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deepabHOrO rOCY1apPCTBEHHOIO OFODKETHOTO YIPEHK ACHHUS
«BBICOKOTOPHBIN Te0()U3MUECKUH HHCTUTY T

Jluccepranusi «3aKOHOMEPHOCTH (HOPMHPOBAHMS MAKpO- U MHKPOCTPYKTYPHBIX XapaKTepH-
CTHK IPO30TPaZOBBIX 00JAKOB ¢ yYETOM B3aHMOZEHCTBHS TEPMOTHIPOJUHAMUYECKHX, MUKPODH-
3MYECKUX U JIEKTPUUECKHX TPOIECCOBY BhINONHEHa B DeepatbHOM TOCy1apCTBEHHOM OFO/DKETHOM
yupeskeHud «BhICOKOropHBIH reo@u3HyecKuii MHCTHTY T, I'. Hambuuk.

B mepro IOArOTOBKY JMcCcepTaluu couckarens [llanosanos Bumanuii Anexcanoposuy pado-
tai B ®I'BY «BBICOKOTOpHBIM re0(pH3nIecKiit HHCTUTYT» B IOJDKHOCTH HayYHOT'O COTPY/IHMKA Jia-
GOpPATOPUM MATEMATHYECKOrO MOACIMpoBanus ornena ¢pusuku obnakos OI'BY «BricokoropHbiii
reopusuueckuit wHCTHTYT» (360030, KBP, . Hanpuuk, mp. Jlenwuna, 2).

B 2008 r. oxoHums [I9THrOpCcKuii TOCy1apCTBEHHbBIH TEXHOJIOTHYECKU YHUBEPCUTET 110 ClIe-
muanbHocTH «OXpaHa OKpYyJKaroIiel cpelbl ¥ palMOHaTbHOE UCIOIb30BAHUE NPUPOJHBIX PeECyp-
coBy (357502, Crasponosbckuii kpaid, r. [Isturopek, mp. 40 get OxTa6ps, 56).

B 2011r. 3ampTuil AWCCEpPTALMIO HA COMCKAHME YYEHOW CTeNeHM KaHaupara (u3uKo-
MaTeMaTHuecKuX Hayk 1o creruanbHocTd 25.00.30 — MeTeoposIoT s, KIUMaTOJIOr s, arpOMETe0-
ponorus (oM kanauaara Hayk JIKH Ne 153812, einan 07.02.2012).

HayuHblii KOHCYJIBTaHT — Auabokos bopuc Aspemanuesut, TOKTOP ($U3UKO-MaTEMaTHYECKHUX
HayK, mpodeccop, 3aBeayrommii oraenom ¢pusuku obnakos GI'BY «BeicokoropHsri reouznye-
CKHH MHCTUTYTY.

[lo wToraM paccMOTpEeHHs M OOCYIXIEHHs IHCCepTaluy «3aKOHOMEPHOCTH (hOPMHUPOBAHHS
MAKpO- H MHKPOCTPYKTYPHBIX XapaKTepPHCTHK IPO30TPajIOBBIX 00JIAKOB € y4ETOM B3aHMOICHCTBHUS
TEPMOTHAPOJIMHAMUICCKIX, MUKPODHU3HIECKHX U DIEKTPHYCCKUX MPOLECCOBY HA O61mereopusu-
yeckoM cemunape @I'BY «BI'M» npunsaTo cieayroniee 3aKk/aioueHne:

Juccepranuonnas pabota [llanosanosa Bumanus Anexcanopoéuia TOCBSIICHA pazpaboTke
TpeXMepPHOM YHMCIICHHON MOJIENH KOHBEKTHBHOIO 00saKa ¢ JIeTalbHbIM YIETOM TEPMOJUHAMHYC-
CKHX, MUKPODHU3UUECKUX U NIEKTPUUECKUX IMPOLECCOB U HCCIIEI0BAHUIO HA €€ OCHOBC hbopmupo-
BaHHUS MaKpO- U MHKPOCTPYKTYPHBIX XapaKTEPUCTHK, HIICKTPHICCKUX [TapaMeTPOB, SMEPJDKCHTHBIX
CBOHCTB 06JIaKOB, 06Pa30BaHMUs OCAIKOB [IPU €CTECTBEHHOM Pa3BUTUM M aKTHBHOM BO3JICHCTBHH.

AKTYaJIbHOCTBH HCCIeJOBAHHUS

CocrostHe (pU3NKA KOHBEKTHBHBIX 0071aKOB B HACTOSIIEE BPEMs XapaKTEPU3yeTcs Cle1yio-
IAM: TOXydeH OOJIBIION 00BEM JKCIEPUMEHTAIBHBIX JAHHBIX 10 HCCIIEM0BAHHIO o6iakoB U 00-
JIAYHBIX TIPOIIECCOB, Pa3paboTaH MaTeMaTHYeCKHil anmnapar, Mo3BOJISIONINH ONHUCHIBATE PA3IUIHbIC
TEpPMOIMHAMUYECKUE ¥ MHKPO(QU3MUECKHE TIPOIECCH, pa3padoTaHbl MaTeMaTHYECKHEe MOCIIH 00-
JIAKOB PA3IMIHOM CIIOKHOCTH, Pa3paboTaHbl BBICOKOTEXHONOTHYHbIC MHCTPYMEHTAIBHEIC CPE/ICTBA
JIMCTAHIMOHHOTO 30HMPOBaHMs OOJIAKOB, CO3J@Hbl METEOPOJIOTHYECKHE pPaJHOJIOKANMOHHBIC 1
rpO30TIEIEHTAlAOHHbIC CETH BO MHOTHX cTpaHax. CyIiecTBeHHBIH BKJI/L B pasBUTHE busuku oba-
KOB M aKTUBHBIX BO3JeiicTBUM Ha HUX B Poccuiickoit denepalui BHECTH KOJUIEKTUBEI HHCTHTYTOB
Pocruapomera: «['TO um. A.U. Boeiikopay», «[IAO», «BI'M», «HITO «Taitdpyny», « A, «HAL
«Ilnaneray, apyrux opranusaunii PAH n MunucTepcTBa 00pa3oBaHus ¥ HAyKH.

OTMeTHM, 9TO HApPSIYy C yCIeXaMH, ZIOCTUTHYTHIMH B (pu3uKe 00JIaKOB 3a MOCTIEHAE ACCSTH-
JIeTHsl, MHOTHE BOIIPOCHI €Il OCTAIOTCS MATOU3yIEHHBIME. DTO OTHOCUTCA K IIpOIeccam B obakax
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C yJacTHeM JICJTHBIX YaCTHII, JJIEKTPUYECTBY 001aKOB, B3aMMOJIEUCTBUIO (PU3HICCKUX MPOLECCOB
B o0JIaKkax u Jp.

B du3mke 0671aKOB [0 OOBEKTUBHBIM TIPHIMHAM MCHEE BCCTO H3YHCHEI SNIEKTPUYECKUE IPO-
[lecChl, XOTSI 3TOMY HAIIPABJICHUIO YJENAeTcs 0O0JIbIoe BHAMAHHE. JlaGopaTopHble MCCIIEN0BAHMS
[10Ka3bIBAIOT, UTO GOJBIIMHCTBO MHKPO(HU3MYECKUX MPOLECCOB MPOUCXOAT HO-APYroMy IHpH Ha-
JIIYMH 3MEKTPHYECKHX ToJIei. DIeKTPUYECKUe MOJI U 3aps/ibl Ha 9acTHIaX BIMAIOT Ha KOHJIEHCa-
[IMI0 BOJSHOTO Tapa, Koo HUIEEHTH! 3axBara 00NauHbIX JACTHLI, BEPOATHOCTH paspylieHus Ka-
T1eJTb, BEPOSTHOCTh UX 3aMep3aHus U T.1. B o0aKax 5JeKTpHIeCKHE CHIIBI BIHAIOT Ha GopMupoBa-
HUe MUKPOCTPYKTYPHBIX XapaKTepUCTHK, 00pa3oBaHue 0CaKoB, B3aUMOJIeiiCTBIE pearenTa ¢ 00-
JIA9YHOM CPeJIoii IPU AKTHBHBIX BO3JCHCTBUAX.

HecMOTps Ha BHITOJHEHHBIH B Pa3sHBIX CTpaHaX IMPOKHiT KPYT UCCIeI0BaHUH 110 mpodiieme
MCKYCCTBEHHOTO YBEJMUEHHs 0CAKOB, 9 (heKT 3acesa 06J1aKOB peareHTaMH 0 CHX IOp OCTaeTCs
HEJIOCTATOYHO IOATBEPXKIECHHBIM U TPYIHO IMOAMACTCA KOJIHUECTBEHHOM OlleHKe. TaKkoe MoJioxkKe-
HUe JieN1 OOBACHSIETCS TeM, YTO CTEIIeHb U3YyYEeHHOCTH arMoc(epHBIX IPOIECCOB HE OTBEYACT EIIIE B
MOJTHOM Mepe TpeOOBaHUsIM IPAKTUKH.

MaTeMaTHIecKoe MO/IEMNPOBAHIE UrpaeT B Gu3uKe 00IAKOB BAKHEHIIYIO POIIb. YucneHHble
MOJIENH YCIIENTHO Pa3BUBAIOTCS B HAIIEH CTpaHe (E.JI. Koran, WL.II. MasuH, b.A. Ama6oxos, b.H.
Ceprees, P.C. ITacrymxos, F0.A. JloBrajok, H.E. Bepewmeit u ap.) u 3a pyoexom (R.D. Farley,
H.D. Orville, W.R. Cotton, A.P. Khain, A.L Flossmann, J.A. Curry, E.R. Mansell, T. Reisin, H.
Morrison, J. Fan, T. Iguchi, R. Onishi u Zp.), B TOM YHCIIE, MOJIE/IM C YYETOM 3JIEKTPHYCCKHX TPO-
neccoB. B Hacrosimee BpeMsi pa3paboTaHbl TPEXMEPHbIE MOACTH KOHBEKTHBHBIX 00J1aKOB, KakK C
napamerpusoBanHoi (bulk) MUKpOQH3UKOH, Tak ¥ C aeroil (bin) MukpodusuKoii. bonee croxHOU
ABISIETCS peau3alis MoJieNell ¢ SIBHOM (cmextpasbHoit) MuKpodusukoil. Ho, B TOKE Bpems, BTO-
pOii TIOAXO SIBJISIETCA GoJee PealuCTHIHBIM, T.K. TIPUMEHACMBIC ypaBHEHHUSI OMUCHIBAIOT (YUUKY
0GJIAUHBIX TIPOIECCOB M YUHTHIBAIOT (PU3MUICCKHE CBOMCTBA MHOXECTBA (HECKOJIBKO JIECATKOB)
KIIACCOB OBIAUHBIX dacTHIl. HeI0CTaTKOM psiia aBTOpOB SBJSETCS MTHOPUPOBAHKE yHeTa B MOAC-
JISIX JIEKTPHUYECKUX ITPOIIECCOB.

Pe3yabTaThl YMCIEHHOTO MOJEIHPOBAHU CII0COOCTBOBAJIM YCTAHOBJIEHMIO OCHOBHBIX 3aKO-
HOMepHOCTel 00pa3oBaHUs U Pa3BUTHSA KOHBCKTHBHBIX 06J1aKOB ¥ OCHOBHBIX ITPOIECCOB, MPUBO-
JIIX K QOPMHPOBAHHIO M POCTY YAaCTHIL OCAKOB. TIpeutosKeHbI TAKKE Pa3INIHbIC KOHUCIIIHH
BOBJIEHCTBHUS C LEJIBIO HCKYCCTBEHHOTO yBEIMICHUs OCA/IKOB 1 Ha TPA/IOBBIC o0OJaxa.

Ho, HeCMOTpsI Ha YCIIEXH, HOCTUTHYThIE B 9TOM HAIPABJICHUH, MOKHO CKa3ath, YTO YUCIIECH-
HOe MOJEJHpOBaHKe 00JIAKOB HAXOIUTCS B HAYaIe CBOCTO PasBUTHI. ITO CBA3AHO C CEPHhE3HBIMU
TPYIHOCTSIMH, BCTPEUYAIOLIMMHCS Ha ITyTH pa3pabOTKH ¥ MIMPOKOTO MCTIONB30BaHU mozeneit. Oc-
HOBHBIMH M3 HHX SIBJISIFOTCSI: HETIOJHAsS ICHOCTh (PU3UICCKUX OCHOB MHOTHX IPOLECCOB B obJakax
1 CBSI3AHHAS C Hell HEBO3MOXKHOCTH KOJIMUECTBEHHOTO MX ONMCAHHS, a TAKKE CIOKHOCTD peanuza-
mu Mojeei Ha DOBM.

C TOUKM 3PEHUsI PEIIeHHs CYLIECTBYIOMHUX npo6aeM B (GU3MKE 00JIAKOB, CIEIyeT OTMETHTD,
4TO MATEMATHUECKOE MOJETHPOBAHUE MO3BOJISET UCCIIE0BATh MHOIME ACTICKTDI HIIEKTPUIECKUX
[POIECCOB B KOHBEKTHBHBIX 00JIAKaX, KOTOPBIC B CHITY OMACHOCTH, HEJJOCTYITHOCTU ¥ JPYTUX MpHU-
uuH He y#atoch u3ydnTh. C IMOMOIIBIO MOZIETUPOBAHHUA BaXXHO HCCIIEZI0OBATh B3aUMOJIEMCTBHUE
MUKPO(H3NIECKUX U DIEKTPUIECKHX MPOLECCOB, KOTOPOE MIrpact CYIIECTBEHHYIO POJib B 00pa3o-
BAHMHU OCAJKOB B MOILIHBIX 00JI1aKax.

MaTeMaTHUeCK e MOJIENH CIIeAyeT Pa3BUBATh B PA3JIMYHBIX HATIPABICHUSX, HAYMHAL € OTHO-
CHTETBHO TPOCTHIX JUISL MCCIEIOBAHUS KOHKPETHBIX MPOLECCOB, M 3aKaHIMBad CJIOKHBIMH, TPEX-
MEPHBIMU HECTAIIHOHAPHBIMU JUIS HCCIIEI0BAHHS 00JIaKOB B LIEJIOM M MOJIEJTMPOBAHUS aKTUBHOTO
BO3JICHCTBHUS.

