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PA3PABOTKA 1 BHEJIPEHNW BbIYMCJIMTEJIbHBIX METOZ1IOB AHAJIM3A JIAHHBIX
I'HCC AJ1id OHEHK1 ATMOC®EPHOU BJIAXKHOCTHU

CraTbst paccMaTpUBaET MPUMEHEHHE TTT00ANTbHBIX HABUTAIIMOHHBIX CITyTHHKOBBIX

BonasHoil map — BaKHEMIIMI KOMIIOHEHT aTMoc(epbl, KOTOPbI HampsMyl0 BIUSET Ha
nporecchl (pOpMHUPOBAaHUS OCAJKOB W TEIJIOBOrO oOMeHa. TodHbIE TaHHBIE O COACpPKAHUU
BOJSIHOI'O Iapa HEOOXOAMMSBI I IOBBIIIEHUS TOYHOCTU IMPOTHO30B MOroj/bl, OCOOEHHO MpuU
IIPOrHO3UPOBAHUU SKCTPEMAJIbHBIX SIBJICHUH, TAKUX KAaK CHIIbHBIE OCAJKH, yparaHbl M LITOpMA.
TpaguioHHblE METOABI M3MEPEHMsI BOJASHOIO Iapa, TaKMe KaK PaJuO30H]bl U CIYTHHUKOBAS
CbEMKa, MMEIOT psJi OTrPaHMYEHUH, BKJIIOYash HU3KYI0 BPEMEHHYIO 4acTOTy HaOJIOAeHUH U
3aBUCHUMOCThH OT MOTOJHBIX yCIOBHH. Panno3oHabl MOryT 3amycKaThCsl TOJBKO HECKOJIBKO pa3 B
JIeHb, a CIYTHUKOBBIC JIJaHHBIC YacTO OTPAaHUYEHBI OOJAYHOCTBIO M JIPYTMMH aTMOC(hEpHBIMU
SIBIIGHUSIMU, KOTOPBIE€ MOTYT 3aTPyJIHUTH MOJIYyYEHHE TOUHBIX JaHHbBIX.

I'moGanbnble HaBuranuoHHele cnyTHUKoBbIE cucteMbl ('HCC, GNSS) npeanaratoT HOBBII
MOJIX0JT K U3MEPEHUIO BOASIHOTO Napa B atMocdepe, IpeaoCTaBisis JaHHbIE C BBICOKON 4acTOTOM
OOHOBJICHHS M IIUPOKUM reorpaduueckuM mokpbiTueM. GNSS paboraer myreM H3MepeHHS
3aJIep’)KKM CIYTHUKOBOI'O CHUTHAlla MpHU MPOXOXKIECHUH uepe3 atMocdepy. IJrta 3aaepxkka (Zenith
Total Delay, ZTD) cBsizaHa ¢ coaep)kaHHeM BOJSHOrO mapa B aTMochepe M MOXKET ObITh
npeodpaszoBana B PWV c ncnonb3oBanneM u3BecTHIX Mozeneit armocdepsl. Bce GNSS-cucremsl,
takue kak GPS, I'JIOHACC, Beidou u Galileo, obecriednBatoT HEempepbIBHBINA MOTOK JaHHBIX,
KOTOpbIE MOTYT OBITh WCIOJIb30BAHBI JUIsi MOHUTOPUHIA JUHAMHMKHU BOJSIHOTO Tapa B pealbHOM
BPEMEHH, UTO OCOOEHHO BaXKHO /17151 KPATKOCPOUHOT'O MPOTHO3UPOBAHUS SKCTPEMAIbHBIX MTOTOIHBIX
SIBJICHUM.

