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KHUPHUI (dancada aoxropn (PhD) anccepTannacHHHHT AHHOTALMACH)

JMccepTanus MaB3yCHHHHT A013ap6AHIH BA 3apypaTH. ¥Kaxouga atpod-
MYXWTHH aHTpONOreH YHKHMHAHJIAPHHHT canbuit Tabcupuaad xuMmosanam GyHuga
Kapopnap Kkabyn KWIMWIHM Kyuiab KyBBarniamra HyHanTHpWIraH MareMaTHK
MOJEJu1ap, cCaMapajii COHJIM alropHTMIIAap Ba JacTypHil MajkMyasiap HLILIaO JHKHII
Macananapura karra YbTH60p KapaTHIMOKIA. Canoar Xynyanapu arMochepacnna
3apap/u MOLIANAPHUHT KY4HIIH Ba Auddy3HacH jkapalHUHH MOHHTOPHHT KWIIHIL,
Kapanagrran XyayaHunr udmocnanum (oH napaxac, 06-XaBO Ba MKIHMHIA
WapOHTIapH Xamaa oporpadBk XapaKTEpPHCTHKANAPHHH xucobra onraH xosnja
armochepa XaBOCHAAZ 3apapi¥ MOAAQIap KOHUCHTPAUMACHHHHI TapKamHIIHHA
Gaxonam Ba GawopaTiam MacananapH Hasapui Ba aMaliMi KHX8TIAH MyXuM
axamMuaT kac6 sramu. Ly caGabnu, OyHEHHHT CaHOATH PUBOXKIAHraH AKlI,
Fepmanus, ®dpanums, Xuroi, XuHmucToH, Poccus ®enepaumsicH Ba Gomka
MamnakaTiapuaa aTmocepana 3apapiu MOMIATAPHHHT KYUHIIK Ba JMpdy3nacu
XapatHMHH MOHMTOPMHI KWIHII Ba famopatiaml MyaMMONapH JOUMHIA paBHIIRA
MYXHM axaMusT kach 3TuO KeIMOKIA.

JyHEHHHr eTakud wiMHil MakTabiapH 3apapiit MOAJAIaDHHHT atmocdepana
KyuMmK Ba nudgysuAcu KapalHiapH KOHYHMATIADHHH TAIKHK KHWIHIL YHyH
MaTeMaTHK MoJe/1ap Ba XMCOGnall alropHTMJIapUHH HILIA0 THKHII COXacHia
wiMHil Mananummnap onu6 GopHuiMokna. Ymby TanKHKOT HIMNapuia jkapagHra
TabCHP 3TYBYY acoCHil OMIULTAp, XyCYCaH XaBo OKUMHHHHT TEJIHTH, aTPOd-MyXuT
XapopaTH, 3appayanapHMHr (QU3MK-MEXAHHWK XYCYCHATIapDHHM HMHOGaIra ofiraH
XONZa KYYHII TeanMKNapH, MaMoJl TAbCHPHAA TYMNpPOK 3PO3HACH, KapanagrraH
XYAYAHUHr 06-xaBo Ba HWKIHM 1IApOMTNapH xabM OMWILIAPHMHT TabCHPH
YpraHuMoKaa.

V36exncTon PecnyGnukacuia atMocepaHHHr Tabunil Xamia aHTPONOTeH
mMaH6anap TOMOHMIAH M(UIOCHAaHHINH OKMOATHAZ MAaBXyA OSKOTH3HMIIAPHHHT
3KOJNIOTMK MyBO3aHaTH Gy3WIHIIMHH OJUIMHH ONHI GYiHYa KeHr Kynamm 4opa-
TanGupnap onu6 Gopunmokaa. XycycaH, 2017-2021 iwutapna Y36eKHCTOH
Pecnybnukacunn smama puBoxciaHTHpum 6¥itvua Xapakatnap crpaTernacuia
« ... OJlAMJIAPHMHT IKOJIOTHK XaB(CH3 MyXHTIA SWAMIHHA TAbMHHIAMI, ... ATPOt-
Ta6unii MyXMT, aX0JH CanoMaT/ury Ba reHoGoHAKra 3HEH €TKa3aAnraH SKOJIOTHK
MyaMMONIapHH OJIIMHM ONMuI, .. XyAyAlapia 1i03ara KeiraH 3KOJIOTHK
MyaMMOMapHH XaJl STHIIHMHN TabCHPYaH MEXaHH3MJIApHHW ApaTdi, ... Tabuwuii,
TEXHOreH Ba 9KOJOTHK XapakrepAarH (aBKyJO[ia BasHATIAD 3XTHMOJMHH
MOHHTOPHHI Ba NMPOrHO3NALITHPHILHHHI ATOHA TH3UMHHH HILIA6 yuium»' kabu
BasudanapHUHr KyHMUAHIIM, NABNATHMH3 TOMOHHIAH JKONOTHA Ba aTpof-MyXHT
XHMMOSICHTa MyXHMM bTHOOp KaparwiraHuaad panonar Gepamu. Byrywrd KyHna
IOKOpMAA KenTupunraH BasndanapHd amanra OLIMPHII  y9yH  3apapiiH
MOJUIANIAPHHHT TApKANMINKAA JKapalHra TabCHP 3TYyBYM TYpJIH OMHILIAPHH
nHobatra onran xonna WQoLANaHyB4H aNEKBAT MaTEMaTHK MOIEIUIAP, SKOJIOTHK

! ¥s6exucron PecnyBankac TMpeangerrmunr 2017 #un 7 ¢espanaary Ne MO - 4947 - conmu «V36exucron
Pecnyb. aHAna p tupum 6¥itra Xapaxatnap crparernacy Tysprcuaantd dapuonn




1oK/IaMaHH Gaxonam Ba GawIopaT KuHUIHUKT camapaiy XxucobJialu anropuT™IIapH,
WYHUHTACK aTpod-MyXuTHH Myxodasa Kumumra HyHamTMpunraH 6owkapys
KapopJsiapHHH kalyn kununira KYMaknayBuy aBToMaT/IaliTHPHIITAH TH3MMIIAPCH3
TacyBBYp KWIHG 6Ynmatinu.

Ywby tamkukor wmm ViGexmcron Pecny6nukacu ITpe3auneHTHHMHT
2017 #imn 21 anpenparn [O—-5024-con «Jkonorus Ba aTpo(-MyXHTHH MyXodasa

KHJTHIN COXacHaa NasnaT G0IIKAPYBH THIUMHHK TaKOMHJUTALITHPH LU TYFPHCHAANTH
®apmonwu, 2018 #imn 10 oxkaGpaary [IK-3956-con «3konorua Ba aTpod-MyXHTHH
MyXodasa KHIMII coxacHpa mammar GOUIKApYBH TH3HMUHH TAKOMW/LTALITHPHLI
6yfimaa  Kywnmua U0pa-TanGupnap Tyrpucumanru KapopH, UIyHMHIAEK
Y3bexucron Pecry6mixacy Basupnap Maxkamacunnnr 2018 #iun 26 Hos6paaru
958-con «Jxonorna Ba atpod-MyXuTHH Myxo(aza KwMID coxacHaa WiIMMi-
TalKHKOT OasacHHM sHama PHBOXNAHTHPHIN YOpa-TAGHPNApH TYFPUCHAANTH
kapopH Ba 6owka ym6y coxana kaby:n kumuuran MEBEPHI-XYKYKHI XyAoKaTiapaa
Ha3apJa TYTHITaH Makcan Ba Basudanapuu amanra OLIMPHILIa XU3MaT KWIafH.

TamcoTHHAr pecniyGinica gan Ba TeXHOJIOrUsUIAPH PHBOXIAHHIIMHHHAT
ycryBop liyHaimmuiapura mocamra. Ywby Tankukor pecny6nuka ¢aH Ba
TEXHOJIOTHSLIapH PHBOXUTAHHIIMHHHT [V, «Ax6opo'mam1'upum Ba ax60p0r-
KOMMYHHKALUS TEXHOJIOMHANGPHHH PHBORIAHTUPHI) YCTYBOP HYHATHLIMIE MOC
pasumaa 6akapunrax.

MyamMmounHr  ypranmwiramnmk  napamach. ATMocdepaHuHr uerapa
KaTiaMHia 3apapiM MONJANapHMHI KHCKa Ba Y30K Macodanapra Ky4HIIH
JKapa€HMHH MaTeMaTHK MOACIUTAITHPHII METOAONOrHACHHUHT dynnaMeHTan
xuxarmiapy L.Thaning, E.Naslund, W.J.Layton, C.Berselli, J.M.Germano,
H.Ferziger, J.Geiser, U.Piomelli, G.S.Winckelmans, W.C.Reynolds, H.A.®Dykc,
O.H.Xunue, I'.U.Mapuyx, M.E.Bepnaua, E.Il.Memiukos, B.B.[TeHEHKO,
B.M.benonuneuxas, M.B.Menpuos, B.H.Haau, B.K.Apryunnues xa6u xopwkHit
OJIHMJIAPHHHT HLLTAPHAA EPHTHIITAH.

Y3bexucronna armoctepana 3apapnM  MOAAAnapHMHr KyuuuM  Ba
IOHGQY3HACH MacananapHHH €4HIl YYYH MaTEMaTHK Mone/ylap Ba COHJIH
QIrOPHTMIAPHH MUl upkHm  MyammonapH Gunan  @.B.AGyranHes,
C.K.Kapumbepauera, M.JI.Apyuianos, H.PaBwaHoB Ba 6owika onumnap HuLTapHad

raHW/IraH.

P Kyn AWUIMK cTaTHCTMK MabiyMOTJIap Ba OJMMAap TOMOHMAAH "'n:;g
YHKHJIraH MaTeMaTHK MOEJUTApHHHT TaXJIWIH WYHH Kypcarandky, 6yryHrf :y

aTMoc(epanarH 3apapau MOIANAPHHHT KYuHIIH Ba AHPDY3HACH *apaé"”azpmr
Kyn YMYOBMM KYPHHMILJAr¥ MaTeMaTHK MOACJUIAPH, 3apapiu Mommnapﬂ HHT
H3UK-MEXaHUK  XYCYCHATNapuHM  HHOGaTTa oman mﬂ )Jm!ﬂﬂ" r
TEANMMKIAPHHMHT  BakTra HHcOaTan Y3rapuum, —Kap aunapra

WInADH MHrAeK BakT Ba da3oBuii ¥3rapyB

oporpadMACH Ba MKJIMM OMHIUTapH, LIYH HH Kymnam acocuma camapaiH
uncbatan 1oKopH TapTMOIH lannp"as qo:mcmuxm:cxa.nanapn eTapiuya ypranuaMarat.
xucobsan anropu‘rMH:P"l::'Kmnm auccepraund 6axapuaran osuit TaBJIHM

'm“c;em:::a:nuyaccacacuuunr HIMHA-TAIKHKOT MIIJIApH pexanapH
gl:'nal:;n::n;::lm. Tuccepranus wmm ByXopo Hamnar yhusepcurern wiMHid
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TAAKHKOT HIJIapH  PEKACHHHHT «AMamuii marematWka Ba ax6opor
TEXHONOTHANApH MacalanapiHH MAaTeMaTHK MOAELIAIITHPHID (2017-2020)
MaB3yCHAard TaJKHKOT HIUIapH Xamiaa TomkeHT axGOpOT TEXHOJNOrHUIapH
yHUBEDCHTETH Xy3ypHaard AXGopOT-KOMMYHHKAlHA TEXHOJIOTHANApH HIIMHI-
MHHOBAaUHMOH MapkasuHuHr BB-ATex-2018-9 «ATMocthepa Ba CyB pecypcllapHHH
TEXHOTEH OMWUIapHaaH XHMOS KHIHII MacananapuHi equil ydyH Mopesap,
TAaKCHMJIAHTaH XucoGnam aropHTMIapH Ba aCTYpHH BOCHTaNap ApaTiin (2018-
2019) maB3ycunard no#iuxa A0HpacHaa GakapunraH.

TaaKHKOTHHHT MAKCAIH CaHOAT XYy AJIapH XaBO XaB3aNapHHHHT 3KOJIOTHK
XONaTHHY MOHMTODHHT KWl Ba GamiopaTiawi ydyH MareMaTHK MOAeIIap,
xucobnaml anropuTMiapu Ba AaCTypuii MakMyaHH wWuwnal YHKHID Xamza
TaKOMHJLIAUITHpHLIAaH H6opart.

TaaKHKOoTHHHT BazuasapH:

aTMoctepana aspo3oil 3appavaiapHHKT TapKATHIIH xapadHHHH MaTeMaTHK
MOZe/UTAIITHPHLI MyaMMOJIapH XONaTHHH TaXTHIIaH §TKa3HII Ba YIAPHUHT €9uIl
HynapruHU v3nam;

aTMoc(epana 3apapiH MOMIANAPHUHT KYHIIN B2 mudy3uacy xapatHura
TabCUp 3TyBuM acocuit OMWUIApHH, LIy JKymialaH KapanaérraH XyZXyAHHHT
MEeTeOpOJSIOTHK 1apOUTJIapH Ba oporpadHACH TAbCHPHHH TAIKUK KHJIHIN,

3appayanapHHHT (H3UK-MEXAHHK XYCYCHATIapHHH xHcob onraH Xonaa
arMocepana apapn¥ MONATAPHHHT KyTuiIM Ba mvuddysusicH xkapatHHHH
MOHUTOPHHT KWiHill Ba 6amiopatiaml yuyH YH3HKIM Xamja GH3HKCH3 MaTeMaTHK
MOJEJUIapHH HILUIA0 YHKHULI; '

aTMoc(epana Ba €pHHHT YCTKH KamjiamHza ndnocnaHTHpyBuH 3appavanap
KOHUEHTpaUMsACH MaiIOHMHHHT TaKCHMAaHHIIHHHA Gaxonamr Ba Gamoparsam
MaCaNlaCHHH eqHIll ydyH caMapajli COHIIH alropHT™Miap HULTa0 QKU

aTpod)-MyXHTHH Myxo(ha3a KWIHII TAIGHpApHHY amanra OMMpHIL Gyitnua
KapopnapHH Kabyn KWIHIIHA Kymwab KyBBamiamra #HyHanTHpHATaH 3apapiH
MOJIAIapHUHT aTMocdepana KYUHIIK Ba muddy3uscn xapaBHUHH TaxXJTA KAJHII
pa Gamopatnaw Macananapu G6yfiuua KoMmbioTepa XucoGnam TaxpubanapurH
YTKA3MIL yuyH nacTypuil MakMyaHH HILIAG wyKuIL.

TaaKHKOTHHHI 0GLEKTH CaHOAT OObeKTapH Ba Tabuni HPIOCTAHTHPYBUH
man6anapnan TauiaHa&TraH 3apapiH MOUIATApHHHT arMocdepana KyTHIIM Ba
muddy3nscu xapaéuu xucobnanauu.

TaaKHKOTHHHr  NpeIMETHHH  MaTeMaTMK  MoJeuiap, xucobnam
anropuTMNapH Ba KOMIBIOTEPAA COHIM Xucobnauutap yTxasuiml yHyH JacTypui
MaXMyaap TallikKii 3TanaH.

TaAKMKOTHMHI ycyaaapH. JIHCCEpTalMs TAAKHKOTH AAaBOMHAA xucobnam
MaTeMaTHKacH, MaTeMaTHK MOJC/IAIITHPHII Ba XucoGiam TaxprbanapH
yCyJUlapH, WYHHHrOEK AacTypuil MakMyanap MuLIab 9ukum yiyH ofbeKTra
HYHATTHPUIraH nacTypiiaill TEXHOJIOTHAJIAPH KYJLTaHWIraH.

