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KNACU®IKALIA MOAENEW 3ABPYAHEHHA ATMOC®EPHOIO
MOBITPA

This paper reviews the main models and methods for solving the distribution
of concentrations of pollutants that come into the atmosphere from various sources
of pollution. Done classification. Defined their main advantages and
disadvantages. Refs: 10 titles.

BcTtyn. MopgentoBaHH MpOLECY MepeHoCy Ta PO3CiHOBaHHA [JOMILLOK B
aTMocdepi 3 BpaxyBaHHAM pPi3HOMaHITTA MPOLECiB, fKi NPOTIKalOTb B Hild, €
CKNaAHO0 (hi3MKO-MaTeMaTUYHOIO 3afa4eto. Bumorn, ski BUCYBatoTbCA A0 MOAeNi,
3a/1eXaTb Bif XapaKTepy KOHKPETHOT NpuKnagHoi 3adadvi. Po3nosclomkeHHs 3P B
PIAKMX | Ta30BUX CepefoBMLIAX BU3HAYAETLCS [BOMA OCHOBHMMMW MpOLIECAMU:
KOHBEKTVBHMM MEPEHECEHHAM BHACMiOK YCEPeAHEHOrO Pyxy CepegoBuwia i
Andy3iet0 3a paxyHOK TypOyneHTHOCTi. TOMy MaTemMaTuyHa MOfAeNb MOBMHHA
MpPaBU/IbHO OMWCYBaTW K MOJie CEPefHIX LUBWAKOCTEN, TaK i XapaKTepuUCTUKK
TypOyneHTHOI Audysii. [Jo TenepilHbLOro Yacy HeMae 3arafbHOMPUIAHATOT Mogeni
PO3MOBCIOMKEHHA  [OMIWIOK B atmocepi. Lle 06’ekTuBHO 06yMOBNEHO
CKNaAHICTIO Ta Pi3HOMaHITHICTIO MPOLECIB, & TaKOX Cy6’EKTUBHUMM (haKTOpamu.
Tomy icHye 6araTo Mogenei cammx pisHMX TUNIB.

3arasbHi HanpsaAMn JoCAifKeHb. s BUpileHHs 3agadi  posnoginy
KOHUeHTpauii 3P, fKi HagxogaTb B aTtmoctepy Micta Big pisHux A3,
BMKOPWCTOBYHOTLCA PIi3HI Migxoan Ta metoan. PO3BUTOK METOAIB MPOrHO3y
3abpyfHeHHa nNOBiTpA 06a3yeTbCA Ha pe3ynbTaTax TEOPETUYHOro Ta
EKCMEepPUMEHTAbHOTO  BWBYEHHSA 3aKOHOMIPHOCTE  PO3MOBCHAKEHHS
JOMILIOK Bif X gkepena. Take BUBYEHHSA 34iACHIETLCA FOMIOBHUM YMHOM
3a ABOMa Hanpsmkamu. lMeplunii NOB’A3aHUA B OCHOBHOMY 3 e€MMipUKO-
CTaTUCTUYHMM aHani3om nowmnpeHHs 3P B aTMocdepi Ta 3 BUKOPUCTAHHAM
AN Uiel MeTU iHTepnonwrYux Mogenei, fKki B OinbWiii 4acTuHI €
rayciscbkoro tuny. [Lpyruin nonsirae B po3pobui Teopii aTtmoctepHol
TYpOYyneHTHOT andysii Ha OCHOBI MaTeMaTUUYHOrO0 onucy
PO3MNOBCHKEHHSA AOMILIOK 32 AOMOMOrow EilnepoBoro um JlarpaHxesoro
nigxoAis. BenuKWii BHECOK Yy BW3HAYEHHS BUAY PiBHSHb, WO OMUCYHOTb
PO3MOBCIOMKEHHS AOMILLKN, BHecn poboTtu Jl. PivapacoHa, A.H. Konmoroposa,
A.M. Ob6yxosa, /1.B. Kennepa, M.I. KOgiHa. Ha nigcTasi umx po6iTt, gns onucy
npouecy Andysii AomilKK, 6yn0 3anponoHOBaHO BUKOPWUCTOBYBATU PIBHAHHSA
napabonivyHoro Ty, WO € y3araibHeHHAM piBHAHHA Pikka. Mpouec atmocdepHoT
ondysit gomiwku gocnigkysascs Takox E.C. JlaniHum, A.C. MoHiHuM, A.M.



Arnomom. OfepxkaHi B UMX poboTax pesynbTaTu, LO3BOMWAM OLIHUTM MeXi, B
AKUX MOX/IMBE BUKOPUCTaHHA PiBHAHHA Dikka. 3a gaHumu [1] mogeni sikocTi All
nigpo3ainAlTbCa Ha 2 BigMnoBigHMX Knacu: Mogeni 3abpyaHeHHs Al Ta mogeni
pO3Cit0BaHHA AOMILLOK B aTMOcepi.

Hwmkye npuBoanTbCA  Knacudikauis — Mofeneid  3abpyaHeHHs  All,
3anponoHoBaHa Zannetti [1]. Taki Mogeni BKNOYatoTh:

1) ElinepoBi mogeni, WO [A03BOMSKOTb YMCENbHO PO3B’SI3YyBaTU PIBHAHHS
aTMocepHoi Angysii;

2) TayccoBi Mogeni, BIAMOBIAHO [0 SAKWX PO3MOAIN  KOHLEHTpauii
XapaKTepn3yeTbCA $K rayCCIBCbKWIA B TOPU3OHT&/IbHOMY Ta BepTUKabHOMY
Hanpsmax;

3) JNarpaHxeBi Mofeni, B fKMX abo BifCTEXYHOTbCA NPOLECU B PYXOMUX
Macax MoBIiTps, ab0 BUKOPUCTOBYHOTLCA YMOBHI YaCTUHKM Ans iMiTauil npouecis
PO3CitOBaHHS;