OCHOBHBIE HATPABJICHHS MCCIEIOBAHHH 110 MaTeMaTHUECKOMY MOJCIMPOBAHMIO B usuke
0GIIAKOB MOKHO C(HOPMYITMPOBATH CIIEIYIOIIIM 00pa3oM:

- COBEpIIEHCTBOBAHHE MATEMaTHIECKAX MojieJieil B HanpaBJIeHHN yTOUHEHHS H PaCIIMpEHIU
VUMTHIBAEMBIX B HUX [IPOLECCOB;

- wenonp3oBanue 6oiee 3G PEKTHBHBIX METOIOB IPOBEJCHUS pacICTOB;



- HCII0JIb30BaHKME HOBBIX CIIOCOO0B (POPMUPOBAHUS BXOIHBIX JAHHBIX;

- U3yYCHHE 3aKOHOMEpHOCTEeH (GOPMHUPOBAHHS MAKpPO- ¥ MHKPOCTPYKTYPHBIX XapaKTePUCTHK
KOHBEKTHUBHBIX 00JIAKOB IIPU €CTECTBEHHOM PAa3BUTHH M aKTHBHOM BO3/ICHCTBUU;

- HCCJIeZIOBaHHE B3aUMOEHCTBUS (PU3NUECKUX MTPOLECCOB B 00IaKkax U 00JIAKOB C OKpPYIKako-
mei atMocgepoil.

B03MOKHOCTH MCIOIB30BAHUS YHCIEHHOI'O MOJETMPOBAHUS Kak 3 (PEeKTUBHOTO HHCTPYMEH-
Ta UCCIIEIOBaHUS 00JIAKOB PA3JIMYHBIX TUIIOB PACLIMPSIOTCS, YTO CBSI3aHO KaK C pa3BUTHEM (DU3UKH
00J1aKOB, TaK M C Pa3BUTHEM BBIUMCIUTEIFHON MAaTEMATHKH U BHIYHCIUTEIBHON TEXHUKH, a TAKXKe
METO/IOB ITapaJlIeIEHOTO IPOTrPaMMHUPOBAHHSI.

B cBs31 ¢ BBIIEH3/I05KEHHBIM, YHCICHHOE MOJIEIHPOBAHNE BOJIOLMHA KOHBEKTHBHBIX 00JIa-
KOB TIPA €CTECTBEHHOM Pa3BUTHU M AKTMBHOM BO3JEUCTBUH C YUETOM IJIEKTPHUYECKHUX MPOIECCOB
ABIIIETCSA aKTyaJIbHBIM HAIIPaBJICHUEM HCCIIeIOBAHUI, TIO3BOJISIOIINM peIlaTh Ha HAYYHOW OCHOBE
MHOTHE BOIIPOCHI (PM3UKU 0OJIAKOB M aKTUBHBIX BO3JCHCTBUI HA HUX.

Ouenka BBINOJHEHHOI COUCKATEIEM YYEHOMH CTeneHn padoThl
B nuccepranuu mpeacTaBieHbl CIeyIOHe pe3yIbTaThl:

Bo BBeeHnu 060CHOBBIBAETCS AKTYaJIbHOCTH TEMBI HCCIIEOBaHUS, (HOPMYIHPYIOTCS Ee]b U
3aaud JUCCEPTALMOHHON paboThl, XapaKTePU3YIOTCSI TEOPETUUYECKUE U METOIOJOTHYECKUEe OCHO-
BBI UCCIIEIOBAHUS, pACKPBIBAECTCS HAayyHas HOBU3HA U NPAKTHYECKasl 3HAYUMOCTb ITOJIyYEHHBIX pe-
3yJIBTATOB, a TAK)Ke anpodarus paboThl.

B nmepBoii riaBe TpeacTaBIEHBI pe3yJbTAThl aHAIM3a COBPEMEHHOI'O COCTOSIHHUS
UCCleIoBaHUi 1o  (U3MKe KOHBEKTUBHBIX OOJAKOB, I10 COCTOSHHUIO MaTeMaTH4eCKOro
MOJIEIUPOBaHUsl 00JIAKOB € y4ETOM 3JIEKTPHUUECKUX IPOIECCOB, MEPCIEKTUBAM HCCIEJOBAHUN B
9TOM HAIlpaBJICHUH.

[TpoBeneHHbII 0030p COCTOSIHUSI MOJEIUPOBAHUS KOHBEKTHBHBIX OOJAKOB € y4YeTOM
ANIEKTPUUYECKUX TTPOIECCOB B HAIIIEH cTpaHe M 3a pyOeskoM MoKazas, YTo AJIEKTPUYECKHE TPOLIECCh
YUYHTBHIBAIOTCS €Ie HEeJOCTaTOYHO, OCOOCHHO B MOJIEISIX C JIETAIbHOW MUKPOQU3UKOi. OCHOBHbIE
npoOJieMBbl  3aKIIOYAIOTCS B (pOpMaaHM3allMy IPOLECCOB DJIEKTPU3ALMU M ydeTe BIIHSHUS
HIIEKTPUUECKUX XAPAKTEPUCTUK 00JIaka Ha MUKPOCTPYKTYpy oOsakoB. HeocTarouHo yduTeIBaeTcs
B3aUMOJIEHCTBHE (PU3NYECKHX ITPOIIECCOB B 00JIAKaX.

[To pe3yapTaram aHaiM3a COCTOSIHUS MPOOJIEMBI MATEMATHYECKOIO MOJIETMPOBAHMS 00JIaKOB
C YUETOM 3JIEKTPHUECKUX ITPOLIECCOB CHOPMYIUPOBAHBI 3a1a4H JUCCEPTALUOHHOTO UCCIIEIOBAHUSI.

Bo BTOpoii riiaBe mnpencrarieHa pazpaboTaHHAs B XOJ€ BBINOJHEHHS JUCCEPTALIUU TpPEX-
MepHas HecTallMOHapHasl YUCJIEHHAs MOJIeJIb KOHBEKTUBHBIX 00JIaKOB C I€TAIILHBIM YYETOM TepMO-
JITHAMHYECKUX, MEKPO(DHU3UIECKUX U JTEKTPHUECKUX IporeccoB. Mosenb OTIHYaeTes OT aHAJIOIOB
TEM, YTO B HEW HCIIOJIB3YETCs JIeTalbHasi MUKPO(U3UKA ¢ HECKOJIBKUMHU JIECATKAMU Tpajalluil pas-
MEpOB JXHJIKAX ¥ TBEPABIX YACTHII, YUUTHIBAIOTCS HAKOIIJICHHUE 3apsiZIoB B 00JaKe, OTEHIHAN U Ha-
IPSKEHHOCTH JIEKTPHYECKOTO OIS, AJIEKTpUYecKast KoaryJysiiys 0OJIaqHbIX YaCTHIL.

['uapoTepMOIMHAMUYECKUN OJIOK MOJEIH COCTOUT U3 YPABHEHUH JBM)KEHUS, ONUCHIBAIOIIUX
BIIXKHYIO KOHBEKITHIO B IpUOJIMKeHnH byccuHecka. B ypaBHEHUSIX YUUTHIBAIOTCS aIBEKTUBHBIA U
TYypOyJEHTHBIH TEPEeHOC, CHUJIBI IUIABYYECTH, TPEHHUS U OapUyecKuX IpaJueHTOB. Mukpodusmuue-
CKHif OJIOK MOJIEJTH OIUCHIBAET MPOIECCHI HYKJICALUH, KOHCHCAI[MH, KOATYJISIIIUU Kareslb ¢ KarJs-
MH, CyOJMMAIH, aKKPEI[UH, 3aMep3aHusl Kalleslb, OCaKACHUs 00JIaYHbIX YaCTHUI[ B IIOJIE CHJIBI TS-
JKECTH, WX IMEPEHOC BO3AYIIHBIMH IMOTOKAMHU, a TAK)Xe B3aMMOJCHCTBHE OOJAUHBIX YAaCTHUI[ I10J
BIIMSHUEM DJIEKTPUYECKOr0 I0JIs obJiaka.

B MoJienu AeTaqbHO YYHMTHIBAIOTCS MPOIECCHI JIEKTpU3aMi 00JAYHBIX YaCTHUI[ Ha OCHOBE
TIOJIyYEHHBIX 3aKOHOMEPHOCTEN Pa3BUTUS TPO30BOM JESATEILHOCTH B OOJaKaxX W 3HAYCHHH KO3()-
(UIMEHTOB pa3/ieIeH sl 3apsi/IOB, CBSI3aHHBIX C 3aMep3aHKMeM Kallellb BOJbI, POCTOM KpPYIIbI U Ipa-
JIMH ¥ B3aUMOJICHCTBHEM I'PaJIUH C KPUCTAJUIMKAMHU JIbJA U [1€PEOXJIaKICHHBIMY KaIlJISIMU.

[Tpu MoIeIMpPOBaHUU Ha KaXKIOM BPEMEHHOM IIare pacCYUTHIBAIOTCS OOBEMHBIC 3apsi/ibl B
o0Jiake, TOTEHIHAN DJIEKTPOCTATUYECKOTO IT0JIs, CO3/IaBAEMOr0 3TUMH 3apsilaMH, a TaKXKe T'OpHU-



30HTaNbHbIC E (F), E (F) ¥ BepTuKalbHas E_(F) COCTaBISIOUME HANPSDKEHHOCTH JJIEKTpHYe-

CKOTO 1ol 06aKka. 3HaUeHUEe HANPSDKEHHOCTH SJEKTPUYECKOTO IOJISl YUHTBIBAIOCH B paboTe [uis
pacuera KOd(QOUIIMEHTOB AIIEKTPUIECKON KOoaryIsaiuu oONauyHbIX YacTuil. J[JIs 3TOro MCIOJIb30Ba-
JIACH ANIPOKCHUMAIMOHHbIE (POPMYIIBI, TOCTPOSHHBIE MO CYLIECTBYIOUIMM TEOPETHYECKHM U DKCIIE-
PUMEHTAJIBHBIM JaHHBIM JUISL 9TOTO IapaMeTpa.

Jlna cornocrapieHus ¢ JaHHBIMU HAOIIOCHUH B MOZIEITH PACCUMTHIBAIACH PAIMOIOKAIIHOHHAS
oTpaXkaeMoCTh oO1aka Ha JyiMHax BoJH 3,5 u 10 cM.

Cucrema ypaBHEHHH MOJIENN peIanach METOIaMH PacIICIUIEHUS 110 (U3UIECKUM MPOLIECCcam
U IOKOOP/IMHATHOTO PACIEIIIICHHUSI.

PesynpraTel TecTHpOBaHMS MOJIETH IPOJEMOHCTPUPOBAIH YAOBICTBOPUTEIBHYIO TOYHOCTh
peaTM30BAHHBIX YHCIEHHBIX METOIOB M &JITOPUTMOB PACUETOB, HCITOIB3YEMBIX B MOJIEIIH.

Jlis ananusa pe3yibTaTOB MCIIOJIB30BAJIOCH OPUTHHAJIBHOE IIPOTpaMMHOE obecreueHue
TPEXMEPHOM BH3yalM3allMM PAaCUETHBIX JaHHBIX, pa3pab0TaHHOE aBTOPOM auccepranuu. [Iporpam-
Ma BH3yallM3allud II03BOJISIET BUJAETH TPEXMEPHBI OOBEKT MozeaupoBaHHs (00J1aKo0), MOBOpaYH-
BaTh €0 B BEPTUKAIBHOW M FOPU3OHTAIBHOM IIOCKOCTH, MEHITH GOPMY MPEACTABICHHS JaHHBIX
(M30TIOBEPXHOCTh, H30KOHTYPHI, H30JUHUU, BEKTOPHOE I0JIE U T.J.) B HHTEPECYIOIIHE HUCCIIeI0Ba-
Telsl MOMEHTHI BpeMeHH. Bee aT0 obecnieunBaercs ynoOHBIM HHTEp(HEHCOM MPOrpaMMBl, 4TO IT0-
3BOJISIET HE TOJIBKO IIPOBECTU JETATBHBIN IPOCMOTpP PaCYETHBIX JaHHBIX, HO U JaTh KOPPEKTHYIO UX
(GU3HUECKYIO0 HHTEPIPETALIHIO.

B Tperbeii rnaBe npuBeeHb pe3yIbTaThl UCCIEAOBAHUM (POPMUPOBAHUS TEPMOIHHAMMYE-
CKHX, MUKPOCTPYKTYPHBIX U DJIEKTPUYECKHUX TApaMEeTPOB KOHBEKTUBHBIX 00JIAKOB IPH Pa3THUHBIX
COCTOSIHUSIX aTMOC(]epHI.

Pa3zmepsl mpocTpaHcTBeHHON 00J1acTh Npu pacyerax 3agaBaiuch oT 40 10 80 kM 1Mo ropusoH-
tand ¥ 16 kM - o Beprukanu. [llar cetku nmo xoopaunatam X,Y cocrasiusn 500-1000 m, mo Z -
250-500 m. Ocp X HampaBieHa Ha BOCTOK, Y — Ha ceBep, Z — o BepTukaiu. O0J1aKo HHUIIMHPOBA-

JIOCh 3aJlaHHEM UMITYJIbca y moBepxHocTH 3emiu ¢ eperpesom A7 = 1-4°C, popma u pasmepsl
UMITYJIbCA B UUCJIEHHBIX SKCIIEPUMEHTAX BapbUPOBAIUCH.

Pa3zpaboranHas yucieHHass MOJE/Ib KOHBEKTUBHOTO 00J1aKa C JIeTaaIbHON MUKPO(U3UKOI 110~
3BOJISIET MCCIIEOBATH (POPMUPOBAHHE MUKPOCTPYKTYPHBIX XapaKTEpUCTHK 00JIaKOB, 00pa3oBaHHE
YaCTUI[ OCAJIKOB, HAKOIIJICHHE JJIEKTPUUECKUX 3apsiIoB M JJIEKTPUYECKYIO KOAryJ o 00JavyHbIX
YACTHII.

Jlns neTaspHOro ONMUCAHHMS MHKPO(PH3UYECKUX ITPOLIECCOB HCIOJIB3YIOTCS KHHETHUYECKHE
YpaBHEHUSI KOAryJsiiuu Juist pyHKIUE pacnpeneneHus JacTul o maccam. [losyueHHble ¢ moMo-
B0 TAaKOM MOJENH Pe3ysIbTaThl OTPAKAIOT HeJMUHEeWHbIe () (ekThl Gu3nku 00J1aKoB, KOTOpPBIE He-
BO3MOJKHO HCCIIEZIOBATh U OLIEHUTH IIPU UCIOJIB30BAaHUM OoJiee MPOCTHIX MOJENEH, Hampumep, ¢
apaMeTpU30BaHHOW MUKPO(DHU3HUKOIA.

