MABA 7. PAONONTOKALNOHHDBIE USMEPEHMUA

7.1 OBLLUE CBEAEHUA

[aHHas rnaBa cogepXuT o6LLee onucaHe METEOPOOTMYECKUX paanonokaTopos. Oco6oe
BHUMaHWe B HeW yieNseTcs TEXHUYECKMM U ONEePaTMBHBLIM XapakTePUCTUKAM, KOTOPbLIE JOMXKHbI
YUYMTbIBaTLCSA NPU NIaHUPOBaHUN, pa3paboTke U IKCNAyaTaLUmn OTAE/bHbBIX PagM0/IOKaTOPOB

1 paioNOKaLMOHHBIX CETEN, UCMO/b3YeMbIX B NOAAEPXKKY METEOPOJIOTMYECKUX U
rMAPONIOrMYECKUX CYXK6. ITO CBA3AHO C UCMNONb30BaHUEM M MPUMEHEHMEM [aHHbIX
MeTeOopPOI0rMYECKMX PaAN0NoKaTOPOB. Pagmonokatopsl, UCNOb3yeMble A5 MOAYyYeHUs
BEPTUKa/bHBLIX Npoduieit BeETpa, pacCMaTpPMBalOTCS B, 1aBe 5 HaCTOALLErO TOMa.

711 MeTteoponornueckuii paguonokarop

MeTteoponoruyeckue pagmonokaTopbl npeAHasHa4yeHbl, B NepByto oyepesb, A5
0o6Hapy>XeHUs 0CaKoB U CBSI3aHHbIX C HAMW METEOPOIOrMYeCcKuX iBeHn. B To xe Bpems,
MEeTeopOoIorMYecknin pasap MoxeT o6HapyXuBatb Apyrme 06beKTbl, Takne Kak HaCeKOMbIE,
NTULLBI, CAMOJIETbI, NE€COK U Mbl/ib, OTPaXXEHHbIE CUTHa/bl OT Ha3eMHbIX OO BEKTOB U axe
Koneb6aHUs Nokasartesns npenomaeHns B atmocdepe, KoTopble 06pasytoTcs B pesy/brarte
NOKanbHbIX KonebaHUl TeMnepaTypbl UAU BAAXHOCTHU.

B 31Ol rnaBe peyb naeTt o paanmonokaTopax, npeaHa3Ha4YeHHbIX 415 06bIYHOIO OnepaTUBHOIO
nnn 6113KOro K onepaTMBHOMY MCMNO/Ib30BaHUA BO BCeM MUpe. MeTeopoiornyeckmne
paguonokaTopbl C xapakTepucTnkamm, KoTopble Hanay4wuM o6pa3omM NOAXOAAT ANs
HabnoaeHUM N ucciefoBaHU aTMoCdepbl, U3/y4atoT IN1EeKTPOMarHUTHbIE UMMYbChl B
Anana3oHe yactot 3—10 Iy, (anmHa BosiHbl 3—10 €M, COOTBETCTBEHHO). DKCMyaTaLMOHHbIE
XapakTepucTukm n paboTa Ux cMcTeMbl Takxxke 60s1ee NoAPO6HO ONMCaHbl B MPUNOXeHUN 7.A.

B nepBylo o4epeab, MeTeopoiorMyeckmne pagmosiokatopbl NpeaHa3HayYeHbl 415 O6Hapy>XXeHUs U
COCTaB/IeHMA KapT 30H 0CaZKOB, U3MEPEHNSA UX MHTEHCMBHOCTY U HanpaB/eHUs NepemMeLl,eHns,
a Takxxe onpegeneHus ux Tuna. PaanonokaumMoHHbIE 3XOCUTHaJIbl OT MTUL, HACEKOMbIX U B
pe3ynbrate oTpaxeHunsa bparra (TypbyneHTHble konebaHns), MOTYT Takxe AaBaTb JAHHbIE O
paananbHOM CKOPOCTU BeTpa C MOMOLLbIO AOMN/IEPOBCKOro pagmonokaropa. Vix pacnpeagenenns
WHTEHCMBHOCTU MOTYT BbISIBASITb PAaCNOI0XEHNE HUXKHUX CloeB aTMocdepsbl, KOTopble
nokasblBatoT 0671aCTU HMXXHETO YPOBHSA KOHBEPIreHLNM, FAe MOXET NPON30NTN o6pa3oBaHue nin
pa3BuTMeE rpos3.

Bonee Bbicokune yactoThl (35 1 94 IMTu) ncnonb3yroTcs AN o6Hapy>KeHUs TrMapPOMeTeOpPOB
MeHbLLIero pasmepa, Taknx kak 06/1ako, TyMaH, MOPOCb, C1abblil CHer 1 0Cajku; 3TU 4acToThl
CTaHOBATCS nNpeobnajaroLlLnmMm B HayYHO-NCCe0BaTeIbCkoM coobLecTBe. DTN YacToThl, Kak
nNpaBuIo, He NCNOJIb3YIOTCA B ONEepaTMBHOM MPOrHO3MPOBaHUN U3-3a CUbHOIO oclabneHns
paganonoKaLMoOHHOro CUrHana cpefon, B KOTOPOM OH NPOXOAMUT, U UX OTHOCUTENIbHO Masloro
paguyca AeincTeums, 0CO6eHHO B OM/IEPOBCKOM pexunume.

Ha 6onee Hu3knx vyactotax (915—1 440 Mly, ~400—440 MTluy n ~50 Mlu) pagnonokaTopsbl
CcnocobHbl 06HapyxMBaTb HEOAHOPOAHOCTM NOKa3aTesa npejomMaeHna B 6e3061a4Hom
atMocdepe, U UCNOb3YIOTCS A5 MONYYeHUs BepTUKaibHbIX Npoduael CKopocTu BeTpa.
HecMoTps Ha TO, 4TO OHM MOTYT OGHapy>XmnBaTb OCaAku, NX BO3MOXHOCTU CKaHUPOBaHMSA
OorpaHuyYyeHbl pa3MepPOM M TUMOM aHTEHHbI, U OHM O6bIYHO NOKa3blBalOT BepTUKa/bHblE NN
NoYTn BepTUKaabHble NPOUIN CKOPOCTU BETPa.
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O6paTHbIl C1rHas, NOCTynatoLmMii Noc/e oTpaxeHns 13y4aemMoro nmnynbca ot 6o

Lenun, UMeHyeMblli 3X0CUIHaNoM, UMeeT aMnAnTyay, a3y u nonspusaumio. AMNINTyaa

CBA3aHa C pacrnpejesieHMeM 4acTuL, No pasmMepy 1 C UX KONYeCTBOM B (MMNy/IbCHOM) 06beme,
06/1y4aemMbiM pagnoI0KaLMOHHBIM 1y4oM. [laHHas amMnanTyaa ucnosb3yeTcs Ans onpeaeneHns
ko3 purumneHTa oTpaxeHnsa (Z), KOTOPbIA NCMOb3yeTCa AN OLLEeHKN MHTEHCMBHOCTU OCaAKOB

C NOMOLLbIO SMMUPUYECKUX COOTHOLUEHUI. BaXKHENLLMM NpUMEHeHNEeM ABASeTCS MTHOBEHHOE
o6HapyxXeHune, COCTaB/IeHNE KapT U OLLeHKa 0CaJKOB Ha ypOBHE 3€MHOI MOBEPXHOCTU B
NPaKkTU4eCKM HENPEPLIBHOM peXnMe 1 HaJ 601bLUNMU TEPPUTOPUSMU.

[onnepoBckne paanonokaTopsl NO3BONSAIOT ONpeaeNaTb pasHOCTb a3 Mexay nepefaHHbIM

W NPUHATBIM UMMYNbCOM, YTO SABASETCS MePOI CpeaHel paAnanbHON CKOPOCTUN YacTuL,. DTO
ABNSETCA OTPaXaeMOCTblo, CPeAHEB3BELLEHHOM MO pajnaibHbIM KOMMOHEHTaM CKOPOCTeN
nepeMelL,eHNs rTMAPOMeTEOPOB B UMNYIbCHOM o6beme. LLinprHa gonneposckoro cnekTpa
ABNSETCA MEPOI NPOCTPAHCTBEHHOWN M3MEHYMBOCTM AOMNNEPOBCKMUX CKOPOCTEN N obecneymBaeT
n3MepeHue Bap1aLnn pagnanbHOi CKOPOCTH, KOTOpas UHTEPNPETUPYETCS B NoKa3aTen
cABWra BeTpa v TypOy/ieHTHOCTW. BaxHOI xapakTepucT1KOW AONIePOBCKOro pagnonokaTopa
ABASETCA ero cnocobHOCTb pacno3HaBaTb NPU 06paboTke CUrHa0B IXOCUTHAbI,
o6pa3oBaBLUMeCs B pe3ynbTaTe OTPaXxeHUs OT Ha3eMHBbIX LieJiei.

CoBpeMeHHOe NokosieHne paanonokatopos obnagaeT pyHkUMel nonspmsaumn. B npouecce
paboTbl UMNYIbChI U3/1y4alOTCS OAHOBPEMEHHO C FOPU3OHTa/IbHOWM U BEPTUKA/IbHOMN
nonspusauunen. B npowwnom nMnynbcbl M3nyvanucb nocaefoBaTeslbHo, HO TpeboBasy MOLLHOMO
nepekstoyaTesnsi Nospu3saLmm, KOTOpbI 6bl1 NoaBepxkeH c60sM B paboTe. [lBa NPMeMHbIX
ycTpoicTBa (hmsnyeckre v BUPTyasibHbIe) NCMOb3YIOTCS A1 U3MEPEHNS TOPU30HTa/IbHOTO
W BEPTUKaTbHOIO KOMMOHEHTOB 06PaTHOro CMrHana. [naBHbIMU BbIrogaMu ABAsOTCS 6onee
BbICOKOE Ka4yeCTBO AaHHbIX 6/1arogaps cCnocobHOCTU NAEHTU(ULMPOBATL XapakTepUCTUKM
uenu (NTULbl, HACEKOMblE, OCaAKUN U UX TUT, Pagn0oJIOKaLMOHHbIE MOMeXM), Knaccudurkaums
r'MAPOMETEOPOB U OLLeHKa 0CaZikoB. YTO KacaeTcs MPOrHOCTUYECKUX NPUMEHEHUI, TO
6naropaps ABOMHOM NOASPU3aLUN MOXHO MAEHTUHULMPOBATb FPaHMLy rpaaa v AOXAs-
CHera. Bbicokasi MHTEHCMBHOCTb OCaAKOB 3aTparMBaeT FrOPM30HTasIbHYIO U BEepPTUKalibHYO (asy
N37yYeHHbIX Y MPUHATBIX UMMY/IbCOB, U 3TO MOXHO UCMO0/1b30BaTh AJ/151 OL,EHKM 0CaKOB Jaxe
NPV 4YaCTUYHO 3a6/10KMPOBaAHHBIX JlyHax UK 0CnablieHHbIX CMrHanax. KanmbposKy ABOMHOM
noasip13aLnmn MOXHO OCYLLLECTBAATb MOCPEACTBOM HE3aBUCUMO COMTacOBaHHbIX COOTHOLLEHWI
Mexay napameTpamu.

MeTeoponormyeckume paanonokatopbl He PyHKLUMOHUPYIOT 60/1ee B aBBTOHOMHOM peXuMe.
YuuntbiBas CyLLecTByloLLMe BO3MOXHOCTU B 061aCTN Te/IEKOMMYHUKaL MK, OCYLLEeCTBAsSeTCS
06MeH JaHHbIMUW, Pe3y/IbTaTOM 4Yero AB/ASeTCA Haln4me ceTein MeTeoponorn4eckmx
paanonokaTopoB. OTO NO3BOAUO PAaCUMPUTL chepy X MCNOIb30BAHWUSA 411 IOKAJbHbIX
npuMeHeHnn (Hanpumep, NpeaynpexaeHns 0 CypoBoi Noroje n NporH03npoBaHune TekyLein
MOroAbl), perMoHanbHblX NPUMeHeHN (Hanpumep, acCCMMUAALMA AaHHbIX, OLLleHKa 0CafKoB) U
rno6anbHbIXx NPpUMeHeHUN (HanpuMep, o6Hapy>XXeHne U3SMEeHEHM Kanmara).

CoBpeMeHHble MeTEOPOJIOTMYeCKMEe Paanoa0KaToOPbl AO/HKHbI UMETb XapakTePUCTUKM,
OPUEHTUPOBAaHHbIE A5 NOJYYEeHUS HAUNYYLLNX AaHHbIX 415 onepaTMBHbIX noTpebHocTel. OHun
ABJIAOTCA CaMbIMU C/IOXHBIMU U3 BCEX IKCMIyaTUPYEMbIX METEOPOJIOTNYECKMUX U3MEPUTEbHbIX
CpeacTB 1 TpebytoT cneunanbHOM NOArOTOBKU M OGLLIMPHbIX MO3HaHM 06 3TOM MHCTPYMEHTE.
PacnonoxeHune pagnonokatopa ABa9eTCa UCKTIOYNTENbHO BaXHbIM A4/19 YA0B/I€TBOPEHUS
noTpebHOCTEN, CBA3aHHbIX C NPOBeAeHneM HabntoaeHNn n o6HapyxeHus. VimeeTcs LWMPOKUiA
CNeKTp BapuaHTOB KOHMUrypaLmm N8 NoAroTOBKW pagMonokaTopa K 3kcnayaraumu;
KOMMOHEHTbI A0/1XHbI 6bITb A0/)KHBIM 06Pa30M yCTaHOBJ/1EHbI U KOHTPO/IMPOBATbLCA B NJaHe

nx n3Hoca mn c6os B pabote. Takum 06pasom, 418 TOro 4To6bl 3TOT NPUG0OP 6bla MOCTOAHHO
nonesHbIM, TpebyeTcsa NporpaMMa TEXHUHECKoro o6CcyXmMBaHus 1 NOAAEPXKN.
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71.2 XapakTepucTMKun pauo/1oKaTOPOB, TEPMUHDbI U €ANHULbI USMEpPEeHUs

Bribop xapakTepuCTMK paamnosokaTopa onpeaesifaercsa MeTeoposiorMyeckMMmn NpMMeHeHNsSIMHN
(Tabnuubl 7.1, 7.2 n 7.3).

Ta6bnuua 7.1. PaanonokaLnoHHble YaCTOTHbIE AMNAMNA30HbI

PaduonokayuoHH.I Yacmoma [lnuHa sonkbl HomuHaneHas
0uanasoH 0/1UHA B0JTHbI
UHF 300—1 000 MTIy, 1—0,3m 70 cm
L 1000—2 000 Ml 0,3—0,15m 20cm
S 2000—4 000 MTy, 15—7,5cm 10 cm
C 4 000—8 000 MIy, 7,5—3,75cm 5cm
X 8000—12 500 MTy, 3,75—2,4cm 3cm
K, 12,5—18 Ty, 2,4—1,66 cm 1,50 cm
K 18—26,5 Ty, 1,66—1,13 c™m 1,25 cm
K, 26,5—40 Ty, 113—0,75cm 0,86 cm
w 94 [Ty, 0,30 cm 0,30 cm

Ta6nuua 7.2. HekoTopble napamMeTpbl U eAUHULbI U3MEPEHUSA, UCMOJIb3yeMble
MeTeopoJIorM4eCKMMU paanonokatopamMmm

Ycnostoe lNapamem EOuHuubI usmeperus
0603Ha4YeHuUe P P u P
V4 DKBUBANIEHTHbIN UK 3 €KTUBHbI KO3 NUMEHT
e o P $puu MM®-M= uaun abZ
paanoniokaLMOHHOM OTpaXkaeMoCTu
V. CpeaHsaa pagmanbHas CKopocTb M-c
o, LnpuHa cnekTpa M-
Z OnddeperumanbHag oTpaxaeMocTb ab
K _, CneuunanbHasa am epeHumanbHas dasa,
e Pop u Avdpeperyy ¢ lpasyc/km, rpasyc
anddepeHumnanbHas dasa
Puv Kosdduumnent koppenaumm
LDR CreneHb INHeHOW Aenonspusaumm ab
71.3 Tpe6GoBaHUA K TOYHOCTU U3MEPEHU PaANO0/IOKATOPOB

KonnyectseHHOE NCNO/Ib30BaHMeE AaHHbIX PaJAN0I0KaTOPOB B MPMMEHEHUAX KOHEYHOTO
noJsib30Batess 3aBUCUT OT TOYHOCTU M NPELM3NOHHOCTU PaAnOIOKaLLMOHHbIX HAGNIOAEHNI.
CoBpeMeHHble pagMonoKaTopsbl, yCTaHOB/IEHHbIE JONXHbIM 06pa3om, OTKa/MbpoBaHHbIe U
perynapHo o6cnyxnBaemble, ABAAIOTCA OTHOCUTENIbHO CTabUAbHBIMU U He AAI0T 3HAYUTEbHbIX
norpelHocTen nsmepeHuii 6iarogaps ctabuibHocTM npubopHoro o6opyaosaHus. B 1o xe
BpeMs, TexHnyeckoe o6cnyxmnsaHne n kanmbposka paanosiokatopa 4o CUX Nop nNpeacTasasaoT
coboi1 cyLecTBeHHY0 Npo6aemMy n TpebytoT Han4msa BbICOKOKBaANQULMPOBAHHOIO
nepcoxana. NorpeHoCcTn n3sMepeHnin No-NnpexHemy CyLLEeCTBYIOT U TPebyoTCA MHXEHEPHble
W Hay4Hble creunanbHble 3HaHUA AN MOHUTOPUHIA, ANAarHOCTUKM N YMEHbLLEHNA
cMcTeMaTUYecKmx oWmnboK.

Takune BHelLWHMe q)aKTOpr, KakK BCI)CIZ)eKTbI OTpa>XeHnA OT Ha3€MHbIX 06'bEKTOB, aHOMaJibHOe€e
pacnpocTpaHeHNE, 3quJeKTbI ocnabnennsa n NPOXoxXAeHUA, BMINAHNE NapaMeTpoOB /1y4a, COCTaB
Luenn, 0CcobeHHO ee Bapuauunn n UsSMEHEHNA NO BEPTUKAJIN, HEAAEKBATHOCTUN COOTHOLLUEHUA



MexXAy MHTEHCUBHOCTbBIO N OTPaXaeMOCTbIO A0XAA, a TaKXKE METeEOpPO/1I0rn4eckas CUTyauns,
BHOCAT NOCTOPOHHIKOIO Mchopmau,mo B AlaHHbIE, KOTOPaA A0/1XKHa 6bITb yCTpaHE€Ha BO BpeMA
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O6pa6OTKVI Hay4HbIX aHHbIX 014 X NCMOJ1Ib30BaHNA B KO/IMHECTBEHHbBIX MPDUMEHEHUAX. C
y4€TOM OLIJI/I6OK, OTHOCUMDbIX TOJZIbKO Ha CHeT paﬂ,VIO}'IOKaLI,I/IOHHOl\/’I CUCTEMBbI, N3MEpPAEMbBbIE
PagnonokKaluMOHHbIE NapaMeTPbl MOXHO oNnpeaeInTb C,Cl,OI'Iy€TVIMOI7I TOYHOCTbIO (Ta6J'IVILI,a 74)

Ta61w||.|,a 7.3. ®dusunyeckue paAno0OKaLNOHHbIE NapaMeTpPbl U €AUHULLbI USMEPEHUSA
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Yenosroe Mapamemp EQuHuybl usMepeHus
0603Ha4YeHue
c CkopocTb cBeTa M-
f M3nyyaemas vactoTa My,
f; [onnepoBCcKM CABUT 4acTOThI Iy,
P, MpuHnmaemas MOLLHOCTb MBT unn gbm
\ M3nyyaemasa MOLWHOCTb KBT
4nn YactoTa nOBTOpPeHUsA MMMY/IbCOB My,
Mepuop nosTopenns nmnynbcos (= 1/4MN) MC
Q CKOpOCTb BpaLLeHNs aHTeHHbI rpagyc/c nav o6/MuH
A [nviHa nsny4yaemomn BOHbI ™M
@ A3nMyTanbHbIM yron rpaayc
LLinpuHa gnarpammbl HanpasAeHHOCTU Ha rpaayc
YPOBHE MNO/I0BUHbI MOLLLHOCTY
T AnvTenbHOCTb UMNybca MKC
Y Yron mecta rpaayc
Ta6nuua 7.4. Tpe60oBaHUS K TOYHOCTU
lMapamemp OnpedeneHue Honycmumas mo4Hocme®
@ AsnmyTt 0,1°
y Yron mecta 0,1°
V. CpeaHas gonnepoBckas CKOPOCTb 1,0m-c’
Z KoadbdpuumneHT oTpaxaeMocTtu 1 nbZ
, LLinpuHa gonnepoBckoro cnekTpa Tm-c?
Z o OunddepeHumnanbHas oTpaxatenbHas CNOCO6HOCTb 0,2 b
K,, CneunanbHas gnddepeHumnanbHas dasa <0,5rpaa-km™
Puv Koppenauusa nepekpecTtHon nonapusauum 0,001
MpumevaHue:

a [aHHble 3HavyeHUs onpeaeneHbl NO OTHOLWEHUIO K HOPMa/ibHOMY rayCCoBy CNeKTPY CO CTaHAAPTHbIM

OTK/IOHEHVeM MeHee 4 M-C™'. TO4YHOCTb M3MepPeHst CKOPOCTU CHUXAETCSA NPU yBEIMYEHUN LUMPUHBI CNeKTPa, a

TOYHOCTb onpeaesieHNA oTpaxkaeMoCTn NOBbILLIaeTCA.
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7.2 NMPUHUUNDbI PAANO/TOKALLIUOHHOTO USMEPEHUA
7.21 MMnynbcHbIE paguo1oKaTOPbI

MpuHUMNBI pagnoNoKaLMOHHbIX HabNOAEHWN 3a AB€HUAMM NoroAbl 6bl/IN YCTaHOB/EHbI B
1940-e roabl. C Tex Nop cAenaHbl OFPOMHbIE LWarv B HanpaseHUN yay4dlleHns 060pyaoBaHus,
06pabOTKN CUTHAMOB U AaHHbIX, a TakXe UX MHTepnpeTauun. ns nonyyenns 6onee nogpobHom
nHdopMaL MM 3auHTEPEeCOBaHHOMY YMUTaTENIO CeyeT 03HaKOMUTbLCS C HEKOTOPbIMU

APYrMMU COOTBETCTBYIOLLMMU paboTamu. XopoLunmm cnpaBovHnkamu saeastotcs Skolnik

(1970, 1990) no acnekTaM, CBA3aHHbIM C KOHCTPYKLMel n obopynoBaHuewm; Battan (1973) no
MEeTeOopPOI0rMYeCcKnUM ABNEHUSAM U NpuMeHeHusam; Atlas (1964, 1990), Sauvageot (1982) n BMO
(WMO, 1985) — o6wuii 0630p; Rinehart (2004) no Bonpocam nepcnekTMBbI A1 METEOPOJIOrOB;
Doviak u Zrnic (1993) no npuHumMnam 1 npuMMeHeHUsAM JOMJIePOBCKUX PaanN0I0KaToOpPOB;

Bringi n Chandrasekar (2001) u Meischner (2003) no Bonpocam ABOWHON NonsipusaLmu.
CylecTBeHHOE NOHMMaHWe BOMPOCOB, CBSI3aHHbIX C KA4€CTBOM PaM0/10KaToOPOB, UX
TEXHUYECKUM 06Cy>KMBaHUEM, MOHUTOPUHIOM U KannbpoBKON NpnbopHOro o60pyaoBaHM
MOXHO MOYepnHyTb U3 MaTepunasioB ceMnHapoB, noceaweHHbix RADCAL 2000 (Joe, 2001),
RADCAL 2013 (Chandrasekar and Baldini, 2013) n RADMON 2010 (Joe, 2010). KpaTkoe pe3tome
3TUX NPUHLUNOB C/iefyeT HUXe.

Ha pucyHke 7.1 nokasaHbl TMNOBOW PagMon0KaToOp U MeCTO yCTaHOBKW paauosiokaTopa.
AHTeHHa (2—8,5 M) HaxoaWUTCA BHYTpU obTekaTeNd HaBepXxy BblLLKWN BbICOTOW Nopsaka
10—30 M nnn 6onee. Boilwka MCnonb3yeTca 415 TOro, 4To6bl MOAHATb aHTEHHY Bbllle
MeCTHbIX NpensaTcTBuii. [Npu onpeaeneHnmn BuICOThI BbILLKM CeAyeT yunTbiBaTb pacTyLime
no6ansoctu gepesbs. CANLWKOM 601bLLIas BbICOTA BbILLIKW MPUBEAET K 3Ha4YUTe/IbHO 60nee
CUBHOMY OTPaXeHUIO OT Ha3eMHbIX 06BEKTOB U3-3a CTOPOHbLI OCHOBHOIO S1eMecTka u
60KOBbIX N€MECTKOB. B 0AHOM U3 3aaHMI1 HAXOAMTCA pagapHas anekTpoHuka (nepeaaTtymk/
NPUEMHUK U BbIMMCANTEIbHAsA TEXHMKA), @ B APYTMX pa3MeLLatoTcsa NCTOYHNK 6ecnepeboiiHOro
nutaHusa (UBI) n gnsenbHbIn reHepaTop. PagnonokaTopbl HacTO pasMeLLLaloTCs B Ce/IbCKOM
MECTHOCTM, N XOpOLLEee KOHANLMOHNPOBaHMNE CUCTEMbl SHEPTOCHAaBGXEHNS 4acTo He ABseTCs
HopMoW. MBI urpaet nck1touYnTeIbHO BaXXHYHO pO/b B YCTPAaHEHUN NepenazjoB HanpsXkeHns
N ApYrnx aHoManuii SHeprocHabXeHns U ABISETCA KA0YEBbIM 3/IEMEHTOM AJ15 NoAAep>KaHus
(pyHKUNOHUPOBaHNA. [IN3eNbHbIA AN Apyrue BUAbI FeHepaTopoB MOryT (OyHKLMOHMpPOBaTb
B TeyeHne 2—3 AHel, 04HaKO UX TEXHUYECKMEe XapakTepUCTUKK clieyeT onpeaenstsb B

PucyHok 7.1. Tunoson meteoposiornyecknii pagmnonokaTop B coctase KaHafCKOM ceTu.
MNoka3aHbl OCHOBHble (pM3nYeCckme KOMNOHEHTbI paAuo/IoKaLlMOHHOI cuctemsl. BbicoTa
BbILLKM 0k0s10 30 M c 06TekaTe/ieM, Ha KOTOPOM yCTaHOBJIEHbl NpeAynpeanTesibHble
CBeTOBble CUIHaJlbl U TPOMOOTBOA,
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COOTBETCTBMMU C NoTpebHocTaAMM. ChefyeT OTMETUTb TPOMOOTBO/,, HaXOAAWMIACSA HaBepPXy
obTtekatens aHTeHHbl P/IC, koTOpbI coegnHeH C kabensamu 3azemaeHmns (He nokasaHbl). 3TO
WNCKI0YNTENIbHO BaXXHO, MOCKOJIbKY MOJIHUSA MOXET NPUYNHUTL CEPbE3HbIN N AONTOCPOYHbIN
ywep6 paamMoiokauMOHHbBIM KOMNOHeHTaM. KonebaHnsa MOLLLHOCTW, Bbi3BaHHbIE MOJTHUSIMY,
MOryT npesbiwaTb MowHocTb MBI, Chegyet oTMeTUTb TakXe KpacHble CUTHa/IbHbIE OTHU
HaBepxy ob6TekaTens aHTeHHbI, MpeAHa3HavYeHHble AN NpeaynpexXaeHUs 1eTYMKOB.

ONeKTpoOMarHUTHbIE BO/HbI Ha BbIGOPHbLIX (PUKCUPOBAHHbIX YacTOTax M3ny4atoTcs
Hanpas/eHHON aHTeHHOW B aTMocdepy B BUAE BbICOKOYACTOTHbLIX KOPOTKUX MMMYJIbCOB.
Pa3pelleHne No 4anbHOCTU PaAMoJIOKaLMOHHbBIX AaHHbIX onpeaenseTca AJIMTENbHOCTbIO
MMMY/IbCOB 1 06paboTkon AanbHOCTU. OAHOWN N3 NOABAAIOLLUXCA TEXHOJIOTUIA, NPUMEHAEMON
B OMepaTMBHbIX paAnonokaTopax, IBASeTCS NCNO/b30BaHWE NepeaaTynkoB HA3KOM MOLLLHOCTH
(TBepaoTenibHble, namnbl 6eryLueli BOJIHbI), B KOTOPbIX NCNO/b3YeTCSA METOA, MMEHYEMbIN
okaTMeM UMMYJIbCOB, KOrAa MPUMeHAeTCs KOMOMHaUWA AJIMTENbHBIX UMMY/IbCOB HU3KOWM
MOLLHOCTW, YacTOTHasA MoAayaums n nepegosas o6paboTka CMrHaM0B, C TeM 4TO6bI 4OCTUYD
BbICOKOE pa3peLleHne no 4aibHOCTU U BbICOKYHO 4yBCTBUTE/IbHOCTb, KOTOPbIE KOHKYPUPYIOT
C TPaANLMOHHBIMU UMNYNbCHBIMU CUCTEMaMU. AHTEHHbI C (ha3MpPOBaHHOW peLleTKON
ABNAIOTCA HOBENLLEN TexHoNornemn, kotopas opmumpyeT 1yd NOCPeACTBOM 31€KTPOHHOTO
casura dasbl. OHM 061afatoT CNOCOBHOCTBIO HaNPaBNATLCS Ha Pa3Hble MecTa 6bICTPbIM

W HermocnegoBaTe/IbHbIM 06pa3oM. B To xe BpeMs, BCe OHM MCMOJb3YIOT HanpaBAEHHbIN
paamonyd, KOTopbli MOXeT o6ecrneynBaTb paspeLLeHme Lesel No AalbHOCTY, a3UMYTy

W yray mecTa.

Ha pucyHke 7.2 noka3aHa HanpaBJ/ieHHas paAMon0KaLMOHHas aHTEHHa, KoTopas nocbliaeTt
WUMMNYIbCHBIW NyY 3/1eKTPOMarHMTHOM SHEPTUKN Haf, MOBEPXHOCTbIO 3eM/IN U 061yYaeT
pa3nunyHble Lenun, BKaoYaa HeMeTeoposiornyeckme uenn. MHorme us pumsmnyeckmnx
OrpaHWYeHuni, KacaloLwmMxca MeTOANK HabNloAeHUI, HENOCPeACTBEHHO O4EBUAHBI U3 3TOMO
pucyHka. Hanpumep: i) umeeTtcsa orpaHMyeHmne No MMHUManbHOM BbICOTE, Ha KOTOPOW MOTYT
NPOBOANTLCA HabMoAeHNS Ha 6ONIbLLNX PACCTOAHMAX, BbI3BAHHOE KPUBU3HOM 3€MHOM
NMOBEPXHOCTY; ii) UMEIDTCA HeMeTeopoornyeckune Lenw; iii) MMeloTcsa Apyrue nsnydarenm
(nokanbHble pagmocetun, ConHue); iv) UMeeTca aHOMalbHOe NMPOXOXAEHWNE NTyHa; V) UMeeTCs
6710KMPOBKa UM HaCTU4Haa 6/10KMPOBKa, CO34aBaemMas ropamu; Vi) UMetoTCca ocakn pasHbix
TUMNOB; U Vii) UMeloTCA B3aMMOAENCTBUA MEXAY INEKTPOMAarHUTHLIM U3TyHeHMEM M 0caaKaMu,
pe3ynbTaToOM KOTOPbIX ABASETCS YCUIEHNE 3XOCUTHANO0B (ApKas nosoca), U T. A.

OxocurHan
BTopuuHble 3X0CUrHaNbl +

OcnabneHne
CUrHana -

YactnyHas 610kMpoBKa —
age ConHue +

Mowmexa . Pacwmperue nyya -~ Hacekomble + (Kanu6poska)
.

flpkas nonoca +

OT TOLEEN o ‘ b (Mporxosnposaxmne A
MonHas 6noknposka = e = Bupra + Tekywwei HOMasibHOe
[1pockok curHana = noroaet) pacnpocTpaHeHue +

Camonetbl +
Oporpaduyeckoe 6', ‘;'l ]
]

R P G MHOFOJ‘Iy‘-IeBb}l?IH—-‘i— tl

dnekTpoMmarHuTHas  [lepeBbs + Momexu BeTpaHbie TypOUHbI +
UHTepdepeHUNs +  PeXeKTOPHbIA  OT BHELLHUX
bunbTp +/- npeameToB +/-
(Montoe otcytctene  (Pedbpakums)
BUAMMOCTM)

PucyHok 7.2. MeTteoposiormieckuin pagunosiokatop Moxket o6HapyuBaTb MHOTMe 06beKTbl
NOMMMO MeTeoposiornyeckux Lenein. Ha astori cxeme nokasaHbl MHOTUE U3 3TUX
XapaKTepUCTUK. 3Haku + UK — NoKa3biBaloT yBe/IMYEeHNe UM yMeHbLLeHNe oTpaXkaTe/IbHOM
CNoco6HOCTYU LeNn B pe3ynbTaTe 3TOM XapakTepucTUKu. 9T aptedakTbl He06X0AMMO
yAanaTb B C/lyvyae KOJIM4eCTBEHHbIX MPUMEHEHUN.
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Mapabonnyecknii oTpaxkatesb aHTEHHOM cUcTeMbl (POKYCUPYET 31eKTPOMarHUTHYO SHEPTUIO B
BM/e Y3KOHanpaB/€HHOro KOHycoobpa3Horo ny4a. /inHeHas WumpuHa ayya ysen4ymBaeTcs c
paccTosiHneM; HanpuUMep, HOMUHabHBI 1y C YI/1I0BOM WpuHol B 1° pacxoantca Ha 0,9, 1,7 n
3,5 kM Ha paccToaHunax 50, 100 n 200 KM COOTBETCTBEHHO.

Y nMnynbCHOro pagMosiokatopa BblICOKOHaCTOTHbIE UMMY/IbCbl 3/1IEKTPOMarHUTHOM

HEPrum NOr/IOLLLATCA N paccenBatoTca 06/1y4aeMbIMU METEOPOOTNYECKNUMU U
HeMeTeopoJIorMyeckMmu uensaMm. Hekotopas 4acTb pacCessHHOM 3Heprum oTpaxkaetcd obpatHO
B HanpaB/eHUM PagnooKaLMOHHOM aHTEHHbI U NpYeMHKuKa. [oCKoNbKy 3/1eKTpoMarHuTHas
BOJIHA PacrnpoCTpaHaeTCs CO CKOPOCTbio cBeTa (T.e. 2,99 x 108 M- "), paccTosHue Ao uenu
MOXeT 6bITb onpeeeHo NPU NOMOLLN N3MEPEHUS MHTEPBaJia BpEMEHU MeXAy U3yYeHnem
MMMyJ/ibCa U NPUEMOM OTPa>KEHHOTO CUrHana. Mexay nsny4yeHmaMmn nocnegoBaTesbHbIX
UMMYJ/IbCOB NPUEMHUK NPUHMMAET Nt06YI0 OTPaxeHHY0 BOHY. OTpaXkeHHbI OT Leu

CUIHaJ1 06bI4HO Ha3bIBAIOT PaANONOKaLMOHHBIM 3X0. Bpems mexay nocnegoBaTtesibHbIMU
UMMynbcamu onpeaenseT MakCMMasbHYIO OJAHO3Ha4YHYI0 Aa/ibHOCTb AEACTBMA pagnosokartopa.
DXOCUIHaAbl MOTYT 6bITb NOTYY€EHbI B TO XK€ BPeMs OT LiejIei, HaXo4ALMXCA 3a NpeAenaMm 3Toro
MaKCUMasIbHOIrO PacCTOAHUA, N OHWN U3BECTHbI KakK 3X0-CUrHasbl C BPEMEHEM 3anas3blBaHus,
NpeBblLIaOLLLEM HECKO/IbKO NEPMOA0B NOBTOPEHMSA 30HANPYIOLWMX MMNY/bCOB.

Y paanonokatopa co CxaTUemM MMNYAbCOB U YaCTOTHON MOAyNAUMEN pacCTosHNE A0

Lenn onpeaensercs 4acToTon B npeaesiax AAUTe/IbHOro uMmnysnbca. B 1o xe Bpems,
MaKCMMasibHOEe O4HO3HAa4YHOE PacCTOAHME BCE Xe onpeaensgeTcsd MHTEPBasoM BPEMEHN MeXAY
nocsiefoBaTe/ibHbIMU UMNyAbcamu. [Tpu n3nyveHnmn 4anTenbHbIX UMMNY1bCOB MPUEMHUK
paguonokaTtopa 3awmiLaeTcs oT 60/1bLLON MOLWHOCTM NepegaBaemMoro UMNyAbCHOMO CUrHana
n obpasyertca 3HaumTenbHasa cnenas 3oHa (10—30 km, B 3aBMCMMOCTM OT NPOAO/IKNTENBHOCTU
nMnynbca). B cnyyae atoro Tuna paanonokatopa KOpoTkMe UMMYJ/IbCbl (C COOTBETCTBYOLLMMMU
He6O0NbLLIMMU CAEMbIMU 30HAMU, < 2 KM) U3/1y4atoTCs A5 BbiBeHNA 06beKTOB, KOTOPbIE
Haxo4ATCcs B NpeAeniax 3TON CAenon 30HbI.

YpaBHeHWe paiM0N0KaLNOHHOMN AaNbHOCTM COOTHOCUT MOLLLHOCTb OTPAXEeHHOIO OT Lieu
CUrHana c xapaktepucTkamu paamosokatopa. MOLWHOCTb OTPaXxeHHOro CUrHana no3sosseT
OLLeHMBATb KO/IMYECTBO 0CAZKOB B Npeaenax paspeLlleHuns paanonokaTopa. 3Ta oUeHKa 3aBUCKT
OT NPEANOJIOXEHUS O TUME YAaCTUL, OCaAKOB U UX pacnpeeneHns No pasMepy B npeaenax
pa3peLueHus paanosokaTopa.

M3mepeHns MOLHOCTU onpeaenstoTcs obLelii MOLHOCTbI0 06paTHOro paccesHns Lienbio

B Nnpeaenax o6bemMa, o61yvaemMoro B 1t060N AaHHbIA MOMEHT BPEMEHU. DTOT 06beM
Ha3blBaeTCA UMMNY/bCHbIM O6BbEMOM NN 06bEMOM M3NyHeHuUs. PasMepbl UMNYAbCHOro o6bema
(koTopbI ONpeaenseT paspeLleHre pagapa) 3aBUCAT OT NPOCTPAHCTBEHHOW MPOTAXEHHOCTH
PaAnoIOKaUMOHHOIo UMy bca (h) 1 LWMPUHBI 1yYa aHTEHHbI B BEPTMKAIbHOM (¢,) 1
ropu3oHTanbHom (6,) nnockocTsx. LLmpuHa nyya n, COOTBETCTBEHHO, MMMy IbCHbIN 06beM
BO3pacTaloT C pacctosiHneM. NoCckobKy 3Heprusa, KoTopas Bo3BpallaeTca K paanoaokaTopy,
NPOXoAUT ABOMHOE pacCcTOsHME, AZIMHA UMMNY/IbCHOTO 06bemMa CoCTaB/ISeT TO/IbKO NOIOBUHY
NPOCTPaHCTBEHHOW NPOTAXEHHOCTU UMNynbca (h/2) U He N3MEHAETCS C PacCTOSTHUEM.
MecTononoxeHne nMNyAbCHOro o6bema B MPOCTPaHCTBE onpeaenseTcsa NoJ0XeHUeM
aHTEeHHbI NO a3UMYyTY, YIJIOM MeCTa, Aa/IbHOCTbIO Lie/In, a Takke HeJIMHENHON TpaekTopuen
pacnpocTpaHeHus Nyya paamosiokaTtopa B Hanpas/aeHUW OT paagnonokaTopa. Y pagmnonokaropa
CO CXXaTMeM MMMNYNbCOB UMMY/IbCHBLIN 06beM, B NePBYIO o4Yepeb, ONpeae/seTcs pa3pelleHnemM
4aCTOTHOM MOAYALMN N CMOCOOHOCTBIO MPUHUMAaIOLLEN cCucTeMbl o6ecneymBaTh pa3peLleHne
WM3MEeHEeHWI No YacToTe.

Yactuubl B npegenax UMMNy1bCHOro 06bema HeNnpepbIBHO NMepeMeLLatoTCst OTHOCUTE/IbHO ApYT
Apyra. To NPosABAAETCA B UHTEHCUBHOCTU DAyKTyaUnin cpeaHel AN Lefieil MHTEHCUBHOCTY.
M3mepeHne NHTEHCMBHOCTMN O HOrO 3XOCUTHaNa OT METEOPOIOrMYECKO Lien nmeet
He6Oo/bLLYI0 3HaYMMOCTb. Heo6xoanmo nponHTerpuposaTh No MeHbLUen mepe 25—30
UMNY/NbCOB ANSA NONyYEHUS NPUEMIEMO OLLEHKN CPpeHeN NHTEHCUBHOCTU, XOTA 3TO byaeT
3aBMCeTb OT YPOBHSA KayecTBa AaHHbIX, KOTOpPOe cyMTaeTcs npuemaembiM (Smith, 1995).
O6bI4HO 3TO OCYLLECTBAANOCH PaHblLe 3N1eKTPOHHbLIM CNOCO60M B CXeMe nHTerpaTopa,
0/iHaKO B HacTosLLee BpeMs 3TO Ae/laeTca Npu NoMoLM LM poBOro npoueccopa CUrHaaoB.
MomMunmo 3T1oro, Ans ysennyeHms o6ay4aemoro o6bema 1 NOBbILLEHNSA TOYHOCTU OLLEHKN
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4acTo MPOBOAMUTCA OCPeAHEHME NMMY/ILCOB MO Aa/lbHOCTU, a3UMYTY U BPeMEHMU 3a cyeT bonee
rpy60ro NnpoCTpaHCTBEHHOrO pa3peLleHuns. BaxHoe oTinyme o1 HeMeTeopOoIOrMyYecKmx
paamonokaTtopoB 3aK/1t04aeTCcs B TOM, 4YTO 06paboTka CUrHaN0B U MHTepNpeTauns AaHHbIX
OCHOBaHbl Ha NPeANOChI/IKE, COFNTaCHO KOTOPOI 06paTHOE OTPaxXeHMe NPONCXOANT OT
pacnpeaeneHHoON Len, a He OT ToYeYHOW uenu (Takom kak camoseT). 1o TpebyeT 06paboTkm
KO/IMYECTBEHHbIX JAHHbIX U3MEPEHUI (a He MPOCTO O6HAPY>KEHNSA) U MHOW 3aBUCUMOCTU

OT JaHHOCTM YPOBHS MOLLLHOCTU OTPaXXEHHOro curHana (MHoe ypaBHeHME paamosiokaTopa)
Mo CpaBHEHUIO C paAnoaoKaTopaMm 419 06Hapy>KeHUA TOHeYHbIX Lenel (Taknx Kak
paanonokaTtopbl 414 yNpasBaeHUs BO34YLUHbIM ABMXEHNEM).

ﬂ,OI'U'IepOBCKI/Ie pPagnonokaTopbl UMEKOT INTEKTPUHECKYLIO CXEMY ANA N3IMEPEHNA PAa3HOCTU
casura no c|3a3e nocnenoBaTe/ibHbIX UMIMY/IbCOB U3 TOTO XK€ UMIY/IbCHOTO obbema papapa.
C,CI,BVIF no cba3e nponopunoHaneH AJINHE BOJIHbl paanosiokaTtopa U COOTBETCTBEHHO PaCCTOAHUIO
B MHTEPBa/l BPEMEHU MeXAY MnyabCaMn. 2707 casur no q3a3e NCNnob3yeTca 414 OUEHKN
pap,waanoﬁ nnn ,Cl,OI'IerpOBCKOVI CKOpoOCTH.

Pagnonokatop ¢ ABOMHON nonspu3aLmneit MoxeT 6biTb HECKO/IbKUX BUAOB. [Tongpusaunsa moxet
6bITb LUPKYASAPHOW, 1, XOTS 3TON XapakTepuUCTUKOM ob61aanmn npekpacHble ncciegosaTenbckue
paganonoKaTopsbl, OHa, Kak NPaBulo, He NCNOJIb3yeTCA B METEOPOJIOTNYECKOM AeATEeNbHOCTU.
Pagnonokatopsbl C NMHENHONM ABOWHON NoAspusaLment MOryT HanpasaATb UMMY/bCbl C
rOpM30OHTaNbHOW U BEPTUKAIbHON MOAspuU3aLMel B MEHAIOLLLEMCS NN CUHXPOHHOM pexunMe.

B nepsom cnyvae TpebyeTcs Hannymne 6bICTPOro MOLLHOIO Nepekstoyartens (nepektoyaeT
KaXkAbl UMMYNbC), HO OH Npo6aeMaTUYeH U NO3TOMY UX PYHKLMOHUPYET NNLLb He6O0/bLLIOE
Konn4ecTso. B cnyvyae meToaa CMHXPOHHOIO M3y4YeHUs U Npuema C ABOMHOW noaspusaumen
(pexum STAR) n3ny4vaeTca paBHas MOLLHOCTb Kak B FOPU30HTa/IbHOM, Tak U BEPTUKaIbHOM
nonsapusauunsax, u NpueM cMrHana ocyLecTBaseTcs OTAe/IbHO B TOPU3OHTa/IbHON U
BEPTUKaAIbHOM Nonspu3aLmnsax. IT0 0Kasanoch peleHnem npobaemMbl SKCrayaTaunm, MOCKOJbKY
NCKJTI04aeTCs UCNOJIb30BaHMe MOLLIHOMO 6bICTPOro nepek/toyaTens, xapakTepnusyemoro
BbICOKOW cTeneHbto Hepabotocnoco6HocTu. CyLlecTByOT BapuaLnm 3TUX MeTOA0B CO34aHNs
curHana c AsoriHon nonsipusaumein. OCHOBHOE NPEeUMYLLLECTBO a/lbTEPHAaTUBHOIO pexnma
[ABOMHOW NoAspu3aLmmn SBASETCA TO, YTO B 3TOM pPeXMMe MOXHO 13mepsaTb ob6paTHoe
oTpaxeHue OT Le/iv C UCMONb30BaHMEM NepekpecTHoN nonapusaunm (CTeneHb IMHENHON
aenonspusaumnm — CJIMM), n 370 sBNseTCA 0CO6EHHO NOME3HBIM A5 O6HAPYXXEeHUS APKOW
nonocsl. [NaBHbIM HegocTaTkoM pexnma STAR aensietca notepsa CJIM (NockonbKy yke nmeetcs
nepekpecTHas nonspusaums B Usny4aemom nmnynbce), noteps 3 ob cunel curHana B o6omx
KaHanax (M3-3a pasfeneHuns MOLLLHOCTM) U B3aMMOCBA3aHHbIX apTedakToB, 0CO6eHHO B pase
neAsiHbIX LUITOPMOB.

