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CFD MOJEJIb VIS OUEHKHU TEPPUTOPHAJIBHOI'O PUCKA
YPOBHS 3AT'PA3HEHNA BO3YIHIHOU CPEADBI ITPU DOMUCCHH
XUMHNYECKOI'O ATEHTA
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CFD MODELING OF TERRITORIAL RISK AND AIR POLLUTION
DURING TOXIC CHEMICAL EMISSION

[IpennoxxeHn Merona pacueTa pacpoCTPaHEHHs] ONACHBIX BELECTB B YCIOBUSAX 3aCTPOUKH, KOTO-
pBIi TO3BOJISIET OCYILECTBIIATH OLIEHKY TEPPUTOPHUAIBHOIO pUcCKa. YHUCIECHHOE MOAEIUpOBaHUE
OCYIIECTBIIICTCA Ha 0a3ze MOJENN a’dpOJMHAMHUKH U PACHpPOCTPAHEHUS NPHMECH B aTMOC(HEepHOM
Bo3ayxe. HucneHHas Mo/ieab OpUEHTHUPOBaHA Ha MPOBECHHUE IKcIpecc pacueros. [IpuBeneHo onu-
CaHHE aJIrOpUTMa pEIIeHUs 3aJjauy M0 OLEHKE TEPPUTOPUAIEHOTO PUCKA IIPU SMUCCUU XUMHUUYECKH
OIIACHOT'O BEUIECTBAa IPU 3KCTPEMAIbHON CUTYallUd HA MPOMBILUIEHHOM oObekTe. IIpencraBneHsl
Pe3yJbTaThl BEIUUCIUTEIBHOTO HKCIIEPUMEHTA.

3anponoHOBAaHO METOJ PO3paxyHKy IOLIMPEHHsS HEOE3NEeYHUX PEYOBMH B yMOBax 3a0yJllOBH,
SKUH J103BOJISIE 3/IIHCHIOBATH OLIHKY TEPUTOPIaIbHOIO pU3UKY. UKcenbHe MOAEIIOBAHHS 3/1HCHIO-
€ThCsl HA 0a31 MOJelll aepoIMHAMIKM Ta MOIIMPEHHS JOMILIKK B aTMochepHOoMY moBiTpi. YucenbHa
MOJIeJIb OPIEHTOBAaHA Ha MPOBEAEHHS eKCIIpec po3paxyHkiB. HaBeneHo onuc anropurMy po3B's3aH-
Hs 3aj1a4l MO OIHI[ TEPUTOPIAIILHOTO PU3HUKY IPU eMicii XIMIYHO HEeOEe3MeYHOi PEYOBHHHM 1] Yyac
eKCTpeMaJIbHOI CUTYyallii Ha MpoMHUCIIOBOMY 00’€ekTi. [IpencTaBieHi pe3yabTaTu 0OUUCIIIOBAIBLHOTO
€KCIIEPUMEHTY.

