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KHPHII (pancapa noxropu (PhD) auccepTrannsacuuuHr AHHOTAUHRECH)

JuccepTauus MaB3yCHHHHI Jonsapéaurs sa 3apypard. JKaxonaa
aTpod-MyxuTHM Myxodasa OUHIIra JoMp Kapopiaap Kabyn  kumMmra
KYMaKjIauryBas Ba yHH SHTPOIOreH TabCHPIaH XMMOS KWIMINa HyHaITHpITas
MaTeMaTMK MOJeNap, CaMapali CORNH aJTOpHTMIap XaMfia JacTypHi
TaLMMHOT/IapHM HWOa6 YWKWITa KaTta 3bTHOOp Gepnmvoxaa. Jymmapas,
aTMoc(epaHHHI YerapaBuil KaTjaMHia 3apapiH MOJANANapHMHT TapKaKHII
XapaGHHHH Ky3aTHll Ba GalllopaTiall ajOX#ja Ha3apuii Ba aMamuii KMIMKHII
yitrormMokna. AtMocdepana udnocnaHTHpYBYH MOAJaNap KOHUCHTPAUHACHHHHT
TapKaJMIIMHH TE3KOp Ky3aTHm Ba Gaxolall yyyH MaTeMaTHK MOJewIap,
XucoGnam anropMTMIapH Ba HacTypHii BOCHTAIAPHH MINIA0 YUKHMID MYaMMOCH
aiinnkca AKII, Kanapna, Byrok Bpuranus, Eepona Utrudoxu mamiakariapH,
Poccus @emepaumscu, XUHAMCTOH Ba XwroH KkabW caHoaTH PHBOXJIAHTaH
MaMnakaTiapza gonsapbnuk kacb aTMoxaa.

Xaxonga 3apapn¥ aHTpofloreH Ba TaOuMH 9UKMHIMNApHH atMocdepaia
yiatTwiHme Ba AUhdY3HACH KapaéHnapHMHMHT SHaJa TaKOMHIUIAIITHPHIIaH
MaTeMaTHK MOZEIIapHHH HIIUIa0 YHKMINTa KapaTHraH WiMuii TAXKUKOTIAp 0JHO
GopuiMokaa. Yiidy MyaMMOHMHI MaTeMaTHK afnapaTHHH ApaTHIIIa, XycycaH,
KKJINM KYpCaTKHYNapH Ba YpraHuiaérran XyAyA oporpadHacHHM Xucobra onuml,
XaBO MacCacHHHHT TYpOYJIEHT Xapakat® XHcobura aTtmocdepara KyTapmirad
3apapmi  MoAXanap 3MHCCHACHRM Xucobra onwin Xamia KHIHK Yadamid
3appaNapHHHT YYKHII TE3NMTHHW; YHHHT (H3HKaBUA-MEXaHHK XoccalapHra
6ornuK Tap3fia y3rapumM kabu ommnapra anoxupa 3bTHOOp Gepum 3apyparth
103ara KeJiiu.

V36ekucron Pecny6muxacuna 3apapiM adTponioreH 6ocMM ocTHaard
SKOTH3MM/IAPHUHI y3rapuml xapa€HiapH, UYHHHTAEK, 3KONOIMK MYBO3aHaTHHHT
Gy3mmumMAaH KyTWIaguTaH okuGarnapuu ypramnml 6yinya XaM KeHT KynamiH
TagKMKOT MuUtapn o6 GopuimmMokpa. Lly 6unan 6up katopaa, atMocdepamarv
TexHoreH Ba TaOumit TabcMpnapmaH KemHO GHKKaH 3apapiii  a3po3on
qUKHHMITAPHUHT  KyWHIIH Ba JHGQy3micH kapaCHnapWHH Ky3aTHmI Ba
GamopaTiaml Y4yH SHIH MaTeMaTHK MOAe/IapHM wmnab wWukwn Ba
MaBXyAnapyHH TaKOMUJUTAITHPMIL, Xwcobnam anropHTMAapH Ba AacTypHi
BOCHTAlapHM  MINIa6  gukummra  Karra  3bTHOOp KapaTH/IMOKAA.
2017-2021 itwnapaa V36exucron Pecry6nmkacuum pHBOXKIAHTHPHIIHUAT GemTa
ycrysop HyHanumE Oyiuya Xapakatnap cCTpaTerdicHia «... OJaMjapHMHI
JKONOTHK XaB(CH3 MYXWTAa AMaMMHH TAbMHMHNAHI, ... aTpod-Tabuuii MyxwHT,
axolM CalOMATIMIH Ba TeHO(GOHANTA 3HEH €TKa3aJuIal 3KONOTHK MyaMMOJapHH
OJIMHH ONHIL, ... HKTHCOMHET, WXTUMOMIT coxa, GolIKapys TH3HMHTa axGopoT-
KOMMYHHKallHA TEXHONOTHANIAPMHM XKOPMil 3THHI, ... arpod MyXHTra 3apapim
Mojjanap YHKMIIMHH KaMaiiTHpuuny'  Basupanapu GerunaETas.  Yuby
BasndanapHHEr aMaira OWMPWIMUIMHH 3aMOHaBHMH axGopoT TeXHojorusniap

! 36 on  PecnyG. Mpewmaentamnur 2017 #un 7 ¢espangarn [1P-4947-con «Vibesucron
PccuyGnikacuis fiaga pusoxsaHTHpiiy Gfitnva Xopakatiap cipateruscy ryrpreuganiy Gapaorm.
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acocHAa TaAKHK KWJIHHAETTaH Xapa€Ara TabCcHp KHIYBYH TYPAH XHJI OMWILTapHH
XHcoOra oiraH Xojja 3apapiM YHKMHIUIAapHUHT atMocdepafa TapKaIHMIIH
XapaéHHHH Ky3aTHII Ba OamropaTjall ydyH 3apypHii HIIOHYIM MaTeMaTHK
Moie/lap, caMapajH XHcoOjall anropHTMiapi Ba MOLENAMTHPHIMHUHT
aBTOMaTIAITHPHATAH TH3MMIIAPHHH UILTa0 9uKMm BasHdanapuran GaxapHuicH3
TacaBBYp KH/HO Gy mmaiin.

V36exucron Pecry6nuxacn Tlpesumenturunar 2017 #iun 21 anpenmaru
[1®-5024-con «Oxonorus Ba aTpod)-MYXHTHH MyXodaza KHIHII cOXacKaa AaBiIaT
GomKkapyBH TH3HMMHH TaKOMWLIAIITHPHEI TYFpHcuda»TH (dapMoHH, Basupiap
Maxxamacuruur 2017 finn 23 Maiigarn 310-con «Y36exucron Pecny6mikacu
Oxojtorus Ba atpod-MyXHTHH MyXodaza KWIMII JaBIaT KyMUTacH TyrpucHAarH
HH3OMHM TacAWKJIaIl Xakuaa» Ba 2019 itun 3 centabpaaru 737-con «Y36ekucToH
pecnybmukacuaa atpod TaGHHIE MyXMTHHHT [aBIAT MOHMTOPHHIH TH3HMMHH
TaKOMIJILMAIITHPHIN TYFpUCHIa» KapopilapHia Ba Ma3Kyp coxXara Ternunid Gomka
MEBEPHA-XYKYKHI XyioxaTiapAa Oenrunanran BasudalapHH amalira OWMPHIL
ydyH ymby auccepTanus TAAKHKOTH MablIyM Japakaja XH3MaT KHJIafy.

TanKuKOTHEHT pecnyGanka ¢aH Ba TEXHOJOTHANADH PHBOXKIAHALIN-
HHAT ycTyBOp HyHanAmnapra Mocanrn. Maskyp TaikHkoT pecnybauka ¢an Ba
TEXHONOTHANap pHBoxaHHIMHMAT [V. «AxGopornawmupum Ba axGopot-
KOMMYHHKAIHA TEXHONOTHSUIADHHH PHBOXMAHTUPHII® YCTYyBOp HyHamMuIH
Joupacuja 6axkapuiaraH.

MyaMMOHAHr JpraRuIranank fAapaxkacd. ATMocdepasa HGIOCHaHTH-
PYBYH 9HKHHAMNAPHUHT TapKalHMID >KapaéHWHM Ky3aTHII Ba Gamopatiaml yqyH
MAaTEMaTHK MOJCIUIapHH, XHcobnall afropuTMIIapWHM Ba JAacTypHil-yCKYHaBHii
TH3HMJIapDHH SpaTHIN Ba TaKOMWUIAIITHPMIOTa KapaTWiraH HIMHI TaJKHKOT
HITapy OyHEHWHT €TakYM WIMHI Mapkailapuza Ba oJMil YKyB 1opTiapuaa oMo
Gopwimmoxma. XKymnaman, 3apapnu  MommanapuuHr armocdepa derapasuii
KaThaMHla Ky9MIH Ba muddysuscH Mypakkab AWHAMHK Kapa&HMapUHWHT
MaTeMaTHK MOJCIUIApHHH HHNa6 YHKHWIN Ba TaKOMWUIAIITHPUII, WIYHWATAEK
alTHITaH  XapallapHM  MaTeMaTWK  MoJe/nallTHPHII  YCIyOHETHHUHT
dyanamentan uxatnapu E.Naslund, L. Thaning, J.Geiser, L.C.Berselli,
W.J. Layton, J.M.Germano, H.Ferziger, U.Piomelli, G.S. Winckelmans,
W.C. Reynolds, I'.U.Mapuyk, M.H.Jlynes, M.E. Bepnsna, B.B. [lenenxo,
B.M. Benomuneuxas, M.B. Menbmros, C.I'. Uepuuii, C.B. 1llapos, B.®.Panyra
KaGK oMMMIapHHHT TaIKMKOTIapH/a EPHTHITAH.

V3bexncton PecmyGnmkacuna atMocdepana a’posoll HHKMHAHIAPHHHT
Kyaamm Ba auddysuacu xapaéHmapy Xamaa atpod MyXUT XHWMOS KHITHIO
MacananapHAM e€9UIn y4yH MaTeMaTHK MOoRelnap, anropuTMiap Ba JacTyphapHu
wamab  gakmm myammonapun .6 A6yrannes,  K.C. KapuMGepnuera,
M.JI. Apymanos, H.Papmanos, X.O. Toxupos, B.C.TenemyparoBa Ba Gomika
OJIMMJIap TAAKHUKOTIIapHaa YpraHwiras.

TanxukoTnap TaxJIHIM DIYHH Kypcatanuku, 6yryHri KyHaa atMocgepanaru
a’po30N YHKMHIAMTAPHUHI KYYHWH Ba Iuddysuscn skapalHIapHHHHT Ky
ynuoRnM KYHHAMIUKZArH MaTeMaTHK Mojeiulapd, KHYMK Yad4aMin 3appadanap
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YYKMII TEIUIMHMHT V3TapuilM Ba MKIWM OMMIUIapH, UIYHMHTAeK BakKT Ba
¢dazosuii Jarapysumnapra Huc6aTaH I0KOPH TAPTHONH aNNpPOKCHMAIUAHH KysU1aul
acocHaa caMapald XHCOONAall aITrOpHTMIApHHH HINNab umkum MacananapH
€TapiH9a ypraHuiIMaraH.

JuccepTauns  TAXIKHKOTHHMHHT JTHCCEpTauMs Gamapwiran HIMHH
TAAKHKOT MyaccacacHHHHT MIMHH-TaAKHKOT HULIapH pexanapH 6unan
Gornuranrn. Juccepraums ui Myxamman an-XopasMui Romupgard TomkeRT
ax60opoT TEXHONOTHANApH YHWBEPCUTCTH Xy3ypHAAarH AXGOpOT-KOMMYHHKAIMT
TCXHONIOTHSA/IAPH HIMMIi-HHHOBALMOH Mapkasi Ba V3P ®A B.M.PomaHOBCKHH
HoMujarH MareMaTika MHCTUTYTH WIMHH-TaIKMKOT HIUIapH pexanapHHHHET
A-5-12 «CaHOar MHHTaKalIaPHHUHT OSKOJIOTHK XOJNarHHM Gamiopariiall Ba
MOHHTOPHHIM yYyH MAaTcMaTHK TAaLMMHOTHM spatump» (2015-2017) B2
BB-ATcx-2018-9 «AtMocdepa Ba CyB pecypcllapHHH TCXHOTEH OMIULIapHAaH
XHMOS KWIMII MacaNalapWHH eYHll yuyH MoJeilap, TAKCHMMTaHraH Xucobmam
aNTopHTMIapH Ba JacTypuii BocHTanap sparwm» (2018-2019) massynapraard
Noixanapy Aoupacuaa GaxxapuiraH.

TagKHKOTHHHT MAKCAXM CaHOAT XyAyMlapHaa SKOJIOTHK BasusTHH TAKAK
KWW, Gawopatnam Ba Gowkapum 6yifMua kapopnap Kabyn KwmMm ydyH
MaTeMaTHK MoJelnap, caMapalH Xucobjaml aJropHTMIapH Ba AacTypHit
MaxXMyallapHH HIUTa6 YHKUILAaH nGopart.

TagkHKOTHHET Ba3udasapu:

Kapana€rran XyXZyanapia atmocdepa XonaTwEM OGaxonam MacananapH
Gyiiia KoMIUTEKC TanAKMKOT o6 Gopm, Gamiopatnam Ba GomKapALl
KapopJiapiHu Kabyn Kummm yqyH uHQOpMalldoH Mofelb Ba MabilyMoTJap
6a3zacuAu spaTHIL;

KMYHK YTYaMIK 3appaiap UyKMII TEIMIWHHHT Y3rapiili Ba MKIHMHNA
OMWUIAapHH XHMcofra oNraH Xoija ajgo3oN YHMKMHAMNApHMHP aTMocdepana
KM Ba G dysuscy skapaéHNapHAMHT MaTeMaTHK MOJIENTHHHA MIILTab IMKHII;

3apapiii a3po3ol YHKWHIWIAPHWAT y4 YIMOBMHM aTMocepasia Ky9IWIOH Ba
Iuddy3HACH KapaéHHAMHT MaTeMaTHK MOJCTHMHH METEOPONIOTHK MaklTyMOTapHH
Xucobra onraH Xonna TaKOMHILTAII THPKIL,

atMochepasa asposon 3appauanapHWHT Kyyumu Ba JaubQy3HACH
MacalanapHHH eYMII yUyH ¢HM3MK XycycHSTIAapra MoC KHcMJlapra axpaTHII
YCYJIHIa acoCHaHTaH CaMapalli XMcoGianl alropHTMHHH HINIA6 THKHII;

aTMocepaHMHT ep caTXM KaTiaMMAa KHYMK YIY4amiIH 3appajapHuHI
TapKa/HIIl MacalalapiHH eYHIIl YYyH BakT Ba (pa3oBuii y3rapysaunapra Huc6aTan
WKKHHYH TAPTHOM aHUKINKIA anmpoKCHMalHaIalll aCOCHa caMapaH xucobam
aNTOPUTMHHH HIINab yuKumI;

3apapiii a3po30]i YHKHHAWIApHUHT aTMocdepalia TapKallWI kapagéHHHU
TagKHK oTHl, Gamopariam Ba Gomkapys GyiiMua KapopnapHM KabGyn KWIHI,

uryrunraek XM aa xucobnam TaxpuGanapuiu onu6 Gopuul ydyH AacTypHi
MakKMya HOIab uuKuII.



TaakakoTHAHr ©o0beKTH cHdaTHOa caHoaT O0O0BEKTIapHAaH Ba
ndnociaHHmHMHT Golnka MauOaanapujaH uHWKaéTraH 3apapid  a’3poson
3appanapHHHT atMocdepazia KyuHIH Ba qudpy3ud xkapaéHH KapaJiraH.

TaaKUKOTHHHI  NpeJMETHHH  MaTeMaTHK  MoJeUiap,  XHcoGmam
anropuT™MiIapi Ba 9XMna xucobnap onub Gopuiu yuyH obbexira HyHaITHpWIran
MAcTYpHit MaXMyaap TauIkaI STajw.

TankekoTHHAT  ycyanapu. [lucceprauvoH  TajKMKOT  Xapaéuuma
XAco0Jam MareMaTHKacH, MAaTe€MaTHK Ba KOMNBIOTEPIM MOJIC/UIAHITHPHID
ycyjUlapH, LIyHHHTACK HOAcTYpHH MaxcynoT Hmwiab 9umkum y4yH oObekrtra
AYHaMTTHpWITaH JacTypJIallIHHHI TEXHONOrHANapHaaH doliaantanuiray.

TagkHKOTHHAT HAMHI SNFHIMIH Kyliiugarunapaad ubopar:

KAYHK YIMaMJH  3appaqdalapHHHT YYKHII TEXIMIHMHHHT Y3rapumy Ba
HKJHIMAI  OMIUIIapHM XHcofra onran Xosnga as’po3ofl YHKHMHAHJIApHHHT
aTMocepasa kyuMmu Ba HUPDY3UACH KapaéHNapHHUHI MaTeMaTHK MoAeNH
HOU1at YHKUATaH;

AKIMMHI OMWUIapHM XHcobra oiraH Xonaa a’po3os YHKHHAHIApHHHT
aTMocgepaa Kyaumu Ba Juddy3sHicH Kapa€HIapHHHHT y4 YIYOBJIH MaTeMaTHK
MOJIENIH TAKOMIILTANITHPHIITaH;

a’p030Jl UMKMHAWIApHUHT aTMocdepagta Kkyuumu Ba 1aubdysmacu
MacanajapHHH eyHil Y4yH BakT Ba (a3oBuii y3rapyByminapra HHcOGaTaH IOKOpH
TapTHE/IH aHUKITAKKA 3Ta caMapanyl COHIIH anTopHTM ApaTHITaH;

a3p03071 3appanapHUAT atMocepana Kyuumm Ba Aupdy3uacH MacalacHHH
egHHl y9yH QH3NK XYCYCHATIapra Moc KHcMIIapra akpaTHIll YCYIHTa acoCNiaHTaH
XHcobna anropHTMi HIINat THKWITaH.

TagKEKOTHHAT aMaHii HaTHXKanapu Kyliufarunapaan ubopar;

JuccepTalid TaIKUKOTHHHHT HMNad 9MKWITaH MaTeMaTHMK Ba RacTypHii
TabMHHOT KYpHHMINMJIATH HaTHXalapulaH CcaHHTapHs HOpMalapHMH XHcobra
ONTaH XoJNJa CRHOaT XyAyUTapHa aTpod-MyXHTHHHT SKOJIOTHK X0JIaTHTa 33papiu
YHKHAOWJIAPHHHT TaLCHPUAM 6GaXonam Ba GamiopaTiall aHWKIMIHHH, Te3kop
Ky3aTye oym6 Gopriuza doiinananuiran;

Amnab YHKWITaH MaTeMaTHK anmnapaT 3apapiii MOINANapHUHI HKIMMUIA
oMMinap Xucobura arpodp MyXMTAa IOTHIMILH  XYCYCHMATH, 3apapiu
3appadaJlapHHAT  YYKWII TEJMTH Ba TalKUK KWIMHAETTaH KapaéHHHMHT
y3rapunmra TabCHp KWIYBYM OoIKa Taliky Ba HYKH OMHIUIap XHcoOura
armMocdepana kyuHiuy Ba mpdy3uacH xapaéHnapHHl MIOHWTIH UdoaanaraH;

3apapiid caHoaT YMKHHIAHNApHHHHI canbuii okubaTiapu xakuia ¥3 BaKTHAA
OTOXJIaHTHPHUII XHCOOHTa MOJMABHII Ba MEXHAT XapaXKaTNapHHH TeXaraH Xonaa
3apypHif TabHaTHH acpam Yopa-Taa6HpIapHHH JKOpHit STAI 6¥itnda Kapop Kabyn
KWIMILHA Ky7nab KyBBaTnam yJIyH aTMocdepaHHHT YerapaBHii KaTiaMi Ba ep 1o3a
KACMHOa HMQIOCHAHHII  KOHLUCHTpaLMACHHH aBTOMaTHK  Xucobnmam  Ba
BU3YyAUIAIITHPHII YIyH JHacTypHii-yCKyHaBUii BOCHTalap MakKMyacH HIL1ab
9UKHIIraH.

