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B cBo6ogHO#l aTMOocdepe B HHTepBaJe BBICOT 6—12 KM HaHGOJBIIYIO OMACHOCTD IJIS aBHAINH IIpeJCTaBJIAeT
Typ6yteHTHOCTD sicHoro HeGa (TSIH). IlepemeskaemMocth u caydaiiHas mokanusaius TSAH B cmokoiiHOM okpy»aro-
1IeM BO3IYIIHOM IIOTOKE CYIIeCTBEHHO OIPAHUYMBAIOT BO3MOKHOCTH ee NMpOrHo3upoBaHusa. C ydyeroM H3MeHEHHS
KJIUMaTa ¥ yBeJIUYeHUs BeposITHOCTH Bo3HHKHOBeHUs TAH cosmanue cucreM AMCTaHIMOHHOTO OOHAPYKEHUS Typ-
OyJIEHTHBIX 30H CTAaHOBUTCS OCOGEHHO aKTyaJbHbIM. [IpuBeleHbI pe3y/bTaTbl 30HAMPOBAHUS TYpPOYJIEHTHOCTU
yabrpacuoseroBbiM JgugapoM YOP-5 ¢ 6Gopra camosera-nabopatopun Ty-134 «Ontuxs. JleTHbIl aKcrepuMeHT
mpoBoAnics B ceHTssOpe 2022 T. B paMKaxX IPOrpaMMbl UCCJIeJOBaHUA ApPKTHKH. JIugap perucTpupoBas 30HBI yMe-
PEeHHOII TypOyJIEHTHOCTH B HIDKHel 4yacTH Tpomocdepsl, Iie BepPOSITHOCTb TYPOYJEHTHOCTH MaKCHMaslbHas; TaKiKe
6bL 3adpukcupoBaHbl eauHuuHbIe caydan TAH Ha Bbicote 9 kM. TypOyJsieHTHBIN JTUIap MOXKET HCIOJb30BATHCS
Ha TpaKTHKe [JIg JUCTaHIMOHHOIO OGHApy>KeHHd TypOyJeHTHBIX 30H Ha BBICOTAX, I/le OCYIIEeCTBJAETCS GOJIBIINH-
CTBO KOMMepUecKHX aBHapelicoB. Tax’ke IOKazaHa IIepCIeKTHBAa HAa3eMHOIO IIPIMeHEeHUS TypOyJeHTHOTO JHAapa
JUISL pellleHus 3a/1a4 aBHAIlMOHHON 6e30IIaCHOCTH TP ToJIeTaX B HIDKHell Tporocdepe. IlpeacraBienbl pe3yibTaThl
3ouaupoBanusa augapoM YOP-5 B 3uMHee BpeM:, Korjga ObLIO 3apeTHCTPHPOBAHO IIOBBbILIIEHUE WHTEHCHBHOCTU
TypOyaeHTHOCTH B cioe 0,4—1,6 KM IIpU IIPOXOKJEHUU XOJOJHOTO (PPOHTA.

Kntouesvie caosa: TypOyTeHTHBIN JuAap, yBeJmdeHHe o6PAaTHOTO paccesiHus, HeycroifunBocth KerbBrHA—
TespMrosibita, TypOyJIeHTHOCTD sicHOTO HeOa; turbulent lidar, backscattering enhancement, Kelvin—Helmholtz in-

stability, clear air turbulence.

BBeageunne

TypG6y.ientHoctbio sicHoro He6a (TSIH) HasbiaioT
TypOyJieHTHble 30HBI (IIsATHA) B YHCTOl CBOGOIHOIL
atMocdepe IpH OTCYTCTBUM KOHBeKTUBHBIX JABUKEHUIH,
a Takxe TypOyJIEHTHOCTDb B MepucTbix obmakax [1]. Ta-
Kasg TypOyJIEeHTHOCTb BO3HUKAET B Pe3yJbTaTe THIPOJN-
HaMI4ecKOHl HEYCTOHYMBOCTH CTPATU(UIMIPOBAHHOTO
110 CKOPOCTH M TeMIlepaType BO3IyIITHOTO ITOTOKA M Xa-
pakTepu3yeTcs IepeMe’kaeMOCThIO M CIJIbHOH M3MeHdH-
BOCTBIO KaK TI0 pa3MepaM, TaK M BpeMeHU ;KusHu [2].
Pa3mepnl TypOyJeHTHBIX IATeH MOTYT IPEBOCXOIUTD
100 kM 1o Topu3oHTasn U 1 KM 1o BepTtukaau [3].
Uacto TAH cymectByeT npoJo/KuTeIbHOE BpeMs, T10-
5TOMY HeCKOJIbKO Bo3aymHbix cyzoB (BC) moryr nc-
IIBITBIBATD GOJITAHKY, TIPOJIETasl IIOCTIe0BATEIbHO Yepes3
ofHy TypOyJIeHTHyI0O 30HY. B BepxHeii Tpomocdepe
noBTopsieMocTb TAH, BBI3BIBatomeit 60JTaHKY caMoJe-
TOB, MaKcuMaJibHa Ha BbIcoTaX 6—11 KM W cocTaBJsg-

er 15% [4].
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Bopuc [lenncosunu Benan (bbd@iao.ru); Anzapeii Biagumu-
poBuy Muxaipunimud (1ib2005@ngs.ru); Teopruii Amexcee-
Buu UBres (ivlev@iao.ru).

Typ6yieHTHOCTD SICHOTO Heba TIpPe/ICTABIISIET OIAC-
HocTh st BC, Tak Kak OHa He PETUCTPUPYETCS CHUC-
TeMaMH caMoJieTa W He OOGHApy:KUBAaeTCsI BU3YalbHO.
O6bruyno TAH npuBoauT K HEOKUIAHHON CHIBbHOI 6OJI-
TaHKe, HO ObBLIN 3a(pUKCHPOBAHBI CJAYYaW M IIOJHOTO
paspymieHnsa Bo3AyIIHOTO cyaHa. M3 o63opa MKAO
aBHAIMOHHBIX IpouciiecTBUi 1o 16 KaTeropumsiM 10
nanabM 32 2019 r. HamboJsblllee KOJTMYECTBO aBUAIU-
OHHBIX TIpoucinecTBuii (26%), TOBJEKNINX CEpPbe3HbIe
TPaBMbI SKUIIAKeHl BO3AYIIHBIX CYOB HJIH TACCAKUPOB,
MIPOUBOIILTIO B pe3yJibTate TypOyIeHTHOCTH [S5].

