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B pa6ore peraercss 3aaua BBISBJIEHUS 3aBUCHMOCTH CTATHCTHYECKUX XapPAKTEPUCTHK U3MEPSEMBIX C TIOMO-
mpio THCC-npieMHNKOB apaMeTpoB aTMocdepbl OT MoKas3aresell KOHBEKTHBHBIX IIPOIECCOB 1O JaHHBIM MOHUTO-
punra B Kazanu u ee okpectHoctsix 3a 2013—2021 rr. /[ olleHKM KOHBEKTHUBHBIX IPOIECCOB HCIIOJIb30BAIICH Ta-
KIe TIoKasaTequ aTMoc(epHOil HeyCTONYMBOCTH, KaK BOCXO/SIIAs BEePTHKAIbHAS CKOPOCTb, MapaMeTp reHepalun
Buxps, ungekc WMAXSHEAR, paccuntannbie o ganHbiM peanainsa ERAS. IlokasaHo, 4TO BeJUYMHA TpajneH-
Ta 3eHUTHOII TpomnocdepHoil 3azepxkn 'HCC-curHamoB u ero QUuIyKTyallui 3HAYHMO H3MEHSIOTCS B YCJOBHIX
CUJIbHOI KOHBEKIMU. Pe3y/bTaThl MCCIeJ0BAaHUS MOTYT OBITh MCIIOJb30BAHBI /IS Pa3pabOTKU METOIUKU MOJCITYT-
HUKOBOTO MOHUTOPHMHIAa KOHBEKTHBHBIX IIPOIECCOB B 3ajla4aX ONMEPATUBHOTO MPOTHO3a OMACHBIX SIBJIEHHIA.

Katouesvie caosa: tnobanbHble HaBUTAIMOHHBIE CIYTHUKOBBIE CHCTEMbI, MOHHTODHHT TpPONocQepbl, arMo-
cdepHad KOHBEKI[HUs, 3eHUTHas TponocdepHas 3ajlepiKKa, TpajneHTHble mapamerpsl; global navigation satellite
system, tropospheric monitoring, atmospheric convection, tropospheric zenith delay, gradient parameter.

BBeaenne

B nocnennue roapl pacTeT 4HUCJIO ONACHBIX IIOTOA-
HBIX SIBJIEHMI, TAaKMX KaK IITOPMOBble BeTpPbI, JIUBHe-
Bble OCA[KU, CHJIbHble I'DO3bl, CBA3aHHBIX C Me30Mac-
mTaGHbBIMU KOHBeKTUBHBIMU mpoiteccamu [1]. CryTHu-
KOBble JIJaHHBbIe, KOTOpble HUCIIOJIb3YIOTCS [JISI OlleHKH
UHTETPAJIbHOTO BJIATOCO/epsKaHms aTMocdepbl Kak II0-
Ka3aTeJisl HHTEHCUBHOCTH KOHBEKI[MH, He Bcerja y/10B-
JIETBOPSIIOT TPeGOBAHUIO OMEPATHBHOCTH MOHUTOPHHTA.
Hampmmep, B [2] moka3zaHo, 4To HHU3Kas YacTOTa CHEM-
KU orpaHMuYuBaeT IpUMeHUMOCTb AaHHbIX MODIS nina
JUArHOCTHKU yCJIOBUI BO3HMKHOBEHMSI CUJIbHBIX IIIKBA-
J10B u cMepyeil. Kpome Toro, mosjss BOASIHOTO Iapa
UMeIOT CIJIbHYTO IPOCTPAHCTBEHHYIO M3MEHYNBOCTD [3].
B cBs3u ¢ 3TUM 30HAUpPOBaHME TPONOCKEPDI C UCIOJIb-
30BaHUEM TJIOGAIBHBIX HABUTAI[MOHHBIX CIYTHHKOBBIX
cucrem (THCC) MokeT o0Ka3aThCsl HNepCHeKTHBHBIM
METO/IOM IIO/JCIlyTHUKOBOTO MOHHUTOPUHIA Me30Mac-
MTAaGHBIX TPOIIECCOB.

