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ITapaMeTpBb! CIEKTPaTbHON MOJENH MeJKOMAcIITabHOIl TypOyJeHTHOCTH — BasKHelllne XapaKTepPUCTHKH, HC-
HosTb3yeMble IIPU OMNCAHUN PACHPOCTPAaHEeHHs cBeTa U 3ByKa B aTMocdepe. OTHUM M3 ONpeaessTionmx (aKTopoB,
KOTOpbIe BJIUSIOT Ha CTIeKTPaIbHBIN cocTaB TypOYJeHTHOCTH, ABJSeTCS pexXnM cTpatudukarmu. B HacTosmed cra-
The Ha OCHOBE Pe3yJIbTaToB 06pabOTKH BPEMEHHBIX PALOB (PIYKTyaIlii MeTeolapaMeTpOB, PEIHCTPHPYEMBIX aKy-
CTUYECKUIMH MeTeOCTAHIMSIMY, HCCJIe0BAHO BJMSIHUe CTPATU(UKALNK B IPH3eMHOM cJIoe aTMocdepbl Ha OTKJIOHE-
HUA cIleKTpa TypOysreHTHOCTH OT Mofenu KommoropoBa—OGyxoBa. Ilpu comocTaBieHUN BpeMeHHON ANHAMUKH Xa-
pakrepucTuku ycroituuBoctu (umciaa Monuna—OG6yxoBa) M IMOKa3aTessl CTENEHHOH Mojesu crekTpa IyKTyarui
TeMIIepaTypbl yCTAaHOBJIeHa 3HAUMMasl KOppeInus Mexay HuMH. IIpeasoskeHa sMIMpHuecKas MOJeTb 3aBHCHMO-
CTH IOKasaTeJlsl CIEKTPa OT IapaMeTpa ycroifunBocTH. Mojesb 03BOJIsIeT Ha OCHOBe OIEHOK BEJINYMHBI M HAIpaB-
JleHus TypOyJIEeHTHBIX MOTOKOB TeIJIa M MMILY/Ibca CYyJUTh 06 M3MEHEHMSIX IapaMeTpPOB CIIeKTPAJIbHOI CTPYKTYPBI
MeskoMacITaGHo#l TypGyaeHTHocTH. [loTydeHHas 3aBHCHMOCTb OTpaskaeT ocoGeHHOocTH (OPMHIPOBAHHUS TeMIlepa-
TYpHOII TypOyJeHTHOCTH IpPHU pasniHOil cTpaTudUKanuy B IpuseMHOM cioe. MHdopMmamusa o TypOyTeHTHBIX
CIIeKTPAJbHBIX IIapaMeTpax, IOJydeHHas Ha OCHOBe OIeHKHU CTpaTH(UKAINH, B JaTbHelIIeM MOKeT ObITb ICIOMb-
30BaHa TIPH pelleHNN 3ajad PaclpocTpaHeHNS ONTHYECKOTO M aKyCTHYeCKOTO M3TydeHHs, a TaksKe 30HIIPOBAHNUS
arMocdepbl.

Knwouesvie cn06a: HeKOIMOTOPOBCKAas TypOYJTEeHTHOCTb, SHEPTeTUYECKHH CHEKTp, CTpaTH(UKAINs, YUCJI0
Monunna—OG6yxoBa, akycrudeckas MereocraHiyst; non-Kolmogorov turbulence, energy spectrum, stratification,

Monin-Obukhov number, sonic weather stations.

Beegenue

PasButne atMocdepHOil TypOyJIeHTHOCTH B 3HAYH-
TeJbHON CTelleHH oIIpefie/ifeTcd BeJNYNHON W Halpas-
JIeHHeM TIOTOKOB TeIlTa W UMIyJbca. B Ipu3eMHOM
cioe (IIC) ToMUMHONW B HECKOJIBKO [IECATKOB METPOB
OCHOBHYIO POJIb B (pOPMUPOBAHUU ITUX IOTOKOB UTpa-
eT B3auMo/lelicTBue aTMOC(ephl C IIOBEPXHOCTBIO 3eM-
au [1-5]. Pacupenenenne temmeparypsl B IIC 3agaer
COOTHONIEHHE MeXK/Jy CHJON TSKeCTH M apXHMeJ0BOil
CUJIOH, BO3JEHCTBYIOIIMX Ha YacTHUIy BO3JyXa, U OI-
penenseT 3sHepreTHueckylo 3(PdEeKTHBHOCTL KOHBEK-
THBHBIX [BIDKeHHil. IIpeBainpoBaHHe CHJBI ILIaByde-
CTH WHTEHCU(UINPYeT KOHBEKTUBHBIH OOMEH TeIIoM
B IIC 1 cooTBeTcTByeT HeYCTONUMBON CTpaTU(UKAIIY.
[Tpu o6paTHOM COOTHONIEHNH KOHBEKIIUS IIO/ABJISIETCs,
YTO COOTBETCTBYeT ycTOHuuMBOil crpaTudukanuu. bes-
pasmmyHasg crpatudukamusa B IIC o3Havaer mpumep-
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Hblit Gamanc cuni. IIpum KOJUYECTBEHHOM OIMCAHUU
crpatuduKalii Heo6XOIUMO TaKKe Y4YecTb [OMOJIHU-
TeNbHYI0 WHTEHCU(UKAINIO KOHBEKTHBHOTO IepeHoca
TelJIa 3a c4eT TYpOYJTEeHTHOCTH, MOPOXKIaeMON Heom-
HOPOJTHOCTBIO CpeiHell CKOPOCTH BO3/yXa.