B 6p1BriteM CCCP pa6oThl 0 CO3/IaHUI0 YCTPOUCTB
s peructpanun TAH wavanuces B konie 1980-x rr.,
HO TIOCJIe pacmajia CTpaHbl (PMHAHCHPOBAHNUE TIPEKPATH-
Joch. 3a py6eskoM HCCJeJOBaHUS cUcTeM 3a6JaroBpe-
MEHHOTO OIIOBEIIEeHNUSI 0 MPUOIKEHNH 30H TYpOyIeHT-
Hoctu mpogosrkaanch. C 2001 r. AmoHcKoe areHTCTBO
aspokocMuueckux ucciaenoBanuii (JAXA) coBMecTHO
¢ Mitsubishi Electric cosmano camomernsiii mugap (1po-
exT SafeAvio), mpuHIUII paGoOTHl KOTOPOTO OCHOBAH Ha
apdexre [lonnepa. Brnocreacrsuu JAXA ycoBepineH-
CTBOBaJIa JHAp, YTO YBEJMYNIO JATHHOCTb 30HAHPO-
Bauug ¢ 2 (2002r.) o 17 xm (2017 r.). IlapamiensHo
C 3THM SITIOHCKWE Y4YeHble CHU3WIN Bec cucTeMbl co 150
(2011 r.) mo 84 xr (2018 r.) [6, 7]. VHTeHCHUBHOCTD
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TypOYJIEHTHOCTH OTIEHUBAETCS JOTJIEPOBCKUM JIIapOM
IIyTeM CpaBHEHUSI TEKYIero BeKTOpa CKOPOCTH BO3-
JIYIITHOTO TIOTOKA C MPeIIeCTBYIONNM 3HAYeHNEM CKOPO-
ctu [8]. B peanusaiuu Takoro moaXoja UMeeTcs Psij
mpo6ieM. Bo-TiepBbIX, B JOIIEPOBCKUX JUAApaxX 3XO-
curHasl (popMUpyeTcsl TOJIbKO a3PO30JbHBIMU YaCTHUI[A-
MU, KOTOPBIX B YHCTOM BO3/yXe Ha YKa3aHHBIX BBICOTAX
HeMHOro [9]. Bo-BTOPBIX, CIOKHO TOYHO OIpPENETUTH
yIIUpeHne TOTLUIEPOBCKOTO CIIEKTpa, 4YTO TaKyKe [aeT
uHdopManuio 06 WHTEHCUBHOCTU TypOYJEHTHOCTH.
Coobrmmanoch, 4to momiaepoBckuii jgumap JAXA mpo-
IeJ1 UcnbiTaHUs Ha Boeing 777 u Hauara ero ceptudu-
Karusa. VHbopMaim o TOM, 4eM 3aBepITIINCh MCIIBI-
TaHUsI JOTIepoBcKoit cucteMbl JAXA, Hu B oOIiecT-
BEHHOI, HU B HAY4YHOIl JuTepaType HallTH He yaJ0Ch.

[pyroii cnoco6 o6Hapy:xkenuss TAH ocHoBan Ha
peructparyuy GIyKTyanuii IIOTHOCTH BO3AYITHOTO TIO-
toka. OH 6bLT peain30BaH B paMKaX €BPOIEHCKOro Ipo-
exta FP-7 DELICAT (2009—2014 rr.) Ha camosere
Cessna Citation-2 [10]. Crioco6 mpezrnoaraeT uCIoab-
30BaHMe JIIapa BbICOKOTO CIIEKTPAJbHOTO pa3pelleHust
JUUISL BbIJIEJIEHNST MOJIEKYJITPHON KOMIIOHEHTBI U3 TIPUHU-
MaeMoro cymMmapHoro sxocursaja. CosfaHHas amnmnapa-
Typa TMOJY4YIIach TPOMO3/IKON W CJIOXKHOI, B YACTHOCTH
13-32 HAJTWYHS MOIIHOTO Jladepa M HeoOXOJMMOCTH TIO-
CTOSHHO KOHTPOJINPOBATH CTPOTO TOPM30HTAIBHOE Pac-
noJsioxkeHue JazepHoro nyuka. Ienb npoexta DELICAT
3aKJII0YATach B JIEMOHCTPAIIMH TeXHOJOTUU [€TeKTHPO-
Banug TAH u He mpeamosiarana cosjaHue IIPOTOTUIIA
naa asuarmn [10].

B npanHofi ctaTbe mpejcTaBleHA Ja3epHas CUCTe-
Ma, TpeJHA3HAYeHHAsl [JIs PETUCTpallMi HHTEHCHBHO-
ctu TypOyneHTHOCTH U o6HapyskeHus TAH. Ona amnb-
TepHATUBHA IO/IX0J[aM, M3JI0KEeHHBbIM BbIe. B 1972 r.
B Uucruryre ¢usukn atmocdepsr uMm. A.M. Ob6yxoBa
TeopeTndeckn OBLIO JO0KAa3aHO, YTO eCJAW BOJHA, pac-
TIPOCTPAHAIONIASICA B CAY4YaliHOW cpejlle, paccenBaeTrcs
B 06paTHOM HallpaBJIEHUH, TO HA OCH MUCTOYHWKA ITIPO-
UCXOJUT TIOBbIIIeHUE cpe/Heil MHTeHCHBHOCTH pacce-
auHoro cera [11]. A.C. I'ypBuu c¢ kouneramu [12]
MOJATBEPAMJ 3TO IKCIEPUMEHTATBHO B JlabopaTtopuu
1 II03Ke IPe/JIO’KUJ HCII0JIb30BaTh fBJIeHHe yBeJnye-
Hug o6parHoro paccesnusa (Y OP) ais qucTaHIMOHHOTO
KOHTPOJISI UHTEHCUBHOCTH ONITUYECKOH TypOyTIeHTHOCTH.
ITepBorit fmeficTBylommii MakeT TYpOYJEHTHOTO JHapa
Ha ocHoBe adderra YOP 6bun cozgan B UHcTHTyTE

ontuku atMocdepsl uM. B.E. 3yea B 2013 r. Jlumap
pa6oTaeT Ha MOJIEKYJIIPHOM U a3pPO30JbHOM pacCeTHUN
7 TI03BOJISIET TUCTAHITMOHHO PETUCTPUPOBATH MHTEHCUB-
HocTh atMocdepHoil Typ6ynentroctn [13].

Ucnomb3oBanue agpdexra YOP mpenmosiaraer pe-
THCTPALUI0 MHTEHCUBHOCTH PACCESTHHOTO CBETa B MeCTe
PACIIOJIOJKEHUST UCTOYHIKA U3JIydeHus. /[ m3aMepeHus
UHTEHCHBHOCTU PACCesTHHOTO TypOyJIeHTHO! aTMocde-
poii cBeTa Ha OCH 30HIWPYIONIETO JAa3epPHOTO ITyYKa
moTpe6OBAIOCh MPUMEHUTh MUKPOUMMYJIbCHBIN Jiasep
¢ AWOMHOW HAKayKoil, 4TO MO3BOJINIO COBMECTHTDH Iie-
penatontuit KaHaJ ¢ TPUHUMAIOIINM, He TTeperpysKasd Ipu
3TOM [IETEKTOP JIa3epHBIM W3JyueHNeM, PaCCeTHHBIM
Ha ONTUYECKNX 3JeMeHTaX. 3aMeTHM, YTO IPH MAaJbIX
rabaputax CpeIHSs BbIXOJHAs MOIIHOCTb MHKPOMM-
MyJbCHOTO JIa3epa BIIOJIHE IIpUEMJIEMA U COCTABJISIET
COTHH MUJUIMBATT 3a CUYeT BBICOKOI YacTOTBI CJeoBa-
HUS UMITyJbCOB. KpoMe TOTO, TPENMyIIecTBO MIKPO-
UMITYJIbCHBIX JIa3ePHBIX CHCTEM 3aKTI09aeTcs B NX 6e30-
TMACHOCTH /I TJa3, a pecypc HeIpPepbIBHOH paboTHI
cocTaBIgeT He MeHee Toja.

CoBpeMeHHBIIT YPOBeHb TeXHUKHU UCTAHIIHOHHOTO
30HIUPOBAHIS ONTUYECKON TypOyJIeHTHOCTH HA OCHOBE
addekTa yBeanueHus: o6paTHOTO PACCESTHUS TTO3BOJIILII
HaM IPOBECTH JIETHBIE MCHBITAHUS C TIPUMEHEHUEM JIH-
mapa YOP-5 Ha Gopty camoJieta-ta6oparopun Ty-134
«Onruk».

