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TepHOIiABCEKUY HAIIOHAABPHUY €KOHOMIYHUM yHiBEpPCUTET

IHTEPBAABHE OLITHIOBAHHS 3BHUTKIB
HABKOAHIITHBOMY CEPEAJOBHIILY BHACAIITIOK
OISAABHOCTI ABTOTPAHCIIOPTY

AHOTALIA. lNpoaHanizoeaHo MemoOuKy po3paxyHKy eukudig 3abpyOHIYUX
peyosuH y nosimpsi 8id mpaHcriopmHux 3acobis.” OnucaHo memodornozito oui-
Hro8aHHS1 36umkie A08Kino Ha 0CHo8i MemoQdy napamempuyHoi ideHmucbikauii
TiHIGHUX QUHaMIYHUX cucmeM 3 aHarsi3oM iHmepeasibHuUx 0aHux. Po3ansiHymo
anzopumm pearnisauyii Memody npu modesitoeaHHi OuHamiku 36umkie eHacniook
disanbHOCMi aemompaHcriopmy.

AHHOTAUUA. MNMpoaHanusuposaHo MemoduKy pacdema yposHs 8bI6pocos 3a-
epsA3HAUWUX 8eujecme mpaHcrnopmHbiMu cpedcmeamu 8 ammocgpepy. Onu-
caHo MemoQ0os102UK OUeHUBaHUSI ybbimKog OKpyxatowel cpede C MoMoWbio
memoda napamempuyeckol udeHmucbukayuu JSIUHelHbIX UHaMUYeCKUX Cuc-
mem ¢ aHanu3oMm uHmepsasbHbiX OaHHbIX. PaccmompeHo aneopumm peanu-
3ayuu memoda npu moodenuposaHuu OUHamuku ybbimkos ecnedcmeue Oesi-
meJsibHOCMuU agmomobuibHO20 mpaHcrnopma.

ANNOTATION. The methodology for calculating emissions of pollutants into the
air from vehicles was analyzed in the article. The methodology of assessing
environmental damage on the basis of parameter identification of linear
dynamic systems analysis of interval data method was examined. The
algorithm of the method while modeling the dynamics of the losses due to
transport was applied.

KITKOYOBI CJIOBA: exoHomiuHi 36umku QoeKirnsto, iHmepsarbHi ouiHKu, OuHa-
Mi4Ha Modesib, eapaHmoeaHi Mexi WoOeHHUX 36umkie.

Beryn

ABTOTPaHCHOPTHI MOTOKH BEJIMKUX MICT CTBOPIOIOTH IpoOiemMy
3a0pyIHEHHSI JTOBKULISI, OCOOIMBO atMoc(epy MIKiIIMBUMU BHKH]IA-
mu. [IpoGiiema 3a0py/THEHHS TOBKULISA € HE TUIBKU €KOJIOTIYHOIO, ale
i eKOHOMIYHOI, OCKIJIbKM TIJBUIICHHS KOHIEHTPAIIHd IIKIITUBUX
BUKHIIIB B aTMoc(epi MpU3BOAUTH O MiJBUIICHHS 3aXBOPIOBAHOCTI
HACEJICHHS, IPUCKOPEHOT0 PYyHHYBaHHS MaTepiajJbHUX IIIHHOCTEH Ta
OyaiBenb, MoripimeHHs cra”y ¢iaopu Ta ¢dayHu. I miInpuemMcTB-
3a0pyAHUKIB JOBKIJUISI iCHYIOTh CTaHJAPTHI METOJMKH OI[iHIOBAHHS
o0cATy MIKIIJIMBAX BUKUAIB B aTMOC(hepy 1 po3paxyHKy IUIATESKIB 3a
Bukuau. OpHi€0 3 Takux € «MeToauka po3paxyHKy po3MIpiB BiJl-
IIKOTyBaHHS 30MTKIB, SKi 3aMOisHI AepKaBi B pe3yJbTaTi HaIHOpMa-
TUBHUX BHUKHUAIB 3a0pyIHIOIOUHMX PEYOBHUH B aTMoc(epHe MOBITPS»,
0 3aTBEp/DKCHAa Haka3oM MiHICTepCcTBa OXOPOHU HABKOJHUIIIHBOTO
npupoHoro cepenoBuina Ykpainu 10 rpyaas 2008 p. Ne639. V naniit
npaiii 3po0JeHo MPUITYIIEHHs, 0 JaHa METOAMKa nepeadavae BCTa-
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HOBJICHHSI pO3MIpy CIUIaTH 32 BUKHJIU B €KBIBAJICHTI HAHECEHUM €KO-
HOMIYHUM 30UTKaM HOBKULTIO. TakuM 4MHOM, EKOHOMIYHI 30MTKH Bif
3a0py/IHEHHs] IPOMUCIOBAMY MIANPUEMCTBAMH CKBIBAJIICHTHI IU1aTe-
KaM 32 BUKMJM | MOXYTb OyTH PO3paxOBaHi 3a CTAHAAPTHOK METO-
mukoro [1]. Habarato ckmanmHima cuTyallis i3 aBTOTPaHCIOPTOM. 3
TOUYKH 30py TEOpii CUCTEM, Ha BIAMIHY BiJl BUMAJKY 3 MiANPHEMCTBA-
MH, aBTOTPAHCIIOPT CJIiJ PO3IVISAATA K PO3HOAUICHNH 00’ekt. Ilpn
LbOMY, SIK 3a0pyAHEHHSL, SIKI MOXHA PO3paxyBaTH 32 METOAUKOIO PO3-
PaxyHKy BHKHAIB 3a0py/IHIOIOYMX PCYOBUH Ta MAPHUKOBHX Ta3iB y
MOBITPSI BiJl TPAHCIIOPTHHUX 3aCO0IB, TaK i HAHECCHI CKOHOMIYHI 30HT-
KA JOBKULTIO CIIJI PO3MOAUIATH MK TPAHCIIOPTHUMHU OJUHUIIIMHU.
OueBuaHO, 1110 B JAaHOMY BHUIAJKy 00CSTH 3a0py/IHEHb 1 30UTKH J0B-
KULTIO OyIyTh 3aJie)kKaTH HE TUIBKU BiJI XapaKTEPHCTUK aBTOTPAHCIIO-
PTY, aJie i BiJf TepUTOPii pO3NOIiTY aBTOTPAHCTIOPTHUX OAMHHUIIb, 4aCy
J00H, TOTOJHUX YMOB TOIIO.