7.2.2 PacnpocTpaHeHue paano/1I0KaLlMOHHbIX CUTHA/OB

B O.Cl,HOpO.CI,HOVI cpene 3N1eKTpOMardnTHbl€ BOJ/IHbI PaCnNpOCTPaHAKOTCA MO NPAMbIM JIMHUAM. B

TO Xe BpeMA aTMOC(.bepa BE€PTUKaA/IbHO CTpaTI/Iqu/ILI,l/IpOBaHa, N Iy4n U3MEHAKOT HanpaB/ieHne

B 3aBUCUMOCTU OT U3MEHEHUI B MOKa3aTene npenomMmneHuns (KOTOprVI ABNAETCA q)YHKLLMeVI
TeMnepartypbl n Bﬂa)KHOCTVI). Koraa BonHbI BCTpe4aloT Ha CBOEM MYTUN OCaKUN U o6na|<a, TO 4acCTb
SHEPruu nornowaeTca, a 4aCtb SHEPrMnM pacCeMBaAETCA BO BCEX HaMpaB/1IEHNAX, B TOM HUC/IE N
O6paTHO B HanpaB/J1€HUN paanosioKaTopa.

BennynHy oTkOHEHMS 3N1eKTPOMarHMTHbIX BOJIH MOXHO NPOrHO3MpPoBaTh, NCNOb3ys
BepTMKaabHble Mpoduan TemnepaTypsl, BNaxHOCTU 1 AaBnieHns (Bean and Dutton, 1966).

B HopManbHbIX aTMOCEPHbIX YC/IOBUAX BOJIHbI PaCNPOCTPaHAIOTCA MO KPUBOW, C/ierka
HaKNOHAACh K 3eMHOM MOBEPXHOCTU (pUCYHOK 7.3). M306paxeHune noka3aHo B pU3NYeCkom
npocTtpaHcTee (3emna nsobpaxeHa c paanycom B 6 371 kM), 1 Ha pUCYHKe NOKa3aHo, 4To

Ny4 OTKJIOHAETCSA B HUCXOAALLLEM HanpasBAeHUK, HO B TO Xe BPeMs NOAHMMAETCs No Mepe
paccTosHMA OTHOCUTENIbHO NOBepxHOCTM 3eMnun. B Mogenn 3emnn B maclutabe yeTbipe TPETbUX
(4/3), roe noBepxHOCTb 3eman n3obpaxeHa ¢ paanycom B 8 975 km (4/3 x 6 371 km), ny4u
npeacTasnsioT cobon npsambie AMHUK (PUCYHOK 7.4).
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NMOBEPXHOCTb 3eM/n
-4
0 50 100 150 200 250 300
X (kM)

PucyHok 7.3. CxemaTnyeckas guarpaMmma BblCOTbI Jlyya /151 OTAE/IbHbIX YI/IOB BO3BbILLEHUA
(-0,3;0; 0,3 1 0,5) Hap NOBEPXHOCTbLIO 3eM/IN ANA CTaHAAPTHOIO HAeKkca npoguns
pedpakunm B atMocepe, BblHiepyeHHas B PU3NYECKOM NPOCTPaHCTBE C KPUBU3HOM 3€MHOM
NOBEPXHOCTU, SKBUBa/IEHTHOM paanycy 3emamn.
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PucyHok 7.4. inarpamma BbICOTbI Jy4a TaK>Xe sIB/1S1eTCS NoJ1e3HbIM UHCTPYMEHTOM A1
MHTepnpeTauun paanosokalMoHHOW NpoayKumn. Boicota nyya BbldyepunBaetcs
OTHOCUTE/IbHO NMJI0CKOM 3eMNun, 4To AiBNsAeTcA 60nee TPagULMOHHBIM NpeacTaB/ieHUEM.
MocnepoBaTenbHOCTb YI10B MeCTa — 3TO NOC/1e,0BaTe/IbHOCTb, NpeA/10XXeHHas
Mapwannom u bannantainHom (1978 r.) ons nonyvyeHUs oNTUMasbHON rOPU3OHTa/IbHOMN
npoaykuuun (CAPPI's, BepxHUe TOYKN 3XOCUTHANOB).
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ST1a Moaenb 4/3 npumMeHseTcs Hanbonee 4acTo, OfHaKO HEKOTOPbIE PaaNOI0KaTOPbI
(BepLuMHa ropbl) UCNONb3YOT MOAeb 5/4. BbicoTa HaZl paAnoa10KaTOpoOM NPUBOAUTCS B BUAE
CNeayioLLero ypaBHeHus:

1

2 T

h = [},2 +(koa)” + 2rk,a SII’IQe} —k,a (7.1)
rae h — 3To BbICOTa Haj aHTEHHOW paauosiokaTopa; r — pacCcTosiHUe BAO/b yya; d — paanyc
3eMnu; e — yron noabema Hafi FropusoHTOM; 1 kK a — 3(pdeKkTUBHbIN paaunyc 3eMan.

TpaekTopua ny4ya MOXeT OTKNOHATLCA 6o BBepX (OTpuLLaTebHasa pedpakuns), nmMb6o 6onblue
K 3eMHOI NoBepxHOCTK (cBepxpedpakumsa). B obonx cnyyasx BeicoTa nyya 6yaert coaepxarb
olmnbKy, ecIn UCNoNb3yeTca AONYLLEHNE O CTaHAapPTHOM aTMocdepe. DTO ABJeHNe U3BECTHO,
Kak aHomanbHoe pacnpocTpaHeHue. C TOUYKU 3peHna U3MePeHNs 0CcaAkoB caMas 6onbluas
npo6aema BO3HWKAET B yC/I0BUSIX Cynep-pedpakLumn Uin «BOJTHOBOAHOTO PacnpoCTpaHeHUs »,
Korga yy4 MoXeT UCKPUBUTLCA AOCTAaTOYHO /15 TOrO, YTOObI KOCHYTbCS 3eMHOM MOBEPXHOCTH
W BbI3BaTb 9XOCUTHabl OT Hee, KOTOpble 06bIYHO He BCTPeYatoTCs. ITO ABJIEHNE MPOUCXOANT,
Korga nokasaTeslb NPeNIOM/IEHNS PE3KO YMEHbLUAETCS C BbICOTOW. DTO Cy4aeTcs npu
NOBbILLEHUWN TeMMNepaTypPbl U yMEHbLUEHUW BNAXHOCTU C BbICOTON. DTN IXOCUTHabl AOKHBI
NCKI0YaTbCA NPY NOAroTOBKe KapThl ocaakoB. Ciyyaln oTpuuatensHol pedpakumm, korga
TpaeKkTopUsA nyya OTAIMYAETCA OT HOPMasbHOM UM OTKIOHAETCSA B BEPXHEM HanpaB/ieHUN, He
ABNSETCA O4EBUAHBIM A5 €ro YCTaHOBNEHWA U, COOTBETCTBEHHO, Takxe ABNseTCa Npo6aemMoi.
B pakTMyeckolt npakTnke BepTUKanbHbIi Npoduab nokasatens pedpakLunum Hen3BecTeH, n
NMO3TOMY TOYHOE MEeCTOMO/IOXKEHME SlyHa HEN3BECTHO.

HekoTopble 3X0CUrHasbl OT «ICHOro He6a» BO3HMKAIOT M3-3a TYPOYNEHTHbIX HEOAHOPOAHOCTEN
nokasaresis npesomMaeHns. ITo BCTPeYaeTcs B 30Hax TYPOYN€HTHOCTU, CNOSAX NOBbILLEHHON
CTabUIbHOCTY, fIYelikax CABUra BeTpa Wian ry6oknx nisepcusax (otpaxeHune bparra).
OyepTaHUA 3TUX IXOCUTHAJIOB MO 60JIbLLEN YacTW pacno3HaBaeMbl, HO He AO/IXXHbI MPUHUMATbCS
B kadyecTBe nonei ocagkos (Gossard and Strauch, 1983).

7.2.3 Ocna6nenue B atmocepe

MuKpOBO/IHbI 0CNabNAOTCA BCAEACTBUE UX MOMNOLLEHNS N pacceMBaHUs aTMOChEPHbIMU
rasamm, obsakamn U ocagkamu.

OcnabneHue razammu

[a3bl ocnabnswoT MUKPOBOJIHbI B ANana3oHax 3—10cm. MornoweHune aTMOCCIZ)eprIMI/I ra3amMmm
nponcxoaunT, MaBHbIM o6pa30M, MOJieKy/1laMun BOAAHOTO napa n knciaopoaja. OcnabneHune
BOAAHBIM NapoM NpAMO NMNponopumnoHaibHO AaB/TIEHUNIO U abCoONOTHOWM BNAXXHOCTU U MOYTH
JINHENHO BO3pacCTaeT NO Mepe NOHMNXeHNA TEMNepPaTypbl. KOHLI,eHTpaLI,l/IH Kncnopopaa o BbiCOT
nopsaaka 20 KM SIB/ISIETCS OTHOCUTENIbHO O,CI,HOpO,CI,HOI\/'I.

OcnabneHne razaMm He3Ha4YNTE/IbHO U3MEHSETCS B 3aBUCUMOCTU OT KiMMaTa U ce3oHa. OHo
ABJIAETCA 3HAYUTENbHbBIM A5 A/IMH BOJIH METEOPOIONMYECKUX PaAN0oa0KaTopoB npu 661bLInX
[abHOCTAX U MOXeT cocTaBUTb 2—3 Ab Ha 60/1ee ANIMHHBbIX BonHax U 3—4 ab Ha 6onee
KOPOTKMX BOJIHax Ha pacctosiHnmn 200 kM. KoMneHcaumio MOXHO BECbMa J1€rKO BbIMOJIHATb
aBTOMATUYECKMU.

OcnabneHne ruapomeTeopamu

OcnabneHue curHana rmapomereopamm MOXeT 6bITb pe3y/bTaTOM Kak NOMOLWEHMUS, Tak

N paccesHUs. DTO CaMblil 3HaYNTENbHbIA UCTOYHUK 0clabneHuns. OHo 3aBUCUT OT hOpPMBbI,
pa3mepa, konmyecTBa U cocTaBa YacTuu,. Haanyne nogo6HoOM 3aBUCMMOCTM BECbMa 3aTpyaHseT
peweHne npobaembl ocnabsieHns KakMM-1M60 KOJIMYECTBEHHBIM CNOCOB0M, NCNOb3ys TONbKO
paanonokauMoHHble HabloAeHMS, XOTA AOCTUTHYT 3Ha4YNTENbHBIV Nporpecc 6narogaps
NCNoJ/Ib30BaHNIO PaAn0oIOKaTOPOB C BONHOM Nofispu3aLmnen.
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OcnabneHue 3aBMCUT OT ASIMHBI BOAHBI. Ha anvHax BonH nopaaka 10 cM ocnabnexnne
CYyLLLeCTBYeT, HO OHO AOCTAaTO4Y4HO MaJio, B TO BPEMS Kak Ha AJINHaxX BOJIH B 3 CM OHO fABASETCA
BeCbMa 3Ha4yuTebHbIM. Ha AnnHe BoAHbI 5 cM ocnabneHne MoxeT 6biTb NpueMaeMbiM 415
pas/INYHbIX KTMMaTUYECKMX YC0BUIM, B OCOOEHHOCTM B BBICOKUX M CPeAHUX unpoTax. Jns
[OCTOBEPHbIX U3MEPEHUNN MHTEHCMBHOCTM OCaAKOB HE PEKOMEHAYeTCS MCNO/b30BaTh AJINHbI
BOJIH MeHee 5 cM, 3a MCK/IloYeHNEeM NPUMEHEHN Ha Masbix AanbHOCTAX (Tabnuvua 7.5). Obwee
ocnabneHue cMrHana MoxeT NPONCX0ANTb Ha 3 n 5 cm. PagnoiokaTtopbl C MEHbLLEN AJIMHON
BOJIH IBNAOTCA 60/1ee 4yBCTBUTE/IbHBIMU K 0C/1abneHuto 1 koppekunmn ocnabnexus, n 6onbluee
3HaYeHue AN UTOroBbIX JaHHbIX UMEET KOJINYECTBEHHAS OLeHKA 0CaZlkoB, OCHOBaHHas Ha
n3MepeHusax cneumanbHomn aAnddepeHUnoHHol’ dasbl C ABONHON Nonspusaumnein. 2T MeToabl
ABNAOTCA 3P PEKTUBHBIMU, Ha4YMHasA C 60/1ee HU3KUX 3HAYeHUA MHTEHCMBHOCTU 0CaAKoB As
MEHbLUINX AJINH BOJH.

Ta6bnuua 7.5. CooTHOowEeHUs ocnabneHns npu NPSIMOJIMHENHOM pacnpocTpaHeHUM fiyva

JnuHa 8osHebl (cM) CoomHoweHue (0b km™)
10 0,000 343 R%¥7
5 0,00 18 R™%5
3,2 0,01 R
MpumMeyaHue: no Burrows and Attwood (1949). MNpuHsaToe

ocnabneHune npu NPSMOIMHETHOM PacnpPOCTPaHEHUN flyHa Npwu
Temnepatype 18 °C.
R — B eguHnpax mm-y4-.

B OTHOLWEHWY OLLEeHOK 0CaZKOB C MOMOLLLbIO paAnoiokaTopa MOXKHO BblCKka3aTb HECKO/IbKO
06Lwmx coobpaxeHnin, CBA3aHHbIX C BeIMYNHOM ocsiabneHunsa. OcnabneHune 3aBMCUT OT Macchl
BOZbI B LLesin, Taknm obpasom, 6oee cnabHble 40XAN 0CNabnatoT curHan 6onblue; obnaka

C ropasfo MeHbLUel Maccor ocnabnsaoT curHan MeHblue. JleasiHble KpUCTaaibl BHOCAT
3Ha4MTe/IbHO MeHblUee ocnabneHne B CpaBHEHMN CKMAKMMU YacTuuamn. Obnaka n negsaHolie
o6naka Bbi3blBaloT He6obLIOe ocabneHne 1 06bIYHO €ro MOXHO He MPUHMMaTb B pacyeT.
CHeXWHKM nan nepsaHble kpuctaaabl (MM6o rpagnHbl) MOTYT AoCTuraTb ropa3ao 6obLuero
pa3mepa, 4yeM kanaum goxas. OHM CTaHOBATCSA BAAXHbIMU NO Mepe TasgHUA, B pe3ynbTaTte Yero
CWJIbHO YBE/IMYMBAIOTCS UX OTPaXkKaeMoCTb U, C/iegoBaTe/lbHO, ocnabasioume CBOMCTBa. 3T0
06CTOATEIbCTBO MOXET NCKA3UTb OLLEHKM 0Ca/4KOB.

7.2.4 PaccessHue o61akaMm U ocagKamMm

MowwHoCTb 3x0cnrHana, obHapy>xMBaeMoro n o6pabaTbiBaEMOro pagnosiokaTopom, AB/ISeTcs
MOLLHOCTbIO BOJIHbI O6PaTHOro paccesaHus Lenamm B o6beMe paspelueHuns (rmapomMeTeopsl,
Ha3eMHas NOBEPXHOCTb, IepeBbs U T. A.). D ekTnBHasA niowaab 06paTHOro pacceaHus (o,)
onpegenserca Kkak njaowaab U30TPOMNHOro oTpa)kaTtess, KOTOpbI BO3BpaLlaeT B HanpaBaeHNN
n3nyyatens Takoe xe KOJIMYeCTBO IHePrum, 4To U pakTndeckas wenb. dpdekTnsHas nnowaib
o6paTHOro paccesHus chepuyecknx Yactu 6oina Bnepsble onpeaeneHa Mie (1908). Panei
o6Hapy>xun, 4TO eCn COOTHOLIEHNE AMamMeTpa YacTu K AJIMHE BOJIHbI IBASETCS PaBHbIM WK
meHbLe 0,06, To Ana onpeaeneHuns 3 ekTUBHON NoLWaAn 06paTHOroO paccessHUsA MOXET 6bITb
NCMOJIb30BaHO NMPOCTOE BbipaXKkeHne:

2
=’ |K|" D°
)./4
Y| 2
KOTOpOe SIB/IIeTCS OCHOBOW Ans ypaBHeHUs 7.3. |K|? — ko3 puumeHT npenomieHus,
pasHbit1 0,93 ana xnpkon soabl 1 0,197 ana nbaa.

o) (7.2)

MN3mepeHns MOLHOCTN paanoiokaTopa NPUMEeHAI0TCA A5 pacyeTa UHTEHCUBHOCTU paccesaHums
LeNblo C UCMONb30BaHMEM YpaBHeHUS 7.2 B opMme:

C1_3rr2
zZ=—

A7 (7.3)
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MeToa v TpyaHOCTU NpuBeaeHUs ko3 duLmneHTa NpesioMIeHUs K BEIMYMHE MHTEHCUBHOCTU
ocaakoBs (R) onucbiBatotcs B 7.10.

7.2.5 Paccesinue B 6e306n1a4yHoit atmoccepe

B pernoHax 6e3 ocagkoobpasyrowmx 061akoB 661710 06HapPy>XKEHO, YTO IXOCUTHaJIbI
06yC/I0B/1€HbI, NaBHbIM 06pa3oM, OTPaxXeHNeM OT HaCEKOMBbIX AN 60NbLLMMY FpagueHTamum
nokasatena npesioMneHnsa B atMocdepe (paccesiHue bparra). DxocurHanbl UMelOT HU3KYIO
WHTEHCMBHOCTb 1 ONpeaensioTcs 601bLLMHCTBOM COBPEMEHHBIX PaANO0N0KaTOPOB, €C/IN OHK
He NCKJIIoYaloTCs NOCPeACTBOM NOPOroBoOi (PUAbTPaLUKN AaHHbIX. 3HAa4Y€HUS, SKBUBANEHTHbIE
Z, ana agneHnii B 6e3o061a4Hol aTMocdepe, kak NPaBM/Io HaXOAATCA B AnanasoHe oT -55

A0 -5 AbZ, x0T OHU 1 He ABAAIOTCA MCTUHHBIMU NapameTpaMu Z; Npu 3ToM pursnyeckmne
npoLecchl, NOPOXAAtoLLLNE SXOCUTHaAbI, COBEPLUEHHO pa3nnyHbl. [11s nsmepeHms ocagkos
Takne 3XOCUTHasbl ABASAIOTCA «LWYMOM» B cUrHane. OgHako 06bIYHO OHU MOTYT GbITb CBAI3aHbI C
HEKOTOPbIMW METEOPONOrNYECKUMMN ABJEHUAMMU, TAKMMUM KaK MOPCKOM 6pU3 nan OTTOK BO3AyXa
13 30Hbl FPO3bl, U MO3TOMY OHW NO/E3HbI AN5 naeHTUdUKaLnn obnactein NoTeHLNa IbHOIo
BO3HMKHOBEHMNS KOHBEKLIMWN. DXOCUTHabl B 6e3061a4HoM aTMocdepe Takxke MOryT ObITb
CBA3aHbl C 04€Hb Ma/ibiIMU CKOMIEHMAMM NTULL U HAaceKOMbIX. He sBnseTcs peakoin MOLHOCTb
axocurHanos ot 5 fo 35 abZ, ocob6enHo B nepunoapl Mmurpaumii (tabnaunua 7.6).

Tabnuua 7.6. 3¢ pekTnBHBbIE NNOWaAN 06PaTHOIO paccesiHUA AN Pa3/INYHbIX Liesnen

O6vekm o, (M?)
BosaywHoe cygHo 10—1 000
Yenosek 0,14—1,05
LWap-30HA 0,01

MTrubl 0,001—0,01
Myenbl, CTPEKO3bl, MOTbI/IbKU 3x10¢-10-°
Kannn sBoabl anameTpom 2 Mm 1,8 x 1071

XoTs 06blYHas paanonokaLMoHHas 06paboTka MHTEPNPETUPYET CUrHA B 3HAYEHUSAX Z,
paccenBatoLme CBOMCTBA pyKTyaL My NoKasaTesis NpesoMIeHUs CyLLEeCTBEHHO OT/IMYaoTCs
OT COOTBETCTBYIOLLMX CBOMCTB TMAPOMETEOPOB. ITO sIBJIEHNE M3BECTHO TakXKe Kak paccesiHne
Bparra. PaccesiHue Yallie BCEro BbipaXkaeTcsi B 3HA4EHUSAX CTPYKTYPHOro napameTpa nokasartens
npenomneHuns Cn?. 310 Mepa cpeAHekBapaTMyecknx paykTyauuin nokasatens npeiomaeHns
kak pyHkumm pacctoaHus (Gossard and Strauch, 1983).

7.3 YPABHEHMUE PAANONTIOKALLMM A N6 LLEJIEA MPU HABJTIOAEHUN
3A OCAAKAMMU

MeTeoponoruyeckue Lenm npeacTaBnatoT coboM YacTuubl ibAa 1/Mamn Boabl, CBO60AHO
pacnpefeneHHblx B NPOCTPaHCTBE. JHeprus obpaTHOro paccesHns oT obbema Lenn 3aBuCcuT
OT KONIMYecTBa, pa3Mepa, CoCTaBa, OTHOCUTENIbHOTO PacnooxkeHus, POpPMbl U OpUeHTaL UK
pacceunsaroLmx yactmy,. ObLias sHeprus obpaTHOro paccesHus npeacrasnseT co6oi cyMmy
3Ha4YeHW SIHeprun o6paTHOro paccesHMA Kax Ao U3 paccenBatoLLMX HacTul,.

Mcnonb3ya agaHHylo Moaesb Lieiv U TeOpUIo dnekTpoMarHetusma, Probert-Jones (1962 r.)
BblBE/1 ypaBHEHMNE, CBA3bIBAIOLLEE MOLLLHOCTb 3XOCUIHaNa, MoJly4eHHOro paanosokatopom,
C napaMeTpamMu pagmonokaTopa, pacCTostHMEM [0 Lenei 1 xapakTepucTMkaMm paccesiHms.
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OHo saBngeTCs o6LWEeNPUHATLIM B Ka4ecTBe JOCTOBEPHOI0 COOTHOLLEHMS K o6ecneynBaeT
KO/INYECTBEHHBIN pacyeT OTPaxaeMOCTUN C BbICOKOM TOYHOCTbIO U YH4ETOM peasbHbIX
[ONYLLEHUI, U UMeET BUA:

2. -
7 BhG*,, |K|T107"°Z
1024In2 42 2

rae ]_)r — NpuWHATasN O6paTHO pPagnonokatopom MOLWHOCTb, OCpeAHEHHAsA NO HECKOJIbKM

P -

(7.4)

“MNy/bcaMm, B BaTTax; P, — NMKOBas MOLHOCTb MMMY/ibCa, U3/Tly4aeMOro Pano/iokaTopoM, B
BaTTax; 1 — NPOCTPaHCTBEHHasA NPOTAXEHHOCTb UMMy bca, B MeTpax (h = cr/2, rae ¢ — CKOpoCTb
CBeTa U 7 — AJINTENbHOCTb UMNynbca); G — Koa(PULNEHT HanpaB/IeHHOro AeNCTBUSA aHTEHHbI
MO OTHOLUEHWIO K U30TPONHOMY U3NlyYaTento; 6, 1 ¢, — LUMPUHA ANarpaMMbl HanpPaBaEHHOCTH
aHTEeHHbl COOTBETCTBEHHO B FOPM30HTA/IbHOM U BEPTUKaNbHOM MNOCKOCTAX Ha ypoBHe -3 Ab npu
nepejaye B OAHOM HanpasJ/ieHUN, B pagnaHax; A — ANNHA U3nyYaeMoW BOJIHbI, B MeTpax;

|K|> — k03bpuumneHT NnokasaTens NpesoMAeHNA LeNn; ¥ — HaK/IOHHaa AaNbHOCTb OT
paavonokaropa A0 uenu, B MeTpax; n Z — ko3 uLMeHT NnpefioMaeHns paguonokatopa
(06bI4HO NPUHMMAEMbI PaBHbIM KO3 MOULMEHTY OTPaAXKaeMOCTN Z , KOra XxapakTepucTuku
Lenn JOCTOBEPHO HEN3BECTHBI), B MM®-M~3.

Bropoli 4neH ypaBHeHWNs COAEPXKUT NapameTpbl pagmosiokaTopa, a TpeTuii — napameTpbl,
3aBuCALLME OT AaNbHOCTU U XapakTepuCcTuk Lenun. NapameTpsl pagnoniokatopa sBASI0TCSA
OTHOCUTENIbHO (PUKCMPOBAHHBIMU, N eC/M NpK paboTe NepeaaTymka NoAAepPKUBaETCS
MOCTOSHHaA BbIXOAHAA MOLLHOCTb (Kak 3TO U A01KHO 6bITh), TO ypaBHEHNE MOXHO YNPOCTUTb
cnepytowmm o6pasom:

_Clkfz

r 2
r

(7.5)
rge C — KOHCTaHTa pagnonokartopa.

MMeeTcs psif OCHOBHbIX AONYLLEHUIA, HEM36eXHbIX MPY BbIBOJE YPaBHEHUS, 3HAYUMOCTb
KOTOPbIX 3aBUCUT OT KOHKPETHOTO NPUMEHEHUS U MHTepNpeTaLnn pesynstaTtoB. HecmoTps

Ha TO, YTO OHU SBASAIOTCA AOCTAaTOYHO PEANMCTUYHBIMU, YCII0BUS HE BCerla COOTBETCTBYIOT
[AeNCTBUTENIBHOCTU, YTO NPU 0COOLIX YCI0BUSAX OyeT BAUATb Ha pe3ynbTaThl usmepeHuii (Aoyagi
and Kodaira, 1995).

3TK JoNyLLEeHMs pe3toMUPYIOTCA Caeaytowmm o6pas3oMm:

a)  4acTuLbl 0CafKOB, Ha KOTOPbIX MPOUCXOAUT paccesHne B o6beMe Len, ABASI0TCA
OAHOPOAHbBIMU ANINEKTPUYECKUMU chepamMm, AMaMeTPbl KOTOPbIX Masibl MO CPAaBHEHUIO
C ANVMHOWM BOJHBI, T.e. D < 0,06 1 ANns CTPOroro nprMeHeHns annpokcuMaLni
paccesaHus Panes;

b) Becb MMNyNbCHbIN 06bEM 3anonHeH cBOOGOAHO pacnpeeneHHbIMU YaCcTULLaMU OCafKOB;

C)  Ko3(pUUMEHT oTpakeHnsa Z ABNAeTCA OAHOPOAHbBIM NO BCeMy 061y4YaeMomy
UMNYAbCHOMY 06beMy 1M NPUBAN3NTENLHO NOCTOAHHBIM B TeYEHME NHTepBaa
30HAMPOBaHUS;

d) BCe YacTMLbl ABNAIOTCA KanJsamu BoAbl UAN NegaHbIMU KpUCTannamm, T.e. BCe HaCTULb
MMeIoT 0ANHaKOBbIV KO3 PULMEHT NokasaTena npenoMnenuns |KJ?, n paccesHme sHeprum
4acTULAaMK ABNAETCA N3OTPOMHbLIM;

€) MHorokpaTtHoe paccesHue (Mexay YacTui,amm) npeHe6pexxMmMo Mano;

f) B NpomexyTo4YHOI cpeae Mexay paAnoiokaTopoM N 06bEMOM LLeNN He MPONCXOAUT
HUKaKoro ocnabnexHus;

g) paAnonokatop MCNonb3yeT INHelHble nossgpusaunmn (B8 ocHoBHom, H nnn V);

h)  ocHoBHoOW nenecTok gnarpamMmbl HanpPaBAEHHOCTU aHTEHHbI UMeeT rayccoBy hopmy;
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I) KO.'BdJCbI/ILI,I/IeHT HanpaB1€HHOIo AGVICTBMH AdHTEHHbI paAn0/IoOKaTOpPa N3BECTEH NI MOXET
ObITb BbIYNC/EH C,IJ,OCTaTO‘-IHOI\/'I TOYHOCTbIO,

]) BK/apj 60KOBbIX JIENECTKOB AnarpamMmbl HanpaB/1€HHOCTU aHTEHHbI B MTPUHUMaEMYHO
MOLWHOCTb npeHe6pe>KV|Mo Man;

k) 3aTeHeHMe M3Ny4yaeMOro cMrHasa oTpakeHMAMM OT Ha3eMHbIX 0ObEKTOB Ha NyTU Ny4a
npeHebpexmnmo Masno;

)] MMKOBas 13ny4aemas MOWHOCTb (P) fABnseTca (akTUYeCKON MOLLHOCTbIO, 13/Ty4aeMoii
aHTEHHOW, T. €. y4TeHbl BCe MOTEPU B BOJIHOBOAAX U T.4., @ TakXe ocnabneHune B
ob6TekaTenie aHTEHHbI;

m) CpeAHsas 3Mepaemas MOLLHOCTb (P) ocpeaHAeTca No A0CTaTOYHOMY YMCITY UMMY/IbCOB
VAN HEe3aBUCUMBIX U3MEPEHUI AN penpe3eHTaTUBHOCTU CPeAHEro No MMMyabCHOMY
obbemy uenu.

270 ynpouleHHOE Bblpa>XeHne CBA3bIBA€T MOLLHOCTb 3XOCUTHa/ 1a, USMEPEHHYIO
pPagnonokaTtopom, c KO3CbeVILI,VIeHTOM npesomMaeHna pagnoaokatopa Z, KOTOprI\/'I, B CBOIO
o4yepenb, cBA3aH C UHTEHCUMBHOCTbIO OCaAKOB. 211 KO3CIZ)CII)I/ILI,VIeHTbI N NX B3aMMOCBA3b ABNAKOTCA
NCKNHOYUTE/IbHO Ba>XHbIMU A1 UHTEPMNpeTalnn SHepruu, OTpa)KeHHOI7I oT uenn, n gnsa oOueHKn
KO/IM4eCTBa 0CaAKOB NO AaHHbIM PpaANO/TI0OKaLMOHHbIX M3mepeHm7|. HeCMOTpFI Ha MHOTIrune
gonywieHuna, ,aHHOE Bblpa>KeHne obecne4ymBaer npnemMnemMmyto oOueHKy MaCCbl OCaaKOB. JT1a
OUEHKa MOXET 6bITb yny4duweHa AONO/IHUTE/IbHBIM YHETOM anKTOpOB, NPUHATBIX B AONYLLLEHUNAX.

74 CUCTEMA U AAHHDBIE OCHOBHOIO METEOPOJIOTMYECKOIO
PAAUOJ/IOKATOPA

ba3oBbil MeTeOpO)'IOFVILIECKVIVI paanonokaTtop COCTOUT U3 cnegyroumnx 351€eMeHTOB!

a) aHTeHHa AnsA HPOKYCUPOBAHMA U3NTyHaeMblx MUKPOBOJIH B Y3KUI 1y4 1 npuema
OTpaxKeHHO 3Hepruy;

b) BbllWKa ANA NOAHATUA aHTEHHbI Ha/, 6J'IVI3J'Ie)KaLLI,VIMVI npenaTcTBUAMU;

C) nepeaaTyvk ANA U3NYyYEHUS SHEPTUU B MUKPOBO/IHOBOM YaCTOTHOM Aunana3oHe u
MOAYyNATOpa, CO3aloLLLEro MMNY/bChl U Ny/bCaLnio;

d) npuneMHuUK ansa O6Hapy>KGHVIFI, ycuneHma n npeo6pasoBaHMﬂ MUKPOBOJ/IHOBOIo CUrHanaa B
HM3KOYaCTOTHbIN CurHan,

e) npoueccop curHana Anda n3saev4eHnaA nosie3sHomn I/IHCbOpMaLI,I/IVI M3 NMNONY4EHHOIO CUTrHana,

f)  cuctema ynpaeneHus pagmMonokatopom u 06paboTKM aHHbIX B MePEMEHHbIE 3HaYEHUS
paanonokatopa;

g) cuctema otobpaxeHna AaHHbIX 419 BU3yaam3aumMm uHgopmaumnm B OCTYNHON popMme;

h) cncTtemMa perncTtpaunmn ansa apxmBaulnn AaHHbIX B UENAX UX NCMNOJ1Ib30BaHNA ANA 06y'-|eH|/|$|,
nccnegoBaHmAa n cmcTteMaTtmiaumnn.

ba3oBbIi MeTeoponOrnMYecknii pagmonokaTop MoxeT 6blTb HEKOrepeHTHbIM (Hanpumep,
MarHeTPOHHbI NepeAaT4YMK UM reHepaTop MOLLHOCTK), T. €. da3a nocaefoBaTe/ibHO
N3/7y4aeMblx UMMY/IbCOB ABASETCA Cy4aliHON. [JonniepoBCkue U3SMEPEHNS MOTYT
NpoOu3BOANTLCS B TOM C/lyvae, ecnum pasa U31yYeHHOro UMMy/abca n3MepseTcs n o6paTHbIN
curHan o6pabatbiBaeTCs NO OTHOLUEHUIO K 3TOM ba3e. DTO U3BECTHO Mo Ha3BaHUEM
KOrepeHTHOro Ha Nnpueme AONIepOBCKOro paguonokatopa. KorepeHTHbll Ha nepegade
pagnonokatop (Hanpumep, KANCTPOH, yCUANTE/Ib MOLLLHOCTU, TBEPAOTE/bHBIM NepeaaTymk
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nan nepenartymnk Ha namne 6€F}/LLI,el7I BO}'IHbI) n3ny4daet Ka)K,CI,bIVI nMnynbC B O,Cl,VIHaKOBOVI cba3e.
MOLLI,HOCTb, n3ny4aemMaa MeTeopo10rn4eCknMM paganosiokatopom, 06bIYHO COCTaBNSAET OT
HECKOJ/IbKNX COTEH KNJTOBATT 4O MEraBaTtTa NMKOBOWM MOLWHOCTH, CKOHLI,eHTpVIpOBaHHOVI B
nMmnynbce ANNTENIbHOCTbIO B MUKPOCEKYHAY, MPU 3TOM CpeEAHAA MOLLHOCTb 06bIYHO PaBHa
HECKOJ/IbKUM COTHAM BaTT. TBepﬂ,OTe}'Ible nepeaatynkn nianm nepenat4mkm Ha namre 6eryu.|,el‘/’|
BOJIHbI N3/1y4atoT UMNynbC ropa3go MeHbLUEeN MOLLHOCTHN, OAHAaKO B Ka4eCTBE KOMNEeHCaunn OHn
MCNoNb3yloT AZINHHBIE UMNY/bChbI.

741 OTpa)kaTtenbHasA cNOCOGHOCTL

MolLHOoCTb 06paTHOro paccesiHUs TUNUYHOIO pajuosiokaTopa umeet nopaaok ot 1078 o

10" BT, oxBaTbiBas AMana3oH okono 70 Ab OT caMbiX CUbHBIX 40O CaMblX CabbiX Lienen,
KOTOpble MOXHO 06HapyXuTb. [10 CpaBHEHMIO C MOLLLHOCTbIO NepeaaTynka 3Ta BeM4mHa
MeHbLuas, 6onee yem Ha 20 nopaakoB. [Ang 0o4AHOBPEMEHHOIO N3MEPEHUS camblx C/1abbix U
CaMbIX CUJIbHbIX CUTHaAJIOB TPEBYIOTCA NPUEMHUKN C LUMPOKMMU AUHAMUYHBIMUM AMana3oHamum
(> 90 nb), u B HacTosLLee BpeMs OHU aBAsAlOTCA 0b6weaocTynHbiMK (Heiss et al., 1990; Keeler
etal., 1995). B npolunom ans nsmepeHuii otpaxatelbHOW CNOCOOHOCTU UCMNOb30BaINCh
norapudmMmyeckme NpUEMHUKN C ANHaMmUYeckuM AnanasoHom B 90 ab. Ana nonnepoBckunx
n3MepeHnii Heo6xoANMbI TNHElHbIe NPUEMHUKN (KOTOPbIe NOAAEPXKMNBAIOT IMHENHOCTb hasbl).
B npoLwaoM OHM UMenu orpaHnYeHHbIN AnHamuyeckmin ananasoH (40—50 ab), yto Tpebosano
aBTOMaTU4eCKOW PeryiMpoBKU YCUSIEHNS.

KoapdurumeHT oTpakaeMoCTH ABASETCA CaMblM BaXKHbIM MapamMeTpoM AN UHTeprnpeTaLmnm
paanonoKaLNoHHbIX AaHHbIX. DTOT KO3 ULNEHT BEIBOAUTCA U3 MOAENN paccesaHUs Panes u
TeopeTuyeckn onpeaenseTcs kak Cymma AuaMeTpoB YacTuy, (kanesnb), BO3BEAEHHbIX B LUECTYIO
cTerneHb, B 06/1y4aeMoM o6beMe:

Z =3, N(D)D® (7.6)

rae eAvHMLA nsmepenunsa Z — mmé-M-3. Bo MHOTMX clyyasx, KOraa KonmyecTBO YacTuL, X COCTaB
n hopma Hen3BeCTHbI, ONpeaeNaeTCa IKBUBANEHTHbIN UK 3P PeKTUBHBIN KO3 PULNEHT
oTpaxaeMoctu Z . Hanpumep, 4acTuLbl CHera v ibia 0/IKHbI ONMUCbIBATbCA 3KBUBANEHTHBIM

Z, KOTOPbI paBeH Z, Npy A0NYLLEHUM O TOM, YTO BCE 4aCTMLLbl 06PATHOro paccesaHna ABAIOTCSA
chepuyeckumMm KanaamMm € NIOTHOCTBIO p.

NHTEeHCUBHOCTb O0XAEBbIX 0OCa1KOB Bblpa>kaeTcA qJOpMyﬂOVII
3
RzzvolN(D)VTpﬂ/6D (7.7)

O,Cl,HaKO 3Ha4YeHune N(D) HEeN3BECTHO, N 6bln BbIBE€EHbI SMMUPUYECKNE COOTHOLLUEHUA Me>|<,u,yZ
n R; Hanbosiee N3BECTHBLIM COOTHOLLIEHMEM SIBNSIETCA COOTHOLLIEHNE Mapmanna-l’lanmepa:

Z =200R"® (7.8)

B uenax oxsaTa Anana3oHa 3Ha4eHWUN o6LEeNPUHATON NpakTUKON aBnseTcs paboTa C
norapudMmMyeckoi WKanom nin eanHuLamm abZ, kKotopble YNCNEHHO ONpPeaenaoTCs Kak
dBZ ,=10log,, Z,.

MpocTpaHcTBeHHbIe HabAloAeHUA 3@ aTMOChepOoit 06bIYHO NPOBOAATCA NPU MOMOLLM
CKaHMPOBaHWA aHTEHHOW NpK PUKCMPOBAHHOM yr/1e MecTa C Noc/eayloL MM ero
yBe/N4eHneM npu Kaxxaom obopoTe. BaxxHbIM acnekToM siBAsSETCA paspelueHune Lenein. na
(pOKYyCUPOBKM BOJH B /1y4 KOHUYECKOM hOpMbl NI rayccoBy (hOPMY MCMOb3YIOTCA aHTEHHBI
c napabonuyeckmum oTpaxaTenem nnm pasmpoBaHHOW peLleTkoi (Npy noMoLm casura as).
bonee wnpokune otpaxartenun cosgatot 6onee y3kue ny4um, uMetoT 60/1ee BbICOKOE paspeLleHmne
N 4yBCTBUTENbHOCTb Npu 60/1ee BbICOKMX 3aTpaTax. LLinpuHa anarpaMmbl HanpasBaeHHOCTY
aHTeHHbI, 4acTo onpejensemMas rno ypoBHIO MOJIOBUHHOM MOLLHOCTU, paBHa NON0BUHE
MOLLLHOCTM Ha OCK, 3aBUCUT OT AJIMHbI BOJTHbI U MOXET 6bITb annNpoKCUMUMpOBaHa rno hopmyne:

o, _ 0%

e =— (7.9)
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rae eAVHULLLI U3SMePeHNs Ans 0, — rpaaychl; d — AMAMETP aHTEHHbI B TEX Xe eANHULAX,
4yto 1 4. CoBpeMeHHble MeTeopPOIorMyeckne pagnmonokaTopbl UMeIOT LUMPUHY AnarpamMmmbl
HanpasBneHHOCTW aHTeHHbl 0,5°—1°. OgHako ny4n ¢ 60bLUEN LUMPUHON MPaKTUYeCKN
NCNosib3yeMsbl 418 NPUMEHEHNI Ha MasblX AaNbHOCTAX.

MNMone3Has AanbHOCTb AENCTBMS METEOPOJIOTNYECKMX PAAMON0OKAaTOPOB 3aBMCUT OT BUAA
NpYMeHeHNs 1 xapakTepa NoroAbl. B 3aBMCMMOCTM OT BpeMEHHOro nHTepsana Mexay
nmnynbcamm (xapakTepusyemMoro 4actotorn noetropenuns nmnynocos (H4rN)), Hanpmumep

300 uMNynbCOB B CEKYHAY), MaKCMMasbHbIN Anana3oH O4HO3HAa4YHOro onpeaeneHums
[aNbHOCTU AeCTBUSA PaAnoiokaTopa MOXeT COCTaBAATb HECKO/IbKO COTEH KNJIOMETPOB
(Hanpumep 500 km). OgHaAKO y4nTbIBasi TPAEKTOPUIO PaCNPOCTPAHEHNS fyda U KPUBU3ZHY
3emnun, Nyd 1, COOTBETCTBEHHO, MMMYNbCHbIN 06bEM XapakTepu3yoTcs 60/bLLION BbICOTOM

1 WnpuHo (HanpuMep, Npu AanbHOCTN B 250 KM LLMPUHa Slyva paamosiokaTopa C yrjiom
mecTa B 1° cocTaBnseT 9 KM Mo BbICOTE U 6 KM NO LLUMPUHE, PUCYHOK 7.4). Jly4 MOXeT nponTun
MUMO METEeOoPOI0rMYeCKOro SiBAEHNS, UMMY/NbCHbIN 06bEM MOXET ObITb He 3aMo/HeH, a
4yBCTBUTENIbHOCTb PaANOIOKaTOpPa MOXET OKa3aTbCA HeAOCTAaTOYHOW A1 TOYHOrO N3MepeHuns
WHTEHCMBHOCTM OCaAKoB. B To e Bpems, ec/iv axocmrHanbl HaboAalnTCA, OHU NOKaXyT BeCbMa
WHTEHCMBHBbIE U OMacHble rPO30Bble Bypu NN ABAEHNS NOroAbl. TMNOBbIE METEOPOIornYeckmne
paamonokaTopbl 4ENCTBYIOT C MakCMMaAbHOW AanbHOCTbIO nopsaka 250—600 km.

[na npoeeaeHns HageXHbIX KOIMYECTBEHHbIX U3MEPEHUI 0CaAKOB MOJie3Has AabHOCTb
paguonokatopa c wmpuHon ny4ya 1° coctaBnset nopsaka 80 kM. Hem MeHbLUe WNPUHa

Ny4a pagmonokatopa, TeM 6onblue 3hheKTUBHbIV pagnyc AeicTBUS (HanpuMep, Npu ny4ye
wnpuHow 0,65° acbchekTMBHaAA faNbHOCTb paBHa Npu6an3nTenbHo 120 km). Ha 66nbLumnx
pPaccTosHMAX AaHHbIE A0/KHbI 6bITb 3KCTPaNnoOMPOBaHbl 40 YPOBHSA NOBEPXHOCTU 3eMJIN.
PaclunpeHue y4a n HegoCTaTOYHOE 3aMoJ/IHEHWE UMMY/IbCHOrO 06beMa NPUBOASAT K NOSYHEHUIO
HeoCTaTo4YHOM MHpopMaLnm 06 MHTEHCMBHOCTU OCaZlKOB. DTO 3aBUCUT OT MOFOAHOMO pexunuma,
a pacCMOTpPEHHbIE pe3y/bTaTbl OTHOCATCA K CPeAHUM LLIMpPOTaMm.

74.2 AonnepoBckasn CKOPOCTb

PaspaboTka 4ONNEPOBCKNUX METEOPOJIONMYECKMX PaAN0N0OKaTOPOB U NX BHEAPEHNE B
NPOLECC C1eXeHNS 3a NOroA0N OTKPbIJIN HOBblE BO3MOXHOCTM A1 NPOBeAeHNa HabntoaeHunin
(Heiss et al., 1990). lonnepoBckuii pagmuonokatop obecneynBaeT MU3smepeHmne CKoOpocTu
MeTeopOoIorMYecknx Liesier BA0Ib paguanbHon nMHun. Taknm obpasom, oH obecneynBaet
n3MepeHne CKOPOCTHOro KOMMOHEHTa BeTpa B HanpaBaeHnn nbo K paanonokaTopy,

6o oT Hero.

O6bIYHbIE CKOPOCTU METEOPOJIOTUYECKUX LieNel COCTaBAAIOT MeHee 50 M-C™, 3a nckaoveHnem
cny4vas TopHago/yparaHoB. Kak paccMaTpmBanoch Bbllle, 415 OLEHKN AOMNIEPOBCKOM CKOPOCTU
NCNO/b3YOTCA NOMMNYAbCHbIE M3MeHeHNs da3sbl. Ecnn dasa nameHsetca 6onee yem Ha £180°,
oLeHKa CKOPOCTU ABSAETCA HeOAHO3HAa4YHOM. [119 O4HO3HAYHOrO U TOHHOIO M3MEPEeHUS
[0N/1ePOBCKOMN CKOPOCTN METEOPONOTMYECKMX Lie/ell HacToTa MOBTOPEHUS MMMYNbCOB
[0/1KHa ObITb BbICOKOW (MEHbLUNE MHTEPBabl BPEMEHWN MeXAY UMMYNbCaMK), @ UMEHHO Takown,
Korga MakcMMasbHas OfHO3Ha4YHasa AalbHOCTb YMEHbLLAETCA N0 CPaBHEHUIO C OObIYHbBIM
paanonokaTopoM, U3MEpPSIOLLMM TOIbKO OTpaxaemMocTb. Ha 60/iee BbICOKMX CKOPOCTAX ANS
Noay4eHNa CTUHHOTO 3HaYeHNsA CKOPOCTU TPebyLoTCA AO0MNOJTHUTE bHbIE 3Tanbl 06paboTKn
CUrHanoB. MakcmMMmasibHas OAHO3HaYHas AOMNAepPOoBCKas CKOPOCTb 3aBUCUT OT AJINHbI BOJHBI
paguonokatopa (1) n Y n moxeT 6bITb BblpaxkeHa ceayowmm obpasom:

PRF- 1
Vi =l (7.10)
4
Makcuman bHle O,CI,HO3Ha‘-IHy|O Aa/IbHOCTb MO>XHO Bblpa3MTb CﬂeﬂleLLl,l/lM o6pa30M:
< (711

r =—
maX PRF.2
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Taknum o6pasom, V. wnr

ma

. CBA3aHbl ypaBHEHNEM!

C
Vinax"max = i? (7.12)

DTN COOTHOLLEHMA MOKa3blBalOT OrPaHNYEHNS, Hanaraemble BBI6OPOM AMHbI BOAHbI 1 YN
(cm. pucyHok 7.5). lna yBennveHns oqHO3Ha4YHOM CKOPOCTU xenaTesibHa Bbicokas YIW; Hu3kas
YT xenaTtenbHa A yBeMYeHUs 4albHOCTU AeNCTBUA paanonokaTopa. [lo Tex nop noka He
6yneT nocTynHa 6onee coBepLUeHHas TEXHONOTMS NONy4eHUs 04HO3HaYHOM MHopMaLMm BHe
3TUX OrpaHNYeHni, TpebyeTcs KOMNPOMUCC, CBA3AHHbIV C YCTIOBUAMU (DYHKLLMOHUPOBAHUS
paguonokatopa. 2To U3BECTHO, Kak AOMNJePOBCKas AuaemMMa 1 paccMaTpuBaeTCs fanee B
pasfesie HacTosLLEeN raBbl, MOCBALLEHHOM 06paboTke CUTHANO0B U AaHHbIX. MakcmanbHas
OZlHO3Ha4yHas CKOPOCTb UM Aa/lbHOCTb H4acTO Ha3blBaeTCa CKOPOCTblo HalikBmcTa niam
AnanasoHoM HankeucTa.