Ilens pa6oTBl — BBIABHTH TJIYOOKYIO KOHBEKIINIO
B pesysabratax 'HCC-MoHUTOpHHTA TpOHOC(hEpPHI.
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MaTepI/IaJlbI 1 METO/bl

C momompio THCC 3onaupyioT kKak moHOCheEpy,
Tak u Tpomocdepy. OcHOBHasg m3MepseMas XapaxTe-
PUCTHUKA HeHTpaIbHON HEOHU3MPOBAHHOI aTMocdepbl —
9TO 3eHHTHas TpolocdepHas 3aJep’kKa CIYTHIKOBBIX
pamuocuraaioB (ZTD — zenit tropospheric delay), xo-
TOpasi PACCUYUTBIBAETCS 10 U3MepsieMoil HaKJOHHOM
tponocheproit 3amepxku (STD — slant tropospheric
delay). ZTD 3aBuUCUT OT METEOPOJOTMYECKUX MapaMeT-
POB 1 MOKeT OBITh OTIpefie/ieHa depe3 MHTEeTpasl OT HH-
Jexca pedpaxim:

CITyTHUK 6
ZTD = N -107ds, (1)
IIPUEeMHUK
rme ds — 9leMeHT IyTH, MO KOTOPOMY ITPOBOJIUTCS
unrerpupoBanne, N =n!, n — xoadduiment mpe-

JIOMJIEHHSI PAJMOBOJIH BJIOJIb BEPTUKAJbHON Tpacchl
pacIpocTpaHeHus CUTHAJA.

MdaxTHyeckn 3aJep;kKa IPeACTaBsieT co6oi [10-
TIOJTHUTETbHBIN (Da30BBIl MyTh PaJUOCUTHATA OTHOCH-
TeJbHO ITyTH B BaKyyMe ¥ II03TOMY HM3MepsIeTCs B e[IH-
HHUIIAX JIUHBI, 06br9HO B MuyuMerpax. ZTD cocrout
u3 ruppocrarudeckoii (ZHD — zenith hydrostatic de-
lay) u Biaxuoit (ZWD — zenith wet delay) kommo-
HeHT. VIHIEKC TPEeJOMIEHUST BO3[yXa MOXKET OBITh
paszieieH Ha [Be COCTABJIIIONINE: TUIPOCTATUYECKYIO,
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3aBHUCANIYI0 OT IJIOTHOCTH BO3/yXa, W BIAKHYIO, 3aBH-
CANIYI0 OT HapIHaJbHOTO [aBJEHUS BOASHOTO Mapa.
ZHD BHOCHT OCHOBHOII BKJaa B 0O6mIyio Tpomocdep-
Hylo 3a1epKKy (~2300 MM), oHa sIBJgeTcsl CTaGWIIb-
HOWl W MOKeT OBITb TOYHO CMOJETMPOBAHA HA OCHOBE
U3BECTHBIX 3HAaueHUN MeTeollapaMeTpPOB Ha I[OBEPXHO-
ctu 3emun [4].

ZWD onpenesnsercs napluuaJbHbIM JaBjJeHIeM BO-
JISTHOTO TIapa B BEPTUKAJbHOM cT0JiGe atMocdepst. [Ipu
UHTETPUPOBAHUM IO BBICOTE IOJIy4aeM CBSI3b C HMHTe-
rpajJbHBIM BJjarocofepskanueM armocdepor (IWV —
integral water vapor), KOTOpoe OGBIYHO U3MEPSETCS
B Kr/M% win MUJJIUMETPaX OCaKJAeHHOW BOILI [S].

B ypaBHeHHe OIleHKH 3eHUTHOH TponocdepHoil
33/IEP’KKU 0 CITyTHUKOBBIM U3MEPEHUsIM BBOJST TOPH-
30HTAJIbHble TIpaJUeHTHble IapaMeTpbl, KOTOpble Xa-
PaKTepHU3yIOT HEOJHOPOAHYIO CTPYKTYpPY TpOHOCcdephI.
g nanbHeHmMUX BBIYMCJIEHUN NPUMEHSIOT pa3JsiosKe-
Hue B psan Tefsiopa W yYUTHIBAIOT YJIEHBI TIEPBOTO TI0-
psaka. Takum o6pa3oM MOTydaloT YpaBHEHHE, KOTOPOe
6yZeT ONICHIBATh HAKJIOHHBIE TpomocdepHble 3aIepiK-
ku STD ¢ yyeToM rOpU30HTANIBHOI HEOJHOPOAHOCTH
Tpotocdepnr [6]:

