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The article is devoted to various aspects of the use of unmanned aerial vehicles (UAV) for the
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BBenenue

Mudopmanusi o BepTUKAJIBLHON CTPYKType TpoIoc@epbl U €e BPEMEHHOW M3MEHUYMBOCTH Ha
pa3HBIX BBICOTaX BaxKHa IJI psiga 3amad — OT 0€30MacHOCTU aBMAIMOHHBIX ITOJIETOB A0 IPOTHO3a
OMNacHBIX METEOPOJIOTUYECKUX SIBJCHUM U pa3paboTKu Teopuil puzmku atMochepHOro norpaHuy-
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Horo ciog. IIpu 3ToM BepTUKaJIbHBIC TTPO(PUIM METEOPOJOTNYSCKUX BEIUYNH CUJIBHO M3MEHYMBLI
10 BPpEeMEHU MpPU Pa3IMYHbIX METEOPOJOTMYECKUX SIBICHUSIX, TAKUX KaK IIKBaJbl, aTMOC(hEpHbIE
(bpOHTBI, THTEHCUBHBIE IUPKYJISIIMA B ME30MaCIITaAOHBIX KOHBEKTUBHBIX cHCTeMax. B pedynbrare
MHOTOYMCJICHHBIX MCCJIEIOBaHUI ObUIM TIOJYYeHBl SMIIMPUYECKUE O0O0OIIeHHbIE BEpTUKAJIbHbBIC
npoduad nomodust sk METEOPOJIOTMYECKUX IapaMeTpoB B aTMOC(HEPHOM MOIPAHUYHOM CJIOE
¥ criaxkuBamoomme ux GyHKuuu [1], 4TO MO3BOJMIO CYLIECTBEHHO IMPOABUHYTHCS B MOHMMAaHUU
MPOLIECCOB B TOTPAaHUYHOM CJIoe aTMOCGhephl M pelIUTh psiji MPUKIaaHbIX 3ama4d. Ho Borpoc o cTpyk-
Type U AWHAMUKE aTMOC(EpPHOTO MOrPAHUYHOTO CJIOSI P YCIOBUSIX CUJIBHO YCTOMYMBOW M HEY-
CTOMUYMBOI CTpaTU(UKALIMI, IPU HAJTUUUU aTMOC(EPHBIX TEMIIEPATyPHBIX MUHBEPCUIL, 1 OCOOEHHO
B YCJIOBUSIX HEOAHOPOIHOM MOBEPXHOCTU, OCTACTCS OTKPBITHIM. DTO KacaeTcs MPUOPEXHbBIX U TOp-
HBIX pesibehOB, JEIOBUTHIX MOPEI, TOPOICKMX JaHAIIA(PTOB, JECHBIX TEPPUTOPUIl C HEOTHOPOI -
HOI1 pacTuTeIbHOCThIO. MHMOpManus o npoduiissx CKOPOCTH BEeTpa, TEMIIEpaTypbl U BIAXKHOCTU
SIBJIIETCSI BaXKHBIM COTNPOBOXIEHUEM IOJIEBbIX MCCIEI0BAHMI ra30BOro M a’po30JIbHOrO COCTaBa
aTMocdepbl U HEOThEeMJIEMON YaCTblO IMOJACHYTHMKOBBIX 9KCIIEPMMEHTOB, a TAaKKe KPUTUYECKU
HeoOxoauMa isi Bepu(pUKalii U COBEPILIEHCTBOBAHUS YMCICHHBIX MO TTOroAbl U KJIMMara.

CraHgapTHBIA crmoco® M3MepeHUs TTpoduieil MeTeonapaMeTpoB B atMocdepe — pagro30HIN-
poBaHME ¢ HcIojb3oBaHueM 1apoB [2, 3]. HemoctaTku 3TOro Meroga — IOpPOroBHU3HA (30HIbI
SIBJISIFOTCSI TIpMOOpaMy OJHOPA30BOTrO MCIIOJIb30BaHMSI) U, KaK CJENCTBUE, Pa3pekeHHOCTb CETU
adpOJIOTUYECKUX HAOMIONEHUI M HU3KOe BPEMEHHOE pa3pellicHHe: Ha OOJIBIIMHCTBE a3pPOoJIOruie-
CKMX CTaHILIMI 30HAMPOBAHME TIPOU3BOAUTCS B Jy4lleM ciydae 2 pa3a B CyTKU. 19 MOHUTOpUHTA
cocTosiHUSL aTMOchepbl UCIIOIb3YIOTCS MHOTOYPOBHEBBIE KOHTAKTHBIC M3MEPEHUSI Ha METECOPOIO-
TMYECKUX MauTax pa3In4HON BBLICOTHI [4—8]. Ho 3T mM3MepeHMsT MMEIOT IMCKPETHBINA XapaKTep
M OXBaThIBAIOT JIMIIL MPU3EMHBINA CJIOM BBICOTON MaKCMMYyM HECKOJIBKO COTeH MeTpoB. Kpome
TOTO, HEOOXOIMMa TOYHas B3aMMHasl KaJIMOPOBKA MCIIOJB3YEMbIX METCOPOJIOTUUECKHNX JaTYUKOB.
[lepcneKTUBHBIM pellieHUEM 3aaull MOHUTOPUHTIA BEPTUKAILHOM CTPYKTYpPbl aTMOC(hEPHI C BHICO-
KMM TIPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pellecHUeM SBIISIETCS TUCTAHLIMOHHOE 30HIMPOBAHUE
(comapsl, auaaphl, pagapbl, TeMIepaTypHble W BJIaXXHOCTHBIE Tpoduiemepsl) [9—14]. Ho Bce nu-
CTAaHIIMOHHBIE METOAbI 30HAMPOBAHUS OCHOBAHBI Ha PETUCTPALIMU M3TYYCHUST B PA3TIMYHBIX THA-
Ma30Hax JJUH BOJH U IIPU BOCCTAHOBICHUU NPOPUICH IPUBOAIT K PSAYy OTPAaHUUCHUH, a MCIOIb-
3yeMasl afmraparypa nopora u rpomosnaka. Haubosee monHyo uH(poOpMaluioo O CTPOCHUM Morpa-
HUYHOTO CJI0sI aTMocdephl JaloT caMosieThl-1adopatopuu [15—18]. Ho 3t nusMepeHust — moporo-
CTOSIIIIME, M aJIeKO HE BCETIa €CTh BO3MOXHOCTh MPOBOIUTH UX B MCCIICAYEMbBIX YCIOBHSIX.

HoBbie BO3MOXKXHOCTH JJ151 METEOPOJIOTUUECKUX U3MEPEHUI B aTMOC(HEPHOM MNOIPAHUYHOM CJIOE
OTKPBIBAET MCII0Ab30BaHUe OeCIMIOTHBIX JeTaTeabHbIX annapatoB (BITJIA). CyiiecTByloT nBa oc-
HoBHBIX Tuma BIIJIA: caMoyieThl 1 MHOTOPOTOPHbBIE BEPTOJIEThl (OOBIYHO CO3JaBaeMble IO CXEME
KBaJIpOKOIITepa WIM OKTOKOIITepa, najee — MYJIbTUKONTephbl). [lepBble IOMBITKM HMCIIOJIb30BaTh
BITJIA nnst uccnemoBanus atMocgepHBIX ITPOLIECCOB ObUTH MpeanpuHATH ele B 70-e rr. XX B. [19].
HanbHeilnne pa3BUTUE KOMIIbIOTEPHBIX TEXHOJIOTHI, YMEHBIICHUE pa3Mepa AaTYMKOB U JIpyTUe
TEXHOJIOTMYECKHUE JTOCTUXKEHHUSI BbIBEJM OECHUIOTHBIE CaMOJEThl «Ha TEPEeIOBYIO» SKCIEPUMEH-
TaJIbHBIX MeTeopojormdeckux mcciaegoanmii [8, 20—25]. BIIJIA pa3HBIX TUMOB MPEACTABISIOT
€000 MHOTOOOEIIAIOIINIT UHCTPYMEHT IIJIsI aTMOC(MEPHBIX U3MEpeHUIi, a UMEHHO: IS UCCIIeH0-
BaHUII BEPTUKAJIbHOIO WJIM TOPU30HTAJbHOIO pacHpeae/ieHUs] TeMIIepaTyphl, BJIaXKHOCTU, BETpa,
XapakKTepUCTUK TypOYyJIE€HTHOCTU U T. 1.

