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Jlns MUTUIIMETPOBBIX U CyOMIJIIIMETPOBBIX TeJEeCKOIOB OJHON W3 KJII0UEBBIX aTMOC(HEPHBIX XapaKTePHCTUK,
olpe/Ie/IAIOMUX TIOIJIoNeHNe H3/IydeHns, AB/IgeTcs oCakIeHHbII BoagHoll map. TouHoe ompesesneHne 3Toil Xapak-
TepHCTHKH B IIpejesaX OOJBIINX II0 ILJIOI[aJU PeTUOHOB IPeACTaB/IgeT co60l OJHY U3 IVIABHBIX acTPOKINMATHYe-
ckux npo6seM. Hacrosmas pa6ora HocBsllieHa YTOUYHEHHIO OLIEHOK COZEPsKaHHS OCaXKIeHHOIO BOJASHOIO Mapa s
PasHBIX IIYHKTOB Ha OCHOBe 06palOTKH JaHHBIX peaHanunza ERAS u paanosonaupoBaHus. Anpo6upoBaH paHee
IpeJIOKEeHHDBIIl MeTo/] KOPPeKLUH 3HayeHHil Ooca’k/eHHOIo BOJSHOIO Ilapa, YYMUTbIBAIOI[UIl XapaKTepHbIN BepTu-
KaJbHBII Macmrtab BOJSHOTO Mapa W OTHOCHTETbHBIH Iepenaj BBICOT y37T0B ceTKH. KpoMe TOro BIepBble MOTydeHO
IIPOCTPaHCTBEHHOE paclipejieJleHne ONTHYecKoii ToJmm arMocdepbl B HOuUHoe BpeMs A1 Poccun u conpeenbHOi
TeppPUTOPUN Ha JJIMHE BOJHBI 3 MM, yCpefHeHHoe 3a Iekabpb — (peBpanb 2013—2022 rr. PesyapTaTsl paboThl SB-
JIAIOTCS OCHOBOII AT BBIGOpa acTPOILIONIAIKH IO CTPOUTETHCTBO HOBOTO KPYITHOTO MUJJINMETPOBOTO TeecKoma
B PaMKaX IIPOeKTa eBPa3UUCKIX CyOMIIIIMETPOBBIX I MUJIIMETPOBBIX TeJeCKOIOB.

Knatouesvie caosa: ACTPOKJINMAT, El.TMOC(l)epély BOJISTHOM map, MUWIJINMETPOBOE U3JIyueHue, CJon HHBepCHﬁ; as-

troclimate, atmosphere, water vapor, millimeter radiation, inversion layers.

Bsegenne

IIpu m3yyeHUn XapaKTEPUCTUK COCTOSTHUSI aTMO-
cepnl 3a IHTEIbHBIE BpEMEHHBIE MHTEPBAJIBI CYIIECT-
BEHHOe BHUMAaHUe Y/IeJISIeTCsl TeMIIepATyPHOMY U BJIAsK-
HOCTHOMY PeKHMaM, TOBTOPSIEMOCTH SICHOTO HeGa, BOC-
CTAHOBJIEHUIO BEPTUKAJIBHBIX POl CKOPOCTH BeTpa
U HWHTEHCHBHOCTH MeJIKOMACIITAaOHOH TypOyJIeHTHOC-
i [1—5]. BO3MOKHOCTH acTPOHOMHYECKUX MUJLIHMET-
POBBIX U CYOMUJIMMETPOBBIX HAOJIO/IEHUIl OIpe/eis-
I0TCS BO MHOTOM COjlepsKaHHeM BOJISTHOTO Tapa B aTMO-
cepe.

Jlnst nmanupoBanust HaGJIIOJIEHUIT U CHIDKEHUST 3a-
TpAT MpH peaju3alliil HAYYHbIX IIPOrpaMM Ha CyOMUI-
JINMETPOBBIX ¥ MIIIUMETPOBBIX TeJECKOMaX B IEJIOM
HEOGXOINMO OIEHUBATh COJIEPIKaHNe BOJSHOTO Mapa,
B TOM YHCJIEe €ro pacipejieJieHne 1Mo BbICOTaM, U OITH-
geckyio Ttosury armocdepbl (t) Ha PasHbIX [IMHAX
BoH [6—8]. M3ydenme acTpokauMaTa B MUJITHMETPO-
BOM © CyOMIWLIMMETPOBOM [HAIA30HAX aKTyaJbHO
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B CBsI3U ¢ mpo6JsieMoil MoucKa MOAXOIIIEel acTpOILIo-
QKK [T pa3MellleHusi HOBOTO KPYIIHOTO TeJIeCKOTIa,
3aIJIAHNPOBAHHOTO B paMKaX IPOEKTa €eBPa3UiCKUX
CyOMUJLTUMETPOBBIX ¥  MUJIIUMETPOBBIX —TeJIEeCKOIIOB
Ha3eMHOTO 6azupoBanus [9].