Beryniienue. B Hacrosiiiee Bpemsi, B YKpauHe OTCYTCTBYIOT HaydyHO OOOCHO-
BaHHBIE METOJMKHU JUIsl OUEHKH TEPPUTOPUAIBHOIO PUCKA C Y4YETOM BIMSHHUS 3a-
CTpOIKM Ha (POpMUPOBAHUE 30H MOpakeHUs. Takue METOIMKU HEOOXOAUMBI JIIs Jie-
KJIAPUPOBAHKS YPOBHS MPOMBIIIJIEHHON Oe30macHocTH 00BhekToB [1-5]. HopmaTus-
Hast Meroguka OH/[-86 u MeToauka mporHo3a MOCHEACTBUNA aBapuil HA XUMUYECKU
OTACHBIX OOBEKTaX M TPAHCHOPTE HE MOTYT OBITh MPUMEHEHBI JJIsl PELICHUS 3a1a4u
10 OLIEHKE YPOBHS TEPPUTOPHAIBHOIO PHUCKA MPH SIMUCCUU XUMUYECKHUX ar€HTOB B
YCIIOBHSIX 3aCTPOUKH. JlaHHBIE METOJMKHU HE YUUTHIBAIOT JUHAMUKY U3MEHEHUS KOH-
LEHTpaI[M1 ONAaCHOTO BEIeCTBa MPU aBapUUHON SMHCCHH, HE YUUTHIBAIOT MPOLECCHI
atMocepHor nuddy3un u T.1. MeToAUKH, OCHOBAHHbIE HA NMPUMEHEHUU MOJENU
[Naycca Takxe Manod(pGeKTHUBHBI, T.K. HE MO3BOJISIIOT Y4E€CTh BIMSHHUE 3[aHUN Ha
npoiiecc (popMUPOBaHMS 30H MOPAXKEHHS. DTH METOJUKH MOTYT ObITh OCHOBaHbI
TOJIBKO JUISL DKCIIPECC OLIEHKU TEPPUTOPUAIIBHO PUCKA. B 3TOM CBsI3M aKTyaJbHOM 3a-
nadyeil sBIseTcs pa3padoTKa HaydyHO OOOCHOBAHHBIX METOJOB OLICHKH TEPPUTOPH-
AJIBHOTO PUCKA IIPU aBapUIHOM 3MHCCUM XMMHYECKUX areHTOB Ha MPOMBIIIJIEHHBIX
00BEKTaxX.
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Heabio gaHHOM paboTHI SABISETCS CO3[AHUE YUCICHHOW MOJENH JJI OLEHKH
TEPPUTOPHAIBHOTO PUCKA MPU SMUCCUHA XMMUYECKH OMACHBIX BEIIECTB B YCJIOBUAX
3aCTPOVIKH.

IHocranoBka 3amaum. MojenupyeTcss MPOLECC PACCEMBAHUS XJIOpa MPHU €ro
ABApUMHOW SMUCCHUH U3 LIUCTEPH, HAXOAAIIMXCS HA TEPPUTOPHH MPOMBILIIEHHOTO
o0bekTa. CTaBUThCS 3ajJlaya MO ONPECICHUIO 30H MOPAXKECHUS MPU PA3TUUYHBIX Me-
TEOYCIOBUSAX. BEpOSITHOCTh peann3anuu KOHKPETHBIX METEOYCIOBUM — U3BECTHA.

Mogeas ajpoauHamMuku. [lose cxkopoctn BETpOBOro MOTOKA BO3JIE 3aHUSA
paccuuThIBaeTCs Ha 0a3e MOJIENU UICaTbHON KUJKOCTH:
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OX oy
Tac P— IMOoTCHOHAJI CKOPOCTH.

3HaYeHHWE KOMIIOHEHT BEKTOpa CKOPOCTH BETPOBOIO IOTOKA OMPEACAIOTCS Ha
OCHOBE COOTHOIIIEHUMN

=0, (1)

oP oP
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OX oy
Hpouecc IICPCHOCA OITaCHOI'0 BCIIICCTBA B BOS,HyIHHOﬁ cpcac paCcCUUTBIBACTCA

Ha 0asze ypaBHeHus Mapuyka ['. U. (ypaBHEHUE MaccolepeHoca), OCPEIHEHHOTO 110
BBICOTE IepeHoca nmpumecH [ 1-5]:

20+ 80 22C 1 o0 ~div{ugradC )+ Q5 0Ty ). ®
rae C — KOHUEHTpalusl XMMUYECKOTO areHTa B aTMOC(EpHOM BO3YXE;

o — k03 (UIMEHT, YYUTHIBAIONIUHN pacmaj areHTa U 0CeJaHue Ha MOBEPXHOCTh
3eMJIH;

U,V — KOMITIOHEHTBI BEKTOpPa CKOPOCTH BO3AYLIHOTO ITOTOKA;

U= (,ux : ,uy) — ko3 purmenTsr armochepHoit TypOyaeHTHOM nudPy3un;

Q — MHTEHCHUBHOCTH BHIOPOCA XUMHUYECKOTO areHTa;

S(x—x; Xy — ;) — nenvra-dynxrms Jupaka;

Xj, Yj — KOOpAMHATHI ICTOYHUKA DMUCCUU ATrCHTA,

t — Bpems.

