«Ontuka atMocdepbl 1 okeata», 29, Ne 1 (2016)
DOI: 10.15372/A0020160107

IANCTAHIIMOHHOE 3OHANPOBAHUE ATMOC®EPDBI, TNPOCDEPBHI
1 IIOJCTUIAIOIIEN ITIOBEPXHOCTU

YK 551.510.42

CpaBHeHHe Ha3eMHBIX MHKPOBOJIHOBBIX H3MEPEHHIT 00I1ero
COoJepP>KaHusA BOASIHOTO Mapa ¢ paAuO30HAOBbIMH JaHHbBIMU

N.A. Bepesun, 10.M. Tumodees, S1.A. Bupoaaiinen, K.A. Boakosa*

Canxm-Ilemepbypzcxuii zocydapcmeennviii yHugepcumem
199034, 2. Canxm-Ilemepbype, ¥Ynusepcumemckas nab., 7,9

[Mocrynuna B pegaximo 13.11.2015 r.

MukpogosHosbie (MKB) pagnoMeTpbl MUPOKO UCIIOIb3YIOTCS /ISl MOHUTOPUHTA OGIIETo COMeP>KaHMs BOISHO-
ro napa (OCBII) — BakHelilIero MapHIKOBOrO ra3a B 3eMHoil arMocdepe. [luist onpegenenus rournoctn MKB-Meroza
onpeznenennss OCBII mpoBozasTcss pazHooOpa3Hble N3MepUTeNbHble KaMIlaHUU. [IpuBeeHbI pe3ysbTaThl CONMOCTAB-
nerust HazeMHbIXx MKB-usmepennit (pagnomerp RPG-HATPRO) OCBII B6iusu Caukr-IlerepGypra (Ilereprod)
¢ maHHBIME GmibKaiiiedl craHiuu paauosonaupoBanus (moc. BoeiikoBo). CpaBHeHHS BKJOYaoT Gosee 850 mame-
peHuii Houblo U JHeM B mepuox ¢ 13.03.2013 mo 31.05.2014 r. ITokasaHo, 4To paccormiacoBarusa usMepenunit OCBII
¢ TIOMOIIBIO JIBYX METO0B OOYCJIOBJEHBI KaK MOTPENIHOCTSIMI CaMUX M3MepeHHil, Tak U MPOCTPAHCTBEHHOW HEO.I-
HOPOJIHOCTBIO TIOJISI BJIAarocoaep:kaHus atMocdepsl. ITH PACCOTIACOBAHUS MOTYT JOCTUTATH JECSITKOB MPOIEHTOB,
9T0 HEeOOXOJMMO YUYHTBIBATH TIPU B3aUMHBIX COMOCTABIEHUSX pas3JndyHbiXx MeTo0B uaMepenuss OCBII. Mckioue-
HHe Haubojiee CUIBHOTO BJIUSHUS TPOCTPAHCTBEHHON HEOJIHOPOAHOCTU MO3BOJIIIO 3aMETHO CHHU3HThH CPEeIHIE pac-

xoxaennsa MKB- u paaino3oHI0BbIX usMepenuii 10 3—4%, a crangapTHble paccoriacoBanus a0 12—14%.

Kntouesvie cro6a: Bnarocopep:kanme arMocdepsl,

vapor, MW radiometer, radiosounding.

BBeaeunune

Hasemuble Muxpososnosbie (MKB) MeTonbr 30H-
IUpoBaHusl aTMocdepbl IUPOKO HCIOJIb3YIOTCSI B Ha-
cToslIlee BpeMsl /I MOJIy4eHUs JaHHBIX O TeMIleparype
1 BJQKHOCTH aTMocdepbl, Cofep:KaHIH 030HA U APYTUX
KJINMATHYeCKN Ba)KHBIX Ta30B, BOJHOCTH 06JIAKOB, WH-
TEeHCHBHOCTH 0caJgkoB [1—7]. Masple cepun ammapary-
pbl (MukpoBosHOBBIE TIpoduieMepbl 1IM-5 [yis usMe-
penuil mpoduieil TeMepaTypbl aTMOC(hepHOTO TOrpa-
HuaHoro cJod, paguomMerpbl RPG-HATPRO, MP-3000A
" «MUKPOpagKOM») I7is1 TPOIOC(EPHBIX UCC/Ie0BaHMIT
usrorasauBaiorcsa B Poccun [7, 8], Tepmanuu (Radio-
meter Physics GmbH) u CIITA (Radiometrics Corpo-
ration). CymectByer MeskayHapoaHas cetb MKB-30H-
mupoBarus arMocepb (MWRnet — An International
Network of Ground-based Microwave Radiometers)
[9]. B psime HayuHBIX yUpexIAeHUN UCIOIb3YIOTCSA COG-
CTBeHHbBIEe TIPUOOPDI, HATIPUMED, [ ONpee/leHns WH-
TerpaJIbHOTO COJIePKAHUSA BOJASHOTO Iapa W BOJAHOCTH
06J1aK0B pa3paboTaHbl U CO3[aHBl OTHOCHTETIBHO IIPO-
cTble AByxKaHaabHble MKB-pagunomerpsr [10].

BaxkHoit 1mpobJsieMoil  SABJIgETCS Olpe/iesieHe T0-
rpemHocTeil auctaHimonbix MKB-u3Mepenuii B pas-
JUYHBIX YCIOBUAX (QyHKIHoHmpoBanuga. Ocoboe BHU-
MaHMe yesseTcs olpe/esleHIo TIoTpenTHocTel AncTan-
IIMOHHBIX HM3MepeHHil O6IIero coJep:KaHus BOJSHOTO
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MKB-paaromerp, paJano3oHaupoBaHue; precipitable water

nmapa (OCBII) — BakHelllnero HapHIKOBOTO ra3a B at-
Mocdepe 3emsn. CpaBHeHusaMm naHHbIXx MKB-usmepe-
Huit OCBII ¢ paHHBIMH pPajIMO30HIUPOBAHUSA TTOCBSI-
meHsl paborn! [11—23]. Pesyabrarer cpaBreHnss MKB
u UK cnexrpockonunyeckux uamepenuit OCBII nmpoana-
JIM3UPOBAHBI B [24].

