MABA 3. CAMOJIETHbIE HABJZIFOAEHUA

3.1 OBLLME MOJIOXXEHUA
3.1.1 Onpepenenns

B HacToALLEeN raBe ONMUCLIBAOTCS METOAbI, UCMOIb3yeMble 419 aBTOMaTUYECKNX
MeTeopOoIorMyecknx n3sMepeHunii Ha COBpeMeHHbIX KOMMepPYeCKknX BO3AYLLUHbIX CYAax,
N3BECTHbIX NOA OOLLMM Ha3BaHWEM «CaMOsIeTHble HabntoAaeHMs». [PUHLMNbI, ONUCaHHble

B HacTosLLel rnaBe, MOryT ObiTb MCMO/b30BaHbl 419 06paboTkN AaHHbIX Ha 1I060M alekBaTHO
o60pyaoBaHHOM NpnbopamMm BO3AYLLIHOM CyAHe B LieNiax onpeaeneHuns n paspaboTtkm cucrem
Habnl0AeHNI C BO3AYLUHbIX CYAOB.

Cucrtema HabnogeHuii BMO, nmernyemas kak «Cuctema nepegadn METEOPOSIOrMYECKUX AaHHbIX
C Bo3aywHbIx cyaos (AMIAP)», apnsercs cuctemoi HabtoAeHUI C BO3AYLIHbIX CyA0B, KOTOpas
onucekiBaetca B Guide to Aircraft-based Observations (PykoBoACTBO MO camosieTHbIM Hab/1loAeHNAM)
(WMO-No. 1200) B kauecTBe CUCTEMbI AJ/151 yAOBIETBOPEHNSI METEOPOJIOTNYECKMX
notpebHOCTEN, CBA3aHHbIX C COOBOLLLEHNEM METEOPONOTNYECKUX AAaHHBIX C MAaT(OpPMBbI,
pacnonoxeHHON Ha BO3A4yLLIHOM cyAHe. DkcnnyaTauma cuctemol AMJAP ocyliecTisertcs
Ynenamn BMO B pamkax cornalueHus o COTpyaHU4eCcTBe C aBUakoMnaHusaMun-napTHepamu,

1 nony4YeHHble TakuM o6pa3om AaHHble nepegatotca B iHdopmaumoHHyto cuctemy BMO (UCB).
[JononHuTtenbHaa uHgopmauunsa umeetcs B nybnumkauunun Guide to Aircraft-based Observations
(PykoBoacTtBO No caMosieTHbIM HabawoaeHnam) (WMO-No. 1200).

AMJAP v gpyrue camosieTHble CUCTEMbl HAGAIOAEHNI, Kak NPaBuIIo, SKCMTyaTUpyoTCs

Ha BO3JYLUHbIX CyAax, 060pPyA0BaHHbIX C/IOXHBIMW HABUTALMOHHBIMU 1 APYTUMU
30HANPYIOLWMMU cucTemMamu. MimetoTcsa AaTynkn 4N n3mepeHuns CKopoCcTn BO3AYLLHOroO
noToka, TemnepaTypbl U AaBieHnsa Bo3ayxa. [lpyrve gaHHble, OTHOCALLMECS K MECTY
MoJIOXKeHUs BO3AYLLHOrO CyAHa, BpeMeHn HabntogeHns, yCKOPEHUIO 1 OpUeHTaL M, NoCTynawT
OT HaBUraLLMOHHOM CUCTEMbI BO3AYLLHOTO cyaHa. Ha Bo3ayLuHOM CyaHe TakxXe HaxoaaTcs
60pTOBbIE KOMMbIOTEPHI A4/11 YIPaB/IeHUs NOJAETOM U HaBUTALLMOHHbIE CUCTEMBI, C MOMOLLLbIO
KOTOpPbIX HaBUTaLMOHHbIE U METEOPOJIOrNYECKME faHHble HenpepbiBHO o6pabaTbiBatOTCA

Ha KOMMblOoTepe 1 nepeaatoTcs B kabuHy 3knnaxa. B TpagMumnoHHblix cnctemax HabnogeHui,
HaxoAALMXCA Ha BO3AYLLHOM CyAHe, 3TV AaHHble NPOXOoANT AalibHeliLyo 06paboTky

M aBTOMaTU4e€CKM BBOAATCA B CUCTEMY CBA3N BO3AYLLUHOIO CyAHa AN nepejaqyn Ha 3emJt0 Ui,
B Ka4yeCTBe a/ibTepHaTUBbI, Ha BO34YLLIHOM Cy/lHE MOXeT MCMOJIb30BaTbCA CreumanbHbllii nakeTt
Ans 06paboTKkM AaHHbIX B LEeNax 40CTyna K Heo6paboTaHHbIM JaHHbIM U3 CUCTEM BO3YLLUHOIO
CyAHa N He3aBMCUMMOTO pacyeTa METEOPO/IOTMYECKUX NePEMEHHbIX.

B cuctremax AMIAP 3T TexHnyeckume cpeacTsa UCMONb3YIOTCA A8 COCTaBNeHUS U nepeayu
MEeTeopOIorM4ecknx CBOAOK B pexunuMe peasnbHoro sBpemMmeHn. O6bIYHO 3TK coObLLLEHNS
coaepxaT faHHble O CKOPOCTU U HanpaBaeHnM BeTpa (B rOPU30HTa/IbHOM NJIOCKOCTH),
Temnepartype Bo3ayxa, 6apoMeTpnyeckomn BbicoTe (BbicoTa B MexXayHapOoAHOM CTaHAapPTHOM
aTMocdepe, cBA3aHHaa Co CTaHAApPTHOW n306apnyeckoil NOBEPXHOCTbIO), BPEMEHU
HabntoaeHus, pase noseta n MECTOMONOXEHNN BO3AYLWIHOTO CyAHa. Ecnm Bo3ayluHoe cyaHo
060pyaoBaHO A0/HKHBIM 06pa3oM, OHO MOXeET Tak>ke coobLLaTh AaHHbIE O BAAXXHOCTN NN
OTHOLUEHWM CMECU BOASAHOrO Napa u nokasatene TypOyn1eHTHOCTH.

ﬂ,)’lﬂ TOro YTOb6bI NOAYy4UTb AaHHbIE METEOPOJSTOTNYECKUNX M3MepeHVII7I, penpe3eHTaTtnBHbLIE
ans CBO60,C|,HOFO BO34YyLUHOro nNOTOKa B61M3K BO34YyLUHOIo CygHa, UCXoA4Hbl€ AaHHbIE
MEeTEOPO/TOrM4YECKUNX Ha6}'IIO,CI,EHVII7I HeOﬁXOﬂ,I/IMO noaBEPrHyTb C)/LLI,eCTBeHHOf;I Koppekunn

M KOMM1EKCHOMN o6pa60TKe. [MonHoe onmncaHue BCcex COOTBETCTBYHOLLMNX NPOLLECCOB BbIXOAUT
3a paMKKn HactoAuLero P)/KOBO,CI,CTBa, OAHaKo B ,Cl,aHHOf;I rnaBe nNpmMBOAUTCA U3NTOXKEHNE
NPUHUNMOB CO CCblJIKaMW Ha AOMOJ/IHUTEJIbHYIO TINTEPATYPY.
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31.2 CamMmoneTHble METEOPONTOTUYECKUE AaTYUKN

OCHOBHbIMUM AaT4YnKamu, ycTaHaBAMBaeMbIMU Ha 60PTY COBPEMEHHbIX BO3/YLLUHbIX CYA0B,
BbIMO/THAOLLNX KOMMEPYeCKMe pelichl, ABAAIOTCSA MPUEMHUK MOJTHOFO M CTaTUYECKOro
AaB/ieHUs 1 JaT4MK NnoaHon TeMnepatypbl Bo3ayxa (TAT). [laHHble C 3TUX AaTYMKOB, a TakKe
WMHpopmMauus, NocTynaroLwasn oT HaBUraLMOHHON CUCTEMbI BO3AYLLHOMO CyAHa, 06bIYHO
npeacTaBnseMon O4HOM AN coveTaHneM pagnoHaBurauMoHHbix cuctem (MhobanbHas cuctema
onpeaeneHus mectononoxerus, [COM), o6opyaoBaHnem A1 U3MePEHNs PacCToHUA

(OWP), BceHanpasneHHbIM KypcoBbIM pagmnomaskom YKB-gnanasoHna (YBP), cuctemot
WHCTPYMEHTaNbHOM NOCaAKM 1, B HEKOTOPbIX Cy4asnx, UHepLMasbHON HaBUraLMOHHOM
cuctemoin (MHC), ncnonb3sytotca ansa pacyeta cneayolmx MeTeopo0rM4ecknux napameTpos:

a) 6apoMeTpUYEeCKOW BbICOThI Hpﬂ NO3MLINK MO rOPpU30OHTaNuM n Tekyliero spemedn (PALT
Ha pucyHke 3.1);

b) cratnyeckor Temnepatypsl Bosayxa T, (SAT Ha pucyHke 3.1);

C) ckopocTtu BeTpaV,

d) HanpasneHus BetpaD,.

Ha HekoTOpbIX BO3AYLUHbIX CYAax MMEIOTCS AOMNOJIHUTE/IbHbIE BO3MOXHOCTM /151 U3MEepeHUs
napameTpoB TYp6yneHTHOCTN NAM AONOIHUTENbHbIE AAaTYNKK AN U3MepeHns obneaeHeHns

Ha quOHTa)'IbeIX MNOBEPXHOCTAX I/I/I/I}'Il/l O3 usMepeHus OTHOCUTENbHOM BNAXHOCTU BO34yXa
MM OTHOLWEHUA CMECU BOAAHOTIO Nnapa .
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PucyHok 3.1. O6pa6oTka gaHHbIX ¢ aaT4ynka AMAAP

' bapomeTpuyeckas BbiCOTa onpeaenseTcs kak Mepa BbICOTbI 10 OTHOLLEHWIO K CTaHAapTHOMY HY/IeBOMY YPOBHIO
8 1013,2 rMa. NMepemeHHbIli 3wenoH noneta (FL) paBHo3HaYeH 6apomMeTpuyeckoMy AaB/EHUIO Ha BCEX SLUe/IOHax.
bapomeTpuueckas BbiCOTa 1 3LI€/10H NoneTa MOryT He 6biTb B3aMMO3aMeHAEMbIMU MPU YKa3aHHOM BbiCOTe
BO3/YLLUHOrO Cy/lHa, BbICOTE BO3/YLLIHOMO Cy/iHa UM CaMOJIETHO BbICOTE, Ha KOTOPOU NPUMEHSAIOTCA Apyrue
onpeaeneHuns. [lockonbky BO3AyLLIHOE CYAHO MOXeT COBEpLUAaThb MOeT Npu YPOoBHAX AaBaeHus sbiwe 1013,2 rlMa
(a UIMEHHO — HUXe CTaHAAPTHOM NNOCKOCTU BbICOThI), 6apomeTpuyeckas BbiCoTa (MM 3LWENOH noseTa) MOryT 6biTb
oTpuLaTebHbIMU.
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[ns Toro, 4To6bl OLLEHNTb CJIOXKHOCTb CMCTEMbl 06paboTKM AaHHbIX, CTPYKTYpa NPUBEAEHHOIO
H1Xe onncaHna npeacTaB/ieHa B BUAE NOTOKa NpoLecca B TUMMYHON ONepaLMoOHHON CUCTeMe.
Heobxoanmo 6yaet otMeTuTb (pUcyHok 3.1), 4TO paccymTbiBaeMble NepeMeHHbIe TECHO
B3aMMOCBSA3aHbI.

3.2 AABJIEHUE N YNCJ/10 MAXA
3.2.1 NMpueMHUK NOJIHOrO U CTAaTUYECKOro AlaB/IeHUs

lMpueMHMK NOIHOIO N CTaTUYeCKoro AaBJsieHns (PUCYHOK 3.2) pa3mMeLlaeTcs B HEBO3MYLLLEHHOM
NoTOKe BO3JyXa BHE MOrPaHUYHOro C/105 BO3AYLLHOIO CyAHa 1 nsmepser obliee AaBieHune
(cTaTncTMYeckoe AaBneHme NOC NOTHOE UK AUHaMMYeckoe AaBneHune). HekoTtopeble

13 3TUX AaTYNKOB MOTYT TakXe N3MepsATb CTaTu4eckoe AasieHne (a UMEHHO - JaB/ieHne

B HEBO3MYLLLEHHOM MOTOKE BO3/yXa, B UAeaslbHOM C/ly4ae faBneHne HEBO3MYLLLEHHOro
OKpy>XatoLero Bo3ayxa), 04Hako Ha 60/bLLUNHCTBE aBnanaiHepoBs, 06bIYHO NCMOJIb3yeMbIX A5
AM/JAP, ctaTn4yeckoe AaB/ieHne U3mepseTcs Yepes OTBePCTUs, pacnonoxeHHble B 60KOBOM
4acTu Kopnyca BO34yLIHOro cyaHa. [lapameTpbl 4aBAeHUS U3MEPSAIOTCA 31E€KTPOHHbIMU
AaTyMKaMu 1 nepeaaroTcs B LeHTpasibHbIn 610K, o6ecneyvmBatoLnin anropuTMbl 415
aspoAnHamMnyeckux nonpaBok (KOPPEKTUPOBKA «BCTPOEHHON OLUNOKIM»), K Ha 3aK/TI0YUTENTbHOM
3Tane noctynatoT B O9BM 06paboTkm AaHHbIX 0 napameTpax atMocdepbl (ADC). ADC

no pesynbTaTam 3TUX ABYX U3MEPEHUIN paccinTbiBaeT 6apoMeTPUYECKYIO BbICOTY, CTaTUYECKYIO
TemnepaTtypy u 4mcio Maxa.

PucyHok 3.2. Tunosas koHgpUrypaums ans usmepeHns ctTaTM4eckoro AaBjeHus U NOJIHOTo
AaBJ/ieHUs Ha Bo3ayLHOM cyaHe. CTaTuyeckoe aaBneHue usmepsercs (CM. oTMETKY «S») nn6o
B OTBEPCTUAX NO 06enM cTopoHaMm ro3ensxa, 1M60 B 60KOBbIX OTBEPCTUAX AaTUMKa
NO/IHOro-cTaTu4yeckoro aaeneHns. O6uiee faBeHNe U3MepPSIETCA B HanpaB/ieHHOM Bnepes,
OTBEPCTUU AaTYMKOB MOJIHOTO AaBJ/IEHUA NN [aTYUKOB MOJIHOTO-CTaTUYeCKOro AaB/ieHus
(cMm. OTMeTKY «P»), ycTaHOB/IEHHDbIX Ha (hro3ensike B HECKO/IbKUX MeTPax Huxe
HOCOBOM YacTum.
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3.2.2 bapomeTpuueckas BbicoTa

[aHHble n3amepeHuns cTaTMyeckoro gassieHns o6bl4HO He nepegatotrcs B AMIAP,

a npeobpasytotca B ADC B 3kBMBa/IEHTHYIO BbICOTY Ha OCHOBe MexayHapoaHON cTaHAapTHOM
atmocdepsl (1ISO, 2007). MexayHapoaHas cTaHaapTHas atmocdepa (CM. pucyHok 3.3)
npeanonaraeT IMHENHOE YMeHbLLEeHNe TeMnepaTypbl € BbICOTOM Ha 6,5 °C Ha Kax bl KuiomeTp
A0 BbicoTbl B 11 km (36 089 pyTOB)? Npn TemnepaTtype v AaBNeHUN Haf CPEAHUM YPOBHEM MOPS
B 15 °Cwun1013,25 rMa cootBeTcTBeHHO. [peanonaraetcs, 4to B cnoe ot 11 km (36 089 dyTOB)
£0 20 km (66 000 cbyTOB) TEeMNepaTypa OCTaeTCs MOCTOAHHON U paBHOW -56,5 °C.

Mpu 3Ha4eHnN 6apoMeTPUYECKON BbICOTbI H , paBHOM Un MeHblue 11 km (36 089 ¢yTos),
CTaTudeckoe faBneHue (p,) cBasaHo ¢ H cnomoLbio CleayoLlero BbipaxeHus:

3.0

)5,2559

p,=1013,25.(1-6,8756-10° 1,

npu Hp — B eaAnHunuax ¢yTos 1 p. — B eanHuuax rfla. Hanpumep, ecim Hp cocraBnsaet
9144 m (30000 dpyToB), TO p, = 300,9 rMa.

MpueeaeHHoe BbILe BoipaxeHue 3.1 MOXeT 6bITb MCNO/Ib30BAHO AJ/19 BbIYNC/IEHUS CTaTUYECKOTO
[JaB/ieHNs Ha OCHOBe COO6LLLEHHOM N306apnYeCckoi BbICOTbI, MPU YC/TI0BUK, YTO B 6OPTOBOM
nporpaMMHOM o6ecnevyeHnn 3Ha4YeHne CTaTU4eCcKoro AaseHunsa 6blJ10 CKOPPEKTUPOBAHO
TONbKO AN15 3P heKTOB a3pOAMHAMUNYECKOTO NPOUCXOXAeHUs (BCTpOeHHas onbka),

M eCc/In OTMEeTKa LUKasibl BbICOTOMEpPa Ha BO34yLHOM CyAHe (Hy/1eBOe MCXOAHOE 3HaYeHne)
ycTaHoBneHa no ctaHgapty MKAO ans paenenuns, npuBeAeHHOro kK CpeiHEMY YPOBHIO MOpPS

(1 013,25 rMa). NMpoueaypbl NPUMEHEHNS HABUTALLMOHHBIX NPMBOPOB NpeAyCcMaTpMBaloT Takxe
HaCTPOMKY Hy/1€BOW OTMETKMU LLIKaJibl BEICOTOMEpPa M Ha ApYyrue ucxogHole yposHu. Hanpumep,
BbICOTOMEP MOXeT 6bITb YCTaHOB/IEH N0 aTMOChePHOMY laB/IEHUIO Ha YPOBHe aspoapoMa
(6apomeTpuyeckoe gasneHune Ha BbicoTe nons aspoapoma, QFE) nan QNH (3Havenune

QFE ymeHbLU€eHO K AaBJ/IeHMIO Ha YPOBHE MOpPSA NyTeEM UCMOJIb30BaHMa MexayHapoaHom
CTaHAapTHOM aTMocdepbl), KOTOPOE ABNSAETCSA 3TA/IOHHBIM JaB/IeHMEM NO LKase CTaH4apTHOWM
atMocdepsbl, TakMM, KOTOPOE yKa3aHo Ha BbICOTE a3poApOoMa Ha YPOBHE KOHKPETHOM
nocago4yHom nonocol. M3o6apuyeckas Boicota, coobuiaemas 60pTOBbIM NPOrpPaMMHbIM
obecneyennem AMJAP, nonxkHa Bcerga 6biTb NnpuBs3aHa k ctaHgapTy MIKAO gnda nasneHus,
npvBeAEeHHOro K CpeiHEMY YPOBHIO MOpPSI.

60 000
50000
40 000
30000
20000

10000

BbapomeTtpuyeckas BbicoTa (yTbl)

-10000 - -
0 200 400 600 800 1000 -60 -40 -20 0 20

[Jasnerue (rMa) Temnepatypa (°C)

PucyHok 3.3. MexxayHapoaHas ctaHaapTHas aTmocdepa.