[esp HacTOAIEl PAGOTHI — MO3HAKOMUTD YHTATEJIS
C TIepBBIMH pe3yJbTaTaMHU TIO JUAAPHOMY OOGHapy:Ke-
HUIO TypOyJEHTHOCTH B HIKHeW Tpomocdepe U B sic-
HOM Hebe W HaMeTUTh IUIAaH PaboThI, KOTOpas TIpe-
CTaBjIgeTcsl HaM BaXHOH, Ha 6ynyliee.

1. MarepuaJjbl U METObI

1.1. Typoéyaenmnotit audap
Kax uncmpymenm oonapyxenus TS H

B nmetHOM 3KCIepHMeHTe HCHOIb30BAJICA YJIbTPA-
¢uoneropsrit TypOyaentHbil augap YOP-5 [14], ym-
POILIEHHAsT ONTUYeCKasl cXeMa KOTOPOTO IIpe/iCTaBJIeHa
Ha puc. 1. Jlugap uMeer oAWH TepeJalONINil KaHaJ
U JBa MIPUHUMAIONINX: OCHOBHOW, TOYHO COBMEIIEHHBIN
C TlepeJlaloiiM, U JIOTIOJHUTEIbHBIN, PacHoJIOKeHHbIN
pamoM. B cmcreMe mcmosb3yercss ofWH adOKATHHBII
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Puc. 1. Yuporiennas ontudeckas cxema Jgugapa Y OP-5. O6o3HaueHUS CM. B TEKCTe
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teneckon (cucrema Mepcen), cocrodmuii U3 Hapbl
napaGosnyeckux 3epkat b u 6. IlpueMHble KaHAJIBI
PACIIOIOJKEHBI CUMMETPUYHO 10 06€e CTOPOHBI OTHOCH-
TEJIbHO ONTHYECKOoil ocu Tesmeckoma. Cia6o pacxofs-
muiicd  JIMHEITHO-TIOIIPN30BAaHHbBIN MyYoK 2 OT Jia3e-
pa !/ TIPOXOMUT CKBO3b TOHKOILIEHOYHBIH MOJSpU3a-
TOp 3 W UYeTBePTHBOJIHOBYIO IIJIACTHHKY 4, KoTOpasg
mpeo6pasyeT JMHENHYIO MOJSPU3ANNI0 U3JIyYeHUs Ja-
3epa B KpyroBylo. /lanee myd4ok 2 paciupsieTcs TeJsie-
CKOTIOM 5—6 W dYepe3 BepxHee OTBePCTHE B 3KpaHe /
oTmpaBJigercsa B aTMocdepy. JKpaH / uMeeT JBa O/H-
HAKOBBIX KPYIJIBIX OTBEPCTHUsI, PACIIOJOKEHHBIX CHM-
METPUYHO OTHOCHTEJBHO OCH TEJECKOTIa.

Paccesinnoe B atMocdepe H3/IydeHUEe B BHUE OC-
HOBHOTO 8 ¥ JIOTIOJTHUTEJHHOTO 9 MyYKOB BO3BpAIlaeT-
ca Ha Teneckon 5—6. Ilyuku 8 m 9 cyskatorcs u mpo-
XOZAT CKBO3b YeTBEPTHBOTHOBYIO IJIACTHHKY 4, KOTOpas
KPYTOBYIO TOJISIPU3AINI0 PACCESHHOTO U3JIyYeHUs IIpe-
o6pa3yeT 06paTHO B JHMHEITHYI0, HO Telepb ILIOCKOCTD
moJiipu3anuu moBepHyta Ha 90° OTHOCHTETHHO MOJIS-
pusanun jnazepa. [lostomy myuku 8§ m 9 oTpaskanTcs
OT TOHKOIJIEHOYHOTO HOoJgpu3aropa 3 u 3epkajuoMm 10
HANPABJSIIOTCS B MPHEMHBI MOJYJb, B KOTOPOM pac-
moJlaraloTcs: UHTepdepeHINoHHbI cBeTodmIbTp 17,
oTcekatonmii (OHOBYIO 3acBeTKy; (POPMUPOBATETD

a

TOJIST 3peHHs JIapa, coctodmuil n3 ¢dokycupyromeit
JUH3bL 12 W aneprypHoil nuadparmer 13; ¢oropeTek-
Topbl 14 w 15 Ana perucTpaiii 9XOCHTHAJTOB, COOT-
BETCTBEHHO, OCHOBHOTO § U [OTIOJTHUTEIbHOTO 9 Tpu-
€MHBIX KaHaJIOB.

Ha puc. 2, @ upencrasiena ¢ortorpadus auma-
pa YOP-5 B 1abopaTopuul cO CHATHIMA BEPXHUM KOXKY-
XoM U GOKOBOIl ILIaHKOIl, Ha puc. 2, 6 — OH Ke Ha
6opty Ty-134 «Ontuky. Jlugap ycTaHOBJEH HAIPOTUB
JIIOKa 3allaCHOTO BBIXOJla CJeBa 1O OOpTy caMoJeTa.
[ItaTHOE TIACTHKOBOE OKHO JIIOKA 3aMEHEHO TOJICTHIM
ONTHYECKUM KBapIleBbIM CTeKJOM. Tpacca 30HANPOBA-
HUS HaIpaBjeHa MepHeHAnKyIApHO ¢ro3denssky. Oc-
HOBHbIE  XapaKTepUCTUKU  JHIapa  IPeJCTaBJIeHbI
B Tabm. 1.

TypOyieHTHBII JUap PETUCTPUPYET IXOCUTHAT OC-
HOBHOIO HPHeMHOro KaHama Pi(x) u A0NOoMHUTENbHBIH
sxocurHan P»(x). Ilpu o6pa6oTKe MUJAPHBIX JAHHBIX
axocurtan Pi(x) HopMupyerca Ha axocurHan Py(x),
94TOOBI UCKJIOYUTD BJIMSHUE U3MeHeHus Koadduimenra
paccestHUsI BJIOJTb HallpaBJieHHUs 30HAUpOBaHusA x. Ilpu
PaCIIPOCTPAHEHNH JIA3€PHOTO My4YKa B TypOyJEHTHOI
armMocdepe TOMHAS MOIIHOCTb OOPAaTHOPACCESTHHOTO
U3JIyYeHIsT He M3MEHSETCS, a TOJBbKO Tepepacipeiesis-
eTcs B mpoctpaHctBe [15]. IIpu atoM Ha ocu JiazepHOTO

Puc. 2. Jlugap YOP-5 B nomernennn (a) u Ha 6opry camosiera-1a6oparopun Ty-134 «Onrtuk» (6)

Ta6auma 1

OcHoBHbIe XapaKkTepucTUKU Jugapa Y OP-3

XapakrepucTuka 3HaveHUe XapakrepucTuka 3HaveHUe
Iepedamuux Hpuemnux

Jlazep Solar JX-330 | 3epxasbHbIN aOKATBHBIN TETECKOI Mepcen (12,5%)
Jl/IMHa BOJIHBI, HM 355 Pasmepnr Teseckona (J] x ITI x B), mm® 260 x 110 x 650
JITuTeIbHOCTD UMITYJIbCA, HC 30 Yuicio TpueMHBIX KaHATIOB, MIT. 2
YacroTa moBTopenusd, klir 8 Aneprypa IpueMHHUKA, MM 70
MortHocTh Jazepa, MBT 400 PasHoc oceil mpueMHBIX KaHAJIOB, MM 150
DHeprus B UMITyJabce, MK/[3k 50 Ilone 3peHns mpUeMHBIX KaHATOB, MKpaJg 400
Kauecrso myuka, M?< 1,2 TEMyo ITpocTpaHcTBeHHOE paspelleHue, M 15
Pasmep myuxa (~1/¢€?), MM 70 Bpems HakomIeHUS 5XOCUTHAJIOB, C ot 10
Pacxoaumoctb myuka, MKpas <30 DoTonpueMHIK DIV (30%)
Ta6apursr mupapa (JI x ITI x B), mm® 850 x 280 x 320 | Nnrepdepenimonublii puiabrp, HM 0,15

