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AHHOTanIMA

B paborte mpencrabiieHBl OCHOBHBIE pe3yJIbTaThl, IIOJIyUYe€HHBIE B XOIe IIOJIEBOTO
skcriepyMenTa Ha Llymirgnckom nommrone VIOA PAH smerom 2019 ropa. DOkcnepumeHT
3aKJIIOYaJICs B VICCJIEIOBAaHWMY BUXPEBBIX V1 TEPMUYECKNX CTPYKTYP B IIPU3E€MHOM cJioe. 1t 3Toro
VICIIOJIBb30Bajlach MHOIOTOYeYHasl CHCTeMa pervicTpalyy TeMmIlepaTypbl M HallpaBJIeHUs BeTpa,
pasBepHyTas BIOJIb FOPU3OHTaJILHOM JIMHWUM ¢ oxBaToM 280 Merpos. IlonydeHHBle aHHBIE
IO3BOJIVJIVI  OIIPEeJINTh CPeHUN pasMep BUXpeVl TepMUKOB. Bbulv mosryueHbl IByMepHEBIe
M300pakeHNs 3TUX CTPYKTYP.

KiroueBble ci1oBa: TypOyJIEeHTHOCTb, KOT€pEHTHBIE CTPYKTYPBI, IIPM3EMHBIVI CJIOV, BUXP,
TePMVKW, KOPPeJIALMOHHbIe PYHKIIVV, CLIEKTPBHL.
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EXPERIMENTAL INVESTIGATION OF THERMIC AND VORTEX
STRUCTURES IN A BOUNDARY LAYER
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ABSTRACT

The paper presents the main results obtained during the field experiment at the
Tsimlyansk test site of the IAP RAS in the summer of 2019. The experiment was concluded in the
study of vortex and thermal structures in the surface layer. To do this, we used a multi-point
system for recording temperature and wind direction, extending along a horizontal line with a
coverage of 280 meters. The data obtained made it possible to determine the average size of
thermal vortices. Two-dimensional images of these structures were obtained.

Keywords: turbulence, coherent structures, surface layer, vortices, thermals, correlation
functions, spectra.

BBemenmne

HecmoTpss Ha B3pBIBHOM PpOCT 4UNMciIa paboT, TOCBSIIEHHBIX  UMCIIEHHOMY
MOJIEJTMPOBAHNIO, aKTyaJIbHOCTh HATYPHBIX M3MEpPeHMII HVCKOJIBKO He yMeHbInaeTcs. VI ecrm
r7100aJIbHBIE VI pervMOHAIbHBIE KJIMMaTWUYecKre MOHeIV MOTYT OOMpaThCcsi Ha  CeTb
METeOCTaHIMI, pa3dpocaHHBIX IO BCeEMy MWpPYy, TO MOMAEIMpPOBaHME Me30- WU
cyOMe30MacIITaOHbIX IIPOIECCOB OCJIOXKHSETCS IePUIIMTOM 3KCIePUMEHTAIbHBIX JaHHBIX. C
JAPYTOVI CTOPOHBI, Pe3yJIbTaThl TaKOrO MOAEJIVIPOBAHMS 3a4YacTyIO0 OCTAIOTCS Oe3 CpaBHEHUS C
peajlbHO IIpOTeKalIVMK B aTMmocdepe mpolleccamy. [loBblllleHMe TOYHOCTM MoOjeiet
UMPKYJISIUM aTMOcdepbl BO MHOIOM OIIpefieIsieTcs yBeJIM4eHMeM WX IIPOCTPaHCTBEHHOTO
paspemtenns. D1 ajieKBaTHOW IlapaMeTpM3aluy STMX MOJIejlell Ha MaJslbIX MacIrabax
HeOOXOIVMBI TaHHbIe HATYPHBIX M3MEPEeHUIL. DTN Xe M3MepPeHMs 3aTeM MOTYT VICIIOJIb30BaThCs
JUISI OLIEHK pe3yJIbTaTOB MOAEIVIPOBaHs CyOMe30MacIITaOHBIX ITPOIIeCCOB.