BecnunoTHblie JeTaTe/ibHbIE ANNAPAThl CAMOJIETHOTO THINA

B nocienHee necsatuiaeTve Ha4YaJI0Ch aKTUBHOE MCTIOJIb30BAHUE OECTIMIOTHBIX JIETATEIbHbIX all-
maparoB camojietHoro tumna (BITJIA CT) B MeTeoposiornyeckux ucciegoBanusx [7, 8, 20, 24, 26],
B TOM 4YMCJIe B LEJISIX U3MEPEHMS] TeMIlepaTypbl, BJIaXXHOCTM M CKOPOCTU BETpa Ha pPa3TUYHbBIX
BbicOTax. Takoe mprMeHeHUe OCOOEHHO aKTyaJlbHO B TPYJAHOJOCTYMHbBIX pailoHaX C pa3peKeHHOM
CEThI0O METEOPOJIOTMYECKUX U adPOJIOTMYECKUX HaOIoneHui. 3MepeHrsT BepTUKaIbHBIX MPOhU-
neir meteoBesnuuH ¢ 1omolibio BITJIA CT npoBoawjinch Haa MOPCKUM JIbAOM Y MOOepexKbst
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AHTapkTuael [7, 27], a TakKe Hag MOPCKUM JibAoM B boTHUueckoM 3anuBe [8]. DTo Mo3BOIUIO
MOJIYYUTh JaHHBIE 00 3BOJIIOLMY aTMOC(HEPHOr0 MOrPAHUYHOIO CJI0SI C BHICOKMM MPOCTPAHCTBEH-
HO-BpeMeHHbIM paspelueHuem. st usmepenus npoduieit Ha BITJIA CT ucnosib3yloTcst 1aTYuKu
TeMIIepaTyphl, BIAXKHOCTU U JABJICHUS], aHAJIOTMYHbIC PUMEHSIEMbIM B paJl030HAaX, HO, B OTJIU-
ype OT paJdMO30HAMPOBAHMS, JATYUKU MOTYT MCIIOJb30BaThCsd MHOTOKpaTHO. CpemHsiss CKOPOCTh
BETpa Ha Pa3JIMYHBIX BBICOTAX OIPEAESIETCS 110 U3MEPEHUSIM BO3AYILIHONH CKOPOCTU C MTOMOIIIBIO
0o0bIKHOBeHHOM Tpyoku Iluto m 1o mamMepeHusiMm ckopoctu BIIJIA CT orHocuTeabHO 3eMIIH.
[MocnenHsiss onpenensieTcs: Mo JaHHBIM MPUEMHKKA CITYTHUKOBOM HABUTAlLIMOHHON CUCTEMBI, yCTa-
HosjieHHoro Ha BITJIA CT u sBasiolerocs 4acTbio CMCTEMbI aBTOMMIOTA. Takoli crmocod uaMepe-
HUS BeTpa Bo3MoxkeH Ipu noabeme/cnycke BITJIA CT mo crivpaiu uiav npy COBEpIIEHUU MaHEB-
pa tuma «kopooka». IIpumep Takoro BITJIA CT ¢ oTHOCHTEIbHO HETOPOTUM KOMIUIEKCOM ITOJIe3-
Hoil Harpy3ku — Small Unmanned Meteorological Observer (SUMO) [28], npuMeHsIBIUXIACS 151
KUCCJeN0BAaHNI TTOrPAHUYHOTO CJIOS BO MHOI'MX IOJIEBBIX 3KCIEPUMEHTAX.

Hau6Gonee akryanbHo npumeHeHue BITJIA CT mag ucciegoBaHusi TypOYJE€HTHON CTPYKTYPBI
aTMOC(EepHOro MOrpaHUYHOrO CJIOsl, B OCOOEHHOCTU HaJ HEOJHOPOIHOI IMOJACTUIIAIONIECH TTOBEPX-
HocTthlo. [l Takux 3agady BITJIA CT umeroT cyliecTBeHHbIE IIPeUMYILIECTBa Iepel TpagulluOHHbI-
MU CTallMOHAPHBIMU HAOJIOAECHUSIMU C TOMOILIbIO aKYCTUYECKHUX aHEMOMETPOB, YCTaHABIMBACMBbIX
Ha maute. J11s1 usMepeHuit TypOyJIeHTHBIX NYJIbCalldil TPEX KOMIIOHEHT CKOPOCTU BeTpa, TeMIiepa-
Typbl U BJIAaXXHOCTM HEOOXOOMMO OCHAllleHMEe M3MepHUTeJIbHOTO KomIiuiekca Ha O0opty BITJIA CT
MaJIOMHEPUMOHHBIMU gaTdyukKaMu. COOTBETCTBYIOLIME M3MEPUTEIbHBIC KOMILIEKCHI IIPUMEHSIIOTCS
Ha MWIOTUPYEMbIX camosieTax-jJadoparopusix [29, 30]. M3-3a orpaHuyeHUil MO Becy MOJIE3HOM
Harpy3ku mist ucrnosb3oBanust Ha BITJIA HeoOxommma pa3paboTKa JIeTKMX MaJiorabapuMTHBIX aHa-
JIOTOB 3TUX U3MEPUTEIbHBIX KOMILJIEKCOB.

J1J1s1 BBICOKOYACTOTHBIX M3MEPEeHUI TeMIepaTypbl BO3ayXxa HanboJjee 4acTo MPUMEHSIIOTCS Tep-
MOMETPBI COMPOTUBJICHUS, YYBCTBUTEIbHBIM 2JIEMEHTOM KOTOPBIX SIBISIETCS IUIATUHOBAsl HUTb.
bnarogapst HeGobIioN Bo3ayirHOM ckopocTr BITJIA ruiatuHoOBast HUTh MOXET OBITH HEITOCPEACT-
BEHHO BbIHECEHAa B BO3AYLIHBIA MOTOK, YTO YMEHbIIAET MOCTOSIHHYIO BpeMeHM aaTuyuka [31].
Taxxke Ha BITJIA npuMeHSIOTCSI MUHUATIOPHBIE TEpMONapbl, KOTOPbIE, KaK MPaBUI0, UMEIOT He-
CKOJIBKO OOJIBIITYIO0 TTOCTOSIHHYIO BpEMEHH, YeM TIJIaTUHOBBIE TEPMOMETPBI conpoTuBieHusi. Kpome
TOTO, JUISI U3MEPEHUS MyJIbCalluii TeMITepaTypbl HALUTM MTPUMEHEHUE MAJIOMHEPLIMOHHBIE OMTOBO-
JIOKOHHBIE JaTuuku [32].

ManouHepLOHHbIE U3MEPEHMSI MyIbCAallMi BIaXXHOCTU OCYILIECTBISIOTCS C IIOMOIIBIO ONTUYE-
CKMX NPUOOPOB, MPUHLIMIT U3MEPEHHUS BIAXKHOCTU B KOTOPbIX OCHOBAH Ha IOIJIOLIEHUU ONTUYE-
CKOro M3JydeHHusl MoJjeKyldaMM BoasiHoro mapa. K coxxaneHuto, Takue mpuOoOpbl UMEIOT CPpaBHM-
TeJIbHO OOJbIIMe TabapuThl U Bec. Tak, CYLIECTBYIOT MPUMEPHI MCIOJb30BaHUS KPUIITOHOBOTO
rurpoMmeTrpa KH20 mpomsBonctBa Campbell Scientific Ha kpymabix BITJIA CT. B obierdseHHom
kopmyce rurpomerp KH20 6bu1 ycTaHOBIEH Ha OecnmuIOTHBIM caMosieT Manta [33] u Ha GecruIoT-
Hbli camotet Latitude Engineering HQ-60 [32]. Dtu camoseTsl uMetoT Bec 30—40 Kr 1 MOIyT HECTU
0 5 Kr noJjie3Hoi Harpy3ku. Cpeau MUHMATIOPHBIX U HEJOPOrMX AaTYMKOB, YCTAHOBKA KOTOPBIX
Bo3moxkHa Ha BITJIA CT ¢ HeOoJbIIOi B3JIETHOW MacCoi, HAMMEHbBIIYIO TTOCTOSTHHYIO BpeMEHHU,
HACKOJIbKO M3BECTHO aBTOpaM, MMEeT eMKOCTHOM maTuuk BaaxHoctu P14 Rapid mpousBoacTBa
Innovative Sensor Technology (IST), Bpems1 oTKJIMKa KOTOporo cocranisieT MmeHee 1,5 ¢. Crnenyroniee
nokosieHue garunka IST P14 — Rapid 2 — umeer elie MEHBIITYIO TTOCTOSTHHYIO BpEMEHU: TIpPUMEP-
Ho 0,5 ¢ [URL: https://www.ist-ag.com/en/news-events/news/smallest-humidity-sensor-ultra-fast-
response-time-0 (gata obpamenus: 10.10.2020)]. Mcxona u3 mpeacraBieHuii 0 XxapakKTepHBIX Mac-
mTabax TypOyJEeHTHBIX BUXpeil B MOrpaHUYHOM CJIO€, MOXHO OXWAaTh, YTO JaTYMK BJIaXKHOCTU
C MOCTOSIHHOI BpeMeHu MeHee 1,0 ¢ MO3BOJMUT PerucTpupoBaTh IMyJbCallMy BIAXKHOCTHU, CBSI3aH-
Hble ¢ HanboJiee KPYMHbIMU SHEPrOHECYILIMMU TYPOYJIEHTHBIMU BUXPSIMMU.