[Tpu BBIIOSTHEHUH YHCIICHHBIX S9KCIEPUMEHTOB OBLIM UCIOJIB30BAHbBI JJAHHBIE a3POJIOTHYECKO-
r0 30HJUPOBAHUS B adponopTy MuHepaibHble Bobl U, B psilie SKCIIEPUMEHTOB, TPEXMEPHBIE J1aH-
HBIE [10 TEPMOJIUHAMHYECKUM MapaMeTpaM ¥ FOPH30HTAILHOMY BeTpy. BhIOUpasich JHH, KOTAa 110
(baxTy B paguyce pernpe3eHTaTHBHOCTH 30H/1a HaOIIOJaJIUCh JINBHH, TPO3bI, rpaj. [y cpaBHEHHS ¢
peaJbHBIMU 00JIaKaMM HCIIOJIB30BAIMCH JIAaHHBIE PAJMOJIOKAIIMOHHBIX HAOIIOJEHHUH ¢ METeopoJIo-
TUYECKUX PATHOIOKATOPOB.

YucneHHble SKCIEPUMEHTHI, BBINOJIHEHHBIE 10 pa3IMYHBIM JJaHHBIM 30HAUPOBAHMUS, TOKa3a-
JM, YTO XapaKTEPUCTUKHU ITOJIyHaIOIIErocs 0 TPEXMEPHOH Moen o01aka 4yBCTBUTEIbHBI K BEp-
THKAJIBHBIM PACIIpPEJIEIEHUSIM TEMIIEPATYPhl U BIQKHOCTH B aTMochepe, U TPEXMEPHOH CTPYKType
TOPU30HTAILHOrO BeTpa. [IpH HeycTOWYHBOM cTpaTU(HUKAIMK MMOJyYaIUCh MOIIHBIE 00laka cMme-
IAHHOTO THIIA, BEPXHSISI YaCTh KOTOPBIX IPH BhICOTE BepXHEW rpaHuilbl 6osee 10 kM cocrosiia U3
JIEISTHBIX KPUCTAUIMKOB. BBIMOJIHEHO cpaBHEHHE XapaKTePUCTHK MOJIEIIBHOTO 00Jiaka ¢ JTaHHBIMU
HAGIIONEHNH, 0TMEUANoCh KAYeCTBEHHOE M KONMYECTBEHHOE COTJIACHE PACUCTHBIX JAHHBIX C Ha-
OJIFO/TaeMBIMH B TIOJIEBBIX dKcrepuMeHTax. C MOMOIIBIO pa3pab0TaHHBIX CPEACTB TPEXMEPHOU BH-
3yaJIH3allyy TToJTydyeHa KapTuHa pa3BUTHs obnaka. [IpoBeieH aHammu3 BOJHOCTH, JIGTHOCTH U IPYTHX



[IapaMeTpoB B pAacCMaTpMBAEMOM IPOCTPAHCTBEHHOW 00JACTH B pazUYHble MOMEHTHI Pa3BUTHS
obnaxa. ITo pe3ynapraTamM MoeTupoBaHus ObUIH ONpeIEIeHbl IOTOKH, MUTAIOIIUE 001aK0 B CTaJHU
3penoctd. Ilo pesympraram MonmenupoBaHUSI MCCIIEOBAHO IPOCTPAHCTBEHHOE pacIpejiesieHHe
CyMMapHOro o0BEMHOrO 3apsiia B objilake B pa3jIMyHble MOMEHTHI BpeMeHH. PaccumThiBacMmas B
Ka)K/[bIi MOMEHT BPEMEHH B y3JIaX MPOCTPAHCTBEHHOM CETKU HANPSHKEHHOCTD 3JIEKTPOCTATHIECKO-
r0 IOJI YYUTHIBAJACh IPU BBIYUCICHUU 3HAYEHUH KOA3()(UIMEHTOB KOAryJSIIUU Karelb U KpH-
crajuioB. [Tpy HamMuMM 31€KTPUYECKOro OIS U 3apsoB Ha YaCTUIAX KOI(DGHUIHEHT KOAryJIsaiuu
00J1auHBIX YaCTHI[ 3HAYMTEIBHO BO3PACTaeT M IPH COOTBETCTBYIOIIMX YCIOBHSIX MOKET IPEBbI-
mate 1,0 u Ooee.

Be1mM mpoBeIeHBI YHCIIEHHBIE SKCIIEPHUMEHTHI C YUYETOM AJIEKTPUUYECKON KOaryJssiiud obJad-
HBIX YacTUll U 0e3 e€ yyéra. CpaBHEHHE BpeMEHU 00pa3oBaHUs OCAJKOB B OTHX JBYX CIy4asx I10-
Ka3ajio, YTO 3a CUET JIEKTPUUECKON KOaryJsiliiy BpeMsl pocTa YacTHI[ 0CAJIKOB B MOIITHOM KOHBEK-
TUBHOM 00J1ake cyuiecTBeHHO cokpamraercs Ha 10-14 munyT (2030 %).

Pesynpratel pacu€ToB Ha OCHOBE TPEXMEPHOM MOJENHM C JIETAIBHBIM  yYETOM
THAPOJMHAMUYECKUX, TEPMOJMHAMHUYECKUX, MHKPO(PHU3MUECKUX U IJIEKTPHUECKHX IIPOIECCOB
IIOKa3bIBAIOT, YTO 3TH IMPOIECCHl B KOHBEKTHBHBIX 00JIaKaX B3aUMHO BIHSIOT APYr Ha Jpyra. J1o
HEIMHENHOE B3aMMOEHCTBUE HMMEET BEeCbMa CIIOKHBIM XapakTep M HIrpaeT BaKHYIO pOJIb B
(GopMHUPOBaHMU MHMKPOCTPYKTYpBI 00JIaKOB. J[MHAMHUYECKHE IPOLECCHl BBI3BIBAIOT Je(HOpMAIIUIO
nojed TEePMOJMHAMMYECKHX IIapaMeTpoB B o0jaKe, KOTOPHIE, B CBOIO OYepelb, ONPENelisioT
MHKpPO(DHU3HYECKHUE IPOIECCHl U POCT YACTHI[ OCAIKOB. DJIEKTPHUYECKHE IApaMeTpPhl BIMAIOT Ha
pa3sBUTHE OCAJKOB. B 4YHCIEHHBIX OSKCIEpUMEHTaxX IIOJY4YeHO, 4YTO B o0OJiake HaOIoIaeTcs
IOJIOKUTENbHAsT oOpaTHast CBsI3b MEXKIY pOCTOM MAcCChl JIEASHBIX YaCTHI[ U OOBEMHBIM
AIIEKTPUUECKUM 3apsiioM. HeoOXoqumMocTh n3yueHus: B3auMOoIeUCTBHUSI ITPOILIECCOB B KOHBEKTUBHBIX
obJylakax CBsI3aHa € MX BaKHOM pOJIBIO B 00J1aKO- M 0CaIKO0OpA30BAHUH.

Yersepras rjaapa MOCBAIIEHA MOJCIMPOBAHUIO aKTUBHOTO BO3/EHCTBHS Ha KOHBEKTHBHBIE
o0Jaka ¢ IeJIbI0 HCKYCCTBEHHOTO PErYIMPOBAHMS OCAIKOB U MPeIOTBpAIlleHUs Tpajia.

[TpoGieMa MCKYCCTBEHHOI'O YBEJIHMYEHHUSI OCAJIKOB MMEET BaKHOE 3HAUCHHE BO MHOTHUX pe-
ruoHax 3emHoro mapa. Ha Cesepuom KaBkaze 1o ceBep u Boctok CTaBpOIOILCKOro Kpasi, CTer-
Hble paiionsl PocToBckoit oOmactu, KanMpikust u qpyrue. YBeauueHHe 0CakoB B IIEPHO Pa3BUTHS
KyJIbTYp aKTYaJIbHO JUISl yBEJIMYEHHUS YPOXKAEB B ATHX pailoHax.

B ocHOBe moaxo/a k mpobsieMe UCKYCCTBEHHOI'O PeryJIMpOBaHus aTMOC(EPHBIX 0CaIKOB ITy-
TeM aKTUBHOrO Bo3zelcTBus (AB) Ha o0aka JEKUT HCIOJIb30BAHKE CYIIECTBYIOIIUX B atMocdepe
HEYCTONYMBBIX COCTOSIHUHM IIPH Pa3BUTHH IpoieccoB 00jako- U ocajkooOpazoBaHus. B gactHo-
CTH, KOHBEKTUBHON HEYCTOMUUBOCTU aTMOC(Ephl U HEYCTOHUUBOCTH (Da30BOTO COCTOSIHUS MEPEOX-
JTaKACHHOM KUAKOKAEIbHON 001auHOM BJIary.

Ha ocHoBe pazpaOoTaHHOM MOJENH MPOBEIECHBI YUCIEHHBIE SKCIEPUMEHTHI M0 aHAH3Y (-
¢dextuBHOCTH AB C I1€BIO HCKYCCTBEHHOI'O YBEJIMUYEHHS OCAKOB HAa KOHBEKTHBHBIE 00JIaKa Terl-
JIOro nepuoia roga. Mozenb ONUChIBaET POCT OCAJAKOB B KOHBEKTHBHOM 00JIaKe ITPU €CTECTBEHHOM
Pa3BUTHHU U IIPU 3aCE€BE KPUCTAIUIU3YIOLIMMHE UM XJIaJopeareHTaMu. B 4rcIeHHbIX dKCIIepruMeHTax
BapbUPOBATHNCH BHICOTA BHECEHUsI peareHTa (COOTBETCTBEHHO, TEMIlepaTypa B 30HE BHECEHHS) U
KOHIIEHTpauus yacTuil. KOHTPOJILHBEIMU 3HAYEHUSIMHU SIBJISITUCH HHTEHCUBHOCTD OCAJIKOB M UX CyM-
MapHOe KOJIMYeCTBO. JIJ1s1 HECKOJIBKUX BBICOTHBIX YPOBHEH 3aceBa CaMOJIETHBIM METOIOM B JHaria-
30He 3500-5500 M mpoBeeHbI pacyeThl P S BapHaHTaX KOHIIEHTPAITUH UCKYCCTBEHHBIX KPHCTAI-
JIOB JUIs Kakaoro ypoBHs. Ilonyuena konuuecrBenHas orenka ¢ pektuBHOCTH AB 115 HECKOb-
KUX JIECSITKOB 00JIAKOB, PACCUUTAHHBIX C MPHUMEHEHUEM Pa3JIMYHBIX HAOOPOB JIAHHBIX a3pPOJIOTHYE-
CKOT'O 30HIMPOBAHUS aTMOC(]EPBI.

ITo pe3ynpTaTam aHanm3a YUCIECHHBIX HKCIIEPUMEHTOB pa3zpadoTaHbl peKOMEHAAINH, Kacalo-
muecs HauOoJiee MpUEeMIIEMBIX YPOBHEM BO3ICHCTBUS U TIO3UPOBKH peareHTa IpH 3aceBe ¢ camoJie-
TOB.

Mogens B panpHeiIeM Mo)eT OBITh HCIIOJIb30BaHA B TakuX paboTax JJIsi KOPPEKTUPOBKH
TexHosioruu AB Ha JleHb BO3ICHCTBUS 110 JAHHBIM a3pOJIOTrHYECKOr0 30HIUPOBAHUS aTMOC(EpHI.



B riiaBe Takyke IPeCTAaBJIEHBI HEKOTOPBIC Pe3y IbTaThl MO/IENTMPOBAHNS aKTHBHOTO BO3/IEHCT-
BHSI Ha TpajoBble obJaka. s BBISCHEHMS BJIMSHAS aKTHBHOIO BO3JCHCTBHUA Ha rpajoo0rnacHoCTh
o6J1aka OBUIO TPOCUMTAHO MHOYKECTBO BAPHAHTOB, B KOTOPBIX BaPbHPOBAIMCEH MAPAMETPBI HCTOM-
HHKa MCKYCCTBEHHBIX JIEIAAHBIX KPHCTAIOB. KccieoBanoch H3MEHEHHE MUKPOCTPYKTYPHBIX Xa-
paKTepUCTHK 00JIaKOB B 3aBHCHMOCTH OT KOHLEHTPALMH MCKYCCTBEHHBIX KPHCTAJLIOB, MECTa BO3-
JIENCTBHSI, BPEMEHH UX BHECEHHUS.

B Ka)x10if CepvH YKMCIICHHBIX SKCIIEPMMEHTOB IPEABAPUTEIBHO IPOBOAUICS paCICT bopmu-
POBAHHS MEKPOCTPYKTYPbI 00JIaKa IPH €CTECTBEHHOM Pa3BUTHI. BEIIO MOJTYy4EHO 3HAYCHNE YHCIIa
KPYIHBIX TPaIOBBIX JACTHII, COOTBETCTBYIOIIEE €CTECTBEHHOMY Pa3sBUTHIO obOJiaka. 3areM IpOBO-
JFUTHCH PAcyueThl M0 Hepebopy MPOCTPAHCTBEHHOTO MOJIOKEHUS HCTOYHHMKA M €T0 MOIIHOCTH.

[lo pe3yabTaTaM YUCICHHBIX SKCIEPUMEHTOB ONpPECICHO W3MEHEHHE IPajoonacHoCTH 00-
JTAKOB B 3aBHCHMOCTH OT MECTa BHECEHHS UCKYCCTBEHHBIX KPUCTAJUIOB, MX KOHIEHTpPAIMH, I€0-
METPUM HCTOYHMKOB, CTAJIMH Pa3BUTHUs 00JIaKa.

YyclieHHbIE UCCIIEIOBAHUS Ha OCHOBE M3JIOKEHHOM MOJIENIM IMOKA3aJH, YTO JIyYIIUM C TOYKH
3peHHs MPeI0TBPAILECHIs] 00pa30BaHUs KPYIHBIX TPAJUH B CIIydae MJIOMAIHOr0 HCTOUHMKA UCKYC-
CTBEHHBIX KPHCTAIIOB SBISETCs. 00JIACTh, PAcIIONoKEHHAs B 00JIaCTH yMEPEHHBIX (5-10 m/c) BocC-
XOJIAIIIX TMOTOKOB Ha TeMiepaTypHoM yposHe -10°C. Ilpu mMosemmpoBatHinu BO3JACHCTBUS B 9TOM
ciiydae B 06JIaCTH 3aceBa yMEHBIIAIOCH KOJIMYECTBO KPYNHBIX Kallelb W IPajiH 3a CHeT 3Hadd-
TEJIBHOIO YBEJIMUCHUS YHCIIa MEJIKUX JIEISHBIX KPHCTAJIIOB.

[Isitasi IIaBa [OCBSIIEHA pa3paboTKe MPOrpaMMHO-MATEMATHYECKOro 00eCTeyeHHus s
TpeJCcTaBIeHnsT HHPOPMAIMH JIOTJIEPOBCKOrO METEOPOJIOTHUECKOro paiHoIoKaTopa JIMPJI-C u
JUTS OOBEIMHEHHST PAIHOTIOKAIIMOHHON, IPO30IEICHIAMOHHON 1 CITyTHHKOBOH uadopmanuu. C
HETOCPECTBEHHBIM YYACTHEM aBTOpA JIMCCEPTAllHM Pa3padOTaHO MPOrpamMMHOe obecrieueHune
«TMUMET-2010», K0TOpoe IMpeIHa3HaueHo [Uisl aHa3a i 0TOOPaKEH s JaHHBIX POCCHHCKOrO /101~
JIepOBCKOTO MeTeoposorudeckoro pammosokaropa JAMPJI-C. Tlporpamma nMpuMEHseTCA Ha CETH
JIMPJI Poccuiickoit denepanuu.