2 WNmeetca obwwas nonmTmka ucnonb3osaHus eanHuy, cuctembl CU. OnHako 3Ha4eHuns B yTax Takxe NpuBoaATCA
Ans 0603Ha4YeHNA BLICOThI B 3TOV [N1aBe, CO6/110a8 06LWenPUHATYIO NPaKTHKY B aBUaLMOHHOM coobLiecTse.
Eannnua anuiel cuctembl CU - meTp (m). OanH meTp cootsetctayeT 3,280 839 895 013 1 pyta. Cneayet yumnthiBath
BO3MOXHY!I0 MOrPeLHOCTb NMPU OKPYIEHUU, B CBA3M C HeM He06X0/MMO NPOBEPATL Pe3ynbTaThl.
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Ans ncnonb3oBaHua B kabrHe NUNOTOB «MOKa3aHHas» BbicoTa H, (bapomeTpuyeckas BbicoTa
Haj cpeiHuM yposHeM Mops (CYM)) paccuuTeiBaeTcs no 6apomeTpudeckoii Beicote (H )
MUWHYC Ha4ya/ibHO€ 3Ha4YeHune BbICOThl, yCTaHOB/IEHHOE Ha LKasie BbICOTOMepa Mo CTaHAapPTHOM
atmocdepe (H), nnitoc BbiCOTa ncxoaHoro aasneHns Hag CYM (E, ). Obuiee BbipaxeHue
BbIMNAANT CefyoLwmnm obpasom:

H,=H,~H, +Epy (3.2)
0,190 26
H o=[1-| - 145 442 (3.3)
1013,25

rae H, H v E,__ natotca B dyTax, a p, — B eamHuuax rfla; p. — nasneHme, yCtTaHoB/IEHHOE
Ha LIKajie BbICOTOMepa, Takoe Kak:

QNH, npu E__ =0 ™ (0 cbyTOB) Hag cpeaHUM ypOBHEM MOPA
nan
QFE, npun E__ = BbiCOTa No/1s HaZl CPEIHUM YPOBHEM MOPS.
3ametum, 4to H =0, echm p =1 013,25 rla.
Hanpumep:
a)  ecnu HavasibHas OTMeTKa LuKasbl BbICOTOMepa yCTaHOB/1eHa Ha 3HaveHne QNH,
coctasnstouiee 1000,0 rMa, n nokasaHHasa BbicoTa paBHa 2845 M (9335 dyToB),
H =2845wm+ 110 m (9335 cbyT0B + 365 hyTOB) = 2955 M (9699 byTOB) M p =705 rlla;
b) ecnu wkana ycraHoBneHa Ha 3HavyeHue QFE, coctaBnsiowee 990 rlla, Huxe
BbICOTa Ha YPOBHe aspojpoma cocTaBnset 84 m (276 pyToB) M npupoaHas BbicoTa
paBHa 2761 m (9058 dyTOB), TO Hp =H +H (QFE)-E,,=2761 M+194M-84m
(9058 pyTOB + 641 hyT - 276 hyTOB) = 2871 ™M (9423 byTa), a 3Ha4yeHne QNH 6yaet
pasHo 1 000 rMa.
OpHako ans uenein AMJAP cnepyet BblbrpaTh Tako NapaMeTp BblCOTbl, KOTOPbIN
NCKJTI0MUTE/IbHO OCHOBAH Ha a3poAnHaMMYeCcKn YNCTOM CTaTMYeCKoM AasneHnn 6e3

Kakon-nn6o ccoinkn Ha QNH nnm QFE.

Ecnn H, 6onbue 11 km (36 089 ¢yTOB), TO CTaTU4ECKOE AaB/ieHNe BblpaxaeTcs (hOpPMYyIoi:

36 089—Hp
=226,32- 20 806
unu Ps ¢ (3.4)
H,_ =36089-20806-In| —2Ls
» 226,32

rae H npusoautcs B eAnHulax gyTos, a p. — B eAnHuuax rfla. Hanpumep, ecan H, coctasnsiet
40000 cpyTos, T0 p_=187,5 rMa.

3.2.2.1 HeonpedenenHocme usmepeHuii

N cToYHMKM HeonpeaeneHHOCTM BKJIKOYaLOT CliegytoLlee:

a) HeonpeaeneHHOCTb KATMOPOBKY;

b) «kpaTkocpoyHas cnyyaliHas NOrpewHoCcTb NpubopPOoB.;

C) Apeid kKanMO6POBOYHBIX 3HAYEHWIA;

d) HeonpeaeneHHOCTb BO3AENCTBUS WA HeoNpeaeNeHHOCTb CTaTUYeCKOro UCTOYHMKA
(3anoxeHHas).
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Mockonbky o6ecnevyeHne 6€30NaCHOrO 3LENOHNPOBAHNS BO3AYLLUHbIX CYA0B MMEET KpalHe
BaXXHOe 3HaYeHue, 3TN HeonpeaeIeHHOCTN KOPPEKTUPYIOTCA B MakCUMaibHO BO3MOXHOWM
cteneHun B ADC. HeonpeaeneHHOCTb CTaTUYeCKOro UCTOYHMKA, KOTOpas ABAseTcs yHKLMen
MecTa pa3MellleHUs NpueMHuKa gasfeHns, Yncina Maxa 1 Beca BO3AyLLIHOIO CyAHa,
onpeaenseTcs saMNMPUYECKN BO BpeMs N€THOro UcnbiTaHns. HeonpegeneHHoCTb AaBneHns
onpeaenseTcs No coo6LLaeMblM 3HAa4€HMUAM BbICOT.

Bo3MOxHO Npn4nHON BpemeHn 3a4ep>XKKn NOCTYNAeHns AaHHbIX B cucteme AMIAP ssnsetcs
pPagnocBa3b Mexay BO3AyLIHbIM CYJHOM 1 3eMJell. DTOT NPOLLeCC CBA3WN perynmpyercs
MexayHapoaHbIMU cTaHAapTamu, Takumm kak ARINC 620, AOSFRS (Cneumndukaums
(pyHKUNOHaNbHbIX TPe6OBaHUI B OTHOLLEHUM 6OPTOBBIX MPOrpaMMHbIx cpeacts AMAAP) nnn
AAA, kotopas nogaepxumsaet ACMS (Cuctema MoOHUTOpUHra coctossHusa camoneta) ACARS
AMDAR. B 60nee paHH1X BapuaHTax 3TUx CTaHgapToB 6apomMeTpruyecKne BblCOTbl COO6LLLAaNMNCh
C ANCKPETHOCTBIO B COTHWN (PYTOB, HTO /19 KPENCEePCKOro 3LUe/IoHa NoneTa 3KBMBAJEHTHO
npnbnusutensHo 1,5 rfa. 31o coctasnset npumepHo 0,1 % oT nonHomacwTabHOro n3MepeHus
AasneHus. MNpu TouHOCTM NpMBGOPOB, COCTaBAAIOLLEN B yyLueM ciydae nopsaaka 1 rfa,
HeonpeaeeHHOCTb U3MEPEHMS CTaTUYECKOrO AaBeHUS B KPENCepPCKOM 3LUeN0He, NoJly4YeHHas
nocpeacTsoM npeobpasoBaHns 6apoMeTpUYeCcKol BbICOTbl, COCTaBaseT okono 2 rlla. Ana
BbICOTbl Ha YPOBHE MOPS pa3peLleHmne SKBUBaNeHTHO npumepHo 3,7 rlla, pe3ynstaTom

yero ABNSAETCA Heonpeae/eHHOCTb nopsaka 4 rlla. B nocnegHmx BapuaHTax 60pTOBOro
nporpammHoro obecnevyeHns AMJAP BbicoTa coobLiaeTcs B gecaTkax pyToB, 1 B 3TOM Cly4vae
HeonpeaeeHHOCTb, 06yC0B/IeHHas NOrPeLHOCTbIO, CBA3aHHOM C KOAMPOBAHNEM, IB/ISETCA
60/1e HU3KOW N0 CPaBHEHMIO C OCTaBLUENCa Heonpeae/IeHHOCTbIO n3MepeHuns. BosayliHoe
cyaHo, o6opyaosaHHoe AMJAP, cooTBeTcTBYeT npasuaam n Tpe6oBaHNAM COKPALLLEHHOrO
MUHUMYMa BePTUKaIbHOIO 3LUETOHNPOBAHNSA, U3/TOXKEHHBIMWU OPULINANBHBIMUN YHPEXAEHNAMM
B pamkax opraHmsaumun Bo3gywwHoro asmxernns (OBA). OT Bo3ayLwHbIx cyaos TpebyeTcs
noajep>xaHue HeonpeaeneHHoOCTN 6apomeTpuydeckoit BoicoTbl B 50 M (160 dpyToB) faxe

B Anana3oHe BbicoT 0T 9 144 M (30 000 cpyToB) A0 12 192 M (40 000 dyTOB). Taknm 06pasom,
HeonpeaeseHHOCTb AaB/eHus A0/KHa HaxoanTbes B npedenax £1,5 rlla, a cucrema koHTpons
KayecTsa aBMakoMnaHmn foaXHa NOAAePXNBaTb TOYHOCTb Ha 3TOM YPOBHE.

3.2.3 Yucno Maxa

Yucno Maxa (M — oTHOLIEHNE UCTUHHOM CKOPOCTU BO3AYLLIHOIO NOTOKAa K CKOPOCTM 3ByKa

B CMOKOWHOM aTMocdepe) ABNSAETCSA BaKHbIM 31€EMEHTOM A5 IKCMyaTallMn BO34YLWIHbIX CY0B.
B cucremax AMZAP oHO ncnonbsyeTtca AN BBeAEHUSA MONPaBOK B U3MEPEHHbIE 3Ha4YeHns
Temrnepartypbl BO3yxa U CKOPOCTU BO3YLLUHOro notoka. B cyxom Bo3ayxe ckopoCTb 3ByKa
nponopumoHabHa KBapaTHOMY KOPHIO M3 abCoNtoTHOM (CTaTuveckon) Temnepatypsbl T..
Yucno Maxa 3aBNCUT TOJIbKO OT ABYX NapamMeTpoOB, a UMEHHO:

a) AaBJ/ieHne CKOPOCTHOIo Hanopa ¢, UsMepAaemMoe yCTaHOB/IEHHbIMA Ha BO3AYyLIHOM CyAlHE
AaT4nKaMu NMNOJIHOIro AaBAeHUA, N

b) cTaTuyeckoe faBneHune p, n3mepseMoe B onpe/esieHHbIX MecTax B 60KOBOI YacTy
rozensika BO3AYyLIHOIO CyaHa:

M= 2 ["c*’%j "1 (3.5)

rae g+ p, — obliee AaBNeHNe; N kK — COOTHOLLIEHUE yAeNbHbIX TENI0EMKOCTEN CyXoro
BO3JyXxa (Cp/CV).

[JononHutenbHyto nHdopmaumio cM. B paboTax No BONpocaM a3poaMHaMUKK BO3AYLLUHbBIX
cynos, Takux kak Abbott and von Doenhoff (1959) u Dommasch et al. (1958).
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3.2.3.1 HeonpedeneHHocme usmepeHuii

HeonpeaeneHHOCTb MU3MepeHU onpeaenseTcs NoYTU NONHOCTbIO HeoNpeae1eHHOCTbIO
OCHOBOMOJIararLWmMx N3MepeHnii asneHuns. B HopmanbHOM pexnMe Heonpeae/IeHHOCTb
npoun3BoAHOro Yncna Maxa gomkHa 6biTb MeHee 0,2 %.

33 TEMMNEPATYPA BO31YXA
3.3.1 [JaTuyuk nosIHOW TemnepaTypbl BO3AyXa

[atunk nonHo Temnepatypbl TAT pa3mellaeTca B HEBO3MYLLLEHHOM BO3/yLLHOM MOTOKe

W UCNONb3yeTca A1 U3IMEPEHUS CTaTUYeCkoin TemnepaTypbl (HEBO3MYLLLEHHOIO NOTOKa
BO3Jyxa). To4HOe n3mepeHune TeMnepaTypbl BO3yXa ABASETCA OCHOBOW ANS MONYyYeHNs
APYTVX MPOU3BOAHbIX METEOPOIOTNYECKNX 31eMeHToB. Hanpumep, 3Ha4yeHne Temnepartypbl
NCnonb3yeTcs AN18 pacyeTa UCTUHHOWM CKOPOCTU BO3AYLLUHOIO NOTOKa U, TaknM 06pa3om, BamseT
Ha pac4yeT KOMNOHEHTOB ckopocTu BeTpa. ADC koppekTupyet Temneparypy, hakTniecku
N3MepeHHYIo AaTHMKOM, UCNOb3ys NPU 3TOM pacHeTHoe 3HavyeHne Yncna Maxa.

BONbLWMHCTBO BO34YLIHbIX CYA0B, COBEPLUAOLLINX KOMMepYeckue pericel, 060pyaoBaHO
AaTtumkamm TAT — TepMomeTpamm KOHTakTHoro Tuna. Ha pucyHke 3.4 nokasaHa o6was
CcxeMa Takoro gatymka. HyBCTBMTE/IbHbIN 3/IEMEHT AaTt4yMka npeacrasnset coboli TepMomMeTp
COMPOTUBJIEHMSA. 3aLLUTHBIN KOXYX MpefoXpaHaeT HyBCTBUTE/IbHbIM 3/1eMEHT OT NonagaHuns
o6/1a4HbIX Kane/b 1 0CagKoB, OA4HAaKO UMEIOTCA COOBLLEHNSA O TOM, YTO B Ky4eBbix o61akax
Ha 4yBCTBMTEJ/IbBHOM 3/1eMeHTe noaBastoTca kanam soael (Lawson and Cooper, 1990). Tem

He MeHee, OCHOBHOM NPUYMHOI OTAEIeHNSA a3POANHAMMYECKMX YaCcTuL, ABNSEeTCA 3almnTa
[aHHOrOo 3/1eMeHTa NPOTMB abpa3nBHbIX BO3AENCTBUN.

BaxcHas B TepMOANHAMUNYECKOM M/1aHE 4aCTb 3alLLMTHOIO KOXYyXa npeAHa3Ha4Y€Ha 414
obecneyeHus NpakTn4eCckn noJAHOro a,CI,VIaGaTVI‘-IeCKOFO I'IpeO6pa3OBaHVIFI KWHETUYeCKOM

BO3AYLIHbINA = a
NoTOK - :

Bbinyck
BO3/yxa
B 60KOBbIE
oTBepcTUs

| YyBCTBUTENbHBbI
3N1eMeHT

O6LwuBKa
camornerta |

PucyHok 3.4. TunnyHblii npuMep AaTymKa TeMNepaTypbl BO3AYLLIHOIO CyAHa — AaT4yMKa
nosHom Temnepatypbl Bo3ayxa (cMm. Stickney et al., 1990). BHyTpeHHAsA aspoanHamMmuka
npoeKkTUpyeTcs TakuM o6pasom, 4ToObl TOpMOXKEHME NOTOKA MPOUCXOANII0 f,0 MOMEHTa
COMPUKOCHOBEHUSA € AaT4NKoM. COOTBETCTBYIOLW NI BHYTPEHHUIA NOrPaHNU4HbIN C/101
CoXpaHsaeTca A0CTaTOYHO Ma/ibiM U, BMeCTe C TEM, B CTOPOHE OT CEHCOPHOTrO 3/1€MEeHTAa, C TeEM
4YTOO6bl TOPMOXEHUE BO3AYLLIHOIO NOTOKAa MOCTOSSHHO MPOUCXOAWIIO B BUAE YNCTO
aaunabatnyeckoro npotecca. MckpuBneHne NoToka UCMO/b3yeTcs AJA cenapaumm 4acTu,.
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3Hepruun 3abpaHHOro Bo3ayxa BO BHYTPEHHIOI0 3Hepruto. CKOpoCTb BO3AYLLIHOMO NOTOKa
[O/XKHa ObITb CHMXKEHA 0 0CTaTOYHOIO 3Ha4YeHUS B laTHMKE B HECKO/IbKO M €. B 3TOM

MecTe NOTOK BO3/4yXa, BCTYNatoLNA B KOHTAKT C HyBCTBUTE/IbHBIM 3/IEMEHTOM, [LO/1KEH ObiTb
cBo6oeH OT Ten1006MeHa C BHYTPEHHUMU CTeHKaMW. BOT novyemy pasnunyHble BUAbI 3aLLUTHbBIX
KoXyxoB TAT 060pyaoBaHbl/MMEIOT B CBOEN KOHCTPYKLIMM OTBEPCTUSA B CTEHKAX BOKPYT BXoAa

B BO3/yx03ab60pPHMK. DTU OTBEPCTMS NPOU3BOAAT BCacbiBatoLLLee AeACTBUE A5 OTPaHNYeHUs
BHYTPEHHEero norpaHn4Horo cnos. bnarogaps atomy, Ten1006MeH CoO CTEHKOW NOAAePXKUBAETCA
Ha J0CTaTOYHO HU3KOM YPOBHE A5 noAAepXaHUs TOYHOCTU u3MepeHuid. [laxe ecnm BbixogHas
KpOMKa 3aLMTHOro Koxyxa o6orpeBaeTtcs a5 60pbbbl c 061eAeHeEHEM, COOTBETCTBYIOLLLEE
yBennveHue nimepsemomn temnepatypbol — Huxke 0,5 Knpu M > 0,3.

3HayeHune Temnepatypsl (T), U3MepAeMOe TakUM AaT4MKOM, 6/1M3KO K TEOPeTUYeCKOMY
3HayeHuto T,, kOTopoe 6bi/10 6bl MOJTy4EeHO NPU MAeabHOM aanabaTnyeckom oxKaTum
HEBO3MYLLLEHHOro NOTOKa BO3/yXa B adPOANHaAMUNYECKM NieanbHON TOHKe 3aTOPMOXKEHHOTO
notoka. COOTHOLLEHNE MeX/y CTaTU4eCKON TemnepaTypon Bo3ayxa T, koTopas npeacTaBnser
co6ol TeMnepaTtypy B HEBO3MYLLLEHHOM MOTOKE BO3/yXa, U U3MEPEHHOW Temnepatypon T,
onpepaensetcs BblpaxeHnem (npu atom T kak abcontoTHaA TemnepaTypa):

T,

7:1+;L.K_1.
T, 2

s

M? (3.6)

rae A — 3To K03 PUUMEHT BOCCTaHOB/IEHMA AaT4MKka TemnepaTypbl. COBpeMeHHble

Aatyunkm TAT nokasblBaloT TUMMYHbIE 3Ha4YeHNs ko3 PULMeHTa BOCCTAaHOB/IEH NS AaTHMKa
Temnepatypbl nopaaka 0,98 ana ymcen Maxa ot 0,5 go 0,9. 10T K03(pPULMEHT, B NepByto
oyepefb, yunTbiBaeT 3peKT YHaCTUHHOro TOPMOXEHNS BO3AYLLHOMO NOTOKa U, BO-BTOPBIX,
Heo6x0ANMOCTb N3MepeHus nepesasaeMoin NOTOKY He3HaYnTeIbHOW 06pasytoLlencs Npu
TPEHWUW TeNNOThl. 3HaYeHne 3Toro koapdurLmeHTa Heckonbko meHbLle 1. OHO 3aBUCUT

OT KOHCTPYKLMM 3aLLMTHOTO KOXYXa, HO Tak>e 1 oT Yyncina Maxa. Ha kpelicepckoii ckopoctu npu
yncne Maxa 0,85 TemnepaTypa AaTyMKa nNpeBbILLaeT TeMnepaTtypy okpyxatoLeln cpeabl 6onee
4yem Ha 30 K.

C 6onee noapo6Ho MHopMaumen o gatynkax TAT MOXXHO 03HaKOMUTbCA B paboTe Stickney
etal. (1990).