O,CI,HI/IM N3 CyLLECTBEHHbIX I'IOC)'IG,CI,CTBI/IVI Bblcoknx Yl asnaetcs TO, 4TO 3a npeaenamm
Anvara3oHa HankBuncra BCe e 4acTo UMerTCS O6Hapy>Kl/IBaEMble 3XOCUTHaNbl. DTU 3XOCUTHaNbI
Ha3bIBatOTCA BTOPUYHBIMU (I/IJ'IVI MHO)KeCTBeHHbIMI/I) 9X0, MOCKOJIbKY OHU MPUXOAAT OT paHee
M31y4€HHbIX NMIMY/1bCOB. Ecnn uenmn asnsoTca 4oCTaTOYHO CUJIbHBbIMA, TO PaANOJTOKATOP

BC€ X€ MOXET NPUHUMATb SHEPTUIO OT STUX u,enel7|. O,CI,HaKO Lenn 6y,£l,yT HenpasuibHO
onpeaeneHbl B Ka4e€CTBE NepPBbIX 06paTHbIX 3XOCUrHanos, MOCKOJIbKY paAn0O/IOKATOP HE MOXET
onpeaennTb, ABAETCA NN ﬂ,aHHbIVI IXOCUrHaa pe3y/ibTaToOM TEKYLLEro nam npeablayLiero
nMnysnbcCa, NOCKOJIbKY BpeMs NN Aa/1IbHOCTb 3XOCUIHa/la OCHOBaHbl Ha CaMOM nocsiegHeM
M31y4€HHOM nmMmnynbce.

HEKOTOpble AonnepoBCckre paanookaTopbl ABNAKOTCA MO/THOCTbIO KOF€PEHTHLIMA,; NX
nepeanar4nkamMmu ABAOTCA reHepaTopbl, 1 OHU 1U3JTyHaloT OANHAKOBY1IO cbasy nocnegoBaTte/ibHbIX
MMnynbCoB. B atnx KOTr€pPEeHTHbIX paAnOo1IoKaTopax 06bI4YHO NMPUMEHAIOTCA KJIMCTPOHBbI,
TBEPAOTE/IbHbIE N/IN aHA/TOTUYHbIE NepeaaT4inkn. nOCKO}'Ibe PagnonoKkaTopbl 3TUX TUMOB
M31y4akoT OANHAKOBYHO q)a?,y O718 KaXX40ro nMmnynbca, CKOpOCTb BTOPUYHbBIX 3XOCUTHATOB

6y,CI,)IT onpeaenAaTb pa3indinmble CcpeaHune paanasibHble CKOPOCTU. Pa,ﬂ,VIOJ'IOKaTOp 3TOro
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PuUcyHok 7.5. 9To unnoctpaums 4oniepoBCcKo AN1€eMMbI 4151 TPE€X YaCTOTHbIX Anana3oHOB
06bl4HbIX paguonokatopos (X, C, S). DTa AuneMma BO3HMKaeT NOTOMY, YTO OZAUH U3
napameTpoB, a UMEHHO YacToTa MOBTOPEHUS UMNYJ/IbLCOB, T. €. BpeMs MeXAy U3Jly4aeMbiMU
MMMny/abcamMum, onpeaenser MakCMMasibHYO0 OAHO3Ha4YHYI0 CKOPOCTb U MaKCMMaJlbHYO
OAHO3Ha4YHYI0 Aa/IbHOCTb B MPOTUBOMOJI0XKHbIX Hanpas/ieHusax. Mapkepbl U KpacHble IMHUU
nokasbiBaloT O6LLeNPUHSATbIE YCTAaHOBOYHbIE NapaMeTpbl.
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TUMa He MoXeT pa3aenatb (6e3 HoBewnwwen cnctembl 06paboTkM) AaIbHOCTb UM CKOPOCTb
3XOCUTHaN0B CO BPpEMEHEM 3ana3ablBaHWs, MPeBbILLAIOLMM HECKOJIbKO NEPUOA0B MOBTOPEHUS
30HANPYIOLWMX MMNY/bCOB.

Y ponnepoBCKUX paamosiokaTopoB, KOrepPeHTHLIX Ha MpUeMe, HanpuMep C nepeaaTiMkoM

C MarHeTpoHHbIM ycunutenem, dasa oT UMNysbca K UMNY/IbCy ABASETCA CAyHaliHON. Y
paavonokatopa 3Toro euaa asa camoro nocaefHero n3ny4eHHoro MMny/abca u3MepseTcs u
(pa3sbl BCex 9XOCUTrHaIOB CPaBHMBAIOTCA C Hell. [To3ToMy cepums a3 OT BTOPUYHBIX 3XOCUTHAIOB
C BpeMeHeM 3anasbiBaHns oT 1 40 2 nepnoAoB MOBTOPEHMS 30HAMNPYOLLMX UMMYNbCOB,
KOTOpble CPaBHMBAIOTCA C CaMoi nocneaHel gasol, 6yaeT cyvyanHoON U NPoaBAATLCA B
BM/eE LLyMa B ONJI€POBCKOM CrnekTpe. PUCYHOK 7.6 iBNSeTCA CMOAENNPOBaHHLIM NPUMEPOM
HaCTpoWKu Tunosoro paanonokatopa C-gnanasoHa. OCTpbIi MUK Ha HY/J1€BON CKOPOCTU
o6pasyeTcs 3XoCUrHanamm oT CTaLlMOHAPHbIX Ha3eMHbIX OOBbEKTOB 1 XapakTepusyeTtcs

Y3KUM pacnpejeneHmem MOLLHOCTU. LLInpoknit nMk ¢ npaBoi CTOPOHbI — 3TO 3XOCUTHaN

OT MeTeoposiornyeckoro o6bvekTa. OH LINPeE, YeM MUK OTPaKEHU OT Ha3eMHbIX

06beKTOB, MOCKO/IbKY OH 06pa3yeTcs B pe3sy/bTaTe pacnpejeseHns kanesb, KOTOpble
cmewumatotcs. CnefyeT OTMETUTD, YTO «XBOCT» CMPaBa, ABASAIOLWMACA pe3ynbTaTtoM BAUSAHUSA
MeTeopOosIorMyeckux yCIoBMin, HanaraeTca U NOSBAAETCA C 1eBOro kpas rpadpuka. CurHan
Kone6netcs NpUbN3NTENBHO Ha ypOBHE COOCTBEHHbIX LLUYMOB BC/1€ACTBUE TEMJIOBOTO LLyMa
B CMCTEME U TakXe B Mpeaesiax CnekTpa MeTeoposIornieckmx yCnoBnuin ns-3a konebaHui,
Bbl3blBa€MblX CMELLEHWEM Lienei B Buae ocaakos. [1pu nomMoLmn AnHaAMMUYECKON OLLeHKM
MOLLHOCTU LLYMa 3Ta SHEPrmus MOxeT ObITb Bbl4TEHA M3 06LLEN MOLLLHOCTU 415 MOJTy4eHuns
60/1ee ACHOM OLLeHKM MOLLHOCTU MEePBUYHBIX 3XOCUTHANO0B (PUCYHOK 7.7). DTO NpuMep,
nokasbiBaloLLMit: a) Kakum 06pa3oM oTpaxeHne OT CTaLLMOHAaPHOro Ha3eMHOro o6bekTa
MoxeT hubTpoBaTbCs 61arofapa UCNOb30BaHUIO PEXEKTOPHOIo uabTpa Hy1eBoN
CKOPOCTH; 1 b) kakMM 06pa3oM BTOPUYHbIE 3XOCUTIHAbl MOTYT (OUABTPOBATLCA NOCPEACTBOM
ncnonb3oBaHua puabTpa Wyma (Mokasatenb kayecTBa CUrHana).

[ns 06paboTkm AONEPOBCKMX NapaMeTPOB MCNO/b3YIOTCA ABE cMCcTeMbl 06paboTKK
CUrHa0B Pa3HoM CI0XHOCTU. B 6onee npocToli cncteme 06paboTku napbl UMNY/bLCOB

(ONMWN) npumMeHseTCca cpaBHEHMe NOC/AeA0BaTENbHbBIX UMMY/IbCOB BO BPEMEHW ANS MONYyYeHUs
CpefHeln CKOpOCTU U LUMPUHBI criekTpa. Bo BTopoit 1 6onee cnoXKHOM cncTeMe NCnonb3yeTcs
npoLeccop, peanusytomin 6oictpoe npeobpasoBaHue Pypbe (BMP) Ang nonyyeHns nonHoro
cnekTpa CKopocTel B kKaxxaom ob61yqaemom ob6beme. Cuctema Ol paboTaeTt 6bicTpee, B Hel

-5

-10

OTHOoCUTeNnbHOE 3HavYeHne mouHocTn (ab)

-16 -12 -8 -4 0 4 8 12 16

Ckopoctb Hatikeucta (M/c)

PucyHoK 7.6. DTOT A0NNE€POBCKUI CNEKTP NoKa3biBaeT pacnpenesieHne MOLWHOCTU B
npeaenax o6beMa eANHOro paanooKaLlMOHHOro UMNYysbca Kak (PYHKLMU AONNEPOBCKOM
CKOPOCTU.
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PucyHok 7.7. CoBpeMeHHble A0N/1IepOBCKUe paanonokaTtopbl MOTyT (puabTpoBaTbh HEBEPHble
OaHHble UM OTPaXKeHUs OT 3€MJIM Ha dTamne TeXHOJIOMMYeCcKoM L,enoYKu, CBAI3aHHOM C
o6pab6oTkoii curHanos. Ha neBoM n3ob6paxxeHUM nokasaHbl Heo6paboTaHHble AaHHbIEe, a Ha
npaBoM — CNOCOGHOCTb (hUIbTPaLLMU AONIEPOBCKOTO CUrHaNa u 06paboTkn AaHHbIX. Ha
pucyHke 7.29 noka3aHa BO3MOXXHOCTb MHOFOBapUaHTHOCTU Nonsipusaumm ansa obecneyeHus
KayecTBa AaHHbIX.

npon3BoAnNTCA MEHbLLE onepau,vlﬁ Cc 60/1blWMM 06bEMOM BbILWIC}'IeHI/Il‘/’I, M oHa 6onee Haae>XHa
NP HU3KNX COOTHOLUEHUAX CUTHAJI-LLYM, HO €€ XapaKTePUCTUKN NO YCTPAHEHUIO MOMEX OT
OTpa>xeHnAa Ha3€MHbIMUA obbekTamMmn XyXxe, 4eM Yy CUCTEMDI brad.

74.3 [ABoiinas nonspusauus

B HacTOsILLee BpeMS UCMO/Ib3YIOTCA ABE OCHOBHbIE paAno/ioKaLoHHble cnctembl. OgHa
cMcTemMa U3ny4vaeT BOJIHY C KPYrOBOM NoAsipu3aLmnent, u npu 3ToM N3MepPSOTCA KONOASPHas 1
OpTOroHasibHas noaspusaunun. lpyras cuctema nsnydyaeT NnonepeMeHHO WA O4HOBPEMEHHO
UMNY/bCbl C ropu3oHTanbHom (H), 3atem ¢ BepTukanbHoi (V) nonsapusaumnen, ncnonb3ys npu
3TOM nepekJ/oyaresib 601bLLON MOLHOCTU. PagnonoKaTopbl C CUHXPOHHbBIM U3/yHeHNEM
nMnynbcoB H n V He TpebytoT 6bicTporo nepekntodatens. CA10XHOCTb, CBA3aHHas C
pa3BepTbiBaHMEM MUKPOPU3NYECKUX XapaKTEPUCTUK IXOCUTHaNA, BCE eLLe SBSeTCS
npo6aemMoi, N NPOM3BOACTBO BbICOKOKaY€CTBEHHbIX CUCTEM C KPYTOBOW Mosispu3aumen
MOXeT 6biTb 60n1ee goporocTodawmm. Cuctema C IMHENHOM NoNspU3aLmnen, Kak NpaBuno,
npeanoYvTuTenbHee, MOCKOJIbKY NolyYeHUe METEOPOIOrNYeckor nHpopmaunm Tpebyer
MeHbLLUe BbIYNC/IEHUI 1 0BblYHbIE paAM0oI0KaTOpPbl MOTYT O6bITb lerye npeobpa3oBaHbl

B pPaAMosiokaTopbl C ABOMHON nonspusaunen. 3a NCKI0YEHMEM HECKOIbKUX CUTYaLLnA,
nepekatoyatesb 601bLLION MOLHOCTM 3apekomMeHa0Bas ceba B kayecTBe npobieMaTUYHOro
AN U3MEHEHNs NoNapu3aummn, B pesysbraTte 4ero cucTeMa CUHXPOHHOM nepegayun n npvemMa
aBiseTcs o6LenpPUHATON B ONepaTMBHbIX paanoaokaTopax.

Kak npaBuno, MeToarKa NonsipmnsaLMm 0OCHoBaHa Ha MUKPOPA3INYMAX B pacCeUBatOLLNX
yactuuax. Mpu ceo6ogHOM NageHUn B atMocdepe Kanam A4oXAA NPUOBGPEeTatoT /TUNTUYECKY O
¢opMy € 60/1bLLOI OCbIO B FOPU30HTabHOM NA0CKOCTU. CMIIOCHYTOCTb Kan/aun CBsi3aHa

C ee pa3MepoM. MoLLLHOCTb 06PaTHOro paccesiHUs CIUTOCHYTOro cepounaa 6osblue Ans
rOpU30HTaNLHO NONSPU30OBAHHOI BOJHbI, YEM A1 BEPTUKAIbHO MOASAPU30BAHHOM, NpU
YC/NOBMM P3/1EEBCKOIO paccesiHmsA. DTO Takxe CnpaBeA/IMBO, YTO TakXKe KacaeTcs ApYyrux uenei,
TakMX Kak HACEKOMbI€, NTULLbI U OTPaXeHME OT Ha3eMHbIX OGbEKTOB.

Tabnuua 7.2 copepXunT onmcaHmne cambix 06LLMX NapamMeTPOB pa3HOO6pa3HbIX NOAAPU3ALLUIA.

AnddepeHunanbHas oTpaxaemMocTb, 0603Ha4aemas Z, ,, onpeaensetcs kak 10-kpaTHbIl
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norapudm COOTHOLLEHMS OTPaXXaeMOCTM NPU FOPU30HTa/IbHOW Nonapusaunm Z, n
OTPaXaeMoCTU Npu BEPTUKANbHOM nonspusaumm Z,. CpaBHEHUA S3KBMBANEHTHOM
oTpaxaeMoctn Z, n anddepeHumnanbHOn oTpaxaeMocTn Z, , CBUAETENbCTBYIOT O TOM,
4TO OCaAKM MOXHO KnaccmpuunpoBaTtb Kak rpaf, AoXAb, MOpock nnu cHer (Seliga and
Bringi, 1976).

Mockonbky anekTpoMarHMTHas BoJIHa pacnpoCTpaHsaeTcs Yepes cpeay CO CrIIOCHYTbIMU
yacTuuamu, pasa NnagaroLLero yva U3MeHseTCs n3-3a pasHocTeli ocnabnenns (NPMBOAALLNX

K pa3HOCTAM B CKOPOCTW pacnpoCcTpaHeHns) No BepTuKaan 1 ropusoHTanun. BansaHume Ha
BEPTMKa/bHblE N TOPU3OHTaNbHble KOMMOHEHTHI Pa3bl 3aBUCUT OT CMJIIOCHYTOCTU U YHUTbIBAeTCA
B MHTErpasibHOM NnapameTpe, UMeHyeMoM AnddepeHumanbHoi dason (¢,,). Ecnn moxeT 6biTb
paccymMTaHa COOTBETCTBYIOLLLAA NPOU3BOAHASA Aa/IbHOCTW, TO MOXHO Tak>Ke OLeHUTb KOHKPETHY0
anddeperHumnanbHyto dasy (K, ). Ana usmepenunin cunbHoro aoxas K, umeeT onpeseneHHble
npeumyLectsa (Zrni¢ and Ryzhkov, 1995). English et al. (1991) npoaemoHcTpuposanu, 4To

A1 OLEHKM 0K AEBbIX OCAZKOB ropasAo ydile Ucnonb3osatb K, 4em Z npu MHTEHCUBHOCTYU
ocafkoB Bbile 20 MM-4~', U3MepeHHO B S-Anana3oHe. [10CKoObKY 3TO ABASETCA U3IMEPEHNEM
asbl 1 MOXeT 6bITb JIOKaJIM30BAHO MW OTHOCUTCSA KOHKPETHO K 3/1IEMEHTY pa3peLleHuns no
AanbHOCTU, 3TOT NapameTp MOXeT 6blTb MCNOIb30BaH A5 pelleHns npobriem KannbposKku
MOLLHOCTU 1 YaCTUYHOTO 3aTeHeHus nyda. [pu 6onbliem ocnabneHun (6onee kKopoTkme

ANMHBI BOH) 9 PeKTUBHOCTb 3TOro MeToAa NoBsbillaeTcs Npu 60siee HA3KMX BENNYMHAX
oTpaxaTe/bHOW CNOCOBHOCTM NN MHTEHCUMBHOCTAX OCaAKOB.

CooTHOLeHMe MexXay BpeMEHHbIMU pPsiAaMn AaHHbIX O BEPTUKAJIbHbIX U TOPU3OHTaJIbHbIX
napameTtpax obecneymBaeT CTaTUCTUHECKOE U3MePEeHUe oTIn4ms npoduneli paccensaHns H un
Vot rugpometeopos. Cneayetr oTMETUTb, YTO 3Ta CTaTUCTUYECKAs XapakTePUCTMKa, U MO3TOMY
[0XAb U cHer (haKTUHYECKU MMEIOT BbICOKYIO KOPPENALMIO B CTaTUCTUHECKOM CMbIC/IE, XOTS

OoHM 0651a4at0T, NO-BMAVUMOMY, COBEPLUEHHO Pa3HbIMU XapakTEPUCTMKAMWN pacCcesHUs, ecan
NCX0ANTb U3 NapaMeTpoB OTAeNbHbIX YacTuu,. Bebbington (1992) Been ang paanonokatopa ¢
KpyroBow nonspuvsaumer napameTp, Ha3BaHHbIN CTeNeHblo NOAAPM3aLnmM, KOTOPBIN ABASETCA
HeYyyBCTBUTENbHBLIM K 3¢pdekTam pacnpocTpaHeHUs (IHelHas KOPPensaLns Takxe He 3aBUCUT
oT 3¢ppeKkTOB pacnpocTpaHeHus). DTOT NapaMeTp aHanorMyYeH TMHENHON Koppenaumum ans
paamonokaTtopoB C IMHENHOM NoNApMU3aLment n aBseTcs, No-BMANMOMY, NOAE3HbIM A5
pacno3HaBaHus uenei. HanpuMep, ero skCTpeManbHO HU3KME 3Ha4YeHUS YKa3blBalOT Ha Han4une
C/ly4aliHO OPUEHTUPOBAHHbIX PpacCenBalOLLINX YacTULL, TaKUX, KOTOPble BO3HMKAIOT B C/ly4ae
nomex, BbiI3BaHHbIX CaMOJieTaMUn AN OTPaxXeHMUSAMU OT HazeMHbix o6bekToB (Holt et al., 1993).

7.5 OBPABOTKA CUTHAJIA U AAHHbIX
7.5.1 AonnepoBckuii cnekTp

Pagmnonokatop o6HapyXMBaeT 3N1eKTPOMarHUTHYIO BOJIHY, BEPHYBLUYIOCS OT Liean. Ta BO/HA
obpasyeTcs OT BCEX NCTOYHMKOB paccessHUs, Haxo4aLWwMxcsa B 06/1y4aeMoM pagmosiokatopoM
o6beme. MaTemaTU4eCKM BO/HA XapaKTepu3yeTcs aMnauTyaou u dasol an sKB1BaIEeHTOM

B BM/le KOMMIEKCHbIX YMCEeN B KaYeCTBE peasibHblX NN MHUMBbIX HYacTel hasupytoLlero
YCTpOWCTBa. DTO Takxe Ha3blBaeTCa CMHpasHbiMM nnu kBaagpatypHbiMu (I, Q) curHanamm.
BonHa n3mMepsaeTca HECKOJIbKO pas, n pesynbTaTaMu AB/IAIOTCA BPEMEHHbIE PSAbl 3Ha4eHWN |

n Q. Ecnum k faHHbIM NpuMeHseTca npeo6pasosaHne Pypbe, To BeMUMHa ko3 puLmneHToB
npeobpasoBaHua Pypbe npeacTaBaseT coboi 4oNNepoBCKU cnekTp. [lonneposckuii

CneKkTp — 3TO NpeAcTaB/ieHNe aBTOKOPPeALNN BpeMeHHbIX psaoB | n Q B 4aCcTOTHO-
npocTpaHcTBeHHOM anana3oHe (Weiner, 1964). Yem 60/1bLLe BpeMeHHbIX BbIGOPOK CUTHAN0B,
TeM BbILLEe pa3pelueHne B JoMeHe YacToT. [pouecc 06paboTkm BO BpeMEHHOM JOMeHe
3KBMBA/IEHTEH 3TOMY MPOLLECCY B YaCTOTHOM AoMeHe. Ha pucyHke 7.6 nokasaH TUNWYHbIA
[ON/IepOBCKUIA CNEKTP, M OH MOAe3€eH A5 XapaKTepUCTUKN Pa3INYHbIX acnekToB MHgopmaLmnm
B eANHOM 06/1)y4aeMOM paamnonokaTopom obbeme. YpoBeHb WyMa (MHTerpupoBaHHbIi Mo
BCEMY CNeKTpy) NpeacTaBaseT Co60M ypOBEHb MUHMMAJIbHOIO CUIHasa Min MakCUmMym
o6Hapy>XeHHOro CUrHana 3feMeHTe pa3peLleHns No gasbHoCTU. MMk npu HyneBol YactoTe
WU HYNE€BOW CKOPOCTU — 3TO BKJ1aZ, 3XOCUTHAJI0B OT HEMOABMXKHbIX OObEKTOB UM OTPaXkeHne
OT Ha3eMHbIx 06bekTOB. bonee WNpoknn MK 06yC/IOBNEH METEOPOOTNYECKONM Leblo.
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Cne,qyeT OTMETUTb, YTO NUK Npn HyneBon CKOPOCTU paClLUNPAETCA B pe3ybTaTe ABUXEHNA
AHTEHHDbI, N10XoMn CTabUNbHOCTbIO Cba3bl paﬂ,VIO}'IOKaLI,I/IOHHOI\/’I CNCTEMbI M MEHbLUEIO KOJIN4ECTBA
BbI6OpOLIHbIX VI3MepeHI/IVI. CneKTpaanaﬂ WIMPpUHa 0Tpa>KeHVII7I OT HAa3€MHbIX 06'bEKTOB, Kak
npaBunao, Mé€HblLle cneKTpaanon LWLIMPUHbI METEOPOTOTNYECKUX SXOCUTHATOB U B 60/bLINHCTBE
C/ly4aeB MOXeET 6bITb NCNOb30BaHa Ana otaeneHnAa 3XoCUrHasioB OT Ha3€EMHbIX 06beKTOB

OT METEOPOTOTUHECKUX IXOCUTHATOB. O6nacTtb nog MeTeopo10rmM4eCKMMmn 3XxoCnUrHasiamMmm mn
Ha YPOBHEM LLyMa ABAAETCA MOLLHOCTbIO METEOPOJIOTMYECKOTO paanoCcnUrHana. O6nacTtb

noj CnekTpom OTpa)I(EHMﬁ OT Ha3eMHbIX O6BEKTOB SIB/ISIETCS MOLLHOCTbIO, O6yC}'IOB)'IeHHOI7I
OTpa>xXeHeM OT Ha3€EMHbIX 06BbEKTOB.

7.5.2 OueHka napameTpa MOLLHOCTHU

MapomMeTeopsbl pacnpeaensaoTcsa B npegenax o6bema MMnynbca 1 nepeMeLInBaTcs
OTHOCUTENIbHO APYT ApYyra 1 co3faioT hykTynpytowmin curHan. Tpebyetca ocpeHeHne Ans
yMeHbLLEeHNs AUCnepCcun N3MepPeHnin 0 AONYyCTUMbIX Npeaenos norpelwHocTn. O6bi4HO And
oLeHKM oTpaxkaemocTu Tpebyetca 30 HezaBMcMMbIX UMNynbcoB (Doviak and Zrni¢, 1993). 310
nogpasymeBaeT, 4YTO HeO6XOAMMO OCYLLECTBAATb ANCKPETU3ALMUIO UMIY1bCOB BO BPEMEHHbIE
WMHTepBasbl, NpeBbILIaloLLLMEe BPEMS AeKOpPensuum uMnybCHOro o6bema, NpoBOANTb

NX ANCKPeTU3aLmIo B Pa3Hblx MO Aa/IbHOCTN MeCTax Uan NPUMEHATb Kakyo-1M60 Apyryto
MeToaMnKy (CMeLleHne 4acToT).

B onepartnBHOM nNopAaake 3TO AenaeTCAa pa3/iMdiHbIMU CI'IOCO6aMVI, B 3aBUCUMOCTU OT
NPpUMEHEHNA N OCHOBHOIO NnoAaxoja K npoueccy O6pa6OTKl/I. AHTeHHa morna 6bl Mens1eHHO
OCyLLEeCTB/IATb CKAHNPOBAHUE, N OTPAXKAa€MOCTb MOXXHO 6b1710 6bl ou€eHnBaThb B npeaesnax ogHoOro
rpagyca asmMmyTa U B npeaenax obbema nMmnynbcCa, an Morna 6bl BpawatbCa 6bICTpee, npu
3TOM MOTI/10 bbl NPUMEHATbCA OCpeAHEHNE 0a/IbHOCTU B CUITHAJ1€ Un npoueccope AaHHbIX.
Momnmo 9TOro, CHM>XeHHO€ Ka4eCTBO JaHHbIX MOTJ10 6bl 6bITb npmnemMmaemMmbiM, U Ha 6onee
no3gHeM 3tane Morio 6bl NPUMEHATLCA OCpeEAHEHNE AAaHHbIX.

7.5.3 OTpa)Kel-me OT Ha3eMHbIX OO BbEKTOB M TOYEUYHbIe unenamn

OTpaxeHne MOXeT NPOMCXoAUTb OT pa3HoO6pasHbIX Lefiel, BKAoYas 34aHns, XOAMbl,

ropbl, BO34yLUHblE CYAa U ANMNOJIbHbIE OTPaxatesin, K NPUMepy 3TO /UL b HEKOTOPbIE 13

Hux. NpaBnibHOE pacnonoxeHne pagnonokaTtopa ABAsSETCA NePBOV IMHNER 3aLLUThI

nNpoTuB 3(peKTOB OTPaKeHW OT HazeMHbIXx 06bekToB. OaHako a3 ekT oTpaxkeHUs Bceraa
NpPUCYTCTBYeT B ONpeAe/ieHHON CTeNeHmn, MOCKO/IbKY CTOPOHbI OCHOBHOTO Jly4a 1 60KOBble
NnenecTky B3aMMOAENCTBYIOT C 61n3nexalleil MeCTHOCTbIO (pucyHok 7.8). Jlyd paanonokaropa
He ABNAeTCSA nAaeanbHO KOHNYECKMM, HANPOTUB — OH U3J/1yYaeTCcs BO BCEX HaMpaB/ieHMAX, XOTA
OCHOBHas MOLLHOCTb MPOXOAMT NO NMHMK BU3npa. LLinpuHa nyya 4acto onpegensercs Ha
YPOBHE NOJIOBUHHOM MOLLHOCTU (-3 b MOLWHOCTN BAO/b INHUK BU3MPa). DTa KOHpUrypaums
n3ly4YeHuns onpeaenseTca reomeTpuen pynopHoro o6y4varens aHTeHHbl, paCCTOAHNEM OT
¢pokanbHOI TOUKM, Napabonyeckolr aHTEHHOM N TeNIeCKONMYECKMMIN ONopaMu, Ha KOTOPbIX
pacnonaratoTcs pynopHsblii o6ny4daTens. Boicota nepsoro 60kosoro senectka (MoMe4YeHo) B
60bLLEN NN MEHbLLIEN CTeNeHN onpeaensaeTcs 3TMMK pakTopamMm 1 4acTo MCNOJb3yeTcs B
Ka4yecTsBe Mepbl Ka4ecTBa aHTeHHbI. YMeHbLLEHNE uan nepeasumkeHne 3Toro 60KoBOro sienectka
no asMMyTy NOoCpeACTBOM CABUra PynopHoro o6ay4arens npusoanUT AMbo K pacLUnpeHunto
OCHOBHOIO Ny4a, IM60 K NoTepe MOLLHOCTU.

MHTEHCMBHOCTb OTpaxXeHus OT Ha3eMHbIXx 06beKTOB 06paTHO NPONOpPLMOHaabHa A/IMHE
BosHbI (Skolnik, 1970, 1990), B TO BpeMs kak o6paTHOe paccesiHne OT foxAs o6paTHO
NPONOPLNOHANBHO YeTBEPTOW CTENEHW AJINHBI BOJIHBI. [103TOMYy 60/1€€ KOPOTKOBOJIHOBbIE
paamonokaTopbl MeHbLLE NOABEPXEHbI BIMSHUIO OTPaXeHUS OT Ha3eMHbIX 0O bEKTOB.
DXOCUIHas bl OTPaXXeHUM OT Ha3eMHbIX OObeKTOB C/ieyeT MCK/0YaTb NPU OLLeHKe 0CaAKoB;
OZlHaKO 3XOCUTHaJ1 OTPaXKeHNs OT Ha3eMHbIX O6beKTOB MOXHO MCNOb30BaTh A8 U3IMEPEHUN
BnaxHocTtu (Fabry, 2004). ToueyHble Lenn, TakMe Kak BO3AYyLUHbIE CyAa, MOXHO UCKIIOUYNTD,
€C/1M OHU ABASIOTCA N30JIMPOBAHHbLIMU, MyTEM YAaNeHNsA 3XOCUTHAN0B, KOTOPbIe 3aHMMaloT
eJMHNYHbI 06BbEM 3/1eMeHTa pa3pelleHns pagmoaokaropa. Meteoposiormyeckume ueam
3aHUMalOT HECKOJ/IbKO 3/IEMEHTOB pa3peLLeHns paguosiokatopa. To4eyHble e MoryT
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PucyHok 7.8. O6was amarpaMmma HanpaB/IEHHOCTU U3/TyYeHUS aHTeHHbl. CeyeT OTMETUTD,
YTO LUMPUHA aHTEHHOTO Jly4a 06bI4YHO onpeaenserTcs B TO4Kax NOJOBMHHOM MoLlHOCTU (50 %
wnu -3 ab). Ecnn uenb o6napaeT BbICOKOM OTPaXaeMoCTbiO, TO MOLLHOCTb U3/Ty4aeTcs u
NPUHNMAETCS CO CTOPOHDI IN1TaBHOTO JienecTka v Apyrux 60KoBbIX JIENeCTKOB.

ObITb YCTpaHeHbl Ha 3Tane O6pa6OTKVI AaHHbIX. To4eYHble uenn, Takne Kak 3XoCUrHanabl ot
BO34YyLUHOIo CygHa, COBMeLLEHHbI€ C 5XOCUTHa1aMn OT 0CaaKOB, HE BCerga MOXHO UCK/1K04YaTb C
NOMOLLbIO AaHHOWN METOAUNKN, N 3TO 3aBUCUT OT UX OTHOCUTE bHOW CUJIbI.

[na yctpaHeHns oTpaXkeHUi OT Ha3eMHbIX 06beKTOB KOHLLENTYalbHO MpUBJ/ieKaTe/ibHas
naes 3aklo4aeTcs B UCNO/b30BaHUM KapT OTpaxeHun. [1na nocTpoeHns Takon KapTbl
NCMOJIb3ytoTCA U306pakeHnsa paanonoKaLMOHHbBIX 9XOCUIHaM0B MPU OTCYTCTBUU

0CaZKOB, KOTOPbIE B Aa/IbHENLLEM BbIYUTAIOTCA U3 PaAnNO0/IOKaLWOHHOIO n3obpaxeHus,
NMosy4eHHOrOo B YC/IOBMAX 0CafkoB. [pobnema AaHHOM METOANKM 3aK104aeTCsa B TOM, YTO
oYepTaHMA Ha3eMHbIX MOMEX M3MEHSAIOTCS BO BPEMEHWN. DTU U3MEHEHUS Npex e BCero
CBSi3aHbl CO CMEHOM METEOPONOrMYECKNX YCIOBUIA; CaMbIM MPOCTbIM NPUMEPOM ABASeTCA
aHOMasIbHOEe MPOX0XAEHNE 3XOCUTHANO0B, KOTOPOEe AJINTCA HECKOJIbKO HYacoB U 3aTeM
ncyesaet. MMKPOM3MEHEHNS B OKPYXKatoLLEN cpe/ie Bbi3blBatoT He6oNbLUMe PAYKTyaLnm
oYepTaHM 3XOCUTHaANOB OT Ha3eMHbIX OOGBbEKTOB, YTO BHOCUT MyTaHWLY NPY UCNOJ/Ib30BaHNN
KapT oTpaxeHui. B agantneHbix MmeToamnkax (Joss and Lee, 1993) npeanpuHsaTa nonbiTka
AVNHaMMYeckn onpeaennTb KOHTYPbl MOMeX A5 yyeTa KpaTKoCPoUHbIX h/lyKTyaumuid, HO Ans
NOBCEMECTHOrO UCMNO/Ib30BaHUA OHU HEAO0CTaTOYHO UCCeJOBaHbI.

B meToamke ponneposckoi 06paboTku NnpeanpuHUMaeTCs NONbITKa yCTPaHUTb NOMexXn u3
METeopPOo/I0rM4eCcKoro 3xocnrHana B npouecce ero o6pabotkn. OCHOBHbIE ONYLLEHNSA COCTOAT
B TOM, Y4TO 3XOCUTHa/ BC/IeACTBME MELLAIOLLMX OTPAXEHN MMEET Masyto CNeKTPasabHyto
LUMPUHY M 4TO NOMEXM ABAAIOTCA NOCTOAHHbIMU. OfHAKO AN YA0B/eTBOPEHUS NepBbIX
KpuTepunes He06x04MMO NPUHATL U 06paboTaTb 3Ha4YNTENIbHOE YNCA0 UMMYNbCOB, YTOObI
[OCTUYb CNEKTPA/IbHOrO paspeLleHuns, 4OCTaTOYHOrO A5 pasnyeHns 3X0CUTHaNoB oT
MeTeopo10rM4eckoro o6bekTa 1 3Xx0CMrHanoB BC/IeACTBME MeLLaoLLMX OTpaxeHui. BoigeneHne
MEeTeopPOoI0rM4eCcKoro 3XxoCMrHana BO3MOXHO TOJ/IbKO NPY OTHOCUTEIbHO 60/bLLIOM MHTEpBase
Hawnksuncrta (cMm. pucyHok 7.6). CnekTpanbHas LUMPUHA OTPaXKeHWn OT Ha3eMHbIX O6bEKTOB

M 3XOCUTrHaN0B OT METEOPOJIOrMYeCcKoro o6bekTa, kak npaswuio, ropasao Mexbiue 0,5 m-c™!

1 06b14HO 6osblie 1 M-c' cooTBeTCTBEHHO. [T03TOMY Heob6xoAUMbI MHTepBanbl HallkBncta
npumepHo 8 M-c'. Nomexa 06bIYHO ABNAETCA CTaLMOHAPHOW U BbIAENNAETCSA Ha CNekTpe Kak
Y3KWUI MUK Ha HYJ1€BOIN CKOPOCTU (PUCYHOK 7.6). TTnK nmeeT orpaHNYeHHYo LUMPUHY, MOCKOAbKY
3XOCUTHaN OT Ha3eMHbIX LleNei, TakMx Kak packadmsatoLmecs aepesbs, HeceT B cebe HekoTopble
COOTBETCTBYIOLLME XapaKTEPUCTUKMN ABUXKEHUS.
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BpeMeHHas dunbTpauma Ana UCKAIOYEHNSA KOMMNOHEHTa C HY/1€BOM CKOPOCTbLIO U3 KOHEYHOW
nociiefoBaTeNbHOCTN OCYLLECTBAAETCA NPM MOMOLLM LMPPOBOro punbTpa BEPXHUX HaCTOT.
LLUnpuHa u rnybuHa undgposoro gunbrpa, HeobxoanMble AN 06ecneveHns COOTBETCTBUSA
oTpaxkaTenbHOM CNOCOBHOCTH, AOMKHBI NpeAycMaTpUBaTbCa AN BCell 06nacTu CKaHMPOBaHWMS,
N HECOOTBETCTBUA ABNAIOTCA HEN36EXHbBIMU, MOCKONbKY OTpaxkaTenbHas CnoCcoOHOCTb
nsmeHsetcs (Zrni¢ and Hamidi, 1981). AnantuBHas cnekTpanbHas o6paboTka (npeobpa3oBaHue
dypbe) No3BonseT onpeaensTb CUrHa bl OTPaXXeHUs OT Ha3eMHbIX 06bEKTOB, IBPUCTUYECKN
onpeaennTb 3X0CUrHaA MeLLAIOLLNX OTPaXKEHUM U UCKJTIOYUTb MOLLLHOCTb OTPaXKeHns oT
Ha3eMHbIX 06bEKTOB U3 CyMMapHOWM MOLLIHOCTM, YCTPaHAa Takum 06pa3oM MellaioLLmne
OTpa>keHMs OT Ha3eMHbIX MOMEX N3 3XOCUTHANOB OT METEOPOOrMYECKOro 06bekTa, Aaxe

ecniv oHn nepekpbiBatotca (Passarelli et al., 1981; Crozier et al., 1991; pucyHok 7.7). TpyAHbIM
MOXKeT OKka3aTbCs OTAEe/IeHNE 3XOCUTHANO0B OT METEOPOOTMYECKOro 06beKTa OT IXOCMTHAN0B
OT Ha3eMHbIX MOMeX B Tex Cayyasx, Korga 3XocMrHan oT MeTeopoiornyeckoro obbekTa
ABNAETCA y3KNM (KakK B CyHasx He6O/bLLIOrO CHera), a CpeAHAs AOMNNepPOoBCKas CKOPOCTb
6113Ka K Hy/t0. B nogo6bHoM cutyaumm MoxeT ObITb yaaneHo C/IMLLIKOM MHOTO 3XOCUTHa 0B

OT MeTeoposiornyeckoro obbekTa. [pn y3Kom cnekTpe 3XxoCUrHana oT METEOPOIOrMYECKOro
06beKTa, Kak 3TO 6bIBaeT B C/lyHae CHera UM MOpOCK, PeXeKTOPHbIN (OUAbTP-HYIeBMK HE MOXKET
OT/INYaTh MeLlaloLL e OTPaxKeHM OT METEOPOJIOrMYECKNX OO BEKTOB OT MOMEX OT Ha3eMHbIX
06bekToB. ITO 0CO6EHHO KacaeTcs Tex Cy4Yaes, Korga aHTeHHa 6bICTPO BpaLLaeTcs, Bbi3blBas
paclunpeHmne crnekTpa 3X0CUIHaN0B OT Ha3eMHbIX 06bEKTOB, U Korga CpeAHas paavalibHas
CKOPOCTb METEOPOIOrn4eckoro obbekTa 6113Ka K Hy/1t0. YaansaeTcsa camwkom 6oblias
MOLLIHOCTb, pe3y/1bTaTOM Yero ABASeTCs aHOMalbHOE YMeHbLUeHWe napaMeTpa oTpakaemMocTu
(pucyHok 7.9, nsobpaxenue cnesa). CTpenka nokasbliBaeT TO MeCTO, e 3aMUpaHue IXOCUrHana
COOTBETCTBYET HYy/1€BOM JIMHUUN B U306paxeHnn paananbHON CKOPOCTH (PUCYHOK 7.9,
n3obpaxeHune cnpasa). ITO ABMAETCA HE3HAYUTE/IbHBIM HE0CTaTKOM B paboTe pexxeKTOPHOro
mnbTpa AONNEPOBCKOro pagMonokaTopa.

YcoBepLUEHCTBOBaHUS, CBSI3aHHbIE C MAEHTUdMKALMEN 3XOCUTHANOB MELLAIOLLNX OTPaXKEHW,
BKJIt0YatoT 60n1ee 3hHEKTUBHBIE METOAMKM A5 UAEHTUDUKALUN STUX CUTHaNOB (aanTMBHas
o6paboTka Cc ucnonb3oBaHMeM Moaenm faycca) U MeToAbl UCMO/b30BaHUSA TEKCTYPbI AaHHbIX
(avcnepcus oTpaxaeMoCTu), CBSi3aHHbIE C OTPAXEHUSAMUN A0 NPUMEHEHUS (DUNLTPOB NMOMeX
(Hubbert et al., 2009a; Hubbert et al., 2009b). Cuctembl 6€3 NPUMeEHEHNS AOMNIEPOBCKOro
MeToZa MOTyT UCMO/Ib30BaTh 3T METOAbl aHaIM3a TEKCTYPbI AN yAaNeHUs MTOMEXU Yy 3eMHOM
MOBEPXHOCTU U IXOCUTHA/Ibl aHOMaJIbHOTO PacnpoCTPaHEHUS.

I'IpM a/lbTépHaTUBHOM nogxone, UMEHYEMOM «YyCTPAaHEHUE MUKPOMOMEX», NCMNOJIb3yeTCA
npenmyuLecTtBso Ha6mop,ean7|, CBA3aHHOE CTEM, 4TO CTPYKTYpPblI O6'beKTOB, BHOCALLWMX BK/1aJ B
OTpa>xeHune OT Ha3€MHbIX O6'beKTOB, BE€CbMa MaJibl MO CBOEMY pa3Mepy (MeHbLLIe, K npumMmepy,

PucyHok 7.9. PexxekTopHas goniepoBckasi puabTpaumns MoOXeT yaasiTb CINLLKOM MHOTO
3XOCUIHaN0B, KOrAa AO0N1ePOBCKUIA CNEKTP METEOCUMTHAI0B Y30K U MPU MOYTU HY/1eBOW
[OMNIEPOBCKON CKOPOCTU (CM. CTpesiKy). DTa npobieMa siBASIeTCA He3HAYMTEIbHOM NO
CpaBHEHUIO C APYTUMM JIOXKHBbIMU CUTHa/1aMM, NOKa3aHHbIMU Ha PUCYHKe 7.2.
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100 m). OnpepeneHune ganbHOCTU NPOBOAUTCS C OYEHb BbICOKMM pa3pelueHnem (MeHee

100 m), a nomexu onpegensaoTca npyn 06paboTke OTpakaeMoCTN 1 AOMJIEPOBCKOr0 CUrHana.
OcpeaHeHMe aanbHOCTU (40 KOHEYHOTO paspeLleHns, paBHOro 1 KM) BbIMOAHAETCS Mo
3neMeHTaM pa3peLleHus No AasbHOCTU, CBOGOAHBIM OT PaAnNoI0KaLUOHHbIX NoMex. CMbIC/
TakKoro npmMema 3ak/o4aeTcs B 06HapyX XeHUN U UTHOPUPOBaHUN 31IEMEHTOB pa3peLLeHuns no
[anbHOCTU, COAEPXKaLLUX OTPaKeHMS OT MECTHbIX MPeMETOB, a He B KOPPEKTUPOBKE 3TUX
nomex (Joss and Lee, 1993; Lee et al., 1995). 370 KOpeHHbIM 06pPa30M OT/INYAETCS OT paHee
ONnuCaHHbIX METOAMK, N OCTaeTCs NpoBepUTb, 6yaeT N1 3Ta MeToamKa 3¢pekTUBHOM BO BCEX
CUTyaumsax, B 4YaCTHOCTU NPU aHOMaslbHOM pacnpoCTpaHeHUM PagnMoBOJIH, KOraa nomMexmu
ABNAOTCA MOBCEMECTHBIMMU.

Pagnonokatopsbl C nonspusanmelt MOryT Takxe UAEHTUPULNPOBATb OTPAXKEHNS OT Ha3eMHbIX
06bEeKTOB, MOCKO/IbKY 3TU OTPaXXeHMs UMEIOT MHblE NONAPUMETPUYECKUE XapaKTEPUCTUKN

no cpaBHeHUIo C ocaakaMu. [TOMUMO 3TOro, MoryT 6bITb UAEHTUDULNPOBaHbI Apyrue BUAb
MeLlaloWwmux Lenemn.

lMomMexn MOXHO YMeHbLUUTbL NyTeM T,aTtesbHOro Bbibopa MecTa pasMeLl,eHnn pagmoaokaTopa
(cm. HMxe). PapmoniokaTtopbl, MCNob3yeMble A8 HabA0AeHU Ha 60/IbLLUNX PACCTOAHUAX,
HanpuMep, 418 o6HapyXeHMUa TPONNYECKUX LMKIOHOB, UKW NPY LUMPOKO pa3MeLLLEHHON CeTn
HaboaeHni, 06bI4HO pacnonaratoT Ha BepLUMHAaX X0/IMOB, YTOObl pacLUMPUTb NX MOJIE3HYIO
[aNbHOCTb, U, BEPOATHO, MO3TOMY OHM CMNOCOGHBI OTMEYaTb MHOXECTBO 3XOCMIHa/10B
MellatoLwmx oTpaxeHunin. Npoctasa MeToaMka NoAaB/IeHMS TakMX NOMeEX 3ak/lovyaeTcs B
aBTOMaTM4eCKOM CKaHMPOBAHUM NPU HECKOJIbKUX YI/lax MecTa M B OTOpakoBbIBaHUMW AAHHBIX,
NOsy4eHHbIX Ha Masol AaZibHOCTW MPU MaJibix yriax MecTa, rae cywectBsyeT 66/bLuas 4acTb
nomex. [Mpu noMowm nepepaboTkM AaHHbIX pagMosiokaTtopa B NPoAyKLUMIO0 MHAnMKaTopa
Kpyrosoro o63opa noctosiHHon BbicoTbl (CAPPI) gaHHblE, NONyYeHHbIE MPU MaJiblX yriax MecTa
Ha Manol fanbHOCTH, BbibpakoBbiBatoTCs aBToMaTuyeckn (Marshall and Ballantyne, 1978).

Ha pucyHke 7.4 nokasaHa reomeTpuyeckas nociefoBaTe/IbHOCTb CKaHUPOBaHUS,
npeanoxeHHas Mapwannom n bannantainHom (1978 r.), koTopas onTMMn3npoBaHa Ans
Nnoay4eHnsa NpoAyKLMN MOCTOSSHHOM BbICOThI, Takon kak CAPPI 1 3xocurHanbl Lenen Ha
60/1bLION BbICOTE.

7.5.4 PeweHue gonnepoBcKkoi AU1EMMBbI

Ka4yecTBO OLLEHOK AON/IEPOBCKON CKOPOCTN ONpeaenseTcs Nnpy NOMoLLM nHTepsana HalikBncra
n anckpetmsaummn curdanos. Mutepsan Hankeucrta (£180°) gonkeH 6bITb 4OCTAaTOYHO LUMPOKNM
A1 0XBaTa CNeKkTpa 3XOCUTHaN0B OT MeTeoponornyeckoro obvekTa. Kak npaBunsio, 3XxocMrHasbl
OT METEOPOJIOrMYECKOro 06bekTa UMEIOT LIMPUHY 4—6 M-C', U1 N03TOMY MHTepBan HalkBucTa
[OJIKeH 6bITb, Kak MUHUMYM, BABOE LUMpPE. MOXeT UMeTb MeCTO Ha/loXeHUe «XBOCTOB» CNeKTPa,
OZlHaKO €C/IN CUTHaN ABNAAETCA CUJIbHBIM, TO BCE XK€ MOXHO OLLEHUTb CPEHIOK CKOPOCTb.