4) HaniBeMnipuyHi  Mofeni, WO 6asyloTbCd, TOM0BHUM  YMHOM, Ha
emnipuyHili napameTpu3auii;

5) cToxacTM4YHi Mogeni, WO 6a3yloTbCA Ha HamiBemMnipuyHMX abo
CTaTUCTUYHNX METOAAx i OpieHTOBaHI Ha MPOBeAEHHS aHani3y CMiBBiAHOLIEHHS
MK fakicTio Al i BUMIptOBaHHAMM aTMOC(EpHUX napameTpiB abo Ha
NPOrHO3yBaHHSA BUMAAKIB NiABULLEHOr0 3a6pYyAHEHHS NOBITPS; |

6) peuenTopHi  Mofeni, AKi  po3rNAfal0Tb  BUMIPAHI  KOHLEHTpauil
3abpygHIOBaYiB B PeLENnTOPHIA ToYLi | OLiHIOTb MPOLEHTHWIA BHECOK PI3HMX
[PKepen B Liil KOHLEHTpau,l.

BkasaHuii BuLLe Mepenik Mogeneid BigHOCWUTLCA [0 Mofeneli 3abpyaHEHHS
MoBiTPAIHOrO  cepefgoBvwla.  Mogeni  po3CitOBaHHS  OMWCYKOTb  MpoLEecU
TypOyneHTHOT gudysii B aTMocdepi, i Coan 3 NpeAcTaBneHO! KnacugikaLii MoXHa
BifHeCTM Mmogeni Karteropii 1-3 i yacTkoBo Kateropii 4. Mogeni poscitoBaHHs
MOXYTb BYTK KnacuikoBaHi Mo MacluTabax aTMOCepHMX NPOLECIB, a Came:

e MakpomMacwTab (mMacwTab npoTskHOCcTi > 1000 Km), npyu  AKOMy
aTMoC(epHUiA MOTIK aCOLIOETLCA 3 CUHOMTUYHUMM ABULLAMMU;

» Me3oMacwTab (1 kM < macwTab npoTskHocTi < 1000 Km), npu sKomy
MOBITPSHWI NOTIK YaCTKOBO 3HAXOAWUTLCS B 3a/1EXKHOCTI Bif CUHOMTUYHMX ABULY, |
YaCTKOBO Bif rigpogvHamiuHuMX edekTiB  (Hanpuknag, Bif  LIOPCTKOCTI
NigCTUNAKY0i MOBEPXHI | Mepewkon) i Bif HeO4HOPIAHOCTEA eHepreTMyHoro
GanaHcy; i

* MikpomacliTab (MacwTab NPOTHKHOCTI < 1 KM), Npu AKOMY MNOBITPSIHWIA
MOTiK B OCHOBHOMY 3a/Ie)XKMTb Bifl XapaKTepUCTUK MOBEPXHI.

BuxigHuMn  pgaHuMK ANA  NPOBeAEHHA MOLENOBaHHA npouecy
nepeHocy 3P €:

1. po3a BIiTpiB And [aHOro perioHy Ta napameTpu,  AKi
XapaKTepu3yrTb MeTEOPOIOTiYHNIA PEXUM B PETiOHi;

2. KiNbKiCHI XapakTepuctuku sukugis 3P B aTMocdepy;

3. XapaKTepuCTWKU SKICHOTO CKajy BUKWAIB;

4. micuepo3TallyBaHHS gKepen BUKUAIB.



MaycoBi Mogeni. B GaraTbox [epaBax Ha MpakTULi [yXe LIMPOKO
BUKOPWCTOBYHOTLCA HAabNMKeHi Mofeni Ha OCHOBI po3noginy Maycca. [o nepLumx
POoGIT, B AKNX BUKOPUCTOBYHOTLCA (DOPMY/NN rayCoBOro PO3noAiny KOHUEHTpaLil,
OTPVMaHi Ha CTaTUCTWUYHI OCHOBI, HanexaTb poboTn CeTToHa. B noganbliomy
Leli HanmpsMOK B[OCKOHa/OBaBCA GaraTbMa BYeHWMMW. Haibinbwnii BHECOK
3pobneHo Mackyinnom Ta Figdopaom. MobyaosaHa HAMKW MOAENb CTasla PO60UOH0
mogennto Mi>kHapoAHOro areHTCTBa 3 aTOMHOT eHepreTukn (MAIATE) [2].

Mogeni uboro Tuny NoknageHi B ocHoBy pekomeHgauii INTERNATIONAL
ATOMIC ENERGY AGENCY (IAEA) no 3abesneyeHHI0 Ge3neku npu Bu6Opi
MaijaHumka gnis OGyAiBHMUTBA aTOMHMX  €MeKTPOCTaHUiil, MicTAaTbCA Y
BI4NOBIgHMX peKoMeHdauisx B Pocii, B Amepuui, BKIOYEHi B EBPOMENCHKY
CUCTEMY MIATPUMKU MPUAHATTS pilleHb NPWU  BUHUKHEHHI SAEPHWUX aBapii
RODOS. lNepeBaroko BUKOPUCTaHHS rayCoBUX MOAESNEN € Te, L0 BOHW NPOCTi npu
peanisaLii, OCKiNbKN OAepXKaHi aHaniTUYHI 3aneXHOCTI KOHUEHTpaLii AOMILLOK
Bifl YaCy i KOOpAMHAT MPOCTOPY He BMMaratoTb BEIMKMX 06'€MIB 06UMC/EHD, i
ornepaTuBHi.