W3BecTHO, YTO 9KBUBAJEHTHAs [[JIMHA TyTH Jyda
B atMocdepe [10] usMensercsd mo/ gelicTBUEM BO/STHO-
ro Tapa U 3aBHCUT OT TOJIOXKEHUS Jiyda 3PEeHUs] TeJie-
CKoOIa. JTa M3MEHYHBOCTb MPUBOAUT K HEOOXOIUMOCTH
TTOJIyYeHUsI OTIEHKH TaK Ha3bIBA€MOTO OCAXK/IEHHOTO BO-
nanoro mapa PWV (precipitable water vapor) B cTon6e
arMocepbl, a TaKyKe WHTeTPaIbHBIX XapaKTEePUCTHK
BJIAJKHOCTH BO3/lyXa B BbIGpaHHbIe HauboJiee OITH-
MaJibHble BpeMeHHble nHTepBasbl [11]. Onenka ocra6-
JIEHUST U3JYyYeHUs TI0 3aJaHHOMY JIy4y 3DEHUsl Telle-
CKOTIa B peXIMe KBa3MpeaJbHOTO BPEMEHH, a TakKiKe
CTAaTUCTUYECKUX XaPAKTEPHUCTHK, ONUCHIBAIOIINX CO-
cTostHIE atMoc(ephl 3a JJINTETbHbIE BDEMEHHBbIE THTEP-
BaJIbl, TIpeJICTaB/sieT co60il BasKHENIyI0 3a/1a1y, B TOM
qicJie Ipu HaGJTI0/IeHUN XOJIOIHBIX 3Be3/l. B uacTHOCTH,
B aCTPOHOMUYECKUX HAOJIOJIeHUSX Ha3eMHOTO 6a3upo-
BaHNUs, CBSI3aHHBIX C MTOUCKOM HeOOJBIINX 3K30IIAHET,
BPAIAOIINXCS BOKPYT XOJIOAHBIX 3Be3[, BOSHUKAET He-
6/TaTOIPUATHBIN aTMochepHbI addeKT 13-3a BOASTHOTO
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mapa B armMocdepe. CuHibHOe TMOTJIONEHNE N3TydeHIsT
XOJIOIHBIX 3Be3]l, CIIeKTPAJbHOE pacIipe/ieieHne dHep-
MU KOTOPBIX [IOCTUTAeT MaKCHUMyMa B OJIMKHEM IH-
(dpakpacHom muanasore (1 u 5 MKM), TPeNATCTBYET
ob6Hapy:keHHNI0 Takux TraHeT [12]. C 1esnpio MOHHTO-
pUHTAa U KPATKOCPOYHOTO MPOTHO3UPOBaHUsS 6Jiaro-
MPHUATHBIX aTMOC(EPHBIX CUTYaIlMil € OCaKIEHHBIM
BOJISIHBIM TIapoM Ha ypoBHe Hizke 3,0—4,0 MM pa3Bu-
BalOTCs CIelUabHble MEeTOJbl OIIEHKH ¥ pa3pabaTbl-
BalOTCI CpeJICTBA M3MepeHMii, YYBCTBUTEIbHBIE K HU3-
KOMY MHTETPaJIbHOMY COJIepKaHIIo BoJsTHOTO Tapa [ 13].

[lens HAcTOATIEH pabOTBI — TIOTyYeHHE CTATHCTH-
YECKIX XapaKTEePUCTHK OCAKIEHHOTO BOJSHOTO IIapa
U ONTHYECKOW TOJIIM C TOMOIIBIO MPEIOKEHHOTO Ha-
MU paHee MeTO/Ia, YUUTBIBAIOIIETO peJibed.

MaTepI/IaJIbI " METOo/bl

B mHacrosmeii pa6oTe WcCCTeOBAHWUS BBIOJIHE-
Hbl B IIpeJesaX MaKpoperuoHa, orpanuueHHoro 30
n 60°c.m., 30 m 130°B.1. /lIg OIEHKH CTAaTUCTHK
PWYV 3a mmrtenbHblil BpeMeHHON MHTEPBAJ UCIIOJTbH30-
BaHbI JlaHHble peaHann3a atMocdepbl ERAS ¢ ropuson-
TaabHBIM paszperrenneM 0,25 x 0,25° [14]. Koppekrus
onenok PWV B cron6e atmocdeps (13 peananmsa)
BBITIOJIHAIACH C YYeTOM JIAHHBIX PAINO30HINPOBAHUS
atMocdepsl (Ha craninuu MuHepaabHbie Boabl) n amnu-
30[MYecknX HabJofleHnit Ha DosbiioMm Teseckore
anbT-asuMmyTtaabiHoM (BTA), T/ie paHee MeTOIOM Y3KO-
ToJIOCHOH  (hoTOMeTpUN OBLIN TOJYYeHBI OIIEHKH CO-
JlepsKaHusT BogsgHoTo mapa [15].

KoppekTHocTh NCTOIb30BaHNS JTaHHBIX peaHaIn3a
ERAS nmnga onenku cratuctuk PWYV moarBepskaaeTcs
pesyabtaTamu Bepudukarmu [16, 17]. Peanmamms mo-
3BOJISIET OIEHNBATh KaK yCpeIHeHHble XapaKTePUCTUKN
COZIep’KaHus BOJSIHOTO Iapa 32 OTHOCUTEJBHO HeGOJIb-
e BpeMeHHbIe MHTEePBAJIbl, TaK I HEKOTOPbIe pedhepeH-
CHBbIe cTatuctuveckue 3HaueHus PWYV 3a fgocratodHo
JUTATEeTbHBIE BpeMeHHbIe HHTePBAJIBI, COOTBETCTBYIOIIIE
HEKOTOPOMY CTaTHCTHYECKOMY aHCaMOJII0 aTMOC(hepHBIX
COCTOSTHMUII.