OO0paboTka maHHBIX ocymiecTBiseTcss ¢ ucnonp3doBanuem [10 RTKLIB, GIPSY-OASIS,
Bernese GPS. Ipumensitorcs anroputmsl Precise Point Positioning (PPP) u dunptpanuu nryma.
Hcnonb3yloTcsi 4YMCIEHHBIE MOJIENHM aTMOC(Epbl, METeOJaHHBIE C HAa3eMHBIX CTaHUMNA |
MHTEPNOSIIUs 3HadeHnid. Kpome Toro, MeTo1pl MallinHHOTO 00y4€eHus, BKJII0Uas HEHPOHHBIE CETH,
OPUMEHSIOTCS Ul TOBBIIEHUS TOYHOCTH pacuera PWYV, ycrpaneHust BbIOpOCOB U
MIPOrHO3UPOBAHUS TPEHIOB.

Cetb cranumii nomkHa obecrieuuBaTh IUIOTHOEe HOKpeITHE (30-100 kM). Pexomenayrorcs
MHorocucreMHble ['HCC-npueMHHKH € aHTEHHaMU BBICOKOTO YCHUJICHUS, YCTOHYMBBIMU K
NOrogHbIM  ycnoBusM (pucyHok 1). Cranimum cHaOXalTcs MeTeoJaTuuKaMu  (J1aBJeHHUE,
TEeMIIepaTypa, BIAXKHOCTb), pe3epBHbIM mnutaHueM u cpenctBamu cBsizu (LTE, cmytHukoBas
nepefaya). B Kazaxcrane Heo0X0AMMO y4YUTHIBaTh OOJbIIME PACCTOSIHUSA, YAAJCHHOCTb U
KJIMMaTU4YeCKHE pPa3iuuus peruoHoB. lleHTpanu3oBaHHBIA Aara-LeHTp oOpabaThIBAaeT IaHHBIE,
dopmupyet kaptel PWV 1 nepenaer nanusie B noroausie Mmoaenu (Hanpumep, WRF).

OcHOBHOM (U3HUECKUI MapaMeTp, UCTIOIb3yeMbI IS OIEHKH COACPKaHUs BOJSTHOTO Tlapa ¢
nomotbio GNSS, — 310 Zenith Total Delay (ZTD), xotopblif u3mepsieTcs B MIUIUMETPax U
IpEJCTaBIseT COOON oOIee Bpems 3aJepXKKU CHUTHAja CIYTHUKA NPH MPOXOXKICHUHM 4epes
atMocdepy 3emiu. DTa 3a7ep)kka 0OyCIOBIEHa pa3iNU4YHBIMH (PaKTOpaMu, BKIIIOYas JIaBJICHUE,
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TEMIIEPATypy U COJepKaHue BOJSHOTO napa. ZTD MOKHO pa3aenuTh Ha IBa KOMIIOHEHTa: Zenith
Hydrostatic Delay (ZHD) u Zenith Wet Delay (ZWD).

1. Zenith Hydrostatic Delay (ZHD) — 3T0 KOMIIOHEHT 3aJepKKH, BBI3BaHHBIH aTMOC(EpPHBIM
JaBIEHUEM, M OH OTHOCHUTEJIBHO CTaOWieH. OTOT KOMIIOHEHT MOYKHO paccuuTaTbh C
MCTIOJIb30BAHUEM CTAaHIAPTHBIX aTMOC(HEPHBIX MOJIEIEH U JAHHBIX O JaBJICHUH Ha IOBEPXHOCTH [ 1,
2].

2. Zenith Wet Delay (ZWD) — 3T0 KOMIIOHEHT 3a/1€p>KKH, KOTOPBII CBSI3aH C BOJSHBIM I1apOM
B atmMocgepe. ZWD Oosiee M3MEHUMB U HANpsMYIO 3aBHCUT OT KOJIMYECTBAa BOJASHOIO IMapa B
atMocdepe. VIMEHHO 3TOT KOMITIOHEHT NPEICTaBISIET MHTEPEC A METEOPOJIOTOB, TaK Kak OH
ONpeeIIsIeT Bapyalliu B COAEp >KaHUU BOJISIHOTO Tapa [3, 4].