TaAKMKOTHHHT HIMMHA SHIHIHIH:

3appauanapHuHr GU3HK-MEXaHHK XyCYCHSTAapMHM MHOGaTra OJiraH Xonja
armocepana 3apapiH MOANANAPHHHT KYuumu Ba Auddy3uAcH KapaCHMHH
uOnATOBYH YH3HKIH Y4 YIUOBIM MATEMATHK MOJEJb HILTA6 YHKHIIraH;



aTMocepana 3apapii MOANANAPHHHT KYuuuM Ba Auddy3uscn WKapa8HHHH
AQAOCNaHTHPYBYM 3appavaiapHHHT y3rapysuaH Kyuuul Teanmr, Kapanaérras
XYAYQHHHT 06-XaBO Ba HK/TMM WIAPOMTNAPH XaM/ia CPOrpPadMsACHHN HHOGATIa OJIraH
XOJiia y4 YITI0R/IH YH3UKCH3 MATEMATHK MOZENH HULIZ0 YMKHITaH;

arMochepama 3apapiH  MOANATAPHHHr KYyuMIDM Ba anddysmnscu
MacananapuHM eqMml yIyH IOKOPH AHHKIMKIAArd OIIKOPMAc 4eKiTH alupManu
CXemara acoCJ/IaHraH CaMapali COHJTM AJITOPHTM HILIAG YHKHIIraH;

atMoctepana 3apapiH TalLIaHManap TapKAIMIIH YM3UKCH3 MACATACHHUHI
vk xycycusTnaphra Moc KMcMapra axpamvin YCyJIHTa acoCNaHraH camapaiu
COHJH XUcobuiall anropATMH HILIa6 YHKMIIraH,

TaJAKOTHHHT aMATHIT HaTIKANADH Kyfinnarunapnas u6opar:

CaHoaT XyRyAnapy arMocepacHra TAlLNaHAETraH 3apapiu MOJAANaPHHHT
kyuumy Ba auddysumicH kapaguuuHM Yprauumi, MOHHTOPHHI KWIHII Ba
Gamopatiam y4yH MaTeMaTHK annapar Ba JACTYpHi MaxMya Hnutab JMKUnran;

AUUa6 YHKWITaH JacTypuil MakMya acocmpa Byxopo eunostu muconupa
CaHoaT XyNyANapH XaBO XAB3aCHHWHT KONOTHK XONATHHW TaXiWi Kunum Ba
Gamoparram y4yH COHIH XuCOG/am TaxkpuGanapu yTkasunrau;

HILa6 YMKWITaH JacTypHii MakMya caHoar, HuLtaG HMKApHIN 06BeKTNapH
arMocdepacHHH MOHHTOPHHI KWIHII Ba Gamopatnam Epaamuna tabuar a arpod-
MYXMTHHHT XHMOSCHIa KapaTHWIraH TabuaTHH Myxodasa kumm TanGupnapy Ba
HuU1a6 uHkapam GaoausATH KaBOMHAA aTMOChepa XaBOCHIA CaHHTapHs MebEpnapy

,OyswiraH  Xonna TyNTaHaNMraH OKAUMANAHM TYNAW  YMyH  monusWi
XapaxcaT/iapHu Texamra Ioup 60WKapys Kapopnapwuu Kabyn kunuwna Epnam
6epran.

TaHKOT HATINKANAPHHHHT HIIOHLIWAHIH. TaAKHKOT HaTHXKANTapHHUHF
MIIOHWTHITHIA 33papiii MOAJANAPHUHT aTMOChepana TapKamuiy TeHriamac Ba
YHHHT verapasuif WapTiIapH Macca Ba HMIYALCHHHI KyuMmHM Ba caknaHMuIH
KOHYHIapHIa KATbHI PHOA KWIHG WAIILIAHTUPHITAHH Gnan H3oxnaHany, CORIH
ycynnapaas  ¢oinananunranuga ANNpOKCHMAUNS aHHKAWMIM Ba XHcoGnaw
KAPEPHHHHHI  AKHRNAIWII  BA TyPFYWIMK wapTiaph eTapnM  papaxcana
TabMHHIIAHTaH, OIHHTaH COHJIH HaTHXanap Tabuar KOHYHJIapura 3uA 3Mac.

TaaKHKOT HATIDKANAPDHHHHI WIMME Ba amanuii axamuaTyu. Tagkukor
HaTIDKAIApHHUHT HIMKH aXaMHATH 3apap/in MOAANapHUHT atMocdepana K uuiLH
Ba 1updy3HACH KapaBHHHHHT SHTH  MaTeMaTHK MOAC/UTAPMHH  UIUTHM
OMHJUIADHHHHT Y3rapHIuiiapH, TypOyJeHTIMK Ba HOTHIHII ko3¢ uuneHTNapH,
Kapana€Tran Xy Iy UlapHHHT OpOrpad HACH XaMaa 3apapau MoAAATapPHUHT (QU3NK Ba

MEXaHHK XyCyCHAT/IapHra GOFNHK PaBHIIA YIAPHUHT TENHTH Y3rapy BUAHTHIHHH
MHOGaTra ONMMHraH Xonja MuLIab YMKWIrAHIHTH, HIyHUHTAEK, I0OKOPH TapTHOIH
anmpokcHMalAnamfa BakT Ba (asosuit y¥3rapypuwnapra HucbaTaH (u3HK
oMHnnap 6¥iinua MOC KMCMiIapra aKpaTHID XaMAa YeKiH aliupManu ycynnap
acOCHAa CaMapaiy COHJIM aIFOPUTMIIAP HULTA TMKUATaHIHIKAaH H6opaTaup.

Hvicceptauns TamKMKOTHMHMHI aManuii axaMHMATH 3apapnu  MopIasap
aTMocepaHHHr 4erapa KaTjiaMHIA TapKaiMIUM JkapaBHiapHHH Kys3aTMIl Ba
Gamoparnaw, Tabuui Ba CyHBHA MaHGanap TOMOHM;aH armocdepara
TamUIaHaéTraH 3apap/ii MOAAANAPHUHT aTPOd-MYyXHTTa CanGHii TabCHPHHM TaXJTHJI
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KWIHIL Ba 103ara KeJIMIIM MyMKHH GYNiran 3konoruk xasuu xamadTHpHII Oy¥inma
Gomkapys KapopfapHMHM KalyJl KWIMIIHH Kyanab-KyBsarauwl ydyH mactypuit
MaxkMyaH¥ HIa6 YMKHIAA Y3 aKCHHH TOMraH.

TagKHKOT HATIDKANAPMHHHT skopuit kuauHmmH. CaHoat obwexTiapu
Xynymnapy atMoc(epacH XaBO XaB3aNapHHMHI 3KOJIOTHK XONATHHH MOHHTOPHHT
KWIHL Ba GaUIOpaTNAUIHHHI MaTEMaTHK MOZE/LIApH, Xucobam anropuTMIapH Ba
JacTypHii MaxMyacH acocuaa:

armocepara TAUUIAHAETraH 3apapiH MOANATAPHHHT BaKIra HHcOaTaH
HIOCNaHTHPYBYH 3apPavyalapUHUHT §3rapyBuaH TEJIHKIapHHH xXHcobra onraH
XONa ynapHHHT arMocepa XaBOCH/Ia TAPKATHIINH Xapa8HHHH MOHHTOPHHT KITHII
Ba Oawopamiail, UIYHHHIAEK, AHTH 6apno 3TWwiagTraH caHoaT oOBbeKTIapUHHHT
ONTHMAN JKOWNAIITHPUIMIYA 6unaH GOFIMK KapopNnapHH Kabys KHIHIIHHA Kyiab
KyBBaTNall yuyH MaTEMaTMK MOAEJIL Ba AacTypuil Maxmya ByXxopo BHIIOATH
Oxonorus Ba TabuatHn myxodasa kunnw GomkapMacu (haonHATHra *OpHit
KiwiMHran (JKoNOrMA Ba aTpod-MyXWTHH Myxodasa KWIMIN [aBiaT KYMHTacH
mansnyMoTHoma Ne 02-02/8-2738-con, 19.11.2020 #.). XKopuii KHIHII HATHXACHAA
aTpo(-MyXHTHUHT XMMOACHTA KapaTwiraH TabWaTHH Myxodasa KMl Hopa-
Tan6UpnapHHN aMajira OWMpHIL, aTMocdepa XaBOCHAA MAKCHMAN pyXcaT JTHIITaH
KOHUEHTpauHs Mebéprapy Oy3WIraHWIM Xakuia ¥3 BaKrHAa OrOXJIaHTHPHII
XHCOGMra TYNaHAIMIAH  kAapUMATapHM Tynam OwiaH GOFMK MONHABHHA
XapakaTnapHu Texam G¥iiuua TaBcuanap HuLUIa6 YHKHII HMKOHHHH Gepran;

3apapiM MOJIANApHMHT aTMocdepa XaBocWaa Kyuwmm Ba IupQysuscH
KapalHWHH TaxJIWl KWIMI, Ky3aThin Ba Gamopamiam Gyiivva MaTeMaTHk Ba
nacrypuit Maxmya Byxopo sunostn «MKMK-409» MWK ¢aonuaTsra sxopwil
KWiHHraH (Jxofnorus Ba aTpo-MyXuTHH Myxodasa KHJIHLI faBiaT Ky MHTacH
MabsiymoTHOoMa Ne 02-02/8-2738-con, 19.11.2020 ii.). XKopHii KWIHII HATHKACHAA
HOKyNall METEOpONOrvK wWApOMTIapAa Ba OOBEKTHHHr OenrwnaHrad Hiam
pekMMAapuaa 3apapii MoAANapHMHT HILIa6 4YHKapHIl OO6BEKTH XyAyAnapuia
3apapn rajiap, YaHr Ba KaHueporeH Moananap KOHUEHTpalHACHHH Gamoparnam
anuxurd 9-11% ra ommpwiran;

3appavyaNapHUHr TeNMTK Y3rapHIUMHM Xucobra onraH xonma armocdepa
XaBOCH/A 3apapiii MoaAanap kyuuuH Ba audy3HsacH xapalHyiapy Taxnwi KHiHi,
Ky3aTHul Ba Gamoparnam 6¥iinua MaTeMaTHK Ba nactypuii Makmyacu “CHORI
MEGA MONTAJ” MUX ¢aonusTtura sxkopuii kunmusran (Jkonorus Ba aTtpod-
MYXHTHH Myxodasa KWIMII JaBnaT KYMHTacH MamiyMoTHoMa Ne 02-02/8-2738-
con, 19.11.2020 i.). dKopui KwIMII HaTHXKAcHAa ATMOC(EPAHHHT uerapa
KaTnamuaa Ba €p 103aCM caTXMha LEMeHT, 4aHr, KyM Xamaa KO30HXOHanap/a
EKWnagMrad yrieBOAOPOR EKWIFHCH EKWIHIOH HATHDKacHAa XOCHI 6¥nanuraH
3apapiM MOQAIap KOHLEHTpauuAcHHH OGamopariaml aHHKIHMHHH 8-10% ra
OLUMPHITaH.

TaAKHKOT HATHXANAPHHHAT anpoGawusacH. Maskyp AHCCepTals HIOH
HaTipkanapu 7 Ta Xankapo Ba 4 Ta pecry6/MKa WIMMii-aManuii amkymannapuia
MyXoKaMalaH Y TKa3HIraH.

TagKMKOT HATHXKAAPHHHHT JYBJIOH KHAMHrapmwrd. Jlucceprauus
MaB3ycH 6yiinda 25 Ta WiIMHi MII YON 3THTaH, V36exucron PeciyGimkacu Onwii
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aTTeCTAllNS KOMHCCHACHHUHT IMCCEpTaLMaIap aCOCHIH WIMMIT HaTH:KanapUHH YOI
STHII TaBCHA 3TWIraH WiMui Hampnapaa 11 Ta wimuii Maxona, xymnafaH 4 1a
XopHxHi Ba 7 Ta pecnybnuKa xypHaliapuaa HamIp KWIMHTaH, WYHHHrIEK 3 Ta
OXM ydyH sparTHiran AacTypuii MaxCyJOTNapHHH Kalil 3THII [yBOXHOManapH
OJIMHTaH,

AuccepTANMAHMHT TY3WIMIMH Ba Xaxmu. Jlucceprauus Kupuwl, TYpTTa
606, xynoca, ¢oiinananunras anabuérnap pyiixath Ba WwioBanapaas ubopar.
HuccepraumsaHr Xakmu 118 caxudany Tamkun sranu.

AUCCEPTAINMAHUHAT ACOCHE MA3MYHHA

Kupum KHCMHAA AMCCEpTaL|A MaB3yCHHUHT Y36eKHCTOH Pecny6nukacu dan
Ba TEXHOJOrHWANADHH PHBONUIAHTHPHIIHMHT YCTYBOP WyHanuumulapura Moc
paBumaa Aon3apOiure Ba 3apypHATH aCOCNAHraH, Makcan Ba Basudanap
MAKUIAHTHPHIINAH, TanKHKOTHUHI OGBEKTH Ba MPEAMETH KypcaTwirad, YHHHI
HIMHil SHTAIHTH Ba aManuii HaTwkanapu 6agén KHJIHHIaH, OJIMHray HaTKaNapHHUHT
HIIOHWIMJIKIH aCOCJIAHIaH, Ha3apuii Ba amaiHii axaMUATIapH ouu6 6epunran,
TAAKHKOT HATWKATAPHHUHT aManu€rra XOpHil >TMII Xonatnapw, LIy HUHTAEK,
TAIKUKOT HATWXKANAPHHHHT HON STWIFAHIMIHY XaMIa AMCCEpTaums TY3WIHILK
XaKua MabJyMOTJIap KeJITHpHIraH.

JAHCCEPTAUMAHKMHT «3apapii MOAAANapPHMHI aTmocepaza Kyuumu Ba
aadgdysnsaca  xapadHIAapHHH  MaTeMaTHK MOACNIAINTHDHII  xonaTH
MyamMMOJIapH Ba YHHHI eqHMIAPH» 1e6 HOMNaHraH GHMPHHuM Gooy TypTTa
naparpadaan néoparaup.

Bupunun  naparpapna  armochepaHHHr  3apapnu Moananap Gunau
u(nocnaHum MaHGanapW, TascudnapH Ba KiaccHHKammscy KENTHPIIraH.
Hiiainan  maparpadna  arvochepana sapapnu  Momnanapuunr TapKaIMLIK
KapaPHHHH MaTEMAaTHK MONEJUIAITHPHII  yCysnapu Ypranvaran., Yuunum
naparpagaa  aTMOCHEPaHMHT  3apapiM  MOMZANap  Gwnay udnocnannmu
apaHHHHHT MAaTEMAaTHK MONEJUIAPH TAXJIWITH KeTTHpHATaH, Bo6uuur Typrunum
naparpaguia ymey Myammo 6¥ituda wimuii Man6anaphu Gatadenn Taxnun kunum
acocuaa TRAKHKOT MaKcal Ba BasHdanap 6enrunanran.

Hucceprauus HIIMHHHT «3apapiiH MOAAAAAPHHHK aTmocdepana kjuumu
Ba JHGPy3HACH RaAPAEHIAPDHHH MOHHTOPHHT KWIMI Ba 6amoparnam yuyu
MATEMATHK MoAeLIapy» Neb HOMNAHTaH HKKMHYH 606una arMocdepana 3apapau
MOJIanapHUHT KYUMIIM Ba IMQQY3MACH KapaBHMHM Tagkkk Kewnmpy yuyH
MaTeMaTHK MOAEJLIap MIab yuKMIIra 6aruuInaxranx.

Bomka MyamtugnapHHHr k§nnab TanKMKOTIapuaa 3apapy MoaaanapHUHT
armocdepana TapKaaHm KapadHUHH MoAe/TAlITHPHIIAA 3appayanapHMHr BaKITa
HHCOaTaH ¥3rapysuaH TEVMKNApH aTMOC(Epa XaBO MAaccacHHMHr TE3JTUrura
TEHT A THPHUIIHG, y3rapMac KaTTanHk Ae6 Kapanran. Maskyp wuwipna ymby oMun
Y3rapysuan kaTTanuk SKAWIHIH Ba y atmochepana 3apapim MOJanap TapKaituIlH
KapaBHUHHHT MYXMM napaMeTpy cHdamiia Kypub uukHIran.

3apapiu MoananapHHHT atMocdepana KyuuiM Ba mddysuscu xapadauna
3apapn¥ MoAZanap 3appadanapMHHHT iYHammunapra moc TENHUKIapy acocaH
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waMos TeMrura GORIMK paBHmia ysrapamu. [Jlemak, mamon TabCHPH TypiH
XWigard, AHM TypIH (U3MK-MeXaHMK XycCycuATra dra Oynran 3appada yuayH
TYpAMYa TAbCHDP 3TaiM. Yy Ky4yHHHr TabCHpHAA 3appadvanapHHHT TeJITHKIIapH
yNapHHHT (H3UK-MEXaHHK XYCyCHATIapd acocuia INaKUlaHanu. 3apapim
Mozzanap 3appavanapMHHHr atMocepa XaBocujari XapakaTd ynapHHHT ¢usnk-
MeXaHHK XYCYCHATHAAH Keiub YMKKaH Xona xap GHp 3appaya TypH y4yH Xapakar
TPaeKTOPHACH Typau4a Gynanmu.