Besnunny PWV, kak nmpaBuso, oleHNBAIOT HA OC-
HOBe psAna MojeJieii atMocdepbl, MOJTyIMINPUIECKIX
JIAHHBIX PeaHaN3a UM C TOMOTIBIO PA3JIMUHbBIX CPEJICTB
n3MepeHnil, BKIoYas paJio30H/INpOBaHIe aTMOC(hepDI,
CIIyTHUKOBbIE CHCTeMbI HABHUTAINH, PAJUOMETPBI BOJISI-
noro mapa [18—21]. HecMoTps Ha HIMPOKHiT CIEKTP
JIOCTYITHOTO WHCTpyMeHTapus, olleHkn PWYV B crosbe
aTMocdepsl ¢ BBICOKUM MPOCTPAHCTBEHHBIM U BpeMeH-
HBIM pa3pelienneM, a TakyKe MPOJOJIKUTETHHOCTH Bpe-
MEHHBIX WHTEPBAJOB € MUHUMATHHBIMU 3HAYEHUSIMU
yAeJbHOH BIaKHOCTH BO3/yXa B pasHoe BpeMs CYTOK
OCTAIOTCS BasKHBIMU 3ajadamu [ 11, 22].

Panee B paGore [22] mns yTouHEHHOIl OIEHKH
sHaueHnii PWV (i1 TOpHBIX BepIinH) Mbl paspabo-
Tanu sMnupmdeckuii Meton. CyTb €ro cocTOUT B KOP-
pexkuuu 3HaveHuii PWV myreMm yvera cpefHux Iepe-
TAJI0B BBICOT Y3JIOB CeTKH. B yacTHocTH, 3HaYeHUe
PWYV Ha HekoTopoil BbicOTe olpejessieTcss 3KCIIOHEH-
uaJabHON (pyHKIMEH cieyiomnero Buaa:

PWV = PWYV, exp[_o’flggAZ , )

eff

rne PWV, — npuseMHoe 3HaUYeHHE OCAXK/IEHHOTO BO-
asgHoro mapa; Heyp — BepTUKAIbHBIA MacmiTab BOJSTHO-
TO Tapa; z — BBICOTA HaJ TIOACTUJIAIONIEN TTOBEPXHO-
cThio. B MeTo/e y4HTBHIBaeTCS 3aBUCHMOCTDH 3HAYEHMI
PWV (kortopag onpejieneHa Ha OQHON MM HECKOJb-
KUX OJMKAWIINX CTaHIMAX Pauo30HIMPOBAHUS aTMO-
cepbl) OT pa3HUIbI BHICOT MEKIY OMOPHBIM M COCEJl-
HuME y3aamu Az, a takke Hoy[23]. 3a Bemmunny Hg
MBI TIPUHUMAeM TaKyl0 BBICOTY aTtMoc(hepHOro CcJosi,
B TIpelesiaX KOTOPOTO cojiepsKaHue BOJSTHOTO Tapa
yYMeHbIIIaeTcs1 MporopimoHasbto daxkropy 1/e orHo-
CUTEJHHO HEKOTOPOTO BBIOPAHHOTO BBICOTHOTO YPOBHSI.

[TomuepkHeM, uTo BeJm4nHA Az, COOTBETCTBYIOIIAS
HEKOTOPOMY OIOpHOMY y3ay ceTtkn (M3 peanaiusa),
oTIpe/iesisgeTcsd B TpefiesiaX JIOKAJIbHOI 06J1acTH BOKPYT
3TOTO OMOPHOTO Y3Ja:

M
1
Az = M;zmd<o> — z;(Ax, Ay), 2

rie Z,d(0) — Bbicota omopHoro ysaa; z{Ax, Ay) —
BBICOTA CMEKHOTO Y3/, CMEIeHHOTO MO TOPU30HTAJH
Ha paccTostHUA Ax, Ay; M — KOJIUYeCTBO y3JI0B BOKPYT
omopHoro yana. CMemieHus AxX U Ay OOBIYHO COCTaB-
J10T 0KoJio 120 KM, KOHKpeTHas UX BeJINYMHA YTOUHSI-
eTcd TyTeM MUHUMH3AINU JUCIePCUN MeXKIy MOJesb-
HBIMHM U H3MepeHHbIMU 3HaueHuamu PWV B myHkTax
n3MepeHuii:

T,D,G
D (PWV,i(mes) - w; PWV; ; W(ERAS)) ~ 0, (3)

i,j,k=1

rae i, j u k — COOTBETCTBEHHO MHJEKCHI ITHPOTHI, J0JI-
TOTBI U BpeMeHN; @ — MCKOMBII BecoBOH Koa(puim-
eHT JII1 KaXKJ0To ONOPHOIo y3na; T — JIuHa BpeMeH-
Horo pazma; D m G ompefensioT MHPOTY U [OJTOTY;
CyMMUpOBaHHe IIPOM3BOJAUTCA KaK II0 BpeMeHH, Tak
U IIPOCTPAHCTBY.