STD(t, A}, ') = ZTD'(H)m(z") +

+ "7TDMO ™ cos(A7) +  ZTDO M sin(AD,  (2)
0z 0z
rae "ZTD — MepuanoHAJbHBIN IPAJUEHTHBIN ITapaMeTp
Ha cTaHmuu HabmogeHunit; ‘ZTD — 30HaJIbHBIN Tpaan-
eHTHBIII mapamerp; A° — a3UMyT HallpaBJIeHUs Ha
COYTHUK; i — HOMep CHYTHUKA; M — OTOoOpaskaromias
(YHKIMS; z — 36HUTHBIIT YTOJI TPACCHI CUTHAJIA OT CITyT-
HUKa 10 IPUEeMHNKA; ¢ — TeKyllee BpeMs.

CoBpeMeHHbBIE HCCTETOBAHUS  CBUIETETBCTBYIOT
0 CBSI3U HEOJHOPOJAHOH CTPYKTYphI Tpomocdepsl U To-
PU3OHTATBHBIX TPAJUEHTHBIX MMapaMeTpoB. B pabo-
tax [7, 8] mokasaHo, 4TO KaK 30HAJbHBIN, Tak U MepH-
MUOHATBHBIN TporocdepHble I'PaeHTHbIE TTapaMeTphl
3eHUTHOH 3a/lepsKKU XOPOIIO COTJIACYIOTCS C pe3yJbTa-
TAMH Me30MacIITaGHOTO YUCJIEHHOTO MOJeTUPOBAHUS
U paJlioMeTPUYeCKUMU HaOJTI0IeHUSAMU.

Bbicokoe BpeMeHHOe U TIPOCTPAHCTBEHHOE paspe-
menne T'HCC-gabuozeHnil IMO3BOJSET HUCCIe0BATh
U TIPOsIBJIeHHe KOHBEKTUBHBIX IIpolleccoB. Kak mpasu-
Jo, Bapuarmu IWV Bospacraior mepen juBHAMEU [9].
Tunmanble KoHUTYpaIrum Me30MacITaGHBIX KOHBEK-
TUBHBIX SYeeK OTPAKAIOTCS B IOJISAX TOPH3OHTATbHBIX
IpafineHToB cojepskaHust Boagnoro mapa [10]. ILiot-
Hag cetb craniuii THCC no3Bosmia oTcieuTb Tpaek-
topuio nepedo B I[loJsiblie, ToJIg TpaJueHTHBIX Mapa-
METPOB W BOJAIHOTO Tapa MOKa3adl Me30MaclITaOHble
CTPYKTYpPBI, HAGJIOMABINNECS C TOMOIIBI0O MWKPOBOJI-
HOBOTO paauoMerpa u MeTeopajgapa [11]. B Texace
UCIoTb30Ban ceTh crtaHiuii GPS s MoHuTOpUHTA
u oTcaekMBaHNUS yparana Xapeu. ZWD u tpomocdep-
Hble TPaJNeHThl KOPPETUPYIOT ¢ TpaJueHTaMi BOJSHO-
TO Tapa /0 U TocJe yparaHa, a C BeTPOM U TpaJieH-
TaMH [aBJIeHNUsI — TOJIBbKO mocie [12].

C nomompbio 'HCC-30Ha1upOBaHUSA ONPENEIIOT-
cs1 caMble pa3Hble Me30MacIITabHbIe TIPOIECCHI: BHYTPH-
CYTOUHBIIl X0/ Biarocojepxanug artMocdepnr [13],
HEOTHOPOAHOCTH B TIEPUOJ TIPOXOXKIeHUS (HPOH-
toB [14, 15]. B pabore [16] ob6Hapy:keHa KOTepeHT-
HOCTh Me30MAacIITaOHbIX BapUaIlii WHTEHCHUBHOCTU
OCAQ/IKOB ¥ JIOCTYITHOIW IOTEHITNAIbHON SHEPTUU Heyc-
TOWYMBOCTH C BapHAIISAMU 3eHUTHOH TpormocdepHoii
3azepskkn curnasoB THCC. B [17] moctpoena perpec-
cuoHHad Mojienb cBg3u [WV, UHTeHCUBHOCTU 3KCTpe-
MaJbHBIX OCAQIKOB W KOHBEKTHBHOW JOCTYMHOI MOTEH-
LUAJbHOI 3Hepruyu HeyCTOHUNBOCTH.