B nacrogmieil ctatbe NpuBEIEHBI COMOCTABJIEHUS
MKB-usmepenunit OCBII B6/m3u Cankr-Iletep6ypra
(ITeteprod) ¢ uaMepeHMAMHN Ha GuvsKaiinieil cTaHIuu
paauosonanposatust (rmoc. BoeiikoBo). B ycmoBusax mpo-
CTPAHCTBEHHOI OHOPOJHOCTH TOJISI BJAKHOCTU TaKue
COTIOCTABJIEHHS TTO3BOJISIOT OIIeHUTD TorpernHocTn MKB-
usmepenuit OCBII, a npn HaJU4YNM MTPOCTPAHCTBEHHBIX
Bapuauuit OCBII — BesMyuHy 3TUX HEOJHOPOJHOCTEI],
9TO W OBLIO TeJIbI0 Hallell paGoThI.

1. Vi3aMepenus o0uIero cojiepskanus
BO/ISTHOTO TIapa

1.1. Muxpoeoanosvie usmepeHus

MKB-paauomerp RPG-HATPRO (Radiometer Phy-
sics GmbH — Humidity And Temperature PROfiler)
MPOM3BoJIcTBa HeMelkoil kommanun Radiometer Phys-
ics GmbH [25] uMeer 7 kaHaJI0B B 06JIaCTH II0JIOCHL II0-
ryomeHust kucaopofa 0,5 cM u 7 KaHAJOB B 06JACTH
JIMHUU TIOTJIoMeHusA BojsgHoro mapa 1,35 cm. Ilpubop
TpefiHa3HaYeH [JIS OmpelesieHnsd Tpoduieil Temrmepa-
TYpBl U BJIAKHOCTH B Tpomocdepe, a TakKe Bojo3ama-
ca o6makoB. PamgmoMeTp ycTaHOBJEH Ha BBINTKE, pac-
1oJI03keHHOoiT Ha kpbiire 3ganus HUU ¢usuxu CIIOIY.
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leorpadudeckne koopamHATEL 59°53' c.m1., 29°50' B.1.
IIpuGop paboTaeT HENMPEPBIBHO, MU3MEPEHUs OCYIIECTB-
JIAI0TCA B peknMe HabmofeHuil B senur (ocHOBHOIM)
U B PesKNMe YTIOBOTO CKaHUPOBaHust (JIOTIOTHUTE bHbIH ).

[TpoBoauTcs mepuommyeckas a6GCOMIOTHAS Kaino-
POBKa paJIiOMeTpa OIepaToOpPOM € UCTIOTb30BAHUEM SKU/T-
KOTO a30Ta B COOTBETCTBUY € TPeGOBAHUAMH K 3KCILTya-
taruu. OO6Iiee cojJiep;kanne BOASHOTO Tapa OTpeess-
eTcs TpubopoM ¢ aBGCOJIOTHOH MOrpenrHocThio + 0,3 MM
u caydvaiinoii morpemHocTtbio Menee 0,05 MM [25]. Ana-
a3 daykryanmit OCBII, moaydyennsix B CII6IY mo
U3MepeHHusAM B TedeHne 5—15 Mun (IIpH IIOCTOSHHBIX
sHaveHnax OCBII), M03BOINI HE3ABUCHMO OIPEAeIUTh
OTIEHKY CBepXy cJydaifHoil ommOKku usMepeHuit [24].
Jl1 pasHbIX 3HaUeHUIl BJArocofepsKaHmsa aTMocdepb
3TU OMNOKK HaxoAuauch B Auamnasone 0,050—0,057 MM,
YTO OYeHb OJIM3KO K INpPUBEJEHHBIM BBIlIe 3HAYEHUSM
CIy4aliHBIX OIMIUGOK.

1.2. Paduo3ondoevie uamepenus

Ha cranmuu paauosonaupoBanus Pocrugpomera
B BoeiikoBo (20 kM k BocToky or nenrpa CaHKT-
ITerep6ypra, 59°57' c.m., 30°42' B.J1.) OCYIIECTBJISIOTCS
PeryJIsipHbIE 3allyCKN pagno30HA0B (ABaXk/Ibl B CYTKH),
C TIOMOTIBIO KOTOPBIX HU3MEPSIOT BBICOTHBIE MPOMIIN
OTHOCHUTETbHOI BJIAKHOCTH, TeMIIepaTypbl U HapaMeT-
poB Betpa. /lanHble, moaydaeMbie ¢ paauosonga (p/3),
my6ankyioTcsa B lleHTpaabHOM apxXuBe PaJANO30HIAMPO-
BaHus Ha cafite [26]. IlorpermHocTb paaro30HI0BBIX
u3MepeHuil co/lep;KaHNsA BOJIHOTO Mapa B Tponocdepe
B cpeaHeM coctasiser 5—10% u Gosee [27]. Bbicot-
HbIe TTIPO( U OTHOCUTENBHON BIAKHOCTH, TOTy4YeHHBIE
[0 JAHHBIM PaJUo30HAUPOBaHug B BoeiikoBo (3amycku
B 00:00 u 12:00 UTC), 6bLin OPOUHTErPUPOBAHBI IO
BbicoTe Ay mosydenuss OCBII gis nneit, B KoTopble
npoBoguinch MKB-usmepenusi OCBII B Ileteprode.