PesysbraTel H 00Cy:KIEHHE

Pesyavmamol ouenKu 6epmuKaibHoz0
Mmacwmaba 60021020 napa

[lnsg  yrounenusi 3uavenuii PWV  mHeo6xoaumo
3HaTh CTATUCTUKU H.f W XapaKTepHble OCOOEHHOCTU
usMeHeHuit cratuctuku. llpuBesmemM mnpumep pacuera
BEPTUKAIBHOTO TPOMUIA TTOCTOITHO-MHTET PUPOBAHHBIX
3navenuit PWV [ag crannum paano30HIUPOBAHU
MunepanbHble Bojbi:

Py
PWV(AP) = ijq(P) dp, 4)
pg Pi

rne PWV ompenensercs Mexay ABYMS M300apuyecKi-
MH ypoBHAMU P ¢ WHIeKcaMu i, j; p — IUIOTHOCTb
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BO3/lyXa; ¢ — YCKOpeHHe CBOOOJHOTO IajleHus; ¢ —
MaccoBas 10/ BOJSHOTO Hapa.

Ha puc. 1 nokaszan npuMep BepTUKATIbHOTO IPO-
g mocIoiTHO-NHTErPUPOBAHHBIX 3HaYeHNit PWV 1rg
ct. MuHepasbuble Bosbr.
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Puc. 1. YcpeaHeHHbINT BepTHKAIbHBIN IPOopUIb MOCIOHHO-

UHTeTpUPOBaHHBIX 3HaueHUl PWV wmenee 7,0 MM B sHBape

2023 r. (myHKTHpHAS KPUBasi) [ CTAHI[UI PAJHO30H/NPOBa-

Hus MunepasibHble Bozbl. 3anuBkoii IoKasaH XapaKTepHBIi

pas6poc 3HaueHuil PWV. CmiomHas KpuBas — BepTHKATbHBIIL
poduIb TeMIepaTyphl BO3LyXa

Anamu3 puc. 1 mokasbiBaeT, 4To B aTMocdepe
¢opMupyToTCSA cTOM WHBepCHil Kak TeMIepaTyphbl BO3-
lyXa, TaK W MOCJOWHO-UHTETPUPOBAHHBIX 3HAYEHWIT
OCAK/IEHHOTO BOJIgHOTO Tapa. B sauBape 151 Mune-
pasbHBIX Boj XapakTepHo MHBEPCHOHHOE pacipeelie-
HUe TeMIepaTypbl BO3[yXa B HIDKHEM aTMOC(hepHOM
cnoe (ot mopcTuraromeii nosepxHoct 10 700—900 Mm).
C HaJm4MeM WHBEPCUOHHBIX CJOEB MBI CBSI3BIBAEM I10-
sBJIeHNE JIOKAJbHBIX MaKCUMYMOB COJIeP:KAHUS BOJIS-
HOTO TIapa Ha OT/IeJIbHBIX BBICOTHBIX YPOBHSX I10]] 3TH-
mu caosamu (oxosno 500 u 900 m). Wurerpupys Bepru-
KaJbHble TIpodUIN, IOKa3aHHble Ha puc. 1, cBepxy
BHM3, Mbl IOJIyYHJIN KyMYJISITUBHble (PYHKIMU U Olle-
" H ..

BeprukanpHprii mpoduab WHTETPAJbHBIX 3HaYe-
Huit PWV  anmpokcumupyercd  9KCIIOHEHIIUAJbHO
3aBUCHMOCTDBIO cO cpeaHnM 3HadeHueM Hp = 1600 m
(cranmaproe orkaonenne H.y cocraBiasger ~ 200 m).
OKCIOHEHINAIbHAS 3aBUCUMOCTb XOPOIIO OIHUCHIBAET

(R? = 0,97) BocCTaHOBJIEHHBIH TPOGUIL TOIHKO B HUK-
HUX aTMOC(hepHBIX cjoax (10 BbIcOThI 0KoJ0 6000 M),
KOTOpBIE cofiepsKaT 82,5% BOASHOTO Mapa OTHOCHTEb-
HO ob1iero PWV.,

Amami3 mpoduteil Toka3biBaeT, 4to H.p n3MeHd-
eTcd B TIPOCTPAHCTBE W BPEMEHW W 3aBUCUT OT Xapak-
Tepa pacmpelle/ieHii CKOPOCTH BeTpa, TeMIepaTypbl
U BJAKHOCTH BO3/JyXa C BBICOTOH. AMILIUTY/a M3Me-
HEHMil Ha KOPOTKUX BPEMEHHBbIX WMHTepBajaX BeJHKa,
U 10 CYIIECTBY 3TOT MacliTab 3aTpyIHUTETbHO WC-
MoJIb30BaTh [IT olleHKH Bapuanuu PWV B pexnme
peanqbHOrO BpeMeHH. HecMoTpss Ha 3TO, HpH CTaTH-
CTUYeCKOM YCPEJHEHNU TI0 aHcaMOaro aTtMocdepHBIX
coctoguuii (IpM  yCJIOBUM  BBITIOJHUMOCTH THIIOTE3bI
IPTOANYHOCTH yCpeTHeHe TI0 aHcaMOJI0 dKBUBAJEHT-
HO YCpPeIHEHWIO [0 BPeMeHH) Auana3oH W3MeHeHMUil
H ¢ cyxaetcs.