3.3.11 MozpewHocmu usmepeHus

Cratnyeckas TemnepaTypa aBnseTcs pyHKUNEeNn OT U3MePEHHOW AaTYMKOM TeMmnepaTypbl

1 Yyncna Maxa. Kak nokasaHo Bbille, 4ucio Maxa sBnseTcs Npon3BoAHbIM OT 3HaY€HUIN NOHOTO
[laB/IeHUs U CTaTUYECKOro AaB/IEHUS, HE3aBUCUMbIE U3MEPEHMS KOTOPbIX OCYLLLECTBASIOTCA

C NOMOLLbIO NPUEMHMKA NMOJIHOTO U CTaTUYeCKoro AaBaeHnit. Takum o6pa3oM, MOrpeLLHOCTb
NU3MepeHuUs TemnepaTtypbl 3aBUCUT OT TPEX UCTOYHUKOB MOFPELLIHOCTEN MOMUMO NOrpeLLHOCTEN
KannbpoBku n apyrux paktTopos (Hanpumep, paboTbl NPOTNBOO6/IeAEHNTENBHOTO

yCTPOWCTBa AaTymKa).

lMorpewHOCTb M3MepeHMs TemnepaTypbl cocTtasnset okono 0,4 °K npu uncne Maxa 0,8,
CHuxascb npu 31om A0 0,3 °K npu manbix yncnax Maxa. Mpu ncnosnb3oBaHMM NepBOro
BapmaHTa cTaHgapTa 6opToBoro nporpammMmHoro o6ecneveHns ARINC 620 Temnepatypa
xapakTepusoBanacb paspeweHnem B 1 K. HaunHas c 1994 r., 6b110 npeanucaHo ee KoanpoBaTb
8 0,1 K. Mpu cmaunBaHum B ob6n1akax gatink 6yaet oxnaxaaTbCs 3a CHET UCNapeHus;
BO3HMKalOLLME NPU 3TOM AOMNONHUTEbHbIe NorpewHocTn 6yayT noyutn go 3,0 °K unum okono
a1oro. [1pn o4eHb HN3KOWM BO3AYLLHON CKOPOCTU (Hanpumep, BO BpeMS B3JieTa) CKOPOCTb
npocacbiBaHMA BO34yxa Yepes AaT4nK MOXET Oka3aTbCs HeAOCTaTOYHOM AN NoAAep>XKaHna
TOYHOCTU M3MepeHus. [1ns npeofosieHns 3To NpobiemMbl Ha HEKOTOPbIX BO3AYLUHbIX CyAax
NPUMEHSIOTCA AaTYNKK C MHXeKL el Bo3ayxa. Kak npaBuno, 6opToBoe nporpammHoe
obecneyeHue crieayeT KOHUIypupoBaTb Takum o6pa3oM, 4Tob6bl Nepefaya AaHHbIX

He Ha4yMHanacb paHblue B3neTa. HecMOTpsA Ha C/IOXKHOCTb NpUMeHseMon npoueaypbl 06paboTku
[aHHbIX, ONepaTUBHbIA ONbIT NOKa3blBAET, YTO MOTPELIHOCTb U3MEPEHUS CPeHel TeMnepaTypbl
Ha kpeicepckoi BbicoTe noneta coctasnseT okono 1,0 K (cM., Hanpumep, van der Meulen, 2018).
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HekoTopble coobLiaemble AaHHblE O TeMNepaTypax OT/INYaloTCA 3Ha4YMUTEIbHbIM OTK/IOHEHNEM
B CTOPOHY 3aBblLLIEHUS, KOTOPOE MOXHO ONucaTtb 1, COOTBETCTBEHHO, CYLL,ECTBEHHO

cHu3uTb (de Haan et al., 2022). 3ameTnM, 4TO OTKJIOHEHME OTMeYaeTcs B Hab/itogaemMblx
Temnepatypax AMJAP, peryasipHbix METEOPONOrnYeCcKmMx CBOAOK C 60pTa BO3AYLLUHOIO CyaHa
(MRAR) 1 KOHTpaKTHbIX aBTOMaTU4eCknx 3aBncnumMbix Habnogennax (ADS-C) n, BeposTHo,
npucyuie 60pTOBbIM Paano31eKTPOHHbIM cucTemaM (CoBmeLLLEHHAA CMCTEMa BO3AYLLIHbIX
CUrHasoB 1 nHepumanbHaa cucteMa (ADIRS)) n Tuny camoneta. Heo6xoanmbl ganbHenwme
nccsiefoBaHus, YTo6bl BbISCHUTD MPUYMHY 3TOrO OTK/IOHEHUS.

3.4 CKOPOCTb U HANPABJIEHUE BETPA

Mpu n3mepeHnn TpexmMepHOro BeKTopa BeTpa MCNoJb3yIoTCS fJaHHble CAMONETHOMN
HaBUraLMOHHOW cncTeMbl (MOIHAas KOMGUHALMS AN KOMMJIEKT PaAMOHABUIaLUOHHOTO
060pynoBaHVs, MHEPLMOHHOW NiatPopMbl, MarHUTHoro komnaca u cuctembl FCOM) 1 cuctemsl
n3MepeHna CKOPOCTUN BO3AYLLIHOrO NoToka (komnbloTep 06paboTky AaHHbIX O NapameTpax
aTMocdepbl, NCNONb3YIOLUIA CUCTEMY U3MEPEHMSA NOTHOTO N CTaTUYECKOro AaBAEHUI NIIOC
Aatyunk TAT). Micnonb3ys 3Tn gaHHble MOXHO onpeAenTb C BbICOKON CTENEHbIO TOYHOCTU
ckopocTb (V) camonera — ero CkopoCTb OTHOCUTE/ILHO 3eM/K (NyTeBas CKOPOCTb), U CKOPOCThb
NOTOKa BO3/lyXxa Mo OTHOLWEHUIO kK camoneTy (V , MCTUHHAA BO3/yLIHaA CKOPOCTb). BekTop
BeTpa (V), COOTBETCTBEHHO, PaCCYUTLIBAETCA NO HaBUTaLMOHHOMY TPEYro/IbHUKY:

V=V -V, (3.7)

BekTopbl V, 'V, 10/1XXHbI GbITb U3MEPEHBI TOYHO, MOCKOJIbKY, Kak NPaBn/Io, CKOPOCTU BETPOB

B FOPM30HTabHOM NaockocTn HeBenmkn (Nopaaka 10 M ') No cpaBHEHUIO C MyTeBOM
CKOPOCTbIO BO3AYLLIHOIO CyAHa U UCTUHHOM CKOPOCTbIO BO3AyLIHOro notoka (200—300 m c).
B paHHux Bepcuax cuctem AMIAP nyTeBas cCkopocTb AN5 ob6ecnevyeHns gasbHel HaBuraunum
paccymTbiBanacb UCKIOYMUTENIBHO NO AaHHBIM OT MHEPLINabHbIX HABUIaLMOHHbIX CUCTEM

6e3 Kako-1M60 NoAAePXKMU CO CTOPOHBI Ha3eMHbIX HaBMUraLMoHHbIX cpeacTs uan TCOM.
MHoraa aTo MOrno CHU3UTb TOYHOCTb BEKTOPA CKOPOCTU CamosieTa OTHOCUTE/IbHO 3eMAN

1 BeKTOpa CKOPOCTM BeTpa NpnbIM3nTeNbHO Ha Heckonbko M ¢'. C nosBeHNEM COBPEMEHHbIX
MY/IbTUCEHCOPHbIX HABUTALLMOHHbIX CUCTEM CUTYaLUs C NOJyYeHNEM OnepaTUBHbIX
KayecTBeHHbIX AaHHbIX yny4ywmnnack (Meteorological Service of Canada, 2003). B 1o e Bpema
AN TpexXMepHOro pelleHus Bektopa (ypasHeHune 3.7) Heo6X0ANMO N3MePSATb He TOIbKO

Yr/ibl TAHrax<a, KpeHa 1 pbiCKaHbsi CaMoeTa, HO Takxe yrna ataku, HaberatoLero Ha camonet
BO3/YyLLUHOrO MOTOKa M CKOJIbXeHns (pUcyHok 3.5). MNpu ycTaHOBUBLLEMCSA FTOPU3OHTaIbHOM
noJsieTe yrabl TaHraxa v aTaknm HeBEIMKM U NX U3MEHEHMAMM MOXHO npeHebpeyb. B 60pToBOI
CMCTEeME KOMMepPUEeCKMX BO3AYLLUHbIX Cy40B BEKTOPHbI TPEYro/ibHNUK CKOPOCTU BETpa
paccHMTbIBAETCA TONbKO B MA0CKOCTU X-Y 3€MHOW CMCTEMbI KOOPAUHAT, @ YIbl aTaku u 60KOBOro
CKOJIbXEHUS He N3MepsoTCA.

MoTpe6HOCTb BO BXOAHbIX AAHHbIX COKpaLLLaeTcs A0 MCTUHHON CKOPOCTU BO3AYLLHOIO NOTOKa,
yrna kypca v nyTeBol CKOPOCTU. Yron Kypca 1 NyTeBY0 CKOPOCTb MOJTyH4atoT C MOMOLLLbIO
HaBMrauMOHHOM cucTemMbl. ICTMHHasA CKOPOCTb BO3AYLLIHOIO NOTOKa AOJIXXHA PacCYnTbiBaTbCA
no uncny Maxa n T,. KOMNOHeHTbI FOPM30HTa/IbHOrO BeTpa (1, V) onpeaenatoTcs no popmynam:

u=u, —|V,[siny (3.8)
v=v, -|V,|cosy 3.9
rae |V | — BeNMYMHA UCTUHHOM CKOPOCTM BO3/lyLLIHOTO MOTOKA; — KyPC MO OTHOLUEHUIO

K HanpaB/1€HUIO Ha UCTUHHbI ceBep, NO3NTUBHbIN yronno YacoBoW CTpeEJiKke; n ng n Vg —
KOMIOHEHTbI I'I)/TeBOI\/'I CKOpoCTH.
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XY Z = MeTteoposnoruyeckas cucrema koopamHar X'
X'Y'Z' = CamoneTHas (cBsi3aHHas) cMCTeMa KOopauHat

z
(N) z
Y
e ¥ =Yron kypca
3 = Yron pbickaHus
X o = Yron atakun

(E)

/ B Bo3ayLwHbIM NOTOK @ = Yron TaHraxa
e = Yron kpeHa
p

(N)

{4

Bo3aywwiHbI noTok

X, Y nnockocTtb
Buga c6oky
Bupa ceepxy

¢

X, Y nnockocCTb

Bupa cnepean

PucyHok 3.5. Yribl Mexay BO3yLUIHbIM CYyIHOM M 3€MHOI CMCTEMOW KOOPAUHaT,
a TaKxe BO3AyLUHbIM NOTOKOM.

3.4.1 MorpewHocT U3sMepeHUi

NcTuHHas Bo3ayLiHasa CKOPOCTb AnsaeTca gyHkumen ymcna Maxa u T, (SAT Ha pucyHke 3.1):

v, =|V,|=19,995 M [T, (3.10)
T,
V,=V,|=19,995 - M - | ——— (3.11)
1+0,194- M

Tak kak yncno Maxa un T;, onpeaenarnTca C NOrpewHoOCTaMn, TO CyMMapHada NorpeLlHocCTb

BeJINYUHBI UCTUHHOMN BO3,CI,)/LIJHOVI CKOpPOCTU paCCYUTbIBae€TCA No q)OpMy}'lei

9,9972- M - 6T

212272 M 0% (3.12)
VT

raoe V_BbipaXkaeTcs B eAnHMLAX M ch T, T — B eanHnuax K; 6M — norpewHocTb Yncna Maxa,
a 6T, — NOrpeLHOCTb M3MEPEHMNA CTaTUYECKOM TeMNEPaTypbl.

8V, =5|v,|=19,995-5M T, +

OTMeTUM, 4TO U3 ypaBHeHUd 3.5 cieayeT, 4TO NOrPeLLIHOCTb onpeaeneHns Yyncina Maxa

BHOCWUT BK/1aZ, B MOrPELIHOCTb U3MepeHns gasneHuns. Ecan HeT rpy6bix olIM60OK B USMepPeHnx
TemnepaTtypbl, TO NOrPELIHOCTb B onpeaeneHnmn Yyncaa Maxa MoxeT 6bITb CAMOW 3HaYMUTENIbHOW.
Hanpwumep, npu norpewHoctn Yyncia Maxa, coctasnsiowen 0,2 % Ha KpencepCKkOM SLLENOHE,
NOrpeLIHOCTb U3MEPEHNS BO3AYLLUHON CKOPOCTU cocTaBuT okono 0,5 m ¢! (1 y3en). Takum
06pa3om, Npu HyJIEBOM NOTrPELLUHOCTN HaBUTALMOHHOM CMCTEMBI NpeanoaraeTcs, 4To
NorpeLHoCTb onpeaenieHns BekTopa BeTpa coctasumt 4o 0,5 m ¢'. [1pu 3TOM cnesyeT oTMETUTD,
4TO rpy6bie oWnN6KN B USMEPEHNUN TemNepaTypbl MPUBEAYT K rpy6biM MOrpeLHOCTAM

B ONpeAeneHnmn CKopoCTu BeTpa.
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Mpwn oueHkax NOrpeLHOCTN onpeaeseHns CKOPOCTN BETpa OLINGKM M3MePEHNS NCTUHHON
BO3/YyLUHON CKOPOCTU CyMMUPYIOTCA C NOrPELUHOCTAMU MHEPLMabHOW HaBUraLLMOHHOM
cnctemMbl. OLLeHKM NOrpeLHoCTM onpeaesieHns CKOpoCTy BeTpa NPoBOAATCS Npu
npeAnosiokeHnn o noseTe camoneTa C Hy/J1eBbIMU yrnamum aTakm (HUKakux yrios
CKOJIbXEHUS Ha KPblJI0) N HY/1IeBOM KPeHe, a Takxe 06 naeasbHO TOYHOW yCTaHOBKe
WHepumanbHoi naatcopmel. Mpn 3Ha4YMTENbHBIX YI1ax KpeHa NorpeLHOCTb BeKTopa BeTpa,
NPONOpPLNOHaibHas MCTUHHOW BO3AYLLHON CKOPOCTU, MOXET 6biThb CyLLLEeCTBEHHO 60/IbLLEN.
Yrabl kpeHa B 10°—20° o3Ha4atoT, 4To pakTMYeCKM yrol aTaku NPUBOANT K YTIOBOMY
OTKJIOHEHWIO NCTUHHOW BO3AYLLIHOM CKOPOCTU Ha 2 M C'. TakuM o6pa3om, AaHHble O BETpe
06bIYHO UCK/I0YAIOTCS UK, NO MEHbLLEN Mepe, MapKMPYIOTCS B Tex Clydasx, KOraa yron
KpeHa npesbillaeT Moporosoe 3HadeHne (06b14HO 3°—5°). TpU HN3KNX 3HAYEHUAX CKOPOCTH
BeTpa owmbKa B onpefeseHnn BEKTopa CKOPOCTN BETPa MOXET NPUBECTU K 3HaYNTENbHOMN
MOrpeLHoCTM B pacyeTe Hanpas/ieHns BeTpa. Takum o6pa3om, MpuUHMMas BO BHUMaHue
HanboJsiee peasibHble YC/10BUSA NojeTa, CyMMUPYS BCE BbllLenepeyncieHHble UCTOYHUKN
MOrpeLIHOCTeN N y4nTbiBas CKOPOCTb U HanpasieHne BeTpa Kak MOrpeLLHoCTb BeKTopa,
MO>XHO MPeAnooXNTb, YTO TUMOBAs NOrPELLIHOCTb ONpeAe/ieHNs CKOPOCTM BeTpa COCTaBuT
2—3 mc' (4—6 y3noB). Takme oL,eHKM COOTBETCTBYIOT MMEIOLLLEMYCS ONEePaTUBHOMY OMNbITY
nsmepeHuit (cm., Hanpumep, Nash (1994)).

3.5 BJ/1AXXHOCTDb

Ha Hay4HO-nccnegoBaTenbCkmMx camosieTax U 3KCnayaTMpyeMbix BO3AYLLHbIX CyAax,
COBepLUaLLINX KOMMepPYeCKNe peichbl, NCNOMb3YIOTCSA pa3/iniyHble NPUHLMMNBI paboThl
[aTYNKOB AN U3MePeHUs BAaXHOCTU. lnana3oH TeXHONOrni oxBaTblBaeT TakMe OCHOBaHHbIEe
Ha NOTNOLWEHUN UIN pacCcessHNN METO/Abl, Kak EMKOCTHOE MOI/IOLLLEHME, OXaXAaeMble
3epkana u ontuyeckne metodpl. lNpnbopom, KoTopbli Hanbonee WNPOKO NCNONb3YeTCs ANs
onepauunin B pamkax AMIAP, apnsetcs nuamepurenbHoe CpeACTBO, OCHOBHbIM 3/IEMEHTOM
KOTOPOro ABNseTCs perynupyembiii anoaHbin nasep (PAJ1) (May, 1998; Fleming, 2000, 2003,
CIMO ET-ABO, 2019), — cuctema 3oHampoBaHus sogaHoro napa (C3BI1-11). MepsoHavyanbHO
TexHonornsa abcopbumoHHom cnektpockonuu P1J1 6bina paspabotara Jlabopatopuel

no n3sy4eHunto cTpyHolx Tedennin (JICT) HACA gna ncnonb3osaHus Bo BpeMs Nonetos

B AaJIbHMI KOCMOC, MOCKOJIbKY OHa o6ecneymBaeT BbICOKY TOYHOCTb U UCK/TIOYUTENBHYIO
CTabuIbHOCTb U3MepeHnin B TeyeHne mHorux net. C3BI1-11 paspa6oTaHa cneumanbHO AN
NCMOJIb30BaHMA B KOMMepYeckol aBmaumn B nogaepxky AMIAP Ha ocHOBe npyMeHeHns
cneumnanbHOro MeToa OTHOCUMTENbHO Y3KOro Anana3oHa abcopbumm B UHgpakpacHom o61actu
cnekTpa BoAsHOro napa. IHTEHCMBHOCTb U31yYeHMa Ha AeTekTope CBSi3aHa C UCNYCKAaeMbIM
n3/y4eHneM cornacHo 3akoHy bepa, npu kotopowm:

I =1y - F¥Pw (3.13)

rae I — npyvHuMaemsblii curian; I, — nepeaasaemblii CUrHaN; k — MaccoBbli KO3 hULMeHT
ocnabnieHmns; X — AANHA NyTU n3y4YeHuns B paboyeM obbeme; p — abContoTHas

B/IaXHOCTb (MJIOTHOCTb BOASHOIO Napa) B 30HAMPYyeMOM o6beme. I, kK M X — 3TO M3BECTHble
XapaKkTepUCTUKKN cucTembl. IamMepeHus 1okanbHOro AaBaeHns 1 TemnepaTypbl NO3BONSAIOT
AAHHOW CMCTEME Y4MTbIBaTb NIOTHOCTb CyXOro Bo3ayxa p,. CKaHMpoBaHMe NorioueHNs
OCyLeCTBNAETCS B Y3KOM AnanasoHe A/IvH BOJIH npu nokasatene H,O okono 1,37 mkm.
BennynHa abCcontoTHOM BAaXHOCTU B BbIGOPOYHOM 06bEME BbIBOAUTCA NYTEM UCMOJIb30BaHMUSA
metoaa 2f (May and Webster, 1993). B koHe4YHOM MTOre NnporpaMMHo-annapaTHoe obecneyveHne
cucTeMbl npeo6pasyeT HeobpaboTaHHbIM curHan 2f BMecTe € AaHHbLIMW OLHOBPEMEHHOTO
n3MepeHus TemnepaTtypbl U aBneHUst B COOTBETCTBYIOLLNIA UTOFOBbIA NapaMeTp, a UMEHHO
COOTHOLUEHME KOMMNOHEHTOB CMeCK BOASHOrO napa, mi:

m=Pw (3.14)
Pa
CeHcopHas cucTemMa ABAgeTca 4OCTaTOYHO He6ONbLLION ANS PeryIMpyeMon yCTaHOBKM
Ha KOMMepYeCKMX BO3AYLUHbIX CyAax. 3a UCK/I0YEeHNEM C/lyyaeB, koraa Habnogatorcs
dasoBble nepexoabl, NapaMeTp 1 COXPaHAETCs B CEHCOPHOM JaTHMKe NPU BHELUHEM CABUre
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AaBeHnNA n TeMI'IepaTypr3. nOﬂyLIeHHOG 3Ha4eHne K03CIZ)q)VILI,VIeHTa CMeWwnBaHnAa noaxoanT
ana npenocrtaBieHNA I/IHq)OpMaLI,I/IVI 6es3 y4e€Ta AaHHbIX O 3HA4Y€HUAX TOKAJ/IbHOIo AaB/1€HUA
nrTemMmneparypbl. Takoe npeacrtaBieHne Mchopmau,vm y,lJ,O6HO Ana ncnob3oBaHnA B HNC/IEHHDbIX
aTMOCq)eprIX MOAEeNAX, B KOTOPbIX NCMOJIb3YHOTCA AaHHbIE 06 y,u,eanof/'l BJZ1aXXHOCTH, § (KOTOpaﬂ
YNCNEHHO NOYTN HEOT/IMYHNMaA OT I’l’l) B Ka4ecCcTBe BBO,CI,VIMOI7I nepeMeHHon. 270 umeert npocCTyto
CBA3b C KanJqJVILI,VIeHTOM KOMIMOHEHTOB CMELUNBaHNA:

Pp—_ (3.15)

1+m
B cnyuasx, koraa Bo34yLIHbIM CYyAHOM OCYLLLEeCTBAAETCS NPOeT Yyepes o61a4Hble HacTULbl Nan
ocafku, 160 B yCNOBUAX PaKTUHECKOrO CBEPXHACHILLEHUS, KOIMDPPULNEHT CMELLNBAHUA Kak
napameTp nsmepsemon senndunHbol CABI-11 MoxeT npnBecTn kK COO6L,EeHNI0 06 OTHOCUTESIbHOM
Br1iaxHocTn 6onee 100 % nav Touke pockl (T),) Ha ypOBHE Bbile TeMMNEPATyPHbIX 3HaYEHUN
cTaTnyeckmx (Cyxumx) yCnoBmin. OTo ABaeHne obyC/IOBIeHO OAHUM U3 Ceaytowmx akTopoB:

a)  YaCTMYHbIM UCNapeHMEM XUAKUX U TBEPAbIX YacTUL, BOAbI B o6pa3Lie
BO3/YyLUHOTrO MNOTOKa;

b) uMeloWMMCA cBepXHaCbILLLEHMEM, KOTOPOE Bbl3BaHO HE0CTaTKOM KOHAEHCALUN UIU
aapoM cybnnmaLnmm, kak npaBuio B C/1051X PETMOHOB CBEPXHACBILLLEHMSA Haj b[OM, rAe
dopMupyeTCcsa yCTONYNBBIN KOHAEHCALLMOHHbIV Cles.