MHororodeuHble M3MepeHMs KojleOaHMI HarpaBIeHNs BeTpa IIPOBOAMIINCH elre B 50-x
u 60-x romax nBaariaToro seka [1], [2]. B mociename gecstiiieTsl, ¢ pasBUTIEM KOMIIBIOTEPHOT
TeXHVUKW, II0JI00HBbIe M3MepeHNs BBIIUIM Ha HOBBII YpOBeHb U [OajM KadeCTBEHHO HOBbIe
pesyibrarel  [3], [4], [5]. Bce Oosnbliiee BHMMaHMe —yIesseTcss SKCIIepUMeHTaIbHBIM
VICCIIeZIOBaHMAM KOTepeHTHBIX CTPYKTyp [6], [7]. Pabora [8] mocBdinieHa m3y4deHMIO HBbUIBHBIX
abaBos10B. OcobeHHO XxoueTcs BeIIeUTh paboTsl [9] 1 [10]. B aTx paborax aBTOpPBI, MCIIOIb3Ys
OOJIBITIOE  KOJIVTYECTBO AKYCTMUYECKMX AHEMOMETPOB, CMOIVIVI BOCCTAHOBUTH (POPMY W BT,
HEKOTOPBIX BO3MYIIHBIX BUIXPEV, IIPOXOIOSIIVX dYepe3 MOIMroH. CTOUT OTMETUTH, UTO JIVIID B
paboTax ¢ HeOOJIBIIIMM KOJIMYECTBOM JATUMKOB OBLI IIPOBeeH BCECTOPOHHMI CTaTUCTUIECKUI
aHaJIM3 IIOJIy4YeHHBIX pe3ysbTaToB. HampoTws, mcrosb3oBaHMe OOJIBIIIOTO YMCiIa CIIOXKHBIX
NpUOOPOB 3HAUNTEIFHO YCJIOXKHSET IIOCJIeyIOTyI0 00pabOTKy JaHHBIX U BBIHYXXIaeT aBTOPOB
paccMaTpMBaTh JIVIIE CaMble SIpKie eMHIYHBIE COOBITHS.
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ITocTraHOBKa 3KcrepMMeHTa

HaHnass paboTa sBjgeTcs IIPOJO/DKeHMEeM WCC/IelOBaHWUV, pe3ysIbTaTbl KOTOPBIX
omucansl B [11], [12]. Vismepenus nposommwimck Ha Llymisgackom nomurone VMIPA mv. AM.
O6yxosa PAH B PocTosckont obstact B mepuoz ¢ 3 1o 8 asrycra. [lomron npesacrasiisieT cobon
POBHBIVI y4YacTOK HeBO3[eJIaHHOVI CTely, IOKPBITBII HeBBICOKOV BBbICOXIIeN TpaBom. Ero
IUIONIAIb COCTABIIsIET IIPVIMEPHO OAMH KBaZpaTHBIV KIJIOMETP, a Ieperiasl BHICOT He IIpeBbIIIaeT
TIoJIyMeTpa.

[BeHanuars ¢rrorepos ObUIM 3aKpeIUIeHbl Ha IBYXMETPOBBIX IITAaHTaX M BBICTPOEHBI
BIIOJIb JIMHUW «CeBep-Ior». PaccTosHme Mexmy coceqHuMM diiorepaMyu 0Ob1o pasHO 20 MeTpoB
(40 MeTpoB It HECKOJIBKMX KpamHux diorepos). OOIIas mTpoTsHKEeHHOCTDb JIMHUM (pIIorepos
cocraBwia 280 merpoB (puc. la, 6). Ha HekoTOpbIX IITaHrax HOMMMO IIIOrepoB ObUIN
yCTaHOBJIEHbl MaJIOVHEepPLMOHHbIE TepMOMEeTphl, pabodmM TeJoM KOTOpbIX ciIyxwia 10
MUKpPOHHasi BojIbdppaMoBasi HUTE (puc. 1B). AHajiorosble CUTHaJIBI C (PJIIOrepOB 1 TEPMOMETPOB
nepenaayich Ha MHorokaHaibHbI ALIIT L-Card E-440 1 perucrpuposaiuce ¢ yacroron 16 I'n,.
3ammck TPOM3BOAWIACH KPYIJIOCYTOYHO CEPUAMI OT OHOTO 110 BOCBMM 4YacoB. TypOysieHTHbIe
IIOTOKM TeIUIa ¥ WMIIyJIbCa OIIpede/sUINCh IIYJIbCAlIVIOHHBIM METOAOM IIpW  ITOMOIIN
aKycTudeckoro repmomerpa-aHemomerpa Gill WindMaster HS 3D (pwuc. 1r), ycraHOBI€HHOTO Ha
MauTe Ha BbicoTe 12,5 M. HacToTa perucrpanym - 16 I'ti, perucrpanms Beach HelrpepbIBHO. [
COITyTCTBYIOIIMX W3MepeHWUll TeMIlepaTypbl BO3[lyXa, CKOPOCTM W HaIlpaBJeHUs BeTpa
VCII0JIb30Baslach AByXypoBHeBas (2 1 10 M) MeTeomaura (puc. 1x). VIsmepenus mpon3BoawInCh B
aBTOMATWYeCKOM peXMMe OIVMH pa3 B MUHYTY, pe3yJIbTaThl COXPAHSUIMCh Ha BCTPOEHHOM JaTa-
JIorTepe.
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Koppensunonnele pyHKIMUM