Otenkn H o, TIOTydeHHDbIE IO JAHHBIM KaK PaJIio-
30HINPOBAHNA, Tak W peaHamm3da ERAS, maxomdarcs
B XOpOIIEM COTJIACUU C Pe3yJabTaTaMU /IS acTPOILIO-
MAJ0OK C BBICOKUMHU aCTPOKJIUMATUYECKUMH ITOKa3aTe-
JIIMH, BKJIOYas HU3KWE 3HAYeHUS MPU3EMHOH CKOPO-
CTH BeTpa M WHTEHCUBHOCTH TypOyJeHTHOCTH [24, 25].
Hampumep, Hes B MecTe pacloJioKeHUS acTPOHO-
mudeckoit o6cepBatopun Can-Ilegpo-Maptup 671130k
k 1800 M [24], a wa mmato YaxHaHtop —
Kk 1537 £19 M [26].

Cpasnenue pacuemHolx 3HaueHul
0CaK0eHH020 8600AH020 napd,
ROJAYUECHHBLIX PASAUYHBIMU
memodamu

Wcxonnble 3Havenuss PWV, nocrynnble u3 peana-
mi3a ERAS, 3asbimennl. /[yt Toro 4rtoObl IIOKa3aTh,
HACKOJIBKO yJy4liaioTcs olleHkn PWV ¢ npuMeHeHneM
MeTo/la KOPPeKIUU, YYUTbIBAIOIIEro pejbed, Mbl cpaB-
HUJII BpeMeHHble 3MeHeHUsI 3TOIl BeJIMUNHbI, 0JIyueH-
Hble C HCIIOJIb30BaHueM JApyrux Metogos. Ha puc. 2
noka3aHbl u3MeHeHus PWV B Mecre pacrosoxxeHus
BTA ¢ 2011 mo 2021 r.

Ananus uaMenenunit PWV B pasnble rojpl mnoka-
3bIBA€T, YTO MCXOJHbIE 3HAUEHUS OTOH BeJINYNHbI
B peaHasm3e ERAD 3aBblmaior cojiep:kaHue BOISHOTO
mapa B cTosibe arMocdepbl HaJl MECTOM DPACIIOJIOMKEHIS
BTA. B userHmii mepuoa HabJogaeTcss HanOOJbIIAs
pasHuia Mexkay 3HaueHussMu PWYV, olpejesneHHbIMU
pasHBIMU MeTOoJaMW, — J0 2—2,5 MM. Y4eT Iepernaja
BbICOT U Hff TIO3BOJIIET KOPPEKTHO BOCIPOU3BO/UTD
Bapuanmu PWYV. Cpezaree a6CcoMOTHOE OTKJIOHEHIE
MeXIy 3HAYeHUSIMH, OlleHEHHBIMHU ITyTeM HHTerpupo-
BAaHHS U MOJYYEHHBIMH C y4eToM pedepeHCHbIX 3Haue-
Huit Heg, NS OTAENbHBIX JieT He mpeBbiaer 1,0 M,
a ang jera oHo ~ 0,5 MM. B 3umunit mepuos Ha ¢one
HU3KOTO COJIep>KaHMs BOJASIHOTO Iapa B arMocdepe
3HaueHnss PWV, mosydeHHble ¢ IpuMeHeHHeM 0603Ha-
YEHHBIX METO/[0B, OJIN3KU.

TaxkuM o6pa3oM, MeTO/, YYUTHIBAIONINI Pa3HUILY
BBICOT MKy OMOPHBIM U COCETHUMU Y3JTaMU CeTKH,
a Takxke Hey, aeT BO3MOKHOCTb KOPPEKTHO OIleHH-
BaTb cojlep;kKaHue BOJSIHOTO Ilapa B PAa3HbIX y3Jax

CraTucTuyeckue OLI€EHKH CO/I€pPsKaHUsA BOASHOIO Ilapa u ONTUYECKOH TOJIIH aTMOC(l)epr... 171
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Puc. 2. [unamuka PWV B wMecre pacnonoxenns DBTA:

HCXO/IHbIe 3HaueHns (CIUIONIHAS KPHBas); OMOPHbIE 3HAUEHNUS,

MOJIYYeHHBbIe TIyTeM WHTEerPUPOBAHUS BEPTUKAJIbHBIX NPOQU-

Jlefl MaccoBOil JIOIM BOJSHOTO IMapa € YYeTOM IIPU3eMHOTO

atMoceproro masienuss (MyHKTUpHAasg Kpubag) U pesbeda
(H.i¢) (toukm)

CceTKN Ha OGOJBIION TEepPUTOPUN U BBISABIATD IIPOC-
TpPaHCTBeHHbIE OOJACTH C TOHIKEHHBIMH 3HAYEHTI-
mu PWV.

Bapuauuu ocaxxdennozo 60051020 napa
u onmuueckoili moauwiu ammocgeput
Ha BTA u nuxke Tepckoa
3a 2013—2022 ee.

C npuMeHeHHNeM MeTO/la KOPPEKIMH, YYUTbIBAIO-
1ero pesibed MeCTHOCTH, MBI OLEHWJIN BapHallll Oca-
JK/IeHHOTO BozsiHoro mapa 3a 2013—2022 rr. va BTA
n mmke TepckoJi, MeMOHCTpUpYIONTHe HeKOoTopble ¢ho-
HOBblE 3aKOHOMEDHOCTH B TIpejleslaX MaKPOPErnoHOB,
MEePCTIEKTUBHBIX [IJII MIJIJIUMETPOBBIX U CYOMUJITIMET-
POBBIX HaGJIIOIEHi].