IMorpeumsoctu onpenenennss OCBII p/3 3aBucsr ot
CTENIeHH KOPPEJAINN OMUGOK M3MepeHUil BIasKHOCTH
Ha pa3JIMYHBIX YPOBHAX W HEe MOTYT MPEBBINIATh YKa3aH-
Hble TOTPEITHOCTH [Ji MPOMUId BIAKHOCTH B TPOTIO-
cepe. BaxkHo ynmoMauyTh, 4To paccrosuue Mexkmay Ile-
TeprocdoM u BoeiikoBo cocraisteT ~ 50 KM U paccorsa-

COBaHUS MeKy Paino3oH10BbIMU 1 MKB-usmepenusamu
B I[leteprode MoryT ObITH B oOTpefesleHHBbIE TTEPHOIBI
06yCJIOBJIEHBI TIPOCTPAHCTBEHHO-BPEMEHHBIMH BapHa-
MUSIMU COJIeP:KaHus BOJSTHOTO Tapa [28].

2. Namepennsi OCBII B Ileteprode
u BoeiikoBo

Uucio m3MepeHUil pasHbIMU TIpUOOpPaAMU CUJIBHO
orTamyaercsl. Paano3oHA JaeT aBa M3MepeHHS B CYTKH
B 00:00 u 12:00 o I'punBuuy. MKB-paguomerp mpo-
n3BouT mopaaka 30—50 Tbic. naMepennii B cytkn (ka-
skaple 2 ¢). KakaoMy paauo30HIOBOMY 3HAY€HHIO
COTIOCTABJISIJIOCH OCpe/lHEHHOe 3a 15 MUH ¢ MOMeHTa
3amycka p/3 sHadenne OCBII, nonydyennoe nz MKB-
usMepennit. [l XapaKTepPUCTUKH BJIarOCO/eP KaHUS
B BoeitkoBo n Ileteprode n1s THEBHBIX U HOYHBIX H3-
MepeHHii O6bIH paccyuTanbl cpeanue 3HaveHuss OCBII
n cpeanexBagparmyeckne otkaonenus (CKO), BoiGpa-
HBI MUHUMAaJIbHBIE U MaKCHMaJbHble 3HaueHUsA. Cpas-
HEHUs TPOBOJMINCH TOJBKO B OTCYTCTBUE OCAKOB, HO
TIPU PA3JUYHBIX COCTOSTHUAX 06JIauHOI aTMocdepbl. Xa-
PAKTEPUCTUKY JaHHBIX Pano30HA0BbIX 1 MKB-usme-
peHuii npusesieHsl B TabI. 1.

B BoeiikoBo cpeanne 3nadenus OCBII 6obime
HOYDIO, YeM [THeM, CYTOYHble BapHalliil CPeJHHUX 3Ha-
yennit cocraBsaioT 1,69 mm. B Ileteprode, Haoboport,
cpennee OCBII Gousbiie HEM, YeM HOYBIO, a CYTOUHBIE
BapHallll Cpe/[Hero Ha MOPS/I0K MeHblle, yeM B Boeii-
koBo (0,16 mm). /Inesnbie cpennne OCBII B Boeiiko-
Bo (13,27 MmM) 3aMeTHO MeHbIine, 4yeM B Ilereprode
(14,51 mm) — pasHuna cocrasager 1,24 mm. Hounble
cpeanue 6ymsku (14,35 u 14,96 MM), 1 pasHUIIA MeKITY
M B 2 pasa Menbiie (0,61 mm). CKO OCBII ot cpea-
Hero Goubine B [leteprode, yem B BoeitkoBo. B Boeii-
koBo aueM CKO menbure Hounbix (pasuuma 1,12 Mm),
a B Ilereprode HaoGopor, HO oHU Giusku (pasHuia
coctagyser 0,17 MM). Amiuuryza Bapuaiuil (pasHocTh
MUHHMMAaJIbHOTO M MakcHMasbHOro 3Hadenmit) OCBII
MakcuMajibHa Houblo B Ilereprode (55,89 Mm) u Mu-
HUMaJbHa Houblo B BoeiikoBo (39,47 mM). OtrMmeueH-
Hble OTJINYUSI B ONpeJeJIeHHO! cTereHn 0GYCJIOBJIEHBI
6musoctbio Ileteproda x BogHOll moBepxHocTu DuH-
CKOTO 3aJIiBa.

Ta6auma 1

Xapakrepuctuku aHeBHbIX (12:00 UTC) u Hounsix (00:00 UTC)
ancamb6ueii uamepenuit OCBII B Boeiikoso u Ilereproge

Cpennee CKO 3HaueHne, MM
VsMepennst | SHAYCHHE | ,6comorHoe, | OTHOCHTEbHOE, | MUHUMATD- | MAKCHMATDH-
OCBII, mum MM % Hoe HOe

JnesHre 13,27 7,32 55,2 1,74 46,53
(BoeiikoBo)

Hourpre 14,96 8,44 56,4 2,11 41,58
(BoeiikoBo)

/lHeBHDIE
(Ieteprody) 14,51 8,67 59,8 1,43 41,38

Hounrbre
(eteprody) 14,35 8,84 61,6 1,01 56,90
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Puc. 1. Tucrorpamma ans OCBII, usMepennoro paauosongoM: a — genb (12:00 UTC), ¢ — noub (00:00 UTC), u MKB-pazauo-
MetpoM: 6 — menb (12:00 UTC), 2z — moub (00:00 UTC)

Ha puc. 1 mpuBefieHbI THCTOTPpaMMBI pacipejiesie-
uug OCBII B 1Byx myHKTax uaMepeHuii. IIpoBeseHHbII
BbINle KpaTKUil aHaMM3 U pHC. 1 JeMOHCTPUPYIOT, YTO
usMepennst p/3 1 MKB-paanoMeTpoM ocyIiecTBAsIOT-
csl B OGJU3KHUX, HO OTJIMYAIOIIMXCSI COCTOSTHUSX aTMO-

cepsr.