[nsa nonyyeHns cTaTMCTUYECKN CTaBUIbHON OLLEHKM CKOpPOCTM TpebyeTcs nopsaka

20-30 BbI6OPOUHBIX U3MepeHnit. Heobxoanma Koppensaums 3TUX U3MepeHunii, 1 NO3TOMY UX
Heo6x0ANMO NPoBOAUTL 6bICTPO. CnefyeT OTMETUTDL, YTO 3TO TpebyeTCs B MeHbLUEel CTeNeHun
MO CPaBHEHUIO C OTPAXKAEMOCTbIO, U TEOPETUYECKN BO3MOXHO BOCCTaHaB/MBaTb CKOPOCTb
npu 60/1ee HU3KMX OTHOLLEHUAX CUTHa-LWYM (MeHbLIas Cuaa CMrHana) no CPaBHEHMUIO C
OoTpaxxaeMoCTblO 1 B 60/1ee KOPOTKNIN Nepnos BpeMeHu.

[nsa o6HapyxeHns 06paTHbIX CUTHAI0B Ha pa3HblX yaaneHnsax oT pagmosiokaTopa ciegyeT
nepnoamnyeckn, 06b14HO NPUMEPHO Kaxayto 1 MKC, Npon3BoANTb BIGOPKY 3XOCUTHAIOB A4
nony4eHnsa nHgopmaumm npnbansnTenbHo Yepes kaxable 150 M no ganbHOCTU. DTa BbibOpka
MOXeT NPOoA0/IXAaTbCA A0 TeX MOP, NOKa He HaCTYNUT Bpems nepeaaydn cneytoLero uMnynbca
(NnpubnunsnTenbHo kaxayto 1 Mc). DneMeHT AnckpeTmsaunm Bo BpeMeHn (COOTBETCTBYOLLUIA
paccTosHMIO OT pagnonokaTopa) Ha3blBaeTCs CeNIeKTOPOM AanbHOCTU. HTepBan mexay
n3ly4eHnem NMNybCOB onpeaensieT MakCMMasbHYO0 OJHO3HAYHYIO A4aNbHOCTb. [liMHa BOMHbI
B COMETaHNN C UHTEPBA/IOM M3NY4EeHUs CUTHana onpeaenser MakCMMaabHY0 O4HO3HaYHYIO
CKOPOCTb. IINHBI BO/IH METEOPONOrNYECKMX PaAN0I0KaTOPOB 1 METEOPO/IOrMYeckune
CLUEHapun xapakTepmsyoTcs KOHMIMKTOM 3TUX MaKCUMabHbIX NapamMeTPOB, U 3TO Ha3blBaeTCA
[0M1epOBCKON ANIEMMOM, MOCKO/bKY YBE/MYEeHNE OJHOMo NokasaTess MPUBOANT K
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YMEHbLUEHUWIO APYroro. To Noka3aHo Ha pucyHke 7.5. TakuM o6pasoM, pyHAaMeHTa bHas
npo6aemMa MCnosib3oBaHMs Nt060ro UMMNYAbCHOIO AOMNIEPOBCKOrO paaMonokaTopa 3akanyaercs
B CMSITY€HNWN BO34eNCTBUI (haKTOPOB OrpaHUYEHHON AasbHOCTU N CKOPOCTU.

K o6LenpuHATBIM METOANKAM YMEHbLLEHWA OTPaHUYeHNs CKOPOCTEN UK pasgesieHms
CKOPOCTeN OTHOCATCA MeToanka MHoXecTBeHHOI YT (Doviak and Zrni¢, 1993; Crozier

etal., 1991) nnun metogmnka HenpepoiBHocTu (Eilts and Smith, 1990). B nepBoit 13 HUX OLLEHKM
paavanbHOM CKOPOCTU ONPEAENsAoTCSa Ha ABYX NN HECKOAbKUX pa3Hbix YT ¢ pa3nnyHbiMm
MaKCUMabHbIMW OAHO3HA4YHbIMU CKOPOCTAMMU U 06bEeANHAIOTCA A1 NONYHEHNS HOBOW OLLEHKM
paananbHOM CKOPOCTU C paclUMPEHHOM O4HO3HAaYHOM CKOPOCTbIO. Hanpumep, paguonokatop
C-anana3soHa, ucnosnb3sytowmii YK, pasxbie 1 200 1 900 i, nMeeT HOMUHa/IbHblE OAHO3HAa4YHble
ckopocTn 16 1 12 M- ¢! cooTBeTCTBEHHO. BennyunHa HanoxeHns MoxeT 6biTb BblYTEHA U3
pasHuLbl Mexay ABYMS OLLeHKaMn CKOPOCTU AN5 pa3fe/ieHns CKOPOCTU B paclUMPeHHOM
AnanasoHe ckopocTu HalkBucta, paBHom 48 m-c'. Ha pucyHke 7.10 noka3aHo To, Kakum
o6pasom Metog asoriHon YIW cnocobeH paclumpunTb OAHO3HauYHYO CKOPOCTb. HaBepxy
rpadprka nokasaHo TO, YTO AOMNJIEPOBCKUIA pagmMonoKkaTop Cnoco6eH U3MepsThb B KayecTse
pyHKUNKN peanbHOl paamnanbHon ckopocTn (oT -48 o 48 m-c ). B atom npumepe YIMA
NPUBOAATCA B COOTHOLLEHMMN 4:3; BO3MOXHbI iPYrMe COOTHOLLEHUS, Takue kak 7:5 n 3:2. B
HUXHeN YacTu rpadrka npeacTaBneHo YHUKaNbHOE pa3inime B UsMepsieMblX LOMNIEPOBCKUX
CKOPOCTAX B KavecTBe PYHKLUMM peanbHOW paamanbHoli ckopoctu. Micxoas us aToi pasHocTy,
MOXeT 6bITb OnpeeeHo KpaTHOE YNCI0 U MOXeT ObiTb BbIBeeHa peasibHas cCkopocTb. MNpeaen
BblBeeHMA onpeaenferTcs O4HO3HaYHbIMU CKOPOCTAMMU HaMKBUCTa M X COOTHOLLEHUEM.

DTOT Npeaes Ha3biBaeTCa paclUMPEHHON CKOPOCTbIo HaikBUCTa 1 B JaHHOM C/ly4Yae paBeH

48 M-c'. Ha pucyHke 7.11 npnBoanTCa npuMep pe3ynbTaToB, NONYyYEHHbIX C UCMO/Ib30BaHUEM
3TON METOAUKMN.

O6bIYHO NCNonb3yeMbiMM KOMOUHaUMaMn cooTHowweHuin YT asnatotca 5:4, 4:3 nnn 3:2. Kak
npaBuIo, UCNO/b3yeTCs MakCUMasibHas OAHO3Ha4YHasn CKOPOCTb 16 M-C', XOTS 3TO He ABNsETCA
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PucyHok 7.10. OTo npumep pagunonokatopa C-ananasoHa, pa6otaioLLero B UMNy/ibCHOM
pexume 900 1 1 200 ¢! npu oagHO3HaYHbIX ckopocTax HalkBucta 12 m 16 m-c™
COOTBETCTBEHHO. B 0oCHOBe JaHHOrO MeToAa IeXNT Pa3HOCTb MeX/y U3MePEHHbIMMU
paananbHbIMK ckopocTaMU (OpAMHaTa Ha HUKHEM U3obpakeHUN), cyxallas ans
onpepaeneHus kpaTHoro Yncsna (abcumncca Ha HUKHEM U306 pakeHMN) U ero Noc/ieayloLLero
MCMoJIb30BaHNM C COOTBETCTBYIOLLLEN U3MEPEHHON pagnasibHON CKOPOCTbIO 47151 OLLeHKM
MCTUHHOW paAnasibHON CKOPOCTU.



[MABA 7. PAODVNO/TOKALLMOHHBIE N3MEPEHWNA 261

Puc. 7.11. Ha aTomM pucyHke nokasaHa Heo6x04UMOCTb MU CMOCOBHOCTb YBE/IMHEHUSA CKOPOCTU
paavonokatopom C-guanasoHa no MeHbluen mepe fo 48 M-c”'. Peub uaert B AaHHOM cnyvae
06 yparaHe/BHeTPONMYeCKOM NepexoHOM y4HacTKe TPaeKTOpPUU U CKOPOCTAX NopsaakKa
48 m-c’'. B nopo6HOI cnTyauumn cobatoaaoTca AonyLeHUs, NnpeaycMOTPEHHbIe METOA0M
MCNoJib30BaHNs YaCTOTbl NOBTOPEHUS ABOMHbIX UMMNY/IbCOB (ABE N3MepPEeHHble pacyeTHbie
CKOpOCTU Ha pa3Hbix YN a8n510TCS NPOU3BOAHON TOM XXe caMOoi pagnasibHON CKOPOCTH), U
pe3ynbTaTt XapakTepusyeTcs HesHa4yMUTe/IbHbIM LUYyMOM (M306paxkeHne cnpaBa, CPaBHUTD C
pucyHkom 7.20).

cTpornm Tpe6oBaHueM. Pesynstatom 60/1ee HU3KMX ckopocTen 6yayT 66 bLUe MakCMMaslbHble
AanbHOCTU. PasHuLa B NCNO/Ib30BAaHMN PA3/INYHbIX COOTHOLLEHWI 3aK/1I04aeTCsA B TOM, YTO
ancnepcus cpegHeli CKopocTy NPUBOAMUT K HAaPYLLEHWUIO NMPeAno/ioXeHUs 0 eAnHOo06pa3Hon
CKOPOCTU U BO3HUKHOBEHMIO «oLun60okKk aABoliHon YIMW» (Joe and May, 2003).

MeToanka HenpepbIBHOCTM OCHOBAHa Ha Ha/IMYNKN 3XOCUTHaNa, LOCTaTOYHOrO AN
06Hapy>KeHNs HaoXeHHbIX CKOPOCTEN U UX KOPPEKTUPOBKM NPU JONYLLEHUN O
HENPepbIBHOCTA CKOPOCTM (HET pa3pbiBoB 60/bwie 2V ). KpaTHble 4MC1a onpeaenaoTcs,
HayMHas OT Hy/IeBONM IMHUK, U BO BCeX C/lyvasx, KOraa BCTpeyaeTcs NpepbiBaHMe UHTepBasa
HalikBucTa, 370 KpaTHOE YNC/I0 yBENNYMBAETCA UM YMEHbLUAETCs, a UHTepBan HalikBucra

p,06a B/IAETCA NN BbIYMNTAETCA.

Bropoit hyHaameHTaibHOM Npo6aieMoit sBNAsSieTCa orpaHUyeHme Mo AanbHOCTU, Hanaraemoe
ncnosb3oBaHmem Bbicoknx YN (okono 1 000 Iy, n 6onee). 2xocnrHanbl C pacCTOSHUN,
NpeBbILIaoLWLNX MaKCUMasbHYO AaNbHOCTb, 6yAyT COBMELLATLCA C CUTHaAaMmn NepBoHa4a IbHON
AanbHOCTU. [N pagMosiokaTopoB C KOrepeHTHbIMW Nepeaartymkamm (HanpuMep, KIMCTPOHHbIE
WU TBEPAOTE/IbHbIE CUCTEMBI) IXOCUTHA/bl OKaXYTCA B Npeaenax nepBoHa4yaabHOM
AanbHOCTU. N5 cucTeMm, KOrepeHTHbIX Ha MPUeMe, BTOPUYHbIE 9XOCUTHabl 6yayT NPOABAATLCA
kak Wwym (Joe et al., 1995; Passarelli et al., 1981; pucyHok 7.12). lns nocnegHel cuctemMbl

3TOT LUYM BSETCA pe3y/bTaTOM C/ly4alHO n3ny4veHHblx a3 curHanos. JonnepoBckue
paamonokaTopbl C UX KOPOTKOM AasibHOCTbIO HalikBMCTa noABepXeHbl BO3AENCTBUIO MOMEX

B BME BTOPUYHbBIX IXOCUTHAJIOB HE3AaBMCUMO OT TOTO, ABAAIOTCS JIN OHN KOFePEeHTHbIMMU

Ha npueme (MarHUTPOHHBLIMU) UK KOFrePeHTHLIMWU Ha nepeaaye (KIMCTPOHHbIMK).

Ha pucyHke 7.12 ¢ MarHUTpOHHOro paamnonokatopa C-agnana3oHa BTOPUYHbBIA CUTHAN
npossnseTt ce6s B BUAe KANMHOOO6Pa3HbIX 3XOCUTHAMOB B OTPaXXaeMoCTH (4epHble CTPeNKK),

N 3TO MOXeT 6blTb MCMOJIb30BaHO AN5 X uaeHTUgUKaunun. B none pagmnanbHoi ckopoctu
[JaHHble XapaKTepM3yTCs WYMOM (kenTble CTPEsIKKN), U 3TO MOXET 6bITb MCMO/Ib30BaHO

Ha 3Tane 06paboTKM CMIHA/0B A5 UX yCTPaHEHWUS, MOCKOJIbKY UX AOMJIEPOBCKMIA CMEKTP
ABNAETCS BeCbMa LWUMPOKNM, NOBbILLIAs ypOBeHb LyMa. Ecnv 3Tn gaHHble 66111 NONYyYeHbl
pagrMonokaTtopoM KJIMCTPOHHOIO TUNa, TO pagManbHas CKOPOCTb NOABUTCA B BUAe
KOTr€PEeHTHbIX AaHHbIX.

MeToabl Cba3OBOFO KOANpPOBaHUA 6biK pa3pa60TaHb| O19 KOreépeHTHbIX A0M/1€PpOBCKUX
PagnoaokaTtopos, CTeéM YTOOHI pa3sindatb BTOPUYHbIE SXOCUTHA/IbI. 06pa60TKa MOXeT
npon3BoAnNTbCA B OTHOLLEHNUN TEKYLLETO MMNy/1bCa NEPBUYHOIO 3XOCUTHa/1la U NpeabiAyLLEro
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PucyHok 7.12. lpumep BTOPUYHbIX 3XOCUTHA/I0B, CBA3aHHbIX C OTPaXkaeMoCTbio (c/1ieBa) n
paAvanbHOM CKOPOCTbIO (CnpaBa), 419 MarHETPOHHOIO paguoJsiokaropa.

UMnynbca AN BTOPUYHOIO IXOCUTHaNa. TO Ha3biBaeTcs 06paboTKoM ClyvaitHoN dasbl.
OHa aBnsetcs 3¢phekTUBHOM, €N YyBCTBMTENIbHOCTb PaAnoiokaTopa SB/ISeTCa XopoLuen
(Hn3KOWM), C TeM YTOObI BTOPUYHBIN 3XOCUIHAM MOXHO 6bIN10 O6HAPYXUTb BbILLE YPOBHS
LIyMa, a Takxe, eCm cTabunbHOCTb hasbl ABISeTCA xopoLuel (HU3KOW), C TeM YTO6bl MOXHO
6b1710 BOCCTaHaBAMBaTb (pasy MM CKOPOCTb Ha AalbHUX PACCTOAHUAX. [Ins KOrepeHTHbIX
nepeaaT4MKoB MOXET reHepMpoBaTbCs NCeBAOC/yYaliHasa NocaeoBaTe/IbHOCTb. B 6onbLuer
CTeneHu Ny4yLMM CnocoboM ABaseTcs Moaynauma gasbl M3BECTHLIM CMOCO60M A1 TOYHOTO
OTAEeNEeHNA NePBUYHOIO 3XOCUTHaNa oT BTopuyHoro. Frush et al. (2002) paspabotanu 3ty
METOAMKY A1 KINCTPOHHbIX CUCTEM.

B korepeHTHOW Ha Nnpueme (HanpuMep, MarHeTPOHHON) cucTeme Bapuaums casbl ABAseTCA
HesiBHO C/ly4aliHOW. B korepeHTHON Ha nepefaye (Hanpumep, KIMCTPOHHON) cucteme
Bapuaums gasbl HallaraeTcs MoAy/aTOPOM KOHTpoAMpyeMbim o6pa3om. Mpumepom senseTcs
dpasoBbIn MoaynaTop SZ2, ncnonbsyemolii B cucteme WSR-88D CLUA. Ha pucyrke 7.13
npueoasATca aoBa npumepa (a-d, e-h) Ana nnnocrTpaumm NpenmyLLECTB U OrpaHUYeHNi
MeToAMKN cny4aiHol dasbl. U3o6paxeHus 7.13(a) u 7.13(e) npusoaatcsa ¢ Huskon YN un
nokasblBatoT «UCTUHY». M306paxeHuns 7.13(b) n 7.13(f) nonyyeHbl npyu nomMoLLM METOAMKN
cnyyaHon dasbl. lemapkaLms rpaHuLbl Mexay nepBUYHbIM—BTOPUYHbBIM 3XOCUTHaNaMu
nokasaHa 6enow cTpenkon. PaspbiB onpeaenseTca TeM, 4YTO BO Bpems nepegaqm umnysbca
npueMHU1K Bbik/toYaeTcs. Ha nsobpaxennsx 7.13(a-d) nmHus wkeana He gocTurna
paguonokatopa. 2xoCcurHanel B6a13M pagmonokaTopa ABAA0TCA c1abbiMy OTHOCUTENBHO
3XOCUTHAN0B Ha Aa/lbHUX PACCTOAHUAX, U AaHHaa MeToAuKa XOpoLLo cpabaTbiBaeT, MOCKOJIbKY
BOCCTaHaBMBaeTca 60/bluas YaCcTb BTOPUYHOTO 3xocurHana (cpasHute 7.13(a) c 7.13(b)). Ha
nsobpaxeHuax 7.13(e-h) 4acTb cucTembl 0CaAKOB AOCTUINA PajMonoKaTopa, 1 No3Tomy B6/13n
paguonokaTopa MMelTCs OTHOCUTE/IbHO CU/IbHbIE 3XOCUTHA/bl MO CPAaBHEHUIO C 3XOCUTHaaMm
Ha 60/bLLINX paccToAHUSAX. [laHHas MeToanka AelicTByeT MeHee 3(h(peKTUBHO M3-3a 60/IbLLOIO
KOSIN4eCTBa IXOCUTHaN0B, KOTOPble He BoCCTaHaBnmBatoTca (cpaBHuTe 7.13(e) ¢ 7.13(f)). Mpu
NPYMEeHEeHNN 3TON MeTOANKM BO3MOXHO MCNO/Ib30BaHUe AaHHbIX TONbko ogHon YT, a
ckopocTb HalikBucTa paBHa 16 M- ¢! (n3ob6paxeHus 7.13(c) u 7.13(g)). AaHHble asoiiHon YT ¢
paclimpeHHoOM ckopocTbio HalikBucTta B 48 M-C' noka3aHbl Ha nsobpaxeHusax 7.13(d) n 7.13(h).
B cniyyae HanoxeHUs xOpoLlo NOArOTOB/IEHHBIN aHA/IMTUK MOXET BCE XE NHTEPNPEeTUpPOBaTh

1 3cbpeKkTUBHO UCNob30BaTh AaHHble ogHol YW, Hanpumep, Ha n3obpaxennn 7.13(c)
MOXHO HabntoaaTh «3aK/II0YNTENbHBINA BUXPb» (6esble n YepHble cTpenkn). CoOoTBETCTBYIOLLNE
n3o6paxeHns OTpaKaeMOCTN — 3TO BHyTPeHHMe (MePBUYHBIN 3XOCUIHa) YacTn n3obpaxeHuni
713(b) n 7.13(f). BaxHbIM acnekTom 06paboTKmM c/lyHaiHoOW pa3bl ABASETCA TO, HTO NEPBUYHbIN
axocurHan byaeT xapakTepmn3oBaTbCs 60Jiee BbICOKMM Ka4e€CTBOM AaHHbIX, MOCKO/bKY
ocyulectBnseTcs punbTpaLLns BO3AEACTBUN BTOPUYHOTO 3XOCUIHana.

Mpeablayuias MeToamnka UCNOb3yeT paamosiokaTop HabnoaeHus ¢ Huskon YN ans
onpeaesieHNs MeCTOMONOXEHNS OTPAXEHHOr0 3XOCUrHana. 3atem, koraa NpPoucxoamT
Ay6nanpoBaHMe 3X0CUTHaN0B B AOMNJIEPOBCKOM pexuMe Npu MeHbLUel AalbHOCTU, MOLLHOCTb
N CKOPOCTb 3XOCUIHaJ/1a ONpeaenatoTca MecToM € 6o/bLuei oTpaxaTenbHOM CNOCOOHOCTBIO
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(pucyHok 7.14). 310 cpabaTbiBaeT, €C/I MOLLHOCTb 3Ha4nTeIbHO oTandaetca (> 5 ab).
Pagmonokatop c 601bLION AanbHOCTbIO 0630pa MCNONb3YeTCA A4 BbIAB/IEHMS MecTa
OTpaXeHHOro 3xocurHana. JonjiepoBCcknii paanonokaTop Masion AaslbHOCTM UCMOJIb3yeTca ANs
N3MepeHuna AONAePOBCKOM UK paanasabHOM CKOPOCTU. PagnanbHas CKOPOCTb onpeaensercs
Mo OTpaXeHHOMY 3XOCUTHany HanbosbLuen MOLHOCTU. ECIM MOLLHOCTH KaX aoro n3 asTnx
CUTrHaN0B HaxoaATca B npeaenax 5 ab, To faHHas meToauka He paboTaeT 3hheKTUBHO U
JaHHble pagnanbHO CKOPOCTM HE BOCCTaHaBAMBAIOTCA M 0603Ha4YaloTCA Kak YMHOXEHHas
AanbHOCTb. OHM OTMeYeHbl 6e/biM LBETOM Ha pucyHke 7.14. icnonb3yoTcs HEKOTOpbIE LiBETHbIE
CXeMbl, Ha KOTOPbIX 3TN 3XOCUTHa/Ibl 0603Ha4€eHbl NYPNYPHbIM LLBETOM, M MO3TOMY MUX YacTo
Ha3blBAIOT «NypPMNypPHOWN M0 >».

PucyHok 7.13. Mpumep yBennvyeHus AanbHOCTU 06Hapy>XeHUs C UCNO/Ib30BaHUEM C/Iy4alHOM
¢asbi: Mpumep cnesa (a-d) nokasbiBaeT cUTyaLuio, NPU KOTOPOIA NEPBUYHBIN 3XOCUTHaN
aBnserca clabbiM, a BTOPUYHDIN CUTHa/ B 3HA4YUTESIbHOM CTeNeHn MoXeT 6bITh
BOCCTaHOBJIeH. B npaBoii YacTtu aToro npumepa (e—h) nokasaH cMNbHbIV NEPBUYHbIN
3XOCUrHa, KOTOPbIN UCK/TIOYaeT BO3MOXHOCTb BOCCTAHOBJ/IEHWUSI BTOPUYHOIO 3XOCUrHana.

PI/IC)/HOK 714, ,El,nﬂ BOCCTAHOBJ/1IEHUSA BTOPUYHOTO 3XOCUTHa/1a NPUMEHAETCA MHOXECTBO
MeTOoAUK, CBA3AHHbIX C t'"-"/l, npun 3TOM HE NPOBOAUTCA AOMOJIHUTE/IbHAA 06pa60TKa
KOAUPOBAHHOTO No d)ase CUrHana. ﬂ,ﬂﬂ ﬂpOCTpaHCTBeHHOVI NoKains3aumm NHTEHCUBHOCTU
3XOCUTHa/1a UCNOJIb3ylOTCA CKaHUpPOBaHUA C HU3KOMN L"-"/l, AeﬁCTByIOLI.I,Me Ha 60/bLION
Aa/IbHOCTWU. D,HFI nsmMepeHua paAMaﬂbHOﬁ CKOpPOCTU UCNOJIb3yeTCcsa CKaHUpoBaHue c BbICOKOM
t'"-"/l, HO Ha Ma/IOM pacCTOAHUMN. PapgnanbHas CKOPOCTb NpUBsA3aHa K 3JIEMEHTY pa3peLlueHus
no Aa/1IbHOCTU Npun HauBbICLLUEN MOLLHOCTM.
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[nsa ogHOBpeMeHHOro orpaHnyeHns o6enx npob6aeM MoxeT 6bITb UCNO/Ib30BaHa KOMOMHaLLNA
MHoxecTBa YW 1 meTtoamkn chasosoro pasHoobpasusa (WMO, 2012; Yamauchi et al., 2013).

7.6 ONTUMUBALNA XAPAKTEPUCTUK PAOAUOJIOKATOPA
7.6.1 Bbi6Gop paguonoxkaropa

Pagnonokatop siBnsetcs Bblcoko3(pdekTMBHOM HabntogaTenbHOM cucTeMoli. B To e Bpems,

3 peKTUBHOCTbL N1060r0 KOHKPETHOIO panosiokaTopa U paanonoKaLMOHHOM CUCTEMBI
onpeaenaTca KOHKPETHbIM NPUMEHEHNEM, KIMMaTUYeCKUMN YCII0BUAMM, MECTHOM
OoKpYy>KatloLen cpenon (3aTeHeHMe) 1 CTPYKTypow ceTu. Jlio6as xapakTepucTnka pagnonokatopa
TpebyeT KOMNPOMMUCCHOIO pelleHns. H1M oaAnH pagnonokaTop He MOXeT 6bITb CMPOEKTUPOBaH
Takum o6pa3oM, 4Tobbl 6bITb MaKCUManbHO 3P PEKTUBHBIM A9 BCEX BUAOB HabntoAeHUA.
MO>XHO OMNbITHBIM NyTEM BblIOpaTb XapakTEPUCTUKWN A1 AOCTUXEHNS MaKCUMabHOM

3¢ PeKkTUBHOCTH, C TEM 4TOObI HaMNy4YLMM 06pa3oM COOTBETCTBOBATb HECKOJIbKMM BUAaM
HabnoaeHNI, TaKMM Kak o6HapyxeHne TOpHaAo Ui obHapy>XeHue CHeXHOro LWKBasa, HO

He 419 BCeX NpUMeHeHul (Mo cpaBHeHMIO C HabNtoAeHNAMN Ha 60/IbLUNX PACCTOSHUSAX).
CyLecTBeHHbIM coobpaxkeHneM ABAAIOTCS (PUHAHCOBbIE 3aTpaThl. BONbLIMHCTBO B3anMocCBsa3ei
MOXHO NPOC/IeANTb U3 ypaBHEHNS pagmoniokaummn 4anbHOCTU.

BaxxHbIM coobpakeHneM ABNAeTCA CTPYKTypa paAnNooKaLMOHHON CeTU U BUA, MPUMEHEHMA.
PaanonokaunoHHble ceTn X-AnanasoHa npeanaraloTcs Ans pasHoobpasHbIX JOKaNbHbIX
npUMeHeHni, koraa TpebyeTcs AasbHOCTb Nopsaaka 50 KM AN MeHbLLE U KOFAa UCKIIOYUTENBHO
BaXXHOW SB/IA€TCA 30Ha OXBaTa Ha HU3KOM YPOBHE, HanNpuMep, CHEXHBbII LLKBaa HU3KOTro
YypOBHs, 06HapyxeHWne TOpHaao, obHapyXeHNe MUKPOMOPbLIBA, C/I0XKHAas MECTHOCTb (ropucTas),
ropoAackas ruaposiorusa u, BO3MOXHoO, CMAryeHne Bo34eCTBUA BETPOIHEPreTUYeCKnX
yCTaHOBOK. VI3HavyanbHas Lenb 3TUX ceTeld 3akato4anach B aAanTMBHOM 30HAMPOBAHUM
aTMocdepbl A1 MHOTOYUC/IEHHBIX BUAOB NPUMEHEHNI — OT MOTroAbl 10 yNpaBaeHns
BO3/YLUHbIM ABMXKEHNEM. DTOT MPOLLECC OCYLLECTBASETCA B COHYeTaHUN C paboTON aHTEHHBI

¢ hasnpoBaHHOW peLueTkon, koTopas obagaeT CNOCOBHOCTbIO K OPUEHTALLUN U MOXKET
OCYLLEeCTBNATb COBMeCTHOe ckaHupoBsaHue (McLaughlin et al., 2009). MHHOBaLMOHHbIN
XapaKkTep 3TON TEXHO/I0MMM 3aK/Il0HaeTCs B HU3KNX TpeboBaHUAX B NiaHe MHMPaCTPyKTypbl
aHTeHHbI C pa3npoBaHHON peLleTKOW, KOTOPYO MOXHO MOHTMPOBAaTb Ha CTEHE 34aHNs UK Ha
MMeIOLLENCA BbILLIKE.

7.6.2 [ANvHa BOJIHBbI M LULUPUHA TyYa

Yem 60/iblLLUe ANMHA BOJIHbI, TEM BbilLEe CTOMMOCTb PaAN0OI0KaLLMOHHON CUCTEMBI, B YHaCTHOCTH
aHTEeHHa OLLeHMBAETCA NO CONOCTaBMMbIM NapaMeTpaM LWNPUHbBI y4ya (T.e. pa3peLueHune).

DTO CBA3a@HO Kak C yBe/IM4eHMEM KOIMYeCTBa Pacxo4HOro matepumana, Tak U CO C/IOXKHOCTAMMU
obecneyeHns COOTBETCTBUA AOMycKam NPU yBeInveHun pasMepa. B npegenax ananasoHos,
npeAcTaBAAOLWNX UHTEPEC AJ15 MeTeopoiornyecknx pagmonokatopos (S, Cn X),
4yBCTBUTE/IbHOCTb paAnoaoKaTopa uimn ero cnocobHOCTb 06HapyXnBaTb Lie/ib B 3Ha4MUTENbHOWN
CTeNeHn 3aBUCUT OT A/IMHbI BOAHbI. O4HAKO 3Ta 3aBUCMMOCTb YMEHbLUIAETCS B MPaKTUYECKOM
naaHe 3a c4eT MOLLHOCTM nepeaaym curHana. OHa Tak>ke TECHO CBA3aHa C pa3MEPOM aHTEHHBI,
KOTOpbIl BAUSAET Ha KO3 DULNEHT HaNpPaBIEHHOTO AeACTBUS aHTEHHbI, LUMPUHY yYa U1
3anoJsiHeHue fyya. Jns Takmx cneumanm3mpoBaHHbIX MPUMEHEHUN, Kak OGHapyXXeHne TymaHa
WA 061a4HOCTH, AOCTYMHBIMU CTAHOBATCS PaAMOJIOKaTOPbl C MEHbLUEN AAMHON BOAHbI (35 Ty,
1 94 Ty), M OHM NCNONB3YIOTCA C N1aTOPM KOCMUYECKOro 6a3MpoBaHus A5 NPOBeAEeHNS
n3MepeHuin napameTpoB 061a4HOCTN AN ocaakos (Hanpumep, [poeKkT Mo M3IMepPEHNIO OCaAKOB
B Tponukax (TPMM); Ino6anbHoe nsmepeHue ocagkos ([MIM); CloudSat; n cnyTHuk ans
n3y4eHus obnakos, aspo3osienn n pagmauum 3emnum (EarthCARE)).

MapameTpbl 4a/IbHOCTM AON/IEPOBCKOro pagno/okaTopa B paguo/OKaLuoOHHOM CeTU UMELOT
60/bLLIOE 3Ha4YeHMe AN BbIOpaHHOM ANNHBI BOMHLI. [1pn oAnHakoBon ckopocTu HankeucTa
S-anana3oH 6yaeT MMeTb ABOMHOWM YaCTOTHBIN Anana3oH HankBncTa no cpaBHEHMIO C
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pagnonokatopom C-gnanasoHa n COOTBETCTBEHHO ByAeT B 3HaYNTEIbHON Mepe BAUATb
Ha o6ecrneyeHne 0g4HO3HAaYHOro oxBaTa. IToT apekT MoxeT 6bITb 0cnabneH 6narogaps
paccMOTPEeHHOM paHee MeToAMKe, CBA3aHHOM CO CKOPOCTLIO U paclUMpeHnem guanasoHa.

OcnabneHune PagnonokKaLMOHHbIX nyqel‘/’l Hanbosee 3HAaYNTENbHO B AoXxae, MeéHblLLle — B CHEre

M Ha neaAaHbixX Kpucrtasinax, u eule MeéHblle — B obnakax n aTMOCd.)eprIX rasax. B 6onee
LLIMPOKOM CMbIC/1€ ocnabneHue B S-p,wana?,OHe OTHOCUTEJ/IbHO HE3HAYNTE/IbHOE. Paﬂ,VIO}'IOKaTOp
S-,Cl,l/lal'la3OHa, HECMOTpPA Ha €ro CTOoMmMoCTb, UMEET CyLLLeCTBEHHOE 3Ha4Y€HUE NMPU CKaHNPOBaHUU
LLeﬂeI7| C 0OY€Hb BbICOKOW OTPa>XaeMOCTbIO B CU/IbHbIX LUTOPMax C rpagoM B YMEPEHHbBbIX U
C)/6Tp0|'| NYECKNX lWWnpoTax. OcnabneHune Y pagnosiokaTtoposB X-,Cl,l/lal'la3OHa MOXeT 6bITb CUJIbHbIM
Ha KOPOTKUX ANCTaHLUUNAX.

3Ha4nTeNbHbI HEAOCTAaTOK COCTOUT B TOM, 4TO 60o/iee KOPOTKME BOJIHbI 0C1abnaioTCa ropas3ao
cunbHee. Eule octaetcs y6eamTbCs B TOM, MOXKET /i METOAMKA ABONHOMN nonapusaummn K,
KOMMeHCMpoBaTb ocnabneHne 40 TOro, kak Npoun3onaeT NojHoe ocnabneHue (4To cny4vaerca
BECbMa He4YacTo), M ONpaBAaHHbIM /11 ABASETCA UTHOPUPOBaHUe ocnabneHnsa B S-AnanasoHe.
Echn meToanka K ), okaxeTcsa 6onee 3(h(HeKTUBHOMN /18 OLLEHKM 0CA/IKOB MO CPABHEHWIO C
MeTOAMKOW pacyeTa paAnoN0KaLLMOHHON OTpaxaeMoCTH, TO BOJIHA MEHbLUEN ANINHBI ABAAETCA
60nee YyBCTBUTEIbHOW K 0C1abeHMI0 U MO3TOMY MOXET OKa3aTbcs 60onee 3hheKTUBHO.

PagronokauMOHHbIN CUTHaN MOXET ObITb MOIHOCTLIO yTepsH B C- n X- Anana3oHax, 0CO6eHHO,
ecin o6TekaTe/lb aHTEHHbI ABNSETCSA BAaXHbIM. XOTS1 3TO MOXET Noka3aTbCs KaTacTporuyeckunm,
KJIIO4EBOW BOMPOC 3aK/04aeTcs B TOM, MPUBOAMUT M NOTeps curHana (kak npaBuio, Ha

[eCATKU MUHYT B C/lyYae pacnpoCTpaHsoLerocs LWtopma) K pakTuyeckoMy oTCyTCTBUIO
npeaynpexaeHunii 0 CypoBOM LUTOPME WM ONOBELLLEHMS O 6bICTPOpPa3BuBatoLLLeEMCs 6ypHOM
nasogke. ONbIT NOKa3biBaeT, 4TO NpeaynpexaeHuna 6yayT yxe, kak MpaBu/io, BbiMyLleHbl, a
noteps O4HOIo WN ABYX d/1EMEHTOB laHHbIX He ABNSeTCS KaTacTpodmyeckon cuTyaumen ans
rMAPOJIOTMYECKMX Lienen.

7.6.3 MepepaTyMKM U MOLLHOCTb U3J/Iy4YE€HUA

Bo3MOXHOCTb 06HapyXeHUs Lie/In HEMOCPeACTBEHHO CBA3aHa C NMMKOBOM BbIXOAHOW
MOLLIHOCTbIO paAMoa0oKaLMOHHOro nmnynbca. OfgHaKko UMeIoTCs NpakTUYeckne orpaHnYyeHuns
AN9 BEIMYNHbI BbIXOAHOW MOLLIHOCTM, KOTOPbIE AUKTYIOTCA TEXHONOTMEN MOLLHbIX
reHepaToOpHbIX lamn. HeorpaHWyeHHble yBeNMYEHNS MOLLLHOCTU He ABASAIOTCS CaMbIM

3¢ PeKTUBHBIM CPeACTBOM MOBLILLEHNSA BO3MOXHOCTN 06Hapy>keHuns uenun. Hanpumep,
yABOEHWE MOLLHOCTU NOBbILLAET YyBCTBUTE/IbLHOCTb CUCTEMbI TONbKO Ha 3 Ab. TexHn4eckn
MakCUManbHO BO3MOXHas BbIXOAHasA MOLLLHOCTb BO3pacTaeT C yBe/IMYeHNEM AANHbI BOHbI
W LWUMPUHBI UMNYyNbCca. YNy4ylleHuns, CBA3aHHble C ANCKpeTu3auunei, HyBCTBUTEIbHOCTbIO
npuemMHuka, K03(pOULNEHTOM YCUNEHNSA aHTEHHbI, LLMPUHOW UMNYy/bCa 1 BbIGOPOM
AJMHBI BOJTHBI, MOTYT 6bITh 60/1€€ AeNCTBEHHBIMU CPeACTBAMU YBENYEHNS CNOCOOHOCTH
paavonokatopa obHapyXunBaTb LLen.

LLInpoko pacnpocTpaHeHHbIMU NCTOYHUKAMM IHEPrOCHABXeHNA ABAIOTCA MarHeTPOHbI

N KIMCTPOHBI. MarHeTpoHbl IBASIOTCS MeHee OPOroCcToOALWMMM, HO OHU ABASIOTCA
reHepaTopaMu 3/1eKTPONUTaHUA, U MO3TOMY MeHee CTabu/ibHbI NO YacToTe. MHorune
[OMnJepoBCKMe PagmnosioKaTopbl BbIMOJHEHbI B HACTOSILLEE BPEMS Ha MarHeTpoHax 1 npu
HanM4YnM KoakCMabHbIX MarHETPOHOB 1 LN POBON TeXHONOrMKN Ha3oBbIN LLYM 3TUX CUCTEM
MOXeT 6bITb CONOCTaBMM C LUYMOM KJIMCTPOHHbIX cucTeM. bnarogaps meHbwemy cdasoBomy
wyMy obecneymBaeTcs 66nbLUas BO3SMOXHOCTb A/19 NOAaB/AeHNA MeLLatoLLINX OTPpaxXeHN N
(pucyHok 7.15). ®a3oBbii Wym MeHee 0,5° — 3TO MUHMMaJIbHbIN YpOBeHb 3(PPeKTUBHOCTH
paboTbl COBpEMEHHBIX pagnoiokaTtopos. [py HopManbHbIXx pabo4nx AAVHAaX BO/IH TUNOBbIE
paanonokaTopbl OMKHbI 06HaPyXMBaTb 0CaAKM C UHTEHCMBHOCTbIO nopsiaka 0,1 MM-4~' Ha
paccTosiinmn 200 KM 1 UMeTb MMKOBbIE BbIXOAHble MOLWHOCTM nopaaka 250 kBt n 1 000 kBT nan
6onbue B C-Anana3oHe 1 S-gnanasoHe COOTBETCTBEHHO.

B nocnegHee BpemMsa onepaTtnMBHO yCTaHABJ/IMBAKOTCA TBEPAOTE/IbHbIE NepeaaT4HnNKN.
Bnarop,apﬂ MM pacCCYnUTbIBAOT obecnevynTb MeHbLUNN 06 bEM TEXHUYECKOTO O6C}'Iy)KVIBaHI/I$I
npu BbICOKOW HaAEeXHOCTUN TEXHOTOTUN TBep,CI,OTeJ'IbHOI\/'I S/IEKTPOHUKHN, MPEKPACHYIO
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PucyHok 7.15. KorepeHTHOCTb ((pa30Bblii LLyM) — 3TO Mepa KayecTBa paboTbl 4ON1€POBCKOro
papuonokaTopa, U OHa HenocpeACTBEHHO CBsA3aHa CO CMOCOOHOCTLIO yAansATb NOMeXxXH,
BbI3BaHHble OTPaXXx€eHUeM OT 3eMHO NOBEPXHOCTU, U CMOCOGHOCTbLIO BOCCTaHaB/IUBaTb

BTOPUYHbIE DXOCUrHaJIbl, UCMOJIb3Ysl METOAUKY KOAUPOBaHUA no case.

da3oByto CTaBUNBHOCTb U 31EKTPOHHY0 CTabUNBbHOCTb A5 NPOBEAEHNS U3MEPEHUI C
[ABOWHOM nonspusaumeii. TeepaoTenbHble NnepeaaTtynkn, kak npasunao, o61agatoT HA3KOM
MOLLHOCTbIO U TpebyloT MHOXeCTBa AJIMHHOBO/IHOBbIX UMMYJ/IbCOB U KOMNPECCMU UMMNY/bCOB
AN foCTMxeHns TpebyeMblx NapaMeTpoB HYyBCTBUTEIbHOCTU. OHM NpeacTaBAstoT cob6oi
KOMOUHaLMIO MMNY/bCHBIX PAaAN00KaTOPOB 1 PaAnN0I0KaTOPOB C YaCTOTHOM MoAynaumnen —
He3aTyxalowWwmnmm kosiebaHnamu. NMpobremon aBagt0TCA 60KOBbIE JIENeCTKM NOo Aa/IbHOCTU B
TOM, 4TO KacaeTCsl CXxeM MOAYNALUM C KOMNPeCCUeN UMMNY/bCOB, U eLlle NPeACTOUT yCTaHOBUTD,
ABJIAOTCA /1IN OHM 3HAYUMbIMU B C/TyHae METEOPOIOTNYECKOrO MPUMEHEHMS.

7.6.4 ANNTeNbHOCTL UMAYJIbCa

AnntenbHoCTb MMNy/ibCa onpeaenfaeT pa3peLlarLLyo CMoCcCo6HOCTb paguonokaTtopa no
AanbHOCTU. Pa3speliatouias cnoco6HOCTb MO AAaZIbHOCTH, UM CMOCOBHOCTb pagnonokartopa
pa3nn4yaTb ABe OTAe/IbHbIE Liei, NPOMNOPLMOHaNbHa NONOBMHE NMNYAbCa B NPOCTpaHcTBe. Y
60M1bLUMHCTBA KINCTPOHOB U MarHeTPOHOB MakCMMasibHOE OTHOLLEHMWE LUMPUHbBI UMNYJIbCa K
YT coctasnset okono 0,001. O6blYHas ANNTENbHOCTb MMMNYyAbCa HaxXo0AUTCA B Nnpeaenax ot 0,3
10 4 MKC. INnTenbHOCTb MMMYAbCa B 2 MKC COOTBETCTBYET paspeluatoLen cnocobHoctn B 300 m,
a MMNyNbC ANNTENIbHOCTBIO 0,5 MKC MOXeT nmeTb paspeLueHue B 75 m.

I'IpM AonyLweHnn o TOM, 41O VIMI'IyrIbCHbII7I ob6beM 3anonHeH Uesblo, yaBO€HUE ANNNTE/IbHOCTU
MMnyJssibCa NOBbIWAET HYYBCTBUTE/IbHOCTb paAMO/IOKAaTOpPAa Ha 6 ab npun ncnosib3oBaHMn
COOTBeTCTB)”OLLI,eVI NPUEeMHUKY CI:)I/I}'IpraLI,VIM, XOTA Npun 3TOM YMEHbLUAETCA pa3peLueHne;
COKpaweHne ANMNTENbHOCTU UMIMYy/IbCa CHUXKaAET 4HyBCTBUTE/IbHOCTb, XOTA MPW 3TOM MOBbILLIAETCA
pa3peLweHue. |/|MI'I)/)'IbeI C MeHbLLEMN OTNTEJIbHOCTbIO NO3BOIAIOT NMNOJy4aTb 6onee He3aBUCHMbIE
OaHHbI€ 30HAMPOBaHUA Uenn B npeaenax 4a/lbHOCTU ,Cl,eVICTBI/IFI n obecneymsatoT noteHuwmnan ana
NMNOBbILLEHUNA TOYHOCTU OLUEHKN.

7.6.5 YacToTa NnOBTOpPEHUS UMMNY/IbCOB

[na nonyyeHns MakCMManbHOIO YMC/ia U3SMEPEHNI LLenun B eanHuLy BpemeHu YN

[0/1XHa 6bITb HACTO/IbKO BbICOKOM, HACKO/IbKO 3TO MPaKTUYECKN OCYyLLLEeCTBUMO. MICXOAHBIM
orpaHuyeHvem Yl aBnsetcs HexenatesbHOe 06HapyXeHUe BTOPUYHbIX IXOCUTHAOB.
BoNbLWNHCTBO paanoioKaTOPOB, U3MEPSIOLLMX TO/IbKO OTPAXaeMOCTb, UMEIOT OAHO3HauHble
[anbHOCTU, NPEeBbILLAlOLLME NONE3HYIO Aa/IbHOCTb METEOPONOrNYeCckmx HabtoaeHNN,
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OCYLLLeCTBASEMbIX PaaM0n0KaTopoM. BaxkHbIM orpaHMyYeHeM NONe3HOW Aa/IbHOCTH
0o6Hapy>XeHUs MeTeOPOI0rMYeCKON LLen ABASETCS 3HaYMTeIbHas BbiCOTa /lyva Haj 3eMHOM
NOBEPXHOCTbIO Aaxe Ha AaibHOCTN 250 KM.

B nonnepoBckunx paamosiokaumMoHHblx cuctemax Boicokue YIMN (~1 200 c') ucnonb3ytotcs
A5 NOBbILIEHNS NpeAena O4HO3HAYHOrO N3MEPEHNS ONNEPOBCKON CKOPOCTH. PesynbTaTom
3TOro ABNAETCA AONEepPOBCKasa AUeMMa, Korga NpuHMMaeTcsd KOMNPOMUCCHOE peLleHne
MeXxay TakKMMKn napaMeTpamu, Kak MakCMmaJsibHas 4a/lbHOCTb MU MakCMMasibHas CKOpPOCTb.
dakTop HIMN He cBsi3aH cO 3Ha4YMTENbHBIMU (DMHAHCOBLIMW Pacxojamu, HO CUIbHO BAUSET
Ha 3(pdekTMBHOCTL paboThl cucTeMbl. Bkpatue, Boicokas HYIMW xenatenbHa Ans ysennveHus
KO/IMYeCTBa U3IMEPEHNI, MOBLILLIEHWNS MaKCUMaIbHON OJHO3HAa4YHO N3MEPSEMOMN CKOPOCTH

1 NoNy4YeHNs BO3IMOXKHO 60oJ1ee BbICOKMX CKOpocTel ckaHnpoBaHua. Huskune YN (~300 ¢ ')
XenatenbHbl 415 yBE/IMYEHUS MakCMMaIbHOM OAHO3HA4YHOM N3MepPAEMON AanbHOCTU U
obecneyeHns oNTUMabHOIO pexnma paboTbl.