OcHoBHast  Hejlb  IIOJIEBOTO  JKCIIepMMeHTa  3aKlodajlack B M3Y4YeHUU
cyOMe3oMacIITaOHBIX BUXPEBBIX M TepMUUYeCKUX CTPYKTyp - Tepmukos [13], [14]. B manHom
paboTe paccMaTpMBAIOTCS BO3AYIIHBIE BUXPU C BePTUKAJIBHOM OCbIO ¥ KOHBEKTVBHBIE
CTPYKTYpPBbl pa3MepoM OT HeCKOJIBKMX MeTPOB O HeCKOJIbKMX [1ecATKOB MeTpoB. HinkH:s
rpaHMIla OIIpere/IsieTCsl VHEPLVOHHOCTBIO WCIIOJIb3yeMbIX (IIIorepoB, KOTOpble He MOTYT
OTKJIMKATbCS Ha CIUIIKOM OBICTpble WM3MeHeHWs HallpaBJIeHMs BeTpa. BepxHsas TpaHwMIla
AMaria3oHa 3a7aeTcsl KaK MaKCMMaJIbHBIM IIPOCTPAaHCTBEHHBIM OXBAaTOM /[JaTYMKOB, TaK U
pasmMepaMm IOJIUTOHA.

YTtoObl OTCeUb KPyITHOMACIITAaOHYIO COCTABJISIONIYIO, M3 MCXOMHOIO psifa JaHHBIX ObUI
BbIYTEH TPeXMMUHYTHBIN TpeHI. IIpu cpemnert ckopocTit BeTpa 5 M/ C CTPYKTYPBL C XapaKTepHBIM
BpeMeHHBIM MacIlITaboM Oojtee Tpex MUHYT OyAyT MMeTh JIMHEeVHbIe pa3Mephl, IIPeBbIIaole
IJIVIHY TI0JIMTOHa.

ITociie momoOHOV PWIIbTpaIy MPaKTUYECKM [JId BCeX CiIydaeB KOpPPessiys MeXIy
KojlebaHMAMI TeMIlepaTypbl M W3MeHeHMeM HarpasjleHus BeTpa He mnpepbimaia 0,1. Dto
O3Ha4aeT, YTO HeT CTaTMUCTUYeCKM 3HAUYMMOW CBA3M MeXIy TepMUYEeCKUMI ¥ BUXPEBBIMU
CTPYKTypaMM B MccileflyeMoM Macitabe. B To ke Bpemsi ISt MCXOAHBIX JaHHBIX KOPPeJIsALs
npyHuMaet 3HaueHus oT 0,1 go 0,7. Ha puc. 2 B coBMelleHHOM crcTeMe KOOPAMHAT IIPVBeIeHbI
rpadVIKI1 M3MeHeHVsl TeMIlepaTypbl 1 HallpaBjleHVs BeTpa. VI3MeHeHMs cpeiHell TeMIlepaTyphbl
SIBHBIM 00pa3oM IIOBTOpsieT M3MeHeHMe HampasiieHuns BeTpa. Ckopee Bcero, 3TO CBSI3aHO C
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HEOHOPOIHBIM HarpeBOM MOICTWIAKOLIEV IIOBEPXHOCTN BOKpYT mnonuroHa. K mpumepy, roro-
3alaHbIl BeTep MOXKeT IIPMHOCUTB BO3IYIIHBIE MacChl M3 TOPOACKOrO OCTpOBa TeIula, a
3araHbIN BeTep — MPOXJIaHBIV BO3YX CO CTOPOHBI LIMMITIIHCKOrO BOTOXpaHMINIIA.
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Pucynox 2. Vismenenue memnepamypui u OmxA0HeHus Hanpabienus Gempa 045
Ucxo0Hblx 0anHblx. Bosee cBemaviil - HanpabBaenue Gempa