3. Pe3yJbTaThl conocraBjeHuUi

Cpasaenne 3Hauennit OCBII, nuamepenabix MKB-
paauomerpoM RPG-HATPRO (Ilereprod) u p/3 (Bo-
eiikoBo), mposegeno 3a mnepmox ¢ 13.03.2013 mo
31.05.2014 t. — Bcero 427 comocraBienuii gaeM u 437
Houblo. Ha puc. 2 npexcraBieHbl pe3yJbTaTbl COIIOCTAB-
gennit OCBII, n3MepeHHBIX ByMs MeTO/IaMU B THEBHOE
1 HOYHOe BpeM:, a TaKyKe Pa3HUIa MeXIy HUMH B IIPO-
nenrax (1kasa crnpasa). B HEBHOE BpeMs OTHOCUTEIb-
Hasl pa3HOCTb MeHsieTcd B Ipezeaax or —103 mo 47%.
B HOuyHOe BpeMs pa3HOCTL 10 aGCOJIOTHON BeJMYITHE
Mexxty MKB- 11 p/3-13MepeHusIMU HECKOJIbKO MeHbIIE —
OHa MeHsieTcsl B TipejiesiaX oT —76 10 48%.

Jlist mHeBHBIX u3MepeHUit 24% aGCOJIOTHBIX 3Ha-
YeHWIT BceX OTHOCUTEJNbHBIX Pa3HOCTell He MPeBOCXOIAT
5% (u 23% nig HOUHBIX), a 68% a6COJIIOTHBIX 3HAYeHUI
BCEX OTHOCHUTEJIbHBIX pasHocTell He mpeBocxomar 20%
(75% nna HouHbIX u3Mepenmii). Ha puc. 3 mpescras-
JIeHbI TUCTOTPAMMBl OTJIMYUN JBYX THIIOB M3MePEHUIL.

[TockonbKy pasHOCTH [BYX U3MepeHHUil ecTb HU3-
MepeHusi p/3 MuHyc usMepenusi MKB, to u3 rucro-

TpaMM BHJIHO, YTO B JAHeBHOe BpeMsa MKB-meTon maer
66JpINe 3HaveHus (rECTOrpaMMa cMelleHa B 06JacTb
OTPUIIATEIbHBIX 3HAYeHWui), a B HOYHOE BPEMsI M3Me-
pernss MKB garor menbimne snavenns OCBII, yeMm p/3
(rucrorpaMma cMelieHa B 061aCTh MOJIOKUTENbHBIX 3Ha-
yenuit). CTaTUCTHYECKHE XapPaKTEPUCTHKU CPaBHEHUH
JIByX MeTO/IOB TIPUBEJIEHBI B TaOI. 2.

W3 Taba. 2 ciaexyer, 4TO CpeIHEKBAJApAaTHIECKOE
(CK) orsmune Houblo cocraBiager 2,93 mm (19,6%),
a aHeM 3,34 MM (25,2%). OHa Takke YUCJIEHHO WUJLTIO-
crpupyer, uro janeBHbie MKB-usmepenus Bbiie p/3
B cpeaneM Ha 1,24 MM (9,3%), a HOYHbBIe MeHbIIe /3
na 0,608 MM (4,1%). Crangapruable oTkJIoHeHus (B cH-
JIy MajIOCTH CPeJHHUX paccoriacoBanuii) 6auskn k CK-
oTamuuaM. KoaduimeHTsl KOppersaun Mexay o60u-
MU THIIAMU U3MepeHuil BBICOKM, Han6oIbIImii Koaddu-
IMEeHT HabJogaercs st HouHbix maMepenuit (0,946).

Wcexoma m3 tabiu. 2, MOXKXHO clesarb BBIBOJ, YTO
HouHble MKB-usmepenus 6ojiee TOUHBIE — PAcCOTJIa-
COBAHUS C PAJNO30H/OBBIMU MeHbIle. Ho 3TO MokeT
CBUJIETEJICTBOBATh U O TOM, YTO HOYbIO atMocdepHble
ycaoBusi B Ilereprode u B BoeiikoBo GoJiee O6iu3skue
(cM. Ta6a. 1). TIpu HOYHBIX M3MepEHHsX 3HAYEHHUs
PAANO30H/IOBBIX U3MEPEHNUIl IPenMyIIeCTBEeHHO GOJIbIIe
MKB, 1npu JHEBHBIX U3MEPEHHIAX — HA0O0POT.

Puc. 4 nmemMoHCTpUpYyeT 3aBHCUMOCTH OTHOCUTEH-
HBIX PACCOTJIACOBAHWI MeXIy JByMs THUTIAMU U3MePeHMi
(B mpornenrax) or OCBII B aHEBHOE M HOYHOE BpPEMsI.
B cpenneM, kak m MOXHO ObLIO OKHUIATh, OTHOCUTEJIb-
HbIe PacCcoriacoBaHusi pacTtyT ¢ yMmenbinenneM OCBII.

58 Bepesun U.A., Tumodees 10.M., Bupoaaiinen 1.A., Boakxosa K.A.
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Ta6auma 2

XapaKkTepHCTHKH paccorjacoBanus paano3ouaoBbix 1 MKB-uamepenmii

CranpaprtHOe
Cpennee

CK-paccormaco- ACCOLTACOBA OTKJIOHEHIe
Nsmepenust Kommaectso N BaHue P Hi/le OT CPEeIHEero Koadppuument
COIIOCTABJIEHUI paccortacopaps | KOPPE/LILIL

MM | % MM | % MM | %
Housnbre 437 2,93 19,6 0,61 4.1 2,87 19,2 0,946 + 0,005
JlHeBHbBIE 427 3,34 25,2 —1,24 -9,3 3,10 23,4 0,939 +0,006
Cyrtounbie 864 3,14 22,2 0,31 —2,2 3,13 22,1 0,934 +0,004