7.6.6 AHTeHHas nogcumcrema

[na nonyyeHns chokyCMpOBaHHOIO Y3KOro KOHMYECKOTrO Jiyvya B METEOPOIOTMYECKUX
paanonokatopax o6bl4HO UCNOb3yeTcsa Napabonnyeckas aHTeHHa C PynopHbIM

obnyvatenem. Tpems BakHbIMU XapakKTepuUCTUKaMu SIBASIOTCS LWMPUHa NyYda (yrnoBoe
pa3speLueHune), kodapDULMNEHT yCUNEeHUS aHTEHHbI 1 60KOBble IenecTkn. 115 o6LLenpuHATbIX
MEeTeOopPOI0rMYecknx paanosiokaTopoB pa3Mep aHTEHHbI yBe/IMYNBAETCS C POCTOM A/INHbI
BOJIHbI C (PUKCUPOBAHHOW LUMPUHON SlyY4a U C yMEHbLUEHUEM LUMPUHBI HE06X0AMMOTO Nyyda. [Ans
06bIYHON Lenu WMpKrHa lyya aHTEHHbl METEOPOJIOTMYECKOro paauosiokatopa coctaenser 1°,
XOT$1 B CBOE OCHOBE 3TO YNC/O HE ABNSETCH YEM-TO OCOOEHHbBIM.

B xofie Hay4HbIX MCCnefoBaHNI BeAeTCA U3yHeHne MeToAMNK, CBA3aHHbIX C aHTEHHaMM C
(paszMpoBaHHO peLleTKON, 1 B HacTOsLL,Eee BPEMS 3TU aHTEHHbI, paboTatolme B X-AnanasoHe,
ABAAOTCA AOCTYNHBIMU NO NPUEMAEMbBIM LieHaM. DTN aHTEHHbI COCTOAT M3 U3/TyHatoL X
3/1eMeHTOB C ynpasasemoi a3oi, koTopble GopMUpyIoT Nyy. MoryT 6biTb paspaboTaHbl
ajanTupyemble cTpaTermmn CKaHMPOBAHUA AN KOHKPETHbIX Lief1eit Man 06yCnoBAeHHbIe
cBOMCTBaMM Lenun, 6narogaps KOTOPbIM MOXET ObITb TeOpeTUdeckn obecneyeHo bbicTpoe
CKaHMpoBaHue nan cobntoeHbl TPe60BaHNSA K BbICOKOMY Ka4yeCTBY AaHHbIX, OAHAKO 3TO eLle
npeaCcTOUT MPOAEMOHCTPUPOBATL B XOAe NPakTUYeckol paboTbl. MickatoueHne oTpaxeHui
OT MECTHbIX Ha3eMHbIX 06bEKTOB MOXeT ObITb BbICLLIErO Ka4eCTBa, MOCKO/bKY 3TU CUCTEMBI He
CKaHMpYIOT, a hakTU4eCkn COBepPLLAIOT MOMEHTa/bHbI 0630p MO KaXXAOMY asuMyTy, U TakUM
06pa3oM He NPOUCXOAUT Pa3MbITUSA JIy4YOM IXOCUTHAIOB, OTPAXKEHHbIX OT 3eMHOWN NOBEPXHOCTMU.

Pa3mep aHTEHHbI U LWUMPUHa NlyYa

LLinpuHa ny4ya MeTeoponornyeckmx pagnonokatopos 06bli4HO HaxoauTca B npeenax 0,5-2°.
Onsa nyya wmpunoii 0,5 n 1° B C-ananasoHe gnameTp 3epkana aHTEHHbI COCTaBAAET Kak
MUHUMYM 7,1 1 3,6 M COOTBETCTBEHHO; B S-Anana3oHe — 14,3 n 7,2 m. C yBenmMyeHnem pasmMepos
3epKaJia aHTeHHbI LleHa aHTEHHOW cucTeMbl 1 ee naaTdopmbl pesko Bo3pacTtaeT. CyLecTByioT
Tak>Xe TEXHNYECKN peasnnsyemblii U CTOMMOCTHOW npeAesibl. Kpome TOro, COOTBETCTBYOLLUM
o6pa3om fomkHa 6biTb BoiGpaHa onopa, KoTopas CMOXeT BblAep>XaTb BEC aHTEHHbI.

Tpe6osaHne obecrneveHns y3Koro ny4a Ans MakCMManbHOTO paspeLleHns 1 yBen4eHns
BEPOSATHOCTU 3aMO/IHEHUSA Jyya LLe/Iblo ABNISeTCA 0CO6E€HHO KPUTUYHBIM C POCTOM AabHOCTU.
Onsa ny4ya B 0,5° asumyTanbHas (M BepTuKanbHas) LUMPUHA CE4EHNSA NTyda Ha AasibHOCTK 50,
100 n 200 km cocTtaBnset 0,4, 0,9 n 1,7 km cooTBeTCcTBEHHO. [1/19 nyya B 1° 3TOT napameTp
cooTBeTcTBeHHO paBeH 0,9, 1,7 1 3,5 kM. Takxe npu TakMx OTHOCUTENBbHO Y3KUX yHax Ux
LIMPMHA Ha 60bLUNX PACCTOAHMAX CYLLLECTBEHHO BO3pacTaerT.
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KoadbpuruneHT ycnneHns aHTeHHbl Takxke 06paTHO NPONOPLMOHANEH LUMPUHE Syda, U MTO3TOMY
60nee y3kne Nyyn NoBbILIAIOT HYBCTBUTENbHOCTb CUCTEMbI NPY MOMOLLM 3TOro KO3 UL MeHTa,
paBHoro anddepeHumnanbHomy koadduuneHTy ycmnernmsa. OueHKM oTpaxaeMoCTu 1 0CafKoB
TpebytoT yCTaHOBNEHHOTO MMHUMaIbHOIO KOIMYECTBa 30HAMPOBaHUI Lenn ana obecneyeHuns
npueMneMon ToOYHOCTM nsmepeHuii. CnefoBaTeslbHO, NyY AOKEH UMEeTb JOCTaTOYHOE BpeMs
3a7epPXXKU Ha Lenun Npm 3KCrnyataumnmn B pexxume KpyroBoro ckaHmpoBaHus. Takum o6pasom,
CYLLEeCTBYIOT NpeAe/ibl CKOPOCTU BPaLLeHMs aHTeHHbI. YMeHbLUEeHWe LnKla CKaHNPOBaHUS
6yaeT uMeTb nocneacTBumA. [1nsa 3Ha4nMbIX U3MEPEHUI pacnpeaeNeHHbIX Lenen nx yactuu,am
Heo6Xx0ANMO BpeMs, 4OCTaTOYHOE AN CMEHbl NOI0XEeHNS Nepes NpoBejeHNneM He3aBUCMMOM
OLEeHKN. B OCHOBHOM CMCTEMbI CKaHUPYIOT B AMana3oHe CKOPOCTU BPaLLLEHNS aHTEHHDbI
npumepHo 0,5-6 06/MuH.

BONbLWMHCTBO METEOPONOTMYECKNX PaANOI0KAaTOPOB C OAHON MO pU3aLmnen aBII0TCA
JINHEMNHO NOJIAPU30BAHHBIMM, C TOPU3OHTa/IbHO M60 BEPTUKAIbHO HanpasJ/IEHHbIM

BEKTOPOM U3/1yHaeMOro 3/1eKTpruyYeckoro nons. MpuynHbl NpeanoyYTeHns ropn3oOHTaIbHON
nonspu3aLmnm 3akar4atoTca B cieaytowem: (a) 3XoCurHanbl OT NOBEPXHOCTU MOPS U 3eMN
06bI4HO MeHbLLE NPU ropu3oHTanbHoOW nonspusaumu; (b) MeHbLIMe pa3Mepbl NO FOPU30OHTaNN
60KOBbIX 1eNeCTKOB AnarpaMMbl HanpaBJeHHOCTU ob6ecneymBaloT 601ee TOYHbIE N3MepeHus
no BepTukanu; n (c) 66abLee o6paTHOE paccesHMe OT AOXKASA B CBA3W C 3TMNTUYHOCTbIO
nagatowmx kanesab. OgHaKo Npu Masbix yr/iax Mecta aHTEHHbI Iy4llee oTpaXkeHne
rOPU30HTa/IbHO MOJIAPU30BAHHBIX BOJIH OT M/IOCKMX NOBEPXHOCTEN Ha 3eM/1e MOXET MPUBECTU K
HexxenaTtenbHoMy 3(peKTy, 3aBUCALLEMY OT AabHOCTU.

B 60/1bLUNHCTBE, €C/IN HE BO BCEX, ONepaTUBHbBIX paguosiokaropax C ABOVNHONM nonspusaumen
npumeHseTcsa pexunm n3nyyveHnsa STAR ¢ paBHO MOLLLHOCTbIO MPU ABYX OPTOrOHabHbIX
JINHENHbIX nonapusaumax (06bI4HO FTOPU3OHTaIbHONM N BEPTUKAIbHOM). DTO UCK/OYaeT
Heo6Xx0AMMOCTb MCMOJ/Ib30BaHMS 4acTO BbIXOAALLErO U3 CTPOS MOLLHOMO Nepek/toyaTens
nonspusauunm.

7.6.7 Moacserka

HeoTbemnemon XapaKTepVICTVIKOl\/’I 060N aHTEHHbI ABNAIOTCSA 6OKOBbIE 1ENECTKUN AnarpamMmmbl
HanpaB/1€HHOCTW. bokoBble nenecTkn oxBaTbiBaloOT Takxe CTOPOHbBI MMaBHOTO sienecTka. LUI/Ipl/IHa
Jiy4a 06bI4YHO onpeaendaeTca Ha ypoBHe NOSIOBUHHOM MOLLHOCTN OCHOBHOTIO /1y4a, " MOWHOCTb
NPUCYTCTBYET Ha YI/1OBbIX PaCCTOAHUAX OT OCHOBHOTIO J1y4a. OCHOBHbIMU 3/1EMEHTAMM,
B/INAKOLWNMN Ha 60KOBble nenecTtkun, ABasA0TCA pyl'lOprII7I o6nyanenb AHTEHHbI N €r0 OMOpPHbIE
CTOVKMW. OI'IOprIe nenecTtkn MoryT 0CnabnsATbCs B pe3ynbrate qpe3mepH017| NOoACBETKU Tapesiku,
O[HAKO pe3y/ibTaTOM 3TOTO ABJIAKOTCA 6onee LIJVIpOKVIVI Jlyd U ME€HblLLIaA 4yYBCTBUTE/IbHOCTb.

Takum o6pa30M, Manas WwnpwuHa ny4va BnnA€T Ha H4yBCTBUTE/IbHOCTb CUCTEMBI, €€ CNoCco6HOCTb
O6Hapy>KVIBaTb uesn, ropnsoHTa/lbHOE N BEPTUKA/IbHOE pa3peELLEHUE, BqDCbeKTVIBH)/IO
Aa/1bHOCTb ,EI,EI\/'ICTBVIFI M TOYHOCTb U3MEPEHUA. OCHOBHbIM orpaHn4eHunem ansa ncnosib30BaHNA
Masnon LLINPUHBbI y4a ABNAKOTCA pacxobl. Mo atnm npninHam CamMasa Manasa gonyctmmas
LWLIMPpUWHa y4a, Kak 4OKa3aHO, 3HA4YNTE/IbHO NOBbILLAET NO/1€3HOCTb paAnO/1I0KaTOpa (Crozier
etal., 1991).

7.6.8 CTaHAapTHbIe XapakKTepuUuCcTukm MeTeopoJiorm4eckux paamojiokatopos

CTaH,CI,apTHbIe XapakTePUCTUKN paanosiokatopoB, B OCHOBHOM UCMOJ1Ib3yEMbIX B
MeTeoponormquKoﬁ NpakKTuUKe, NpUuBOAATCA B Ta6n|/|u.e 7.7.

Kak YKa3blBa/10Cb, XapPaKTEPUCTUKN N NaPaMETPbI paano/iokaTopa ABIAOTCA
B3anMO3aBUCUMbIMU. TexHNYeCkme orpaHn4eHunsa Ana KOMMNOHEHTOB paAMOJ/IOKaTOpa
M AOCTYNMHOCTb NPOMbILLUIEHHO NPOU3BOANMbBIX KOMMNOHEHTOB ABJIAKOTCA Ba>XXHbIMU
obcTosTeNbCTBAMU npu NPOEKTUPOBaHNN PaANO/TOKAUNOHHBIX CUCTEM.
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Tun S S S S C C C C C X

Yacrtorta (I'u) 2800— 2700— 2700— 2700— 5400— 5600— 5600— 5500— 5300— 9300—
3000 3000 3000 3000 5900 5650 5650 5700 5850 9500

OnnHa BonHbl (M) 10,7 10,7 10,7 10,7 53 53 53 53 53 3

MakcrmasibHasi MOWHOCTL 475 850 750 20 500 1000 250 250 12 75

(kBT) Ha kaHan

[JAntenbHOCTb UMNybCca 1,57, 4,5 0,2—2,0 0,4—4,5 0,5—200 0,2—3,0 0,4—4,5 0,4—4,5 0,5—200 0,3—3,3

(MKC)

YK (/c) 318—1 403, 200— 250— 100— 200— 200— 250— 100— 250—
318—452 2400 2000 20000 2400 2400 2000 20000 3000

MwH. gbZ Ha 50 km -28,7 -15,5 -5,5 -17,5 -19,5 -15 -5

MAC (abwm) -113 -114 -114 -114 -114 -114 -114 -115 -114 -113

AvHamunyeckas 4anbHOCTb 105 115 110 105 105 115 99 110 90

npuemMHuka (ab)

[dnameTp aHTeHHbI (M) 8,53 8,5 8,5 8,5 4,2 4,2 4,2 4,5 4,2 2,4

LLnpuHa nyya (rpagychbt) 1 0,95 1 0,95 0,95 0,95 1 1 0,95 1,05

KoadpuumeHt ycunenus 45 45 44,5 45 45 45 44,5 45 45 44,5

aHTeHHbl (ab)

Monapwusauma [opu3oH- STAR STAR STAR [BoiHas [BoiHas [BoWnHas [BonHas STAR [BoiHas
TasbHas JNINHEeHasn NINHEelHas NNHeNHas NINHelHasn NINHEelHas

MakcumanbHas ckopoctb 6 10 6 6 10 10 8 6,7 6 6

BpaLLeHnsa (06/MuH)

Tvn nepepatymka KJNCTPOH KOaKCU- KNCTPOH TBEPAO- KOaKCK- K/NCTPOH KINCTPOH KOaKCK- TBEPAO- KOaKCK-

aNbHbIN TeNbHbIN a/IbHbIN a/bHbIN Te/bHbIN aNbHbIN
MarHMTpoH MarHUTpoH MarHUTpoH MarHMTpoH
[MopaBneHve NacCMBHbIX 50 46 55 55 46 46 55 55 55

nomex
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Pagnonokatopsbl TNa «TO/bKO Z» ABNAIOTCA HEKOrePEHTHLIMW UMMY/IbCHbIMU
paguonokatopamm, KOTOpble MCNOJIb30BaUCh AecaTunetuamu. [lonneposckme
pagnonoKaTopbl OTHOCATCSA K COBPEMEHHOMY MOKONEHUIO paAnoIoKaTOpPOB, KOTOpble
OTKPbIBaOT HOBblE BO3MOXHOCTM NpuMeHeHus. OHn o6ecnedYnBaroT OLEHKN paananbHoOm
ckopocTn. Ansa 6onee achdpekTMBHOro o6HapysKeHNA MenkomacluTabHbIXx MUKPOBUXPEN U
TOPHaA0 NO O4eHb OrPaHNYeHHbIM palioHam 6b1n paspaboTaHbl CNeLnanm3MpoBaHHble
[oMnnepoBCcKMe pagmMonokaTopel, HanpuMep 411 3almThl a3ponopTos. Beaercsa yctaHoBKa
pagnonoKaTopos C ABOMHOW Noaspusaumen n CBOM NyTb K BHEAPEHUIO B ONePaTUBHYIO
NPaKkTUKY Haxo4AaT X MPUMEHeHUs, NpeHa3Ha4YeHHble A5 obecnevyeHns Ka4yecTsa AaHHbIX,
Knaccudumkaumm Lenei n KoN4eCTBEHHOM OLeHKM 0CafKOB, BKtOYas MMAPOIOTUI0, YAC/IEHHOE
NPOrHO3MpoBaHmne NoroApl N UCCNeA0BAHNSA U3MEHEHUS KIMMaTa.

7.6.9 Crparerus paauo/ioKkallMOHHOIO CKAHUPOBaHUA NO 06beMy

BONbLINHCTBO COBPEMEHHbIX PaaMON0KaTOPOB aBTOMATMYECKWN BbINOHAOT CKaHWPOBaHWe Mo
06beMmy, BKItOYatoLLee B ce6s psaj NOHbIX BPALLEHUI aHTEHHbI MO a3UMYTY MPU HECKONbKUX
yrnax MecTta. OTO Ha3blBaeTCs cTpaTerMein CkaHMpPOBaHUSA U UMEKTCA caMble pa3HoobpasHble
cTpateruu ans pasHoix uenen (Marshall and Ballantyne, 1978; Brown et al., 2005; Crum and
Alberty, 1993; Germann et al., 2006a, Seltmann et al., 2013).

[nsa npoeeaeHuns HabnogeHU Ha 60/bLLNX PACCTOAHUAX HEOOXOANMbBI CKAHUPOBAHUS
60nbLwon ganbHocTy 500 kM nan 6onblue (pe3ynbTaToOM Yero sIBISeTCs orpaHNYeHHas CKOpoCTb
HawkBucra). na oxBata MeHstoLLenca MOPgO0rnn KOHBEKTUBHOM rpo3bl TpebyeTcs 6bicTpoe
o6HOB/IeHMeE B Te4yeHne Npuban3MTeNbHO 5 MUHYT. B ciyvae aBuaLMOHHBIX MPUMEHEHUA,
onpeaenarLMx HUCXOAALNI BO3AYLLUHbIN NOTOK, TpebytoTcs elle 60/1ee KOPOTKMNE LNKJIbI
ckanmpoBanua (Michelson et al., 1990). Hay4Ho-nccneaoBatenbckme pagnosiokaTopsl
CKaHUPYIOT OrpaHnyYeHHble 061aCTU NN CeKTopa C LUKIOM CKaHMPOBaHus B 1 MUHYTY uan
meHee (Wurman et al., 1996). lns makcumManbHOro 3axBaTa 3XOCUrHaoB B 6e306/1a4HOM
aTMocdepe Heo6x0aMMO NpoBefeHNe MeAJIEHHbIX MaJIOBbICOTHbIX CKAHUMPOBAHWUA UMMNYAbCaMU
6o0nbLoN AnnTeNbHOCTU. MeaneHHoe ckaHupoBsaHme 6yaeT onTMMU3NPOBaTb A0NIEPOBCKYHO
(pmnbTpaLMIo 9X0OCUMTHAOB OT Ha3eMHbIX 06bekToB. MHOrouncneHHole metoamkn YN Tpebytot
Hannyunsa npeanonoxeHns o6 oAHOPOAHOCTM paAnaibHON CKOPOCTU N MOTYT OCYLLLEeCTBAATLCSA
Ha OCHOBE NOCNeA0BaTeIbHOCTU Ny4en NN CKaHMPOBaHWA.

MpoBeaeHMe CkaHMPOBAHWUIM NPU MakCMMabHO BO3MOXHbIX MasiblX yr/lax BO3BbILLIEHUS
Heo6Xx0AMMO A1 ONTUMM3ALMN MOJTyHEHNSA KOIMHECTBEHHbIX OLLEHOK OCaZKOB, a Takxke

AN opraHmM3aummn o6Hapy>KeHNns MeETEOPONOTMYECKNX ABIEHNIN Ha HU3KOM BbICOTE U

B Npu3emMHOM cJsioe. Jns nonyyeHusa ontumanbHbix CAPPl nnm axocnrHanos uenen Ha

60/1bLLION BbICOTE TPebyeTCcs reomeTpuyeckas Nnocaef0BaTe/IbHOCTb YI/IOB BO3BbILLIEHUSA
(Marshall and Ballantyne, 1978). Nossnsiowmecsa ceTn paanosiokatopos ¢ pa3MpoBaHHOMN
aHTeHHOW pelleTkon, paboTalowmx B X-gMana3oHe, Takne Kak CeTU NpoekTa No COBMECTHOMY
afanTusHoMy 3oHaMpoBaHuto atMmocdepbl (CASA) an MHOroyHKLMOHaNbHbIN paamMosiokaTop
¢ pasvpoBaHHOM aHTeHHON pelueTko (MPAR), peBoNOLMOHM3NPYIOT KOHLENLMIO CTpaTernmn
CKaHMPOBaHUS, NOCKOJIbKY 3/IEKTPOHHOE CKaHMPOBaHME MOXeT afanTMpPoBaTbCa B 3aBUCUMOCTH
OT MeTeoposiormyeckoro o6bvekTa nam npumerHeHus (MclLaughlin et al., 2009; Weber et al.,
2007), nnbo nmetoLimecs HegocTaTkm MOTYT ObITb CHMXXEHbI 61arogaps NOAy4YeHUIO AaHHbIX

C COCeHUX PagmnoJIOKaTOpPOB.

Bo3mMoxHOCTb KOMNpOMUCCa obecneynBaeT KayecTBo AaHHbIX. Hanpmmep, MeaJIeHHble
CKaHnpoOBaHUA anda Noay4eHnAa BbiICOKOTro CneKTpa/ibHOro pa3pewieHna C Lueabto ocnabnenus
MeLllaloLlLero oTpaxXeHuns ot 3eMHOM NMOBEPXHOCTU NN HU3KNM pa36poc B AaHHbIX NPENATCTBYIOT
peannsaunn CtpaTtermm CKaHMpoBaHNA Npn MHOXECTBE YI/10B BO3BbILLUEHNA N COOTBETCTBEHHO
NpUBOAAT K NMN/IOXOMY BEPTUKA/IbHOMY pa3peLueHUnto. KayecTBO faHHbIX — 3TO HeYeTKO
CqJOpMy}'Il/IpOBaHHaH KOHLLENLLNA, MOCKOJIbKY C TO4YKU 3pEHUA Ka4e€CTBa OHO O3Ha4YaeT
KOMNPOMMUCCHI, CBA3aHHbIE C BODEMEHHBIM OXBAaTOM U1 BPEMEHHbBLIM pa3peLleHneM (BpeMFI
LI,VIK}'Ia), NPOCTPAHCTBEHHbLIM pa3peLieHneM (a3I/IM)/T, Aa1bHOCTb, BO3BbILIJEHl/IFI), norpewHoCTbo
AaHHbIX (I'IOFpeLIJHOCTb CKOpPOCTN nnun OTpa)KaeMOCTb) n pa36poc0M AaHHbIX. 2701 CIZ)aKTOp
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TPYAHO O6BEKTUBHO ONTUMM3UPOBATh, MOCKO/IbKY UCXOAHbIE NapamMeTpbl ycrnexa BatoTCs
COBEpLUEHHO pasHbIMK, @ yCTaHOBJIEHUE YNCa NoC/e[0BaTeNbHOCTN YI1a BO3BbILLEHUS He
ABNAETCS TOYHOWN HayKOM.

MNepBooyepeaHbIM cCOOBpakeHEeM ABASETCS XapakTep METEOPOI0rMYeCKUX yC0BUIA U TO
MecTOo, KOTopoe Heo6XxoANMO oxBaTuUTb. Hanpumep, nocnegosaTenbHOCTb CKAHMPOBaAHMA 414
pagnonokatopa, pacnosioXeHHOro B JONMHE NI UCNO/b3yeMOro A5 SIOKa/IbHbIX Liesei 1 Ha
KOPOTKYIO AanbHOCTb, 6yaeT nMb60 MOXET BeCbMa OT/INYaTLCS OT pajnosiokaTopa, KOTOpbI
ncnonb3yeTcs AN AanbHero o63opa BbIXOAALMX Ha Cylly yparaHoBs (Joe et al., 2014).

XoT B KOHL,ENTya/lbHOM NJlaHe NpuBaeKaTe/IbHbIM ABNSETCA yCTaHOB/IEHWNE NU3MEHEH W
yrna BO3BbILLIEHWSA PaBHbIM LUMPUHE NlyYa, HeGObLLME M3MEHEHMWA YT/1a BO3BbILLEHUS Aaxe
B 0,1° MOryT CTaTb NPUYNHOW 3HA4YNMbIX BapUAHTOB NPeACTaBNEHUA AAaHHbIX, 3aBUCALLLNX
OT CTPaTUPULMPOBAHHOTO XapakTepa ocaakoBs (CHer, apkas nonoca, Nnpouan AoXAN) U
npodcuns BeTpa.

HeobpaboTaHHble AaHHble, MpeACTaBAEHHbIE B MOMSAPHbBIX KOOPANHATAX, XPaHATCA

B TPEXMEPHOM (AanbHOCTb, a3UMYT, BO3BbILLEHME) NN MHOXECTBEHHOM (NapameTp
paavonokaropa) Maccuee, 06bIYHO UMEHYEMOM «CKaHUPOBaHMEM MO 06beMY». DTO CYXNUT
WNCTOYHWUKOM AaHHbIX A/19 AanbHelwe o6paboTku 1 apxMBUpoBaHMA. MoxeT 6biTb HECKObKO
BapnaHTOB Heo6paboTaHHbIX AaHHbIX M3-3a Pa3HblX MPOLLECCOB ob6ecneyeHmns Ka4ecTBa AaHHbIX.

7.6.10 JxkcnnyaTtalMOHHbIE XapaKTePpUCTUKMN paano/ioKkaTopa

bonee nogpo6Haa nHpopmaLma o paboymx xapakTepUCTUKax Ha3eMHbIX METEOPOIOTMYECKNX
pPaanonoKaLMOHHbBIX CUCTEM, U3MePSAIOLLMX MapaMeTpbl aTMOCcdhepbl C UCNOb30BaHWEM YacTOT
2-10 Ty, coaepxnTca Takxxe B npuaoxeHumn 7.A.

MuHuManbHbI 06HapyXUBaeMblii cUrHan

MuHnmanbHbIN 06Hapyskmeaembli curdan (MOC) — 3To Mepa COBOKYMHbIX IKCM/yaTaLMOHHbIX
XapaKkTepUCTUK, TaKUX Kak MOLLLHOCTb M3/1y4YeHUS, pa3Mep aHTEHHbI, LUMPUHA Jy4a Un
KO3(PPULUMNEHT yCUNEHUSA aHTEHHbBI, TPOAOIKNTENbHOCTD UMNYJIbCA, A/INHA BOJIHBI U Apyrue
cpakTopbl. DTO HAaCTO ONUCHIBAETCSA B €AUHNL,AX MOLLLHOCTM WM TeMnepaTypbl LLyMa CUCTEMBbI.
OpHako Ansa pagnonoKaLMOHHOrO aHaIMTMKa OTPAXaeMOoCTb Ha YCTAHOBJIEHHOM AanbHOCTU
CNy>XXnT 6071€e MHTYUTUBHOW MePOI 3KCMIyaTaLMOHHbIX XapakTepuCTUK paanonokaropa.
Bbicokas 4yBCTBUTE/IbHOCTb AB/SETCA BECbMa XenaTenbHOM, C TeM 4To6bl 06HapyXnBaTb
3xocurHanbl B 6e3o6na4Homn atmocepe 1 nerkme ocafku, a Takxke nosbiaTb 3pHEKTUBHOCTb
nouncka BTOPUYHbIX 3xocurHanos. B tabanue 7.8 nokasaHbl Hekotopble MOC TMNOBbIX
pPagnonoKaTopoB C BbICOKMMU 3KCM/TyaTaLMOHHbIMM XapakTepucTukamu.

Ta6nuua 7.8. MUHMManbHbIM 06HapyX1UBaeMbli CUTHa TUNOBbIX PaiM0/I0KaTOpPOB
C BbICOKMMM 3KCMNlyaTaLMOHHBIMU XapakTepucTukamMmmu

Paduonokamop MOC Ha 50 km

Z9110 -8,0 obZ (Heckonbko AHeN B aBrycTe)
-10,0 abZ (2 mecsiua)

79220 -1,0 nbZ

King City CONVOL (2 mkc) -11,0 abZ

King City DOPVOL (0,5 mkc) -5,0 nbZ

Twin Lakes, OK -7,5nbZ

Lake Charles, LA -8,5nbZ
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da3oBaa cTabuUnbHOCTb

dazoBas cTabunbHOCTb, UK haykTyaums dasbl, — 3T0 Mepa CpeiHero nsmMeHeHuns dasbl ot
UMMysbca K UMNynbCy. HekoTopble BUAbLI NPOrpaMMHOro obecnevyeHuns a8 TeCTMpPoBaHuA
pagmonokatopoB obecrneynBatloT NpoBeAeHME 3TOM0 M3MePEHNA NOCPeACTBOM NCNONb30BaHNA
aKyCTUYeCKOW IMHUM 3aePXKN UK BHELLHUX Lenei. lNpenmyLLecTBo nocieHero MeToaa
3aK/1104aeTCs B TOM, YTO C €ro MOMOLLbIO TeCTUpPYyeTca CTabUAbHOCTb Ha Pa3HblX 4a/IbHOCTAX AN
BPEeMEeHHbIe 3aePXKN U NOSTHOE N3MeHeHMe B npoLlecce 06paboTkun. Pe3ynbTaTtoMm xopoLuei
dasoBoli ctabunbHocTh (< 0,5°) sABnsieTcsa 6onee nyyllas oLeHKa CKOPOCTHU, yCTpaHeHue
OTpaXkeHU OT MECTHbIX Ha3eMHbIX 06BbEeKTOB U 60nee 3PHEKTUBHbBIV MOUCK BTOPUYHbIX
3XOCUTHA/I0B MarHNTPOHHbBIMU CUCTEMAMMU.

Koppensauus nepekpectHoi nonsapusaunn n ZDR

Mepoi kavecTBa paboTbl pagnonokaTopa C ABOMHOW nongpusaumen aBnseTca Koppenaumns
nepekpectHow nonapusaunu (p,,,). ECm pagnonokatop HanpasneH Ha 1erkMin 40X Ab 1N
MopocsLMe 0cafku, KOTOpble, Kak NPaBuo, XxapakTepusyoTcsa eANHOO6pa3HON Kpyrion
dopmoir, To koppenauma aosxHa 6biTb BecbMa 6am3koi k 1,0. D dekTuBHbIE paanoiokaTopsbl
coobualoT 3Ha4YeHus, kak npasunno, B 0,995 nnn ewe 60nee TO4HO. DTO CBUAETENLCTBYET O TOM,
4TO ABOMHaA Nongapm3aLmsa ABNSETCA BECbMa XOPOLUEeN U XOPOLLO KOH(PUTYypUPOBaHHOMN.

Ecan BE€pPTUKa/bHblE CKAHNPOBAHNA NPOBOAATCA B YC/IOBUAX HANTNYNA CZTONCTbIX CIDOpM, TO
3Ha4YeHnA ZDR AOJ1XKHbI 6bITb PaBHbI 0 1 He UMeTb HNKaKoM a3MMYTaﬂbHOVI 3aBNCNMOCTU.

7.7 OBC/1YXXUBAHUE U KAJINBPOBKA

Pagnonokatop sBNSeTCs, BEPOSATHO, CAMbIM C/IOXHbIM U3 MPUBOPOB, KOTOPbIe
MeTeoposiormyeckas cayxb6a uan NocTasLLUK YCAYT AOJIXKHbBI SKCMyaTUpPOBaTh U
o6cnyxunBatb. OH TpebyeT 04eHb BbICOKOTO YPOBHSA NpodeCccnoHaNbHON NOAFOTOBKU U
pa3BuTUA NpodeccuoHanbHbix HaBbIkoB. O6CNyXUBaHME ABNSETCA UCKIIOUYNTENBHO BaXXHbIM
Ans obecneyvyeHns NOCTOAHHOWM 3KCMJlyaTalMm pagmonokaTopa, a kKainbposka saBnseTcs
WCKJIIOHYUTE/IBHO BaXXHOW Ans ob6ecnevyeHms KavyecTBa AaHHbIX. Kak o6cnyknBaHue, Tak 1
KannbpoBka, AO/IXKHbI OCYLLECTBATLCA B COOTBETCTBUM C NpoLeaypamMu, npeanncaHHbIMU
npoussoanteneM. Huxe cnepyet nx obuiee onncaHue.

7.7.1 O6cnyxuBaHue

CoBpeMeHHble pagmMonokaTopsl, €C/in OHa HagexalMm o6pa3om yCTaHOBJ/IEHbI U
3KCNIyaTUPYIOTCA, He [O/KHBI YaCTO BbIXOAUTb M3 CTpoS. HekoTopbiMU Npon3BoANTENAMUA
3a8B/1€HO, 4TO AN UX PaNONIOKaTOPOB CpeaHee BpeMs HapaboTku Ha oTka3 (CBHO)
cocTasaseT okosio roga. OaHaKko 3Tu 3asB/IEHNSA 3a4acTyI0 ABAIOTCA ONTUMUCTUYHBIMMY,

n peanusaumnsa CBHO TpebyeT nnaHoBoro npodunakTnieckoro obcnyxxmeaHus. ns
MUHMMMU3ALMN BPEMEHN PEMOHTa HEO6X0ANMbI MJIAHOBOE NOBCEAHEBHOE 06C/yXNBaHNE U
[0CTaTOYHOE KOINYeCTBO TeXHNYECKOro nepcoHana. Hambonee 4acteiMu aBasOTCA C60M B
paboTe MexaHMYeCKMX 1 3NeKTPOHHbIX koMNoHeHTOB (Sireci et al., 2010; pucyHok 7.16).

Cnepyet OTMETUTb, 4TO (hakTOPbI, He CBA3aHHblE HEMOCPEACTBEHHO C pagnooKkaTopoM,
MOTYT MPUBECTU K TOMY, 4TO AaHHble He 6yayT AOXOAUTb A0 NoNb3oBaTesiei. K HUM oTHOCATCA
c6ou B paboTe UM NNOXOE Ka4eCTBO CUIOBOM CETU, UJIN Ke MOTYT UMETb MECTO C/INLLIKOM
MHOro4YMcneHHble nepenagbl nau konebaHus HanpsaxkeHus. PaboTta aHeproceTn MoXxeT

6bITb HapyLUEeHa 13-3a yAapa MOTHAW UK NO APYTUM NpUyYnHaM. MoxeT 6biTb HapyLleHa
TenekoMMyHuMKkaLuma. MoryT npousoitn c6ou B paboTte cUCTEM KOHANLVMOHUPOBaHUSA BO3AyXa,
pe3ynbTaToM 4Yero 6yaeT OTK/I0O4eHNE YyBCTBUTENbHbIX 2/1EKTPOHHbIX CUCTEM.

npOCbl/I}'IaKTl/ILIeCKOe O6C}'I)/)KI/IBaHVIe AO0J/1KHO BK/1KO4aTb MO MeHbLLEN Mepe KBapTaJ/ibHYIO
NpPOBEpPKY BCEX NOABEPXKEHHbIX N3HOCY yacTemn pagnonokatopa, Taknx Kkak peaykTtopbl, MOTOpPbI,
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KonunyectBo nonb3oBaTenem

PucyHoe 7.16. Pe3synbratbl npoBeaeHHoro BMO 0630pa MeTeopoormyeckux
paanonokaTtopoB, NokasbiBaloLl e OCHOBHbIEe OTKa3Hble PeXUMbI pagnosiokaTopa
(Sireci et al, 2010); pucyHok no6e3Ho npepoctasneH Oguzhan Sireci ns Typeukoit
rocygapcTBeHHON MeTeopPosIornyeckom ciyxo6bl.

BEHTUNATOPBI M MHDPACTPYKTYpPbl. MeCTHBI 06CNyKMBalOLLMIA NepCoOHan AOKEH BHOCUTD
pe3ynbTaTbl NPOBEPOK B XXypHaa ob6CcayxKMBaHUSA paanonokaTtopa u, no mepe HafgobHOCTH,
NochINIaTb UX B LLleHTPasbHYto 06CnyxuBatoLLyto opraHusaumio. Koraa umeerca MHoro
paAnonokaTopoB, MOXHO OpraH1M30BaTh, BEPOSATHO, LLeHTPaIM30BaHHYI0 C1yx6y MaTepuanbHO-
TEXHUYECKOTo CHabXeHMA U PEMOHTHBIN Lex. [locneaHnii nonyyaeT BbllLeALLne U3 CTPOS YacTu
paanonokaTopoB, PEMOHTUPYET UX U NepeAaeT Ux B CNyx0Oy maTepuasibHO-TEXHUYECKOTO
CHaGXeHNs AN9 XpaHEHUS B Ka4eCTBe 3anacHbIX YacTei, KoTopble 6yAyT NCMONb30BaTbCA NO
Mepe Heo6x0AMMOCTH B MecCTe skcnayaTauumn. Obsa3aTesIbHbIM YCTIOBUEM ABASETCS BeAeHNe
OCHOBHOW fOKYMeHTaLuK.

ﬂ,)’lﬂ BbIMO/IHEHNA PEMOHTHbIX pa60T cny>|<6a AOJ/1>KHa ObITb AOCTAaTO4YHbIM o6pa30M
YKOMMIEKTOBaHa, a UMEHHO:

a)  3anacHbIMW YacTAMMW NS BCEX CaMblX BaXKHbIX 3/1€MEHTOB paAMoaokaTopa C AIUTENbHbIM
CPOKOM M3roTOBJIEHNS, TAKUMM Kak pagnonamnbl, TBEPAOTe/IbHblE KOMMNOHEHTHI, NaHeNu,
LIaccu, MoTopsbl, peAyKTopbl, 610k1 NMUTaHUA 1 T.4. ONbIT NOKa3biBaeT, YTO XKeslaTeNbHO
npeaycmoTpeTb 30 % nepBOHavanbHbIX 3aTpaT Ha pagnonokaTop A1 npuobpeTeHuns
3anacHblx YacTel, XxpaHUMbIX B MeCTe ero pacnosioxeHus. Ecnm nmeertcs MHoro
paAnonoKaTopoB, TO 3Ta NPOLEHTHasA A0S MOXeT ObiTb CHUXEHa A0 YPOBHS MPUMEPHO
20 % npw COOTBETCTBYIOLLEM pacnpeaeseHnmn Mexay LeHTPaan30BaHHbIM Y MECTHbIM
ob6cnyxmBaHnewm;

b) wucnbiTaTenbHOl annapaTypoi, BkaoYas 060pyaoBaHuNe A5 KaIM6POBKY, YNTOMSIHYTOe
Bbllwe. O6bIYHO 3aTpaThl Ha Hee COCTaBASAIOT NPU6AN3UTENbHO 15 % OT cToMMOCTH
paaunonokartopa;

C) XOpOoLWOo noArotoB/g1€HHbIM NMeEPCOHaNOM, CNOCOBHbIM onpeaennTb npo6nemy n 6bICTpO n
qu)q)eKTVIBHO NPOn3BECTN PEMOHTHbIE pa6OTbI, YTO ABNAETCA NCKJTIOYUTE/IbHO Ba>XHbIM.

I'Ipop,ymaHHaﬂ opraHusauuns O6C}'I)/)KI/IBaHVIFI NOBbLICUT PETYIAPHOCTb pa60TbI pagnonokatopa
ao 96 % BpEMEHU B T€é4eHne roga npuv Haam4nMm CtaHaAapTHOro O60p)/ﬂ,OBaHV|ﬂ. bonee Bbicokas
qu)q)eKTVIBHOCTb pa6OTbI BO3MO>Ha npu 6onee BbICOKMX pacxoax.
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PekoMeHAayeMbIli MUHUMYM 060PYA0BaHUA 4119 KaIMOPOBKM N 06CNYXKMBAHUA BKTIOYaET
cnepytoLme BUABI:

a) reHepaTop MMKPOBOJIHOBbIX CUTHA/IOB;

b) MWKPOBONHOBLIN U3MeEPUTENb MOLLHOCTY;

C)  MerarepueBblvi ocuuanorpad;

d) MMWKPOBOHOBBIN U3MEPUTESb HAaCTOThI;

€)  pynopHble aHTEHHbI CO CTaHAAPTHLIM YCUIEHUEM;
f)  reHepaTop cMrHasoB NPOMEXYTOYHOW YacCTOThl;

g) MUKPOBOJ/IHOBbI€ KOMMOHEHTbI, BK/1l04aA Harpy3o4Hble )/CTpOVICTBa, 6/10KN conpaxexHusa,
aTTEHIOATOPbI, COEANHUTEJIbHbIE )/CTpOf;ICTBa, Ka6em/|, afanTepbl N T. A4.;

h) YHMBepcaﬂbelﬁ aHa/n3aTop MUKPOBOJ/IHOBOIO CNeKTpa B LI,eHTpa)'IbHOVI cny>|<6e;

I) CTaHOapPTHbIE SN1EKTPUHECKNE N MEXAaHUYECKNE MHCTPYMEHTDI U oéopy,qosaHMe.

7.7.2 Kanu6poska

B naeanbHoM cnyyae A5 NONHOM KanMOGPOBKU OTPaKaeMOCTU UCNOb3yeTCs BHELLHAS
MULLEHb C U3BECTHbIM KO3(PPULMEHTOM pPaMO/IOKaLMOHHON OTpaKaeMoCTu, Takas Kak
chepa c MeTannyeckmm nokpbiTeM. Miaes 3aknoyvaercs B TOM, YTO6bl NPOBEPUTb aHTEHHY
W BOJIHOBO/bl HA COOTBETCTBUE UX HOMUHAJIbHBIM XapakTepuctnkam. OgHako AaHHbIN
MEeTOJA UCMOJIb3yeTCs 04eHb PeAKO U3-3a NPakTUYeCKNX TpyaHoCTel nogbeMa cepsbl 1
MHOTOYNCNEHHbIX OTPaXXeHWUN OT Ha3eMHbIX OO bEKTOB, @ Tak>Ke He06X0AMMOro BpeMEHU U
kBanucukaumm (Brunkow, 2001).

CraHpgapTHas npoueaypa 3ak/o4aeTcs B MCNO/Ib30BaHMN COJTHLLA B Ka4eCTBE MCTOYHUKA
KannbpoBKM B NJaHe MOLLHOCTU M TOYHOCTU HaBeaeHMs. CoJTHUE SBASETCA NCTOYHMKOM
MUKPOBO/IHOBOIO U3y4YeHUs 1 nmeeT BuA ancka nopaagka 0,5 rpagyca (Tapping, 2001). OgHako
nyTeM MakCMMU3aL MM MOLLLHOCTM MOXET 6bITb OCTUTHYTa 66/1bluas TOYHOCTb. D eKTbl
pacnpocTpaHeHuns yyYa MOTyT CKa3aTbCsl HAa HU3KMX YI/lax BO3BbILLIEHMSA, 1 NO3TOMY 6onee
BbICOKME YI/1bl HaCTO MCMNOJb3YIOTCA AN KannbpoBku No cosnHuy. [poBeaeHne NOBTOPHbIX
n3mepeHuin obecnedymnT cTatucTnudeckn 6onee TouHble pesynbratel. Cnegyet OTMETUTD, HTO
TOYHOCTb HaNpPaB/IEHHOCTM YI/la MeCTa aHTEHHbI MOXET 3aBUCeTb OT YI/1a, U NO3TOMYy CJieayeT
NPOBOANTb N3MEPEHNE Pa3HbIX YIIOB.

Mpu o6bI4HON KaNMBPOBKe aHTEHHa, Kak NPaBWUJIO, He NPOBEPAETCA, a KanMbpyoTCs
BOJIHOBOAHbBIN TpaKT M Npuemo-nepegatoLtas cuctema. O6bI4HO NpeanucbiBaloTCa cnefytoLme
MeponpusaTus:

a) n3MepeHune VI3ﬂy‘-IaEMOI7I MOLWHOCTN A qJOprI BOJIHOBOTO q.)pOHTa B COOTBETCTBYHOLLLEM
Aanvarna3oHe 4acTorT,

b) npoBepkKa VI3J'Iy‘-IaGMOI7I 4aCTOTbl N HaCTOTHOIO CMEKTPa, Npun 3TOM cneayet q)VI)'IprOBaTb
BHEMO/IOCHYO MOLLHOCTb,

C) nogadya M3BeCTHOro MMKpPOBOJIHOBOTO CMIrHasa Ha BXo4 NpueMHuKa, C TeM YTOObI
NpoOBEPUTb NPaBU/IbHOCTb CBA3U ONpeaenaeMblX pagnosiokatopom ypOBHeVI
OTpa>xaeMoCT C MOLLHOCTbIO BXOOHOIO CUrHana;

d) M3IMepeHmne OTHOWEHNA CUTHaN-WWyM, KOTOPO€E AO0JIXKHO 6bITb B npeaenax HOMMHa/IbHOIo
Anana3oHa, COOTBETCTBYHOLLETO TEXHUNYECKUM XapakKTePUCTUKAM paAnoioKaTopa.
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Ecan no pe3ynbrataM 3TnUX Ka)'lVI6pOBO‘-IHbIX NPOBEPOK BbIABJ/IEHbI Kakue-nmbo N3MeHEHUS UK
OTKJ/IOHEHUA, HeO6X0,EI,I/IMO npoun3BeCcTn KOppekTupyrowmne HaCTpOVIKM.

[Jonneposckas kannbpoBKa BK/lOYaeT: MPOBEPKY U HAaCTPoKy pa3oBol CTabuIbHOCTU C
ncnosnb3oBaHneM UKCUPOBAHHBIX Lie/1ei N UCKYCCTBEHHbIX CUTHaNO0B, MacluTabupoBaHne
peanbHOM 1 MHMMOW YacTei KOMMJIEKCHOro BUAEOCUTHaNa U TeCTUpOBaHUe npotieccopa
CUTHANOB MO U3BECTHLIM UCKYCCTBEHHO reHepnpyeMbIM CUTHaNaMm.

YcTaHOBKa Mo ropM3oHTaAM 1 yria MecTa Jly4lle BCero NpoBepseTcs oTCAexXnBaHMeM
NONOXEHMNA COMTHL,A B PEXNME «TO/IbKO NPUEM» U MYTEM UCMO/Ib30BaHNA UMeIOLLLeNCs
MHpOopMaLUM O MONOXKEHUIN COMHLLA; B MPOTMBHOM C/lyYae Hy>KHa MexaHu4eckas yCTaHOBKa
YPOBHS aHTeHHbI. Hannymne nnm oTCyTCTBME 3XOCMTHANOB OT HEMOABMXXHbIX Ha3EMHbIX Lies1en
MOXeT Takxe CNyXuTb rpy60oii NpoBepKOi a3suMyTanbHOM AnarpaMmMbl HanpaBaeHHOCTH
aHTeHHbI M ka4yecTBa paboThbl NepeAaTyMKa AN NPUEMHUKA.