[lynbcaunuy Tpex KOMIIOHEHT CKOPOCTM BeTpa BOCCTAHABJIMBAIOTCS MO M3MEPEHUSIM MOJYJIS
Y HaIpaBJIeHUs] BO3AYIIHOW CKOPOCTH, @ UMEHHO: YIJIOB aTakW M CKOJbXEHUs, CKOPOCTU U OPUEH-
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Taluu (YrJibl KpeHa, TaHraxa M pbICKaHbsl) camosieTa oTHocuteabHo 3emuu. Haubosee pacnpo-
CTPaHEHHBIM METOA M3MEPEeHUST MOJYJISI BO3AYLIHON CKOPOCTU M YIJIOB aTaKyd U CKOJIbXCHUS —
WCTOJIb30BaHWE MHOTOKAaHAJIbHOTO MpUEMHMKA BO3AylIHbIX AaBiaeHuit (MIIBJI), ycranaBnuBae-
MOTO Ha BBIHOCE Ha HOCY camoJieTa B HEBO3MYIIEHHOM MoToKe. Haubosblee pacrpocTpaHeHue
MOJIyYWIU MSTUTOYEUHbIE MMPUEMHUKY BO3AYIIHBIX AaBjleHUil. CKOPOCTb U YIJIbI OPUEHTALIMK Ca-
MoOJIeTa OTHOCUTEIbHO 3eMJIU U3MEPSIOTCSI C IIOMOIbIO MHEPLIMAIbHOM HABUTALIMOHHOM CUCTEMBI,
M3MEPEHUs] KOTOPOil COBMEILIAIOTCS C M3MEPEHUSIMU MPUEMHUKA CIYTHUKOBOM HAaBUTALIMOHHOM
CHUCTEMBI C HCIoIb3oBaHUeM puibTpa Kanmana. CucteMbl, coBMellatolie MUuHuaTiopHbiii MITB/1
Y1 MHEPLMAJIbHYIO HAaBUTALMOHHYIO CUCTEMY M MOAXOnIdIIMe ajs yctaHoBku Ha BITJIA, mpennara-
I0TCS pa3IUYHBIMM IIpOU3BOAMTENsIMU, HanpuMmep Aeroprobe [URL: http://www.aeroprobe.com/
air-data-probe (mara oopamenus: 10.10.2020)] win Aventech [URL: https://aventech.com/products/
arim310.html (maTta obOpawenus: 09.10.2020)].

BITJIA CT ¢ KoMITJIEKCOM TOJIE3HON HAarpy3Ku, aHaJOTMYHBIM ONMMCAHHOMY BBILIE, TIPUMEHSII-
cs I UCCIeAOBaHUSI TYpOYJEHTHON CTPYKTYPbl aTMOC(EPHOro MOrPAaHUYHOIO CJIOSI BO BpPEeMs
rnepexona OT HOUHOIO YCTOMYMBOTIO MOrPAaHUYHOIO CJIOSI K JTHEBHOMY KOHBEKTUBHOMY [34], a Tak-
XKe IJIsl U3MEPEHUI TPeXMEPHOro MoJIsl BeTpa U TypOyJeHTHON KMHETUYECKONM SHEPIUU B paiioHe
MIPOEKTUPYEMOTO PACMOJIOKEHUST BETPOIHEPIeTUUECKMX YCTAHOBOK [24], /u1sl pacueTa TypOyJIeHT-
HBIX TTOTOKOB TE€IJIa W BJaru Haj Cyllieil 1 MOPCKOI MOBEpPXHOCTHIO |33].

B Wnuctutyte pusuku atmochepsl uM. A.M. Ob6yxoBa PAH coBMecTHO ¢ MOCKOBCKUM aBUall-
OHHBIM UHCTUTYTOM ObL1 pa3padotaH BITJIA camoneTHoro Tuna « [lumiastHuH» ¢ BepTUKAIbHBIM U B3I~
TOM/TIOCAAKON ISl MCCJIeNOBaHUSI CpeaHeil U TypOyJeHTHON CTPYKTYpbl aTMOC(hepHOro morpa-
Hu4yHoro cinos (puc. 1). OcHoBHOe HazHaueHue pazpadotaHHoro BITJIA — uszmepenue TypOyaeHT-
HBIX CTaTUCTUK TPeX KOMIIOHEHT CKOPOCTH BeTpa M TeMIlepaTyphbl Ha pPa3WYHBIX BbICOTAX B Ipe-
Jieyiax TIOTpaHUYHOTO CJIOS, a TaKKe Hal HeOIHOPOIHON MOACTUIAIONIEH TTOBEpXHOCTHI0. OCcOOBIi
uHTepec npeacrapnsger npuMmeHenne BITJIA mis uccaenoBaHus nepecTpoOrKY TypOYJIeHTHOCTU Hal
pPe3KMMU I'paHULAMU TEPMUYECKUX WM IMHAMMYECKHUX CBONCTB MOJACTUIAIOLNICH MTOBEPXHOCTH, Ta-
KMMM KaK cylla — Boja, jJec — MoJe, Jel — Boaa u Ip.

Puc 1. BecnmnoTHblii JeTaTeabublii anmapat «[{aMasiana» ¢ BepTHKAJIbHBIMHA
B3JIETOM/TIOCAJIKOi ¢ KOMILIEKCOM MOJIe3HOi HATPY3KH
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OcobeHHocTh paspabotanHoro BITJIA — BO3MOXHOCTb BEpPTUKAJbHBIX B3JIeTa/IIOCAAKNA, KOTO-
pble MPOUCXOAST B TaK HA3bIBAEMOM KOMNTEPHOM DPEXMME 3a CYET pabOoThl YEThIPEX MOIAbEMHbBIX
BUHTOB. Bo Bpewmsi mojieTa B cCaMOJIETHOM peXXuMe padoTaeT TOJbKO TOJIKAIOIIUI BUHT, a TIOAbEM-
Hbl€ BUHTBI HE BpalllalOTCS U HE CO3[al0T BO3MYILEHUI MOTOKA B O0JACTU PACIIOIOXEHUS TaTuM-
KoB. IIpenmyiecTBO Takoil «IMOPUOHOI» CXEMbl 3aK/IIOYAETCS IIPEXAEC BCEro B 0ojiee MSITKOM
1 KOHTPOJMPYEMOM PeXUMe B3JIeTa/MOCaAKKU, UTO CHUXKAET BEPOSITHOCTh MOBPEXKIECHUS MOJIE3HOMN
Harpy3ku. Pasmax kpsuia BITJIA cocraBasier 2,4 M, B3jaeTHbI Bec — 8—9 Kr, Kpeiicepckasi CKo-
pocth — 15—20 m/c, Macca moJie3HOi Harpy3ku — a0 1,5 Kr, MakcuMajibHas TPOJAOJLKUTEIbHOCTh
roJjieta — cBbille 60 MUH., pabounii Auana3oH BeICOT — 10 1,5 kM. BITJIA o6opyaoBaH aBTOIIMIO-
ToM Pixhawk 4 1 MoXeT BBIMOJHSTD IMOJET MO 3apaHee 3aJaHHOMY MapIlpyTy.

biok none3Hoil Harpy3Ky BKJIIOYAET:

— CEMUTOYEUYHbBIN MPUEMHUK BO3AYLIHbIX AaBJICHUH, pa3paboTaHHbIil cOBMeCTHO ¢ MHCTUTYTOM
TeopeTHueckoil u npukiagHo mexaHuku nM. C.A. XpuctuaHosnya CO PAH (r. HoBocubupck);

— WHepuMaibHy0 HaBurammoHHyto cuctemy Ellipse 2N npousBoactsa SBG Systems;

— MaJIOMHEPUMOHHBIN MIATUHOBBIA TEPMOMETP CONMPOTUBIECHUS, U3TOTOBJAEHHbBIN B COTPYIHM-
yectBe ¢ LleHTpanbHOI asposiornyeckoii oocepsaropueii (r. JoaronpyaHblii);

— JlaT4MK TemIieparypbl U BiaaxkHocTtu Vaisala HMP110;

— eMKocTHOM patuyuk BiaxkHoctu IST P14 Rapid;

— UK-gaTynk teMnepaTypbl MOACTUIAIOIEH MOBEPXHOCTHU Mpou3BoacTBa Melexis.