3 iHmoro 00Ky, OCHOBHAM HEJOTIKOM ICHYIOUHX METOAHMK po3pa-
XyHKy 3a0pyIHEHb € Te, 110 BOHH He CIUPAIOThCs Ha pealbHy J1abopa-
TOpHY 6a3y, sIKa € B HAsBHOCTI MICBKHX CaHITapHO-CIIIAeMIOJIOrTYHNX
CTaHLl, a nepeAdadaroTh BUKIIOYHO BUKOPUCTAHHS IHTEIPOBAHNUX 110~
Ka3HHUKIB TIO aBTOTPAHCIIOPTY. Honi6Huit mizxiz onmcaHo B mpaui [2].
Ha ocHOBI faHOi METOAMKY NPOBE/CHO OLIHKY 30MTKIB JOBKULIIO aB-
TOTPAHCIIOPTOM Ha NPUKIIAJ] LWIKIIMBOI PEYOBUHU APYrOro Kiacy He-
Oe3rnekn — MiOKCUIy a30Ty. BoHa 0a3yeThcs Ha BH3HAYCHHI 00’ €MIB
BHKHJUB 3a0py/IHIOKOUHX PEYOBHH 1 NAPHUKOBHX Ia3iB Ta iX MepepaxyH-
Ky B 30UTKH, BUP2XCHI B TPOIIOBOMY EKBIBAJICHTI, 3 ypaxyBaHHSIM
KJ1acy HeOe3MeKH pPEYOBHHH, IMPOMHUCIOBOTO 3HAYEHHS HACEIEHOTO
IYHKTY, BIANOBITHO 1O «IHCTPYKIil IpO MHOPSIOK OOYHMCIECHHS Ta
criaty 300py 3a 3a0pyJHEHHsI HaBKOJMIIHBOTO MPUPOTHOTO CEepelo-
BUIIIa», 3aTBEP/DKCHOI CIIJIbHUM HakazoMm MinekoOe3neku Ta [IITA
Nel162/379 Bin 19.07.99 p. [3]. Basosoro iHpopMmaLi€ro 1yt pO3paxyHKy
BUKHJIIB 320pYAHIOIOUNX PEUOBHH Ta MAPHUKOBUX Ta3iB € CTATUCTUYHA
iHopmartis moA0 0OCATIB BHKOPUCTAHHS [EPECYBHHMH TPAHCIIOPT-
HUMH 3aco0amu nasmBa (OCH3MHY aBTOMOOLTBHOTO, Ta30MIIIB (TU3EITh-
HOTO Manuea), repeAdaueHa JepKaBHUMHU CTAaTUCTHYHAMH CIIOCTepe-
JKCHHAMH, Ta ITATOMI BUKHM 3a0PYAHIOIOYMX PEYOBHH i MAPHHKOBHX
rasiB B aTMOC(bepy BiJI CIIOXKMBaHHS OJIHIE€T TOHHH MAJIUBA, PEKOMEH10-
BaHi MiHICTEpCTBOM OXOPOHHM HABKOJHIIHBOTO MPHUPOJHOTO CEepelo-
BUIIA. 3pO3yMiJIO, IO CTAaTUCTUYHI JaHi (KUIbKICTh TPAHCHIOPTHUX 3a-
co0iB, SIKi 3HAXOMATHCS y NMPHUBATHIN BIACHOCTI HACEICHHS y MiCTaXx,
CeNUIIIax MiIChKOTO THIYy Ta CLIbCHKIM MICIIEBOCTI (32 MicIeM iXHBOT
peecTpallii); cepenHbOpiYHE CIIOKMBAHHS TajMBa OJHHM TpPAaHCIIOPT-
HUM 3aC000M; YHCENbHICTh HACEJICHHS Y PETiOHI, HACEJICHOMY ITyHKT),
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Ha sIK1 CIIMPAETHCSI METOJMKA € HE 3aBXKJIU TOYHUMH. ToMy Ipo TOY-
HICTb caMOl1 METOAUKH TeX FOBOPUTH Baxxkko. KpiM Toro, r1aHa craTuc-
THYHA iHpOpMALis He BiloOpaxkae peanbHOI KapTUHU PIBHS 3a0py/iHe-
HOCTI aTMOC(EPHOTO HOBITPsL. AKE, Y PI3HUX YaCTHHAX OJHOTO i TOro
K MiCTa piBeHb 3a0pyaHeHHs Oy/ie pisHuM. Lle 3a1exKuTh Bij IHTCHCHB-
HOCTI PyXy TPAaHCIIOPTHUX 3aC00IB, BiJ PIBHS NPOBITPIOBAHOCT] YaCTUH
MICTa, BiJl MOTOJAHMX YMOB Ta iH. HaBeneHa MeTomuka yHEMOXIIMB-
JI0€ pO3paxyBaTH AMHAMIKY 3MiHM 3a0pyJHEHb Ha IMpOTA3i MEBHOTO
nepioxy.

Tomy noctae 3aaua po3poOUTH OUIBII TOYHINIY METOAMKY, sKa O
GasyBanach Ha pealbHUX BHMIPIOBAHHSIX KOHLECHTDALiM LIKIJUIMBAX
pedoBHH, BijoOpaxana 6 AMHaMIKy 30MTKIB Ta YMOXIIMBIIIOBAIA BU-
3HAYaTH 00CArH 30UTKIB HAa Oy/b-sSKHX YaCOBHX IHTEpBANax, 1 Ha L
OCHOBI J1aJ1a MOKJIUBICTb IIPOBECTHU aJICKBAaTHUH PO3MO/ALT BINOBIaIb-
HOCTI 32 HaHeceHi 30uTku. Came Il akTyalbHIN 3a7adi MpUCBsUEHA
JlaHa TIpars.