[TocTaHOBKa KpaeBbIX YCIOBUW i1 MoAenupyrommx  ypaBHeHuit (1), (2)
paccmoTpeHa B [2, 3, 5].

JIns 4KHCIEHHOTO WHTErpUpoBaHMsl  ypaBHEHHS (1) wucnonb3yeTcs MeToA
JInbmana, a mJis YUCICHHOTO WHTETPUPOBAHUS ypaBHEHUS TIEPEHOCA MPUMECH
MIPUMEHSIETCS HEesIBHASI pa3HOCTHAS CXEMa paciierieHus [2, 5].

JUJ1s OLIEHKU TEPPUTOPUAIBHOTO PUCKA MPU IMUCCUU ONACHOTO BELIECTBa OyaeM
YUYUTHIBATh, UTO KAXJOMY MOTOAHOMY COCTOSIHUIO P(Wi) OTBEYAET KOHKPETHAs 30HA
3arpsi3HEHMS, XapaKTepu3ylollascs pa3MepaMd U KOHLEHTpalued OmacHoro
BellecTBa. BeposaTHOCTh peanu3alnnyd KOHKPETHOW METEOCUTYaAIlMU ONPEIEIIsieTCs 10
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3aBUCHUMOCTH [1]:
PW;)=N7/T, (@)
rae N7 — 4ucio naHel (4acoB), COOTBETCTBYIOIIUX OIPENEICHHON METEOCUTY-
anuu;

T — nepuo HaOIIOICHHUH (MPOTHO3 METEOCUTYAIIUH ).

[Tox onpeneneHHoil MeTeocuTyarueil OyaeM MOHUMATh KOHKPETHOE 3HAUYCHHE
CKOPOCTU M HampaBiieHus Berpa. sl OleHKH MOTEHIIMAIbHOTO TEPPUTOPUATIHHOTO
pHUCKAa HEOOXOJUMO OLICHUTh BEPOSTHOCTH, JUISI YETOBEKA, HaXOMAMAIIEroCs B KaXKIO0M
TOYKE pacueTHOW 00JIaCTH, OKa3aThCs Mo AciicTBUEM nuiehda (00Jaka) XUMUIECKH
OIMaCHOTO BeIIecTBAa. MBI YUUTHIBAEM T€ TOUKH PacueTHOM 0OJAaCTH B pailoHE dMHC-
CHUH, IJIe KOHLIEHTpalUsl XUMHUYECKH OMACHOTO BEIIECTBA MPEBBIIIAET HEKOTOPOE TO-
pPOroBO€ 3HaYEHHUE, IPU KOTOPOM IPOUCXOJIUT Ta, UM UHAS CTENEHb MOPAKEHHUSI JIIO-
nei. 3HaYeHUE 3TOM KOHUECHTPAIMU MPUBOAUTCS B CIIEIIUAIIBHON JIMTEPATYPE.

BeposTHOCTB momnaganus 4yesnoBeka Mnoj AeicTBUE Huleli(a onacHOro BellecTBa
ONPEIENSIETCS COOTHOIIEHUEM

n
PW)s =X PW;), (5)
i=0
rae PW )Z — CyMMapHasi BCpPOSITHOCTb BCEX  pacCMaTpHUBACMBIX

METEOCUTYalllii, MPU KOTOPHIX YEJOBEK IIOMAaJaeT B 30HY BIUAHUS HCTOYHUKA
HMUCCHUU U TIOJy4aeT TOKCUYHOE MTOPAKEHNUE.