3.5.1 MorpewHocTb U3SMEepPEeHUIA

[0 2012 r. pe3ynbTaTOM HEKOTOPbIX OLLEHOK K/IMMaTUYeCKUX KaMep, a Takxke JIeTHbIX NCMbITaHU
3TON CUCTEMbI CMEKTPOMETPUYECKOTO U3MEPEHNS BAAXHOCTU ABASNNCD ABE XapaKTePUCTUKM
(pyHKUNOHUPOBaHNA NPUGOPHOro 060pPyAOBaHMS, @ UMEHHO: MPU BEJINYMHAX U3MEPEHUI

BbiLLe NpeAenoB oOHapyxeHWs nopsaaka 4 Mr M= oTHOCMTe IbHaA NOrPEeLLHOCTb HaX0AMTCA

B Anana3oHe £10 %. Ha BbicoTe gasneHus B 200 rlla cooTBeTCTBYIOWMI Npeaen o6HapyxeHuns
npu aaHHoM koadduuneHTe cmeweHmns coctasnseT 0,02 r kr! (nnu 30 ppmv). CpaBHeHMe 3TOro
CaMoJIeTHOro MeToAa U3MePEHNs BNaXHOCTU C COBPEMEHHbIMU paano3oHgamm (CM., HanpuMep,
Petersen et al. (2011, 2015, 2016)), noka3blBaeT, 4TO AaHHbIM AaT4MK COOTBETCTBYET TpebOBaHMAM
BMO B oTHOLWIEHWYM BCex AMana3oHOB HabAoAeHUN yaeIbHOM BJIaXXHOCTU U OTHOCUTE/IbHOM
BNAXHOCTU KakK Ha 3Tane Habopa BbICOTbI, TaK N CHUXEHMS.

3.6 TYPBYJIEHTHOCTDb

Typ6yneHTHOCTb, B 0CO6EHHOCTU TypOYy/IEHTHOCTb ACHOTO Heba (MPY OTCYTCTBUM 061a4HOCTN),
npeacrtasngeT cobol BaXXHOe U MOTEHLMa/IbHO ONAaCHOE ABJIEHME A5 aBUauMn. XoTa MapLipyTol
peryisapHbix KOMMepPYeCKNUX NoseTOB COCTAaBAAIOTCA TakK, YTOObl n3bexaTb 30H BEPOATHOM

WU NPOrHO3upyemMoi TypbyneHTHOCTH, BO3AYLUHbIE CyAa CTa/IKMBaKOTCA C HEOXKMAAHHOM
TypOy/IEHTHOCTbIO; MPU 3TOM UTOFOBOE OTK/IOHEHWE BO34YLLHOIO Cy/lHa B MOJIETE MOXET
N3MepATbCA C MOMOLLbIO NPUGOPOB, yCTAHOB/IEHHbIX Ha BOPTY.

3.6.1 OueHKa MHTEHCUBHOCTU TYPOYIEHTHOCTU B pe3ynibTaTe BEpPTUKaZIbHOM
neperpysku

BepTukanbHas neperpyska (NnepneHanKynspHas ropu3oHTalbHON NIOCKOCTM camoseTa,

OT KOTOPOI BeAeTCs OTCHET) M3MEPAETCA B MHEPLMaIbHOW cucTeme oTcyeTa. [laHHble

0 neperpyske camosieTa BblpaxatloTcs U MacluTabupyloTca B eAMHMLLaX YCKOPEeHNs
CcBO6GOAHOrO NaseHuns 1 MoryT 6biTb NOApPa3aeieHbl Tak, Kak 3TO NokasaHo B Tabnauue. OaHako

Cnepyet OTMETUTb, YTO /1I06bIE U3MEHEHWUS MPUMEHUTENIbHO K M NPy (ha30BbIX Nepexofax MOryT COXPaHATHCS Ha
HeonpeJeneHHbI Nnepnos, B 3aBUCMMOCTM OT BO3AyLLIHOTO MOTOKa, BO3AENCTBYIOLLEr0 Ha AaTUYnK. DTO ABNEHNe
BK/1IO4EHO B TekyLmne o6CToATeNbHbIE HayYHble ucciegoBaHus no npoekTty «High Altitude Ice Crystals» (HAIC)

B OTHOLLUEHWUW KPUCTaNNOB fibAla Ha 60/1bLUNX BbICOTaxX, KOTOPble NPeACTaBAOT CO60l ONacHOCTb 415 aBMaL My,
OCyLLeCTBAsieMble OCHOBHbIMU 3aMHTEPECOBAHHBIMU CTOPOHAMM B aBUaLMOHHOMN OTpacun.
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Mpumep koagupoBaHus maclutaba Typ6y1eHTHOCTU, onpeAensieMoi No MUKy Neperpysku

Kamezopus mypbynesmuocmu  [luk nepezpysku® Koo
OrtcyTcTBYeT MeHee 0,15 ¢ 0
Nerkas O710,15 gto, po, Ho He Bkoyada, 0,5 g 1
YMepeHHas O010,54001,0g 2
CunbHas bonee1,0g 3

2 IamepeHHble Neperpyskun camosieta npeacTasastoT co6oi npupatleHne neperpy3kn No OTHOLIEHUIO K YCKOPEHUIo
cBob6oaHoro nageHuns (1,0 g) n MoryT 6biTb Kak NONOXNTENbHLIMU, TaK M OTPULATENbHBIMU.

MHTEHCNBHOCTb Typ6yneHTHocw|, BJ'II/IFIIOLLI,GVI Ha nojet camMosieTa, 3aBUCUT, INMaBHbIM 06pa30M,
oT BO3,CI,)/LIJHOVI CKOpPOCTHN, MacCCbl CaMOJi€Ta, BbICOTbl N XapaKTepa camoim Typ6y}'IeHTHOCTI/I.

B cBA3n c 3TUM nepeaaBsaemMbie C 6opTa caMoO/1eTa CBeAEHNA O Typ6y1'IeHTHOCTI/I, paccHnTaHHbIE
no NUKy neperpy3kn B COOTBETCTBUN C I'IpVI6J'IVI3VITeI'IbeIMI/I COOTHOLWEHNAMN, NnpuBeAEHHBIMU
B I'Ipe,CI,CTaBJ'IeHHOVI HUXe Ta6n|/|u,e, MMEIOT OrpaHNY€HNA MO NCNOJIb3OBAHUIO, MOCKOJ/IbKY
3aBUCAT OT TUMNa CaMOJ1€Ta, TakK KakK B/IMAHNE OTAE/IbHOIO NOpbiBa BE€TPa Ha CaMONET 6y,qu
Pa3/iM4HbIM ANA pa3HblX CaMOJIETOB.

3.6.1.1 MozpewHocmu usmepeHus

CyLuecTByOT ABa OCHOBHbIX MCTOYHMKA MOrPELLIHOCTM AaTYMKOB Neperpys3kn camosneTa,

a UMEHHO NOTpPeLLHOCTb ONpeAeeHNs «HyNeBOro» UN 3TaJIOHHOIO 3Ha4YeHUs Neperpysku
camoJieTa 1 NorpeLHoCcTb kannbposkn npnbopa (M3meperuns). na 601bLLIMHCTBA CaMOIETOB
HavasibHOW TOYKOM OoTCYeTa neperpy3ku (Hyns neperpyskun) HOMMHanbHO asnsetcsa +1,0 g, HO
3TO 3Ha4YeHMe MoxeT O6bIYHO U3MEHATLCA B peaenax 3 %. 3Ta NOrpeLHoCTb MOXeT 6bITb
NpakTU4ecKn ycTpaHeHa 3a CYeT KOpPeKLUM AaT4mKa, BbINO/HAEMOM NPK CTOSHKe camosieTa

Ha 3emJie, B pe3ynbraTe Yero ocTatodHas NorpeLHocTb (B TOM YMCe NOrpeLHoCTb U3MEePEHNS)
6yneT coctaBnAaTb okono 3 % ot usmepeHus (Sherman, 1985).

3.6.2 PacuetrHas 3¢ppekTUBHAA CKOPOCTH BEPTUKAJIBHOTO NOpPbIBa BeTpa

[pyroi xapakTepucTuKoin TypOyneHTHOCTM ABNsSeTCA pacyeTHas 3 dekTnBHas CKopocCTb
BepTMKanbHoro nopeia Betpa (DEVG), onpeaengemas kak MrHOBEHHas CKOPOCTb
BEPTMKaJbHOrO NopbiBa BeTpa, KOTopas B NPOEKLMN Ha HanpaB/ieHne CpegHero
rop13oHTanbHOro BeTpa co3faeT HabnofaemMyto neperpysky camosnerta. Pesynbtat Bo3aencTema
nopbiBa BeTpa Ha camoJieT 3aBUCUT OT €ro MacChbl M HEKOTOPbIX APYTUX XapaKTePUCTUK, HO

OHW YHYMTBIBAIOTCS MPU pacyeTax, N03TOMy 3(peKkTUBHAA CKOPOCTb MOPbIBa BETPa He 3aBUCUT
oT Tuna camoneta. I deKTNBHaA CKOPOCTb BEPTMKASIbHOIO NOPbIBa BETPa pacCHnTbIBaeTCs

no cnepytoweii popmyne (Sherman, 1985):

AmAn
Ude = v

4

(3.16)

roe U,, — pacdeTHas 3chdhekTBHas CKOPOCTb NOPbIBa BETPa; Al — MOZAy/b NMKa NPUpaLLeHns
neperpysku Bo3ayLuHoro cyaHa ot 1,0 § B eanHuuax g; m — o6Las Macca BO3AyLLIHOTO CYAHa;
V_— nHaukaTopHas BO3AyLIHas CKOPOCTb B MOMEHT NKa yCKOpPeHus; n A — napamerp,
KOTOpPbIW 3aBUCUT OT TMMa CamoseTa 1, B HE3Ha4YMTeNIbHOU CTEMNEHU, OT €ro Macchl, BbICOTbI
noneta n yncna Maxa.

3.6.2.1 MozpewHocmu usmepeHuli
Bbl1a npoBeaeHa oLeHKa NOrpeLHoCTel No KaX40My 13 NapaMeTpoB, onpeaensoLmnx

BE/INHUHY Ude' I'Ip|/| yCTaHOBUBLUEMCA TOPU3OHTAJ/IbHOM NMOJIETE 3TN NOrPELLIHOCTU, KakK
npaBuna0, COCTaBIAOT HE 6onee 3 % 014 KaX40ro napamMeTpa, HO B SKCTPEMaJIbHbIX YCJTOBUAX
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MOFyT NMPMBECTN K CyMMapHoi norpewwHoctn B 10—12 %. Micxoasa 13 npeanonoxeHuns

0 C/lyqaHOM pacnpegeneHmm owmnbok, o6bl4Has NorpewwHocTb 6yaeT coctaBiaTeb 3 unm 4 %
OT TeKywlero 3HaveHuns U, . MaHeBpbl BO3AYLIHOIO CyZiHa MOTYT MPUBECTU K 3HAYMTE/IbHbIM
3HaYeHUAM BepTUKabHOM Neperpy3kn camoseta, U HAO60POT — aKTUBHbIE METOAbI
ynpasJ/ieHNsi CAMOIETOM YMEHbLLAIOT NeperpysKy, Bbl3BaHHYO NOPbIBaMW BETpa, 4TO MPUBOAUT
K CYLLLeCTBEHHOMY 3aHMXXEHMIO 3HAa4YE€HMNN BEPTUKAIbHON CKOPOCTU NMOPLIBOB BETpa.

3.6.3 CkopocTb AMccunauum TypOy/ieHTHOM SHeprum

CkopocTtb gnccmnaumm TypOyneHTHOM SHePrum € — 3TO NapameTp, KOTOPbI onpeaenseT
WHTEHCMBHOCTb TYypbyieHLMn B rasoo6pasHon cpese B KOJIMYECTBEHHOM BblpaXkeHUMN.

B kOHTekcTe TypOy/1eHTHOCTU camosieTa 3TO CTaHAapTHas npakTuka o603HavyeHns napameTpa
€'® kak ckopocTb 3aTyxaHus Buxps (EDR). Mpeumywectso EDR 3akntovaeTcs B TOM, YTO

3TOT NapameTp ABAAETCA HE3aBUCUMOW OT caMoneTa MepOoil U3MePEHN MHTEHCUBHOCTU
aTMocdepHoi Typ6yneHTHOCTU. CyLecTByeT HeCko/1bko cnoco6oB oueHkn EDR (npu nomoum
akcesiepomeTpa B OT/INYME OT SHEPTUN BETPA), 1 3Ta CKOPOCTb MOXET OLEHNBATLCS B MPUHLMME
BAO/b IO60ro HanpaseHns (x0T 06bIYHO NCNob3yeTcsa IM60 HanpaBieHne No BepTUKay,
nn6o npogonbHoe (BAo/b Tpacchl)). CyLLLeCcTBYIOT Tak>Ke pasHble CneKTpasabHble «<MOAeNn»
TYpPO6YNEHTHOCTH, KOTOPble MOTYT 6bITb NCNOJ/Ib30BaHbI A/18 1I060ro U3 anropuTMOB:

1422721272 1 y2)
9 2/3 5/3( 3 !
F =—oqa¢ L 3.17
(/) 55/, (1 +4z212 12 V26 317

rae ypasHeHue 3.17 — 370 cnekTpanbHas mogenb poH KapmaHa, rae f— vactota (Iu);
V, — NCTMHHasA BO3AyLIHAs CKOPOCTb BO3AYLIHOrO cyaHa (M C'); a — aMnunpuryeckas noCcTosHHan
(B AaHHOM cniyyaeT npuHumaetcs 3a 1,6), n L — napameTtp macwtaba AJnHbI TYpOYy1eHTHOCTU.

F() =222 0623 (2nf 1)/ (3.18)
557,

roe ypasHeHune 3.18 — 310 cnekTpanbHas moaenb Konmoroposa, koTopas npeacrasaset cobomn

N1LLb OrpaHnYeHmne BbICOKON 4acToThl (YpaBHeHue 3.17). B o6enx moaenax npeanpuHumMaeTcs

nonbiTka onncaHns opMbl HaCTOTHOTO U SHEPreTUYECKOro CNekTpa AaHHblx 0 BeTpe. Moaenb

¢oH KapmaHa ny4ie npegcraBnset 6onee KpynHble MacliTabbl, 0CO6€HHO BEPTUKANIbHOWN

CKOPOCTU, XOTS OHa ABMgeTcsA 6osiee CI0KHOM U BKAOYAET 3aBUCALLNI OT CUTyaLun

macwtab anuubl L B gononHeHune k EDR (B kBagpate). VIsmepeHus, nposeaeHHbIe C HAy4HO-

nccnefoBaTte/ibCkMX BO3AYLLUHbIX CyA0B, MOKa3anu 3HaveHns L mexay 300 m 1 2 000 m

(985 1 6 560 byTOB). B cnoxmBLIenca npakTuke 419 NPUMEHAEMbIX aTOPUTMOB MCNOJb3yeTCs

cpefHee 3Ha4YeHne, paBHoe 669 M (2 195 dyTOB).

3.6.3.1 EDR, usmepsieMast c nOMOWbI0 6epMUKA/ILHOZO AKCce1epoMempa
DTOT MeToA, onucaHHbIl B pabote Cornman et al. (1995), ocHoBaH Ha napameTpe neperpysku

BEPTMKaJIbHOrO YCKOPEHMS, MOY4YEHHOM C MOMOLLLbIO MHEPLWATIbHOW HAaBUTALMOHHOM CUCTEMBI.
[nsa s3TO0ro Metofa ncnonblyercsa cieaytoutee cootHoweHne (Cornman et al., 1995, equation 21):

1/3 _ &
SW - 2/3 1/2 (31 9)
[0, 7721011, 1) ]

roe 6; — Bapuauma oTUAbTPOBaHHOM NONOCH MPOMYCKaHUSA HOPMasibHON NeperpysKku;

n I — nHTerpan oTpuNbTPOBaHHOW NO NONOCE NPONYyCKaHUA NepeaaTo4YHON PyHKLUN
BO3JyLLHOro cyaHa H; wu:

T
2 ~
1y )= [z (OO S, (3.20)
i
raoe .§w — npejnosiaraémMan CnekTpasbHaa MOAeJib KO}'IMOFOpOBa npue= 1. Mogenb q)OH

KapmaHa MOXET ObITb 3aMeHEHa MoA€eNblO KO}'IMOFOpOBa. B TeKyuUul,eM NPpUMEeHEHNN fI
(OTK!'HO‘-IEHVIG NMNoNoChbl 3aﬂ,ep)KVIBaHl/Iﬂ) n fh (OTK}'IIO‘-IeHl/Ie MoN0ChI I'IpOI'I)/CKaHI/IFI)
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ycTaHasmBatoTca B npegenax ot 0,1 Iy go 0,8 Iy cooTBeTCcTBEHHO. 3a4a4eli NONOCOBOrO
dunbTpa ABNSETCA yaaneHne Harpy3okK, Bbi3BaHHbIX Ckopee He Typ6y/IeHTHOCTbIO, a MaHeBpamm
BO34YLUIHOIO Cy4Ha M YaCTOTHbIMU pPeXnmMaMun n3rnbHbix konebaHnn kpbiia.