ITocranoBka 3axaui

PosrissHeMo 3amady MoJeNrOBaHHS JHUHAMIKH €KOHOMIYHHUX 30HUT-
KiB, MIOB’SI3aHUX 3 3a0pyJHEHHSAM KOHIIEHTPALIsIMHU LIKIUIUBUX PEdO-
BUH YHACIIJIOK JisUIBHOCTI aBTOTpaHcropTy. O4eBUAHO, 110 J1aHa MO-
JIeNIb HE MOXe OyTH JeTepMIHOBAHOIO B CHJIy CTOXAaCTUYHOCTI Ta HE
CTaIliOHAPHOCTI npoueciB 3a0py/JHCHHS Ta HAsBHOCTI MOXHOOK BUMi-
PIOBaHb KOHUEHTPALLiH [IKIVIMBAX PEUOBHH Yy HpOCTOpl Ta Yaci.

Binomo, 1110 moxuOKu BUMIPIOBaHb KOHLUCHTPALIN LIKIJUIMBUX pe-
YOBHH y Cy4aCHHUX CHEKTPOaHAIi3aTopax 3a YMOB HE CTaI[lOHAPHOCTI
NPOIIECIB MOUIMPEHHS 3a0pyTHEHb € JIOCTaTHhO 3HAYHUMH 1 CSTAIOTh
50 %. 3a muX yMOB JOLUIBHO PO3AUTUTH 3a/1a4y MOJEIIOBaHHS JAWHA-
MIKH CGKOHOMIYHHX 30HMTKiB — HACIIAKIB 3a0pynHCHHs arMocthepu
LWIKIUTMBAMA BUKHAMH aBTOTPAHCIIOPTY Ha JBI 3aJadi: 3ajady OL-
HIOBaHHs 30UTKIB 3a pe3yibTaTaMM BUMIDIOBAHHS KOHLEHTpALLiif
IIKIJTMBUX BUKHIIB 3 OOMEXEHUMH 32 aMILTITYI0I0 IIOXHOKaMH, sIKi B
OCHOBHOMY BM3HAYaIOTHCSl MOXMOKAMH CIEKTpOaHai3aTopiB; 3a7ady
Oe3rnocepeIHFOr0 MOJCTIOBAaHHS IWHAMIKH 30MTKIB 32 YMOB 3a0e3re-
YEeHHsl NPOrHO3YBAHHS L€l AMHAMIKH, KA BU3HAYA€THCS TOYHICTIO
OTPHMaHUX 32 PE3yJbTaTaMU CIIOCTEPEKEHb OIIHOK 30UTKiB. Takumit
miaXi1 00yMOBITIOE JIUIsl PO3B’SI3yBaHHA 3aa4i MOJCIIOBAHHS JUHAMI-
KM 30UTKIB BUKOPUCTAaTH METOAM aHaNi3y IHTEpBAJIbHUX JaHUX Ta,
30KpeMa, METOAM iMeHTU(IKAMii TUCKPETHUX TUHAMIYHUX CHCTEM,
omnucani y mpansx [4, 5]. 3ayBaxumo, 10 4ac AUCKpETH3allii MOXHa
BUOpAaTH y TaKui CTOCiO, 00 piBHIHHS TUHAMIKK OyIH JiHIHHIMH.
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Buxonsum 13 3a3HayeHOro, MojeNni JUHAMIKKM 30UTKIB OyaemMo
OTHMCYBATH JITHIHWHUMH PI3HUIIEBUMH PIBHIHHIMH:

T = =T =
X1 =& X T4y Uy

xik+1:§1'7"xk+éir'ﬁk, kZO,N_l, (1)

_ =T = =T -
Xk+1 = m " % +qm U

a B3a€MO3B’ 30K MK MUTTEBUMH 3HAYCHHSIMH KOHIICHTPAIIIH IIIKiJI-
JUBUX BHUKHIIIB aBTOTPAHCIIOPTY Ta 30MTKaMH OMHCYBAaTHUMEMO TaKH-
MU PIBHSHHSAMU:

Voo =NZV %+, k=0,..N-1, )

Jie g¢,— HEB1JI0M1 BEKTOpHU IapaMeTpiB Mojen, g, € R", i=1,...,m;
¢, — HEBIIOMI BEKTOpH MapaMmeTpiB (aKkTopiB BIUIMBY Ha 3a0pya-
HEHHS, ¢, € R”, i=1,...,m;

nzvy, e+ RNZV;  cce NZV,

NZVy, = NZV, ot NZV, . ..
NZV =| . . X — BigoMma martpuis KoedimieH-

nzZv, -+ HZV,. - NZV,.

TiB TIepepaxyHKy BHMIpPSHUX KOHIIEHTpAIlId WIKIJIMBUX BHKHIIB Y
pO3MipH eKOHOMIYHUX 30UTKIB;

k — IHUCKpeTHE yacoBe 3HayeHHd, £k =0,..N—1;

Vi1 — BEKTOpP BHUMIPSHMX KOHIEHTpalid MIKIUIMBUX BHUKHIIB,
Vin € RS

X, — BEKTOp €KOHOMIYHUX 30UTKIB MO BHIAX y k- TUCKPETHHU
MOMEHT 4acy, X, € R";

X,,, — BEKTOp €KOHOMIUYHUX 30MTKIB 1O BUAAX Y k +1-i TUCKpeTHHUI
MOMEHT 4acy, x,,, € R";

i, — BEKTOp (haKTOpiB BIUIMBY Ha 3a0pyAHEHHS B k -U JHUCKPETHUIA MO-
MEHT 4acy (IHTeHCHBHICTb PyXy TPaHCIIOPTHHX 3ac00iB, piBEHb IPOBIT-