ZTD wm3mepsiercst GNSS-npuemManKkamMu, KOTopble (GUKCHPYIOT BpeMs MPHUXO0Ja CUTHAIa OT
CIYTHHMKOB. Pa3Hu1a Mexny o’kuiaeMbIM U (PaKTUUECKUM BPEMEHEM MPUOBITHS CUTHAIA OTPaXkaeT
Brusinue atmocdepnl. Konsepramus ZTD B Precipitable Water Vapor (PWV) tpebyer Takxke
JAHHBIX O TeMIlepaType M JIaBJICHUU Ha MOBEPXHOCTH, KOTOPbIE MOTYT OBbITh MOJIy4eHBl KaK C
MOMOIIBIO JATYMKOB HA 3eMJIe, TaK M U3 aTMOC(HEPHBIX MOJIEIEH.

Jns pacuera PWV u3 ZWD uncnonb3yercs ciaeayrouee BhpaKeHHUe:

PWV=II-ZWD (1)

rae:

— PWYV — 3710 Konm4ecTBO BOASHOIO Mapa B cToj10€e aTMochepsl (B MM),

—ZWD —s10 Zenith Wet Delay, Beruncnennsiii Ha ocHoBe GNSS naHHBIX (B MM),

— II — 3710 KO3 PuIHEHT TPe0Opa3oOBaHUs, KOTOPBIN 3aBUCUT OT TEMIIEPATYphl U AaBJICHUS Ha
MTOBEPXHOCTH.

g ycnemHoro npumeHeHuss GNSS B oleHKe BOJISHOTO mMapa B aTrMoc(epe BaKHbI
cnenyomue Tpedoanus k cranuusim GNSS:

— GNSS crannuu gomxHB pacnonarathbes ¢ marom 30-100 kM y1st oGecrieueHus aIeKBaTHOTO
IIOKPBITUS TEPPUTOPUH U TOUHOCTHU pacuyera PWV.

— CTaHIMU AOJKHBI [IEpe/1aBaTh JaHHbIE C YaCTOTOM OOHOBJIEHHS HE MEHEE OIHOTO pasa B yac
JUIS OIIEPAaTUBHOTO MPOTHO3a IIOTOJIBI.

— CraHuuu JOMKHBI UMETh TouHOCTh u3Mepenus Zenith Total Delay (ZTD) na yposae 3-10
MM.

— JKenatenbHo, yToOBl cTaHuuu GNSS OblTM 000pPYIOBaHBI JAaTYMKAMU TEMIIEpaTypbl U
JIABJICHUS HA ITIOBEPXHOCTU VISl KOPPEKTHOU OLleHKH PWV.

— CraHUuuu JOMKHBI OBITH YCTOMYMBBI K BO3JCHCTBHUSM OKpPY)KAIOIIEH Cpeabl, TAaKUM Kak
U3MEHEHMsI TEeMIIepaTyphl, BIAQXKHOCTH M BUOpalMM, 4YTOOBl TapaHTHUPOBATh CTAOMIIBHOCTH
M3MEpEeHUIl B TEUEHHUE JI0JITOTO BPEMEHH .

VkazanHble TpeOOBaHUS TapaHTHPYIOT BBICOKYIO TOYHOCTh M HAJEKHOCTb JIaHHBIX,
HEeoOXoMUMBIX i ucnoib3oBaHud GNSS B MeTeoposornyeckux MNPUIOKEHUSX, BKIIOYas
KpPaTKOCPOYHBIN MPOTHO3 IIOT0JIbl © MOHUTOPHHT 3KCTPEMAJIbHBIX SIBJICHUH.

GNSS-nmpueMHUKH, paclolioKeHHble Ha 3emjie, (UKCHUPYIOT CHUTHAJIbl, OTIpaBJsieMble
CIIyTHMKaMHM, KOTOpBIE MPOXOAAT yepe3 atmocdepy. ATMocdepa, 0COOEHHO BOASHOM map, BIUSET
Ha CKOPOCTb PacHpOCTPAaHEHHUs CUTHAJa, CO3/laBas 3a/lep:KKy. DTU JaHHbIE MEepeAaroTcsl B LIEHTP
00paboTKH, TIe CelHaIbHOE IPOrpaMMHOE 00ECIIeYeHUE BBIMOIHAET PAacueThl I ONpeesIeHUs
Zenith Total Delay (ZTD). DTot mapameTp, KaKk y»e YIIOMHHAJIOCh paHee, SIBISETCS OCHOBHBIM JIJIS
OLIEHKH COZEpaHUs BOJISHOTO Mapa.

