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OBLIASA XAPAKTEPUCTHUKA PABOTbI

AKTYaJIbHOCTh TeMbl HCCAEA0BAHMA. AKTYalbHOCTb TEMBI
UCCJIEIOBAHMSI OIPENEIAETCSI HENOCTATOYHOM H3YYEHHOCTBIO TaKOI'o
OIIACHOTO SIBJICHUS MOTOJIbI KaK rpo3a. ExeroaHo rpo3sl o BceMy MUY
CTAHOBATCA  MNPUYMHOM  THOenu  JoJed W 3HAUYUTEIBHOTO
SKOHOMMUECKOTO yiiepOa. BBuay CI0KHOCTH M KOMIUIEKCHOCTH 3TOTO
SIBIIEHUS CYIIECTBYET HEOOXOAUMOCTb B PAaCIIMPEHUU MIPEACTABICHUI O
¢usrke MpPOTEKaHHUS MPOLECCOB AIIEKTPU3ALNU, COBEPILIEHCTBOBAHUU
METOJIOB MPOTHO3a Ipo3 (BKIIIOUAsi HAYKACTHUHT) U PEUICHHS CBSI3aHHBIX
C OTUM 3aJlad aKTUBHBIX BO3JICUCTBUII Ha KOHBEKTHBHBIC OO0JaKa,
dbopMupyrOlIME MPOUNE OMACHBIE ABIEHUS OTOIbI (TP, TUBHU).

Oco0y10 aKkTyaJdbHOCTh YKa3aHHBIC KCCICIOBAHUA HMEIOT B
CBETE M3MEHEHUs KIMMaTa, OAHUM W3 MPOSBICHUI KOTOPOTO SIBISETCS
M3MEHEHUSI YaCTOThl M MHTCHCHMBHOCTH B Pa3jWYHBIX PETHOHAX TIIO-
OTJIETIBHOCTU U Teorpaduyeckoro pacrpeaeieHus rpo3 Ha 3emiie B
uenoMm. [lonydyeHune M aHaiuM3 HOBBIX JAHHBIX, AaHAIU3 PEIKOTO
HATYpHOr0 MaTepuaia (MpeAcTaBICHHOrO B paboTe COMCKATENS) UMEET
CYLIECTBEHHYIO HOBH3HY, KOTOpas IO3BOJSET JIydlle [OHUMaTh U
UHTEPIPETUPOBATH MPOIIECCHl (POPMHUPOBAHUS TPO3OBBIX PA3PSIOB.

Henbo  paboTbl  sBiIsSIETCS  UCCIIEJOBAaHME  HBOJIIOLMU
XapaKTepUCTUK OOJIAKOB MPHU TMEPeXo/ie B T'PO3OBYIO CTAJHIO, OIEHKA
apaMeTpoB TPO30BBIX OOJAKOB M ONPEEIIEHUE HX PETHOHAIBHBIX
0COOCHHOCTEH TO JaHHBIM PAJAMOJIOKAIMOHHBIX HM3MEpPEHUH, TaHHBIX
CUCTEM  pErucTpalid  TpPO30BBIX  pa3psiioB U YUCIEHHOTO
MOJIEIIUPOBAHUA.

JUis  J1ocTWKeHusT  IMOCTaBJIEHHBIX  Lened B pabore
c(hOpMyIUPOBAHbI CIIEAYIOIINE 3aAA4H:

1. CpaBHurenpHOE UCCJIEI0BaHUE W3MEHEHUH
PaMOJIOKAIIMOHHBIX TapaMEeTPOB MPHU TMepexoje O0IaKOB B TPO30OBYIO
cramuio (ms1 Cesepo-3anagHoro u CeBepo-KaBka3ckoro peruoHoB
Poccun u Unaun);

2. OmnpeneneHue XapakTepHBIX 3HAYCHUH paJMOIOKAIIMOHHBIX
U DJEKTPUYECKHX TapaMEeTpOB TPO30BBIX O0OJAKOB MYCCOHHOTO U
MMOCTMYCCOHHOTO Tiepuosa B uauu (1151 pa3IuyHbIX TUTIOB Pa3psiIoB);
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3. AHanmu3  pe3yabTaToOB  pacyeToB,  BBHINOJHEHHBIX €
UCIOJIb30BAaHUEM TPEXMEPHOM HECTAllMOHAPHOM YMCIEHHOW MOnenu
KOHBEKTUBHOIO O0Jlaka: MCCIIEAOBAaHHE IPOCTPAHCTBEHHBIX IOJEH
apaMeTpoB Ha pa3HbIX CTAAUAX XHU3HM O0jaKa NpH BapbUPOBaHUU
HaYyaJIbHBIX YCJIOBUI M Habopa PU3NUECKUX MPOLECCOB (TeMIEpaTypHO-
BI&KHOCTHOE CTPOEHUE arMoc(epbl, TeTEepOreHHOe 3aMep3aHue,
a’pO30JIbHOE 3arpsi3HEHNE U aKTUBHBIE BO3JIEIICTBUS Ha 00J1aKo);

4. OrmpeneneHust 3HAUYEHUM XapakTepUCTUK OOJIAKOB IpHU
nepexozie B IPO30BYIO CTA/AMIO IO pe3ylbTaraM 0000IEHHs pacyeToB ¢
UCIIOJIb30BaHUEM TPEXMEPHOIN MOJIeINH;

5. Pazpaborka u ampoOamusi METOAWKH  aHCaMOJIEBOTO
MIPOTHO3a Pa3BUTHS TPO30BBIX 00JIAKOB Ha 0a3e MOJEIN KOHBEKTHBHBIX
00J1aKOB MaJIOl pa3MEpPHOCTH.

IIpeamMeToM  Hcciiel0BaHMs  SBISIOTCS  XapaKTEPUCTUKU
IPO30BBIX 00aKoB (nIMHaMu4eckue, MHUKpO(pHU3NIECKHE,
JIEKTPUUYECKUE), TOJIydaeMble [0 JIAaHHBIM  paJdOJIOKallMOHHBIX
U3MEPEHU, CHCTEM MOHUTOPHHTA TPO30BOM aKTUBHOCTH M YHCIIEHHOTO
MOJICTUPOBAHMS.

O0bexkTOM HMccile0BaHus SBIISIOTCS IPO30BBIE 00JIaKa.

Hay4ynas HoBU3HA:

1. BemonHeH aHamn3 U3MEHEHUS XapaKTePUCTHK
KOHBEKTUBHBIX OOJIAKOB TpPU TMEPEeXoJe B TIPO30BYI CTaIHIO s
MYCCOHHOTO W TIOCTMyCCOHHOro nepuoga. Ilokazano, 4dYro B
3aBHCUMOCTH OT C€30HA, XapaKTEPUCTUKU Pa3NYalOTCs U OTINYAIOTCA
OT aHAJIOTHYHBIX XapaKTEePUCTHK IS JPYTHX PETHOHOB 3eMIIH;

2. TlomydeHbl XapaKTepUCTHUKU I'PO30BBIX OOJAKOB M pa3psioB
B MHAuM B MYCCOHHBIM M IOCTMYCCOHHBIM ce30HBI. llokazaHo, 4TO
XapaKTepUCTUKU CUJIBHO DPA3JIMYalOTCs B 3aBUCHUMOCTH OT CE€30Ha U
001alaloT psIOM OCOOEHHOCTEM MO CPaBHEHHMIO C aHAJOTUYHBIMU
XapaKTepUCTUKAMU B JIPYTUX PerHOHAX 3eMIIH;

3. Bmepsbie BbITIONHEHO 0000IIEHHE CEPUM  PACUETOB C
UCITIOJIb30BAaHUEM TPEXMEPHOW HECTAIMOHAPHOM YHCIEHHOW MOJenu



KOHBEKTUBHOTO OOjaka. [TomydeHbl 3HaYeHUs! XapaKTEPUCTHK OOJIAKOB
IpY TIEPEXO0/Ie B TPO30BYIO CTAIHIO.

Teopernueckasi M MPaKTHYeCKasi 3HAYMMOCTH PadoThI.

— Ilomy4eHsl HOBBIE JaHHBIE O XapaKTEPHCTHKAX T'PO30BBIX
00JIaKOB B Pas3iiniHbIC TICPHUOALI B Poccun n I/IHI[I/II/I, YTO IO3BOJIACT
(dopMyIHpoBaTh HOBBIE (HPU3UKO-CTATUCTUYECKUE MOJICIN IEKTPH3ALUH
TPO30BBIX 00JAKOB.