B ocHoBe cucTtembl onpoca JaTYMKOB U PETUCTPALIMU TTOKA3aHUM JIEXKUT MCIIOJIb30BaHUE OJHO-
IuiIaTHoro kommblotepa Raspberry Pi.

TecrtoBrie moneTsl BITJIA «umasaua» u anpobanms KoMIuIeKca MOJIe3HON Harpy3Ku B HATyp-
HBIX YCJIOBMSIX ObUTM TTPOBEACHBI BO BpeMs TojieBoro skcnepumenta MPA um. A.M. O6yxosa PAH
Ha 0ase LlumiisiHcKo# HaydyHo# craHumu B nepuon 06—14.08.2020. BeiGop BpeMeHU U MecTa Te-
CTOBBIX ITOJIETOB ObLI OOYCJIOBJEH BO3MOXHOCTBIO CpaBHEHMS HAOMIOACHUI C TpagULIMOHHBIMU
U3MEPEHUSIMU aTMOC(epHO TypOyJEHTHOCTU C MCMOJIb30BaHUEM aKyCTUYECKMX aHEMOMETPOB,
YCTAHOBJICHHBIX Ha MauTe Ha BbicoTax 2; 10 u 30 M, a TakKe ¢ JaHHBIMM ABYX aKyCTUUECKUX JIO-
KaTOPOB — COJIapOB, YCTAHOBJIEHHBIX BOJM3U MAuThI.

3a BpeMsT 3KcrepruMeHTa ObLI0 mpoBeaeHo 10 moeToB, BO BpeMs KOTOPBIX ITpoBepsuiach pa-
0OTOCITOCOOHOCTD Pa3IMYHBIX 2JIEMEHTOB KOMILJIEKCA MOJE3HON HArpy3KU U YTOYHSIJIMCH JIETHBIE
xapaktepuctuku BITJIA. B pe3yabraTe mojeToB ObUIO ITPOAEMOHCTPMPOBAHO COOTBETCTBUE JET-
HbiXx xapakrtepuctuk BITJIA pacueTHbiM. TlepBUYHBIN aHANW3 JAHHBIX U3MEPEHUIA, TMOJyYEH-
HBIX C MMOMOIIBIO KOMILJIeKCa MOJIe3HOI HArpy3Ku, NPOAeMOHCTPUPOBa pabOTOCIIOCOOHOCTh CH-
CTeMbl U KOPPEKTHOE (DYHKIIMOHUPOBAHUE BCEX MAaTYMKOB M Y3J0B CUCTEMBbI OMpPOCA U PEruc-
TpalMu.

Ha puc. 2a npuBeneHbl BepTUKaabHble NPOMWIN TeMIIEPATypPbl BO3AYXa, MOJyYEHHbIC 10 U3ME-
penusaM naryrka Vaisala HMP110 u nuiatTuHOBOro TepMoMeTpa CONpOTUBJIEHUS BO BpeMsl MobeMa
BITJIA «umnstanH» 110 crimpanu. TpaekTopus nmombeMa o BbICOTHI 380 M TToKa3aHa Ha puc. 20.
M3mepeHust mpoBOAWINCH B XOPOILIO MepeMelllaHHOM KOHBEKTHBHOM ITOIPAaHUYHOM CJIO€ MPU 10~
CTaTOYHO CHUJILHOM BETPE, CKOPOCTh KOTOPOTO COCTaBjsIa MpUMEpHO 8 M/c Ha BbIcoTe 30 M.
BunHo, yto namepeHHble TpodgiIn OJU3KM K CyXOil anuadaTte, KOTopasi, Kak U3BECTHO, HabJo1a-
eTCsl B CpeJHEl YacTU MmepeMellaHHOTO MorpaHu4YHoro cios. IlokazaHus miaTMHOBOW HUTU OJIN-
Xe K M3MepeHUusIM Ha BbicoTe 2 U 10 M, MOJy4YEHHBIM C MOMOIILbIO TPAIMEHTHON MeTeOCTaHIIUU
Aanderaa. Paznuuusg Mexay MokazaHMSIMUA JTaTYMKOB MOTYT ObITh CBSI3aHbI C TOYHOCTBIO Kajlu-
OpOBKM, Pa3IMYHOM IMOCTOSIHHOI BPEMEHM U Pa3IMYHBbIM KO3(PPUIIMEHTOM BOCCTAHOBJICHUS TEM-
nepatypbl. CKauky Ha rpa¢guke TeMnepaTyphl cBsi3aHbl ¢ pexkuMoMm nojeta BITJIA. M3-3a cunbHO-
ro BeTpa 1 OOJIBILIOTO paauyca KPMBU3HLI IIOBOPOTA BO BpeMsl MOAbeMA IO CIIMpaiyd BO3AyLIHAs
ckopocTh BITJITA mensutack ot 15 go 30 M/c, ipuyeM BUpaxX C TOABETPEHHON CTOPOHBI CIMpan
CONPOBOXKAANCS MOTepeil BHICOTHL. M3MeHeHre BO3AYILIHOM CKOPOCTH (a TakKe, BO3BMOXHO, YIJIOB
aTaku U CKOJIbXXEHMUS) cKa3aJloCh TakXKe M Ha TMOKa3zaHMsSIX TemIiiepaTypbl. OueBUIHO, YTO IS
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OoJiee HameXXKHOro M3MepeHus Mpoduiisi TeMIepaTypbl HEOOXOAUMBI 3alaHue OOJIbIIEro paauyca
OKpY:XKHOCTHU (paauyc paBeH 125 M, cM. puc. 2a), BOKPYT KOTOPOI MPOU3BOAUTCS MOABEM MO CIU-
pasu, a Takke JabopaTopHoe orpejesieHne 3aBUCUMMOCTU KO3 (dULIMEHTa BOCCTAHOBIEHUST TEMIIe-
paTyphl OT BO3AYILIHOW CKOPOCTU U YIJIOB aTaKU U CKOJIbXEHUS.

a 4001 —— HMP110 0)
— Pt

----- cyxasa afnabaTa
# Mayta2ulOm

3501

BbicoTa (M)
= N N
w o (9, ]
o o o

100 A

50

22 24 26 28
TemnepaTtypa (°C)

Puc. 2. BeprukajibHbie Npouiid TeMmepaTypbl Bo3ayxa no JanHbiM u3mepenmii BITJIA
«[IuMassHEH» C MOMOIIBIO MJIATHHOBOI HUTH (opamKeBas KpuBas) u AaTyuka HMP110 Vaisala
(cuHsAA KpUBas), KPACHBIMH CHMBOJIAMH «X» NMOKa3aHbl H3MepeHHs TemnepaTypbl HA 2 1 10 M,
noJiydeHHble ¢ moMombio MeTeoctaniuu Aanderaa (a); Tpaekropusi nojera BILIA «Iumusnun» (6)

BecnuioTHbie JieTaTe/ibHbIE aNNapaThl MyJbTHKONTEPHOrO THIIA

MyJnbTUPOTOPHBIE OECTTMIIOTHBIE JIETATEbHbBIE aMapaThbl, WX MYJIbTUKOITEPHI, CTAIA AKTUBHO
pa3BUBaThCsl 3HauUUTENbHO Mo3xke BIIJIA camoneTHOro Tura, HO B HACTOSIIEEe BPEeMs SIBJISTIOTCS
00Jiee MacCOBBIMU U MOMYJSIPHBIMU YCTPOMCTBAMM, HALIEALIMMUA MPUMEHEHUE MPU PELICHUU ca-
MBbIX Pa3HbIX 3a1a4. X KilloueBble MPEUMYIIECTBA — MPOCTOTA YIPaBJIE€HUs, MAHEBPEHHOCTb, BO3-
MOXHOCTb B3JIeTaTb U CAAWUTbCSl B YCJIOBUSIX OIPAHUUYEHHOIO IMPOCTPAHCTBA, 3aBUCATh WJIU JIBU-
raThCsl BEPTUKAIBHO HAll 3aIaHHOM TOUKoi. HeaocTaTku MyJbTUKONTEPOB — OTHOCUTEJIBHO Majioe
BpeMs 1ojieta (00bIyHO He Oosiee 30 MUH. Ha OJHOW OaTtapee) M COOTBETCTBYIOIIME OTPAHUYECHMSI
MO JAJIbHOCTU W BBICOTE IMOJIETA.

