0,9999
cipkn 0,01 0,04 2007 0,1335 0,8342 0,128 0,138 0,0998
0,01 0,04 2010 0,7465 0,6124 0,796 0,8 0,7879
0,013 0,04 2001 0,0219 0,0295 0,087 0,095 0,0878
Tliokemn 0,013 0,04 2004 0,9169 0,9076 0,88 0,879 0,867
azory 0,013 0,04 2007 0,0032 0,0295 0,0003 0,0015 0
0,013 0,04 2010 0,4431 0,3462 0,55 0,556 0,5876
15 3 2001 0,7367 0,6386 0,646 0,662 0,7056
OKeHL 15 3 2004 0,7245 0,6551 0,61 0,627 0,7533
BYTJIEI[IO 15 3 2007 0,4532 0,6386 0,405 0,43 0,426
15 3 2010 0,3038 0,2038 0,217 0,253 0,1728

Tabauua 2. 3nauenns IJIK 3a6pyonroeasvrhux pevoeun ¢ ammocgheprnomy nogimpi m. Kueea

KoHueHTparist, Mr/m° Knac
PeuoBuna
cepenHbponoboBa MaKCHMaJlbHa pa3oBa Hebe3MeKn
®dopmabaerina 0,003 0,035 2
Jliokcun a3ory 0,04 0,2 2
3aBuciti yacTo4KHU (IIHI1) 0,15 0,5 3
Jliokcum Cipku 0,05 0,5 3
OKCH/I BYTJICIO 3,0 5,0 4

Tabauua 3. Pe3yavmamu nepegipku Hyab060i zinomesu npo HOPMAAbHUL po3nodia émicniy 3a0pyOHIOBAAbHUX PeHO8UH 6 ammocgep-
Homy noeimpi m. Kueea, 3a danumu IITO 2001—2010 pp.

Jomimka |N Pik |AA, |E/E, |Binmosinnicts|Jomimka |N Pik |AA |[E/E,, |BimmoimHicTs

rimoresi rinoresi

7095 |2001 0,373 |0,026 Tak 12067 |2001 (0,059 |0,446 Tak

[T 8126 2004 |0,572 (0,201 " Tiokeun |12590 (2004 10,276 |0,387 "
8399 2007 |0,912 |0,162 " azory (13048 |2007 (1,231 (0,658 Hi

7871 |2010 |1,018 |0,244 Hi 11981 |2010 (0,819 |0,049 Tak
12210{2001 |0,059 |0,446 Tak 9345 (2001 |0,118 (0,511 "

Tliokeuy |12590(2004 0,276 |0,387 " Oxcup |9967 {2004 10,569 (0,295 "
cipkn  (13048|2007 (1,231 |0,658 Hi Byryento |6991 (2007 [0,804 (0,181 "
119812010 (0,819 (0,049 Tak 9592 (2010 {1,369 |0,69 Hi

[Ipumimka. Tyt i B Taba. 4: N — KiJIbKiCTh CITOCTEPEXEHb; A/AKP,

E/E,, — BIIHOLICHHs OLHOK KOeQiLli€HTIB acCUMETpii Ta eKcLecy
0 KPUTMYHUX MEX, OOUMCIEeHMX 3a piBHs 3Hauyinocti 0,05.

Tabauua 4. Pesyavmamu nepegipku Hyabogoi zinomesu npo 102HOPMAAbHUL Po3nodia émicmy 3a06pyOHIOEAALHUX PEHOGUH 8 AMMO-
cihepnomy noeimpi m. Kueea, 3a oanumu IO 2001—2010 pp.