— Ilomy4eHsl HOBBIE NaHHBIE 00 M3MEHEHHH XapaKTEPHUCTUK
Ipo30BBIX 00;1ak0B B MIHIMHM B MYCCOHHBIH M MOCTMYCCOHHBIN TEPHOI.
O1H JAaHHBIC ITO3BOJIAIOT NPCAIIOJIOKHNTD, UTO B IICPUOI aKTUBHOM Cpa?;bl
WNuauiickoro MyccoHa 3JeKTpu3anust OOJakoB CBsA3aHAa IJIAaBHBIM
00pa3oM HE ¢ HAJIMYUEM KPYIHBIX JIEASHBIX YaCTHUIl B 00JIaKe, KaK 3TO
IOKa3aHO Ui pPa3HbIX perHoHoB P® u Mupa, HO C CHIBHBIMH
BOCXOAIIMMHU TOKAMU U MCJIKUMU JICAAHBIMA YaCTULIaMU.

— IlpencraBneHbl HOBBIE JaHHBIE O 3HAYCHUSAX XAPAKTEPHUCTUK
KOHBEKTHBHBIX OOJIAKOB TIPH IIEPEXOJ€ B TPO30BYIO CTaJIUIO0 IO
pe3ysbTataM 00OOIICHUSI CEPUHU PACUETOB, BHIOJHEHHBIX IPH ITOMOIIN
TPEXMEpHOW HECTAIMOHAPHOM MOJEIM KOHBEKTHUBHBIX OOJIAKOB.
[IpencraBiaeHbl HOBBIE CBEIEHUS O JAMHAMHUKE HPOCTPAHCTBEHHOIO
pacnpeneneHnss 3JIEKTPUUECKUX UM MUKPOPHU3NYECKUX XapaKTEPUCTUK
rpo30BbIX 00nakoB. Bee 310 pacummpser gyHnaMeHTadbHbIE 3HAHUS O
npoueccax d3JeKTpu3anuu  obiaka, (OPMHUPOBAHMM DJIEKTPUUECKON
CTPYKTYpbl oO0JIaka M CBs3fX IMapaMeTpoB oOjaka C TOSBICHUEM
MOJ'IHI/II\/’I, HMHTECHCUBHOCTBIO l"pO3OBOI\/'I ACATCIIBHOCTBIO, B T.4. IpPHU
YYaCTUH PA3TUYHBIX (PU3UUECKUX MPOIIECCOB.

MetonoJjioruss W MeTOAbl HccaenoBanusa. llpu pemenun
NOCTaBJIEHHBIX  3a7lad  HCHOJB30BAJCS  METOA  MaTeMaTHYecKOro
MOACIIUPOBAHUA TUAPOJUHAMUYCCKUX, MI/IKpO(i)I/ISI/I‘IeCKI/IX IIponeCcCoOB B
oOnakax (HeCTallMOHApHblE YHCJCHHbIE MOJEIN KOHBEKTHBHBIX
00J1aKoB, TpeXMepHasi U MOJIEIN Majioi pazmepHocTH). s o6paboTku
U BHU3yaJIM3allUd JAaHHBIX OBUTM HAaIMCAHbl IMPOrpaMMBbl Ha S3bIKE
Python, NCL, Matlab. B xome anamm3a MOTy4EHHBIX pPE3yJIbTaTOB
OPUMEHSUIUCh ~ METOJBl  CTaTUCTHYECKOTO  aHalu3a, TMpH  3TOM
MCITOJTB30BAIUCH TTporpamMmel Statistica, MS Excel.
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IToJ107xeHNs1, BBIHOCHMBbIE HA 3AILUTY:

1. DKCrepuMEHTAIbHbBIE UCCIIEI0BAHUS PAIUOIOKAIIMOHHBIX
U DIIEKTPUUYECKUX XapakTepucTuk o0imakoB Cesepo-3anagnoro, Cesepo-
KaBkaszckoro pernonoB P® u Muaum mnokaszaiud, 4To NMpU NEPEX0Je
00JIaKOB YMEpEHHBIX IIHPOT B TPO30OBYIO CTaaUI0 HaOIOJaeTCs
YBEJIMYEHUE BBICOTHI BEPXHEU TpaHMIIbI, MEPEOXJIAKICHHBIX 00HEMOB
00J1aKOB C BBICOKMMHU 3HAUYEHUSMHU OTPAKaEMOCTU U HEKOTOPBIX JPYTUX
napaMeTpoB, B TO BpeMs Kak B VIHIMK B 3aBUCUMOCTHU OT CE30HA MOXKET
HaOJI0/IaThCSl YMEHBIICHHE [TapaMeTPOB MPHU Hayaje pa3psaoB.

2. ITokazaHo, 4To TPO30BBIE o0Onaka Wuanmn,
pa3BUBAaKOIIMECS B MYCCOHHBIM  CE€30H, MMEKT  3HAa4YeHUs
PaIUOIOKALIMOHHBIX [apaMeTpoOB MaJkble OTHOCHUTEIIBHO
MIOCTMYCCOHHOT'O nepuoja (BBICOTA BEpXHEU rpaHulIbl,

paZMoIOKAIIMOHHAS OTPAXKaEMOCTh, IEPEOXIIaXKACHHBIE 00BEeMBI 00IaKa
C BBICOKMMH 3HAUYEHUSMH OTPAXKAEMOCTH).

3. ITo pe3yabTatamMm TPEXMEPHOTO YHCIICHHOTO
MOJICJIUPOBAHMS MOJIyYEHbl CTaTUCTUYECKHE XAPAKTEPUCTUKHU OOJIAKOB
OpU IEpexoAe B TIPO30BYIO CTaAMiO (MEIuaHbl): BbICOTA BEpXHEU
rpaHuIbl — 6,6 KM, CKOPOCTh BOCXOJIAIIEr0 MOTOKa B o0nake — 20,9 M/c,
BOJHOCTh O0JaYHBIX U JOXKACBBIX Karenb — 1,8 u 2,8 /M3, J1eIHOCTh
00JIaYHBIX JIEASHBIX KPUCTAJUIOB M KPYIHBIX JeIHbIX dacTul — 0,9 u
4,0 r/M3.

4. Onenka Qusnueckoro 3¢ ¢exra aKTUBHBIX BO3JEHCTBUI
Ha 00JIAKO KPUCTAJUIU3YIOMIMM PEareHTOM MO pe3yJbTaTaM YUCIEHHOTO
MOJICIUPOBAHMs TTOKa3aa, YTO BO3JEHCTBUS YCKOPSIOT Mepexo/] obaka
B TPO30OBYIO  CTaJAHIO, DOJEKTPUYECKHE  pa3psAasl  HAYMHAIOT
¢opMHpOBaTBCA TNPU MEHBIIMX (IO CPABHEHUIO C €CTECTBEHHBIM
pa3BuTHEM O00Jlaka) 3HAYEHHUSX OCHOBHBIX TEPMOJIMHAMHUYECKHX
napameTpax, YyCWIMBAeTCs OJJIEKTpH3alus obnaka (yBelIMYMBaeTcs
4acToTa paspsioB) W BO3MOXHO (OopMHUpOBaHHE HWHBEPTHPOBAHHOM
CTPYKTYPBHI 3apsija.

Jl0CTOBEPHOCTh  TMOJIY4eHHBIX pe3yJbTaToB 00OCHOBaHA
aHAJIM30M TNPEALIECTBYIOIUX HAYYHBIX paObOT B 00JIACTH M3MEpEHHH U
YHCICHHOTO MOJICJIMPOBAHUSI XapaKTEPHCTUK TPO30OBHIX OOJIAKOB,
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00BIIMM 00BbEMOM HCXOAHBIX NaHHBIX. llodydeHHbIe pe3yibTaThl HE
IPOTUBOpEYAT IPEIIIECTBYIOIMM HccneqoBaHusaM. OOGOCHOBAHHOCTh
OCHOBHBIX PE3yJbTAaTOB IOATBEPKAACTCS IMYOJUKALUSIMH B BEIYLIHX
POCCUHCKHX JKypHaJlax W IPEACTABICHUEM HX HA POCCUUCKHX U
MEXIYHAPOJHBIX KOH(EepeHIUsX.