"aycoBi Mogeni BONoAit0Tb PAAOM iICTOTHUX HEAONIKIB:

1. BOHM He MOXYTb BpaxOBYBaTW JIOKa/lbHi 0CO6AMBOCTI penbedy i
HEeMnoCTIMHICTbL B MPOCTOPI | B 4aci MeTeonapaMeTpiB;

2. He OMuCYIOTh JPKepena, Lo NpautorTb 06MeXeHnii Yac;

3. Y HUX BUKOPUCTOBYHOTLCA AMCMEPCIiHI XapaKTepUCTUKKM, OAepXKaHi Ans
Ha3eMHUX, a He NigBEAEHNX IKEpPET;

4. He BpaxoBYHTb BEPTUKa/IbHY CTPYKTYPY NOrPaHN4HOrO LUapy;

5. BMKOPWCTOBYIOTbCA [NA BM3HAYEHHS KOHLEeHTpauii 3P-rasis, rycrtuHa
AKX 6/113bKa A0 FYCTUHW NOBITPS;

6. BMKOPWCTOBYHOTHCS NMLLIE ANS METEOCUTYaLii, ANs AKUX LUBUAKICTb BITPY
He MeHLwa 3a 1 m/c.

3HauYeHHs napameTpiB y (opmynax AMCNepciin 3HaifgeHi Ha OCHOBI
CTaTUCTUYHOT  0OPOOKM  UYMCNEHHWUX CMOCTEPEXEHb | EKCNEPUMEHTIB MO
PO3MOBCIOMKEHHIO JOMILLKKN. Benmka yacTvHa LUMX eKCNepPUMEHTIB NpoBejeHa Y
BiZIHOCHO BY3bKOMY fliana3oHi ymMoB, TOMY [ aHanisy 6e3nekun i Ans BUBUEHHS
ocobnusocTein gucnepcii 3P B atmoctepi B YMOBax, BigMIHHWX Bif 3rafjaHux,
HeoOXifHe NpoBefeHHS [0AATKOBMX AOCNIMKEeHb, 30KpeMa [AOPOruX HaTypHUX
eKCMepyMEeHTIB. XapakTep PO3MOBCIOMKEHHSA AOMILLKMA 3HaXO04MTbCA B ICTOTHIA
3a/1eXHOCTI Bif, BE/IMKOI KiNbKOCTI YMHHUKIB, WO He BPaxOBYHTbCA B rayccoBUX
MoAeNsx, TOMy MakCMMainbHi KOHUEHTpauii 3P 6ind noBepxHi 3emni i Ha 6/M3bKKX
BIICTaHAX Bif [Kepena MOXYTb PO3PI3HATUCA Ha [eKifbKa NopsakiB HaBiTb Npu
O[JHOMY i TOMY XX Knaci CTiiKoCTi aTmocepn. ToMy, ANS 3MEHLIEHHA NOXUOKK
BM3HAYEeHHA KOHLEHTpauiin [AOMIlOK Ha OcHOBi [ayccoBux mopenen
3a3BMYai 3MIMCHIOTL TX Bepudikalito Ans KOXHOT MICLUEBOCTI LIASXOM
po3B’si3aHHA 06epHeHOT 3ajadi 3 BXIAHUMW AAHUMU, OTPUMAHUMMK
EMILWA, akuin aii B gaHin micueBocTi.

Mogenb rayccoBoro po3nofiny KOHUEHTpauili peanizoBaHO B MOAENAX
CAL3QHC i ISC-3. ¥ 6inbl cknagHilWi Mogeni Ha OCHOBI po3snoginy lMaycca



HepiAKO BBOAWMTLCA BpaxyBaHHA (hakTopa XiMIYHMX peakuiid. FK npuknagu
HasgeMo mogeni ADMS-3, AVACTA-II, MESOPUFF-II [3]. MpoTe BigmiTMmO,
WO LUBMAKOCTI MPOXOMKEHHS XIMIYHWMX peakuii ICTOTHO 3anexatb Bif
CMiBBIJHOLIEHHA KOHLEHTPALiil peareHTiB, TOMY HaBiTb HEBE/UKI BigXUEHHS
MOYaTKOBMX KOHLEHTPaLil Bif peanbHUX 3HaYeHb MOXYTb NMPUBECTM L0 BefbMU
CMOTBOPEHMX pe3ynbTaTiB. BpaxoByouu, L0 KapTUHa PO3MnoAiny 3abpyaHeHb, Lo
reHepyeTbCA raycCiBCbKOK MOAENN, € [OCTaTHbO MPUOIN3HOK, TOUHICTb
BpaxyBaHHSA (hakTopa XiMiYHOI KIHETWKM B AaHOMy BWMagKy MpPeACcTaB/IsSETbCA
CYMHIBHOI. TakoX BIgMITUMO Taki €BPOMeWcbKi MOAeni PO3NOBCIOAKEHHS
[JOMILWIOK B aTmoctepi Ha OCHOBI rayciscbkoro posnoginy, sk STACKS
(HigepnaHgy, IcnaHis, Monbwa), IDFM (Benbris), OML (daHis), ON M 9440
(ABCTpiA).

EfinepoBa mogenb TypOyneHTHOro poscitoBaHHSA AoMillikuy. [Mobyaosa
MOAENein MepeHeceHHs | PO3CIiHHS AOMILIOK 3 BMKOPWUCTaHHAM Eineposoro
nigxofLy OCHOBaHa Ha 3HAXOMKEHHI pPO3B’SI3KY HaMiBEMMIPUYHOIO PiBHAHHSA
TYpOyneHTHOT andys3ii y BUrnsgi:

Loy, +0) % (u, +0y) Lo (v, +0p) =
ot ox ay 0z )
— _0 — Kk, — oG a g = oG, a —k £+RS (Cl,Cz,...,Cn)"’Es_(51+52)Ci

ox X ox ay Yoy az 0z
pe  C.(xy,zt)-KoHueHTpauin i-0i pomiwkn, [r/mM°]; t-uac, [c];
U, ,, — KOMMOHEHTU MONA BITPY 3a HanpsMKOM OCel X, Y, Z BiagnoBsigHo,