Mepoit ycroitunBoctu IIC gpagiorcs umcao Pu-
Yap/ICOHA, TIPU BBIYUCJIEHUN KOTOPOTO HCHOJIb3YIOTCS
CpeJIHIE BePTHKAIbHBIE TPAIUEHTDI TOTEHIINATbHOI TeM-
mepatypbl M TOPU30HTAJIBHON CKOPOCTH BeTpa M Mac-
mra6 Monnna—O6yxoBa (MO), paccynThIBaeMbIil yepes
CTATHCTUYECKIE XaPaKTePUCTUKHU TypOYIeHTHBIX TTOTO-
KOB TellsTa W UMITyJibca. (DU3NMUECKUii CMBICJ 3TUX Be-
JINYUH JIOCTaTOYHO OJIM30K U MPHU OINpeIeTeHHBIX [10-
MyNEHUIX UX MOKHO CYUTATh JMHENHO 3aBUCUMBIMHU.
Pazmmuns Tpu  TPaKTUYeCKUX SKCIEePUMEHTATbHBIX
OIleHKaX 3aKJII0YAloTCA B TOM, UTO JJIg pacdeTa Tpaju-
eHTHOTO umcaa PudapacoHa HeoO6XOAWMBI W3MepEHUS
KaK MUHUMYM B JIByX pa3HeCeHHBIX IO BBICOTE TOYKAX,
a Macmrta6 MO BpUHCIASETCS MO IIYJIbCAITHOHHBIM
JIAHHBIM, TIOJIYYEeHHBIM JIUIIb B OJHON TOYKE, OJHAKO
TIPH 3TOM JKeJlaTeJdbHa 6oJiee BBICOKAsT YacTOTa OI(-
POBKU BpeMEHHBIX PA/IOB.
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B HacTosIee BpeMsi HaKOIIEHBI MHOTOUNCJIEHHBIE
MacCHBbBI JAHHBIX aKyCTHYECKHX M3MePeHHHl MeTeolla-
pPaMeTpOB /IS PA3JIMYHBIX BETPOBBIX U TYPOYJIEHTHBIX
ycaoBuii. Vx o6pabGoTka IOKasaja, YTO CHUTYyalus,
KOTZIa 006ecleyrBaloTCsl yCJOBUS OJHOPOIHON U H30-
TPOIHOIl TypOYJEeHTHOCTU, peaTnu3yeTcs [JajJeKo He
Bcera. Ha mpakTuke cTrelleHHas 3aBUCHMOCTb CTPYK-
TYPHBIX (YHKIUI W 5HEPTETUYECKUX CIIEKTPOB TypPOY-
JIEHTHBIX MHKPOILYJIbCAIINIl MOKET 3aMETHO OTJINYATHCS
OT KOJMOTOpOBCKOH. OTHNM U3 ompeessomux Qak-
TOPOB, BJMSIONUX Ha CHEKTPAJbHBI cocTaB TYpOy-
JIEHTHOCTH B IPU3EMHOM CJioe aTMoc(epbl, SBIIeTCS
peskuM crpatudukanuu. B psge MCTOYHHKOB OTMeda-
I0TCSI TOSIBJIEHNE HEKOJIMOTOPOBCKOW TYpOyJIeHTHOCTH
IpH HAJNYUU KPYMHOMACIITAOHBIX HEOTHOPOJHOCTEL
nojicTuIaoNeil moBepxHocTH [3], hopMupoBanune 1ByX-
KOMITOHEHTHBIX CIIEKTPOB B YCJOBHUSX HEYCTOWYMBOI
crpatudukanmu [4, 6]. B Hacrosmee BpeMs He cyte-
CTBYET eINHOTO TO/IX0/Ia, TI03BOJIAIONIETO OIICATD CBSI3b
TypOYJIEHTHBIX CIEKTPOB MeTeonapaMerpoB (TeMiepa-
TYDBI, JaBJeHus], CKOPOCTH BeTpa) co crparuduKaiueii
B IIC. [Ina psaga onTHYECKUX M aKyCTUUECKUX MPUJIO-
JKeHnil ero pa3paGoTka Oblia Obl BecbMa IOJIE3HOI,
MOCKOJIBKY OILIEHKU CTATUCTUYECKUX XAPAKTEPHUCTHK OII-
THYECKUX U aKyCTHYECKUX BOJIH, PACIIPOCTPAHSIONIIX-
cs B aTMocepe, cyliecTBeHHO MeHsoTcs [7—9] maxke
IIPH OTHOCUTEJBHO HeGOJBIINX OTKJIOHEHUSIX TypOy-
JIEHTHBIX CHEKTPOB OT MOJIE/IN PA3BUTON TYpPOYJIEHTHO-
ctu KommoropoBa—OG6yxoBa.

[lesp HacToOsIEH PaGOTBI — YCTAHOBJIEHNE IMIIU-
PHYECKOi CBSI3M MeX/y XapaKTepHCTHKOIl yCTONYUBO-
ctu [IC m mapamerpaMu CTelleHHON MOJIeM CIIEKTPa
TypGyJienTHoCTH (IIOKa3aTelb CTElEHH V) /s TeMIle-
patypubIX (uaykryarmit B [IC atMocdepnl Ha ocHOBe
MyJIbCAI[MOHHBIX JJAHHBIX aKyCTHYECKUX MeTeOCTAHIII.
B kavecTBe mapaMerpa, XapaKTepH3YIOIIEro CTPaTH-
¢uxanmio, ucnonpsoBan Macmraé MO u ero Gespas-
MepHbIil aHanor — yuciao MO. [lyig olleHKH TapaMeT-
POB TypOYJIEHTHBIX CIIEKTPOB U CTPYKTYPHBIX (DYHKIUI
TEMIEepPaTypbl MPUMEHSUINCh AJITOPUTMBI  06PaBGOTKU
JNaHHbIX, TpenctaBiennbie B [10]. Ha ocHoBe o6pa-
6OTKI MACCHBOB 3KCIIEPUMEHTATBHBIX JAaHHBIX, MOJIY-
YeHHBIX B Pa3HOe BPeMs To/a, HPU PA3JHMIHOM XapaK-
Tepe OKpY’Kalolllell MeCTHOCTH ¥ Pas3HbIX BbICOTAX
B IIPH3EMHOM CJIO€ JeMOHCTPUPYETCS HAJIW4ue CTaTh-
CTUYECKH 3HAYMMOI B3aMMOCBS3U MKy IOKa3aTeseM
CTENIEHH CIIEKTPa TeMIIePaTypPHBIX (GIYKTyaIllil U 4Yuc-
JsioM Monmnna—O6yxoBa.