JIMYHBIA BKJIAJ aBTOpPA:

OO0paboTka 1 aHANIN3 JAHHBIX PAIUOIOKAIIMOHHBIX H3MEPEHUN U
JAHHBIX CHCTEM PETUCTPAIMH TPO30BbIX pa3psanoB (Mumaus), o6o0menne
JAHHBIX PaJUOJIOKALMOHHBIX HAOIIONEHUM U pa3iM4YHbIX PETHOHOB,
ydacTue B 10pabOTKe YHMCIEHHBIX MOJENIEH, pacyeThl C UCII0JIb30BAaHUEM
YHCIICHHBIX MoJieneil 1 00paboTKa pe3yabTaToB, pa3paboTKa METOAUKH
aHCaMOJIEBOTO TPOTHO3a C HCIIOJIB30BAHUEM MOJEIH KOHBEKTUBHOTO
o0naka Majod pa3MEpHOCTH, HalUMCaHWE CTaTed W IOJArOTOBKA
JTOKJIaJI0B.

AnpobGanusi padorbl. OCHOBHBIE pe3ylbTaThl UCCIEAOBAHUS U
MaTepuaibl AUCCEPTALMU JOKIIAIbIBAIIUCH!

1. III Bcepoccuiickas koHdpepeHmms «[uapomereopoyorus u
9KOJIOTUSA: JTIOCTHXKEHHUS U NepcreKTuBbl pa3Butus» (Cankr-IlerepOypr,
2019)

2. VI Bcepoccuiickas HayuHas kKoH¢pepeHus «IIpoGrembl BOEHHO-
NPUKIAJAHON Teo(U3UKU U KOHTPOJS COCTOSHHS NPHUPOJHOM Cpeibl»
(Cankt-IletepOypr, 2020)

3. IV MexnynaponHas HayuyHas koHgpepeHuus ITPOBJIEMBI
OU3NKU ATMOC®EPDBI, KIIMMATOJIOTMN 1 MOHUTOPUHIA
OKPYXXAIOIIEN CPE/IBI (CraBpomnons, 2022)

4. VI MexnaynaponHast koHgepenuus "Tuapomereoponorus
JKOJIOTHS: JIOCTHKEHUS M mepcnekTtuBbl pa3Butusa”" umenu JI. H.
Kapnuna / MGO-2022» (Cankt-IletepOypr, 2022)

5. I MexnyHaponHas  HaydyHO-TIpaKTH4ecKass  KOHGeEepeHLHUs
«'uppomereoponoruss ¥ ¢u3Mka  atMocdepbl:  COBpEMEHHbBIE
JNOCTHXKeHUS U TeHaeHmu pa3sutus» (Cankt-IlerepOypr, 2024)

6. Bcepoccuiickass OTKpbITass KOH(QEpPEHIHS 110 WCCICIOBAHUSIM
aTMOC(EepHBIX M CKIOHOBBIX CTHUXWUWHBIX SIBICHUH B YCIOBHUSAX
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COBPEMEHHOIO M3MEHEHUs KIuMara, MnocBsmeHHor 190-netuto
CO37aHUsl THIPOMETECOPOJOTHYECKON ciykObl Poccum m 90-netuio
DnbOpyccKoil BBICOKOTOpHOHM KomIuiekcHOW skcrequiiun AH CCCP
(Hanpunk, 2024)

7. 1II  MexnayHaponHas  Hay4YHO-TIpaKTHYecKas  KOH(pEpEHIUU
«ABHALIMOHHAs W CIYTHUKOBAash METEOPOJIOTHs», MOCBsIIeHHas 95-
netuto oopazoanusi PITMY (Cankrt-IletepOypr, 2025)

Kpome TOro, B coaBTOpCTBE pe3yibTaThl JAOKIAAbIBATNCH Ha 12
koHpepeHmax B nepuoa 2019-2025 rr., Ha 00bETMHEHHOM CEMHUHApe
OI'BY «ITO» (2026 r.), Ha ceccun ydenoro cosera PI'BY «I'TO»
(2026 1).

IMy6amkanuu. ITo Teme quccepranuu onyonukoBaHo 20 craTei,
u3 Hux 13 B u3gaHusx u3 nepeuHs HayuyHbIx uzganuii BAK P® u
MEXYHapOAHBIX 0a3 peLeH3upyeMbIX KypHaioB (Scopus, WoS).

CtpykTypa u 00bem amccepramuu. /luccepranus COCTOUT U3
BBEJICHUS, 3 TJIaB, 3aKJIFOUEHUS, CIIMCKA HUCIOJIb3YEMBbIX MCTOYHHKOB U
npuioxeHnid. O6veM paboTel coctaBnser 155 cTpanun, pabota
wuntoctpupoBada 36  pucynkamu w20  Tabmumamm.  Crimcok
UCIIOJIb3YEMBIX HCTOYHHMKOB COJIepkUT 141 HauMEeHOBaHME.

OCHOBHOE COJEPKAHUE PABOTbI

Bo BBegeHMM oOTpakeHa OOIIas XapaKTEPUCTHKA pPaOOTHI,
000CHOBaHa aKTyaJlbHOCTh TEMBbl HCCIIEAOBaHUS, CHOPMYINPOBAHBI
ey paboThl U pelaeMble 33ja4i, OCHOBHBIE MTOJIOKEHHSI, BBIHOCHUMBIE
Ha 3allIUTYy, ONpe/eeHa HayyHasi HOBU3HA, 00OCHOBAHbI TEOPETHYECKas
[IEHHOCTh ¥ TPAaKTUYeCKas 3HAUYMMOCTh IIOJNYYCHHBIX pe3yJIbTaTOB
paboTHI.

ITepBasi riaBa nocBsmeHa 0030py JIUTEPATYPHI.

[IpuBeneHb OCHOBHBIE MOHATHUS M MPEJICTABICHBI COBPEMEHHbBIE
MOJIXO/IBI K HCIOJB30BAHUIO OIIEHOK KOHBEKTUBHOW HEYCTOHYHMBOCTH
atMocdepsl. OCHOBHOM TEHACHLMEH SBIsETCSs HMX KOMOHMHALUS C
pPaMOIOKAIIMOHHBIME WJIM WHBIMHA TIapaMEeTpaMH B CTaTHCTHYECKUX
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MOJIEJISIX — C LIEJIbI0 IPOTHO3a U IMarHo3a rp030BOil aKTUBHOCTH.

OpuuM W3  KJIIOYEBBIX  HampaBlieHUH  paboT  sBisercs
OTIpeNieIeHne PaJUOJIOKALMOHHBIX IapaMeTpoB O00JAaKOB, KOTOpHIC
MOTyT OBITh HMCHOJB30BaHbl B KadyeCTBE IMPEAUKTOPOB TPO3bl (cpenu
HanOoyee  YCHNEMIHBIX  —  COJACpXaHWE  KpPYyNbl,  yIelbHas
muddepennmanbaas paza, 00beMbl NEPEOXTKICHHOW YacTH O0J1aka,
MakcHUMasbHasi paAuoIOKallMOHHAs OTPakaeMOCTh).

BoimonHen 0030p HCCIeIOBaHHUM 3JIEKTPUUECKOM CTPYKTYpPHI
rpo30BbIX 007aKkoB. OTMeuaeTcsi, YTO BEAYILYI0 pPOJb 3aHUMAIOT
YHUCJIEHHbIE MOJIENH, 00JIaZjatoIie PsIOM IPEUMYILECTB IO CPAaBHEHUIO
C IaHHBIMH HaOTIOACHU.

[lo wWroraM BBINOJIHEHHOTO 0030pa JIUTEPATYPbl MOXKHO
OTMETUTH psf ocoOeHHOCcTe. Tak, peakuMu SIBISIOTCS JeTalbHbIC
CpPaBHUTEJIbHBIE UCCJIEJIOBAHMUS pErnoHaJIbHbIX paznuuui
XapaKTepUCTHUK TPO30BBIX OO0JIAKOB W OOJAKOB, MEPEXOMA[IIUX B
rpo30ByI0 cTaauio. B paboTtax ¢ mpuMeHEHHEM YHUCIEHHBIX MOZEIeH
PEIKO BOCHPOU3BOJUTCS BECh KOMIUIEKC XapaKTEPUCTUK OO0JIaKOB
(TepMoguMHAMUYECKHE,  MHUKpo(HU3MUecKHe,  dIeKTpuueckue). B
HACTOALIEH JUCCepTalMy IPHUBEACHBI PE3YJIbTaThl HMCCIEIOBAHHUSA,
MOCBSIIIIEHHBIE 3TUM BOIIPOCAM.

