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AHHOMauyusi — Pa3p360TaHbl ABYX4YaCTOTHblIEe caszoBble
MeTOAbl ANCTaHUNOHHOIO U3MEPEHNS BNaXXHOCTM aTMOCHepHO-
ro Bo3gyxa, KOTOpble MOryT CTaTb anbTepHaTUBHbIMWU ONA aM-
NAUTYOHbIX METOO0B. Hebonblune pas3nn4yna B CKOPOCTAX 3BYKa
npu cyuwecTtsoBaHMM OMUCNEPCUN MOXHO 3adpmkenpoBaTb nytem
n3MepeHusi pasHoctu as Mexay 4YactotamMmu OonnepoBCKUX
COBUIOB YacCcTOT NpUHMMaEMbIX CUTHAIOB.

|. BBepeHue

M3yyeHne BO3MOXHOCTM AMCTAHLMOHHOIO U3Mepe-
HWUS BRaXHOCTU atmoccepHoro Bo3gyxa Ha Oase uc-
Nosfib30BaHUS aKyCTUYECKUX BOJSIH K HacTosiemy Bpe-
MEHWN HaxXoOWUTCsl Ha CTaaun TEOPETUYECKUX U, B MEHb-
LWEen CTEeMeHn, ISKCMEePUMEHTAarbHbIX, WCCregoBaHUN.
[aHHasa paboTa nocesleHa aHann3y ¢pa3oBblX METOO0B
OUCTaHUMOHHOrO M3MepeHusi BNaXKHOCTWM BO3dyxa, WC-
NOmnb3YHLMX aKyCTUYECKYH penakcauuio BO BaXHOM
aTMocdepHOM BO3ayXe.

Il. AByx4yacToTHbIe (pa3oBble MeTOAbI
n3mMepeHusa

B ocHoBy hba3oBoro metoga naMepeHus BNaKHOCTU
BO34yXa [ABYXYaCTOTHbIM PagnoakyCTU4ECKUM 30HAUPO-
BaHneM (PA3) nonoxeHa CBsi3b 4acTOTbl pernakcauuu
Ans aTMOcdEPHOro Bo3gyxa C €ro BRaXHOCTbIO U CKO-
pPOCTU pacnpoCTpaHeHUsi 3Byka NPOW3BOSbHOW YacToThbl
B aTMocdepe C penakcaumoHHbIMU NpoLeccamun B HEW.
MakcumarnbHas pasHOCTb CKOPOCTEN 3Byka [ABYX pas-
TNINYHBIX, AOCTAaTOYHO Pa3HECEHHbIX MO AManasoHy, yac-

1ot coctaensieT nnwbs AC = 0,12 m/c [1], a pasHoCTb B
YacTtoTax [OMNSIEPOBCKOr0 CABUra OTPaXKEHHbIX pagumo-
CUrHanoB npu asyxyactotHoMm PA3 nexuT B npegenax
1-2Tu. Ecnn Becb AManasoH M3MEHEHUA BRaXXHOCTU
BO3Ayxa ( Hanpumep, ANS YMEPEHHbIX LWMPOT) NEXWT B
npegenax 30-90% OTHOCMTENbHOW BMAXHOCTWU, TO MpU
paspeLiarollel CnocobHOCTU U3MEPEHUSI BMAXHOCTU
okorno 6% ( 4ons WTaTHbIX MeTeoaaTyMKoB LUMPOKOro
NPUMEHEHNS — TMIPOMETPOB - 3TO 3HAYeHVe cocTaBnseT
5-7% OTHOCUTENBLHON BNAXXHOCTW) Heobxoanmo obecne-
unTb 10 OTCYETOB BMAXHOCTU, T.e. pa3peLuatoLas crno-
COBHOCTb U3MepeHNs 4acToTbl AOIKHa OblTb NPUMEPHO
pasHow 0,1- 0,2 INu.

