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[To nmaHHBIM JJIHMTE/bHBIX BBICOKOUACTOTHBIX M3MEPEHHH My/JbCallMi TeMIepaTypbl U CKOPOCTH BeTpa
B FOPOJCKOH Cpejie HUCCJ/enyeTCsl CBsI3b M1y Heprueil MeskoMaclTadHOH TypOy/JeHTHOCTH U CKOPOCTBIO
ee quccunaunu. [lokaszano, 4To [Jist LUMPOKOrO ClIEKTPA METEOYCJI0BUE (1py H3MeHeHnH yucsa Puuapacona
u Macmtaba MounHa—OGyxoBa) sHeprust TypOyneHTHbX (aykryauuit ckopoctu Berpa (TKE) nuneiino
CBSI3aHA CO CKOPOCTbIO auccunauuu e. Kospduuuent nponopuroHanbHoctd Mexay TKE u € saBagercs
pa3MepHO# BesJMUKMHOM, He 3aBucsllel oT cTpaThdukauuu armocdepsl, uyucaa Puuapacona uiaun macuirada
Monnna—-O06yxoBa. M3mepeHusi B pasHble Ce30Hbl I'0Ja MOKA3blBAIOT, YTO 3TOT KOI(D(DULIUEHT MOXKET
OBITb CBSI3aH CO CpeNHEH CKOPOCTbIO anHabaTHYeCKUX MNBHKEHHH (CpefHEH CKOPOCTBIO 3ByKa HJIH
TeMIlepaTypoil BO31yXa), YTO I03BOJISET BBLAENUTb Gojlee «yHHBepcalbHYIO» MOCTOossHHY <. [lokaszaHa
TaKxXKe JIMHEHHAas CBsI3b MEX/y Aucrepcued (uykryauuil temneparypbl (XapaKTEPUCTHKOH BHyTpeHHeH
9Heprun TypOY/NEHTHOCTH) M CKOPOCTbIO WX aucchnauuu. HaiineHHast siuHefiHasi CBsi3b MOATBEPXK/IEHA
U3MepeHUsIMU B TOPOLCKOH Cpefle, B JIeCHOH 30He (B 3aropofHOH MeCTHOCTH) M B IPU3EMHOM CJIOe Hal
POBHOH ONMYCTBIHEHHOH TePPHUTOpPHEH.
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CJION aTMOC(EpHI.

YAK: 551.551.2:551.501.796. PACS: 92.60.Fm.

Beenenue

Nsyuenne atmocdepHod TypOyJeHTHOCTH HPOAOJKAET-
Csl y»XKe OKOJIO CTa JIeT, M KOJMYECTBO ONyOIHKOBAHHBIX
B MHDE€ 3KCIIEPUMEHTa/bHbIX PadOT B 3TOM HarpaBJEeHHH
ucuucasercs TeicgdyamMu. MMeercs u psin MoHorpadui,
HOCBSILIEHHBIX OyAyLleMy TeOPUH TYpOYJEHTHOCTH U HeoO-
XOIUMOCTH HOBBIX MoaXoa0B (cm., Hanpumep, [1]). Onnako
UCCJ/IeIOBAHNSI MHOIUX KJIIOUEBBIX BOIPOCOB TypOyJleHT-
HOCTH JaJjleKu oT 3aBeplueHus. Cpeau ryaBHBIX NpobJeM
CJIeyeT OTMETHUTb OTCYTCTBHE SICHBIX IOAXOHOB K OIlH-
CaHHI AHMU30TPOMHOH/HEONHOPONHON W HeCTaLHOHAPHOH
(«MHOrOMacIITAOHON») TYPOYJEHTHOCTH, C KAKOH OOBIUHO
U NPUXOAMUTCS HMMETb [eJI0 B peajsibHOH armocdepe; OT-
CYTCTBHE CUCTEMbl yPABHEHHUH /151 ONUCAHUS MEXaHH3MOB
nepeMelIlBaHUs, T.€. OOMeHa HMIYJbCOM H 3Hepruef
MeX/y TypOyJeHTHbBIMH HEOAHOPOAHOCTSMH PAa3HbIX Mac-
1TaboB; HAKOHELl, OTCYTCTBHE 3aKOHOB COXPAHEHHs U mpa-
BUJI Ilepexofia OT KWHETUYeCKOH Hepruu TypOyJeHTHOCTH
K BHYTpeHHeH (a/is 3TOH XapakTepuCTHKHU B JIMTEPATYpe
10 TypOyJEHTHOCTH HCIIOJIb3YETCsl TEPMUH «Mepa TeMIiepa-
TYPHOH HEONHOPOAHOCTH») U MOTEHHANbHON SHEPTHH TypP-
OyJIeHTHBIX HEOAHOPOJHOCTEH MJOTHOCTH BO3/AyXa B IoOJe
CHJIBL TSI2KECTH.

B o6nactu TeopeTHueCcKUX HCCAENOBAHHU CBSI3U Cpell-
HUX [OJied BeTpa M TeMIepaTypbl C XapaKTepUCTHKa-
MU TYpOY/EHTHOCTH B aTMOC(EPHOM MNOrPAaHUYHOM CJl0€
(AIIC), nmo Hacrosiiero BpeMeHH MPeoOJaJaoT MOMBITKH
IOCTPOEHHUs TEOpPUMU MOAOOHUSI [0 IpPUMepy BecbMa IJIO-
JIOTBOPHOH Teopun mnonobusi MounHa-OOyxoBa n/s ar-
MOC(EepHOro MpHU3eMHOro cJosl. Pe3ynbTaTbl TakKUX Hccie-

JOBaHUH MOXHO HaHTH B KJ/ACCUYECKUX MOHOrpadusax
[2-6], a Takxke B OTHOCHTEJIbHO HemaBHUX padorax [7, 8]
U B OOLIMPHOH LUMTHPOBAHHOH Tam Jsureparype. OnHako
[IpUMEHeHHEe TeOpHUH M0A00Us AJ1s ONUCAHUS TYpPOYJEHTHO-
cri B ATIC 10 cux nop BCTpedyaeTr 3HAUMTEJbHblE TPY-
HOCTH, MOCKOJIbKY /Il apaMeTpPU3aLHK CTaTUCTHYECKHX
CBsI3€Hl 3Ta TEOpUsl UCIIONbL3YeT JIOKaJbHble XapaKTepUCTH-
KU TYpOYJIEHTHOCTH, 4TO C MaTeMaTH4eCKOH TOUKH 3pEeHHUs
O3HauaeT HeoOXOAUMOCTb CYLIECTBEHHOTO pas3/H4Ms Xa-
PaKTepHbIX MPOCTPAHCTBEHHBIX MacliTaboB (HaJIWuHs Ma-
JIBIX napaMeTpoB). Ho B HEOZHOPOOHOM MOTPAaHHYHOM CJIOe
UMeeTcs y2Ke HeCKOJIbKO XapaKTepHBIX MaclUTaboB, COOT-
HOLLEHHe MeXJAy KOTOPBIMH 3aBHCHT OT MeTeopOJorHye-
cko#l cutyauuu. Tak, HanpuMep, rpafiHeHThl TeMIepaTypbl
u ckopoctd BeTpa B AIIC ompenensioT emle ABa Xapak-
TEPHbIX MacluTada MNOrpaHUYHOrO CJ/10s, W 3TH MaclTadbl
JOJIKHBI CONOCTaB/sAThCS ¢ MacmTadom Monuna-O06yxoBa,
OIpeEe/AEMbIM CKOPOCTAMHK AMCCUIALUKU TYpOYJEHTHBIX
HEOHOPOJHOCTEH CKOPOCTU BeTpa U TeMIepaTypbl B [pH-
3eMHOM cJjloe. B cioxxHOH cpese, Hanpumep COPOACKOH,
JOIOJIHUTE/IbHO II0SBJ/ISIIOTCS elle XapaKTepHble MacliTa-
Obl BepTUKa/bHbIX M TOPU30HTAJ/bHbIX HEOAHOPOAHOCTEH
[OJCTU/IAIOLIEH 10BEPXHOCTH, 4acTO Ha3blBaeMble Me30Mac-
IITA0HOH II€POXOBATOCTbIO, @ B KPYIHOM TFOPOAE K HHUM
nobaBJsieTcss M MacliTad FOPH30HTa/bHBIX HEOJHOPOAHO-
cTel rpagueHTa AasneHus. MmeeTcs MHOrO JHTepaTypHBIX
0630poB 10 3TUM BompocaM (cM., Hampumep, [9, 10]).
Wsmepenus mpoduiell TemmoepaTypel U CKOPOCTH BeTpa
u ux Bapuanuil B ATIC, B TOM uHc/Ie B OpPOACKOH cpele,
NpOBOAATCA YyXKe [JUTE/NbHOE BpeMs Ha CTalUOHAPHBIX
BBICOTHBIX METEOPOJIOTHYECKUX M TeNeBU3UOHHBIX MauTax
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[11-16], Ha camoseTax [17], a TakxkKe ¢ MOMOLIbIO IPUBSI3-
HBIX a3pOCTaTOB M HU3KOYPOBHEBbIX PaJHO30HJOB B XOfe
CIellMaNbHbIX 3KCIepUMeHTOB. B mocjenHue necaTHieTHs
AJ1s1 HU3MepeHHs1 TYpOYNeHTHOCTH B MOTPAHHUHOM CJIO€e
TaK>Ke HCIOJ/b3YITCS NPUOOPHl AUCTAHLIMOHHOTO 30HIUPO-
Banusi [18, 19]. OrpomHbiil 06beM AaHHBIX, COOPAHHBIH BO
BCEX ITUX IKCIEepPHMEHTax, UCIOJb3yeTcsl IpU pa3paboTke
U IIpOBEpKe MofeJiel, OMUCHIBAIIUX CTPYKTYpPy U JAHHa-
MHKY TYpOYJIEHTHBIX HoJied BeTpa u Temmepatypsl B ATIC.
[lopoGuble M3MepeHHs B FOPOACKOH cpele BeAyTCs M Ha
®usnueckoM dakynabrere MIY.

AHanna paHHbIX M3MEpeHHH M TPaAMLHMOHHBIX [OA-
X010B K onucaHuio TypOysnentHoctd B AIIC mnokasad,
4TO HCIOJIb30BaHHE TEOPHHM MOJ00HS U IOHUCK YHHUBep-
Ca/JbHBIX 3aKOHOMEPHOCTEH 4acTO NPUBOAUT K HCKJIIOUe-
HHUIO M3 DACCMOTPEHHS] BaXKHbIX OOLIMX XapaKTepHCTHK
TypOYy/NIeHTHOCTH, TaKUX KakK TypOy/leHTHasi KHHeTHuecKas
aHeprusi, TypOy/ieHTHAast BHYTpeHHsisi (TeoBasi) Heprus
U CKOPOCTH HX [AHCCHNALMH, a TaKXKe HMX 3aBUCHMOCTb
OT BBICOTBI M CpefHel CKOPOCTH BeTpa, TaK KaK Ha HHUX
TNPOU3BOAUTCS HOPMHUPOBAaHHE CIIEKTPOB aHA/IH3HPYyeMBIX
XapakTepucTHK. B oTinyve oT mogoOHBIX paboT LeJblo
HACTOSILIEr0 UCC/Ie0BAHHUS SIB/SETCS U3yUeHHe CBA3H MeX-
Ay 3HepreTHYecKHMMH XapaKTePUCTHKAMH H CKODOCTSIMH
reHepalMy U AUCCUNALUH TypOYJEHTHOCTH — OCHOBHBIMU
pasMepHBIM napameTpaMu Teopud nopodus Monuna-006y-
XOBa.