1. OcHOBHbBIE COOTHOIIEHUS

1.1. Ouenxa cmpamucurxavuu
no dannvim AMK-03

PesybraThi u3MepeHuit MEeTEOKOMILIEKCa
AMK-03 [11] npeactaBasioT co6oii psijibl MTHOBEHHBIX
3HaueHuil MereomapaMerpoB (BepTUKAIbHAA W, IOK-
Hag V u BocTouHast V, KOMIIOHEHTBI CKOPOCTH BETPA,
temiepatypa T, 1aBjieHne, OTHOCUTEIbHAS BIaKHOCTD),
CrpymnupoBaHHble B (hailsibl 10 HHTepBajiaM HalJiojie-
HUS 3apaHee BblIOpaHHOI qmmrenbHocTH. B [10] pas-
paBoTaHbl METO/bl MOCTAETEKTOPHOI (KOMIbIOTEPHOIT)

06paGOTKN JJaHHBIX AKyCTHYECKIX MeTeoCTaHIHil, Io-
3BOJIAIOINNE BBIYUCJAATD PA3JNYHBIE CTAaTHCTHYECKHe
mapaMeTpbl BeTpa u TYpOYJEHTHOCTH Ha OCHOBE Bpe-
MEHHBIX pAJ0B (paykTyanuit MereomapamerpoB. Ha 3a-
JTAaHHOM HHTepBaJle OCPeAHEHUS OCYUIeCTBIAIOTCS pac-
4eThl SJHEPreTHYeCKNX CIHEKTPOB U CTPYKTYPHBIX (DYHK-
Ui, 10 KOTOPBIM IIyT€M CTENeHHOH annpoKCHMaluy
OLIEHNBAIOTCST TTapaMeTpbl 0GOOIIEHHON CTelleHHOH Mo-
Jlell ¢ TIOKa3areJeM CTelleHH, CTPYKTYpPHOH Xapak-
TEPUCTUKON U BHEIIHHM MaciTaGoM, OleHUBAEMbIM
HETIOCPE/ICTBEHHO 10 M3MEPEHHBIM BPEMEHHBIM psijiaM
BBIOOPOK MIHOBEHHBIX 3HAYEHUI PErucTpHpyeMbIX Me-
TeoIapaMeTpoB.

Oco6eHHOCTBIO HCIOJIb3YEMOTO AJITOPUTMA CIIeK-
TpasbHOH 06pabGOTKN ABJSETCA OlpejeleHHas Tu6-
KOCTb 3a/IaHHs KJIIOUEBBIX IapaMeTPOB: BO3MOXKHOCTD
BapbHPOBAHNS HHTEPBAJIA OCPE/IHEHNUS, 3a/IaHIe TPAHUI]
IIPOCTPAHCTBEHHOTO MHTepBasa IIPU OIleHKe CTelleHHOIt
3aBHCUMOCTHU CTPYKTYPHBIX (DYHKIU{T U HHTEPBaJa IIpo-
CTPAHCTBEHHBIX YacTOT NIPH OIleHKe HAaKJIOHOB 3Hepre-
THYECKNX CIeKTpoB. [Ipu IpousBoIbHOM 3a/laHUM WH-
TepBaJla OCPefIHEHUS TaKke peaI30BaHa IIPolleaypa
pacdueTa YHCJIOBBIX ITIapaMeTpoB aTrMocdepHOil TypOy-
JIEHTHOCTH HA OCHOBE BTOPBIX MOMEHTOB (DIIyKTyammit
TEMIIEPATypbl BO3/lyXa M TpeX KOMIIOHEHT CKOPOCTH
BeTpa. B 4acTHOCTH, BBIMMCIISIOTCS OJHOTOYEYHbIE MO-
MEHTBI I TPEX KOMIIOHEHT CKOPOCTH BETPa U TeMIepa-
TYpPbl, BepPTUKAJIbHbIE TypOYyJIEHTHDbIE TIOTOKU KOJIITYEeCTBA
nBkennst 1 = —p(u'w’y u remna H = C,p(T'w'), a Takke
MacmTa6 ckopocTH (CKOpOCTh TpeHms) u = —(u'w',

Macmrtab — TeMIepaTypbl T = <(T'w')/u’, wmacmTab
Monnna—OG6yxosa L =—T)-(u')*/(0,4gT"), rne u,
w u T' — nyabcallud TPOJOJBHONM, BepTUKAIbHOMN

KOMITOHEHT CKOPOCTH U TeMmeparypbl Bo3ayxa; (T) —
cpeJiHee 3HayeHHe aGCOMNIOTHOIl TeMIepaTypbl; C,
yZAeJbHas TeIVIOEMKOCTb BO3/[yXa IIPU IIOCTOSIHHOM J1aB-
JIeHUu; p — IJIOTHOCTb BO3/lyXa; § — YCKOpEHHe CBO-
6O/IHOTO TIaJIeHI.

Ha mpakTiKe pacueT CKOPOCTH TpeHHS u = ./t/p
0 psilaM M3MepsIeMBbIX MyJbcanuit ¢’ un @' B atMocde-
pe OCJIOXKHSIEeTCS TeM, YTO NP HapyUIeHUU IOJIOKeHU
Teopuu mo06ust [1] B HEKOTOPBIX CJAydYasiX 3HAK T CTa-
HOBUTCS OTPUIIATEJbHBIM, W3 Yero B paMKaX KJacCu-
YecKOTo oIIpe/le/leHUs cjeJyeT HeBO3MOXKHOCTb JaJib-
HEWNNX OIEHOK TaKMX XapaKTEPUCTUK, KakK T u L.
C 1esnpbio UCKJIIOUEHUS TAaKWX CHTYAIUil MpHU OIleHKe
MacmiTaba CKOpPOCTH, Hpom3BoanMoil, Hampumep, [1O
MeteokoMIiekca AMK-03, 6epercst Moayb (u'w'), T.e.
ee 3HaK UTHOPUDYETCS:

. €))

w = [

Torna
T, = ~(T'w"/u;. 2)