TaaKMKOT HATIKANAPHHAHT HINOH'WIHAHIA. TaaKUKOT HaTHXANTAPHHHHT
AIIOHWIHMIH 3apapiid MoJJalapHUHT atMocdepaia TapKalHlUH TEHIJIaMacH Ba
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YHHHr 4erapaBMii WapTiapH Macca Ba MMITYICHHHT KYYWIH Ba CaKiaHHIIH
KOHYHNapHTa KaThHii pHOsA KWMG MaknasTHpUIrany 6uial u3oxasann. Comy
yeyiuiapAaH QoiifanaHHIraHHIAa aNNpOKCHMAlMA aHHKIHTH Ba Xucobnain
KapaéHMHHHT AKUHJAWIHII Ba TYPFYHIMK [UapTijapd €TapiH Japaxana
TabMHHJIAHIaH, OJIMHTAaH COHJIM HaTHKanap TabHaT KOHyHJIapHTa 3MA 3Mac.

TankaKoT HaTHAKANAPHAHHT uaMuii Ba amannif aXaMHNTH. TaIKHKOT
HaTWXATAPUHUHT WIMHMHA  aXaMusTH 3apapM¥ MojUlaflapHMAT aTMoctepaia
TapKalMlll ~ KapaCHHHWHT  MaTeMaTMK MOJCIMHM WIIMAab uwpkmmm Ba
TAKOMWDIAIITHPHIIAaH HbopaT 6ymi6, MKIMM OMMILIADHHMHT Y3rapHOLIapH,
TYPOYNCHTIMK Ba OTWIHI Kko3(QHUUHEHTNAPH, HIYHHHTACK KHYHK Ya4aMIH
3appalapHHHI (H3HK Ba MEXaHHWK XYCYCUATNAapHra GOFNMMK paBHIIAR 9yKWII
TEIMIH Y3rapyBYaliIHIH WHOGATTa OMHHAM, IYHHUHIAEK, a3PO30)1 3appaNapHHHT
KyuHlK Ba AHQQYIUACH xapaHMHMHT HKKM Ba Y4 VIMMOBIM MacalalapHHU
IOKOPH TapTHONH anmpokcHManManauTa ysrapyBunnap iiyHamum 6yiinda, GU3HK
XYCYCHATIapura MoC KHCMjapra axpaTHil Ba JuddepeHnman Xainain
ycynnapunat oiijiananran Xona XHCoSNAUIHHHT SHaZa AHUK Ba cCaMapaiti COHIIHA
aJITOpUTMIApH HILTA6 YHKUNTaHIMTHAaH HGopaTIHp.

JuccepTalus TaIKUKOTHHHHT aMalHii aXaMHMATH KHYMK YAYaMIM KaTTHK
3appajap Ba a3 apajalliMajapHHHHT aTMoc(iepaHMHI derapaBuil KaTJlaMHHa
TapKaiMIIH JkapaSHlapHHH Ky3aTHIl Ba Oamiopariamn, 3apapid —C&HOAT
9UKWHAWJIapUHUHT aTpod MyXMTTa caubuii TabCHpPHHM OGaXxomam Ba COJHMpP
6y MyMKMH 6ynraH 3KONOTHK XaB(pHM KaMaiTHpHIm 6Yiiwda GomIKapyB
KapopiapHHH Kabyn KwMOiHg Kyniat KyBRATJIall y4yH JacTypiap MaxMyaHH
HINa6 YUKMILAA ¥3 aKkCHHHM TOMAMHN.

TaakuKOT HATHXANAPHHHHI KOpHHl Kuauuumu. CaHoarT XyAyIJiapH
aTMoc(epacHHHHT 3KOJIOTHK XOJNATHHH Ky3aTHII Ba GalopaTlallHHHT MaTeMaTHK
MoJesulapH, XHcoOmaml anropuTMIapy Ba JacTypHii-YCKyHaBHHl BOCHTanapH
MaXXMYH acochia:

®  maMoONHWHT HYHaMMIK Ba Te3NUIHWHW XMcobra ojiraH Xoija armocdepana
3apapiii MOIJIaPHUHT TapKalHil apaéHH GunaH GoFmiK KapopnapHu Kabyn
KWINOIHK Ky1nab KysBaTnau, Ky3aTHII Ba Gamopat/alll, LIYHHHTACK, SHIM caHoaT
OOBEKTNIApHHUHT ONTUMAN KOWNAIITHPHAMIIH YYYH MaTeMaTHK MoOjeldb Ba
AacTypHii TabMMHOT CaMapkana BHJIOATH OJkxonorus Ba TabuatHu MyXxodasa
kMnum  GomKapMacuna oopHH KWwiHHTaH (Ax6OpoT TexHolorusnapH Ba
KOMMYHHKaUMATApHHH PHBOMKJIAHTHPHIU Ba3sHPJIHTHHHUHT 2019 ¥un
23 pexabpmarn  33-8/9025 commt wmamrymorHoMacH). JKopmif KumHmIzaH
caMapayopiikka CaMapkaHA BWIOSTH MyXHTHOA 3apapid  MOJzaiap
KOHUECHTPaUMACHHWHT OITAHITHTH XakHAar¥ Y3 BaKTHAarH OTOXJaHTHPHIN
aHMKTMTHRUHT 13-14% ra ommpran;

3apapiid 23po30J1 YHKMHIHIAPHHHT KyyHmu Ba MuddysnicH kxapalHHHH
KHYHK $II9aMiIH 3appadyaiapHHAT YYKHIN TEITHIHHE Xucobra ojiraH XoMja TaxJIni
KHMIMOI, Ky3aTHIl Ba OAaliopaTialiHMHT MaTEMaTHK Ba JacTypHil TabMHHOTH
«Komboit Smmn UYupoknapu» MWK na xwopuit xwmnran (Ax6Gopot
TeXHONOrMANApH Ba KOMMYHHKAIMANAPHHH pPHBOXIaHTHPHII Ba3HpAHIHHHHT
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2019 #un 23 nexabpnarm 33-8/9025 coums MabmymoTHoMach, Y3GexuctoH
Pectiybnmkacy Jkonorus Ba aTpod-MyXHTHH MyXodasa KWIHII OaBjar
kymuracuuuHr 2019 iun 22 vos6Gpparn 02-02/8-1583 coHim MabiaymMoTHOMAcH).
TaaKUKOT HaTMKaNapH KIMHKep TaHépiioBYM yCkyHa (aolHATHHHHr Oepuirad
peXxHMHa LEMEHT 3appajiapH Ba EHHILI MaXCYIOTIapUHHHT aTMocgepa yerapasui
KaT/aMHJard KOHIeATpalusAcHHH Gamropatiam aHukJMTHEH 10-12% ra ommpuin
HMMKOHHHH GepraH;

KHIMK YI9aMiM 3appajlap YYKHII TEIIMTHHUHT Y3rapHIIHHH Xucobra onrat
Xoji#a a3po30N YMKMHIWIAPHHHT aTMochepafia kyuHmu Ba guddysuscu
*Kapa¢wIapHHMHI MaTeMaTHK Ba JacTypHii TabMHHOTH «Kom6oii JloH
Maxcynotiapn» MWK na xopuit kwiniran (AXGopoT TexHoNorusiaapH Ba
KOMMYHHKAUMAIapHHH  PHBOXJIAHTHPHIU BasypuruHyar - 2019 7130)]
23 aexabpmaru 33-8/9025 coHNM MabLIYMOTHOMACH, Va6exucron Pecny6mikacu
Okonornd Ba aTpod-MyXHTHE MyXoda3a KHIHLI JaBnaT KymMutacHHuHr 2019 iiua
22 Hos6pmaru 02-02/8-1583 conmn MawmiymoTHOMacH). TaiKMKOT HaTipkasiapH
aTMocepaHMHT YerapaBHii KaTlaMUJa Ba €p 103acH CaTXHAa AOHIM, YHIH Ba
OMYXTa €MJIHM 3appalapHHHI KOHUEHTpalMAcHHHM OamopaTiaml aHMKIHIHHH
11-13% ra ommpras.

TAaaKHKOT HATHAKAJAPHHAHr  anpobaumsich. Maskyp  TaJKHKOT
HaTHXanapH, Xymiaaad 11 Ta xankapo Ba 8 Ta pecmybnuxa IuIMHii-amannii
alKyMaHIapHia MyXokaMafiaH YTKa3wIran.

TagKAKOT HATHAAJIAPHARAT IBJIOH KANWATARJIHTH. TaAKHKOT MaB3ycH
6yiimga xamu 33 Ta wiMmi M Yon oSTWNTaH, WynaphaH, Y3GEKHCTOH
Pecrry6nmkacu Onuil aTTecTalns KOMHCCHACHHUHT JOKTOPAMK JHCCEpTaUHsNapH
acocHii WIMMA HaTWXaJTapHHH 4OM STHINTA TaBCUA STHIraH WIMHI Hauipiapaa
10 Ta Makona, 7 Ta XopuHii Ba 3 Ta pecny6muKa xypHa/IapHAa HALIP KHWIMHIaH,
mynuaraek OXM yuyH macTypuil MaxcyjoT Kaiili STHATaHIHMTH Xak#aa 3 Ta
TYBOXHOMA OJIHHT aH.

JlaccepTanMaARAT TY3WIHIUA Ba XaxwmH. JlucceprauMs KHpHW, TYpTTa
600, xymoca, ¢oiinanaHunraH agabHéTnap pyifxaTu Ba WNoBanapiaH H6opar.
JHuccepraimsauunr Xaxvu 115 caxudanu Tamkun sTaau.

JUCCEPTALMSTHUHT ACOCUIT MAZMYHU

KHpHII KMcMHa JcCEpTalus MaB3yCHHHHT YaGekucToH PecryGnmkacu
¢aHM Ba TexHoNOrHAIApH PHBONUIAHHIIMHHHI YCTyBOp HyHaIMILIapHra MoOC
paBumiia Hon3apGiMrH Ba 3apypHSTH acocjlaHTaH, Makcal Ba Basudanap
WIAKIUTIaHTHPUIITaH, TAAKWKOTHHHT OOLEKTH Ba NpEeAMETH KYpcaTHIraH, YHHHT
WIMKIA SHIWIMTH  Ba aMaiuit  HaTxadapn O6a€H KMITHMHraH, ONMHTaH
HATHXANapHMHI MIIOHYIWIHTH acociaHraH, Hasapuit Ba aManmMil axamusTiapu
09H6 GepHiraH, TAOKWKOT HATHXAJIAPHHHUHT aMaHETTa KOpHit 3THII XOJaTIapH,
IIYHMHTAEK, TafKHKOT HaTW)KaJapHHMHT YON STWITAHINTH XaMJa JHcCepTaliis
TY3WIHILM XaKHAa MabIyMOT:1ap KeITHPHJITaH.
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Ilucceprauusuunr  «ATmocgepara 3apapin Mojxanap TapKaJIHIIH
KapaCHHHHHT X03HPIH X0J1aTH BA anabnéTaapHHHT MAapXH 6yiiaua TAXJIHII
€6 HoMaanraH GupunyH 6061 yu naparpadia nubGoparaup.

Bupunun maparpabma arMocdepaza 3apapiH  MOMUIAlap Ba KIMMK
3appalapHUHT TapKaIHII apaéHHHH MaTeMaTHK MOAeUTAlTHPHII ﬁymmg
cyHITH iunnap nasoMuia omub GopunraH TROKHKOTIap Ba JPUIIMITAH acoCHH
na3apuil Ba aManuii HaTHXanap Gatadcun TaXIHi STHITAH. HKRAHTH naparpaq:nin
arMocdepafaru  3apapiM  YHKWHAHJIGPHHUHAT XapaKTepHCTHKalapH Ba 2COCHH
udnocnaHnm ManGanapu Kypub yHKIIITaH Ba Ep caTxi AKMHHJIA TO32 arMocdepa
XABOCHHIMHI KUMEBHMII Tapku6H KenTHpiiraH. BoGHHHI YuHH'H naparpaguza
ywby myamMMo Gyiinua wiMuii Man6aanapHi GaTadcHi1 TaXJMI KWIHMI acocnia
TaJKHKOT MaKcaju Ba Basudanap Gernianrad.

Juccepramns umuHuHr «ATMocdepaga 3apapin Mogaanap TapKaJaHil
KAPACHHHH MATEMATHK MOJENNAWITHPHUD Jeb HOMIaHTaH MKKHHTH 6o6n
cyGCTaHUMAHWHT aTMocdiepa ucrapaBuii KaTiaMMia HOCTalMOHap Ky9IHLIH
JapatHH MaTEMATHK MOJICIHHH HILT1a6 YMKUII Ba TAIKMK STHITA GarumulaATaH.

Bouka Myannudiapuuur Kymiab TaakHKoTIapHIa 3appadanap YyKHIO
TexMrH 3arapMac KaTTannk Ae6 KapairanugaH ¢apkiH paBHILAZ, Ma3Kyp Hija
ndrocNaHTHPYBYH MOINANapHUHT aTMocepala TapKalHiH xapaéuura ymoy
MapaMeTp aXaMUATIIH TAbCHp KYpPCATHIIM Ba y y3rapyBtiaH KaTTAMK SKaHIuIH
xucobra onvHran. V3 HaB6aTHAA UYKULI TEITHTH KHIMK JITHOBIH 3appanapHHHT
¢H3uKaBHii-MeXaHHK XoccanapuaaH GoFTHK.

AtMochepaga aspozon  3appallapHMHT  KyuWImW  Ba lIH(beYi“’w"
*ApASHNApUHUHT MyXUM TapaMeTp — KHIHK Yi4amiM 3appanapHHHT yKHI
TEIMUrU W HH Xucobra ofraH Xoija TANKWK KWITHIN ydyH TH/IpOMEXaHHKa

KOHYHJIap¥ acocHIia MaTeMaTHK MOACIh HINab YHKUIIH:

06 o6 a0 o0 of o8 .

—ét—*'u—&--f(w-w‘)—é:—'%-d'g:[IEE'{-E(K-&—:)-FJQ, (1)
ow, _ mg—6ayrw, —0,5cosw; @
ot m

Ba YHHHT GONUTAaHFHY Ba YerapaBHii ApTIapy Max/UIaHTHPHILIH:

lo=6% ] =5 ®
20| o6
- = -8\ g0 _ _a)- 4
Harl £(6:-6); ”ax,,,, £(6;-6); C))]
a6
—KE:,(,:(ﬂg—ﬂ'); A’a—af =.§(05—9). (5)

z=H,
By epaa § - 3apapiM MoJjalapHHHI aTMocgepaiard KOHUCHTPAIHICH;
@ — 3apapnu MOJJ@NIApPHUHT aTMocepanaru GomnaHFHY KOHIUEHTPAIHACH;
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f: — Macala e4YMMH COXacHAaH TamKapuia 3apapi¥  MOJIAapHUHF

KOHUEHTpalMACH; u, W — X,z WHyHamWumapuaa IWaMon  Te3NHrH;
W, — 3appadaNapHUHr 9YKWII TeIMTH; o ~— 3apapi¥  MOJUIaNapHHHT

atMochepana 10THIMIIH KodbduLMeHTH; 4, x — Audy3us Ba TYpOyNeHTINK
ko3pduumenTnapy;  — ManGaanunr kyseatH; & -— JlMpak QYHKUMACH;
¢ — Xuco® dHerapacH OpKalM TamiKi MYyXMT OWJaH Macca alMalllMHYB
kodpbumuenTa; S — ep catxu OmnaH Tabcupnammm  ko3$dHUMEHTH;
Jfs — 3apapi MOIUIAHWET ep caTXMAaH aTMocdepara TAMNAHWII JKARAIUTHTH;
c=0.5 — yn4oBcH3 KaTTATHK; p — 3appadaHUHr 3WUIATH; F — 3appadyaHHHT
panHycH; § ~— 3appajdaHHHI KYHJaJlaHT KeCHM J03acH; g — O9PKHH TYIIHII
Te3NaHHIIH; M — 3appayaHHHI MaccacH; ¥ — 3appaYaHUHT CONUIITUPMA OFHPIIHTH.

Tawkupnam xouskH, (1)-(2) TeHrnamanap Ba yinapHHHr GoulTaHFHY Ba
gerapaBuii mapriaapuaa (3)-(5) yura ¢M3ukasuit >kapa€H XHcobra OJIMHIaH:
arMocdepaia a3po30i1 3appasapHHHT KOHBEKTHB KYUHIIH, 14 Y3HOH TapKaIHiIH
Ba atMocdepa TapkHGHIarH HAMITHK XHcobHra aspo3o 3appaslapHHHT FOTHITHILH.

3appanap YYKHUIH TE3MHIHHA aHUWKIamga atMocdepaa XapakaTlaHaéTran
3appara TaLCHp 3TYBYH Y4 acOCHIl Kyd: OFHpJHK Ky4d, CHKM6 YHKapyBYH Ky4 Ba
KapIIWIHK KYy9H XHcobra ofIMHTaH.

Euumnan ocontammupum yaya (1)-(5) macanamu Tyrpu TYpTOYpyakmm
D=(0<xsL,0sz<H,) coXxana KapaiiMu3, udnocnaHum MaHGaHHH 3Ca EPHHUHT
1033 KaTilaMHja xoinamran ae6 kabyn kunamus. Vuaa (1)-(5) Macanmanu commu
€YMIIl YYYH HOMABIYMHUMHI ¥3rapuin MaiIoOHHHH YerapaBuil WwapTaapHU XHcobra
onraH xonna Ax, A<, Af kagamnapra Moc Typ 6unan Konnaimus:

Q,—{( x =ik, z,=kfe, ,=n N); i=LN,, k=1L,n=QN, At—;l}

Bakr Ba aso ¥srapysumnapn 6yiiMua annpoKCHMMalMAHUHT IOKOPH
TapTHOMHH, MMYHHHIIEK XucoGnam Kapa€HHHUHT TYPFYHIMIMHM TabMUHJALI
YIyH (W— )<0 XO/HAa oliIkopMac aitupMany cxeMafiaH doiifananamus:

i-l.y J

2 Ar/2 2 At/2 2 Ax 2

a'n‘ —010 ael
+(w-w‘)_"'A:_-/+aﬂM1 =A—’;-2-(0MI 20 +0, ”] (6)

16, 16-a, 1 o0 1 o0,

W
(kz,»os gl ( i, j+0.5 .,-o,s)e +k j-0.501.1-l)+5Q0.j2‘
Vxutam xa;mapun nxqamnaﬁ 6) Tcﬂrnamarm Kylnparaia €3aMus:

I/ ,-u be +C 9I+l} dl./'
By epna
a ” b —L.;.L.{.a-.pz_'u-c L_._L
= 2Ax A T o AxT YT At AL
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d =L o 4+ R _'_w—wk__ku_‘,.,+k,'lm’s o -
Mooax ™o \ar 2Ax 0 A= A=? s

12l

] n kl. -0.5 ka‘ B wW—w, n l e
—Eonl.; +—Alz_‘;9:/-l +(—A—,‘__"Z—’S_T‘)a.nl +-2_Qx./

Illynra yxmaum (W-WK)>0 X0J1 y4yH XaM Auddepeniuan oneparopiapHH
qewd aiivpMmaapia annpoKcUMauHs KWIaMH3 Ba XaHjam ycymn GuinaH eduin

MyMKUH OynTaH y4 AWAroHalIM YH3MKMH aimrebpauk TeHTiIaManap TH3HMWHH
XOCHI KHIaMH3.