HecmoTps Ha Kaxyulylocs OueBHIHOCTb 3TOH CBS3H,
UMEIOTCSl 3HAUMTesbHble TPYAHOCTH B OIPeNEJIeHHH OC-
HOBHBIX NOHSITHH M H3MEPEHHH COOTBETCTBYIOLIMX Xapak-
tepucTuk. Tak, Hanpumep, U3MepeHUe 3Hepruud TypoOy-
nentHoctn B AIIC cBsizaHO ¢ HEOOXOOUMOCTBIO OIpene-
JIEHUs W pasfesieHHsl TypOyJeHTHOrO M CHHONTHUYECKOro
npoueccos. [Ipy 3ToM cama cHHONTHYECKAs U3MEHYHBOCTh
TaKXe §IBJISETCS CTOXAaCTHYECKHM MpoleccoM (3a rpaHH-
LaMH TUAPOJAMHAMUYECKOrO [POrHO3a [Oroibl). XOpOLIOo
U3BECTHO TAKXKe, YTO [P METEOPOJIOTHUECKHUX U3MEPEHHSX
B AIlC BpemeHHOH XOI XapaKTEPUCTHK TYpOYyJEHTHOCTH
Jaxe B YCJOBUSIX CTallHOHapHOH XopolleH Moroasl AeMOH-
CTpUpYeT 3HAYHUTEJbHYI CTOXaCTHUECKYI0 HU3MEHUHBOCTD,
CBSI3aHHYI0 C Me30MacIUTaOHLIMH BapHaLHUSMH CKOPOCTH
BeTpa W rpaaueHTta Temneparypbl B AIIC (nepemerxae-
MocTb TypOyJeHTHOCTH). B TO e Bpemsi obluedusnue-
CKHe COOOpax<eHHsl IIOACKA3BbIBAIOT, UYTO CTATHCTHUECKAasl
CBA3b MEXAY IHEPreTHYeCKOH M AMCCHNIALMOHHOH Xa-
PaKTepUCTHKaMH JHOJKHa OblTb mnpoctoli. Co cTaTHCTH-
4eCKOH TOUKH 3PEHHSl 3Ta CBf3b SABJAETCS BbIPAKEHHEM
(GIyKTyallHOHHO-IUCCHIALIHOHHBIX OTHOLIEHHUH.

1. IlocranoBka 3agaun. CKopocTh Auccunanyu
U 9HepreTHka TypOyneHTHbIX nporeccoB B AIIC

[naBHblE pe3y/ibTaT TEOPUH JIOKA/JIbHO OLHOPOAHOH
U U30TPONHON TypOY/JEHTHOCTH MpH 00JbIIKX unciaax Pei-
Hosbaca [20-22], MOATBEpXKIEHHBIH B OCPOMHOM YHCJIE
TN0JIeBbIX 3KCIIEPUMEHTOB B aTMoc(epe, COCTOUT B YHHBEp-
CaJbHOM MOBEJIEHHUH CHEKTPOB M CTPYKTYPHBIX (DYyHKIHUH
TypOYy/NIeHTHBIX XapaKTEpUCTHK B HHTepBajle MeXAy Xa-
paKTepHbIM MacluTaboM M3y4yaeMOH CUCTEeMbl U MacliTaboM
auccunauuy. KitoueBBIMM pasMepHBIMHM NapaMeTpaMH Ha
TOM HHTEpBaJjie SIBJASETCS CKOPOCTb AMCCHUNAUUH TypOy-
JICHTHOH KHHETHUYECKOH 3HepPrHH €, W CKOPOCTb BbIpaB-
HHUBAHHSl TeMIIepaTypPHBIX HeogHopoaHocTed N . BaxHbIM

CBOHCTBOM TypOY/NEHTHOCTH B 3TOM HHTepBase sBseTCs
ee MeJJIeHHOe H3MeHEHHe BO BPEMEHH M, KaK CJeACTBHE,
NEPEHOC CpeJHHM BeTPOM. JTO I03BOJSET OIpelensTh
XapaKTepUCTHKH € U N 10 H3MepeHHsM B OJHOH TOYKe
pH J0CTATOYHO CHJbHOM cpepHeMm Berpe. Onnako B AIIC
CKOPOCTb CpEIHEro BeTpa OBICTPO H3MEHSETCSl C BBICO-
TOH M JOCTAaTO4HO OBbICTPO CO BpeMeHeM, [N03TOMY [pH
«OJHOTOUEUHBIX» HAOJ/IIOAEHUSX HHEPLIUOHHBIH HHTEpPBAJI
TypOYy/NI€HTHOCTH HE OYeHb IIMPOK M NPHUMEHHMOCTb HC-
XO[HBIX runorte3 Teopud TypOyseHTHoctd B AIIC uacto
TNPUXOAUTCS N0KAa3blBaTh [0 JAaHHBIM HaOJIONEHHH.

Bropoll mpuHLMNHANbHBIE BOINPOC TEOPUH — 3aBUCH-
MOCTb CKOPOCTH TleHepalMH W [HCCHNAUUKM TypOyJeHT-
HOCTH OT BBICOTBI. Benb ecnum meskomacumTabHble HEOA-
HOPOJHOCTH B COOTBETCTBHM ¢ rumore3oll Kosmoroposa
obpasytoTcst U3 6oJjiee KpynHOMACIITaOHBIX BIJIOTH 10 Mac-
mraba caMoOro NOrPaHUYHOrO CJIOS U CKOPOCTb JAHCCHMA-
uuu TypOy/IeHTHbIX BapualMi ¢ HeOOXOAUMOCTbBIO [0J/I2KHA
PaBHAITbCSI CKOPOCTH HX [EHepalMH NpPH ONHCAaHUM CTalH-
OHapHOrO CJy4aHHOro MOJs, TO 3Ta CKOPOCTb 2eHepayul
He MOXEeT 3aBHCeTb OT BBICOTBI M JOJ2KHA ObITb OOLIeH
UK <«HHTErpajbHOM» [/l BCErO MOTPAaHHUHOrO CJ0s Xa-
PaKTEpPHUCTHKOH TypOYy/NEeHTHOCTH H, NO-BUIUMOMY, JOJKHA
OblTb CBsi3aHa C Heprued TypOy/JeHTHOCTH BO BCEM HOrpa-
HUYHOM cJjoe. Kak M3BeCTHO, K/acCcHuecKas TeOpHsl Typ-
Oy/JIEHTHOCTH CBSI3bIBAET CKOPOCTb JUCCHIALMH € H Typ-
OysienTHyto KuHerndeckyto suepruto b (TKE) ¢ dpynkuned
pacnpeneseHds GIyKTyalHd 1o crnekTpy. B cnekTpasbHOM
NpeaCTaBJeHUH OJHOPOAHOH M HM30TPONHOH TypOyJeHTHO-
cti [6]:

) oo
b= J E(x)dsx, c=2v J 2E (50)d s, (1)

0 0
rie E(»x) — cnekrpasibHasi IJIOTHOCTb 3JHEPrHH OIHO-
pPONHOH M M30TPONHOH TYpOyJEHTHOCTH, & 3 — MOIYJb

BOJIHOBOro uucia. Torga mpenmnosioxkeHue, uto & = &(2),
B paMKaX TEOpPHU MON0OHS PABHOCHJIBHO MPEAINOJIONKEHHIO,
uro E = E(3,2), KOTOpOE HMEET CMBIC] TOJbKO MJisi
PR é HO He NpU ¢ ~ % DTO XKe NpennosokeHne 3aTeM
TpakTyercsi B cMbicie b = [ E(s,2)dsx = b(z). Onnako
crekTp TypOyaeHTHOH wusMeHunBoctd B AIIC He umeer
MUHHMyMa MeXAy HHEPLUHOHHBIM W HEPreTHYeCKHM Mac-
wtaboM, a MAKCUMYM 9HEPreTHYECKOro CIIeKTPa HaXOoUTCS
B caMblx Oosbwiux Macwtadax. IloaTomy utoObl HalTH
E(5,2) npu x~§ agst onpenenendst b, HeOOXOAHMO
UCII0J/Ib30BATh [OMOJHUTE/bHbIE THIIOTE3HI.

Hanpumep, npy BbIBOAe ypaBHEHHH CBSI3H MeXIy CKO-
POCTBIO THUCCHNALWHN U TPagWeHTaMH yCpPeTHeHHBIX I0Jel
MpeAnoJaraeTcss yCpefHeHHe [0 BpeMeHH (CcTaluoHapHasi
TYpOyJEHTHOCTb) W YCpPEeIHEHHEe [0 MPOCTPAHCTBY (Tak
KaK OIYCKAITCS CJlaraeMble THMA [JUBEPreHlHH), T.Ee.
pacCcMaTpPUBAIOTCS HEKOTOPble CPeAHKHE 3HAYEHHSI CKOPOCTH
Juccunauuu, yCpeaHeHHble 0 J0CTaTOYHO 60dbloMy 00b-
eMy u BpeMeHH. Ecsu Xe npennosioKuTb, 4TO B HALLKX
U3MEPEHUsIX Mbl MOXEM (PUKCHPOBAThH JIMILb CPEHHE Xa-
PAKTEPUCTHKH AUCCUNALKMKA M reHepauud TypOYJeHTHOCTH
B [IOTPAHUYHOM CJIO€, TO 3Ta CPEeHsIsA FeHepalrs NOKHA
OBITh CBsSI3aHA CO CpelHel KWHETHYeCKOH dHeprued Typoy-
nentHoctr B AIIC. Jlpyrumu cjoBaMH, eC/id OTKa3aTbCsi
ot npexctaBienust E(»,z) u cuurath, uto E = E(sx) Bo
BCEM IIOTPAHUYHOM CJIOE, TO € U b SABJSAIOTCS «HHTErpasb-
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HBIMHA» HJIH CPEIHHUMH XapaKTepHCTHKAMH TypOyJeHTHO-
ctu B AIIC. (Mbl moka COBEpIIEHHO He pacCMaTpUBaeM
KPYyIHOMACIITa0HYI0 TypOy/JeHTHOCTh — CHHOITHYECKYIO
H3MEHUHBOCTb. )

CBsi3b pacrmpeneneHHH € W b Ha pa3HBIX BBEICOTAX
C/IelyeT M3 €IMHOr0 CIEKTPaJbHOr0 mpeacraBnaenus E ()
U €ro yHHBEPCAJbHOCTH B OOJIACTH BBICOKHX 4acToT (T.e.
B HHEDPIUOHHOM M BsI3KOM HHTepBanax). CooTBeTCTBHE
MEX/Yy CPEIHHUMH W/ «HHTErpajibHBIMH» XapaKTepPUCTH-
kamu u €(2) u b(2), ucnonb3yembiMu Teopued momobus,
MOYKHO BBIPA3UThb, €CJH MPENOJOKUTh YCJIOBHO, UTO ISl
TypOyneHTHbIX ABrxkeHUid B ATIC E (3¢, 2) = (2)E* () 1,
cnenoBarenbHo, €(2) = Y(2)e* u b(z) = (2)b*. 3amerum,
YTO TaKOe MpeACTaBJjieHHe TypOYJeHTHOro cnektpa OyneT
3aBENIOMO HENpPaBHJIbHBIM NPH > < - M NOITOMY OLIHOKA
TAKOU anmnpoKCHMALHK MOXET 3aBUCEThb OT BHICOTHI. Torna,
ec/au arMmocdepHass TypOy/Ne€HTHOCTb ObICTPO ManaeT BHE
norpaHudHoro cjios, [e(z)dz=c*H, a [b(z)dz =b*H,
rie H = [(2) dz — XapaKkTepHCTHKa BBICOTHI MOrPaHHY-
HOro cJj10osi. Tak, Hampumep, €C/id B COOTBETCTBHUH C TEO-

pueii momobus [3] £(z) = u%a—z 10 [e(2)dz = UV,

02
u J—
* , rae LL% — CpenHee 3HaueHHe I1JIOTHOCTH

o0

a g =

noroka umnysbca B AllC, a Vo, — ckopocTb Ha BepxHei
rpanuue ATIC.