HecmoTps Ha TO, 4TO COBPEMEHHbIe paanonoKaTopbl 06bIMHO CHabXatoTCA 0YeHb CTaBUNbHBIMU
3NeKTPOHHbLIMWU YCTPOMCTBaMMU, KaNMO6POBKM HEOOXOAMMO NPOBOAMUTL JOCTAaTOYHO HacTo,
4TO6bl rapaHTUPOBaTb HAZLEXKHOCTb U TOYHOCTb AaHHbIX. Kann6poBka fonxHa NPON3BOAUTLCS
nn6o KBanMuULMPOBaHHbLIM NEPCOHANOM, TM60 C MOMOLLbIO aBTOMAaTUY4ECKMUX METOAMK,
Hanpumep, C UCNOb30BaHNEM KOHTPO/IbHO-AMAarHOCTU4eKoro o6opyanoBaHus, KoTopoe
paboTaeT B HenpepbIBHOM pexunMe. B nepBom cnyyvae, koTopblit TpebyeT y4acTvus oneparopa,
ONTUMasbHbIMU ABAAIOTCSA MO KpalHe Mepe KannbpoBKU, MPOBOANMbIE KaX/able 6 MecsLEeB.
[ns BbINOIHEHUS KaNMGPOBKM B aBTOMATUYECKOM peXxxuMe MOryT 6blTb CNPOEKTUPOBaHbI
HOBble cucTeMbl. [1pocTble cpaBHUTENIbHbIE MPOBEPKM MO MOLLLHOCTU U MECTOMOJIOXKEHUIO
3XOCUIHaNa MOXHO OCYLLECTB/ATb 4acTo, UCNONb3ys ABa UK 6onee pagmMonokaTopos

C NepekpbIBaOLLUMUCA 30HaMM 0630pa U C/ieALLNX 38 COOTBETCTBYIOLLEN LLe/1blo

(Zhang et al., 2005).

MeTtoaunku c6opa n 06paboTku AaHHbIX, TakMe Kak HaKOMJAeHUS JlaHHbIX MO OTPaXaeMoCTy,
pacnpefeneHns BEPOSTHOCTN OTPaXaeMoCTU Kak (PYyHKLUMK Aa/IbHOCTU 418 MUHUManbHOTO
06Hapy>XX1MBaeMoro CMrHana, MOHUTOPUHT S4elKkK Nepefadyn-npuema, a Takxe axonposepka

W yCTaHOBKa Yr/10B MeCTa MOryT 6bITb MCMO/Ib30BaHbl /11 MOHUTOPUHIa paboyero CoCToOAHUS
paanonokatopa. MorpewHoCcT! B HaKONIEHUAX AaHHbIX O paZnasbHOM CKOPOCTU MOTYT
BbISIBUTb NPo6neMbl GUNbTPaLUN MeLLatoLLMx NoMex — 06blYHO HeJOCTaTOYHOM pubTpaLuy,
pe3ynbTaToM Yero ABASOTCA OTK/IOHEHWS B paMasibHOM CKOPOCTU B HanpaBneHUN Hyns

(Joe, 2010).

Pagvnonokatopbl C ABOMHON nonspusaLlmen TpebyoT Haan4msa AByx NPUEMHUKOB, KOTOPbIe
[O0/KHBI COOTBETCTBOBATL APYr ApPYrY. [LonyCcky B OTHOLLEHMW BCEX KOMMOHEHTOB HE06X0AMMO
Y>KeCTO4YUTb, MOCKOJIbKY U3MEPAIOTCA Masible Be/IMYNHBI. 3aTeM A1 NPOBEPKM 3TOr0 MOTYT
6bITb MCNOJIb30BaHbl CAMOCOIACOBAHHOCTb M CKAHMPOBAaHWUSA Yalleo6pa3HO aHTEHHOM

ans pexxekumn Z, .. Kannbpoeka caMoOCOrnacoBaHHOCTU O3Ha4YaeT BuiBeaeHne Zus K, ¢
NCNob30BaHMEM SMMUPUYECKOrO COOTHOLLEHMWS, MONYHEHHOTO MO AaHHbIM U3MepUTENS
AOX/eBbIX kanenb (PUCYHOK 7.17) 1 paccYnTaHHbIX MPU NOMOLLM TEOPETUYECKON hopMyIIbI.
Mocne aToro NPoBOAMTCSA KOPPEKTUPOBKA OTPaXxaeMoCTn (MOrpeLHOCTb KannbpoBKM) A0 Tex
nop, Noka BblBeleHHas oTpaxaemMocTb K, He 6yeT COOTBETCTBOBATb CKOPPEKTMPOBAHHOMY
nokasaTte/ito oTpaxaemocTun. Mcxoas s kavyecTsa cooTHoweHus Z-K, , (TN10THOCTb pacceaHuns)
MOXHO paccMoTpeTb Bonpoc 06 ncnonb3osaHum KDP B ka4ecTBe He3aBUCMMOro napameTpa
AN9 oueHKM ocaakoB. B cnyyae BepTukanbHOM HanpaB/ieHHOCTU pagnookaTopa (Tapenka
aHTEeHHbI BbIMAAMUT Kak YalleobpasHas nomaka Aas NTULL) B YCNOBUAX AOXAA, BbiNaAatoLLero 3
CNonCTo06pa3HbIX 06/1aK0B, Z,, 10/1)KHA GbiTb PaBHa HYJIIO, @ €C/IN HET, TO HE06X0AMMO BHECTM
nonpaskn. MOHUTOPUHF COOBLLLEHHOTO MakCMMyMa p,, 06ecnednT NnpoBepKy Bcer paboThl
CUCTEMBI, @ UMEHHO XOpOoLUNe paanonokaTopbl A40MKHbI COObLLLaTb 3HaYeHne, paBHoe 0,995
VAW eLle nydiue.

MHHOBaLWOHHON METOANKOM ABNAETCA UCMOJIb30BaHME pagnoaokatopa KOCMUYECKOTo
6asmposaHusa TRMM unu ITIM ana kaanbposBkn MeTEOPOIOrMYeckux paanonokatopos
Ha3eMHOro 6asnpoBaHunsa. 3TO eANHCTBEHHbIN N CTabU/IbHBI MIHCTPYMEHT HUXHero o63opa,
KOTOPbIN coBepLuaeT 06/1eTbl METEOPOJIOTMYECKMX PAaAN0I0KaTOPOB Ha3eMHOro 6a3MpoBaHus.
B kauyecTBe ycnewHom MeTpuKKN A5 obecnevyeHuns CorlacoBaHHOCTU NMpu Kaanbposke
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PucyHok 7.17. CywiecTByeT TeCHasi B3aMMOCBSAI3b MeX/ly OTPa)kaeMOCTbI0 U KOHKPeTHOW
anddepeHumnansHon asonn (Zu K, ). Ha neBom pucyHke 31a B3aMMOCBA3b NOKa3aHa no
AaHHbIM U3MepeHusa gucapometpa. Ha npaBom pucyHke nokasaHo o4HO pagunasibHoe
HanpaBJ/ieHMe faHHbIX CO 3HauYnTenbHol AnddepeHumanbHol pasoit. MocpeacTteom
KOPPEKTUPOBKM OTpaxxaeMoCTu U nepepacyeta andgepeHumnanbHon ¢asbl MOXHO
OCyLLLeCTBUTB Noc/ef0BaTe/IbHYIO KaIM6POBKY paaunosiokatopa (PUCyHKM Ntob6e3Ho
npeaocTaBneHbl Isztar Zawadzki).

paZAno0KaToOPOB UCMO/b3YOTCSl CPaBHEHMS BEPLLMH 3XOCUIHAMOB Npu UKCUPOBaHHON 1
YMepPEeHHO HU3KOM YYBCTBUTENIBHOCTU, KOrAa ocsiabneHune He siBnseTcs 3HauumeiM (Anagnostou
etal., 2001).

7.8 YCTAHOBKA PAAUOJ/IOKATOPOB
7.8.1 Bbi6Gop onTuMasibHOroO MecTa

Boi6op onTMmManbHOro MecTta 4/19 yCTaHOBKM METEOPO/IOrMYECKOro paguosokaTtopa 3aBucuT ot
npeanosiaraeMoro Ncnosab3oBaHus. Korga nmeetca onpegesieHHas 30Ha, Mo kKoTopon TpebyroTcs
LUITOPMOBbIE MpeaynpexaeHuns, TO 06bIYHO CaMbIM JyYLLIMM KOMAPOMMCCOM SIBASIETCA
pacnonoxeHue o6opyaoBaHMa Ha pacctoaHumM 20—50 KM OT MHTepecyioLLei 30HbI U, Kak
npaswuo, B HaMpaB/eHNM HaBCTPeYy BETPY B COOTBETCTBUM C OCHOBHOWN TpaekTopmen ABMXKEHNS
LITOPMOB. PekomMeHayeTCs ycTaHaBMBaTb PaAMOJIOKaTOP HECKO/IbKO B CTOPOHE OT OCHOBHOM
TpaekTopuu, C TeM 4TOObI n36exaTb CI0XKHOCTEN U3MEPEHNS NMPU NPOXOXKAEHNN LUTOPMOB

Haj paanonokatopom. OQHOBPEMEHHO 3TO NPMBEAET K MOYYEHMIO BbICOKOTO pa3peLleHuns

Haj VHTepecyloLL el 30HOM 1 co3aaHuio 6osiee 3abnaroBpeMeHHOro npeaynpexaeHuns o
HazBurawoomxca wropmax (Leone et al., 1989).

B Tom cnyuvae, ecnn pagmonokaLoHHas ceTb NpeaHasHavaeTcs npexje Bcero 418
CMHOMTUYECKNX NPUMEHEHWNIA, B CPEAHMX LUMPOTax, pagmonokatopsl c/iegyet pacnonaratb

Ha pacctosiHum npubnnsutenbHo 150—200 km apyr oT apyra. PacctosiHne moxeT

6bITb yBE/IMYEHO Ha LWUMpPOTax, 601ee 6/1M3KUX K 3KBATOPY, €C/IN PaAUONOKALMOHHbIE
3XOCUTHaNbl, NpeAcTaBAsoLWMe NHTEPEC, 4acTo AOCTUratoT 60bLLMX BbICOT. Bo Bcex cnyyasx
pagnonokatopsl € y3kum ay4oM 6yayT aBaTb HaMNY4LYO TOYHOCTb A1 U3MEPEHNS OCafKOB.

bnarogaps agekBaTHOCTU M AOCTYMHOCTU TakMX LM POBLIX KOMNIEKTOB AaHHbIX 06 yrne

mecTta, kak GTOPO30 (https://Ita.cr.usgs.gov/GTOPO30), SRTM30 n SRTMO03 (http://www2.jpl
.nasa.gov/srtm/) nosBUANCE NPOrpamMmMHbIe NPUIOXKEHUS, KOTOPble MOMOoratoT Bbl6paTb MecTo.
ba3oBbIM NPOAYyKTOM ABASETCA KapTa Aa/IbHOCTU pafMoI0KaLMOHHOIO FOPU30OHTa, Ha KOTOPY1O
HaHOCUTCA Yroa BO3BbILLEHUS Haj FrOPM3OHTOM OTHOCUTE/IBHO Yr/1a Mo asumyTy pagamMonokaTopa,
npw 3TOM y4YnTbIBaeTCS pacnpocTpaHeHue nyya B atTMocdepe (pucyHok 7.18). Ha a3Tom pucyHke
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PucyHok 7.18. Tno6anbHble faHHble uudpposon moaenu penbeda (LLMP) umerotca n
AABNAIOTCA AOCTAaTOYHO TOYHBIMU 4151 UX UCNOJIb30BaHMA C Lie/1bIO OLLEHKMU U onpeaeneHns
MecTa yCTaHOBKU MeTeopoJIorm4yeckoro paaunosnokaropa. MsobpaxeHune nokasbisaert
paccTosiHue, Ha KOTOPOM MOTYT 6bITb COOGpaHbI NoJie3HbIE JaHHbIe, MPU 3TOM Y4UTbIBAIOTCA
a3snuMyT U Yron mMecra.

AanbHOCTb A0 3€MHOW NOBEPXHOCTM MOKa3aHa LiBETOBON KOANPOBKOW Kak (PyHKLMA Yr10B MO
asMMyTy u BbicoTe. LIBeTOM nokasaHa AasibHOCTb, HAa KOTOPOW a1y4 paauosiokaTopa (B 3TOM
cnydvae npeanonaraetcsa Moaenb 3eMnun 4/3) 6yaeTt cobupaTb NPUrofHble AN UCMOb30BaHNA
JaHHble. 9TO 0CO6EeHHO NO/IE3HO NPU C/IOXKHOM XapakTepe 3eMHOM NOBEPXHOCTH, Korja
pagnonokatop, pacnosoXeHHbIN B AO/INHE, A0/KeH o6ecneynsaTb OXBaT Ha HU3KNX YPOBHAX
(B AONMHE), HO C OrPAHUYEHHOM AaNbHOCTbIO, MOCKOJ/IbKY XapakTep 0CafKOB 3Ha4YNTEIbHO
MeHSeTCs Ha NyTn OT ropHoro xpe6Ta A0 ropHon AonnHbl. Hanpumep, pagrnonokatop MoxeT
BMAeTb Ha pacctosaHum 50 nnm 60 kM BAonb asumyTta B 190° npu yrnax mectas 1 nnm 2°.
Moao6HbIN aHann3 He MOXKET Y4UTbIBaTb Ha/INYMeE AiepeBbeB UIN UCKYCCTBEHHbIX OMOP.

Bnarop,apﬂ 3TOMY FpaCbI/ILIeCKOMy V|306pa>|<eHmo MOoryT 6bITb KOHKPETHO onpeaesieHbl
Yrnbl CKaHNPOBaHUA ANnA ONTUMa/IbHOTO Ha6}'IIO,CI,eHVIFI 3a Tpe6yeMbIMVI Hanbonee BaXXHbIMU
y4aCTKaMu. KomMnnekTbl 4aHHbIX He MOTYT y4UTbIBaTb 6}'IOKVIpOBKy, BbI3BAHHYHO MECTHbIMU
npeamMeTaMmun, TakMMun Kak aepeBbA, 34aHUA NN BbILLUKW.

Ha BbI6GOp MecCTa yCTaHOBKM panoniokatopa BANSIOT MHOTME SKOHOMUYECKNE N TEXHNYeCKne
¢pakTOpbl, @ UMEHHO:

a) cywecTtsoBaHune oopor Anda nogbesaa K paanmosiokaTtopy;

b) Hanuume anekTPOAUHUI U NUHWI cBA3KN. YacTo Heo6x0aMMO A06aBAATL CEPUAHO
BblMyCKaeMble yCTaHOBKM AJ151 3aLLUTbI OT MOJTHUI;

C) CTOMMOCTb 3eM/IU;

d) 6aM30CTb CpeAcTBa KOHTPO/IA U 0BCNYXUBAHUS;

€) Heob6x0AUMO UCKJIIOUYUTL 3aTEHEHME yda NPenaTCTBUAMN. He AONXKHO ObITb HUKAKMX
NPenaTCTBUIN NPU yr/ie MecTa aHTEHHbI Haj TOPU30HTOM, 60/1bLLEM NOSOBUHbI LUMPUHDI
nyva, "M60 NPenaTCTBUIA C TOPU3OHTasIbHBIMUM pa3MepaMim 60/bLLEe NOTOBUHbI

LIMPVHbI NyYa;

f) HeO6XO.C|,VIMO, HACKOJIbKO 3TO BO3MOXHO, n3beratb BAUSHUA OTpa)KeHVIVI OT J1IOKaJIbHbIX
Ha3eMHbIX 06BbEKTOB. ﬂ,}'lﬂ pagnonokartopa, KOTOprl7| 6y,qu ncnosb3oBaTbCAa ANA
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paboTbl Ha OTHOCMTE/IbHO MaJION Aa/ibHOCTU, NOC/Ie BHMMaTe/IbHOro o6cieoBaHmA
MecTa YCTaHOBKMU U U3yYeHUs noapobHbIx Tonorpaduryecknx kapT, UHOrAa MOXHO
HaMTN OTHOCUTE/IbHO M/IOCKYIO TEPPUTOPUIO BHYTPU HEGOBbLLOIrO NOHMXEHUS, Kpas
KoTOoporo 6yayT C/ly>XUTb eCTeCTBEHHOW 3alLMTON OT Momex 415 6OKOBbIX /1eNeCTKOB
AnarpamMMbl HanpaBJIEHHOCTU @aHTEHHbI MPU MUHUMYMe 6/10KMPOBaHNA OCHOBHOTO Jlyya.
Bo Bcex cnyyvasix o6¢c/iefoBaHne MecTa yCTaHOBKM A0/KHO BKAtoYaTb HOTO- M ONTUKO-
TEOA0/UTHYIO MPOBEPKY Ha NOTEHUMa bHble NPeNATCTBUA. B onpeaeneHHbix cayyasx
Nose3HO NPUMEHUTb NOABUXHYIO PaANONOKALMOHHYIO CUCTEMY AN NOATBEPXKAEHNS
TOro, 4TO JaHHOE MeCTO ABAAETCA NOAXOAALMM. B HEKOTOPbIX COBPEMEHHbIX
paaronokaLMOHHbIX CMCTEMax MMeeTCa MPOrpaMMHOE 1 annapaTHoe obecrnevyeHune,
KOoTopoe nogasnseT 66/blUYI0 YaCTb OTPAXKEHNI OT Ha3eMHbIX 06 bEKTOB NpU
MUHUMa/IbHOM OTOPaKOBbIBAHMM 3XOCUTHAIOB OT MeTeopoornyecknx oobekTos (Heiss
etal., 1990);

g) Koraa pagmosiokaTop MCMOJb3yeTcs B Lesiix O6Hapy>KeHN METEOPOIOrNYECKUX OOBbEKTOB
Ha 601bLLINX PACCTOAHUAX, KaK 3TO MOXeT ObITb B C/lyHae TPONMNYECKUX LUKTOHOB NN
APYTMX NpuMeHeHnii Ha nobepexbe, TO ero 06bI4HO yCTaHaBANBAIOT Ha BEPLUMHE XOJIMa.

B 30Hy ero BMAMMOCTM NonagaeT 3Ha4nTe/IbHOE KOIMYECTBO OTPaXXEHHbIX CUTHAN0B OT
MECTHbIX Ha3eMHbIX MPeAMeTOB, KOTOPble MOryT He UMeTb 0CO60M BaXXHOCTU Ha 60/1bLLON
AanbHOCTU (CM. pa3aen 7.5.3, NOCBALLEHHbIN MOAABAEHNIO MOMEX);

h) kaxpaoe obcnepoBaHMe NOTEHLMANbHBIX MECT YCTaHOBKM panosiokatopa AOMKHO
BKJIOYATb TLLATE/bHYIO NPOBEPKY Ha Ha/In4mMe 31eKTPOMArHUTHbIX MOMEX B Leifax
MaKCMManbHO BO3MOXHOIO MCKNOYEHMS B3aUMHOTO BJAUAHUS C APYTMMU CUCTEMAMU CBA3N,
TakKMMU KakK TefieBuaeHne, MMKPOBOJIHOBbIE IMHUW, UAUN C APYTMMU paAnoioKaTopamu.
Cnepyet Takxe y6eaAnTbCS, 4TO MUKPOBOJIHOBOE MU3/ly4YeHMe paanosiokaTtopa He
npeacTaBaseT yrpo3bl 415 340POBbs HaceNeHUs, XUBYLLLero 613N npeanonaraeMoro
mecTa ero yctaHosku (Skolnik, 1970, 1990; Leone et al., 1989).

7.8.2 O6GMeH faHHBIMMU, OpraHusalus ceTteld, 6asa faHHbIX U 06pabGoTka
AaHHBIX

ﬂ,OCTVI)KeHVIﬂ B 06/71aCTU TENECBA3N U KOMI'IbIOTepHOI7I TEXHONOINMN NPEeAOCTaBAAOT BO3MOXHOCTb
nepenayun pagnosiokauMOHHbIX JaHHbIX U3 601bLIOro YMcaa MecT Ha Ll,eHTpaJ'IbeII7I y3en

ansa o6pa60T|<|/| M Bu3yassmnsaLmm npm noOMoLLA O6LLI,VIX KOMMNbIOTEPHBIX CUCTEM. Cy‘leTOM
C)/LLI,eCTB)/IOLLI,eﬁ cenyac cetu MHTepHeT, TapI/IqJOB N pacxonos, CBA3aHHbIX C COTOBbIMU
Te}'lquOHaMVI " axe CnyTHUKOBbIMU AaHHBbIMU, BO3MOXHbIM ABJIAETCA rnob6anbHbIi 06MeH
AaHHbIMW — MO KpaVIHeVI Mepe orpaHN4Y€HHbIMU, HO NOJ1IE3HBIMU N MOAXOAALLLUMU A4
Mcnosb3oBaHUA paanoO/IOKaULNOHHBIMU AaHHBIMUA, XOTA HeO6XO,CI,l/IMO nccnegoBaTtb I'IO,CI,pO6H)/|O
VIHCIZ)OpMaLI,VIIO O CceTax TenieCBa3n. Cne,qyeT NOMHUTL O TOM, HTO PaAnNO/1I0KaTOPbl 4aCTO
pacnonaratoTcA B yaa/l€HHbIX MECTaxX, rae OTCyTCTBYHOT COBPEMEHHbLIE CUCTEMbI TEJIECBA3U

nnn Tpe6)/IOTCFI nepBOHa4a/ibHbI€ KaNUTA/T0B/TIOXEHUNA ANA MUHUMN3aALU NN 3aTpaT Ha UX
JKCnayaTaunio N TeXHn4eckoe O6C}'Iy)KMBaHVIe.

B HEKOTOPbIX CTPpaHaX CyLULeCTBYET MHOXECTBO paAMO/TOKAUNOHHbBIX CeTEI\/'I, npeaHa3Ha4€HHbIX
414 pa3/INdHbIX I'IpVIMeHeHVIVI, TakuxX Kak noroga, ornacHbie 414 aBnalunn ABJ1€HNA B as3ponopTax,
ynpasseHne rmaposiorm4eckuMmm pecypcamm, ynpasiaeHme sBo3ayLiHbIM ABUXEHNEM U

Aaxe TaMoXeHHas cny>|<6a 1M nMMUTpauna. O6meH OAaHHBbIMU ABNAETCA BO3SMOXHbIM, HO NMpun
3TOM C/ieyeT y4ntbiBaTb, 4HTO NPUMEHEHUNA HOCAT BECbMa KOHKPETHbIl‘/’I XapakTep 1 3aBUCAT

OT BECbMa CI'IELI,VICI)I/ILIHbIX MeTO,CI,O)'IOFVII7I c6opa AaHHbIX 1 BO3MOXHO AaXe TexHosorni. B
HEKOTOPbIX ME€CTax 3TO AB/IAETCA quHKLI,VIOHa)'IbeIM, OAHaKo Tpe6)/ET 3HAYNTEJIbHbIX )/CI/IJ'IVIVI ansa
MHTErpaunn n MHTepnpeTaLmnn.

Y BMO nmetoTcs aelicTByOLMe CTaHAaPTbl A1 HEKOTOPbIX BUAOB PaaMonoKaLMOHHON
npoaykumun. NMpeanonaras BO3HUKHOBEHWE NMOTPEBHOCTU B PaMOSIOKALMOHHbBIX JaHHbIX A5
uesiell Y4UC/IeHHOro NPOrHO3MpPOBaHM NOroAbl Ha PerMoHas bHOM U ro6anbHOM ypoBHSX, BMO
npuctynuna k peanusaunmn npoekta BMO no o6mMeHy paanMosiokalMOHHBIMU AaHHBIMU B LLeNsxX
onpeaenieHns cTaHAapToB A1 HeobpaboTaHHbIX paAnoOKaLLMOHHbIX AaHHbIX (Michelson et al.,
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2013). Nomumo 371010, 6bINa CO3aaHa 6a3a pagMoIOKaLMOHHbIX AaHHbIX BMO, npegHa3Ha4veHHas
Ans coobuieHns 6a30BbIXx MeTagaHHbIX O painosiokaTopax U paanonoKaLMOHHbIX CETSX B
rno6anbHoM MacliTa6e (Sireci et al., 2010).

O6MmeH paanonoKaLNOHHON NPOAYKLNEN OCYLLLECTBASETCS B LLe/IIX CO34aHnS
KOMOGWHMPOBAHHOM UM MO3aNUYHOM NPOAYKLWU NO AaHHbIM OT MHOTUX PagMOoJIOKaToOpoB,
KoTopas o6blYHO NpeAHa3HavaeTcsa 419 npeacTaB/eHns 0CafgKoB, BbiMajarowmx Ha
3Ha4YMTe/IbHOWN TEPPUTOPUN, B Liesix o6ecnevyeHns caexxeHns 3a Norogon. 1o ABAseTcs
06LLENPUHATON NPaKTUKOM, OCYLLECTBASEMON Kak B CTpaHax, Tak U mexay HuMmn. KoHcopuunym
OTlEPA (EBponeickas onepaTnBHas nporpamma no obMeHy MeTeopoaormyecknmm
pagrMonoKauMOHHbIMU AaHHBIMW) — 3TO LLeHTpasn3oBaHHasa My/ibTUHALMOHa/IbHas MOAENb

no ob6beauHeHMto ceTen n ob6paboTke AaHHbIX (Dupuy et al., 2010). KoHcopunym BA/ITPA/,
(http://se.baltrad.eu/) — 370 eLe ogHa Moaenb o6beANHEHUS ceTel 1 06PabOTKUN AaHHbIX,
npeaHa3HayeHHaa 415 paboTbl C reTeporeHHbIMU Paanoa0KaLNOHHbIMU CETAMM, KOTOpas
npeacrtasaseT cob60i OTKPbITbI NCTOYHUK, AENCTBYIOLLMI MO MPUHLUNY PaBHOMPaBHOIo
obmMeHa JaHHbIMY 1M NporpaMMHbIM o6ecneveHreM A 06paboTkM AaHHbIX, YTO MO3BOASAET
OTAEeNbHbIM Y1€HaM KOHCOpLMYyMa NoflyyaTb UM OTNPaBAATb AaHHble, KOHDUIYpUpoBaTb U
ob6pabaTbiBaTb NporpamMmMmHoe ob6ecnevyeHue no ceoemy ycmotpenuto (Michelson et al., 2010).
OtpenbHas npobieMa 3akao4aeTcd B NOAroToBke Habopa reTeporeHHblX PagmMooKaLMOHHbIX
[aHHbIX, NPeACTaBAAOWMNX COOON NPOAYKLMNIO, NOMYYEHHYIO NO pa3HbIM reorpadryecknm
NpPOoOeKLMAM, C pa3HbIM NPOCTPAHCTBEHHbBIM Y BPEMEHHbIM pa3peLleHnem n BUAOM

06paboTkun. DTO NPUBENO K MOABIEHNIO KOHLENUMN o6MeHa NoNpHbIMU Heo6paboTaHHbIMMU
paarMonoKauMOHHbIMU AaHHBIMW 419 YMeHbLleHUs noAo6Hbix npo6aem. OgHako B 3aBUCMMOCTU
OT TMMa paguonokaTopa u ero KoHUrypaumum K Heob6paboTaHHbIM AAHHBIM Y>Ke NPUMEHSNUCH B
pa3In4HoOM cTeneHn pasHble BUAbl 06paboTku. NogobHbie npobaembl kacaloTcs Takxe o6MeHa
paavMonokauMOHHbIMU AaHHBIMW B NpeAenax CTpaHbl, NOCKOJIbKY paAnoa0KaToOpPbl MOTYT
npuvHaanexartb K pa3HblM NOKOJIEHUAM.

YT1o kacaeTcs 06paboTKM AaHHbIX, TO HAa CErOAHALIHNN AeHb CyLLeCTByeT MHOXEeCTBO

BbI6OPOB. Kax bl npon3soauTens npeanaraet CBOn CO6CTBEHHbIE CMCTeMbl 06paboTKu

W BU3yanu3aunmn paanonokalunoHHbIX AaHHbIX, NPU 3TOM 06bIYHO C pa3HbIMU YCNOBUSIMU,
TakMMM KaK BKIOYEHHas BOSMOXHOCTb OpraHM3aLnm cetm am nosiy4eHuns ANLeH3nm.
CyLuecTByIOT Takxe Takme cuctemsbl, kak TUTAH (MaeHTudmkaumns, otcnexmnsaHue,

aHaaun3 n Tekyllee NporHo3npoBaHme rpos), kotopas npeacTasiseT co60i NonyaspHoe n
AocTynHoe 6ecnnaTtHo NporpammMHoe obecrneyeHune, UCNoab3yemMoe BO MHOMMX HayYHbIX
NCcCNefoBaHNAX U HECKOIbKMMUN MeTeoposiornyecknmn cnyxbamm (Dixon and Weiner, 1993).
M3HavanbHO 3Ta cncTema 6bl1a 3aymMaHa B Ka4ecTBe MHCTPYMeHTa, NpeHa3Ha4yeHHOoro

ANA fesaTenbHOCTM B 061aCTN akTMBHOIO BO3A4EMCTBUSA Ha MOroAy, 0OA4HaKo cTasa 3aTem
MHoroueneson. IMeeTcs MHOXECTBO CNOXHbIX KOMMEPYECKNX CUCTEM, KOTOPbIE SABASAIOTCA
He3aBUCMMbIMU 1 CNELNASTIU3MNPYIOTCS HA CaMblX COBPEMEHHbIX MPUMEHEHUAX, CBSA3aHHbIX

C cypoBoi norofon, Takmx kak Cucrema nogaepxku NPUHATUA peLLeHnn O Bbinycke
npeaynpexaeHuii — KomnnekcHas nHgpopmaunsa (WDSS 1) (Lakshmanan et al., 2007;
http://www.wdssii.org/). MoxHo co3aaTb pagnonokaLMOHHYI0 CUCTEMY, UCMO/b3YA

cpeactBa, npegoctasnsemole BAJIPAL nnn bubnmotekoit HACA no pagnonokaunoHHOMY
nporpaMmmHomy obecneyeHuto (Wolff and Kelley, 2009). B oTHoLWweHUN co3aaHus cBoel
CO6CTBEHHOWN CUCTEMbI UMEETCSt BO3MOXHOCTb MPOBEAEHNS MeperoBopoB UK COTPYAHMYECTBa
C HaLLMOHaIbHOM METEOPOIOTNYECKOM U rmaposnorndeckon cayxéon (HMIC) nnm kakum-nn6o
NpPaBUTENbCTBEHHBIM areHTCTBOM. PyHKLMOHaNbHble BO3MOXHOCTU BapbUPYIOT OT CaMblIX
6a30BbIX €KOAEPOB 0 CUCTEM, FeHepMpyoL X 6a30BY0 NPOAYKLMIO, CUCTEM C BO3MOXHOCTbIO
obecneyeHuns BbICOKOro KayecTBa AaHHbIX 1 aBTOMaTU4eCKOro o6Hapy>XeHns CypOBbIX LUITOPMOB
1 ux knaccndpukaumm. NpruHMmMaemas K akCnayaTauum cucteMa AoJxHa 6bITb OCHOBaHa He
TOJIbKO Ha (PYHKLMOHabHbIX BO3MOXHOCTAX, HO M ONpPeAensaTbCA TakKe BUAOM NPUMeEHEHNS

N HaIn4YMeM AOCTYMHbIX BO3MOXHOCTEN B 061aCTN HayYHO-TEXHUYECKON NOAAEPXKKMN U
obcnyxmBaHus.
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79 NCTOYHUKMU OLLIMUBKU

OwnbKM B paamnonoKkaLMOHHbIX AaHHbIX HEOOXOAMMO paccMaTpMBaTh B KOHTEKCTE KOHKPETHOTO
npyMeHeHns. 3ajavyein 4acTo ABASETCS OLeHKa 0CaAkoB, U HeO6X0AMMO MPUMEHEHME CTPOTUX
npoueayp obecneyeHns kayecTBa AaHHbIX, C TEM YTOObI yAansiTb U KOPPeKTUpOBaTb apTedakThl.
CyLecTBYIOT pa3Hble YPOBHU KOHTPO/IS KavyecTBa AaHHbIX. [Maponornyeckne npumMmeHeHns
TpebyloT OLLEHOK Aaxe B C/ly4ae Na0x0oro kayecTBa AaHHbIX, B TO BpeMS Kak Mpu acCCUMUIALNN
JaHHbIX JOMNYCKAeTCs Ha/M4me OTCyTCTBYIOLMX A@HHbIX, HO HE UX N10X0€e KayecTBo. MHorune
npo6aeMbl MJIOXOro KayecTBa PaAnNONOKaLMOHHbIX AaHHbIX Bbi3BaHbl BO34eCTBMEM

BHELUHeN cpebl, HO He caMoro paguosiokatopa (pucyHok 7.2). Cnepgyet oTMETUTb, 4TO 3TH
KO/IMYECTBEHHbIE MPUMEHEHMS METEOPOJIONMYECKOro pagmosiokaTtopa BCe eLle HaXxoaAaTCs Ha
aTane pa3paboTku, B TO BPEMS Kak Ka4eCTBEHHOE UCMOJ/Ib30BaHMe PagN0N0KaLNOHHbIX AaHHbIX
AN NOHMMaHWUA U 06HaPY>XKeHNS CYyPOBbIX LUTOPMOB SIBASIETCS COBEPLLUEHHBIM, 1 OHO NMO/IHOCTbIO
onpaBAblBaeT CyLLeCTBOBaHNE PaaMoI0KaLMOHHbIX CeTeln.

PagnonokauymoHHoe YpaBHE€HNE BbIBOANTCA C YH4ETOM MHOTUX npe,u,nono>KeHvu‘/’|. B

TEeX CNy4vaax, Koaa 3TN Npeano1oXkeHNA He ONnpaBAblBalOTCA, OTPAXXaeMOCTb MOXET
paccMaTpunBaTbCA B Ka4eCTBE ownbKku. Hanpmmep, €CN UeNib ABNAETCA e,CI,MHOO6pa3HOI7I nnn
NOJIHOCTbIO 3aN0JIHEHHOM NGO ABNAETCA CMeLIJaHHOVI, TO AaHHOE€ YpaBHEHWNE HE ABIAETCA
COOTBETCTBYHOLLUM. Momnmo 3TOro, €C/in NnapaMeTpbl, BK/IIOYEHHbIE B JdHHOE YpaBHEHNE, TaKne
Kak KO3CI)(1)VILI,VI€HT YCUNeHNA aHTEHHbI, MOTEPU B BOJIHOBOAE U O/TNTE/IbHOCTb UMNY/1IbCOB
ABNAKOTCA HEMPAaBU/IbHbIMU, TO KOHCTAHTa pagnosiokaTtopa 6}/ﬂ,eT npeacTtaBAATb coboi

OLIJM6Ky, pe3ynbratom KOTOpOVI 6)//],)/T cncTteMatTmndeckmne NnorpewHoCcT npu npeo6pa3OBava|
nokasaresien MOLLHOCTWM B NOKa3aTe/I OTPa>XaeMOCTHU. Hwuxe paccMaTpunBaloTCA pa3invHbie
MCTOYHUKM OLLINGKN NMPUMEHUTE/IbHO K Ka4€CTBEHHbLIM N KOJIMYECTBEHHBIM NPUMEHEHUAM.

3anosiHeHue pPaAnO/I0KaLLMOHHOTIO Jly4a

Bo MHOrmnx cny4yasx, u B 0CO6€HHOCTN Ha 60/1bLUNX PACCTOSIHUAX OT pagMonokaTopa, WupuHa
Nlyya AB/ISE€TCA 3HA4YUTENbHON N UMNY/bCHBIN 06BbEM HE LLe/IMKOM 3anoiHAeTCa OA4HOPOAHbIMU
ocagkamu, T. €. paANONOKALLMOHHBIN JIyd MOXET ObITb /INLLb YaCTUYHO 3aMNO/IHEHHBIM. 3TO
0CO06€eHHO cnpaBeA/IMBO B OTHOLLEHNN HU3KO PACMnON0XEHHbIX METEOPONOrNYECKMX CUCTEM

(< 1 kM Mo BbICOTE, HANPUMeEp CHeXHble 6ypu, CBA3aHHble € 3pdekToM 03epa), koraa ayy
NMOSIHOCTbIO MPOXOANT MMMO 30HbI 0CaZKOB M Ha paccToaHMM nopsaaka 50 KM He BUAHO HMKaKKMX
3XOCUTHaNO0B 0cafakoB. Ha 64/1bLInX pacCTOAHMAX UMMYJIbCHBIN 06beM AB/ISeTCa BeCbMa
60/1bLLINM N, eCTECTBEHHO, MPONCXOAUT 3HAYMUTENbHOE CraXXBaHWE MO Mepe CBeEPTbIBaAHUSA
paganonoKaLMoHHOrO fyya Lenbto. B nogo6Hom cutyaumm nyy HaxoanTCa Takxke O4eHb BbICOKO
Ha/, 3eMHOI NOBEPXHOCTbIO N HE OYEHb XOPOLLO KOJIMYECTBEHHO OTpaxaeT 0caAKu Haj,
NoBepxHOCTbIO 3emnun. B cnyyae cuctem, paboTatowmx Ha 6osbLuelt BbicoTe (Hanpumep, 15 km),
paguonokatop cnocob6eH obHapyXu1BaTb 3TU CUCTEMbl Ha 6ObLLMX paccTOAHUAX (> 250 km)

1 npeacrasnset cob6oi 3Ha4nTeIbHO 60/bLLYIO LLEeHHOCTb /1 MPOrHO3UCTOB, MOCKOJ/IbKY

3TU cucTeMbl 6yayT BeCbMa MHTEHCUBHBbIMU. Kak npaBuio, paanonokalMoHHbIE U3MePeHNS
MOTFYT OKa3aTbCs MOJIE3HbIM C TOYKM 3PEeHUS KOJIMYECTBEHHbIX MapaMeTPOB Ha PacCTOAHNAX
meHee 80 KM Npu WMPUHe Nyva pagnonokatopa B 1° n nopaaka 110 km npu wnpuHe nyya
pagnonokatopa B 0,65°, 6e3 BHeCEHMS NPY 3TOM AOMNO/HUTENbHBIX KOPPEKTUPOBOK B AAHHbIE
(cM. pucyHok 7.33).

HEOAHOpOAHOCTb BEPTUKaAJIbHOIO pacnpeaesieHna ocagkos

lMapameTpoM, CBA3aHHbIM C 3aNO/IHEHMEM PaAMOJIOKAaLMOHHOTIO 1yya, SIBASETCA HECOOTBETCTBUE
WHTEHCMBHOCTWN 0CafKoB Kak (pyHKLMS BbICOThI. [TlepBbIM NapamMeTpoMm, NpeacTaBsioLLmnM
WHTepecC NP paano/IOKaLVUOHHbBIX U3MePEeHMAX, OObIYHO SABASIOTCA OCaAKM Ha YPOBHE 3eMHOM
NOBEPXHOCTU. YTO KacaeTcq ropM3oHTaIbHOM M3MEHYMBOCTU, TO BEPTUKaJIbHAs M3MEHYMBOCTb
WAN BEPTUKaNbHbIN NPOg Wb UFPatOT CYLLLECTBEHHYIO POJ/ib B OLLEHKE 0CaAKOB Ha MOBEPXHOCTH
3eMun. M3-3a 3chpekToB, CBSA3aHHBIX C LUWPUHOW N1yYa, ero HakJIOHOM U KPUBU3HOM 3emu,
pagvonokauMoOHHbIe M3MePEHNSA 0CaAKOB Ha 60bLLMX PACCTOAHUAX NN SKBUBANEHTHO MO
BbICOTE OCYLLECTB/ISIOTCA Ha MEHBLUMNX BbICOTaX MO CPAaBHEHWUIO C USMEPEHMSMWN OCaAKOB Haj,
noBepxHOCTbIO 3emnu (cm. 7.10.4.1).
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OcnabneHune us-3a BO30eNCTBUSA 0CaJKOB

OcnabneHune curHana us-3a 4oXxas MOXeT 6biTb 3Ha4MTeNbHbIM, B 0CO6€HHOCTU Ha 6onee
KOPOTKUX A/IMHax BOSIH pagunonokaropa (5 n 3 cm). Ocnabnexnne ns-3a CHera MeHblLe,

4yem ocnabneHne npu oxAe, HO MOXeT 6biTb BCe e 6onee CyLeCTBEHHbIM Ha 60/bLLINX
paccTosaHmnax. Bonpeku obeMy MHeHMIO, ocnabneHune B Cnyvae paanonokaropa, pabotatoLLero
B S-AnanasoHe, CyLlecTByeT, HO onpeAennTb ero 6onee TpyaHo. Metoanka ABOHOMN
nonspusaunm NCNosb3yeT napameTp cneunanbHomn anddeperunansHoin dasel (K, ), KoTopbiit
He 3aBUCUT OT oclabnieHns n aBnsetca 6onee ahekTUBHBIM Ha 6oJsiee KOPOTKMX AJTMHAX BOJH.

K, — 370 napameTp wyma, 1 3Ta MeToAMKa BCe elle coBeplueHcTByeTcs (cm. 7.10.4.4).

3aTeHeHue nyyva

B 3aBMCMMOCTM OT MecTa yCTaHOBKU pafnosiokaTopa ero iyd MoxeT 6biTb YaCTUYHO

VAN NOJTHOCTBIO 3aC/IOHEH penbedoM UK NPENATCTBUAMM, PACMONOXKEHHBIMU MEXAY
paganonoKaTopomMm U1 Lesbio. 3T0 BeAeT K HeJOOL,eHKaM OTPakaeMOCTU U COOTBETCTBEHHO K
ownbKaM B UHTEHCMBHOCTU BbINaAEHMSA AOXKAEBbIX 0CaAKOB. K, — 3TO /IoKa/IbHbIN NapameTp,
aBastowmniica mepoi guddepeHumansHoro ociabnenns (onpegeneHHoro no gase) B npegenax
06/1y4aemMoro pagmosokaTopom o6bemMa, 1 NO3TOMY OH He 3aBUCUT OT 3aTeHeHus ay4a. B cnyvae
Y3KOrO 3aTeHEHNSI HTEPNONALNSA AaHHbIX MOXET 6bITb 4OCTAaTOMHOM 4151 KOJINYECTBEHHOIO
npuMeHeHus. B cnyyae kaueCcTBEHHOro NpUMEHeHNs 3aTeHeHne nyya siBaseTcs npobnemoi,
KOTOPYIO aHanUTUK MOXeT npeoaoneTb. [pyn NoAHOM 3aTeHeHUM fiyda C onpefesieHHOoM
CTeneHblo ycrnexa MoryT 6biTb MCNOJ/Ib30BaHbl BEPTUKabHblE KOPPEKTUPOBKM Ha OCHOBE
npogunnsa oTpaxxaemMoCTu.

OcnabneHue 3a cHeT HaMOKaHUs BE€TpPO3allUTHOIo o6TeKaTeNns aHTEHHbI paAunosiokaTtopa

bonbwmnHCcTBO PagnonoKalMOHHbIX aHTEHH 3allMLULEeHbl OT BETPa U A0XAA O6TeKaTe)'IEM,
KOTOprVI 06bIYHO M3roTOBSETCA U3 cTeknonnactuka. Ob6tekartesnb CNpPOEeKTUpPOBaH TakKnum
o6pa30M, 4YTOObl BbI3bIBaTb MMHUMaJ/IbHble notepu M3ny'-|aeM017| Heprun. HaanMep, 6narop,apﬂ
TakOMYy )/CTpOVICTBy obTekaTens notepwv npu ,D,BOVIHOM NPOXOXAEHNUN CUITHa/la MOTYT AOBOJIbHO
JIErKO NOA4AEPXNBATLCA Ha YPOBHE HUNXE 1 ab s C-,qmana30He npn HOPpMaJibHbIX YC/TOBUAX.
O,CI,HaKO npu 06MNbHOM 40XA€E MOBEPXHOCTb obTekaTenss Moxet NOKPbITbCA TOHKO NJIEHKOM
BOAblI NN ibAa, Bbl3bIBalOLIJ,€VI CUNbHOE, 3aBUCALLEE OT a3nMYyTa, ocnabnenue.

Mpu coveTaHnn c ocnabneHnem m3-3a 0CaKoB U Ha 6osiee KOPOTKUX ANMHAX BOJH
3XOCUTHaNbl pagmonokaTopa MOryT 6biTb MOTHOCTbIO MOAABAEHbI. XOTA 3TO MOXET NoKa3aTbCs
KaTacTpodunyeckMM, HO B peasibHOCTM 3TO MPOUCXOANT B TEHEHME OTPaHNYEHHOIO BPEMEHHN
(okono 10 MMHYT), 1 B NNaHe Ka4eCTBEHHOrO NUCMONb30BaHMA NpeaynpexaeHus 6yayT yxe,
BEPOATHO, BbIMyLLEeHbl. YTO KacaeTcs acCCMMUAALMN AaHHbIX, TO AOCTYNHOW 6yaeT ABONHas
nonspusauma aaxHbix (K, ), 4To CBMAETENIbCTBYET O TOM, YTO MMEJIO MECTO pe3Koe ocsiabneHue,
W OCTasibHble AaHHble OyAyT HEMPUTOAHBIMU AN UCMONb30BaHMA. Jna ruaponornyeckmx
NPUMEHEHN, KOTOpble AEMCTBYIOT BO BPEMEHHbIX MacluTabax B pa3Mepe 4acoB UK CYTOK,
KpaTKOCPOYHas NoTeps AaHHbIX AN MPOrHO3MPOBaHUSA NaBOAKOB He ABNAETCA CyLL,eCTBEHHOMN.
B 3aBMCMMOCTU OT pexnma MeTeopoJIOrnYeCckmnx yC0BMiA 3aTPOHYTO MOXET ObITb
NPOrHo3MpoBaHue 6bICTPOPa3BMBAIOLLLUXCA OYPHbIX NaBOAKOB.

3J1EKTpOMaFHI/ITHbIe noMexu

ONeKTpoMarHUTHbIE MOMEXN OT APYTUX PaZN0I0KaTOPOB UM YCTaHOBOK, TaKMX Kak
nokanbHble pagmocet (RLAN), ctaHoBATCA BCe 60nee 3HauUnTeIbHbIMU U TPebyIoT

NPUHATUA CYLLECTBEHHbIX MEP NO 3aLLuTe oT HuX. Nomexu, co3gaBaemble MeX Ay COCEAHUMMU
pagnonokatopamu, yMeHbLUAIOTCS 3a CHET UCNO/b30BaHUS HECKOIbKO UHbIX 4acToT (HO BCe

e B TOWM e CaMOW NoM0cCe) C NPUMeHeHMEM Haanexalmnx huabTpoB, yCTaHOBEHHbIX Ha
nepeaarymke U npuemMHuke. MIHoraa cnyvaliHble MOMexu MOryT BO3HMKaTb OT PaZMo/IoOKaTOpPOB
BO3/YLUHOIO 1 Ha3eMHoro 6a3npoBaHus, koTopble paboTtatoT B C-AnanasoHe U UCNOb3YIOT Ty
e caMylo 4acToTy.
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PucyHok 7.19. Uso6paxxeHne cnesa AeMOHCTPUPYET TUN NpeanoslaraeMbiX MOMeX CO CTOPOHbI
JIOKa/IbHOW paauoceTn, HaXo4fALWEeNCsA Ha paccToaHUN 6,4 kM ¢ yrinom mecTa 0,42°.
N3o06paxeHne cnpaBa NoJly4eHO onepaTUBHbIM METEOPO/IOTMYECKUM Paan0/I0KaTOPOM U
no6esHo npegoctaBneHo Claudia Campetella us HaumoHanbHol MmeTeoponormyeckom
cny6bl ApreHTUHbI.