Jomimka |N Pik |A/A, |E/E,, |BinnosinHicts |domimmka [N Pik |AA, |E/E, |Bimosimicts
rimoresi rinore3u
7095 2001 |-0,027|-0,201 Taxk 12067|2001 (0,038 |0,454 Tak
8126 |2004 |0,238 |-0,414 " Tliokenn |12590(2004 (0,432 (0,375 "
TTun 8399 2007 |0,576 |-0,113 " asory [13048|2007 |1,685 |1,405 Hi
7871 |2010 (0,727 |-0,096 " 11981|2010 (1,187 |0,366 "
12210/2001 {0,038 |0,454 " 9345 12001 (0,331 (0,434 Tak
Tiokewy |12590|2004 (0,432 (0,375 " Oxcup 9967 |2004 0,038 0,367 "
cipkn  |13048/2007 |1,685 |1,405 Hi ByrIemo |6991 2007 (0,139 0,249 "
11981/2010 (1,187 |0,366 " 9592 12010 (0,443 (0,014 "
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(puc. 1, ). Obcsr cTarTi 0OMEXy€E MOXKIUBICTD MO-
JaTA pE3yJIbTaTU CTAaTUCTUYHOrO aHalidy ycix 3a-
OpYIHIOBAIBHNX PEYOBUH (MiIOKCUIY CipKU, TIOKCH-
Iy 30Ty Ta OKCHMIy Byrjelro). st HuX nmpoBeneHo
OJIHAKOBi mpoueaypu ob6poOku. BUCHOBKU BUSIBU-
JIMCS iTEHTUYHUMM TUM, 110 HaBeneHO Hirkue. Pe-
3yJAbTaTH BUMIPIOBAaHHS BMICTy Ty ITOJaHO Ha
puc. 2. Ha ocHOBi omepXaHWX alpoKCUMalliii 00-
YHUCJIEHO OIIHKHW IIJIOI, A€ PiBeHb KPUTUYHUX MEX
nepeBuineHn (puc. 3).

3a ganmMmu puc. 1 MoxHa 3poOMTH BHCHOBOK,
0 HaWKpalIMMM € KOMITO3UIIilHI Momeni (8, &),
ripioo — JIoTHopMajbHa Moaenb (6). Lli BucHOBKM
MATBEPAXKYIOTHCS pe3yJibTaTaMU 3aCTOCYBaHHS KpU-
TepiiB 3roaud, a TaKoX OLIHKAMM ILIOL TepeBU-
IIIEHHS TPaHWYHUX KOHIIEHTpallill Ta iX 3iCTaBJIEH-
HSM 3 MIPSIMOIO OLIIHKOIO 32 YaCTOTOIO MEePEBUILIEHHS

(puc. 3). Bim3HauaeTbcg Bpaxarue 30iUIBIICHHS
TUIONI 3 ITiABWUIIEHWM BMIiCTOM IIHUTY TIPOTSITOM JIO-
caigxyBaHoro nepioay. g inrocTpaliii BUKOpUCTa-
HO KpUTHYHY MeXy D, Ha piBHI 0,1 Mr/mM3 BoHa
nepesuineHa y 2010 p. va 71 % mioiui, Tomi K y
2001 p. — qumre Ha 19 % 1oromi. He MeHmn mpuro-
JIOMIIYIOYi JaHi OTPUMAHO CTOCOBHO iHIIMX 3a0py/ -
HIOBaJIbHUX pedoBUH (Tabn. 1). [lnoma, ge kputud-
Ha Mexa U1 BMICTy HiOKCHUAY CipKM CTaHOBMUTb
0,01 mr/m3, 306impmmnace 3 2001 p. y 1,05 paza —
374 mo 78 %, Tomi fAK IUIOLIA, A€ KPUTHYHA MexXa
niokcuay azoty craHoButh 0,013 mr/m3, 30imbiam-
jach Maiixe y 6,5 paza — 3 9 no 59 %. I'oinoBHOIO
MPUIMHOIO MOTIPIIEHHS SIKOCTI aTMOC(hEPHOTO IT10-
BITpSI € TepecyBHI JIKepeya, 3 SKHX Ieplle Micie
3aiiMaOTh aBTOTPAHCIIOPT, a TaKOX MiIIIPUEMCTBA
CHEPTETUKMU.

Tabauua 5. Pesyavmamu nepegipku cinomes npo HOPMAAbHICMb MA A02HOPMAALHICHIb 3a CepeOHimM aOCOAOMHUM 3HAYEHHAM

Jlomimika Pix dn d. Jlomimka | Pik d, d.
2001 | -0,474 | -0,59 2001 | 0,532 | 0,595
2004 | 0,2 0436 | Jliokens | 2004 | 0111 | 0,014
T 2007 | -0,292 | -0,083 | asory 2007 | 0,756 | 1,3
2010 | -0,096 | 0,389 2010 | 0,154 | 0,656
2001 | 0,532 0,595 2001 | 0,694 | 0,426
Tiokews | 2004 | 0111 | 0014 | Oeny | 2004 | 0083 | 0212
cipku 2007 | -0,7%6 | -1,3 Byrero | 2007 | 0,28 0,159
2010 | -0,154 | -0,656 2010 | 1,277 | 0,813

IIpumimka. BinHOLLIEHHSI HOPMOBaHOIO

IUIl HOPMaJIbHOTO 3aKOHYy, d,

CyINepeyHiCTh CIOCTepeXeHb TiloTe3i.