B HacTosieit paGoTe BBISIBJSIOTCS OTJIAYHS aTMO-
cepHBIX XapaKTEePUCTUK B TEPUOJ TJIYOOKOI KOHBEK-
IIUN HaJl TYHKTOM PacIOJIOKeHNsT aHTeHHBI TPUEeMHITKA
CIYTHUKOBBIX CUTHAJIOB C ITOMONIBIO OIIEHKH (DIyKTya-
U TOPU3OHTAJBHBIX T'PAJMEHTHBIX MNapaMeTpPOB 3e-
HUTHOU TpomocdepHOil 3a/epKKU B 3aBIUCHMOCTH OT
3HAYeHNIl KOHBEKTUBHBIX NH/IEKCOB, XapaKTePU3YIONIIX
KOHBEKIUIO U HCIOJIb3YIOIINUXCS /Jig IIPOrHO3a Ollac-
HBIX METeOPOJIOTHYECKUX SIBJIEHUI.

30HAJIBHBIN U MepPUAMOHATbHBINH TOPU30HTAIbHbBIE
TpajineHTHbIe TMapaMeTphl 3eHUTHOI TpomocdepHoil 3a-
nepxkkn (KOMIOHEHTBI BekTopa rpajguenta ZTD) 6buin
mpeo6pa3oBaHbl B BesimunHy rpaanenta dZTD u na-
npaBJieHne rpajauneHTa Agzrp:

dZTD =~"ZTD? + °ZTD?;
"7TD

— 3
¢ZTD )

Ayzrp = arctan

Mo manubiM cetu crannmii r. Kazanu u Pecmy6-
gukn Tarapcran 3a nmepuoa 2013—2021 rr. 6pum pac-
cuuTaHbl JuHHbIE psiabl dZTD u Agzrp ¢ BpeMeHHBIM
paspemenneM S MUH. OIeHUBANNCH BHYTPUCYTOUHBIE
cpeaHeKBaJpaTnuHble oTKIoHeHUsT dZTD u Agztp Kak
XapaKTepUCTUKN  MHTEHCUBHOCTH  Me30MaCIITaGHBIX
Bapualuii Tponocgepsl.

ITo manmpiM peamamu3a ERAS, momgydeHHBIM Ha
OCHOBe Mojiesn EBporefickoro meHTpa MpOTHO3a TOTO-
a1 ECMWF [18], 6pumn mpoBeieHbI pacdeTsl husmde-
CKUX U CTAaTHCTUYECKUX IapaMeTpPOB HEYCTONYUBOCTH.
KoHBeKTHBHBIE WHIEKCHI OOBIYHO WCIOJB3YIOTCA Kak
JUIST OTIEHKH BePOSITHOCTY OMACHBIX SBJIEHW, Tak W JIJIS
MIPOBEPKHU YCIIEITHOCTH UX TMporHo3a [19—27].

3 MHO)KeCTBa TapaMeTpPOB Ui OLEHKU BEPOSIT-
HOCTU OTIACHBIX SIBJIEHUH, CBSI3AHHBIX C Pa3BUTHEM
KOHBEKITNHU, BBIOPAHBI KOMILJIEKCHbIE WHIEKCHI, TT0 KO-
TOPBIM YacTO OIEHUBAETCS PUCK CMepuyell, JHMBHEN
u rpo3 [19, 22, 25].