WNHTerpan nepeaaToyHomn pyHKLUM BO3AYLLHOMO CyAHa OL,eHNBAETCA NO LenoMy paay YC/T0BUIA
noneta v ykasblBaeTCs B CNPaBOYHbIX TabiunLLax, 4TO ynpoLLaeT u cokpaliaeT TpeboBaHums,
npeabaBasemMble K 60PTOBLIM BbIYNCAEHUAM. [laHHbI aNrOPUTM pacCymUTbIBAET TekyLlee
cpefHee KBaApaTU4eCcKoe 3Ha4YeHne OT OTPUALTPOBaHHOIO cMrHana 3a 10-cekyHaHbIe
nHTepBanbl BpemeHu. lNpu vyactote Boi6opok 8 I, 370 o6ecneunsaeT nonydeHume 480 oLeHoK
EDR B MUHYTY, Ha OCHOBe KOTOpbIX MeanaHa n 90-i npoueHTAb (0603Ha4aemblli Kak
«MUKOBBIV») TakMX OLLEHOK MCNO/b3YIoTCA A4 Nnepeaayn nigopmaumm ¢ 6opta BO3AYyLLIHOTO
cyAHa. Pesynbrathl M3mepeHuit EDR npeobpasytoTtca B coobLaemble LM@poBble AaHHble
nocpeacTBOM UCMO/b30BaHMA TabauL, KOTopble ABNAIOTCSA ropasfo 6osiee Nogpo6HbIMU

no cpaBHeHMIO C NpuBeAeHHbIMM B 3.6.1. bonee nogpobHas nHdopmauma no coobuieHuno EDR
npeacTtasneHo B ny6aukaunn AMDAR Onboard Software Functional Requirements Specification
(Cneyudgukayus yHKUUOHANbHBIX MPeb608aHUL 68 OMHOWeHUU 6OpMO8bIX NPO2PAMMHbIX
cpedcme AM/IAP).

3.6.3.2 EDR, onpedensemasn no éepmuKka/ibHbIM cO8uzam eempa

[aHHbili MeTOg KpaTKo u3noxeH B pabote Cornman et al. (2004). OcHoBHas naes 3ak/oyaeTcs
B HENOCPeACTBEHHOM pacyeTe BePTMKa/IbHbIX CABUIOB BETPa C NOC/IeAyIoLLEN OLLEeHKOM

EDR Ha ux ocHoBe. DTOT MeToA o61ajaeT npenmyLLLecTBoM, 61arogaps KOTOPOMy HeT
Heo6X0ANMOCTU NONYHEHUA NepeaaTovHON OyHKLMM BO3AYLLIHOIO CyAHa, YTO TPYAHO caenatb
B CUJly €e MaTeHTHOro xapakTtepa.

w =V (sina, cos6 cos¢ — cosa,, sind) — Z (3.21)

BbILIJe}/Ka3aHHOG YpPaBHEHNE NCMNONb3YETCA ANA paCcHe€Ta BEPTUKAJIbHBIX CABUTOB BETPaA,
rae a, — 60KOBas 0Cb Yyrna ataku,; 60— YroJji TaHraxa,; ¢ — yroJjl KpeHa, a Z— MHEPLUMNOHHaA
BEPTUKaA/ibHaA CKOPOCTb. EDR PacCcHNTbLIBAETCA MO YPAaBHEHUIO:

k w 1/2
PSTET I S o MG (3.22)
ky =k +1,3S, (k)

rae kv k, — 370 npeaesibHble 3HaYeHUs NHAEKCA, COOTBETCTBYIOLUMNE NPEAE/bHbIM 3HAYEHUAM
yactoTbl B 0,5 Iy 1 3,5 Ty, (COOTBETCTBEHHO) A1 TEKYLLMX NPUMEHAEMbIX 3Ha4yeHnn 8 u;

S§¥ — sHepreTnyecknit cnekTp w (ypasHeHune 3.21) nocie 06paboTkn BpEMEHHbIX PSAOB;

7 SW — npeanonaraemMas crnektpanbHas Mogenb poH KapmaHa co 3Ha4yeHueM e = 1, U3MEHEHHbIM
ANs ydeTa pas3/inydHbix apTedakToB B S*, BO3HUKaOLWMX Npyu 06paboTke curHana.

Kak npaBuno, gaHHbll anroputM paccuntboiBaet EDR (¢'/2) ¢ 10-cekyHAHBIMW BpEMEHHbBIMMU
MHTepBanamu kaxgele 5 cekyHz. 9710 obecneymsaet 12 oueHok EDR B MUHYTY, N0 KOTOPbIM
pakTnHeckoe N NMKOBOE 3HAYEHUA ITUX OLLEHOK NCMONb3YIOTCA ANs Nepefadn MHpopMauum

c 6opTa Bo3ayLwHoro cyaHa. CpeaHue n nukosble 3HavyeHus EDR, Hapsaay ¢ meTpukamum
KOHTpONs kavyecTBa, NnpeobpasytoTcsa B coobLiaemble LM pPOBbIE JaHHbIE NOCPEACTBOM
ncnosb3oBaHma koguposaHus (cm. 5.3.13.5 B ny6nankaumm ARINC, 2012). CoobLieHHas TOYHOCTb
Kak cpegHero, Tak u nnkosoro 3HaveHus EDR, coctasnsert 0,02, 4TO 3Ha4MTENIbHO BbILLIE, YEM MPU
npMMeHeHNn MeToa Ha OCHOBE UCNOJ/b30BaHNS akceiepoMeTpa.

3.6.3.3 EDR, paccqumaHHas no ucmuHHoii 6030yuiHoli ckopocmu

JT0T MeToA aHanoruyeH pacyety EDR no BeptukanbHomy casury setpa (3.6.3.2), 3a Tem
NCKJTIOYE€HNEM, YTO CNeKTPasibHble MOAE/N HECKOJIbKO MHbIE, @ BMECTO W UCNO/b3yeTCs
NMCTUHHas BO3/yLLIHAsA CKOPOCTb. [1penMyLLLeCcTBO 3TOro MeToAa 3aK/1t04aeTcs B TOM, H4TO OH
601ee NpoCT B NpUMEHeHN 1 TpebyeT Hann4MA TONIbKO OAHOro napameTtpa. Hegocrtatkom
ABNAETCA TO, 4TO OH oueHmBaeT EDR, rnaBHbiM 06pa3oM, B Hanpas/ieHUn BAOJIb TpaekTopuu,
4TO OKas3blBaeT ropasAo MeHbLUee BO3JeNCTBME Ha BO3AYLUHOE CYAHO N0 CPaBHEHUIO

C TYp6y/IeHTHOCTbIO B BEPTUKa/IbHOM HanpasaeHUu.
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3.6.3.4 MozpewHocmu usmepeHnuii

Tak e, kak n metoa, DEVG, 60/bLLIOe KONNYECTBO MCTOYHUKOB NOTEHLMabHO CNOCOBCTBYIOT
HeonpepaeneHHocT usMepernnin EDR. AHanuns norpeluHocTeli NnokasbiBaeT, 4TO Npu

pacyeTte DEVG MoXHO npeanonaratb HeonpeaeneHHocTb nopsagka 5—10 % B cnyyae
NPUMeHeHNs MeToAa, OCHOBAHHOTO Ha MCMNOJ/Ib30BaHMM akcesepoMeTpa, ANS CpeaHel

N HECKONbKO 60/bLUe MMKOBOW BEMYUHBI. MIcxoAs N3 pe3ynbTaToB MOAE/bHbIX PacyeToB,
npeanonaraeTcs aHanorMyHas pe3ynbTaTMBHOCTb MPU UCNOJIb30BAHUN APYTUX a/ITOPUTMOB
EDR. ELle 0a4HO OCNOXHEHMEe BO3HMKAET B CBA3U C HEOOXOAMMOCTbIO BbibOpa MHTEpPBana
AVCKPETHBIX M3MEPEHNI U BpEMEHUN yCpeaHEeHUS. AHaIN3 TUMUYHbBIX BPEMEHHbIX PSA0B
[AaHHbIX BEPTUKaIbHOWM Harpy3Kkn YacTo MOKa3blBaeT BbICOKYIO M3MEHUYNBOCTb CTaTUCTUYECKMX
XapakTePUCTUK Ha KOPOTKUX MHTEpPBasax AMCKPETHbIX M3MepeHnii. Baprnauuns Bo3gyLuHomn
CKOPOCTW AN5 OTAE/IbHOrO BO3AYLLHOMO CyAHa MPUBOAUT K U3MEHEHUWIO MHTEPBANOB MeXy
AVNCKPETHBIMU U3MEPEHUSMMN.

3.6.3.5 CoomnouweHue me>xxoy EDR u DEVG

MpoeeaeHbl noapo6bHble nosesble conoctaneHus (Stickland, 1998) sennunn EDR n DEVG,
NOMy4eHHbIX C MOMOLLbIO akcesiepoMeTpa. Pe3ynbraTbl 3TUX CPaBHEHWUI NOKa3asiv BblCOKYIO
CTeneHb KOppPeNnauMn Mexay NMKoBbiMu 3Ha4eHnsaMmn EDR n DEVG gna ogHux u tex xe

30H TypO6y/IeHTHOCTW. DTOT pe3ynbTaT 4OCTaTOYHO O4E€BUAEH, MOCKOJbKY 3Ha4eHune EDR,
nony4YeHHOE Npu NOMOLLM akcenepomeTpa, NPSMO NPONOPLNOHasIbHO CTaHAAPTHOMY
OTKJIOHEHWIO BEPTUKa/IbHOM Neperpy3kn Ha BbiIOBpaHHOM MHTepBase NPOBeAeHUA U3MEPEHU.
Taknm o6pa3om, MPU «HOPMaJbHOM» pacrnpeesieHUn IKCTpemaibHoe 3HavyeHne EDR

6yaeT TeCHO KOppennpoBaTb C MMKOBbIM 3Ha4Ye€HNEM BEPTUKaIbHOIO NOpPbIBa BeTpa
(NponopuMoHaNbHOro MMKOBOMY 3Ha4€HWUIO BEPTUKasibHOM neperpy3ku). O4eBUAHO, 4TO 3TO
COOTHOLUEHME He MOXeT OblTb MPMMEHUMO K e AMHUYHOMY COObITUIO, BBIXOAALLEMY 3a Npeae/ibl
[laHHOro pacnpegeneHus, a otcedeHune punbtpa EDR Ha 0,8 Ty, Morno 6bl coBepLUEHHO
HeonpasaHHO CrnaxKMBaTb BECbMa pe3Kkne CKavykun, COOTBETCTBYIOLLME OTAE/IbHLIM NOPbIBaM
BeTpa. B cnyyae BepTuKanbHbIX CABUTOB BETPA U UCMOb30BaHNS METOA0B, OCHOBAHHbIX

Ha UCTUHHOW BO3JYLUHOWN CKOPOCTU, NPUMEHSAETCS He3HauYnTeNbHas hunbTpaLms, U oHa

He nMeeT CYLL,EeCTBEHHOro OTHOLUEHUSA K 3TOMY NocneiHeMY BONpPOCY.

3.7 OBJIEAEHEHME

Heckonbko TMNOB AaT4YMKOB MOTyT 6bITb OETEKTOpPaMU HapaCTaHWA ib4a Ha HECYLUUNX
NOBEPXHOCTAX CaMO/J1ETa. B HacTosawWwee BpeMA AnAa 3Tnx u,enel7| MCNONb3YyHOTCA ABa
ThMNa AaT4nKoOB:

a) TOHKOMJIEHOYHbI eMKOCTHBIV AATYMK, Pa3MeLLEHHbI B NOTOKE Ha cneLMaibHOM
aspoanHamuyeckom npodue;

b) mexaHuueckuin patumk (NpeobpasoBartesib BUOPaLMKM), BbICTaBNEHHbIV B BO3AYLUHbIN NOTOK
Ha HecyLLLen MOBEPXHOCTN caMoseTa.

3.7.1 MorpewHocTy NsmepeHun

BbIXxOAHbBIM CUTHaNOM obounx AaTHYHUKOB ABNAETCA CUTHAN «HaﬂVI'-II/IE/OTC)/TCTBI/Ie Nnbaa»,

M NorpewHoOCTb B 3TOM C/1y4dae 6yn,eT onpeaenAaTbCa KOJIM4eCTBOM JIOXKHbIX CUTHa/10B
Cpa6aTbIBaHVIFI Aatyumka. B HacTosdwee BpeMsAa HET AaHHbIX O KO/IMYE€CTBE JIOXXHbIX CUTHAa/10B
cpa6aTb|Bava 3TUX AaT4YNKOB.
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3.8 CUCTEMbI HAB/TIOAEHUIN, YCTAHOBNIEHHBIE HA BOPTY CMOJIETOB

B HacTosiLee BpeMs CyLLLeCTBYET Lie/iblii pA4, LUMPOKO UCMOJIb3yeMblX ONepaTUBHbIX CUCTEM
Hab/l0AeHNI, yCTaHOB/IEHHbIX Ha 60PTY BO3AYLWHbIX cyaoB. Ha cerogHawHni gens AMIAP
ABJIAETCS OCHOBHBIM MCTOYHMKOM AaHHbIX Habtlo4eHUI C caMOneToB, NepeaaBaembix no BUC;
B TO XK€ BPeMSl, 3Ha4YUTE/IbHbI BKNaJ BHOCAT AaHHble HAabM10AeHMI, NOyYaemble C MOMOLLLbIO
APYrux cuctem HaboAeHNN, yCTaHOB/IEHHbIX HA BO3AYLUHbIX CyAax, U OXMAAeTCs, 4To

B 6yayLiem oHun 6yayT npeaoctaBnsATb Bce 66blune 06beMbl JaHHBbIX.

Yxe pa3paboTaH nnum paspabatbiBaeTcs pag CMCTeM, aHanorn4Hbix cucteme AMJAP,

KOTOpbl€ NO3BOJIAT PaClUMPUTb 106asbHbIN OXBAT U yBENYNTb KONNYECTBO HabNtoAeHNI

B MPV3E€MHOM MOrpaHUYHOM C/I0€ U B HUXHel Tponocdepe. OnpeaeneHHbI akLEeHT AenaeTcs
Ha MCNoJib30BaHNe He6O/bLUNX PETMOHAJIbHBIX CAMOJIETOB 1 BO3AYLLUHbIX CYA0B aBnaLun
06L,ero HasHa4eHn B Le1siX yCTaHOBKKN Ha HUX TG0 cTaHdapTHbIx cuctem AMIAP, ain6o
cneumnanbHbIX 4aT4NKOB U KOMMYHUKALMOHHBLIX CUCTEM. DTU BO3AYLLUHbIE CyAa COBepLUatoT
nosieTbl U3 He6ObLINX a3POMOPTOB, KOTOPble 06LIYHO HE OXBATbIBAIOTCA CamoieTaMu,
nepepatmowmmn csoakn AMJAP, Tex aBMakoMnaHWin, KOTOPbIe Y4aCTBYIOT B HaLMOHA/IbHbIX

W pervoHasbHbix nporpammax AMIAP.

3.8.1 Cucrema nepeaayin METeopo/Iorniyeckux AaHHbIX C BO3AyUWHOro cyaHa —
AMIAP

Cucrema HabntogeHn AMIAP gonxHa akcnayaTmpoBaTbCa B COOTBETCTBMN C TEXHUYECKUMU
TpeboBaHMAMU N cTaHfapTamu BMO (Guide to Aircraft-based Observations (WMO-No. 1200)).

B HacTosiwee Bpemsa pabota AMAP ocHoBaHa Ha ncnonb3oBaHnn CucTemMbl CBA3N BO3AYLUHbIX
CynoB ans agpecauum n nepegayqm coobuwernnii (ACARS) 1 noYTM NOHOCTBIO 3aBUCKT OT 3TOWM
cuctemsl (cm., Hanpumep, Gauber, 2016). Cuctembl AMAAP nepegatoT gaHHbIe MO 3a4aHHOMY
npodwunio noneta (Habop BbICOTbI/CHUXEHWE), a TaKXe BO BPEMS FOPU3OHTaJ/IbHOIo noneta

Ha Kpencepckon BbiCOTe.

[JononHuTtenbHyto MHDOPMALIMIO O HOPMATUBHBIX TPe6OBaHNAX B OTHOLLIEHUWN YCTaHOBKU

1 pyHKUMOHUpPOBaHUA nporpamMmbl AMAP 1 npepgocTaBneHnsa Apyrux AaHHblx HabnoaeHu

c 60pTa BO34YLLHOrO CyAHa MOXHO Nony4uTb B HacmasneHuu no lHmezpuposaHHoU 21060/16HOL
cucmeme HabmodeHuti BMO (BMO-N21160) u Guide to Aircraft-based Observations (PykoBoacTso
no camoneTHbiM HabnoaeHnam) (WMO-No. 1200). PyHkuMOoHanbHble TpeboBaHUs

npuseAeHbl B Ny6ankaumax TpebosaHus k 0CywecmeaneHuto u GyHKUUOHUPOBAHUIO NPO2paMMbl
AMDAR v AMDAR Onboard Software Functional Requirements Specification (Cneumndunkaums
pyHKUNOHaNbHbIX TPe6OBaHUIT K 6GOPTOBOMY NporpammHomy obecnedennio AMDAR).

Texyuyto nHpopmauuio no onepaTnMBHbiM Nnporpammam AMZAP 1 fononHUTENbHbBIN
CNPaBOYHbIN 1 PYKOBOAALLMI MaTepman MOXHO HaliTh Ha Beb-cainte AMAP BMO: https://
community.wmo.int/en/activity-areas/aircraft-based-observations/amdar.

3.8.1.1 Mpozpamma compyonuyecmea BMO u UATA no AMAAP — INCBUA

Mporpamma cotpygHmnydectsa BMO n MATA no AMAAP (IMCBUA) - 310 COBMeCTHas uHmumatmea
MexayHapoaHon accoumnaunm so3ayliHoro Tpadcnopta (MATA) n BMO no gansbHenwemy
pa3BuTuio cncteMbl HabntoaeHn AMIAP BMO Ha ocHOBe COBMECTHOIO NoAxoAa

K paclMpeHm1Io 3TOM NPOorpaMMbl Ha PanoHbl 3eMHOTO LWapa Co ¢/1abbiM OCBeLLeHNEM AaHHbIMMU.
OTO COTPYAHMYECTBO Tak>Ke NO3BOIUT CHU3UTb O6LLMe COBOKYMHble pacxoabl YneHos BMO

1 ncnonb3osaTtb BAnaHue NATA B rnobasbHOM aBMaLMOHHOM OTpacau AN NPUBAEYEHUS HOBbIX
aBMakoMnaHWM.

OHO N03BOJINT UCMO/Ib30BaTh MPENMYLLLECTBA PETMOHANBHOM CTPYKTYypbl BMO 1 koHuenunu
MHTerpupoBaHHoOM rnobanbHol cuctema HabaoaeHuii BMO (MITCHB) ana koopanHaumm
pYHKLMOHNPOBaHMSA N Pa3BUTUSA NPOrpaMMbl Ha perMoHasbHOM yPOBHE, 4To 6yaeT
cnoco6CcTBOBAaTh Aa/ibHENLLIEMY COKPALLLEHWNIO Pacx0A0B AN5 oTAeNbHbIX YneHoB BMO,
y4acCTBYIOLLNX B MPOrpamMmMe.
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C ponosHMTeNbHBIMU CBEAEHUAMU U MH(POPMaLMeli No BCeM acnekTaMm NpeanosiaraeMoro
dyHkunoHnposaHus NCBUNA MoxHO 03HakOMUTLCA Ha Beb-canTe BMO MNMCBUA: https://
community.wmo.int/wicap.