[MosiBneHne TakKUX CHUTYAIWil, 1O-BHIMMOMY, CBU-
JIeTeIbCTBYET O HApPYUIEHUH YCJOBUI TOPU30HTATIBHON
M30TPOIIHOCTH, KOTJAa HY)KHO YUUTBIBATD U [[PyTHue
COCTaBJIsIONIE TYpOYJIEHTHOTO TOTOKa uMmyJbca [12].
B [5, 13] ass olleHKH CKOPOCTH TPEHUSI HCHOJIb3YeTCs
KOMOHWHAINA U3 JBYX CMEITaHHBIX MOMEHTOB i =
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1/4
:((u’w'>2+(u'v'>2) , Tne ©' — myJbcaluu Ioneped-

Hoil CKOpPOCTH, T€eM CaMbIM HCKJIIOYAIOTCA HpOéJIeMbI Cco
3HAKOM II0/] KOpHEM. Ilo anajorum Takke MOKHO BBe-
CTU TIOJHYI0O JUHAMUYECKYI0 CKOPOCTbH

= ((u’w’>2 WY + (vrwr>2)1/4 3)

1 TIOJTHBIH MacITab TeMIlepaTyphl

Ty = LTy + @0y +Tuy, (4)
U

Ile YYUTBIBAIOTCS BCE BO3MOKHbBIE HaIlpaBJeHHS Typ-
GyJIeHTHOTO IlepeHoca. B JajbHeiieM mpu mpakThye-
CKHX OIIEHKaX MblI Gy/eM HCIOJb30BaTh ABa BaphaHTa
pacdera: Kjaaccudecknii Macmrta6 MO L Ha ocHOBe
onpegenennii (1), (2), onuchBaoOIMI BepTHKAIBHYIO
crpatudukaiuio 11C, u ero ananor L5 na octose (3),
(4) ¢ yueToM BceX KOMIIOHEHT TypOyJEHTHBIX ITOTOKOB
TeIJIa M UMITyJIbca

LD,

L= . 5
270,497, ©)

Ormerum, uro Macmtab [ He sSBIsIeTCsl XapaKTepu-
cTuKoil BeprukanbHoll crpatudukamun IIC un paxke
I TOPM30HTAJIbHO HM30TPOIHOII cpelbl 3HAK Yy Mac-
mraGa Temieparypbl (4) He MeHseTCs, T.e. ycToiiuuBast
U HeyCTOWYMBas CTpaTH(UKAIUN TI0 JaHHOMY Tapa-
MeTpy He pasjnyalorcs.

1.2. Modeav cnekmpa memnepamypot
u ouenka ee napamempos

Bynem ommchIBaTh TeMIlepaTypHble CIIEKTPBI H30-
TPOIHOM cTemeHHOW Mozenbio [14, 15], kotopad, Kak
npojeMoHcTpupoBaHo B [10], HemsIoXo cooTBeTcTBYeT
pesyabraTaM uaMepenuii. [lng cTpykTypHOIl dyHKINT
Ha CTeIleHHOM MHTepBaJie NPOCTPAHCTBEHHBIX PAa3HOCOB
p IMeeM

DT(D) ~ P“, (6)

a B COOTBETCTBYIOLIleM MHTepBaJje IIPOCTPAHCTBEHHBIX
YaCTOT CIEKTp (PIAyKTyarmii TeMmepaTypbl Tak:Ke HMe-
eT CTelleHHOW BU/I:

Dp(x) ~ k. @)

B unrepsane 1 < v < 3 nokazatesm B (6) u (7) cBsa3anbI
cooTHolleHneM p = v — 1, HO, Kak mokasano B [10],
B arMocdepe MOTYT PeaH30BBIBATHCS  CHTYAIHH,

korga v < 1. B aToM ciayuyae nuHeliHag CBA3b MEXKIY
IoKa3aTeIAMU IIpOIajaeT, a IOKa3aTeJb CTPYKTYpPHOI
¢yuxmmm crabo MeHsercsa B uHTepBase 0 < p < 0,2.

[lng oreHKW ToKasaTesell W, v U3 PIAIOB TeMIlepa-
TYpbl U KOMIIOHEHT CKOPOCTH BeTpa Oy/leM HCII0JIb30-
BaTh aJrOpUTM, u3jokeHHbIH B [10] 1 ocHOBaHHBINA Ha
alMpOKCUMAILINN CTETIEHHBIMUA 3aBUCUMOCTSIMH PACCYH-
TaHHBIX TI0 SKCIEPUMEHTATbHBIM JaHHBIM CTPYKTYPHOIT
yHKIIH

N-1-1

Y @1

D == 7=0,.,N-1 (8
T(P[) N_1 ( )
U CIIEKTpa
s—1|N/s-1 1ﬂ
(DT(KM) = L T’ N ’ ' ’
(V)s & = 5
m=0,..., Ng—1. (€))

3nech [ — dYacToTa PErucTpaIiid MeTeolapaMeTpOB;
p; = fl/{Vy — npocrpaHcTBenHbIil pasuoc; (V) — cpen-

HASl CKOPOCTb BeTpa Ha MHTepBaje oOcpelHeHUus Af;
N = fAt — KOJIMYeCTBO OTCYETOB B HHTEpBAJE OCPE]-
HEHUsT; S — YHUCJIO TMOABIHTEPBaJIOB aiauHoit Ny = N/s

mf
= ——'— — TIPOCTPaHCT-

B I/IHTepBaJIe ()CpEL[HeHI/IFI, Ko
N;( [ >
E

BeHHasA 4YacCToTa.

2. PesyabraTbl 00paboTKH
9KCINEPUMEHTAIbHbIX JaHHBIX

2.1. Ycaoeusa npoeedenus usmepenuil

IpenacraBieHbl pe3yabTatbl 06PabOTKU PSIIOB Me-
TEOJIaHHBIX, TOJIYYEHHBIX DU M3MEPEHUSAX B Pas3jiny-
HBIX TOTIOTpadUYeCKNX YCIOBUSX B pa3HOe BpeMs rojia.
W3meperns mpoBoaunch Ha mosnuroHe bBasoBoro akc-
nepuMenTtaibHoro komiekca (BOK) MOA CO PAH
(neto 2017 r.), B 1o:xHoit 6amHe TOA CO PAH (3uMma
2020 r.), Ha Gepery o3. Balikan y mHomHOXHS W Ha
BepxHell TIoNaKe 3/[aHugd BOJbIIOT0 COJHEYHOTO Ba-
kyymHoro teneckorna (BCBT) (mero 2020 u 2023 rr.).
Ilepedenb aHAJIU3UPYEMBIX  JMH30/I0B  M3MEPeHUI
U BBICOTBI PACHOJIOKEHHS METEOCTAHIIMN IpPe/CTaBJIe-
HBI B Tabx. 1.