OTmMeTHM elle, 4TO B TOPOACKOH cpefe, 0COGEHHO
B METramoJ/Iice, MOHSITHS NOTPAHUUHOTO U MIPU3EMHOTIO CJIOsI
CHJIBHO CMEILIUBAIOTCS, MOCKOJBKY IPAKTHYECKH HeJb3sl
BbIOpaTb AMANA30H BBICOT, KOTOpble ObLIX Obl MHOTO 60JIb-
1€ XapaKTEePHOH BBICOTHl HEOLHOPOLHOCTEH MOBEPXHOCTH
¥ OJHOBPEMEHHO MHOTO MEHbIIe BBICOTHL CJIOSl TEpeMe-
wuBanud. [losToMy A/ rOpoAcKoro MOrpaHUYHOrO CJIOS
JH60 ynoTpeb/dI0T clelHasbHble NapaMeTpU3aluy, sBJs-
oecst Moaudukaluued mMopesell Teopuu nonodus Mouu-
Ha—-O0yxoBa, 10O pa3fe/siloT TOPOACKOH MOrpaHUYHBIN
CJOH Ha HECKOJIbKO 30H C Pa3HOH NapaMeTpH3alued: ro-
POACKHE KaHbOHBI, BOJHOBOH MOACJOH, COOCTBEHHO MOrpa-
HUUYHBIH ciol  [24, 25].

esnbio HacTosilled paboTbl SIBJASETCH U3YUYEHHUE CBA3M
MeXJy «HHTerpasbHbIMH» UM OOLIMMH XapaKTepUCTHKa-
mu ATIC &* u b*. Jdass u3MepeHUH NPOBOAMMBIX HA
(buKCHpOBaHHON BbICOTE £(2,b) Oymer SsIBASTbCS MHAMKA-
TopoM £*(b*), T.e. MBI [PEAINoOJiaraeM, 4TO CBf3b MEXAY
U3MepeHUsIMH € U b Ha (PUKCHPOBAHHOH BEICOTE OyNeT OT-
paxkaTb CBSI3b MEXJY COOTBETCTBYIOIIMMH HUHTErPalbHBIMH
xapakrepuctukamu. Takum 00pasoM, IPOBOAUMBIE H3Me-
peHuss Mbl OyfeM CBf3bIBaTb C 3Heprued TypOyJEeHTHOCTH
BCEro NOrpaHUYHOrO CJI05l, & 3aBUCHUMOCTb TypOYyJEHTHOCTH
OT BBICOTBI COOTHOCHTb C mnoBeneHueM GyHkuun (2).
Huxe n1s npocToThl 3amucu Mbl OyaeM Takxe ONycKaTb
3BE3JI0UKY.

Pasnesienre sHepruu Ha MeskomacuTabuyw (Typoy-
JIEHTHYIO) W KPYMHOMACIITaOHYIO (CHHONTHYECKYIO) MOX-
HO MPOBECTH «IOCTYJaTHBHO» IO JIMHHH, OTAEALIeH
Kpy[nHOMaclTabHble TypOyJieHTHble IBUXKEHHS OT JBHXKe-
HUH HHepuuoHHOro Macluraba, T.e. TaM, [Ae YCJoBUe
OLHOPOAHOCTH M HM30TPOMNHOCTH MepecTaeT BhIIMOJHSAThHCS.
XoTd 3Ta rpaHHLa M YCJIOBHA, HeOoJbIIOE ee CMelle-
HHe He HM3MEHHUT 3Ha4MMO 3SHEeprui0 KpPyNHOMACLITaOHBIX
ABMXKEHHH, TaK KaK OCHOBHAsl €€ 4acThb COCPEJOTOYEeHa
B HEOJHODOAHBIX M HEU30TPONHBIX (OpMax ABHKEHHH.

A TOCKONIbKY 9Heprust — BeJHUYHHA afJUTHBHAs U CyMMa
9HEPruu KPYMHOMACIITAOGHOrO U TYPOYJEHTHOTO [ABHUXKEHHS
JBHKEHHs IOXKHA COXPAHSITbCS HAa MaclITabax WHEPILHOH-
HOT0 MHTepBaja (mJsi KPynmHOMACLITAOHBIX JBHXKEHUH 3TO
ONMH MOMEHT BPEMEHH), TO U IHEPrusi MEJKOMACLITAOHON
TYpOYJEHTHOCTH HA 3TOM MacluTabe «B CpeqHeM» (CTaTH-
CTHYECKH) TOXKE OyIET MOCTOSTHHOHM.

OueBupnHo, uto U3 b — 0Rae — 0, Tak KaK OTCYTCTBHE
TypOy/IEHTHOCTH aBTOMATUYECKH MPUBOLHUT K OTCYTCTBHIO
TypOyneHTHOH auccunanud. [losToMy (QyHKIHOHANBHYIO
saBucuMocTb £(b) B okpectHocTH b=0 (umu b < c?,
rle ¢ — CKOpOCTb 3ByKa) MOXKHO, HAlpHUMeEp, allpOK-
CMMHMpPOBATh 3aBUCHMOCTbIO £ = kb + ..., ecau npex-
CTaBUTb HENPEPHIBHYIO 3aBHCUMOCTb £(b) Kak 3aBUCH-
MOCTb «HHTErPAJIbHEIX» XapaKTEPUCTHK TYpOYJeHTHOCTH
B AIIC. [asi atrmochepHbIX TYypOyJEHTHBIX [BHXKEHHH
ycsioBue Masocty b (mam masnocty uncaa Maxa: b/c? < 1)
BBIIOJIHSIETCS] C BBICOKOH CTENEHbIO TOYHOCTH, HO CKOPOCThb
3ByKa, KakK (pa3oBasi CKOPOCTb afHabaTHUECKUX [BHKEHHH
U BeJWYMHA, OJMH3Kasi K CPelHEH CKOPOCTH BHYTPEHHEro
(MOJIEKY/SIPHOTO) ABHUXKEHHsI, HIPaeT poJb [peAebHOH
CKOPOCTH [BHXKEHHSI «KHUIKUX YACTHIL> U MOXKET BXOIHUTh
B 3aBUCHUMOCTb £(b), a TakxKe CBSI3bIBATb KHHETUYECKYIO
U BHYTPEHHIOW 3Hepruio TypOysenTHocTu. [lpu 1060k
CTENEeHHOH 3aBUCHMOCTH (A) MexXny € u b BO3HHKaeT
pa3MepHBEIE MHOXKHTEJb, KOTOPbIH He MeHsIeTcsl JJIsi Bced
COBOKYMHOCTH CTaTUCTHYECKHX aHcaMmbjed TypOyJeHTHO-
CTH MPH MENJIEHHOM H3MEHEHHU XapaKTePUCTHK TypOy-
JIEHTHOCTH, B TOM YHCJIe [IPU U3MeHeHHuH duciaa Puuapnco-
Ha Ri niu macmrada Moununna—-O6yxosa L. MHaue rosops,
HalpuMep, 3aBUCHMOCTb uHcsaa PuyaprncoHa u macmraba
Monnna-O6yxoBa OT BBICOTHI BXOJHUT B MHOXHTENb 1):
¥(2) =1(2,Ri(2)). OnHOBpEMEHHO Cpe/iHEE 3HAUEHUE YHC-
Ja Puuapacona u macmrada MonnHa-O6yxoBa M HX
npenesnbHble 3HadeHus mpa z = 0 camu OynoyT 3aBHCEThb
OT KHHETHYECKOH W TENJIOBOH 3SHEepPrHu TYpOyJeHTHOCTH
B ATIC (uepe3s cpenHue mpouIH TEMIEPATYPl U CKOPOCTH
BEeTpa).

BBonsi Ge3pasMepHyi0 XapakTepuctuky x = (y/c)s
U TIPeANOJIOKHB K3 COOOpaxKeHHH pasMEepHOCTH UTO
E(») = b(y/c)o(x), tne ¢(x) — GespasmepHasi GyHKLHs
TypOyNEeHTHOCTH Ha MHKpoMaciutabax, mosydaem

b— l 6L o) d(;x) —b l B(x) dx, )
=2 [ (Ze) b Lot d(5) -
Y\ e y
_hw
-2 lx 6(x) dx, 3)
OTKYZa CJIenyeT yCJIOBHE HOPMHUPOBKH o(x):

o0
J ¢(x)dx=1, m cBA3p mocTosiHHOH ~ ¢ (QyHKIHEH
0

pacrnpeseseHUsT MeJKOMACIITa0HbIX (IyKTyallid ¢(x):

=2 j x26(x) dx. (4)
0
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B aToM caydae, Kak BUAUM, MeXAy € U b cyllecTByeT

JIMHeHHas1 CBS3b: 0

P (5)
v

[locrosiHHas v ompenessieT BpeMs XKH3HH MeJKOMac-
WTabHbIX TypOYyJEHTHBIX HEOAHOPOAHOCTEH M MepeMellH-
BaHHWE «KUAKHUX uacTul». Mcrosb3oBaHue HOBOH mnepe-
MEHHOH <y BMECTO V CBS3aHO C TeM, 4YTO KO3(PPHIHEHT
IPONOPLHOHAJBHOCTH MeXJy HHMH 3aBUCHT OT CHEKTpa
TypOyJIeHTHBIX (JyKTyaludl U He 00si3aTesNbHO OJHU30K
K enunuue. [losiBneHne kBajpara CKOPOCTH 3Byka (Wiu
TEPMOJMHAMUYECKOH TeMIeparypbl) CBsI3aHO C TEM, 4TO
3TO €AMHCTBEHHasi KOMOWMHALHs MeXAy € U b U TepMmo-
IUHAaMHYeCKUMH XapaKTepPUCTUKAMH CpPelbl, IPU KOTOPOH
cBsI3b OyzeT nuHedHOH. EcTecTBeHHO, UTO TakoH BapHaHT
He §IBJISIeTCS €JMHCTBEHHO BO3MOXKHBIM. MOXHO, HampH-
Mep, MPEeNooKHUTh, uTo Y2e = 2ub?. DTo BbIpaXeHHe He
COIEPXKHUT CKOPOCTH 3ByKa (Temmeparypsl). Torna Gespas-

MEPHOH XapaKTepUCTHKOH OypeT x = 7—\/’% U, BHIPa3uB H3

cooGpax<eHuil pasmepuoctu E B dopme E () = W bo(x),
noJiyyaem

b— Jm/Eqb(x)d Vo, =b.[q§(x) i, (6)
0 0
o] 2
8=21/J x_\/l; \/Eqﬁ(x)d(@x =
0 Y
p2 T
= w2 i ¥26(x) d. (7)

BrisicHeHHe 3aBUCUMOCTH € OT b W yCTaHOBJIEHHE CTe-
[IeHH MOCTOSIHCTBA 7y C yYeTOM OLIMOOK IKCIIepUMeHTalslb-
HbIX HaOJIIOAEHUH U SBJISIETCS Lesbl0 HAacTosield paboThl.