OTtHOCHTeIbHAL Pa3HOCTD, %

750 .. ° .. .. hd
—100 F——
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—100
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OCBII, cm (paano3onn)

6

Puc. 4. 3aBucuMocTb OTHOCHTEJIbHOH Pa3sHOCTU PaI030HI0-
BbIX 1 MKB-usmepennii or pagnosonioBbix usmepenuii OCBII:
a — JIeHb; 6 — HOYb

PaccorsacoBanus usmepenuit OCBII ¢ momoribio
JIByX MeTOJIOB 06YCJIOBIEHBI KaK MTOTPEITHOCTSMI CaMHUX
u3MepeHuil, Tak U TMPOCTPAHCTBEHHOI HEOIHOPOHOCTHIO
IoJIA BJarocofiep:kaHmst atMocdepsl. ll3BecTHO, uTO
npoctpadcTBennble Bapuaimun OCBII umetor Me3omac-
mra6bubiii xapakrep (cM., HanpuMep, [29]). Paccroanue
MesKIy ABYyMs NMyHKTaMu u3MepeHuii (~50 kM) 1puso-
it k Tomy, uto OCBII B [leteprode n BoefikoBo MoryT
32 CYeT TOPU3OHTAJIBHON HEOJHOPOIHOCTH ATMOCQEPDI
oTimmuatbesa Gosee yeMm Ha 100% [28].

4. AHaiu3 BJMSHUSI IPOCTPAHCTBEHHOI
HEO/HOPOHOCTH TI0JISI BJAXKHOCTH

Kak MBI yske oTMeYastH, onpe/ieleHHbIH BKJIAJ B OT-
JINYUS IBYX TUTIOB U3MEPEHNH BHOCUT TIPOCTPAHCTBEHHAS
HEOHOPOIHOCTD TIOJIA BAaKHOCTH aTMocdepbl. Bo MHO-
rux cpaBHeHHAX (B 4aCTHOCTH, HA3eMHBIX M CITyTHUKO-
BBIX) CYIIECTBEHHBIH BKJIaJ B PacCOTJACOBAHUS MOTYT
BHOCHUTD U BpEMEHHbIE BapUAINU BJAKHOCTH aTMOC(EPBDI.
B Hammux cpaBHEHHSAX 3TOT UCTOUYHUK PACCOTIACOBAHUS
B 3HAYUTEJbHOI CTelleHW MCKJ0YeH B CBI3M C BpeMeH-
HBIM COTJIACOBAHHEM JBYX THIIOB M3MepPEHHIl.

[l yMeHbIIeHNS BAUSHUS TIPOCTPAHCTBEHHON He-
OJTHOPOIHOCTH TIOJIsI BJIAYKHOCTH TP CPaBHEHUSIX P,/ 3-
usMmepenuit B BoefikoBo 1 MKB-uamepennii B Iletep-
rode OBLI TIPOBe/lEH aHAIN3 BPEMEHHBIX 3aBUCUMOCTEN
aTHX u3Mepenuii. Micxonasa 3 atoro anamusa, 6uu1 chop-
MHUpPOBaH HOBBIH aHcaM6Jib cpaBHEHUil Ha OCHOBE HC-
KJIovYeHust caydaeB, korga usmenenus OCBII mpomnc-
xoaunn o4erb ObicTpo (usmenenus OCBII sa cyTkm
cocTaBJAoT 6osee 40—50%) Ha ofHOI WM 06Genx cTaH-
USIX U3MepeHH WM KOoT/a HabJIio1alach pa3sHOHAIIPaB-
nernocts uaMeHennin OCBII na crannuax. B taba. 3
TIpe/ICTABJEHDBI CTATUCTHUECKNE XapaKTePUCTUKHU CPaB-
nenuit OCBII a4 sroro nogancam6/4a 1.

Kak cienyer m3 mpuBeIeHHBIX TaHHBIX [JisI HOBO-
ro mogancam6as 1, cpegaue (A1 AHA) U CTaHJAPTHBIE
OTKJIOHEHUSI 3aMeTHO YMEHBIINIHCh, a KO3((UIIHeHTbI
KOPPEJISIIUH YBEJTUYIINCh. JTO CBUAETENCTBYET O TOM,

Ta6auma 3

XapakTepUCTHKH paccorjacoBaHusi paauo3ouaoBbix 1 MKB-uamepenuii ns mogancam6as 1

CrangapTHOe OTKJIOHEeHWe
Komngectso Cpeanee OT CpeJHero Koaddurent
Wsmepenus comnocTaBaeHu baccotaacopare paccorjiacoBaHuA KOppeJanun
MM | % MM | %
JIHeBHbBIE 254 —0,44 —3,4 1,87 14,4 0,974 +0,003
Hounprie 295 0,72 4,5 1,84 11,6 0,978 £0,003
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YTO BJINSHHE TPOCTPAHCTBEHHOI HEOTHOPOJHOCTH TIO-
Jig BJQKHOCTH JIJII 3TOTO MOAaHCAMOJI YMEHBIIUIOCH.

B nanpueiinieM ananm3e B KauecTBe KPUTEPUS OJ-
HOPOJHOCTH TOJI BIAKHOCTH OBLIO BBIOPAHO 3HAUEHNE
OTHOCHUTEJTBbHON PA3HOCTH MeSK/Ty HA3eMHBIMI N3MePeHTIs-
MU a6CcOMOTHOIT BiaxkHOCTH B BoeiikoBo 1 JloMoHOCOBE
(3 kM or Ilereproda). Kaxaprii aHcaM6ab comocTaBJie-
Huii (IHeBHOIT 1 HOUHOI ) 6bLT Pa3buT Ha 4 mogaHcaM6s
Ha OCHOBE BBIOPAHHOTO KPUTEPHS OJHOPOTHOCTH TIOJIS
BJIQKHOCTH: OTHOCUTENbHAA Pa3HOCTh aGCOTIOTHOM
BraxkHocTu B BoeiikoBo u JlomonocoBe MeHgercs ot
1o 3, or 3 10 6, or 6 10 15% u G6osaee 15%.