KeJITHpHIIraH TAXMHHIAPHH Xico6ra oNraH XONa, MasKyp Hil/a Kapanattras
3appavyallapHHHHT 4,,V,,w, HyHanmuuiap 6Viivua Te3nHKIapHHA uHobaTra oJjiraH
XOJ1a THIPOMEXaHHKAHUHT KOHYHH acoCKa H(pOJanaHyBuH Ky ¥IHOBIH XyCyCHi
xocunanu Iudepenuman Tewrnamanap &pammaa atmocdepana  3apapi

MOIIANAPHHHI KYuyMll Ba Au(dy3uAcH kapaiHnapuHH KyWHaaruia MaTreMartHk
MOACSH TakM ITUnau:

2 2 o( a8
a—9+u.%+v v Q+aﬂ=p(a g+?—gJ+—(xa—)+5Q; )

a & 'y & & ) @
du, _ —u); 2
m 7 3mnd(u-u,);
m‘f;' =3and(v-v,); 3)
m% =3and(w-w,)—mg @
MOC paBHwWAa 60lnaHFHY Ba Yerapasuii wapTiap:
0l =6% |, =uls |, =0 Wl =W ©)
20 28 ) 6
- — = 6 - , —| = 0‘ ‘—6), ( )
"aler_o so-0r nZ| =a
-#a_e. = ;(0' -6); ”Qg = 5(9. —0); (7)
-0 W\,
«®| _ e, % =£0,-9). ®
Zle=0 & |,

By epna 6 - 3apapmu monmanap KOHUEHTPAaUHMACH; #,,V,, W,- 33papiH
MOANANapHHMHr HyHamumiap GyiiWya TEIMMKIAPUHM TAIIKH 3TyBYHIapH;
#,v,w - IWAMONHWHI HyHanMUUIap Gy¥iuua Te3NMKNapH; d - 3appavaHHHT

AMaMETPH; M - 3appauaHWHr OFMPJIMTH; 77 - JMHAMHMK EMMIIKOKIHK
xoapduumentn; 6° - aTmocdepa xaBockaaru 3apapiM MOLAANAPHUHT GomnanFuy
KOHLEHTpAUMACH; O - arMocdepanard 3apapid MOMJANAPHHHT  IOTHIAM

kos(pduumentn; & - Jupak ¢yHkumAcH; g - OPKHH TYIIMII TeJIAHWIIH;
p - auddysus kosdduunentn; B - ep caTxu GHIaH TALCHPIAWHII KOIDGHUHEHTH;
Q - MaHGanapHuHr KyBBaTH; X - TypGy/NeHTNIHK KO3(HUHEHTH; & - xmcob
yerapacH OpPKAIH Taulki MyxuT OunaH Macca IMAaIIHHYB ko3 bULMEeHTH;
6, - wMacana e4WMM coxacuaaH TAalIKapuAar#d 3apapiH  MOARANAPHMHT
KOHUEHTPaLUACH.
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Wlynn Tabkuanam KepaxkH, (1)-(4) macananapuuur KyitnnuumMaa sa ynapra
TernuutH (5)+(8) Gomnanruy Ba gerapaswii mapTiap acocuaa atMocgepana xaBso
OKMMH TabCHPH HATIKACHAA 33papiH MOMJANAPHUHT KOHBEKTHB KY4MILH,
Monekynsp Ba TypOynent nuddysus xucobura armocepana 3apapnu
MOANANapHAHT TAPKAMIIH, IIY HHHTACK, aTMocdepa XaBOCHAarH HaMJIMK XHCOOUra
3apapiii MOAIANaPHHHT FOTHIHLIH KaGH (u3nk AapaHJIapHH KYPULIUMMH3 MYMKHH.

3appanapuubr HyHanumnap Gyiuua TeTMrHHHM aHMKTamga atmocdepa
XaBoCHAa XapaKkamiaHaZTraH 3appara TaBCHpP 3TyBYH YHHHT (H3HK-MeXaHHK
XYCYCHAT/IAPH: OFUPNHIH, IHAMETPH, XABOHMHT AMHAMHMK SMMIIKOKIHIH XHCOGra
OJIMHTAH.

IamMoNHMHr 1OKOPH Te3NMKNapuIa 3apapi¥ MOINANapHHHI KYuMlUM Ba
mupdysusicu xapagumnu Mponanamna Kapanaérran XyXYAHHHT opropaduscH,
3appaya 3HWIHIH, 3aTpO(h)-MyXHT Xapoparura GoFmk PaBHILAA ¥3rapyByn XaBOHHHI
3HUIHTH Ba IHMHAMHK EMHIMKOKIMK KOI(QHUMEHTH, 3pKuH TYIIMII Te3naHHIIH,
KAPIIMIIMK KY'IH yUyH HHCM WAKTH KOIPHUUMEHTH, PaiMyCH BA XaBO OKHMUHHMHI
KYTapHIll KyYHHH XHCOOTa OJiraH XOJAa MacanaHHHr Y4 YmuoBnM kyHumnuwnary
YH3HKCH3 MaTEMAaTHK MOJEIIH HULIA6 unkunau;

90 K XkE)  B(h6) _ [FH0) PhO)) o( &
E..g.u' = +v, ay +w, oz +0”ﬁ—[l(?+? '9'"5()(‘ (629))+5Q, (9)
du
m=—==c,arp,(u, ~UY'; (10)
av
m—t=c ar'p,(v,~UY; an
m-d&=—i7rr’(p -P)g~k,unrw +F
d’ 3 ] . fHe L n (12)
6ouutanruy
Olo=0" u|o=uls v, =20 W) =up (13)
Ba YerapaBHii mapriap
LX) am)| _
o » £h(6, -6); H o |, =&h(6, -6), (14)
o(hd) . 8(ho)
-u 22 =£n(6,-6); u—=— =2n(6,-0), 15)
2 &, “#e-0) (
_ o) _ 0-0.): oyl _ _
el Eh(PO-Q,); o= - &h(8, ~6). (16)

By epma U=vu'+v’ + W —XaBO OKMMHHHHT TEIHTH; ¢, - 3appayasiapHUHT
X4BO OKHMHIA KapIIMIHIY k03(GUUMEHTH; 7 - 3appaua pagmych; p, - XaBOHMHT
3MWINTH; p, - KapanatTraH 3appadaHuHr 3HWIHIH; k, - KAPIIUIHK Kyuu yyH KHCM
MAaKIH KO3PPHUMEHTH; 4, - XABOHMHT JHHAMMK EMHULIKOKTUK k03 duuneHTH;
F, - XaBO OKMMHHUMHI KYTapHIl Kyu; h- Xyayn oporpaduscu; 0,- ep carxuaaH
K¥Tapuiras 3appayanap MHKAOPH;

(10)-(12) Tenrnamanap 3appaianapHHHr BakT 6¥#inua §3rapysyan TOPH30HTAN
Ba BepTHKan TeMMKIapHHH Hdopa 3tagu. 3appauanap Te3NuKapuum Hdona
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3TMWAA KapalaéTraH 3appauaHMHr (HU3WK-MeXaHHK XyCyCHATIApH — YHHMHT
MaccacH, XaBO OKHMHIa KapLIWINTH, PafHyCH, aTpOd-MyXHT XapopaTura 6ormmK
paBMIIZa Y3rapyBuaH XAaBOHHHI 3HWIMIH Kabu mapameTpiap unobarra OJIHHraH.
LllyHuHraeK, XaBO OKMMHHMHI Ky4HHW 3appadanapra TabCHpUHHU uHobaTra OJIHII
yuyH, XaBO OKHMHHUHI TEJUIH XaM HHoGaTra OJIMHTaH.

(9) — (16) macananu (10) — (12) Tenrnamanapuaa 3appatanapHiHr TOPH3OHTAaN
Ba BEpTHKAN TE3NHKIAPH TAXTHI KWIMHIAH HILTapAaH (papkiy paBuIlia TH3HKCH3
KypuHHinga ndonanaHras.

Ywby Go6HMHr oOXMprM naparpaduaa HuUa® IHKWIraH - 3apapin
MOMIANapHUHT atMocepana kyuuink Ba AU y3uscH KapaHHHU udonanosuu
YH3MKCH3 MaTEMaTHK MOJENb 2COCHa XHcoGnai TaxpubanapHHy yTkasuill Y4yH,
Macananu (H3MK MOC XyCyCHsThapra akparwiuf, macanany eqHiD Kapa&HH
coananamiHpUiaraH.

(9)-(16) MacanaHH COH/IM euyuil y4yyH HITaHa&TraH e4HMHH 6yTyH ¢aszona
cuuk GyHkuus cudatuaa kabyn xunamamd. ATMocdepana MaccanapHHHT
1, <t <t,, KMYHK BaKT MHTEPBATH/A TypP/H QHu3uKaBHil xapadH: Kyuuu, aupdpy3us
Ba IOTHUIHILMHUHT A1IMTHBRIMIHAAH doiinanaHraH Xonna, ynap anoxuia Macananap
Aeb kapanraH.

3apapii MOZIANAp apanalMacHHHUHT HyHaMM GYiiHya KY4HIIH HapatHHHH
(A) macana cudariaa Kapananau:

06, oh6) AwG)  BhE) 1.5 1
61I+u“ at' +v, @]‘ W= 35Q, a7
du 2 .
mT;':c,m- p.(u,-UY; _(18)
m%:c,/rrzp_(v,-—u)z; 19
%b%m’(p.-p.)g—k,#.ﬂmﬁﬁ. (20)
Gowmnanruy
B'L-o= s “~|l-o=“?; "-L.o="'?; w.ll_or-'wf 1)
Ba uerapaBuii 1apTiap
g% _ o —a): ) _gn(a,-8,): 22
n e ehe. -8 amgE|  =eh(E-a): 22)
L)) -0): ) _ £n(o -6): 23
L~ x_o-gh(a, ) B, " $h(6.-6); (23)
28 en(pa-0) XE =en(e.-8). (24)
20 zaH
Artmocdepana 3apapnu Momaanaphunr auddysnscy xapatuunu (B) macana
cudaruaa Kapananu:
06, (&9, & (h8)) i( a(h”z)) Yo 25
o —-/l(—-——ax, + pe +az K % +3 0, (25)
Moc Gonnanruy
& =6 (26)
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ierapasuii maprap

arg)| _ _0). g%  _ ~0)): 27
R DR RO e~ RGN 27)
w28 _ene,-6), w2 e g (28)
H ay o 6 ( . ) ay - ( Cl 2)

XN —wpa-ox <28 g _g) (29)

3appa‘lanapﬂnnr XaBO MaccacHIa IOTHIMIIM sjkapagHunn (B) Macana
cubaTuna kapanamy:

1
%91+aw, =392 G0)
MOC paBuma Gomnasuruy
030 = 0;9! (31)
Ba YerapaBmii maprnap
—p 2H55) =£h(9,-8); !,M =£h(9,-8,); (32)
ax P ax x=l,
_a(hﬂ,) =£h(0 -6.): 2(_@ =£&h(6. -6,): (33)
H ay o 5 (- J)’ H ay et § (l 1)’
20 - en(pn-0): 29 _gu(q ) (34)
< a0 < lz=n

Llysnat kiunu6, kyiiwmran k¥ 9o wnsHKcus Macana (9)-(16) vy equil
YIyH Macanaim gusmk xycycusmiapra Moc Kncmaapra — (17) - (24), (25) - (29) Ba
(30)—(34) macananap axpatu6 unkuy Ba 6y MacananapHH ketma-ker 6up 6upura
6ormmK 6§nMaran xonna ueknn aliupmany ycyn €paamuaa equiy MYMKHMH.

BoGHuHT skyHuna acocuii Xynocanap KeSITHpHITaH.

HuccepraumsHunr yuusun 606u «3apapau Moazanapuunr aTmocepaia
Kyanmu Ba auddysuscu  kapadmrapumm MOHHTOPMHr KWIHW B3
6amoparTaam MacananapuHHHT COHIH AJITOPHTMIIAPH» HKKHHYM 606 HLLIa0
YMKWITaH MacanafapHH €YHIUHHHI CaMapaly COHJIH anroputmnapuny Mt
YMKHINTa GaFuuiaHran,

(1)-(8) macana yu ymaornu middepenuman TeHrnamanap sa ynapra MoC
pasHmja Gownawrky Ba uerapasuit wapr Guwian Gepwirawmm ca6a6ad, YHH
BHATMTHK yCyNiaa eunty Mypakkabnux kenTupub unkapann. (1)-(8) macanany euHil
yuyH coHnn ycyanapaau dolnananmiam, e
D={0s<x<L,0<y<l 0<:</ 0<t<T} coxaraT§p kupuTHnnu sa Gy epaa
~ Ypraumnaérran sakt opanurumarn maxcuman sakt, [0,L], [0, L) sa [0.L o)
MHTEPBALIADHH Av, Ay, A- kagamnap Gunau, [0,7]BakT opasmrunu Af GwiaH
6ymanmn. Hatmxkana | ., xucobnam T¥pura sra 6ynamus:

Q!)'ﬂ ={(I‘ =iAx9 y, =jAy’ :k =kA:’ r,,=n AI);
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Vu Ynuornu (1)-(8) macanasM eumm yuyH OMIKOpMAc YEKIH aitupmam
cxemanan ojigananunanany Ba (1) Tenrnama Ox fiynammn 6yitna6 KyHunard

Tap3za annpoxcHMaums KWIHHaau:
el el el
s3 — G +u "’% Ouuisr —isd +v "*‘; G =G +w"‘§ Gran =6 +
At/3 * Ax ' Ay Ny Az
et T (35)

] - 3 3 n - n
w6034 =20,3 +6 0l +u Orjax =265 +6s0s +
Ax? N
K, 050 x- ‘(Kz—o,s + K,.o_s)@'fu + K058 xa + 1 5.0
* Az? 30,9

Vxwawm xannapHH HxuamnaG, conmanamITpraHaaH KeifuH (35) TeHrnamaHH
y4 HHarOHALTH YH3HKJIM anre6panK TEeHrnaManap CHMCTEMacH KYPHHHIIHAA E3HIN
MYMKHH:

1 1
AyaG30 = 8ya0.5k +Ciyabnlis =—Giyus
Gynna TeHriaMaHMHI kodduuveHTnapu Ba 0304 XauM Kyhunaru udopanap
€paamMuaa aHHKJIAHAIH!

1
nes

1
M 3 _u U g u
N e YT Eairwinirent e ST T S b e
METARTTVE N A A METAG Ax
nel nel nel el
3 v, v w, o, w o,
d,,= "(E A TTay ke "‘Ty'ol'.'n _"A_Teu.m +—AT9UJ: +Z§?9f.'1-u -
2u H Ki0s Kios tKiios Krios 1.
—-A7 LA +A_yzol'.'j#|)’ + A i T o Oya +?0:1)+| +§5:.;J:Q)-

Yerapasuii (4) IwWapTnapHu WKKHHYM TapTHONHM aHHKIMKIArH YeKH
afiupManapra aIMaWITHpunuO, xXalimam kodbhduuueniapn Ba  3apapau
MOJLIAIAPHHHT Yerapajari KHAMaTHHHA XHcobnat GopMynanapy onHHanu:

- byt — 44, ) o —2Mx80ci s —diukt
S - 20XEC y =3He T M ay - 206G, =300,
9;?}.} - 20586, = By s =y 3 js Py jai + 4Byt )
Ay_y yaCyo =40y, s 1+ 20xE +3p

IOxopuna 6axapwiran Texnosorusuiapiu Oy Ba Oz iyHammmuiapu y4yH Xam
TaKpopJlaHau.

(2)-(4) TeHrnamMaHM omKopmac cxeManaH ¢olizananrad Xonfa YEKIH
alinpmanu cxemara yub, u,,v,,w, Hu KuitMaTHHYE XucoGaaw yuyH xap Gup yHanuw
6yiinua Kyiinaary Hdoaanap XoCHn KUWIMHIH:

Ox 6yiinua:
um% : mu +Atm7du; v'"‘s _ vl + Mmndy w"% _ mw] + Atamdw —mg At /3
‘ m+Atand 7Y m+Mand " m+ Atamyd

Oy Ba Oz ityuanuuniapu 6¥iinya Xy nm wy TaptuGna u,,v,,w, HH KiliMatiapm
TONMUJIAOH.
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(9)-(16) kyn YMUOBMM YM3HKCH3 MACalaHH €YML YYyH MKKHHYM TapTHONM
aHMKJIHKKA 3ra OMKOpMAac YeKiIH alHpMain cxemamad (oinananwnmn. (9)-(16)
MacallaHy eqHIIAaH OJIAHH, 3apPajvalapHHHT X, ¥,z YKiapH Oyiiita XxapakaTjiapuHH
TalKWI 3TyBYH u,,v,,w, Tteudiapd (10)-(12) Hu owmxopmac cxeMapaH
doitnananran xonga KyHuaaru KYpUHHILAA XHcoGnaHany,

Ox GYyiinya:

um% _ 3m e e ar’ pilAt+c ar’p Ut

Y 3m-2c,ar’piiM+2c,ar pUN " 3m=2c,aripiiht+2c,ar pUA’

v"‘% - 3m __cmr’pFAt+e i pUl
" 3m-2car’p A +2c,xr’ p UM " 3m—2c,mrlp At +2c,aripUBt’

wm-'i _ om W 4nr’(p, - p,) gt -3F,M
Y Om+3k pmrie Om + 3k pu, 7riM '

Oy Ba Oz itynanuuwiapy 6y#inya Xy anu wy Taptubaa u,,v,, w, HU KuBMaTaapH
TOMMJIAIM.