Pa3paGoTaHo TaKkKe MPOrPaMMHO-MATeMaTHYeCcKoe OOecreueHue Mpuema, aHaiusa H O0To-
GpaskeHHs PaTMOJTOKAMOHHON, TPO30TIEIEHTAlHOHHOM H CITYTHUKOBOH METEOPOJIOTHUECKON HH-
dopmaruu. Jlanusle Ha APM 1ocTynaioT 1Mo KaHajlam CBsi3M OT paJinoJIOKaTopOB MPIJI-5, nomute-
posckux okaropos JIMPJI-C, rpo3orneieHraiiOHHOM CHCTEMBI # APYTHUX UCTOTHUKOB.

Pacrio3HaBaHKe IPO30rPaoBbIX 00IaKOB OCYIIECTBIIACTCS PaJlHOIOKAIMOHHBIMI METOIAMA C
YYETOM JAHHBIX TPO30MEIeHr K. DKCTPATOJIAIHS MEPEMEIICHHUS OMAaCHbIX SIBJICHUH TOTO/IbI BBI-
IIOJIHSAETCS ¢ YUETOM HCCIIEOBAHHBIX 3aKOHOMEPHOCTEH Pa3sBUTHS IPO30BBIX 00J1aK0B.

[IpukiaaHOe IPOrpaMMHOE 00eCTIeYeHNE BBITIOHACT CIIEAYIOIINC GyHKIMNU:

- IpUEM JTaHHBIX;

- 0TOGpaKeHHE TPOCTPAHCTBEHHOTO HONOKEH S U CTPYKTYPbI TOJIEH 00JIAYHOCTH U OCAJKOB
Ha ()oHE KapThl MECTHOCTH;

- 0TOOpakeHHe KapT OINACHBIX SBICHUH MOrojbl (JINBHEBBIE OCAJKH, IPO3BI, rpan) Ha Qone
KapThI AIMHHACTPATUBHBIX IPaHHIl PAHOHOB 1 00IACTEH;

- AHAIM3 PBONIONMHM OGIAYHBIX CTPYKTYp, HAIPABJIEHHs M CKOPOCTH MEPEMELICH s 0071aKOB,
00JAYHBIX CUCTEM M OIIACHBIX SBJIEHUH TTOTOJIBL.

KoMIuieKcHpOBaHUE JAHHBIX OT PasHBIX HCTOYHHKOB METEOPOJIOrnueckoit MHpOpMAIUH
oGeceunBaeT Goliee BBICOKYIO BEPOSITHOCTD OOHAPY)KEHHS ONACHbIX SBJICHUH IOrO/IbI K IKCTPATIO-
JISAIUY WX NTePEMEILEHHS.

Pa3paGoTaHbl yCOBEPIICHCTBOBAHHBIE AJITOPUTMBI PACIIO3HABAHUS OIMACHBIX SIBJICHUH II0T0-
JIbl, KOTOPbIE OCHOBAHbI HA KOMIICKCHOM aHAJIM3€ MOCTYNAlOMmEH ¢ pasiniHBIX KaHAIIOB uHpOp-
MarpH (paHoIoKaTop, TPO30NENCHIaTop, CITyTHUKOBbIE J{aHHEIC).

JIIst TydIero aHauu3a JaHHBIX HAOJIOACHHI aBTOPOM JHMCCEpTaliu pa3paboTaHO NpUKIIa/-
HOE NPOrpPaAMMHO-MaTeMaTH4eckoe 00eCIeueHHe TPEXMEPHOTOo 0TOOpaKEHHsT PAJUOIOKALMOHHOM
uHpOpMALUH.

B 3aK/I109€eHNH M3JI0KEHbI OCHOBHBIE BBIBOJIBI JMCCEPTAIMOHHOM paboThI:



e [IpoBeien aHanm3 COBPEMEHHOTO COCTOSIHHS (PH3UKHM KOHBEKTUBHBIX 00JIAKOB, HX TPEXMEp-
HBIX YHUCJICHHBIX MOJEJEH, B TOM YHUCIE C YIETOM JJIEKTPUYECKHX IpoiieccoB. Onpeneneso, 9ro
JJIBHEUIIUH TIporpece (pU3NMKH KOHBEKTHUBHBIX 00JIAKOB M aKTUBHBIX BO3JEHCTBHUH HA HUX TpeOyeT
pelleHus KaYeCTBEHHO HOBBIX 3aJa4, KOTOPbIE 3aKIIOYAOTCS B UCCIIEOBAHUU 00JIaKOB B LIETIOM, C
YYETOM HMX 3MEPIDKEHTHBIX CBOMCTB. JlODKHBI OBITH MPOBEAECHBI MCCIEIOBAHUS B3aUMOJIEHCTBHS
(usuyeckux mporeccoB B obakax U 00JIAKOB C OKpyXKaromiel atMochepoii, popMUpOBaHHE MHK-
POCTPYKTYPHBIX MapaMeTpOB IPH Pa3jIMYHBIX YCIOBHAX. B M3yuyeHHH 3THX BOIPOCOB MpEUMYIIE-
CTBEHHBIM MHCTPYMEHTOM SIBJISIETCS MATEMATHUYECKOE MOJCTHPOBAHME.

IToxazano, uyTo Gojiee MepcreKTUBHBIM METOIOM HCCIEI0BAHMS SBOJIOLUH TapaMETPOB 06-
JIaKOB MPU Pa3IMYHBIX YCIOBHSAX SBJISAETCS YMCIEHHOE MOJEIMPOBAHHE HA OCHOBE TPEXMEPHBIX
MOJIeJIEH ¢ JeTalbHOM (crekTpaibHOU MUKpOo(du3ukoit). [IpuMenenne Takux Mojesel Mmo3BoJIsieT
HCCIeN0BaTh (U3UKY IPOIECCOB B 00Jakax, MPOaHAIM3UPOBATH BIMSHUE Pa3jIMYHBIX CIIOCOOOB
BHECEHHUS PEareHTOB B pa3Hble yacTH 00Jaka Ha XOJ1 IIPOIECCOB 0CaAK000pa3oBaHusl.

e BriepBrle pazpaboraHa TpexMepHas HECTAI[HOHAPHAS YKMCIEHHAs MOJE]b KOHBEKTHBHOTO
obJaka ¢ JeTaJbHBIM YYETOM TEPMOTIHIPOIMHAMHYECKHX, MUKPO(PU3UUECKUX U DIEKTPHUECKUX
npoueccoB. B Mozenu yuuteBarores 61 kareropus pazMepoB Kameidb W 75 KaTeropuil pasmMepos
KpucTauioB. PopManu30BaH MPONEcC HAKOIUICHUS JJIEKTPUUYECKOrO 3apsiia IpH 3aMep3aHdy Ka-
neilb U akkpenuu. PazpaboTaHel alrOpuTMBl pacueTa CUCTEMBI YpaBHEHHMM MOJEH, IOTEHIMaIa U
HAIPsDKEHHOCTH  3JIEKTPOCTATHUECKOTO TI0JIs, SJIEKTPHYECKOUW Koaryssiimuu. MoJenb M03BOJIseT
pacCUMThIBATh TEPMOAMHAMUYECKHE, MUKPOCTPYKTYPHBIE U 3JEKTPUYECKHE MapaMeTphbl KOHBEK-
THBHBIX 00JIAKOB Ha PA3JIMYHBIX CTaUSIX pa3BUTUs 0OJaka. BriepBrle Ipy HHUIIMATM3ALUN MOIEIH
IPUMEHEHO TPEXMEPHOE HayaJIbHOE paCIpe/ieIeHue MoJed TepMOJUHAMUYECKUX IapaMeTpoB B
JIOMEHE, IIOCTPOCHHOE 110 AaHHBIM riaodansHo# moaenu GFS.

o C npuMEHEHNEM MaTeMaTHYeCKOr0 MOJIETMPOBAHMUS BIEPBbIE UCCIIEI0BAHBI HOBBIE BaXKHbIE
acleKThl MeXaHu3Ma 00pa30BaHUs JJIEKTPUYECKOrO 3apsiaa M IOJs B oOJaKkax ¢ y4eTOM B3auMO-
JEHCTBUSL TEPMOJMHAMHUYECKUX, MUKPOPHU3UYECKAX M DIIEKTPHUECKHX IMporieccoB. Ompee/ieHb!
IIPOCTPAHCTBEHHOE PACIPEEICHHE M KOJIMYECTBEHHbIE 3HAUEHHUSI OOBEMHBIX 3JIEKTPHUYECKHUX 3apsi-
JIOB ¥ HAIIPsUKEHHOCTH I10JI1 B 00JaKe ¥ BOKPYI HEro B IOCJIEIOBATEIEHBIE MOMEHTHI BPEMEHH B
IIPOIECCE HBOJIIONMH. 3HAUEHHSI MOJOXKUTEIBHOTO M OTPULATEIBHOT0 OOBEMHBIX JJIEKTPHYECKUX
3aps0B H0CTHTaroT BemmanH + 10™ Ki/m?, HarpsbkeHHocTH 1osst 10 = 1800 B/em u Gornee, uto co-
rjlacyercs ¢ pesysbraraMy u3MepeHui. [losryueno, 4ro MexaHu3Mbl CIOHTAHHOM KPUCTAJIM3AIUN
KPYIHBIX IEPEOXJIAXKICHHBIX Kallellb U pocTa TPaJdH 3a CUYET aKKPEIWH' SBISIOTCS OJHUMH W3
KJIFOUEBBIX (PM3MYECKHUX IIPOLECCOB ANEKTPH3AIMU HA CTaJHK POCTa U MAKCHMAIBLHOTO pa3sBUTHS
I'PO30IPaZioBLIX 00JIAKOB.

e BriepBble peayn3oBaHa TpeXMepHas YHCIEHHas MOJIENb KOHBEKTHBHOTO 00JiaKa, B KOTOPOi
KO3 (UIMEHT KOaryJslMy YacTUIl Pa3IMYHBIX Pa3MEpOB U3MEHSETCS B 3aBUCHMOCTH OT HaIpsi-
JKEHHOCTH dJIEKTpocTaTU4Yeckoro noJist o0saaka. C MOMOIIBIO MOJENH IPOBeIeHa KOJIHUECTBCHHAS
OLIEHKA BIIMSHHS JJIEKTPUYECKUX IPOLEccOB Ha (opmupoBanue ocamkos. s yciaosuit Ceepo-
KaBka3ckoro pernoHa ompezeneHo, 4ro 3a CUeT B3aUMHOTO BJIMSHUS APYT HA JIpyra MUKpOQH3Hye-
CKHMX U DJIEKTPUYECKHX IIPOIECCOB BpeMsi 00pa30BaHUsI OCAJIKOB COKPAIAETCs] B MOIIHBIX IPO30-
BBIX oOsakax Ha 20+30 %.

e B paboTe TeopeTndecku moATBepIKAeHa KOHIIETIIHS O CYIIeCTBOBAHHHU MOJOKUTEIHHOU 00-
paTHOM CBA3M MEX/y POCTOM YaCTHIl OCAJKOB B 00JIaKe M yBEJTHMUYEHHUEM HAINPSHKEHHOCTH JJIEKTPO-
CTaTHYECKOI0 TI0JISA, KOTOpas 3aK/JI0YaeTcss BO B3aUMHOM BIIMSIHUU MX JPYyr Ha Jpyra. AHaJIu3 pe-
3yJbTATOB YHUCJIEHHBIX 3KCIIEPUMEHTOB MO3BOJIMII YCTAHOBUTD, UTO AJIEKTPHUYECKOE I10JIE YCKOPSIET
poCT YacTul| B 00JIaKe, ¢ IPyroi CTOPOHBI IIPH 3TOM I'€HEPUPYETCs OOJIbIIee KOJTUIECTBO 3JIEKTPHU-
YECKOro 3apsjia, KOTopoe yBesJnuyuBaeT camo nosie. OOmias KapTuHa B3aUMHOTO BJIUSIHHS TTPOSIBIISI-
€TCsd B YCKOPEHHUH IIPOXOXKIEHUS 00JaKOM CTaJui pa3BUTHsI, KpOME HAYaJbHOM, KOTJa BIIHSHHE
ANIEKTPUUECKUX CUJI ellle MaJIo.

e[Jo pesynpTaramM MOJEIMPOBAHHUS IOJYYEHO, YTO Ha CTaJUH MAKCHMAaJIbHOIO pPa3BUTHS
KOHBEKTHBHOI'O 00JIaKa 3a CUET 3JIeKTPUUECKOW KOaryJsiuu MPOUCXOUT HauOoJIee HHTEHCHBHBIN



POCT JKHIKHX M TBEPJIBIX 0CaKOB. B yacTHOCTH, 00pa3oBaHKe rPpaJOBBIX YaCTHII IIPOMCXOMUT 3a 6-
8 MuH.