Kak mokasanu HOBble pacueTbl [ [THEBHBIX yC-
JIOBUH, y4eT Ha3eMHBIX M3MepeHHUil a6COTIOTHOMN BJIaK-
HOCTH TIO3BOJIHJI YMEHBIIUTh PACCOTIACOBAHUE MEXKIY
MKB u p/3-u3MepeHHSIMH B CTaHJAPTHBIX OTKJIOHE-
HUSAX 10 12% NpH OTJIMYUAX B Ha3eMHOH aGCOJIOTHOI
BJIaKHOCTH B Juanasone 0—15% ¥ pe3Ko YBeJIUYUTDH
pacxoxxaeHnd Mexxay usMeperussMu B BoeiikoBo u Ile-
teprode 10 21% mpu pasHuUile B Ha3eMHOH a6COJIOT-
Holl BaxHOCTH GoJtee 15%.

5. O6cysk/aeHne pe3y abTaTOB

[TpuMepbl pe3yJbTaTOB TPOBEJEHHBIX paHee CpPaB-
venuii n3mepenunii OCBII MKB-paguomerpamu u pa-
Ino30HAaMU JaHbl B Tabu. 4. IlpuBeeHbl cpaBHEHUS
JIAHHBIX PAJMOMETPOB, UCIOIb3YIONINX U3MEPEHUSI B JIU-
HUM TIOTJIOIEH NS BosTHOTO mapa mpu 22 I'Ti. Ykasanbl
cpe/lHUe OTKJIOHEHUS, CTAaHJApTHbIE OTKJIOHEHUS W KO-
3D UINEHTBI KOPPEJIAIIT.

CpaBHEHUSI Pa3JIMYHBIX WM3MepeHHil THUIIOB Pajfo-
30H710B ¢ MKB-u3mepenuamu OCBII ananmusupoBasuch

B pabore [12]. B cpaBHEHHUSX HCHOJIB30BAICS ABYXKa-
HasbHbIE MKB-pagnomerp, u3MepsBIINIT HUCXO/AIIee
aTMocdepHOe N3JIydeHle B JIMHAN TIOTJIOMEHNs BOASHO-
ro mapa u BHe ee (22,6 u 31,6 TT1). CpaBHeHus 1po-
BouIKCh B JteTHee BpeMs ([leusep, CIIIA) B 1987 r. ITpu-
Be/leHHbIe B Tal/. 4 OTIMYMS [TOCTATOYHO BEJUKHU H CO-
CTaBJISTH JIJIA CpeTHIX oTKIoHeHuit 0,75—3,21 MmM. MoskHO
Tak’Ke OTMETHTD, YTO OHH ObLIH 6OJIbIIE B THEBHOE BpeMs,
YTO, TI0 MHEHUIO aBTOPOB PAabOTHI, CBSI3aHO C BJIMSHIEM
TeMiepatypbl Ha ¢yHKnuonuposanne MKB-mpubopa,
a TJaBHOe — C BJINSHHUEM COJHEYHOTO W3JIy4eHHs Ha
TMOKAa3aHUs PAaN030HI0B. B ganbHeiimeM Takue cpas-
HEHUS MO3BOJININ BBISIBUTD U HCKJIIOYUTH MHOTHE TIPH-
YUHBI HeKaueCTBeHHbIX u3MepeHuil kak aug MKB-paano-
MeTpOB, TaK M JJI PAJN030H0B PA3INYHOTO THIIA.

B pa6ote [18] mpuBeseHbl MHOTOYHCJIEHHBIE CPaB-
Henusgs MKB asyxkananbubix usMmepenuit OCBII ¢ pa-
IM030H10BbIMU U3MepeHusmMu B llenTpanbuoit tammnu.
Cpennne pacxoxaeHuss cocrasiasiiu —1,18 MM, cran-
JaprtHble oTKJIoHeHus 3,02 MM (HecMoTpst Ha reorpadu-
YecKyIo 6JIM30CTh ABYX THIIOB U3MepeHul ~ 2 kM). [lmu-
tenabHble uccaenopanus MKB-usmepenuit OCBII mpo-
Boauanch B UWucruryre npuxaaguoil ¢usuku (BepH,
Iseiinapus) [19—22]. B Tabi. 4 npuBeseHbl pe3yiib-
TaThl cpaBHeHWil pa3mmuHbix MKB-pagunomerpos
(TP/WVP-3000, ASMUWARA, TROWARA) ¢ pa-
NO30HIaMHI, a TaKyKe CpAaBHEHMIl caMHUX PaJlOMETPOB
(TP/WVP-3000 ut ASMUWARA). AGCOMIOTHBIE BeJIH-
YIHBI CHCTEMATUYECKUX OTJINYM JABYX TUIOB U3Mepe-
HUI U1 pa3HbIX pagnoMeTpoB coctaBior 0,11—0,35 M,
CK-ormnmuus ~2 mM. Ilpumep cpaBHeHust 4 pan A7s
JIBYX PaJlO30HIOB, pacnookeHHbIX Ha 40 kM (Payerne)
n 25 &M (Thun) or MKB-pagnmomerpa TROWARA.