B xome maMepenuii yactora oInppOBKN BpeMeH-
HBIX DPSAJOB MeTeomapaMerpoB cocrasisia f = 80 T,

Ta6auma 1

BpeMs u MecTo U3MepeHHil psAOB MeTeonapaMeTpoB

Boicora

O6o3HaueHne . o
Bpemsa usmepennit Mecto uaMepeHuii HaJl IOBEPXHOCTHIO
JMHU30/a

3eMJIN, M
b3aK2017_3 03—22.08.2017 r. TTomuron BOK MOA CO PAH 3
MOA2020_20 | 29.01—10.02.2020 . Osxnas 6amus NOA CO PAH 20
b2020_27 10—26.07.2020 r. Beper o03. Baiikan, miomagaka BCBT 27
b2023_3 30.05—05.06.2023 r.  Beper o03. Baitkan y noanoxkus BCBT 3
B2023_27 30.05—05.06.2023 r.  Beper o03. bBaiikau, miomagka BCBT 27

CrneKTpasbHbIii COCTAB TEMIIEPATYPHOIl TYPOYJIEHTHOCTH IPH PA3JIHYHBIX THIAX CTPATH(DUKAIMH. .. 1009



JUTNTEJBbHOCTD WHTepBaia ocpefaHerus At = 20 MuH,
yto cootBeTcTByeT N = 96000 orcuetam. CnHeKTpbl
BBIYUC/ISIACH TIO TOJBIHTEPBAJIAM [JIMHOII 2 MUH, Tak
YTO WX ycpelHeHUe MPOBOAUIOCH o § = 10 ydacTkam
HCXOJHOrO BpeMeHHoro psga mauHoii N/s = 9600
OTCUETOB.

2.2. Junamuxa cmpamuguxauuu IIC

Knaccuyecknit macmra6 MO paccunTbiBasics U3
PSJIOB MeTeoJaHHbIX Ha ocHoBe cooTHomenus (5). Bee
3HAUEHUsd CTPYNNHUPOBAaHBI B TpHM WHTepBaja: [:
-135<Li<0m, 1II: Ij<-135 w Ij>65wm, IIIL
0<ILi<65wM. Ilo kmaccuduraimu THIOB cTpaTndu-
karmu [2] wmHTepBas I COOTBETCTBYyeT HEYCTOWYHBOIA,
unTepBan 1l — 6e3pasnmunoii, untepBan III — ycroit-
ymBoii crparudukanuu. [IpnMep BpeMeHHOTO X07a Mac-
mraba MO B snm3one b2023_3 mokasan Ha puc. 1, re
BepXHAA 4acTb IpaduKa COOTBETCTBYET IIOJIOKUTENb-
HBIM 3HAYeHUIM L, HUKHIS — OTPHUIIATETbHbIM.

Tabauima 2
Yacrora HaGJI0eHUS TUIIOB cTpaTUdUKALMH, %

ONU30% Heycroitumpas | Bespasmiunas | Y cToitunBas
B9K2017_3 33 17 50
1MOA2020_20 31 62 7
B2020_27 42 37 21
B52023_3 42 20 38
B2023_27 17 67 16
B cpennem 33 41 26

Tax:xe BOJU3W 3eMHON TOBEPXHOCTH OGe3pasmyHast
cTpaTnduKaIms BCTpeYaeTcsl peke YCTOIYMBOI 1 HeyC-
TOWYMBOIA, a ¢ yBeJIMUeHHeM BbICOTHI U3MepeHUil u ycu-
JIeHneM WHTEHCWBHOCTH BETPOBOTO IMEPeMEINBAHUA ee
JTOJISI CYIIEeCTBEHHO TIOBBITIIAETC.

2.3. [Jlunamuxa noxazameas cmeneHu
6 modenu chekmpa memnepamypbul

3a BpeMd HaGJIO/IEHIS CTPYKTYpPHbIe (OYHKIUU
(CD) u cuexrpbl uyKTyanuil TeMueparypbl 3HAUM-
TeJbHO BapbHPOBAINCh. B HMHTepBase NMPOCTPAHCTBEH-

o 41,6% — meycroituusas mpu 1,/L < -0,0074
s 20,0% — Gespasmunas npu —0,0074 < 1/L < 0,0154

5 1000 o/ . *

S 100 = 38,4% — ycroitunBas opu 1/L7 > 0,0154

ﬁ .wl

é 10 P ] )

= 1 i

% T

= 0,1 )

S 0,01 4‘ A

50,001 ia ‘

= 0,0001 {

5 0,0001 A

z 0,001 i\

S 0,01 1

= othadh 4

= 1 i |

=5 i P

S 10 i % ¢

N 100

> 1000 1 1 1 1 1 1 1 1 1 1 1! 1 1 1 1 1 1 1 1 1 1 1 |
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

Bpemsa

Puc. 1. TlpuMep BpeMeHHON ANHAMUKHN CTpaTH(UKAINK MPU3EMHOTO CJI0S Ha OCHOBE MOJYYeHHBIX 3HaueHuil [

B nmamHOM mpuMepe 3a Bce BpeMsl HalJIOJeHUt
6e3pasamyHblil pexkuM crparuduxarmn 1[I BoszHIKAX
peske ocTalbHBIX. HeycTOWYHWBBIT M CTAaGUILHBIN pe-
skumbl [ u II1 3apeructpupoBaHbl B NMPUMEPHO OJMHA-
KOBOM 4liCJle MHTEpPBAJOB OCpeJHEeHUs. XOPpOIIO BbI-
pakeH CYTOYHBIH XOJ] ¢ peXnMoM | B JHEBHbBIE Yachl
n [II B HOUHBIE.