e Hauaro u3ydyenue oOpa30BaHUs ¥ Pa3BUTUS KOHBEKTHBHBIX 00JIAKOB C yYETOM HX CHCTEM-
HBIX CBOMCTB. Pa3paboTaHbl METOJMKA U METOJBI ¥ POBEICHBI YUCICHHbIE KCIIEPUMEHTEHI 110 UC-
CIIEIOBAHMIO POJIM B3aUMOJENCTBHS TIPOIECCOB B 00akax B (POPMUPOBAHUU MX MAKpPO- U MHUKPO-
CTPYKTYPHBIX XapakTepucTuK. VccrneoBaHO BIMSHUE B3aUMOAEHCTBUS KOHBEKTHBHBIX 00JIAKOB ¢
arMocdepoit, 00yCIOBIEHHOE CTPYKTYPOil 1oist BeTpa B arMocdepe, Ha (OpMHUPOBAHUE UX MAKpO-
¥ MHKPOCTPYKTYPHBIX XapakTepHCTUK. [1oirydeno, 9To CTpyKTypa I1ojs BeTpa B aTMochepe SABId-
€TCsl CYIIECTBEHHBIM (paKTOPOM, BIHUSIIOIIUM Ha (POPMUPOBAHUE TEPMOTHJIPOJIMHAMUYECKHX Iapa-
METPOB KOHBEKTHBHBIX 00J1aK0B. 10 pe3yibTaTamM pacueToB, JaHHbIH (akTop BIHAET Ha HOPMHUPO-
BaHUE 30HBI MOIIHBIX BOCXOJSIIMX ITOTOKOB B OOJIaKke, Ha HAKJIOH JJAHHOM 30HBI K ropu3oHTY. Cy-
IECTBEHHO BIHUSET JaHHBIA (akTop U Ha (OPMHUPOBAHHUE IOJIEH MUKPOCTPYKTYPHBIX ITapaMETPOB
KOHBEKTHBHBIX 00J1akoB. [10 pe3yibTaTaM MOJEIHPOBAHUSI Pa3BUTHS KOHBEKTHBHBIX OOJIAaKOB C
Pa3BOpOTOM ¥ 03 pa3BOpOTa BETPa C BHICOTOM IOIYyYEHO, YTO CTPYKTYpa I10JIs BeTpa B aTMochepe
OKa3bIBAET CYIIECTBEHHOE BIIMsSHUE HA (OPMUPOBAHKE OOJACTH JIOKAJIHM3AIMK BOJHOCTH B OOJIAKe.
[Tpu 5TOM BIMSHEE CTAaHOBHTCS ciiabee ¢ IOBBIIIEHHEM BOJHOCTH B 9TOH 30He. Ha nonoxenue u
(GopMy 30HBI TTOBBILIEHHBIX 3HAYEHUI BOJHOCTHU BIMSHUE BETpa MeHee BrIpaxeHo. [1o pesynpraTam
pacyeToB, XapakTep BIHSHHS BeTpa B atMochepe Ha GopMUPOBaHUE 30HBI JIOKATU3ALKUHU JICTHOCTH
B o0JIaKe IPUMEPHO TAKOM ke, KaKk Ha (popMUpOBaHHE 00JIACTH JOKaIu3anuy BOAHOCTH. M B aTOM
cily4ae BIMSHUE BETPa YMEHBINAETCS C IOBBIIICHHEM 3HAUEHHs JIEAHOCTH B 30HE JIOKAIM3AIUH Jie-
JSTHBIX YaCTHII.

e [IpoBeZIeHO YHCIICHHOE HCCleioBaHue (OPMUPOBAHMS IOJIEH pPa3IMYHBIX XapaKTePHCTHK
KOHBEKTHUBHBIX 00JIAKOB, B YaCTHOCTH, Kod(duipenta TypOyneHTHOH 1uddy3un U paanosioKanu-
OHHOM oTpaxkaemocty. [TosrydeHo, 4yro Ha cTaguu pa3BUTUS 00Jaka KOG HUIHEHT Tg’p6yHeHTHOI7'I
nudy3un uMeeT HauboIbIMe 3HaUeHUs: B BepxHeil yacTh obaaka oT 100 no 400 m“/c. B cramun
MaKCHMaJIbHOIO pa3BUTHs 0OJaka (B IPEArpagoBOi U rpaJoBOM CTaJuu) paJdosIOKAlMOHHAsS OT-
paxaeMocTh yBeiauuuBaetcst 10 65-75 dBZ, xoadunuent typOynentHol jupdysun pocturaet
1500 M*/c u Gonee. BogHoCTh 06NaKa JOCTATOUHO HEOAHOPOJHA, B LEHTPAIBHOIN YacTh 0baKa
KOHIIEHTPAIMS XKUJIKOH 00JIAUHON BOJBI 110 pe3ysIbTaTaM MOJEIHPOBAHMUS JOCTUrAeT 6 /M 1 6o-
jee.

e TeopeTHUeCKy UCCIIEI0BAHO U3MEHEHHE HHTEHCHBHOCTU M KOJMYECTBA OCA/IKOB U3 KOHBEK-
THBHBIX 0O0JIAKOB TEILIOTO TEpHOIa OT CIEAYIOIIMX IapaMeTpOB: OT MECTd BHECEHMS KPHUCTaJLIH-
3YIOIIEr0 PeareHTa, OT KOHIEHTPAI[ui MCKYCCTBEHHBIX YaCTHI], OT FeOMETpHH ofyiacTu 3acesa. B
pe3ysbTaTe YHCIIEHHBIX SKCIIEPUMEHTOB OIpe/IeNieHa IIPOCTpaHCTBeHHas 00iacTh B 00Jiake, B KO-
TOpPON BHECEHHE peareHTa IMPHBOIUT K MaKCHMAaJbHOMY pE3yJbTaTy 110 BBI3BIBAHUIO OCAJKOB U3
o6maka. Ha ocHOBe 00001IIEHHS pe3yJIbTaTOB PACUETOB Pa3zpabOTaHbl IPEUIOKEHHS 10 yCOBEPIICH-
CTBOBAHMIO METOIMKH 3aceBa OOJIAKOB C IIEJIBI0 yCHJIEHMS ocankoB. Hambosee onruMabHOM C
TOUKH 3PEHUSI YBEJIMUCHHUS OCATKOB SIBJISIETCS 00JIACTh BHECEHHs peareHTa, pacroioKeHHas B 30He
BOCXOJUIIHX TIOTOKOB Ha ypoBHe m30TepMbl —6°C. Jlo3upoBka pearenta Juisi 0071aKOB pa3IM4HOMN
MOIIHOCTH MOAOUPAETCS B 3aBUCUMOCTH OT TEPMOANHAMHYECKOTO COCTOSHUS aTMOC(HEpBI, & TakxkKe
OT MPUMEHSIEMBIX CPEJICTB BO3JICHCTBHUSI.

e llcciie0BaHO BIHMAHHME aKTHBHOTO BO3JENCTBHS KPUCTAJUIM3YIOLIUM peareHToM Ha (popMu-
pOBaHHE MHUKPOCTPYKTYPHBIX I1apaMeTpPOB I'PafoBbIX 00aKoB. MCTOYHMK HCKYCCTBEHHBIX KpH-
CTAJIJIOB 33/1aBaJICSl B Pa3IMYHBIX TOYKaX obOiaka. ITomydeHo, 4To BHECEHHEM B 00JAKO MEJIKUX HC-
KYCCTBEHHBIX KPUCTAJUIOB MOXKHO PEryJIMPOBATh YMCIIO 0OPasyroNMXCs B HEM KPYIHBIX I'PAJUH B
MEHBIIYIO U OOJIBINYIO CTOPOHY. OIpe/IeeHo, YTO BHECEHUE YaCTUIl KPUCTAIUTH3YIOIIETO peareHTa
B MOIIHBIX 00J1aKaX Ha TeMIepaTypHbli yposeHs -10°C B 001acTsb ¢ 60JIBIIOH BOJHOCTEIO (>1 /)
IPUBOJIMT K YACTUYHON WIIH IIOJIHOM JMKBUJIAIMM XKUJKOKANETbHON (Ppakiiuy B 30HE pocTa KPYIbl
¥l TpaJIuH, B pe3yjibTare 4yero oopasoBaHye KPyIHOIO rpaja B obyake He npoucxoaut. [Ipyu sToM He
TpeOyeTcs Upe3MEPHOTO Pacxofa KpUCTAUTU3YIOIIEro peareHTa, Tak Kak UCIOJb3yeTCs eCTeCTBeH-
Has HEYCTOMUMBOCTH (pa30BOU CHCTEMBI, COCTOSIIEH M3 NEPEOXIIAKICHHBIX Kallelb U KPHCTAJIOB.



JlocTaTouHO JHIIG ¢ IIOMOINBIO BHECEHMSI peareHTa JaTh HadaJlo MEXaHU3MYy KpUCTaJIM3alHy Iie-
PEOXTIaKICHHBIX KaIlellb.

e [IpoBenieHO HcclieJOBaHUE PACIpPOCTPAHEHUS MCKYCCTBEHHBIX JIEJISIHBIX KPUCTAIJIOB B 00-
JlaKe pU aKTUBHOM BO3JeMcTBUU. XapaKTep pacIpoCTpaHEHHUs YaCTHI] ITOKa3bIBAeT, 4To it o0ec-
nedeHus: H3PGEeKTUBHOCTH IPUMEHEHUs peareHTa TpedyeTcsl pacCcpeloTOYMBATh €ro UCTOUHUKUA B
3aceBaeMoM OObeMe.

e BriepBrle B Hamieil cTpaHe pa3paboTaHO aJanTHPOBAHHOE JJIS UCCIIENOBAHUS IapaMeTpoB
KOHBEKTHUBHOrO O0JaKa MporpaMMHO-MaTeMaruyeckoe obecreueHue TpeXMEepHOW BHU3yaIu3aluu
pacyeTHBIX JaHHBIX. [IporpamMmHoe oOecriedyeHue BKIOUaeT (GYHKUMU JUIS AETATIHHOTO aHalu3a
TPEXMEPHBIX TEPMOJIUHAMUYECKUX U MHKPOCTPYKTYpPHBIX ITapaMeTpoB 00JIakoB B JII0OOOW MHTEpe-
CYIOIIMI HCCIIeIoBaTe sl MOMEHT BpeMeHH. [[puMeHeHue mporpaMMbl IMOBBICUIO 3G (GEKTHBHOCTh
bu3HUecKOit HHTEPIIPETAUU PEe3yIHTaTOB MOIEIIMPOBAHUS, U JAJIIO BO3MOXKHOCTh UCCIIEIOBATH Ma-
JIOU3yYEHHBIE acleKThl (OPMUPOBAHUS MUKPOCTPYKTYPHBIX M AJIEKTPUUYECKHX MapaMeTpOB MOII-
HBIX I'PO30TPaIOBBIX 0OJIAKOB.

e(C HENOCPEICTBEHHBIM y4yacTHEM aBTOpa JUCCEepPTAalUU pa3zpaboTaHO HPOrpaMMHO-
maTteMatudeckoe obecredyenne «I IMET-2010», koTopoe mpeaHa3HauyeHo Uil aHaiau3a U oTodpa-
JKEHHsl JAaHHBIX POCCHUHCKOTO JOIUIEPOBCKOrO MeTeoposiorndyeckoro paauonokaropa JMPJI-C.
[TporpammHoe oOecrieueHHe OTBEYaeT COBPEMEHHOMY MHUPOBOMY YPOBHIO, OHO IIO3BOJIAET IIOJIY-
YaTh IMOJHBIH IepeueHb PaJMOJIOKAIIHOHHBIX, JOIJIEPOBCKUX U IMOJIIPH3AIIMOHHBIX MPOAYKTOB. B
porpamMmy OTOOpa)XeHMsI, TaKXKe Kak M B 3apyOeXHBIX CHCTEMaX, BCTPOCHO TPEXMEPHOE Ipes-
crapjieHHe paauoiokannoHHoi uHpopmanuu. Kommieke nporpamm «I' MMET-2010» npumensiercs
Ha Bceit cetu [IMPJI-C Poccutiickoit @enepanuu.

e PazpaboTaHo mporpaMMHO-MaTeMaTHUECKOe obeclieyeHne nprueMa U KOMIIJIEKCHOTO aHaJu-
3a PaIMOJIOKAIIMOHHOM M Tpo3oreIeHraliioHHol nHpopmanuu. O0beIMHEHHE JaHHBIX C pa3Jiny-
HBIX (PU3HYECKUX KAHAIIOB MO3BOJIAET ONPEIENATh ONACHbBIE SIBIECHHS IOToJbI ¢ OOMIBIIEH 10CTO-
BEPHOCTBIO ISl Ilejiel mropmoonoselienus. [Iporpammuoe obecnieuenne NpUMEHSETCS B paJdo-
JIOKAMOHHBIX 1eHTpax mpu BI'W u B BoeHm3upoBaHHBIX ciayxbax (Kpacuomapckas BC, Cesepo-
Kasxkasckass BC) it hopMupoBaH#s KOMIIO3UTHBIX KapT ONACHBIX SIBJICHMH IOTOJbl B MaciuTade
peruoHa.

CHuCTeMBI IITOPMOBOIO MPEIYNPEKICHUS B 3HAYUTEILHOW Mepe 3aBUCAT OT KayecTBa MHCT-
PYMEHTAIBHBIX CPEJCTB HaOIIOJCHHH, 3a0JaroBpeMEHHOCTH M JOCTOBEPHOCTH OOHApyKEHMs
OIACHBIX SBJICHUH IOTOJBI, OT Pa3BUTHS MATEMAaTHUYECKUX MOJIENEH U TEOPHH I'PO30rpaloBBIX 00-
JIaKoB B 1eJIoM. [103TOMY, ITPOBEIEHHBIE B IUCCEPTALIMN HCCIIEAOBaHUS Oy1yT criocobcTBOBaTh 60-
jee TIIyOOKOMY TOHUMAHMIO (PM3UKH TPO30BBIX 007aKkoB. Peann3oBaHHBIE Ha MPAKTUKE H3JI0KEH-
HBIE IPOrPAMMBI, aJITOPUTMBI, TPEUIOKEHHUS OBBICSAT KAa4yeCTBO UICHTU(GHUKALUY SBICHUH ITOT0/bI
1 9 EKTHBHOCTD TEXHOJIOTHI aKTUBHBIX BO3/ICHCTBUI Ha KOHBEKTHBHBIE O0JIaKa.

JlanpHelIre ueeaeI0BaH s Ha OCHOBE MaTeMaTHYeCKoro MOJEIUpOoBaHus Oy1yT HalpaBe-
HBEI Ha Oojiee TiyOoKoe m3ydeHHe (OPMHUPOBAHUS MAKPO- U MHUKPOCTPYKTYPHBIX XapaKTEPUCTHK
00JIaKOB C YYETOM B3aUMOJICHCTBHS (PU3MUECKHUX MTPOIECCOB B 00IaKax U 00JIaKOB C OKPY KaroLIeH
arMocdepoii, a TakKe Ha U3y4yeHHEe IMEP/DKEHTHBIX CBOWCTB KOHBEKTHBHBIX 00iakoB. Taxke uc-
cieioBaHus OyIyT HalpaBJIeHBI Ha M3ydeHHE Me3oMacIITaOHBIX cucTeM obOaaxoB. Ilmanupyercs
pa3BHTHE METOJIOB HayKacTHHIa ONAcHBIX siBIeHUH norojsl B CeBepo-KaBkasckoM peruone ¢ yc-
BOEHMEM BCEX JIOCTYIHBIX BH/OB METEOPOJOIHYECKOM HHYOPMAIIUK U JJAHHBIX ME30MacIITabHOro
MOJIEIUPOBAHUS aTMOC(EPHBIX MPOLECCOB ¢ YYETOM 3JIEKTpUUYecTBa 00IaKOB.