PIOBAaHOCTI YaCTHH MICTa, TIOTOJIHI YMOBH, HAIIpsIM BITpy Ta iH.), i, € R”;

- T . .
i =(€ysi» €uss  s€us) — BEKTOp MOXUOOK i3 Bimomumu
IPaHUYHUMHU 3HAUEHHSAMHU.
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Jlns moxuOOK CIOCTEpEKeHb 3a KOHLEHTPAILisIMUA IIKIIJIUBUX BU-
KH/IIB BUKOHYIOTHCSI TaKi YMOBH:

e €A Ay >0, j=losn, k=0.,N=1,  (3)

Jh+1

ne A, — IPaHMYHA aMILTITy/[a TIOXUOKH OL[IHKU CIIEKTPOAaHaIIi3aTo-
POM KOHIIEHTpAIlii BiIMOBITHOT K1 IJTABOT PEUOBUHH.

ITo3znaunmo 3a Tol nepeTBOpeHHs, O AO3BOJSE OTPUMATH JOITYC-
KOBi OIIiHKM iHTepBaJiB BEKTOpa EKOHOMIYHHX 30UTKiB |Z,,:Z;,, | Ha

OCHOBI JaHUX BUMIPSIHUX KOHIIEHTpALIN IIKIUIMBUX PEYOBUH, TOOTO:

[Zenl=[ZeasZin]=Tol(¥,,, ékﬂ‘ = AkHJNZV) , k=0,.N-1, 4)

s _ T
ae Ay, = (A1k+1=-~aAjk+1amaAnk+1)

YMOBOIO OTPHMAaHHS JIOIYCKOBUX KOPUIAOPIB JMHAMIKH CKOHOMIY-
HUX 30MTKIB € TaKe BKJIFOUECHHS:

[)?kﬂ] [xk+1:xk+1] c [Zk+1] - [Zk+1azk+] N k = 0,...N—1, (5)
e

[Xnl= §1T ,[)%k]_l_‘—}lr Uy
[)Acikﬂ]:éir'[;k]‘*'éir'ﬁka k=0..N-1. (6)

(X )= 8, [% 1+, -1,

[Tpu npomy nependavaemo, Mo iHTEPBaIbHI OIIHKK €KOHOMIYHUX
30uTKIB y MOMeHT k=0 € BiromMumu, abo 3a1amo iX y Takuil crocio,
00 BOHHM HAJICKAJIM IHTEPBAIBHUM OIlIHKAM CKOHOMIYHHMX 30MTKIB,
OTPUMaHMX 32 pe3yIbTaTaMH BUMIPIOBAaHb KOHIICHTPAIIH IIKIJTHBUX
pedoBUH, TOOTO

(%01 =%, 1< [Z]. (7)

Kopucrytounce ymoBamu (5), BUpasamu JUis MOJIENIOBAHHS €KO-
HOMIYHHMX 30UTKiB (6) Ta BIIOMHMH IHTEPBAJIBHUMH OI[IHKAMH €KO-
HOMIYHUX 30UTKIB y [0YAaTKOBUI MOMEHT (7), CKIaeMO cucTeMy H-
TepBAJIIHUX PIBHSIHb Ui OI[IHIOBAaHHS MapaMeTpiB g, MOJei

I[I/IHaMlKI/I €KOHOMIYHHUX 30UTKIB Ta (I)aKTOplB BIINIUBY q[ ,i=1..,m
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[ik=0]:[io]g[zo]

Zygn Sng'[)?k]-’-q.lT'ﬁk Sszﬂ

Zia Sng '[xk]'*él Uy Sz

,k=0,..N-1, (8)

Z i+l gm [xk]+q ukszmkﬂ

[£1k+1]=§1 '[fk]'*"_]} 'ﬁk

A or 2 Zr -
[Xpn]=8 - [X ]+4q, -uy

A ar 4 fol N
['xmk+1] = gm .[xk]+qm .uk

[HTepBasIbHI OLIHKK BEKTOpa €KOHOMIYHHUX 30UTKIB [Z,,,]1=[Z,,;Z/,]
OTpHMaHi 3a pe3yJibTaTaM{ BUMIPIOBaHb KOHIIEHTPAIIIH IIKIJIMBIUX BUKH-
JIB JUIS 33/ITaHUX AUCKPETHUX 3HAYEHb BEKTOpa (PaKTOpiB BIUIUBY i, .

Po3B’si3kamMu cUCTeMH I1HTEpBaIbHHX PIBHSAHBL (8) € OIlHKK g,

(i=1 ,m) HapaMeTpiB Moielti Ta OIiHKY §; (i=1,...,m ) BeKTOpa (ak-
TOPIB BILIUBY, 5IKi 3a0€3M€UyI0Th YMOBH BKJIFOUEHH (5).

Otxe, JiHiHY MHAMIYHY MOJIEJb ONMCYBATHMEMO CHCTEMOIO Pi3-
HUIIEBUX PIBHSIHb Y MATPUIHOMY BUTIISII

Xu=G-X, +0-u,, k=0,..N-1, 9)
ne
& v 8 v 8w
G=|8n " 8x ' & | — MaTpHLLI HEBIIOMIX [TAPAMETPIB MOJEIII;
Eu 0 8w 7 Em
9 4y 4y
0|2 7 % %y | — MaTpHus (axTOpiB BILIHBY.
Gn o G o du
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PiBHSIHHS, SKI OIHMCYIOTh B3a€MO3B’SI30K MI)K MHUTTEBUMM 3HA4YEH-
HSMU KOHIICHTpAI[IM IIKiIJIMBUX BUKHIB Ta 30UTKaMH, 3aJaHi BUpa-
30M (2). [Ipu 11pbOMy BIACTHBOCTI MOXMOOK CIOCTEPEkKEHb 3aaHi
ymoBami (3).