Hcnonb3oBaHue HOBBIX KOHCTAHT 7Y M C B CONOCTaB-
JIeHHH C TPaJULUOHHOM CIIEKTPa/jbHOH (hOPMYJIHUPOBKOH
rumnote3 00 aBTOMOAEJNbHOCTH OAHOPOAHOH M H30TPOIHOH
TypOy/eHTHOCTH [4], MO-CYIIeCTBY, JHIIb BHAOW3MEHSET
runoredy Kapmana. «YHuBepca/bHbIM» MaclTaboM MAJld-
Hbl CTaHOBHTCSl OTHOWIeHMEe I, a macmTab cmemeHus [
CTAHOBHTCA (PYHKIHEH JIOKaJbHOH KHHETHUYECKOH dHEepPruu
TypOyJeHTHOCTH, T.e. [ =[(b), unu

/= %f (M> . (8)

c2

2. MeTogukKa sKcriepuMeHTa

Jas uamepenudl TypOyJleHTHbIX (JyKTyaUuuid B 1orpa-
HHYHOM CJIoe aTMOcQepbl (B €ro HHXKHeH 4acTH) HCHOJIb-
30Ba/IUCh BBICOKOYACTOTHBIE YJbTPA3BYKOBble H3MepeHHs
(bIyKTyaun# CKOPOCTH BETpPAa M TEMIIEpPaTypbl C MOMOLIbIO
akycrtuueckux anemomerpoB (USA-1, Metek). Mamepenus
NPOBOJU/INCH NPU CYILECTBEHHO Pa3HBIX YCJOBHUSAX CTpa-
THGHUKALUK (IHEM W HOYBIO), LIEPOXOBATOCTH NOACTHIAL0-
el MOBEPXHOCTH (B FOPOACKOH W 3aropOJHO MECTHOCTH)
M B pa3Hble CEe30Hbl rofa (UTO [O3BOJISIET LIMPE Y4YecTb
BJIMSIHAE TEMIEPaTypPHbIX HM3MEHEHHH W YTOYHUTh pOJIb
CKOPOCTH 3BYKa B IPEeNIOaraeMoil SMIHPHUECKOH CBS3H).

[TpuMeHeHHe yJAbTPA3BYKOBBIX NATYMKOB IJIS1 HCCJENO-
BaHHUs BBICOKOYACTOTHOH KOMIIOHEHTHl aTMOC(EpHOH Typ-

OynentHoctH B AIIC 3a mocsenHde NeCSATHUJETHSI CTaso
IIKPOKO PACHPOCTPAHEHHBIM METONOM H3MepeHui [26, 27].
Takue uaMepeHus: NPOBOASTCS HAA POBHOH IOBEPXHOCTBIO,
Han JecHbiMd MmaccuBamu [30], B TOpPOACKHX KaHbOHAX
1 Bbillle «ypoBHsi Kpbill» [25]. [TosTomy meropmka cratu-
CTHYeCKOH 00pabOTKH HNAHHBIX, XOTS U BapbHpyeTcs, OCTa-
eTcsl, N0-CYyLIeCTBYy, TPaaHMUHOHHOH. BepxHuil npenen ua-
CTOTBI JUCKDPETH3ALHUK y TAKUX JATUHUKOB IPHU TPagULHOH-
HOM HCIosab30Banuu cocrasaser 10-50 I'u, uto nossossier
B I0OCTAaTOYHOH CTENEeHH OXBAaTHTb MHEPLUHUOHHBIH HHTEPBaJ
TypOyneHTHocTH. besycsoBHO, TakHe H3MepeHHs HMEOT
U psifi OTPaHHYEHHH 10 TOYHOCTH H3MEepPeHHH, B TOM YHC/e
CMEKTPOB B HHEPUHOHHOM HHTepBase [28, 29|, onqHako 3Tu
OrpaHHYEHUs He SBJAI0TCS NPENsTCTBHEM A/ AOCTATOYHO
TOYHOTO ONHCAHHS XapaKTEePUCTHK TYpOYJNEeHTHOCTH B ca-
MbIX PA3JIMYHBIX yCJoBusix (cum., Hampumep, [30]).

Bo MHOrux ucc/en0BaHHUsX, NOCBSLIEHHBIX TOUCKY YHHU-
BepCa/lbHbIX 3aKOHOMEpHOCTeH B clekTpax (uyKTyauuH
ckopoct u temieparypol B AIIC npu pasHoll tepmuue-
CKOHM yCTOMYMBOCTH M BEPTHKAJbHOM TPAAMEHTE CKOPOCTH
BeTpa, T.€. IpPH pA3HBIX 3HAUEHHsX uncaa Puuapaco-
Ha u Macmraba MonnHa-OOyxoBa, OOBIYHBIM SIBJISIETCS
HOPDMHPOBaHHE CIEKTPOB Ha CKOPOCTb AHCCHIALMH, CKO-
POCTb BeTpa, BbICOTY Hal MOBEPXHOCTbIO (CM., HaNpHMeD,
(30, 31]). Ilpu TakoM momxode, OLHAKO, HEBO3MOXKHO
U3YUYHUTb CBS3b MEX/Y SHEpreTHYecKoH M AHCCHNAaLMOHHOH
xapakTtepucTukamu. [lostomy B HacToswel pabote, B OT-
JIMYHe, CKaXKeM, OT JOCTaTOYHO OJM3KOH [0 MeToAUKe pa-
6otel [30], HOpMHPOBAHHE CIEKTPOB He MPOBOAHUIIOCH, KAK
¥ HOPMHPOBAHHE 4acCTOTHI. JlMamasoH 4acTOT, HA KOTOPOM
B OOJIBIUIMHCTBE METEOPOJOTHUECKHX CHUTYALHUH BbIIOJIHS-
IOTCS1 3aKOHOMEPHOCTH CHEKTPa OLHOPOLHOH M M30TPONHOH
TypOyJIeHTHOCTH, Obljl OrpaHuyeH HeOOJbLIMM Y4acTKOM
cnekrtpa: ~0.1-1 T'u, XoTs1 caMM H3MepeHHs] XapaKTepH-
3ytor nuanazod dactor or ~ 0.02 mo 10 T'u (HekoTopsie
U3MepeHHUsl IPOBOAUINCH U ¢ 4acToToi 50 ['m).

OcHOBHBIE 3JIeMeHThl IPHUMEHsIeMOH MEeTOAUKH BKJ0Ua-
JIM CJELYIOUIHe YHKTHL.

1. ITo kopotkum peanuzauusm (512 Touek ¢ JUCKpe-
tuzauuedi 10 T B OGOJBLIMHCTBE CJydaeB) CTPOUJHCH
CIIEKTPbl BPEMEHHOH H3MEHUYHMBOCTH J[eKapTOBBIX KOMIIO-
HEHT CKOPOCTH BeTpa M TeMoepaTypbl. IlpenBapuTe/bHBIH
aHa/M3 M0Ka3aJj, 4To B CPeHeH 4acTH CIeKTpa B MIHPOKOM
JuanasoHe yCJ/0BUH CTpaTU(UKALKUK U CKOPOCTEH BbIIIOJ-
HsieTcs 3aKOH ~ [ %3 nas «3amopoxKeHHO#» TypOy/eHT-
HocTd. Ha puc. 1 npuBeneHbl HeKOTOpble HpUMepbl TaKOH
3aBUCUMOCTH [J/Is1 CIIEKTPOB PA3HBIX KOMIIOHEHT CKOPOCTH
U TeMIepaTypel, [IPH Pa3HBIX YCJIOBHAX CTPaTH(pHUKALHH.
OTmMeTHM cpasy, uTO MOpeACTaBleHHE [aHHBIX Ha 3TOM
PUCYHKe B HETPaJHLHOHHBIX KOODAHMHATaX CBSI3aHO C HX
nocjenymoleil 06padboTKoH.

2. HuskouacToTHasi 4acTb crekTpa (BoceMb MepBBIX
rapMOHHK) OTOpacbhlBajach, YTOOBl Ha ONpeNesIeHHe £ He
BJIMSIH JUHAMHYECKHe MPOLECCh, CBI3aHHble ¢ U3MEHEeHH-
eM CHHOINTHYECKHX YCJOBHH. JTa NpoLeAypa aHalIOrM4Ha
OOBIYHO MPHUMEHSIEMOMY BBIYMTAHHIO JIMHEHHBIX UJIM HeJH-
HEeHHBbIX TPEHAOB W3 MCXOAHbIX PsigoB [30] u mpowe mo

peayu3anuH.
3. BbiCOKOYACTOTHASI YaCTh CIEKTPOB B 00/1acTH OT f,/4
0o [, rne [, — uvacrora HafikBucra, paBHasi MOJIOBHHE

gacToThl AucKperusauuu (b '), takke oTOpachbiBasach,
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Puc. 1. Tlpumepsl cOeKTpasbHOR MJIOTHOCTH (DJAYKTyalUUi
BEPTHKAJIbHOM KOMIIOHEHTHI CKOPOCTH (BBEPXY), FOPH30H-
TQJbHON KOMIIOHEHTHI W TeMIIepaTypbl (BHH3Y) [0 H3Me-
penusiMm B roponckoii cpene (02.06.2009, Mocksa, MI'Y).
BpeMsi ykasbiBaeT Ha OKOHUAHHE «4acOBOI'O» HHTepBasa
ycpenHenus (64 BeiGopku mo 512 Touek)

4yTOOBl He Y4YHUTBIBATH M3MEHEHHe CIeKTpa, CBsiI3aHHOe
C HCKa)KeHHeM CIIeKTpa BOJM3H YacTOThHl JUCKpeTH3aLHUU
(«aliasing»), u u3MeHeHHE CIEKTpPA H3-3a BJIMSIHHS <«IY-
MOB AMCKPETU3aLUHWHW» W OrPAHHUYEHHOH TOUHOCTH H3Me-
peHuil. Kpome Toro, npenBapUTesNbHBIH aHa/IU3 [0Ka3al,
4YTO B HOYHBIX YCJOBHSIX IPU YCTOHUMBOH cTpaTU(PUKALHUH
CIIeKTp, HampuMmep, TYpOYJeHTHBIX (pIyKTyaluUid TeMmiepa-
TYpbl yX€ HauWHaeT OTKJOHSTbCS OT 3aKoHa «—b5/3».
B cpenteii xe 4acTH CrekTpa 3aKOH «—5/3» nponoJkaer
BBITTOJIHATBCS.

4. Bbliy MpoBeleHbl 3KCIEPUMEHTbl C Pa3JUYHBIM I[a-
paMeTpaMy 00paboTKH CHEeKTPOB: H3MeHsIach [IJUTeJb-
HOCTb peaju3auui, CIEKTPbl HECKOJbKHX CEpPUH H3Me-
pPeHHH YCPEOHSANHCh [/ NOJYYEHHS <«CTaTHCTHYECKOH»
OLEHKH, YCPeNHSJUCb CaMH H3MEpPeHHs 10 HeCKOJbKHM
(10-20) orcueram. Bce aTH MeTomMKH MOKa3and coxpa-
HeHHe CHeKTpaJsbHOIO 3aKOHA B MHEPLHUOHHOM HHTepBalle,
B pe3y/abrare uyero Oblil BblOpaH CaMbli IPOCTOH METOA
OLCHKM HAKJ/IOHA CIIeKTpPa 110 [JOCTAaTOYHOH AJMHHOU pe-
anuzauuu (512 unu Gosee orcuetoB). B To Xke Bpems
KOPOTKasi [JJINTENbHOCTh cepud (MeHbiie | muH anas 512
OTCUYETOB) TapAaHTHUPYET MOCTOSTHCTBO Ha 3TOM HHTEpPBaJje
TUAPONMHAMUYECKOrO T€YEHHs1, UTO HEOOXONUMO /15 Iepe-
pacuyera BpeMEHHOH HW3MEHYHMBOCTH B IPOCTPAHCTBEHHYIO
B COOTBETCTBUHU C runore3oi Teisopa.