Takue pasnuunsi B CKOPOCTSIX 3BYKa NpuW CyLLECTBO-
BaHWM AMCNEPCUMU MOXHO 3aduKCMpoBaTb MyTEM U3Me-
peHus caogura a3 Mexay 4actoTamu [OnfepoBCKOro
CABWra 4acToT NpuvHUMaeMblx paguocurHanoB. OueHka
BMUSAHWSA TYpOYyNeHTHOCTU aTMocdepbl Ha U3MepSeEMBbIN

casur das A@ u BHocUMyl TypGyneHTHOCTbIO mMo-

FPEWHOCTb N3MepeHna napumnanbHOro gaBlieHnda BOAA-
HOro napa € npoBedeHa Ha OCHOBE aHann3a 3aBUCU-

moctn < e>/e,, rae e,- AaBreHne napumuarnsbHoro
napa B HeTypOyneHTHOW aTmocdepe, a
e = Pexp{0,3851In[4]—- 7,947},

LAl -a)g-r)
C’Agp

2010 20th Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2010). 13-17 September, Sevastopol, Crimea, Ukraine
© 2010: CriMiCo’2010 Organizing Committee; CrSTC. ISBN: 978-966-335-329-6. IEEE Catalog Number: CFP10788

roe P - nonHoe faeneHve Bosgyxa; [ - vactoTa, Ha
KOTOpOW M3MepsieTcsa CABWUr ¢as; 7 - BbICOTa 30HANPO-
BaHUs; Co n C_ - ckopoCTW 3Byka Ha O4YeHb MaribiX

O4YeHb BbICOKMX HYaCTOTax COOTBETCTBEHHO, C - cpeaHAaqa

CKOPOCTb 3ByKa B cnoe; f, u f, - 3oHavpytoLume 3ByKo-

Bbl€ YacCTOTbl, OT YacTOTbl U BbICOTbI 30HANPOBaHUS NpK
Manbix onyKTyaumusx capura a3 akyCTUHYECKMX BOSH U
CKOpPOCTU 3BYKa.

OueHka < Ag 2 S npousBoaMnacb MeToaoM reo-

MEeTPUYECKOM ONTUKM NPWU YCOBUN CTAaTUCTUYECKON Of-
HOPOAHOCTW M U3OTPOMNHOCTW NOMS CriydanHblX a3 aky-
CTUYECKOWN BOMHbI. B KOHBEKTMBHBIX YCNOBMSX MOrpeLu-
HOCTb W3MEpEeHUs] BNAXHOCTW, BHOCKMMAs He TONbKO
cnaboW, HO 1 CUNbHOW TYPOYNEHTHOCTbIO, 3HAaYNTENbHO
HWXe, Yem Mpu onpedeneHny BAaXHOCTU OBYX4acToT-
HbIM aMnNAUTyAHbIM MeToAaoM ( MeHbwe 1%) [2]. B oT-
nnyne OT pacyeTHOro BbipaxeHus (1), nony4yeHHoro npu
HEKOTOPbIX YMPOLLEHUAX 3adadqn (3HavyeHust napbl 30H-
OVPYIOLLMX 3BYKOBBIX YaCTOT 3HAYMTENbHO MEHbLUE Yac-
TOTbl pernakcauuu, CKOpPOCTM PacnpOCTPaHEHUS 3BYKO-
BbIX YaCTOT pa3nMyaloTCcs He CUIbHO 1 T.4.) B paboTe [2]
CHSITbl BCE OrPaHMYeHUsi B MOCTaHOBKe 3afdauyu, OLeHe-
Hbl 3HA4YeHNs1 BO3MOXHbIX CABUIOB (basbl, BCECTOPOHHE
U3y4yeHo BMUSIHWE aTMmocdepHoW TypOyneHTHOCTM Ha
AByx4acToTHoe (ha3oBOe 30HAMPOBaHWE, UccnenoBaHbl
WUCTOYHUKM NOrPELUHOCTEN.

B panbHeviweMm, nonyvyeHbl NPakTUYecKn MpUMeEHM-
Mbl€ COOTHOLLUEHWS, MO3BONSIOWME AOMNOMHUTL ANCTaH-
LUMOHHbIE M3MEPEHNS BLICOTHOrO XoAda BMaXHOCTM da-
30BbIM METOAOM FPaAVNEHTHbIMW N3MEPEeHUSMU MeTeo-
BENMNYMH ( TemnepaTypbl U BAAXHOCTU), YTO MO3BONSET
MOBbLICUTb TOYHOCTb U3MEPEHUSI BNaXHOCTU. Mpn MHCT-
PyMeHTanbHOW MOrpewHocTn M3MepeHus casura das

5(A¢)=1° obLwas WMHCTpyMeHTanbHasi MOrpelHocTb

N3MEPEHUS OTHOCUTENbHOW BaXHOCTW BO3Ayxa 3TUM
MEeTOAOM oLeHuBaeTcs 3HadeHnem (3-5)%.