B rmase 2 nmpuBeneHsl  pe3ysbTaThl  MCCIEAOBaHUS
PaAMOJIOKAIIMOHHBIX ~ XapaKTEpPUCTUK O0OJIaKOB, pPAa3BUBAIOLIUXCS B
aTMocdepe yMepeHHbIX W Tponuueckux mupoT (CeBepo-3anaaHblii U
Ceepo-KaBkaszckuii pernonsl P®, HWuaus). IlpoananusupoBaHsbl
CTaTUCTHUYECKUE XapaKTEPUCTUKU TPO30BBIX OOJIAKOB, BBINOJIHEHA
OILIEHKa CTaTUCTUYECKOW 3HAYMMOCTH M3MEHEHHUI pPaauoSIOKAI[MOHHBIX
napamMeTpoB O0JIaKOB Ha JOrpO30BOM CTaguM M TpU Hayaie
INEeKTpUYECKUX paspsaoB. MccienoBaHbl OCOOEHHOCTH T'PO30BBIX
00JIaKOB MYCCOHHOTO M IIOCTMYCCOHHOTO Tmepuoja. IIpuBeneHs
pe3yJIbTaThl PErPECCMOHHOIO aHalh3a CBA3EH YacTOThl MOJHUN U
pasvoJIOKALIMOHHBIX XapaKTEPUCTHK.

Bbu1 BBINONHEH CpaBHUTENbHBIN aHAIN3 U3MEHEHHUS TapaMeTpoB
0o0JIakOB MpHU TMEepexoJie B TPO30BYI0 CTAAMIO 1O JaHHBIM
pPaaAMOIOKATOPOB U CUCTEM MOHUTOPUHIA T'PO30BOM AKTUBHOCTU JUIS
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Tpex pernoHoB — ceBepo-3anana P® (Canxt-Ilerepoypr, AMPJI-C,
Blitzortung), Cesepuoro Kaskaza (CraBpomonas, MPJI-5, LS8000),
WNuaun (Fagar, WR-100, Maharashtra LLN). MormtHoCTs BBIOOPKH JIJIs
Ka)XIO0r0 pPEeruoHa cocTaBuia mpumepHo 60 sueek, MEpexolsiliux B
IPO30BYIO CTAJIHIO.

Ha ceBepo-3anage P® HabGmomanach HaWMEHBIAs YacToTa
monuuii (Meauana — 0,3 MI/IH_I). Heckonbko OONBIIMMHA BEIMYUHAME
xapaxrepusytorcs obnaka B Muauu (0,5 mus ). Haubonsiuas yacrora
MoutHH# Habmonanack Ha CeBepHoMm Kapkaze — 2,6 MUH .

[TosrydeHHBIE ~ OLIEGHKM  PATUOJIOKAIMOHHBIX  IApaMETPOB
KOHBEKTHUBHBIX SY€EK B MOMEHT PETUCTPALIMH TIEPBOTO IEKTPHUIECKOTO
paspsaga JAEMOHCTPUPYIOT CYIISCTBEHHBIC pa3inuums. Tak, BhICOTa
BEpXHEH TpaHuibl 061akoB Htop (mo yposHio otpaxkaemoctu 5 dBZ)
IpY Hayvase pa3psaaoB UMena Hauboubiee 3Hadyenne B Muann — 13,5 km
(3mech U nanee — Moapa3syMeBalOTCs MeAraHHble 3HaueHus), 11,1 km Ha
CeBepHom Kaskaze u 9,5 km Ha CeBepo-3anaae Poccuu. Ilpu stom
MakcUMaibHas paJHOJIOKAlIMOHHAs OTpaxkaemMocTh Zmax B Wuaum,
HaoOopoT, oka3zanack HamMeHbliei — 45,5 dBZ, ycrymas CeBepHoMy
Kagka3sy (51 dBZ) u Cesepo-3anany (52 dBZ). O6naka ¢ HanbobIIMMu
3HaueHUsMU oObeMa MEepeoXJaKIEHHOW YacTH € OTpPa)KaeMOCThIO
>35dBZ (dV35) mHaGmomamucs Ha Kaskasze (206 km°), a ¢
HauMeHbIIMMU — B Wunun (42 KMS). IIpu sTOM MeamaHa mapamerpa
dV45 B Uuauu Obita paBHa 0, B OTIHYHE OT OCTABHBIX perioHoB (11 u
25 kM° u1st CeBepo-3arana i KaBKasa COOTBETCTBEHHO).

Cratuctudeckas 3HQUMMOCTh W3MEHEHMS MeIUaH MapaMeTpoB
IpH  Havajie TPO30BOH AaKTUBHOCTH OIICHWBAJIACh IMPU ITOMOIIU
HemapaMeTpUuecKoro kpurepus YuikokcoHa. Ilokazano, uro Htop Bo
BCEX PETHOHAX YBEIWMYHMBACTCS NPH Hadaje pa3psaoB: Ha 1,6 kM — Ha
Kagkaze, 1 km — Ha CeBepo-3anazne u B MUnauu (puc. 1). B ymepenHsix
NIKPOTAX CTATHCTUYCCKU 3HAYMMO pas3lIndre MeJuaH (yBEIIMYCHHE MPU
Hayvaje pa3psaaoB) CIEAYIONIUX PaJUOIOKAIMOHHBIX apameTpos: Htop,
Zmax, dH35 (MOIIHOCTH TEpPEOXJaXJAECHHONW YacTH oOjaka ¢
orpakaemocthio > 35 dBZ), dH45, dV35, dV45. B Ttpommueckux

mHrpoTax CTATUCTUYCCKH 3HAYMMO TOJIBKO YBCIMYCHHUEC MEANAHBI HtOp

10



i 8“ . [ B VHpva
4 o T ___| CeBepHblii KaBka3s
[0 Cesepo-3anaa

®
)
{
G
1
I

Hzmax(Kkm)
N 'S o
IS
!
} ]
dHzmax(KM)
dH3s(kM)
=i Ly 3
1)

dHas (kM)
N Sy

= : -al___ : 0 0
10 0 10 0 0
70 - 6] T =0
14/ 400 T
60 T ;
N B s 12| % 300 &
3 gy ] H || & H
%50 g 0 2
| £10 m N
N .J =L $200 =
8 '
40 : 1 100
‘ | o 1+
§ . | T 1
10 6 1o 6 ST 0 1o 0
MWUHYTa MUHYTa MUHYTa MUHYTa

Pucynoxk 1 — JluarpamMmma pazmaxa pagnoiOKaliMOHHBIX
XapaKTePUCTUK 00JIaKOB [ IBYX ckaHOB: 0 MMH — 3a)MKCHUpPOBaHbBI
paszpsinel, —10 mun — 32 10 MUH 10 HavYama pa3psizioB.

BrisBiieno, uto B obOmakax CeBepo-3anmaga P® u CesepHoro
KaBkaza paanonokallMOHHbIE IMapaMeTpbl OOJAKOB IPH MEpexoie B
TPO30BYIO CTAAWIO 3HAYMMO IMPEBLIIIAOT 3HAYCHM, Ha6J'IIOJIaBHII/ICC$I a0
NOSIBJICHUSI TEepBOro paspsana. [Ipu 3ToM paznuuus MeanuaH yKa3aHHBIX
napamerpoB Ha CeBepHoM KaBkasze Oosnbie, yem Ha CeBepo-3anane,
Kak ¥ 4YacToTa paspsjoB, 4YTO B II€JIOM YKa3blBaeT Ha Oosee
WHTEHCUBHBIE TPOIECCH 00J1aK00Opa30BaHUS M DIIEKTPH3AINUN B STOM
peruone. Ilokazano, 4ro, x0T oOnaka B WHAMM © JOCTUraroT
S3HAYUTCIBbHBIX BBICOT, IIPpH J3TOM HUMCIOT HeOOJbIINE 3HAYECHUS
MaKCHUMaJIbHON PaMoIOKAlIMOHHOM OTPaKaeMOCTH u
NEPCOXITAKIACHHBIX 00BEMOB C BBLICOKMMHU 3HAYEHHUSIMHU OTpa’Ka€MOCTH.
3HavyeHus TapaMeTpoB IIPU Hayase pa3psa0B MEHSIOTCS MaJlo.
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[Ipoananu3upoBaHO BIMSHHE MYCCOHHOW IMPKYJISIMA Ha
napametpsl KouBekiuu (r.I'agar, mrar Kapuaraka, Muaaus). Beibopka
(aBryct—okTsi0pb 2019) cymmapHo Brirodana 1262 o0mayHbIX sUCHKH,
paslielIeHHBIX MO THMY pa3psaoB: obmako—3emisa (O-3) m obmako—
obmnako (0-0).