5. OneHKa «CpegHero» CHeKTpa JJs pacdera CKOPOCTH
JAUCCUNAUUK OOBIYHO MPOBOAMUTCS OJHHM H3 CHOCOBOB:
JIIOO MO HECKOJBbKHM «MTHOBEHHBIM» CIIEKTPAM CTPOSITCS
CpefHHe OLEHKH M HX J[OBEPUTE/IbHble HHTEPBAJBl AJIs
KaXKJIOTO CIEKTPaJbHOrO OTCYeTa, JIUOO MPOBOAUTCS Criia-
JKMBaHHE CIIEKTpa [0 HECKOJbKHM CIEKTpaJbHBIM OTCUe-
TaM, €CJH CIEKTP HWMEET [OCTATOYHYIO HJIMHY (IpUMep
TaKOH 00pabOTKH CHEKTPA/IbHBIX NAHHBIX MOXXHO BHJIETb
B [30]). B HacTosiiem HCC/I€I0BAHUM NPUMEHEH IMOAXOM,
ABJASAOUKACA MOAU(UKALKEH 3TUX ABYX MeTOJ0B H [03BO-
JISIOUMH TaKxKe MOJYyYUTb CTATUCTHUECKYIO OLLEHKY H3yua-
eMoro napamerpa. Tak Kak Mbl He HCC/IELYyeM BeCb CIEKTp,
a Hchonb3yeM AJ ONpefeNeHHss CKOPOCTH AHCCHIALUH
TOJBKO €r0 Ma/ylo 4acTb, Ipoleaypa CriaxKUBaHHs Oblia
3aMeHeHa Npoueaypol anlpoKCHMalHH CIeKTpa B UHepLH-
oHHOM HHTepBaJje. [lo crnekTpa/jbHBIM OTCYeTaM B AHaMa-
zoHe or 0.15 mo 1.25 [, msig KOTOPOro B MOAABJSIOLIEM
GOJBIIMHCTBE CUHONTUYECKUX YCJIOBUH BBIIOHSETCS THIIO-
te3a Telsiopa (Kpome NPaKTHYECKH LITHJIEBbIX CHTyaLHE),
o6s1acTb MHEpPLHUOHHOrO HMHTEpPBaja amnlpoOKCHMHPOBAIaCh
npsimoit y =(x, tne x=/f"%% (puc. 1). B stom cay-
4ae JIErKo OBLIO ONPENEe/UTb U JAOBEPUTENbHBEIH HHTepBaJ
Ans ¢, 4ToOBl B OCJeyIOleM epecyuTaTb ero B 10BEpH-
TeJIbHBI MHTepBa/ [/ CKOPOCTH AHCCHNALUH.

Xopollo HW3BECTHO, 4TO, HalpHUMep, /s CKaJaspHOro
CJIy4alHOro IoJisl TeMIepatypbl (r ~ C%V2/3, rae C% —
CTPYKTYPHBIH apaMeTp OfHOPOAHOTO U H30TPOIHOIO MOJS
¢baykTyauui temneparypsl, a V. — Moay/b cpefHel cKopo-
ctu Betpa. B cBoto ouepens CZ ~ Ne~!/3. Jlns BekTopHoro
Cly4alHOro MOJIS CKOPOCTH KO3(pdUUUEHT (y COMOCTaB-
J1CsT MO0 CO CIEKTPOM Ka<J0H KOMIIOHEHTHI, JIUOO CO
CIeIOM CIEKTPAJbHOrO TEH30pa, T.e. CyMMOH CHEeKTpPOB
MOIIHOCTH KoMroHeHT. OH nponopuuonanen %3123,

[TpenmymecTBo BeIOpaHHOrO crocofa amnpoKCHMalHU
(IMHEHHOH perpeccry) 3aKJ/04aeTcsl B TOM, UTO BBICOKOYA-
CTOTHAsI 4acTb CIEKTPa, B KOTOPOH LI1yMOBast KOMIIOHEHTA
GoJibllie, IPU TaKOH aNNpoOKCHUMalUK BHOCHT MHUHUMaJIbHbIE
UCKaXKEeHUsl B OIpefie/leHHe ero HakKJ/OHA, a CciydalHble
OTKJIOHEHHs, 00yCJ/IOBJIeHHble KOHEUHOH IJMHOH peanH3a-
UM, He OyAyT CHCTEMATHUECKH BJIHATh HA COOTHOLIEHHE
mexay TKE u e (a takxe mexny o> u N). Iis yuera
BJIMSIHASI IIHMPOKOIMOJIOCHOrO (MHCTPYMEHTA/IbHOrO) LIyMa
K TakKOH ammpoKCHMalHUM C/IeAyeT A00aBHTb MOCTOSTHHYIO.
OnHOBpeMEHHO 3Ty MOCTOSIHHYIO M LIYMOBYI KOMIOHEH-
Ty CHEeKTpa MOXKHO HCIIOJNb30BaTh B KaueCTBe KPHUTEPHs
MHCTPYMEHTAJIbHbIX OMHOOK M3MEPEHHH, 3allyMJIEHHOCTH
JaHHBIX, BJIMSIHUSl BbINAJEHUS OCAalAKOB BO BpeMsl [IJH-
TeJIbHbIX U3MepeHUH W mp. Cjoenyolmui NpocTod KpuTe-
puil Obl1 BBIOPaH KakK OLEHKa NOCTOBEPHOCTH H3MepeHHH
CKOpOCTeH AMCCHNALMH: eClH KO3(P(PHLHEHT KOppeasiluu
A7 TuHeHHOH perpeccun Oblm MeHee 95%, Takod psin
He yuUThIBaJCsl B Ja/lbHeHIIMX pacuyeTax. IIpu Takom
NOAXOE eIHHHUUHblE HHCTPYMEHTAa/bHble BBIOPOCH AaHHBIX
¢unbTpytorcs Pypoe-npeobpazoBaHueM U OTOpaChiBAHUEM
BBICOKOUACTOTHOM 4aCTH CIEKTPA, a CUJIbHBIH MIyM, MOMEXH
U JIpyrHe MpHUYMHBl CHJIBHOIO HCKAaXKEHHSI CIeKTpa —
YKa3aHHBIM KPHUTEPHEM.

Beina Takke onpo6oBaHa MeTOAMKA AaNMpPOKCHMALUH
CIIEKTPOB YPaBHEHHEM, KOTOPO€ YUHTBIBAET €r0 HCKaKeHHe
B o0OJjacTu uyacToThl HalikBrcTa, HO OHA He gaJja 0COOBbIX
NPEeUMYIIEeCTB [0 CPaBHEHHIO C MPOCTBIM OTOpPAChIBAHHEM
4acTH CIEKTpa, OCKOJNbKY B LIMPOKOM AHANa3oHe TepMH-
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4eCKOH CTpaTH(UKALUK TPYAHO Pa3feNUTb BJAUSHHE HCKa-
’KEHHH M3-32 OTPAaHHUYEHHOH TOUHOCTH M3MEpeHHH M u3-3a
U3MeHeHHs1 (OpMbl caMoro cnekrpa. MoxHO JHIIb yTBep-
XKJaTb, YTO HCKaXKeHHe CIIeKTpa TeMIIEePaTyPHBIX (JIYKTY-
auuil 6o/blle HOYbIO M MeHblle B JHEBHbE 4acHl, T.e.
BbI3BAHO, CKOp€e BCero, He CTOJIbKO [OPOACKHM LIYMOM
U [OMeXaMH, CKOJIbKO YMEHbIIeHHeM WHTEHCHUBHOCTH Ca-
MUX (JAYKTyaLUH.

6. [To aTum Xe cepusiMm M3MepeHUH ObIIM PACCUUTAHEL
JAucrepcuu (QJuyKTyauuid CKOPOCTH BeTpa WU TeMIepaTryphl,
T.e. 9HepreTHyeckue XapakTepUCTHKH b H 0%, Onpee-
JIIJIUCh CPeJlHee 3HaueHHe CKOpPOCTH BeTpa V M cpeiHss
Temneparypa T (M3MepsieMasi aKyCTHYecKasi TeMIlepartypa
U ee (PIYKTYalUUH CUHUTANHUCh OJIU3KHMH aBCOJIOTHOH TeM-
nepatype M COOTBETCTBOBAJHM H3MEPEHHI0 CKOPOCTH 3BY-
Ka), HeoOXOAMMble [Jisi Ilepepacyera BPEMEHHOrO CIEKTpa
B [IPOCTPAHCTBEHHBbIH, U OLEHKH CKOPOCTH afrabaTHYeCKuX
KosleOaHHUH, pacCYMTHIBA/IMCh [OTOKM TeIlja M HMIYJ/bCa
<w'w'>=u? u <T'w'> = u,T,, KOTOpbE MOXKHO HC-
no/b30BaTh IJs1 oueHkd Ri u L. Cjenyer, KOHEUHO,
OTMETHUTb, UTO B FOPOACKOH Cpefe yCJOBHs, HEOOXOAHMbIE
IJIs1 TIPUMEHeHUsT TEOPUH Mofo0us (Hampumep, z > h, rie
h — cpenHsisl BHICOTA 34aHHMH), He BBIIONHSETCS, B OTJHYHE
OT 3aKOHa «—5/3».

[Tocko/IbKY 2HepreTHueckHe XapaKTepUCTHKH TaKxXKe
OIpENE/ANNUCh [0 KOPOTKMM CepUsM, B HX pacyeT He
BXOJMJ/a Me3oMmacluTaOHasi U3MEHYUMBOCTb BeTpa WU TeMmIle-
parypbl. Tak Kak uccjeyemble XapakTePUCTUKH OIpee/isi-
I0TCSL 110 KOPOTKHM CEpUsIM B «eCTeCTBEHHbIX» YCJIOBUSIX,
KOTOpbl€ HE MOIYT CYMTAThCsl B JOCTAaTOUHOH CTENEeHH CTa-
uuoHapHbiMK (60Jiee HM3KOUACTOTHASI M JJIMHHOBOJIHOBAS
«Me3oMacluTabHass» TypOYJeHTHOCTb BHOCHUT CJly4daiHble
OWIKMOKH B OIpeleseHHe KaK b, TaK U €) H IOCKOJb-
Ky CHJIbHBle OTKJIOHEHHS, HalpHMep, MOpbIBbl BeTpa HJH
3aTOK TeIJIOTO BO3/yXa OT OKPYXKAlOLIUX 3[aHUH, Takxe
ABJAIOTCSA XapaKTepPHbIM CBOMCTBOM TaKHX M3MEPeHHH, 115
YMEHbLIEHUSI CTAaTUCTUYECKOro pa3dpoca [puU CpaBHEHUU
9HEPreTHUYeCKUX W AUCCUIALMOHHBIX XapPAKTePUCTHUK Obl-
Jla UCIIOJIb30BaHA cJjlefyioliasi MeToarka ocpeiaHenus. Ilo
npuMepHo 4acoBbiM cepusiM (64 cnekrpa no 512 Ttouek)
oTOUpa/IuCh Te U3MEPEHHUS, KOTOpble yI0BJETBOPSIOT KpH-
TepUI0 KauyecTBa M IPH KOTOPHIX CKOPOCTb BeTpa Obljia
Gosiee 1 M/c, 4TOGB! 3aBeOMO BBINOJIHSJICS MEepPeHoC «3a-
MOpOXKEHHBIX» HeofHopoaHocTed. [To 3THM H3MepeHHAM
CTPOWJIUCh BBIOOpPOUHblE (DYHKLUH paclpejie/eHUsl SHepre-
THUYECKOH XapaKTEepPHUCTHKH, a B NaJsbHedlleM H3ydanach
CBSI3b MeJHaHbl pacIpefie/IeHUs] C XapaKTepUCTHKOH (x.
Taxoll noaxon N03BOJISIET HE YUHUTBHIBATb CHJ/IbHbIE OTKJIO-
HeHHsl OTAEJIbHbIX M3MepeHUH. B camux xe crnexkrpax 3Tu
BBIOPOCHL y>Ke OT(HIBTPOBaHBEl NpeobpasoBaHueM Dypbe
U KpuTepueM OTOPAKOBKH CIEKTPOB.