Ta6nuia 4

Tpumeps! cpaeuenuss MKB- u p/3-uamepennii OCBII

Orkionenme, MM Koaddurment |  Yucno Mecro,
[Tpumep . CcpLika
cpeee cTaHfapTHoe | KOPPEIALNM | CPaBHEHII epIo.T
1,11-2,7 1,04—2,62 28—89
1 [1,62-3,21 — gen»  0,70—1,22 16-19 Hgﬁffi‘;r 2?11/3’87 [12]
0,75-2,03 — Houp  0,75—2,03 12-28 Y
Henrpanbuag Utamus,
2 —1,18 3,02 0,950 1573 asryct 2002 — [18]
nmexa6pn 2003
0,11 — A ~2 [IBefinapus, [19]
-0,12 — B 0,970 183 2003—2004
3* 0,14 — C 0,970 169
—-0,35 — D 0,996 3072 [20]
0,40 — D! 1994—2007 [21]
4 Payerne — 0,20 2,00 2723 IIsefinapus, [22]
Thun — 0,37 2,50 164 1994—2007
5 0,61 — HOUD 2,90 0,946 437 ITereprod—BoeiikoBo, /[lannag
1,24 — neHb 3,10 0,939 428 2013—-2014 pa6ora
6 0,71 — HOYb 1,87 0,978 295 [Tereprod—Boetikoso, /[lannas
0,44 — nenp 1,84 0,974 254 2013-2014 pabora

* IIpumep 3: A — cpasrernne ¢ MKB-pagnomerpom TP/WVP-3000; B — cpaBHeHHUe ¢ paguoMeTpoM
ASMUWARA; C — cpasuenus asyx paauomerpoB TP/WVP-3000 1 ASMUWARA; D — paauomerp

TROWARA; D' — moc/ie KoppekIu.

CpaBHe}me Ha3€MHbIX MUKPOBOJIHOBbBIX I/IBMCPCHI/Iﬁ 06]1[0]'0 coepiKaHUusl BOASIHOTO Iapa...
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[Ipu aTOM OTMeUaeTcst, 4YTO PACXOKIeHUs 00YCIOBJIEHBDI,
B OCHOBHOM, OTJIMYMEM B COCTOSTHHH aTMocepbl ATd
TpeX MyHKTOB HW3MepeHHii. IHTepecHO OTMETHTh, UTO
cpasienuss aByx MKB-paguomerpos (TP/WVP-3000
n ASMUWARA) aamu MuauMaibhble CK-ormmuus
0,37 MM.

CpaBaennsi MKB-usmepenuii 1 pajno30H11poBa-
nug B CII6TY (npumep 5, ta6i. 4) IOKa3bIBaIOT 3HA-
YHUTeTbHBIE CPeJHNE W CTaHJApTHBIE OTKJIOHEHUS, 4YTO
06ycOBJIeHO GOJBINON yIaIeHHOCTBIO ABYX THUIIOB W3-
mepennit (50 kM). Biuskue craHgapTHble OTKJIOHEHHSI
Ha6JTIO/IAJIICh U TIPH CPAaBHEHWAX M3MepeHNH pajnoMeT-
pom TROWARA (~2 MM) ¢ pagl0o30HJOBBIMHI H3Me-
pernaMnu Ha pacctogann ~ 40 kM [20]. Takum obpasom,
B pAde 3ajad, HANpHMep TIPH BaJIHJAINN CIyTHHKO-
BbIX H3MepeHHil HeoOXO[MMO BHHMMATENbHO OTCJIEKH-
BaThb IPOCTPAHCTBEHHYIO TOPH3OHTATIbHYIO HEOTHOPO-
HOCTBh TOJII BOJASHOTO Tapa. VIckiaroueHue Hamnbosee
CUJIBHOTO BJIUSTHUS TTPOCTPAHCTBEHHOI HEOHOPOIHOCTH
(npumep 6, Tabu. 4) 3aMETHO CHHU3MJIO CTaHAAPTHbIE
oTKJoHeHus1 Mexxay MKB- un paano3oHI0BBIMU H3Me-
perusamu. I[Ipusenennsie cpenuue (3—4%) u crangapt-
uble orkaonenns (12—14%) (npumep 6, Taba. 4) gamoT
OlleHKY cBepxy oTkjoHeHuii MKB u panno3onmoBbix
usmepenuii OCBII, 06ycJIOBJIEHHBIX TTOTPENTHOCTIMU
JIBYX TUIIOB U3MeDPEHU.

B pa6ote [24] 6butM TIpoBe/ieHBI COTIOCTABJIEHUS
WK cnekrpockonuyeckoro merojga usMmepenuit OCBII
1o npamomy Cosaiy u MKB-metona nist 138 nHeil us-
Mepenmii B Ileteprode B TOT ke mepmoj HaGIIOAEHUI.
B [24] mokasano, uto MKB-u3mMepenust naiot 64JbIe
sHaueHua OCBII, yem MK-usmepenus, npuuem 3To
npesbitierne gocturaet 8% mpu Manabix OCBII. C poc-
toM OCBII 370 OT/IMYNE YMEHDBITAETCS U COCTABJISAET TIPU
OCBII 6omee 10 MM ~ 1%. CraHgapTHble OTKJIOHEHUS
MKy [BYMS METOJaMHU JIOCTUTAIOT 7% IIPHU 3HAYEHU-
sax OCBII menee 4 mm. C poctom OCBII oo ymMenbIa-
ercst u ipu OCBII Gosiee 10 MM cocraBisier 3—5%. Ecain
npeanonoxuTb, yto MKB-usmepenuss nmeior CK-1o-
IPEIIHOCTH ~ 5—7%, a PaJl030HA0BbIE ~ 5%, TO OTJIH-
yusa usmepenuin OCBII (mpumep 6, tabm. 4) 6ausku
K CYMMapHOMY BKJIQJy HOTPEITHOCTel M3MepeHmil 3TuX
JIBYX METOJIOB M3MepPEeHNIt.