IMocnegHue pa3paboOTKU B 00J1aCTH MPOrPaMMHOIO U alIapaTHOro odecredyeHus Ij1s1 MyJIbTUKOII-
TEPOB MO3BOJIVJIM 3HAYNUTEIbHO MOBBICUTh HAIEXKHOCTD 1 yI0OCTBO MX MCTOJb30BaHUs. COBpEMEHHbIE
MYJIBTUKONITEPHI CTAIM MAaCCOBBIMU YCTPOMCTBAMU, KOTOPBIMU MOTYT JIETKO YIIPAaBJISATh MOJb30BaTe-
a1 6€3 CreuMaTbHbIX HAaBBIKOB MUJIOTUPOBaHUSA. B Hacrosiuee Bpemsi MyJbTUKONTEPHI LIMPOKO
HUCMOJIb3YIOTCSI B Pa3MYHbIX LIEJsIX, BKIOYask (hOTO- U BUACOCHEMKY, KapTorpaduio U pasaudyHbIe
3agaur MOHUTOpUHIa. OHU KCITONB3YIOTCS B UCCIEIOBAHUM CEJIbCKOXO3SIMCTBEHHBIX yroauii [35, 36],
JecHbIX JlanamadToB [37], mist co3naHus UMGPOBBIX Mojesel penbeda BBICOKOTO pa3pelieHus
[38, 39], st oueHOK TyOuHBI cHera [40] v 111 MOHUTOPUHTA M KapTUPOBAaHUS TeMITepaTyphl IO-
BEPXHOCTH 3eMJIM U BOIHBIX OOBEKTOB C MCITOJIb30BaHNEM MH(PpPaKpACHBIX (POTOKaMep U pagrome-
TpoB [35, 41—43]. PacteT 1 4uci0 UCCIEI0BAHUI, MOCBSIIEHHBIX MPUMEHEHUIO MYJbTUPOTOPHBIX
BITJIA nnsa armocgepHbIX MccnenoBanmii. [TokazaHa nepcrneKTUBHOCTb MX MPUMEHEHUST B TTOJIEBBIX
BKCIEePUMEHTAIbHBIX KaMITAHUSIX 111 MOHUTOPUHIA BEPTUKAIbHON CTPYKTYPbl MOTPAHUYHOIO CJIOSI
aTMoc(ephbl, B TOM YHCJIE B CYPOBBIX YCIOBUSIX APKTUKM U AHTapKTUKU [7, 8, 23, 25, 44].
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BaxxHoe npeuMy11ecTBO MYJIbTUKOITEPOB ISl METEOPOJIOrMYECKUX U3MEPEHNIT — BOZMOXXHOCTh
MOJIyUeHUST OLIEHKM CKOPOCTH BeTpa 0e3 MCIIOJb30BaHUS AOIOJHUTEIbHBIX BHELIHUX HAaTYUKOB,
TOJIbKO JIMIIb MO AaHHBIM MOJIETHOTO KOHTposuiepa. [lojsydyeHue Takoil OLEHKM CKOPOCTH W Ha-
MpaBJeHUsI BeTpa BO3MOXHO Ojarogapsi 0COOEHHOCTSIM IMPUHIIMIIOB JBVKEHUST KBaIpOKOIITEpa.
JBrKeHHe KBaIpOKOIITepa B TOPM30OHTAIbHOM HAIIPaBICHUM OCYIIECTBISICTCSI C ITOMOIIBIO Mepe-
pacnpeaeaeHuss MOLIHOCTH JABUraTe el J1si U'3BMEHEHMSsI KpeHa 1 TaHraxka BO3AYyLIHOIO CyHa U, CO-
OTBETCTBEHHO, OTKJIOHEHHUSI BEKTOpA TSATU B HYXKHYIO CTOpPOHY. MCIoJb3ysl JaHHbIE HABUTALIMOH-
Holt cuctembl — GPS-1nipueMHKKa, KoMIiaca, TMPOCKOIIOB M aKCeJIepOMETPOB, OOPTOBOK KOMIIbIO-
Tep oOecrmeyrBaeT yaep:KaHWe 3aJaHHOK IMWJIOTOM TOYKM WJIM CKOPOCTH OTHOCHUTEIbHO 3eMIu,
KOMITEHCUPYS TIpY 3TOM BiMsiHME BeTpa. COOTBETCTBEHHO, CKOPOCTh 1 HampaBJIeHUE BETpa MOTYT
ObITh BOCCTAHOBJIEHBI IO MOKA3aHUSM JTaTYMKOB HaBUTalMOHHOM cucteMbl BITJIA [45, 46].

B GosbliMHCTBE pabOT MO MPUMEHEHUIO MYJIbTUKOMNTEPOB MJIsi aTMOC(HEpPHBbIX MCClIeI0BaHUIA
ncnonb3ytorcs BITJIA, He mpou3BeaeHHBIE TTPOMBILIJICHHO, a COOpaHHBIE M3 OTIEIbHBIX KOMIIO-
HEHT. DTO MOTYT ObITh KaK JOCTATOYHO MPOCThIE MOJEIU, COOPaHHBIC U3 CTAHAAPTHBIX KOMILJIEK-
TYIOLLIMX, HA KOTOpPble MPUKPEIIEHBl METEOPOJOIrMYECKUE TaTYUKKU, TaK U 00Jiee CI0XHbIE CUCTE-
Mbl, pa3paboOTaHHBLIE C YYeTOM CIeUMPUKU 3agadyyd MOpoBeAcHUsT aTMOC(EPHBIX H3MEPEHMIA.
Hanpumep, HayuHoii rpynmnoii u3 yHuBepcurera Oxiaxombl (CIIA) pazpaboraHa Mojesb
CopterSonde 119 3aga4 BEepTUKAJIBHOTO 30HAMPOBAHMS HIDKHe atMocdepsl [47]. JaTumkm Tem-
repaTypbl U BJIaXHOCTU PacIiojioXKeHbl B CIIeMaJbHOM OTCEeKe KOopITyca, The 00ecreunBaloTCs Ux
3aTeHeHMe U acrupauus (00ayB) C MOCTOSIHHOM CKOPOCThIO, a cUcTeMa cOopa JaHHBIX ¢ JaTYMKOB
MHTErpUPOBaHa C MOJIETHBIM KOHTPOJLJIEPOM M aBTOIMMJIOTOM. DTO IMO3BOJISIET IPOHY aBTOMaTUYe-
CKM 3aMeIJISITh CKOPOCTb MPU YBEJUUYEHUN BEPTUKAILHOTO IpajueHTa TeMIlepaTyphl, UTOObI MOJIYy-
YUTh O0Jiee aKKypaTHble U3MEPEHUs B 30HE PEe3KUX I'PaIMEeHTOB, a TaKXKe Aep>XKaTh KypC B 3aBUCH-
MOCTH OT HarllpaBJieHUsI BeTpa. Jpyroii mpumep mogoOHOI pa3paboTku — Mmoaeiab MeteoDrone,
pazpabaTbiBacMasi 1 BbIIIycKaeMasl 1IBeiliapckoii kommanueir MeteoMatics (puc. 3).

a)

Puc. 3. ®ororpacpun moneneii MeteoDrone (a) m CopterSonde (6),
pa3padoTanHbix s atMocepHbix usmepennii B IlIBeiinapuu n CIIA

Hcrounuk: https://www.meteomatics.com; [47]

Hcrnonb3oBaHue crieliMaan3upoOBaHHbBIX pellleHUi TpeOyeT 100 CYIIeCTBEHHBIX TPya03aTpaT Ha
pa3paboTKy MOJOOHOI CUCTEMBI, JTM00 KPYMHBIX (DMHAHCOBBIX 3aTpaT Ha MPUOOpEeTeHnEe KOMMep-
yeckoro rmnpoaykta. Tak, ctouMocTb Moaeiau MeteoDrone cocTaBisieT AECATKM ThICSY €BpO.
AJIbTepHATUBHBI BapyaHT — 0oJiee TPOCTbIe U HETOPOTMEe CHUCTEMBI M3MEPEHMII, CO3MaHHBIC Ha
0aze KOMMEpPUYECKUX MYJBTUKOITEPOB MacCOBOro Mpou3BoAcTBa. OmgHa M3 TPy, pa3BUBAIOLIMX
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TEXHOJIOTUM TIPUMEHEHUSI TOJAOOHBIX CPEACTB M3MepeHuilt B Poccuu, — KOJUIEKTUB YYEHBIX W3
Hnucturyra dusukn atmocdepsl uMm. A.M. OdyxoBa PAH u MI'Y nm. M.B. Jlomonocosa. C 2017 r.
aTa rpynra padoTaeT Haj pa3BUTUEM METOAMKM METEOPOJIOrMYECKUX U3MEPEeHUI B MOrpaHUYHOM
cjoe aTMocdepbl ¢ UCMOJb30BAHUEM OTHOCUTEIBHO HEAOPOTMX KOMMEpPUYECKMX KBaIpOKOIITEPOB
DIJI Phantom 4 1 maT4nkKoB ONPOM3BOACTBA aMepUKaHCKOM koMnaHuu International Met Systems.
3a nocJjeaHue rojbl Hay4YHOU IrpyInoil mojydyeH OOJIbILION OIbIT MPUMEHEHUS TaKUX KBaAPOKONTE-
POB 111 aTMOC(EPHBIX UBMEPEHUIA B PA3IMYHbBIX YCJIOBUSAX U [IJIs1 PAa3IMYHbIX HAYYHbBIX 3a4a4.