Cynrpa, (9) TeHrnama Ba yHuHr derapasuit waprnapu (14), (15), (16) nap Ox,
Oy, Oz iynanumnapu Gyina Baxr Ba (asosuit Yarapysunnap 6¥iinua HKKUHYH
TapTHOMA aHMKIHKIA annpokcuMauusitasami. Harwkana, xalinaw ycym 6wiau
evIUIaiuraH qU3HKIH aireOpalk TeHrjiaManap CucreMacH OAMHAAH.

HrepaumoH xapa8HHHHT SKHHIALLY BYAHITHIH:

(s+1 (6] . (s+1)
|u.‘ 541) —u, 0 |<£’ Ivu e _vu(:)l<£;|w::+l) _w'(':)|<€;

mapT €paamMHaa TEKIIHpUnanH Ba Oy epaa £ - Tanab KUIMHASITaH eYHMHHHT
aHWKJIHTH, s- HTepaumanap coHH. Jlactnabku wurepauns kuiiMaTH OJIIMHIH
KATJaMAard e4HMra TeHr 1e6 omiHaay.

YMyman onranza Gapya Muiab YHKHITaH anropuTmmap nana Taxpu6a
KYpCcaTKHWiapH 6unau eTapin MOCIMKHM KYpCaTau.

JuccepTauMAHHHT TYPTHHYM «3apapiH MomJadapHMAr armocgepana
kyunmy Ba anddysus xapadHIapHHE MOHHTOPHHI KHJIMII Ba Gamoepataam
Y9yH Aacrypmii Maxmya sipatum» 6o6upa umnab uukunran marteMarHk
Monemiap, camapand xucobnall aNrOpPHTMIAPH acoCHAA HuLIa6 uYMKapul
ObbexTnapu XyAyAnapMHMHI XaBO XaB3aJapHHH MOHHTODHHI KWIMII Ba
Gamoparnam macananapu y4yH AacTypuil Makmya uumia6 umkwnran. [lactypuit
MaxkMya Microsoft Visual Studio aactypnam myxutu C# Jactypnam THIHAA
Aparwirad. Xpcobnam Takpubanap¥ HaTWKaNapuHH rpaguk KYPHHHILIA
BH3yautamrTupum [LNumerics kyTy6xoHacHIaH ¢olinananumm.

. Wuuia6 wmcunran mactypuit MakMya Ky#Mmard nactypuil MomyuiapiaH
nbopar:

- «PSV-Calc» momynu 3apapiu MOAAaNap 3appayaNapHHHHT TEXTHKIApHHH
avgdepenunan Tenrnamanap OufaH HomanaHyBYH uMIMKAKH EKH UM3HKCH3
KYPHHHUIHKY TaHNa0, yIApHHHT TE3NHKIIAPHHY aHUKAI MMKOHWHH 6epanu;



- GAIRMOD view» MOZYIH HULI1a6 UHMKWIraH GH3MKIH EKH HH3HKCH3
KYPUHHIUIAArH MATEMaTHK MOMNEIHHHT COHNM AIFOPHTMH acocHia xucobnam
TaxkpubanapuHH YTKasHI HMKOHUHH Gepany;

- «AirQ-MS» xucobnawt BaKTHHH Ba xXHcobnall amaiapH COHHHH
KaMalTHpHIl yuyH O(U3MK XyCyCHATIAapra MOC KHCMJapra axpaTduil yCYJH
SpnamMuna wmutaG YMKAIraH CaMapany COHJIM &IropuT™ acocHia xucoGnaut
TaXpHGacHHH YTKA3UIN HMKOHHHH Gepany.

Kapanagrran XyAyAHHHT oporpaduscuui HHOOatra osrat X0Jiia 3apapiu
MoananapHUHr arMocdepana Ky4HILIH Ba mddy3uscy xapatHHHH TAIKHK KHIHII
yuYH Xucobnam Taxpubanapy YTKasHILIH.

XyayaHHHT oporpaHsCHHH TaBCH(IOB4H h mapamerpHH XucoGra onraH
XONAa 3apap/iH MOMANap KOHUEHTPaUMACH arMocepaHMHr derapa KaTiaMHaa
HOTEKHC TAKCHMAAHHILH MyMkHH. Bynna, h <1 Gynranaa kapanaéTrad Xyayanard
6ananaauMK Ba TENAIMKIap TOMOHHAAH XaBO OKMMH TYpJH Jlapaxana GuroxnaHanH
(2-pacm).

Arap, h=1 Oynca, yuna Kapana€rraH XyAyA TEKHCTJIHK ge6 Hasapaa
TyTunaou Ba 6y Xonma 3apapiM MOJIANAPHMHT KOHUEHTpAUHA MAafNOHM TCHr
Takcumnananu (3-4 pacmnap).

ONMHraH HaTIDKaNapHUHT TrpaduK TaxawiH armochepana 3apapiu
MOZNANapHHHT KyduuIK Ba Iu(dy3nACH xapagHura acocaH WaMONTHHHT TE3JTHIH Ba
AyHATMIIK TabCHp YTKA3HUIHHA KYPCATAH.

Hokynaii MeTeOpONMK IIapOMTiapaa 3apapii moxmanapHur POMK Hunr
OWM6 KeTHIMra, MacanaH WIAMOJHMHI KyAa MacT TeMIH XoJlaThha Huwiab
yHKapHL 00beKTH Ba YHUHT aTpodHaari Xy [y anapaa CaHuTapHs Myxodaza KWIHil
yerapanapyiH Kaita Kkypub YMKHI YHYH acoc 6 mummn MyMKuH (3-pacu, a).

VTkazunran xucobnam TaKpHOanapu HaTkanapura Kypa, 3apapiu
Monzanap 3appavanapyHUHT FOPH3OHTAN Ba BEPTHKAN TEIMHKNAPHTa IAMOIHHHT
MoC HYHanHEard Teanuwiapn Ounad Oup Karopha, kapana€rraH 3apapiu
MOJJAHMHT (PU3UK-MEXAHHK XYCYCHSTNApH(3appauyaHuHr pajdyCH, 3UWIMIH Ba
Maccacy Ba 601UKanap) XaM KaTTa TAbCHP YTKA3HIIHHY afiTHII MYMKHH.
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XAz

2-pacm. ATmocdepaaa 3apapiu MOARAJIAPHHHT KYunmu Ba Auddy3Hacu
KApadHNHN TAAKHK KIWIHIN YI9YH KapajJaérraHn Xyaya oporpadusacHHH
HHO6aTTa osran xon4a xucoGiam TaxpuGanapu HaTwkacn (=10 &)

Y Axis
Y Axts

40 50 €0 70

Y Axis
Y Axts

X Axis
B) r)
3 — pacm. Oarunryrypr okcias (1V) 3apapau Mogaacuuunr atmocdepana

KYuunm Ba AAGQy3uacH KapaEHuHE AMOJIHHHT TYP/IH Te3IHKIapHIa
Bu3yasmzauma kuanm(POMK=0,05 mr/m3).

X Axis
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vaee

a) =300 m; 0) =400 m; 8) z=500 m;

4 — pacM. A30T OKCHAH 3apapii¥ MOAJACHHHHT aTMocdiepasa KyuHIIH BA
auddy3uscH KapaEHHHH BH3YANH3ALMEA KIIHI

WNuwnab yukuiaraH MareMaTHK TabMHHOT Ba AacTypuil MaxMya acoCHAA
oNMHran Hamoxanap Y3bekucToH PecrmyOnmkacu Oxonorus Ba aTtpod-MyXHTHH

Myxofasa KWMI NaBNaT KYMHTACHHHHI TETHULIM Tapkubuii OYmMHManapupa
tholinanaHunuy MyMKHH.
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XVJIOCA

«3apap/iu MOAIANApHUHT arMocdepana kydniy Ba AU QY 3uACH xapaBHHHH
MOHMTOPHHT Ba 6alopaT/iall yqyH YH3MKCH3 MaTeMaTHK MOAGIUIApHH, XHCOGa
IrOpPHTMIaPHHH HILTA0 YHKHMID» MaB3yCHAarH AuccepTauii HIH Oyiiua onnd
GOpWITaH TAAKMKOT/IAP 8COCHAA KyHu/IarH acocHH HaTIDKalap OJHHIaH:

1.3apapmu MomnanapHumr atMocepaja KyuMwM Ba  audpdysnsck
XapalHUHM MATEMAaTHK MOJe/UTaiTHPHIL  yCy/utapHra GaruuuaHraH WiIMHA
TAAKAKOT MILIAPH TaXJIMI KWIHHIH.

2. Atmocdepana 3apapnn  MOMJAIAPHHHT kyunit  Ba Auddy3uAcH
JKapaEHUHH MOHHTOPHHT KWIIHIL Ba 6allopaTiiaul y yH aTmocdepara TaunaHagTral
3appavanapHHHT H3MK-MEXaHHK XyCYCHATIADHHH HHOOAaTra OJlyBuYH y4 YIUOBIM
MaTeMaTHK MOAEJNb HILIA0 YHKWIIH;

3. ATmocepana 3apapnu MOMIANADHUHIr KYuMM  Ba  AupdysuacH
sapaBHMHK 3appajanapHUHT GU3HK-MCXaHHK XyCyCHSTAApH XaMzia Kapana€érraH
XYAYOHMHT OpOrpadMACHHH HMHOOATTa ONFaH XOjila MOHHTOPHHI KHHL Ba
Gamopa'rnam YUYH Y4 YJ'!‘-IOBI!H yu3uKCH3 MareMaTHK MOACIIb uHinad YHKHIIAH,

4. 3apapmu MojianapHuur armMocepana KyuMmM Ba I y3MACHHUHT Y4
YIMORIM MacananapHHH edMil yyyH BaKT Ba ¢asosuit Y3rapysunnapra Huc6aTaH
MKKMHYH TapTHOAH annpokcHMalMA aHUKIMIMHH TabMHHIIOBYH  XMcobnau
aNropuTMH HILIA0 YHKWILIH.

5. ATMocdepaHMHT  derapa  KaTaMMia  3apapiM  MOAAAAapHUHT
KOHIIEHTpaLMs MaHIOHHHH QH3HK OMIILITAp 6¥iinua axxpaTHLI YCyJIM aCOCKHAA BAKT
Ba ¢asoBuii ysrapysumnap 6yiiuua OWKOpMac yeknu-aliHpmanap cxemacura
4COCJIaHraH MKKMHYH TapTHONM annmpOKCHMalLMAHM KyJUlarad xonapa Gaxomam Ba
Gamoparnam MacantalapHHH euHIl ydyH COHJIH aNrOPHTM HLWIAb uukuiay.

6. YTiasunran xucobnam Taxpubanapu acocuaa 3apapau MoananapHHUHT
atMocdepana TapKaIHUIM )kapagHMra TabCHP JTaauraH acocuit omuwIap
aHHKNaHaH. XycCycaH, METEOPONIOTHK (IIAMOJTHHHT TE3NIHMIH Ba HyHanuun, arpod-
MYXHTHMHI XapopaTH Ba HAaMJHIH), Kapana€rraH XyOyAHMHr oporpadusch,
3apap/M MOINAIAPHHHr (PH3MK-MEXAHHK XyCYCHUATIAPH KabH OMMJUTapHHHT
TABCHPH aHHKJIAHAH.

7. IInccepraums MIIMHWHI HaTWkanapu bByxopo BunosTtmaru caHoar
ofbexTnapHaa KYJUTAaHWIMILH HaTWKacHAa HOOPraHHK 4YaHr 3appanapH Ba EHMLU
MaxCyJIOT/IADMHMHT arMocepa derapa KaTJlaMH Ba CPHHHT 1032 KMCMHOAryd
KOHLIEHTPALMACH AapaxkacHuy OaiopaT KWIHII TYFpUanruHH 8-11% ra owmpuiu
umkoHH Gepay. Xucobnam Taxpubanapi HaTHKANAPH TO3aIall KypHIMaTapMHHHT
§3 BakTMZa TapMHplaHuiuM Oyiivua Kapopnap kabGyn KuaMmHM Kysw1ab
KyBBAaT/IAIIHM TAbMHHIAILl XamJa 3apapi¥ MOMAANap KOHLEHTPaUMACHHHUHT
caHuTap MebepH OY3HIHIIM OHnaH anoKanop MONHMABHMIL XapaxaTnapHu 6-8% ra
KaMafTHpHILI HMKOHHHH Gepiy.
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HAYYHBIil COBET DSc.13/30.12.2019.T.07.01 10 HPHCYKIEHHIO
VYEHBIX CTENEHE# IPU TAIIKEHTCKOM YHABEPCATETE
MH®OPMAIHOHHBIX TEXHOJIOTHI

BYXAPCKHI TOCYJIAPCTBEHHbI# YHUBEPCHTET

HIA®HEB TYPCYH PYCTAMOBHY

PASPABOTKA HEJINHEHHBIX MATEMATHYECKHX MOJAEJIEH,
BLIYMCJIMTEJIbHBIX AJITOPUTMOB AJ1SI MOHHTOPHHIA H
IPOTHO3UPOBAHMSI MPOLECCA HEPEHOCA H HODY3UH B
ATMOC®EPE

05.01.07 — MareMatHueckoe MORENHpoBaHHE. UHCIIEHHBIE METO/IL H KOMILIEKCHI MPOrpaM™M

ABTOPE®EPAT JHCCEPTALIIHHA
JMOKTOPA ®HJIOCO®HH (PhD) NO TEXHHYECKAM HAYKAM

Byxapa — 2021



Tema auccepranad gokTopa dpunocodnn (PhD) no rexnHueckHM NayKaM 3aperacTpHpoBana
B Buicmeli aTrectangonroll komaccHH npn KaGunere Manrcrpos Pecnyfanka Y36exucran 3a
somepom B2020.3.PhD/T1119.

Jucceprauus Buinoiikera B ByXapckoM rocynapcTseHHOM yHHBEPCHTETE.

Asptopedepar aucceprallME Ha Tpex Aa3bikax (ysbekckmii, pyccwmii, anrnmiickmii (pesiome))
pasMeIneH Ha BeO-CTpaHHue HAYYHOro cosera (www.tuituz) u Ha HudopmaunonHo-o6pasosarensHOM
noprane «ZiyoNet» (www.ziyonet.uz).

Hay4nntii pykosoasTeIbL: Pasmanos Hopmaxman
DBOKTOp TEXHHUYECKHX HayK, mpodeccop

O¢HuEaALALE ONNOREHTH: Canynnsesa Illaxio AsamGaesna
JIOKTOP TEXHHUYECKHX HAYK, JOLEHT

Typryaos AGpopaxon Maxamarconsesay
BokTop GHIocodHH NO TEXHHYECKHUM HAYK2M

Beaymas opraEH3anag: HaonouanbHbili ynasepeaTer Yibexucrana

3anprra ARCCEPTALUHA COCTOHTCH «__ » 2021 r. B ___ 4acoB Ha 3aCelaHHH HAYYHOrO
coseta DSc.13/30.12.2019.T.07.01 npn TaiwikeHTCKOM YHHBEpPCHTCTE HHGPOPMALMOHHBIX TEXHOIOTHIL
(Anpec: 100202, r. Tawkent, yn. Amupa Temypa, 108. TaukenTckuii yHRBEepCHTET HH(POPMALHOHHBIX

Texnonornfi. Ten.: (99871) 238-64-43; daxc: (99871) 238-65-52; e-mail: tuit@tuit.uz).

C mucceprauneil Mo:xHO O3HaxOMHTbCA B MuopmaunoHHO-pecypciom ueHTpe Taiikewrckoro
yHHBepcHTeTa HHPOPMAMOHHBIX TexHOnorHil (permcrpaudonHsii womep Ne__ ). (Aapec: 100202,
r. Tamkenr, ya. AMupa Temypa, 108, Ten.: (99871) 238-65-44).

AsTtopedepar AHCCEPTALIHH Pa30CaaH «__ » 2021 ropna.
(peecTp npoToKONa pacChUKH Ne__ OT «__» 2021 rona.)