[TocTmyccoHHBII Tepuoj XapakTepusyercs Oosiee BBICOKUMU
3HAYCHUSMHU PAJAMOJIOKAIIMOHHBIX TapameTpoB. Tak, HauOoblIee
3HayeHne Higp (10 ypoBHIO oTpakaemoctu 30 dBZ) B mocTmyccoHHBIH
nepuon coctaBmwio 17,4 km (O-3 u O-0O), B To BpeMsi Kak B MYCCOHHBIN
nepuon Hip He npepbimana 12,9 km (0-0) u 13,6 xm (O-3). IIpu sToM
3aperucTpUpPOBaHHOE MHHHMAJbHOE 3HAYEHHE BBICOTHI BEpXHEH
TpaHUIBl  TPO30BOrO0  oOONaka OBUIO  OAMHAKOBBIM TpPHU  BCEX
paccMmarpuBaeMbIx ycmoBusx (6,1) km.

HauGonpmme pa3nmmyauss Mexay BBIOODKAMH MYCCOHHOTO U
MOCTMYCCOHHOTO TMEPHOOB 3a(pUKCUPOBAHBI AJISl MapaMeTpoB Zmax u
dV35. B moOCTMYCCOHHBI TIEpHOJl MaKCHUMajlbHasi OTPaAXKaeMOCTh
obmnakoB pocturaet 58 dBZ (meaunana 46 dBZ), Torna kak B MyCCOHHBIN
— ymmb 52 dBZ (memmana 41 dBZ). IlepeoxiaxiaeHHbIE OOBEMBI
obnmaka (dV35) B moctmycconnbiii mepuox B 10 pa3 Oounblie
(MakcMMyMbI), a MeauaHbl B 4 pa3a TMPEBBIIIAIOT aHAJOTUYHBIE
3HauUeHUs NI MYCCOHHBIX oOjakoB. Takke B JTOT TEPUOA
¢pukcupyrorcss Oonee Bbicokue 3HaueHus: OH35, paanonokarmoHHOTO
KPUTEpUS TPO300MACHOCTH Y, MHTECHCHBHOCTHM M IOTOKA OCaJKOB W
psAna Ipyrux mapaMeTpoB.

MenuaHna yactoThl pa3psioB f okazamnace 0JJMHAKOBOW Ui BCeX
paccMaTpuBaeMbIX THIIOB pa3psioB M Ce30HOB U coctaBmia 0,3 MHH .
[Tpu >TOM B MOCTMYCCOHHBIN MEPUOJI MAKCUMAIIbHASL YaCcTOTa Pa3psIoB
B 5 pa3 GoIbIe, 4eM B MYCCOHHBIX TPO30BBIX 00nakax (5,5 u 1,1 mMun |
cootBercTBeHHO Aisi O-3). Tonpko 3% ob6nakoB umenu f (O-3) 6omnbiie
1 Mun ' B MyccouHsIit meprog 1 10% — B OCTMYCCOHHBIN. 55% Bcex
pa3psAI0B NPUXOAUTCS Ha aoito O-3.
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Pucynok 2 — PaanonokanoHHbIe XapaKTePUCTUKH MYCCOHHBIX U

MIOCTMYCCOHHBIX TPO30BBIX 00JIAKOB IS Pa3psI0B THITA 007IaK0-3eMIIS
(O-3) u BHyTpHOOIaUHbIX U 001aK0-005aK0 (O-0): MakcuManbHast

oTpakaeMocCTh (Zmax), KpuTepuii Tpo300macHOCTH Y, 00beM
HepeoXIaKIeHHON yacTH obmaka ¢ oTpaxkaeMocthio > 35 n1bZ (dV35),

BEPTHKAIbHASI MOIITHOCTH IMEPEOXTAKICHHON YacTH o0JIaKa ¢

orpaxaemocTbio > 35 n1bZ (dH35)

B ananusupyemoii BbIOOpKe Ha nepuoa aeictBus myccona (42%
nHel) mpunuiock 3% OT BCEX 3aperHCTPUPOBAHHBIX Pa3psAIOB. ITO
yKa3plBaeT Ha cja0yl JJIEKTPUYECKYI0 aKTUBHOCTh MYCCOHHBIX
oOnakoB. Takoil BBIBOJ XOpOUIO corjiacyercss ¢ Oojiee HU3KUMHU (1O
CpaBHEHHIO c MIOCTMYCCOHHBIM MIEPUOJIOM) 3HAYEeHUSIMU
PaZMOJIOKAIIMOHHBIX TTApaMETPOB, B TIEPBYIO OYEpeh — MaKCHUMaIbHOM
PaIMOJIOKAIMOHHON OTPaXXaeMOCTH M OOBEMOB IEPEeOXJIaKICHHON
gacTu 00JIaka C BRICOKMMHU 3HAYEHUSIMH OTPA)KaeMOCTH.
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[IpencraBienst pe3yJIbTaThl aHayn3a 9BOJIIOLIMU
pPaZMOJIOKALIMOHHBIX MMapaMeTPOB OOJAKOB HpPU IMEPEX0/e B IPO30BYIO
CTaIUIO ¢ pa3nuuHOU 3abmaroBpeMeHHOCThIO (dt): 11 munyT (3 CckaHa),
3 munytel (1 ckaH) U B MOMEHT mepBbIX paspsnoB (0 muH). B
OOJIBIIMHCTBE CIIy4aeB pa3IMuusl MEIHWaH OKa3aJIUCh CTATUCTUYECKU
HE3HAYMMbBIMHU.

B MyccoHHBI mepuos Bce 3HauMMble m3MeHeHus s dt = 11
MUH CBSI3aHBl C YMEHBIICHHEM 3HAU€HUN MapaMeTpoB, CpPeIu HHX:
MOTOK M HMHTEHCUBHOCTb OCAJKOB, BEPTUKAJIBHO HWHTETPHUpPOBAHHAsS
BogHOCcTh (0O-3), a TakKe HHTEHCHUBHOCTh OCAJKOB, BEPTUKAIBHO
UHTETpUpOBaHHas BogHOCTh, dV35, Zmax u npyrue napamerpsl (O-0).
[Tpu dt = 3 MUH 3HAYUMO TOJBKO YBEITUYECHHUE TIOTOKA OCAIKOB.

B oOnakax MOCTMYCCOHHOIO TNEpHOAa TakKe B OCHOBHOM
Ha0JII0/1aJ10Ch YMEHBIICHUE 3HAUEHUH PaJIMOJIOKAllMOHHBIX I1apaMeTpOB
OpU Havale paspsaoB: MOTOKa ocaakoB, Zmax (dt = 11 mun, O-3);
MHTEHCUBHOCTH ocankoB U Htop (dt = 3 mmu, O-3); UHTEHCHBHOCTH
0CaJIKOB, BEPTUKAIbHO MHTETrpHpoBaHHas BoaHocTh, dH35, Y u ap. (dt
= 3 muH, O-0). Poct Benmuun ormeueH st dV30 u Y (dt = 11 mun, O-
3), a Taxke aa Zmax (dt = 3 mun, O-0).

Takum oOpa3omM, omnpeiesieHue mapameTpa, KOTOPBIM Obl SBISUICS
XOPOUIMM MPEJUKTOPOM I'PO30BOM aKTHBHOCTH, OCIOXKHSAETCS TEM, UTO
BCE PACCMOTPEHHBIE PAJMOJIOKAIIMOHHBIE MapaMeTphbl TEMOHCTPUPYIOT
pa3inyHble HW3MEHEHHUS NpH Hayaie pas3psgoB B 3aBHCHUMOCTH OT
paccMaTpuBaeMOro Ce30Ha U Tuma paspsnaoB. HeoObIYHBIM sBIISETCS U
U3MEHEHHE 3HAYeHUN TMapamMeTpoB B CTOPOHY YMEHBIICHHUS TpH
nepexojie o01aKa B IpO30BYIO CTa/IHIO.