st ompeperieHNsT XapaKTepHOTO pasMepa BO3AYIIHBIX BUXPeW VCIIOJIb30BaJICs
KoppersiunonHsI anainns [14], [15], [16]. s sToro Obuto BeIOpaHo 34 0Ty4acOBBIX OTpe3Ka.
KoaddummenT koppersiym Bapyaniyi HaltpasieHs BeTpa @ 1 ¢ j, COOTBETCTBYFOIIVX
. . .. PiPj
drorepam 1 n j, onpenersieTcss Kak Rqo(l, )= —_ T7e 0; v 0j - CpelHeKBapaTidecKue
(]
OTKJIOHEHM$, a YepTa CBEpPXy O3HauvaeT BpeMeHHOe OCpeTHEeHVe I10 BCeMY BBIOpaHHOMY OTpPe3KY.
AnarnormunbiM  06pasom onpenensiercss  kodddurment koppensmy R, (i, J) mymbscarmn

TeMIlepaTypbl B pa3IM4HbIX Toukax. Ha pwuc. 3 mpencrasieHbl 3aBUCHMMOCTM KO3 PuIeHTa
KOppeIsnumn ch u R; or paccTosiHMs MeXIy COOTBETCTBYIOIIMMM HaTdMKaMyu - Tak

HasbIBaeMble IIPOCTPaHCTBEHHble KOpPpeJIsAlIOHHBbIe (PYHKIINN R(p(ﬂx} n R;(Ax). Ouesnas

3ammch OpUla IIpomsBefeHa 3 asrycra B mepwmop, ¢ 13:36 mo 14:06. B aTo BpeMs mysn yMepeHHBIV
3aI1a/IHBIV BeTep co cpefHert cKopocThio 4 M/ c. CpeHss TeMIlepaTypa Bo3iyxa cocrasiisiia 24°C,
a TepMUYeCKYyIO CcTpaTudUKalMio MOXHO XapaKTepu3oBaTh KaK HEYCTOMYMBYIO - MacIiTab
ObGyxoBa 6bU1 paBeH -12 M. Macirtab O6yxoBa [17] ompenerisicst IyJIbCallIOHHBIM METOOM IIO
JaHHBIM C YJIBTPa3BYKOBOIro aHeMoMeTpa. Hounas sammck ObUIa crieslaHa B TOT e feHb ¢ 23:30
1o 00:00. Iyt citabsivt BoctouHsiv BeTep 1,5 M/ ¢, cpennsis Temneparypa Bosayxa cocrasiia 20°C,
a Macirrab OOyxoBa ObUI paBeH 24 M, UTO COOTBETCTBYeT yCTOVUMBO CTpaTUMKALIUIA.
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Pucynox 3. Koppeasyuonnvle pynxyuu

Bce mnonydeHHBIe KOppersIMOHHBIE (GYHKOMM Ha HAYaIbHOM JTale YOBIBalOT C
yBermueHveM paccrosiavsi AX Mexay maTamkamu. ITpoxomst uepes MOJIMIOH, KPYIIHBIE BUXPU
(I Macchl BO3[yXa ITOBBIIIEHHOV/ IIOHVDKEHHOV TeMIlepaTypbl) OJHOBpeMeHHO 3axXBaThIBAIOT
JaTuVKy, PaclojIoKeHHble JaXe Ha 3HauuTeIbHOM pacCTOAHWM, IIOBbIMasg Ko3ddureHT
KOPPeJSiliNi  [UISE  COOTBETCTBYIOIMX 3HaueHmyi AX. Hamporms, Buxpum m TepMmudeckue
CTPYKTYPBI MEHBIINX MaciITaboB BHOCIT BKJIaf B Koo durmeHTs! Ry, n Ry TONBKO JUIs MasIbIx

sHauenit AX . Takum oOpasoM, dem GoJIbIle XapaKTepHBIVI pasMep TEPMIIeCcKIX VIV BUXPEBBIX
obJ1acTeri B IOTOKe BO3/TyXa, TeM MeJlIeHHee yObIBaeT KOppessiiMoHHast PyHKITVSL.

Koppersitmorsbie hyHKIMY [Tt UICXOHBIX JIAHHBIX He 00paIalTcs B HOJb JIaXe IIPU
MaKCMMaJILHOM Ul JJAHHOTO SKCIIePUMEeHTa PacCTOSIHUM MeXIy dIIrorepamMm Wi MeXITy
Tepmomerpamu. Harporus, s Gombimmx  paccrosri Ax dymximm R, (Ax) w R (Ax)
BBIXOJIST Ha HEKOTOPbIe ITOCTOSHHbIE 3HAUeHVs.