P.X. Xamaamos
TMpencenarens HAYHHOIO COBETA NO MPHCYXKACHHIO YUESHBIX
creneHeil, ROKTOP TEXHHUECKHX Hayk, npodeccop

@.M.Hypaanes
Vuenniii cexpeTapb Hay4HONo COBETA NO NMNPUCYKAEHHIO
yueHbIX cTeneHel, ZOKTOP TEXHHYECKHX HAYK, AOLEHT

HIA. Canyrnaesa
ITpencenarens HayMHOro CEeMHHapa MpH HAYYHOM COBETE N0
NPHEYXACHHIO YUeHBIX cTenenelf, JOKTOp TEXHHUECKHX HAYK, AOLEHT



BBEJEHHE (auHoTaums auccepTamun aoxkTopa duiocodun (PhD))

AKTyanbHOCTE M BOCTpe(OBaHHOCTL TeMbl AHCCEPTALMH. B wmupe
GoNbllIoE BHUMaHHE YIeNaeTCs BONpocaM pa3paGoTKH MaTeMaTHYECKHX MOZeneH,
3QQEKTHBHBIX YMCAEHHBIX AIMOPHTMOB M  MPOTPAaMMHBIX  KOMIUICKCOB,
OPHEHTHPOBAHHEIX HA MOJNEPXKKY NMPHHATHS PEICHHH MO 3alHTe OKpyXarowie
Cpembl OT HEraTMBHOTO BJIMAHMA AHTPOMOTrEHHBIX BBHIOPOCOB. Ocobbri
TEOPETHUECKHH M MNPaKTHYECKWil MHTEpeC BHI3EIBAIOT 3ajaiH MOHHMTOPHHIa
npouecca nepeHoca 1 Audidy3uu BpeIHBIX BEMECTB B aTMOC(epe MPOMBILLICHHBIX
PErHOHOB, OLIEHKH M MPOrHO3UPOBAHUS PAcTpElCNEHHs KOHUEHTPaUMH BPENHBIX
Bewects B arMochepHOM BO3myxe ¢ y4&Tom (oHOBONO 3arpsA3HeHHs, MOroAHO-
K/TMMATHYECKHX YCNIOBHI H oporpadMuecKHX XapaKTEpHCTHK pacCMarpHBacMbIX
TeppuTopHit. B 3TOit CBA3H, B TAKAX HHAYCTPHAILHO Pa3sBHTHIX CTPaHaX MHpa Kak
CUIA, Fepmanus, ®panuns, Kuraii, Uimua, Poccuiickas @enepauusa H ApPYTrHX,
npoGieMsl MOHHTODHHTA M MPOrHOIWPOBAHMA Mpollecca mepeHoca W Aupdy3nn
BPEAHBIX BEIIECTE B aTMOC(epe HEN3MEHHO ABNAIOTCA aKTyanbHBIMH.

B Mupe Bemylnue HaydHbie WKOMBI NMPOBOAAT HCCHENOBaHWS B 00MacTH
pa3paboTKn MaTeMaTHYecKMX MoAened M BLIYHCIMTENBHBIX ANTOPHTMOB i
M3ydeHUs 3aKOHOMEPHOCTEi! mpolecca nepeHoca U Audipy3uy BpeIHBIX BEMIECTB B
atMocdepe. B 3THX HCCIEAOBAHMAX PaccMarpHBalOTCA OCHOBHBIC (axrophl,
IelCTBYIOIME HA NIPOLIECC, B TOM YHCJIE, TAPaMETPb! HHTEHCHBHOCTH BO3/Y ITHAIX
NOTOKOB, TEMNepaTypa OKpyxatolieH Cpebl, CKOPOCTE MEepPeMEIEHHA 1acTHL C
YYETOM HUX (HHIHKO-MEXaHHUECKHX CBOILCTB, BETpPOBas 3PO3HA, XaPaKTCPHEBIC
NOrOAHO-KAMMATHYECKHE YCTIOBHA PaccMaTpHBaeMOil MECTHOCTH.

B Pecnybnuke Y36exkucTaH npeanpHHHMAalOTCA HpoxkoMacmrabHbIe Mepbl
B UENAX MpeoTBPAliEeHHs HapyLIEHHH 3KONOrHYecKoro Gananca CymecTBYHOmHX
3KOCHCTEM, BBI3BAHHBIX 3arpa3HeHHeM aTMocdepbl CO CTOPOHBI ECTECTBEHHBIX H
AHTPOMOTEHHBIX WCTOYHMKOB. B wacTHoctd, B CTpareruu aeficteuit  no
AanbHefiemy passuTHio Pecriy6imkn Y36exucrad B 2017-2021 rr. onpezneseHs!
TaKHe 3a0a4d KaK «...o0ecreueHHE 3Konorudeckod 6e30MacHOCTH NPOXHBAHHUA
monedl, ... npeNOTBpAllleHHE OJKOJNOTHUECKHX MpobieM, HaHOCAMMX YPOH
COCTOSHMIO OKpYKAIOWIEH Cpefibl, 310POBLIO ¥ TeHOQOHTY HACENEHHS, ... CO3AAHHE
HeliCTBEHHBIX MEXAHH3MOB pellleHHs KOJNOTHYECKHX MpobJieM, BO3HHKAIOIMX B
peruonax, ... pa3paGoTka eAMHOH CHCTEMEI MPOrHO3MPOBAHHA M MOHWTOpHHIA
BEPOSTHOCTH  upe3BhIUaliHBIX CHTYauMil NPUPOAHOro, TEXHOrEHHOro H
3KOJIOTHYECKOro XapakTepa»', YTO CBHIAETENLCTBYeT 06 0COGOM BHHMAHHH,
YIENAEMOM BONPOCaM 3KOJIOTHH M OXPaHBI OKpyxalomeif cpeast. Peanusaiio
BHIIEYKA3AHHBIX 3aja4, CErOAHSN, HEBOIMOXHO MNpeNCTaBHTs, Ge3 pa3paboTKH
aJIeKBATHbIX MAaTEMAaTHYECKMX MOZeNiell mpouecca pacipoCTpaHeHHs BPEAHEIX

BeleCTB B aTMoc(epe C yYETOM pavTHMuHbIX (aKTopoB BIHAHWS, SPGEKTHBHEIX
BLIYHCANTENBHBIX AITODHTMOB OLEHKH M MpPOTHO3HPOBAHWA 3KOJOTHHECKOH

! Va3 Tpesunenra PecryGmuxs Vabexucran or 7 despans 2017 rona NeYI1-4947 «O Crparerun AeifcTsitit mo
nansseiimeny passunno PecrryGnuxn Yibexncrann
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HArpy3KH, a Takke aBTOMAaTH3UPOBaHHBIX CHCTEM, HANPABJICHHBIX HA MOAAEPHKKY
NPUHATHS YNPaRjEHYECKHX peleHui no MpHPOAOOXPaHHLIM MEPONPUATHSAM.

Hannoe quccepTalMOHHOE HCC/IGAOBAHHE B ONIPERCNICHHOMH CTeneHu CyXHT
BBIMOJIHEHHIO Lieniell ¥ 3a0a4, NpedyCMOTPEHHbIX Ykasom INpesnnenta Pecmy6aukn
VY36exucran or 21 anpens 2017 roga NeYI1-5024 «O coBepIleHCTBOBaHHH CHCTEMB
rOCyZapCcTBEHHOro ynpaBneHus B C(epe IKONOTHM H OXPaHEl OkpyxarowleH
cpenem, IMocranosnenneM INpesunenta Pecny6nukn Y3bekucran or 10 okrs6psa
2018 roaa Ne3956 «O nonojHHTENBHBIX MEPax M0 COBEPIIEHCTBOBAHMIO CUCTEMBI
TOCYAapCTBEHHOrO ympaBiieHud B cfepe IKOJNOTHH H OXpaHbl OKpysxaiouiei
cpensl», TNocraHoBnennem Kabunera MunucTpoB Pecnybmixu VaGexucran ot
26 Hos6ps 2018 roma Ne958 «O mepax No HanbHEHINEMY pasBHTHIO Hay4HO-
HeCnenoBareneckofi Gase! B cpepe 3KONOrHH H OXpaHbl OKpYkaioileil cpeabl» U
IOPYrHMHK HOPMaTHBHO-MTPABOBBLIMH JOKYMEHTAMH.

CooTBercTBHE HCC/IEA0BAHHS NPHOPHTETHEIM HANPABICHHAM PA3BHTHA
HAYKH H TexHoJorui pecrnyOnukn. JlaHHOE HCCICNOBAaHHE BLINOJHEHO B
COOTBETCTBHH C NMPHOPUTCTHHIM HANpPaBJIEHHEM Da3sBHTHA HAYKH M TeXHOJIOTHI
Pecrry6muxn V36exucran IV. «Mudopmatusauus H passBuTHE HHPOpMALHOHHO-
KOMMYHHKALOHHBIX TEXHOJIOTHI».

Crenenr m3ydeHHocTH mpodaeMbl. OYHIAMEHTANLHBIE — acneKTh!
MCTOOOJIOrHH MaTeMaTH4ECKOro MOACJIMpOBAHHA npouecca 6nxHero u OanbHero
~ TPaHCNOPTa 3arpA3HHTesNEH B MOrPaHHYHOM CJI0E aTMOC(EpD! HALTH OTpakeHHeE B
paborax Takmx 3apy6exmubix ydeHsix kak L.Thaning, E.Naslund, W.J. Layton,
C. Berselli, J.M. Germano, H. Ferziger, J. Geiser, U. Piomelli, G.S. Winckelmans,
W.C. Reynolds, H.A.®ykc, O.H.Xunue, I''M.Mapuyk, M.E. Bepnaun,
E.I1. Meanukos, B.B. IMexenko, B.M. Besionunenkas, M.B. Mexsmos, B.U. Haau,
B.K. Apryuunues u apyrux.

B Vi6exncrane npoGnembl pa3paboTKH MaTeMaTHYeCKHX Mogenelf H
YHC/ICHHBIX AITOPHTMOB PEllleHNs 3a1a4 nepeHoca H AN dy3uH BpeaHBIX BeLECTB
B atMocdepe usyuanuch B paborax ®.b. Abyranuesa, C.K.KapumGepaueroii,
M.JL. Apymanoea, H. PaBmianosa i Apyrux yueHbix.

AHaJIH3 MHOTONIETHHX CTATUCTHYECKMX JIAHHBIX H MaTeMaTH4eCKHX Moaeneif,
pa3paboTaHHBIX OTMEYEHHBIMH YYEHBIMH, MOKa3al, YTO B HacTosiuee BpeMs
HEROCTATOYHO H3y4EHHl BOMPOCH Pa3paboTKH MHOTOMEPHBIX MaTeMaTHYeCKHX
Mojenelt npoueccoB nepeHoca H nuddy3uH BpenHBIX BELECTB B arMocdepe C
YUEeTOM U3MEHEHHA CKOPOCTH nepeMelLLeHHA YaCTHLL BPEAHBIX BEIECTB, 3aBHCALIeH
OT UX (PU3HKO-MEXaHHIECKHX CBOMCTB, oporpaduu M KIHMaTHYecKHX ¢akTopoB
paccMaTpHBaeMoOll MECTHOCTH, a Taioke BOMPOCH pa3paboTku 3ddekTHBHBIX
BBIYHCJIMTENIBHBIX QITOPUTMOB HA OCHOBE AMIPOKCHMALMH BLICOKOro MOpAAKA,
OTHOCHTENIBHO MEPEMEHHBIX N0 BPEMEHH H POCTPAHCTBY.

CBA3L  AMCCEPTALMOHHOIO HCCICNOBAHHA € IJIAHAMHM  HAY4YHO-
HCCUJIEAOBATEAbCKHX palor HAYIHO-HCCIENO0BATENLCKOr0 YupexaeHus, rae
BLINOJIHEHA AMCCepTauss. [l uccepTauloHHas paboTa BLIMOMHEHA B COOTBETCTBHH
C TNAHaMHM HayuHo-HccienoBarTeNbckux pabor Byxapckoro rocymapcTBeHHOro
yHuBepcuTeTa 110 TeMe «MareMaTHyecKoe MOJENHPOBaHHE TNPHKIATHON
MaTeMaTHKH H HHGOPMaUHOHHBIX TexHooruft» (2017-2020) u HayyHo-
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MHHOBALMOHHOTO LIEHTPA HHPOPMALHOHHO-KOMMY HUKALIAOHHBIX TexXHOJIOTHii NPH
TaukeHTCKOM yHHBEpPCHTETE HHGOPMALIHOHHEIX TEXHONIOTHI HMEHH MyxamMmarna
an-Xopasmuii B pamkax rpanta NeBB-ATex-2018-9 «Paspabotka mozened,
PacTpeIe/IéHHBIX BHMHUC/IHTEMLHBIX AITOPUTMOB H MpPOrpaMMHBIX oGecniedeHnit
INg pelleHuit 3anay OXpaHbl arMocdepsl U BOAHBIX PecypcoB OT TEXHOTCHHBIX
takrtopos» (2018-2019).

Ilenbi0 MccneA0OBAHHA SBAAETCA pa3paGoTka M yCOBEPLICHCTBOBAHHE
MaTeMaTHYecKMX Mozesiel, BBHIYHCIMTENLHBIX ANrOPUTMOB M NPOrpaMMHOrO
KOMIUIEKCa Ul MOHHTOPHHIA M MPOTHO3HPOBAHHA JKOJIOrHYECKOTO COCTOSAHMA
BO3JYLHBIX HacceifHOB MPOMBILIJIEHHBIX PETHOHOB.

3anaun HecsieA0BAHHA?

NpOBeAEHHE  AHANM3a  COCTOAHMA  mpoGneM — MareMaTH4eckoro
MOJEMPOBaHHA MPOLLECCa PaCNPOCTPAHEHHA a3PO30NIBHEIX YacTHIL B atMocdepe H
TIOHCK MYTEH HX peIeHHA;

HCCNEAOBaHME OCHOBHBIX (JaKTOpOB, BAMAIOIMX HA mpoHecc mepeHoca H
auddy3uu BpeaHbIX BEWECTB B aTMOC(epe, BKITIOYas METe0yC/I0BHA H oporpaduio
paccMaTpHBaeMoil MECTHOCTH;

paspaboTka JMHEHHBIX W HEIMHEHHBIX MaTeMaTHHeCKHX MOJENEH A
MOHHTOPHHra M MPOTHO3HPOBAHMA Mpouecca nepeHoca H AM(Qy3un BPEAHBIX
BEIIECTB B aTMOC(epe C yHeTOM (H3HKO-MEXaHHYECKHX CBOHCTB 9aCTHLL;

paspaboTka 5(eKTHBHBIX YHCIEHHBIX AINOPHTMOB PEIICHHA 33181 OLICHKH
U [POTHO3HPOBAHMA PacrpelcieHH NoJell KOHLEHTpalKH YacTHLl 3arpsi3HHTENeH
B aTMoc(iepe U Ha MOACTWIAIOLIEH MOBEPXHOCTH;

paspaboTka MPOrpaMMHOTO KOMIUIEKCA [j1d NPOBENCHHS BBIYHCIHTENBHBIX
3KCTIepUMEHTOB Ha OBM Mo 3ajayaM aHaNM3a H MPOrHO3MPOBaHHA MpoLecca
nepenoca v augdysuu BpeaHbIX BEWECTs B arMocdepe ¢ noanepkKoi NpUHATHA
PeLLEHHIi, CBA3aHHBIX C OCYLIECTBIEHHEM NPHPONOOXPaHHBIX MepOTnpHATHA.

O6beKToM McCIeA0BAHHS SBISETCA MpoLecc aTMocepHOre mepeHoca H
OAGY3MH BpenHBIX BELIECTB, BRIOPACHIBAEMBIX MPOMBIILICHHBIMH o6BeKTaMH H
€CTECTBEHHBIMH HCTOUHHKAMH 3arpA3HEeHHA.

IpeaveT HcclieOBAHHA — MATEMaTHYECKHE MOMENH, BBIYHCITHTCIBHEIC
ANrOPHTMbI K IPOrpaMMHbIE KOMILIEKCE! /14 POBEACHAS YHCIIEHHBIX PacieToB Ha
3BM.

Meroapl McceAOBAHHA. B Xoje AMCCEPTALHOHHOTO HCCNCAOBaHHA
NPUMEHANNCh  METOAb! BLIMHCIIMTENILHOH  MAaTeMaTHKM, MaTeMaTHYECKOoro
MOJIE/MPOBAHHS, BHIYMCIMTENBLHONO 3KCIIEPUMEHTa, @ Takke TEXHOJIOIHH
06BEKTHO-OPHEHTHPORBAHHOTO MPOrPaMMHPOBAHHS [yl pa3paboTkH NporpaMMHEIX
KOMIUIEKCOB.