JIugHoe yyacTHe COMCKATE/IsI y4eHOil CTeneH! B MOJy4eHHH Pe3yaIbTaTOB, I0JIy4eHHbIX
B INCCEPTALHH:

ABTOpPOM JIMYHO pazpaboTaHa U peannzoBaHa Ha DBM TpexmepHas mareMaTuyeckas MOJENb
KOHBEKTHBHOT'O O0JIaka C Y4eTOM 3JIEKTPHYECKUX MpPOIeccoB. B Mojenb BKIIOYEHBI YpaBHEHHS,
YUUTHIBAIOIIHE JJIEKTPU3ANMIO0 OOJAUYHBIX YAaCTHUI[, YPAaBHEHMs JUIs OIpe]eeHHs INOTEHIMala |
HANPSHKEHHOCTH  3JIEKTPOCTATHYECKOTO TIMOJS, JUISI pacueTa KO3()(UIMEHTOB 3JIEKTPUYECKOH
KOaryJsiiud.  ABTOPOM  pa3pabOTaHO IPHUKJIAJHOE IPOrpaMMHOE ofecredeHre MOJENd C




UCIIOJIb30BAHUEM  alllOPUTMOB  paclapajUleIuBaHusl, pa3pabOoTaHbl YHCJIEHHBIE CXEMBI IS
peaT3alui BEIYUCIUTEILHEIX OJI0KOB Ha IpauuecKux miarhopmax.

ANropuTMBI  00pabOTKM M IpOrpaMMHOE OOecriedeHHe TpPEeXMEPHOH BH3yalu3alliu
PacUeTHBIX JIAaHHBIX U PAAMOIOKAMOHHBIX IapAMETPOB pa3paboTaHbl aBTOPOM JIHYHO.

ABTOPOM TIPOBEJIEHBI MACCOBBIE YHUCIEHHBIC YKCIEPUMEHTBI 10 UCCIIEI0BAHUIO 0OPa30BaHMU
U Pa3BUTHsI KOHBEKTHBHBIX 00JIAKOB IIPU PA3JMYHBIX YCIOBUSX, IPOAHATU3UPOBAHBI PACUYETHBIE
JaHHble, c(hOPMyIHPOBAaHBl BBIBOABL [IpoBeieHbI pacueThl aKTHBHOIO BO3ZEHCTBUS Ha oOJaka,
IOJTy4EHbI KOJTMYECTBEHHBIE OIIEHKH (hru3nyeckoro 3(hexra akTHBHOIO BO3IEHCTBHUS.

[IpoBesieHO cpaBHEHHE IOJTYYEHHBIX PE3yJIbTATOB C JAHHBIMU MOJIEJNIEH JPYIUX aBTOPOB H C
pe3yabTaTaMH paguoJIOKAIMOHHBIX HAOIIOIEHUH U IPO30TIe/ICHT allliH.

B coBMecTHBIX mMyOaMKaIUsIX JIMYHBIA BKJIAJ aBTOpa Juccepranuu cocrapiaser or 20 1o 60
IIPOLIEHTOB.

Bce ocHOBHBIE pe3yIbTaThl M BBIBOBI MOJIYYEHBI JUYHO ABTOPOM.

Crenenb 10CTOBEPHOCTH Pe3y/IbTATOB MPOBEIEHHBIX COMCKATEIEM HCC/Ie0BAHMIA.

JlocToBepHOCTL HAay4HBIX IOJOKEHHH, BBIBOJOB M PEKOMEHMIAIM obecreurBaeTcss KOp-
PEKTHOCTBIO MAaTEMATHYECKUX METOJOB UCCIEOBAHUS, OOIBIIMMHI CEPUSMH YHUCICHHBIX dKCIIEPH-
MEHTOB, IIHPOKOH CpaBHUTENILHON 6a30l B BHJIE JaHHBIX MOJEBBIX HAOJIIOACHHM, YYallleHHBIX pa-
JIMOJIOKAIIMOHHBIX M3MEPEHUH IapaMeTpoB O0JaKOB, NAHHBIX PETHCTPALUHE MOJIHWNA, BHYTpHU- H
MEeKO00JIauHBIX pa3psiioB.

JIoCTOBEPHOCTH YHMCIEHHOW MOJENU oOecredeHa KOPPEKTHOCTBIO MOCTAHOBKM 3aa4yM, CHC-
TEMbI YPABHEHUH, HAYAJIHBIX U TPAHUYHBIX YCIOBUH, IPUMEHEHHEM XOPOIIIO 3apEKOMEHI0BABIIHX
ce0sl YUCIEHHBIX METOJIOB, KOTOPBIE YCIEIIHO MUCIIOIB3YIOTCS MIPU MOJIEIMPOBAHUN O0JIAKOB M pe-
IIEHUHU aHAJIOTMYHBIX ypaBHEHUH. PeleHs! pa3auyHble TeCTOBEIE 3a/1auH, TTOATBEPK/IAIOIINE YI0B-
JIETBOPUTENIbHYIO TOYHOCTH BBIUMCIMTENIBHBIX CXEM U aJTOPHTMOB, a TaKKe aleKBaTHOCThH pa3pa-
O0TaHHON MOJEIH B LIEJIOM.

[Tpu peammuszanuu monenu Ha DBM HCronp30BaHbI COBPEMEHHBIE HHTETPUPOBAHHBIE CHCTEMEI
pa3pabOTKH MaTeMaTHYeCKUX MOJeNed M IPHUKIAIHOTO IMPOrPaMMHOIO 00ECIeYeH s, KOTOPhIE
BKJIIOYAIOT CPEJICTBA OTJIAJAKH U IeTATBHOTO KOHTPOJISI PACUETHBIX ITapaMeTpOB.

JloCTOBEPHOCTH MOTYUEHHBIX PE3YJILTATOB U BBIBOJIOB IOJITBEPIKIAETCS CPABHEHHEM IIOJY-
YEHHBIX XapaKTEPUCTUK OOJIAKOB C JIAHHBIMH I10JIEBBIX HAOIIOACHUN M PaliOJOKAIIMOHHBIX H3Me-
peHuil.

Anpobanusi paéoThl.

[TonyueHHbIe B X0/1€ BBIIOJIHEHUS AUCCEPTAIIMOHHOTO MCCIIEIOBAHMS PE3YJIbTAaThl JOK/Ia/IbI-
BaJIMCh U 00cyxaanuch Ha: Hay4anoii koH(pepeHImn HHCTHTYTOB Pocruapomera, mocssieHHo 50-
neturo otaena ¢Gpusuku obiakoB [naBHOU reodusmyeckoit obcepBaropun um. AWM. Boelikosa
«Teopernueckne M SKCHEPUMEHTAIBHBIE HCCIICIOBAHUS KOHBEKTHBHBIX 00JakoB», r. CaHKT-
ITerepOypr, 2008; MexyHapoJHOM HAyYHO-IIPAKTHYECKOM CeMUHApe «DKOJOTHUYECKHE Mpooiie-
MBI COBpeEMEHHOCTH», I'. Maiikomn, 2009; Mexnynapoanom Poccuiicko-AOGXa3cKoM CHMIO3HYME
«YpaBHEHHUS] CMELIAHHOTO TUIIA U POJACTBEHHBIE TpoOsieMbl aHanmu3a u uadopmarukuy u VII Iko-
JIe MOJIOJIBIX Y4eHBIX «HemokanpHble KpaeBble 3a7a4u U MPOOJIEMbl COBPEMEHHOTO aHAIW3a M HH-
dopmaruxm», r. Hampuux — [Tpuanebpycee, 2009; MexayHapoaHOM Hay4YHO-PAKTHYECKOH KOH-
pepennnn «Muxenepusie cucteMpr-2009», . Mocksa, 2009; Beepocceuiickoit KoH(pEpeHIUH 110
(uzuke 06JaKOB U AKTUBHBIM BO3JICHCTBUSIM Ha I'MPOMETEOPOJIOTHUECKHE TIPOLIECChl, I'. Hanpuuk,
2011; Ilepmoii mexayHapomHoi koH(pepeHIH «Mosoaekb B (HOPMUPOBAHMHM HHHOBALIMOHHON
SKOHOMMKH M IEPeXo/1 K oOmecTBy 3HaHuiy. — Hanpunk, 2012; MexaynapoaHoi Hay4dHOM KoH(De-
PEHIMK C BJIEMEHTAMU HAay4HOU IIKOJIbI «/HHOBAIIMOHHBIE METOIBI U CPEJICTBA MCCIIEIOBAHUN B
obnactu Gu3MKH aTMechepBl, THIPOMETEOPOIIOTUH, SKOJIIOTUH B U3MEHEHHs Kiumaray, r. CTaBpo-
nosb, 2013 r; VII Beepoccuiickoit koH(pepeHnun mo armochepHoMy 31eKTpuuecTBy, . CaHkT-
ITerepOypr, 2012; MexxayHapoJHOM CUMIIO3UYMe « Y CTOMYHBOE pa3BUTHE: MPOOIEMBI, KOHIIEIILIMH,
mozenny, nocsamenom 20-netuto KBHI[ PAH, r. Hanpunk, 2013; Koudepeniue MOIOABIX yue-



HBIX BBICOKOTOpHOrO reogusuyeckoro HHCTUTYTa, IocBsimeHHoi 100-netuo mpodeccopa
['.K.Cynaksemunse, r. Hanpunk, 2013; AMS 14th Conference on Atmospheric Radiation, Boston,
MA, 2014; Bcepoccuiickoil OTKpbITOM KOH(pepeHIn: Mo (Gpusnuke 06JIaKOB M aKTUBHBIM BO3JEHCT-
BHSIM Ha THIPOMETEOPOJIOTMYECKUE ITPOLIECCHI, MOCBAIEHHOH 80-1eTrio Db0pyccKoit BEICOKOrop-
Hoil komIutekcHo okenequuuu AH CCCP, r. Hanpunk, 2014; Bropoit MexxyHapoHoi HaydHO#M
KOH(EPEHIUH € dIEMEHTAMU Hay4HOH IIKOJIbI «IHHOBAIMOHHBIE METOBI U CPEJICTBA HCCIEI0Ba-
HUH B 00nmacTH QU3HKH aTMOChepbl, THIPOMETEOPOIOrHH, SKOJOIMH U U3MEHEHHUs KIHMaTay, T.
Craspononib, 2015; Bropoii Bcepoccuiickoit koupepenunu «[o6anbHas snekTpuyeckas LEmb,
['eopusuyeckas obcepBatopus «bopox» — dumman Mucturyra Gpusuku 3eman uMm. O.1O.11Imugra
PAH, 2015; MexaynapoiHoii Hay4HO-IpaKkTHYeCcKOil KoHdepenimu «[106anbHbIe BEI30OBEI COBpE-
MEHHOCTH U TIpo0sIeMbl ycToiurnBoro passutus [Ora Poccumy, r. Hanbuuk; Mexnynapoauoit Poc-
cuiicko-KuTaiickol KoHpepeHIn «AKTyalbHbIe TPOOJIEMBI IIPUKIIAIHON MATEMATUKH U (DU3HKI»
u [xosbr MosonbIX yueHbIX «HenokanbHble KpaeBble 3a1a4i U COBPEMEHHBIE TPOGJIEMBI alIre6phl,
aHanusa ¥ uHpopmaTukmy, T. Hampunk — [puanebpycee, 2015; na Beepoccuiickoit kondepenyu
C MEXJYHapOJHBIM Yy4YacTHEM, IOCBsIeHHON 75-netnio npexacenarenss O®I'BHY «Denepanbubiii
Hay4yHbIi neHTp «Kabapauno-bankapckuit Hay4nbli nentp Poccuiickoii akagemun Hayk» VMBaHoBa
ILM., 2017; na OGmereodusmueckux cemuHapax u Mroroseix ceccusix Yuenoro cosera ®I'BY
«BBICOKOTOPHBIN reo(pU3NYECKHT HHCTUTYTY.

HoBsuzna u mpakTHYecKasi 3HAYHMOCTh Pe3yJbTATOB MPOBEAEHHBIX COHCKATEJIEM HC-
CIeJOBAHHIL.

Hoeusna pesynomamog, oJTy4eHHBIX B X0JI€ HCCIIEIOBAHHUS, 3aKIIFOUAETCS B CIIEIYIOIIEM:

e PaspaGorana TpexMepHas YHCICHHas MOJEb KOHBEKTHBHOIO 00JIaKa ¢ y4eTOM TEPMOJIUHA-
MHYECKUX, MHUKPO(DU3NYECKUX M DJIEKTPUYECKUX IMPOIeccoB. MoJens OTIHYaeTcss TeM, YTO HC-
TIOJIB3YETCsl JeTalbHast MUKPO(U3NKa ¢ OONBIIAM YUCIIOM TpaJlalliii pasMepoB YacTUI[. YUUTHIBa-
IOTCsl HAKOIUIEHHE 3apsioB B 00JIaKe, HANPSDKEHHOCTh 3JIEKTPUYECKOTO OIS, JIEKTpUdecKas Koa-
rynanus obnauHbIX yactuil. Paspaborana MeToauka (GOpMHPOBAHUS TPEXMEPHBIX MCXOJHBIX JAH-
HBIX IIPU MHUIMATTU3AIHE MOJICIIH;

e Ha ocHoBe pazpaboTaHHOM MOJENH ¢ AETaJbHBIM OIMHCAHHEM IPOIECCOB BIIEPBBIE HCCIIE-
N0BaHO (hOPMHPOBAHKE MAKPO- B MHKPOCTPYKTYPHBIX, U JIEKTPHUECKHUX napaMeTpoB. Ornpesenena
JMHAMHUKA H3MEHEHHS XapaKTePUCTUK IPO30IpaloBbIX 00JaKOB HA CTaIHU POCTA B MAKCHMAIBHOTO
Pa3BUTHS,;

e MccneoBanbl 21€KTpUYECKHE XapaKTEPUCTHKH MOIIHBIX KOHBEKTHBHBIX OOJIAKOB B pas-
JIMYHBIE MOMEHTBI BDEMEHH M UX B3aUMOCBSI3b C MUKPOCTPYKTYPHBIMHE TapamerpaMu. Orpejenena
IIPOCTPAHCTBEHHAS CTPYKTYpa OOBEMHBIX 3JIEKTPHUECKUX 3apsi/IOB B 00JIake, TPEXMEpPHOE paciipe-
JIeJIEHHE HAIIPSDKEHHOCTH 3JIEKTPHUECKOTO TTOJIS;

e [Tonryuena xonuvecTBeHHAs OLEHKA BIUSHUS JEKTPUYECKOM KOAryJsIUKM Ha CKOPOCTh 06-
pa3oBaHuUs 0CAIKOB B MOIIHBIX 00JIaKax;

e lccenoBano BIMSIHHE B3aUMOJICHCTBUSI KOHBEKTUBHBIX 00JIaKOB ¢ aTMOoCc(epoii, 06ycioB-
JICHHOE CTPYKTYpO# 110JIs1 BeTpa B arMocdepe, Ha (OPMUPOBAHUE UX MAKPO- U MHUKPOCTPYKTYPHBIX
XapaKTepUCTHK;

e C npuMeHeHHeM pa3paboTaHHON MOJIEH HCCIEI0BAHO H3MEHEHHE MUKPOCTPYKTYPHBIX I1a-
pPaMETPOB KOHBEKTUBHBIX 00JIAKOB IIPH 3aCEBE PEareHTOM.

e Vccnenoana sddexruBHOCTs AB Ha KOHBEKTHBHBIE O0Jlaka C IEJBIO MCKYCCTBEHHOIO
YBEJIMYEHHUS OCATKOB.

o CopMynupoBaHbI IIPEUIOKEHHS TI0 ONTUMU3ANKK TEXHOJOTHH 3aceBa JIbJI000Pa3yIONIU-
MH U XJIaZlopeareHTamH;

e Ha ocHOBe mOTHOM TpexMepHOH MOJENH HCCIEeOBAaHO PaclpOCTPaHEHHE HCKYCCTBEHHBIX
JMeTHBIX YACTHI] B 0071aKe IPU aKTHBHOM BO3/ICHCTBHH;



e PazpaboTaHo mporpaMMHO-MaTeMaTH4yeckoe oOecreueHre KOMIUIEKCHOH o0paboTku pa-
JMOJIOKAIIMOHHOM M IPO30IIEICHIallMOHHON HH(POPMALUU I WICHTH()HUKAIIMY ONACHBIX SBJICHHH
IIOTO/IBI, TEKYIIETO IMPOTHO3a UX MepeMEeICHUS;

e PazpaboTaHo mporpaMMHO-MaTeMaTH4ecKoe oOecreueHne TpEXMEPHOM BU3YAIU3al[MH J1aH-
HBIX YHMCJIEHHOIO MOJIEJMPOBaHMs U PAJMOIOKAMOHHON MH(pOPMAIUU METEOPOJIOTHYECKHX pa-
JTHOJIOKATOPOB.