CepeHbOTO a0COIIOTHOIO 3HAYEHHSI
— JUIsl JIOTHOPMaJIbHOrO. BUKOHaHHS ymoBM |d|>1 O3Hauae BiIXMJEHHs TilOTE3W NPO HOp-
MaJIbHICTh, @ YMOBH |d,|>1 — rimoTe3u mpo JIOrHOPMAJbHICTb.

10 KPMTMYHOI MeXi 3a piBHsa 3Hauywocti 0,05: d, —

KupHum wpudToM BUAIIEHO 3HAYEHHSI, SIKUM HE BilMOBigae

Tabauusa 6. Pezyavmamu nepegipku zinomesu npo 102HOPMAAbHUI 3AKOH PO3N00iAy 34 AAbIMEPHAMUGU HOPMAAbHO20 3AKOHY

Jlomimika | Pik P Jlomimika | Pik P
2001 | 0,589 2001 | 0,297
Mun 2004 | 0,781 | Hiokcun | 2004 | 1,0
2007 | 0,853 | asory 2007 | 0,947
2010 | 0,894 2010 | 1,0
2001 | 0,297 2001 | 1,0
Jliokcun 2004 | 1,0 Oxkeut 2004 |10
cipku 2007 | 1,0 syrnemo | 2007 | 0,583
2010 | 1,0 2010 | 1,0
Ipumimiku. IMOBIpHICTb HaAJEXHOCTI BUOOPKU: P, — 10 JIOTHOPMAJbHOrO 3aKoHy; P, = 1 — P, — 10 HOPMaJIbHOTO 3aKOHY.

Tabauua 7. Kpumepiii 3200u 3a memodom maxcumavHoi npagoonodibnocmi 04s KOHKYpyrouux zinomes: HopmaavHoz2o 3axomny (N),
aoznopmanvnozo (LN), xomnoszuuiinoi nopmaavnoi modeai (KN), komnosuuyiinoi aoenopmarvnoi mooeai (KL)

Jomimka | Pik Pz 3akon | Jomimka | Pik P 3aKkoH
2001 | 0,254 | KL 2001 | 0,115 | KL
T 2004 | 0,416 | KL Jiokeun | 2004 | 0,497 | KL
2007 | 0,484 | KL azoTy 2007 | 0,51 | KN
2010 | 0,518 | KL 2010 | 0,507 | KL
2001 | 0,115 | KL 2001 | 0,432 | KL
Jliokenn 2004 | 0,497 | KL Oxcun 2004 | 0,469 | KL
cipkn 2007 | 0,51 KN Byriemnto | 2007 | 0,279 | KL
2010 | 0,507 | KL 2010 | 0,525 | KL

Ipumimrku. P, — MakcuMalibHi OeifeciBCbKi MMOBIPHOCTI BiANOBIZHOCTI 3aKOHY (Mogeni). ZKUpHUM WIPUGTOM BUIIIEHO HailiMo-

BipHillle BU3HAaHY KOMIO3MUiiiHY JIorHOpMaibHy Mozenb (KL),
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3aMpoNOHOBAaHY aBTOPAMU.
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J71s1 OLiHKKM TWHAMIKU 3a0pymHEHHST aTMocdep-
HOTO TIOBITPSI MPOBEAEHO OILIHKY IUIOLI, Ha SKMX
BMICT 3a0pYyIHIOBAJIbHUX PEYOBUH IEPEBUILYE KPU-
TUYHI MeXi (Tabm. 1).

Y Tabn. 2 HaBemeHO Mepesiik 3a0pyTHIOBAJIbHUX
peuoBnH, I'JIK i k1ac HeOe3meku. 3TiZHO 3 KJIaCOM
HeOe3MeKy, HaWIIKIIJUBIIIOK CKJIagoBOI0 3a0pyi-
HeHHsT aTMocdhepHoro ToBiTpst Kresa € okcua ByT-
sewro (4-i Kmac).

KinbKicHy OILIIHKY CTyHE€HsI afeKBaTHOCTI MoOJe-
JIell pO3IOAUIYy MPOBEICHO Ha OCHOBI KpUTEpPiiB 3a
METOIOM MOMEHTIB, CEPEAHIM aOCOJIOTHUM 3HAYEH-
HIM [2] i KpuUTepiEM HOPMAJIBHOCTI 3 aJbTepHATH-
BOIO  JIOTHOPMAJbHOTO  3aKOHY. BcTaHOBIEHO
(Tabu. 3—7), 1110 HOPMaJIBHUI Ta JTOTHOPMAaJIbLHUH 3a-
KOHU BMICT 3a0pYAHIOBaJIbHUX PEYOBUH ONHUCYIOTH
HaITO HAOMMXeHOo. 3a pe3yabTaTaMM rpadivHuX O1li-
HOK pO3IOIiNiB, TMOMIOHMX HaBEOAeHWM Ha puc. 1,
SKICTh alpOKCUMallil KOMIO3ULiHHO-JIOTHOPMaJIb-
HOIO MOJEJUIIO CYTTEBO Kpallla, HiX iHIIUX MOIEJICH.