Jl1st pacueTa BEpOSITHOCTH OKAa3aThCs B 30HE TOKCUYHOT'O TOPAXKEHUS IIPU IMUC-
CHM OIAaCHOT'O BEIIECTBA HEOOXOIUMO, /Uil KOHKPETHOM TOYKH pacyeTHOM 00iacTH,
BBITIOJTHUTD pacyeTsl o Gopmyiie (5).

OCHOBOI1 TakOro pacuera sIBJIIETCS pacyeT KOHUEHTPALMK ONACHOIO BEIECTBA
B PacyeTHOW 00JIaCTH M CpaBHEHHE HTOW KOHIICHTpPAILUU C MOpOroBoil. [lanee ompe-
JEJSIFOTCS 30HBI, TJI€ KOHUEHTpPALMs MPEBOCXOIUT MOPOTOBbIil YPOBEHb — ATO U €CTh
30HbI opaxeHus. JlJig pa3inyHbIX METEOYCIOBUN (BEPOSITHOCTh - U3BECTHA) — pa3-
Mep U ¢dopma 30H MopaxkeHusi OyAeT pasiudHou. [IoCTpOCHHBIN alropuTM OLIEHKHU
TEPPUTOPHATBHOTO PUCKA peaan3oBaH B pa3paboranHoM koje « CHEM-RISK-2y. [lns
MpOrpaMMUPOBaHMS ObLT UCTIONB30BaH AITOPUTMUYECKHI s13bIK Fortran.

Pa3paGortannbiii kom BKIO4aeT B cedss HaboOp MOANpOrpaMM  THMaA
«SUBROUTINEY. Kaxnas moamporpaMma OCYIIECTBIISCT pacueT OMNpeeIeHHOTO
ATana 3aJavyu:

1. Pacuer mosst CKOpOCTH BO3JIE 3/1aHHUS.

2. PacueT noTteHIMaia CKOPOCTH.

3. Pacuer paccenBaHMsI ONTAaCHOTO BELIECTBA B BO3AYIIHOW CpeJie U OnpeesieHue
TUHAMUKHA (OPMUPOBAHMS 30HBI 3arPSI3HEHHUS IJIs1 PA3IUYHBIX METCOCHUTYAITHH.

4. PacyeTt noJiel pucka I KaxJa0i KOHKPETHOW METEOCUTYAaIUH.

5. Pacuer KoOHIEHTpallMK OMAacHOTO BEIIECTBA B TOYKE PACIOJIOKEHUS
peuenropa.
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BBon MCXOMHBIX JaHHBIX OCYIIECTBISIETCS B CHeUMalbHOM (dailie, Kyna
M0JIb30BaTE b BBOAUT CJEAYIOUIYIO HH(DOPMAIIHIO:

1. Pa3mepnl pacueTHOM 00J1aCTH.

2. PazMephbl 31aHuiM.

3. 'eomerpuueckas popma 31aHHIA.

4. ITapameTpbl METEOCUTYAITUH.

5. MouHOCTh SMHUCCUH OMTACHOTO BEIIECTBA.

6. KoopauHaThl HICTOYHMKA YIMHUCCHUH.

/. KoopauHate! penenropa u T.1.

Pe3ynsraroM MoaenupoBaHusl SIBISETCS IMOJE 3arpsi3HEHUST BO3AYIIIHON CpE/bl B
pacdyeTHOl 001acTH, MOJie TEPPUTOPUAILHOTO pPHUCKA M KOHIICHTpAIus OMAaCcHOIO
BEIIECTBA B TOUKE PACIIONIOKEHUSI perienTopa (MHGopMalius BbIIaeTCs Ha Mevarh JJis
Pa3IUYHBIX MOMEHTOB BPEMEHH ).

Pe3yabTatbl. Hike npencraBieHbl pe3yibTaThl peIeHUs MOJICIBHOM 3a/1auu ¢
MTOMOIIIBIO pa3paOOTaHHOM YUCICHHOU MOJICIIH.