Mcnonb3oBaHue 3n1eKTPOMarHMTHOrO CNnekTpa onpeAenseTcs Ha OCHOBE COM/alLeHns u

ero nopsAAok perynnpyetcsa MexayHapoaHbIM COI030M 31eKkTpocBa3n. Ha BcemupHoi
KoH(epeHumu pagmoceasn 2003 r., nocne 3anpoca co CTOPOHbI COObLLLeCTBa NO/Ib3OBaTe1eN
6ecnpoBOAHON CBA3MN O NPeAOCTaBNEHNMN CeKTpa TeJIeKOMMYHUKALMOHHON NHAYCTPUN
6bin OTKPBIT AOCTYN K YacToTaMm C-AMana3oHa Ha peryninpyemoin, BTOPU4HON OCHOBE

6€e3 He06Xx0A4MMOrO JINLEH3UPOBAHUSA U C YC/IOBUEM HECO34aHMS MOMEX N COBMECTHOIO
NCNoJ/ib30BaHNA C METEOPO/IOTMYECKUM coobLecTBOM. [ns Toro, 4Tob6bl He co3aaBaTb
nomexwu, npeanonaraetcs, 4To B annapaTtype RLAN 6yaeT npuMeHATbLCS yCTPOMCTBO
ANHaMM4Yeckoro BbiIbopa 4acToThl, KOTOPOE NpeAHa3Ha4eHo A1 0CBOOOXAEHMSA KaHana B
C-amnanasoHe B TOM c/ly4ae, ecim o6Hapy>xeH MeTeoposiornieckuin pagnonokarop. OgHako
a/iIropuUTMBbl, UCMOb3yemble AN O6HapyXeHUs MeTeoPOIOrM4ecKoro pagmonokaTopa,
ABNAOTCA HeAOCTAaTOYHLIMW AN NPeAoTBpPaLLLEHMA NOMEX 40 TOro, Kak OHM 0CBO6OXAal0T
AaHHbIV KaHan. [lonneposckuii cnekTp curHanos RLAN nossnsetcs B uge 6enoro wyma u
MOXeT 6bITb yCTPaHeH Npyv NOMOLLM aJanTUBHbLIX METOA0B LWyMonoaasneHuns. OgHako oHu
MOBLILLAIOT YPOBEHb LUyMa U YMEHbLLAIOT 4YyBCTBUTEIbHOCTb METEOPOJIOTMYECKOro pajapa
B c/ly4ae o6HapyxeHus RLAN. BMO BbinycTuna AMpeKTUBHbIE JOKYMEHTHI, KacatoLmecs
COBMECTHOro ncnosb3osaHms 4actot C-gnanasoHa. Ha pucyHke 7.19 nokasaHbl HeKOoTOpble
npuMMepbl NOAO06HBLIX NOMEX A4/ UCTOYHUKOB Ha Pa3HOM PacCTosHUN. TeM He MeHee cucTeMmsl
nHTepepeHLmn, Nogo6HbIE 3TUM, HabntoaatoTcs Bce 6onee yacto. CneBa Ha pUCyHke
nokasaHo nsobpaxeHne obuLel oTpaxaeMocTu (6e3 huabTpoBaHUS AOMNIEPOBCKOro
OTpaxkeHMs OT MeCTHbIX Ha3eMHbIX 06EKTOB) Ha dKpaHe nHAnKaTopa Kpyrosoro o63opa
(MKA) npu yrne mecta 0,42°, nony4eHHoe B X0[ie KOHTPOAMPYEMOTO UCC/Ief0BaHMS, KOraa
paguonokatop C-gnana3oHa c RLAN KOHKpeTHO pa3mellancs B U3BECTHbIX MeCTax Ha
paccTtosHun 6,4 km c asumytom nopsgka 40°. RLAN Habaopaetcs npu asmmyte 7°—10°.
Bonee 6aunskoe (Mnu ganekoe) pacnonoxexHve RLAN npuseget k paclumpenunto (Mnu
Cy>eHWuto) cucteM nHTepdepeHunmn. B gaHHoM skcnepuMeHTe HabnoaeHue 3a RLAN moxet
OCYLLLeCTBAATLCA Ha PacCcTosiHMK A0 16,7 KM (MakCMMasibHas BeiM4MHa B BEPTUKA/IbHOM
cTonbe B npeaenax ckaHMpoBaHUsA nNo o6bvemy). M3o6paxeHne cnpasa — 3TO NPOAYKT
«MaKCUMasbHOM OTpaXxaeMoOCTU» OT OMepaTUBHOro paanosiokatopa 33eli3a B ApreHTuHe, n
OHO MOKa3blBaeT CUCTEMY, BKJIIOHaIOLLLYt0, BO3MOXHO, 12 RLAN, KoTOpble HaxoaaTCca B npeaenax
5 KM OT paagunoniokatopa. 3T0 MPUMep 3KCTpemanbHon nHTepdepeHummn. Momnmo 3Toro, B
cnyyvae 6/11M3KOro HaxoXAeHUA, UHTepd epeHLMa MOXET NOBANATL HAa TPEXMEPHbIE AaHHble
paguonokartopa.

Heo6xoa1Mmo NposBasTb NpeAesbHY0 OCTOPOXHOCTb, MOCKOJIbKY 3TU CUCTEMbI ByayT
pa3BopavMBaTbCs B MaCCOBOM MOpsiKe U Ha 6€3/IMLEH3MOHHO OCHOBE, U B 3TOM CJlyyae 6yaeT
TPYAHO nNpecekaTtb HapyweHus. COTPyAHMYECTBO U COBMeCTHas paboTa 0XuaatoTcs, TpebyroTcs
1 noowpstoTcs. NMomMexn BO3HMKAIOT Takxe B S-AnanasoHe 13-3a 6ecnpoBogHON TEXHOIOTUN
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4G, a Takxe ApyruMx paanonokaTopos S-gnanasoHa (ynpasaeHune BO3AYLIHbIM ABUXEHUEM).
BMO noarotoBuia ANPEKTUBHbIE YKa3aHUSA UAW 3asB/IEHNS OTHOCUTEIbHO COBMECTHOTO
NCNO/Ib30BaHMA YaCTOTHOIO CNeKTPa C y4eTOM 3TUX HOBbIX TEXHOJIOTMIA (CM. Npunoxexue 7.B).

OTpa)KeHVIe OT MECTHbIX Ha3€MHbIX 0O bEKTOB

MckaxkeHne 3XOCUTHaN0B OT A0XAS OTPaXXeHUAMM OT Ha3eMHbIX 06BEKTOB MOXET MOBJ/eYb
o4YeHb 60/bLUME OLINOKUN B OLLleHKE MHTEHCMBHOCTM OCaAKOB M CKOPOCTW BeTpa. AHTEHHbI
60/1bLLUMHCTBA COBPEMEHHBIX PaAN0IOKaTOPOB MMEIOT CTaHAAPTHbIE TEXHUYECKNE
XapakTepUCTUKN GOKOBbIX N€MNECTKOB, KOTOPbIE TPYAHO YNY4LUNTb, MOCKO/bKY 3TO ABASETCS
reometpuyeckol npobnemMoin. bokoBble lenecTkn MOryT 6bITb yyHLUEHbl MW CABUHYTHI B MHblE
YINOBbl€ NOMIOXEHWS, OHAKO OTAANeHMe PYMOPHOro obsy4aTens aHTeHHbI OT POKaSIbHOM TOUKM
NPUBOANAT K yXyALeHWo K03 ULMEHTa yCUIEHNS aHTEHHbI AW LWMPUHDBI Ny4va. McxoaHbIM
MeTOZOM A1 MMHMMM3aL MK OTPaXKeHNS OT Ha3eMHbIX OO bEKTOB ABAETCA NPaBU/IbHbIN BbIGOP
MecTa yCTaHOBKW paaunoniokaTopa. B ugeanbHom BapuaHTe pagnonokaTop ciegyeT pa3Mellatb
B yrny6/1€HHOM MeCTe UN B MeCTe ero pa3meLleHuns A0/IKHbI ObITb AepeBbs A5 NOMOoLWeHns

1 paccesiHnsa 60KOBbIX slenecTkos 6e3 610KMPOBaHMA NPU 3TOM rNaBHOro enectka. MeTtoabl
nofaB/aeHNA CUTHANO0B N U3bATUA JAaHHBIX LLMPOKO PAaCCMOTPEHBI.

AHOManbHoe pacnpocTpaHeHue

AHOMa/IbHOEe pacnpoCTpaHeHMe HapyLlaeT TpaekTOPUIO paamoaioKaLMOHHOrO yya 1

BeJeT K YCUIeHUIO OTPaXkeHU OT Ha3eMHbIX O6beKTOB B pe3y/ibTaTe NpesioMAeHNs yya B
HanpasneHuu Kk 3emsie. OHO MOXeT Takxe Coco6CTBOBaTb O6HAPY>KEHUIO PaaMoIoOKaToOpPoM
LMK/IOHOB, HAXOASALLMXCA ropa3ao Aasnblue 06blYHOro pagmyca 4eNcTBUs, HO C onbkamMun B
onpeaeneHnn nx yaaaeHus ns-3a MCKakeHns fanabHoOCTU. B HekoTopbix paioHax aHOMasibHOe
pacnpocTpaHeHue ABASETCA YacTbIM, KOra B aTMocdepe NPONUCXOAUT CUSIbHOE YMEHbLUEHME
BNAXHOCTU U/ NOBbILLEHNE TeMnepaTypbl C BbICOTON. OTpaXKkeHUs CUTHaN0B, CBA3aHHbIe

C aHOMas/lbHbIM pacnpocTpaHeHnem, MOryT BeCbMa 3anyTaTb HEONbITHOro HabnoaaTens. 3T
3XOCUTHA/bl YCTPAHAIOTCA TaknM e 06pa3om, HTO M OTPaXeHMs OT Ha3eMHbIX OObeKTOB.

CnepyeT OTMeTUTD, YTO, KaK MPaBMI0, MECTOHAXOXAEHMNE NyYa HENM3BECTHO, NOCKO/IbKY
aTMocdepHbIi Npodunb nHAeKCa pedpakunm asnsetcs ngeanusaumei (Joe, 1999).
ACcUMUAALMA AaHHBIX, CBSI3aHHbIX C 06beMOM 06/1y4YeHns paamosiokaTopa, NPu TUMUYHOM
uyncne yrnos Mecta (10—24) sasnsetca npobnemMaTU4HON, NOCKOAbKY MOAENN YNC/IEHHOTO
NPOrHO3MpPOBaHMsA NOroAbl MMEIOT B HacTosLLee Bpems, Kak npasnno, 50—80 moaenbHbIX
ypoBHei. HexBaTka TO4YHOM MHOPMALLUKN O MECTOMOIOXKEHUN NlyHa U HECOOTBETCTBUE MEXAY
KOIM4EeCTBOM PaANOI0OKaLNOHHBIX AaHHbIX U MOAE/IbHBIMU Y POBHAMM UCKIIOYAIOT BO3MOXHOCTb
NCNOoJ/b30BaHNA 3TUX AAHHbIX 419 aCCUMUASALNN Ha paccTosaHuax 6onee 100 km.

To4HOCTb YCTaHOBKU AnarpamMmbl HanpaB/1I€EHHOCTU aHTEHHbI

B xOpOLIO CKOHCTPYMPOBAHHOWM CUCTEME MONOXEHNE AaHTEHHBI MOXET ObITb N3BECTHO B
npeaenax 0,1°. OgHako oWNOKN B MOIOXKEHNN aHTEHHBI MOTYT YBE/IMYMBATLCA M3-38 HAK/TOHHOM
nnatopMbl aHTEHHbI UM HECTaOUIBHOCTU B KOHTYPE AN MexaHU3Me o6paTHO CBA3M,
BbI3BAHHOI M3HOCOM 060pyAOBaHUA. DTO AB/IE€TCA OCOOEHHO BaXKHbIM MPU HU3KMX YIlax MecTa,
NMOCKOJIbKY MaJsible U3MEHEHMS yrila MecTa MOTyT MPUBOAUTDL K 60/1bLLMM M3MEHEHUSM B OXBaTe
napamMeTpoB NOroibl B NPM3eMHOM cJioe aTMocdepbl.

3J1EKTpOHHa$| CTabUIbHOCTb

COBpeMeHHbIe I/1IEKTPOHHbIE CUCTEMbI C TEHEHNEM BPpEMEHU NpETEPNEBAIOT HeboNblIME
M3MEHEHUS N 6blIN 3HAYUTESTbHO ycoBepPLEHCTBOBAHbI C paHHUX ,Cl,HeVI METEOPOJ/IONMYECKNX
PaanonokaTtopos, Koraa npnxognsiocCb eXxeaAHEBHO OCYLUECTBJ/IATb Ka)'IVI6pOBKI/I npuneMHuKka.
XOpOLIJO CKOHCTPYMpOBaHHbIVI PagnonoKaTop MOXET XapakKTepPnN3oBaTbCA CTabUNbHOCTbIO
(I/I3MeHeHVIe <1 ,CI,B) B T€é4HeEHNE MecsLa. ﬂ,O6aB}'IeHl/I€ CNCTEMbI MOHUTOPWHIA CO BCTpOGHHOVI
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TeMHepaTypoﬁ TeCTUPOBAHNA MOXET NPUBECTU B ,Cl,eVlCTBVIe nojavy npeaynpexajakroLuiero
CUTrHala nanm nocnatb coo6|.|.|,eH|/|e no 3}'IeKTpOHHOl\7I no4re npu O6Hapy>KeHVIM HENCNPaBHOCTHN,
a Tak>XXe MMHUMN3NPOBaTb BpeEMA NPOCTOA PaAnNO/TIOKAaTOPOB.

Bapunauuu cootHoweHus Z-R

[ns npeobpa3oBaHns OTPaKaeMOCTN B MUHTEHCMBHOCTM OCaAKOB HEO6XOAMMO 3MNMPUYECKoe
cooTHoweHne Mexay Z n R. CooTHOLLEeHneM, KOTOPOe ABASETCA CaMblM 3HAMEHUTBIM U
Hanboee 4acTo NCNONb3yeEMbIM MPUMEHUTENIBHO K ONEPaTMBHbIM paguonoKaTopaM, ABAsSeTCs
cooTHoweHne Mapuwanna-lNanmepa (1948 r., B HacToAL,ee BpeMs U3BECTHO, Kak COOTHOLLEHUe
Mapwanna-fanHa, 1952 r.). Kak coobLianocb, CTeneHb HeOnpeae/IeHHOCTU 3TOro COOTHOLLEHUS
xapakTepusyetcs ko3 puLmMeHToM 2. ITO Takxke OTHOCUTCS K cHery. OTpa)kaeMoCTb — 3TO
dyHKLMA pacnpeaeneHns pa3Mepa Kanesb, U pasHble pacnpeaeneHns pasmepa kanesb

MOFyT AaBaTb OAMHAKOBOE 3Ha4veHne Z. Taknm o6pa3om, C pa3HbIMU CTENEHAMM yCrexa

66111 chopMyNnpoBaHbl pa3Hoobpa3Hble COOTHOLLEeHUS Z-R Ans pa3HbIX TUNOB 0CaZlKOB —
KOHBEKTUBHBIX, C/IOUCTbIX U cHera (cMm. 7.10.4.2). 1nsa pagmonokatopa C ABOMHON noaspusauunen
cenyac paspaboTaHa MeToAMKa, MCNOJb3YIOLLas NapaMeTp ABOWHOM nonsapusaumm

K, ,. Mpeactount y6eamTbCsa B TOM, MOXET /I KOPPEKTMPOBKA BePTUKaNbHOIO npoduaa
KOHKYpMpOBaTb C METOAOM K, B CUTyaUMsX HaCTUYHOTO 3aTEHEHNS.

PapnanbHas CKOpPOCTb

CKOpOCTVI, n3mMepsaemble Nnpn NOMOLLLKM A0ONNEPOBCKONo paanosiokatopa, XxapakTepusyroTca
TOJIbKO paAna/ibHbIM HanpaB/1€HNEM, HTO MOXET ObITb I'IpVI‘-IVIHOVI HeOAHO3Ha4YHbIX nokasaHuin.
ABTOMaTI/I3I/IpOBaHHaFI MHTEpNpeTauna Bce ewe npeacrtaBiseTt co60ii 06n1acTb aKTUBHbIX
VICC)'Ieﬂ,OBaHVIVI, O4HaKO MHTEpnpeTaunn BO3MOXHbI B onpeaesieHHbIX CUTyaunax, a UMEHHO
prI'IHOMaCLIJTa6HbIe CUHONTUYECKNE MOTOKM N MeNKoMacluTabHble KOHBEKTUBHbIE NOTOKHN, Npun
YCNOBUN HATN4YNA KOMMETEHTHBIX U XOPOLLUO NMNOAroTOB/1I€HHbIX aHA/IUTUKOB.

CKOpOCTV NpeacTaBAaioT CO60M B3BeLLEHHbIE OLLeHKN OTpaxaeMoCT! UK ABMXEHUE 0caaKkoB/
uenun. Ecnu pagmanbHble KOMNOHEHTbI BEPTUKaNbHbIX ABUKEHWI ABASIOTCS HUYTOXHBIMU
(HanpuMep, HU3KMeE YI/ibl MecTa), TO OHM NPeACTaBAAIOT ABMXKEHME 0Ca[KOB, KOTOPOE 4acTo
MOXeT MHTepNpeTMpoBaTbCA B KayecTse BeTpa. OgHako ciefyeT NposBAsATb OCTOPOXHOCTD,

C TeM 4TO6bl He MHTEPNPETUPOBaTb CKOPOCTb B KAa4eCTBE ABMXEHUS 3XOCMrHasa ocajkoB

Wan camol cuctembl. Hanpumep, B cilydae N€HTUKYNSAPHOrO NOTOKA Haj rOpHON BEPLLMHOWN
ABUXeHne 3xocurHana (Noka3aHHOro OTPaXkaeMOoCTbiO) MOXET 6bITb CTaLMOHAPHbLIM, HO
4acTuULbl OCafKOB ABUXYTCS Yepes 3TO ABAEeHNE, N 3XOCUrHaN 6yaeT MeTb HeHy/leBoe
Jonneposckoe 3HaveHne. Hacekomble 1 NTULLbI MOTYT BHOCUTb MOTPELLIHOCTU B 3Ha4€HNs
paaunasnbHbix CKOPOCTEN. B LLesJoM 3TW NOrpeLHOCTM ABAAIOTCSA OTHOCMTENBbHO HEGO/bLLMMHU
(Wilson et al., 1994), ecnn nTuubl M Hacekomble He MUTPUPYIOT. OTpaxkeHne OT MeCTHbIX
Ha3eMHbIX 06BEKTOB MOXET Takxe CMellLaTb 3Ha4yeHne paananbHbiXx CKOPOCTEN B Hanpas/ieHnn
HyN1€BOM CKOPOCTU (HeJOOLLEHKa), €C/TM HeA0CTaTOYHO YAaNfeTCs IXOCUTHal OT 3eMHOMN
NMOBEPXHOCTMU.

Ecnu BeTep B 06/1y4aeMOM paanoiokaTopoM o6beme He ABAAEeTCS PaBHOMEPHbIM U
XapakTepusyeTcs 3Ha4nTeIbHbIMU CABMramu, TO pe3yibTaToM 6yAyT HETOUYHbIE OLLeHKU
pagunanbHON CKOPOCTU. PacCMOTPUM 3KCTPEMasbHbIN Clyva TOPHaA0, KOTOPbI NOTHOCTbLIO

M 4aCTMYHO BXOAUT B 06/1y4aeMblin pagnosiokatopoM o6bem. B nepsom BapnaHTe oxngaercs
HyneBas CpeAHAa pajmanbHas CKOPOCTb MPU BECbMa 3HA4MTENbHON CNeKTPasibHON LMPUHeE.

Bo BTOpOM MOXeT 0XnaaTbCs HeHyneBas CKOPOCTb, €C/IN CKOPOCTb HalikBucTa siBnseTcs
[0CTaTO4YHO BbICOKON. Ecin ckopocTb HalikBrcTa OTHOCUTENbHO Mana, TO CpeHsAsA CKOPOCTb
MOXeT HanaraTbCs HECKOJIbKO pa3 M MOXeT 6biTb BbiBefeHa ntobaa ckopocTb (Fabry et al., 2013).
MoMMMO 3TOro, HanoXxeHne MOXeT TakXe MMeTb MeCTO B C/ly4ae MeTeopON0rn4ecKoro cnekTpa,
3aTpPyAHAS Taknm o6pa3om NonyYeHne AaHHbIX Kak O CpeHeli CKOPOCTU, Tak U ee CNeKTPasibHOM
wnpuHe. MeTtoauka asoiHo YW Takke He cpabaTbiBaeT B JaHHOM C/ly4ae, MOCKOJIbKY
HapyLuaeTcs npeAnosioxeHne o eaMHoo6pasmm oueHok AByx ABolHbIx YITN. Takxe nponcxogmt
BpaLleHMe aHTEHHBbI, U MO3TOMY 3TO NpeAnosoXeHne MOXeT ObITb HapyLLeHO B 06/1acTax
BbICOKOIO CA1BUTa, B KOTOPbIX fiBe BbIGOPKM CKOPOCTU Ha pa3Hbix YT npoun3Boasatcs B pasHbix
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asMMyTasibHblX MeCTax N B KOTOPbIX CKOPOCTb XapakTepM3yeTCs 3Ha4YNTEIbHOM U3MEHYNBOCTBIO
WU CnekTpasbHOM WMPUHON. B nocnegHen cntyaumm Metogmyeckas owmnbka onpegensercs
nocpeacTBOM 3TOM U3MEHYMBOCTU M Pa3HOCTM B OAHO3HA4YHbIX CKOpPOCTAXx HalkBucTa
(cooTBeTcTBEHHO, OTHOLWWEeHMe YTTN). MeToabl KOppeKLUM MOTyT yAyyLIUTb CUTYaLMmIo C
N3MEHYNBOCTbIO foNNepoBckux YactoT (Joe and May, 2003). ImuTaumns cuTyaumnm npuBoANTCA
Ha pucyHke 7.20. BepxHee nsobpaxeHue nokasbisaet npeanncaHHoe MoJeslbHOe nose ¢
BPEMEHHbIM LLIarom B nose ckopoctun. CpeaHuii pucyHoK nokasblBaeT, YTO 6yaeT u3mepsaTbcs
JonnepoBckmm pagnonokatopom C-guanasoHa. HMKHMIA pucyHOK noka3biBaeT pe3yabrarthl
METOAMKM NoAaB/IEHNS MOMEX.

3arpsAsHeHne 60KOBbIX JIeENEeCTKOB

Mpn HanM4YMM CyLeCTBEHHbIX FPaANEHTOB OTPaXXaeMoCTH, HaNpUMep B C/lydae rpos
KPYNHbIM 06BOAHEHHbBIM FPajoM, 60KOBbIE JIeNeCTKM MOTYT Bbl3blBaTb 3XOCUTHa, B TO

BpeMs Kak rnaBHbll 1enecToK HanpasJ/ieH Ha Lie/b C CYLLeCTBEHHO HU3KON AN HY1eBOM
oTpaxaemocCTblo. bokoBbIe 1enecTku, kak NPaBunIo, HAXOAATCA Ha YPOBHe Huxe 25 Ab n ewle
Huxe (0AHOCTOPOHHMUI nnn 50 4b-ABYCTOPOHHMIA) 3Ha4€HNA OCHOBHOIO Ny4Ya (pUCyHOK 7.8).
Taknm o6pa3om, ecsin 6OKOBOI 1enecTok HanpasJieH Ha Le/b, MOKa3aTe/lb OTPaXkaeMoCTH
KoTopoi coctasnset 60 abZ, kak 3To MMeeT MeCTO B C/ly4ae 06BOJAHEHHOrO rpaja, a OCHOBHOM
Ny4 HanpasneH Ha uenb ¢ nokasatenem 10 AbZ, To pagmnonokatop 6yaet coobLiatb 3XoCMrHan
C XapakTepucTMKaMm oTpaxaemoCTu, pagmanbHOM CKOPOCTU 1 A4BONHOM Nonispusaumnuy,
NCXOAA MPU 3TOM U3 MPEANOI0XKEHUS O TOM, 4TO JJaHHas MOLLLHOCTb CO3/4aBasiacb rMaBHbIM
NYHOM. DXOCUTHaNbl 6OKOBBIX JIeNeCTKOB NOABASAIOTCS B BUAE KOMbLEBbIX apTedakToB Kak Nno
asnMMyTy, Tak 1 yrny MecTa, Mpu NOCTOSSHHOW Aa/IbHOCTU. DTO MOXET UMETb BUJ, «KPblJIbEB»
B61M3M ob6nacTell C BbICOKMMU 3HaYEHUAMM OTPaXKaeMOCTU NN «BbICOKMX BEPXHUX
BCM/1€CKOB 3XOCUTHaN0B» (JleBoe 1 npasoe n3obpaxeHns Ha pucyHke 7.21 cOoTBETCTBEHHO.
MHosxecTBeHHble 3¢pheKkTbl paccemBaHMA NOABAAIOTCA B BUAE pagnanbHbix apTedakToB npu
NOCTOSAHHOM a3MMyTe, HO C yBe/in4eHneM AanbHOCTU. OHUM BbI3bIBAKOTCA 30HaMU C BbICOKOW
oTpa>kaemMoCTbio NtoC 3pdekTaMmm OTpakeHNs OT MOBEPXHOCTU C BbICOKOW OTPa’kaemMoCTbio
(MoBepPXHOCTb 3eM/IN, yBIAXKHEHHAs AOXAEM, HAMPUMEP) 1 UCNOb3yeTCs B KayecTBe

I'Ipep,n McaHHOe nosne

24

KM

22

20

M3mepeHHasa ckopocTb

PucyHnok 7.20. Metop, asoiHoi YN npeanonaraet, 4To nsmepeHusi nponsBoaAaTcsa no
o6bemy Cc oAMHaKOBOW paguasibHOM ckopocTbio. M306pakeHns nokasbiBaloT NpeanmcaHHoe
nose, usMepeHHble U CKOPPEeKTUPOBaHHble AaHHble. (PUcyHOK aganTupoBaH 13 paboTbl
Joe and May, 2003).
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PucyHok 7.21. 2¢ddekTbl 60KOBbIX 1€NECTKOB U MHOXECTBEHHOTO paccesiHus NPUBOAAT K
NOSIB/IEHMIO B HEKOTOPOW cTeneHn Noxoxux apredaktoB. AptedakTbl 60KOBbIX /1ENECTKOB
Ha61104al0TCA Ha NOCTOSAHHOW Aa/1IbHOCTU, @ MHOXECTBEHHOE paccesiHue — Npu NOCTOAHHOM
asumyrTe.

WHANKATOPOB rpaja B paamnoaokatopax S-anana3oHa. CneagyeTr oTMETUTD, YTO Ha PUCYHKe
cnpasa BO3MOXHO UMeJ MeCTO a3uMyTasibHblli GOKOBOM N1enecTok U/Unm TpexMepHoe
paccesHue, HO 3TO, BEPOSTHO, 6bI/10 3aTeHeHO 60siee CUIbHBIMU METEOPOJIOTMYECKMMMU
3XOCUTHaNaMK. DTO He ABAAETCA OYEBUAHBIM B Npeenax caMmon rpo30Boin 061acTu, MOCKONbKY
B [JTABHOM JienecTke 3X0CMrHaa 6yaet AOMMHUpPOBATb HaZ oTpa)kaeMocCTbio. OaHaKo 3TO MOXeT
6bITb 04EBUAHBIM B BEPTMKAJIbHOM NIOCKOCTU M MPUBOAMUTL K JIOXKHO BbICOKMM BEpLUMHAM
3XOCUTHAN0B, KOTOpPble 6bIIN Ha3BaHbl BBIBPOCOM rpaga v MoryT 6bITb MCNO/Ib30BaHbI 4114
KO/IMYECTBEHHOM AMAarHOCTUKM rpaja Bo Bpems rpo3bl (CM. pucyHok 7.21). 3ToT TUn 3xocurHana
MOXeT Tak)ke UMeTb MeCTO B palioHe c/1aboro 3xoCcMrHaJsa, KOTopbli FPaHNYnUT C FPO30BOW
3aBecol rpaja, Kotopas MoXeT BHeCTU NyTaHULYy B MHTepRpeTaLmnio NPU3HakoB BpaLleHus,
CBUAETENbCTBYIOLMX O MPUCYTCTBUM ME30LMK/I0OHA.

MHoxecTBeHHOe paccesHune

Jlyy pagnonokatopa MOXeT oTpaxaTbCs MHOXEeCTBO pa3 BC/IeACTBUE YC/IOBUI
pacnpocTpaHeHus (CM. pucyHok 7.22). Ero paccesHne MoXeT NPONCXOANTb TakKe MHOXeCTBO
pas B npeaenax rpo3oBol 30HbI, 061a4atoLLeli BbICOKON OTpaXkaTenbHOM CNOCOBHOCTbLIO
(o6BOAHEHHBIN Fpaj), B HanpasB/ieHUM BNaXXHOM NOACTUIAIOLLLEN MOBEPXHOCTM N 06paTHO

K paanosiokaTopy. 3TO siBJIeHNE Ha3blBAaeTCA TPEXMEPHbIM pacCesiHMEM, 1 ero pesy/ibTaTom
ABNAETCA YASIMHEHHbIW NO AaNbHOCTN 3XOCUTHAN, BEIXOAALLMIA 3a NpeAenbl Apa CUIbHOM
oTpaxaemocTtu (Zrni¢ et al., 2010). B pagmonokatopax S-aManasoHa 3TO UCNONb3yeTCs B
KayecTBe NMpuU3Haka rpaga, KoTopbli UMeHyeTcs pakesioM rpaja, C TeM 4To6bl OTInYaTh

ero ot npu3Haka rpaga B 6okosoM nenectke (Lemon, 1998). MHoXxecTBEHHOEe paccesHue
CTaHOBUTCA 60siee HacTbiM NO MepPe YMEHbLLUEHUS A/INHbI BOJIH, U AaHHbIV NPU3HAK MOXET TakKe
NPOoABNATLCA NPU CUbHOM Aoxae B C- 1 X-AnanasoHax.

BTOpM1YHbBIA/MHOrOKpaTHbIA 3XOCUTHas

I'IpM Mcnosib3oBaHmm Boicokmx YW B A0NnepoBCKNUX paano/sioKkaTopax MOTyT UME€Tb MECTO
MHOTOKpPaTHbI€ 3XOCUTHa/lbl. 270 aBneHne Y>XKe pacCMaTpunBaaoChb paHee, n 6bl/IN OTMEYEHDI
pa3nnyna Mexagy KorepeHTHbiIM1 Ha nepeaavye n KorepeHTHbIMM Ha npneMe pagnoaiokatopamMmu.
Ha pucyHke 7.7 NpUBOANTCA NPUMEP BTOPUYHbIX 3XOCUTHA/I0B B C/1y4ae OTpa>XaeMoCTU n
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fAnpo

CUNBbHOW  —

OTpaXaemMocTm e

(KpacHblin)
lMpu3Hak TpexmepHoro
paccesiHus nposBnseTcs

- Kak y,CI,}'IVIHeHHbIIZ no Aa1bHOCTU
3XOCUTrHan BCeACTBUNE 3a4€PXKKN

BO BPEMEHMU.
TpexmepHoe paccesHune / \

NPOWCXOANT, KOTAa yy
paavonokaTopa nonagaet

B Le/b (B AaHHOM Clyyae, ,’

B PO rPO30BOM 30HbI); NOTOM
HanpaBnseTCcs K BaXHOW NOBEPXHOCTH,
NoTOM oTpaxaeTcs 06paTHO K A4pY U
nocse 31oro o6paTHO K paAnosoKaTopy.

\\ BnaxxHas noBepxHOCTb
! obecneynBaer xopollee
oTpaxeHue curHana.

PucyHok 7.22. Ha 31011 cxeme faeTcsi onucaHue Toro, kak nponcxoamuT TpéxmepHoe
paccessHue. DX0CUrHasa, pacnpoCcTPaHAOWUNCS BNPaBo (APKW XXeNTbIN LiBeT), ABAsieTCA
apTecakTOoM, BbI3BaHHbIM TPEXMEPHbIM paccestHUEM.

pap.waanoﬁ CKOpPOCTUN ANA KOFreEPEHTHOIO Ha NpunemMe pagnoaokartopa. B C/ly4ae KOrepeHTHOoro
Ha nepeaga4vye pagnoaokatopa aaroputM BTOPMUYHOIo 3XxoCnUrHasia noka3sbiBae€T LBETOM
nepekpbiBaowne apyr Apyra 3XxoCrUrHasibl Kak CBEPHYTbIE PAaCCTOAHUEM.

BeTpsiHble TypOUHbI

Bce 60nbLuert npob6ieMoi aB/SeTCA pacnpoCTpaHeHE BEeTPOIHEPreTUYeCkMxX yCTaHOBOK

M Nx BO34ENCTBNE HA METEOPOJIOTNYECKNI paaunosiokaTop. BeTpsaHble TypO6uHbI ABNSIOTCA
WCTOYHMKOM eCTECTBEHHOM IHEPTUM U HAXOAATCA B OTAA/IEHHbIX PaloHax C BEeTPEHOM

NoroAon. OTu ey NOABAAIOTCSA B 9XOCMTHalax OT 3eMHOWM MOBEPXHOCTU (M COOTBETCTBEHHO

B 60/1€€ HU3KMX IyHax), O4HaKo ionactu TypObuHbl NpeacTaBAstoT COO60M ABNXKYLLYIOCS Lieb

W COOTBETCTBEHHO reHepUpPYIOT AONIEPOBCKUIN NPU3HAK, U MO3TOMY UX TPYAHO yAaanThb.
MomuMo 31010, TYpOUHBI yCTaHaBAMBaloTCa B BUAe knactepos no 100 n 6onee eanHuu,
o6pa3ys BeTpsHble pepMbl. B cBA3M ¢ 3TMM 6yayT 3aTPOHYThI BaxkHble 06nactu. Ha pucyHke 7.23
nokas3aHo ABa pa3Hblx BO3AENCTBUAX BETPAHbBIX TYPOMH. ECin TypOMHBI pacnonoxeHsl
no6a130CTM OT paanonokaTopa, TO OHM MOryT 06pa3oBbiBaTb 3a6/10KMPOBaHHbIE CEKTOPA
(n3o6paxeHue cnesa). OHM MOTYT NOSABAATLCA B BUAE HECKO/IbKO M30/IMPOBAHHbIX 3XOCUTHA0B
(He noka3aHo). MoxeT HabtoAaTbCs MHOXECTBEHHOE paccesHne (M3ob6paxeHne cnpasa). B
3TOM Npumepe BeTpsHble TYpOuHbl HaxoaaTcs Ha pacctosiHumn 80—100 km OoT pagmosiokaTopa.
BMO pa3spaboTana pykoBoAsLLMe yKa3aHNUa N0 COBMECTHON 3KkcnayaTaumm npu 6113Kom
pPacnonoXxeHn BETPAHbIX TYPOUH 1 pagmonokaTtopos.

K yncny ogHMX 13 METOA0B UCK/TIOYEHMSA 9XOCUTHANO0B ABAAIOTCA KapTbl noMex. OgHako npu
3TOM MeTOAe yAa/IAoTCA TakXKe IXOCUTHas bl OT METEOPOJIOTMYeCKX 06 bEKTOB, U MO3TOMY
noTpebyloTca Apyrue ctpaternm ocnabaeHns noMex 4as BOCNO/THEHNS OTCYTCTBYOLLLNX
AaHHbIX (pncyHokK 7.23). OHM MOTYT BKJIIOYaTb MHTEPMNOAALNIO HA OCHOBE BOKOBBIX AAHHBIX NN
AaHHbIX CBEPXY, UM NCMO/Ib30BaHNE NCTOYHUKOB AaHHbIX 419 3anofHeHnsa npobenos. B cBA3u
C pacnpocTpaHeHneM BETPSAHbIX 3/1eKTPOCTaHLUI HeobxoanMa TekyLas mogndukaumsa unm
pa3paboTka aganTUBHbIX CTpaTernii, C Tem 4Tobbl 6bITb B COCTOSAHUW NOAAEPXKMBATb Ka4eCTBO
AaHHbIX 415 METEOPOIOrNYeCcknx NpMMeHeHnin. Ecnm BeTpsaHble TYpOMHbBI HAXOAATCA OYeHb
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PucyHok 7.23. Ha uso6paxenumn cnesa (nto6e3Ho npegoctasnieHo Meteoponornieckom
cnyx6oii lepmaHnmn) nokasaHo 3ateHeHue (k 3anajy oT paanosiokaTopa) BeTpsiHbIMU
Typ6uHamu, a Ha n3o6paxkeHMU cnpaBa NokasaHbl NomMexu n 3¢ ekTbl MHOXXECTBEHHOTO
paccesiHus BeTpsiHbIMU Typ6uHamm (1io6e3Ho npepocTasieHo HauMoHabHbIM
ynpaBJ/IeHUEM O UCC/Ie0BaH1IO OKeaHa U aTMoccepbl).

6/11M3K0 OT paAnoaoKkaTopa, TO OHU MOryT 6bITb NPeNATCTBUEM A5 PagMON0KALMOHHOTO

Ny4a, NpUYeM He TO/IbKO A5 Ny4ei HU3KOro YPOBHS, HO TakXe 1 Ans iyyen ¢ 60abLInM
BO3BbILLEHNEM, B pe3y/ibTaTe MPSAMOro 3aTeHeHs, a Takxe BCeACTBME MHOMOKaHaIbHOCTU.
BMO paspaboTana pykoBoAsLLMe yKa3aHUs, KacaloLmecs nx yctaHosku (cm. npunoxerue 7.C).

710 OB530P METEOPO/IOTMYECKUX MPUMEHEHUN
PagnonokaunoHHble HabOAEHMS HAXOAAT LUMPOKOE NMPUMEHeHMe 419 C/leAyIOLLero:
a) HabnwoaeHM 3a CUHONTUYECKMMW U Me30MaclUTabHbIMU CMCTEMaMK NOroabl;

b) 06Hapy>|<eHV|e ABNEHUN CypOBOl\/’I norogbl, X oTCEXNBaHNE N npeaynpexageHmne o Hux,
BK/1O4as 06Hapy>|<eH|/|e TaKOro onacHoro sBA€HMs Kak CUIbHbIN BETEP,

C) NPOrHO3NpOBaHWe TeKYyLLEN NOroAbl;

d) oueHKa MHTEHCMBHOCTU 0CaZKoB, Knaccudukaumsa 3X0CMrHanos;

e) onpeaeneHve npodgunel BeTpa u CocTaB/ieHUe KapT BETPOB;

f)  uHMUMMpOBaHWMe MoAeNnen YNCNEHHOIo NPOrHO3MPOBaHUA NOroAbI;

g) onpepgeneHue BAaXHOCTU.

7.10.1 O6uiee ciexeHue 3a noroaomn

Pagnonokatopbl MOryT o6ecneymTb NPakTUHeCKN HenpepbiBHbIA MOHUTOPUHE NOrOAbI,
CBA3aHHOM CO LUTOPMOBbLIMW BO3MYLLLEHMAMUN CMHONTUYECKOro Macwitaba n mesomMaciutaba
Ha 60/bLUOV TeppuTOopUN (Hanpumep, paauyc 220 km 1 naowaab o63opa 125 000 km?),
€C/IN UM He MeLLatoT 34aHns, XonMbl, ropbl 1 T. . Kak npasnno, TpebyeTcs TONbKO eanHoe
CKaHMpOBaHVe paanosioKaToOpOM Mo Masomy yry B TedeHne npnbnmsntensHo 10—30 MuHyT.
M3-3a KpMBU3HBI 3emMan 1 TpaekTopuK pacnpoCTPaHeHMs PaanoIOKaLMOHHOO yya
MakC/MManbHas npakTuyeckas 4ajibHOCTb METEOPOJIOrNYeCcKX HabnoaeHnii coctasnseT
0koJ10 250—350 KM, NOCKOJIbKY Ha 6O/IbLUNX PAaCCTOSAHMAX U3yHeHMe pajnoaokaTopa
6yAeT NpoxXoAnNTb HaZl METEOPOIOrMYeCKMM 06BbEKTOM. XOTA pagnonokatopsl obnagator
[O0CTaTOYHON YYBCTBUTE/IbHOCTbLIO /19 06HapyXeHUs 06bekToB Ha 60/bLLEN AaNlbHOCTH,
npeaen COBpeMeHHbIX PpaanMonokaTopos 06yCnOB/IeH BLICOTOM 1yda paanosiokatopa.
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Pagnonokatop ¢ LUMPUMHOMN NyYa aHTeHHbI B 1° c yrsiom mecTta B 0,5° Haj ypoBHEM ropmn3oHTa
AencreyeT B npegenax npmbnmsntensHo 10 KM HaJ 3eMHOM NOBEPXHOCTbIO NPU AanbHOCTU

B 350 kM. [TOMMMO 3TOrO, WWMPUHA SyYa NPUW 3TOM Aa/IbHOCTU COCTaBASET nopsaaKka 7 KM.
MeHee npogonxnTenbHble LUITOPMbI He 6yAyT o6Hapy>KMBaTbCa UM UX NpeacTaBneHne 6yaert
nckaxartbcs. [103ToMy LITOPMbI AO/KHbBI 6bITb AOCTaTOYHBIMKU MO MaclwTabaM A1 O6HapyXeHNs
Ha TakoW AafbHOCTU, M NPaKTUYeCKM ONepaTMBHO NCMOJIb3YIOTCA NPOLLECChl CKAHMPOBaHMUA
Ha pacctosiHum gaxe B 500 kM 1 60s1ee, 0CO6EHHO MO rpaHUL,am paanooKaLMOHHbIX

ceTeli. B cnyvae o6Hapy>keHMs 3XOCUTHaI0B NPOrHO3UCTY NpeAoCTaBaseTcs CyLleCTBeHHas
nHpopmauunsa o6 o6LWMPHOM U UHTEHCUBHOM WITOpMe. CNyTHUKWU U ceTU OOHapyXeHUs
MOJIHUIA MOTYT NPeAoCTaBAATb MHOPMaL Mo 06 06/1a4HOCTU U INEKTPUYECKON aKTUBHOCTH
MEeTeopOI0rMYecknx BaeHNM, KOTOPbIe BbI3bIBaOT OCaAKN UK CBA3aHbl C HUMKU. O6MeH
pPaganonoKaLMOHHbIMU aHHBIMU 4151 CO34aHNs PaANOI0OKaLLMOHHOM CeTH ABseTCa
Heo6x0ANMbIM 1 0653aTeNIbHbIM 4151 CO34aHMS MO3aNUYHOM NPOAYKLMN C LLe/IblO CIEXEHUS.

Ewe ogHMM NnpuMmeHeHneM B 0671aCTn CiexXeHNs ABASETCSA O6Hapy>XXeHWe NOroAHbIX ABE€HNIN B
npusemMHom cnoe (< 1 KM), Takux Kak CHeXHble LUKBabl HaZ 03epaMn, MOPOCb U Aaxe MblJibHble
6ypu. MeHbLuas wnpoTa Nyya obecrneympaeT iyyllee paspeLleHue n 66bLuyio 3 hekTUBHOCTb
npv 66bLLINX PACCTOAHMAX, MOCKO/bKY OHM MOTYT CKaHUPOBAaTb MPU MEHbLUNX yrax MecTa

6€e3 A0MNoHUTE/IbHbIX 9P (HEKTOB OTPaxeHMs Ha3eMHblx 06bEKTOB, MOTyT o6ecrneynBaTtb
3arMoJIHEHHbIN Jyd Ha 6O/1bLINX Aa/IbBHOCTAX U UMeIT 66/1bLUYI0 HYBCTBUTEIBHOCTL 61arogaps
60nbleMy ycuneHuto. lNoasnatoTca ceTm paamonokaTtopoB X-guManasoHa, Tpebyioume
MEHbLLEro TEXHNYeCKoro o6CcnyXnBaHus, MeHee 3Ha4MTebHON MHDPACTPYKTYPbl U MEHbLLMUX
pacxooB 1 KOTOPble MOTYT 3aMOJ/IHNTb 3TOT NPo6e/ HU3KOYPOBHEBOIO CKAHMPOBAHMUSA
pagvonokaTopos, paboTaloLWwmx B LUIMPOKKX S- n C-guanasoHax.

Ba)xHoe MecTo B MPUMEHEHMAX PaAM0oI0KaTOPOB 3aHUMAET B HacToALLee BpeMs
KoonepaLlnoHHbI i 06MeH MeTEOPOIOrMYeCKUMIN PaANONOKaLMOHHBIMU JaHHbIMU

Mexay pasnmyHeiMu onepatopamun. OH MoxeT o6ecnednTb 60nee LWMPOKUIA aHann3
KpynHOMacLTabHbIX CUCTEM OCafKOB, TakMx Kak (PPOHTbI CUHOMNTMYECKOro MacluTaba u
TalidyHbl. CTaHAapTHblE hopMaThl paanoIoKaLMOHHbIX AaHHbIX 06ecneyaT BO3MOXHOCTb U
cofencTaue aAna acpekTMBHOMN pa3paboTkm MexceTeBO NpoAyKLMU. IpKMM NPMMepPOM 3TOro
ABNAETCA TO, YTO Aenaercs B pamkax koHcopumnyma ONMEPA.

MosBNAOTCA pagnonoKaLNOHHbIE CeTU, MPUMEHSIOLLME aaanTUBHbIE U KOOMepaLMOHHbIe
cTpateruun ckaHmpoBaHus (MclLaughlin et al., 2009; Weber et al., 2007). Begetcs paspaboTka
paanonokatopos ¢ ha3vpoBaHHON aHTEHHO peLLeTKOM, KOTOPble MOTYT OCYLLLECTBASATb
CKaHMpOBaHWe B HeconpeaebHbIX HarnpaB/ieHMAX N0 a3UMYTY U BO3BbILUEHUIO AN
o6ecneyeHns BbICOKOM BPEMEHHON BbI6OPKM HGbICTPO N3MEHSIOLLLUXCA METEOPOIOTUYECKUX
ABNEHUN, TaKNX Kak TOPHAA0 U HUCXOASLLLME BO3AYLUHbIE NOTOKW, U Aaxe 4S8 APYTUX Lesel,
Takux Kak Bo3ayLlHble cyaa. ConpeaenbHble paanosiokaTopbl MOTYT Tak)e BOCMOJIHUTb
HU3KOypOBHeBble Npobenbl B 0xBaTe 6narogapsa sddekrtam pacnpocTpaHeHMs ayya Ha
[anbHME PaCcCTOAHUSA U, BO3MOXHO, «<KOHYC MONYaHUs», 06yCN0OBAEHHbIN OrpaHNU4eHHbIM
CKaHMpOBaHMEM yrnia MecTa.