ITocsie MpUIMEHEeHVIsT ITPOTIeTY bl BRBIMUTAHMS TPEXMUHYTHOTO TPEHIIA Me30MacITabHbIe
IIpoIlecchl  TIePecTaloT BHOCMTH 3aMeTHBIVI BKIAJ, B KO3(PUIMEHTb KOppessiimu, W
KOppeJAIMoHHble PyHKIMM KoJjieDaHWVi HalpaBlieHusl BeTpa oOpalaioTcs B HOMb Ha
mmcrauimsax 40-160 M.

Hasblie paccMaTpriBaeM KOPpPeJISIMOHHbIE PYHKIIVN TOJIBKO I10CIIe BBIYUTAHWS TPEH/IA,
e He yKasaHo nHoe. OrmpenesiiM pammyc KOppessiiuy KakK BeIUUMHY, YUCIEHHO PaBHYIO
wioamy mox rpadpvkoM QyHKIymM T = f; T R(Ax)d(AX), toe X,pgx - paccTosHUMe, Ha
KOTOPOM KOppeJisitoHHast PyHKIs obparaercs B HOsb. Tak Kak v ¢Imorepsl, 1 TEpMOMETPBI
pacrioyiarajiich Ha CTOVIKAax, BBICTABJIEHHBIX B JIMHUIO TIONEPEK CPEIHEro BETpa, MOJIydYeHHbIe
payiychl KOPpeISIUV HalpablieHWs BeTpa I, ¥ TeMmIepaTypbl ; MOXHO TPWHATH 3a
XapaKTePHBIVI TIONIEPEYHBIVT pasMep BUXPeV M TepMMKOB. Tak, I IPUBENEHHBIX 3armviceit
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Ty = 23 M, T = 31 M orem n Ty = 13m, 1 = 22 M Houblo. B 000mX CiTydasix TepMmdecKye

CTPYKTYPBl OKa3bIBAaIOTCsI KpyIHee BuUXpeBbIX. Emle syume 3To BuaHO Ha puc. 4, e
CPaBHVBAIOTCS T, 1 Tp 1Ist Beex 34 06paboTaHHBIX BPeMEHHBIX OTPE3KOB.
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Pucynox 4. Cpabrerue paduyca koppeAsyuu Hanpabienus 6empa Ty, u memnepantypsl

Ty

CnenyeT OTMETUTDH, UYTO IIOJIydaeMble MacCIITa0bI T(P n T BecbMa YCJIOBHBI, TaK KaK OHWM

CWIBHO 3aBUCSAT OT [JIMHBI TpeHJa, KOTOPBbI IpUHMMaeTcs 3a CcpelHee 3HadeHUe
paccMaTpuBaeMont BedmuuHBL VI3 puc. 3 BUOHO, KaK OTceueHMe KpyHIHOMAacCIITaOHOM
COCTaBJISAIONIEeNl MOXeT W3MEeHUTb BUj, KOPPeUMOHHOM (PYyHKUMM: IIO-pa3sHOMY I
TeMIlepaTypbl ¥ OTKJIOHEHWs HallpaBJIeHWs BeTpa WIM JXKe JUId JHEBHBIX WIM HOYHBIX
peavsaiini.

Tem He MeHee, paJnychl KOppeJIAllny, IIOCUMTaHHBIE II0 OJHOV MeTOIMKe, B paMKax
OIIHOV pabOTHI MOT'YT CpaBHMBATBHCS MEXITy COOOVA.

Ha puc. 5 npencrasiieHa 3aBUCHMMOCTD paflycoB Koppesaimm oT Macirraba O0yxosa. U
JUIA BUXPEBBIX, U JIA TeMIlepaTypPHBIX CTPYKTYp XapaKTepHO yBeJIWdeHWne pasMepoB Ipu
Iepexojie OT YyCTOMYMBOWM cTpaTudmKammm K HeycromumBoil. IlpuueM i OTKIOHeHUN
HallpaBJleHNs BeTpa 3TOT 3 eKT IposiBiIsAeTcs CUIbHee.
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Pucynox 5. 3a6ucumocms paduyca xoppessyuu om macuimaba Obyxoba

CriekTphI

i1 ompernerieHMs Y4acTOTHBIX XapaKTepPUCTVMK OTKJIOHEHWI HallpaBiIleHMs BeTpa U
TeMITepaTypbl ObUIV IIOCTPOEHBI CIIEKTPHI I HOUHBIX ¥ JTHEBHBIX M3MepeHuN! (puc. 6).