Bbu1 BBITIONIHEH pEerpecCHOHHBIA aHaan3 O00JIaKOB, MOCTPOCHBI
MOJIeIM JIMHEWHON perpeccuu, CBSI3bIBAIOLINE YacTOTY pa3psioB U
pa3iNyYHbIe PATUOIOKAIMOHHBIE MapaMeTpbl. AHAIU3 XapaKTEPUCTUK
noJisi 00JaKoB (HaXOSIIMXCS HA Pa3IMUHBIX CTAagUAX JKU3HHU) ObLI
BBIMOJIHEH OTAENTBHO JUII MYCCOHa U IOCTMYCCOHHOTO IepHOJa.
[TonyueHbl BBICOKHE 3HAYCHUST PaHTOBOTO Kodddunuenta Crnupmena (r)
JUISE psifia TIapaMeTpoB B TMOCTMYCCOHHBIM MEpHOJ. DTH TMapaMeTphl
skogaror dV35 (r = 0,84), dv40 (0,84), Y-kputepuii rpo300MacHOCTH
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(0,81), Htop (0,77). Opmako MoOJeIW JIMHEHHON perpeccuu s
yKa3aHHBIX  IapaMeTPOB W  4YacTOTHIl  pa3psAlOB  OKa3bIBAKOTCS
HEIOCTaTOYHO XOPOIIMMH (MMEIOT HE3HaYMMble KO3 (UIHECHTHI,
HU3KYIO J0JI0 OOBSICHEHHOH JUCTIEPCHN).

Amnanoru4yabsie 00pa3oM ObUTH OILICHEHBI CBS3U YaCTOTHI Pa3psaoB
W PpaJUOJIOKAIIMOHHBIX TapaMEeTPOB JIISi BPEMEHHBIX pPSIOB TIpU
pa3BUTUU OTICIBHBIX OOJIAKOB — Pa3BHBABLIMXCS KaK B TPOIUYECKON
aTMocdepe, Tak ¥ B YMEPEHHBIX mmporax. s oTmenbHBIX 0071aKoB
3HaveHus1 kKo3(pdunuenra CrimpMeHa yKa3bIBAIOT Ha HAJIHYUE CHUIIBHBIX
cesseit paspsgoB ¢ dV35 (r = 0,94). OxHako TOJIBKO IS IBYX U3 JACBITH
pPacCMOTPEHHBIX  OOJIAKOB  MOJIyYEHBI  JOCTATOYHO  XOPOIIHE
pEerpecCHOHHBIC MOJICIIH:

f =0,0099 - dV35 — 0,4386, 1)
(r =0,79; r2 = 0,63; F = 32,05; p = 0,000),
f =0,0596 - dV35 — 7,4062, 2)

(r =0,95;7r2=0,91; F = 105,71; p = 0,000),

rae I — kodddunuent koppemssuuu (ITupcona), r? koahpurmeHT
nerepMmuHanuu, F — kputepuii ®uimepa, p — ypoBeHb 3HAUMMOCTH
kputepus Purniepa.

Taxkum 06pa3zom, aHaJIN3 NMOKA3bIBAET HATUYKME TOCTATOYHO CHIIBHBIX
CBA3€M  MeXAy 4YacTOTOM  pPa3psioB M PajHOJIOKALMOHHBIMU
napamMeTpamMM 00JIaKOB, OJHAKO B OOJIBLIIMHCTBE CIIy4aeB ATU CBSA3M HE
MOTyT OBITH aNMPOKCUMHUPOBAHBI JIMHEHHBIMU MOJEISIMU DPETPECCHUU.
O4eBUIHO, CBSI3U HOCAT CJIOXKHBIN HEJIMHEHHBIN XapakTep.

B ruaBe 3 mpuBeneHb! pe3ynbTaThl aHAIM3a Pa3BUTHS TPO30BBIX
00JJaKOB C HCIOJb30BAaHUEM YHCIEHHBIX Mozened. C  MOMOUIbI0
TPEXMEpHOW HECTAalMOHApHOW MOJENM  KOHBEKTHBHOTO  oOjaxa,
pa3paboTaHHOW pSJIOM HaydyHBIX HMHCTUTYTOB Pocruapomera moa
pykoBojctBoM PI'BY «I'T'O» moapoOHO uccienoBaHo (OpMHPOBAHUE
U DBOJIFOIUS MUKPO(DH3NYIECKOMN, DIIEKTPUUECKOU CTPYKTYpPHI 00JIaKOB,
pactipenenieHue oOnacTell BOCXOAALIMX M HHUCXOJSIIUX IOTOKOB,
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U3MEHEHHE XapaKTEePUCTHK OOJAaKOB TMPH Y4YeTe TeTEpOreHHOI0o
3aMep3aHusl Karellb, CHIBHOM a’p030JbHOM 3arpsi3HEHHH aTMOCQEpH,
AKTHUBHBIX BO3JICHCTBUAX Ha o0JaKa.

Cucrema ypaBHEHUH MOJICIHM OIMCBHIBAET TMEPEHOC WMITYJIbCA,
OHEPTUH, BIAXKHOTO BO3AyXa, Kamelb, JIEAJHBIX YacTHI U
NEKTPUUECKUX 3apsAfoB (KaK YHOPSJAOYCHHBIA IEPEHOC, TakK M
TypOyJIEHTHOCTB); (a30BbIE MEPEXOJbl, KOATYISALMUI0O YacTHUI U
MHUKPO(GU3NYECKHE TPOLECCh AeKTpu3anuu. Da3oBble MEPEeXoay
3a7al0TC  MApaMETPUYECKUMHU  BhIpOKEHUSAMH.  HampsokeHHOCTB
AIIEKTPUUYECKOTO TIONSI PACCUMTHIBACTCS TPH IOMOIIM ypPaBHEHHUS
[TyaccoHa, Ha OCHOBaHWH JIaHHBIX 00 00BEMHOI TUIOTHOCTH 3apsizia.

VYpaBHeHue (bopmys 3-5) Oananca KOHIICHTPALIUU
TOJIOXKHUTEIBHBIX M OTPHUIATEIBHBIX HOHOB, OOBEMHOW IUIOTHOCTH
3apsiia 00JIaYHBIX Kamellb, 00JA4YHBIX JISASHBIX KPUCTAIIOB, JTOKICBBIX
Karelb U KPUCTAIUTMYECKUX OCAJKOB UMEET CIICIYIOLIHI BU]I:

a(.51’\710n n) +i
dt 0x

Jd .
+ @ [ﬁNion n(ﬁair,y + @ion nEy)] +

[pﬁion n(ﬁair,x + Tion nEx)] +

P @)
+ & [ﬁﬁion n(ﬁair,z + Tion nEz)] -
0 aﬁionn d aﬁionn d aﬁionn _
T ox ox —aK ay oz oz = Mion n,
d(pN; 0 . .
% + a [pNion p(vair,x — Qion pEx)] +
Jd .
+ ? [pNion p(ﬁair,y — Qjon pEy)] + (4)

+ & [pNion p(ﬁair,z — Uijon pEz)] -
7] aﬁionp _ i aNionp _ iKaﬁionp _ M
dx dx dy dy dz dz lon p»
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(pTJ)

0
(p‘[] alr,x) + (ij alr,y) + a. (pfjﬁair,z) +

0 6‘r a ,,0%; a at; 9 (5)
O k% _ 9 g%t 90 0t
dx  0x dy 0y d0z 0z 62( TJ ]) M
rie 7, =1ty 7. 7 7§ -  OObeMHas  IUIOTHOCTb  3apsja

MUKpOPU3NIECKUX (paKIHil (00TaYHBIX Karelb, JEASHBIX KPUCTAIUIOB,
JIO’KJIEBBIX Karellb ¥ TPaiH COOTBETCTBEHHO), M {M Mi., M,, M, }

3neck Mighn, Mignp, Mg, My, M, M; — HCTOYHHKM-CTOKH 3apsna

OTPpULATCIIBHBIX W  MOJOXHUTCIBHBIX HOHOB, 00JIaYHBIX Kall€llb,
JOXICBBIX Kareilb, OOJNIAYHBIX JICASHBIX KPUCTAUIOB W TPaJuH
COOTBETCTBEHHO; . Vairx, Vairys Vair; — COCTABIAIONIME BEKTOpA

CKOpOCTH JIBUKEHUS BO3/YyXa; Nion p» Nion n @ion p» Xion n —
KOHIIGHTpAIMs M TOABHXHOCTh IOJIOKHUTEJIBHBIX W OTPUIATEIBHBIX
MOHOB COOTBETCTBEHHO; V; — CKOPOCTb CEAMMEHTALMU OOJIaYHbIX
¢bpakuuii j-ro copra (00JAYHBIX Kamelb, MOKIACBBIX Kallelb, JICASHBIX
KpuctTalioB u rpaauH); E,, Ey, E, — KOMIIOHEHThl BEKTOpa
HANPSDKEHHOCTH — DJEKTpuuyeckoro monsa; K = —  xoddduimeHt
TypOyJIeHTHOCTH; P — IUIOTHOCTh BO3JyXa. YPaBHEHUS 3alMCaHbl B
JIEKapTOBOM CUCTEME KOOPAUHAT.