3.8.2 Mepenaua TponoccepHbIX METEOPO/IOrUYECKUX AaHHbIX C CAMOJIETOB —
TAMAAP

3.8.21 0630p

Mepepaya TponocepHbIX METEOPONOTMYECKUX AaHHbIX ¢ camoneTos (TAMJAP) — 3T0
pa3paboTaHHas, pa3BepHyTas 1 3KCnayaTmpyeMas B KOMMEPUYeCKMX Lensax cucrema, kotopas
NPOn3BOANT MEeTeopPOIornieckne JaHHble, B OCHOBHOM, C HE3aBMCUMOIO OT camoJieTa
NU3MepUTEIbHOIo N KOMMYHUKaLLMOHHOIO AaT4yunka. MicTopuyeckn Tak CnoXmnaoch, 41o

B cucteme TAM/AP rnaBHOe BHUMaHWe yaensaeTcs OCHALLLEHWNIO CaMOJIETOB, B MEPBYIO o4epelb,
pernoHanbHblXx aBUaTPaHCMOPTHbLIX KOMMNAHWM, NOCKO/bKY X NOMETbI OCYLLECTBAAIOTCS,

Kak npaBuo: a) B 6onee oTaaneHHble 1 pa3Hoobpa3Hble MecTa; 1 b) ABnstoTCa MeHee
AnnTenbHbIMK, 6n1arogaps Yemy nosy4varoT 60/bluee KOJNYECTBO CYyTOYHbIX BEPTUKAIbHbIX
npodunein n obecnevymBaeTcs BO3MOXHOCTb OCTaBaTbCA B MOrPaHUYHOM C/10€ B TeHeHUe
6o0nee AnuTeNbHBIX MepMoAoB BpemeHn. OgHako AelCTBYOLW NI NapK CaMOJIETOB, OCHALLLEHHbIX
TAMJAP, B paBHOli cTeneHu npeAcTasB/ieH kak He60abnMK TypOOBMHTOBLIMU CamoieTaMu, Tak
N peakTUBHbIMU BO3AYLLHbLIMU CyAaMu, leTaloLMMn Ha 66/1bLLINX BbICOTaX.

TAMAAP ocyuiectnsiet c6op AaHHbIX U3SMEPEHNN OTHOCUTebHOM BaxHocTn (OB), naBnieHus,
Temnepartypbl, BO34yLUHbIX NOTOKOB, 06/iefeHeHns U TypOyNeHTHOCTH, Hapa4y C AaHHbIMU

O COOTBETCTBYIOLLLEM MECTOMOIOXEHUW, BDEMEHWN N TEOMETPUYECKON BbiCOTE, coobLLaemoe
BCTpoeHHoM cuctemon TCOM. DTu gaHHble NnepeaatoTcs Yepes CNyTHUK B peXnMe peasibHoro
BPEMEHW B HAa3eMHbI CETEBOW OnepaTMBHbIN LEHTP, rae B npouecce 06paboTku AaHHbIX
OCyLLEeCTB/SAETCA KOHTPO/1b Ka4yecTBa A0 Ux pacnpocTpaHeHuns. ObLiee ka4eCTBO AaHHbIX

Mo B/IaXXHOCTM U TeMnepaType aHaIorMYHO KavyecTBYy AaHHbIX paano3oHaos (Gao et al., 2012).
JaHHble HabnoAeHN 3a BETPOM PacCYMUTbIBAIOTCA aHa/I0fMYHO TUMOBOMY METOAY NONY4YeHUS
JaHHbIX O BO34yLWHbIX noTokax AMAP, npu 3TOM MCNOb3yeTcs KypC, CTUHHAsA BO34yLUHas
CKOPOCTb BO3JyLUHOrO CyAHa U BEKTOP Ha3eMHOW Tpacchbl, KOTOPbIA COO6LL,aeTCA BHYTPEHHUM
6nokom [COM.

HOatunk TAMIAP npoBoAUT AUCKPETHbIE N3MEPEHNA B OCHOBAHHOM Ha AaB/ieHUN
WMHTepBane BO BpeMs Habopa 1 CHMXKEHWS BbICOThI U B ONpeesisieMOM BpeMeHeM UHTepBane
B Kpencepckom pexunme, KOTOPbIN Takke MEHAETCS C BbICOTOM C 3 MUHYT Ha 60/1ee HU3KuX
BblCOTax 40 7 MUHYT Ha BblcoTe 6osiee 6000 M (okono 20 000 dyToB). B HacTosLLee Bpems

B pexxume Habopa 1 CHMXKEHMA BbICOTbI AaT4nk coobLiaeT gaHHble Yepes kaxable 10 rlla

ans nepsbix 100 rfa Haa ypoBHEM 3eMHOM NOBEPXHOCTU 1 Yepes kaxable 50 rlla Bbilue

100 rMa Ao Havyana/OKOHYaHMA TOPU3OHTANIbHOrO NoeTa. ITO MOXET ObITb CKOPPEKTUPOBAHO
ANCTaHLMOHHO B PeXMMe peasibHOro BpeMeHu B CTOPOHY ymeHblueHusa go 1 rfla,

~10 M (~30 ¢pyTOB), B 3aBUCMMOCTM OT CKOPOCTW B3/1eTa U nocaakn. B TeyeHune noneta

B Kpelncepckom pexume, eciv obHapyxunsaeTcsa obnegeHeHme, TO AaTYMK HanpasaseT
oTAeNbHOE cooblueHme, 1, Taknm 06pa3om, BO BpeMs MnoneTta Yyepes ycnosus obnegeHeHums
6yaeT nonyyeHo ropasfo 60osblue AaHHbIX HAGAIOAEHNI, HEXeNn BO BpeMS NONETOB

B KpericepckoM pexnme npu 6esobnavyHom Hebe.

3.8.2.2 OmHocumenvHaAsa 6/1G)KHOCMb U MeMnepamypdad

[nsa obecnevyeHms n3bLITOYHOCTU AaHHbIX Npun nsmepeHnn OB TAMIAAP ncnonbsyert aBa
€MKOCTHbIX CEHCOPHbIX yCTpolicTBa*. ®yHaamMeHTanbHbIM (pr3nMYeCcKMM NapaMeTpoM, KOTOpPbIN
coobuLaeTcsa NoCcpeacTBOM TEXHOIOMMN eMKOCTHOro gatymka TAMJAP, aBnseTca n10THOCTb
monekyn Boabl. OB — 3To Npon3BOAHbIN NapamMeTp, KOTOPbIM y4nuTbiBaeT TemnepaTypy

4 Tekywas kommepyeckas sepcus TAMIAP obnasaeT ByMs yCTPONCTBaMM, a HOBbI MHAYCTPUAbHbI
npototun neet Tpu. Ha mapT 2018 roaa npoTtotun 6611 BHeApeH b Ha TAM/AP B Bepcun ¢ 6ecnnnoTtHom
aBToMatusmposaHHol cuctemont (BAC) 1 noka He caenaH A4OCTYNHbLIM 415 BEPCUN KOMMEPYEeCKNX
BO3/YLLUHbIX CY0B.
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n paBneHue. B a3tn yctporictea 6b11 fobaBnieH oTAeNbHbIN DUALTP, CHabXeHHbIN rMApPodo6HOM
MeM6paHo 1 KOTOPbI 3HaYUTENIbHO MOBbILLAET HAAEXHOCTb M TOYHOCTb U3MepeHuns 6narogaps
npeaoTBpPaLLEHUIO MPSIMOrO CMadnuBaHMA ceHCopHoro anemeHTa (cM. Mulally and Braid, 2009).

Coobuiaemas BenmymHa OB — 370 BenyunHa, npeacTaBastouLas cobor cornacoBaHHoe
3Ha4YyeHne Ha OCHOBE NMPUHLMMNA «KOHCEHCYC» MeXAy ABYMS YCTPOMCTBaMU, KOTOpoe
onpepgenserca a/irOPUTMOM B Ha3eMHOM cucteMe o6paboTKM AaHHbIX, ONMCaHHOM B paboTe
Anderson (2006). OTa cucTemMa y4nTbiBaeT AaHHYIO BEIMHMHY N Ka4eCTBO MOKa3aHWU KaXaoro
fatyunka. Kak npaBuno, ecnm oba gatymka coobuLatoT o4MHaKOBbIe BE/IMYMNHbBI, TO KOHCEHCYCHOM
BE/IMYMHON AB/IAETCA MPOCTO CpeaHee 3HaYyeHnsa o6eunx. Ecav pasHovTeHnsa nokasaHui
[aT4YNKOB NpeBbiwaloT 6onee 5 % 1 faHHbIe OAHOTO U3 HUX MPU3HAIOTCSA OLUMBGOYHbBIMU

C UCNoNb30BaHNEM MeTOA0B, onncaHHbIX B Anderson (2006) n Gao et al. (2012), To B Takom
c/lyYyae Be/IM4MHa, coobuiaemMas COOMBLLINM AaTYNKOM, MapPKUPYETCA U HE NCNOJb3yeTCs Npu
pacyeTe cpeaHero 3Ha4eHns OB.

B coobuiaemMble faT4MKOM AaHHble O hakTU4eckmnx 3Ha4eHnax OB fo/IKHbI BHOCUTbCS
onpepgesieHHble nonpasku. BHeceHne nepBmnYHbIX MONpaBok 06ycnaBaMBaeTCa HarpPeEBOM

B Yncnax Maxa, a Takxxe pasHuLen B JaBJ€HUN BO34yXa MeXAY YC/TOBUAMU OKPY>KaloLen cpeabl
N yCnoBuAMU, usmepsaeMmbimm gat4ymkom. OB gns yactuu, Bosgyxa € 3aJaHHOM KOHUEeHTpauunen
BOASIHOTO Napa sBnsetca pyHkLMel kak TemnepaTypsbl, Tak 1 gasneHus. CyLecTBytoT

YyeTblpe OCHOBHbIX (hakTOpa, KOTOPble CNOCOB6CTBYIOT BHECEHMIO MOTPELUHOCTU B U3MEPEHUE
dakTnyeckomn OB, ocywectsnsemoe B TAMAP:

a) norpewHocTb uamepenus (6RH) camoro gat4mnka OB (RHpmbe);

b) norpewHocTb U3MepeHns Temnepatypbl gatynkom TAMIAP (
TepMoMeTpa C N1aTUHOBbLIM COMPOTUBIEHNEM;

T, ..) NocpeacTsom

C) NnOrpewHoOCTb N3MepPEHNA PaCCHNTbIBAEMOU CTaTUHECKOU TEMNEPATYPbI BO34YyXa (T;tatic);

d) norpewHOCTb U3MEPEHNA OTHOLLIEHWUS CTaTUYeCckoro aasienuna (P . ) K pac4eTHOMy
3HavyeHUto aaBneHus gatymka OB (Ppmbe).

basoBbi pacyeT, Heo6x0AMMbIN A5 onpeaeneHns ctatuyeckor OB, onucbiBaeTcs

cnefylowmM ypaBHEHUEM:

P, . € (Tprobe )
— static probe
RHgic = RHprobe P ’ T (3.23)
probe esstatic ( static )

rae RH . — 310 atMmocdepHas OB; RH_  — dakTtuyeckoe nsmeperme OB 4yBCTBUTE/IbHBIM
snemeHToMm OB B patunke TAMIOAP; P, ... — cTaTnyeckoe gaBneHme BO3ayxa; Pprobe — [asseHune
BO3/4yXxa B YyBCTBUTE/IbHOM 3ieMeHTe OB B gatuuke; Tprobe — Temrnepartypa B N0/I0CTU
4yBCTBMTE/IbHOIO 3/1EMEHTA AaTyuka; T, . — cTaTuyeckas TemMneparypa Bo3ayxa; € probe —

AaB/IEHNE HACBILLEHHOTO Napa OTHOCUTE/IbHO BOAbI; M e, . — CTaTUYeCcKoe AaB/ieHne
HacblLLLEEHHOro Napa OTHOCMTeIbHO BoAbl. Kak noka3aHo BbiLle, KO3 PULNEHT AaBIeHNS
HaCbILLEHHOTO Napa ABnseTcs npamoit yHkuven T, wn T, . . Pac4eTHoe 3Ha4eHne

ko3 PpuruneHTa gaBneHuns (Pstatic/Pprobe) 6b1/10 NOJTy4eHO MO pe3ynbTatam 601bLLOro o6bema

nccnefoBaHUin B aspoamHammyeckon Tpy6e (cm. Braid et al., 2011; Smith et al., 2012).

CooTHOLeHne Mexay Tprobe
BblpaxkaeTcs ypaBHeHUEM:

(B OCHOBHOM M3B/ieYeHHas Temnepatypa) m T, .

Torobe = Tyatic 1+ 4+ M?) (3.24)

rae M — yncno Maxa, a A — NocTosiHHaa BennyiunHa, npnbnmsntensHo pasHas 0,17.
dakTn4eCckol BeIMYNHON U3MEPEHUNS HYBCTBUTEIbHBIM 3iemeHToM OB aBigeTCa MCTUHHOE
3Ha4YeHme NJI0C NOrPEeLHOCTb YyBCTBMTEIbHOMO 31emeHTa, 5SRH, n Takum o6pasom:

RH .. =RH,__+06RH (3.25)

probe true

Mpwn ncnonb3zosaHuu metoga onpegeneHnsa OB 3ameHa ypaBHeHus 3.25 ypaBHeHnem 3.23
CBUAETENbCTBYET O Ha/IMYMM BONpPOCa, KOTOPbIN Heo6xoaMMo paccMoTpeTh. [1o mepe
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yBenanveHus yncna Maxa n ymeHbLLeHUs TemnepaTypbl NPONCXOAUT BbICTPOE NOBbILLEHNE
ko3 puumneHTa AaBNeHNSA HACbILLLEeHUS (eslpmbe/es,staﬁc) B ypaBHeHun 3.23 un, kak pe3synbrar,
ycunumaetcs 9 ekT HeonpeaeneHHOCTH YyBCTBUTebHOMo 31emeHTa 6RH. HasemHas cuctema
06paboTKM AaHHbIX NPOBOANT OLEHKY owwmnbku B onpeaenedmnn OB Ha ocHOBe TemnepaTtypbl

1 4mncna Maxa. 3Tu faHHble MCNOb3YOTCA HapaAy C U3BECTHOM TOYHOCTbIO MOKa3aHui gaTymka
OB u TouHbIX NOKa3aTeneln Temnepartypbl 4N pacyeta obLein norpewHocTn onpeaenexdns OB,

KoTopoe coobLaeTca Hapaay ¢ aaHHbiMy OB.

[unana3oH napametpos OB, koTopbllt 6yaeT BO34EACTBOBATb Ha YYBCTBUTE/IbHbIN 3/1EMEHT
Aatumka OB, Takxe yMeHbLLaeTCs B pe3ynbTaTte Harpesa, 06yCcnoBieHHOro 4mucaom Maxa.

Ha Bbicokux ckopocTsax napameTtpbl OB, onpeaensembie BHyTPEHHUMU XapakTePUCTUKAMM
AaT4umka, 6yayT, kak npasuio, MeHblue Ha 10 % B pesynbTaTe Harpesa BO3Ayxa, B 3aBUCUMOCTH
oT 4yncna Maxa. 37101 a¢pekT yunToiBaetca B TAMAAP nocpeacTBom npouecca kanmbpoBKu.
Kaxabin gatink OB xapakTepusyeTtcs psaaom Heckonbknx napametpos OB 1 TemnepaTypsl.
3HavyeHMs NapaMeTpoOB cneLnanbHO OTOMPaOTCA NPK TakMX YCNOBUSAX, KOTOPbIE
XapakTepu3ytoTCs BO3MOXHOCTbIO OLUMGKMN, B HACTHOCTU YCNOBUSIMU XOIOAHOM N CYyXOM
noroAbl. Pesynbratom 3TOro npouecca kanmbpoBKKN ABAAETCSA BO3SMOXHOCTb U3mepeHns OB, 4yto
ABNSAETCSA MOMEe3HbIM AaXe Ha 3Ha4nTebHbIX BbicoTax. CneAyeT yNOMSHYTb O TOM, YTO 3Ha4MMbIM
C NPaKTUYEeCKON TOHKM 3peHNs ABASETCA OAMH U3 9pPeKTOB HarpeBaHUs BCAeACTBUE YMCNa
Maxa. [NockosibKy pearmpoBaHne eMKOCTHOIO YyBCTBUTE/IbHOTO 3/1eMeHTa yXyLlaeTcs no mepe
CHMXeHUs TemnepaTypbl 6narogaps Harpesy, 06ycnosieHHoMy Ynciom Maxa, Temnepatypa
4yBCTBUTENLHOTIO 3/1emeHTa AaT4ynka OB coxpaHseTcs Ha 60n1ee BbICOKOM YPOBHE N0 CPaBHEHUIO
C OKpyXaloLLen cpefom, B pe3y/bTaTe 4ero CKOpoCTb pearnposaHns asnseTcs 6osee 6bICTPON,
HeXeJIN B UHbIX yCNOBUAX.

3.8.2.3 O6GHapysxeHue 061edeHeHus cucmemoli TAMAP

Oatunk cuctembl TAMIAP o6HapyxunBaeT o6nefeHeHne, NCNONb3ya ABE Napbl CBETOAMOA0B
(LED) 1 dotoaetekTopos (PD), npu 3TOM KaxXAblil N3 HUX XapaKTepun3yeTcs KOHEYHOM
Be/IMYNHON aHanoro-umdposoro npeobpasosaHuns (AtDC) HanpsxkeHusa. B Tex cnyyvasx,

korga patymk TAMIAP nogBepraetcs BO34eNCTBUIO YCI0BUIA 06/1eAeHEeHNS, akKyMynaumsa
NbJa NPOUCXOAMUT Ha MOBEPXHOCTN NPOMEXYTKOB (DOJIbIM B 30HE, HaxoAALLLeNncs

mexay napamu LED/PD. MNo Mepe yBennyeHns 109 HapacTatoLwero ibAa Nponcxoant
3aTeMHeHUWe UHpakpacHbix Nyyel, B pesysbraTe Yero 3Ha4yeHus AtDC nap LED/PD
CHMXAIOTCS Ha MONOBUHY OT HOPMasbHOTO He3abI0KMPOBAHHOIO 3HAa4YEHM, B pe3y/bTaTte
yero gat4ymk TAMJ AP nokasbiBaeT NO3nTMBHbIE NnapaMeTpbl 06nefgeHeHuns. Cpasy, nocne
noaTeepxaeHns o6Hapy>XeHs NOSABNEHUSA /ibAa NOCPeACTBOM arOPUTMOB, KOTOpbIe
NPOBEPSAIOT CONacoBaHHOCTb AAHHOTO COOLITUA C TEKYLUMMU YCIOBUSIMU OKPYXatoLLen cpesbl
(a umeHHo, T), nponcxoamT aBTOMaTUYeCKoe BKItoYeHne oborpesateneli gatimka TAMIAP ans
ycTpaHeHus nbja. lNpouecc oborpesaHnsa NpoAo/KaeTcs A0 Tex nop, noka nokasatenm AtDC
nap LED/PD He npeBbICAT NONIOBMHY NOPOrOBOro 3Ha4YeHus.

Bce saBneHns obnegeneHus, hukcnpyemole cuctemort TAMIAP, oTcnexnsaloTcs B pamkax
NOTOKa AaHHbIX C UCNO/Ib30BaHNEM MapKepoB obieeHeHns. DT Mapkepbl NoOMeYatoT
Havano BO3HUKHOBEHUS CO6bITUA 061efeHeHNs; MOMEHT BpEMEHMU, Koraa 6bi1u BKAOYEHbI
oborpesaTtenu; NPoAC/IHKUTENBHOCTb NPOAOIKEHNA 06neeHeHNs; oxnaxaeHne gaT4mka

W yKasaHne MOMEHTa BpeMeHU npekpaLleHuns npouecca obneaeHeHums. BknoveHne
oborpesaTenei aHTMo6/1efeHeH NS BO34ENCTBYET Ha U3MePeHMe TeMnepaTtypbl, 4TO
CKa3blBaeTCA Ha Apyrmx 061acTax AaHHbIX, Takmx Kak OB. B cBA3M ¢ 3T1M 3Haykm obneaeHeHuns
NCnonb3ytoTcs Ans 0603Ha4eHns Toro, 410 06/1acT AaHHbIX, Ha KOTOPble BO3AENCTBYIOT
oborpeBaTtenu, HeakTyaJsibHbl, NOKa He OTK/04aTCs 06orpesaTenn U He OCTbIHET AaTYUK.