BbLmn takske IpoaHaIU3UPOBAHBI U pyTHe J0CTa-
TOYHO JJIUTEJIbHBIE U306l uaMepenuii (cM. Taba. 1).
CrartucTuka TMOSIBJIEHUSI TUIIOB CTpaTU(UKAIMU TIpei-
cTaBreHa B Tabu. 2. Hecmorps Ha pasHoo6pasme Ba-
pHammif, MOXXHO OTMETHTb HEKOTOpble XapaKTepHble
3aKOHOMepHOCTH. /[loyin ycTOHYMBON U HEYCTOHYNBOI
cTpaTinduKauu B GOJBITHHCTBE CIyYaeB OIU3KU, YTO
00YCJIOBJIEHO BJIMSAHNEM CYTOYHBIX XOJOB TeMIlepaTyp-
HBIX I'DA/INEHTOB.
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HbIX pa3HocoB 0,3—3 M B MoJaBJIAOIEM GOJBITHHCTBE
o6paboTaHHBIX 20-MHHYTHBIX HpOMeXyTKoB CdD xo-
POIIIO OMKCHIBAIOTCS CTeleHHONH Mogenbio (6) ¢ 1moka-
3ateieM 0 <p < 1. B cooTBeTCTBYIOIEM WHTEPBAJe
MIPOCTPAHCTBEHHBIX YaCTOT CIEKTPBI TaKyKe UMEIOT CTe-
nennoit Bux (7), HO 3Ha4YeHUs TOKa3aTesisl paclpejie-
JleHbI 1o GoJjlee TPOTSDKEHHOMY uHTepBaty 0 < p < 2.
OTMeTHM, 4TO ecIW 3HA4YeHUS v IONAJal0T B MIPOMEXKY-
ToK 1,2 < v < 2, To ¢ Xoporieil TOYHOCTHIO BBITIOJHSIET-
¢ cooTHomenue p = v — 1. IIpu yMeHblIeHUH v IOKa-
3atesqib CO mHacblmaercs Ha ypoBHe p~ 0,1 u auHeit-
Hag CBSI3b MeXJy Iokasarenamu cnektpa u CdD
mpomnasjaert.

ITo pesyabraTaM BceX H3MepeHHH HaOJIONAeTCS
nojio6ue moBesleHNs Tokasateseil CAD U CHEeKTPoOB s
PEKIIMOB YCTONYNBOI 1 HEYCTOITYNBOI cTpaTndIKaIIy.
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B atux ciaydagx uMeeT MecTo JHHellHas CBSI3b MeXKIY
L u v u MOryT peanun3oBbiBatbcsi COD ¥ CIEKTpHI,
6/m3KMe K MoJesu pa3BuToil TypOysenTHOCTH KosiMmo-
ropoBa—QO6yxoBa ¢ n = 2/3 (v =5/3). Ecau cpaBHu-
BaThb /IBa pekMMa cTpaTudukanuu ¢ Macurabamun MO,
OTJIMYAIONIAMACS TOJIHKO 3HAKOM, TO OCHOBHBIM OTJIH-
yneM C® u CHEKTPOB AJA 3TUX PEXUMOB SBJFETCS
aMIUTATYIHBIH  KoadduimenT (cTpyKTypHas XapakTe-
PHCTHKA), B TO BpeMsl KaK 3HauyeHHsl TOKazarejell cTe-
MeHn JocTaToyHo 6mm3ku. C yBedamdeHHeM TI0 abco-
JIIOTHOH BesmumHe Macmrtaba MO mokasaTeqnm Kaxk
CD, Tak ¥ creKTpa YMeHbIAIOTCH, MPUYeM TIOCJeHII
MOJKeT BBIXOJUTDH U3 mHTepBana 1,2 < v < 2. IIpumMepnr
COD u CchoekTpoB, [IeMOHCTPUPYIOIIUE 3TH PEKUMBI,
MpPHUBEJIEHBI HA PHC. 2.

Heycroituupas, ~ p’**?

Bespasanunasg, ~ p”

YcroitumBas, ~p
23

~p

-
-
- 0,521

-
< 0,01
=~
o)
0,001 .
0,1 1
P, M
a

1/M

Or/(TY

AHaM3upys BPEMEHHYIO M3MEHYHBOCTb B ITIE€PHO-
JIbI HAGJTIO/IEHHsI, MOSKHO OTMETUTh, YTO [UHAMHKA TI0-
KasaTess v BU3YaJbHO XOPOIIO COTJIACYETCS ¢ M3MeHe-
HUAMH CcTpaTHUKAINN, XapaKTepu3yeMol IapaMer-
pom |Li| B norapudmmueckoM Macmrabe. IIpuMep
(puc. 3) comnocraBieHus BpEMEHHBIX XOJ0B [OKa3aTeJist
CTeleHn creKTpa U aGCOJIIOTHOW BeJUYUHBI MaciiTaba
MO mnoka3biBaer, 4TO B I1eJIOM TIpaduKu KOJIeOII0TCS
B mpotuBodaze — yMeHbllleHe Moy st Maciitaba MO
COOTBETCTBYET yBeJMYeHUI0 ToKasatess v. [TockoJbKy
BJIMSIHIE HAIpaBJIeHHS TYpOYJEHTHOTO IOTOKA Teria
HAa V IPAKTUYECKH He 3aMeTHO, MMeeT CMBICJ PacCMOT-
perh TakyKe BelMunHy L5, pacCUUTHIBAEMYIO C y4eTOM
BCeX KOMIIOHEHT TYPOYJEHTHBIX TOTOKOB TEIIa W UM-
yJIbCa.