AKTHBHOE  BO3JeHCTBHE  (JIbAOOOpPA3yIOIUM  peareéHTOM) B
TPEXMEPHOW MOJEIIM BOCIPOM3BOJIUTCS MYTEM 3aMOPKUBAHUS OJU
00JauHbIX M JOKIEBBIX Kamelb B 3aJaHHOM cioe. [ BBIOpaHHOTO
Cllydasi BBIMOJIHEHHs] paOdOT BOEHU3MPOBAHHOM CIYXOOH MO aKTHUBHBIM
BozaeiicTBusaM (14 mas 2012 r., KaBka3) ObLI0O BBIMOJIHEHO JBa pacueTa:
€CTECTBEHHOE pa3BUTHE O0Jlaka M 00JaKO, Ha KOTOPOE BBITTOIHSIIOCH
Bo3elicTBre (AB).

PesynpTaThl  pacyeTOB  TOKAa3bIBAIOT  YBEIWYEHUE  JICTHOCTH
00JauHBIX KPHUCTAJUIOB cpazy mocie Hadaia AB u yMmeHblIeHue
collepkaHusi  Bcex  ocTalbHbIX  (pakuuil. [locne  oxoHuaHus
BO3JICHCTBUI, OJHAKO, WX 3HAUYEHUS BOCCTAHABIMBAIOTCS, (POpPMUPYS
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BTOPHYHBIE 3KCTPEMYMBI BPEMEHHBIX psfoB. [Ipu 3TOM abCoioTHBIE
MaKCHUMyMbl BOJHOCTH OOJIAYHBIX, JOXKJEBBIX Kamelb U JIETHOCTU
rpaauH B ciiyyae AB ymensbIarorcs.

Ha pucynke 3  OpOJEMOHCTPUPOBAHO  MPOCTPAHCTBEHHOE
pacnpenenenue o0nacteil HanOOIBIIErO CONEPIKAHMS THAPOMETEOPOB U
IUIOTHOCTH OOBEMHOI0 3apsga HEMOCPEACTBEHHO Iepe]l HaudaioM
paspsaoB. IlokazaHo, 4TO 3neKTpUUecKasl CTPYKTypa oOjaka SBISIETCS
WHBEPTUPOBAHHOW: HIDKHUK  ClIOS  3apAga —  OTPHUIATEIbHBIM.
dopmMupoBaHUE  WHBEPTHUPOBAHHOW  CTPYKTYpbl  3apsiia  Npu
MozenupoBaHul AB  00BsCHSETCS TOBBILIEHHBIM  COJIEpP)KaHUEM
00JIauHBIX JIEASHBIX KPUCTAIUIOB, BHIHOCUMBIX BOCXOSALIMMH TOTOKaMHU
B BepuIMHYy oOnaka. Takke B cllydae BO3JEHCTBUHM OTMEYaeTcs
YCKOpEHHE Iepexoaa o0yiaka B IPO30BYIO CTAJHIO0, KOT/Ia €T0 OCHOBHBIC
XapaKTEpUCTUKU (BBICOTa BEpPXHEW TI'paHUIlbl, MOIIHOCTh, CKOPOCTHU
BOCXOJSILIETO MOTOKA M MPOY.) UMEIOT MEHBIIUE 3HAYCHHs, YeM IpHU
€CTeCTBEHHOM pa3BUTHH. [Ipu 3TOM 00s1acTH paconoKeHusi OCHOBHOM
MacChl YaCTHUI[ OCAJIKOB (JI0K/IEBbIX Kallejb U TPaJUH) MEHSIOTCS Mo,
B TO BpeMs Kak BepuUIMHa o0Jlaka 3aHsTa [PEUMYILIECTBEHHO
o0JTayHBIMM  KpHCTaLIaMHM, a o00JacTb HauOOJBIIEro COJACpKaHUS
o0JauHbIX Kamejab CMelaeTcss Huke. Takke IpU BO3JACHCTBUAX
YBEJIMYMBACTCSI MAaKCUMaJIbHAsl 4aCTOTa JEKTPUUECKUX 3apsiI0B.

B pabGore BhoepBble mpeacTaBiI€HO O0OOIIEHHE  PacueTos,
BBITOJIHEHHBIX TP MOMOILM TPEXMEPHOM YHCIEHHON MoeaH 00IauHoN
KOHBEKIIMU: MTPOAHAIU3UPOBAHbl XapaKTEPUCTUKU 00JaKOB MpU Hadaje
JNEKTPUYECKUX pa3psaoB. AHanu3 BbonaHeH i 10 pacueros, rae
BOCITPOM3BOMIINCH O0aKa pa3andHbix pernoHoB (CeBepo-KaBkazckoro
u Cesepo-3anagHoro pernona P®, Kuras) u BapbupoBalcs yder
bu3nyecKuX MpoLeccoB (TeTepOreHHOro 3aMep3aHusi U KOPOHHBIX
pa3psanoB). IlonydeHbl CTaTUCTHUECKUE XApAaKTEPUCTHKH OOJAKOB IMPH
Mepexo/ie B TPO30BYIO CTAAUIO (MEIMAHbBI): BHICOTA BEPXHEU TPAHUIIBI —
6,6 KM, CKOPOCTh BOCXOJSIIEro MmoToka B obmake — 20,9 mM/c, BOAHOCTH
00JIaYHBIX M JOXKAEBBIX Kameib — 1,8 u 2,8 r/M3, JIETHOCTEH OOJIAUHBIX
JeNAHbIX KpucTauioB U rpaguH — 0,9 u 4,0 /v, IIpu 5TOM HauMeHbIIEE
3Hau€HUE BBICOTHI BEpXHEW TIpaHMIIbI OOJaKka MpH Hayaje pa3psiioB
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cocTaBisieT 5,3 KM (B pacyere y4YTEHO BIHMSHHE KOPOHHBIX pa3psioB),
HalMEHbIIAasgd CKOPOCTh BOCXOJSALIMX IIOTOKOB cocTaBiser 14 m/c,
JEMHOCTH Tpajia u Kpymnsl — 2,4 M. B pslle ciiy4yaeB B MEpPHOJI Hadalla
pa3psiIoB U3 00J1aKa HE BBINAAAIN OCAIKH.
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Pucynox 3 — IlpoctpancTBeHHOE pacnpeneneHne 00beMHON
TUTOTHOCTH JIEKTPUUECKOTO 3apsia U YAEIbHOTO coepkanus (ppakuuii
Tepe.T IEPBBIM MOJTHUEBBIM pa3psoM (BEpXHUH ST — €CTECTBEHHOE
pasButue obnaka, HIKHUK — 061ako ¢ AB). Qc, Qr, Qj, Qic— ynensHOE
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COACPIKAHUC 00JIaYHBIX Karejb, 10XKACBBIX KallClib, 'PailuH U 00J1aYHBIX
JEAAHBIX KPUCTAIIIOB COOTBETCTBEHHO.