3.8.2.4 O6HapyxeHue myp6ynenmHocmu cucmemoii TAMAP

[JaHHble o Typ6yneHTHOCTN coobLatoTca B BUAE AaHHbIX O CKOPOCTU AnCCcMnaLmm
TypOy/IEeHTHOM 3HEPTUM, U OHM OCHOBLIBAIOTCS Ha ANCKPETHBIX U3MEPEHUAX NCTUHHOMN
BO34yLWHOM ckopocTu (TAS), KoTOpble BbIYMCIAIOTCA NO Noka3aHWsaM npunemHuka TAMIAP ans
3amMepa NoIHOro U CTaTUYeCKOro JasneHuns BO3AYLLHOro AaB/IeHUs, a Takxke TeMnepartypbl.
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CBopka BKJIlOHaeT cpeHMNe 1 NnKoBble 3HadeHnsa EDR, a Tak)ke MOMeHT BpeMeHW NMMKOBOTo
3HayYeHus 3a Kaxx bl OAHOMUHYTHbIV Nepuod. Anroputm Typ6yneHTHocT EDR He 3aBucnt
OT KOHUrypaLmm 1n yCnoBUiA NosietTa BO3AYLLHOMo CyaHa. Takum o6pa3oMm, OH He 3aBUCUT
OT TUNa BO3AYLUHOrO CyAAHa, a TakXe He 3aBUCUT OT Harpy3ku 1 MNONEeTHbIX XapakTepPUCTUK.

Ana pacyeta EDR metogonorna TAMAP ncnonb3yet oLeHKY NPOAOJILHOIO CABUra BeTpa
yepes napametp TAS. TAMAP moxeT nonyuunTs TAS vepes aBa ncrounumka: (a) TAMIAP moxet
paccuyntaTb TAS MO AaHHBIM U3MEPEHNI AaTYMKOM MOJTHOTO N CTaTUYeCKOro AasJsieHnin (Tpybka
Muto), nnbo (b) no 6a3e gaHHbIx ARINC 429. MNocne npoBeaeHUs 4aHHOW CUCTEMON N3MepPeHUs
pPa3HOCTX MeX Ay MOJIHbIM U CTaTUYECKUM AaBEeHNAMMU AAaHHbIE 3TOrO U3MEPEHNS NepeaarTcs
3aTeM 4Yepe3 dUALTP A0 NpoBeaeHUs pacyeTa TAS.

MeToa Mak-Kpeawn ncnonb3yetcs ans oueHkm EDR, ocHoBaHHOWM Ha npeanonaraeMom

ko3 purLMeHTe HaK/TIOHa CnekTpa MOLLHOCTU BeNYMHOM -5/3 n3s mogenn Konmoroposa
curHana TAS. insa dunbtpaunn gnddepeHumanbHOro Aatimka AaBleHNs NpUMeHAeTcs
HW3KOYaCTOTHBIN 3arpaxaatowmii bunetp batTepBopTa YeTBEpPTOro Nopsaka C 4HacTOTOW cpesa
no yposHio 3 aeunbena (ab), pasHoli 5 u. YnpaBneHune okHamu 3aBepLuaetcs 40 6bICTPOro
npeo6pasosaHusa Pypobe (bMNP), c Tem 4TO6LI CAENATL AaHHOE M3MeHeHNe 6onee CcnekTpasbHbIM
(64-ToueyHoe bI®P). EDR paccunTbiBaeTCs Kaxkable 3 ¢, UCNOJb3ys 6-CeKyHAHbIN 610K

AaHHbix TAS npu yactote 10,67 Tu. Bennundel EDR MoryT ycpeaHaTbCs, eCnm kenaresibHON
ABNAeTCA nony4veHne 6onee rnagkoro pesynbrarta; 06bI4HO UCMOAb3YyeTCa 6-CeKyHAHOe
ycpeaHeHue, oiHaKo NoJib30BaTeM MMEIOT BO3MOXHOCTb KOH(PUIYpMPOBaTb 3TO yCpeAHeHNe
ANa yaoBAeTBOpeHMa nx notpebHocTel. MpumeHaeTca Takxe punbTp, o6ecnevmBaoLLLnii
rapaHTuUIo KayecTsa.

39 APYINE CUCTEMbI U UCTOYHUKUN CAMOJIETHbIX HABIII'OAEHI/IVI
3.9.1 Cucrema aBTOMaTU4eCcKoOro saBucumoro Ha6nwgeuuna UKAO

PaspaboTka rnobasibHbix CUCTEM a3pOHaBUraLLMmM TECHO CBA3aHa Cc paspaboTkaMu B o61acTu
KOMMYHMKaLNOHHbIX cncTem. Takmm obpa3om, byayLias aspoHaBuraumoHHasa cuctema (PAHC)
coyeTaeTcs € pa3paboTKON CUCTEMbl aBTOMAaTU4eCKOro 3aBMcuMoro Habntogexns (ADS),
KoTOpas, B CBOIO o4epe/pb, CBsi3aHa C rMobanbHON CNYTHUKOBOM CUCTEMOW CBA3W BO3AYLLUHbIX
cypoB. [NobanbHasa cucTemMa CBA3M BO3AYLUHbIX CYA0B TPaHCPOPMUPYETCS B OTKPLITYIO CETb

B pamKax npoekTa no aBMaunoHHon cetn tenecsasmn (Wells et al., 1990). D1a ceTb cBsxeT
cuctembl OBY n CATKOM B enHY10 OTKPBITYIO CETb.

[ns onTmanbHOM NO NOroAHbIM YC/IOBMAM NPOKAaAKN MapLLPyTOB KOMMEPYECKMX BO3Y LLUHbIX
CyaoB, B 0CO6eHHOCTU g obecrnevyeHns 6€30MacHOCTM MOJIETOB, CBEAEHUSA K MUHUMYMY
pacxoa TON/MBa U Harpy3Ku, NPUBOASLLEN K yCTanoCTU CUIOBOro Habopa drosensxka,

a Takxe ans obecrnevyeHms KOMOPTHBIX yCIOBUI 4719 NaccakMpoB, TpebyeTcs NoBblLLIEeHHAs
TOYHOCTb aBMALMOHHbBIX METEOPO/IONMYECKMX MPOrHO30B. Taknm o6pa3oM, B aBTOMaTU4eCckme
CBOAKM O MECTOMOIOXEHUM BO3AYLUHOIO CyAHa Ans o6ecnevyeHns ADS MoryT 6biTb BKIIOYEHDI
aBTOMaTuU4eCcKue MeTeoposiormieckme cBoaku. [laHHole, KOTopble A0/IKHbI BKAOYATLCA B 3TU
CBO/IKM, — 3TO B OCHOBHOM Te e flaHHble, 4TO U JaHHble CyLecTByoWwmx cncteM AMIAP,
BKJ/1104as AaHHble O AOMNYCTUMON TypOyEHTHOCTU U BJIQXXHOCTU BO34yXa.

JanHble, nony4yenHble n3 cuctembl ADS Contract (ADS-C) MKAO, nepegatotca B [CT BMO. 21n
JaHHble NPeACTaB/IAOTCA COMNAacHO cornalleHunio, 3akaodeHHomy ¢ MKAO n nsnoxeHHomy

B [MpunoxeHun 3 MKAO k KoHBeHLNM 0 MeXAYyHapOAHOW rpaAaHCKol aBnaumm —
Memeoponozudeckoe obecnedeHue MexxOyHAapOOHOU a3poHasuUayuU, rnasa 5 n npunoxeHue 4.
Pernamentom MKAO npegycmatpuBaeTcs, 4TO LLEHTPbl OpPraHm3aumm BO34yLIHOrO ABUXEHUSA
[OKHBI Nnepepasatb coobeHns ADS-C Bo BCeMMpPHbIe LeHTPbl 30HabHbIX NporHo3os (BLL3MT),
KOTOpble 3aTeM OTBEYaloT 3a Nepeavy 3TUx AaHHblx No [nobanbHol cucteme Tenecsasn BMO
(cMm. lpasuna aspoHasuzayUoHHO20 06cyxusaHus — OpzaHu3ayus 8030yuwiHo20 08uxerus, UKAO,
Doc. 4444, 4.11.4).
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3.9.2 ABTOMaTMuYecKMe cucTeMb] Nepeaaym noseTtHon nunpopmaunmn

ABTOMaTM4eckne cuctembl nepeaaydum nonetHon nacopmaumm (APUPC), kak n TAMIAP,
npeacTasnsoT cob60i KOMMepUeckyto pa3paboTKy, CMCTeMY, KOTOpas ycTaHaB/MBaeTCs
Ha BO3JYLUHOM CyAHe AN NoAydYeHns 1 nepeaadn JaHHbIX BO3AYLLIHOMO CyAHa Ha 3eMJIt0
M NCMOJIb30BaHMEM CMyTHUKOBOW KOMMYyHMKaLMn Ha 6a3e rpynnupoBKU CMyTHUKOB
Iridium (CATKOM).

BosmoxHocTn AGUPC BkatoyatoT obecnevyeHne 60pToBOro MHTepdeiica, 4To No3BonseT
CBA13bIBaTb MHOTOYMNC/IEHHbIE CUCTEMBI BO3AYLLHbIX CYA0B. DTO BK/IIOYaeT perncrpauuio
NONETHbIX AaHHbIX, aKTUBU3NPYEMYIO ABJIEHNEM, @ TaK>KE MOHUTOPUHT COCTOSAHNSA BO3YLLHOIO
CyAHa B pexuMe peasibHoro spemeHun. C ncnonb3oBaHuem 3tux cuctem APUPC moxeTt cobupatb
[laHHble 0 Moroje Ha BO3/lyLLIHOM cyAHe, ocHaweHHoM AM/AP, n ¢oopmatmpoBaTth UX B «<OTYET
nocse noJsieta», UCNoAb3ys BCTPOEHHOE JIOTNYeCKoe MPuIoXeHune.

ADPUPC cobupaeT AaHHble N3MepPeHUI TeMnepaTypbl, HanpaBAEHUS U CKOPOCTU BETPa,

a TakxXe yros Ka4yeHus B AONO/IHEHME K MECTOMONOXEHNIO, BDEMEHU N 6apOMETPUYECKON
BbICOTE BO3/lyLLHOIO CyjHa B MOMEHT NPOU3BOACTBa n3mepeHus. MNockonbky gaHHble AGUPC
cobuMpaloTcs C UMerLnxcsa 60pTOBbLIX 4aTHMKOB, AaHHble 6yAyT COOTBETCTBOBATb AaHHbIM,
KoTOopble cobupatoTcs npu nomoln metogos AMIAP.

B otinume ot AMIAP, rae coobuieHns o noroge nepepatotcs yepes nocpeactso AKAPC,
coobueHns APUPC nepepatotcs B Buae aiinos hopmaTa pasgenseMbix 3anaToin BeNYUH
(csv) M HanpaBNATCA NAPTHEPCKOM HaLuMOHa/IbHOM METEOPOIOTNYECKON N TMAPONOTNYECKON
cnyx6e (HMIC) npu nomoLum npotokona nepegauu ainos (FTP).

3.93 Hoeble u paspa6aTbiBaeMble CUCTEMbI
3.9.31 Pe>xum pacuiupeHHozo Ha61100eHuUs — adpecHulli

[JaHHble HabNoAeHN 3a BETPOM U TemnepaTypoi MOryT Takke GblTb NOYYEHbl U3 JaHHbIX
HabnoaeHni, coObpaHHbIX ANS Lesiell ynpaBaeHns Bo3ayLHbIM ABuxeHuneM (YB/)

C MCMONb30BaHMEM pajnosiokaTopa paclumpeHHoro HabnogeHus (EHS) B pexxume S
(appecHbie). OTOT pagMonokaTop 3anpalumsaeT y KaxA0ro BO34yLWHOro CylHa KOHKPETHYo
MHpOpPMaLUIO C YaCTOTHbIM LkaAoM 4—60 ¢, B 3aBUCMMOCTHM OT 3agay ¥YB/l koHKpeTHOro
paguonokatopa. B HasHa4eHHOM BO3AyLLIHOM NPOCTPaHCTBE BCE BO3/YLLUHbIE Cyaa 0653aHbl
oTBeyaTb Ha 3anpoc paamnonokaTopa EHS, paboTatowero B pexume S. O6sa3atenbHble
peructpbl (BDS4,0, BDS5,0 n BDS6,0) coaepxaT nHdpopMaumio 06 MAEHTUYHOCTU BO34YLLIHOTO
CYAHa, 3LieNoHe NnoseTa, yrne KpeHa, MarHUTHOM Kypce, BO3AyLLHON CKOPOCTH, Yncne Maxa

1 TpaekTopun. [laHHble 0 MECTONOOXEHMNN BO3AYLLIHOFO CYAHa MOXHO MOAYYUTb NPU MOMOLLM
nnbo pagnonokatopa YB/l, in60 60pTOBbIX HABUTALLMOHHbIX CUCTEM NOCPEACTBOM AaHHbIX
aBTOMaTN4€eCcKOro 3aBUCMMOro HabnoaeHuns B pexxmme pagnoseltanms (ADS-B), kotopble
HenpepbIBHO NepeaaloTcs 3TUM BO3AyLHbIM CyaHOM. C 4oNoNHUTENbHON nHdOopMaLmen

o EHS B pexxume S MmoxxHO 03HakoMuTbCa B Guide to Aircraft-based Observations (PykoBoacTBO

no camosieTHbIM HabnwaeHnam) (WMO-No. 1200).

MeToanka nonyyeHmsa nHgpopmaumm o setpe npu nomom EHS B pexxume S aHanormnyHa
meToanke, npumeHsemon ans AMIAP; oHa OCHOBbIBaeTCSl Ha Pa3HOCTU BEKTOPOB MeX Ay
BEKTOPOM MyTEBOWN CKOPOCTU N BEKTOPOM BO34YLLHOM ckopocTu. OfHaKo TOYHOCTb
nHpopmMauumn, NCNoNb3yemon Ans onpeaeneHns BeTpa, otinydaetca (Hanpumep, paspelueHune
NnyTeBOW CKOPOCTU cocTaBsieT 2 y3na, npuMmepHo 1 M c') no cpaBHeHUIO Cc 60pTOBOMA
nHpopmauuein. Kpome Toro, UICTUHHBIN KYpPC AOJIXKEH ONPeaenaTbCs O MarHUTHOMY Kypcy, ANs
4ero Hy>XHbl KOPPEKTUPOBKMU, 3aBUCSLLME OT BO3AYLLIHOrO CyAHa. 3aMeTUM, 4TO KOPPEKTUPOBKM
KypcCa MOTyT CO BPEMEHEM MEHATLCS B pe3y/ibTaTe TEXHNYECKOro COCTOSAHNSA BO3AYLUHOMO CyaHa.
NMomMuMo npumMeHeHns Tabanubl MArHUTHBIX OTKJIOHEHUIA NPUMEHSIOTCS AOMNO/HUTEIbHbIE
KOPPEKTUPOBKM, 3aBUCSLLME OT BO3AYLLHOIO CyaHa (HanpuMep, KoppekLuus Kypca n KoppekLus
BO3/yLUHOI ckopocTu, cM. de Haan, 2013). B HacTodLLee BpeMs 3TN KOPPEKTUPOBKMU
onpeaenaTCa 419 KaXA0ro BO3AyLIHOro CygHa nyTeM AONTOCPOYHOro CPaBHEHUS C AaHHbIMU
yncneHHoro nporHosa norogbl (4IM) (cm. de Haan, 2013). NMpoaonxaetca paspaboTka
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W BHeJpeHne MeTOA0B A1 Yy4lleHUs Ka4eCcTBa JaHHbIX O TeMnepaTtype, nosy4aembix Npu
nomowm EHS B pexnme S (Hanpumep, meTtoa yny4weHuns temnepaTypbl AMJAP, de Haan
etal., 2022).

MonyyeHne gaHHbIx 0 Temnepatype npu nomolumn EHS B pexxnme S ocyulectensaerca nytem
KomM6uHaumn Yyncna Maxa n ICTUHHON BO3AYLLIHOW CKOPOCTW. Ka4ecTBo AaHHbIX O TemnepaTtype,
NoJly4eHHOI HeNOCpeACTBEHHO 13 Ymncaa Maxa n UICTUHHOW BO34YLLHOM CKOPOCTU, MOHMXKaeTCs
coobLaemblM paspelueHnemM Yncaa Maxa n MCTUHHOW BO3AyLLIHOM CKOPOCTU, U OHO,
6e3yCN0BHO, HXKE KavyecTBa AaHHbIX o TeMnepaType AMAAP (de Haan, 2011, 2013). MeTop,
ynydlieHns aaHHblix o Temnepatype AMAAP (de Haan et al., 2022) npumeHsaeTca ans ynydiueHuns
AaHHbIX 0 TemnepaType, nony4aembix npu nomotm EHS B pexxume S.

[pyrve MmeTeoponornyeckme napaMmeTpbl akTUBHO U3yYdatoTcs, BKAtOYas nHdopmaLmio

O reonoTeHLManbHOM BbICOTE MO AaHHbIM 6apOMeTPUYECKOM BbICOTbI U MHDOPMaLLMIO O BbiCOTE
FHCC, koTopble MOTYT MHTEPNPETUPOBATLCSA Kak TemnepaTtype cpeaHero cios (Stone and
Kitchen, 2015).

EBMETHET skcnnyaTupyet EBponenckuii LEHTp METEOPOIOrMYeCKnX AaHHbIX C BO3AYLLUHbIX
cypos (ELM/BC) ans c6opa, 06paboTkn 1 pacnpoCTpaHeHUs KOHTPOJMPYEMbIX MO Ka4ecTBy
MeTeopOosIorMyecknx aspoiorniecknx HabaloAeHnn Ha OCHOBE CaMoJIeTHbIX AaHHbIX (cM. https://
emaddc.com).

3.9.3.2 Pe>xum pezynsapHoii Memeoponozuveckoii c60OKU c 6opma 6030yuUIHOZO CyOHA

Pagnonokatop EHS B pexunme S MoxeT Takxe 3anpalumsaTb Heo6s3aTeIbHble PETUCTPHI,
KOTOpble MOTYT coaepxaTb MeTeoponormyeckyto uHopmauuto. NMpumepom aensercs
pernctp BDS4,4 EHS pexuma S, KOTOpbIli Ha3blBaeTCA «perynspHas MeTeopoaormyeckas
cBopka c 6opTta Bo3aywHoro cyaHa (MRAR)». DTOT permctp coaepXuT HenocpeaCcTBEHHYO
MHpopMauuio o cABUre BETPa U TemnepaTtype, KoTopas aHalorMyHa MHopmaLmm o caBure
BeTpa n Temnepatype AMIAP (Strajnar, 2012). NMockonbky pernctp BDS4,4 He siBnseTcs
06s3aTesibHbIM, TO INLLb YacTb (NpuMepHO 5 %) BO3AYLLHbIX CY40B OTBEYAIOT Ha 3anpoc

1 coobLLaloT LLleHHY0 MeTeoposiornyeckyto nudopmaumio, n YB/, He vacto obpaliaercs

K 3TOMY perucrpy.

O6a meToga, ADS n Mode S, npoaHanunsmMpoBaHbl B pamMmkax Ucc/ieoBaHuns, KoTopoe 6b110
nposeaeHo ot inua EBMETHET (de Haan et al., 2015).