IIpaxmuyeckas yeHnocms NOTYYEHHBIX B JUCCEPTALUU PE3YJIBTATOB 3AKJIIOYAETCS B TOM,
qTO!

e PaspaboraHHas TpexMepHas UYHCICHHas MOJENb KOHBEKTHBHOIO OOJaka C JeTajbHBIM
Yy4ETOM TEPMOJMHAMUYECKHUX, MUKPO(PHU3UUECKUX U HIEKTPHUECKHIX IIPOLECCOB MOKET IPHUMEHSTh-
Csl JUIS JIeTalbHBIX MCCIIE0BaHUM 1o (u3HuKe 00IaKoB, UL pacyera MmapamMeTpoB JKHIKHX M TBEp-
IIBIX OCAJIKOB IIPU €CTECTBEHHOM PA3BUTHH U aKTHBHBIX BO3JIECHCTBHSIX.

e [lomydeHHble B YUCIEHHBIX SKCIEPHMEHTAX PE3yJIbTAThI MO3BOJISIOT PACIIUPUTH U YIIIy-
OUTH CYILECTBYIOUIME TEOPETHUYECKHUE IIPEJCTABICHHs O (OPMUPOBAHUU MUKPOCTPYKTYPHBIX Xa-
PaKTEPUCTUK KOHBEKTUBHBIX 0OJAKOB IPH PA3IMYHBIX YCIOBUSX UX 00pa30BaHUS U PA3BUTHSL.

e JccrnenoBanue B3aUMOJEHCTBHS pa3IMUYHBIX MPOIECCOB B OOJaKaxX pacuIupseT TeOpeTH-
YyecKue 3HaHus 1o (pu3uKe 00IaKoB.

e TpexmepHas MOAEIb C y4ETOM 3JIEKTPUUYECKUX MTPOIECCOB MTO3BOJISIET PACCUUTHIBATE Pac-
npezieieHHe 0ObEMHBIX 3aps0B M HAIPSDKEHHOCTH JJIEKTPHUYECKOrO IOJISl B 00JIaKke U B OKPYKaro-
IIEM IIPOCTPAHCTBE, YTO BAXKHO JIJISI HCCIIEIOBAHUS BIIMSHUS AJIEKTPHUECKOTO MOJIS Ha JPYTHEe MHK-
podusnyecKre IPOLECcChl, U Uil pa3paboTKH B JaJbHEHIIEM HAay4yHO OOOCHOBAHHBIX METOOB
YIIpaBJIEHUS DIEKTPUIECKIUMHU ITPOIleccaMy B 00IaKax.

e MoJenb KOHBEKTUBHBIX 00JIAKOB MOXKHO HCIIOJIB30BATH ISl YHCICHHBIX SKCIEPHMEHTOB
C IIEJbIO YCOBEPIIECHCTBOBAHUS CYUIECTBYIOIIUX U pa3padOTKH HOBBIX METOJOB pEryJIHpOBAHUS
0CaJKOB M3 KOHBEKTHBHBIX OOJIAKOB B Pa3JIMUHBIX PETHOHAX, C PA3THYHBIMH TEPMOJUHAMHYECKHU-
MH yCIIOBUSIMH.

e Pe3ynbraThl YMCICHHBIX 3KCIIEPUMEHTOB Ha OCHOBE pa3pabOTaHHON MOIETH BaXKHBI JUIS
aHayu3a G PEKTUBHOCTH METO/IOB aKTUBHOTO BO3JICHCTBUSI HA IPaoBble 0bJaKa.

e Pe3ynbTarhl UCCIEAOBAHUN OCOOCHHOCTEH pa3BUTHS ONACHBIX KOHBEKTHUBHBIX IPOLECCOB
MOTYT IIPUMEHSTHCS B 9KCIIEPTHBIX CUCTEMaX IITOPMOBOTO ONOBELICHUSI.

e Pesynprarel pazpaboTku nporpamMmHoro otecrnedeHust otodbpaxenus ganubx JJMPJI-C
MOTyT OBITH MCIOJIb30BaHBI JUIS YCOBEPIICHCTBOBAHHS METOJOB KOHTPOJSI ONACHBIX SIBJICHHIA
IIOTOJTBI.

IlenHOCTH HAYYHBIX PabOT COUCKATE/ISI YIEHOI CTeneHH
[leHHOCTh Hay4HBIX PabOT COMCKATENSI COCTOUT B TOM, YTO B HUX ITOCTABJICHBI U PEIICHEI
CIIETYFOIIUE 3a1a4h:

e Pa3zpaboTka TpeXMEpHOM HECTAI[MOHAPHOM YHMCICHHON MOJEIM KOHBEKTHBHOTO OOJaKa C
JIeTaJIbHBIM Y4E€TOM TEPMOJAUHAMUYECKUX, MUKPO(PHU3UUECKUX U DJIEKTPHUECKUX IIPOLIECCOB.

e Bepudukanus Moien Ha OCHOBE CPaBHEHHS C JAHHBIMH PaIHOIOKAIIMOHHBIX HAOIOICHIIA
CTPYKTYPBI M JJAHHBIMH KCIIEPUMEHTAIBHBIX H3MEPEHHUN TapaMeTpOB 00JIAKOB.

e JIpoBeleHNE YHCIEHHBIX SKCIIEPUMEHTOB C MCIOJIB30BAaHMEM pa3pabOTaHHOW MOJETH H
aHAJIU3 PE3YJILTATOB PACUYETOB.

e lccnenoBanne ocoOeHHOCTEH TpaHCHOpPMAIMH MUKPOCTPYKTYPHBIX M DJIEKTPHYECKHUX I1a-
PaMETPOB MOILIHBIX KOHBEKTHBHBIX 00JIAKOB ITPU PA3IMUHBIX COCTOSHHIX aTMOChEpHI.

e MosienmmpoBaHue aKTUBHOIO BO3JCHCTBHsI Ha KOHBEKTMBHBIE O0JlaKka KPUCTAILTH3YIOLIMM
pPEareHToM C ILEJIbI0 MCKYCCTBEHHOIO YBEIMUYEHMs OCAIKOB, pa3paboTKa peKOMEeHIauuil 1o yco-
BEpIIEHCTBOBAHUIO TEXHOJIOTHIT 3aceBa.

e Pa3paboTka IpOrpaMMHBIX CPEACTB KOMIUIEKCHOTO aHAJIN3a PaJMOJIOKAIMOHHON MEeTeopo-
JIOTMUECKOH HH(POPMAIMK ¥ CHCTEM IPO30IIeJICHTallu .



* PaszpaGoTka alropuTMOB JKCTPATIOJIAIMN HANPABICHUSI W CKOPOCTH TEPEMCIICHHS, H
MHTEHCHBHOCTH OTTACHBIX SIBJICHUI MOT0JIbI.

HayuHasi crienuajibHOCTh, KOTOPOIl COOTBETCTBYET IMCCEPTANINS

Jluccepratmst  [llanosarosa B.A.  «3aKOHOMEPHOCTH  (OPMUPOBAHMS  Makpo- 1
MUKPOCTPYK- TYPHBIX XapakTepUCTHK TPO30rPajoOBBIX O0IAaKOB € YYETOM B3aHMO/ICHCTBHS
TEPMOTHIPOAMHAMHUYCCKIX, MUKPOPU3IMUECKUX W DJICKTPUUCCKUX IMPOLECCOB» BBINOJIHCHA 110
cnienasibHocTh 25.00.30 - METEOpOsIOTHsl, KIMMATOJIOTHSI, arpOMETEOPOJIOrHs, B COOTBETCTBHN
cm. 8 um. 11 macnopra crieMaJbHOCTH.

Jlnccepraumst  mpejacTaBisier  coOoi  caMOCTOSITENIBHO — BBIMTOJIHEHHYIO  aBTOpPOM
HayYHOKBAIH(UKAIMOHHYIO paboTy, B Hell pa3paboTaHbl TEOPETHHUECKHE  TOJIOKEHHUS,
COBOKYITHOCThH KOTOPBIX MOYKHO KBAJIM(DUIIMPOBATH KAK HOBOE KPYITHOE JIOCTHIKEHHUE B PA3BUTHN
Gu3nku 00J1aKOB ¥ aKTHBHBIX BO3JICHCTBUI HAa HUX.

OHa TOJHOCTBIO COOTBETCTBYET KpuTepusiM [losokeHns 0 TOps/IKe TPUCYKIACHUS Y
YeHBIX CTENEHEH, TPEIBSIBICHHBIM K JJOKTOPCKUM JIMCCEPTAIMSIM ¥ PEKOMEHYETCS K 3all|TEC B
nuccepraiiioHHoM coBere 1pu PI'BY «BI'M».

[MosiHOTAa M3JI0KEHHSI MaTepHAJI0B HccepTalmi B paboTax, ony0JHKOBAHHBIX
coHCKaTeJIeM YUEHOH cTerneHun

[To Teme jmcceprannn ony6ankoBano 114 HayuHbIx paboT, U3 HUX 9 cTarel B W3IaHMsIX
u3 6a3el SCOPUS. 28 - u3 nepeunst BAK, 6 ¢cBUAETEILCTB O pErUCTPAIIMHU CO3/IaHHBIX MTPOTPamMm
st DBM, 3 MmoHorpaduu (B COaBTOPCTBE).

Pemenne O6mereodusuueckoro cemunapa ®I'BY «Beicokoropnplii reodusnueckuii
HHCTHTYT»: YTBEP/UTh HACTOSIIEE 3aKIOUCHHE 1 PEKOMEH/I0BaTh JuccepTannto [llanosanosa
Bumaius Anrexcanoposuua «3aKOHOMEPHOCTH (DOPMUPOBAHMS MAKpO- M MHKPOCTPYKTYPHBIX
XapaKkTePUCTHK IPO30TPaIoBbIX 001aKoB c YUETOM B3aUMOICHCTBHUS
TEPMOTHIAPONHAMUYCCKIX, MHUKPO(PU3MUECKHX M OJICKTPHUYECKHUX IIPOLECCOB» K 3allUTE Ha
COMCKaHWE YYEHOH CTEMEeHH JOKTOpa (PU3MKO-MAaTEMAaTHYECKUX HayK M0 CHCHHAIbHOCTH
25.00.30 - MeTeOpOJIOTHSI, KITUMATOJIOTHS, arpOMETEOPOJIOTHSI.

[IpucyTCTBOBAIM HA 3aCCAAHUU:

I. 3amuxanoB Muxamn YokkaeBu4 - JIOKTOp reorpapuyecKkux Hayk, axaaeMHK
(25.00.23). Hayunbiit pykosoure: s PI'bY «BI'H»;
2. Kano Pycnan XaxGaposuu - kanamaar Qus.-mar. Hayk. joueHt (25.00.30).

samectuTeb aupekropa @I'BY «BI'M» no nayunoii padore:

Ama6oko bopuc Asperammesuy - jokTop (us.-Mar. Hayk., mpodpeccop (25.00.30),

sape/ytomuit Orenom dusnku obsiakoB @I'BY «BI'M»:

4. bapekosa Mapunuka BuktopoHa - kanmmaar ¢pus.-mar. Hayk (25.00.30), yueHbiii
cekperapp OI'BY «BI'W»;

5. IllanoBamoB Asekcanap BacuibeBud - JOKTOp (u3.-Mar. Hayk, mnpodeccop
(25.00.30), 3aBeayromuii maboparopreil MareMaTH4eckoro mMoaenuposanus Otena
¢usnkn obaakoB PI'BY «BI'M»;

6. Kano Xax6apa Mawmuzouu - joktop (us.-mMar. Hayk, npogeccop (25.00.29),
raBHBIN HayuHbIH coTpyAHUK DI'BY «BI'U»;

7. AkveB AHaToumi XabacoBuy - HoKTOp (pu3.-mat. Hayk, rpodeccop (25.00.30),
sapeyromuit OTaenom cTuxuitHbIX spieHnid @I'BY «BI'M»;

8. bekkner Myxrap 1Ocy6oBHY - JOKTOp TeXHHUYECKHX Hayk, mpodeccop (05.23.07),
mupexktop @I'BY «BI'M»;

9. Ilarun Cepreii Mpanosuy - jgoxrop reorpapuiecknx nHayk (25.00.23), HauaabHUK
VIPABICHUS HAYYHBIMH  MCCJIC/IOBAHUSIMH M MHHOBALMOHHON  JICSTE/IbHOCTBIO
KabapamHo-bankapckoro rocy/1apcTBCHHOTO YHUBEPCUTETA!
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10. ApkueBa Aunia AHatoinbeBHa — JOKTOp (u3.-Mat. HayK, moueHT (25.00.30), CHC naboparo-
puH MaTemMatudeckoro momenupoBanus Otnena ¢pusuku obnakoB OI'BY «BI'1y;

11. KongparseBa Haranus BiagumupoBHa — 1okTOp reorpaduueckux Hayk, goueHT (25.00.23),
CHC naboparopuu Hay4HO-METOJUYECKOTO PYKOBOJCTBA IPOTHBOJABUHHBIMEH paboTamu OI'BY
«BI'Ny;

12. Xyuynaes Bysurur MyccaeBuu - goxrop ¢us.-mar. Hayk (25.00.30), 3aBexyroumii nabopa-
Topuel muxpopuzuku obmakos Otena pusuku 061akoB PI'BY «BI'My;

13. Mamyxos Xaspataau XaMuz0BH4Y - KaHIHIAT (us.-mar. Hayk, jgoueHT (25.00.30), 3aBe-
nyromuit nabopatopueit paguorenemerpuu Otaena pusuku odaakos OI'BY «BI'1y;

14. Tammosa Amna AMapOueBHa — KaHauaaT Gu3.-MaT. Hayk, goment (25.00.30), CHC nabo-
paropun MUKpodu3uku obakoB Otxaena ¢pusuku obnakos @I'BY «BI'My;

15. Iamxenu Muxann FOpbeBuy — kanmaaT TexHuueckux Hayk (25.00.29), nupexrop Brico-
KOTOPHOT'O HAYYHO-MCCJIE0BATEIBCKOIO UCIBITATEIBHOIO LEHTPa aBUAIIMOHHOW TEXHHUKH M BOO-
PYXKEHUS.