7. Nucnepcun payKTyaluuil CKOpOCTH BeTpa U TemIepa-
TYpbl Jasee CONOCTABJSANUCh C COOTBETCTBYIOLIUMH CKOPO-
cTaMHU auccunanuu. ITo ycpeiHeHHBIM 3a «4ac» U3MepeHHH
crektpaM (64 crnekTpa) M 3SHEPreTHUECKHM XapaKTepH-
CTHKaM (II0 MelMaHaM paclpefesleHHH) CTPOUIHCh Koppe-
JSILHOHHBIE I'paduku [Js Jorapupma kospduureHTa (y
u3yuaeMoi xapaxrtepucTuku u Jjorapupma TKE ¢ yuerom
CKOPOCTU IlepeHoca W TeMIeparypbl Cpeibl, T.e. MeXAy
InCx u In(bTV)?/3.
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3. ComnocraBiieHHe 9HEPTETUYECKUX
U JUCCUMALMOHHBIX XapaKTePUCTUK MyJIbCalyi
CKOpOCTHU BeTpa

[TepBoHayanbHBEIE 3aMblcesl HCCHEI0BaHHS 3akJrodal-
Csl B CONOCTaBJEHUH CIEKTpa (IyKTyalLHH TemIepaTypbl
u TKE. Opnako npenBapUTesNbHBIH aHaAW3 [0Kaszas, 4To
NPSAMOH  KOPPEJSLIMOHHOH CBA3HM MEXAY (IYKTyaluusMH
CKOPOCTH BeTpa W TeMIepaTyphl YCTAHOBUTb HeJ/b3sl, U 10-
BEPHUTEJbHBIH HHTEpBaa (GopMaIbHOH JTHHEHHOH perpeccHy
npeBbliaer pa3ymHbid npenea (10%). Ha puc. 2, a nokasan
XapaKTepHbIH IpUMep conocTabjaeHus cyTouHoro xona TKE
U KoaduuueHta (r AJaS TeMIepaTypHBIX (GayKTyaluH
B TeUeHHe OJHOTO JIeTHEro AHs. DTOT Pe3yJbTaT O3Hauyaer,
4TO (PAYKTyalUUH KMHETHUYECKOH W TelJOBOH HEepruu Typ-
Oy/JI€HTHOCTH €CTb XapaKTePUCTHKH OTHOCHTEJbHO He3aBH-
CHMble M NOTPAaHUYHBIA C/0H aTMoc(epel UMeeT [Be pas-
JIMYHbIE YHEpreTHUYeCKHe XapaKTepUCTHKU TypOyJeHTHO-
CTH, COOTBETCTBEHHO [Ba MacliTaba MHTEHCUBHOCTH Typ-
OyJIeHTHOCTH UM, BO3MOXKHO, [Ba Pa3/M4iHbIX MacluTada Bbl-
COTBI MOTPAHUYHOrO CJIOS. DTO NPEATNOJIOXKEHHE M03BOJS-
eT OOBSACHUTb, 104EMYy WU3MEPEHHUSI BBbICOTbI 1OrPAHUYHOrO

®nyxkryanun temmeparypst ({7) u TKE
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Puc. 2. CpaBHeHHEe BpPEeMEHHOI'0 XOJa HAKJ/OHOB CIIEK-
tpa (x (Kos(duupenTa uHeiiHOH perpeccun K %)
IJIsI BEPTHKAJbHONH KOMIIOHEHTHl CKOPOCTH U TEMIIEPATY Phl
B cpaBHenuu ¢ TKE u nucnepcueiér dpaykryauuii temme-
patypsl o7 . 02.06.2009, Bpemst ocpenHenust 30 MUH
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cJ109 npubopaMu AUCTAHLUHUOHHOTO 30HAWPOBAHUS, HUCIIOJb-
3YIOIIMMH pasHble NPHUHLHIB H3MEPEeHHH, AaloT PacXox-
JleHHe B JeCATKH MNpPOLEHTOB WU jaxe B pasbl. OueBun-
HO, 4TO M 0Oe3pa3MepHbIX MapaMeTpPOB, XapaKTEPHU3YIOLIUX
NOrPaHWYHBIA CJIOH, NOJ/KHO OBITh HECKOJIbKO, & WX MpO-
U3BOJHble, NOAOOHO TOMY, Kak cessaubl L u Ri, Oynyt
J1aBaTh pa3Hble MaclTabbl BLICOTHL. TaK, eCn y4ecTb CBSI3b
MeX/y TeMIepaTypoi U CKOPOCTbio afuabaTHuyeCKUX JBHU-

XKeHuil, To —& =, rme § — noTeHUHaNbHAs TeMIepaTypa,
g

0z
a R, = R/p — rasoBasi MOCTOsIHHAsi BO31yXa, SIBJISETCS
TAaKAM 6e3pa3MepHBIM YHCJIOM, KaK H J1000e POoU3BeeHHe
U QyHKUHUS 6e3pa3MepHBIX UHCEJI.

Bmecre ¢ Tem conocTaBieHue KOI(DOUIHEHTOB (yp IJIS
BEPTHKAJbHONH KOMIIOHEHTbI W [HUCIEPCHH BEPTHKAJbHOU
KOMIIOHEHTbI CKOPOCTH a?,v, (w u TKE (puc. 2,6), u, Ha-
KoHell, (,, (, — A APYTrMX KOMIOHEHT H HMX CYMMBI
YKa3bIBAeT HA UX KOPPEJsLHUOHHYIO CBsi3b. B nanHOM MecTe
HCIIOIb30BAHHE XaPAKTEPUCTUKH (x BMECTO CKOPOCTH JHC-
CHIAIUK TIPU3BAHO JIHIIb [I0KA3aTh 3TY CB3b BO BPeMEHH.
Ha puc. 2,6 takas xe «ofHOBpeMeHHasi» CBsI3b I0Ka3aHa
IJ1s1 CKOPOCTH OHCCHUMALHH TEMIIEPATYPHBIX HEOTHOPOLHO-
creil N (kosdduunent (7 cBs3adH ¢ N) U HHTEHCHBHOCTH
TENJIOBbIX (DIyKTyauud o7.

[IpenBapuTesibHble pacueTbl MOKA3aJd, 4YTO JHHEHHAas
perpeccrsi MeXnay TypOyJeHTHOH KHHETHYeCKOH 3Heprueh
U CKOPOCTBIO ee JAHUCCHUIIANNU JeHCTBUTENbHO HMEET MECTO,
HO 3Ha4yeHHe CpeJHEro HAKJOHA CTENeHHOH 3aBHCHMO-
CTH N0 KODPEeJNsLHOHHBIM rpadHKaM JOrapu(MoB 3aBH-
CHT OT MPOLEAYPbl OCPEAHEHHs: MOCKOJbKY, HAIpUMEp,
Co ~ €¥3V?/3 10 ycpenHeHHe CIEKTPOB IPH H3MEHSIO-
LIEMCSI 3HAYEHHM CPEIHEr0 BeTpa MPUBOAWUT K OMIHOKAM
ONpEe/EJIEHHs] CPEHEro 3HAYEHHs] CKOPOCTH AHUCCHIALHH.
OueBuzHO, uTO GoJie€ KOPPEKTHO COMNOCTABJSITH CPELHEE
3HaueHue, Hampumep, (, W CpenHee KOMOWHALUH Be-
auune (bTV)%3, ecqu mpeanosaraercs, uto e ~ bT,
OCPEIHSIEMOH [0 CepuH «KOPOTKHX» H3MEPEHHEH, KOTOpbIe
COOTBETCTBYIOT H3MEpEHHI0 eIUHHUYHOro crekrpa. To ecTh

conocrassite In (bTV)%3 wu In(,, rme uepra csepxy
O3HAUaeT OCPEJHEHHE [0 «4acoBOM» cepur (HHXKE U HA
pucyHKax uepra omylueHa). Ha puc. 3,a B Jorapudpmuue-
CKHX KOOpAMHAaTax CHadaJja [0Ka3aHO COOTHOIICHHE MeX-
ny In(bTV)?3 u In¢, nns ommoro metero aus. Pacuer
[I0Ka3blBAET, YTO JHHEHHAs perpeccsi B 3TOM CJydae
LeHCTBUTENbHO HMeeT eIMHHYHBIH HakJIOH (Ha rpadukax
HaKJOH 0603HaueH OyKBOH m — 3TO [OKa3aTe/b CTEleH-
HOU cBsi3u). M3MepeHUsl NJIs1 pasHBIX CYTOK, IIPH Pa3HBIX
TeMIlepaTypax B 3arOpoJHOM MECTHOCTH M HaJl pOBHOH
[IOBEPXHOCTBIO (B [0JIEBOM JKCIIEPUMEHTE) MOATBEPKIAAIOT
910T BbIBOA. OJHOBpEMEHHO 3TOT pe3y/bTaT SIBJSETCS
apryMEHTOM B [0JIb3y YHHBEPCAJbHOrO XapakTepa CIeK-
TPaAJbHOTO pacIpeeseHHs] MeJKoMaclTabHoOH TypOyJsleHT-
HOCTH, KOTOpOEe MOXKHO ONpefeNATb U B FOPOACKOH cpele,
a He TOJIbKO Haj PoBHOH moBepxHocTbio. Ha puc. 3,6 mnpu-
BEJEHO COBOKYIIHOE KOPPEJISILLHOHHOE COOTHOLLEHHE YKe
IJisl CIIEKTPA MOLIHOCTH BCEX Tpex KOMmoHeHT ((y), T.e.
CYMMbl HaroHa/bHbIX 3JIEMEHTOB CIEKTPaJbHOr0 TEH30pa
AJist ABYX J[HEH: JIeTHero W 3uWMmHero. Buano, uto yuer
cpenHeH TeMImepaTyphbl cfelaH MPaBHJbHO, TaK Kak obe
COBOKYITHOCTH NpHHAJJ/IeXKaT ONHOH JIMHEHHOH 3aKOHOMep-
HOCTH (€CJM He YYHTBIBAThb 3TOT [ApaMerp, TO MeXIY
IBYMsl MHOXECTBAMH TOueK OblL1 Obl 3aMeTeH CIBHT).