39.3.3 becnunomHevuie asuayuoHHbIE cucmembl

3a nocnegHne HECKOJIbKO /IeT CTPEMUTE/IbHOE pa3BuUTHe 6eCnnIOTHbIX aBUALLMOHHbIX

cuctem (BAC), koTopbie Takxe Ha3biBaloT 6ecnuaoTHbIMY eTaTeNbHbiMM annapatamu (B/1A),
N MHOXeCTBa BMAOB UX NCMO/Ib30BAHUA Pa3/IMYHbIMU OPraHM3auMaMm NPUBESO K BKIIOYEHUIO
BAC B cTpaTtermnyeckoe nnaHnposaHue OpB/J, pykoBoasAwWmMMmN opraHamMmun, TakMMm Kak
nccneposatnns OpB/ B pamkax koHuenumn «EanHoro esponenickoro Heba», PepepanbHoe
ynpasieHue rpaxaaHckon asmnaumm n MKAO.

MapannenbHo ¢ 3TMK paspaboTkamn B o6n1actn BAC oTmevanoch paclumpeHmne ncnonb3oBaHms
BAC ansa uenent Hay4HbIx uccnegoBaHuin n paspabortok psgom HMIC n rocynapcTeeHHbIX
opraHos. Hay4Hble nccnefoBaHuns BKIOHaOT MOrPaHNYHbIe C10M, MPOUCXOXAEHNE LUTOPMOB

1N MOHUTOPUHT OKpY>KatoLLLel cpeapl.

C}'Ie,CI,)IIOLLI,VIM warom B ncnonb3oBaHmn bAC B kavyecTBe I'IflaT(,bOpM ans COO6LLI,€HI/IFI
O noroge Ha 60pTy BO34YLUHbIX Cy4OB ABNAETCA pa3pa60TKa ﬂ,a)’leeVlLlJI/lX BNAOB Hay4HO-
VICCJ'IeLI,OBaTe}'IbCKOI\/'I OEeATE/IbHOCTU N BHEAPEHUE VIHquaCTp)/KTypr nepenayun AaHHbIX
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«B pexuMe peasbHOro BpeMeHun ¢ onepatmeHon gearenbHocTbio HMIC ¢ BAC, a Takxe
npeasioxeHne 4acToMy CeKTOpy co3faBaTb BO3MOXHOCTU /151 yCTAHOBKN METEOPO/IOrMYeCKMX
Aatynkos/60pTOBOro o60pyAoBaHUA B pamkax Ux onepaTuBHon geatenbHoctu ¢ BAC.

JoctynHble gatunkmn ana BAC cnocobHbl U3MepATb LUMPOKUIA CNEKTP BaXKHbIX
MeTeopOoIorM4ecknx 1 Apyrux nepemMeHHbIX, BKao4Yas TemnepaTypy, Hanpas/jeHne n CKOPOCTb
BETPa, a Takxe BNaXHOCTb. DTN AAaTYNKN MOTYT yCTaHaBAMBATbCA Kak YaCTb ONepaTUBHOrO
6opToBOro o6opyaosaHna bAC n npefocTaBnATb LLeHHY0 MHMOPMaLLMIO O NOrPaHNYHOM C/oe.

SkcnepTtbl BMO cuuTtatort, 4to B 61mnxkaliwee gecatmnetne bAC MoryT ctatb Og4HUM

N3 KOMMNOHEHTOB cucTembl Habnogennit MITCHB, oka3biBas nogaepxky B page npukaaaHbix
npuMeHeHnn n obnacteli HabnogeHUN B pamkax cuctemol 3emns. B yactHoctn, BAC moryT
NoTeHLNaIbHO NPeAoCTaB/IAaTh AaHHbIE B KA4eCTBE ONepaTUBHOIo KOMNoHeHTa MnobanbHoM
onopHou cetn HabnoaeHni (TOCH).



CrMMPABO4YHAA U AONO/THUTE/IbHAA INTEPATYPA

Abbott, I. H.; von Doenhoff, A. E. Theory of Wing Sections; Dover Publications: Mineola, USA, 1959.

AirDat. TAMDAR — Tropospheric Airborne Meteorological Data Reporting Sensor and System Overview; AirDat
Infrastructure and Global Capabilities; Information document; AirDat: Evergreen, USA, 2003.

Anderson, A. K. AirDat System for Ensuring TAMDAR Data Quality; Tenth Symposium on Integrated Observing
and Assimilation Systems for the Atmosphere, Oceans, and Land Surface (IOAS-AOLS), Atlanta,
USA; American Meteorological Society, 2006.

Aeronautical Radio, Incorporated (ARINC). 620-7 Data Link Ground System Standard and Interface
Specification; ARINC: Annapolis, USA, 2012.

Benjamin, S. G.; Jamison, B. D.; Moninger, W. R.; Sahm, S. R.; Schwartz, B. E.; Schlatter, T. W. Relative
Short-Range Forecast Impact from Aircraft, Profiler, Radiosonde, VAD, GPS-PW, METAR, and
Mesonet Observations via the RUC Hourly Assimilation Cycle. Monthly Weather Review 2010,
138 (4), 1319-1343. https://doi.org/10.1175/2009MWR3097.1.

Braid, J.; Van Wie, P.; Rex, ]. Using the TAMDAR Sensor for In-flight Ice Detection and Improved Safety of Flight;
SAE Technical Paper 2011-38-0051; International Conference on Aircraft and Engine Icing and
Ground Deicing; Society of Automotive Engineers, 2011.

Cornman, L. B.; Meymaris, G.; Limber, M. An Update on the FAA Aviation Weather Research Program’s In Situ
Turbulence Measurement and Reporting System; Eleventh Conference on Aviation, Range and
Aerospace Meteorology, Hyannis, USA, 2004.

Cornman, L. B.; Morse, C. S.; Cunning, G. Real-Time Estimation of Atmospheric Turbulence Severity from
in-Situ Aircraft Measurements. Journal of Aircraft 1995, 32 (1), 171-177. https://doi.org/10
.2514/3.46697.

Dommasch, D. O.; Sherby, S. S.; Connolly, T. F. Airplane Aerodynamics; Pitman: New York, USA, 1958.

Federal Aviation Administration (FAA). Unmanned Aircraft Systems. https://www.faa.gov/uas/.

Fleming, R. J. Water Vapor Measurements from Commercial Aircraft: Progress and Plans; Fourth Symposium on
Integrated Observing Systems, Long Beach, USA; American Meteorological Society, 2000.

Fleming, R. ). The WVSS-II and the UCAR Air Sampler: Purpose, Design, Status (personal communication).
University Corporation for Atmospheric Research: Boulder, USA, 2003.

Gao, F.; Zhang, X.; Jacobs, N. A. et al. Estimation of TAMDAR Observational Error and Assimilation
Experiments. Weather and Forecasting 2012, 27 (4), 856-877. https://doi.org/10.1175/WAF-D
-11-00120.1.

Gauber, ).-M. Currently Developing and Future Communications and Technology Impact on AMDAR. Instruments
and Observing Methods Report No. 123; World Meteorological Organization (WMO):
Geneva, 2016.

de Haan, S. High-Resolution Wind and Temperature Observations from Aircraft Tracked by Mode-S Air
Traffic Control Radar. Journal of Geophysical Research: Atmospheres 2011, 116 (D10). https://doi
.org/10.1029/2010)D015264.

de Haan, S. An Improved Correction Method for High Quality Wind and Temperature Observations Derived from
Mode-S EHS; KNMI Technical Report No. TR-338; Royal Netherlands Meteorological Institute
(KNMI): De Bilt, 2013.

de Haan, S.; Sondij, J.; Stone, E. et al. Final Report of the EUMETNET Aircraft Derived Data
Feasibility Study Expert Team. GIE EUMETNET, 2015. https://emaddc.com/intern/
publication+and+presentation+download/handlerdownloadfiles.ashx?idnv=1307625.

de Haan, S.; de Jong, P. M. A; van der Meulen, J. Characterizing and Correcting the Warm Bias Observed
in Aircraft Meteorological Data Relay (AMDAR) Temperature Observations. Atmospheric
Measurement Techniques 2022, 15 (3), 811-818. https://doi.org/10.5194/amt-15-811-2022.

International Civil Aviation Organization (ICAO). Procedures for Air Navigation Services — Air Traffic
Management, Fifteenth edition; Doc. 4444; ICAO: Montreal, 2007.

International Civil Aviation Organization (ICAO). Meteorological Service for International Air Navigation: ICAO
Annex 3, Eighteenth edition, Amendment 76; ICAO: Montreal, 2013.

International Civil Aviation Organization (ICAO). UAS Tool Kit. https://www.icao.int/safety/UA/UASToolkit/
Pages/default.aspx.

International Organization for Standardization (ISO). Standard Atmosphere; 1SO 2533:1975; Geneva, 2007.

Lawson, R. P.; Cooper, W. A. Performance of Some Airborne Thermometers in Clouds. Journal of Atmospheric
and Oceanic Technology 1990, 7 (3), 480-494. https://doi.org/10.1175/1520-0426(1990)007<04
80:POSATI>2.0.CO;2.


https://doi.org/10.1175/2009MWR3097.1
https://doi.org/10.2514/3.46697
https://doi.org/10.2514/3.46697
https://www.faa.gov/uas/
https://doi.org/10.1175/WAF-D-11-00120.1
https://doi.org/10.1175/WAF-D-11-00120.1
https://library.wmo.int/idurl/4/37030
https://doi.org/10.1029/2010JD015264
https://doi.org/10.1029/2010JD015264
https://emaddc.com/intern/publication+and+presentation+download/handlerdownloadfiles.ashx?idnv=1307625
https://emaddc.com/intern/publication+and+presentation+download/handlerdownloadfiles.ashx?idnv=1307625
https://doi.org/10.5194/amt-15-811-2022
https://www.icao.int/safety/UA/UASToolkit/Pages/default.aspx
https://www.icao.int/safety/UA/UASToolkit/Pages/default.aspx
https://doi.org/10.1175/1520-0426(1990)007%3c0480:POSATI%3e2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007%3c0480:POSATI%3e2.0.CO;2

INMABA 3. CAMOJTETHbIE HAB/TIOAEHNA 91

May, R. D. Open-Path, near-Infrared Tunable Diode Laser Spectrometer for Atmospheric Measurements
of H,0O. Journal of Geophysical Research: Atmospheres 1998, 103 (D15), 19161-19172. https://doi
.org/10.1029/98)D01678.

May, R. D.; Webster, C. R. Data Processing and Calibration for Tunable Diode Laser Harmonic Absorption
Spectrometers. Journal of Quantitative Spectroscopy and Radiative Transfer 1993, 49 (4), 335-347.
https://doi.org/10.1016/0022-4073(93)90098-3.

Meteorological Service of Canada. The Effect of Pitch and Roll Attitude on the Calculation of Wind (G. Bruce).
Aeromechanical Services Ltd., 1118-1c, Rev. 1.0 2003.

Moninger, W. R.; Benjamin, S. G.; Jamison, B. D. et al. Evaluation of Regional Aircraft Observations
Using TAMDAR. Weather and Forecasting 2010, 25 (2), 627-645. https://doi.org/10.1175/
2009WAF2222321.1.

Mulally, D. |.; Braid, ]. T. The TAMDAR Sensor's Relative Humidity Performance on ERJ-145 Commercial
Aircraft; Thirteenth Symposium on Integrated Observing and Assimilation Systems for the
Atmosphere, Oceans, and Land Surface (IOAS-AOLS), Phoenix, USA; American Meteorological
Society, 2009.

Nash, J. Upper Wind Observing Systems Used for Meteorological Operations. Annales Geophysicae 1994,
12 (8), 691-710. https://doi.org/10.1007/s00585-994-0691-2.

Petersen, R. A.; Cronce, L.; Feltz, W. et al. Validation Studies of WVSS-II Moisture Observations; Fifteenth
Symposium on Integrated Observing and Assimilation Systems for the Atmosphere, Oceans,
and Land Surface (IOAS-AOLS), Seattle, USA; American Meteorological Society, 2011.

Petersen, R. A.; Cronce, L.; Mamrosh, R. et al. Impact and Benefits of AMDAR Temperature, Wind and Moisture
Observations in Operational Weather Forecasting (WIGOS Technical Report No. 2015-01); World
Meteorological Organization (WMO): Geneva, 2015.

Petersen, R. A.; Cronce, L.; Mamrosh, R. et al. On the Impact and Future Benefits of AMDAR Observations
in Operational Forecasting: Part II: Water Vapor Observations. Bulletin of the American
Meteorological Society 2016, 97 (11), 2117-2133. https://doi.org/10.1175/BAMS-D-14-00211.1.

Rodi, A. R.; Spyers-Duran, P. A. Analysis of Time Response of Airborne Temperature Sensors. Journal of
Applied Meteorology (1962-1982) 1972, 11 (3), 554-556.

Sherman, D. |. The Australian Implementation of AMDAR/ACARS and the Use of Derived Equivalent Gust Velocity as
a Turbulence Indicator; Structures Report No. 418; Department of Defence, Defence Science and
Technology Organization, Aeronautical Research Laboratories: Melbourne, Australia, 1985.

Smith, W. L.; Minnis, P.; Fleeger, C. et al. Determining the Flight Icing Threat to Aircraft with Single-Layer
Cloud Parameters Derived from Operational Satellite Data. Journal of Applied Meteorology and
Climatology 2012, 51 (10), 1794-1810. https://doi.org/10.1175/JAMC-D-12-057.1.

Stickland, . J. An Assessment of Two Algorithms for Automatic Measurement and Reporting of Turbulence from
Commercial Public Transport Aircraft; A report to the ICAO METLINK Study Group; Observations
and Engineering Branch, Bureau of Meteorology: Melbourne, Australia, 1998.

Stickney, T. M.; Shedlov, M. W.; Thompson, D. |. Rosemount Total Temperature Sensors; Technical Report 5755,
Revision B; Rosemount Inc., 1990.

Stone, E. K.; Kitchen, M. Introducing an Approach for Extracting Temperature from Aircraft GNSS and
Pressure Altitude Reports in ADS-B Messages. Journal of Atmospheric and Oceanic Technology
2015, 32 (4), 736-743. https://doi.org/10.1175/)JTECH-D-14-00192.1.

Strajnar, B. Validation of Mode-S Meteorological Routine Air Report Aircraft Observations. Journal of
Geophysical Research: Atmospheres 2012, 117 (D23). https://doi.org/10.1029/2012)D018315.

Van der Meulen, |. P. Experiences with Quality Evaluation of AMDAR Observations. Presented at the 2018
WMO/CIMO Technical Conference on Meteorological and Environmental Instruments and
Methods of Observation (CIMO TECO-2018), Amsterdam, the Netherlands, 8-11 October
2018. In The 2018 WMO/CIMO Technical Conference on Meteorological and Environmental
Instruments and Methods of Observation (CIMO TECO-2018); Instruments and Observing Methods
Report No. 132; World Meteorological Organization: Geneva, 2018.

Wells, V. E. et al. Migration of ACARS to the Aeronautical Telecommunication Network. Proceedings of the
Aeronautical Telecommunications Symposium on Data Link Integration. Annapolis, USA, 1990.

World Meteorological Organization (WMO). CBS Expert Team on Aircraft-Based Observing Systems: The
Benefits of AMDAR Data to Meteorology and Aviation (WIGOS Technical Report No. 2014-01);
WMO: Geneva, 2014a.

World Meteorological Organization (WMO). Requirements for the Implementation and Operation of an AMDAR
Programme (WIGOS Technical Report No. 2014-02); WMO: Geneva, 2014.

World Meteorological Organization (WMO). AMDAR Onboard Software Functional Requirements Specification,
Version 1.1. Instruments and Observing Methods Report No. 115; WMO: Geneva, 2014.


https://doi.org/10.1029/98JD01678
https://doi.org/10.1029/98JD01678
https://doi.org/10.1016/0022-4073(93)90098-3
https://doi.org/10.1175/2009WAF2222321.1
https://doi.org/10.1175/2009WAF2222321.1
https://doi.org/10.1007/s00585-994-0691-2
https://library.wmo.int/idurl/4/54744
https://library.wmo.int/idurl/4/54744
https://doi.org/10.1175/BAMS-D-14-00211.1
https://doi.org/10.1175/JAMC-D-12-057.1
https://doi.org/10.1175/JTECH-D-14-00192.1
https://doi.org/10.1029/2012JD018315
https://library.wmo.int/idurl/4/56310
https://library.wmo.int/idurl/4/56310
https://library.wmo.int/idurl/4/51267
https://library.wmo.int/idurl/4/51267
https://library.wmo.int/idurl/4/51390

92 PYKOBOZCTBO MO MPUBOPAM N METOAAM HABMIOAEHVA. TOM I

World Meteorological Organization (WMO). Guide to Aircraft-based Observations (WMO-No. 1200).
Geneva, 2017.

CIMO Expert Team on Aircraft-based Observations (CIMO ET-AO). Tests, Comparisons and Operational
Performance of the Water Vapor Sensing Systems (WVSS-11). Instruments and Observing Methods
Report No. 133; World Meteorological Organization (WMO): Geneva, 2019.

BcemnpHas meteoponorundeckas opraHusaumna (BMO) HacmaeneHue no MHmezpuposaHHoli 2106a16HOL
cucmeme HabooeHuli BMO (BMO-N2 1160), XXeHeBa, 2023 1. (06HoBNeHO B 2024 1).


https://library.wmo.int/idurl/4/55774
https://library.wmo.int/idurl/4/56755
https://library.wmo.int/idurl/4/56755
https://library.wmo.int/idurl/4/42781
https://library.wmo.int/idurl/4/42781

	Руководство по приборам и методам наблюдений  (ВМО-№ 8), Том III – Системы наблюдений
	Глава 3. Самолетные наблюдения
	3.1	Общие положения
	3.1.1	Определения
	3.1.2	Самолетные метеорологические датчики

	3.2	Давление и число Маха
	3.2.1	Приемник полного и статического давления
	3.2.2	Барометрическая высота
	3.2.2.1	Неопределенность измерений

	3.2.3	Число Маха
	3.2.3.1	Неопределенность измерений


	3.3	Температура воздуха
	3.3.1	Датчик полной температуры воздуха
	3.3.1.1	Погрешности измерения


	3.4	Скорость и направление ветра
	3.4.1	Погрешности измерений

	3.5	Влажность
	3.5.1	Погрешность измерений

	3.6	Турбулентность
	3.6.1	Оценка интенсивности турбулентности в результате вертикальной перегрузки
	3.6.1.1	Погрешности измерения

	3.6.2	Расчетная эффективная скорость вертикального порыва ветра 
	3.6.2.1	Погрешности измерений

	3.6.3	Скорость диссипации турбулентной энергии
	3.6.3.1	EDR, измеряемая с помощью вертикального акселерометра
	3.6.3.2	EDR, определяемая по вертикальным сдвигам ветра
	3.6.3.3	EDR, рассчитанная по истинной воздушной скорости
	3.6.3.4	Погрешности измерений
	3.6.3.5	Соотношение между EDR и DEVG


	3.7	Обледенение
	3.7.1	Погрешности измерений 

	3.8	Системы наблюдений, установленные на борту смолетов
	3.8.1	Система передачи метеорологических данных с воздушного судна – АМДАР
	3.8.1.1	Программа сотрудничества ВМО и ИАТА по АМДАР — ПСВИА

	3.8.2	Передача тропосферных метеорологических данных с самолетов — ТАМДАР
	3.8.2.1	Обзор 
	3.8.2.2	Относительная влажность и температура
	3.8.2.3	Обнаружение обледенения системой ТАМДАР 
	3.8.2.4	Обнаружение турбулентности системой ТАМДАР 


	3.9	Другие системы и источники самолетных наблюдений
	3.9.1	Система автоматического зависимого наблюдения ИКАО 
	3.9.2	Автоматические системы передачи полетной информации
	3.9.3 	Новые и разрабатываемые системы 
	3.9.3.1	Режим расширенного наблюдения — адресный
	3.9.3.2	Pежим регулярной метеорологической сводки с борта воздушного судна
	3.9.3.3	Беспилотные авиационные системы


	Справочная и дополнительная литература