X.y.2
[m/c];
rpasiTauiliHe ocafpkeHHs), [m/c]; E, —onucye pos3nofin [pkepen Ta CTOKiB
[0BINILHOT POpMYU (TOUKOBMX, NiHIAHMX, NOBEPXHEBUX Ta 06’€MHMX); R, — BHECOK

XiMIYHMX peakLUili, KW B 3araibHOMY BUMaAKy MOXEe MICTUTW HEeNiHiHI BHECKM
BiJHOCHO KOHLEHTpaLiil; s, S, — KoedilieHTW, AKi ONWUCYIOTb  NOMNUHaHHS
YaCTMHOK MO BUCOTI (MOAEMNOKOTL B3aEMOLI0 [OMILLOK 3 POC/AUHHICTIO Ta
XMapHiCTIO, BUMUBAHHS JOMILIOK onagamu). LLLo cTocyeTbCs rpaHUYHMUX YMOB,
TO BOHM BM3HA4alOTbCA B 3a/1€XKHOCTI BifJ KOHKPETHOT 3ajaui.

MOoXNMBOCTI  AaHOro Migxoday € OiflblMMM  HDXK  NpW  3aCTOCYBaHHI
CTaTUCTUYHNX Moaeneid. BiH fo3sonse:

1. BUpiLLYBaTK SIK CTaliOHapHY, TaK i HecTalioOHapHY TPbOXBUMIpHY 3agady
po3noginy AOMILLOK B aTMocgepi;

2. BM3Ha4aTK piBeHb KOHLEHTpaLii B N0/ 3MiHHOIO BITpY;

3. BM3Ha4yaTM PiBEHb KOHLEHTpauii npu CKMagHux npoginax BIiTpY Ta
KoedpiLieHTax TypOyneHTHOI Andysii (BigMIHHUX Bif, CTeNeHeBUX);

4. 3AifiCHIOBaTU MO[ENIOBAHHS PO3MOBCIOMKEHHS AOMILLIOK Bif [Kepen
Pi3HOT (hopMm (TOYKOBI, NiHIVHI, NAOWAAKOBI i T.A4.)

5. 3piiicHIOBaT JOCMIMKEHHSA TypOyneHTHOT Angysii JOMIOK B ymoBax

—onpaBka Ha iHEPTHICTb [JOMIlLKM (Hanpuknag, fiKka BpaxoBYe

><yz



CK/13IHOTO pefibey MiACTUNAOUOT NOBEPXHI.

He 3Ba)kaloum Ha 3Ha4Hi nepeeary 4aHoro MiAgxoAy Woro BUKOPUCTaHHS [0
HeAaBHbLOr0 Yacy 6yno obmexeHum. Lie 6yno nNoB’s3aHO 3 NEBHUMM TPYAHOLLAMM
moro peanisauii. TakoX HeO0OXigHO 3a3HAYMTK, WO A8 BUKOPUCTaHHS BCiX
MOX/MBOCTEW AaHOro nigxody HeobxigHa nobyaoBa Mons BiTPY Ta BU3HAYEHHS
KoedilieHTIB TypOyneHTHOT Andysii y By3nax CiTKu pisHMLEBOT cxemu. Mobygosa
nons BITPY 3AIACHIOETLCS ab0 3a JOMOMOIrOK CTBOPEHHS BaCHOT METEOPO/IOriYHOT
MOZe/i Ha OCHOBI PO3B’A3KY PIBHSIHHS PYXY 3 AOMOBHHOOUMMU AOr0 PIBHAHHAMY
HepO3pUBHOCTI abo 3a [OMOMOrOK BMKOPUCTaHHA BIJOMUX METEOPOONivHNX
mogeneii gna nporHosy norogn (WRF, SAIMM, MMB5). BusHayeHHs
KoeilieHTiB TypbyneHTHOT Audysil y By3nax CiTKU MOX/IMBO JIALLE LUAXOM
3aCTOCYBaHHA METEOPO/IONiYHMX MOJENeil NPOrHo3y Morogw, Lo CyTTEBO
YCKnafHtooe 3agavy. Ane 3 nossoto EOM BMCOKOro piBHA AaHuWid nigxig
MOAeNtoBaHHA HabyB LIMPOKOro BMNPOBAAXXEHHS | HACbOrofgHi BXe
BMKOPUCTOBYETLCS B PeXuMi peanbHOro yacy (on-line) ana npoBefgeHHs
[iarHOCTUYHUX NPOrHO3iB MO 3abpyAHEHHIO 30BHILWLIHLOrO cepegoBua. B
EinepeBux Mogensix TakoX [OCTaTHbO MPUPOAHMM  YMHOM  BPaxOBYETLCH
pO3CitoBaHHA BaXKKOI Ta NeperpiToi gomiwku. Mogeni Takoro Tuny AyXe LWMPOKO
BUKOPWCTOBYHOTLCA B MPaKTULi HAaCMiAKIB aBapiii Ta peryntoBaHHS 3a0pyaHEHHS
aTMocepu.

JNarpaHxesi mogeni. Po3rnag npobnemu atmocdepHoi anudysii B 3MiHHUX
Narpanxa 6yno noyato k. TeinepoM, a NOTIM po3pobasaock PSAOM iHLIMX
aBTopiB, BKMoYatoun k. betuenopa, A.C. MoHiHa, A.M. O6yxoBa, 1.0. XiHue
Ta iHWux. B npuknagHomy acnekTi ueil migxig nogpo6HO 06roBOPHOETLCA B
po6oTax H.J1. bu3osoi, E.K. Maprepa, B.H. IBaHOoBa.