Yerapasuit (4) mapTNapHU HWKKHAYH TapTHONMM aRWKMHKAArH JEKITH

aliupManapra anMaliTHpaMW3 Ba XHcoOnam ydyH KyHuparu ¢opMynanapHH
onamus:

a, = dc, ,u—b u D B = d, ;u+28x5c, O .
Y 3¢ ,u—a, u+28¢8 T 3¢, pu-a, u+28x8
2 _ 2Ax¢6, "(.B.v-z./ +ay .y By, "4ﬂ~-u)/‘
N 200 + @y, @y, — 4y, +3)8
Xyanu wyHpait npouenypadu (5) werapauii mapriap ydyH Kymnab,
&, Bo-07;' napHH Xucobnai yuyH udonanap ty3amus.
(2) yuyH TeHTNIaMaHH YM3HKIH KYpUHWINra KelTHpHO, WekmH aiiMpMaiH

- ! .
TeHrnaMmara yTaMu3 Ba opajug uamxg‘,w;" ? KuitmaTHRM XucoGnam yayH Hposia
XOCHJ KHIHH/IH:

el m mgAt +0,5cpsAny’
w 1= — W £ ¢)
s 2m+6myrAt+cpsAtw, ©  2m+6myrAt +cpsAti,
w2'! HH XpcoGnam yuyH XaM yXiaw ndona TysHIIH:
" m yat . mgAt+0,5cpsAW, ®)
= w2

€ T 2m+bayrAt+cpsAtv, *  2m+6myrat+cpsAtw,
OnuHraH 9ekny aitvpmany anusuxcus (7)-(8) TeArnamanap ot UTepammsa
yeynu 6unan euwnran. Mitepanion japaéHHHHT SKAHIaOIANIA |w;" —w§|<e mwapT
épaaMmnia TeKIIMpHAnH, Oy cpaa & — MTepanHoH KapaCHHMHI aHMIIHIH,
S — HTepaumanap CoHH.
3apapiu MoAIANapHUHT KyuumH Ba Andy3HACHHMHT Y4 Ymuonmd dasona
KedHnIM Ba TypOYNCHTIMK K03)OHIMEHTHRHHT OanaHinMKKa GOFfMK Y3rapHmm,
XOWHUHT oporpaduscy, MaMoNap HYHATHIM Ba KyIHKM XyAyLtap 6umaH macca

ANTManIMHYBAHN XMcobra onrad Xolia oOBEKTHWHT y4 ¥miOBIM KyHHNHILAArH
MIIOHWIM MaTeMaTHK MOJEIH HIU1a6 YHKHIIH:

20 90 06 00 29 29) af 06 .
E-+u§+vay—+(w—wx)-g+aﬂ=y(¥+éy—1—)+g(x?£)+6@. (9)
ow, mg—6 -0,5cpsw!
W, _ Mg 07y, COSW, , (10)
ot m

Xamzaa Moc GONUIaHFHY Ba YerapaBHii INapTiap WaKk/UTaHTHPHIU:
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0l.,=6% w,|_ =u (1

_,08 _ Y a0 _ . _,e8 _ 9 12
"l £(65-9); “al £(6,-6); “l &(6.-9);  (12)
h%}gﬂ. = £(6;,-0); —x%'fﬂ = (BO-1,); "%.,,, =¢(6.-0).  (13)

By epma u, v, w — maMon TE3NMTMHWHT X, y, = HyHamuuuiapu 6¥iinda
TAMIKHI 3TyBYUNapH. Macanany COHIH e4HII YYYH U, v, W QYHKIHATapHH BaKT
6yitnda KHcMTapaa GHp xuHcIM Ae6 Kabyn KujiaMu3.

Comm eqnmaa ¢azopuii Y3rapyBannap 6yiinia anmpoKCHMalMs aHHKIHTH
TapTHOWHM OWHMPHIL MaKCaaUAa KyHKIarH ajiMall THPHIIADHH KUPUTaMHU3:

wrdvy W2
Ww=w-w,; 6= e ¥

Ba (9)-(13) nap ypHura KyitnaariuiapHu XoCHJ KHIaMH3:

06, - &6 a’a a( o6
Py — tof= Bl > +6:(K;]+e'59 (14)
~I!-‘O =90; wt’:-o = wg; (15)
% j J 5 26 _
H . =¢(c’10g~0); ”%“ﬁlm‘ =¢(a8:-6); _”5’.;;0 = £(e0 _0); (16)
aé = - 3)- — aé _ -_ i ag- ~ B .
" o, =¢(e,-8); —« =, =(Bb-ef); x;\ " =¢(e0:-6). (17)
By epua

Ku® + KV + g’ + doux .= e{% ;x)
4ux > )

Xynnn urynpaii (14)-(17) Macanany eduIn ydyH anroOpHTM a6 yMKHAIH
Ba yYHHTH Go6aa GaTadicun kenTHpHILIM.

Yuby 606HHHr oxupru naparpaduna arMoctepala aspo30n 3appanapHHHT
IOTWIHMIH  Ko3GHULIMEHTHHH XHucobnam yuyH (YHKUHOHaN MyHocabaT Xocwi
KHWIIHHTaH Ba 606 G¥iiuda xynocanap keJTHpHIraH.

JucceprauusaHuur yuunuu 6obn «Atmocdepaaa 3apapsH MOIAAJAPHHHT
Kyuumu Ba auddysuncu xapaéniapH MacajJaJapHHH €YMLl YIYH caMapain
XHcobnam anropATMiIapH» KYHHITaH MacajlanapHH eYHIIHWHT KaM pecypc
Tanab 3TyBYM Ba CaMapaii aNTOPHTMIIapHHH HIa6 YHKHITa GaruuInaHTaH.

Yy ymaosau (14)-(17) Macananu equn! yqyH UKKWHIH TapTHOIM aHUKITHKKa
3ra OUIKOpPMac YeKiIH aiupManH cxeMagaH doinanaHumid.

(14) renrnama Ox iyHanumn GYitna® KyHuaard Tap3ja annpoKCHMaLus
KUIHHAN:

o, =
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H zpes3 - 3 2/1 ):J M 173
=650k —(E'l'a'l )9'" =6, =

Ax Ax (] J.k Ax i+l j .k =
3 24 KioostKios | zn H
B | B~ = AL LN 1 =Y +—9 + 1
([AI Ay" A'_'Z (N3 A}z i, j=4k Ay i j+Lk ( 8)
Ki05 5 Kiv05 > 1
+ A:z‘s gi'.‘).k-l + A::Z-s gi’.lj.kﬂ +'3-el§i,j.kQ)~
S"xmam XatapHi }D(‘iaMJlaG coAfalalUTHpranjgaH KeHuH

(18) TemrnamanapHM uHMKIH anreGpaHK TEHTNAMANAPHHHT yd JMATOHALTH
TH3MMuTa 0MU6 KeNuIl M’yMKHH

gn+1/3
0+l]k - dtjh

Synna tenrnamanuHr Koaq)dmlmemnapu Ba 030]] XaAW Kyiujard MyHocabariap
€pnamuna anukIananm:

ljk -I}k b ll.

H 3
Gk =7 Ba=grat

24 M
Ax Al TR

{3 _ 24 KiostKaos |z
u‘jk"[At Ay A:z 0 +Ay10u-lk+ 2eu"j+lk+
LY
+ k=05 0" ot Kie05

PR H,JM+ g, ij
Yerapapuii maptnap (16) Ox fiymammun 6y1m86 UKKHHYH TapTHOIM
aHMKIMKIa aNOpPOKCHMAMATAKIN Ba G x> B4 Oh ok NAPHH XHcOGNam yayn

MyHocabatnap onmunmd. Kowmuewtpawdbmmar O35, ORD,, .., onR

KHiiMaTIapy TecKapH Xalifiaml yCymia aHHKJIaHOH.

VHaau keiinn Tenriama (14) Ba yerapasuii mapriap (16), (17) Oy Ba Oz
Hynanumnapuy 6yiina6 anmpokcHMauMsnaHgM Ba Xaifam  ycymu Gunan
CYHIanUrad YH3HKIH anredpalk TeHrIaManap CHCTEMAcH TY3HIAM.

Tenrnama (10) M eunmm yuyn BakrT GOVifuua olkopMac cXeMapan
doiigananunan Ba KyWHIarunap omaHmM:

a) Ox iiyHanumn 6yituua
i m mgAz+0,5¢psAW,
w, ! —wh + =
m+6xkrAt +cpsAv, m+6xkrAl + cpsAtv,
6) Oy itynannumu 6yitnua
wd m ! mgAt+0,5cpsAni?
Wiz i £
¥ m+6rkrAr+cpsAnw, f m+6rkrAr+cpsAn,
B) O ityHamuur 6yitnya
e m aid  mgAr+0,5cpsANT,

W .
f m+6airAt+cpsAti, * m+6zkrAt+cpsAni,

UdnocnaHTHpyBUH  MOAJanap  KOHUEHTPALMACH  MOHWTODHHTH  Ba
Gamoparnam XyAyAuW KaTta Oynranuia , (9)-(13) macamaAuM eunmm y9yH yEu
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¢buavKanuii *kapaéHnapra Kypa KucMiiapra akpaTamus, Kyunil Ba auddysus
MacallanapuHH anoxXuaa e4aMius.

(9)-(13) Macanauu coHnm eunn yuyH ManAHAETTAH CYMMHM OyTyH ¢a3zoua
CHILTHK GyHKuna e6 xabyn Kunamus. ATMmocgepaia MaccamapHMHT 1 <7 <

n= n+l
KHIMK  BakT HMHTEpBamMAa TypimM  ¢usukaBuii  >kapaén: KkyudwM Ba

nubdysuscununr amnuTMRIMIHAaH doiigananran xonia Gus yJAapHM anoxuja
Macananap ge6 KapaitmMus.
Cy6cranums TpaekTopus 6¥iinaé caknanran xonga KYYHIIN kapaéHUHU
(a) macasna ne6 Kabyn KiaamMus:
%+u%+v%+(w—wg)%?+%oﬂl =%5Q (19)
Gomnanruy mapTHu
6, =0 npu t=1,; w, (O)L," =1,0(0)

Ba YerapaBHii IIapT/IapHH TAIKWII 3TaMH3:
a6, a6, 26,

- =5(0c-6) u— =&(6:-6); -

H ox o :( E 0]) &x L 6( E I) H ay =0
[5] [o)
wol =00y -2 —(sa-1) «Z -s0-a) @
& y=t, 0z |..o OZ |.opy

XaBo Maccacupia 3appajlapHUHT atMocdepazia IOTHIHIUHHE XHco6ra oJjiraH
Xoina cybcTaHuMAHMHT aTMocdepana Iuddysusnanunniay (6) macana xe6 Kabyn

KWJIaMH3:
a6, 1 d%0, 8%g, a( aa,_) 1
—t 4 —g0, = —_— = || k—=|+—=60. 22
a 27 ”[a,3+ay2 =" )2 @2)

=£(0 -9|)§ (20)

x=

ByHnna 6, = 9{“ — GoLLTaHFWY MapT, YerapaBuii MapTiIap sca Kyiumaruia
6ynamu:

28, 08, 86,1 _ _a).
-IIEE‘FO =5(05-92); ”EZFL, =f(9£-02); _#__eyz -0 “5(95 6,); (23)

%0 _i(o.-0); -x2% —(se,—r). 22| -z6.-06,) (24

a)' y=l, _6(35 02)’ ol o= z=0 —(ﬂgz f)’ " oz ==H é( £ 2) ( )

Wiynnait xkunu6, macananu ¢usMkasuil skapaéHiapra Kypa Kucmiapra
axpaTub, WKKH MacamaHu XocHn Kuiauk. Bynap (a) Ba (6) macanamap 6ynu6,
ynapHu 6up Gupunan Gornuk 6ynMaran Xonga 9ekiM alHPMaNH ycyn 6unaH equm
MYMKHH.

Dusnxasnii xapadinapra kjpa KHcMiapra aXpaTHIl YCYIH acocHa Macaia
€YML AIrOPHTMHHHHT caMapaJlOpJHrHHH Oaxosaml IOKOpHIA KeITHpHIraH
Macanara JIoMp jana Taxpuba HaTHkanapd Ba Gollka COHIIM ycyiulap épaaMuza
OJIHHIaH HaTHXaJlapHU CONHINTHPHIN HYIIH OWlaH aManra OIIHPHIIAH.

JXagBanna kapanran COHJIH ycywlap acocHia M6  uMKuiIraH
aNTOPHUTMIIApHUHT CaMapafop/iHK KYpcaTKHWIIapH KeJITHPHITaH.
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Xncobaam aIropHTMAAPHHHHT CAMAPAIOPIHK KYPCaTKHUIAPR

dusnx Hxxuran TapTHOIM Yarapysanapay
Kypcatiarinap XycCycRATNapra qeKnu-aiupMani anMAUTTHpHI
MoC KHCMTapra | anmpoKcHMalManai
aXpaTHUI YCYIH cXeMacH yeym
Aunnnk (%) 95,07 90,25 85,53
Baxkt (Mc) 1,2 1,5 1,9

YMyman oaranga Oapda MnuiaG 9uKWITaH anropuTMAnap Aana Taxpuba
KYpcaTKHunapy GHNaH eTapiaH MOCIHKHHU K{pcaTUIIAH.

3apapmu MoAAaNapHUHT arMocdepana TapKAIWINH MacalacHHHM COHIM
CYHIIHUHT (U3HKaBHA KHCMIIapra aKpaTHII YCYJIM HaTHXKanapH TabHuil Ky3aTHIn
HaThkanapu OunaH MuHMMan ¢apkka sra Oyngu. Yeuur aamxmurn 5-10% ra
KaTTa, XHcobOnanira capdiaraH BakTH 3ca SHI KHYHK GYIiau.

ATy 03MMKH, BaKT OYFiMda HHTErpaanam KajaMH KWIpalTHpUITaHA#A
anoxuna (19)-(21) Ba (22)-(24) wMacanamapHHHT e€YMMH acocHH Macana
(9)-(13) uuHr eunwmura WHTHNAAH. DusnkaBuit Kapaérnapra axpaTWm YCyIH
AXIIM HaTixanap Gepuinura kapamait, u, v, w, wy, 4, xK(z) NapaMeTpiapHHHT
y3rapyBYaHJIMTH XHCOOMTa KHCMIIapra @KpaTHITaH Macalaiap e4HMIapHia
AHMKMac/HKNap OYNHImH MyMKHH.

Mia6 yHKHIraH MOJE/UIAp Ba alrOpUTMIapHUHI aMaliuii aclieKTHra JoUp
Xucob cepusicH yTkasuiau Ba Camapxaui Buinoatd MapXosl MocEnkacH SKHHUAA
MOMNamral CcaHOaT KOPXOHAacHAaH YMKAAWTaH aspo3oi YHKWHAWIapHWAT
TapKanuIm1 6axoatIn. '

Xucobnammapaa OOBEKTHHHT pean napaMeTpinapHiaH Qofianannnm.
XKymnanau, Man6aa KyBBaTH — cekynaura 50 MI/M’, TAlULIOBYH KyBYp GanaHimIu
— 160 M, uemenT yanruauar POM - 0,3 Mr/M’ — Gup MapoTabamik MakcHMal
xoHuenTapuus Ba 0,1 Mrim® — CYTKamHK ypTaua KoHUeHTpauus., l-pacMaa Ep
jozacuaad 200 M OanaHJUIMKAa LEMEHT YaHTHHHHT 3appajlapy KOHUEHTpaUHMACH
4 coamMK BaKTAa IMAMOIHMHI TYpAHM TEIIHKIApPH Ba HyHaIMmIapy y4yH
KeJITUPUIITaH.

Cowm Taxpuba HaTIKamapura Kypa, a3po30/uIap KOHICHTPAIIHACHHMHT
aTMocdepana {3rapumy 3appadanapHHHT aTMocdepana TOTHJIMIIH
KoadpHUMEHTHIAN aXaMUATIH GoFNIHK 6yiaau. 3apapim adpo3oll 3appadanapHHAT
MaKCHMall IOTHIHIIH CYTKAaHHHI SpTanabku Ba KCUKYPYHTH BaKriapuaa pyi
Gepami. A3po30] 3appadalapHHHr aTMochepala TApKA/HUIH Ba KaMITaHHIIAIA
TabCHp KYpcaTyBUH SHI XaMUATIH MapaMeTpiap — MAMOTHHHT HYHATMIM Ba
YHWHT TOPU3OHTAN Ba BEPTHKAN TAllKuUi 3TYBYMIap, IWWYHWHTACK 3appaianapHHHT
yyknm Texmuruaup. llamon TesmMrumuHr oprHmmM 6wnan KySMm xXucobura
a3sposon 3appavalapHUHT Man6aa arpoduiary KOHUEHTPALMACH NpPOTOPUHOHAN
Tap3la KaMasiH, 3appavyanapHHHT KY4MIIH COXacH 3ca BaKT YTHIUIH Onnan
Kenrajin6 GopanH. ArTMocdicpaa adpo3oN  3appadaiapBHHr  MakcHMan
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xamnamuwm  200-350 M Gamammmux catxmma Kysatwiaau. Mdnocmanuim
KOHIEHTPALUMACH MaHbaanaH y3oknamraH capy 3KCIOHEHUHANT KaMasiiu. 3apapiu
3appadallapHHHT  MaKCHMaJl ~ KOHUEHTpalMacH  aTtMocdepamar  Ky9uII
umepHANAT YK KMcMHUAa, MaH6aagan 10 KM raya 6ynran Macodana KysaTHIHIIM
MYMKHH. ATMocdepara TalnaHaéTraH HQNOCTaHTHPYBUHHH TeKIMpHin GHiiaH
YTkasunraH COHNM Taxpuba HAaTIOKalapHHM CONWINTHPHII, IIYHWHTAEK
aHUKJaHMaH KOHYHHATNap Gomlika MyammH(IapHHHT MOUTapHAa KeATHpHIraHIap
6unan eTapiH fapaxkanard MOCIHKKA 3ra IKaHIMIHHH KypcaT/H.

o T

o

Vi the e ~ o L
e e ' - o RPN
§ M e~ \ ¥ B I
\ L\'/ 1 \\a\»/ = -t a»
oo - o \—"/ Jiein
3 \ - - - ’ =
TN i =
Coaze s haid Srvernma v ‘»v..'-..‘f . 3ue
Somaryans . Verersons . . Cliues .
= b o

1-pacm. [llamMoAKAr TYPIH HyHATHULIADH BA TEIIMKAApHAA 4 cOATAAN
wefinn 200 m 6a1anaIAKAArH HeMEeHT YaHrH Maiiaa 3appayaaapHHHHT
KOHIEHTPATHACH

JMccepTalMAHHAT TYPTHHUM «ATMocdiepafa 3apapiH MoOAJAJAPHHHT
kyuumm B8a aAnddysnncH macananapuAn cydHm Makcaanaa DXM aa
xucobnaw Taxkpubanapuuu oau6 GopHm yuyR JacTypwii HHCTPYMeHTA]
Komiuteke» 606u1a HiIab YMKUAraH MaTeMaTHK MoZeNnap, camapaiy XHco6nan
ITOPHTMIIAPH aCOCHAA CaHOAT XyHyHTapHHHHT XaBO XaB3alapWHH MOHWTOPHHT
KHMI Ba 6alopaTnanl Macananapu yqyH JacTypuil MaMya RILTa6 YHKHITaH.

Hactypuit MaxMya MuTa6 9HKWID JacTypuil TabMMHOT SPATHITHWHT
3aMOHaBHi TexHonoruanapunan d¢oiilananué amanra ommMpunraH, Gup-Gupumu
TYNAHPYBYH KaTOpP JACTYpHii BOCHTAIapPHH ¥3 HYHMTa OJIraH.

«AIR SCREEN» nactyp *xapaéura Tabcup 3TYBYH HKIHMHIE MablIyMoT/ap,
XyAya oporpadHscy, CpHMHT 1033 KaTJaMH XapdKTEpPHCTHKaIapH Ba yMyMuii
*kapa€Ara TabCHp KWIyB4YH Goulka ysrapummapra 6ornuKk pasumaa atmocepana
83pO30JUTAPHHHT JHHAMHUK TapKATHIIWHKM Ky3atHO Gopuin uMmkoHwnu Gepagu. V
C# nacrypnam Twmarunr Embarcadero Rad Studio MyxuTuaa spaTiran.

HAdnociaHTHPYBYHNADHUHT caHOAT XyRyANapHAard KOHLEHTPaUMsIapHHU
TaJKKK >TH1l, 6axonau Ba GamiopaTiam yqyH spaTHITaH JacTyp peciyGIMKaHHHT
caHoaT XyAy/u1apy arMocdepacuia Ba ep CaTXuAa 3apapii MOALalap MAKIOPHHH
Gamopartnam Ba aHMKlawra #ywartupuirad. Ym6y gactyp C++ nacTyprnam
TWiMHHHT Embarcadero Rad Studio Myxutnzma spatuiran Ba Xuco6 wuntapun onu6
GopHIAaH TaWKapH Y HATHXANAPHH BU3YaJUIAMTHPHIM Ba TAXJIMWI KWIHIN YIYH
TAlIKH WIOBaNapra, xymiajgan MS Excelra ysatuum Mymkua.
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2-pacm. JIacTa26KB MabJIYyMOTJIAPHH KHPUTHUL HHTepdeiic oliracn

Conmn  Taxpuba VTkasmmaa mnapaMerprap cudatuaa  mHbdysna
K03 (ULHERTH, XHCOONAMHWHT OXUPrH BaKTH Ba BaKT HHTEPBANH, €IAM
COXAacHHMHI YiyaMiapy, MaHGaanap CoHH Ba ynap 3MHCCHACHHHHT KaTTajMIH
KWiMaTnapy KHpUTIIaaH (2-pacM).