[nsi aKcneprvMeHTanbHOW OLEHKM BO3MOXHOCTU UC-
Nnonb30oBaHWs [AByX4acTOTHOro ¢asoBOro mMetoga Ans
ONCTaHUMOHHOTO M3MEpPEHMST BMAXXHOCTU Bo3adyxa Obina
MCMNONb30BaHa KOMMIEKCMPOBAHHAsI PaAMO3NEKTPOHHAs
cMcCTeMa KOHTPOns atMocdepHbIX BeNuYuH [2], B cocTas
KOTOpOW BXOOUT ofHo4vacTtoTHas cuctema PA3 ( pabo-
yas yactota — 440 MIu) n gByx4acToTHbIN copap ( pa-
6oume vactotbl 1 kl'y n 4 k'u). MccneagoBannst NpoBo-
OVNMCb B pasnnyHble Ce30Hbl rofa, Yalle B MOroAHbIX
ycrnoBusix, 6naronpusaTHbIX AMS aKyCTUYEeCcKoro 30HAU-
poBaHusi. OB6paboTka AaHHbLIX Nokasana, YTo cpefaHue
3HayeHusi (ba3oBbIX COABUIOB MMEKOT YCTONYMBbLIA Xapak-
Tep C gucnepcuen, 3aBUCSLLEN OT MOrOAHbIX YCMOBUNA.
Pacnpegenernve casuro das npubnumxaercs K Hop-
ManbHOMY 3aKOHy. 3aperncTpupoBaHHble cpegHue 3Ha-
YeHus as3oBbIX CABWUIOB KAYeCTBEHHO COrMacylTcs C
pacyeTHbIMU OaHHbIMK, MpuBeAeHHbIMU B paboTe [2].
Hanpumep, B pesynbtaTe craTucTuyeckon o6paboTku
n3MepeHuin casuro a3 npuv 30HAMPOBAHUMU B Mae
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1995 roga (gQaHHble NPU3EMHbIX METEOPONOrMyYecKmUx
nusMepeHui crnegylowme: Temnepatypa Bo3gyxa - +
20°C, oTHoCUTEnbHAsH BAAXHOCTb — 60%, aTMOCdepHOe
paeneHne — 102 rlla) nony4eHbl pasHocTu a3 mexay
COCEAHVMUN BbICOTHBIMW CINOAMMW, HaXOAAWMMUCH Ha
pacctosHum 17 M, 6rimskue K 3HauveHuio A@p = 1,520.

Mpu aToM 3HauyeHue casura as, npuxoasuieecs Ha 1
M, A@/AR=1,52/34~4,5-107 rpag/m npu ero Teope-
TUYECKOM 3HauYeHUn Agp/AR =1,02-107 rpag/m. Takue

pe3ynbTaTtbl 3KCMEPUMEHTOB MO3BOMWUMAW NPEOSIOKUTb
WHOW as3oBbIi METO4 [OUCTAHUMOHHOIO MW3MepeHus
BNa)XHOCTU BO3Qyxa, 4YeM AByxyacToTHoe PAS3. 3tot
MeToqd npeanonaraeT [OBYXYACTOTHOE aKyCcTuyeckoe
3oHavpoBaHve (A3) ana npoBeaeHus as3oBbIX U3Me-
peHuii n ogHoyacToTHoe PA3 — Ans 4acTOTHbIX U3Me-
peHuii ( Ans onpeaeneHns BblCOTbl M3MEPEHUST BIAXHO-
CTU 1 TemnepaTypbl BO3Ayxa Ha 3TOW BbICOTE) , @ yCT-
POWCTBO, peanusyloliee 3TOT MeTod, MoXeT ObiTb Mo-
CTPOEHO Ha ocHoBe paboTtwbl [3]. O6nagasa Bcemu npe-
UMyLLEeCTBaMM ABYX4YaCTOTHOro ¢has3oBOro Metoda WU3-
MEpPEHMST BIIAXXHOCTU pPagnoakyCTUYeckMM 30HAMPOBa-
HMeM, [OBYXYacCTOTHbI asoBbll MeTod W3MepeHus
BMaXHOCTU COBMelLLeHHoN annapatypor A3 n PA3 no-
3BOMMUT MOBbLICUTb TOYHOCTb OMNpeaeneHunst BNaxHOCTU 3a
cyeT 3amMeHbl (Pa3oBbIX M3MEPEeHUn B paguokaHanax
pa3oBbIMU U3MEPEHMSIMU B 3BYKOBbIX KaHanax.