Mogenb JlarpaHa onvcye nepeHeceHHs OKPEMMX MOBITPSHWMX MOTOKIB 3
yacom nif Aieto aTMOC(epHMX MOAIB i PO3NOBCHOMKEHHS AOMIWOK 3P. B umx
MOAENAX XMapa AOMILLKV NpeACTaBNSAETbCA Y BUTNAAI BEMKOT KiNbKOCTI YaCTUHOK
(TOYOK), KOXHA 3 SIKMX PyXaeTbCA BiAMoBIAHO A0 LUBWMAKOCTI BITPY i, KpiM TOro,
NigAaeTbCA BUMAAKOBUM 3MILLEHHSAM, L0 MOAENHOKTb TYPOYNeHTHe PO3CitOBaHHS.
OG60B'A3KOBUM €TanoMm LbOro Nigxo4y € NonepeaHiin po3paxyHoK TPaeKToOPIT pyxy
XMapyu YaCTMHOK. 3BaXKatouu Ha Lie MOfesi NMepeHeceHHs JOMILIOK, OCHOBaHI Ha
TakoMy Nigxogi, Ha3MBatTb TPAEKTOPHNUMU.

Ha BigmiHy Bifg elifnepoBux Mogeneil aTMOC(HEPHOTO MEPEHECEHHS, B SIKUX
3aiexxHa 3MiHHa C — KOHLEHTpaLisi po3paxoBYETbCA SIK (PYHKLiS He3aneXHUX
3MIHHUX X, Y, Z, t - MPOCTOPOBMX KOOPAMHAT i yYacy, Y BWMaAKy narpaHXeBux
MOAeNein He3aneXXHUMM 3MIHHUMMU €: Xo, Yo, Zo — MOYATKOBI KOOPAMHATM YaCTUHOK,
MoYaTKOBMIA Yac t,, KW BigNoBIAae 3afaHHIO NMOYATKOBMX KOOPAMHAT, i vac t.
JlofaBaHHSA NOYATKOBOI0 Hacy ty 40 3a1eXHUX 3MIHHWUX Mae CEHC y TOMY BUMAAKY,
KON B CepefoBULLLE HaAXOAATb HOBI YACTUHKM Yepes feske MKepesno. 3aneXXHuMm
3MIHHMMW € KOOPAWHATY BIAMOBIAHMX YaCTUHOK CepefoBuMLLa X, Y, Z.

MonoXeHHA eneMeHTapHOro 06’€My AOMILUKW B MPOCTOPI  3HAXOAWUTLCS
iHTErpyBaHHAM PIBHSHHS PyXy BUMNSLY:



d—X:V(X(t)), )
dt

fe X — BEKTOp, WO BU3HAuaE MOMOXKEHHS XMapu y MOMEHT uacy t; V. — BekTop
LBMAKOCTI, WO MPeACTaBAsE CyMy Makpo-, Me30MacluTabHOi Ta TypOyneHTHOI
(MikpomacLUTabHOT) KOMMOHEHT.

Makpo- i Me3oMacLUTabHi KOMMOHEHTM LUBUAKOCTI BU3HAYAOTLCA K (DOHOBI
XapaKTepuUCTUKM  MpyY  pO3B’A3yBaHi  BIAMOBIAHWX  CUCTEM  PIBHSHb.
MakpomacLuTabHa ckafjoBa BU3HAYaeTbCA MOTOYHOK CMHOMTUYHOK CUTYaUi€eto, a
Me30MacClUTabHi — 064YMCcnoTbCA abo 3  CMHONTUYHMX PiBHSHb, abo 3
BUKOPUCTaHHAM AesIKOT IHTEPMO/IOHYO0T CXEMU MidXK MaKpO- Ta MiKkpoMacLuTabamu,
AK, Hanpuknag, B [4]. Mpuknagom peanisauii JlarpaH>XeBoro nigxogy € mofenb
NAME (Nuclear Accident Model). Cxoxi igei peanizoBaHi B mogensx RAPTAD i
PANACHE. JlarpaHXeB nigxig Bigpi3HSeTbCA NPOCTOTOK, ane BuMarae
MOZLENIOBaHHA [MHAMIKM BEMKOrO 4mMcna YaCTWMHOK, L0 MNPUBOAUTL [0
HeoOrPYHTOBAHO BMCOKMX O6YMCMIOBA/IbHNX BUTPAT MPY BUCOKNX KOHLIEHTPaLisfX
[IOMILLIOK.

NarpaHxeBo-Enneposi  mogeni. Y  JlarpaHxeBo-Eiineposiii  mogeni
MepeHEeCEHHS i PO3CIAIHHA AOMILLKM i rOPU30OHTa/IbHE NEPEHECEHHS OMUCYETBLCA 3a
[OMOMOrOH0 MOHATTS JlarpaH)XeBoi TpaeKTopii pyxy Knyby AOMILLKKM, a Ans onucy
aTMocthepHoi  andysii kKnyby Yy BepTUKa/lbHOMY HampsMi Ha KOXHOMY Kpoui
00OYMCNEHHSI  TOPU3OHTaNbHOT  TPAeKTOpil  PO3B’A3yHOTb  HamiBemmipuyHe
O[JHOBUMIpHE PIBHSHHA TYpOYneHTHOT Audysii. B ropu3oHTalbHOMY HampsMi,
nepneHAnKyNsapHOMY TPaekTopii Knyby, KOHUEHTpaLis AOMILLKM OMMCYeTbCA
[ayccoBOK  (hyHKLiEd 3  AMCMEpPCiEl0, sKa 3aneXxuTb Bifg  TPUBAOCTI
PO3MOBCIOMKEHHSA KyOy i CTiiKoCTi aTmocthepn. Mogenb A0CTaTHbO CKMagHa i
npy i BUKOPWUCTaHHI B LiNSX MPOrHO3yBaHHS 3a0pyAHEHHS HaBKOWLLIHBOIO
cepesioBuMLLA OKPIM BUMiptOBaHb LLBWAKOCTI BITPY, TeMMepaTypu, HanpsmMKy BiTpy
Ha feKinbkox piBHAX B MLUA, HEObXiAHUX 4/ pO3paxyHKY Takux rnapameTpiB fK
Maclwtab MoHiHa-O6yxoBa i AMHaMIYHOI LUBMAKOCTI, MOTPi6HI BUMIptOBaHHSA
BEKTOpPa LWBWMAKOCTI BiTPY Ha €(IEKTUBHIA BMCOTI Ta BEIMYMHM FeOCTPOGiYHOro
BITPY Ha BWCOTI MPUKOPAOHHOTO LWapy atMmocdepw, Lo, Y CBOK 4epry, BUMarae
LIApOMIZIOTHOrO  30HAYBaHHA  aTmoctepu. JlarpaHeBo-Eineposy  Mogenb
HalibiNbll AOUINBbHO BWKOPUCTOBYBATM A1 OLiHKW 3abpyfAHEHHSi NOBITPSIHOIO
6aceliHy Npy TpaHCrpaHUYHOMY NepeHeceHHI AoMillKkm (noHag 1000 Kwm i 6inbLue).