Bocxomamasa BeprukambHas ckopocth (UVV —
upward vertical velocity) ompemensiercss kak [24]:

UVV =42.CAPE,

rne CAPE (convective available potential energy) —
JIOCTyTIHAS TIOTEHIIHATbHAS JHEPTHUsl HEeyCTONYHBOC-
TH — MpeacTaBisieT cob6oil paGoTy, KOTOPYIO MOKET
COBEpIIUTh YaCTUI[A BO3AyXa MpH aanabaTHYecKoM
nobeMe [18]:
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CAPE = g_rmp bt

Zbase ]1\'

3necs Ty u T, — BuUpTyaJbHad TeMIlepaTypa CpeJbl
U TOAHUMAoIIelics 4acTHIbl; ¢ — YCKOpeHHe CBOOO-
HOTO TIAJIEHUS; Zp,se — BBICOTA Hambosee HEYCTOIYMBO-
ro cnog Huxke yposHa 350 rlla; zy,, — BbIcOTa ypPOBHS
MOJIeJIN, TAe BepTHKAJbHAasA CKOPOCTh YMEHBINAETCS 0
nyss. Pacuer CAPE nemnaercs B NIpedlosiosKeHUU, 4TO
YacTUIBl BO3/yXa He CMEIINBAIOTCS C OKPY:KAIOUIM
BO3/IyXOM; TObeM MceBaoaanabarundeckuii [28].

IIpu UVV = 40 M/C NOTOK CYHUTAETCS CUJIbHBIM,
a 60 M/c — ouenp cuababM. C pocrom UVV yBesuuu-
BaeTcs BEPOSATHOCTD KPYIHOTO Tpazaa [21].

[Tapamerp reneparun Buxpst VGP — 310 KOCBeH-
HBIHf TIOKa3aTelb HAKJIOHA TOPM30HTAJIBHOTO BHUXPA.
On ompenensgerca Kak [23]:

VGP =+2-CAPE - MLS,

rge MLS (mid-level shear) — caBur Berpa B cioe 3 KM.
CHJIBHBIA CIBUT B 3TOM CJIOE CIIOCOGCTBYET BBICOKOIL
CIUPATHHOCTH: YeM OH 6O0JIbIlle, TeM TPOJOJLKUTEIbHEE
KOHBEKI[HSI.

Kommnekcupiit magekc WMAXSHEAR Ttakske
SIBJSETCS OTPA’KEHNEM TJIyOOKOIl KOHBEKI[NH, YYUTDI-
BaeT W BePTUKAJbHBIN TOTOK, W CABHUT BeTpa B CJOe
6 kM (DLS — deep layer shear) [25]:

WMAXSHEAR =+2-CAPE - DLS.

Wnpexkcsr UVV, VGP, WMAXSHEAR paccun-
TBIBAJIUCH /I KoopaAuHAT aHTeHH mpueMHukoB ['HCC
B Pecny6mmke Tarapcran mo mamabiM ERAS. B cBasm
¢ TeM 4TO TIpocTpaHcTBeHHOoe pa3pemieHne ERAS 0,25°,
JUISL TIOTy4YeHUsI 3THX IapaMeTPoOB B TOYKe KOODMHAT
npuemHuka 'HCC npumensanach [ByMepHas JUHeHAs
NHTePIIOJIALUS.

Pesyabratel 1 06CyKaeHHe

3a 2013—2021 rT. O6BLIH pacCYUTAHBI JAJTNHHBIE
pAOBI BceX WCCJAeTyeMBIX KOHBEKTHBHBIX NH/EKCOB
¢ BpeMeHHBIM mmaroM 1 4. Ilo kaskgoMy U3 mapamMeTpoB
COIJIACHO UX KPUTHYECKNUM 3HaueHHUSAM OBLIH copMU-
poBaubl Boi6opku dZTD u Agzrp, KOTOpble XapakTe-
PHU30BAIM YCJIOBUSA cJab0H W CHUJIbHON KOHBEKI[UH.
MBI cpaBHUBAJIN paclipefie/ieHns BBIOOPOK XapaKTepH-
CTHK TpaJWeHTa TpolocdepHON 3afep:KKN IOIapHO

IS KasKIOTO WHAEKca. BBIGOPKH COCTAaBISTHCH TOJH-
KO /IS YCJOBHBIX TEPHO/I0B HabJofeHnii ¢ 15 ampess
mo 15 ceHtabps.