[Tpyt mocTpoeHNN CIIEKTPOB MCIIOJIb30BAJIVCh Te JKe JaHHBIe, UTO M IS YKe ONVICAHHBIX
KOPPEeISILIMOHHBIX (PYHKIIN, IIpeiCTaB/IeHHbIX Ha puc. 3. [JaHHbIe MCII0Ib30BaJIICh ICXOTHBIE,
0e3 BeruMTaHMA TpeHAa. IIpogorDKMUTeIbHOCTE BEIOpaHHBIX OTPE3KOB 3aIliCy cocTaBiIgeT 1 gac.
Ha Bcex rpadmkax IpuUCYTCTBYeT y4acTOK CO CTeIleHHOV 3aBUCHMOCTBIO CIIeKTpaIbHOV
IUIOTHOCTY OT YacTOTEL B cucreme koopamHat ¢ GvtorapmdmimdeckM MacIITaboM 3T y4acTKU
VIMEIOT BUI, IIpaMbIX JMHUI. Houblo WMHTEHCHMBHOCTH TypOyJIeHTHBIX KoJjleOaHUM U
TeMIlepaTyphl, ¥ HallpaBjleHusl BeTpa CHIDKaeTcs. [Ipudem crmanm B HM3KOYacTOTHOW 0OsIacTu
Gosiee BbIpaXkeH, XOTSI MOXXHO OBUIO OXMAATh M OOpPaTHOIO, IIOCKOJIBKY IIpeIioiarajaock, UTO
MeJIKOMacIlITabHas Ty pOyJIeHTHOCTh JOJDKHA YMEHBIINThCS I0CIIe 3aKaTa.

CriekTpbl KosleOaHMII HalIpaB/IeHNs BeTpa MMeIOT 3aBajl B 00JIacTV BBICOKMX YacTOT. DTO
OOBsACHSIeTCS VHEPLMOHHOCTBIO JIoIacTel Iorepos, KOTOpble He MOIYT OTKIMKATbCA Ha
CJIVIIIIKOM OBICTpBIE M3MeHeHMs HallpapiieHMs BeTpa. JacTOTHBIe XapaKTepuCTVKM ¢IIorepos
ABHBIM 00pa3oM 3aBUCAT OT CKOPOCTM BeTpa: deM OoJibIlle CKOPOCTb, TeM JIydllle diirorep
oTpabaTbIBaeT BBICOKOYACTOTHBIE ITysIbcaliii. JlaHHas 3aBUCHMOCTb OIMcaHa B pabore [2]. DTo
XOPOILIIO BUIHO IIPVI CPaBHEHWY CIIEKTPOB I JHEBHBIX VI HOYHBIX VI3MepPeHMIA.
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HanpasneHue seTpa (aeHb)
----- HanpasneHue seTpa (Houb)
Temnepatypa (geHb)
----- Temnepatypa (Houb)

YactoTa; Ny

Pucynox 6. Cnexmpu memnepamyput u Hanpabaenus Bempa

Bwusyanmsans mosievt TeMepaTypbl ¥ HallpaBJIeHNs BeTpa

g Busyaymsanmm IIojieVi TeMnepaTrypbl M HallpaBleHVs BeTpa IO IOJIyYeHHbBIM
3KCIIePVIMEHTAJIbHBIM [TaHHBIM ObUIM IIOCTPOEHBI COOTBETCTBYIOIIMe KapThl. LlBeTom Ha HUX
OTMedYeHa TeMIlepaTypa BO3[yXa WIV OTKJIOHEeHVe HallpaBJIeHVs BeTpa OT Cpe[Hero 3HaudeHVd.
BeprukasipHasg oOCh COOTBETCTByeT IPOCTPaHCTBEHHOV KOOpAMHaTe «ceBep-for». Bmosb
TOPU30HTAJIBHOV OCU OTIOKeHO Bpems. IIpumensa rumoresy Temiopa o 3aMOpoOXeHHOM
TypOyJIEeHTHOCTY, [JaHHBIVI BpPeMeHHOV MacIITad MOXHO IIepeBecTV B IIPOCTPAHCTBEHHBIN,
COOTBETCTBYIOIIVV HallpaBJIEHUIO «3allafl-BOCTOK».