lIl. 3aknoyeHne

AHanu3 ¢a3oBbIX METOOOB OUCTAHUMOHHOIO MU3Me-
pEHMS BRNaXHOCTM aTMOCKEPHOro BO3aAyxa, WCMONb-
3yIOLMX SIBMIEHUE aKyCTUYECKOW penakcauuu, no3Borns-
eT caenatb crnefywLwmnin BelBod. TeopeTnyeckme n akc-
nepuMeHTarnbHble NccregoBaHUs BO3MOXHOCTU UCMOSb-
30BaHMS aKyCTUYECKUX BOSH ANS AWCTAHUUOHHOIO W3-
MEpPEHMST BMaXXHOCTU BO3Qyxa Mnokasanu, 4Yto Hebonb-
LMEe pas3nuuMs B CKOPOCTAX 3ByKa MpU CyLLeCTBOBaHUU
eé gucnepcuv MOXHO 3admkcupoBaTb NyTeM nsmepe-
HUS pasHocTM ha3 mexay 4YacTtoTamu [OnSepoBCKUX
CABUWIOB YacTOT NPMHUMAaEMbIX CUrHAIOB.
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Abstract— This paper suggests double-frequency phase
remote atmospheric air humidity measurement methods which
can offer an alternative for amplitude methods. Certain small
distinctions in sound velocities under condition of dispersion can
be discovered by measuring the difference of phases between
Doppler change frequencies of accepted signals frequencies.

|. Introduction

At present, the study of possibility of remote atmospheric air
humidity measurement methods based on acoustic waves is
rather theoretic than experimental stage. This thesis focuses on
the analysis of remote atmospheric air humidity measurement
methods based on acoustic relaxation phenomenon in humid
atmospheric air, the assessment of atmospheric phenomena
and equipment impact on measurement error as well as the
search of ways of this error decline.

Il. Main Part

The phase method of measuring the air humidity by dual-
frequency radio-acoustic sounding is based on connection be-
tween the relaxation frequency for the atmospheric air with its
humidity and velocity of sound of random frequency in the at-
mosphere with relaxation processes in it [1]. In case of instru-

mental error of phase shift measurement 5(A(p):1", the

overall instrumental error of the relative air humidity measure-
ment by this method is evaluated as (3-5)%. For experimental
assessment of potential use of the double-frequency phase
method for remote air humidity measurement an integrated
radio-electronic atmospheric value monitoring system, compris-
ing a single-frequency RAS system (operating frequency 440
MHz) and a double-frequency sodar (operating frequencies 1
kHz and 4 kHz), was used [2]. All recorded mean values of the
phase shifts are quite in keeping with the calculated data given
in the research work. Such experimental results enabled to set
forward a phase method for remote measuring the air humidity,
different from the double-frequency RAS. This method contem-
plates double-frequency AS for phase measurements and sin-
gle-frequency for RAS — for frequency measurements (to de-
termine humidity measurement altitude and air temperature at
such altitude) [3], and a device, implementing this method, may
be designed basing on the research work].

I1l. Conclusion

Theoretical and experimental studies of the possibility to
use acoustic waves for remote atmospheric air humidity meas-
urement have proved that small differences of sound velocities
under condition of dispersion can be discovered by measuring
the difference of phases between Doppler change frequencies
of accepted signals frequencies.
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