@nyKTyaluu BEPTUKAJIbHON KOMIIOHEHTBI
ckopoctu Betpa u TKE
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Puc. 3. CpaBHeHHe XapaKTEPUCTUKH (x C KHHETHUYECKOH
sHeprued TypOyneHTHoctH (TKE) nsis BepTukajbHOH
KOMIIOHEHTHl CKOPOCTH (&, BBEPXY), CJle/la CIIEKTPANBHOTO
TeH30pa [JIsI JIETHETO U 3UMHero nHs (6) B jorapugpmuye-
CKHX KOOpPIMHATaX U abCOJIOTHBIX 3HAUEeHUH MJIsl Mecsila
HabmioneHuit (8, BHU3Y). AGCosIOTHAsT TeMIeparypa xa-
paKTepusyeT H3MeHEeHHe CKOPOCTH 3BYKa

Ha puc. 3,6 npeiacraBneHbl JaHHblE yxe [/ Mecsala
WU3MEpeHHH B JIMHEHHOM, a He Jiorapu(pMHUeCKOM MacliTa-
6e. DToT rpauK HAMJISAHO MOATBEpPXKAAeT BbLABHHYTYIO
THIOTe3y, 4T0 &€~ b M ONHOBPEMEHHO I10Ka3blBaeT, UTO
9Ta CBA3b HOCUT BEPOSTHOCTHBLIH XapaxTep, T.€. OTAEe/b-
Hble M3MEpPEHHsI MOTYT IOKa3blBaTh 3HAYUMBIE OTJIHUHS
Ha JeCATKMU IIPOLEHTOB, YTO XapaKTepHO MJis HeCcTaluo-
HAapHBIX METEeOpOJIOTMYECKHX YCJOBHH, B TO BpeMs Kak
oblasi 3aKOHOMEPHOCTb, XapaKTepU3ylollash B3auMOCBs3b
TypOy/NeHTHOH KHHETHYeCKOH 3SHeprud M ee JUCCUNALHU
BO BCEM IOIPAaHUYHOM CJIoe aTMOC(EpHl, a BO3MOXKHO,
U B aTMoc(depe B LEeJOM, BHO IPOCJ/eXKHBAETCS.
[TocTpoeHHass KoppesasiLlHOHHAS 3aBUCHMOCTb 0O3BOJIS-
eT OLEHHTb 3HauyeHHe MOCTOsHHOH <. OnHako cjaenyet
cpasy yKasaTb, UTO TOYHOE OlpejeseHHe 3TOH NOCTOSIHHON
CBSI3aHO C TOUHOCTBIO ONpe/e/eHUst «KOHCTaHTbl Kosmoro-
poBa» MexJy HAKJOHOM CIIEKTPa U CKOPOCTbIO JUCCHIA-
[HH, /15 KOTOPOH B HACTOsILIee BpPeMsl MPHHSTA TOYHOCThb
okoj10 10% [4]. IpyrdM HCTOYHHUKOM HEONPEAEL]EHHOCTH
IBJISIeTCS JIOKQ/IbHOCTb U3MEPEHUH 10 BbICOTE, IOCKOJIbKY
IPONOPLHOHANBHOCTb HHTEIPAIbHEIX H JIOKANbHBIX (H3Me-
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PEHHBIX Ha OQHOH BBICOTE) XapaKTEPUCTHK TypOYyJeHTHO-
CTH JHIWb IpeANo/araercs.

Kak wu3BecTHo, cJseJ CIEKTpPaslbHOrO TeH30pa CKO-
pPOCTH JJl OJHOPOAHOH M H30TPOMHOH TypOYyJEeHTHOCTH

®; = ggﬁ Eciu obo3Hauuth uepes A koapduuneHT
B dopmynte E () = Ac?3x=%3 10 Bpemennas crekTpaib-
Hasi myotHocTh W (f) = %A(QW)_5/362/3V2/3f_5/3 [6]. [pu
sHauennn A = 1.35 [4] umeem « = §14(277)_5/3 = 0.038,
a COOTBETCTBYIOIMME KO3D(PHIMEHT Cv = aa%v% Ipu
YCJIOBHH BBINIOJIHEHUS TUIOTE3bl € = —b rae ¢2 ”R T,
=B(bTV)?3, rpe ﬁ —95.1.
3,8), B = oc(%)w3

Coy
R,,. Cuuras BO3AYyX ABYXaTOMHbLIM ra-

¥ KOppPeJsLHOHHON CBsizH (y
10~* (8 en. CH,
)3/261,

’

CM. pHC.

WK Y = (E
30M ¢ MoJsipHOi Maccod 29 - 1073 kr/moub, noJydaem
v~ 2.36-10% M?/c.

4. ConocraBjieHU€e IHEPreTUIYECKUX
U JAMCCUNALMOHHBIX XapaKTepUCTHK MyJbCcalui
TeMnepaTypbl

Crenymoomum maroM OBLJIO HCC/EI0BaHHE CBSI3W HEP-
reTHYeCKMX M AUCCHUINALMOHHBIX XAapaKTEPUCTHK TypOy-
JIEHTHBIX (QJIyKTyauuid temneparypbl. CrekTp QJyKTyauni
TeMnepaTtypbl B HHEPLUHOHHOM HHTEpBajie, KaK H3BecT-
HO, CBSI3aH CO CKOPOCTbIO [MCCHMALMH TeMIepaTypHbIX
TypOy/aeHTHbIX (uayKTyaunih N, N03TOMYy €CJH CIEKTp
(GaykTyauui Temmepatypsl B pa3BHUTOM TypOYJEHTHOM
JBH2KEHUU TOXKE ONKCHIBAETCS HEKOTOPOH YHHBepCasbHON
(yHKUMeH, a ee «HMHTerpajbHbIMH», T.€. OOLIUMH [JI51
BCEro MOrPAHWYHOIO CJIOSI XaPaKTePUCTHKAMU SIBJISIIOTCS
CKOPOCTb FeHepaluu U JMCCHUNALHK TeMIepaTypHbIX HeOJ-
HOPOJHOCTeH W KBaapaT (JyKTyauuld TemnepaTypbl a%
KaK JHEepreTHyeckasi XapakTepUCTHKa, TO MeXAy HAMH TaK
2Ke J10/12KHa ObiTh 00111asi CBSI3b, He 3aBucsias oT dyucja Ri
u macuwraba L.

Brosine o4eBMIHO, UTO «3aMOpOXEHHas» TypOyJleHT-
HOCTb BKJIIOYAET TakKxe M (JIyKTyauud ISHTPONHUU WU
[OTeHLHA/NbHON TeMIepaTypbl, T. €. COXpaHsIoLeHcs HeKo-
TOpOe BpeMsi B Kak/0M 4acTHLE Cpelbl XapaKTepUCTHKH.
[Ipn aToM mynbcauuu AaBJeHUs, TEMIEpPaTypbl M MJOTHO-
CTH MOXHO pa3fe/nuTb Ha aguadaTudeckue — ObICTphIE
KOoJ1e0aHNs W MeJJIeHHble — [POCTPAHCTBEHHbIE, B CH-
Jly 3aKOHa COXPaHEHMsl IHTPOIUMU [EPEHOCHMble BETPOM.
Ecau BmMecTo mnoTeHuMasbHOH TemmnepaTypbl BBECTH Ta-
KYyl0 XapakTepUCTHKY, KaK MOTeHIHa/ibHAsl MJOTHOCTb —
NJIOTHOCTb KWAKOH 4YacTHLbl, anuabaTU4eCKu NpPUBENEH-
HyI0 K «penepHoi» Ttemneparypoil Ty, omnpenedsitomiei
CKOpPOCTb anuMabaTUueCKUX ABHXEHWH, TO Takasi MOTeHLU-
aJibHasi MJIOTHOCTb OyJNeT OMUCBIBATH MJIOTHOCTb BEPOSITHO-
CTH OOHApyXHThb YaCTHLY €AWHWYHOH MacChl B 3aJaHHON
To4Ke. DTO yHOOHO B Cllydae PACCMOTPEHHs TypOy/leHTHBIX
IIPOLLECCOB [/IaHeTapHbIX MaclITa00B, 0XBATbIBAIOLLKMX BCIO
atMoc(epy, HanpuMmep, NPU ONUCAHHUHK CJAy4alHOH CHHOI-
THUECKOH H3MeH4YUBOCTH. OTMeTHM elle, YTO B MEPBBIX
paborax A.M. OGyxoBa mo TypOYJE€HTHOCTH MOJ TEM-
nepaTypoil OObIYHO [OHHMaeTCss MUMEHHO MOTeHIHUaJsbHas
TeMmIeparypa, T.e. (pYHKLHUS IHTPONHUH, a KBaapar (Jayk-
Tyauud TemmepaTypsl 02T A.M. OG6yxoB B cBoell Kijac-
cudeckoil paborte [22] Ha3blBaeT «CBOOOAHOH IHEPrHei».
B norpaHuuHOM cJjloe, IOCKOMBKY AaBJeHHe Y I0OBEPXHOCTH

3emsau MeHsieTcsi cabo, B [1€pBOM NPUONHKEHUH OyneM
CUMTaTh, 4TO (JIYKTyallUH I[OTEHLHAJbHOH TeMIepary-
pBl IPOMOPUUOHANBHBl (PIYKTYyaLHAM TePMOAHUHAMHYECKOH
TeMIepaTypbl (BO3MOXCHO, 3TO He COBCEM BEpPHO, HO Mbl
NOKa He HMeJH BO3MOXKHOCTH OJHOBPEMEHHO M3MepSTh
(GayKTyauud v JaBJIEHHS, U TEMIIEPATYPbI).

B orauuue OT CTPYKTYpPHBIX KOY(PPULHUEHTOB A/
KOMIIOHEHT BEKTOpa CKOPOCTH, KOTOpBIE MPOMNOPLHOHA/b-
Hbl €%/3, cTpykTypHBIH KO3(DGDHUIMEHT C% NPONOPUHOHA-
JeH N. drto pasjuyue M0OKA3aHO HA puc. 4,a, HA KOTOPOM
NepBOHa4Ya/MbHO MaclTa® CONOCTABJEHHS JIOrapudMOB Xa-
PaKTEePHUCTHK OBl BRIOpaH TaKUM e, KaK W JJI KOMIOHEHT
CKOPOCTH BeTpa, T.€. HUCXOAS M3 MPEANOJOXKEHHs, UTO
Koa¢unuent (r ~ N23V?3 (cp. ¢ puc. 3,a), HOCKOMBKY
HCIIOb30BaHKHE TElepb CKOPOCTH 3ByKa M R, MO3BOJAET

2/3
chenarh Takoe Npeanooxenue, ecan (r ~ (NV£)7°.
:
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-7

“sL 090602 e ' e e
—9} ° o o -
—10F e o __.g*T ¢ .

S 11 o ® o .

2k e ®® ® & y=yo+mx,

ST et Yo= 27+ 1.8 (7%),
b o m=15+017 (11%). |
_15 | 1 1

9 10 11 12 13
In (67 TV) >
Mocksa. 02/06/09 — 22/06/09
_2 T T T T T
4 09/06 ® PEE

e W _

ol o0

£ -8 ®y=yp+
Y8 y0_7539¢003 (06%)_

m=0.997 +0.018 (2%).
~12 | | | | ]
~4 -3 -2 -1 0 1 2
In (G]Z" T1/3 V2/3)
Xapabammn-2009. 2m. 50 I'a
_2 T T T T
09/08/09 ®
4l . *,.90.8'
56 s "
—or el ¢ 7]
= gl IR ol Y =1yo+mx,
o — —4.93pm0.05 (1%), |
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In (G]2~ T1/3 V2/3)