Nuinab yukMaraH AacTypuil MaxkMya caHoaT XyAyAJiapuia Ba 3KOJNOIMK
XOMaTH EMOH TEPPHTOPHMAIAPHHHI SKOJOMHK XOJaTHH KysaTHII Ba GamiopaTiam,
IUYHHHTJCK AHTH  JOHHMXanaHa€TraH caHoaT OOBEKTIAapHHM  ONTHMAn
*oinamTHpun 6¥itnaa Kapop Kabys KHINILI aMAIHETATA KYJUIRHWIMITH MYMKHH.

Spatiiran mactypuil TABMHHOT acocaH V3P Bkonorus Ba aTpod-MyXUTHH
Myxotasa KWIWII JaBNaT KYMHTacHHMHT Koinapfiald MyTaxaccuciapw,
3KOJIOrJIapH, IMYHUHTAEK METEPEOIOrHs coXack MyTaxaccHciapH Qo anaHummTa
HyHanTHpHATaH.
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XVJIOCA

«ATMocdepasa 3apapad  MomAaNapHMHT  KYYHIUM  Ba auddysndcu
KapagHnmapuHy GamopaTiamn y4yyH Moje/ulap, AIOPHTMIAp Ba JacTypiap
MaXXMyH» MaB3ycHOa onHO GopmiraH AHccepTauus TaAKHKOTHHHHI acoCHi
HaTHXaNnapu Kyiunarunapaan u6opar:

1. Atmocdepana sapapiu Monfaiap Ba KWYHK YI49aMiM 3appanapHHRT
aTMocdepajia TapKaTHIIY XapaéHWHWHT MaTeMaTHK Moje/IapHHH HIiab YnKuIm
Ba TaIKMK KMAWII OmnaH Goruk agabuii Man6Gaanap GaTadcun Ypranwim6
YHKHUIOH.

2. AtMoctepara YHKAPHIYBYH 3apapJii IUKUHAMNAPHHAHT
KilacCHHUKAlHACH TY3HAM, acocHii MaH6aalapH TaxJIHN KIWIMHAN Ba TacHudiapn
KENTHPIUIAM Ba Ynap 3apapid MoMJAANapHHHr arMocdepana Kyyuuwii Ba
nudOy3HicH jkapaHHHH MaTeMaTUK MOAE/IAIUITHPHL YUyH aXGopoT TabMHHOTH
6y M6 xH3MaT KHIHIIAN.

3. CaHoaT Xymyanapu artMocdiepacMHMHI XOJIaTHHH  TEKIIMpHIN,
Ky3aTMIl Ba OGamloparTiaml y9yH 3appadanapHd  YYKMID  TE3JMTHHHHT
Y3rapyBYaHnurH, 3apapiu MONJANAp HMHTEHCHB IOTHITHIIHHMHT CYTKalHK Ba
MWIUMK  §3rapuml XapakTepnapHHH XMcobra onraH Xoijfla arMocdepaHHHT
dJerapaBHi KaTilaMHIa 3apapiy MOJUIAIAPHHHI TapKalHIL KapaéHHHHHI MKKH Ba
Y4 YAYOBAH YH3NKCH3 MaTeMaTHK MoeIapH HIUTab YHKHILIH.

4. Kyumin Te3nuruHUMHr Y3rapmac XoNW Y4yH 3apapiu MOJUlaNapHWHT
atMochepasa TapKaMINH MacalacHHH CHWIIHWHI aNMalITUpHILNNap OpKamH
KOHBEKTHB TaIlIKHJI 3TYBYMIapHH HYKOTHOITa acocnaHTaH alFOPUTMH, TEIMUKHHHT
y3rapyB9aR XonaTH YdyH 3ca TCHIaMaHM ¢u3dKaBHit Kapaéanap Gyituua
aXpaTHITa acocjiaHraH, XHcoOnaml BAaKTHHM aXaMWATIH KHCKapTHpaiMra
aNropuTMIIap HIab THKIIIY.

5. Atmocdepana a3po3oiapHHHT Kyauinu Ba TypOynenT nuddysnscu
Kapa€HIapMHMAT MKKM Ba yd4 YA9OBIM  MacalalapMHH  €4Hll  y4yH
KOHCEPBAaTHRITMKHH, BakT Ba (a3oBHil y3rapysawiapra Huc6aTaH HKKHHIH
TapTHOM anNpoKCHMAIMs aHUKTHIMHY TALMUHIIOBYH COHJIIH YCYNNap APaTUIIH.

6. 0O6-xaBo, MKAWMHI oMWIUTapura GOFNMMK paBHMAa aTMocdepana
3apap’ii MoAAasap TAPKaTHLUIMHWHT KaToOp XYCYCHATIIapH aHUKIaHau. Jymnanay,
3apapiy MoAnanapHHHT MaKcuMan KoHueHTpaumsach 200-350 mMerp 6ananwpmikna,
mteiid  ysywmru oca 10 kv raya erMmM  KysaTuaaM.  Y36exucTon
Pecny6mmkacuuunr canoar xyaymiapuia 3apapid  MOAKANapHHHI CYTKaJIHK
toTunuir yprada 10-18% nu, xaBoHHHr rokopu Hamymruga aca 70-80% wuu
TaIIKHIT 3TaJH.

7. TAT TexHonorusnapy sneMeHTIapnaan (ofialaHuL WMKOHHIa 3ra
kWb sApaTwiaraH JacTypuii BocHTalap CaMapKaHA BHIIOSTHAArH  aiipum
O0BeKTIIap CaHOAT YHKMHIMIAPHHUHT XyXyA 3KOJOTMK XONIaTHra TabCHPHHM
6axonama xyaraHwiaM. VYiapaan doiiganasnm atpod-MyxuT MyXodasacura

TErHuviH qopa-Tanﬁﬂpnapra JoHp Gomkapyn KapopjapHHU KaGyJI KHJIHINTa
KyMaiialiagu.
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HAVYHBI COBET DSec.13/30.12.2019.7.07.01 10 IPHCYXAEHMIO
YYEHBIX CTENEHEH IPH TAIIKEHTCKOM YHHUBEPCHTETE
HHOOPMAIIHOHHBIX TEXHOJIOTHIA

HAYUYHO-HHHOBAIIMOHHBIN HIEHTP HHOOPMAIITHOHHO-
KOMMYHHKAIIMOHHBIX TEXHOJIOT W ITPA TAIUKEHTCKOM
YHUBEPCHTETE HHO®OPMALIMOHHBIX TEXHOJIOTUI

MYPAJIOB ®APPYX ABITYKAXAPOBUY

MOJIEJIH, AJITOPUTMBI H IPOIrPAMMHBIE KOMILUIEKCHI LJIA
MPOTHO3HPOBAHMA IMPOLECCOB IMMEPEHOCA H TH®PY3HH
BPEJHbBIX BEIIECTB BATMOC®EPE

05.01.07 — MareMaTH4cckoe MoJeupoBanue. HHCICHHBIC METO/b! H KOMILICKCH NPOrpaMM

ABTOPE®EPAT IHCCEPTALTHN
HOKTOPA ®HJIOCO®HH (PhD) MO TEXHHYECKHM HAYKAM

Tamkent — 2020



Tewa  amccepraunn ioktopa  duiocodun  (PhD) w0 reumueckum  maywas
saperncipuposuna o Bucmeid  avreciaunonnoii  kovucenn  upn  Kadunete  Munucipos
PecnyG.ankn ¥ sGerucian sa nosepos B2017.3.PhI/T453.

Jecepranns LISHNRITITRY A Hay wno-unmoratmonnom HeHT R HHDOPMALHORHO-
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ABTOPCQEPAT THCCCPTALMN B TPeN  53bIKAN (3IOCKCRMIL, PYSCRMIL. HPAMACKNIT (Pesione))
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- nopiae «ZisoNet (v waw Zinonet ug),
Hayusniit pyropoasrens: Pasmanos Hopuassaa
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Odunsta.inibic onnoten ru: floaatos Acvan My xameuwanoniy
AUKEOP GHIHKO-MATCMUTHHCCKIN HAY K. npogieccop
Heompaannos Aunap Huosixonosiy
AOKTOP HHICCOGHI M0 TEXNHHHCTKIM Hil) KaM
Beaymas opranu saunn: HIRCTiTy 1 Mexammsn 1 ceifemocTtoiikoc iy COUPYARCHHI
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copera DSe L3 500122
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BBEJEHHE (AunoTanus AHCCEPTAUMH A0KTOPA qmnocodmn(_PhD))

AKTYaIbHOCTL M BOCTPEGOBRHHOCTHL TeMbI Anccepramms. B Mupe
3Ha'm1'cm>;{oc BHHMaHue YACNSETCA BolpocaM pa3paGoTkH MaTeMaTHIEeCKHX
Moneneit, 3(¢eKTHBHEIX BRIYHCIMTENBHHIX aITOPHTMOB H  MPOrpaMMHOro
ofecriedenns, OpHEHTHPOBAHHEIX Ha MOJUIEPXKY TPHHSTHSI pellieHHii 0 OXpaHe
OKpyXalomed cpefbl W €€ 3alHTEl OT aHTPONOTeHHOro BO3NCHCTBHA. Ocobuiif
TEOPETHYECKHIl M MPaKTHIECKHI HHTEPEC, B YaCTHOCTH, BLI3BIBACT pellleHUE 3a/1ad
MOHMTOPHHTA M MPOrHO3HPOBAHHA MPOIIECCa PacipoCTPAHEHHA BPEAHRIX BEMICCTB
B norpasnddoM cnoe atMochepsl. [IpoGnemsl paspaboTku MaTeMaTHYECKHX
Mojelleil, BEIYHCIHTENBHBIX alrOPHTMOB H TMpPOrpaMMHLIX CpelacTB  IJIA
ONEpaTUBHOTO MOMHTOPHMHIa H OLCHKH paclpefe/leHHA KOHLCHTpaluH
sarpssudteneli B arMocdepe akTyaibHbl B NPOMBIIUIEHHO pa3sBHUTBIX CTpaHaX
MHpa, Takux kak CIUA, Kanama, BesmxoOpuranus, crtpann Espocorosa,
Poccuiickas ®enepauvs, Hanma, Kurait u ap.

B Mmpe akTHMBHO NpPOBOAATCA HaydHBle HCCNCJIOBAHHMSA, OPUEHTHPOBAaHHEIC
Ha pa3paboTKy Gonee COBEpIICHHBIX MAaTeMAaTHYCCKUX MoJeneif mpoleccoB
TpaHcnopTa H Auddy3uH BPEAHHIX aHTPOMOreHHHIX W MPHPOIHKIX BHIOPOCOB B
atmocéepy. [Ipy cozgaHHH MaTeMaTHUECKOro arlapaTa yKa3aHHOW MpoOeMEl, B
9acTHOCTH, ocoboe BHUMaHHe YHeNnfercs TakHM BaXKHEIM acleKTaM, Kak ydeT
TIOTOJIHO-KNHMATHIECKUX ~ XapaKTEePHCTHK ¥  oporpadHu  paccMaTpHBAaEMbIX
TeppHTOpHii, SMWCCHHM BpPCHHBIX HacTHIl B aTMocdepy ¢ MOBEPXHOCTH 3EMIH
BCHEJCTBHE TYpOyJEeHTHOrO ABHXEHHS BO3XYITHON Macchl, H3MEHEHHI CKOpOCTH
OCaXCHEHHS MENKONMCIEPCHBIX .9acTHIl B 3aBHCHMOCTH OT HX (QH3HKO-
MCXaHHYECKHX CBOHCTB.

B  Pecnybmuke ~ Y36ekMcTaH He ~ MeHee  aKTHBHO  BeHyTcs
HIHpokoMaciuTabHEle HCCICKOBAHHA [PONECCOB W3MCHEHHA  CIIOXHMBINHXCH
3KOCHCTEM TOX BO3jeHCTBHEM BpENHOWH aHTPOMOTEHHOH Harpysku, a Takoke
BO3MOXKHLIX HETATHBHEIX MOCNEACTBHII 3Konormdeckoro Aucbamanca. Hapsaay c
3TUM [POBOAATCA  WCCNEAOBAaHHWA B objlacTH pa3paboTkH HOBRIX H
YCOBEpILICHCTBOBAHUA CYMIECTBYIOIIHX MaTeMaTHYeCKHX MoOResielf, WHCICHHBIX
anropuTMOB /11 MOHHTOPHHIa M INPOTHO3WPOBAHMA MpOlLieCCOB MepeHoca H
mapdy3un BpeQHEIX a3pO3ONILHEIX BHIGPOCOB B aTMoc(icpy, HWMeloIMX Kak
TEXHOTEHHOE, TaK H NPHPOJHOE NMpoHcxoxkaeHne. B Crpaternu aeiicrauil No NATH
IPHOPHTCTHBIM HanpaBJIeHHsSM pa3BuUTHA Y30ekucrana B 2017-2021 rogax
olnpcielicHH Takue 3afa4H, Kak «... oGecredeHHe 3KojiorutecKoiil 6e30M1aCHOCTH
MPOXWBaHHA JIOACH, ... IPENOTBPAlICcHUEe FKONOrHIECKHX MpobieM, HaHOCAIIHX
YPOH COCTOSHHIO OKpyXkaiowmeH CpeAwl, 3MOpOBbi0 H TeHoGOHAY HacCeleHus,

. BHeJpeHne HHGOPMALIMOHHO-KOMMYHHUKAMOHHKIX TCXHOJIOTHI B S5KOHOMHKY,
COLMANIbHYIO cdepy, CHCTEMBI YIIPABJICHHS, ... COKpallileHHe BpelHhx BhGpoco
B aTMocepy»'. YCIensylo peanusaluio 3THX Mep HEBO3MOXHO NPECTABHTD 653
pellleHHs  3ajad  pa3paboTkM  afeKBaTHBHIX  MaTeMaTHYeCKHX  MOJCNEH,

' Via3 TMpeamnctma PecnyGaugn YaGexucran YI1-4947 or 7 $espans 2017 rona «O Crparerww auibueiiuiero
passuTHa PeenyGmirn Yibexuctan», 23



BBIYHCIIHTENBLHBIX AITOPUTMOB ¥ aRTOMaTH3HPOBAHHBIX CHCTEM JUISA ONEPaTHBHOTO
MOHHTOpHHT2 H NpPOTHO3WPOBaHHA MpOLECCAa PacpOCTpaHEHHs  BPEAHBIX
BEIGpOCOB B aTMocdepe ¢ yuétom pa3HooOpasHbIX (aKTOpoB, AciiCTBYIOLIHX Ha
HCCHCHyCMbIl\:I TNpoliecc Ha OCHOBE COBPEMCHHBIX lﬂld)opMauHOHHle TEXHOJIOTHH.

Haunoc AHccepTallHOHHOE HccileloBaHHe B ONPENENICHHOR CTENEHH CITYKUT
peaiu3aliy  3afa4, mnpexycMOTpeHHBIX Ykasom [Ipesumenta PecmyGruku
Vibexucran Ne VTI-5024 ot 21 anpens 2017 roma «O coBepIeHCTBOBaHHH
CHCTEMBI TOCYNApCTBEHHOIo YympaBlAeHHA B cdepe O9KOJOTMH H  OXpaHbl
OKpYyXatome# cpemui», [Tocranosnernem Kabunera Minuctpos Ne 310 ot 23 Mas
2017 rona «O6 yrBepmennu IlonoxcHHs o I'ocyapcTBEHHOM KOMHTeTe
Pecnnybmuin  Vibexncran mo skomornmum u oXpaHc OKpyxalollieit cpeap» H
Ne 737 o1 § ceHTA6pst 2019 roga «O coBepHIeHCTBOBAHHH CHCTCMBI MOHHUTOPHHTA
OKpYXalolleH mpupoaHoii cpeasl B Pecny6nnkn V3ibGekucTak», a Takxke OpyrHMH
HOPMaTHBRO-NIPaBOBbLIMH KOKYMEHTAMM, TIPHHATLIMH B JIaHHOI 061acTH.

CooTsercrBue  mccnenosanns NPHOPHTETHLIM  HATIPABJICHHAM
Pa3BUTHR HAYKA H TexHojormii pecay6amxm. J[laHHoe MCCIENOBaHHE
BHITIOJIHCHO B COOTBETCTBHM ¢ MPHOPHUTECTHRIM HanpaBlICHHEM Pa3BUTHA HayKH H
TexHonoruit  Pecry6mmku  VaGexucras IV. «Passutie uHdopMaTMzaumu M
HB(OPMAHOHHO-KOMMYHUKALHOHHbIX TEXHOIOTHID.

Crenens u3ywennoctn npoGiemst. Hayuno-HcciieoBate/sckue paborsy,
OPHCHTHDOBAHHLIE Ha CO3flaiHe W YCOBEpICHCTBOBAaHHWE MaTeMaTHUECKHX
MoJeneH, BEMHCTHTENBHLIX aNTOPUTMOB M TIpOrpaMMHO-HHCTPYMEHTANIBHEIX
CHCTEM ang MOHHTOP"Hra H MpoOrHo3HpOBaHHA HNpollecca pacinpoCcTpaHCHHA
3arpA3HAtonMX BhiGpocor B aTMocdepy, ocymecTBAAIOTCS B BEAYMIMX HaYUHBIX
UCHTpaXx H BBICUIMX 06pa3oBaTeNbHBIX YUpexIeHHsX Mupa. B dacTHocTH,
¢dyHIaMeHTaNBHEIE acIeKTsl pa3spaboTku H ycOBepIICHCTBOBAHNA
MaTCMaTHYECKHX MOJCNel CIOXKHEIX AHHAMHYECKMX MPOLECCOB MepeHoca M
aupdy3uH BpeaHEIX BemecTs B norpaHHYHoM crioc artMocdepbl, a Takxke
MCETOIONOTHM  MaTEMaTH4ecKOro MOAENHPOBaHHS  YKa3aHHEIX  MpOLIECCOB
paccMoTpeHHl B paboTax Takux ydeHwmiX, kak E.Naslund, L. Thaning, J. Geiser,
L.C.Berselli, ~W.J.Layton, JM.Germano, H.Ferziger, U.Piomelli,
G.S. Winckelmans, W.C. Reynolds, I'.1. Mapayk, M.H. Jlynes, M.E. Bepnsnz,
B.B. [enenko, B.M. Benommenxas, M.B. Mensmos, C.T". Yepuwrit, C.B. Illapos,
B.®. Panyta u ap.

B Pecnybnuxe Vibekucran npobneMnl  pa3paboTKH MaTeMaTHYECKHX
Mojelied, BEIIHCAHTENBHEIX METOJOB H aJITOPHTMOB JUIA PCIICHHS 3alay NcpeHoca
# Anbdy3uH a3po3oNbHLIX BHGPOCOB B aTMoc(epe M 3amMTHl OKpYKaouieil
CpeAbl HM3YHCHBl B WCCIENOBAHMAX TakMX YueHbIX, kak @.b. AGyranues,
K.C. Kapumbepnuesa,  M.JI. Apymanos,  H.Pasmanos, K.O. Taxupos,
Bb.C. Tenemyparosa u ap.

AHaJH3 HCCTICIOBAHUI 110Ka3bIBAET, ITO B HACTOALICE BpeMs HEAOCTATOHUHO
HccleioBaHbl MaTCMaTHYECKUe MoJelM HpoleccoB mepeHoca M Juddy3nn
a3pO30NBHEIX BHIGPOCOB B aTMocdepe B MHOTOMEPHON IOCTAHOBKE C Y4ETOM
H3MCHCHHA CKOPOCTH OCaKMNEHHA MEJKOOMCHEPCHBIX YacTHL M  IOrofHo-
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KIUMaTHYeckUX (aKTOpoOB, a Taioke BOMpPOCH pa3paboTkH 3¢eKTHBHEIX
KOHCEPBaTHBHLIX YMCJICHHBIX alTOPHTMOB Ha OCHOBE METOHOB C BHICOKHM
MOPSAIKOM aNnpokCHMalHH M0 BpEMEHH 1 IPOCTPAHCTBEHHEIM NEPEMEHHBIM.