Hay4Hasi HOBH3HA HCCJIEAOBAHMA COCTOHT B CIIEAYIOLIECM:

paspaboTaHa  suHeliHan ~ TpexMepHas ~ MareMarHueckai — MOJEIb,
OMHCHIBAIOIAd NpoLecc nepeHoca ¥ AHddy3HH BpeaHbIX BEINECTB B ammocdepe ¢
yueTroM (PH3UKO-MEXaHH4YECKHX CBOICTB YacTHLL;

paspaGoTaHa TpexMepHas HelMHeHHad MaTeMaTHueckasi MOAENb nporecca
nepeHoca H AMQdy3uH BpeIHBIX BemecTs B aTMocdepe ¢ y4ETOM nepeMeHHoOH
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CKOPOCTH TNEpEMEINEHNs 3arpA3HAIOMNX YaCTHU, TOroAHO-KIHMAaTHYECKHX H
OporpagMYecKux XapaKTepHCTHK PaCCMaTPHBAEMO TEpPHTOPHH;

paspabotan 3QQeKTHBHBIH YHCNEHHBI AIrOPUTM A pelIeHHd 3amau
nepeHoca M Iubdy3uM BpeaHBIX BEWIECTB B arMocdiepe, OCHOBaHHbI Ha
HCNIONB3OBAHHH HEABHOH KOHEYHO-PAasHOCTHOH CXeMBI BHICOKOr0 MNOpAdKa
TOYHOCTH;

paspaboran 3(p¢eKxTHBHBI YHCIEHHBIH AIrOPUTM peleHHs HeHHEeHHO#M
33l pacnpocTpaHeHHA BPEeAHBIX BBIOPOCOB B atMocdepe, OCHOBaHHbIM Ha
MeToJi€ pacilelUIeHHs 3aa4H no ¢gpusuueckuM pakropam;

HpakTHYecKHe pesyabLTaThl HCCIEXOBAHHA 3aKITIOYAIOTCA B CIIEAYIOUIEM:

paspaGoTaHsl MaTeMaTHYeCKHii anmapaT ¥ mporpaMMHBIA KOMIUIEKC s
HCC/IEI0BaHHA, MOHHTOPHHTA H POTHO3MPOBaHNA NpoLiecca nepeHoca U AndPpy3uu
BEIGPOCOB BPEQHBIX YACTHL B aTMOC(Epe NPOMBIILIEHHBIX PErHOHOB.

Ha OCHOBe pa3paloTaHHOrO NMPOrpaMMHOrO KOMIUIEKCA GBLTH MpOBEHEHBI
YHCJICHHBIE PAcueThl M0 aHAM3Y K MPOTrHO3HPOBAHHIO 3KOJOrHYECKOr0 COCTOAHHMA
BO3YIIHOro OaccefiHa MPOMBILLIEHHBIX TEPPHTOpPHA Ha mpumepe Byxapckoii
obnactu;

pa3paboTaHHBIH MPOrpaMMHEIH KOMIUIEKC Ofecreunn MOMNEPKKY NPHHATHA
YNpaBJIE€HYECKHX PEMEeHHH [0 MEPOMPHATHAM, HanpaBleHHBIX Ha 3allHTY
OKpYXXafolieil Cpebl NMPWIEraloWKX TEPPHTOPUl NpH SKOHOMMH (DHHAHCOBBIX
3aTpar Ha omiaty WTpadoB 3a HAapYUIEHHS CAaHUTAPHBIX HOPM, HOMYUICHHBIX B
TpOLIECCE NPOH3BOACTBEHHOH ACATENbHOCTH.

JocToBepHOCTH pe3yAbTATOB MCCIeA0BAHHN OGOCHOBLIBAETCS TEM, YTO
YPaBHEHHA, OMUCHIBAIOLIHE NMPOLIECC PAaCAPOCTPAHEHHs 3arpA3HAIOIIHX YACTHL B
aTMocdepe, M HX KpaeBbie ycloBHsA cOpMYHPOBaHE! B CTPOrOM COOTBETCTBHH C
3aKOHAMH COXPaHEHHs U MepeHoca Macchl H HMmynbca. [IpH Hcrmonb30BaHHH
YHCNEHHBIX METOHOB obecrneueHbl HEOOXOAMMbBIE TOYHOCTH aNNpPOKCHMALUHH,
YCTOHUHBOCTD H CXOMMMOCTE BEIYHCAUTENLHOTO MPOLIECCa, a pe3y/IbTaThl pacyéToB
He NMPOTHBOPEYaT 3aKOHaM MPHPOIBI.

Hayunas H npakTHYecKasi 3HAYHMOCTBH Pe3yJbTATOB HCCIEAOBAHHA.
Hayqnas 3Ha9HMOCTH pe3yJIbTAaTOB HCCNENOBAHHA 3aKmovacTcd B paspaboTke
HOBBIX MaTeMaTHYeCKHX Monesiel npouecca nepeHoca ¥ Auddysuu BpeaHbIx
BemiecTB B arMocdepe C y4eroM JOHHAMHYECKOrO M3MEHEHMS CKOPOCTH
nepeMeLleHHs 3arpA3HAIOILIMX YaCTH] B 3aBHCHMOCTH OT MX (PM3HKO-MEXaHHUYECKHX
CBOHCTB, MOTOAHO-KJIMMATHYECKMX M  OpPOrpadM4YecKMX  XapaKTepUCTHK
paccMaTpHBaeMbIX TEPPHTOPHH, a Taloke B pa3padoTke 3P BEeKTMBHBIX YHCIEHHBIX
aIrOpHTMOB Ha OCHOBE METONOB KOHEYHLIX-PA3HOCTEH M paclieruieHus 1o
¢duswueckum QakTopam, oOnanAIOUIHX BBICOKHM MOPAAKOM anMmpoKCHMALMHM MO
BPEMEHH M NPOCTPAHCTBEHHBIM NEPEMEHHBIM.

[MpakTueckas 3Ha4YMMOCTb JHCCEPTALMOHHOTO MCCNENOBaHUA HalLIa
oTpaxkeHHe B paspaboTie NporpaMMHOTO KOMIUIEKCA Ui peIeHHs IKOJIOrHYECKHX
3a7iay MOHHMTOPHHIa M MpPOrHO3HPOBAHHA MPOLECCa PACTIPOCTPAHEHHS BPEOHBIX
BHIOPOCOB B HIDKHHX CJIOsiX arMoc(epbl, aHaliN3a HEraTHBHOTO BIMAHUA BPEAHBIX
BBIOPOCOB NMPHPOIZHOTO M HCKYCCTBEHHOrO NPOHMCXOMKAEHHS Ha OKPYKaIOILYIO
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Cpefly, NOANEPXKH TNpPHHATHA YNPaBACHYECKMX PpeWeHHii MO COKPAUICHHIO
BO3MOMKHBIX 3KOJIOTHYECKHX YTPO3.

BHeapeHue pe3yJbTaTOB HccaegoBanusi, Ha ocHOBE MaTeMaTHIECKHX
MoJeeif, YHCIIEHHBIX AIrOPUTMOB H MPOTrPaMMHOT0 KOMILIEKCa [T MOHUTOPHHIA
M  NPOrHO3MPOBaHHMS 3JKONOTHHYECKOrO COCTOAHMS BOIMYWIHBIX OacceHOB
NPOMBILILIEHHBIX PETHOHOB:

MaremaTuyeckas MOIEnh M NPOrpaMMHbIA KOMILNEKC il MOHHTOPHHIa H
MPOrHO3HPOBaHHA Mpollecca pacnpoCTPAHEHHS BPEAHBIX BEECTB B armoctepe ¢
YUeTOM TepeMeHHON CKOPOCTH 3arpA3HSMONIMX YacTHIl, a Taloke 1A MOANEPKKH
NPUHATHA peHEHHH MO  ONTHMAILHOMY  PAacMOJIOKCHHIO  BO3BOIMMEIX
NPOMBILLTEHHBIX OGBEKTOB BHEAPEHbl B AEATENLHOCTh Byxapckoro 06/1acTHOTO
YNpaBieHHs MO 3KONOTHH M OXpaHe mpHpoant (I"ocyAapcTBEHHBI KOMHTET 1O
3KOJNOTHH H OXpaHe OKpYXXatowieil Cpelsl, cnpaska Ne02-02/8-2738 ot 19.11.2020
r). B pesyibrare BHempeHMs JOCTHTHYTH BO3MOXHOCTb BBIPaGOTKH
PEKOMEHAALHI NO OCYIUECTRIEHHIO MEP 3aLLHUTHI OKpYKaloulei cpelbl, SKOHOMHA
tuHaHCOBBIX 3aTpaT Ha omiaty wrpagoB 3a cCueT CBOCBPEMEHHOCTH
NpemynpexaeHus HapyleHHH HOPM MaKCHMATLHO JOMyCTHMbIX KOHIEHTpaimi
BPeAHBIX BEIIECTB B aTMOCHEPHOM BO3IyXeE;

NpOrpaMMHO-MaTEMaTHUeCKHH KOMIUIEKC no aHanusy, HabmojeHHlio H
NPOrHO3WpPOBaHHIO Tpolecca nepeHoca W AH(QY3MH BpeAHLIX BEMECTB B
atmocdepe BHeapeH B nesrensHOCTh 000 «MKMK-409» Byxapckoii obaacti
(FocymapcTBeRHBIN KOMHTET NO 9KOJIOTHH H OXpaHe OKpYKatomme# cpeanl, CpaBKa
Ne02-02/8-2738 ot 19.11.2020 r.). B pesynsrate BHeapenns mopbimena 9-11%
TOYHOCTB MPOrHO3HPOBAHHA KOHUECHTPAUMH BPEIAHBIX Fa30B, MBUTH H KAHLEpPOreHOB
Ha TNPUNEralOWHX K TPOH3BOACTBEHHOMY OOBEKTy TEPPHTOpHAX TpH
HeONaronpUATHEIX METEOPOJIOHYECKMX YCJIOBHAX H 3allaHHEIX  peXHMax
(yHKUHOHHpOBaHHs 00BEKTa;

NPOrpaMMHO-MaTEMaTHYECKHH KOMILIEKC NO aHamu3ly, HaOMOIEHHI0 H
NPOrHO3MPOBAHHIO TNpoliecca NepeHoca M AMGQY3HH BPEAHBIX BemIECTB B
aTMoc(epe ¢ yueToM H3MEHEHHS CKOPOCTH YaCTHII BHEADEH B AesTelbHocTs 000
«CHORI MEGA MONTAJ» (l'ocynapcrseHHEI KOMHTET NO 3KOJOTHHM H OXpaHe
okpyxatome#i cpefbl, cnpaska Ne02-02/8-2738 ot 19.11.2020 r.). B pesynbrare
BHeApeHHs mMoBbimieHa Ha 8-10% TOYHOCTH MPOTHO3MPOBAHHS KOHIEHTPALWH
BpEAHBIX BEIIECTB B MpPH3EMHOM ciioe arMocepsl W Ha MNOAcTHIAlomeH
NIOBEPXHOCTH B pe3yibTaTe BbIGPOCOB LEMEHTHOH MBUTH, TMECKa W CKHTaHHs
YrAeBOAOPOSHOTO TOILTHBA B KOTEJILHBIX.

Anpo6auus pe3yabTaToB HCCIeA0BaHHUs. Pe3ynsTarsl AHCCEPTALHOHHOM
paboTsl obcyxaammcs Ha 7 MEXAYHApPOAHLIX H 4 pECIyONMKAHCKMX HAYYHBLIX
KOH(}epeHLHAX.

Ony6aHKOBAHHOCTDL Pe3y/ILTATOB HCCAeA0BaAHHA. [0 TEME HHCCEPTALIH
ony6nHKOBaHO 25 HaydHEle paboThl, H3 KOTOPBIX 11 CcraTeil B HayIHBIX H3JAHMIX,
peKOMeHIOBaHHBIX  Beicmell - arrecraumonHodf  Kommccuel  PecryGaukd
Y3ibekucran Ui MyOJMKAUMH OCHOBHBIX HAYYHEIX Pe3yJIETaTOB AHCCEpTAUMH, B
TOM yHcsie 4 B 3apyGexHBIX # 7 B peCy6GIMKaHCKHX 3y PHANIAX, TAIoKe MOTydeHs! 3
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CBHAETENBCTBE O PErHCTPALMH MPOrPaMMHLIX MPOAYKTOB ani OBM Arentcrea
HHTEJUIEKTyanbHoH co6cTBEHHOCTH PY 3,

Crpykrypa n o6beM AuccepTaumn. J(MCCEpPTalNs COCTOMT U3 BBEICHHS,
YeThIpeX TJ1aB, 3aK/I0YeHH A, CIHCKa HCNOJIb30BaHHOMH JIMTEPaTyphl H NPWIOKEHHH.
O61em nuccepraumu cocrasiser 118 crpanuu.

OCHOBHOE COJAEP)XXAHHE JMCCEPTALINH

Bo BBexmeHMm 0GOCHOBaHBI aKTYanbHOCTP M BOCTPEGOBAHHOCTh TEMBI
JUCCEpPTalMH, ONpeacneHb! Leidb M 3aaqd, OOBEKT M MpeAMeT HCCeOBaHMS,
MPHBOIHTCA COOTBETCTBHE HCCNICAOBAHHSA MPHOPHTETHBIM HANPaBICHUAM Pa3sBUTHA
HayKH M TexHosoruit Pecnybnukmn Vi6ekucraH, H3NOXeHBI Hay4yHas HOBM3HA,
NPaKTHYECKHE  pe3yibTaThl  MCCRENOBaHHA, OOOCHOBaHa  JOCTOBEPHOCTD
NOJYYEHHBIX pPEe3Y/ITATOB, pAaCKpbiBacTCA TEOpPEeTHYeCKas W MpaKTHYecKas
3HAYHMOCTP DPE3YJILTATOB MCCNENOBAHHA, NMPHBEACHbI BHEAPEHHE pE3Y/BTATOB
HccnenoBaHus, ceefieHMA o6 omy6nMMKOBaHHOCTH Ppe3yNLTATOB W CTPYKType
JHCCepTalliy.

[lepas  rnaBa  nmWcceprauMu  «AHANIH3  COCTOSHMA  mpoGaem
MaTeMaTH4eCKOro MOAeTHPOBAHHS Npolecca nepeHoca H ANPPy3HH BpeaHBIX
BeIIeCTB B aTMoc(epe M nyTell HX pemeHHs» COCTOHT H3 4YeThIpeX naparpados.

B nepsoM naparpage npusoasTcs onucanue M KIaCCHPUKALHA HCTOYHHKOB
3arpasHeHus armocepel. Bo BrOopoM naparpade paccMOTpeHb! MeTOmBI
MareMaTH4€ecKoro MOIe/IHPOBaHKA IpoLecca PacNpOCTPAHEHHS BPEAHLIX BELIECTB
B atMocdepe. B TpeTbeM naparpade NpHBOAMTCA aHATH3 MATEMATHYECKHX MOAENEH
npouecca 3arpasHeHHs arMocdepbl BpeAHBIMH BElIECTBaMH. B  yetseproM
naparpade onpeneneHbl UeNb W 3afa4H HCCICAOBAHHA HA OCHOBE NOAPOGHOrO
aHaJIH3a HAyYHBIX HCTOYHHKOB NO TEME JUCCEPTaLHH.

Bropas rnasa nucceprauun «MaTemaTHHeCKHe MOAEIH MOHMTOPHHIA H
MPOrHO3HPOBAHMS Npoueccop nepenoca H AMPPY3HH BpeaHmIX BemecTB B
atMocdepe» nocBimeHa pa3pafoTke  MaTeMaTHYECKMX  mojenell A
HCCI€I0BaHHA nipoliecca nepeHoca u auddy3un BpeNHbIX BELECTB B arMocdepe.

B ony611KoBaHHEIX Hay4HBIX paboTax MHOrMX ABTOPOB NPH MOENHPOBaHHH
Npouecca  pacnpoCTpaHeHHs BpENHBIX BEMECTB B aTMocdepe CKOpOCTDb
nepeMellieHHss  3arpA3HAIOMX YacTHL MO BPeMEHH OOBIYHO MpHHUMAaeTCH
TNOCTOAHHOA, PABHON CKOPOCTH HBIDKEHHMA BO3AYLIHOM Maccet arMocdepsl. B
HacToAmeH sxe paGore nanwbli akTop paccmaTpHBaeTCA Kkak nepeMeHHas
BEJIMYMHA H KaK 3HAaYMMbI napaMeTp NpoLecca pPacnpoCTpaHeHHs BpeaHBIX
BEIOpPOCOB B aTMocepe.

CropocTe mepemeuicHHs BpPEOHBIX BEUIECTB MO  HanpaBiCHHSM B
NpOCTPaHCTBE B Mmpouecce Hx nepeHoca H AK(y3uH B atMocdepe uMeHseTcs B
OCHOBHOM NOJl BO3AEHCTBUEM CKOPOCTH BeTpa. ClIeZ0BAaTENbHO, BO3REHCTRHE BETpa
Ha paaNMYHBIC YacTHubl, T.e. YacTWLLl, obnanaomye pasHbIMH (U3HKO-
MEXaHHYECKHMH CBOACTBAMH, HMEET padIMyHbIl xapakTep. CKopocTh YaCTHL Nox
BIHAHHEM OTOA CWIH (QOpMHpyeTcd Ha OCHOBE HX (IM3MKO-MEXAHHYECKHMX
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ocoGenHocTel. COOTBETCTBEHHO, TPAEKTOPHS ABHIKEHHS PasHBIX BPEAHBIX BEMCCTB
B aTMOC(l)epHOM BO3OyXe€ pquHa I KaKA0ro HX THIa.