IIpumMeHeHue TYpOYIEHTHOTO JHjapa AJs o0ecneyeHnsl aBHAllHOHHOI (Ge30MacHOCTH

395



My4YKa MPOUCXOAUT TOBBINIEHNE CPEIHEN WHTEeHCUBHO-
CTH W3JIyYeHUs], B pe3yJbTaTe YBEJMUMBAETCS IXOCHUT-
HaJl P{ B OCHOBHOM IIpueMHOM KaHaJje. [ljis olpenelie-
HUS BJIOJIb TPACCHI 30HANPOBAHUS TIPOMUIIS CTPYKTYPHOIT
XapakTepucTHKn Koapduimenta npesomaenus Ca(x)
u3 oTHomeHus sxocurHanoB Py(x) m Py(x) mcmopay-
erca mnpubmmkenne BopobbeBa [16] ¢ yTouHeHHOI
KoHCcTaHTOI «3,0» BMecTo «0,49»:

2 T
i g1+ 0,4%
Cn (X) = 3 0kg°x1 16 ) (1)
rie ¥ — paguyc npueMHoii ameprypsi; g(x) = P(x)/
/Pxx) -1 — (akrop BauAHHA TypOYJEHTHOCTH Ha

CPEeIHIOI0 MOIIHOCTD PACCESTHHOTO CBeTa Ha IPHEMHHU-
ke; 7:(x) = \Jx/ky — Mmacmra6 @Openensd; Ry = 2n/\ —
BOJIHOBOE YUCJI0; A — JJINHA BOJIHBI U3JTy4eHHUS Jasepa.

1.2. Modeavhulii pacuem 3x0cuzHaI08
mypOyaenmnoeo audapa

Ha puc. 3, @ npeicraBieHbl Mo/ieJibHbIE pacIpe-
nenenns mapamerpa C2(x) A7l CTaTHCTHYECKH OJIHO-
poanoit TypOyentnoctn (Mozenn 1, C2(x) = const)
U TpH HaJWYuu TypOYJEeHTHOH 30HBI Ha PacCTOSHUU
10 kM ot augapa (Mogeb 2). MOHOBOE 3HAYEHUE IIa-
pamerpa C2 = 1077 M3 B Mosesn Ha puc. 3 cooTBet-
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Puc. 3. Mogem 1 u 2 pacmpenenenns mapamerpa C> BIOIb

FOPU3OHTAIBbHON Tpacchl 30HAUpoBaHUSA (@) W COOTBETCTBYIO-

e 9XocurHabl ocHoBHOoro Pi(x) u momonuutenbuoro Po(x)
HpUEMHBIX KaHa/10B (6)

crByeT 3Hauenuio C2 mozemn Xadmareas—Bommu Ha
Boicotre 10 kM [17]. Ha puc. 3, 6 IpuBegeHbI 9XOCHUT-
HaJIbl, PACCYUTAHHBIE C TIOMOIIBIO YPaBHEHHUSI MEePEHOCA
mias Mozeneit 1 u 2 Ha puc. 3, a. TypOyneHtHas 30Ha
HauYMHAeTCs Ha AncTanimn 10 kM, npideM napamerp C2
JIMHeliHO pacTeT u yBesnuuBaercs B 10 paz Ha pac-
crosaun 18 KM OT jmjgapa. IXOCUTHAJI OCHOBHOTO Ka-
Hama P(x) mpu Hasmuuu TypOyJIE€HTHOH 30HBI TOKE
yBen4uBaeTcs: 6oJiee yeM Ha MOPS/IOK.

JlaHHbIil pacueT IMOKa3bIBaeT, YTO B H/€ATbHOM
caydae, T.e. TIPU OTCYTCTBHU IIyMOB, OOGHapy:KeHUE
TypOyJIEHTHO! 30HBI TPE/CTABIAETCS BIIOJTHE BO3MOXK-
HBIM, TaK KaK MOXHO OXHUJAaTh KpaTHOe yBeJTHdYeHIe
axocurHana. OHAKO B PeabHOM 9KCIepUMEHTe BCer/a
MPUCYTCTBYET HIyM, OGYCJOBJIEHHBIN PAa3HBIMU MPUYM-
namu. Ha puc. 3, ¢ myHKTUPOM IIOKa3aHO BbIGpaHHOE
IPOM3BOJILHO TTOporoBoe 3Hauenne C2 = 5. 10717 m723,
KOTOpPOe B TIOCJIeICTBHE MOKHO yTOUHUTD. [Ipm anamm-
3¢ peasJbHBIX JAaHHBIX 3HaueHuss C> HIDKe BHIGPAHHOTO
mopora MOXKHO He TIPUHMMAThb B pacyeT, TaK Kak
omm6ka onpesenenus C2 31ech 6OIbIIAS.

2. PesyabraTsl H 00Cy:K/I€eHUE

2.1. 9kcnepumenm c audapom
na 6opmy Ty-134

B cenrs6pe 2022 r. 6bLT NpoBe/leH KOMILIEKCHBII
IKCIIEPUMEHT, IeJib KOTOPOTO COCTOSIa B HCCJIE0Ba-
HUU W3MeHEeHWS COCTaBa BO3AyXa M XapaKTePUCTUK
nmoJIcTUIatoNIell moBepXHOCTU B pafione 3amaanoii Cu-
6upu n Kapckoro mopg. [lpu atoM mpoBOAMINCH CUH-
XpOHHBIE Ha3eMHbBble, KOpabeJbHble U CaMOJETHBbIE U3-
MepeHus. [Ipu BBINOJHEHUN OCHOBHOU 3a/1a4ll 9KCIIEPH-
MeHTa BO BpeMd MOJIeTOB caMoJIeT YacTO MeHSJI JIIe0H
(Bbicoty) or 200 M g0 9 KM. 3aMeTHM, YTO 30HAUPO-
Barme TAH ne 6bm0 TpmoputeTHO# 3amadeii. Kpome
TOTO, Tpacca 30HAMPOBaHUS OblTa HalpaBjeHAa He IO
KypCy TOJeTa, a B CTOPOHY ToA yriaoM 90°.

Typ6ynenTHbIil TUAap paboTaJ HETPEPHIBHO B aB-
TOMATUYECKOM peKMMe: BKIIOYAJICS 3apaHee Ha 3eMJe
U BBIKJIIOYAJICA TOcJe Tpu3eMyeHUA. JlazepHble HM-
MyJIbCBI TTOCBLTAMNCH B aTMocdepy ¢ dactoroit 8 kI,
YTO COOTBETCTBOBAJIO MAaKCHMAJIbHOI MalbHOCTH 30H-
nupoBaHus 18,8 kM. Ilpuxomsmniie n3 atMocdepsl 3X0-
CUTHAJIBI PETUCTPUPOBATNCH B pekuMe cyeta (HOTOHOB
W HakamauBaiuch B TedeHue 10 c. 3areM mpomsBomau-
Jlach 3amuch MPUHATHIX CUTHAJOB B OTAEJbHBIH ailix
1 paboyunii MUK TOBTOPSJIC.