Caa3b  AHCCEPTAHOHHOTO HCMICAOBAHHA ¢ I[UIAHAMH  Hay4HO-
HCCNEAOBATENILCKHX PaboT HaYYHO-HCC/ICA0BATEIbCKOr0 YyHpPexKaeHHs, Trae
BLINOJHeRa gaccepramdfa. JuccepraumonHas pabota  BhIonHeHa B
COOTBETCTBHHW C IIaHaMW  HayJHO-HCCleJoBaTeNbckMX  paGot -Haydno-
HHHOBALMOHHOIO HEHTpa HHGOPMallMOHHO-KOMMYHUKAMOHHLIX TEXHOJIOTHIA TPpH
TaikeHTcKOM yHHBepcuTeTe HHPOPMAlHOHHEIX TeXHONorHi uMeEH MyxaMMana
an-Xopasmuit u MHctaTyTa MateMatnkn AH PY3 umenu B.U. PoManorckoro B
pamkax rpaHToB Ne A-5-12 «Pa3paboTka MaTeMaTHdeckoro obGecnedeHHs
MOHHTOPHHIA H MPOTHO3HPOBAHHA JIKOJIOTHYECKOTO COCTOAHHA TNMPOMBIULICHHBIX
pervoHoB» (2015-2017) u Ne BB-Atex-2018-9 «Paspabotka mMonenei,
pacnpeAeNnEHHBIX BRITHCIUTENBHBIX AJTOPHTMOB H MporpaMMHBIX obGecreveHHH
IUTA pelleHHi 3aa4 oxpaHbl arMocdepbl H BORHBIX pecypCcOB OT TEXHOTEHHBIX
takropos» (2018-2019).

Lenn Hco/ie0BaHHA 3aKmiodaeTcs B paspaboTke M ycOBEpPHICHCTBOBaHHH
MaTeMaTHuYeCKHX Mofeieil, 3(¢eKTHBHBIX YHCIEHHRIX AITOPHTMOB H
NporpaMMHOTO  KOMIUIEKCAa AR HCCACAOBaHHA W  MPOTHO3MPOBaHHUA
9KONIOTHYECKOTO0  COCTOSHMA  MNPOMBIIUICHHBIX pErHMOHOB H  MpPHHATHA
yTIpaBleHIECKAX penIeHHIA.

3agaqu HcCHeqOBAHUHAS

co3flaHHe WHGOPMamHOHHOH MojemM H _6a3nl NaHHBIX I NIPOBEAEHHA
KOMIUJIEKCHOTO HMCCIIEAOBaHHsI, MPOTHO3UPOBaHNS M TIpHHATHA YTIPaBIEHUYECKHX
pelllecHHid IIo 3ajadaM OLEHKHM COCTOSHHA aTMocdephl paccMaTpHBaEMBIX
PETHOHOB;

pa3paboTka MaTeMaTHYecKoil MoflesH MpoiieccoB Nepenoca ¥ mubdysun
83pO30JIBHEIX BHIOPOCOB B aTMociepy ¢ Y4ETOM H3IMEHEHAS CKOPOCTH OCaXIACHHA
MENTKOAKUCIIEPCHBIX YacTHIl ¥ MOTONHO-KIIMMATHYECKHX (aKTOpOoB;

YCOBEpIICHCTBOBAHWE MaTeMaTWdecKOH MOJeNMH mpomecca mepeHoca H
mip¢ysHH  BpeTHBIX a’po30NIBHBIX HacTHL B  atMocdepe B TpEXMepHOi
TOCTaHOBKE C Y4ETOM METeOpOJIOrHIeCKHX JaHHEIX;

pa3paboTka 3¢(eKTHBHOrO YHCIACHHOTO alrOpHTMa Ui pelicHHs 3amad
nepeHoca ¥ audGy3MH a3po30NBHHEIX YacTHH B aTMocdepe, OCHOBaHHOIO Ha
MeTo/ie pacilelUIeHnd 3a8a4H 1o ¢pu3ndeckuM dakTopam;

pa3paboTka 3¢peKTHBHOIO YHCICHHOrO AIrOpPHTMAa ANS PEmICHHA 3anavd
pacnpoCTpaHeHUs MENKOJHCNEPCHBIX 9acTHI B NMPH3EMHOM clloe aTMoc(ephl co
BTOPBIM TOPSIKOM TOYROCTH aNpOKCHMAIIHH TIO BpEMEHH H MPOCTPaHCTBERHBIM
KOOpAHHATaM,

paspaboTtka nporpaMMHOro KOMILIEKCa ang HcCIIEN0BaHHS,
MpOTHO3HPOBaHHA H NMPHHATHA YNPaBJICHICCKHX PEIICHHH, a Takke MPOBEACHHA
BBIYHCIHTEABHBIX JKClIepHMeHTOB Ha 3BM mo mnpomieccy pacnpocTpaHeHRA
BpCAHBIX adpo30NBHHIX YacTHIl B aTMocdepe.
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O6bexToM HMcCIeI0BAHHA SBIAETCS TNpollecchl NMepeHoca M ARGdYy3un
BpEIHEIX a3p030JLHLIX YacTHL B aTMocepe, BEIOpPachIBacMBIX IMPOMBIILUICHHBIMI
0o0GBeKTaMH H APYTHMH MCTOIHHKAMY 3arpA3HEHHs.

Ilpe;we'r HCCJIeAOBAHHA — MaTreMaTHYeCKHe MoJciaH, YHCJIICHHBIC
AITOPHTME! ¥ MNpOGIEeMHO-OPHEHTHPOBAHHLIE IPOrpaMMHbie KOMIUICKCHl UM
TipoBeicHHA pacyeToB Ha OBM.

Metoasr mccnenoBanns. B xome mMccepTaMOHHOro WCCHEAOBaHMSA
OpHMEHATHCh METONBl BEIYHCIHTENLHOR MaTeMaTHKH, MaTreMaTHYecKoro H
KOMTIBIOTEPHOTO MOJENMPOBAHNS M BEIMHCIMTENBHOTO SKCIEPHMEHTA, a TakoKe
TEXHONOTHH OO6BEKTHO-OPHEHTHPOBAHHOTO NpOrpaMMHPOBAHUA UM pa3paboTKu
NpOrpaMMHEIX IPOAYKTOB.

Hayunas HOBH3HA HCC/IeA0BAHMSA COCTOHT B CJIC/YIOLICM:

paspaboTaHa maTeMaTH4Yeckas MOAEJb MpoueccoB nepeHoca H Anddy3un
a3po30JILHLIX BLIOpOCOB B arMocdiepy C YHeTOM M3MeHEHHS CKOpOCTH OCaXIEeHHH
MEJIKORACTIEPCHEIX JacTHLL U TOTOHO-KIIMMaTHIECKHX (aKTOpOB;

YCOBEpLIEHCTBOBAHA MaTcMaTHYecKas MoAeHb MpolieccoB TcpeHoca H
maddy3nA  BpemHBIX a3pol0JIBHBIX 4YacTHIl B aTMmociepe B TPEXMepHoit
HOCTaHOBKE C Y9eTOM NOTOIHO-KIIHMaTHYECKHX (aKTOpoB;

paspaboran 3ddekTHBHLI YHCIEHHBI IrOPHTM Mg pelICHHA 3amay
neperoca H Anyum aspo3oNbHEIX vacTHH B aTMocdepe, obnamatomusii
BRICOKHM TTOPAIKOM TOTHOCTH T10 BPEMEHH Y TIPOCTPAHCTBEHHEIM NICPEMEHHEIM;

paspaGoTaH WYHCIIEHHBIH aNropuT™M [UIA pelleHus 3ajad MNepeHoca |
IuddysHH a3po30NLHEIX YacTHR B aTtMocdepe, OCHOBaHHEIH Ha MeToze
paciennieHHs 3axadu no ¢puUsHIeckuM ¢axropa.

IpakTHYeckre pe3yNbTaThbl HECIEAOBIHHS 3AKIIOYAIOTCH B CCAYIONIEM:

PE3yNbTaTRl OHCCEPTALHOHHOTO HCCNEJOBaHWA B BHIE pa3paboTaHHEX
MaTeMaTHYECKOro H NpOrpaMMHOro ofecredeHHi NpefHa3HadeHk! A OLEHKH
NporHO3HpPOBaHHS BO3ACHCTBHA BPEXHBIX BLIOPOCOB Ha 3KOJNIOrHYECKOE COCTONHHE
OKpyXalomcif cpefibl TIPOMBIIICHHBIX PErHOHOB C Y4ETOM CaHHTApHBIX HOpM,
obecrniedeRus ONnepaTHBHOrO NPOBEAEHHA MOHUTOPUHTa;

pa3spaboTaHHEIit MaTeMaTHIeCKui anmapaT obecneunBaer Gonee aaeKBaTHoe
ofmicaHHe NpoleccoB MepeHoca W MU dy3uH BPeAHLIX BelllecTB B aTMocdepe 3a
cYeT ydeTa MOTOAHO-KIMMAaTHHECKHX (aKkTopoB, norfomatomell crnocobHocT
OKpyialomeil Cpeibl, IEPEMCHHOCTH CKOPOCTH OCAXACHHMS BPEHHBIX YacTHL H
OPYTHX BHCHIHMX M BHYTPCHHHX (aKkTopoB, JCHCTBYIOWIMX Ha JMHAaMHKY
HCCIIEAYEMOro Ipoiecca;

CO3aH  KOMMNEKC MpOrpaMMHO-HHCTPYMEHTAIBHBIX  CPeACTB  JUIA
aBTOMaTH3alWH pacueToB M BU3yalW3aOWH pacripelielieHNs KOHUCHTPAalMH
3arps3HERHil B MOrPaHHYHOM clioe aTMocdepr! U NoAcTHIaonieii MOBEPXHOCTH ¢
Lelbl0 MOANEPKKH TPHHATHA pelleHW Ha npoBelcHHe HEOOXOAMMBIX
NPHPOAGOXPAHHEIX MEPONPHATHIl IIPH 3KOHOMHHM (HHAHCOBBIX M TPYAOBBIX
3aTpaT 3a Cc4eT CBOEBPEMEHHOCTH NPEXYNPEXKACHHIl 0 HEFATHBHRIX MOCIENCTBUAX
BpEHBIX MPOMBILLICHHBIX BEIOpOCOB.
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JlocToBEpHOCTL Pe3yNbTATOB HCCJIEA0BAHAS OOGOCHOBRIBAETCH TeM, YTO
ypaBHEHHA, OMHKCHIBalOIIHE MpoOLEcC paclpocTpaHeHHUs a’po30ABHEIX YacTHI B
aTMocdepe, It HX KpaeBble ycnoBHs cGOpMyIHPOBaHL! B CTPOrOM COOTBETCTBHUH C
3aKOHAMH COXpaHEHHA H IlepeHOCa MacChl M HMMOyihbca. IIpH HCHoNB30BaHHH
YHCIEHHBIX METOHOB obecreyeHH HEOOXOMMMEIE TOYHOCTH ANMpPOKCHMALHH,
YCTOHYHBOCTE H CXOAWMOCTb BBEIYHCIHTENHHOTO TMpomecca, a pe3yibTarh
pacy€ToB He MPOTHBOpEYaT 3aKOHAM MPHpPOMEL.

Hayunasa # nmpaKTHYecKas 3HAYHMOCTHL Pe3yJbLTATOB HCCJIeAOBAHMS.
Hayuwas 3HauHMOCTh pesyibTaTOB HccledOBaHMA 3aKiodaeTcs B paspaboTke H
YCOBEpIICHCTBOBaHHH MaTeMaTHYECKHX MojelleH npoliecca pacOpocTpaHeHHs
BpCIHBIX BEIECTB B arMocdepe, rAe YIHTHIBAIOTCA H3MECHEHHA MOTOJHO-
KIHMaTHYecKUX (aKTopoB, Ko dHUHMEHTH TYpOYICHTHOCTH M TOIIOMNCHHA,
NCPEeMEHHOCTb CKOPOCTH OCaXACHHMs MEJIKOAMCIIEpCHBIX YacTHI, a Takke B
pa3paboTke 6Gosee TOUHBIX M 3((eKTHBHLIX YHCIEHHBIX ANTOPUTMOB peINeHHs
3aja4 C HCMONb3OBaHHEM MpeMMYMIeECTB KOMOMHAIIMH METOROB: MOBBILIEHHOTO
TOpSAKA aNMpOKCHMALMM, NepeMCHHLIX HaNpaBieHHA H pacllelIeHMs 110
(bU3HYECKHM NpoLieccaM.

IMpakTuieckas 3HaYMMOCTD pe3yNbTaTOB AHCCEPTALUMOHHOTO HCCEHOBAaHHA
BBIpaXaeTcs B pa3paboTke MpPOrpaMMHOTO KOMIUIEKCa [l pelieHHs 3aiad
MOHHTOPHHIa M IPOrHO3HPOBAaHMA Npollecca pPaclpOCTpPaHEHHS TBEPABIX
MENKORWCIIEPCHBIX HacTW M Ta30BhIX MpuMecell B MOrpaHHYHOM cClloe
aTMoc(ephbl, OLEHKH HETaTHBHOTO BO3AEHCTBHA BPEHBIX NPOMBIUUICHABIX
BEIGPOCOB Ha OKpYKAalolylo Cpemy M NOHMNEpXKM NPHANTHA YNpaBIeHYECKUX
pemeHnH ¢ MUHUMH3aLluei BOZMOXKHBIX 3KOJIOMHYECKHX PUCKOB.

Bueapenne pe3yabTaToB HccCIeloBaHMA. Ha ocHoBe MaTeMaTHIecKHX
Mofenicl, BBIYMCIHMTENBHBIX  ITOPHTMOB M KOMIUIEKCa  IIPOrpaMMHO-
HHCTpYMCHTaIbHBIX ~ CPEACTB  JJd MOHHTOpDMHTa H  IPOIHO3HpPOBAHHA
SKOJIOTHYECKOr0 COCTOAHMA aTMOC(EPE! MPOMBIMIIEHHEIX PETHOHOB:

MaTeMaTWyeckas MOJeNb W TPOrpaMMHOE CpPEelCTBO IS MOHWTOPHHTA,
TPOTHO3WPOBaHHA M  TOIAEPXKHA TPHHATAS peleHHid Mo  mpomeccy
pacnpocTpaHeRHs BpelHBIX BellecTB B aTMocepe C y4eTOM HampaBlEHHS W
CKOPOCTH BeTpa, a Takke ONTHMANBHOIO Pa3MEMeHHA HOBBIX MPOMBIINUIEHHEIX
TIPCANPHATHIT BHEAPEHH B YIpaBJIeHHH IO SKONOTHM W OXpaHe OKpyKalomeH
cpensi  Camapkanickod obnacti (CnpaBka MmuHHcTepcTBa  pa3BUTHA
HH(OPMAIHOHHEIX TEXHOJOTHIE H KoMMyHHKammii Ne 33-8/9025 or 23 nexa6ps
2019 rona). D¢deXTHBHOCTL OT BHEAPEHHS HOCTHTAeTCA 3a CUET yBelMYeHHA
TOYHOCTH TIPOrHO3HPOBAHHA U CBOEBPEMEHHOCTH NPEAYNPEXKACHHI O MOBLILICHHH
YPOBHs KOHLECHTpALWH BPEIHEIX BEMECTB B OKpyxaromeif cpefle CaMapkaHACKO#H
obnactu Ha 13-14%;

MaTeMaTH4€eCKoe H MporpaMMHoe obecredeHHs IS aHanW3a, MOHHTOPHHTa
H [pOrHO3MpOBaHMA Mpoliecca MepeHoca H AuGQY3HH BPEOHBIX a3pO3OALHBIX
BLIGPOCOB ¢ y4eTOM MepeMEHHO} CKOPOCTH OCAXACHHA MENKOAMCIIEPCHEIX YaCTHIL
BHeapensl B OO0 «XKom6Goit Swmn Yupowiapu» (CripaBka Mumnmcrepcrsa
pa3BUTHA HHQPOPMALHOHHEIX TEXHOJOTHIT M KoMMyHHkauuit Ne 33-8/9025 ot
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23 pexabps 2019 roma, CmpaBka [ocynapcTBeHHOro KOMHTETa Pecmy6mmKH
V36ekucTan Mo JKONOrHH M oXpaHe oKpysatoweif cpemst Ne 02-02/8-1583 ot
22 Hosbpsa 2019 ropa). PesynbTaThl MCCHEAOBAHHMA IO3BOJMIH yBENHYHTE
TOYHOCTh MNPOrHO3HpOBaHHA KOHUCHTpalUHH HEMEHTHOIl MkIIH H NpPORYKTOB
ropeHss  (MpM  3ajaHHBLIX  pexHMaX  (QYHKUMOHHDOBaHHA  KJIMHKCPOB
OGXMraTeNIbHOH TNe4yK) B NOrpaHWYHOM croe aTMocdepsl W BRIMABUIMX Ha
MOACTHAIONTYTO TToBepXHOCTH Ha 10-12%;

MaTeMaTH4ecKoe d MporpaMMHoe obecriedeHNs JUlsi aHalIM3a, MOHHTOPHHIa
H TPOTHO3MPOBaHHA Npoliecca HepeHoca M IHGQY3MH BpembIx asposoneii ¢
yueroM HNepeMEHHOCTH CKOPOCTH OCaXKJCHHA MEJIKOAMCHEPCHHIX HYacTHI
sHeapenl B 000 «Komboi#t Jlon Maxcynornapu» (Crpaska Munuctepcrsa
pa3BHTHA HHPOPMALUMOHHBIX TEXHONOTHIT M KOMMyHukauui Ne 33-8/9025 ot
23 pekabps 2019 roma, CnpaBka I'ocynapcTBeHHoro komurera PecryGmmxu
V36exncTaH o 9KOJMOTHM U oXpaHe oKpykatomied cpeast Ne 02-02/8-1583 ot
22 Hos6ps 2019 roma). PesynmbTaTel HCCIENIOBaHHS MO3BONMIA YBEAWYUTH
TOYHOCTb MNpPOTHO3HPOBaHMs KOHICHTpaUMH YacTHH 3CpHoBOH, Myd4HoHi H
KOMOMKOPMOBOH HBUIM B OpH3eMHOM ciio¢ aTMochephl M BRIMABIUHX Ha
TMOACTHIAIONIYIO MOBEPXHOCTL Ha 11-13%.

Anpobauns pesynabraToB HccaenoBanust. PeayneTaThl aucceprauyonHoii
pabothl ofcyxnanuce ma 11 MEXAyHapoIHbIX H 8 pecmyOilikaHCKHX HaydHBIX
KOH(pepeHIHAX.

Mybnuxauus pesynnraToB mcciegoBaHHs, [Io TeMe auccepTauHH
ormy6mikoBans! 33 HayuHble paboTh!, 13 Hux 10 KYPHaNLHEIX cTaTeil, B TOM qHCIIe
7 B MROCTPaHHBIX H 3 B pecny6MKaHCKHX KypHaJlaX, peKOMEHAOBaHHLIX Briciueii
aTTecTalMOHHOH KoMmMccHeii Pecybmixm VYibexucram nns  ny6mukauun
OCHOBHEIX HaydHBIX pe3ynbTaTOB KOKTOPCKHX HHCCEpTalMii, a Takike MOMydeHKI
3 cBHAETENECTB2 O pErUCTpaLHM MPOrpaMMHEIX NPOXykToB Wit OBM.

CTpyxTypa R 06bem anccepTanun. JluccepTaums cogepxut 115 crpanuu
H COCTOMT M3 BBEICHHS, YeTHPEX TNaB, 3aKIIOYEHHA, CITHCKA HCMONL30BaHHOM
JATEpaTyphl H NPHIOKEHHH.

OCHOBHOE COJJEPXXAHHE JUCCEPTAIINU

Bo BBegeHBHH O0OOCHOBaHa aKTyaJbHOCTb H BOCTPeGOBaHHOCTb TEMBI
IUCCEpTAalHH B COOTBETCTBHM C MPHOPHTETHEIMH HANpaBlICHHAMH Pa3BUTHA HayKH
4 Texnonorui Pecrybmukn VY36ekucrad, cHopMyIMpoBaHBI LelM H 3afadH,
yKa3aHel OOBEKT W MpeAMeT HCCACHOBaHHSA, W3NIOXKEHB HaydyHas HOBH3Ha M
nMpakTHIecKHe  PE3ynbLTaThl  HCCleNoBaHMA, 00OCHOBaHa  JOCTOBEPHOCTh
MOTy4eHABIX pe3yNbTaToB, pacKphiTa TEOpETHYECKas U TIpaKTHIecKas 3HaYHMOCTh
HONy4eHHBIX PeE3YIBTaTOB, NPHUBENEHB! IEPEUYCHL BHEAPEHHH pe3yNbTATOB
HCCIIeJOBaHHA B IPaKTHKY, CBeAcHAS 00 omyONHKOBaHHEIX paboTax u CTPYKTYypa
IccepTalyH.
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Teppas rnaBa auccepraunn «CoBpeMenHoe cocrosnue u o630p
JIHTEPATYPHLIX HCTOYHHKOB NO npoueccy pacnpocTpaHeHAs BpPEAHBIX
BellecTB B aTMocdiepy» COCTONT H3 TPEX naparpagoB. .