B CPCP BMBYEHHS npoLecy po3noBClOKeHHs 3P B aTMocdepi Bif BUKMAIB
pi3HMx [3 34iACHIOBaNOCh LLIASXOM po3pobKu mMogenei Eiineposoro tuny. OgHUM
i3 TakMx MpuKnagiB € metoguka OH/[-86, sika [O3BO/ISIE BU3HAYUTU HainbinbLLy
KOHLEHTpaLilo BMKWAIB, sKa CTBOPIOETLCA MPW HECMPUATIMBUX METEPOJIOTIYHMX
yMOBax Ta Hebe3neuHili WBugKocTi BiTpy. AHanorom go OH/[1-86 € 3akopfoHHa
MofeNb XaHHa A8 BU3HAUYeHHA MakCMManbHOT KOHUeHTpauii 3P, sike Bukugae 43
3a HarpsIMKOM BITpY.

Box-mogzeni. B Box-Mofeni npowuec po3noBctofxeHHs 3P po3rnsfaetsca B
06nacTi, ika Mae hopmy KOpPOO6KW. BBaKaeTbCs, WO NOBITPS BCepeauHi KOPOOKU



Mae OfHOPILHY KOHLEHTpaLito.

AnbTepHaTMBHI Nigxoan. [ns MOAENOBaHHA Ta MPOrHO3yBaHHA piBHSA
TEXHOrEHHOr0 HaBaHTaXKeHHSI Bif BUKWMAIB B aTmoctepy PpisHMX [O3 oKpim
BULLEPO3MIAHYTUX KNACUYHUX MOJE/EN TaKOX 4acTO BWMKOPWUCTOBYIOTLCH Taki
anbTepHaTVBHI Nigxoaun, MeToAN Ta MOAEN:

I. eMNipUYHO-CTATUCTUYHI METOAMN.

EMNipNYHO-CTaTUCTMUYHI MOAeNi € HalnpocTiwumum MOAensaMm Ta
06’€HYIOTb NPakTUYHO BCi mMeToau NepBUHHOT 06po6KYU
eKcnepumeHTanbHOT  iHpopmauii, wWwo d¢opmMynoeTecd Yy  BUTNAAI
anre6paiyHux cniBBifHOLIEHb.

OCHOBHOK METOK NoOYyAOBM LMX MOAeNeid €: ynopsfgKyBaHHA abo
arperauif iHpopmauii WoA0 MNOKAa3HWKIB 3abpyfHEHHA MOBITPSA; MOLWYK,
KiflbKiCHa OUiHKa Ta 3MiCTOBHa iHTepnpeTayis NPUYMHHO-HACNi4KOBUX
3B’A3KiB MiXK piBHEM 3abpyAHeHHs aTMOc(epun Ta KifbKiCTHO BUKUAIB Bif
[3; igeHTUdikalito napameTpiB po3paxyHKOBMX PiBHAHb, IX 3MiHY B Yaci i
npocTopi Towo.

EMNipNYHO-CTaTUCTMUUYHI MOAENi 4acTo CAyrywTb “CUpPOBMHOK” Ta
06I'pYHTYBaHHAM NiAgxoAaiB Ao nobyaoBu mogenei iHwWux Tunie (y nepuwy
yepry, imiTayiiHnx). lMpuMKNagoM MoOAeni LbOro TUMY MOXYTb 0OyTH
Mofeni NpPoCTUX MOBEPXHEBUX [dKepen, AKi CNiBBIHOCATb pPiuHi
KOHLeHTpayii 3P HaZ MiCbKOI TEPUTOPIED 3 IHTEHCUBHOCTAMU [XKepes,
NMOMHOXXEHVMW HA O0BEpPHEHY BEMYUHY CepefHboil WBUAKOCTI BiTpY. Ans
Li€i HanpocTiwol MoAeni CTyniHb 3abpyAHEHHA NPOMOPLUIAHNA KiNbKOCTI
BUKUAIB. Llel koedhiuieHT NpoONOPUIiAHOCTI BWKOPWUCTOBYETbCS ANA
po3paxyHKy 3MiHW KOHLeHTpauii 3abpygHeHHs aTMocgepu npu 3MmiHi
KiNbKOCTi BMKMAIB. Taki eMnipuyHi MoAeni MNPOrHo3ywTb CTYNiHb
MalibyTHbOro 3abpyAHEHHS MOBITPA B 3aN€XHOCTI Bif pPOCTy BMKMAIB 3a
PeTPOCNEKTUBHUMUN JAHUMU NPO AKICTb HABKONNLWHLOTO All.