Ha pucynke 1 mpencraBineHa pacuetHas oOnacTh. PaccmaTpuBaeTcsi smuccus
XJIOpa U3 JIByX UCTOUYHHUKOB (IIUCTEpHBI). BIOpOC mpoucxoaut Bo3ie 3nanud. [nu-
TEJIBLHOCTh AMUCCUU — 12 muH. JlJis pernoHa BeposITHbIC 3HAYCHUS] CKOPOCTH BETpa
cocTaBJsAtoT: 4 M/c (BeposiTHOCTh 15%) u 8 mM/c (BeposiTHOCTh 85%). CtaBuTCs 3a1a4a
paccuuTaTh BEIUYMHY TEPPUTOPUATILHOTO prcka (Maciitad microscale) ajist aTux me-
teocutyanuil. [IpuHUMaeTcsl, YTO TOKCUYHOE MOpaKCHUE HACTYIMAET, €CJIU KOHIICH-
TpaLys XJIOpPa B PACYETHOM TOUKE MPEBBIIAET 3 Mr/M°,

Ha pucynke 1 moka3zaHa 30Ha 3arpsi3HEHUS TOKCUYHBIM Ta30M JJIsi MOMEHTa
Bpemenu 210 ¢, ckopocTh BeTpa 4 m/c.

8.187E+83

D=+ I =au~N000

0.262E+81
@.4008E+81 coordinate x 8. 196E+83

Puc. 1. 3oHa XUMHYECKOTO 3apakeHUS TP SMUCCHH OITACHOTO BEIIECTBA!
1,2 — HICTOYHHMKH SYMHUCCHH OIIACHOI'O BEIIECTBA; 3 — 3/1aHUE
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W3 pucyHka 1 oT4eTIMBO BUAHO TOJIOKEHUE JABYX MCTOYHHKOB SMUCCHHU OTIac-
HOTO BellecTBa. B paiioHe pacrosioskeHUs: ITUX HCTOYHUKOB (DOPMHUPYIOTCS JTOKAITb-
HBIC MTO/I30HBI C OOJBIINM TPATUCHTOM KOHIIEHTpAIlMHU XJIopa. Takxke BUAHO, UTO BHE
MCTOYHUKOB SMHUCCHUH, BO3JIE 3/1aHUs C(HOPMHUPOBATIACH CIIOKHAS 1O opMe 30HA XH-
MHUYECKOT0 3apaXeHus. XOPOIIo BUIHO, YTO IIIEH( OMacHOTO BEUIECTBA MOTHOCTHIO
00XOJUT 3/1aHNE ¢ 00EUX CTOPOH U CO3/aeT MOJ30HY 3arpsA3HEHUs Ha MOJIBETPEHHOMN
CTOpPOHE 3[aHus. DTO O3HAYaeT, YTO 3a 3/laHHEM OTCYTCTBYET 3allMTHAs IMOJA30HA.
Ecnu monu OymyT mMOKMaaTh 3MaHUe, TIPH dBAKyalllK, TO OHU MOMANal0T B 30HY XH-
MHUYECKOTO 3apa)KCHHsI Ha JI000M CTOpOHE 37aHus. DTO CTaBHUT 3a1ady (HOpMUPOBa-
HUS «Save r00MS» B 31aHuH, 4TOOBI N30eXKaTh IBaKyanuu u3 oosekra. C Apyrou cro-
POHBI TPHU pa3pabOTKe IJIAHOB HBaKyallil HEOOXOAWMO CJIelaTh COOTBETCTBYIOIIYIO
KOPPEKTHUPOBKY.