B nepBoM mnaparpadec npoBEICH noApoOHLIH o0030p HcciaeOOBaHHH 3a
[ocheNHME TOAEI MO  MATEMAaTHYECKOMY  MOJACITHPOBAHKIO nporecca

PacnpoCTpaHeHHs BPEAHBIX BEUIECTB W MENKOJUCTICPCHBIX yacTHU B aTMocdepe H
KIaJHEX pe3ynsTaToB. Bo BTOpoM

OCHOBHBIX MONY4EHHBIX TEOPETHYECKHX H MPH
naparpae npuBemeHbl 0630p OCHOBHBIX HCTOYHMKOB 3arpA3HCHHA H
XapaKTEPUCTHKH BpEIHBIX BEIGpOCOB B aTMocdepy, a TakKe XHMHYECKHH cocTaB
4qucTOro arMocg)epHoro Bo3Ayxa Y NMOBEPXHOCTH Jemnn. B TpernemM naparpage
[7aBH Ha OCHOBE MoApo6HOro aHami3a AHTEpaTypPHBIX HCTOYHHKOB MO JaHHO
npoGneme copMynHpoBaHK! LETb H 33a4H HCCIIC0BAHHA.

Bropas rnasa  AuccepTalHH «MaremMaTHyecKoe  MOAENHPOBAHHE
NpOHECcCOB PACNPOCTPAHCHHS BPEAHLIX BEUIECTB B aTt™mocdepe» ToCBAIIEHa
paspaBoTke u HCCIEIOBAHHIO MaTEMaTHYECKHX MojeJeil HecTallHOHapHOTO
npouecca NepeHoca cyGeTaHIMK B MOrpaHHEHOM CJioe arMocgephl.

B oTIHYME OT MHOTHX MCClIEAOBaHHif APYTHX aBTOpOB, KOTAa CKOpPOCTh
OCAXKIEHHA YacTHI ToNaracTcs ITOCTOAHHOM, HCXONHM H3 TOro, €To JaHHEIH
napaMeTp CYIIECTBCHHO BIMAET Ha MpOHECC pacnpoCTpaHeHHs 3arpA3HUTeNcH B
aTMocdepe M ABNAeTcA MepeMeHHBIM. CKOPOCTh OCAXICHHA HacTHl, B CBOKO
ouepefib, 33aBHCAT OT (YH3HKO-MEXaHHIECKHX CBOMCTB MEJIKOAUCTIEPCHBIX JacTAI.

JIns McchieloBaHUs MpolleccoB NMepeHoca U MHddy3HH a3po30MbHEIX JacTHIl B
aTMocdepe C ydeToM TapaMeTpa — CKOPOCTH OCAKICHHS METKOAHCIEPCHBIX

HacTHUL w, — pa3spaborana MaTeMa¥Huyeckas MoOJcidb Ha OCHOBE 3aKOHOB
FHAPOMCXaHHKH:
00 o6 06 o6 o 08
E""ll——'i'(w—wg E*’O’G’—‘ —2+-a;(l(-5;)+5g; (1)
d)_vg_ _ mg—6727'rwg —O,Scpswé
= 2
dt m
C COOTBETCTBYIOUMMH HavallbHRIMH U FPAaHUIHLIMH YCIIOBHAMM:
0.
Og = 0% weo=wes . S
o0 00
—H— = 0 —a N — = 9 —0 s 4
aly 5(5 ) #axx:u 5(5 ) “4)
00, o0
-x— =(pO-f3); « =&(6:-0). 5)
& ==0 ( 0) 0z ==, ( £ ) (

3neck @ — KOHICHTpallHA BpeAHBIX BEIUECTB B aTMocdepe; 6, — nepBHYHAA
KOHIEHTpalus BPEJHBIX BEWICCTB B aTMocdiepe; € — KOHLEHTpaUHs BPEIHBIX
BeLIcCTB 3a MpCACIOM obNacTH pelieHns 3ajadH; u, w — CKOPOCTh BeTpa 1o
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HampaBJICHHAM X, =, W, — CKOpPOCTh OCaXKACHHA qacTHU; o — KO3(1)(1)HHPICHT

MOTTIOMIEHHs] BpeMHEIX BemlecTts B aTtMocdepe; M, K — K03 GHIHCHTEI
muddy3nu 1 TypOyeHTHOCTH; O — MOLIHOCTL HCTOUHHKA; & — dyHkwia Jupaka;
B — koobdHUMEHT B3aHMOAEHCTBHA YacTULl ¢ MOACTHIAIOLICH MOBEPXHOCTHIO;
£ — xoadduumenT MaccoobMeHa uyepes TpaHHLBI pacuers; f, — MOLUIHOCTB
BHIOpOCca BpEIHEIX BEmMeCTB B aTMoctepy ¢ MOACTH/IAIONICH NOBEPXHOCTH 3eMIIH;
¢ — be3pasMepHan BenWuMHa, paBHad 0.5; p — WIOTHOCTH YacTHU; r — paauyc
YacTHO; § — TUIOINAAb MOTEPEeYHOro cedeHHs YacTHll; g — YCKOpeHHE CHIIBI
TAKECTH; M — Macca JacTHIl; ¥— yAENbHbIN Bec YacTHIL

Hago otmertuTs, 4TOo B AaHHoit nocraHoBke ypamHenus (1), (2) u wux
AaqaibHEIE B TPaHidHbIe YeloBus (3)-(5) yIHTRIBAIOT TPH GM3HYCCKUX mipollecca:
KOHBEKTHBHBIH mnepeRoc, Aupdy3HoHHOE PpacnpoCTpaHeHWC M NOrNOIICHHE
a3po30/bHBIX YaCTHUIL 3@ CYET BIArocoepXaHns BO3IYIIHONR MacCHI.

Ilpu onpemeneHUN CKOPOCTH OCAXKAECHHWA YacTHIl YUWTEIBAIOTCHA TpH
OCHOBHBIE CHIIBI, KOTOpPBIC ICHCTBYIOT Ha YaCTHLbLI NPH ABHKEHHH B aTMocdepe:
CHJIa TAXKECTH, CHJ1a BRITAJIKHBAHHA H CHJIA COMPOTHBCHHA.

Hns npoctoThl pemenns 3anadu (1)-(5) obnacts D=(0<x<L,,0Sz<H_)
paccCMOTpPHM KaK MNpAMOYTOJBHYIO, @ HCTOYHHK 3aIpA3HEHHA CuYMTacM
pacloNoXeHAbIM B MPH3EMHOM citoe. TorZa Ans JHCIECHHOTO pEMeHHs 3afaqyd

(1)-(5) obnactp H3MeHEeHHA HCKOMBIX ITepEMEHHEBIX C YYETOM IPaHHYHEIX YCIIOBHIA
TIOKPOEM CETKOH C maraMu Ax, Az,At:

Q_c,={(x,=iAt, y=kAz, t,=nA1); i=1LN,, k=l,_:,n=0, s AI=L}.

Jiis obecredeHHs  BBLICOKOTO TMOPSAKAa aNMpPOKCHMALMHM IO BpeMEHH H
NpOCTPAaHCTBEHHBIM MEPEMEHHBIM, 2 TAKOKE YCTOHYHBOCTH BBLIYMCIHTENBLHOTO
npolecca NpU (w W, )<0 HCTIOMIb3YeM HESBHYIO Pa3HOCTHYIO CXEMY:

L

n+% n+y 3
O 1O, 1 -0

!
nl
191,12 ij i-l,j +lu0i?j_ i’il,j_‘_
2 M2 2 M2 2 Ax 2 Ax
AR B P S
Hwowg ) 0, = G =26, el |+ ()

3
1
+X~:E(ki,j+0.50i':j+l"(ki.j+0.5+ 505 ) Ol + ki -0 56 ,-1)+ Qi i

Hanee, rpynnupys nonobHsle unensl, ypasHenue (6) 3aniceiBaeM B BUIE
I I l
a; o-l N b: ;011 0|+l / dt,j’
rae
H 1 u 2u o1
a,=—+—"—; b .= _— —_—C; ;= H
oA AT Y A 2Ax axt’ Y At A
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2 iy~

g4 RN +w—wg-k,,j_0’5+k,-_j+0_5 o
At 2Ax A: ==

1 ki ias ki iv0s W—W, 1 el
A it + 'AJ: O+ #— A:g 6:’.’1+1+5Qi.12'

AHaJIOTMYHO TIpH (w—wg)>0 annpokcuMupyeM JauddepeHnHanbHbC

OficpaTopbl Ha KOHEYHO-PA3HOCTHRIC H MOMy4YaeM TPEXMHArOHANBHYIO CHCTEMY
AHHEHHBIX anreOpawdecknX ypaBHEHHH, KOTOpas pellaeTcs MECTOAOM IIPOTOHKH.

Jlanee 3aMeHseM KpaeBhle YcloBUS (4) Ha KOHEYHO-PAa3HOCTHHIE CO BTOPBIM
TIOPAAKOM TOYHOCTH H MoiTy4aeM $opMyITs! Ul BLIYHCIEHHS:

“ 4c|'j‘u—b,‘j,u . _ d,.j.u+2Axéc,'j05 )

%7 30, p—ay u+ 208 "0 30 ju—ay jp+ 205
gt 2Ax§6 "(ﬁ)v-z, j¥ans jPua,j—4Bva, j)l‘
¥ M

2AxE + (a‘.,-_z, JONa day, i+ 3) H
AHajlory4nas mpouenypa NpHMeHseTcs MIA KpaeBbiX ycnoBHi (5), u
COCTABJIAIOTCS BEIPaXERUS IS BLITHCIERUS &, o, B, o, O} -

Jluneapusys ypaBHeHMe (2), DEpexXodHM K  KOHEYHO-Pa3sHOCTHOMY

YPaBHCHHIO U TOMTy4YaeM BBIPAKCHHE JUIA BBIYHCICHHUA TIPOMEXYTOYHOTO
1

pe3yJibTaTa o wfiz -

ni—;- 2m "y mgAt + 0,5CpSAtW§ )

W, = W .

8 2m+6myrat+cpsAni, * 2m+6myrAr+cpshnw,
Jina BRIUMCTIEHHA uﬁ” MoJIyyaeM aHaJOTHYHOE BEIpAXKEHHE:
I -
o mgAt+0,5cpsAr?

o 2m R + g P e ®)

B 2m+6myrAt+cpsin, Ye T ome 67yrAL +CcpsAti,

TTonyueHHbie KOHEYHO-pa3HOCTHbIE HelTWHelHEIe ypaBHeHus (7), (8) pemennl
METOROM  fpocTodl  MTepaluH. CXOOUMOCTh HTEpallHOHHOIo  Tpolecca
MpOBEPSAETCs MO YCIOBHIO |wf*' - w: I <&, ThE & — TOYHOCTH HTEPAOHOHHOIO

npotiecca; S — THCIIO HTePalMii.

C yderoM TpexMepHOCTH nepeHoca W aH(QY3UH BPEAHEIX BCHIECTB H
nepeMeHHOCTH  Ko3dipuimenta Typ6ylneHTHOCTH 10 BLICOTE, C YBA3KOH K
oporpaMi MECTHOCTH, po3e BETPOB W MaccooOMeHy C TpHIEralonIAMH
pervoHamu, paspaGoTana Gonee afexkBaTHas MaTeMaTHYecKas Mojenb o6bekTa B
TpeXmMepHoit MocTaHoBKe:

086 66 96 o0 %60 %9\ a( o6

aa "y +(‘”““s)3:+””=”(a7*3y?] HZoo o
) - - 2
6;’5 _mg 6ﬂ7rw'gn 0,5cpsw (10)
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€ COOTBETCTBYIOIHMH UM HadaNbHBIMH H rpa!mtmbmn ycnoBUAMM:
= =u! 11
0'!"0 o w, I We (1)
<l

2l
_ _ —8): _| = —uZl =F(0.-0). (12
H 5 —0—6(05 9)7 M 3 - g(aF 0) ;‘ a é( E ) ( )

y=0

a6

36| o o 06 .
#ayHJ=§(0E—6’), x}_—Lo—(ﬁO fo); hB?L:H: £(6:-6). (13)

3gech 4, v, w — COCTaBJAIOLIME CKOPOCTH BETpa [0 TPeM HanpaBICHHSAM

X, ¥, =. Jlns 9uciaeHHOro pemeHHA 3afadd NPENTIONoKUM, YTo QYHKUUH U, v, W
0 BpEMEHH KyCOYHO-0JHOPOMHKIE.

[lpy uKcneHHOM pelICHHH 3afaid C Lelblo MOBLIMICHHA I1OPAIKA

anMpOKCHMAUHY O MPOCTPAHCTBCHHBIM [ICPEMCHHBIM BBOAUM Clicayrouine
3aMCEHBI:

ux+yy  We
ewowg, O=e G
1 BMecTo (9)-(13) nonmyuaem
g - 9 96 of aé
—+0,0= =+ p— c— |+¢00; 14
5 to0=4s #ayz az("az) €60 (14
i = a0 =0
0’=0—0 : w8|,=o—“2’ (15)
a6 26 5 26 =
o =§(e,0£ 8), n— =Slabp~0) -u =¢\abe-0)  (16)
=1 ): 13, e ) >, "% =)
a6 a6 36 =
=¢(a0:-6); «H =(Bo-af) x| =£(e6:-6). (17)
ayy:L_y )20 ) ezz=fl: ( )
rac
o_|=xu2+m,2+yw2+4ayx; oc w;’:o ;f:)

dux
Hns pemenns 3anaun (14)-(17) paspaGoran amroput™, koTopklii noapoGHo
OMHCaH B TpeTheit Mase.

B nocnenseM naparpadge HaHHoli TNaBhl mMonmydeHa QyHKUMOHAIbHAA
3aBHCHMOCTD JIfl BREIYUCIEHHA KO3 ()HIHEHTA MOTJIOMEHHA a3po30/IbHbIX YACTHL
B aTMocicpe U IpHBECHBI BLIBOL! IO TMaBe.

Tperss rnasa muccepramin «JdpdexTHBRBIC YACHAEHALIE ANTOPHTMET ANA
pemennsi 3aaay nponeccos nepencca H Auddy3Hn BpeaHBIX BewIeCTB B
atMocdepe» mNocBilieHa pa3paboTke SKOHOMHYHEIX H MPOM3BOAMTENBHBIX
aJIrOPHTMOB PCIUCHUA MIOCTaBICHHBIX 3a/1aY.

Hns pemenns TpexMepHoii sanaun (14)-(17) ucronsayeM HesBHyio KOHCYHO-
Pa3HOCTHYIO CXeMY II0 BPEMEHH CO BTOPHIM ITOPAIKOM alllIpOKCHMALIMH.

Ilo wanpaBnenuto Ox ypasHenue (14) anmpokcuMHpyeM clelyIOIUM
obpazom:
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H H_gneus _(i +0,+ i/l )0,.4113 0'n+ll3 ="

Ax ARG At i,j.k i+l j .k

3 24 KpostKisos | e H u
=— ______"—_0 +=_4" 1 = 0 + 18
((At Ayz A=2 Ik Ay2 1, j=1.k A)Z i, j+lk ( )

K05 5 Kreos 5
+A:-: Okt = A2 >0kt elx]kQ]

I'pynnupys nonobHble wieHEl, Nocie YNpOICHUs CHCTEMBI anreGpandeckux
ypaBHeunit (18) MoXHO cBecTW K TpeXNHaroHaJlbHOH CHCTeMe JIMHEHHBIX
anrebpanyecKkHX ypaBHCHHH:

aq;, j.kéi’g.lfk b, j ko’”l/s 9:;’,/; x =—d;, k>
riae Ko3¢ppUUHEHTE # cBOOOAHBI YleH ypaweumx ONpeICifIOTCS C IMOMOILBIO
3aBHCHMOCTEH

. _3 H -
ywE bi.j.k"'&"'al'*'?’ Cijk ST

k= >

_[3 24  Kios5tKiros |5n M H
di;k"(z_gz"——Azz—_ 01k+A) gij-lk"'A) 0:]+lk+

Kk-0.5 zn "k+05 1
A2 ikl + 9." jant ¥ 3 —ed, ;0
I'pannyinte ycnosius (16) anmpokcHMEpyeM o HanpaBiieHHIO Ox CO BTOPRIM

MNopAoKOM TOYHOCTH H noiay4daecM COOTHOLICHHUA pibsi:g BBIYUCIICHUA

gn+1/3 gn+1/3 +1/3
A ks Bojk» ON.jk- ~ SHAUEHHS  KOHUEHTpaumn 637} j_,,,a" ik O

ONPERENAIOTCS METOZIOM 0OpaTHO! MPOTOHKH.

Hanee annpokcuMupyem ypasHense (14) u rparuymsIc ycnosus (16), (17) no
HanpasieHusM Oy u Oz W NONydaeM CHCTEMYy JHHCHHHIX anre6Gpamgeckix
ypaBHeHH{T, KOTOpPHE PEIaloTCA METOAOM TPOrOHKH.

s pewtenus ypasnenus (10) ucrnonbiyeM HEABHYIO CXEMY [0 BPEMEHH M
nosyyaem:

a) Mo HampasneHuio Ox —

wn*% _ 3Im Whe mgAt +0, SCpsAm ]
& 3m+6zkrAt+cpsini, Vet bkt + cpsbrv,’
6) no Hanpagneuiio Oy —
u'mr% - 3Im wm% mgAt +0, SCpsAtw2 )
. 3m+6xkrat+cpsAniy & 3m+6xkrAl+cpsAnt,

B) Ifo HanpasieHuio Oz —
3m n«-% . mgAt +0,5cpsAtﬂz§

-+

+1 _ ,

= n .
§ 3m+6mhkrAr+cpsAnv, ® 3me+6mkrAl+cpsAni,
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Korma o6nacte MOHHTOPHHIa H MPOrHO3HpOBaHHA KOHIEHTpaluK
3arps3HAIONIMX BemlecTB GoMlbllad, To JUIS pellleHHs 3ajady (9)-(13) pacmemiseM
o $HU3MHECKHUM MpOLIECCaM H OT/JCNIBHO peillacM 3ajia4uH nepehoca i anddysun.

Jlns gucnennoro pemieHus sanaun (9)-(13) GyacM cyMTaTh, “TO MCKOMOC
pemienne — raankas GyHKuUMA Bo BceM npocTpaHcTe. HCNomb3ys alauTHBHOCTL
NPHHIMAHAIEHO padiHYHEIX (GU3MYECKHX Mpoleccos fepeHoca u auddy3un Mace
B aTMochepe B MalOM HHTepBale BpeMeHH I, <!<[,,, PaCCMOTPHM HX Kak
OTAeJIbHEIE 3aaYH.

Ipouecc nepenoca cybcTaHIMK ¢ e COXpaHEHHEM B0 TPACKTOPHH Gynem
paccMaTpHBaTh Kak 3afady (a):

06, 06, 06
—ru—+v—l+(
ot ax &

)24 208 =550 (19

w- ‘Vg

¢ Aa9allbHEIMH
6,=6; npu 1=1,; w, (O)L:, =w, (0)
¥ rpaHHTHBIMH

L1 R _.29:_|= —g); -2 =¢(0,-)
Mol =50 8w | =E0em8); —u| =4(6:-8) 20)
8] oo -8l —(ga— %8 6. -
“al,., ~EA Ka:Lo. . f)’“arl.ﬁ.u §0:-0) @y
YCIOBHAMH.

Ipouiecc auddysun cyberanunu B aTtMocdepe ¢ YUeTOM MOINIOHICHHMS
YacTHIl B BO3yITHOH Macce paccMaTpuBaeM Kak 3aiayy (6):

96, 1 8%, &%6,) o _06,).1
6_12+5692 =y(—gx72-+ ay2 )+E(K“__Z)+EJQ (22)
C HaYaIBHEIM 6, = 6! ¥ rpamHEIMK
26, 26 26
-H =£(0c-0h) u—H =&(6:-0); ~u—2 =£((6:-6,); (23)
arl g ST ) TGO ] o)
0 00. 00.
=£(6:-6,); —-x=2 =(p88,-1); x=2| = -
w22 e P (s # -elos-0) @9
YCNOBHAMM.