— Heycroituupas, ~ k%

-0,817

1,E+00 ¢ —— DBespazanmunas, ~
-a Yeroftumpasg, ~x 7%
I

1,E-01 F

1,E-02 |

1,E-03 F

1,E-04 |

1,E-05 F

1,E-06 ' ' - -

0,01 0,1 1 10 100
x, 1/M

6

Puc. 2. Crpykrypubie ¢yukunu (@) u cuekrpbl (6) baykTyanuii TeMmepaTypbl IpH PasHbIX THIAX CTPATH(DUKAIM; CD u crek-
TPBI PACCYNTAHBI M0 20-MHHYTHBIM HHTEPBATAM yCpeIHEeHIs (I/I3MepeHI/IH*I/IOA2020) B ycJoBusx Heycroiumpoii (I, = -80 M),
Gespasimunoii (I, = -3650 M) u ycroiiunsoit (I, = 18,2 M) crparuduraimn

< Log(I1Li]) — v

5r 11,0
10,5
= 10
~J
= >
o0
3 1-0,5
0 4-1,0
—1 | | 1 1 1 1 1 1 | | 1 | 1 1 1 1 | 1 1 | | 1 —1,5
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00
Bpema

Puc. 3. BpeMeHHas u3MeHYHBOCTD Jorapudma Moy s Macmraba MO u moKkaszartessl cTelneHH crieKTpa (JIyKTyallid TeMiepaTypbl
B anmuzone 52023 3

CrneKTpasbHbIii COCTAB TEMIIEPATYPHOIl TYPOYJIEHTHOCTH IPH PA3JIHYHBIX THIAX CTPATH(DUKAIMH. ..
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3. 3aBucHMOCTD MOKa3aTeJsl CIEKTPa V1,2 = alg(lgl) + b, (10)
TeMIepaTypbl OT cTpaTuduKanuu

ITocKOIbKY TOBeJIeHNe TTOKA3aTeNsT CIEKTPa XOPOIIO rae &, =2/L; — OGespasmeproe wumncio MO (wH-
KoppeJupyeT ¢ JWHAMEKOH MacmTa6a MO B morapiud- nekc 1) u ero aHasmor (MHAEKC 2), YYUTHIBAONUIMA BCe
MUYecKoM MacinTabe, A allpOKCUMAINN BO3MOKHOM KOMIIOHEHTBI TypOyJeHTHbIX HOTOKOB. Ha puc. 4 ama
(QYHKITMOHATBHOW CBSI3U MEKIY STUMU XapaKTepPUCTH- Pa3HBIX 3MU30/0B M3MepPEHUil TpuBeJeHbl BpPeMeHHbIe
KaM¥ MOXKHO ITPe/IJIOKATh MO/IeTbHYIO 3aBUCAMOCTD BI/[a XO/IpI TIOKa3aTeJs vV U MOJeJbHBIX IOKazaTeseil Vi,

1,5— 40*01 +{/2 —_V ——2/3
1,0
o -
&
-0,5+t
—1,0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
a
1,5
1,0
. 0,5
N
z§ 0 B
0,5}
-1,0
12:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

00:00 12:00  00:00

12:00  00:00 12:00  00:00

00:00 12:00  00:00 12:00 12:00  00:00

00:00 00:00  00:00 00:00  00:00  00:00  00:00  00:00  00:00

00:00  00:00 00:00
2

0,5}

-1,0 I
12:00 00:00 12:00
Bpema

d

Puc. 4. BpeMeHHaH U3MEHYUBOCTb MOJEJbHOI0 pala 9112 " IIOKa3aTeJisd CTelleHn CIIeKTpa Cl)JIyKTyaHHﬁ TeMnepaTypr '
a — smsox BOK2017_3; 6 — B2023_3; 6 — MMOA2020_20; 2 — B2020_27; 0 — B2023 27

00:00 12:00  00:00 12:00  00:00 12:00
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¢ koabouimentamu @, b, o6ecrHeUnBAONIME MHUHH-

manpHoe CKO nx pasnoctn o, = <(v—\”/j)2>. Puc. 4

JIEMOHCTPHUPYET XOpOIllee COOTBETCTBUE JMHAMUKA Kak
JUIA M3MepeHuil Ha BbIcOTe 3 M BOJIM3U MOBEPXHOCTH
(puc. 4, a, 6), Tak 1 Ha BBICOTE B HECKOJBKO J€CATKOB
Metpos (puc. 4, 6, 2, 0).

B kayecTBe KOIMYeCTBEHHBIX XapaKTePHCTUK CO-
OTBETCTBUS GBLIM PaccYnTaHbl Ko3(P(UIMEHTH KOppe-

(v - =)

=5 -w07)

MEHHBIX PAJAOB Vv U Vy,. /Jlanuble, IIpuBeJeHHbIE

JLAN Tj =

u CKO o; Bpe-

B Tabja. 3, MeMOHCTPUPYIOT HaJINUUE CTATHCTUYECKH
3HAYNMOM JUHENHONH CBA3M.

Ta6numa 3

KomruecTBeHHBIE XapaKTePUCTHKH COOTBETCTBHS
NoKa3aTesid v H MO/JeJIbHOI amIpOKCHMAIMH V4 2
Ha OCHOBE OLlCHKH cTpaTH(UKAINH

DNU30.1 7 | 7y | o1 | o2}
B9K2017 0,45 0,53 0,18 0,22
MOA2020 0,63 0,79 0,22 0,17
52020 0,41 0,70 0,43 0,34
52023 3 0,65 0,79 0,35 0,28
b2023_27 0,34 0,60 0,51 0,43

OtMeTuM, 4YTO KOI(PPUIMEHTBI KOPPEJSAIUU 75
IUISL PSANIOB V U V) 3aMeTHO GOJIblile, YeM 7y JJI PSIJ0B
Vv 1 V. MOXXHO 3aKJIIOYHTh, YTO B MOJEJbHOI 3aBUCH-
MOCTH TOKaszateJs oT crpatudukarmu (pu JuHeiHo
arnmpokcuManuu 1o gopmyse (10)) npeanoururesbHee
UCMOJIB30BaTh Macitab L, T.e. YYUTHIBATH BCe KOMIIO-
HEHTbI TypOYJIEHTHBIX TIOTOKOB, a HE TOJBKO UX Bep-
THKaJbHble Tpoekunun, kak B Lj. 3Hauenus CKO o,
TpU 3TOM Takke yMeHbIaioTcd. OTMeTHM, 4YTO JOC-
turHytble CKO 6/u3Kku K XapaKTepHbIM 3HAYEHUSIM
OoIIMOKN I OIleHKH IoKasatesd [10], 4yTo TakKe cBH-
JIeTeJIbCTBYeT B TI0JTb3y MPUMEHNMOCTH TpPe/JI0KeHHO
MozesbHOH 3aBucuMocTi (10).