Ksangpokonrep DJI Phantom 4 Pro — nonyssipHasi Moaenb, peaHazHadyeHHas 1ist (poTo/BUIEO-
cbeMKU. OHa MMeeT OTHOCUTEIbHO HEBBICOKYIO CTOMMOCTD M XOPOIIME JCTHbIC KAYeCTBa, a TAKXKe
MpocTa B ympaBieHUU. MakcumaiibHas BbicoTa mosieta coctapisieT 500 M, TOpU30HTaIbHBIN aUa-
na30H orpaHnyeH 1—2 KM, BpeMs T1ojieTa Ha OIHOM OaTrapee COCTaBIsIeT OKOoo 25 MuHYT. s mn3-
MEpeHHsI METeOPOJIOTMYECKUX MapaMeTPOB 3TU KBaIPOKONTEPbl ObUIM 00OPYI0BaHbI METEOPOJIO-
TMYECKMMM OaTYMKaMM ITPOM3BOJCTBA aMepUKaHCKON KammaHuu International Met Systems
[URL: http://www.intermetsystems.com (mata oopamenus: 10.10.2020)] — iMet-XF u iMet-XQ?2.
MonynbHast u3aMepuTeabHas cucteMma iMet-XF BKItouaeT LiEHTpaJbHYIO IIJIaTy ¢ JaTYNKOM aTMOC-
(hepHOTO maBiaeHUS U HAOOpP BHEIIHUX AATYMKOB — MATUYMK TeMIIEpaTyphl M BIAXKHOCTU BO3AyXa
EE03, tepmuctop NTC (Negative Temperature Coefficient), nHgpakpacHblii JaTUUMK SIPKOCTHOM
TeMmIiepaTypbl MoBepxHocTU U NpueMHUK GPS. OcHOBHbBIE KOMIIOHEHTHI CUCTEMbI (LIeHTpabHast
Tiata, YCTPOMCTBO 3alMCHU JAaHHBIX W 2JIEMEHT MUTAHMSI) CMOHTUPOBAHBI B TUIACTUKOBOM OOKCe,
YCTAaHOBJICHHOM Ha 11acCCH KBaApOKOIITepa, BHEIIHUE HATYMKK TeMIIepaTyphl U BJIaXXHOCTU ycCTa-
HOBJIEHBI Ha IJJACTUKOBOM BBbIHOCE IO/ MpaBbIM IepeaHuM mporesiepoM. Cuctema iMet-XQ2 —
YCTPOMCTBO, BKJlOYawllee AaTYUKKU aTMOC(EepHOro AaBieHMs, TEeMIIEpaTyphbl, BJIaXXKHOCTHU,
GPS-npueMHUK, YCTPOMCTBO 3aMMCHU JaHHBIX U 3JEMEHT MUTaHUs, COOpaHHbIE B KOMITAKTHOM
Kopryce. OnBIT MPUMEHEHNST 3TUX CUCTEM TOKa3aa, YTo HamboJjiee ynoOHbIi CIOcO0 MX YCTaHOB-
KM — Ha IIacCu KBAaJIPOKONTEPA, C BBIHOCOM JATYMKOB MO MEPEAHUMN MpOoneiep LISl UX Hauayd-
et acnupanuu (puc. 4). JIjist BOCCTaHOBIEHUSI CKOPOCTU BeTpa MCHOJIb3YIOTCS 3alMCU MOJIETHO-
ro KoHTpoJuiepa kBaapokontepa (flight logs), nocrynnsie a1 ckaurBaHus yepe3 110 DJI Assistant
1 KoHBepTauuu B TekcroBblii ¢opmat B I1O CsvView [URL: http://datfile.net/CsvView/down-
loads.html (mara o6pamenus: 10.10.2020)]. st oO6pabOTKM 1 aHaNIM3a JaHHBIX U3MEPEHUN pa3pa-
0oTaH ITakeT IporpaMM, ONMCAaHHLINA 0ojiee MOAPOOHO B IMyOonuKauusx [23, 25].

Puc. 4. ®ororpadusa KBaApOKONTEPOB, 000PYIOBAHHBIX H3MEPUTEILHBIMHA
cucremamu iMet-XF u iMet-XQ2. ®@oro A.W. Bapennosa
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OcHalllgHHbIe TaKUM 00pa3oM M3MEpPUTEIbHBIE CUCTEMbI MOTYT ObITh MCITOJIL30BaHbI IJIS pellc-
HUS LLIMPOKOIO psiaa HaydyHbIX 3aaad. IlepBasi, Hanbosee odeBMIHAs 3a1ada — TOJYYEHUE BEPTU-
KaJIbHBbIX Mpoduieii METeoOposIorMueckKrx BeJMUMH B HUXKHEH Tpornocdepe. KBaapokonrep, o6opy-
JIOBaHHBIII METEOPOJOTMYECKUM JaTYMKaMU, TIO3BOJISIET TTOJIydyaTh CUHXPOHHO U3MEpPEeHHBbIE, T. €. CO-
[JIACOBaHHBIE IPYT C APYroM, BepTUKaIbHbIC MPO(UId TeMIlepaTyphl, BIaXKHOCTH, CKOPOCTU U Ha-
MpaBJIeHUS BeTpa.

Ha puc. 5 nokazaH npumMep BepTUKAIbHBIX TPpoduieii TeMOepaTyphbl, BIAXKHOCTH, CKOPOCTU U Ha-
npaBJieHUs BeTpa, U3MEPEHHbIX C UCMOJIb30BAHUEM KBaJIpOKOITepa B OeperoBoii 3oHe benoro Mops
(m-oB Kunpo, benomopckast 6uonornueckas ctanuys MI'Y) B 3uMHUI miepron, KOraa B YCIOBUSIX
SICHOM TTOTro/Ibl c(hopMUpOBaIach MOIIIHAsSI TeMIIepaTypHasl MHBepcUs B HUKHeM 350-MeTpoBOM CJloe.
TeMmnepaTypHyI0 MHBEPCHUIO TakkKe 3a(hUKCHUPOBal MUKPOBOJIHOBbBII paguoMeTp IJisl AUCTAaHLMOH-
HOTO 30HIMpoBaHus npoduis Temneparypbl — npodwiemep MTII-5 [14]. Ho usmepeHust ¢ uc-
MOJIb30BaHMEM KBaJpOKONTepa ITO3BOJWIM MOJYUYUTh TPEACTABICHUE O CJIOKHON HEOIHOPOAHOM
CTPYKTYpe BePTUKAIbHBIX MpOoduUIeil IpyTx METEOPOJIOTMUYECKUX BEJIMYMH, B TOM YUCie 00 ycuse-
HUM CKOPOCTM BETpa Haj CJI0eM MaKCHUMaJbHbIX I'PAAMEHTOB TeMIIEpaTypbl U O PE3KOM ITOBOPOTE
BeTpa B HikHeM 100-MeTpoBOM cJioe.

EcrecTBeHHO, BO3HMKAET BOMPOC O TOUHOCTU M HAAEKHOCTU JAHHBIX, MOJYYaEMbIX C MCIOJIb30-
BaHMEM M3MEpeHUIl Ha 0a3e KBaJPOKOMNTEPOB, a TAKXKE O MOrPELIHOCTSIX, CBSI3aHHbIX C CO3/1aBacMbl-
MU BUHTaMM KBaJIpOKOIITepa BO3MYILEHUSIMU aTMocdephl. J1ist BepuduKauuym METOINKN BEPTUKATIb-
HOTO 30HIMPOBAHUS aBTOpaMM MPOBeAcHA OOJIbIIAsI CEpUsl SKCIIEPUMEHTOB, B TOM YMCJIe CpaBHEHUE
C JaHHBIMU BBICOTHOM METEOpPOJIOrMYecKoil MauyThl B OOHUMHCKE, C pa3JIMYHbIMU BUIAMM NaHHBIX
JUCTAHLIMOHHOIO 30HAMPOBAHMS U C TAHHBIMU BbICOKOYACTOTHBIX U3MEPEHUI aKyCTUYECKUX aHEMO-
METpPOB. Bce 3Tu aKCIepuMeHThI OKa3aJIu, YTO Pe3yJIbTaThl U3MEPEHUI C MCIIOIb30BaHMEM KBalIpO-
KOIITEPOB OOBEKTUBHO OTPAXKAIOT PeaibHble YCAOBUS. DTO JAEMOHCTPUPYIOT MPUMEPbl CpaBHEHMUSI
W3MEPEHUN C MCMOJIb30BAHUEM KBAJPOKOIITEPA IO TEMIIEPATYpEe C JAHHBIMU BBICOTHOW METEOPOJIO-
rmyeckoil Mautel B OOHMHCKe (puc. 6a) M ¢ maHHbIMUA npodumiemepa MTII-5 (cm. puc. 60) mis
YCJIOBUII HEYCTOMYMBOM CTpaTU(UKALUU aTMOC(EpPhl BECHOI U JIETOM COOTBeTCTBeHHO. [Ipu sTOM
JUISL YCJIOBUM YCTOMUMBOM CTpaTM(UKALUKU C MHTEHCHBHBIMU MPU3EMHBIMU UHBEPCUSIMU METOJ U3-
MEepeHUIi ¢ MCMOJIb30BaHMEM KBaApPOKOIITEPA OKA3bIBAETCSI BO MHOTOM BBIUTPBILIHEE METONOB IM-
CTaHIIMOHHOTO 30HAMPOBAHMSI, TaK KaK 3HAUYUTEIBHO JIeTAIbHEE pa3pelliacT pe3kre NpU3eMHbIe Tpa-
IVEHTHI TeMITepaTyphl (CM. puc. 6B).