[HTEepBANBHI MOMEI NWHAMIKA €KOHOMIYHMX 30MTKIB MaTHUMYTh
TaKW BUTJIAL;

[Xen]=G-[¥, 1+ 0 ii,» k=0, N—1» (10)
ne G Ta Q — OILIHKM IapaMeTpiB NiHilHOT AuHAMiuHOT Mozemi eKo-
HOMIYHHUX 30MTKIB Ta mapameTpiB (akTopiB BIUIUBY Ha 30UTKH, Bil-
MIOBI/THO.

Y pO3ropHyTOMY BHWIJIAJI CHCTEMa IHTEPBAIGHUX PIBHSIHD IS
inerTudikaiii mapameTpiB JiHIHHOT MOAEN AMHAMIKH €KOHOMIYHUX
30UTKIB MaTUM€E TaKUil BUTIISA;

(%20 =[%, 1S [Z]

- 2T r5-. 2+ Zr - +
Zua S & [XX 144, U Sz,

_ A7 (Ao A4q, AT
Zpa S8 - [X ’xk]+q Uy Szzkﬂ

k=0..N-1, (11

_ Ar AL Ao Ar
Zpint S & [X05 %) ]+q U Sz

[£1k+1]=§f'[£;;i;]+zjl Uy
[ifku]:g—f'[)_51:;551:]"'517":’.1(

A 217 r5-.2 Zr -
(X ]1= & [X2 ’xlj]+qm Uy

ST 5 A A . . oA
ne & =(8i»8isr&in) — BEKTOP-CTpiuKka MaTpHIli G ;

=(qi1>9;i>4;,) — BexkTOp-cTpiuKa Matpuri Q.

Takum unHOM, 3aja4a 100Y/I0BU MATeMATHYHOI MOZENi JMHAMIKHA
EKOHOMIYHIX 3GHTKIB — HaCJ'IlI[KlB 3a0pyIHCHHSI aTMocq)epH aBTOTPAHC-
TMOPTOM 3BECHA 0 3ajadi po3B ﬂByBaHHSI IHTEpPBAILHOI CUCTEMH HElTi-
HIfHUX aIreOpHYHIX PIBHSHB. JUs i pO3B’sI3yBaHHS HEOOXIIHO CIIOYATKY
3HAlTH KOe(iUieHTH MaTpHLl NEPepaxyHKY BUMIPSHAX KOHLEHTpALd
WKIUIMBAX BUKK/IB Y PO3MIPH €KOHOMIYHMX 30MTKIB, @ MOTIM OLIHMTHA
IHTEpBaJI EKOHOMIYHMX 30HMTKIB 32 BUMIPSIHUMH KOHIICHTPALIISIMH.
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MeTton no0y10BM iHTEepBAIBLHUX MO/IejIell eKOHOMIYMHHUX 30MTKIB

PosrisiHeMo MeTo/l TapaMeTpudHOI ixeHTr(IKaLil Mozenei auHa-
MIKM €KOHOMIYHHUX 30UTKIB 13 33JJaHOI0 TOYHICTIO, SIKa BU3HAYAETHCS
TPaHUYHUMH 3HAYEHHSMH ITOXHOOK CIIOCTEPEKEHb 3a BHUMIPSHUMH
KOHIICHTPAI[iSIMU ITK1ITUBUX BUKHIIB.

B ocHOBY mporienypu Momryky po3B’si3KiB CUCTEMH (&) MOKIIaIeHO
ITepaliiHui METOl YTOUHEHHS HaOJIMKEHOTO PO3B’S3KY.

Kpok 1. 3aiaHHs O4aTKOBOIrO HAOIMKEHHS £, .
Kpox 2. Iokmagemo /=0, xe ! — HOMEp iTepallii MomyKy §d0p.
Kpok 3. OGuucieHns [J%M,kﬂ], k=0,..,N-1 3a dopmyramu (6),
MoupikoBaHUMU st [ +1-iTepartii:
[# I+1

Xl =&y X 1+ G -1y

Al+] o oy a . _
.[in:+1 =gy [X ]+ Gy -ty » K=0,.N~1.

A4l 2 A A .
(X1 ] = & [Xk 1 G -1y

Kpok 4. O04ncIIeHHs BEIMYHUHH, 110 33/1a€ SKICTh TOTOYHOTO HAOJIH-
JKEHHS JTO JTOITYCKOBOTO BEKTOpa 3a GOPMYJIOL0:

O = kﬂzlfl_ll\?:}:l {Wld< /[A++11 J) wid (l LI/TL Jﬂ [Z[k+1 ])}

Kpox 5. Skmio §, =0, obuunciene 3a nomneperHbor0 GopMyIioro, TO

Sup = & 1 KiHEIb MOIIYKY, iHaKIIIe — MOoKIaaemMo /=/+1 i mepexin Ha
KpOK 6.
Kpok 6. 'enepyBanHsI BUIIaIKOBOTO BEKTOpa &, 3a (opMyIIolo:

El = '(Aglll s Aglml s Agmll ’“.’M’ Aqll[ e Aqll)l yeees Aqmll yeres Aqmpl ) ,(12)

R, R, R, R, R, R, R, R,

Ac Aglll""’Aglml""’Agmll""’Agmml’Aqlll""’Aqlpl""’Aqmll"“’Aqmpl — BH-
MaJKOBI 4YMCIa, 3r€HEepPOBaHI BIAMOBIIHO 0 PIBHOMIPHOTO 3aKOHY
posnoziny Ha inTepsani |-1;1];

R =) (081, 401 HOGy i HOG, (V4 b 1 G,
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Kpox 7. O64uCcIeHHs HOBOTO HAaOMMKeHHS &4 32 (OPMYIIOLO:

§1+1 =§1+EI (13)

1 TIepexi Ha KpokK 3.

3 ¢opmynu (13) BUIHO, IO «IKICTb» HOBOTO HAaOJIMKEHHS 3alie-
XKHUTh Bl 3T€HEPOBAHOIO BUIAJKOBUM YMHOM BEKTOpa &,, 30KpeMa
BiJl ONITUMAJILHOTO BI/I60py napamerpa MoyKy r.