Kpurepuit [lupcoHa mokasaj, 4To pacipe/eeHst
XapaKTEPUCTUK TOPU3OHTAJIbHOTO TpaaumeHTa ZTD He
SIBJISTIOTCSI HOPMAJIBHBIMU. B CBSI3M ¢ 3TuUM [Jisl TOTap-
HOIl TIPOBEPKH pAa3JM4Mii pacupejiesieHuld, COOTBETCT-
BYIONNX CHJBHON W cgaboil KOHBEKINH, WCIIOJIb30Ba-
mch He Tobko kputepun Crtbiosenta 1 ANOVA, HO
n kpurepmii Kpackema—Yommmca (mpoBepka pacipe-
JleJleHNiT Ha PaBEHCTBO MeIMAHHBIX 3HAUYeHWI BBIOO-
pok). O6GHapy»eHo, Y4TO B yCJIOBHSIX CHJIBHOI M CJIa-
60l KOHBEKIIMU TI0 BCEM CTATHCTHYECKUM KPUTEPUSIM
pacrpeieJieHusI XapaKTePUCTHK TOPU30HTAJIBHOTO TI'pa-
nueHta ZTD gocToBepHO pasnyaioTcs.

B Tabnuie mpenacTaBieHbl TPaHUYHBIE 3HAYEHIUS
KOHBEKTUBHBIX WH/IEKCOB, HUCIIOJB3YIOMINECs B HCCJe-
qoBaHWN s ot6opa Bbibopok I'HCC-MoHmTOpHHTA,
7 COOTBETCTBYIONNE UM MeIMaHbl WHTETPAJTHHOTO BJIa-
rocoJiepskKaHus  aTMocdepbl, BeJIWYNHBI TpaJMeHTa
u QuayKTyaimii rpaJuenTa B yCJOBHSIX CHJIBHOU U CJa-
6011 KOHBEKIIH.

Panee [29] Hamu 6bLIo IOKa3aHO, 4YTO B JIETHHII
MePUoJl B YCJIOBUAX TJIYOOKON KOHBEKIUH IHTETPAJb-
HOe BJArocoJepskaHue, TOJIYYeHHOE C MOMOIIBIO
IT'HCC-monutopunra B IIoBO/DKCKOM peruoHe, 3Hauu-
MO MeHseT paclipefieJieHle, ero MeInaHa YBeJNInBaeT-
cg B cpenHeM Ha 12 mMM.

3a uccaemyeMblii mepuoa KoapdUImenT Koppes-
mun umHaekcoB UVV, VGP, WMAXSHEAR cocraB-
ager 0,86—0,95. Oxugaemo, uTto aTMocdepHble MOJIS
UHTErPAJbHOTO BJIATOCOJEPKaHUs U TponocdepHoit
3agep:xku [HCC-curnanoB, pasrpaHuv4eHHBIE C TTOMO-
IIbI0 PA3JUYHBIX KOHBEKTHBHBIX WHJEKCOB, WMEIOT
CXO/THbIE XapaKTePUCTHUKH.

Buzgno, 4TO B YCTOBUSX CHJIBHON KOHBEKIIMW ITH-
TeTpasibHOe BJIAroco/iep;KaHne yBeandnBaercs 6oJiee 4eM
Ha 10 MM ocakJeHHO Boabl. KOHBEKTHBHBIE TIpOIIEC-
cpl  (HOPMUPYIOT Me3oMaciiTaOHble HEOIHOPOIHOCTH,
4yto cnoco6erByeT pocty dZTD na 20%, a ero cpezte-
KBa/[PATHYECKOTO OTKJIOHEHUsT Ha 235%. DJyKTyanuu
HalpaBJIeHUs TpajueHTa TpomocgepHoil 3alepsKKu
panuocuraanoB 'HCC Ttakske yBeIm4nBaIOTCA.

[Ipumep sMmUpHYecKUX paclpeeseHnii BHIGOPOK
aMILTATY Bl TPAJNEHTHOTO TapaMeTpa, MOJyYeHHBIX Ha
OCHOBe pa3TPaHNYeHUsd 10 KOHBEKTHBHBIM WHEKCAM,
npezicTaBJeH Ha puc. 1.