[IpuBeneHsl pe3yabTaThl ampodaluu JABYX pa3paboTaHHBIX
METOJIUK aHCaMOJIEBOTO MPOTHO3a XaPAKTEPUCTUK TPO3OBBIX 00JIAKOB C
UCIOJIb30BaHUEM MOJIETTM KOHBEKTHBHOTO O0JaKa Majioi pa3MepHOCTH
(®TBY «I'TO»). Hcnonb3oBaiuch ABE BEPCHUU MOAENU: MOJHAs (C
JJICKTPUYCCKUMH  TIpolieccamM) U (Qu3MKO-cTaTHCcTHYecKas  (0e3
INEKTPU3ALHUU, C SMIUPUUYECKUMU KPUTEPHUSIMH OIACHBIX SIBJICHUIN).
Baocuiuch BO3MyIEHHS B JIaHHBIE a’POJOTUYECKOTO 30HIUPOBAHMS
(cepust u3 30 pacueToB) M BBIMOJHSAJICS KOHTPOJBHBIA. Bo3myiieHus
BHOCHUJIUCh B 3HAUYCHHUS TEMIEpaTypbl M BIAKHOCTU: TOJBKO B
npu3eMHble 3HAueHUs (TepBas METOAMKA), HAa BCEX BEPTUKAIBHBIX
ypoBHSX  (BTOpas). Pe3ynpTarsl  mokaszanu, 4ro  Haubosee
YyBCTBUTEIBHBIMH K  BHOCHMBIM  BO3MYIICHHUSM  OKa3aJHCh
MUKPOPU3NICCKUE XaPAaKTCPUCTHKU OO0JakoB © uX  (QyHKIHUH
(MakcuMasibHasE PaaUOIOKAIIMOHHAS OTpakaeMocTh). OO MeTOAuKH
MOKa3aJIi  XOpOIIee COOTBETCTBHE JIAHHBIM  PaJMOJIOKAIMOHHBIX
U3MEPEHUN.

B 3akii0ueHun npuBeeHbl OCHOBHBIE Pe3yJbTaThl pa0OTHI.

B xonme BbImonmHEHHS pabOTHI HMCCIEAOBAHBI XapaKTEPUCTUKU
TPO30BBIX 00J1aKOB u aTMocdepsl c HCIIOJIb30BaHUEM
PaZMOJNIOKAIMOHHBIX JAHHBIX M YUCICHHOTO MOJEIHpPOBaHUS. bbuin
paccmoTpennl oOmaka Ceepo-3amaga Poccuu, Ceepnoro Kapkasa,
Nunun u Kuras.

[To nmaHHBIM paTUONOKAIIMOHHBIX HAOIIOIEHUN TOJYYEHO, UTO
rpo3oBbie OoOnmaka B MHAWM HMMEIOT JOCTaTOYHO Malble 3HAYECHUS
MaKCUMaJIbHOW PaJMOJIOKAIMOHHON OTpakaeMoCTH (TI0 CpPaBHEHHUIO C
oOjakaMu yMEpeHHbBIX MHPOT). [IpuHUMas BO BHHMaHHE HEBBICOKHE
3HAQYEHHUS YacTOTHI Pa3psOoB B TPO30BBIX OOJaKax, 3TO MOXKET
YKa3bIBaTh HA MAJIOE COJIepPKaHNEe KPYITHBIX JICJTHBIX YacTHUIl B O0JIaKax
Nunun.

[TokazaHo, 4TO XapaKTEPUCTHKU TPO30BBIX 001MakoB B Mumum
3HAQYMTENIHBIM 00pa3oM pas3auvaroTCs Uil Pa3IudHBIX  PEKHUMOB
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LHUPKYJISLUU: MYCCOHHOI'O U IOCTMYCCOHHOTO. B MyccoHHBIN mepuon
o0laka MMEIT Malylo (OTHOCUTEIBHO IOCTMYCCOHHOTO) BBICOTY
BEpXHEN IpaHULbI, PasivoOIOKALIMOHHYIO OTpakaeMOCTb,
HepeoxJIaXx1eHHble 00beMbl 00J1aKa U IPYrue napaMeTphl.

[losydyeHo, UTO €IMHCTBEHHBIM PaJMOJIOKALMOHHBINA IapaMerp,
JEMOHCTPUPYIOIIUX CTaTUCTUYECKH 3HAUYMMBIC U3MEHEHUS IIPU Hadae
anekTpuueckux pazpsgoB — i Cesepo-3amana P®, Cesepnoro
Kapkaza u aauu — BeICOTa BEpXHEH IPaHMIIBI 00J1aKa.

BbIsiBIIEHO, 4YTO B YMEpPEHHBIX IIUPOTax HaOJogaeTcs
YBEJIMUEHUE 3HAYEHUM paJUOJOKAaIlMOHHBIX I[apaMeTpoB IpHU Hayaie
pa3psAIoB, B TO BpeMsl Kak B TPONHUYECKOM arMocdepe — TIJIaBHBIM
o0pazoM ymeHbllleHHE. B COBOKYIMHOCTH C MaJjiol paauoJIOKAIlMOHHON
OTpakaeMOCTbIO, HEBBICOKOM MOJIHUEBOM AKTUBHOCTBIO U PEIKOCTHIO
BbIMa/IeHUs rpaja (IO JUTEpaTypHbIM JaHHbIM) B WHIUM 3TO MOXET
YKa3bIBaTh Ha JIEMCTBUE UHBIX MEXAHU3MBbI dJICKTPHU3ALUH.

BbINIONHEHHBI  PErpeCCHOHHBIA  AQHAIM3  CBA3EH  4acCTOTHI
paspsioB ¢ pa3IMYHbBIMU PaJUOJOKALIMOHHBIMY NapaMeTpaMu MOKa3all,
YTO JUISL TIOJISi OOJIAaKOB TaKWe CBSA3HM CYHIECTBYIOT, HO HE MOTYT OBITH
annpOKCHMUPOBAHbI MOJEIISIMU JTMHEUHON perpeccuu. /st BpeMeHHBIX
PSAI0B MMapaMeTPOB OTAENBHBIX 00JaKOB B psAJE CIy4yaeB TaKue MOJIEIH
MIOCTPOEHBI. DTO YKa3bIBACT HA CIIOKHBIM HEJTMHEWHBIN XapaKTep CBs3el
Y B3aUMOJIEMCTBUN Pa3IMYHBIX MPOIECCOB MIPH IEKTPU3ALMH 00JIAKOB.

Ilo pe3yspTaTam YHCIIEHHOTO MOJIETTUPOBAHUS
IPOJEMOHCTPUPOBAHO, YTO AKTHUBHBIE BO3JEHCTBUS JIbJ000PA3yIOIIUM
pEeareHTOM YCKOpSIOT TMepexoj objaka B TPO30BYIO  CTaJHIo,
JNEKTPUYECKUE pa3psbl HAUUHAIOT (JOPMUPOBATHCS MPU MEHBLIUX (TI0
CPaBHEHHIO C €CTECTBEHHBIM pa3BUTHEM O0JIaKa) 3HAUEHUSX OCHOBHBIX
TEPMOJMHAMHYECKUX [MapaMeTpPOB, YCHIIMBAETCS dJIEKTpU3anusl oOyiaka
(yBeNIMYMBAETCSl YacTOTa paspsioB) U BO3MOXKHO (OpMHUpPOBaHUE
WHBEPTUPOBAHHOM CTPYKTYpPHI 3apsija.

BeimonHeHo  06o0mieHHe  pacyeToB € HCIOJIb30BaHHEM
TPEXMEpPHOW  4YHCIeHHOWM  Mojenu. [losydeHbl  CTaTUCTHYECKHE
XapaKTEepUCTUKH OOJAaKOB TMpH TIepexojie B TPO30BYIO  CTaJUIO
(MeamaHbl): BEICOTA BEPXHEH rpaHuUIlbl — 6,6 KM, CKOPOCTH BOCXOISIIETO
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motoka B oosake — 20,9 m/c, BOZHOCTH OOJIAYHBIX U JOXKIEBBIX Kallelb —
1,8 u 2,8 r/M3, JEAHOCTh OOJIAYHBIX JICJSHBIX KPUCTAUIOB U TPaauH —
0,9 1 4,0 r/m’.

[Ipemioxensl J1B€ METOAWKH BBINOJHEHUS aHCAMOJIEBOTO
MIPOTHO3a MapaMeTPOB IPO30BBIX OOJAKOB C HMCIOIH30BAHUEM MOJICIU
KOHBEKTHBHOI'O oO0Jlaka MaJloil pa3MepHOCTH. Pe3yibTaThl pacueToB
MOKa3aJik, YTO HauOoJiee YyBCTBUTEIIbHBIMU K BHOCHUMBIM B HadaJIbHbIE
JIAHHBIC BO3MYIICHUSAM SIBJISIOTCS MUKPO(DU3HYECKUE XapPAKTEPUCTHKU
0o0sakoB M ocankoB. Iloka3aHo, 4TO CHJIBHEE BCEro IPOTHO3UPYEMbIS
XapaKTEPUCTUKU PEArupyroT Ha BO3MYIIEHUS, BHOCUMBIE B IPU3EMHbIC
3HAYCHHWS HaAYaJIbHBIX JaHHBIX. [loka3aHO Xopollnee COOTBETCTBHE
JaHHBIM HAOJIOICHUH.
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