Ha pucynke 2 mpezacraBieHa MaTpuila HMOTEHIIMAIBHOTO TEPPUTOPUATIHLHOTO
pHUCKa B pallOHE YMUCCUU OMACHOTO BEIECTBA JJIi MOMEHTa BpemeHu 210 ¢ mist pac-
CMaTPUBAEMbIX METEOCHUTyalluid. BepoaTHOCTh mopakeHus JoJiel MmoKa3aHa B IMPO-
[IEHTaX Ha PUCYHKE 2.
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Puc. 2. Marpuria TeppuTOpUaIbHOTO PUCKa
N3 pucynka 2 BUAHO, YTO MPU SMHUCCUU U3 LUCTEPH PUCK XUMHUYECKOTO Mopa-
YKEHUS JIIOJEH B palioHE 3JaHMsl — KpalHE BBICOK. 3a 3/1aHUEM, Ha IOJIBETPEHHOU

CTOpPOHE, HETIOCPEJACTBEHHO BO3JIE 3/1aHUsI, PUCK MopakeHust — 99%. Ha noaserpen-
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HOM CTOpOHE, Ha paccTossHMU mnopsaka 60 M — puck nopaxeHust 84%, T.e. TOXKe
KpanHE BBICOK.

3aTpaThl KOMIIBIOTEPHOTO BPEMEHH Ha PEIICHHE 3aa4d COCTaBWIN S c. [laHHas
MOJIeNIb MOXET ObITh HCTOIb30BaHa npu paszpadborke [TJIACA Ha XUMHUYECKH oOrac-
HBIX oOBbekTax. CremayeT MoAYEPKHYTh, YTO B YKpaWHE, B HACTOSIIEe BPEMsl, OTCYT-
CTBYIOT MOJIEJIM TaKOT'O KJacca, MO3BOJISIIONINE OIIEHUBATH TEPPUTOPUAIBHBIA PUCK C
Y4eTOM BIUSHUS 3aHUN Ha POPMUPOBAHUE 30H XUMHUECKOTO 3apasKCHHUS.

BoiBoabl. IlpemioxkeHa yuciaeHHass MOJENb JJIsi OLEHKH TEPPUTOPUATIBHOTO
pUCKa B CIy4ae dMHCCUU XMMHUYECKH OMACHOTO BEIIECTBA B YCIOBUSX 3aCTPOUKHU.
OneHka pHrcKa OCYIIECTBIISIETCA Ha 0a3e YMCIEHHOr0 MOJIEIMPOBAHUS MpoLiecca pac-
CEMBAHHUS OIMACHOTO BEIIECTBA B aTMOC(EPHOM BO3/yX€ B YCIOBHUAX 3acTpoilku. Ha
OCHOBE TaKOI'0 pacyeTa IMPOBOJUTCA OIIEHKA Pa3MEPOB 30H, MOMAJAIOIINX MO BIIUS-
HHUE MCTOYHHMKA YMUCCUU XHUMHUYECKHU OMACHOTO BellecTBa. JlanpHeiiliee coBEpIICH-
CTBOBAHUE JAHHOTO HAIIPaBJICHUSI CIIEYET MPOBOJUTH B HAMpaBiI€HUU co3anus 3D
MOJIEH JIJISl pacuyeTa TEPPUTOPUAIIBHOTO PUCKA B CIy4ae SMUCCUM XMMHYECKHU Omac-
HOT'O BEIIECTBA.
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ABSTRACT
The results numerical model to simulate the air pollution and territorial risk after accident with tox-
ic chemical emission.

The purpose of the study is development of quick computing numerical model to calculate territo-
rial risk and air pollution after accident with toxic chemical.

The method: CFD simulation of toxic chemical dispersion in atmosphere.

Findings. New numerical model is proposed to compute territorial risk and atmosphere pollution
after accident.
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The originality. New model was developed for computing of atmosphere pollution and territorial
risk assessment after accident with toxic chemical.

Practical implications. Developed model allows quick computing of territorial risk after accident
or terror act near building. Results of numerical experiment are presented.