Pesynprarer ronocoBanus: "3a" - 15 gen., "nmpotus" - HeT, "BO3AEPIKAIUCE" - HET, MIPOTOKOJI
No 7 ot 12 uronst 2019 r.

Kanos Pycnan Xax6aposuy,
3amecrtutens qupekropa @I'BY «BI'M» no nayunoit padore,
K.().-M.H., JIOLIEHT,
360030, KbP, r. Hanpbuuk, nip. Jlenuna, 2
Telt. +7 (8662) 473580, email: ruskalov@rambler.ru
bapexoBa Mapunuka BuktopopHa,
yueHslii cekpetaps OI'BY «BI'Uy», k.¢.-M.H.,
360030, KEP, r. Hanpuuk, rnp. Jlenuna, 2
Ten. +7 (8662) 40-74-55, email: bmv22@rambler.ru
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[TPUJIOKEHUE
OcHOBHOE coaepKaHHe AMCCePTALNH ONMYOJIHKOBAHO B CJIeAYIOIMIHX padoTax:

I Cmambu 6 HayUHBIX U30AHUAX, 6x00auux 6 6azy SCOPUS:
Shapovalov, V.A. Propagation of Multicomponent Admixture in the Atmosphere in the
Mountain-Steppe Zone, Materials Science Forum, 2018, Vol. 931, pp. 1013-1018. doi:
10.4028/www.scientific.net/MSF.931.1013
Bychkov. A.A., Shapovalov, V.A. Formation of Bulk Electric Charges and Fields during
Development of Thunderstorm Clouds. International Journal of Applied Engineering
Research ISSN 0973-4562 Volume 12, Number 23 (2017) pp. 13142-13149.
Shapovalov, V.A., Shapovalov, A.V.. Koloskov. B.P.. Kalov, R.Kh.. Stasenko, V.N.
Numerical Study of the Dynamic, Thermodynamic and Microstructural Parameters of
Convective Clouds. Natural Science, 2018, 10, 63-69. doi: 10.4236/ns.2018.102006.
Shapovalov V.A., Adzhieva A.A., Fedchenko L.M., Kovalev E.A. (2018). Mathematical
Modeling of Formation of Transparency Regions in Supercooled Stratiform Clouds and
Fogs. Journal Of Environmental Management And Tourism, V. 9, Nel(25), 17-27.
doi:10.14505//jemt.v9.1(25).03
Shapovalov, V.A. System of Warning about Dangerous Atmospheric Phenomena in the
North Caucasus for Objects of Economic Activity, Materials Science Forum, 2018. Vol.
931, pp. 1019-1024. doi: 10.4028/www.scientific.net/MSF.931.1019
Ashabokov, B.A.,, Shapovalov, A.V... Kuliev, D.D.,, Prodan, K.A.,, Shapovalov, V.A.
Numerical simulation of thermodynamic. microstructural, and electric characteristics of
convective clouds at the growth and mature stages. Radiophysics and Quantum
Electronics. Volume 56, Issue 11 (2014). pp. 811-817. doi: 10.1007/s11141-014-9483-z
Adzhiev. A.Kh... Stasenko. V.N.. Shapovalov. A.V... Shapovalov, V.A. Atmospheric
electric field strength and thunderstorms in the North Caucasus. Russian Meteorology and
Hydrology. 2016, Vol. 41. No. 3. pp. 186-192. doi: 10.3103/S1068373916030031
Adzhieva, A.A., Shapovalov, V.A.. Boldyreff, A.S. Development of thunderstorm
monitoring technologies and algorithms by integration of radar, sensors and satellite
images. Proc. SPIE 10424, Remote Sensing of Clouds and the Atmosphere XXII. 104240H
(20 October 2017); doi: 10.1117/12.2299289
Adzhieva, A.A.. Shapovalov, V.A.. Mashukov, [.LKh. Local Sensing of Atmospheric
Electric Field around Nalchik City. Advanced Environmental, Chemical, and Biological
Sensing Technologies X1V, edited by Tuan Vo-Dinh, Robert A. Lieberman, Proc. of SPIE
Vol. 10215, 102150W (May 3, 2017); doi: 10.1117/12.2279940.

11. Cmambvu 6 6e0yuiUx HAYUHBIX U3OAHUAX, PEKOMEHO06aHHbIX BAK P®

[HlanosaiioB, B.A. UKC/IEHHOE HCCIIEI0BAHUE MHMKPOCTPYKTYPHBIX H DJICKTPUYCCKHUX
XapakTeprucTUK KOHBEKTHBHBIX oOsakos/ B.A. Illanmosasnos // Ilponecchl B reocpenax. -
2018. - Ne 1 (14). - C. 804-810.

[TlanoBasiios, B.A. UncaeHHOE MOJICIMPOBAHUE HICKTPUUECKUX TIPOLIECCOB B IPO30BbBIX
obnakax/ B.A. IHanosasos // Tpyasl ['TO um. A.W.Boeiikosa, - 2018. - Beim. 558.- C.
28-36.

[IlanoBasnos, B.A. YuciieHHoe Mo/ie/rpoBatie GopMUpOBaHUs TPpajnH B obJlakax 1npu
GCTECTBEHHOM  Da3BUTHH W aKTHBHOM  BO3JICHCTBMM  Kpuctajumsylomum/  B.A.
lanosanos // Hayka. Mnnosarmu. Texuonorun. - 2018. - Beim. 3. - C. 227-239,

[llanoBasio, B.A. MudopmannoHHas cHcTeMa aHain3a W OTOOPaKEHHs JIaHHBIX
JIOTUIEPOBCKOTO  MeTeoposioruyeckoro paanonokaropa JMPJI-C/ B.A. Ilanosasos //
CoBpeMeHHas HayKa: aKkTyaibHbie pobiaembl Teopun u npaktikn: Cepust «EcTecTBEHHbBIC
u Texunueckue Hayku» - 2018. - No 7. - C. 158-165.
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[Hlanosasios, B.A. MeTouka YMCIEHHOTO PEIIEHUS CUCTEMbl YPABHEHUH TPEXMEPHOH
Moaenu koueekTuBHOro obsaxka/ B.A. Illanosasos // Becruuk KPAYHII. ®wus.-mart.
Hayku. - 2018. - Ne 3(23). - C. 169-179.

[[lanosamos, B.A. HWMupopmanmonHast TEXHOJIOTUsS TPEXMEPHOTO TPEACTABIICHUS
JIAHHBIX H3MEpeHuH W uncsienHoro mojesuposanus/ B.A. Ilamosasos// UnxenepHsli
BECTHHK JloHa. -2018. -No 2 (49). -C. 109-120.
http://www.ivdon.ru/ru/magazine/archive/N2y2018/4994

[IlanoBanoB, A.B. MojennpoBanne >JIeKTPHUSCKHX MpPoLeccoB B rpo3ax B Cepepo-
KaBkasckom pernone/ A.B. Illanosanos, [lamkesnu M.IO., B.M. Psasanos, B.A.
Ianosasnos, bepesunckuit H.A., Illepemerses P.B., A.C. Kampykos // T'eonorust n
reodpusuka tOra Poccun. - 2017. - Ne 1, - C. 94-101.

[HanoBanioB. A.B. MatemaTtudeckasi MO/Ie/Ib paclipocTpaHeHUs Mpumeceil B OJIvKHEN
30He Tpu padore paketHbix jBuraresieid/ A.B. Illanosanos, B.A. IHanosanos, B.M.
Psizanos// Hayka. MaHoBanmu. Texnonorun. - 2017, - Ne 2. - C. 87-96.

[MlaroBanoB, A.B. MojeupoBaHne CHEKTPOB HYacTHIl B KOHBEKTHBHBIX 00JIaKax co
CMeIIaHHbIM (pa30BBIM COCTABOM M MX pajnanuoHHbIx cBoicTs/ A.B. Illanosanos, B.A.
[Hanosanos, A.I'. E3aosa, K.A. Ilponan // U3sectust KBHI[ PAH. - 2013. - No 5(55).-
C.63-72.

A11ad0KOB, b.A. Yucnennoe MO/IEJIMPOBAHUE TEPMOIMHAMUYECKHX,
MHUKPOCTPYKTYPHBIX M AJICKTPUUECKHX XapaKTEePUCTUK KOHBEKTHUBHBIX 00JIAKOB HA CTAINH
pocta ¥ MakcUMaIbHOTO pa3BuTHs/ b.A. Amabokos, A.B. [Ilanosanos, Kysmes JI.J1., K.A.
[Tponan, B.A. lllanosanos // U3sectus By3zos. Pagnopusuka. - T. 56. - Ne 11-12.- 2013. -
C. 900-907.

AmabokoB, b.A. MHccrenoBanne oOpaszoBaHus — JeAsHOH  (a3bl B MOIIHBIX
KOHBEKTHBHBIX 00J1akax Ha OCHOBE TpeXMEpHOH umciieHHoi moxpenn/ B.A. Amabokos,
B.A. Illanosanos, A.I'. EzaoBa, M.A. IllanoBasios// EcTecTBeHHBIE W TEXHHYECKHE
HaykH. - 2014. - No 5(73). - C.78-83.

AjokureB, A.X. HanpsykeHHOCTh  2JICKTPUHUECKOro  TOJst  aTMoc(epbl M IpO30BbIE
seiiennst Ha CesepHom Kaskasze/ A.X. Ajkues, B.H. Cracenko, A.B. lllanosanos, B.A.
[llanoBasios / Mereoposorus u rujposorus. - 2016, - Ne3. - C. 46-54.

Kepumos, A.M. O pacrnipocTpaHeHn# aTMOC(EPHBIX TPUMECEH B TOPHO-CTENHON 30He/
AM. Kepumos, E.A. Kopuaruna, A.B. Illlanosanos, B.A. Ilanosanos// M3sectus
BICIINX yueOHbIX 3aBeneHni. CeBepo-KaBkasckuii pernon. Cepusi: ECTeCTBEHHbBIE HAyKH.
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JIMUHBIH BKJTaj COMCKATENS 110 TEpeUYUCICHHBIM paboTaM MOXKET OBbITh OXapakTeph30BaH
ClIe/IYIOUM 00paszom:

- B paborax [17, 22, 29, 38, 52, 64, 70, 71, 73, 74, 95, 102, 105, 106, 113] — co3nanue
ITOPUTMOB M TIPOTPaMM, TO3BOJISIOIIMX BECTH PacyueThl MO MOJC/SAM  pacipocTpaHeHUA
npuMeceil TIpH PasMUHBIX YCJIOBHSIX B arMocdepe, aHaim3 J@HHbIX, pazpadoTka CPeCTB
BH3YaAJILHOTO TTPE/ICTABICHUS PE3YIIbTATOB;

- B pabotax [56, 61, 72, 77. 109, 110. 112, 114] — paspaboTka n peajn3alins ajropuTMosn
nporpaMm  06paboTKH  PajMoioKaMOHHEIX  Habmoennit MPJI-5 JIMPJI-C, co3nanue
MPOrpaMMHOTO KO1d. OTJ1aJ1Ka HPOTrpamMM:

- B padotax |7, 8. 21. 24. 26. 28, 31. 33. 35, 41-43, 51, 54. 63. 65. 69. 78. 81, 84. 88, 93,
100, 101] — co3gaHne METO/I0B. &ITOPUTMOB, IPOrpamMm 0OpabOTKH, KOMIJICKCHPOBAHMUS,
aHaJM3a W NPEJCTABICHHMs  JIAHHBIX  PAJAMOJIOKAIIMOHHBIX, — TPO3OTICJICHIAIMOHHBIX 1
CITYTHHUKOBBIX HAOJIIOCHUH ¢ [eJIbIO MICHTH(HUKAIMH OMACHBIX SBJICHUH MOrOIbI;

- B paborax [2, 3, 6, 10, 16, 18, 19, 20, 30, 34. 36. 39, 40, 44, 45, 49, 50, 53, 55. 57. 59, 62,
66. 68. 75. 76, 79. 80, 82, 83. 85. 87. 89. 94. 97. 98. 99, 103, 111] — yCOBEepUICHCTBOBAHNE
MHKPO(U3HHUCCKOTO 6I0KA MOJIEIH, YUET ICKTPUUECKHX MPOLECCOB, Pealn3ains YiCICHHON
MOJ1eIM 00J1aKa, TTOCTAHOBKH U IIPOBEACHUE YUCIIEHHBIX YKCIIEPUMEHTOB, aHAJIU3 PE3yJIbTaTOB,

- B paborax [4, 23, 32, 67, 86, 90-92, 107, 108] — mocTaHOBKA 3a1a4 W HCCIICIOBAHNC
pe3yJIbTATOB MOJETMPOBAHUS AKTHBHOTO BO3ICHCTBHS HA KOHBEKTHBHBIE OOlaka, paspaboTka
TIpEITOKEHHH 110 YCOBEPIIEHCTBOBAHUIO TEXHOJIOI MU

- B paborax [58. 60] — pa3paboTka MaTeMaTHYECKHX METOIOB, AJITOPUTMOB ¥ PCATH3ALINS
NPOrPaMMHOTO  OGECTICUEHHs TPEXMEPHOTO MPEICTABICHNS reo(u3nueckoll  nHpopmaumy,
MCCIIEIOBAHME JIAHHBIX pacueTOB W HAOJIIOICHHI:

- B paborax [9. 27. 37. 46, 48, 96. 104] — pazpaboTKa HCCIIC/I0BATE/ILCKOTO TTPOrPAMMHOr0
obecrieueHns  JUIS  AHAJIW3a  HIEKTPMUECKHX  TIpoleccoB B arMocdepe,  obpadorka
HKCTICPUMEHTAIbHBIX JTaHHbIX.