O6padotka manHbix GNSS BKIIOYaET HECKOIBKO KIFOUYEBBIX ITAIOB:

Qukcanuss curHana cnyTHuKa: Kaxnaplii NpHeMHUK (QUKCHpPYET CHTHalbl HECKOJIBKHX
CIIlyTHUKOB OJHOBPEMEHHO, YTO IO3BOJSET YIy4UIMTh TOYHOCTH HM3MEPEHHH M YMEHBUIUTH
MOTPELIHOCTH, CBSI3aHHBIE C aTMOC(HEPHBIMU U reo(pu3nuecKuMu (hakToOpaMH.
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2. Pacuer ZTD: CneuunanpHoe nporpammuoe obecrieuenue, takoe kak RTKLIB, GIPSY-
OASIS unu Bernese GPS, ananu3upyet nanHple ¥ BBIYUCISIET 001yto 3anepxky ZTD. ITporpamma
YUUTBIBAET OpPOUTHI CITyTHHKOB, MX CKOPOCTb, a Takke reopusuyeckre 3¢pQeKTsl (Hampumep,
MIPUJIMBBI 3eMJIH ).

3. Koppekmusi nanneix: Ilocme mnomydenuss 3HadeHuid ZTD HeoOXOAWMO BBITIOTHUTH
KOPPEKIMIO HAa OCHOBE Ieo(PU3MYECKUX M METEOPOJOTHYecKHX (DaKTOPOB, TaKMX KaK BIIUSHUE
rpaBUTALIMU M TEMIepaTypa aTMocQepbl. ITO MO3BOJSET MOBBICHTH TOYHOCTH pacueTa PWV.

[IpeobpazoBanne ZTD B PWYV ocyiecTBisieTcsi ¢ HCMOIB30BaHUEM CTaHAAPTHBIX YPaBHCHUH,
KOTOpBIE ONMUCHIBAIOT 3aBUCUMOCTb MEX]y 33J€P’KKOI CUTHala U KOJMYECTBOM BOSHOIO Iapa B
KOJIOHKE aTMocdepsr [5].

PWV=k-(ZTD-ZHD)/p (2)

rae:

— k — k03 punment, 3aBucsmuil OT TEMIEPaTYpHI U JaBICHUS,

— ZTD — obmmias 3aaepKKa 3¢HUTHOTO HaIlpaBJICHUS,

— ZHD — rugpocratrueckas 3a1epxKa,

— p — IVIOTHOCTh BO3/1yXa.

[locne pacuera PWV nanHble MOryT ObITh MHTEIPHUPOBAHBI B MOJIEIM MPOrHO3MPOBAHUS
MOTOJbI JIJISl YIYYIIEHUsS UX TOYHOCTU. OAHUM U3 OCHOBHBIX npeumyiiectB GNSS saBnsiercs ero
CIOCOOHOCTh TPENOCTABIATh JaHHBIE C BBICOKOW YacCTOTOW OOHOBJICHHUS, YTO TIIO3BOJISET
WCIIO0JIb30BATh 3TU JAAHHbIE AJI1 KPATKOCPOYHOTO MPOTHO3UpoBaHUs norojabl. GNSS-naHHbIe MOTYT
OBbITh UCIIOJIB30BAHBI JUIsl YTOUHEHUSI HAYAJIbHBIX YCIOBUM MOJIENIel YUNCIEHHOT O POTHO3a MTOT0/1bl,
YTO OCOOCHHO Ba)KHO MPU MPOTHO3UPOBAHNHU SKCTPEMAJIbHBIX MOTOJHBIX SBICHUH.