C yueToM W3NOKeHHBIX NpeanonoxeHHi, B paGore npemnoKeHa
maTeMaTH4ecKas MoJeb mpolecca nepeHoca H AM(QY3HH BPENHBIX BEIECTB B
aTMocdepe ¢ yueTom CKOpOCTH MepeMellleHHs YACTHIL N0 HANPaRNEHHAM U,,V,,W,,
OMHCHIBAEMON Ha OCHOBE 3aKOHOB TMIPOMEXaHMKH C IOMOIIBIO MHOTOMEpPHOro
aubdepeHUMANTEHOrO ypaBHEHHS B 4aCTHBIX NPOHU3BOAHEIX:
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3nece 6 — KOHUEHTpauMs BPeAHBIX BEIUECTB; I, V,, W, - COCTaBJAIOIIHE
CKOPOCTH PAacrpOCTpaHeHMs BpEAHbIX BELIECTB MO HANPABIECHHAM; #,V,W -
CKOPOCTb BETPA MO HaNpaRneHnam; d - AHaMeTp YaCTHUBE, M - Macca JacTribl; 77

- ko3 dHLMEHT TuHaMHueckoii Ba3kocTy; §° - HauanbHad KOHLEHTPALlUsA BPEAHBIX
BewlecTB B arMocdepe; ¢ - ko3(dHLUMEHT NOMIOMEHHS BPESAHBIX BEIIECTB a
atmocepe; & - dynxuus Hdupaka; g — yCKOpeHHE ceofonHOrO mMazeHuA; | -
ko3 dUUHERT nuddysun; B - kosdHUMEHT B3aMMOREHCTEHA C noACTHNAImER
nosepxHoctH; O - MOIHOCTH HCTOYHAKOB; X - K03 dHLUHEHT TypOyIeHTHOCTH; 4
- ko3duuUMEHT MaccooGMeHa uepe3 TpaHHLb! pacueta; §, - KOHUGHTpaLmA
BpEeIHLIX BEILECTB 32 mpezenoM 061acTi pelieHHs 3anaUH.

CrieflyeT OTMETHTS, 4TO B ocTaHOBKe 3ana4ui (1)~(8) MOXKHO Hab/OAATE TAKHE
¢u3MYecCKHEe MPOUECCH! KAK KOHBEKTHBHBI INEPEHOC BPEIHBIX BellecTB B
armMocdepe B pesynsTare BO3ZHCTBHA BO3AYLIHEIX TIOTOKOB, PacpOCTpaHCHHE
BPEQHBIX BEIIECTB B aTtMocdepe 3a cueT MONEKYIAPHOH H TypOyneHTHOH
muddy3nn, a Talke NOIOMEHHE BPENHBIX BEILECTB 33 CUET BIANKHOCTH
aTMocgiepHOro Bo3ayxa.

Tlpy OMpERENeHHH CKOPOCTH HAaCTHI] MO HANPABICHUAM Y4HTHIBAIOTCA
(U3MKO-MEXAHHUYECKHE CBOICTBA YaCTHL, KOTOPHIE BIMAIOT Ha HX IOBIKEHHE B
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atMochepe, B 9acTHOCTH, Macca, AHaMeTp, a Takke AWHamuueckas BS3KOCTh
BO3JyXa.

PaspaGoraHa HenHHeHHas MaTemaTHyeckas MOAENb B TpeXMeEpHoit
NOCTaHOBKE JUIS ONIMCAHKs mpoLecca nepeHoca i Mty 3HH BpeaHbIX BEECTR MpH
CHJIBHOM BETpe C Y4eToM oporpaduu paccMaTpHBaeMoi MECTHOCTH, IUIOTHOCTH H
panMyca wacmvl, Ko3(pdHIMeHTa AHHAMHYECKOH BA3KOCTH M MEpeMeHHOH
TUTOTHOCTH BO3AyXa BO B3aHMOCBA3H C TeMNepatypod oOkpyxawoueil cpens,
ycKopeHHs CBOGOOHOrO mManeHus, koddduuueHta GOpMEI Tema s CHIbI
CONPOTHRJIEHHA ¥ IOXBEMHOM CHJIbI BO3IYIIHOTO MOTOKA:

09 o) _ AhE) O(hb) _ (20, FH)) 3 ( a(ha)) .
= T o +v, % W = +a-l:9-p( pe + % )+6z oar +60; (9)
m%:c,m’p,(u, -Uy; (10)
m%‘;—"=c,7rr’p.(v"—U)’; (8))
e =220, - p)g -k, e 4 F, (12)
C HaYaNbHBIMH
0'1:0 =00; u"lmo=u3; va:o =V3; wvlla) =“,"lJ (13)
H IPaHHYHBIMH YCIIOBUAMH
1290 _ rpe -0):; 20)  _en( —6):
Zare | &h(6, -6); i Sh(6,-6); (14)
-u2 ey w22 ~gn(a,-0); (15)
o y=0 » yely
_ ) =£h(BO-Q); K-a%‘ =£h(6,-6). (16)
& =0 “ lr=H

3neck U =+Ju? +v* +w! —CKOPOCTb BO3AYIIHOFO MOTOKA; ¢~ KO3(pHIMERT
COMpOTHBJIEHHE YACTUL BO3AYUIHOMY NOTOKY;  — PaliHYC YaCTHLBI; O, - IUIOTHOCTD
BO3MlyXa; p,- MIOTHOCTH YacTHULl; k, - Ko3(QHUMEHT GOpMBI Tena Mis CHIbI
CONpPOTHBAEHHA; A, - KO3(PHUMEHT AMHAMM4ECKOH BA3KOCTH BO3OYyXa; F,-
MOOBEMHAS CHJIA MMOTOKA BO3AyXa; h- oporpadms MeCTHOCTH, Jp)- MOIIHOCTBL
BbIGpOCa BpeAHBIX BEILECTB B aTMoc(hepy ¢ moacTUnaionel ROBEpXHOCTH 3eMIIH;

Vpasuenns (10)-(12) oTpaxaloT TOPH3OHTAIBHYI0O H  BEPTHKAILHYIO
nepeMeHHyI0 CKOpOCTh 4acThll BO BpemeHH. IIpH ONMMCAHMH CKOPOCTH YacTHL
YUMTBIBAIHCE Takve (PM3MKO-MEXaHHYECKHE IMapaMeIpsl kak ee Macca,
COMPOTHMBJIEHHE MOTOKY BO3dyXa, panHycC, MEpEMEHHas IJIOTHOCTP BO3MyXa C
Y4YeTOM TeMnepaTyph! oKpyKatouleH cpeasl. Kpome Toro, nns yuera Bo3aeicTaus
CHJIbI BO3QYUIHOTO MOTOKA Ha YaCTHUBI MPHHUMAIOTCA BO BHHMAaHHE CKOPOCTb
NOTOKa BO3AYyXa.

B ommume or NpoaHaqM3UpoBaHHBIX pabor, B 3amaze (9) - (16)
TOPH3OHTATbHAad ¥ BepTHKalbHai cKopoctH yactvl (10) — (12) onHchIBalOTCA B
YPaBHEHHAX HEJIMHENHO.
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B nocnemiem naparpade aHHOMA I/aBbl ANA MPOBEACHHS BEIMHCIHTE/IBHBIX
3KCTIEPHMEHTOB Ha OCHOBE Pa3paboTaHHOMN HeMHEHHON MaTeMaTHIecKOH MOIC/IH,
OMHCHIBaOLIEH npouecc nepeHoca H autdy3uH BpeRHBIX BEINECTB B armocodepe,
3afaya 6buna paciernviena no GH3UIECKHM GaxTopaM Ais yNpomeHHs HaX0KICHH
pelueHus.

Ina gucnenHoro pewenHa 3anaud (9)-(16) mckomoe perieHHe Ha BCEM
NMPOCTPAHCTBE MPHHMMAETCA Kak rnaakas ¢yskuma. Kicmonb3ys amaMTHBHOCTH
NPHHUMNHANBHO PA3NMYHEIX (PM3MYECKHX MpolieccoB mepeHoca M Auddysuu
cybcranumu B armocepe B MAIOM HHTepBane BpeMeHH [, SI<[,, OHH
paccMaTpHBAIOTCA KaK OTACNBHBIE MOA3ANAYH.

IMpouecc nepeHoca MpHMECEH BPEAHBIX BEWIECTB MO HAMpPaBJICHHAM
OMHCBIBaeTCA Kak 3anaya (A):

26 .. a(hé?,)w‘ a(hﬂ)“‘,‘ 5('!&):15@ a”n
a T & oy & 3
m-‘i;—"=c,n7’p,(u, -U)% (18)
ma;;' =car’p,(v,~UY; 19
m%:—%ﬂr’(p_—p,)g—k,  arw +F, (20
C HaYaJIbHbIMH
Blo =055 o =05 Vil =V55 Welp =W @n
H FPaHHYHBIMH YCIIOBHAMH
ame)| _8): I8N _ £n(o,-8): 22
—#Tno—ﬁh(g. 9:), I o .. ‘f"(ac 0|)’ ( )
_ 8 o _e): BN - (o, -8); (23)
H axl :_o—éh(a. 9\)’ H ax e, é (l |)’
L AL P ) @4
& 2=0 & =H
Tpouecc nugdy3uu BpeAHBIX BEIIECTB B aTMocdepe OMUCHIBACTCA Kak
3anaua (b):
30, (9°n8,) Fh8,)), 2 ( a(ho,)) 1 25
?_p( axz’ + ayz’ )+az K== +36Q (25)
C COOTBETCTBYIOLIHMH HAYATBbHBIM
&=6" (26)
H rPaHHYHEIMH YCIIOBHAMH
28 o0y uZCE  -enie,-6,); @7
x=0 xul,
—ui‘% = £h(8,-6,); ya‘—g@*—’\ = £h(6,-6,); 28)
=0 y=Ly
20— ewpo-0p «XB - ania.-6). 29)
“  lz=0 = l=H
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Hpouecc NOrjIoOINEHNA 9acTHll B BOBH)’IIIHO“ MaccCe ONMUCHIBACTCA KaK 3aaaya

(B):
%wha =—¢5‘Q (30)
H COOTBETCTBYIOLUHMH € HaYalbHBIM
& =6" @31)
Y rpaHHYHLIMH YCJIOBHAMH
22| _po o). W30 _spia o
n= g h(6.-6), n— i ¢h(8.-6,); (32
oho,) &(h6,)
-u——= =4&h(6,-6,); —= =¢&h(6,-6); 33
ﬂawa(.s)#ayy_t’s‘( ) (33)
220 —anip-a) <X -ano-0). 34)
z=H

Hrak, pna pemeuml HCXOAHOH Muoromepﬂoﬁ HenuHeliHol 3apauu (9)-(16),
ee B COOTBETCTBHH C (pH3HUeCKHMH (aKTOpaMH pemyuupoBany Ko Gonee npocTiX
sampay (17) — (24), (25) — (29) u (30) — (34), KOTOpHIE MOMNHO pewaTh
NIOCNENOBATEABLHO M0 OTACALHOCTH METO0M KOHEYHBIX pa3sHOCTEH.

B KoHlIe I1aBb! IPHBEAEHBI OCHOBHLIE BBIBOALI.

Tpetes rnaBa aucceprauny «YHcnaeHHbIe ANrOPHTMBLI PEIICHHA 3aAay
MOHHMTOPDHHIa H NPOrHO3HPOBAaHHS mpoiteccoB nepeHoca H anddysun
BpeaHbIX BeilecTB B aTrMocdepe» nocesmeHa paspaborke sddexTuBHBIX
YHCJIEHHBIX AJIFTOPHTMOB peLIeHHs 3aaay, chopMyIMpOBaHHBIX BO BTOPO#i rnase.

Mockoneky B 3amaue (1)-(8) npusopsTcs TpexmepHbie AuddepeHunansHbie
YPaBHEHHS C COOTBETCTBYIOIUMMH HadanbHBIM M FPaHHYHBIM YCJIOBHAMH, MX
PEHICHHE AaHATHTHYECKHMH METOAaMH BI3LIBAET TPYAHOCTH. Jjis pemeHns 3azaun
(1)-(8) Hcnonb3oBaHBI KOHEYHO-PA3HOCTHBIE MeTOHb, T.e. B obnactb
D={0<x<L,0<y<L,0<z<L,0<t<T} BBOAMTCA <CeTka M 3necb T -

MaKCHMaNbHOE BpeMs B 3aJaHHOM OTpe3ke BpeMeHH, HHTepsanbi [0,L], [0,L)] u
[0,L.] nensrcs imaraMu Ax, Ay, Az, oTpe3ok BpemeHH [0,7] memmurcs maroM Ar B
pe3yfibTaTe nony4aeM ceTouHyto obnacts Q_:

Q.. ={(x, =ilx, y, = jly, z, =k&z, 7,=n A,);

I—I,N j= lM k= an ON N—WT—}

t
Hna pemenus tpexmepHoil 3anauu (1)-(8) HCHONB3yeTCs HEABHO KOHEYHO-
pa3HOCTHai cxeMa H ypaBHeHue (1) mo HanpaBieHHMI0O Ox annpokCHMHpyeTcs
clieXylomHM o6pasdm:
1
0,_,}—0,"'“, + "“ 0 I‘/A 0'.7,: +v"’§ 9,:',..;"9:'_'/1 "*% 0:.'/1:4" itk
Ar/3 ! Ax * Ay ‘ Az
1
w3
+06, ;3 = A

nes

1 1
N+ ne-
- 3 3 n - n
26,3 +6..34 + ﬂol./—u 2614 +6,,us -
Ax? N
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Ko 0500 1 '("}-o.s + Kno.s)gf’.'u + Ko an 1
+ 3 +26,,0
Az 3
[pynnupys noAoGHbIE WiEHb), MOCJIE YNPOLIEHHs ypaBHeHHS (35), ero MOXKHO
CBECTH K TPEXAHATrOHAILHON CHCTeMe NUHERHBIX are6paHyecKHX ypaBHEHHIH:

m—; no% no%
46005 =8449,3 +€ 10 n5x = ys 5

rae ko3(HUHEHTbl U CBOOOMMEIH WiIEH ypaBHEHHA ONpPEASNIAIOTCA C MOMOLIBIO
CNEAYIOIHX BHIPAXKEHHIA:

ne= "-.l
Lk, _3 " oy w3
Gn = 0T O = T e YR T  T 0 T
s . el el
3., v v, w3 w3 u
d, ;== X‘-el./.‘— Ay"gn’.'pu "’_A;‘gl.'u -?0‘4,“4’? s +A—yz-0;"l'u
2u H Kios Kios+Kii0s Kpio0s 1
_5’701’:].'+ET01':/+1.A+F0:1J—1- Az hax T A IJJ+I+§6#JJ‘Q .

Ipanuunbie ycnoBHs (6) 3aMEHAIOTCA HA KOHEUHbIE Pa3HOCTH BTOPOTO
nopsAaxka TOYHOCTH H MONy4aloTcA (OpMYNBI BBIMHMCHEHHA MPOTOHOYHBIX
k03(PHUUEHTOB H 3HAUEHHH KOHLUEHTPAUNH BPEAHbIX BEINECTB HA PAHHMIIE:

« = b4 - 4 . o T28x860,6 s~y yuH
MG = 20xEG y ~3pa,, " T 6 - 28%EG ,, - 3uG
0':'}%* - 2Ax86, — By_s 4 M ~Qy_5 4By H +4€~-l.uﬂ )
. Qg gy ypld— A0y, 0+ 2055 312

AHAJIOTHYHO, HCMONL3YyA BLIMIEYKa3aHHbIE JEACTBHA BHIMOJHAEM U
HanpassjieHnii Oy u Oz.

Ins BbuMcheHus ypaBHeHuil (2)-(4) Kcnonb3yeTcs HeABHAad KOHEYHO-
Pa3HOCTHAA cXeMa A KaKIOro HanpaejieHws, T.e. Mo HampasneHHio Ox H
MO 4HM:
el _ mul + Atzndu vm% _mv] + Aty wm% _ mw{ + Atormdw —mg At /3
m+&tand " m+AMand " " m+AMtrnd ’

A mna HanparneHuft Oy uw Oz 3HaueHHs u,,v,,w, HaAXODATCA AaHANOTMYHBIM
cnocobom.

Jns peumieHus MHOroMepHoit HenuHedHoit 3agadn (9)-(16) ucmoim3oBaHa
HesBHas KOHEYHO-Pa3HOCTHAA CXEMa BTOPOTO NOPsAKa TOYHOCTH.

Tepen pemennem 3anauu (9)-(16), BorunchsiorTcs ypaBHenHa (10)-(12) s
onpefeNeHHs CKOpocTeif 4acTHL MO HAMpaBCHHWAM X,),Z, HCNOJb3ys HEABHO
KOHEYHO-Pa3HOCTHYIO CXEMY B CICAYIOINEM BHAC
no Ox:

u

u"‘% - 3m " e ar’ piAtve, alpUN
Y 3m-2c,arpiiAt+2c,arpUA " 3m—2c,aripiAt+2c,aripUAL
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nl 3m c,ar p VA +c rl p U At
v = - CE H
Y 3m-2c,mr’pVAt+2c,mr pUAL " 3m—2c,7r’ p, VAL +2¢ mr? pU AL

Sio_9m . 47(p,-p)gd-3FA
9m+3k puzr At Om + 3kt 7r M )

-

AHanornuHo Ccrmoco6OM BBMUC/AIOTCA CKOPOCTH YacTWu .V, W, A

Hanpasnenuit Oy u Oz.