Buiiie onucanuii anroputm peaizoBaHo Ha MOBI iporpamyBanHs C.

MeTtoauka OUiHIOBAHHSI €eKOHOMIYHUX 30MTKIB
HA OCHOBi BUMipSIHUX KOHIEHTPAUiil IIKiITUBUX PeYOBUH

JIJi oTprMaHHS MOJIEITi TMHAMIKHM 30MTKIB HEOOX1THO 3HAWTH OIliH-
KU 30MTKIB 32 BUMIPSHUMHU KOHIIEHTPALIIMU IKiTTUBUX BI/IKI/I,JliB aB-
TOTpaHCcHopTy. J[jst boro ckopucTaeMocs pesysbTaTamu npairi [6]

BanOBy}oqI/I HasiBHI, OOMEXEeHI 3a aMIUTITYIO0K MOXHOKU ¢é,,,,
B32€MO3B 30K MK KOHIICHTPAI[iSIMA BUSBICHUX MHUTTEBUX 3HAYCHBb
IIKIJIJTUBAX PEYOBHH 1 30UTKaMH Pi3HUX BUIIB MaTUME Takud HaOIU-
JKEeHUN BUTIIAL:

Vit =D 'iSNZV'XkH S Ve A 'j’ k=0,.N-1, (14)

ne I — OJMHUYHHMI BEKTOP.

PosrmisiHeEMO BHUIAIOK KOJM KUIBKICTH BHIIB €KOHOMIUYHUX 30MTKIB
CHIBMAJAa€ 13 KUIBKICTIO BHIIB KOHLEHTpalid MIKIAIUBUX PEYOBUH
m=n. Y 1pOMYy BHINAAKy MaTpuusd NZJV € KBaJpaTHOK Ta HE BUPO-
IDKEHOIO.

Bignosigao g0 m. 6.2 metoauku [3], cyma 300py 3a 3a0pyaHEHHS
HaBKOJIUIITHBOTO CEPEIOBUINA aBTOTPAHCIIOPTOM BHU3HAYAETHCS 3aJICHK-
HO BiJ] KiJTbKOCTi BUKOPUCTAHOTO MAJILHOTO. 3TiTHO TaHOT METOJIUKH,
BEJIMUMHY 30UTKIB 10 BUIAX, BIIHECEHUX JIO TOHH IIKIJUIMBUX BUKHU-
JIiB MOKHA po3paxyBaTu 3a (popmyIioro

ZB, =NV, -1l -K,-K,,

ne NV, — HOPMATHBH j-TO 300pY, KU CIPABIAETHCA 32 PIUHI BUKH-

Ju i-T01 3a0py/IHIOK0YO] pe4oBUHM (IPH/T); [I — BenuuMHA iHAEKCY
CTMOXMBYMX WIH (iHIEKC 1HQIALIT) 32 nomepenHiii pik; K; — Kopury-
F0UMi KOE]ILIEHT 10 HOPMATHBIB 300Dy, SAKUH BCTAHOBIIOETHCA 32~
JISKHO BiJl YMCETHHOCTI JKUTENIB HACEICHOTO MyHKTY; K, — KOpUTY-
1I0Ynil Koe(ilieHT 10 HOPMAaTUBIB 300py, SKUHA BCTaHOBIIOETHCS
3aJIe)KHO Bl HAPOJIHOTOCTIOAAPCHKOTO 3HAUEHHS HACEJIEHOTO MMyHKTY.
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Toxi KoXKeH eleMeHT MaTpHlll B3a€MO3B 3Ky MK KOHIIEHTpAIlis-
MM BUSIBJICHUX MHUTTEBHUX 3HAU€Hb IIKIJUIMBHX PEUOBUH 1 30UTKaMH
PI3HUX BHIIIB 00YUCIIOEMO 32 GOPMYJIOL0:

nzv, =1/NV,-1I-K, K, K, (15)

ne K3 — Koe(bluleﬁT nepepaxyHKy MHUTTEBUX 3HA4€Hb KOHLIEHTpALlH
LWIKIIVIMBUX BUKHMJB Y KOHLEHTpALii 3a meBHUI mepiox. Meroauka
pO3paxyHKy kKoedimieHTa K3 30pi€HTOBaHA Ha BIIMOBIIHY TEXHOJIOTIIO
OTPUMaHHSI MUTTEBUX 3HAYCHb KOHIICHTPAIIH IIKIUTMBUX BUKHUIIB [6].
3a X yMOB, KoedilieHT K3 00YHCIIOBaTIMEMO 32 TaKOI0 (POPMYJIOF0:

Ky=V-1./t,,
ae V' — 00’eM NPU3EMHUCTOrO mapy arMOC(epH, sKnil BHSHAYAETHCS
HMOr0 TOBIIMHOIO TA IUIOLIECIO PAalOHY IHTEHCUBHOIO PyXYy aBTOTpPAHC-
HNOPTHHUX 3ac00iB; 7, — TPUBAIICTH 3a00py MOBITPs AJIS1 BUMIPIOBAHHS
KOHIIEHTPAIi} IIKI[UIMBUX BUKUIB, BUPAKE€HA y YACTIIl 10 PIYHOIL; 7,
— TPHBAJIiCTh JUCKPETH Y YaCTLi IO POKY. 3ayBaXKIMO, IO MPH 1{bO-
My KOMIIOHEHTH J,,, — BEKTOpa BUMIPSIHUX 3HAYCHb KOHIICHTpAIlii
IIKiIJTMBUX PEYOBUH Y Kk +1-i AUCKPETHUI MOMEHT 4acy OOYMCIIIOBa-
TUMEMO Ha OCHOBI MUTTEBHUX ):zkﬂ 3a GOpMyYIIOI0 ., = -):zkﬂ. Ta-

KHM YMHOM, TIOXHOKH & =(ey €yu ~ €uu) Y Gopmyri (2)
BPaXoOBYBaTHMYTb TAaKOX MOXMOKY MEPEPaXyHKy BUMIDAHUX MHTTe-
BUX 3HA4YCHb KOHL[eHTpaL[H/I H_[KIIUH/IBI/IX BI/IKI/IHIB y KOHL[eHTpaLIII JIIA
3aI[aH01 TpHBaJIOCTl JAUCKPCTHU, HAIIPpUKIIaJd ACHHUX BI/IKI/II[IB IHKI,HJ-H/I-
BUX PCYOBUH.