OmnuM u3 npuMepoB ycrnemHoro npumeHeHuss GNSS 118 MOHMTOpPHHTA 3KCTpeMabHBIX
MIOTO/IHBIX YCJIOBHH SIBJISIETCA MCIIONb30BaHUE AaHHbIX GNSS 11 mporHo3npoBaHMs CHIIBHBIX
O0CaJKOB U IITOPMOB. BoasHONH map sBIsSETCS KIOYEBBIM (PAKTOPOM, OIpPEAESIONINM
MHTEHCUBHOCTH OCAJKOB, M JaHHBIE O €T0 COACPKAHUHM MOTYT IIOMOYb METEOPOJIOraM MpeAcKa3aTh
MHTEHCUBHOCTb U MPOJOIKUTENBHOCTD JINBHEH.

Hcnonb3oBanue GNSS U1 OLlEHKM cojep)kaHHUs BOJSHOrO mapa B arMocdepe HMeeT
3HAYUTENIbHBIN TOTSHIINAIT JUTs TalbHEUIIEro pa3BuTHs [5, 6]. OMHUM U3 KITFOYEBBIX HAINPaBICHUHN
UCCIIEIOBAaHUM SBJSIETCS YIIydllleHHe TOYHOCTU Mofeneil mpeoOpasoBanuss ZTD B PWV. 310
Tpebyer kak ymyumieHusi camux GNSS-cucrem, Tak u pa3paboTku 0Oojiee TOYHBIX MOJEIEH
aTMoc(epbl, KOTOPbIE YUYUTHIBAIOT PETrHOHAIBHBIE OCOOCHHOCTH.

Kpome Toro, BaxkHbIM HampaBiieHMEM sBisieTcss uHTerpanus aaHHeIXx GNSS ¢ npyrumum
MCTOYHHUKAMU UH(OPMAIMH, TAKUMHU KaK paJiiO30HIbl, CIyTHUKOBBIEC JAHHBIE U JaHHBIE HA3€MHBIX
METEOCTaHIMI. DTO MO3BOJIUT CO3/1aTh KOMILIEKCHBIE MOJIEIH MPOrHO3a MOT0/Ibl, KOTOpbIE OyIyT
HCII0JIb30BaTh BCE JIOCTYIIHBIE JAaHHBIE 11 TOBBIIEHHUS TOYHOCTH IPOTHO30B.

GNSS Ttaxxe uMmeeT OOJIBIION HOTEHIIMAN JJIST UCHOIL30BAHUS B MCCIENOBAHUIX MU3MEHEHMUS
kiumara. BoasiHol nap siBseTcs OTHUM U3 BaXXHEHIINX (DAaKTOPOB, BIAMSIONINX Ha KIMMAaTHYECKHE
npoueccel, U AaHHble GNSS MOryT mpenocTaBUTh LEHHYHO HWH(OpMAaLMIO I MOHMTOPHUHTA
JOJATOCPOYHBIX H3MEHEHMH B arMmocdepe. DTO OCOOEHHO BaXKHO B KOHTEKCTE TJI00ATBHOTO
MOTETJIEHHS], TaK KaK yBEJIMYEHHE COJEp>KaHUS BOJSHOTO IMapa MOXKET YCHJIMBATh MapHUKOBBIN
3¢ (deKT u crnocoOCTBOBATH N3MEHEHHUIO KIIMMAaTa.