Ha puc. 7 n3oOpaxeHbl KapThl HampaB/IeHMsS BeTpa ¥ TeMIlepaTypbl IjII IHEBHOM
pearmzanym. VicxopgHble maHHBIe OBUIM CITIAXKEHBI METOOM CKOJIB3SIIErO CpPegHero ¢ OKHOM
CITIaXKMBAHWA 5 CeKYH,

LvtHIpUYecKnit BUXPhb C BEPTUKAJILHOV OChIO BpallleHWsl, IIPOXO[Is yepe3 IoIepeyHo
PacIIOJIOKeHHBIVT Psfl, (PJIIOrepoB, JIOJDKeH OTKJIOHSTh VX CHavalla B OJIHYy CTOPOHY, 3aTeM B
apyryo. Hedyro momobHoe MOXHO HabOmonaTe Ha IpuBefdeHHON Kapre. IlpumepHo B 14:25
dpmroreprl  IOBOpauMBalOTCsE IPOTWB YacOBOWI CTPeJIKM, a CIIyCTSS MWHYTY OTKJIOHAIOTCS B
IIPOTMBOIIOJIOXKHOM HarlpaBleHUN. Tak Kak BeTep B 3TO BpeMsd /yJI € 3allafla Ha BOCTOK, MOXKHO
cIlellaTh BBIBOJI, UTO BUIXPHh OBUI 3aKpydeH HpOTMB dacoBov cTpeskiu. [lomepeunsle pasMepsl
ZaHHoro Buxpst okoy1o 100 MeTpoB, a IIPOTSDKEHHOCTH BOJIb HaIlpaBJIeHMs CpPeqHero BeTpa —
nopsanka 350 MerpoB. To ecTb OH JOCTaTOYHO BBITSAHYT B ITPOOJIBHOM HaIlpaBJIeHWUM, YTO
COOTBETCTBYeT pe3yJIbTaTaM, IIOJIy4YeHHBIM B [12].

Iloste TemmepaTyp TakXke COAepXWUT BblOesaomnuecs cTpykrypel. K npumepy, B 14:24
MOXHO HaOJIIofaTh IIPOXOXIeHNMe TepMuKa udepe3 psif AaTUMKOB. BepTukaipHOe cTpoeHme
ITOZIOOHBIX KOHBEKTMBHBIX s4eeK IIOApoOHO ommcaHo B paborte [7]. Yro Kacaercs
TOPM30HTAJIBHBIX pa3MepoOB: JaHHbBIVI KOHKPETHBIVI TeEPMUK MMeeT AnaMeTp okoyio 80 MeTpoB 1
He BBITSHYT BIOJIb BeTpa, KaK B CJIy4dae ¢ OINVICAHHBIM BBIIIIEe BUXPEM.
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Pucynox 7. Kapma nanpabaenus 6empa u memnepamyput 045 OHeBHOTL peasusayuu.
Bpemennas u npocmparcmbennasn wikaia oduyas 045 oboux epagpuxob. Ilepecuem coeaar c
yuemom cpedHen ckopocmu Bempa

Ha pwuc. 8 mpepcrasiieHpl aHaJIOTWMYHbBIe KapThl IId HOYHOW peajm3alni. Tak Kak
CKOPOCTh BeTpa ObUIa BIBOe MeHblIle, UeM JIHeM, IIIMpUHa OKHa CIVIaXMBaHMs ObUla yBejlndeHa
1o 10 cexynn. Tem He MeHee, MOXXHO HaOJIIOHATh OOJIBIIIOE KOJIMYECTBO OTHOCUTEIBHO MEJIKVIX
MyJIbCalMiI KaK TeMIIepaTypbl, TakK M HampasieHus BeTpa. [Ipu sTom amrumryna kosebaHMI
ropaszo MeHbllle yeM gHeM. Ha xapre HampasieHVs BeTpa B IpOMeXYTOK BpemeHu ¢ 23:51 o
21:53 moxHO HaOIIOAATh TPAKTUYECKN TaKOM e 110 pa3MepaM BUXpPb, uTo U aHeM. Ha sToT pas
BeTep JyJI C BOCTOKa Ha 3amajl, II03TOMY JaHHOe 4YepefoBaHWe HaIlpaBJIeHWUI IIOBOPOTOB
drmrorepoB Tax>ke COOTBETCTBYET BpallleHUIO BUXPs IIPOTMB dacoBom cTpesiky. CorocTaBuMble
pasMephl JTHEBHOI'O ¥ HOYHOIO BUIXPSI BO3MOXKHO CBUIETEILCTBYIOT O TOM, YTO IOJIy4YeHHBIe
paHee pafgMychl KOppessuy HecyT MHQOPMaIIMIO He CTOJIBKO O pasMepax BUXpPeVl, CKOJIBKO O
JacTOTe WX MOSBJIEHMSA. DTOT (PAKT TakKKe MOXET OOBSICHUTH pasmdrie B COOTHOIIEHWN
pasMepoB BUXPEBBIX U TePMWYECKMX CTPYKTYp, PacCUMTaHHBIX Yepe3 KOPpeAlIOHHBIe
pyHKIIMM € TeM, 4TO cJleflyeT 13 IIOCTPOEeHHBIX KapT.