B Tabauiie mokasaHbl MeJMaHbl W CpeJHNe 3Hade-
Hug PWV nHa BTA u nuke Tepckos, moJsyueHHbIE 3a
paccMaTpuBaeMblii iepuo/i. BujHO, 4TO B Iepexo/IHble
ce30HbI Meauanbl PWV focTaTouHO BeJTMKU: OHU H3Me-
ugiorea ot 3,0 mo 6,8 MM Ha mmre Tepckoa u ot 5,3
no 11,4 ma BTA. Haubosbmmux 3HaueHNI MeIMaHbI
JIOCTUTAIOT B TeIUIbIl TepHuoj To/a: B WIOHE — aBryCTe
onn cocrapygor 15,7 u 8,8 MM va BTA u nuke Tep-
CKOJI COOTBeTCTBeHHO. B mekabpe — dbeBpase MeauaHbI
PWYV ywmenbmaiorest 1o 4,6 u 2,6 mm Ha BTA u nuke
TepcKkoJl cOOTBETCTBEHHO.

B cpaBHeHUM c olleHKaMU, TOJYYEHHBIMU C TIPH-
MeHEeHIeM MeTo/la Y3KOIOJOCHO! (oToMeTpun I
BTA [15, 27], nannple peanammda ERAS HecKoJIbKO
3aBBIMAIOT COJlepyKaHNe BOIHOTO Tapa B aTMocdepe.
ODTO CBA3aHO KaK C €er0 HeJO0CTATOYHBIM POCTPAHCT-
BEHHBIM pa3pelieHneM, Tak U ¢ KaJauOpOBKOH m3Me-

Meauanbl U cpeanne 3uavenusi PWV, mm, na BTA
u muke Tepckou (00:00 mo MecTHOMY BpeMeHH)

ITuk Tepckon BTA
Mecar
Mennana | Cpennee Mennana | Cpennee

1 2,4 2,4 4,4 4,4
11 2,5 2,5 4,7 4,7
111 3,0 2,9 5,3 5,4
v 3,8 3,8 7,1 7,0
\Y% 5,9 6,1 10,9 10,8
VI 8,8 8,9 15,4 15,2
VII 8,9 8,8 15,9 15,7
VIII 8,8 8,4 15,7 15,9
X 6,8 6,5 11,4 12
X 4,8 4,1 7,9 8,5
X1 3,1 2,8 5,3 5,7
XII 2,8 2,5 4,6 5,0

PEHHBIX XapaKTepPHCTHK C JAHHBIMH Pa/HO30H/IPOBA-
HIS TpHU HU3KOH OTHOCHTENbHOH BIaKHOCTH BO3/AyXa.
[Tosmyyennble paHee HaMM pe3yJabTaTsl [28] moxasasm,
4yTO B MecTe pacnoJiokeHuss BTA «AByXMoJ0Bblil» Xa-
pakTep BHYTPUTOJOBBIX HM3MEHEHUI coJepXXaHUSI BO-
JAHOTO Mapa C JOKAJbHBIM MHUHIMYMOM B HIOJE€ BbI-
pa’keH TOJBKO B OT/[esbHble Trojbl. llpnm ycpennennn
nanbIX 3a 2013—2022 rr. munumym PWV B wuioie,
acCOIMNPYeMbIil HaMH C HeperyJIpHOIl KpyIHOMac-
mTabHoil a/BeKIeil cpaBHUTEJbHO 6oJiee CYyXUX BO3-
IYUTHBIX Macc, MpaKTIHYecKN He3aMeTeH: HaOI0gatoTcs
TOJIBKO OT/leTbHBbIEe HOUN C MOHIDKeHHBIMH 3HAYeHUSIMNI
(0 7,0—8,0 MM u MeHee).

Pacuem onmuueckoii moawu ammocgeput

ﬂaHHbIe O BapHnaluAX CcoAepsKaHuA BOJAHOTO Tla-
pa CiayiKat OCHOBOIf JJIA MOJAeTNPOBaHUA n3MeHeHnt T,
KOTOPYIO MbI paccMaTpuBaeM B BH/E aJIUTUBHOI Be-
JIMYNHDBI:

w1, z, PWV, Q) =
= a(Wexp(-z/Zy) + BOOPWYV +v(L)O, (5)
rie Z, — BepTHKAJBHBIH MacmTal KHCJIOPOAA, N

XapaKTepUCTUYecKasl BBICOTa KUCJIOPO/a, B aTMocdepe
(5,3 kM); O — Bogocoep:kanie 061axkos, Kr/ M. Ilep-
Boe U BTOpOE cJaraeMble 00YCJOBIHUBAeT ocaabJieHne
U3IYYeHHs 32 cueT KICJ0POJia W BOJSHOTO Mapa COOT-
BETCTBEHHO. Y /IeJbHBINT KOI(PPUINEHT TOTJIONIEHS
(L), kak u xoadpduimentor a(h) u B(L), 3aBuCHT OT
JUTMHBI BOJIHBI M3JIyYeHUS A, a €Tro 3HAUeHHs olpeje-
JITIOT TIOTJIOIIeHTEe U3JIyYeHNs 32 CIET BOJOCOIePKAHST
o6sakoB. Vcmomb3dysa mozmenb Jluebe [29, 30] u ore-
HeHHble 10 JaHHBIM peaHasn3a 3Hauenuss PWV, wmbr
cMojtesinpoBasin udMeHenus t #Ha A = 3 MM B 00:00 1o
MecTHOMY BpeMenu (puc. 3).