EMNipnYHO-CTaTUCTUYHI MOAeni € MakCMMa/lbHO CMpPOLEHUMU i He
MOXYTb 3a6€3neuynTn Heo6XigHY TOUYHICTb OUiHKK SiKoCcTi Al. MpoTe BOHMK
MOXYTb OYTWU BUKOPUCTaHI AN EeKCMpec-OuiHKM Ta CKPUHIHIOBOro
aHanisy cepefHbOpiYHOro 3abpyHEHHS MOBITPAHOrO cepefoBuLLa MicTa i
MOXYTb BKa3aTW Ha Heob6XigHiCTb abo HepouifbHICTb 6inblW TOYHOT
nofanbWwoi OUiHKWM €KOMOTiYHOro pU3UKY, CMPUYUHEHOTO 3abpyAHEHHAM
atMocepu faHoi TepuTopir.

Il. cTaTUCTUYHI MeToaw.

Yy CTATUCTUYHUX MofLensx NOLWMNPEHHS 3abpyaHeHb
BUKOPUCTOBYIOTbCA  CTOXACTUYHI PIBHAHHA AN BCTaHOB/EHHS
CMiBBiJHOWEHb MK MOKa3HMKaMW SAKOCTi MNOBITPA, BAAcTMBOCTAMMU
nigcTuna4yoi NOBepXHi Ta AaHMMMK MeTeoponorii. BoOHN BCTaHOBNOWOTb
CMiBBiJHOLWEHHS MiX OUiHKaMW KOHUEHTpaLuili i 3Ha4YeHHAMM napameTpiB,
AKi fiACHO BUMIpHOBa/INCA NPU aHaNorivyHMX 06CTaBMHaX.

CTaTUCTUYHI MoZeni MOXHa po3finnTn Ha 3 KaTeropii:

1. ycepefHEHHS 3a Yacowm;



2. Ti, wWo 6a3ywTbCcA Ha aHanidi uucnosux pagis. Mpu uUbomy
BMBYaKOTHCA [Ba LEHTPANbHUX NUTAHHA WOLO AaHWUX MO AKOCTI NOBITPS:

*B 4YOMY TMOMATaE He3anexHicTb | Kopensayis MiX CTyneHem
3a06pyAHEHHS | JaHUMWU METeOopOonoriT;

*AKMM  UYMHOM  MOXHa nepefbayaTn  piBEHb  KOHUeHTpauii
3abpyfAHEHHSA B NOBITPi Y ManbyTHbLOMY AN MOXAMBUX METEOPOSIOTiYHUX
YMOB 3a BIiOMMMW CTaTUCTUYHMMMW JaHMMW LWOAO KOHLEHTpauil
3ab6pyfiHEHHA B MUHYNOMY i CbOTOfEHHI.

Mpyn po3B'sA3aHHI  UMX 3afay BWKOPWUCTOBYKOTb KOPEenAuiHuniA,
PEerpecinHnii Ta CnekTpaNbHUA aHani3, a TaKOXX TeOopitd CTOXaCTUYHUX
PiBHAHb.

Ha mpuKTuLi 4acTo BMKOPUCTOBYHOTb PerpeciiiHi Ta aBToperpeciiiHi
mogeni.

3. baraTonapameTpu4yHOro aHanisy. [eoma WOro BaX/JIUBUMMU
MEeTOo4aMWn aHanisy CcTaHy 3abpyfAHeHHS MNOBITPA €. MeToj PpiBHOBAru
XiMIYHMX eNeMeHTIB i MeToA (haKTOPHOTro aHanisy.

e MeTog piBHOBarnm XiMi4HMX e€NeMeHTIiB — Ue npoueaypa, ska
BifIHOCUTb 3abpyfAHEHHA [0 iHAMBIAYaNbHUX [XXKepen uu [0 Knacis
ooKepen.

* MeTof (DaKTOpPHOTO aHanisy € CTaTUCTMYHOK MpPOLEAYypol, fKa
BMKOPMCTOBYE NOOYA0OBY OPTOrOHAaNbHUX PYHKLiINA, W06 BUABUTM FONOBHI
NPUYUHU 3MiHW 3a6pYAHEHHA NOBITPSA i MOACHUTU CyMapHy Aucnepcito
CMNOCTEPEXEHNX KOHLEHTpauin 3a [OMOMOrol MiHIManbHOT KiNbKOCTI
(hakTopi..

CTaTUCTUYHI MOoAeni MalTb HEBUCOKY BapTIiCTb PO3pO6KKU, BiJHOCHO
NpoCTWiA MaTemMaTUYHWUIA anapaT i HW3bKI MOTpebu B 06YMCAIOBANBHUX
pecypcax, OfHaK, BOHW He MOXYTb BMKOPWUCTOBYBATWUCA MO3a MeXamu
no4yaTkoBMX YMOB, SKIi  BM3HayalTbCA BUXIGHUMW  JaHUMW, WO
3aCTOCOBYBa/NMCS NpW IXHil po3pobui Ta onTuMmisauii. Lii ymoBM 3BMYaliHO
MIiCTATb Y COBi 06MEeXeHHS Ha BapiaLii MeTeoponoriyHnX ymoB i Bapiauito
NpPOCTOPOBOr0 pPO3MiLLeHHS BUKMAIB.CTaTUCTUYHI MofeNi He MOXHa
3aCTOCOBYBATW TaKOX MPU 3HAYHMX 3MiHaxX y po3nofgini AKepen BUKWAIB.
[aHi cTaTUCTUYHUX 0O6POBOK He MOXYTb OYTU MepeHeceHi Ha iHLI
06'eKTM 6e3 nepeoUiHKM eMNipUYHUX NapameTpiB Yn KoedilieHTiB. Takox
HefONIKOM MeTOAYy € BUCOKI 3Ha4YeHHs MOXMOOK Mpu AOBrOCTPOKOBUX
MPOrHo3ax yHacnifoK 3Ha4yHWUX BigXuneHb ycepeauHi BUOOPKM faHUX ANs
NpPOrHo3y. [Ana  YTOYHEHHS  BUXIAHMX  JaHUX | MiABULWEHHS
penpe3eHTaTUBHOCTI  pe3ynbTaTiB  CTaTUCTUYHMX MOAeneii BBOAATb
rpaHUYHi yMOBM, AKi € crneundiyHMMKU AN KOXHOT KOHKPEeTHOT 3ajadi
NMPOrHO3y PO3NOBCHOAXXEHHA AOMILLKK B All.