WUrak, pacuiemiss nocrasneHHylo 3ajadyy No QU3HYECKMM MpOLECCaM, Mbl
NONMy4yHwIH ZiBe MoA3ajayM: mojzafady (a) ¥ mojpsamaqy (6), koTophie MoOXHO
pelnaTh HE3aBHCHMO APYT OT ApYra KOHEYHO-Pa3HOCTHEIM METOOM.

OueHka 3¢ deKkTHBROCTH pa3paGoTaHHOrO ANTOPHTMa pellicHMA 3aJauy Ha
OCHOBEe MeToAa (H3MYECKOro pacUICIUICHHA BHINONHSANACH ITYTEM CpaBHEHHA
Pe3ybTaToB pacyeToB ¢ AaHHRIMM MOJICBEIX H3MEpEHHI H pacyeTaMHM Ha OCHOBe
JpYrHX YHCICHHEIX MCTOHOB €€ pelIeHHs.

B Tabmmue npexctaBneHsl NokasaTend 3d(EKTUBHOCTH  allTOPHTMOB,
pa3paboTaHHBEIX Ha OCHOBE PaCCMOTPEHHBIX YHCITEHHBIX METONIOB.
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Tloka3zaTean 3¢ deKTHBHOCTH BHIYHCAHTEILRLIX AITOPHTMOB

TMoxasatenu Mertoa KoneuHo-pasHocTHas Meron 3amennt
¢usnyeckoro cxeMa 2-To nopsjka NepeMeHHbIX
pacilCIUICHHS anfpOKCHMAlHH
Tounocts, % 95,07 90,25 85,53
Bpems, Mc 1.2 1,5 1,9

B uenoM Bce paspaGoTaHHble aJTOpPHTMEI MOKa3aiM AOCTaTOYHYIO
COrJIaCOBAHHOCTh ¢ JAHHBIMH IOJICBBIX M3MepeHHM. Pe3ynbTaTnl Xe WHCclIeHHOTO
pellleHHs 3a/laud pacrlpoCTpaHeHHs BpelHbIX BEIOpocoB B aTMoctepe MeTOHOM
¢u3NYecKoTro pacilelIcHHs HMEIOT MHHHMalbHOE pAacXOKAEHHE C JaHHRIMH
usMcpenuii. Ero tourocts Beime Ha 5-10% mpu TOM, 4TO BpeMs BRIMHCIICHHH
caMoe HaUMeHbIIee.

OTMeTUM, 9TO TIPH YMEHblIeHHH [Iara HHTETPHPOBAaHWA MO BpPEMEHH
peuIeHus oTaeabHBIX 3aa4 (19)-(21) u (22)-(24) cTpeMATCS K peHICHHIO OCHOBHOIH
sagaunt (9)-(13). Xora meTon pacmieruieHHs o (PH3IMYECKHM TNpoleccaM JNaer
XOpOIIHE pe3yibTaThl, HCTOYHOCTH peMIEHHS paclICIUVICHHBIX 3aJa4 MOFyT
BOIHMKHYTb 33 CYCT H3MEHEHHA NapaMeTpoB u, v, W, W,, 4, k() kak IO

BpeMEHH, Tak U MO MPOCTPAHCTBEHHLIM NEPEMEHHEIM.

KacaTensHo NpHKJIaAHEIX acleKTOB pa3spaboTaHHEIX MOAENEil H alTOpHTMOB
Obula MpoBedeHa CEpHi  IKCIEpPUMEHTOB [0 OLEHKE PacHpOCTpaHeHWs
a’po30JIbHBIX BEIOPOCOB OJIHOrO K3 MNPOMBILUIEHHEIX MPERNPHATHHR BOMH3M
nocenka ®apxax CaMapkannckoff o6mactn. Ilpu pacderax HCHIONB30BaHE!
pcajIbHBIE BXOAHLIE MNMapaMETpPhbl OG‘BeKTa, B 4YaCTHOCTH MOIIHOCTE HCTOYHHKA —
50 mr/m® B c; BbICOTa YCTBst BhIGpocHOi Tpy6sr — 100 M; Bemuunna IIK ana
LieMeHTHoIf eIy coctasnset 0,3 MTI/M° — MakcHManbRas pa3oBast KOHLEHTpanus 1
0,1 mMr/m® — cpemHecyTouHas KoHueHTpauns. Ha puc. | moKa3aHa KOHLEHTpAITHS
NLUIH leMeHTa Ha BbicoTe 200 M nocrie 4eThIpeX 9acoB APH PaxIHYHLIX CKOPOCTIX
H HalIpaBJICHHAX BeTpa.

i]vem

h LT~ ‘-',
o0 TN T o
ST
LN ki‘.\--// /
A\ \,'.__ Ry B
\ / : o L . Dinces
S T - L. . AN wTTYY
Commmrmg M Comarma-s T Al - 11 ']

prevaresy Comenay KE e @
Ny A g

e, © Cae Y an, S

Puc. 1. KonuenTpauns MeKoaAcnepcHLIX YaCTHI eMEATHOH NBLIH (mr/v’)
Ha BbicoTe 200 M pH =4 9 H PAIHYHLIX HANPABJIEHUAX H CKOPOCTAX BeTpa

BriuncinrensHeIMH 9KcniepuMenTaMu (B3) ycraHoB/IEHO, 9TO H3MEHEHHE
KOHIICHTpALMH a’po3oneil B aTMocdepe CyLIeCTBEHHO 3aBHCHT OT koddduureHTa
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moryiomieHMss dactHu B aTtMmocdepe. TIpH 3TOM MakcHManbHoe MoOrJIOeHUE
BpEHEIX 3a9PO3ONBHEIX YacTHL B aTMocdiepe XapaKTepHO A YTpeHHEro H
BeyepHero BpeMenM cyTok. Jpyrumu Hanbojiee CYLICCTBEHHBIMH NapaMeTpaMu,
BIMAIONIMMH Ha paclpocTpaHeHHe H HaKoIUIeHHE BPCAHBIX a3PO30JIbHEIX YacTHII B
aTMocgepe, ABIAIOTCA FOPH3OHTaIbHAS ¥ BEPTHKANILHAS COCTABIAIOIHKE CKOPOCTH
W HalpaRJIeHAA BeTpa, a Takoke CKOpOCTh ocaxAeHus JacTHil. C pocToM CKOpocTH
BeTpa 3a CYeT MepeHoca adpo30NIBHEIX YACTHIl MO FOPH3OHTANH KOHUEHTpanus
BPEAHHX BEMIECTB BOKPYT HCTOYHHKA NMPONOPUHOHANLHO YMEHBIIAETCA, a o6nacTs
HX TPaHCHOPTHPOBKM €O BpeMeHeM pacmiapserci. MakcuMmanbHoe HaKorLleHHe
aj3po30ABHEIX 4HacTHL B arMocepe Habmogaercs Ha ypoBHe 200-350 M.
KoHueHTpauus 3arpA3HEHHi SKCHOHEHUHAIPHO YMEHBIIACTCA [0 MEpe yAaneHus
OT MCTOYHMKA. MaKCHMYM KOHLEHTpalUHH BpeAHBIX 4acTHU Habmomaerca B
oceBoif yacTH muieiipa at™ocdepHoro mepeHoca Ha paccTosHHH 4o 10 kM oT
Actounka. CpaBAeHHe Ppe3ymsTaToB TNpoBefeHHHX BD ¢ nanHbMu
WHBEHTApH3allHA BHIOPOCOB 3arpA3HAIONIAX BEIECTB B aTMocdepy, a Takke ¢
BBIABJICHHEIMH 3aKOHOMCPHOCTSIMH B PacCMOTpeHHBIX paboTax APYTHX aBTOpOB
N0Ka3aJI0 X AOCTaTOYHO YNOBJICTBOPHTENILHOE COTJlacke.

B derBeproii rnaBe mmuccepraumi «IIporpaMMHO-HHCTPYMEHTANLHBII
KOMIJIEKC IS NIPOBeACHHS BLIHCANTEIbHLIX IKcnepaMenToB Ha IBM ann
peineHns 33J4a4 nepenoca v auddy3HH BpeaHbIX BellecTB B aTMocdepe»
paspaGoTaH IporpaMMHBIA KoMmIulekc 1jif MposeAeHns BD na 3BM no 3amagam
MOHHTOPHHTZ M TIPOTHO3KPOBAaHHA BO3IXYMIHRIX O6accefHOB TPOMBIIIEHHbIX
PErHOHOB Ha OCHOBE Pa3paboTaHHEIX MaTEMaTHYECKHX Mojellel U 3¢ deKTHBHBIX
YHCIICHHBIX AJITOPUTMOB.

Paspaborannenii mporpaMMHHIii KOMIJIEKC BKIIOYaeT B ceba  pan
B3aHMOAONONHAIOIIMX NMporpaMMHBIX CpEACTB, pealH30BaHHbIX c
HCIIOMB30BaHHEM  COBPEMEHHHIX TEXHONOTHI  pa3paGoTKH  mporpaMMHOro
ofbecneqenus.

lporpamma  «AIR SCREEN» no3BoNfeT oCYNIecTBAATh BU3YAIbHOE
HabnlofleAHe 3a JIHMHAMHYECKHM pachlpejieNieHHeM a3po3olicii B atmocdepe B
33aBUCHMOCTH OT MNOTOJHO-KJIMMAaTHYECKWX JaHHEIX, oporpadMH MeCTHOCTH,
XapaKTEPHCTHKH MOJCTUIIAIONICH TOBEPXHOCTH 3€MIIM M JIPYTUX BO3MYILEHHIA,
IelCTBYIONIHX Ha Tfpollecc B uenoM. JlaHHas TiporpamMMa co3aHa B cpefe
Embarcadero Rad Studio Ha s3bike nporpaMmuposanus C#.

IIporpamma /1 HCceNOBaHUA, OLIEHKH H MIPOTHO3HPOBAHMA KOHLEHTPALMH
3arpAsHATeNell B aTMociepe NpPOMEINIICHHBIX PETHOHOB, IMIaBHEM 0O6pa3om,
npeAHa3HadeHa O [IpOTHO3HPOBAaHHA W ONpPEHENeHHS KOMWYECTBA TOKCHYHELIX
BEeCTB B aTMocdepHOM BO3AyXe W Ha TMOACTWIAlOMEH TOBEPXHOCTH B
NPOMBIIUICHHBIX 30HaX Hamed pecrybmuku. PaspaGoTka naHHOW mporpamMmal
BLINOJIHEHA C MOMOINEI0 O0OBEKTHO-OPHEHTHPOBaHHOrO f3klka C++ B cpene
paspabotxu Embarcadero Rad Studio.
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Puc. 2. Untepdeiic oxHa BBOZA HCXOXHLIX AAHHBIX

JlanHas nporpamma, MOMHMO BHIMNOJIHEHHS pacyeToB, TaKkKe HMeeT
GYHKUHH BH3yanH3alHK pe3yibTaToB H BO3MOXKHOCTB HX 9KCIIOpTa B CTOpOHHHE
MPHIOKEHUA JUIA aHanu3a, HanpuMep, B Microsoft Excel.

ITpu npoBemennn BD B KkadecTBe BXOAHLEIX NapaMeTPOB YKa3HIBAIOTCH
ko3pduunent audysun, KoHedHoe BpeMsl pacyeTa W BpeMeHHOH HHTepBal,
pa3Mepbl 06GNIacTH pemieHHS 3aja4H, KONMMYECTBO HCTOYHWKOB M 3HAYEHUA HX
MOUIHOCTH 3MHCCHH.

Paspa6orannbiii nporpaMMHBIH KOMIUIEKC Ha IpakTHKE MOXeET OBITH
yCneIHo HCHONb30BaH 1A MOHHTOPHMHIA M NPOrHO3HWPOBAHMS 3KOIOrMYecKoi
CHTyallud B IpPOMBILIICHHEIX 30HaX ¥ Ha TEPPUTOPHAX C HeOnarompHATHOMH
3KOJIOTHYECKOM CHTyalueii, B TeM YHCIle M NOLJEPKKH NPHHATHA pelleHuHii no
ONTHMH3ALUUH pa3MellleHHs BHOBb MPOEKTHPYEMBIX MPOMBIIIIEHHBIX 0OLEKTOB.

Co3spnannoe nporpamMmHoe obecredeHHe, B OCHOBHOM, OPHEHTHpoBaHO Ha
HCToNb30BaHMe CrienHamicTaMi [ocyaapcTBeHHoro koMuTeTa PY3 no 3KoNoruH u
OXpaHe OKpyXalollleil cpefibl Ha MecTaxX, KOoJNoraMH, a Takoke CTMECUHATHCTAMH B
obnacTi METPOJIOTHH M CTaHAApTH3aLHH.
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3AKJIIOYEHHE

Ha ocHoBe npoBefeHHBIX HCCIIeIOBaHuUIl N0 AHCcepTauMoHHON paborc Ha
TeMy «MopenH, BLIIHCJIMTEIbHEIE aITOPHTMEL M MIPOrpaMMHEIC KOMIJICKCH JUIA
MOHHTODHHTZ K MPOrHO3HPOBAaHHA MNPOLIECCOB NepeHoca M AHBY3HH BPeaHBIX
BEILIECTB B aTMocdepe» MOMy4EHbI CICAYIOMHE CCHOBHbIE Pe3yBTATRI:

1. TlpoBemen mompobHEIR 0630p JMTEPATYPHLIX HCTOYHHKOB, CBA3AHHBLIX C
paspaGoTkoii u  mccleJOBAHHEM  MaTeMaTHYeCKMX MofeNeil  mpolecca
PacnpocTpaHeHHs BpeAHBIX BEIIECTB H MENKOMHCIIEPCHEIX JacTHI B aTMocdepe.

2. IpobeneHa wraccHpHKalMA M JaH aHATH3 OCHOBHBIX HCTOYHHKOB
BHIOpPOCOB BpeaHBIX 3arpA3HCHHi B aTMoc(epy M HX XapakTepHCTHK, KOTOpElE
HeoOXomMME s MHGOPMAlMOHHOrO  obecneyeHHs  MAaTEMaTHYCCKOro
MOJACIHPOBaHHA npolecca.

3. JIng wucchenopaHua, NPOTHO3HPOBAHHA U MOHHTOPHATAa COCTOSHUSA
aTMocdepsl NpOMBIIIIEHHEIX PETHOHOB pa3paboTaHbl 1BYX- H  TpexMepHas
HelMHHelHBe MaTremMaTUYecKMe MOJCIH Mpoliecca pacnpoCTpaHCHUS BPCEOHBIX
BEMICCTB B MOTpaHU4HOM cioe aTMoCeph! C Y9eToM NepeMEHHOCTH CKOPOCTH
OCaXJ€eHHs YaCTHII, CyTOYHOro H TOIOBOrO XapaKTepa H3IMEHEHHA HHTCHCHBHOCTH
TIorJIOIEeH s BpeJHEIX BEWECTB.

4. Jlns cayuasd NMOCTOSHHLIX CKOPOCTEH NepeHoca pa3paboTaH auropuT™
pemeHns 3afaqu o pacnpefiefieHHH BPEAHRIX BEMICCTB B aTMocdepe, OCHOBaHHBI
Ha Npeo6GpazoBaHUH NepeMeHHbBIX ¢ HCKMOYEHHEM KOHBEKTHBHBIX COCTaBIIIONIHX
YpaBHEHHA, a IJIA cilydas MepeMEHHBIX CKOPOCTeH — Ha pacIneruicHHH ypaBHEHHS
no dl"'}H‘ICCKHM rpoueccam, KOTOpO€ 3HATHTCABHO COKpalllacT BpeMs pacuera.

5. PaspaGoTaHB! GHCIICHHBIE METOJB PEIICHHA ABYX- H TPEXMEpHBIX 3ajad
neperoca u Typ6yneATHo# auddysuu asposoneii B aTmocdepe, obecneanparonme
KOHCEPBAaTHBHOCTh M BTOpOil MOPAZOK TOYHOCTH aNNPOKCUMALMH 110 BPEMEHH U
MpPOCTPaHCTBEHHBIM KOOPAWHATaM.

6. OOGHapyxeH psal ocoGeHHOCTEH pacnpocTpaHEHUs BPEHLIX BELICCTB B
aTMocdepe B 3aBHCHMOCTH OT TMOTOAHO-KIMMaTHYeckuX ycioBuii. B wacTHocTH,
MaKCHMaNbHagd KOHLIEHTpauHus BpEOHLIX BelllecTB HabmopaeTcs Ha YpoBHe
200-350 M, a npoTsaxkeHHoCTD iefida nocTuraet o 10 kM. [Ins NpOMBILINEHHBIX
pernosoB Pecnybnuku Y36ekucTaH CYTOUHOE TMoOrfolicHHe BPEOHBIX BELICCTB
cocTaBnseT B cpeaHeM 10-18%, a npH BEICOKO#H BiaxHOCTH Bo3ayxa — 70-80%.

7. PaspaGotaHHElC NPOrpaMMHEIE TNpPOMYKThl, KOTOpHE JONYyCKaloT
coBMeilieHHe ieMeHToB IMIC-TeXHONIOrHi, HCIONL30BaHb! NPH OLleHKe BIHAHHS
MPOMRILIIEHHBIX BBIOPOCOB HekoTOphIX 06bexToB CamapkaHickoit obnactd Ha
3KOJIOTHYECKOe COCTOSHHE perHona. MxX Hcnoms3oBanue crioccoGeTByeT MPHHATHIO
060CHOBaHHBIX YNPaBICHYECKHX PEMIEHHH 10 PHPOJOOXPAHHEIM MEPOIPUATHAM.

38



SCIENTIFIC COUNCIL AWARDING SCIENTIFIC DEGREES
DSc.13/30.12.2019.T.07.01 AT TASHKENT UNIVERSITY
OF INFORMATION TECHNOLOGIES

SCIENTIFIC AND INNOVATION CENTER OF INFORMATION AND
COMMUNICATION TECHNOLOGIES AT TASHKENT UNIVERSITY OF
INFORMATION TECHNOLOGIES

MURADOYV FARRUKH ABDUKAXAROVICH

MODELS, ALGORITHMS AND PROGRAM COMPLEXES FOR THE
FORECASTING THE PROCESSES OF POLLUTANTS TRANSPORT AND
DIFFUSION IN THE ATMOSPHERE

05.01.07 — Mathematical modeling. Numerical methods and software complexes

DISSERTATION ABSTRACT OF THE DOCTOR OF PHILOSOPHY (PhD)
ON TECHNICAL SCIENCES

Tashkent — 2020



The theme of doctor of philosophy (PhD) on technical sciences was registered at the Supreme
Attestation C ommission at the Cabinet of Ministers of the Republic of Uzbekistan under number
B2017.3.PhD/T453.

The dissertation has been prepared at Scientific and Innovation Center of Information and
Cormunication !echnologies at the Tashkent University of Information Technologies.

The abstract of the dissertation is posted in Three lunguages (Uzbeh. Russian. English (resumen on
the wenaite wwawtmtuzs and an the website of «ZiyoNet»  Informanon and  educational portal
www zivonetaal

Scintific adviser: Ravshanov Normahmad
Ductor of Technical Sciences, Professor

Officialopponents : Polatoy Askhad Muhamedjanovich
Dector of Phy sical and Mathematical Sciences, Protessor

Isomiddinoy Anvarjon lnomjonovich
Doctor of Philosophy on Fechnical Sciences

leading organization: Institute of mechanics and seismic stability of structures

The defense wall ke place ©_ - 7 2020 at

____ the meeting of
Scienttic counatl Noo DNe 1330122019 T3 UI at T.bhk‘.nl University of lnﬂ-nnauon h».hnolm_us
(Address 1002020 Tashnent cits. Amir bemur street. 1080 Tel (=99871) 238.64-43, fax: (=99871)
238.65-32, e-mad tait g it uz)

The dissertation cas be reviewed at the Information Resourse Centre of the Tashkent Universiy of
Information  Technologies tis registered under No_’ = o). (Address: 100202, Tashkent city

. Anmur
Femur sireet. 108 Tl | (=60871) 238-64-43. fax: (~99871) 238-65-52).