3arem ypaBHeHue (9) u rpanuunete ycnoeus (14), (15), (16)
aNnnpoKCHMHUPYIOTCA NO HanpaBneHusM Ox, Oy U Oz cO BTOPEIM MOPAAKOM
TOYHOCTH 1O BpEMEHH M MPOCTPAHCTBEHHEIM NiepeMeHHbIM. B pesysnbrare uero
NOTy4aeM CHCTEMB! JIMHEHHBIX anreGpanuecKHX ypaBHEHHH, KOTOpHIE PEINAIOTCA
METOAOM NPOroHKH.

IpHOGMDKEHHOCTL HTEPAllHOHHONO MpOLIECCAa TNMPOBEPSETCA C [TOMOMILIO
ycIH0oBUsA:

(s+1) e e _ (0
u"" —uPl<g; |v“‘” )~ v,‘"’l < a,lw,f“ ) —wi<e,

rae & - To4HocTs TpefyeMoro pelenus, s- KOJAHYECTBO HTepauui. 3HaueHHe
NepBOHAYANbHON HTEPALMH PaBHO peLlIeHHIO B NPEAbIAYIEM BPEMEHHOM ClIOe.

B obwe#i cnoxHocTH Bce paspaboTaHHBIE AITOPUTMbI COOTBETCTBYIOT
JaHHBIM MOJNEBBIX H3MEPEHHI.

B yetBeproii rnase gucceptaumun « Pazpaforika NporpaMMHOro KomiLlieKca
MOHHTOPHHra H NPOrHO3HPOBaHMS mnpoueccoB mnepeHoca H auddysnn
BpeaHBIX BemecTs B aTMocdepe» omicaH MNPOrpaMMHLIN KOMIUIEKC i
MOHHTODHHIA M MNpOTHO3MPOBaHHS BO3OYWHHIX 62CCEAHOB NPOMBILLICHHBIX
PETHOHOB, pa3paboTaHHBIil HA OCHOBE NPEATOKEHHBIX MATEMaTHYECKHX Mozenei U
BBIYHCIIMTENIbHBIX AropuTMOB. Takske B rjlaBe MPHBEAECH aHAIH3 H HHTEPNpeTaums
PE3yNLTaTOB MPOBEJCHHBIX BHIYMCIMTEIBHBIX 3KCMEPHMEHTOB MO  OLEHKE
HEraTMBHOIr0 BJIMAHHSA MPOMBILLUIEHHBIX BbIOPOCOB HAa NPWIETAIOUIHE TEPPUTOPHH.

IMporpammueii koMIUlekc paspaGoraH B mporpamMMHoil cpexe Microsoft
Visual Studio Ha s3sixe nporpammupoeanus C#. Ipu rpaduyeckol BU3yanu3auiu
Pe3yNLTaTOB BBHIMMCIMTENLHBIX 3KCMIEPHMEHTOB MCMOAb30BaHa GHOMHOTEKA
ILNumerics.

PaspaoTranHbifi nporpaMMHBI  KOMIUIEKC COCTOMT H3  CAEAYIOLMX
MPOrpaMMHbIX MoayJeHi:

- Moxynb «PSV-Calc» no3Bonfer onpenesiuTe CKOPOCTH HacTHLl BpPEAHBIX
BELIECTB MyTEM BHIOOpa NMHECHHOrO WIH HEJIHHEHHOro sBMAa nuddepeHIHANTEHBIX
yYpaBHEHHH, ONMCHIBAIOIMX ABHKEHHE YaCTHL B NPOCTPANCTBE;

- Moaynbe «<AIRMOD view» npenHasHadeH AJIA NPOBEACHHs BLIMHCIHTEILHEBIX
3KCNIEPHMEHTOB Ha OCHOBE YMCIEHHBIX aJITOPHTMOB PELIEHHA 3aay JMHEHAHOro
HEJIMHEAHOTO THIOB;

- MOIyNib «AirQ-MS» 103B0J1S€T NPOBOAUTH BbIYHCIHTEIBHBIE IKCIIEPHMEHTBI
Ha OCHOBE 3()(EeKTHBHOrO YMCJIEHHOr0 WINOPHTMA, pa3paboTaHHOrO METOIOM
¢u3HvecKkoro paciennenns 3agayd B COOTBETCTBHH ¢ dH3HueckuMH PaKTOpaMu
U MMHHMM3aLMB BPEMEHH pacyeTa H KONIHYECTBA BbIYHCIIMTENbHLIX ONepalni.
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Aryocdepa Xasoti codnuun MornTap s
DLNOPAT KN FUyH ey pii aEcsya

Puc. 1. O6mnit Bua uatepdeiica nporpaMmMHOro KomMiLiekea «AirQ-
MS»

IMpoBeneHb! BEIMMCINTESNbHBIE 3KCIEPUMEHTHI IS HCCIIEROBaHHS MpoLecca
nepedoca U Auddy3un BpeHBIX BEIIECTB B aTMOc(epe ¢ yueToM oporpadH4ecKux
XapaKTepHCTHK paccMaTpHBAEMO# TEPPUTOPHH.

IMpu yuere napameTpa A, ONKCHIBAIOIIETO pefibed MECTHOCTH, KOHLIEHTpauHs
BpeAHbIX BELIECTB MOXET PacTpeAesiAeTcs B NpPH3EMHOM cJioe arMocdepsl
nepasHomepHo. Tak, npu # <1 Boamywmeiii noTok B paskoit crenenn Gnokupyercs
BO3BBILIEHHOCTAMH H XOJIMAMH, HMEIOIIUMHKCA B paccMaTpHBaeMoii obnactH (pHuc.
2).

Ecnn ke h=1, 10 noxpasymeBaeTcs AOCTAaTOYHO POBHAd MOACTWIAIOMAA
NMOBEPXHOCTb, H B TaKOM CJyyac MNojie KOHLEHTPAaUMH BPEAHEIX BEILECTB
pacnpenensercs npaKTH4ecky paBHOMepHO (pHC. 3-4).

I'padnueckuil aHanu3 nosydeHHBIX pe3y/LTATOB MOKA3ad, YTO HA MPOLECC
nepexoca u kG dy3nu BpeAHBIX BeLeCTB B aTMOC(epe, NaBHBIM 06pasoM, BIHAIOT
CKOpOCTb M HalpaBieHKe BeTpa.

B COOTBETCTBMM C pe3ynbTaraMH MPOBEACHHBIX  BBHIMHCIHTENILHBIX
3KCMEPHMECHTOB MOXHO CKa3arb, YTO Ha TOPH3OHTAIBHYIO H BEPTHKAIBHYIO
CKOPOCTb 4aCTHLL BPENHBIX BEIIECTB, HApALY C COCTABJIAIOMIHMH CKOPOCTH BETPa,
CyLIECTBEHHO BAHAOT (PH3MKO-MEXAHHYECKHE CBOMCTBA pacCcMaTpHBaEeMbIX
YacTHLL: paliHy<C, IOTHOCTb, Macca U Ap.

PerynapHoe nosbiienne TTIK BpeAHbIX BemeCTB MPH HeGAArOMpHATHBIX
METEe0yClIOBHAX, HANPUMED, NP AOMMHHPOBAHHH CNaGhIX BETPOR (pHC. 3a) B paae
ciiydaeB MOXKET OBITL OCHOBaHHEM K NMEpecMOTPY IPaHHMIl CAHHTapHO-3AIIMTHOMH
30HbI HA TEPPHTOPHAX, MPUIIEFAIOINX K NPOH3BOACTBEHHOMY OOBEKTY.
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Puc. 2. Pe3yabTaThl BHIYHCIHTEILHBIX 3KCNEPHMENTOB 10 HCCI1eI0BAHHIO
npouecca nepexsoca 1 Auddy3nn BpeaHrIx BemecTs B aTMochepe ¢ yuerom
oporpaduu paccMaTpuBaeMoii mectHocTH (2=10 M)

Y Axis
Y Axis

Y Axnts
Y Axis

X Axis

r)

Puc. 3. Busyaausauus npouecca nepenoca H angdysun oxcHaa cepbl
(IV) npu pa3ueix cxopoctax Berpa (TIJAK=0,05 mr/m3).
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va

a) z=300 w; 6) =400 ;

8) =500 m;
Puc. 4. Busyanusaums npouecca nepeHoca u anidysHn oKcraa 23ota B
aTMocdepe

Pe3ynbTaThl, MOYy4EHHbIE HA OCHOBE Pa3paGOTAHHBIX MATeM: ecKOrO
annapaTa ¥ NporpaMMHOTO KOMILTEKCa, MOTYT GbITh HCNONB30BAHbI B nea“"' o

NOABEAOMCTBEHHBIX OpraHM3aluuii T'oCyIapCTBEHHOr0 KOMHTETa MO IKONOTHH H
OXpaHe OKpykatomieif cpembl.
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SAKIIOYEHHE

Ha ocHoOBe IpOBEAECHHBIX HCCIENOBaHHI MO OMCCEPTAUHOHHON paboTei Ha
Teml] «Pa3paboTka HEIMHEHHBIX MaTeMaTHYeCKHX Moleliel, BBIYHCIHTENBHBIX
anropuTMOB JUIA MOHMTODMHra M MNpOTHO3HPOBaHHA Npollecca MepeHoca M
Juddy3un B atMocdepe» NOMyUeHE! CICAYOIHE OCHOBHbIC Pe3YJILTAThI:

1. [IpoBenen aHaiH3 Hay4HBIX HCCACNOBaHHH, MOCBAIMCHHBIX MeETOAAM
MareMaTu4eckoro MOAETHpPOBAHHA Mpolecca nepeHoca H auddy3uu BpeaHbIX
BewecTs B atMocdepe.

2. Paspaforana TpexMepHas MareMaTrHuecKas MOAENb IJIA MOHMTOPMHIa U
NpOrHO3WPOBaHHsA Mpouecca nepeHoca W AHGGY3NM BpEeNHBIX BEILECTB B
atmocdepe ¢ yueroM QH3HKO-MEXaHHYECKHX CBOMCTB 3arpAsHAIOLIHX YacTHL,
BeIOpackiBaeMEBIX B aTMOChEpy.

3. PaspaboTaHa TpexMepHad HenuHeliHas MaTeMarMyeckas MOAeNb IS
MOHHTOPHHF2 M MPOTHO3HPOBaHMA mpoLecca nepeHoca M AWDY3HH BpeaHbIX
BelecTB B atMocdiepe ¢ yueroM GH3HKO-MEXaHHUECKHX CBOJCTB YaCTHLL, a Takike
oporpadHu paccMaTpHBaeMOH TEPPUTOPHH.

4.]lna pelleHHd TpexXMepHBIX 3azady nepeHoca W AH(Qy3HH BpemHBIX
BemecTB B aTMocdepe paspaboTaH BEIYMCIIMTEIBHLIH anropHT™, oGecrneunsatomuii
TOYHOCTh AaNMNPOKCHMAUMH BTOPOTrO0 MNOPAJKA OTHOCHTENILHO BPEMEHH H
MPOCTPAaHCTBEHHBIX NMEPEMEHHBIX.

5. Pa3paloraH 4YMC/ICHHBbIH anropUTM pelleHHMA 3aJaYu  OLEHKH H
NMPOTHO3HPOBaHHS MoJieH KOHUEHTPAUMH BPEAHBIX BEIUECTB B MOrPaHUYHOM Clioe
atMocepel Ha OCHOBE MeTOAa paculerieHus no ¢uanyeckum ¢akropam, C
HCITONIL30BAHKEM HEABHOW KOHEYHO-Pa3HOCTHOM CXEMBI BTOpPOro mnopsnka
annpoKCHMaUHH 110 BpEMEHH H NPOCTPAHCTBEHHLIM NEPEMEHHBIM.

6. Ha ocHoBe npoBeieHHBIX BHIUHCIHTENBHBIX IKCMIEPHMEHTOB YCTAHOB/ECHO
BJIHAHHE OCHOBHBIX $aKTOpOB Ha MPOLIECC PACIPOCTPAHEHHs BPEIHLIX BEILECTB B
atMoctepe. B uacTHOCTH, ompeneneHO BIMSAHME TaKMX MAapaMeTpoOB Kak
METCOYCJIOBHA (CKOPOCTP M HampaBlieHHE BeTpa, TeMMepaTypa H BIaXHOCTDb
oKkpyxalomedi cpeabl); oporpabus paccMaTpHBAaeMoi MECTHOCTH; (H3HKO-
MeXaHH4eCKHe CBOHCTBA BpeAHBIX BELIECTB.

7. PezynbTathl nMccepTauHoOHHON paboThbl, NMPHMEHEHHbIE B ACATENLHOCTH
NpOMBINUIEHHLIX 06bexToB Byxapckoli o6nactv, NO3BOMKAK NMOBLICHTH Ha 8-11%
KOPPEKTHOCTb NMPOTHO3MPOBaHHA YPOBHA KOHHUEHTPaUMH MPONYKTOB FOPEHHS W
HEOPraHMYeCKHX 4YacTHU MbUlH B MOrpaHUYHOM cjioe armochepbl W Ha
noxcTHIaloLIed TOBEPXHOCTH 3eMITH. Pe3ysIbTaThl YMCIICHHBIX PacyETOB MO3BOIHITH
obecreyuTb MONAEPKKY NPUHATHA pelleHHH MO CBOEBPEMEHHOMY PEMOHTY
OYMCTHTENBHBIX YCTPOHCTB M CHU3UTh Ha 6-8% ¢(HHAHCOBBIE pacXoAbl, CBA3aHHbIE
C HapyIICHHEM CaHUTAPHbLIX HOPM KOHLEHTPALUHH BPEIHBIX BELIECTB.
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INTRODUCTION (abstract of the PhD thesis)

The aim of the research work is to develop and improve mathematical models,
computational algorithms and software for monitoring and forecasting the ecological
state of air basins in industrial regions.

The object of the research work is the process of atmospheric transport and
diffusion of harmful substances emitted by industrial facilities and natural sources
of pollution.

The scientific novelty of the research work is as follows:

a linear three-dimensional mathematical model has been developed that
describes the process of transport and diffusion of harmful substances in the
atmosphere, taking into account the physical and mechanical properties of particles;

a three-dimensional nonlinear mathematical model of the process of transport
and diffusion of harmful substances in the atmosphere has been developed, taking
into account the variable speed of movement of polluting particles, weather and
climatic, and orographic characteristics of the territory under consideration;

an efficient numerical algorithm has been developed for solving the problems
of transport and diffusion of harmful substances in the atmosphere, based on the use
of an implicit finite-difference scheme of a high order of accuracy;

an efficient numerical algorithm for solving the nonlinear problem of the
spread of harmful emissions in the atmosphere has been developed, based on the
method of splitting the problem by physical factors;

Implementation of the research results. Based on mathematical models,
numerical algorithms and a software package for monitoring and forecasting the
ecological state of air basins in industrial regions: ‘

a mathematical model and a software package to monitor and predict the
spread of harmful substances in the atmosphere, taking into account the variable
speed of contaminants, and to support decision-making on the optimal location of
industrial facilities under construction, were introduced into the activities of the
Bukhara Regional Department for Ecology and Nature Protection (State Committee
for Ecology and Environmental Protection, reference No. 02-02 / 8-2738 of
19.11.2020). As a result of the implementation, it became possible to develop
recommendations for the implementation of environmental protection measures, to
save financial costs for paying fines due to the timely prevention of violations of the
norms of maximum permissible concentrations of harmful substances in the
atmospheric air;

a software and mathematical complex for the analysis, observation and
forecasting of the process of transport and diffusion of harmful substances in the
atmosphere were introduced into the activities of LLC “SMMC-409” in Bukhara
region (State Committee for Ecology and Environmental Protection, reference No.
02-02 / 8-2738 of 19.11.2020). As a result of the implementation, the accuracy of
predicting the concentration of harmful gases, dust and carcinogens in the territories
adjacent to the production facility under unfavorable meteorological conditions and
specified operating modes of the facility increased by 9-11%;
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a software and mathematical complex for the analysis, observation, and
forecasting the process of transport and diffusion of harmful substances i’n the
atmosphere, taking into account the change in the particle speed, was introduced into
the activities of “CHORI MEGA MONTAJ” LLC (State Committee for Ecology
and Environmental Protection, reference No. 02-02 / 8-2738 of 19.11.2020). As a
result of the implementation, the accuracy of predicting the concentration ofh:a;rmful
substances in the surface layer of the atmosphere and the underlying surface due to
emissions of cement dust, sand, and combustion of hydrocarbon fuel in boiler houses
increased by 8-10%.

Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, a conclusion, references, and appendices. The volume of
the dissertation is 118 pages.
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