BucnoBku. I3 HaBegeHUX BUKOPUCTAHUX MOJEJIEN
pO3IOIiay BMIiCTy 3a0pyIHIOBaJIbHUX PEYOBUH B aT-
MocdepHoMy moBiTpi M. KmeBa Halikpammmm Bus-
BUJINCS KOMITO3UIiHHO-JIOTHOPMaJIbHA Ta KOMITO3M-
LiiHO HOopMaibHa Mogaeni. Lli Moxmesni malTh 3MOTy
BUKOHYBATH CTilKi OLIiIHKM IIJIOII ITePEBUILIEHHS KPU-
TUYHUX MEX BMICTY 3a0pyIHIOBAIBHMX PEYOBUH.
ILtomi mepeBUIIEHHS KPUTUYHUX MEX BMICTIB 3ra-
JaHUX PedYOBUH 306ijbLimaKcs 3 piBHIB 9—74 % vy
2001 p. mo 59—78 % y 2010 p. HeratuBHa nmHaMika
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MOJEJIMPOBAHUE PACIIPENEJTEHUI COIEPXKAHUA 3ATPA3ZHAIONINX BEIIIECTB
B ATMOC®EPE METAITOJINCOB (HA ITPUMEPE r. KNEBA)

[IpoBeneH cpaBHUTEIBHBIN aHAIM3 MOJIEJIeH pacipeaesieHsI COAePXKaHMS 3arpsI3HSTIONINX BEIIeCTB B aTMOCchep-
HOM Bo3ayxe I. Krepa ¢ MCrojib30BaHHEM MaKCMMAaIbHO TTPaBIOITOAO0OHBIX OLIEHOK MapaMeTPOB: HOPMAaJIbHOTO,
JIOTHOPMAaJIBHOT'0, KOMITO3ULIMOHHOTO ¢ HOPMAJIbHO pacIpeaeIeHHBIMU JTOKATbHBIMU COCTABJISIOLINMMU, KOM-
MO3ULIMOHHOTO € JIOTHOPMAJIBHBIMU JIOKAJTbHBIMUA COCTABIIIOIIMMHU. JloKa3aHO, YTO IMOCIEIHNAE ABE MOICIH
MO3BOJISIOT BBIMOJHSTh YCTOMYMBBIC OLIEHKH TIIOLIANEH TTPEBBIILIEHNST KPUTUYECKUX TPAHULL COICPKAHMUS BPeI-
HbIX BenlecTB. COmacHO OLieHKaM, COCTOSIHUE 3arpsi3HeHUst atMocdepHoro Bozayxa r. Kuesa ¢ 2001 mo 2010 r.
CYIIECTBEHHO YXYIIIIMJIOCh, 0COOCHHO O COMEPKaHUIO MBLIN, TUOKCHIA CePhl, TMOKCHIA a30Ta.

KiroueBble cioBa: atMochepHbIi BO3IYX, COAEPKaHUS 3arps3HSIIOIIMX BEeILECTB, KOMITO3UIIMOHHO-HOPMaIbHast
MOJIeJIb, KOMITO3UIIMOHHO-JIOTHOPMaJIbHAsI MOJIEJIb, MpeebHO nonyctumMast koHueHtpauus (ITAK).
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M.N. Zhukov, I.R. Stakhiv, A.V. Klypa

MODELING OF THE POLLUTANTS CONTENT IN THE MEGAPOLIS ATMOSPHERE
(BASED ON KYIV DATA)

68

A comparative analysis was carried out of pollutants content distribution models in the air of Kyiv, with the most plausible
estimates of the parameters, such as normal, lognormal, composite with normally distributed local ingredients, and
composite with lognormal local ingredients. It is shown that the latter two models can produce stable estimates of areas
where critical limits of harmful substances are above the norm. The assessments in Kyiv were made in period of 2001
trough to 2010. It is shown that the state of air pollution in Kyiv from 2001 to 2010 has worsened, especially as regards
dust, sulfur dioxide and nitrogen dioxide.

Keywords: air, pollutants content, composition normal model, composition lognormal model, maximum permissible
concentration (MPC).
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