Ha 6opty Ty-134 pa6oTasa MHOrOKaHaJIbHAS CUCTE-
Ma perucTpanuu napamerpoB moJieta «KommaHas-5.2»,
Kotopas ¢ gacrtoroit 50 I'm ¢popmupoBana mHGOpPMAIH-
OHHbIEe TIaKeTHl, BKJIIOYAIOIINE JAaHHbIE aKCeJIepoMeTpa,
BO3/IYIIHYIO CKOPOCTD, JAaBjeHue u 1p. [lyis comoctas-
JIEHUST JTUIApHBIX JAHHBIX C TapaMeTpaMu Teperpy3Ku
(60/ITaHKM ) UCIIOJIB30BAJIOCH YCKOPEHNE B BEPTUKAIBLHOM
HalpaBJIeHNH, 3anucbiBaeMoe cucTeMoii « KommaHag-5.2».
YckopeHHe BepTHKAIbHOI COCTaBJIAIONIe! BO3YITHOTO
TIOTOKA W BEeJNYNHBI IIeperpy3KH B IIEHTPE MacC caMo-
JleTa CBSI3aHBI COOTHOIIEHUEM, 3aBHUCSAIINM OT MHOTHX
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IapaMeTpoB, TaKUX Kak ILIOIA/b HECYIIUX MOBEPXHO-
creit BC (xpbuio, omnepenue, (Po3zessk), Macca caMo-
JleTa, TJIOTHOCTD BO3/yXa W Jp. 3/1eCh MBI OTPaHNYNM-
cs SMIUPUYECKUMH [JaHHBIMH O CBSI3H CTelleHH O60JI-
tankn BC c mpupaieHuneM Ieperpysku An B J0JSIX
yCcKopeHus cBoGojHOTO majeHus g = 9,81 m/ c? pu-
BeZleHHBbIMH B Tabiu. 2 [2].

Ha puc. 4 1pencrtaBieHbl JaHHble — IIoJieTa
10.09.2022 r. B Teuenue 4 4 mo Mapuipyty r. Caie-
xapn — Kapckoe mope — r. Canexapa. Ilepsbie 30 mun
caMoJieT Haxo/iuJIcsl Ha 3eMJie. Ha BpeMeHHOI ocu HyJie-
Boil otMeTke coorBeTcTBYeT 06:04 UTC. 3ameTtu™, uTo

Ta6auma 2
HuTencuBHOCTh GOATAHKU BO3AYIIHOTO CyTHA

VHTEeHCHBHOCTD O6osnauers [Ipupamennsa

6ONTaHKH Heperpysok |An|
Cuiabag 6" <0,2
YMepenHas 6 <0,5
CunpHas 6¥ <1,0
OvueHb CIUTbHAS 6 >1,0

HaunHag ¢ 100-it MuH ToJieT mpoxoaua Haja Kapckum
MOpeM BIJIOTb 10 yX0Ja ¢ BbIcOThI 9 KM Ha 210-if MuUH.
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Puc. 4. BpeMeHHOii psifi BEPTUKAIBHOTO yCKOpeHus B ennniax g (a); psax sHaueHuil crexTpa MomHOCTH (JIYKTYalnil yCKOPEHHsI
ua wacrore 0,1 Trx (6); mapamerp C? B umTepBamte paccrogumii 7,5—8,5 kM or mugapa () U ero MPOCTPAHCTBEHHO-BPEMEHHOE
pacmpeiesienne ¢ paspermenueM 60 M (2); crutommHble KpuBble — Tpoduan BbicoThl mosera. Otcuer Bpemenn or 06:04 UTC

10.09.2022 r.
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[Tonnasg peanusaiuss BepTUKAJBHOTO YCKOPEHUS
B equHHNAxX ¢ 1o gaHHbIM «KommaHas-5.2», cocTos-
mag u3 720000 orcyeroB, moka3aHa Ha puc. 4, a. Mak-
CUMAaJIbHbIe 3HAYEHWS MOJYJIT BEPTHKATIBHOTO YCKOPEHUS
B TeYeHme MoJeTa cocTaBmam 3,8 M/ c’. CoOTBeTCTBYIO-
e MaKCUMAaJIbHbIE TIPUPAIIEHNS TePerPy30K B €/IIHH-
Hax yCKOpeHus ¢ He npesbiuiaiu An = +0,4 (puc. 4, a).
Cornacto Ta6i. 2 B moJieTe HaOJomalach OOJITaHKA,
He mpesbmaomas 6. B ocHoBHoM oHa 6buta 6,
IOCKOJIbKY |An| < 0,2.

Peanuszanust BepTuKajabHOTO yckopeHust (puc. 4, a)
6bLTa pasbuTta Ha OTpe3ku, paBHble 1 MuH. [T Kak-
JIOTO OTpe3Ka ObLI PACCUNTAH CIEKTP C MCIOJIb30BAHU-
eM Obictporo mpeoGpasoBanus Dypoe. Bubpanuun
KopIlyca caMoJjieTa TPOUCXOJAT Ha OTHOCHUTEIHHO
BBICOKUX dYacToTax, > 1 [, moatoMy mjig comocTtaBJie-
HUS JUJAPHBIX JaHHBIX C aKCEJIePOMETPOM WCIIOH30-
BaJoCh CIeKTpajbHast olleHKka Ha dyacrtore 0,1 I'g
(puc. 4, 6).

N3 puc. 4, a 1 6 MOKHO 3aKJIIOYUTH, YTO
uMeJsia MecTo TIpH B3JieTe, TTOcajKe U TI0JeTe Ha BbICOTe
200 M, a Ha BbicoTe 9 KM 6buLia B ocHoBHOM 6. 3ame-
THM, 4YTO Hapsiry ¢ GOJITAHKOU aKceJepOMEeTD DEerucT-
pupyer BuOpaIiii KOpIyca caMoJieTa, KOTOPble C yde-
TOM BO3pacTa CaMoJieTa W YCTAJIOCTH €eTo JeTajell Mo-
ryT GbITh 6OJIbllle OOBIYHBIX 3HaYeHuid. [Ipu moJsete Ha
BbicoTe 200 M KaskIbIil pa3 HabII0JaeTcs TOBBIIEHNE
BUOpaI 0 3HaueHuit An = +0,2, TO-BUIAUMOMY,
BBI3BAHHOE CHILKEHWEM cKopocTu ABIkeHnsa BC u yBe-
JINYEHNEM TIJIOTHOCTH BO3TyXa.

Ha npots:kenun Bcero skcrepumenta 10.09.2022 r.
caMoJIeT TPYIK/IBI HAaXOMMJICS B TOPU3OHTAJIBHOM TOJIe-
Te Ha BbicoTe 200 M M TpUKABI Ha BbicoTe 9 KM, TIpU
atoM «KommaHaB-5.2» KaskabIii pa3 MOKa3bIBaJ TPHU-
MepPHO OJIMHAKOBbIE 3HAYEHUs BUOPAIUil I KasKIoi
BBICOTBI. JTOT (PaKT [aeT OCHOBAHMS TMOJIATATh, UTO
B [eHCTBUTENIPHOCTH aKceJaepoMeTp Tpu caaboit 60.-
TaHKe PerucTPUPOBAJI B OCHOBHOM BHUOpAIUU KOpPIyca
camoJieTa, TeM 6ojiee 9TO JATUYUK PACIIOTATAJCSA B XBO-
croBoit wactn Ty-134 6amke K cmIoBOil ycTaHOBKe.
CrenoBaTebHO, aKCEJTEPOMETP MOT PETHCTPUPOBATH
JINIIb YPOBHU HAYMHAS C 6 wm gaxe 6.