IlepeiinemMo 10 po3risay NPHKIaay peatisaiii 3almporoOHOBAHOI
MCTOOUKU.

Ilpukaaa Mmoaen0BaHHs TUHAMIKH PiYHUX 30U TKIB
HAHECEeHUX JOBKIJLIIO Yepe3 MIKiAJINBi BUKHIH ABTOTPAHCIIOPTOM

Posrnsnemo mozensp, sika Mae oiuH (akTop BIUIUBY (#, ) — IHTEH-
CHUBHICTh TPaHCIIOPTHHUX MOTOKIB Ta OJUH BHJI EKOHOMIYHUX 30UTKiB

Z, 4y — P14HI 30MTKH BiJl BUKUIB IIKIUIMBUX pedoBUH. Kanan Bumi-
PIOBaHHS OIUIIEMO PIBHAHHAM (2), y SIKOMY: y,,, — OOCATH PIYHHX
BUKHJIIB IIKIJUIMBUX DPEUYOBHH;, NZV = {nz Vs L= Lom; j=1,.. }

MAaTpuLs, WO 3aJa€ CTPYKTYPY KaHaly BHUMIDIOBAHHSL. KO)KGH erne-
MCHT MaTPHULL KaHATy BUMIPIOBAHHS 00YHCIIFOEMO 3a (popMyJIok0 (15).

BuMiproBaHHs IPOBOAMIIKCH 1OJCHHO npOTﬂFOM kBiTHS 2009 po-
Ky. Pe3ynbratu BUMipioBaHb M0JjaHo B Ta0I. |
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MUTTEBI 3HAYEHHS KOHIEHTPALIA
HKIIJIUMBUX 3ABPYJHEHb ABTOTPAHCIIOPTOM 3A KBITEHD 2009 p.

Tabnuys 1

; . 3
Meski MUTTEBHX 3Ha4€Hb KOHLIEHTpaLil iokcuay azory (NO,), Mr/m

JlaTa k —— o
Yk Yk

1.04 1 0,0629 0,0851
2.04 2 0,0714 0,0966
3.04 3 0,0722 0,0977
4.04 4 0,0740 0,1000
5.04 5 0,0748 0,1012
6.04 6 0,0714 0,0966
7.04 7 0,0586 0,0793
8.04 8 0,0595 0,0805
9.04 9 0,0663 0,0897
10.04 10 0,0680 0,0920
11.04 11 0,0629 0,0851
12.04 12 0.0646 0,0874
13.04 13 0,0748 0,1012
14.04 14 0,0561 0,0759
15.04 15 0,0586 0,0793
16.04 16 0,0739 0,1000
17.04 17 0,0748 0,1012
18.04 18 0,0748 0,1012
19.04 19 0,0629 0,0851
20.04 20 0,0646 0,0874
21.04 21 0,0646 0,0874
22.04 22 0,0612 0,0828
23.04 23 0,0722 0,0977
24.04 24 0,0714 0,0966
25.04 25 0,0680 0,0920
26.04 26 0,0680 0,0920
27.04 27 0,0697 0,0943
28.04 28 0,0663 0,0897
29.04 29 0,0671 0,0908
30.04 30 0,0714 0,0966
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JInist OLIHKY BIUIMBY BUKHJIIB HIKIJIMBUX PEYOBUH OyJIM BU3HAUEHI
HOPMAaTUBH 300py 3a 3a0pyTHEHHS HaBKOJHUIIHHOTO MPUPOIAHOTO Ce-
pelloBHIIa 3a Ji0400 (OpMOI0 MOAATKOBOIO po3paxyHKy. s mio-
KCUIYy a30Ty HOpMaTuB 300py ctaHoButh 131 rpu/t, II = 1,252 (nns
2008 poky); K; = 1,2 (100,1—250 tuc. gon.); K, = 1,25 (micto aep-
YKaBHOTO 3HAYCHHS).

s po3paxyHKy koedirmienTa K3 epepaxyHKy MATTEBUX 3HAYCHb
KOHIIEHTpAIliil IIKiITMBUX BUKUIIB Y IIOJACHHI KOHIICHTpAIlil BCTAHOB-
JICHO, M0 00’€M TPU3EMHCTOTO IIapy aTMoccpeg)H [EHTPaJIbHOI Jac-
TUHU MicTa TepHomomus ckianae: ¥=59000000 m.

Pesynbrati po3paxyHKiB 3HaU€HHS TapaHTOBAHUX MEX IIOJCHHUX
30uTKiB U k+1 Ta k-TOoi MUCKpET pa3oM i3 3HAYEHHSMHU MIOACHHOI
IHTEHCUBHOCTI TPAHCTIOPTHHX TIOTOKIB MOJIaHO B TA0I. 2.

Tabnuys 2

INOJEHHI 3bUTKH BHACJIIJIOK 3ABPY/ITHEHHS
ABTOTPAHCIIOPTOM NPU3EMUCTOI'O IIAPY ATMOC®EPU
HEHTPAJIBHOI YACTUHH m. TEPHOIILJIb 3A KBITEHD 2009 p.