3akjaoueHne

Ha ocHoOBe craTHCTU4eCKOrO aHaIu3a 3KCIepu-
MEHTAJIbHBIX [JaHHBIX IIPOJEeMOHCTPUPOBAHO HaIUYHe
JINHEWHOW CBSI3U MeKIY IMOKa3aTejieM cTelleHu TypOy-
JIEHTHBIX CIIeKTPOB (hJIyKTyaluil TeMrepaTypbl U Jiora-
pudmMom Mony s uncia Mouunna—O6yxoBa. V3 aHasmm-
32 MAacCCHBOB 3KCIepUMEHTAIbHBIX [JaHHBIX, IOJyuYeH-
HBIX B pa3Hoe BpeMs rojia IIpU Pa3jMYHOM Xapakrepe
OKpYy>Kalolllell MECTHOCTH M Ha Pa3HbIX BBICOTAX B IIPU-
3eMHOM CJIOe, BBIABJIEHO, 4YTO CIEKTPbl (M CTPYKTyp-
Hble (YHKIUI) TeMIEePaTypbl IIPU YCTOWYMBON U Heyc-
TOIUnBOI cTpaTuduUKaIUl MOAOOHBI IO MOKA3aTeJio
CTeIleHH, Pas3/IMyasAch JIUIIb aMIUIUTYHBIM K03 QuIm-
eHTOM. MOJKHO 3aKJIOUUTb, YTO HA 3HAUEHUe MOoKa3a-
TeJisI B OCHOBHOM BJIHSIET He HalpaBieHHe TypOyJeHT-
HOTO TIOTOKA TeIlIa, a ero abCoTIOTHAS BeJNYNHA.

IToxazarenmn, Hambosee O6mu3KHe K 3HAYEHHIO,
IIpe/ICKa3bIBaeMOMY MOJIeIbI0 Pa3BUTOH TypOyJIeHTHO-

ctu KosmoropoBa—OO6yxoBa, uallle BCero HalI0/aloT-
cs B YCJOBUSAX YCTONYUBON U HEYCTONYMBOI CTpaTH-
¢ukanun. B ciayuae GespasnnuHoil cTpaTH(UKAUU
MOKa3aTeN YMEHBINAIOTCS, TIPUYEM B Psfie CIy4aeB Ha
BpeMEHHBIX WHTepBAJaX IOPSIAKAa HECKOJIbKHX YacoB
HabJTioTaeTcd pa3anmyHasd AMHAMIKA MToKa3aTteseil crek-
TPOB M CTPYKTYpHBIX yHkIimii. [Ipn cymectBeHHOM
yBelnueHnn Monayss Macmraba MounHa—OGyxXoBa
(6espasimyHag crpaTHdUKaIKsI) TPOUCXOAUT HACHI-
menne mokazareass CD Ha yposHe ~ 0,1 (B oTimune ot
HoKa3ateJsist CIIEKTPa), BCIEJACTBUE Yero B IeJIOM JHHA-
MHIKa IIOoKa3aTesld cIlieKTpa 6oJiee COOTBETCTBYET M-
Hamuke crparudukaimu. Koadduiment koppessdinm
BpEMEHHBIX DSIOB Jorapudma Moaysas vuciaa MoHu-
Ha—OO6yx0oBa U TIOKa3aTeJsl CHEKTPOB TeMIlepaTypbl
JIeKUT B ocHOBHOM B uHtepBane 0,4—0,7. Koppesnsius
3ameTHO Bospactaer (10 3Hauenuit 0,6—0,8) npu yuere
BceX TpeX KOMIIOHEHT TYpOYJEHTHBIX IMOTOKOB TeTLIa
u nummyabca (uncio &;). Tlo-BUAMMOMY, pacyeT Ha Oc-
HOBe IMOJHBIX TYypOYJEHTHBIX MHOTOKOB JaeT JIydlliue
pe3yJIbTAThl IIPU HAPYIIEHUH YCJIOBUI TOPU3OHTAIBHOI
U30TPOTHOCTH MPHU3EMHOTO CJIOH.

B pesysbTaTe mpoBeleHHOTO HCCJIEOBAHUS MOJY-
YeHa 3MIHMPHUYECKas MOJeNb 3aBUCHMOCTH TIOKa3aTeJsei
CHEKTPOB U CTPYKTYPHBIX (YHKIHII OT TMapamerpa yc-
TONYMBOCTU TIPU3eMHOTO cjosd &; WU ero aHajora &,.
Mogiesib IO3BOJISIET HA OCHOBE OIEHOK CTpaTH(hUKAINN
cymuTb 06 W3MEHEHHUSIX IIapaMeTpPOB CHEeKTPAJIbHOI
CTPYKTYPBI MeJKoMacTaGHOH TypOyJIeHTHOCTH.

MdunancupoBanne. Pa6oTa BbITIOJHEHa B paMKax
roc3amanusg NOA CO PAH.
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various stratification types of the surface air layer.

The parameters of the spectral model of small-scale turbulence are the most important characteristics used
to describe the propagation of light and sound in the atmosphere. One of the determining factors affecting the
spectral composition of turbulence is the stratification regime. Based on the processing of time series of fluctua-
tions of meteorological parameters recorded by acoustic weather stations, the effect of stratification of the sur-
face air layer on the deviations of the turbulence spectrum from the Kolmogorov—Obukhov model is investi-
gated. When comparing the time dynamics of the stability characteristic (Monin—Obukhov number) and the
index of the power model of the spectrum of temperature fluctuations, a significant correlation between them is
established. An empirical model of the dependence of the spectrum index on the stability parameter is proposed.
The model makes it possible to estimate changes in the parameters of the spectral structure of small-scale turbu-
lence based on estimates of the magnitude and direction of turbulent heat and momentum fluxes. The depen-
dence reflects the features of generation of temperature turbulence with different stratification in the surface
layer. Information on turbulent spectral parameters obtained on the basis of estimation of stratification can be
further used to solve problems of propagation, of optical and acoustic waves, as well as sounding of the

atmosphere.

Mapakacos [[.A., Adanacses A.JI., Topaees E.B.