Pesysnbrar 30HANPOBAHUS JUAAPOM HWHTEHCHUBHO-
CTH ONITHYECKOil TypOyIeHTHOCTH B BHjle mapaMerpa C-
MoKa3aH Ha puc. 4, ¢ u 2. OCHOBHBIM HCTOYHUKOM IITY-
Ma, OTPaHUYMBAIONINM AAJTHHOCTh 30HINPOBaHUA, ObLIa
¢oHOBasg 3acBeTKa, TaK KaK IMOJET MPOXO/NJI [HEM.
IIpocTpancTBeHHOE pa3pelierne coctaBiaao 60 M. /s
YMEHDBIIIEHUST BJIUSHUS IIyMa K 3aliCAaHHBIM JaHHBIM
ObLT MpUMEHeH MeIMaHHbI (PUIBTP € MPOCTPAHCTBEH-
HeIM okHOM 540 M (9 Touexk) um BpeMmenHbiM 50 C
(5 Touek). OueBnaHo, uTO AHEBHOH (POH HebGa mpe-
CTaBJIST cOOOI CyIIEeCTBEHHYIO TTOMEXY. Y MEHBIINNTH ee
BJUSHUE 32 CYeT YBeJIWYeHUS BPEMEHN HaKOILIEHWUS
(ycpenHeHus) cUTHAIOB MbI HE MOKeM, TakK Kak B Gy-
IyIIeM 3TO COKPATUT MOJJIEeTHOEe BpeMs A0 TYpOyJIeHT-
HO#l 30HBI IMOCJE TOTO, KaK JHJap BBIJACT CUTHAJ Tpe-
Boru o Hammuuu TAH 1o xypcey nosera.

6(2)

Jlnst 6opb6bl ¢ (HOHOBOIT 3acBETKOIT MOXKHO GyeT
OPEJNPUHATh CJeyole Mepbl: 1) MOBBICUTH MOIII-
HOCTD IepeJaTuKa; 2) YCTaHOBUTD cBeTO(GUILTP, 610
Kupytomnmii o, ¢ 6osee y3Koit TOJI0COH TPOMTYyCKAHNUS,
HanpuMep unrepdepomerp Mabpu—Ilepo; 3) ymeHb-
IIMTh YTOJ TOJSA 3peHus TPUeMHOH CHCTeMBI. 3aMe-
THM, YTO KaXKJBI M3 3THX INATOB FIMeeT CBOU ILTIOCHI
U MUHYCBI.

IIpocTpaHcTBeHHO-BPEMEHHOE paclipefie/ieHne Iia-
pamerpa C2 TIpeicTaBIeHO Ha pHUC. 4, 2, TIpHYEM OT-
TEHKH ceporo oTo6paxkaioT usMenenus C. B HHTepBaJe
(1-30) - 1077 M. 3pech e HaHeceHBI [Be IyHK-
THPHble IIpsIMble, KOTOpble IIOKAa3bIBAIOT WHTEpPBAJ
7,5—8,5 KM, i1 KOTOPOTO PaCCUYMTaHbl CpeJHUe
smavennsa C-, TIpejCTaBIeHHble B Bue rpaduka
Ha puc. 4, 6. Ilopor C? =5-10"7 v%3 ma puc. 4, ¢
NOKa3aH  HyHKTHPOM.  MakcuMaabHad — BeJHYUHA
Cfl =3-10"" M2 noxka caMoser HaxomuiICcS Ha
3eMJIe.

N3 puc. 4, ¢ cirenyer, 4to Ha BbICOTEe 9 KM IIOPO-
rooe snauenne C2 =5-10""7 M2 (orMedeno mymk-
THpPOM) Oblo TpeBbiieHo Mexay 130-it u 150-if Mun
MoJIeTa BO BpPeMsI BTOPOTO M B Hayasle TPEThEro MOo/Ibe-
Ma. 3aMeTHM, YTO B 3TO BpeMs Ha BbIcOTe 9 KM Ha-
6JI01aIach TepUCTast O6JIaYHOCTh. AKCEeJepOMeTp IIpH
3TOM TaK’Ke IOKa3as cJaboe INOBBIIIEHHE YPOBHS BUG-
pammii (cM. puc. 4, @ m 6). PacxoskmeHnme JaHHBIX
Jupapa C aKceJIepoMeTpoOM MOXKHO OODBICHUTH TeM
daxkrToMm, 4TO Tpacca Jmapa Oblaa HalpaBJIeHAa B CTO-
pony. Ilpu paborte mgapa mo Kypcy ABIKEHUS caMo-
JleTa MOKHO ObLIO OBl OKHJATh Jydlllee COBIAJeHIE
JTAHHBIX, HO C HEKOTOPOU 3aJepKKOil TT0 BpeMeHH.

Ha pwmc. 5 mnpeicraBieHbl JaHHBIe — TOJeTa
11.09.2022 r. B Tevyenue 4,5 4 mo Mapuipyry r. Caje-
xapa — r. Tomck. IlepBbie 30 MUH caMoJieT HAXOAUJICS
Ha 3eMJle. Ha BpeMeHHOIT ocu HyJieBOil OTMeTKe COOTBeT-
ctByer 04:52 UTC. Tlosnag peanausaiysl BepTHKAJb-
HOTO YCKOpeHI B eIMHHINAX ¢, cocrosmag u3 810000
OTCUeTOB, TIOKa3aHa Ha pHC. J, d.

B Teuenme moseta caMoJsieT IBaXKABI ITOJHIMAJIC
Ha BBICOTY 9 KM, IpuyeM BTOpOIl pa3 HaXOAWICd TaM
45 MuH. U3 MuaapHBIX JaHHBIX Ha pHUC. S5, 8 M 2 CJie-
yeT, 4To HaOGJII0JATNCDh JIUIIb peJKue cjaadble MPeBbI-
merns C2 HaJl TOPOTOBBIM 3HAYEHIEM, T.e. BBHIPASKEH-
Hasg TAH na Gosblioil BeICOTE B 3TOM IoJieTe He OTMe-
Yasach.

TeM He MeHee Ha PHC. 5, 8 MOKHO BBIJIEJUTH Y€ThI-
pe ydacTKa moJieTa, Korja napameTp Ca IpeBbIIIAsT To-
por 10777 M~%"3 B teuenne 15 Mun u Gosee. B GoproBoM
JKypHaJe OTMe4eHO BpeMs, KOTJa B IoJieTe SBHO OIIy-
maiach 6osaTaHKa, a mMeHHO MeXxay 90-it u 105-it Mun
u nocje 240-if MUH BILIOTH 0 IpusemieHus. /[Ba aApy-
THUX CJIy4asi, 3aperiuCcTPHPOBAHHbIE JTHIAPOM, BO3MOKHO,
3a0bLTN OTMETUTH B JKypHaJe. 3aMeTHM, 4TO Ha 3TOT
pa3 akcesepoMeTp (PaKTHIECKU CHHXPOHHO C JIIAPOM
YKa3bIBaJl Ha GOJTAHKY, MOKa3bIBasl MOBBINIEHNE YPOB-
Hs BuGpauuii An (puc. 5, @) ¥ CIEKTPAJbHON OIEHKH
na vacrore 0,1 I'y (puc. 5, 6).
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Puc. 5. To ke, uro m Ha puc. 4, nag wuHTepBata paccrosguuii 6—10 kM. Otcuer Bpemenu ot 04:52 UTC 11.09.2022 r.