APstract of disserzation sent ot on = S 2020y

tmafing report Noo 7 on L L __ 20200

“,U% ! R. Kh. Khamdamoy
haiPian of the scientific council

awarding scientitic degrees,
Doctnr of Technical Sciences. Professor

F.M. Nuraliev

Scientific secretary of scientitic council
awarding scientific degrees,

Doctor of Technical Sciences, Docent

M.B.Hidirova

Chairman of the academic seminar under
the scientific conncil awarding scientific
degrees. Doctor of Techuical Sciences,
senior research




INTRODUCTION (abstract of the PhD thesis)

The aim of the research work is to develop and improve mathematical
models, effective numerical algorithms and a software package to study and
predict the ecological state of industrial regions and making managerial decisions.

The object of the research work is the process of harmful aerosol particles
spread in the atmosphere emitted by industrial facilities and other sources of
pollution.

The scientific novelty of the research work is as follows:

a mathematical model of the process of transfer and diffusion of aerosol
emissions in the atmosphere was developed taking into account the changes in
deposition rate of fine particles and weather-climate factors;

a mathematical model of the process of transfer and diffusion of harmful
aerosol particles in the atmosphere in a three-dimensional statement was improved,
taking into account weather-climate factors;

an effective numerical algorithm was developed to solve the problem of
transfer and diffusion of aerosol particles in the atmosphere; it has a high order of
accuracy in time and spatial variables;

a numerical algorithm was developed to solve the problem of transfer and
diffusion of aerosol particles in the atmosphere, based on the method of problem
splitting into physical factors.

Implementation of the research results. Based on mathematical models,
computational algorithms arid a software package for monitoring and predicting
the ecological state of the atmosphere in industrial regions the following results
were implemented:

Mathematical and software package for analyzing, monitoring and
predicting the process of transfer and diffusion of harmful aerosol emissions,
accounting for the deposition rate of fine particles, was iimplemented at Zhomboy
Yashil Chiroklari LLC (Certificate of the Ministry of Information Technology and
Communications Development No. 33-8 / 9025 of December 23, 2019, Certificate
of the State Committee of the Republic of Uzbekistan on Ecology and
Environmental Protection No. 02-02 / 8-1583 of November 22, 2019). The results
of the study made it possible to increase by 10-12% the accuracy of predicting the
concentration of cement dust;

mathematical and software package for analyzing, monitoring and predicting
the process of transfer and diffusion of harmful aerosols with account for the
variability of the deposition rate of fine particles was implemented at Zhomboy
Don Makhsulotlari LLC (Certificate of the Ministry of Information Technology
and Communications Development No. 33-8 / 9025 of December 23, 2019,
Certificate of the State Committee of the Republic of Uzbekistan on Ecology and
Environmental Protection No. 02-02 / 8-1583 dated November 22, 2019). The
results of the study made it possible to increase by 11-13% the accuracy of
predicting the concentration of particles of grain;
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a mathematical model and software package for monitoring, forecasting and
decision-making on the process of harmful substances spread in the atmosphere,
accounting for the wind velocity and direction, as well as the optimal location of
new industrial enterprises, were implemented in the Department of Ecology and
Environmental Protection of the Samarkand Region (Certificate of the Ministry of
Information Development Technologies and Communications No. 33-8 / 9025 of
December 23, 2019). Efficiency from implementation was achicved by increasing
by 13-14% the accuracy of forecasting and the timely warnings about increased
level of concentration of harmful substances in the environment of the Samarkand
region.

& Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, references and appendices. The volume of
the dissertation is 115 pages.

42



9BJIOH KIWINHIAH HIIJIAP PYIAIXATH
CIUCOK OITYBJIAKOBAHHEIX PABOT
LIST OF PUBLISHED WORKS

I 6yamam (1 gacrn; I part)

I. Ravshanov N., Muradov F., Akhmedov D. Mathematical software to
study the harmful substances diffusion in the atmosphere / Ponte. — 2018. — vol.
74, Ne 8/1. — pp. 171-179. (Nel; Web of Science; IF=0.814).

2. Sharipov D., Muradov F., Akhmedov D. Numerical Meodeling Method for
Short-Term Air Quality Forecast in Industrial Regions // Applied Mathematics E-
Notes. —2019. — Ne 19. — pp. 575-584. (Ne3; Scopus; IF=0.28).

3. Ravshanov N., Muradov F., Akhmedov D. Operator splitting method for
numerical solving the atmospheric pollutant dispersion problem // Journal of
Physics: Conference Series. London, 2020. Vol. 1441, 012164. (Ne3; Scopus;
IF=0.54).

4. Muradov F., Akhmedov D. Numerical Modeling of Atmospheric
Pollutants Dispersion Taking Into Account Particles Settling Velocity / IEEE
International Conference on Information Science and Communications
Technologies (ICISCT). 4-6 Nov. 2019. — Tashkent, 2019. — pp. 1-5. ((\e3;
Scopus; IF=0.46).

5. Mypagos ®.A. UncneHHoe MonemMpOBaHWE pacCEMBaHWS BPEIHBIX
nipuMeceil B MPH3EMHOM CJIo€ aTMOCGEDE ¢ Y9eTOM CKOPOCTH OCaRAEHUS JacTHIL
// ndopmauHOHHEIC TEXHONOTHH MONeNHpoBaHWs M ynpasieHma. — 2019. —
Ne 3(117). — C. 206-216. (05.00.00; Ne 43),

6. MypanoB ®.A., PasmanoB 3.H. Matemarnueckoe oecnedenne H Beb-
NIPHJTOXKEHHE U1 MOHHTOPHHIA M MIPOrHO3UPOBAHHA KOJIOIMMYECKOro COCTOSAHHA
atMoc(epbl  ITPOMBIUICHHLIX  perioHos // VndopManMORHEIE TEXHONOTHH
;oz;;:)mponw u ynpasienus. — 2017. — Ne 6(108). — C. 451-459. (05.00.00;

7. Pasmanos H., Mypanios ®.A. Moziens n wncnensiit anropuT™ mpolecca
nepeoca M TUGDYIHH aKTHBHEX MenKoancepcHeX dacTiy B arMocdepe //
MHdopMalHOHHbIC TEXHONOTHH MONenWpoBanus W ynpasnenus. — BopoHex:
Hayunas kura, 2017. — Ne 2(104). — C. 132-142. (05.00.00; Ne 43).

8. H.Iapunc:B A.K., Mypanos ®., Pasmanos 3.H. Mar’ema'mqeckax Monens H
BLIYHCIMTENBHEH  JKCHEPUMEHT  [UIi  MOHHTOPMHra M  IPOrHO3HPOBAaHHS
3KOJIOTHYECKOro COCTOAHHA TOTpau9HOFrO ciioa atMocepw // Tpo6membi
BEIHCTHTENBHOR H TPHKIANHOA MaTeMatuku. - Tamment, 2017. - Ne 6(12). -
C. 15-28. (05.00.00; Ne 23).

9. Papmasor H. Mypanos ®., Hapaymaesa H., Mopsumn M.
KomnpioTepHoe ~ MOACIHPOBAHME  Mpouecca  pacnpocTpaHeHHMs — BpEAHBIX
a’po3oibHEIX YacTHUl B TOTPAaHWYHOM cnoe artmocepw // ITpoGaemur
BLIYHCAUTeNbHOIl W NPUKIAAHOH MaTeMaTuk. — Tamxkent, 2017. - Ne 2. -
C. 20-29. (05.00.00; Ne 23).

43



10. Papmanos H., Tamrremuposa H., Mypamos ®@. WHccnenosauue
CYLIECTBOBaHHA M EAMHCTBEHHOCTH peIUCHMA 3aiadu IlepeHoca 11 OHGQy3in
a3po30/bHbIX YacTHIL B atMocdepe // TIpoGneMbl BEIYHCIHTENBHON H NPHKIANHOI
MaTeMaTHKH. — TamkeHT, 2017. — Ne 1(7). — C. 54-67. (05.00.00; Ne 23).

I 6§nam (I yacrs; I part)

11. Pasmanos H., Mypagos ®.A., Habuymuna JLM. YucneHnoe
MoJIeIHpoBaHHe Mpollecca nepeHoca H AHGQy3HH akTHBHBIX a3pO30JIbHBIX YacTHIL
B morpaHu4HoM crnoe atMocdepst // TIpobiems! BLIMHCAHTENBHON H NpUKAagHOii
MaTeMaTHkH. — TamkeHT, 2016. - Ne 2. - C, 47-58.

12. Ravshanov N., Sharipov D., Muradov F. Computational experiment for
forecasting and monitoring the environmental condition of industrial regions //
Theoretical & Applied Science : International Scientific Journal. — 2016. — vol. 35.
— Issue 3. — pp. 132-139. — DOI: http://dx.doi.org/10.15863/TAS.2016.03.35.22.

13. Mypanos ®.A., Pasmanos 3.H. Matematnyeckas Momens
BRIYHCHMTENBHBIA  O3KCHCPHMEHT JUI1  NPOTHO3HPOBAaHHA  JKOJNIOMHYECKOI'O
cocTtosuus atMmoctheprl perroHoB // Hudopmartika: npobremsl, MeTojollorus,
TexHomoruu: Martepuannl 18-# Mexaynapognoii koHdepeHuun. 8-9 diespana
2018. - Boponex, 2018. - T. 5. - C. 191-195.

14. Mypanos ®.A., PaBmanos 3.H. 3axapnmun MomnanapHur atMocdepana
TapKUTHIOWHA GaliopaTialm BA MOHMTOPHHI KWIMII YIYH MaTeMaTHK TabMHHOTH
// Proceedings of the International Scientific-Practical and Spiritual-Educational
Conference. April 5-6, 2018. — Tashkent: TUIT, 2018. — pp. 117-120.

15. Mypanoe ®.A., Hap3nukynos 3.X. 3axapnu MomaaiapHHHT atMocdepaia
TapKaJIMILHA GamopaTiall Ba MOHHTOPMHT KHJIMIL Y4YH MaTeMaTHK Ba AaCTYpHii
TabMuHoTH // QaproHa BomHiiCH XyAyZnapujard MaXaLiHil XoM-awénaphaH
doipananun  acocHpa HMNOpT YpHHUHM OocyBYH  MaxXcyloTiap  Huiab
9YAKAPHIDHHHT Jom3apbd Macanmanaph: Xaukapo koH(pEpeHIMA MaTepHallapu. —
Hamanran, 2018. - B. 168-171.

16. Pasmanos H., Mypanos ®., Hapsymnaesa H. Mogens u nporpaMmHbie
CpellcTBa JUISl MPOTHO3MPOBAHAS 3KONOTHYECKOr0 COCTOSHHA MpOMBILIIEHHBIX
pernoHon // IKTHCOAMETHUHT peall TAPMOKJIAPMHK UHHOBALMOH PHBOXJIAHMUIAIA
ax60pOT-KOMMYHHKALAA TEXHONOTHANIADHHUHI aXaMHATH: Pecny6mmka mimuii-
TEXHHK aHXXyMaHH MaTepHauapy. — Tomkenr, 2017, — C. 250-252.

17. Paswatos, H., Mypanos ®., Hapayinaesa H. Moznens u nporpamMmso-
WHCTPYMEHTANLHEI  KOMIUTERC A MOHHTOPMHIAa M TPOTHO3MPOBaHWS
3KOJNIOFHYECKOr0 COCTOSIHMS TNPOMBILLIEHHLIX perHoHoB // BceMupHbiii JeHb
OXpaHEl OKpyxkatome# cpenwn (Dkonornyeckue utenus — 2017): Matepuansi
MexayHaponroii HayaHo-npakTHYecKoil koHbepeHUMN. 3-5 Hions 2017. — OMck:
Jlutepa, 2017. — C. 233-236.

18. Paswanos H., Mypanos ®., Axmemo JI.JI. Matematuyeckoe It
nporpaMMHoe obeclieYeHHE NI NPOTHOIMPOBAHMS SKONOTMYECKOTO COCTOAHMA
atMocdiepbl  POMBIIIEHHBIX  pervoHoB // Wndopmatnka: mpoGnemst,

44



MeToposiorus, TexHonmoruu: Marepuaint XIX Mexnynaponnoit Hay4no-
Mmeroguyeckoif KoHgepenuun. 14-15 d¢espans 2019. - Boponex, 2019:
Boponexckuit rocymapcrBeHHuIli  yHuBepcuter, Haydno-HccnemoBaTenbckue
ny6nukaunn (OO0 «BanGopu»), 2019. — C. 148-153.

19. Mypanos  ®.A., Axmenos JI.JI. MonenupoBauue mpouecca
pacipocTpaHeHus aspo3olneil B APH3IEMHOM CJIoe aTMOC(EpR! C YYeTOM CKOPOCTH
ocaxliecHus dacTWu // Dkomornueckue dwreAus — 2019: Marepuama X
HaumonanbHoii  HayuyHO-npakTH9eckoli KOHQEPEHIHH €  MeXXYHAPOTHEIM
yuacTHeM. — OMck, 2019. — C. 271-276.

20. Mypagos  ®.A., Mmup6abaes II.P. ArtMochepana 3apapmu
MOJIaNapHHHHT TAPKATHIUKHY Gallopariam Ba Ky3aTHII YMYH INacTYpHil BocHTa
Apatiii // VIHHOBauMOH FosANap, HUUIaHMajgap aMamuéIra: MyamMMmollap Ba
eunmiap: Xankapo wimuii-aMamuii onnafH alKyMaH MaTepHaluiapu. 27-28 wmait
2020. - AuauxoH, 2020. — b. 65-68.

21. Mypanos ®.A., Mup6abaes IlI.P. AtMocdepaHHRr dYerapasmii
KaT/JaMMHUHT SKOJIOTHK XONaTHHH Gamopatiam Ba MOHHTOPHHT KWIMID YdyH
nacTypuii Bocuta spaTHmt // HHHOBALMOH Foslap, MIINaHManap aMalHETTa:
MyaMMoJiap Ba eyMMiap: Xankapo WIMHA-aManuii OHNaliH  aHXyMaH
maTepuainapi. 27-28 mait 2020. - Anmnkon, 2020. —B. 62-65.

22. Mypanos ®.A., Tamremuposa H.H., Hapsynnaesa H.Y. Atmocdepana
3apapiH  MOMAANAPHUHT TapKAMAm JKapaéHHHM 3appavyaNapHHAT  JYKAID
TE3MUTHHU XHcobTa onNraH Xoiyia COHNU Mofme/tamTHpum // Wimv-dan, Tabaum
Ba HINa6 YHKApPUIIHMHT ~ WHHOBAIMOH PHBOKNAHTHPWINJArH 3aMoHABHil
Myammonap: Xajlkapo HWIMHi-aManuit xoHdepeHOHA MaTepramnapi. 13-15 mait
2020. — Armuxon, 2020. - B. 263-269.

23. Mypanos ®.A., Tamremupoa H.H., Hap3ynnaesa H.Y. AtMocdepana
3apap/ii MOJJIAPHUHT TapKAJIMIMHH (H3HK XyCYCHATIapra MocC KHCMIapra
axpatim ycyni Ounan cownu ewnw // WUnm-dan, TasnuM  Ba  wmuiab
YHKApPHIIHWHT  WHHOBALMOH PUBOXIIAaHTHPHILAAr¥ 3aMOHaBHH MyaMMolap:
Xamkapo wunmuii-amanuii  koHGepeHuMs Marepuannapu. 13-15 maii 2020. —
Anauxon, 2020. - B. 269-275.

24. Mypanoe ®.A. ATtMmocepana 3appaHHHI YYKHII TEITHTHHH Xucobra
ONTaH XOnAa 3apapiiM MOANaNapHHHT TapKaTHLIMHM COHNH Mole/ulalTHpHm //
CoBpemchHEIe NPOGNEME M HX PCLICHHA HHQOPMAIHOHHO-KOMMYHHKAIIMOHHEIX
TeXHoorHii U TenekommyHukatmii. U. 3: Tes. moxn. Pecny6n. Hayd.-TexH. KoH®.
30-31 maii 2019. — ®eprana, 2019. - C. 118-121.

25. Mypanos ®.A. ATMocepaHUHT ep yCTH KaT/laMHTa 3appavaHHHT TYKAII
TEITHTHHH XHcoOra onraH Xoifa 3aXapi MOMIATAPHHHT TapKATHIIMAH COHIIH
mozennamTHpuimt / CoBpeMEHHOE COCTOSHHE W TepCTeKTHBH MpPHMCHEHHSA
HHOPMAlMOKHEIX TEXHONOTHI B ynpasnenwn: Marepuann PecnyGimkanckoii
Hay4YHO-TeXHHYeCKOH KoHdepeHUUH. 5 ceHtabps 2019. — Camapkang, 2019, —
C. 172-178.

26. Mypamos ®.A., PaBanoB 3.H. MogemupoBanue npouecca fepeHcca
i 1uddy3nH MeIKOIHCNIEPCHRIX aspo3onieil B arMocdepe ¢ Y4ETOM CKOPOCTH

45



ocaxkaenns wactun // MHHOBALIMOHHBIE HICH, pa3paboTku M coBpeMeHHble
NpoGNeME! MX MpHMEHCHHA B MPOHIBOICTBE, @ Taloke B obydqenun. Y. 2:
Matephanu MexaynapofHoii HayuHO-TIPAKTHACCKON xoH(epeHunn. 15 anpens

2019. — Armmxan: AI'Y, 2019.-C. 132-134.
27. Papmanos H., Mypanos ®@., AxmecnoB I. Yuciennoe MofeaHpoBaue

npoiecca neperoca u AMPPy3HH BpelHBIX BEMECTB B aTMocdepe B cepuyeckoii
cHcTeMe koopAawHat // [Tpo6neMb! ONTHMH3AIMNY CIOKHEIX CHCTEM: Marepuanst
XIV MexnynapomHoii a3MaTCKoil WKOIBI-ceMHHapa. 20-31 mons 2018. B 2-x 4. -
Asvaret, 2018. - 4. 2. - C. 142-151.

28. Ravshanov N., Muradov F., Akhmedov D. Air pollution modeling in
spherical  coordinates // ~ AKTYaJIBHEIC npobsieMel  MaTeMaTHYECKOTO
MOJICTHPOBaHHs, ~ anropHTMH3aUmi  H nporpaMMiipoBaiis:  MarepHais
Pecny6muxasckoi Hayqﬂo-npam'lcckoﬁ koHepeHuuu. 17-18 ceursabpsa 2018. —
TamkenT: dan Ba TawIAM nomHrpad, 2018. - C. 210-216.

29. Ravshanov N., Muradov F.A. Models and numerical algorithms of active
transport and diffusion of fine particles in the atmosphere // Theoretical & Applied
Science. — 2017. — Ne 4(48). — PP 189-197.

30. Mypanos ®.A. IOTuinm k02 GHUIMEHTIH apanaliManap MHLAOPHHUHT
Kapawumry. / (aH, TawIMM Ba vnuiab YHKapuIl HHTerpauuscuaa axGopor-
KOMMYHHKAIASA TEXHONOTHsUIapHHH KYJUIRIIHHHT XO3HPrH 3aMOH Macalaiapu:
Pecrry6imka WIMMiA-TEXHHK amXyMaH MaTcpHaliaph. - Hyxye, 2015. -
b. 392-394.

31. Papmanos H., Taxupos JK.O., Mypaios ®.A. Tlporpamma nana
MOHHTOPHHIa H TIPOFHO3MpOBAHAS COCTOAHMA aTMocepbl MPOMBIUIEHHBIX
perHoHoB // AreHtcTBO IO HHTEJUIEKTYanbHOH  coOcTBeHHOCTH  PV3,
Caugeremcrso Ne DGU 04913. 25.12.2017.

32. PaBmanos H., Mypanos @.A., Wagues T.P. IporpamMa wis 9BM «AIR
SCREEN» // AreHTCTBO TI0 HHTEIUIEKTYalnbHOH cobcTBeHHOCTH PVa
Caugeremscteo Ne DGU 06395. 15.05.2019.

33. Taxupos X.O., Mypanos ®.A., Habuesa C.C. Tlporpamma pis 3BM
«AerosolWeb» // AreuTcTBO MO HHTEJUIEKTyaimbHOW cobGcTBeHHOCTH PV3i,
CeuzerensctBo Ne DGU 06092. 18.02.2019.

46



Astopedepar "Hndopmatvka Ba 3IHepreTHka™ MyaMMOJIapH" MIMHIA
XYpHaTH TaXpHPHATHAA TaxXpHpAaH YTKaswngH Ba y30ek, pyc TWINapHAard
MaTHNapHHA MOCITHIH TEKIMHPHIIAH.
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