Amam3 puc. 3 yKa3blBaeT Ha TO, YTO ocjalJeHie
U3Iy4deHusa B atMocdepe HEOTHOPOIHO TIO TPOCTPAHCT-
BY. ACTPOILIONIAJKN C BBICOKUMHU aCTPOKJIUMATHUYECKN-
MU [OKa3aTeJsIMI JIOKAIU3YIOTCSI B MpejesiaX obJacTeit
¢ NOHIKEHHBbIMH 3HadeHuAMHU t. OTZeJbHO BbIIOJIHE-
Hbl oneHkn T A1 BTA m mmka Tepckon (puc. 4, us.
BKJIQJIKA).

Anann3 puc. 4 1MoKa3bIBaeT, YTO B 3UMHUI ITePHO/T
cpeanee t~ 0,10 m 0,08 Hn va BTA u mmke Tepckou
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Puc. 3. [IpocrpaHcTBeHHOe pacipefieeH1e OlTHIeCKO TOIIH
atMocdepbl (PWV < 5 MM) U TYHKTBI, JyUlIie MO acTPOKJIN-
MaTHYecKUM IoKasaTessaM, BkJaodas PWYV 3za 2013—2022 rr.

cooTBeTCcTBeHHO. Hambosbiee ociabjeHne n3TydeHIs
HabsoaeTca B JetTHuit nmepno: Ha BTA u muke Tep-
CKOJl 3HayeHHs 1 Bo3spactaioT g0 0,125 Hm u 6osee
npu yBeqamdenun PWV. Mecro pacnosnoxkenuss BTA
XapaKTepusyeTcss yMepeHHBIM pPOCTOM 3Ha4yeHuil T or
3umbl K Jiety: ~ 0,011 Hio/mec. TeMr ymeHbieHus t
OoT JeTa K 3uMe Gosee Bbicokuii: ~—0,017 Hi/Mec.
KoamuectBo wacoB Habmonenwii npu 1 < 0,13 Hi co-
cTaBJsieT ~ 47% ot BceX HaGJIOJIeHNUil B TO/TY.

Atmocdepa Hag koM Tepckos XapaKTepusyercs
6osblireil cyxoctbio, ueM Ha BTA, a meamansr PWV
YMEHBIIAIOTCS 3a cueT 6ojiee HU3KUX TEMIEPaTyp BO3-
JlyXa W, BEPOATHO, BO3/IEHCTBUA HIKETEKANNX CJIOEB
TepMITYECKO!l MHBEPCUH, TOABISIIONINX BePTHKATHHBII
06MeH BOJSHBIM TTapOM.

KommyectBo  HaOMOAaTeTbHBIX ~ YacOB  IIPU
1<0,13 Ho (A =3 MM) Ha mmke Tepckos cylect-
BeHHO OoJibllle, 4YeM B MecTe pacrojoxkenuss DTA:
~65% B rosy. BeposiTHOCTH MOBTOPSIEMOCTH 3HAYEHUIT
1< 0,13 Hn B remablii mnepuos oOlleHUBaeTcs HaMu
B cpeaneM B 18—20%, a B oraenbubie Tomnr (2017,
2018, 2022 rr.) ona ymenbiiaercst 10 11—14%. Tlomny-
4yeHHble HaMu olleHKH PWYV u 1 HauboJiee OuU3KU
K XapaKTepucTuKaM, u3MepeHHbIM ¢ romorbio MUATI-2,
32 WCKJIIOUEHNEM CJIy4aeB C aHOMAJIbHO BBICOKUM CO-
JepskaHneM BoOJSTHOTO Tapa B atMocdepe [31].

TeMn JmHeTHOTO pocTa T OT 3UMBI K JIeTy Ha MHKe
Tepckon cocrasisier nopsiaka 0,013 Hi/mec. Ot Jiera
K 3UMe 3Ta BeJIMYMHA [0 MOAYJIO OJHN3Ka K 3UMHEMY
temnty u pasna —0,014 Hi/mec. Crout oT™MeTuTh, 4TO
B cpaBHeHun ¢ BTA nax nukoMm Tepckos ¢ KoHIa je-
kabps mno suBapb (Hawamo despansa) dopMupyercs
006J1aCTh YCTONYNBO HU3KUX 3HAUEHUIl T, BpeMs cylie-
CTBOBaHMS KOTOPOH HeBesnko: okoJsio 1 mec. Hammune
3TOil 06JsacTn MoATBep KAaeTcsl 60Jee BBICOKUM 3MMHe-
BECEHHNM TEMIIOM pOCTa T OT Mecdla K MecsIy s
nuka TepckoJr.