[IpuMepsl sMIUPHYECKUX PpacHpeiesieHnil BbIGO-
POK CPEIHEKBAJPATHYECKOTO OTKJIOHEHWS BeJHYITHBI

Mepaunannt IWV, dZTD u ero duykryamuii f/1s1 BBIGOPOK, COOTBETCTBYIOIMUX TPAHUYHBIM 3HAUYEHHSIM
KOHBEKTHBHbBIX HH/IEKCOB (CHJbHOIL U €/1a00ii KOHBEKIMH COIJIACHO KOHBEKTHBHOMY HHIEKCY)

Uuvv VGP WMAXSHEAR
[Tapametp — — — T
240m/c | <40n/c | 240002 /c? | <400n* /¢ | 240052 /c? | <4005/ ¢’
IWV, MM 35 23 35 23 33 23
dZTD, MM 0,87 0,73 0,89 0,73 0,87 0,72
BHyTpucyrouHbie
daykryanun dZTD, MM 0,45 0,37 0,46 0,36 0,47 0,36
BayTpucyTouHbIe
¢aykryarmu Agzro 27 21 26 21 26 21

Bunsinne cuibHON KOHBEKIMH B JIETHHIl NIEPHOJ HA XaPAaKTEPHCTUKH aTMOCQEPBI. .. 165



1 HamnpaB/eHMs TpajueHTHoro napamerpa ZTD, mosy-
YeHHBIX HAa OCHOBE pA3TPAHUYEHUS MO0 KOHBEKTUBHDLIM
WHJIeKcaM, MpuBe/leHbl Ha puc. 2 u 3.

200 ¢ B WMAXSHEAR = 400 »*/
el M O WMAXSHEAR < 400 a%/m
1,50

[TioTHOCTD BepPOATHOCTH

-

0,0 0,5 1,0 1,5 2,0
dZTD, MM

Pacnpenenenne BoiGopok dZTD pans  yciaoBuit
cgaboifl 1 CHIbHON KOHBEKI[HH B COOTBETCTBUU C HHIEKCOM
WMAXSHEAR

4,0
BUVV =40 m/¢c

auvVv <40 M/ c

35}
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[L1oTHOCTH BepOATHOCTH

cdZTD, ym

Puc. 2. Pacnpenesnenue BbIGOPOK CpeIHEKBAJAPATHYECKOTO OT-
kiaonenuss dZTD pig ycnoBuil ca6oil U CHIbHOH KOHBEKIIUH
B cooTBeTcTBUN ¢ nHAekcoM UVV
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0,05+
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Puc. 3. To ke, uyto u Ha puc. 2, Ho miasg Agztp

Puc. 1—3, kak M craTUCTUYeCKUE KPUTEPHH, II0-
Ka3bIBAIOT, YTO HapaMeTpbl atMocdepbl, IOJIydaeMble
¢ momotpio 'HCC-30HAMpOBaHNS, 3HAYUMO U3MEHS-
I0TCS B YCJOBUSAX TIyGOKoW KoHBeKnuu. Koppemsis
MaKCHMAJIBHBIX CYTOYHBIX 3HAUeHWIl KOHBEKTHBHBIX
UH/IEKCOB B JIETHHUI TIePHOJ W CPEIHECYTOYHBIX 3Hade-
HUIl WHTErPaJbHOTO BJIATOCOAEP/KAHUS MaKCHMaJbHa
g uagexkca VGP u pasna 0,6. 9TOT Ke MHJAEKC TO-
KasaJ MakcUMajbHbIii ypoBeHb Koppessuuu (0,4)
¢ daykryammamu Agzrp. Takne xoaddunmeHTs KOp-
pesImy XapaKTepHBI IS CYIIeCTBeHHOH, HO HelnHeii-
HOIT CBSI3M BEJUYNH.