Keywords: air pollution, toxic chemical emission, territorial risk assessment
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INPOIrHO3UPOBAHUE YPOBHA 3AI'PSISHEHUA BO3IYIIHOM CPEJIbI
I'OPOJA OT AEMCTBYIOIIUX TEXHOI'EHHbBIX NCTOYHUKOB

© M. Biliaiev, T. Rusakova

PREDICTION THE LEVEL OF AIR POLLUTION OF THE CITY FROM
ACTIVE TECHNOGENIC SOURCES

Co3naHne MeToauKu Oa3upyeTcs Ha COBMECTHOM pEUICHWH YPaBHEHUH KOHBEKTHUBHO-
TG (Gy3MOHHOTO TEepeHoca MPUMECH JUIsl KaKJOro 3arpsi3HUTENs, KOTOPBIM HEMOCPEICTBEHHO
MOCTYMaeT OT MNPEeaNpusATHs U oOpa3yeTcs JONOJHHUTENBHO 3a CYET XHMHYECKUX pPEeaKIuid B
atmocdepe. PaspaboTanHoe mporpamMmMHOEe 00OECTIEYEHHUE IMO3BOJIIET MPOBOJIUTH PSJl YUCIECHHBIX
HKCHEPUMEHTOB M TMOJYy4aTh 30HBI 3arpsA3HEHUs aTMOC(EepHOro BO3JayXa IUOKCHIOM a3oTa. ,
ONpeENsATh paloOHbl, KOTOpble HambOOIee TMOJABEP)KEHbl 3arpsi3HEHUI0 C YYETOM BIUSHUS
METEOPOJIOTUYECKUX [TaPAMETPOB.

CTBOpEHHSI METOJUKN METO/MKa 0a3yeTbCs Ha CHUIBHOMY pO3B’A3aHHI PIBHSHb KOHBEKTHBHO-
IQy31HHOrO MEepeHOCy JOMILIKU JUIsl KOXKHOTO 3a0py/HIoBaua, sIKUi Oe3rocepeIHbO HAIXOAUTh
BiJl MANPHUEMCTBA 1 YTBOPIOEThCS JOJATKOBO 32 paXyHOK XIMIYHUX peakiiil B atMochepi. Po3po0d-
JIeHe MTporpamMHe 3a0e3MeueHHs 103BOJIs€ IPOBOJUTH DSl YUCEIbHUX EKCIIEPUMEHTIB 1 OTpUMYBaTH
30HHM 3a0pyIHEHHS aTMOC(EPHOrO MOBITPS TIOKCHIOM a30Ty, BU3HAYaTH PAOHM, SKI HAHOUIBII
CXWJIbHI JI0 3a0pyIHEHHS 3 ypaxXyBaHHSAM BIUIMBY METEOPOJIOTTYHUX HapaMeTpiB.

Berymiienue. Kak u3BecTHO, M1l pa3BUTHS SKOHOMUKH CTPaHBl €€ OTPaCiH
JIOJKHBI OBITH KOHKYPEHTOCIIOCOOHBI 32 pyOeKOM, YMETh MPEAJIOKUTh YTO-TO BHEIII-
HEMY PBIHKY. MeTajutyprusi — OfHa U3 UHIYCTPUd, KOTOpasi MO3BOJSET KOHKYpPUPO-
BaTh Ha MEXIYHApOJHOM PBhIHKE. YKpanHa HAaXOAWUTCSA B JECATKE MHUPOBBIX JIHIECPOB
M0 MPOU3BOACTBY cTanu, B 2016 roxy Obuto npousBenaeHo 24,2 MIIH. TOHH cTtainu. B
MOCJIETHUE TO/Ibl CTPaHa HEMHOIO yCTyIuIa MO3UIMN KOHKYpEHTaM, ¢ 8-ro MecTa B
mupe (2010 r — 33 muH. ToHH, 2011 T — 36 MH. TOHH) YKpauHa omycTtuiiach Ha 10-e
MecTo B 2012 r — 34 MIIH. TOHH, Ha KOTOPOM YBEPEHHO JICPKUTCS YK€ HECKOJIBKO JIET.
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