3akiir0ueHue

Hcnonb3oBanne GNSS as OLEHKH COJEpKaHHUsS BOJSHOTO Hapa B aTMoc(epe OTKPBHIBAeT
HOBBIE BO3MOYKHOCTH I METEOPOJIOTMYECKUX HCCIENOBAHUM M TPOTHO3UPOBAHUS IOTOJBI.
bnaronaps BBICOKOH TOYHOCTM M 4YacTOTe OOHOBiIEHUS AaHHBIX, GNSS CTaHOBHUTCA Ba)KHBIM
WHCTPYMEHTOM [ MOHUTOPHHIa atMocdepbl U MPeAyNpekIeHUs] SKCTPEMalbHBIX MOTOTHBIX
aprnennii. B Oynymem GNSS MokeT craTh OCHOBOM ISl CO3JaHUSI KOMILIEKCHBIX CHUCTEM
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IMPOTHO3UPOBAHMSA ITOT'0JAbI, KOTOPLIC GYIIYT HCIIOJIb30BATh JAaHHBIC U3 PA3JIMYHBIX KCTOYHUKOB JIA
MOBBIIICHUA TOYHOCTH IIPOTHO30B U MPCAYIIPECIKACHUA ITPUPOIHBIX KaTaCTpO(b.
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INSTAGRAM XKEJIICIHEH AEPEKTEPJII ABTOMATTLI TYPAE AJIY )KXoHE
OJIEYMETTIK XKEJIUIEPIETT XKAJIFAH JKAHAJIBIKTAPJIbI AHBIKTAY YIIIH BEB-
CKPEIIMHI TI ITAUJAJIAHY

Kazipri Tagna mudpnslk miatdhopManapaa aKnapaTThiH KUHAKTATYbl MEH OHBIH ayKbIMIIbI
KoeJIeMJIE Tapalybl QJICYMETTIK JKeJijaepai 0acThl AepeKKe3aepAiH OipiHe alHamabIpAbl. Auaiina,
KOHTEHTTIH KONTIN JKauFaH JKaHAJIBIKTapAbIH KOOE€IiHe BIKMal eTill, COJ  apKbUIBI
Ne3nH()OPMAIUSHBIH OpIIyl MEH KOFaMJIaFbl KAaTe€ YCTaHBIMIAPJbIH KAJBIIITACYbIHA JKOJI alTybl
MYMKiH. MyH/aii *afFaail pecMH aknapar Ke3epiHe JereH CeHIMHIH TOMEHCYiHe Jie acep eTei.

XKanran akmaparTtapabl aHBIKTAYABIH AOCTYPJIi TOCUIIEPl aWTapiIbIKTall yakbpIT IICH aJaMu
pecypcTapabl KaKeT eTeTIHIKTEeH, JepPeKTepl )KUHAY JKOHE Taliay YAepicTepiH aBTOMATTaHABIPY
Ka3ipri 3eprreynepnae OachIMIbIKKa Me OOMbIT OTHIp. ATanMbim eHOekTe Instagram >kemiciHeH
KaKeTTi JepeKTep/Ii aBTOMATThI Typ/Ie aly YIIiH Selenium KiTanmxaHacklHa CYHEHIeH BeO-CKparHT
omiCTepl YCBHIHBUIBIN, >KaJFaH >KAaHAIBIKTApAbl TaHy MakcaThiHIa Tabouru Tingl eHaey (NLP)
TEXHOJIOTHSUIIAPBIHBIH dJICYEeT] TalKbUIaHAIbI.

Be6-ckpanmuHr — Be6-0€TTepAiH KYphUIBIMIAIFAH JACPEKTEPIH any yraepici. Atan alTKaHza,
HTML-koaTsel Tanpmay yinH cenektopiaap MeH XPath epHekTepiH KOJIaHYIbIH KeMeriMeH
Ma3MYH/JIbl aHBIKTayFa )KOHE aBTOMATTHI TYp/Ie Kemripyre 6osaasl. Ochuiaiina, MOTIHIIK aKIapaTThl
0ipizai popMaTKa KeNTipirn, OHbI 9pi Kapail TepeHipeK 3epTTey YIIiH Naijaniany MYMKIHIITT Tyabl.

Hepextepai any yaepici kesiaae BeO-6errepain HTML-konbl TanmaHbi, KaXETTI MOTIHJIIK
AJIEMEHTTEP/Il 1piIKTEy MEH Cy3y MakcaTblHJIa THICTI celekTopiap Hemece XPath epHekTepi
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