WHTepecHo, 4To 0TGOp JIETHUX JIHEil 10 BeJndnHe
MHTETPAJbHOTO BIATOCOEP KAHNUS TOKAa3al, U4To J06aB-
JleHe B KadecTBe KpHUTepHeB BLIGOPKH (PIyKTyammit
TPa/INeHTHBIX NTapaMeTPOB YBeJINYNBaeT 3HAUeHHe KOH-
BEeKTHBHBIX WH/IEKCOB B 3TH AHW. HampmuMmep, ecum yc-
TaHOBUTDH TIOPOT UHTETPAJbHOTO BIATOCOJEPKAHUSA PaB-
HBIM 25 MM OCa)X/IeHHOH BOABI, TO B NyHKTe KaszaHb
meauatna UVV 6yner 27 m/c. Eciin y6paTh u3 BBIGOPKH
THU ¢ GIyKTyanuamu yria rpaguenta ZTD menee 20°,
to Megnana UVV yBennuuBaercs 7o 30 M/ ¢, Torjga Kak
B JleTHHI mepuoj oHa paBHa 10 M/c 3a mcciremyeMbie
roabl. BmpoueM, 3azada yCTaHOBJIEHHS KpHUTepueB
OlLleHKN MHTEeHCHBHOCTH KOHBEKTHBHBIX IIPOIIECCOB IIO
maHHeIM THCC TpebyeT nOTOJHUTEIHHOTO HCCJIEI0BA-
Husg. Pa6ora [10], rae caemana mombITKa pa3pabOTKH
TaKOTO KpUTepHs, He TIOJy4YHJa JaJbHeHIIero pas3Bu-
TS TTO HeW3BECTHBIM MpIYNHaM. [[OTIOTHNTEIbHDIH y4eT
TPAJUeHTHBIX INapaMeTPOB, IOIY4aeMBbIX B peaJbHOM
BpeMeHH, TPUMEHSJICS IS MCCJIEeOBAaHNUS BO3MO>KHO-
CTH TIpOTHO3MpoBaHNA rpo3 B Bosrapun [30].

3akaoueHue

Hammn uccseoBaHus NOATBEPKAAIOT, YTO UCIIOJb-
30BaHHe TJIOGATHHBIX HABUTAIIMOHHBIX CITYTHIKOBBIX
cUcTeM [ INCTAHIOHHOTO 3O0HNPOBAHUS TPOIO-
cepnl aBrgercss 3(PPeKTHBHBIM HHCTPYMEHTOM [
MO/ICTTyTHUKOBOTO MOHHTOPHWHTa KOHBEKTHUBHBIX IIPO-
mmeccoB. BbIcTpoe pa3BuTHE aTMOCHEPHBIX HEOTHOPO/I-
HOCTell, KOTOpble MOTYT CHTHAJIU3UPOBATb O PA3BUTUU
OTIACHBIX TIOTOHBIX SIBJIEHMH, TAKIX KaK CHJIbHBIE OCA-
KH, TPO3bI W CMepul, OTpakaeTcs Ha WHTETPAIBHOM
BJIATOCO/Iep’KaHNU aTMochepbl U TPaJHeHTHBIX Iapa-
Metpax 3agep:xkn THCC-paanocursanoB B Tpomnocde-
pe. ITo O3HAYaeT, YTO MOKHO MOJIyYaThb aKTyaJbHBbIE
JTaHHBIE O COCTOSTHUH aTMocdephbl ¢ BBICOKUIM BpeMeH-
HBIM pa3pelleHHeM W pearupoBaTh HAa BO3MOKHBIE
OTIaCHOCTH.

Muuancuposanue. VccienoBaHle BbINOJIHEHO TIPH
nogaepxkke PHD (rpant Ne 23-27-00222) (https://
rscf.ru/project,/23-27-00222) (mpoekt Ne 23-27-00222).
[lanubsie HCC-MoHuTOpUHTA COOPaHBI TIPH TIOAIEPIKKE
MIPOrPaMMbl  CTPATETHYECKOTO aKaJeMHIEeCKOTO JIHep-
crBa  Kasanckoro (ITpuBoskckoro) — denepaibHOro
yunsepcurera («ITPUOPUTET—2030»).
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The paper solves the problem of deriving the relationship between the variability of statistical characteris-
tics of atmospheric parameters measured by GNSS receivers and the characteristics of convective processes ac-
cording to the monitoring data near the Kazan city for 2013—2021. The results of GNSS monitoring are com-
pared with the convective indices for the observation period. To assess convective processes, we used physical
and statistical parameters of instability calculated from ERAS reanalysis: Upward Vertical Velocity, Vortex
Generation Parameter, and WMAXSHEAR. Statistical characteristics of the zenith tropospheric delay’s hori-
zontal gradient significantly change under conditions of deep convection. The results of the work can be used
to develop a methodology for sub-satellite monitoring of convective processes in the tasks of operational fore-
casting of severe weather phenomena.
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