2.2. Bondupoesanue mypoyrenmnocmu
6 Hu KHell mponocghepe

BepogTHocTb BCTpPeTHTh TYPOYJIEHTHOCTD B HIKHEH
gact tponocdepbl (0—2 KM) MakcuMajbHasd U CO-
craBister B cpeaneM 25—30% [1]. C mumapom YOP-5
6bLT OPraHN30BaH HA3eMHbIIl HSKCIIEPUMEHT 110 OGHApPY-
JKEHUIO TYPOYJIEHTHOCTU B HUYKHEM JBYXKHJIOMETPOBOM
cioe armocdepbl. Ileap aKcrepuMeHTa 3aKJII0YANACH
B UCCJIEJIOBAHUU BO3MOKHOCTH KOHTDPOJISI HHTEHCHBHO-
cTu TYpOYJEHTHOCTH B HIDKHElH Tporocdepe HazeMHBIM
sugapoM. OueBuHO, 4TO paGoTta Jugapa Kak Ha 6op-

IIpumMeHeHue TYpOYIEHTHOTO JHjapa AJs o0ecneyeHnsl aBHAllHOHHOI (Ge30MacHOCTH

Ty, TaK U Ha 3eMJie pacuInmpsieT o6JacTH ero npuMeHe-
Husg. V3MepeHHS ¢ 3eMJIH ITO3BOJISTIOT COTIOCTABJISATDH
cJIy4an BO3HUKHOBEHUS TYpPOYJIEHTHOCTH C CHHOIITHYE-
CKOIf 06CTAaHOBKOIN W TeM caMbIM HCCJIeT0BAaTh 06OCHO-
BAHHOCTh CUHOTNTUYECKNX KPUTEPUEB MPOTHO3a TYypOy-
nentHoctu [1, 4].

IKCIEPUMEHT MPOBOAMICA B 3WMHee BpeMs. JIu-
Jlap pacrojarancs B TOMelleHUH u paboTan dvepes
OIUHAPHOE OKOHHOE CTEKJIO JJISI YMEHbINEeHUs TI0TePb,
Tpacca MPOXO/IMJa HaJl TOPOJICKOH 3acTpoilkoil u mMe-
ma HakjoH 11°. IIpocTpaHcTBeHHOe pa3spelleHne co-
craBysio 9 M, BpeMennoe — 10 c.
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OO6BIYHO B 3MMHEe BPEMs MOTPAHUYHBIN CJIOH Tep-
MUYecKn cTpaTudUInpoBaH ycToitunBo. [Ipu Hagmwdmm
BEPTUKAIBHOTO I'PA/IeHTa CKOPOCTH BeTpa U uucje Pu-
yapjcona Menee 1/4 uMeeT MeCTO HEyCTOIYHBOCTH
KempBuna—I'enpmronbna [3], koTopast pernctpupyercs
TypOyIeHTHBIM JugapoM. [lo HammM gaHHBIM U paGo-
TaM JIpyTux aBTopoB [18, 19], nHanbosee 4acTo BOJHBI
KenpBuna—I'esbMTo/ibIla BO3HUKAIOT B TOTPAHUYHOM
KIJIOMETPOBOM cJyioe atMocdepbl. TypOyneHTHbIE 30HBI
Bbie 1 KM JIMapoM, PACHOJOXKEHHBIM Ha 3eMJie, pe-
THCTPUPYIOTCS TOPa3J0 PeXKe.

Ha puc. 6 B BUme TpoCTpaHCTBEHHO-BPEMEHHOTO
pacrpesieienns C2 NpeJiCTABICHO BO3HHKHOBEHHE TYp-
6yJIeHTHOI 30HBI, 3aperiucTpUpoBaHa B HOYb ¢ 24 Ha
25.01.2023 r. 3mech MbI Hab/aiomaeM JBa OJHM3KO pac-
MOJIOXKEHHBIX APYT K APYTY TYPOYJIN3UPOBAHHBIX CJIOSI
Ha BbIcoTax 0,4—0,8 u 0,8—1,6 kM.

Ha BcTaBKe MOKa3aHO KOHTPAaCTHOE M306pakeHue
VBEIMUEHHOT0 yyacTKa mapaMerpa C2 Ha BbIcoTe 1 KM,
3apeructpupoBarHoro B 23:30. OHO uMeeT SIBHO BbI-
PaKEeHHBIIl BOJIHOBOII XapaKTep, YTO VKa3blBaeT Ha
BOJTHOBOE ITPOUCXOJKIeHNE TyPOYJEHTHBIX CJIOEB.

Pesynbrat, mokaszaHHBIH Ha puc. 6, 6bLT TOTyYeH
TIpU TIPOXOKJIEHUH XOJIOMHOTO (PpPOHTa, KOTAa TeMiie-

2,0

1,6

1,2
I

Bricora, kM

parypa Bo3ayxa y 3eman ymanga c¢ -7 °C B 19:00
24.01.2023 no -26 °C B 04:00 25.01.2023 r. mo gan-
ubiM Moziesin ICON (icosahedral nonhydrostatic) [20].
JTa cUTyallisl COOTBETCTBYET CHHOIITHYECKOMY KpHUTe-
puto mporaosa TAH, xoraa 3oHa Typ6yJIeHTHOCTH pac-
roJaraercst BOJIM3M ocH GapuyecKoil JOKOUHBI CO CTO-
poHbl o6sacTu Huskoro aasienus [1]. Kpome Ttoro,
B 9TO BpeMsl UMeJI0 MeCTO CTPYyiiHOe TeyeHHe C MaKCH-
MyMoM ckopocTi Betpa 21 M/c Ha Bbicote 1500 M [20].

Ha puc. 7, @ npuBefienbl ycpeiHeHHble 3a 1 MuUH
axocurtajibl Py (kpusbie 7 u 3) u P, (xpusble 2 u 4),
3alMcaHHble B JBa MOMEHTa BpeMeHH: Korjga TypOy-
JIEHTHBIH ¢J10il mpucytcrBoBas (23:22:30 24.01.2023 r.)
u cpasy nocie ero ncyesnoBenus (00:22:30 25.01.2023 r.).
COOTBETCTBYIOIIE BOCCTAHOBJIEHHBIE MPOMUJIN Mapa-
merpa C? mokaszanbl Ha puc. 7, 6. IIpocTpaHcTBeHHOE
paspelleHne JaHHBIX HA PHC. 7/ COCTaBJSeT 45 M, Bpe-
Merroe — 1 muH. [Ipodums C2 (kpusag 2) Ha puc. 7, 6
mpejcTaBisieT oHOBOe 3HAUEHHE, KOTOPOE C BBICOTOIL
B COOTBETCTBHH C Teopuell yObIBaeT 1Mo 3aKOHY «—4,/3»
(myHkTupHas kpusag) [21]. B TypOysieHTHOM ciioe Ha
auctaHimu 6 KM, coOTBeTCTByMolleil BbicoTe 1,2 KM,
Ha6JTI0Ia0ch TPexXKpaTHoe yBesmdenue C- OTHOCH-
TeJIbHO (POHOBOTO 3HAYEHMUS.
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Puc. 6. IlpocTpaHcTBeHHO-BpeMeHHOe paclipefieJieHIe IapaMeTrpa C,f IpH 30HAUPOBaHUU TYpOyJIeHTHOCTH ¢ 3emuu. Jlumap
YOP-5, 24—25.01.2023 r.
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Puc. 7. 9xocurnansl Py (kpusbie 1 u 3) u P, (kpusbie 2 u 4) (a) u cooTBeTCTByOIME UM BoccTaHoBJIeHHble 3HaueHus C, (6),
o o 2

noaydernsle mpu Haauunn (1) u orcyrerun (2) typGyientHoil 3ombl. Teopernueckuit npoduias C, TOKazaH ITyHKTUPOM
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(xpuBag 3). Jlugap YOP-5, 24—25.01.2023 .
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3akaoueHnne