I1l. Mogeni cMCTeMHOI AMHaMiKK, §Ki 3a3BuMyali BUKOPUCTOBYHOTLCA ANA
MOZE/OBAHHS Pi3HMX eKOMOFiYHMX CUTYaLliii Ha piBHI MicTa, KpaiHM abo naaHeTw
B LiZIOMY, faloun LIBKUALWE SKICHY KapTWHY. MOXIUBICTb BUKOPUCTaHHA TaKmX
Mofeneii AN OTPMMAaHHA TOYHMX 3HaYeHb KOHLEHTpauili 3abpyAHeHb B



KOHKPETHMX TOYKax € JOCTaTHbO CYMHIBHO. Lle 3B'A3aHO 3 TUM, L0 TakKi Mogeni
croyatky OynM nNpu3HadveHi nuwe Ana  Bifo6GpaxeHHs [esKUX 3aralbHUX
3aKOHOMIPHOCTEl PO3BUTKY CKMaAHMUX CUCTEM.

IV. imiTauilini mogeni, siKi [03BONAIOTb OfepXaTu B [AeSKMX BUMafgkax He
TiNbKM AKICHY, ane i KifNbKiCHY KapTWUHY po3noginy 3adbpyaHeHb.

V. Helipomepe>keBi Mogeni — nobyaoBa HaGAMKEHUX MOJeneli LUASXoM
HaBYaHHA HEMPOHHUX MEPEX Ha EeKCMepvMeHTabHUX fdaHuX. Helipomepexesi
Mogeni [03BONATb LWBMAKO OfepXKaTy KiflbKiCHI Ta AKICHI MPorHosu, ski 6yayTs
LIJIKOM TOYHI, SIKLLO Mepexa Oyna HaBYyeHa Ha MOBHOLLIHHOMY Habopi KomG6iHaLil
BXiJHMX [aHuX, SAKi  BOMOAIIOTH  [JOCTAaTHBOK  rnagkicTio.  IMoBipHO,
HelpomepeXxxeBi MeToauM Halibifbly NpuaaTHI  ANs  OTPUMaHHS  PO3MNOAiNis
3abpygHeHb B MEPLUOMY HaOMAMXKEHHI, KOM BWTPATU Ha HaBYaHHS MOPIBHSHO
HeBuWCOKi [5].

VI. ¢hisnyHe MOAENtoBaHHS B aepogvHaMiuHMX Tpybax, ke nonsarae B
npoBeAeHHI (i3NYHMX EKCMEPUMEHTIB B aepoaMHaMiyHMX Tpybax, sike [ae
MOX/MBICTb OLIHUTY AesKi 0COBAMBOCTI po3MoAiNy AOMILLKM B yMOBax 3abyaoBu.
Takuid nigxig [03BOSSE BU3HAUMTY AesiKi HEOOXiAHI ANs MOJENtoBaHHS napameTpu
i JaE MOXNMBICTb MOPIBHSAHHA MOAENi 3 BUMIpPtOBaHHAMM, HanpuKag, po3nogin
NOBITPAHMX NOTOKIB MO BY/IMUAX NPU Pi3HUX HaNpsmax BiTpy.

VII. nobygoBa Mofeneil Ha OCHOBI KOMIMIEKCHOTO Migxody: MOPIBHANBHOIO
aHanisy pe3ynbTaTiB HaTypHUX eKCMEePUMEHTIB, pPe3ynbTaTiB  YMCENbHOro
MOZE/NOBaHHA | (i3NYHOr0  MOJeNtoBaHHA 3 NOAanbLIO  Mo6YA0BOKO
napameTpUYHMX MOAENER PO3NOAINY AOMILLOK Y BY/IMYHUX KaHbAOHAX 3a1eXHO
Bifl METEOYMOB: LUBMAKOCTI i HanpaMy BIiTpY, TemnepaTypHoi cTpaTudikawii
aTmocdepu, BONIOrocTi TOLLO.

BucHOBKMW. B YKpaiHi Ha CbOrogHi NpuAingeTbcs 3Ha4yHa yBara po3pooui
HOBMX Ta Y[OCKOHANEHHK ICHYHOUMX MigxofiB Ta Mogeneli npouecy
PO3MOBCIOMPKEHHS [JOMILLOK B MOBITPAHOMY CepefoBuLLy, SiKi € [OMOMIXHUM
3acobom ana EMILUA y nuTaHHI peryntoBaHHs SKOCTi NOBITPS. 3HaYHWIA BHECOK
Y PO3BMTOK [aHOr0 HanmpAMKy 34icHMAM Taki BYeHi, aK M.3. 3rypoBcbkuii, B.B.
Ckoneupkuid, B.K. Xpyw, M.M. Benses, C.H. CtenaHeHko, B.I".BonowwuH, B.A.
Mpycos, A.KO. fopolwweHko, €.B. bpyaubkuii, O.0. MonoB Ta iH. PAa mogeneli
peani3oBaHO aBTOPaMM B paMKax Pi3HMX KOMM’IOTEPHMX CUCTEM, OnucaHmx B [6],
[71, [8], [9] Ta [10].
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