B HacTosiiiee BpeMs BefeTcs akTUBHas padboTa 1o MPOoBEpPKe UM KAIMOPOBKE METOAA U3MEPEHUS
CKOPOCTH BETpa C MCMOJb30BaHUEM KBaapokonTepoB. [lepBbie pe3yabTaThl MOKA3bIBAIOT XOpOllee
coriacue ¢ IPyTUMU BUJAMU HAOITIONEHWI, HAlpUMeEp C MTaHHBIMUA aKyCTMYECKOTO (COMapHOTO)
30HIMPOBAHMS 1O YaCTH BEPTHKAJIBHOIO pacIpele/icHUs] CKOPOCTH BeTpa (CM. puc. 6T), a Takxke
[0 YaCTU BPEMEHHOM M3MEHUMBOCTU BeTpa (sl KojeOaHWil ¢ MepUOAOM B IEPBbIe NECATKU Ce-
KyHI 1 0oJjiee) MpU CpaBHEHUM C JaHHBIMU aKycTuuyeckoro anemomerpa IRGASON, psimom ¢ Ko-
TOPbIM KBaJAPOKOMNTEPHI 3aBUCANM IJIsI UHTEPKaIUOpoBKu (puc. 7).

CnocoboHocTh MyIbTUPOTOPHBIX BITJIA 3aBrcaTh B 3aJaHHOM TOYKE WJIM ABUTAaThCSI CTPOTIO Bep-
TUKAJIbHO OTKPBLIBA€T BO3MOXKHOCTH JJISI MX MCIIOJIb30BAHUS B LIEJISIX MCCIEIOBAaHMSI aTMOC(EPHBIX
MIPOLIECCOB HaJ HEOMHOPOAHLIMHU jJaHmacdTaMu. IlpumMepbl TEppUTOPUIL C UYETKO BBIpaKeHHO
HEOIHOPOAHOCTBIO: TPAHMUILILI MOPCKOTO JibAa U He3aMeP3alOlUX MOJbIHEH, MEXAY JeCOM U MOoJeM
WIN XK€ FPaHULBI MEXIY 3aCTPOCHHOMN TePPUTOPUEN U OKPYKAIIIUMU €CTECTBEHHBIMU JIaHALIad-
tamu. [ToHuMaHue MexaHM3MOB (POPMUPOBAHUS MUKPOKJIMMATA TAKUX TEPPUTOPUIA U UX B3aUMO-
JNEUCTBUS ¢ aTMOCHEPOil BaXXHO TS pa3pabOTKY MapaMeTpu3alivii B YUCIEHHbBIX MOJESIX MOTOIbI
U kiaumata. [lpuMepsl Ha puc. 8 IeMOHCTPUPYIOT pa3inyus BepTUKAJIbHBIX ITpoduiiel TeMIiepary-
PbI, UBMEPEHHbIX B ABYX COCEAHMX TOYKAX — HAAO JIbIOM U Haj He3aMep3alolleil MOJbIHbeI B IPo-
Juse bosbiiasg Canma (Ha pacctosiHuu okojio 500 M apyr ot apyra), a Takxke B LeHTpe r. Haabima
U 3a 4epToi ropomaa (Ha pacCTOSTHUM OKOJI0 4 KM). B 00oux cirydasix Xopoiio BUAHO, YTO MOJIOKU-
TeJIbHAsI TeMIlepaTypHas aHOMaJusl (TeTUIOBOM CJiel OJIBIHBY WY XK€ 3(P(MEKT ropoACKOro ocTpoBa
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Teria) B YCJIOBUSIX YCTOMUMBOM cTpatuduKauuu atMoc@epbl JIOKAJM30BaHa B CI0€ TOJILIMHOMN
okoJjio 50 M, OIHAKO CYIIECTBEHHO MEHSIET YCIOBUS MPU3EMHON cTpaTU(UKALNNA aTMOCKHEPHI, YTO
BaXKHO, HAIIpMMeEp, B PELICHUM 3aJa4 PaclIpoOCTpaHEHUs 3arpsI3HSIOLIMX IPUMECEid.
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Puc. 5. BeprukanasHoe pacnpesesienue TeMnepaTtypsl (a), OTHOCUTEIbHOU BIAXKHOCTH (0),
CKOpOCTH (6) M HanmpaBjieHus (2) BeTpa HaJ nMpuOpexHoii 30H0ii Bejoro Mops B paiione
Benomopckoii omonormyeckoii cranmun MI'Y 28.01.2020 B 13:30 mo MeCTHOMY BpeMeHH.
IMoaynpo3paunoii 3aJIMBKOiI MOKa3aHbl Pa3juYns METEOBEJTUYMH MEXKAY BOCXOIASIIMM

U HUCXOJAIMMM CEerMEeHTAMM T0JIeTa, KPACHOI JIMHUEH — cpeliHee 3HAYEHHE

B ciyyae mosnbIiHbM Takasi aHOMaJIMSI TeMIIepaTypbl XapaKTepru3yeT KOHBEKTUBHBIN MOrpaHUY-
Hblil cioii (KITC), popMupoBaHre KOTOPOTO YacTO COMPOBOXIAETCS Pa3BUTHEM HU3KOYPOBHEBbIX
00J1ak0OB HaJ noJibiHbel (puc. 9). M3mepeHus: ¢ UCIOIb30BaHUEM KBaApPOKOITEPa MO3BOJIWIMU MO-
JIYYUTh HE TOJBbKO BepTUKaIbHbIe MPOGUIA TeMIepaTyphbl U BIAXKHOCTH HaJl MOJBIHBEH U JIbIOM,
HO TaKXX€ MCCJIeIOBaTh TOPU3OHTAIBLHOE paclpele/ieHue U BPEMEHHYIO IUHAMUKY ITUX BEJIVMYUH
BHyTpu KIIC [25]. st 3TOro KBagpOKOMNTep BBIMOJIHSI TOPU3OHTATIbHbIE pa3pe3bl HAMO JIbIOM
W TIOJIbIHBEH Ha pasMYHBIX BbIcOoTax [48] unn ke 3aBrcan B (PUKCUPOBAHHON TOYKE Hal MOJIbIHb-
eii, BBIMOJIHSISI POJIb «JIeTaloIIeli METEOCTAaHLIUU».
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Puc. 6. Ilpumepnl cpaBHeHHs BePTHKAIBHBIX Npoduieii TeMnepaTypbl N0 JaHHBIM 30HIMPOBAHHUS
C HCIOJIb30BAHAEM KBAJIPOKONTEPA: C TAHHHIMA BBICOTHOW METEOPOJIOrndecKoii MauThl B QOOHMHCKE
11.03.2018* (a); ¢ nannsiMu npoduiaemepa MTII-5 Hax ogHOpOAHBIM CTENHBIM JaHAmMAGTOM
B Ilumasincke nHem B 11:20 11.08.2020 (6) u B 06:30 10.08.2020 (6); cpaBHeHHE BOCCTAHOB-
JICHHOW MO JAHHBIM KBAJAPOKONTEPA CKOPOCTH BETPA ¢ M3MEPEHUSAMU JABYX AKYCTHYECKHX JIOKA-
TopoB (comapos) B Ilumasincke B 22:25 08.08.2020 (o)

* HpI/IMe‘{aHI/IGZ OTACJIbHO IMTOKa3aHbI l'[pO(I)I/II[I/I TEMIICPATYPbl, USMCPCHHLIC ABYMA JATUYUKaAMM
Ha BOCXOIAIIEM M HUCXOJALIEM CETMCHTAX I10JIETA