Houblo, B yCIOBMAX yCTOMYMBOV TepMUYECKOM cTpaTudmKaimy, KOHTpacT
TeMIlepaTy PHBIX HEOJTHOPOAHOCTeV CHVDKaeTcs. K rpuMepy, peKuit TeIuIbIvi o4ar, IpOoIIe i
uepes gaTunku B 23:50, He Ooslee yeM Ha IIOJI Tpajlyca ropsidee OKpy>Kalolero osayxa. JIHem
TePMIK CXOXMX pa3sMepoB MMeJI Ilepeliazl TeMIlepaTyp 0 IMOoIyTopa Ipaaycos (Oe3 ydyeTa coBceM
MeJIKVIX ITyJIbCAllVVL, KOTOpble ObUIN CIJIaXKeHbI P OCpeIHeHWN).

[TocTpoeHHBIe KapThl IIO3BOJISTIOT HEIIOCPENCTBEHHO HAOIIOmaTh TepMmUdYecKune U
BUIXpeBble CTPYKTYpPbI B IIOTOKe BO3ayxa. UTo ImpumedaTesIbHO, KOHTYPBI 3TUX CTPYKTYP SIBHBIM
o0Opa3oM He CBg3aHBI APYT C OPYrOM Ha MCCIIeAyeMbIX MacinTabax. Mexnay Tem, B padote [10]
omvcaHbl BUXpU, PopMa KOTOPBIX YeTKO OBTOpseTCs TeMIlepaTy PHbIMV HEOTHOPOIHOCTSIM.
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OcHOBHBIE pe3yJIbTaThl

1. ITosyueHHBIe CTATUCTMYECKMM METOAOM pamMyChl KOPpeJISUMUM [JII TeMIlepaTyp
IIPEeBBIIIAIOT paguyCchl KOppersaiun i HallpasieHus BeTpa. OgHaKo OTHeIbHbIe BUXpPeBble
CTPYKTYPbI MOT'YT OBITH KPYIIHEee TEPMMKOB.

2. TvmmuHble 3HaYeHMs MOJIYYeHHBIX pajyCcoB KOppesaluy KojebaHum TeMIlepaTypbl
VI HaITpaBJIeHNs BeTpa - HeCKOJIbKO JecsTKOB MeTpoB. OHM CIJILHO YMEHBIIAIOTCA TP Iepexoye
OT [IHS K HOYML.

3. Ilpu mepexosie OT HeyCTOMYMBOV CTpaTUUKALUM K YCTOMYMBOV VHTEHCUBHOCTb
TypOyJIeHTHBIX ITyJIbCcallUVl CHIVDKaeTCs Ha BceM JIyalla30He 4acTOT, OJHaKO [IJII HM3KMX 4acTOT
3TOT Ipoliecc BhIpakeH Hanboslee SpKo.

4. [TonroniepuosiHble, HOpPsAIKa HECKOJIBKMX MUHYT, KojlebaHMs TeMIlepaTypbl COBIIaA0T
C M3MeHeHVeM CpelHero HallpasjleHus BeTpa. Ha MeHbIlleM MaciTabe KOppesmsmys MeXIy
TeMIlepaTypoVi I HallpaBJIeHeM BeTpa OTCyTCTBYeT.

5. Bo BpeMi IIPpOBENEHHDBIX M3MepeHVIT71 HeT1IoCpeJCTBEHHO Ha6moznam/1c1> BO3QyIIHbIE
BUXpU C BepTT/IKaJ'IbHOVI OCBIO BpallleHVI. OHu UMeroT pa3Mep IIopsAaKa CTa MeTpOB M CMJIBHO
BBITSIHYTBI BIOJIb HallIpaBJIEHVS CpeIHEero BeTpa.

Pabora BemornHeHa mpu nopgaepsxke PO I'pant 18-35-00591.
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