3akaoueHue

C moMmoIibio MeTo/a, YYUTHIBAIONIEro pesbed Me-
CTHOCTH, Ha OCHOBe JaHHBIX peanasn3a ERAS BbrmoJ-
HeHa CTATUCTWYECKN peNpe3eHTAaTHBHAS OIeHKA CO-
JllepsKaHusg  BoJgHOTO mapa B artmocdepe Ha DbBTA
u iuke Tepckoui. [Tokazano, 4To MeTOJ] KOPPEKTHO BOC-
MIPOU3BOJIUT BapHAIl OCAXK/EHHOTO BOJSIHOTO Hapa.
CpenHee a6COJIIOTHOE OTKJIOHEHHE MEKIY U3MepsieMbl-
MU U pacyeTHbIMU 3HavyeHUsiMu PWV He mpesbliiaer
1 mM. B mecre pacnonoxkenusi BTA HanMeHblee 3Ha-
yerne PWV B TedeHne ro/1a HAOMIOLAETCS B XOJIOTHBIN
mepuojl roja, MeamaHa s JeKabpst — eBpasst co-
craByisier 4,6 mM. Haj Gostee BBICOKUM acTpPOITYHKTOM,
nukoM TepckoJi, cojiep:kaHue BOISHOTO IIapa B 3UM-
Huil nepuoj yMenbinaetcs B 1,77 pasa, meguana PWV
paBHsierca 2,6 Mm. B cpaBuenun ¢ BTA Hajx nukom
Tepckos ¢ KoHIa AeKkaOpsa no suBapb (Havaso despa-
s151) hopMupyeTcs 061acTh YCTORUNBO HUKIX 3HAYEHHI
ONTUYeCKOW ToJsIm aTMocdepbl, BpeMs CYIIeCTBOBA-
HUS KOTOPOIi HeBeJIMKo: okosio 1 Mec. B mepuoa cyie-
CTBOBaHUSI 3TON O0JACTH MOYKHO OKUJATh TIOSIBJICHUS
CPaBHHUTEIBHO O6o0Jee TIyGOKUX JIOKATHHBIX MUHHUMY-
MOB B COJlep:KaHUU BOJSTHOTO I1apa.

C npumenenuneM Mojesn JleGe u JaHHBIX peaHa-
mu3a ERAS moJsrydeHBI CTaTHCTHYECKN pelpe3eHTaTHB-
Hble OIIEHKN ONTUYeCKO TOJIN atMocdepbl Ha [IJITHe
BOJIHBI 3 MM I MecTa pacnoJiokeHuss BTA m nuka
Tepckou. Ilpn 3navenussx PWV < 7,0 MM ontudeckas
tosmia udMenserca ot 0,07 no ~0,13 Ho u ot 0,09 1o
~0,13 Hu pog mmka Tepckonmr m BTA cooTBeTcTBEHHO.

BriepBble 10OJIy4eHO IIPOCTPAHCTBEHHOE paclipejie-
JIeHWe ONTHYeCKO! TOJIN aTMocdepbl Ha JJINHE BOJ-
HBl 3 MM Haja Poccueil n compesenbHoOil TeppuTopueit
JUIT HOYHOTO BpeMeHHU, ycpelHeHHoe 3a JeKabpb —
deBpasb 2013—2022 rr. PesyabraThl aHamm3a Tpo-
CTPAHCTBEHHOTO pacIpe/le/ieHHs 3TOTO HapaMeTpa To-
3BOJINJIA OTIPENIeTUTh, YTO Haubosee TepPCIeKTUBHBIMU
JUISL pa3MelleHnsT MIJIJINMEeTPOBOTO TeJIeCKOIa SBJISIOT-
¢ ropHble BepminHbl /[larectaHa, pafioHbI 3armajiHee
u foro-3amajgHee c. Tamranrta, acTPOILIOMAIKN BOJIH3N
Cagnckoil comHewHoil o6cepBaTopun (BKJIIOYas MUK
Xysyraiima) u MyHKTBI K CEBEPY M CeBEpPO-3alajy OT
c. lllop-Bynaxk.

MuuancupoBanue. VcciaefoBaHHe — BBIIOJIHEHO
npu momgaepxkke PH®D (Ne 22-72-00049) (https://
rscf.ru/project,/22-72-00049,/). Bjok Bepudukanuun
Bapualyil BJIa’KHOCTH BO3[yXa BBIIOJHEH IIPH IO
Jepskke MUHHCTEpCTBAa HayKH U BBICIIETO o6pa3oBa-
nus PO (I1.T. Kosazo).
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A.Yu. Shikhootsev, P.G. Kovadlo. Statistical estimations of the vapor content and optical thickness
of the atmosphere using reanalysis and radiosonding data as applied to millimeter telescopes.

Possibilities of astronomical millimeter and submillimeter observations strongly depend on the precipitable
water vapor (PWYV), which determines the radiation absorption. The precise determination of PWV within
large regions is one of key astroclimate problems. In this work, we refine estimates of PWV content for differ-
ent sites based on processing ERAS reanalysis and radiosounding data and test the previously proposed tech-
nique for correcting PWYV values taking into account the characteristic water vapor vertical scale and relative
altitude difference of grid nodes. In addition, the spatial distribution of the nighttime atmospheric optical
thickness at a wavelength of 3 mm averaged over December — February 2013—2022 was derived for the first
time for Russia and the adjacent territory. Our results can serve the basis for selecting an astronomic site for
a new large millimeter telescope within the Eurasian Sub-Millimeter and Millimeter Telescope Project.
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