HccnenoBanus mmokasajiu, YTO Jaxke B OTCYTCTBHE OOJIAKOB Hal MOJBIHBEH pa3BUBAETCS TOHKUIA
KIIC romuunoit 20—40 M. ITonyyeHHble otieHku ToiuHbl KITC cornmacyroTcst ¢ ToamuHon oo1ad-
HOTO CJIOSI, (POpMUPYIOLIETOCST HAll TTOJIbIHBEI B OJIATONPUSITHBIX YCIOBUSIX, C IIPEIbIIYIIMMU OLIEH-
kamu BeicoThl KITC Han Toit ke caMoit moJibIHbe# [48] 1 ¢ MOIEeTbHBIMU UCCISIOBAHUSIMU, KOTOPBIE
npeamnoiaraioT BeicoTy KIIC okono 50—100 M maxe it MOJLIHBY 1MpUHOM ~1 kM [49, 50]. KIIC
BBIIEJISIETCS HE TOJIBKO IO 3HAYEHUSM TEeMIIepaTyphbl M BIAXXHOCTH, HO IT0 BPEMEHHOW IMHAMMKE
9TUX BCJIIMYUH: aMIUINTyda UX KoJIEOAHUU Ha MaclITabax HECKOJbKUX JECATKOB CEKYH/J HaJl ITOJIbI-
HbEU 3HAYUTETHLHO TTPEBOCXOIUT COOTBETCTBYIOLIME aMIUIUTYIbl HAMIO JIBAOM, YTO CBSI3aHO ¢ (hopMU-
poBanueM u nepemeleHrueM BHYTpU KITC oTnenbHBIX TypOYJIEHTHBIX CTPYKTYP (TEPMUKOB).
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Puc. 8. CpaBHenue BepTHKAJIbHBIX NPOdUiIeil TeMnepaTypbl: HAO JbAOM (HAJ MUPCOM)
W HaJA He3amep3alomeii moybiHbeil Ha Begom mope 28.01.2020 B 18:30 mo MmecTHOMY

Bpemenu (a); naa r. Hagsivom u Han donoBoii Toukoii 3a roponom 21.08.2020 B 00:30
1Mo MECTHOMY BpeMeHH (6)

Takum o0pa3zoM, IpoBeAeHHbIC SKCIIEPUMEHThI YOeAUTEIbHO MOKA3aIU NEPCIEKTUBHOCTD IIPU-
MeHeHus: BITJIA st mpoBeneHus1 KOHTaKTHbIX u3MepeHuil cTpykrypbol AITC Haa TpyaHOAOCTYII-
HBIMM 00J1acTIMU. Takoil ONbIT OTKPHIBAET IIMPOKHUE BO3MOXHOCTH JJIs1 HOBBIX SKCIEPUMEHTAIb-
HBIX KaMIIaHUli, KOTOPbIe MOIJIM ObI YJIYUIIUTh OOIee TOHUMaHue aTMOC(EPHBIX MTPOLIECCOB Hajl
HEOTHOPOIHBIMM JIaHAIma(pTaM1, TAKUMM KakK JIECHBIE o3epa M IOJgHBI [51], moneHbn [49, 52],
ypOaHU3UPOBAHHBIC TEPPUTOPUM, BKIIIOYAS MErarojuckl [5S3—55] u apkTuueckue ropoja, rie He-

JTaBHO OBIIM OOHApPYKEHBI XapaKTePHbBIE TOPOACKKME OCTPOBA TETIA, IPKO BhIPAXEHHBIE B 3UMHMX
yclIoBusIX [56].
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Puc. 9. KonBekTHBHBIi MOTPAHMYHBINA CJIOH HAM MOJIbIHbEH
B npudpexHoii 30He Benoro mopa. Cremka ¢ BITJIA

3akiouenue

IIpuBeneHHbBIE MPpUMEPHI MTOKA3BIBAIOT OOJBIINE MEPCHEKTUBH ucnoiab3oBanus BITJIA pasmny-
HbIX THUIIOB JUISI UCCJIEIOBAHUI CTPYKTYpbl M JMHAMMKU aTMOC(HEPHOro IMOrpaHUYHOIO CJIOSl.
OHU MOTYT TIPUMEHSITBCS KakK JJIi MOHUTOPMHIA, TaK U B KPATKOCPOUHBIX M3MEPUTEIbHBIX KaM-
MaHUsIX 1 oleHKU ocodeHHocTeil AIIC B KOHKPETHBIX U3MEPUTEIbHBIX YCI0BUSIX. C MOMOIIbIO
BITJIA B0O3MOXHO MpoBeAeHNE M3MEPEHUI BEPTUKAJIbHOM M TOPpU3OHTANLHOI CcTpyKTyphl AIIC,
B TOM YMKCJIE U B TPYAHOAOCTYIIHBIX MECTaxX Hal pa3iMYHLIMU TUIIAMU MOACTUIAIONICH TOBEPXHO-
cti. Bo3MOXHO MmojlydyeHue Kak CPeTHUX XapaKTEPUCTUK COCTOSTHUSI aTMOCGhEphl, TaK U BbICOKO-
YaCTOTHBIX XapaKTepPUCTUK aTMochepHOoM TypOyneHTHOCTU. [lomydeHHbIe pe3yabTaThl BasKHBI KaK
IIJIsI TIOHUMAaHUST (GU3NYSCKUX MPUYMH MCCIICAYEMBbIX SIBICHUI, TaK U IS pa3pabOTKU U Bajauja-
LUK aTMOC(EPHBIX MOAEIEH Pa3IMYHOTO pa3pellieHMsI.

B pamkax nanbHe#IIMX uccaeaoBaHUI MpeacTaBlIsieTcsl MepCrneKTUBHOM pa3paboTKa aBTOMAaTU -
3UPOBAHHBIX CUCTEM MOHMTOpMHTa atMocdepbl Ha ocHoBe BIIJIA. DTO MO3BOAUT TIPUMEHSITH
BITJIA He TOJIBKO B HayYHBIX AKCIEPUMEHTaX, HO U B PELIEHUU 3a7a4 OlepaTUBHOTO MOHUTOPUH-
ra atMocepbl B LIEJISIX HOBBILLIEHUSI TOYHOCTU U HAJIEXKHOCTU MPOTHO30B ITOTOJIbI.

Ho mpu 3ToM HEoO0XOAMMO y4MTHIBaTh, 4TO Mcmoyb3oBanue BILJIA nmns uccnemoBanus AIIC
TpeOyeT akKypaTHOII 0OpabOTKM MAaHHBIX U ydyeTa psiia OCOOEHHOCTEH H3MepsSieMbIX BEJIUYMH.
TpeOyetcsi KOppeKLUMsT MHEPLMU JATYMKOB, HEOOXOAMMO CJIEIUTh 3a PACIOJOXEHUEM U3MEpH-
TeJbHBIX cUcTeM. B ciyyae usmepeHust npodusieit mpocTtass KOppeKius WHEepLMU, OCHOBaHHasI Ha
CIBUI€ BPEMEHHBIX PSIAOB, 3HAUUTEIBLHO YJIYUIIIAeT COTJIaCOBAaHME MEXIY BOCXOISIIIUMU U HACXO-
ISIIUMM BEPTUKATBHBIMUA MPOPUISIMU TeMIIEpaTyphl U BIAXXKHOCTHU, HO 3TOT CIIOCOO MOKET OBITh
Hea(PEeKTUBHBIM B cllydae OCOOEHHO PE3KMX TeMIIepaTypHBIX I'pamneHToB. HeoOxommmo Taxoke
YUUTHIBATh BIMSHME CAMOTO armnapaTa M €ro ABMXKEHMSI Ha XapaKTePUCTUKU U3MEPSICMbIX BEIM-
yuH. [ToaTomy cylliecTByeT HEOOXOAMMOCTh 0oJiee JeTaJlbHOIO TEOPETUUECKOTO MOHWMaHUS I10-
TPEIIHOCTU M3MepeHU, BhimomaHsIeMbIX Ha 0a3e BIIJIA, u paspaboTku 0ojiee CI0XKHBIX METOIOB
Koppekuuu [57].

Pazpabomka BIIJIA «llumasnun» u eco namyphwvle ucnoimanus 6 e. LlumasiHcke evinoaneHsl 3a
cuem epanma PH® No 18-77-10072. Pabombt 6 npudpexscHvix 30HaX 8bINOAHAAUCH 34 CHem epaHma
PODU No 20-05-00834. Dxcnepumenmot ¢ uchoav3oearuem Keaopokonmepos 6 2. Haovime evinon-
Haaucy 3a cuem epanmog PODOU Nol§-05-60126 u Ne 20-55-71004.
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