ITpencraByieHbl IepBble 3KCIIEpPUIMEHTAJIbHBIE pe-
3yJIbTAThI 30HMPOBAHN TYPOYJEHTHOCTH CIIelNaIN31-
POBaHHBIM yJbTpadnoeToBBIM JugapoM Y OP-35, pas-
MellleHHbIM Ha caMoJeTe-nabopatopunt Ty-134 «OnTuk».
Typ6ynentnsrit mugap paboraeT Ha ocHOBe addekTa
yBeJIMYeHNs] OOPATHOTO PACCesSHUs, KOorja IIpH [BY-
KpaTHOM IIPOXO’KJeHHM BOJH B aTMocdepe IPOHCXO-
AT TlepepaclpefiejieHne 06pPaTHO PACCESTHHOTO WM3Jy-
4YeHHd B NIPOCTPAHCTBE W yBeJHUYeHUE eTro cpefHeil MH-
TEHCUBHOCTH Ha OCHU JIa3epHOTO ITyyKa.

B kauecTBe OCHOBHBIX PE3YJIbTATOB, IOTYYEHHBIX
TypOYJIEHTHBIM JINJIApOM Ha GOPTY CaMOJIeTa, BBLIEINM
cnenymomue. ITokazana MpUHIMNINATBHASA BO3MOKHOCTD
PErucTpaIyy IapaMeTpoB ONTHYECKOIl TYypOyIeHTHOCTH
7o BbIcOTBI 9 KM. [lalIbHOCTb 30HIUPOBAHUSA JHEM CO-
craBusia 8—10 kM (U3MepEHUS HOYbIO He POBOIIINCD).
Ectb Bce ocHOBaHEUSA HojiaraTb, 4TO B TYpOyJIeHTHOM
Jape WCIOJIb30BaHNE YJbTPauoJeTOBOIO Jlazepa
¢ UTMHOH BOJHBI 355 HM $BJISETCS ONTHMATLHBIM IIO
CPaBHEHUIO C BUAUMBIM U NH(MPAKPACHBIMU JUAIa30HA-
MU JUUIHH BOJH, MOCKOJIBKY: 1) npu oTcyTcTBHM 06ia-
KOB 9XOCHUTHAJ GOJIbIlle 3a CYeT MOJIEKYJSIPHOTO pac-
cesiHUs; 2) BbIlle YYBCTBUTEJBHOCTH MeToga Y OP
K M3MEHEHWIO MHTEHCUBHOCTH TYpPOYJEeHTHOCTH; 3) u3-
JydeHue Ge30macHO Ui TJia3; 4) usiydeHue HEBUIU-
Moe, T03TOMY He IpHBJIeKaeT BHUMaHUS.

Bo Bpemsa m3MepeHmii Tpacca 30HAMPOBAHUSI Typ-
GyseHTHOTO JmJapa Oblla HAIpaBJeHa B CTOPOHY IOJ
IpsIMBIM YIJIOM OTHOCHTEJbHO HAINlpaBJeHUs I0JIeTa,
I03TOMY THOJIy4YeHHBIE pe3yJbTaThl CIeAyeT PaccMaTpH-
BaThb KakK IIpeJBapuTesbHBle. B HacTosiee BpeMsl Be-
JeTca pa6oTa Mo Iepeo6OPYAOBAHUIO BLIXOAHOTO IHOP-
Ta AJd JUJapa, 4TO II03BOJIUT HAIPABUThb Ja3epHbIi
JIyd BIepes IO Kypcy IojieTa caMmoseTa. Kpome Toro,
3aBepuraeTcs pa6oTa IO CO3JaHUIO TypPOYJEHTHOTO
aupapa YOP-6, xotopbrit 6yeT ycTaHOBJIeH Ha GOPTY
Ty-134. Bo Bpems npeAcTOSLNX II0JIETOB IIpejIoJara-
eTcs IpoBeJieHNe JINTeIbHbIX HelpepbIBHBIX H3Mepe-
HUIl B aBTOMATUYeCKOM peKHMe, KOTOpble IO03BOJIAT
HAKOINUTh 3KCIePUMEHTAJIbHBIN CTaTHCTHYECKUIl MaTe-
pHaJ 10 JUJAPHOMY OOHAPY’KEHHIO TYpOyJeHTHOCTH
sgcHoro HeGa [22].

Vcnomnb3oBanue TypOyJEeHTHOTO JHJapa He orpa-
HUYUBAETCS ero IpUMeHeHHeM TOJbKO Ha GOpTy BO3-
qyurHoro cyfaHa. Jlmpap HaszeMHOTo 6a3smpoOBaHUS TIO-
3BOJIIET IIPOM3BOJUTL U3MepeHUs B HIDKHell Tporo-
cepe. IlpencraBreHb! faHHBIE 30HANPOBAHUS C 3€MJII
TeM XKe caMbIM JjugapoM Y OP-5; B 3uMHee BpeMs yToJ
HakJOHa Tpacchl coctaBiar 11°. Jlugap nosBossit 06-
HapyKNUTh TypOyJIeHTHbIe CJOM Ha BBICOTAX O 2 KM.
BosmoskHOIT TpUYMHOIl MOBBINIEHNS WHTEHCUBHOCTHU
TypOyJIeHTHOCTH ObLTa HeycToHumBocTh KesbBHHA—
lesbMTOJIBITA, TTOCKOTBKY M3MEHEHHS CTPYKTYpHOW Xa-
paktepucTiki C2 BO BpeMeHH I B IIPOCTPAHCTBE MMeJH
BOJIHOBOI XapakTep.

(unancuposanue. PaGora BbinosHeHa Ipu (u-
HAHCOBOil moj/iepkKe MUHHCTEPCTBA HAYKH M BbICIIeE-
ro o6pasoBanusa PO (mpoext Ne 075-15-2021-934).
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A flight experiment was carried out in which turbulence was sounded with the UV lidar BSE-5 from the
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safety.
Tu-134 Optik laboratory aircraft. The experiment was conducted in September 2022 as part of the Arctic explo-
ration program. During the flights, lidar recorded zones of moderate turbulence in the lower troposphere, where
the probability of turbulence is maximal, and isolated cases of clear air turbulence (CAT) at an altitude
of 9 km. The intensity of the aircraft shaking was monitored using a 3-coordinate accelerometer. It was found
that the turbulent lidar can be used in practice for remote detection of turbulent zones at altitudes where most
commercial flights are carried out. The prospect of ground-based application of turbulent lidar for solving avia-
tion safety problems during flights in the lower troposphere is shown. The results of the BSE-5 lidar sounding
in winter, when an increase in the intensity of turbulence in the 0.4—1.6 km layer was recorded during the pas-
sage of a cold front, are presented.
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