[HTCHCHBHICTE TPaHCTIOPTHIX Meski 361TKiB BHACTIIOK

Jlata k MOTOKIB, aBTOM06./106y 3a6py/IHEHD TIOKCHIOM a30Ty, ITPH
u, z, z;

1.04 1 84960 117,19 158,55
2.04 2 86400 133,03 179,98
3.04 3 86400 134,52 182,03
4.04 4 76320 137,87 186,31
5.04 5 73440 139,36 188,55
6.04 6 50400 133,03 179,98
7.04 7 50400 109,18 147,75
8.04 8 67680 110,86 149,98
9.04 9 69120 123,52 167,12
10.04 | 10 64800 126,69 171,41
11.04 | 11 66240 117,19 158,55
12.04 | 12 76320 120,36 162,84
13.04 | 13 47520 139,36 188,55
14.04 | 14 50400 104,52 141,41

103



Saxinuenns maba. 2

IHTEHCHBHICTH TPAHCIOPTHUX Mesxi 30UTKIB BHACTIIOK
Jara X MOTOKIB, aBTOMO00./100y 3a0pyHEHb AIOKCHIIOM a30Ty, TPH
u Z z
15.04 15 83520 109,18 147,75
16.04 16 84960 137,68 186,31
17.04 17 80640 139,36 188,55
18.04 18 64800 139,36 188,55
19.04 19 66240 117,19 158,55
20.04 | 20 54720 120,36 162,84
21.04 | 21 51840 120,36 162,84
22.04 | 22 79200 114,02 154,27
23.04 | 23 82080 134,52 182,03
24.04 | 24 69120 133,03 179,98
25.04 | 25 69120 126,69 171,41
26.04 | 26 72000 126,69 171,41
27.04 | 27 56160 129,86 175,69
28.04 | 28 57600 123,52 167,12
29.04 | 29 73440 125,02 169,17
30.04 30 53280 133,03 179,98

3a maHuMU Ta0JI. 2 3HAWIEMO TTapaMeTpH MO
[xk+l ] = gdop : [xk ] + qdop U

ne [X,,,1.[*,] — iHTepBaibHI MPOTHO3M MIOJCHHUX 30UTKIB y KBITHI
2009 p., HaHECEHNX JTOBKLUTIO BHACHIIOK 3a0pyTHEHHS aBTOTPAHCIIOP-
ToM: 8upp = 0.269, oy = 1.576-10 ..

Kopunop iHTepBaibHUX MOJENel pa3oM i3 eKClepUMEHTaIbHIMH
HaBeJIeHO Ha puc. 1.
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Puc. 1. lunamika 30UTKIB
BiJl 3a0pyTHEHHS NIKIIJTUBUMH PEUOBHHAMH JT10KCUIY a30Ty

Ha puc. 1 CyuiJ‘IBHOIO JHIEI0 TTO3HAYEHO MEXI MPOTHO30BAHOTO
KOPUJIOPY, SIKHH 3BY)KYETbCS 13 3pOCTaHHSIM HOMepa Auckperd. ITyHk-
THpHA JIiHISA BigoOpaxkae KOPHJIOp €KCTIEPUMEHTANILHHX JIAHHUX, Sk
BUJHO i3 puc. 1, OTpUMannii po3s’s30K € J0IYCKOBUM, OCKIIBKH TIPO-
THO3HI KOPHUIOPY BKJIFOUCHI B €KCIICpUMEHTaIbHI. TakuM 4uHOM, MO-
JIeTIb € aJeKBaTHA.

BucnoBkn

[IpoananizoBaHO Cy4yacHI METOJMKH OIL[IHIOBAaHHS OOCSTY IIKIIJIH-
BUX BHKHJIB B aTMoc(hepy i po3paxyHKy IUIaTeXiB 3a BUKUAA. J[7s
OLIIHIOBaHHS 30UTKIB HaBKOJIMIIHBOMY CEPEIOBHIILY ABTOTPAHCIIOP-
TOM 3alpOIIOHOBAHO METOJMKY BCTAHOBIICHHS B3a€MO3B’SI3KY MIiXK
MUTTEBUMH 3HAYCHHSMHU KOHIICHTPAI[IH IIKIJIMBUX PEUOBHH Ta 30MT-
KaMy. 3aCTOCOBAHO METOA IapaMeTPHYHOI ifeHTH(IKaLii JIHIHHIX
JMHAMIYHEX CHCTEM Ha OCHOBI aHANIi3y IHTEPBAIBHUX JIAHUX, IO 103-
BOJIUB TOOYIYBaTH I1HTEPBAJbHY MOJENb IWHAMIKH EKOHOMIYHHX
30MTKIB HAHECEHUX JIOBKIJUTIO BHACTIIOK 3a0pyIHEHHST aBTOTPAHCIIOP-
TOM JIOKCHIOM a30TYy.
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I. €. AdanackeB, aCHCTEHT,

KpuBOpi3bKUHE €eKOHOMIYHHUY iHCTUTYT

JBH3 «KuiBCbKHI HaAIllOHAABHUH €KOHOMIYHUHN
yHiBepcureT iMeHi Baguma N'ersMmanar

KOHIIEIITYAABHI IIOAOJKEHHS TA IHCTPYMEHTAPIH
IMITAIIIMHOI'O MOAEAIOBAHHS IIIO10
NIOBHUINEHHA ESEKTHBHOCTI YIIPABAIHHSA
COBIBAPTICTIO 3AAISOPYAHOI ITPOAYKIIII

AHOTALIA. Y pobomi 06rpyHmMoeaHo MOXIueocmi cmeopeHHs bifibl rnoeHoi
ma adekeamHoi modeni nidsuweHHs1 echekmusHocmi yrpaeriHHs cobigapmic-
mto 3anizopyOHoi npodykuii 2ipHU4opyOHo20 nidnpuemcmea. Po3pobneHo nid-
Xi0 Wo00 epaxysaHHs 8MuUgy cmoxacmu4yHO20 Xxapakmepy yux rnpouecie ma
MoOesib eKOHOMIYHO20 echekmy 8i0 8rposadKeHHs1 iMimayitiHo2o MoOerir8aH-
HS1 8 OUiHKOBaHHI Oucrnepcii MOYKOBUX 3Ha4YeHb 8Micmy 3ari3a y po3eari 2ipchb-
Koi macu nicrisi eubyxy.
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