3akouenue

Mpbl conocraBwn HazeMHble u3MepeHus OCBII
¢ nomomupio MKB-paguomerpa RPG-HATPRO (Ile-
Teprod) ¢ AaHHBIME paguosoHaupoBaus (Boeiikoso).
Crannuu pacrosioKeHbl Ha paccToTHUH ~ S50 KM JIpyT
ot apyra. CpaBHeHHA BKJIIOUYAIOT GoJiee 850 m3MepeHuii
Houblo M AHeM B tmepuof ¢ 13.03.2013 mo 31.05.2014.
KasxxgoMy paanosoHgoBoMy 3HaueHuio (Havaao usMme-
peruii 12:00 1 00:00 UTC) comocTaBIsioch OCpeHeH-
Hoe 3HavyeHue Mo MKB-uaMepenusim 3a 15 MuH ¢ Mo-
MeHTa 3amycka paano3oHaa. Ob6a MeTona u3MepeHHUit
6BLTH MaKCHMAJIBHO COTJIACOBAHBI MO BpeMeHH. AHAIN3
MKB- u p/3-usMepeHuii mokasaj, 4TO OHU OCYIIECTB-
JIATACH B OJTM3KNX, HO B OIpe/leJIeHHON CTeTeH! OTJIY-
HBIX COCTOSTHUAX aTMoc(ephl, 4TO TO3BOJIIET C/eTaTh
BBIBOJI O TOM, YTO IIPOCTPAHCTBEHHAS HEOHOPOIHOCTD

BOJSHOTO Tapa SIBJISETCS CYIIECTBEHHBIM (baKTOPOM,
BJIUSIONINM Ha KAa4eCTBO BAJUAAIMN PA3JUIHBIX TUTIOB
nsMepeHuil.

Jlig nHeBHBIX u3MepeHuii 24% aGCONIOTHBIX 3Ha-
YeHWIl BceX OTHOCUTEJNbHBIX PAa3HOCTell He MPEeBOCXOIAT
5% (u 23% pig HouHbBIX), a 68% abGCOJIOTHBIX 3Haue-
HUIl BCEX OTHOCHUTEJBHBIX DPa3HOCTEll He MPEBOCXOJST
20% (75% pisi HOUHBIX U3MepeHHuii).

JlueBHble uaMepennst MKB Boiie p/3 B cpenHeM
Ha 1,24 MM (9,3%), a HOYbIO OHM MeHbINe /3 Ha
0,608 Mm (4,1%). Houpio CK-oTimumsa cocraBisioT
2,93 mm (19,6%), a auem 3,34 mm (25,2%). Haubomb-
it K0ahPUIMEHT KOPPEIAIUN MeKIY IBYMs THITAMU
u3MepeHnit HAOTIONAETCS [T HOYHBIX WM3MepeHWi —
0,946. PaccorsnacoBanus uamepenuit OCBII ¢ momo-
1IBIO IBYX METOJIOB OGYCJIOBJIEHBI KaK IOTPENIHOCTSIMU
caMHUX WM3MepeHHi, Tak M TPOCTPAHCTBEHHOI HEOIHO-
POJHOCTBIO TIOJIS BJIATOCO/EP:KaHUS aTMOC(hepHI.

JII MUHUMU3AIIN BIUSHUS HAa CPaBHEHUS MeETO-
JIOB TIPOCTPAHCTBEHHOH HEOTHOPOJHOCTH TOJIS BJIAXK-
HocTH GbLIT c(POPMUPOBAH HOBBIN aHCAMOGJb CpaBHEHUN
yTeM UCKJIOUeHud ciaydaeB, korpa uamenenns OCBII
npoucxoauin oderb Opictpo (msmenenuss OCBII 3a
cyTku 6osee 40—50%) Ha oxHOIl WaM 06enX CTAHIUAX
U3MepeHuil WM Korja HabIofaNach pasHOHAIPABJIEH-
HocTh m3MeHeHmii OCBII na cranmuax. /[1g HoBoro
nomancaM6is cpenaue (IS [HSA) W CTaHIApTHBIE OT-
KJIOHEHNS 3aMeTHO YMEHBIINIHCh, a K03 duImeHTH
koppesanun yBeaumannuck. Cpenane (3—4%) w cran-
naprabie (12—14%) OTKJIOHEHHSI JalOT B 9TOM CJy4Yae
OTIeHKY cBepXy oTkJoHeHn#t MKB u pasino3oH10BbIX 13-
Mmepennit OCBII, o6ycoBIeHHBIX MOTPENTHOCTSMHI JBYX
TUTIOB u3Mepenwii. Ecau mnpeanosoxutb, uro MKB-
usMepenusa umeior CK-morpemnoctu ~5—7% (Ha oc-
HOBe aHa/IM3a Pe3yJbTaToB paboTel [24]), a paauo3oH-
JIoBbIe ~ 5%, TO BUAHO, 4To oTjanuns usMmepenuii OCBII
6/TU3KU K CyMMapHOMY BKJIAZy TOTPEIIHOCTel n3Mepe-
HU 3TUX JBYX MeTO/J[0B U3MepeHUil.

DKCIepIMeHTAJIbHBIE UCC/IeIOBaHNS TPOBEIEHBI Ha
ammaparype PII «T'eomozmenny» CII6IY mpu ¢puHaHCOBOI
moanep:kke rpaHta PODU 15-05-07524. Ob6paboTra
U QHAJIN3 JAHHBIX BBITIOJHEHBI 32 cUeT (PMHAHCUPOBAHUS
mo rpauTty Poccuiickoro HayuHoro donga Ne 14-17-
00096. OG6cyskaeHUsT U MOJATOTOBKA CTAThH BBHITOJTHEHDI
B pamkax HUP CII6TY Ne 11.42.1380.2015 (Mepo-
npusrie 6).
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paigns. In this study, we intercompare the results of PWV measurements performed with a ground-based MW
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methods is caused by the errors of methods as well as by the spatial inhomogeneity of the fields of PWV in at-
mosphere. These mismatches can reach tens of percent, which must be taken into account in the intercompari-
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