Puc. 4. ConocraBjieHre XapaKTEPUCTUKHK TEMIEPATYPHBIX
cnekTpoB (r ¢ pnucrnepcued ¢GJayKTyauuid Temmepary-
pHl 0% B JorapupMuueckoM MacimTabe. @ — I[Iposep-
Ka MepBOHAYaJbHON THIOTE3Bl 10 U3MEPEHHSIM B Teue-
HHUE ONHOrO JHSl. BbIABIEHO 3HAUUTENbHOE OTKJOHEHHE
OT JIMHEHHOU 3aBUCUMOCTH, XAPAKTEPHOU [Jis HAKJOHOB
crekTpoB ckopoctedd (m =1.5). 6 — IlpoBepka rumo-
Te3pl N = %(i—])wa?r 0 U3MepeHusiM (7 ~ 1/JV?/S
6 — ConocraBJ/ieHUe C U3MEPEHUSIMU B YCJOBUSAX POBHOH
MyCTHIHHON MecTHOCTH (3KCcmenuuusi «Xapabanu-2009»).
BunHo coBmazeHue 3TOH 3aBUCHUMOCTH C H3MEPEHHSIMH
B TOPOACKOH cpene
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[Tpn aToM okasasoch, 4TO KO3(P(MHULUUEHT HAKIOHA perpec-
CUOHHOH NpAMOH MexXAy Jsorapupmom (r U Jorapupmom
KBajpaTa (QJyKTyalUid TeMIepaTypbl (BMecTe ¢ 3aBHCH-
MOCTBIO OT CpelHed CKOpPOCTH BeTpa H TeMIEepaTyphl)
CBSI3aHBl MHOH 3aBUCHMOCTbIO, TaK KaK I[0KasaTesb CTe-
MEHHOrO HAaK/JOHa m paBeH «3/2» (Ha PHUCYHKe [OKAa3aH
U [OBEPUTEJbHBIE HHTEpBaJd Mg m). DTOT pe3yJbrar
oTpaxaet runoresy, uto (r ~ N ~ g%, uTO COOTBETCTBYET
KaK KJjaccuuecko# rumorese O6yxoBa 0 MHKPOCTPYKType
TypOyJIeHTHOIO [0J/1s1 TeMIepaTypbl, TaKk U BbICKA3aHHOMY
NPEANOJOKEHUIO O JHUHEeHHOH cBsidu Mexay N a%,
SIBJISIIOILENCST MEpOH «TerJioBOM» 3HEpPruu TypOy/neHTHOCTH
(dacto ynorpebiisieTcsi TakkKe TEPMHH «MeEpPa TeMIEpaTyp-
HOM HeoxHopopHocTH», a A.M. O6yxos B pabore [22]
Ha3bIBaJI €€ «CBOOOAHOU dHEprueit»).

C npyro#f CTOpOHBI, MOSIBJI€HHE MapaMeTpa <y Cpasy
YBEJHUHMBAET YHCJIO BO3MOXHBIX 3SMIIHPUYECKHX CBfA3ei

mexay N, 0% u e. OOWHUM BbIpaXKeHUeM, HaIpUMEp,

o o 2
JHHEHHOH CBA3M sABJAETCA BhIpaxkenue N = %a%f(i—}),

wi N = %o%fl(%), rne [ wad [i — QyHKUEH Ges-
pPa3MepHOro apryMeHTta, KOTOpble MOTYT ObiTh HaHJIeHb
N0 3KCIepUMeHTaNbHbIM AaHHbM. Tak, npu [(x) = x'/3
XapaKTepUCTHKA (7 He COMEPXKUT 3aBUCHMOCTH OT €, 4TO
B HauOOJIblIEH CTENeHH COOTBETCTBYET JAHHBIM HAILIUX H3-
Mepenuii. B atom ciyuae (7 ~ O'%VQB(%)QB. Ha puc. 4,6
NOCTPOEHHOM MO JaHHbIM 3a 20 1gHeH HelpepblBHBIX Ha-
6monennét B uione 2009 r., momyueHHBIM B MOCKOBCKOM
meranosiuce (Ha Bbicotre 50 M Haj ypOBHEM 3eMJH WK
okosio 20 M Han Kpblled 3naHus Pru3ndeckoro (akynpTera
MTY), Bunso, uto mexnay (r u nucnepcueit Gpaykryauui
TeMIIepaTypbl a% NeACTBUTE/NBbHO MMEETCS JIMHEHHAs KOp-
peJIsiIHOHHAS 3aBUCHMOCTb.

J1s1 Toro 4ToObl POBEPUTb HAHAEHHbIE 3aKOHOMEPHO-
CTM TaKXe W B YCJIOBHfX, OTJIMYHBIX OT YCJIOBHH CTa-
LLMOHAPHO NPOBOAMBIIMXCS HaO/IOAeHUH, OblJIO NIPOBENEHO
UX CpaBHEHHe C [aHHBIMU H3MepeHHH, CAeJaHHBIX TeM
Ke NpHOOpOM, HO B 3IKCIEAULHOHHBIX YCJIOBUSIX B IIpH-
3eMHOM cJioe (BBICOTA 2 M) HajJ POBHOH MOBEPXHOCTHIO.
HM3mepenust npoBonuinck B AcTpaxaHcKoil obnacth (B 9Ke-
nepuunn «Xapabanu-2009») B setHee Bpemsi. Yacrora
IOUCKpPEeTH3alnN H3MepeHHH Obla yBenndeHa no H0 I
U3-3a2 OJHM30CTH MOACTHJANOIEH MOBEPXHOCTH K OOJiblle-
ro rpagueHTa CKOPOCTH BeTpa. IDTH H3MEpeHHs TaKxe
NOATBEPAMIIH BPEMEHHYIO KOPPEJSLHI0 MEXAY HAaKJIOHAMHU
CIEeKTPOB KOMIIOHEHT ckopocTtd Berpa u TKE, a Ttax-
Ke MeXAy Ko3(P(PHUIHEeHTOM Hak/oHA (7 TeMIepaTypHBIX
(GayKTyauri M UX HHTEHCHMBHOCTbIO. Ha puc. 4,6 MOxHO
BUJETb, 4YTO (7 IPONOPLHOHAJbHA KAaK CKOPOCTH JHC-
CHMALUK TEMJIOBBIX (DNYKTyalUHH, TaK U HHTEHCHBHOCTH
stux (aykryaunit (0%). A pasvMepHblil MHOXKHTEb MEX-
Ay 3THMM XapaKTepUCTHKAMH, ONpeleseHHbH B YCIOBHSIX
FOPOJACKOH Cpefbl C KPYMNHBIMH [MPENsTCTBUAMHU, OJH30K
K €ro 3HauUeHHWI0 B MNPHU3EMHBIX H3MEepPeHHsX HaJ POBHOH
TIOBEPXHOCTBIO.

XoTd UHMC/EHHOe 3HadeHHe IapaMeTpa <y He MOXKeT
OBITb PACCUMTAHO MO 3THM rpaUKaM HENOCPeACTBEHHO,
TaK KakK BKJIIOYaeT HEH3BECTHYIO 6e3pasMepHYI0 (PYHKLHIO,
OflHAKO [0 HHM MOXHO OLEHHTb, B KaKOH Mepe 3TO
3HAUeHHe fBJSETCS OAMHAKOBBIM [J1 PA3/IHUHBIX BHELIHHX
YCJIOBHH, T. €. IJI Pa3HBIX CPEAHUX TE€YeHHH, cTpaTH(pHUKa-
Ui, TemrnepaTyp H Ip.

3akJaroueHue

Takum o00pa3om, Ha 3KCIEpPHMEHTA/JbHOM MaTepuase
[10Ka3aHO, YTO B LUIMPOKOM [Hala3oHe MeTeopoJIOrMYeCcKuX
yCIOBUH MexAy TypOy/neHTHOH KHHETH4eCKOH 3Heprue
U CKODOCTbIO €€ JAuccullauuy HabsiogaeTcs JuHeHHas
KOppeJIsiLMOHHast CBsi3b. AHajoruyHasi JiMHeHHasi CBsi3b
obHapyKeHa MexX/y WHTEHCUBHOCTbIO TEIJIOBbIX (JYyKTY-
auMid o7 M CKOPOCTBIO MX auccunauuu N .

Halinennble 3smnupuuyeckue 3aBUCUMOCTH [03BOJISIOT
OLeHUBATb OJAHOBPEMEHHO KaK HepreTHueckue, TaK U AUC-
CUIIALIMOHHbIE XaPAKTEPUCTUKU TypOYJIEHTHOCTH HE TOJIbKO
HajJ POBHOH I10BepXHOCTbIO, HO WU B TOPOACKOH cpeje.
YHuBepca/lbHOCTb CBA3U Mex/y Heprueil TypOy/eHTHOCTH
U CKODOCTbIO €e JMUCCHUIALHUK [OATBepKAaeT yHUBepCailb-
Hbl XapakTep CHIeKTPOB TypOy/Je€HTHOCTH B MHEPLHOHHOM
U B3KOM HMHTEpBaJ/laX BHE 3aBUCUMOCTH OT THIA W LIepo-
X0BaTOCTU MOACTUJALeld nosepxHocTu. M3amepenue cko-
pPOCTH AMCCUIALMM 110 HAKJOHY CHEeKTpa B HHEPLHOH-
HOM HHTepBaJsie He TpedyeT (puibTpaludu HU3KOYACTOTHOH
4acTH W HE 3aBUCHUT OT (PUJ/bTPALUHM BbICOKOYACTOTHOH
yacTu crnexkrpa TypOyJeHTHbX (aykryauui. Mamepenue
CKOPOCTH [MCCHIIALMH B CTALMOHAPHBIX YCJAOBUSIX (IpH
PaBEHCTBE [AMCCUNALMH W IeHEepaLrH) [03BOJSET CYAUTb
4 00 00Leld MHTeHCHBHOCTH TypOyJIeHTHOrO [epeMeLlnBa-
HUSl BO BCEeM IIOrPaHUYHOM CJI0€ aTMOoC(epbl, UTO Bax-
HO, HalpuMmep, JIJ/s 3alady KOHTPOJIS paclpOCTpaHeHUs
3arpsi3HAIOWIUX [pUMecedl WM /sl 3alad pax<1aHCKOH
aBuHauuu, ocoOeHHO ee MaJjblx (opm. KoHeuHO, BaxkHO
U U3yyeHHUe 3aBUCUMOCTH CKOPOCTH JUCCHIALUU U SHEPruU
MeJsIKOMaclITaOHOH TypOy/eHTHOCTH OT BBICOThlI, KOTOpOE
CBSI3aHO C paclpeje/ieHHeM [0TOKa HMIy/bCca W Tea,
cpenHeil ckopoctu Betpa W temneparypst B AIIC.

H3noxeHHbI B paboTe MpakTHYeCKUE MeTox pacuye-
Ta 9HEPreTUYeCKMX M AUCCUIALMOHHBIX XapaKTePUCTHK
TypOyJIeHTHOCTH aTMoc(epbl JAaxke B YCJ0BUAX, Koria
KPUTEPUH I[PUMEHHMOCTU TEOPUM MOAOOHS B IPU3EMHOM
C/l0€ He BbIMOJIHSIOTCS (BBICOKME 31aHMsi, U3MEPEHHsI Ha
HeOO0JIbILON BBICOTE HAJ «YPOBHEM KPbILI»), MOXET ObiTh
[IpUMEHEeH U B PyTUHHbIX METEOPOJIOrMYeCKUX HabJIoAeHHU-
X,

ABTop  Bblpa)kaeT = MCKPEHHIOK  [PU3HATENBHOCTb
M.A. KajnjuctpaToBoil 3a MOQAEPKKY H  [IOJIE3HBIE
sameuanust 1 P. J[. KysneLoBy 3a MHOroJjieTHee COTPYAHH-
4eCTBO M IJIOAOTBOPHBIE AUCKYCCHH, a TaKxKe O/arofapur
[.A. KypbaroBa 3a MOCTOSIHHYIO [OMOLLb B NPOBEAEHHH
9KCIIePHMEHTOB.

Pabora BbinosiHeHa npu
PDOPU (rpant 08-05-00984).
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Energy and dissipation rate of atmospheric turbulence in the boundary layer
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Experimental comparison of turbulence dissipation rate in the inertial subrange with turbulence kinetic energy is
carried out. In wide range of stratification, roughness (in urban and rural measurements), temperature and wind
conditions their proportionality is shown. Temperature fluctuations dissipation rate and temperature variance is
compared as well.
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