7.10.2 OGHapy>xeHUe onacHbIX ABJIEHUI NOroAbl M NpeaynpexxaeHue o0 HUX

Pagnonokatop — 3TO eAMHCTBEHHOE peanbHOe CPeACTBO MOHUTOPUHIa CypOBOW NOroAbl
Hazj o6LWnpHOl TeppuTopmel (COTHM KMIOMETPOB AasibHOCTM) 6narofaps BpeMeHHOMY
pa3pelleHunio (MMHyTa), NPOCTPAHCTBEHHOMY pa3peLleHunto (KNIOMETPbI) U O6Hapy>KMBaeMbIM
MeTeopoI0rM4ecknm anemeHTam (OTpaxkaeMoCTb OT OCaZAKOB). Ben4mHbI MHTEHCMBHOCTH
pPagnonoKaLOHHbIX 3XOCUIHAN0B, UX NI0LWaAb 1 0CO6EHHOCTN UCMOAb3YIOTCA ANS
onpeaeneHuns obnacrteli CypoBOW NOrofbl, BK/IO4Yas rpo3bl C BO3MOXHbIM BblNaJeHnem
rpaga v BETpbl paspyLumTe/ibHOM cu/ibl. HOBble BO3MOXXHOCTM OTKPbIBAIOT AOMNJ1E€POBCKME
paguonokaTopbl, KOTOPblE MOTYT ONpeAenaTb U N3MepPSATb NapaMeTpbl CUIbHOIO BETPA,
CBSi3aHHble ¢ PpOHTaMM NOPbLIBOB BETPA, HACXOAALLMMU MUKPOBUXPSIMU U TOpHaao (Lemon,
1978). Pagmonokatopebl C 4BOMHON Nonsapusaumein obiagatot Cnoco6HOCTbIO pa3aenstb
3XOCUTHa/bl, BbI3BaHHbIE pa3HbIMU TUMaMM paccenBatOLLLNX OObEKTOB, U MOTYT OT/InYaTb
rpas oT CUNbHOTO AOXAS U f0XAb OT cHera (Zrni¢ et al., 2001). HoMuHanbHasa fanbHOCTb
oxBaTa O[HOro pagnonokaTopa cocTassieT 0koJio 250 KM, YTO ABNAETCA AOCTAaTOYHbIM
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1. KpynHas syeiika
C NOBbILLEHHOM
OTpaxxaemMoCTbio
(MAXR>45 nbZ)

2. Bblcokuii (3xocurHan
Ha BepxHeW rpaHuue
30HbI)

3. 3oHa cnaboro axocurHana
Kptok/ny4 B popme noukm

5. 2xocurHan Ha BepxHeW
rpaHuLEe BOCXOAALLETO
noToka/rpaaueHT HU3KOoro
YPOBHS OTpaXxaeMoCTh

6. PoTtauus
Me30UUnKIOoHbI

7. Hucxopswme notoku
lpan

Puc. 7.24. Metoanku npeaynpexaeHnin CM/ibHbIX LUTOPMOB fnepeync/eHsbl ciesa (Lemon,
1978). Mpoaykunsa Buaa ss4eiiku — 310 nsobpaxeHune, B LLeHTPe KOTOPOTro HaxoAUTCA f4Yeiika
ob6Hapy>xuBaeMoW B aBTOMaTU4e€CKOM PexXUMe rpo3bl U KOTOpPOe NokasbiBaeT
COOTBETCTBYIOLLYIO NPOAYKLIMIO A5 MPUHATUSA pelleHuns (YMC/10 S4eNKN COOTBETCTBYeT
HOMepy CMUCKa).

A1 MECTHOTO KpaTKOCPOYHOro NporHo3a c 3absaroBpeMeHHOCTbIo nopaaka 1—2 vaca

W BbiNycka NpeaynpexaeHns. PagnosiiokauMoHHble CeTU pacCLUMPAIOT OXBaT U NOBbILLAIOT
3abnaroBpemeHHOCTb NporHosa (Germann et al., 2006b). Db dexkTnBHbIE NPpeaynpexaeHNs
TpebytoT 3ch(peKkTUBHON MHTepnpeTaLnn, BbINOAHEHHON KOMNETEHTHLIM 1 XOPOLLIO
NOArOTOB/IEHHBIM MNEPCOHAIOM.

MeTtoguka PaAnoOIOKaLMOHHOIO npeaynpexaeHmnsa o rpoo3oBbix 06pa3OBaHVI$IX

Co3gaHune MeToAMKM MO NCNOb30BAHUIO pajnosiokaTopa A5 BbiMyCcKa npeaynpexaeHuni
npunuceiBaeTcs Lemon (1978), koTopblli onucan xapakTepucTukn oTpaxaemocTun An1s
onpejenieHns Heo6XxoANMOCTU MOATOTOBKU NpeaynpeXXAeHUi O MOLLHbIX FPO30BbIX
ABNEHUSAX, BKIIOYAs TOPHAA0, CUNbHBIN BETEp, IMBHEBbIN A0XAb, ObICTPOPa3BUBAIOLLMIACS
6ypHbIl naBofok 1 rpag. C Tex nop K CNUCKy kpuTepmes 6binn Aob6aBaeHbl AOMNIepOBCKMe
XapaKkTePUCTUKMN N XapaKTePUCTUKKN ABOMHOM NoAspu3aLmm, a Takke napameTpbl
oTpaxaemocTu. Ha pucyHke 7.24 nepeunciensl (cesa) U npueeeHsbl B kKa4ecTse NpuMepa
(cnpaBa) xapakTepucTnku cyposoii norogbl (Lemon, 1978; Lemon et al., 1978). 311
XapaKTePUCTUKM BKJTIOHAIOT CUJIbHYIO OTPaxaeMoCTb B BEPXHUX C109X aTMOCepsbl, BEPXHUE
rPaHuLLbl 3XOCUrHaNoB, 061acTy c1aboro IXoCUrHana B BEPXHUX CNOSX aTMOCepbl,
XapakTepHbIX 415 CUAbHbIX BOCXOAALLMX MOTOKOB BO3A4yXa, rpaAMeHTbl CUIbHOW
HU3KOYpPOBHEBOM OTPAXXaeMOCTU U KPHOYKOBUAHbBIX N306paxeHunii Hu3Kkon obnavyHoctn. Habop
MYAbTUMOAY/bHbIX U306 paxeHni (NokasaHbl B MPaBO YaCTU PUCYHKa 7.24) Ha3biBaeTCs BUAOM
A4eMKKn U co3jaeTcs aBTOMaTUYeCKu, Kak TONbKO a4elika naeHTMduumpoBaHa nporpaMMHbIM
obecnevyeHnem ans 06paboTkm pagnmonoKaLMoOHHbIX AaHHbIX. [Togn3o6paxeHns aBna0TCA
NPOU3BOAHLIMU PAANONOKALLMOHHBIMW NPOAYKTaMn, KOTOpble 6yAyT MCMONb30BaHbI
aHa/IMTUKOM OMaCHbIX ABNEHNI MOroAbl 419 NPUHATUSA peLLeHNs OTHOCUTENIbHO CypOBOCTU
6ypu, ee cTaanu B LIUKIE Pa3BUTUSA N HEO6XOAMMOCTM BbiNycka npeaynpexaexms. C yuetom
MeCTOMNONOXKEHMSA Pa3INYHbIX NapaMeTPOB rpo3bl (Hanpumep, MECTONOIOXEHNE BEPXHEN
rpaHuLbl 3X0CMrHana, MecTonosioxeHue LeHTpa 6ypu nin MecTonosioxeHne orpaHMYeHHoro
palioHa cnaboro 3xocurHana) MoxeT 6bITb COCTaB/IeHa KOHUTypaLMa AMHUIN NONepPevyHOro
pa3spes3a 1 MOryT 6bITb aBTOMaTM4Y€CKUN CO34aHbl BEPTUKa/bHbIE NONEPeYHble CeYeHus.

BpemeHHOe 1 TpexmMepHOe NPOCTPaHCTBEHHOE OTHOLLEHNE SIBISETCA BaXKHbIM A1 ANAarHOCTUKM
CTaauun passuTtusa 6ypu 418 NPOrHO3MPOBaHUSA ee 3B0JIIOLMU U COOTBETCTBEHHO /18 BbiNyCKa
npeaynpexaeHuii o Heil. 3Ta npobnemMaTnyHas 3agada, U He KaxJas rpo3oBas cuctema cosgaet
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Tabnuua 7.9. XapakTepuCcTUKN rpo3bl 4151 pa3Hbix NpeaynpeanTe/bHbIX NOPOroBbiX

3HaYeHUMn
MNMoporoBble 3HaYeHus MuHuMym Cnabbii YMepeHHbIi Cyposbiit
PaHru no secy 1 2 3 4
Knacc (0—8) 0—2 3—4 5—6 7+
3HavyeHMe orpaHN4eHHOro panoHa 5—11 12—17 18—21 22—26
cnaboro axocurHana (BWER) count
Me3somacTabHbii caBur (M- c'/km) 4 6 8 10
PasmeprpaauH (cm) 0,5 1,3 2,3 5,0
Hucxoaswm notok (M-c) 10 15 20 25
MHTerpmpoBaHHOe Mo BepTMKaIu 2,2 3,0 3,5 4,0
coepxaHue xunakon soapl (Kr-m?/Km)
Makc. Z (abZ) 30 45 50 60
BbicoTa BepxHel rpaHuLbl 5,5 8,5 10,5 12,5

axo-curHana 45 pbZ (km)

MeTeoposiornyeckmne ycaosms, NpnbanKaoLLLnecs K NOpoOroBoMy KpUTEpPMIO CypoBOCTU AN
BbiMycka npeaynpexaeHuii (cMm. Tabanuy 7.9). Nprnmensnacs nepsoHavYanbHas MeToAunKa,
KoTOpas A0 CMX NOP UCNOJb3yeTCs B HACTOSLLLEE BPEMSA U CYTb KOTOPOM 3aK/1t04aeTcs B aHanmnse
pasnnyHbIX BUAOB NPOAYKLUN PAAMOIOKAaTOPOB U TLLaTeNbHOM UCC/IeA0BAHNM AaHHbIX C
NCnosib30BaHNEM pa3HOO6pasHbix CNOC060B (PUCYHOK 7.24).

lNepBoOe NpuUMeHeHMe JOMJIEPOBCKOro paguosiokatopa Ang o6HapyXeHNS N OTC/IEXNBAHUA
CWJIbHbIX TPO3 B PEXMMe peasibHOro BPEMEHU Havanocb B Havasie 1970-x rogos.

Donaldson (1970) 6bin, BeposATHO, NEPBbIM, KTO ONpeAe NI BUXPEBYIO CTPYKTYpPY NOTOKOB

B CU/IbHOM rpo3e. KBa3nonepaTnBHble 3KCMEePUMEHTbI MPOAEMOHCTPUPOBA/M, YTO OYEHb
BbICOKMIN MPOLLEHT 3TUX NPU3HAKOB BUXPEBbIX 06pa3oBaHWin, onpeaes/ieHHbIX C MOMOLLLbLO
OZHOrO A0MNJIEPOBCKOro paamosiokaropa, ConpoBOXAasncs Bbi3biBalowWmM yuLepb rpagom,
CUNbHBIM BETPOM OZHOro HanpasaeHus unm TopHazo (Ray et al., 1980; JDOP, 1979). D10
BUXpeBoe 06pa3oBaHmne N3BECTHO, Kak ME30LMK/IOH, KOTOPbIN NpeacTaBaseT cobomn
BEPTMKaJIbHbIA CTON6 NOAHMMaAIOLLLErOCS M BpallatoLLerocs Bosayxa, 06bl4HO 2—10 km

B Anametpe. [[pM3HaKoM Me30LMKI0HA ABNSETCA HE3HAaYNTE/IbHbI aHOMasIbHbIN PEXNM
[0MN1epoBCKOM CKOPOCTU, U OH BNepBble Habt0aanCca Ha CPeHUX YPOBHSX LUTOPMa, KOTOPbI
onyckaeTcs A0 BbICOTbl 06pa3oBaHnsa 06/1a4HOCTN MU MOXET COBNaAaTthb C ABJIEHUEM CYPOBOM
noroabl (Markowski, 2002; Burgess, 1976; Burgess and Lemon, 1990; pucyHok 7.25). BpaiieHue
Me30UMK/IOHHOIO MPONCX0XAEHNSA BO BPEMS CUJIbHbIX LUTOPMOB SIBASIETCS CBMAETENIbCTBOM
CWJIbHOTO U A/IMTEIbHOIO LUTOPMa, 3aCy>KMBaoLWEero npeaynpexxaeHns o CypoBOW Noroae.
370 ABNeHne naeHTUULMpyeTcs kak HebonblUMe KBa3ULUPKYspHble o6nacTu, ABMXYyLLMeCS
B HarmpaB/IEHUM OT LUTOPMA U K HEMY C paAnanbHbIMW CKOPOCTAMU, BEKTOPbI KOTOPbIX
pacnonoxeHbl N0 OAHOM IMHUN NPUBAN3NTENBHO HAa NOCTOSAHHOM Aa/IbHOCTU B a3MMyTa/lbHOM
HanpaBieHNU, Kak BUAHO U3 puUcyHka 7.25. CnepyeT OTMETUTb, YTO HEOH6XOAMMO NCKITIOYNTD
dakTop ABMXKEHUSA LUTOPMA, C TEM 4YTOO6bI 6b1S10 1€rKO BUAHO COOTHOLLIEHME BEKTOPOB CKOPOCTEN
B MPOTMBOMOJ/IOXKHbBIX HanpaBaeHUsax. B ceBepHoM nosylwapum BpalleHne, kak npaBuao (Ho

He BCeraa), NPOMCXOANT B HarnpaB/eHUM NPOTUB YaCOBOW CTPEJIKM, @ B IOXKHOM NOAyLwapum —
B 06paTHOM HanpasneHuu. B xoae kBa3nonepaTuBHbIX 3kcnepumMeHToB B Oknaxome (JDOP,
1979) Takas nocsiefoBaTeIbHOCTb Aasia BO3MOXXHOCTb MOBbLICUTb 3a6/1aroBpeMeHHOCTb
npeaynpexaeHns o CUAbHOM LWITOpMe U TopHaao Ao 20 MuHYT nan 6onblue. Bo Bpems 3Tux
IKCNEePMMEHTOB 6bIJI0 0OTMeYeHO, 4To NpubansnTensHo B 50 % Bcex Cly4yaeB Me30LMKIOHOB
BO3HMKa/IM TOPHAA0, CBEAEHUSA O KOTOPbIX ObIINM MOATBEPXKAEHbI; NP 3TOM BCE LUTOPMBI,
CONpPOBOXAaBLUMECS pa3pyLLINTENbHbIMU TOPHaA0, (POPMUPOBANUCL B Cpesax co
3Ha4YnTe/IbHbIM CIBUTOM BETPa U XapakKTepu3oBanCb CUAbHbIMU Me3ouunkioHamu (Burgess and
Lemon, 1990).
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PucyHok 7.25. MHoro4ncneHHbie Me30LUK/OHbI (A-D) HabnoaaloTCa NO IMHUY LUKBaoOB U
MAeHTUPULUPYIOTCS Kak Napbl OTHOCUTE/IbHbIX CKOPOCTel B 06paTHOM U NPSIMOM
HanpasJ/iIeHUAX NPV NOCTOSAHHOW AanbHOCTU. CUMMeTPUYHbIe NPU3HAaKN CKOPOCTH,
Ha6nlogaemble B XoAe LWUITOPMa, HE SIBASIOTCS O4€BUAHBIMU UK GbIJIN UCK/IOYEHDI.

PucyHok 7.26. NpusHak BUXpeBOro TOpHaA0 onpepensercs Kak napa OoTHOCUTE/IbHbIX
cKkopocTeil B o6paTHOM/NPSIMOM HanpaBJ/ieHUWN Ha CONPS’KEHHbIX 3/IeMeHTax paspeLleHuns no
AanbHOCTU (CM. CTpesiKy Ha n3o6pakeHUM cnpasa), BXOAALMX B 30HY Me3oLukIoHa. Ha
n3o6paxeHUm csieBa NokasaH KJlaccMyeckmuin KpoYKoo6pasHbI 3XoCUrHan.

OwnameTp TopHago coctasnget npmubansntenbHo 200—500 M. To 4acTo COOTBETCTBYET
paspeluatoLlein cnocobHOCTM AaHHbIX pagMonokaTopa 1 No3Tomy C TpyAOM noaaaeTcs
nocnefosaTe/ibHOMY O6HapyXeHUIO, eC/IN TOJ/IbKO HE MPUMEHSAETCS yBEeNYEeHNE C BbICOKMM
ko3 PpuumneHToM. B cnyvae obHapyxkeHMs TOpHaA0 OH HabntoaaeTcs B BUAe 60/bLLIOro
pa3bpoca paananbHON CKOPOCTU B COMPSAXEHHbIX O6beMax PaANONOKALLMOHHbIX AaHHbIX,
MMeHyeMOoro npn3Hakom TOpHag006pasyoLLero BUXps, n 3To ob6pasoBaHne NPoONCXoanT
BHYTPW Me3ounk/ioHa (pUCyHokK 7.26). B HekoTopbIx cy4Yasax Nnpu3Hak TopHagoobpasytoLero
BMUXPs 06HapyXMBaan Ha BbICOTE MOYTK 3a NoJsi4aca unum 6oblue 40 TOro, kak TopHaAo
Kacancs 3eMHol noBepxHOCTU. ONbIT U3y4yeHuns npusHaka TopHagoo6pasytoLero BUxps B
TeYeHue MHOIMX JieT Nokasas ero 60/bLUYI0 MPUrOAHOCTb 415 onpeaeeHns MeCTONOMOXeHMS
TOpHaAo, 06bi4HO B Npeenax £1 km. CornacHo oueHkam, MoryT 6biTb 06HapyxeHbl 50—70 %
TOPHaA0, BO3HMKAIOLLMX K BOCTOKY OT BbICOKOrOPHbIX paBHMH Ckannctbix rop B CLUA (Brown
and Lemon, 1976). bonblune 3Ha4eHNa WNPUHBI [loniepoBCKOro cnekTpa (BTOPOi MOMEHT)
6b1IM MAEHTUPULMPOBAHbI C MECTONOJIOXEHEM TopHaao. OaHako 60/bLIMe 3HaYeH s
LUMPUHBI CNEKTPaA Tak>Ke XOPOLLO KOPPENMNPYIOT C 60NbLLMMN 3HAYEHMAMUN TYPOYNEHTHOCTH,
BO3HMKaloLLMe BO BpeMs LWTopma. Ha nsobpaxeHnn otpaxaemMocTu (pucyHok 7.26, cnesa)
HabntofaeTcs KPOYKOOB6Pa3HbI 3XOCUTHA, ABMAIOLLMIACA MPU3HAKOM OCafKOB, CBA3AHHbIX C
MOLLHbIM HUCXOAALMM NOTOKOM BO34YyXa B ThIJIOBOW 4acTu rpO3bl.
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[vBepreHuns, BbIYMCAEHHasA MO AaHHbIM O paguanbHON CKOPOCTU, AB/ISETCA, Kak
npeacTaBageTcs, xopollen Mepoii obuen aneepreHumn. OueHkn AUBEPreHLMN Ha BepXHEN
rpaHuue LWTopMa CoBNaaatoT C OLLeHKaMM BbICOTbl BEPLLMHbBI 3XOCUIHaJ/Ia, KoTopas ABaseTcs
nokasaTesieM MOLLLHOCTU BOCX0AALero notoka. KsasnonepaTuBHble 3KCNEPUMEHTbI C
[JOMNJ1epoBCKMMM pagmoiokaTtopaMmn nokasasnm, 4To POCT 3HA4YEHUA ANBEPTEHLMN MOXET
6bITb, BEPOSATHO, CaMbIM PaHHUM NPU3HAKOM ycuaeHus wropma. Nommmo atoro, 6onbLune
3Ha4YeHus gmBepreHunm 613N BEPLUNHBI LUTOPMA ABJIAIOTCA, Kak BbISICHUA0Ch, NPUEMJIEMbIM
npu3HakoMm rpaga. [pr3Haku AMBEPreHLMN Ha HUXXKHUX YPOBHSAX B BUAE HUCXOAALLMUX
MUKPOBUXPEN PErysipHO OTC/IEXMBAINCD C MOMOLLLbIO a3POHaBUTaLMOHHbIX AOMIEPOBCKUX
MEeTeopOJIorM4ecknx pagnoa0KkaTopoB A4 3alMTbl BO34YLUHbIX Cy10B BO BPeMS B3/1eTa

M nocagku. 3T pagmoniokaTopbl CneLmrasbHO NOCTPOEHb 415 06ecnevyeHmns cnexeHuns

Ha OrpaHNYeHHOW NJIOLLAaAN N HENPEPBIBHOTO 6bICTPOro CKaHMPOBaHUSA BO3AYLUHOIO
NpPOCTpPaHCTBa BOKPYr TEPMUHANOB a3ponopTa. MMKPOBUXPb UMEET XU3HEHHbIN LINKJI

oT 10 £o 20 MUHYT, 4TO TpebyeT Ha/IN4ns CNeLnaIn3npPoOBaHHbIX PaAN0N0KaLLMOHHbIX

cucTem ans 3phekTUBHOro 06HapyxeHUs (CM. PUCYHOK 7.27). DTo ABNSETCA NPUMEPOM
YBJIQXXHEHHOIO HUCXOAALLLErO NOTOKA BO34yXa, KOTOPbIN XxapakTepu3yeTcs COOTBETCTBYIOLLUM
3Ha4yuTeNbHbIM NpenomaeHnem. Cyxme HUCXoAALLME NOTOKM He MOTYT 6bITb ONO3HaHbI B
JaHHbIX pagnosiokatopa, ec/in ocakm UCNapsaioTCa U HET HUKaKMUX APYrux uenemn, kotopble
paguonokatop Ao/hkeH o6HapyxuBaTb. B 3ToM cnyyae TpebyeTca BbICOKOYYBCTBUTE/bHbIN
paauonokaTop nan AonaepoBckuin nuaap nmbo cetb aHeMoMeTpoB. B cnyyae nogo6Horo
npYMeHeHns paanookaLMOHHO-KOMMNbIOTEPHAsA CMCTEMa aBTOMaTUYeCKn NpeacTaBaseT
npeaynpexaeHus A LeHTpa ynpasaeHus Bo3ayLwHbIM auxeHneM (Michelson et al., 1990).
MesomaclutabHble BeTpbl (Macwtab 40—50 kM) € TPYAOM NOAAAIOTCA MHTEPNpeTauum npu
NOMOLLM AOMNJEePOBCKOro paamosiokaTtopa, NOCKO/bKy OPMEHTaLUs NOTOKOB NCK/TIoYaeT
npeanosioxeHne o eauHoobpasmun. NpeanosiokeHns AOMKHbI CTPOUTLCSA Ha HanpaBaeHU
BeTpa, OCHOBAHHOM Ha pe3y/ibTatax Hay4HblX NCC/Ie0BaHUI U KOHLLENTyabHON MoAenun
BO3YyLUHOTro noTtoka B npegenax 3tux cucrem (Smull and Houze, 1987). K cyacTbio, B
HEKOTOPbIX C/lyHasax MOTOKU U CTPYKTypa NPeioM/IEHMA OTINYatoTCA APYr OT Apyra 1 MOXHO
naeHTUULNPOBaTbL CUMIbHBIE BETPLI U BbiNyCKaTb NpeaynpexaeHus. Ha pucyxke 7.28
nokasaHa cMctemMa, nepeMeLuaroLlascs B BOCTOYHOM HanpaB/ieHUu, 1, COOTBETCTBEHHO, MNOJIHasA
cuJ1a NPSAMOIMHENHBIX BETPOB (TakXe N3BECTHbIX Kak CU/IbHblE NPAMbIE LUITOPMOBbIE BETPbI),
KOoTopas SBNSeTCA OYEBUAHON B C/lyHae pagmasbHblx CKOPOCTel oTaaneHns (OpaHxXeBbli
uBeT) (MapkupoBaHo Kkak A). B 3Tom cny4ae ABMXEHWE Ha CKOPOCTAX yAaneHNa MPOUCXOANT B
HanpaB/eHUU ABUXEHMSA Ha CKOPOCTAX NPUOANXKEHMA. DTO Takxke NpoaBageTca B Buae nrnba
3XOCUrHana pagnonoKaLMoHHOM oTpaxaemMocTn (M3o6paxeHune cnesa). Mpun apyrmux asumyTax
paananbHblli BETEP He ABAAETCA NepneHANKYASIPHbIM K HanpasJ/IEHUIO ABUXXEHNS CUCTEMDI
(MapkupoBaHo Kak B), 1 N03ToMy 3T (hakTOpPbI LOMXKHbI YYNTBIBATLCSA aHAIUTUKOM.

PucyHok 7.27. Hucxoasawmit MUKpoBUxpb (MUKPO- N Makpo-) HabnioaaeTcs B Buae napbl
paananbHbIX CKOPOCTeN B 06paTHOM/NPSIMOM HanpaB/1eHUU, BbipaBHEHHbIX BA0J1b
paananbHOro BekTopa (CM. CTpe/sIkKU Ha NpaBoM u3o6paxxeHnun). 1o npeacTaBaseT coboit
6bICTPO MEHSIOLLYOCA XapaKTePUCTUKY FPO3 U MOXET 6biTb C/1IeACTBUEM CaMbiX OObIYHbIX U
He6OobLINX FPO3.
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PucyHok 7.28. [lpyroit npusHak BeCbMa MHTEHCUBHbIX ONaCHbIX BETPOB MOXeT HabtogaTbcs
B KayeCTBe INHEeNHOM WU HeJIMHENHOW XapaKTePUCTUKMU B JaHHbIX 06 oTpaxaeMocT1
(cheBa) unu paguanbHoi ckopocTu (cnpasa).

CambIM Ny4LIMM METOAOM M3MEPEHMS BETPa BHYTPW 30H 0CaAKOB ABSETCA KPaTHbIN
[OMNJ1epOoBCKMN METOA, KOTOPbIN NCNOAb30oBaacs ¢ cepeanHbl 1970-x roqos A Hay4YHbIX
nccsiefoBaTeIbCKUX NOMEBbLIX MPOrpaMM OrpaHMYeHHOM NPoAoKNTENbHOCTU. OgHaKo

Ha CEeroAHALWHNIN AeHb ONepPaTUBHOIO UCMOJIb30BaHMA B peasibHOM MacluTabe BpeMeHn
ABOWHbBIX UIN TPOWMHbBIX AOM/IEPOBCKUX aHA/IN30B HE OXMAAETCA U3-3a HEOBXOAUMOCTH
OTHOCUTE/IbHO 6/1M3KOr0 PacnooXeHns pagmosiokatopos (~40 km). VickntoyeHnem MoryT 6biTb
NnoTpe6HOCTM a3PONOPTOB, KacatLMecs OorpaHMYeHHOM 30Hbl, FAe MNOJIE3HOM MOXET 6bITb CeTb
paauonokatopos X-gnanasoHa (McLaughlin et al., 2009 Wurman et al., 1995).

Ona vapeHtndurkaumm rpasa c nomoubio 10-caHTUMETPOBOro 06bIYHOTO paanosiokatopa 6bi10
npeanoXeHO MHOXECTBO METOAMK, Hanpumep no axocurHany 50 AbZ Ha BbicoTax 3 KM uan 8 km
(Dennis et al., 1970; Lemon et al., 1978). SMnupuyeckme, Ho orpaHNYeHHblE NCCNeL0BaHNS
nokasasnm cnocobHOCTb NpeackasbiBaTb pa3mep rpaga (Treloar, 1998; Joe et al., 2004; Witt et al.,
1998). Federer et al., (1978) o6Hapy>unnu, 4To Ans onpeaeneHns BepoOATHOCTU BblNajeHuns
rpaga BbicOTa KOHTYypa 45 AbZ nonxHa NpeBOCXOAUTL BbICOTY HYNeBOl n3oTepmbl 6onee Yem
Ha 1,4 km. [laHHbI MeTOA 6b1n1 fopaboTaH, npollen Nnposepky B Koponesckom HUAepiaHACKOM

PucyHok 7.29. MpuBeaeHHas UAMIOCTPaLms — 3TO OTpaxkaTeIbHOCTb, OCHOBaHHas Ha laHHbIX
0 pa3mepe rpagyvH, a 6onbLioe nso6paxeHne — NPoAYKT NOJSAPU3aLLUOHHOIO pasHeceHus
AnA npeHTMduUKaLUm TUNa ocagKkoBs, BKloYas rpas. so6paxeHue cnpaBa copepxuT
noapo6HbI aHanus 3Toro npumepa. PucyHok nio6esHo npegocrtasned Cyaew byay us
MuHucTepcTBa okpyxatoLeit cpeabl KaHaabl.
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MEeTeOopPO/I0rMYeCKOM MHCTUTYTE U UCMNOJIb3yeTCs B onepaTtuBHoM pexnme (Holleman et al.,
2000; Holleman, 2001). MHoi noaxop k 60nee coBeplUeHHOMY 06HapyeHUI0 rpaja CBs3aH C
npMMeHeHNeM paanoa0KaTopoB, paboTaloLmx Ha ABYX A/MHAaX BOSIH — OGbIYHO B AMana3oHax
Xu'S (Eccles and Atlas, 1973). dusmyeckune acnekTbl TOro, 4TO PagmMonoKaTop «BUAUT» Ha

3TUX Pa3HbiX A/IMHAX BOJH, ABASIOTCA UCKIOYUTENIbHO BaXHbIMU /151 MTOHUMaHUS CUJTbHbIX
CTOPOH 1 OrPaHUYEHNN 3TUX MeTOAUK (M3MEHEHMS MO aAmN CEYEeHUS TMAPOMETEOPOB Un
pacnpefeneHve MUHTEHCUBHOCTM).

WNccnepoBaHus pa3snnyHblx BUAOB NONASPU3aL MM NOKa3blBalOT onpe/e/eHHble MepCcnekTUBbI
ynyudlieHns o6Hapy>keHMs rpaja v oLueHK o6ubHbIX 0CaAKOB Ha OCHOBe AnddepeHLManbHOM
oTpaxaemocTtu (Z, ), \3MePSEMOI1 C MOMOLLbIO AOMN/IEPOBCKOrO PaAnookaTopa ¢ 4ABOMHOMN
nonsapwusauueii (Seliga and Bringi, 1976; pucyHok 7.29). U3o6paxeHne cnesa nokasbiBaeT
Knaccudurkaumio pagmonokaLMoOHHbIX 3XOCUIHaN0B NOCPEACTBOM UCMONb30BaHNSA A4BOMHOM
nonspusaunmn A4ns onncaHns NPM3HakoB COCTOAHUA rpaja. 114 coveTaHnsa pasnyHbIX
napameTpoB [IBOMNHOW Nonspusauunn, Takux kak Z, Z, ., p,., v K, Lunupoko ncnonb3syetcs
MeToAMKa HeYeTKOWN NOrnMKu, C TeM 4To6bl NAEHTUDNLMPOBATL XapakTep paAnon0oKaLLMOHHOMO
axocurHana. B atom cnyyae Ha nso6paxeHun cneea nokasaHa cxema knaccmdukaumm, u oHa
BKJIlOYaeT (CBepPXy-BHU3): rpaj, CUbHbIN JOXAb, 40X Ab, 6ONbLINE KaNan, CHEXHYIO Kpyny,
KpucTanabl bAa, MOKPbIV CHET, Cyxoi cHer, 6roiornyeckmne paccensartesiv U OTpaxeHus ot
NOKasibHbIX Ha3eMHbIX NpeaMeToB. Ha BCTaB/IeHHOM n3obpaxeHunn nokasaHa oLeHka pasmepa
rpagvH, OCHOBaHHas Ha COMEeTaHUN NHTETPUPOBAHHOTIO MO BEPTUKANN COAEPXKAHNSA XNAKOM
Boabl (VIL), MakcuManbHOM oTpaXkaeMocTu 1 ypoBHS 3aMep3aHus (Treloar, 1998; Joe et al, 2004).
MokasaH MakcMManbHbI pasmep rpagui B 3,2 cMm. Ha nsobpaxeHunun cnpasa fgaetcs nogpobHoe
CpaBHeHne ob6HapyxeHus rpaga NnocpeaCcTBOM ABOMHON NOAApuU3aLmMm C UCNoJib30BaHUEM
[AaHHbIX B IByX pa3Hblx pa3peLueHmax (3Haku natoc Ans paspelueHns 1 kM u pom6sl ans
pa3spewueHms 250 M) U HECKO/IbKO MHbIX BPEMEHHbIX NEPUOAO0B MO CPaBHEHUIO ¢ 6oee

CcTapblM MeTOAOM OoTpaxaeMocTu (kpectukn). CUHUIN S1AMNC COOTBETCTBYET CUHEMY /IINUNCY
Ha nsobpaxeHuun cnesa. Bce Tpu anroputma nposepeHbl rpagnHaMu B 3+ CM, O KOTOPbIX
coo61,anoch B CBOAKE MO a3ponopTy (KenTblil 3HaK, cepeanHa KPaCcHbIX IMHNIA CETKM).

MocneaHue [OCTUXEHUS BKIOYAIOT aBTOMaTM3NpPOBaHHOe 06HapyKeHue U K/laccudumkaunio
rpo3 NocpeAcTBOM NepeoBbix MeToa0B 06paboTku aaHHbIX (Lakshmanan et al., 2007; Joe
etal., 2002; Joe et al., 2012). DBontOUUSA TPO3 NPOUCXOAUT B MUHYTHOM BPEMEHHOM MacLuTabe,
W 0CaZlkM HayMHaloT BbiNadaTb Ha BblicoTe. B 3Tol CBA3M ANs naeHTUdUKaLMmM CypoBo Noroabl
NCMOJIb3yIOTCA XapakTepPUCTUKN PaAnonoKaTOPOB Kak Ha BbICOTe, Tak M B6AN3N MOBEPXHOCTM.
Taknm o6pa3om pagmosiokaTop AO/XKEH OCYLLLECTBAATb CKAaHMPOBaHWE NO MHOTUM yriaM
BO3BbILLUEHWS C LMKIANYHOCTbIO BDEMEHU NOPSAAKA 5 MUHYT.

[onnepoBckne paanonokaTopbl 0CO6EHHO Nose3Hbl 4159 MOHUTOPUHIa TPONUYECKUX LIMK/IOHOB
W NpeAoCTaBAeHUS AaHHbIX 06 UX «INa3e», «CTeHe rnasa» U AMHaMUYeCKOM 3BOIOLUN
CNMpanbHbix 06NaYHbIX SIEHT, @ Tak)ke O MECTONOJIOKEHUN U MHTEHCUBHOCTUN BETPOB YparaHHOM
cunbl (Ruggiero and Donaldson, 1987; Baynton, 1979).

7.10.3 MporHo3supoBaHue TeKkylel noroabl

Crporum onpegeneHnem NPOrHO3MpPoOBaHuNs TeKyLLEN NOroabl ABASETCA Npeacka3aHune Bo
BpemMeHHOM macwTabe 0-2 4, U TpaANLMOHHO 3TO O3Ha4YaeT aBTOMaTM3MPOBaHHYIO IMHENHYIO
IKCTPaNoNALMIO TeKYLLEN CUTyaummn, coobuLaemMon HabntogaTenamu. [NepBoHavyanbHaa cnctema
NPOrHO3MpPOBaHMA TekyLlel norogpl 6bi1a OCHOBaHa Ha NPOBeAeHMN aHaM3a B3aMMHOM
Koppensaunmn AByx pagnonokaumoHHbix nsobpaxernnin (CAPPI) B oTHOWEHN ABUXEHNS
axocurHana (Bellon and Austin, 1978). AHanu3 aToro ABM>XXeHUS NPOBOAMWJICSA B AEBSATU CEKTOpax
n306paxeHns N NCNOb30BaJICA METO/ IKCTPanoIALMN 3XOCMIHa 0B A0 90 MUHYT Briepea.
Bbinv onpeaeneHbl TOYKM 4715 MPOrHO30B TeKYLLLE NOroAbl U NOAroToBAEHa MeTeorpaMma,
KOoTopas nokasblBasia Hanbosiee BEpPOATHbIE N BO3MOXHbIE BeNYUHBI (prcyHok 7.30). PucyHok
c/ieBa — 3TO eANHOE n3obpaxeHne METEOPOIOTNYECKUX YC/TOBUI, NpeacTaB/iEHHOE Kak
CAPPI, koTOpas nepemellaeTcs B HanpasB/leHUM CeBEP-BOCTOK. PUCYHOK cnpaBa nokasbiBaeT
NPOrHo3 TekyLen noroabl (Hanbosiee BEPOATHBIN, KOTIOHKA C/eBa, M HanboJsiee BO3IMOXHas
OoTpaXkaeMoCTb — KOJIOHKa Crpasa) A4/15 pa3Hbix Tovek. [lna ACHOCTM NnpeAcTaBAeHns B

3TOM NpUMepe yKa3aHbl TOJIbKO AB€e TOYKM. DTa MeTeorpaMma, NpeAcTaBNeHHas B KayecTBe
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PucyHok 7.30. lpumep B3aMMHO-KOpPpesALLMOHHOIO NPOrHosa Tekyuiein noroabl. MorogHbie
yC/10BMS NepeMelLaloTcs ¢ loro-3anaaa (usobpaxeHue cjieBa) M Ha MeTeorpaMMe cripaBa
nokasaHbl Hanbosee BeposiTHble U HanboJsiee NpaBAONOA06HbIE NOKa3aTe/IM UHTEHCUBHOCTU
0cafikoB B pa3Hbix MecTax (Ha usobpaxeHum cnesa purypupytot Tonbko KRA u ADL,
KOTOpble HaxoAATCA Ha LUeCTOM 1 AeCATOM MecTax Ha usobpakeHUun cnpasa).

n3obpaxeHunsa (Tekyllee Bpems yka3aHO CBepXy 1 6yayLine yBeNNYeHUs MHTEPBaNoB BPpeMeHU
npeacTaBaeHbl C NOHWXKeHneM A0 10 MUHYT). XapakTepHbIM NPeAnON0XKEHNEM B 3TOM
TeKyLLLeM NPOrHo3e ABAAETCA TO, YTO CMCTEMa OCaAKOB MPOAO/XKAET CyLLLEeCTBOBATL B TeHeHMe
nocneaytownx 90 MUHYT. 3To MANOCTPUPYET cneundUYeckyto xapakTepucTMKy NporHo3oB
TeKyLLLel NOroAbl  UX TOYHOCTb B M1aHe BPeMEHM, NPOCTPaHCTBA U METEOPOJIOrNYECKOro
3neMeHTa. TOYHOCTb JJaHHOrO MPOrHO3a TeKyLliel MoroAbl BeCbMa BbiCOKa A5 NepBbIX

20-30 MUHYT, 1 3TO 06CTOATENILCTBO UCMOJIb3YETCS B Ka4eCTBE NPUHATUS MEP UM MOATOTOBKM
npeaynpexaeHuns. He npeanonaraeTcs HAKaKoro NOCTeNeHHOro pasBUTUSA CUTYaL UK.

Bbnarogaps ncnonb3oBaHUIO KOHTUHEHTA/IbHOM COCTaB/AIOLWEN PaaMOIOKALMOHHbIX

[aHHbIX U MaclWTabupoBaHHOrO Noaxoaa K oT(hUAbTPOBbIBaHUIO BbICOKOM YacTOThI

WU MenKoMacwTabHbIX XapakTEPUCTUK OTPaXkaeMOCTU MPOrHO3bl TEKYLLLEN NOroabl
KpynHomacwTabHblx Moaenen ob6nagatoT TOYHOCTbIO 40 6 UM 60Jiee YacoB, YTO NPeBbILIAeT
TOYHOCTb MOZe/Iel YNC/IEHHbIX MPOrHO30B NOroAbl B 3TO e Bpems. TO CONOCTaBUMO

¢ 2—3 yacamu ana 6onee Mmenknx macwtabos. OgHaKo 3TV YPOBHM TOYHOCTU HE MOTYT
obecne4ynTb TOYHOCTb, HEOOXOANMYIO ANS NPeAynpeXAeHn 0 He06X0AUMOCTN MPUHATUSA Mep.

MpoBoaMMble C NOMOLLbIO AOMNIEPOBCKUX PAAMOIOKATOPOB UCCNEA0BAHNUS POAN NUHUIA
KOHBepreHLMn NorpaHUYHOro c/1os B popMMUPOBaHUM HOBbIX FPO30BbLIX CUCTEM NOATBEPXKAAIOT
BblBOAbI 60s1ee paHHUX CMYTHUKOBBIX MCCNeA0BaHUI ob6nadvHbIx ayr. VimetoTcs ykasaHus

Ha TO, YTO Me3oMacLUTabHble IMHUM KOHBEPTreHL MM NOrPaHUYHOro c1os (BKoYas
nepekpeLymBatoLLmecs GpoHTanbHble MOPbLIBbI BETPa OT NpeAblAyLLeil KOHBEKLUMN) UrpatoT
OCHOBHYI0 pOJib B ONpeAesieHun Toro, rae u korga cchopmupytorcs wropmbl. Wilson and
Schreiber (1986) 3afokyMeHTUpPOBanu U 06BACHUAM HECKONbKO C/1y4aeB BOSHUKHOBEHMS
TOPHAaA0 Ha IMHUAX CABUTa BeTpa Npu OTCYTCTBUUN 0CafKOB, KOTOPble Hab1t04annChb C MOMOLLbIO
ponneposckoro paanonokatopa (Mueller and Carbone, 1987).

BaxkHbIM NpuKAagHbIM aCNEKTOM NPOrHO3MPOBAHUSA TEKYLLLEN MOroAbl ABASETCS aHaNn3
paganonoKaLoHHbIX NoNel A5 yC/10BMA Havana koHBeKUun. NocnegHne Hay4Hble
nccnefoBaHnsA NoKasasun, YTo rpo3bl, BO3HMKAOLLLIME B YC/I0BMAX BO3YLLIHOW MacChl, KOTOPblE
paHee CYMTaNNCh PeAKUMUN U HenpeackasyemMbiMu, hakTudeckn o6pasytoTcs Npu Haanymum
onpefeneHHbIX MelkoMaclTabHbIX NOrpaHUyHbIX ycnosuii atmocdepbl (Wilson et al., 1998).
Takune ycnoBus MoryT 6biTb O6Hapy>eHbl Kak B N0O1e OTPaxaeMoCTH, Tak U B MOe pagmnanbHOM
CKOPOCTU 3XOCUTHaNoB B 6e3061a4H0I aTMOCepe B Ka4eCTBe IMHENHbIX XapakTePUCTUK

VAN INHWUI KOHBepreHumn (pucyHok 7.31). DTu rpaHumLbl popMmpyroTca pasHoo6pasHbIMU
MexaHuU3MaMu, BKIt0Yas o3epHble 6pusbl: (A); OTTOKM BO34yXa U3 30HbI rpo3bl: (B); ApeHaxHble
CTOKM C FOPHbIX AO/INH; CyX1e IMHUU U NpoYmne. YCUNEHHbIN NOgbeM, NPONCXOAALLMNI Ha
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PucyHok 7.31. CoBpeMeHHble pafuooKaTopbl 4OCTaTOYHO YyBCTBUTE/IbHbI /151 TOTO, YTOObI
BUAETb 03ePHbIN 6pKU3 M OTTOKU BO3AYyXa U3 30HbI TPo3bl (A u B cooTBeTCTBEHHO,
nsob6paxeHue cnesa). To4kn B3auMmonepecevyeHnUs AAAI0TCA MeCTaMU YCKOPEHHOro noagbema
M COOTBETCTBEHHO MeCcTaMU NOoTeHLMaIbHOro pa3BUTUS KOHBEKTUBHbIX 06pa3oBaHuii (CM.
sAiBNeHne o6pa3oBaHUs LUTOPMa BHYTPU LUTPUXOBOTO Kpyra 6en10ro LBeTa).

nepecevyeHNnN STUX YCNOBUIA, MOXET MHULMNPOBATL rpo3bl. CnefyeT OTMETUTL OTHYET/INBLIN
NPU3HaKk KOHBEPreHL MM Ha n306paxxeHNn paananbHoOl ckopocTu (benas cTpesnka,
nsobpaxeHue cnpasa).

NcTo4HMkoM axocurHanos B 6e3061a4Hoi aTMoccepe MOryT 6bITb TypOyneHTHble hayKTyaLumnm
WU HacekoMmble. MiccrieqoBaHus paanonokaTopoB C Nonspu3aLnment nokasblBatoT, 4TO
HacekoMble ABAAIOTCSA NEPBUYHBIM NCTOYHUKOM TaKUX OTPa>KeHHbIX PaaMoIOKaLMOHHbIX
CUrHasoB. Paclumpermns TpaanLMOHHBIX CUCTEM NPOTrHO3MPOBAHMA TEKYLLLEN NOroapl
BKJ/1I04aOT NMPOrHO3MpPOBaHMe Havyana pa3BmUTUA N paccessHNA KOHBEKTUBHbIX 06pa3oBaHnii,
MOZeMpOBaHMe XXM3HEHHOIO LKKJa FPO3 1 UCNO/b30BaHMe B JaHHOM aHann3e Mmoaenemn
4yncneHHoro nporHosmposaHus noroapl (Wilson et al., 1998; Sun et al., 2013). Momumo
paarMonoKaLMOHHbIX JaHHbIX IKCTPanoJNPYIOTCA TakXke COOTBETCTBYIOLLME MOAE/IbHbIE MO,
Takue Kak TemnepaTypa v BnaxHoctb (Crook and Sun, 2002; Sun et al., 2013). OxunaaembiMu
YCOBEpPLLUEHCTBOBAHUAMM ABAAIOTCA YBE/IMYEHME BpeMeHM unka (bbicTpoe o6HOBAEHNE A0
OAHOrO Yaca Wan eLlle MeHbLLUE), YMEHbLLEHNE CKOPOCTU PaCKPYTKU U yay4lleHne prusnyeckmnx
XapakTepuUCTUK Moaenel BbiCOkoro paspettenus (Sun etal., 2013). Ewte ogHMM NOSBASAIOLLUMCS
npvmeHeHnem B 06/1aCTU NPOrHO3MPOBaHUA TEKYLLEN NOroabl ABseTca pa3paboTka
NPOrHO30B BbiNajaloLLnx 0CaaKoB Mo aHcaMb110, rae Masible MacwTabbl NPOXOAAT Kak
npouecc puabTpaumm, Tak U NOBTOPHOIO CO34aHNS, UCNOJIb3Ys COBOKYMHOCTb CTaTUCTUYECKMU
nocaenoBaTesnbHbIX oleHOK (Seed, 2003).

710.4 OueHkKa ocagKkoB

[OnutenbHoe BpemMs paanMonokaTopbl UCMO/b3YIOTCA A5 OLeHKU pacnpeaeneHus,
WHTEHCMBHOCTU U, TakuM 06pa3oM, KOJIn4eCTBa OCaZlKOB, OCYLLLECTBASEMOW C BbICOKUM
pa3spelueHreM BO BpeMeHU U NpocTpaHcTBe. bénbluas YacTb uccnegoBaHUin kacaeTcs
[LOXAEBbIX OCaZIKOB, HO MPWU COOTBETCTBYIOLLMX AOMYLLLEHMAX O COCTaBe PagMON0OKaLMOHHOMN
Lesiv MOTYT Takxe MPOU3BOAUTLCA U U3MepeHns cHera. [lonyyeHne AaHHbIX 06 MHTEHCUBHOCTU
0CaJKoB OCHOBAHO, rMaBHbIM 06Pa30M, Ha IMNUPUYECKUX CBA3AX OTPaXEHHO MOLLHOCTU

nnun otpaxaemoctu (Marshall and Palmer, 1948; Marshall and Gunn, 1952; Wilson and

Brandes, 1979; Chandrasekar et al., 2003). PagnonokaTopbl C ABOVHON nonspusawmei
NCNONb3yOT AONONHUTENbHYIO MHOPMaLMIO, OCHOBaHHYIO Ha caBure no dase 3atyxatoLuei
pacnpocTpaHaoLencs BoaHbI U Ha anddepeHumanbHOM paccesTene, 06yc10BN1eHHOM
YacTnuamm Hecpepuryeckoin hopMbl. KoMnnekcHble nccaefoBaHNS rpaja aBASAIOTCS PeaKUMU
n3-3a TPYAHOCTU, CBSI3aHHOW CO C6OPOM Ha3eMHbIX KOHTPOJIbHbIX AaHHbIX. YuTaTensam cnegyet
03HaKoMUTbCS ¢ 0630pamu, noarotTosneHHbIMU Joss and Waldvogel (1990) 1 Smith (1990),

Ans BceobbemntoLero o6CyxaeHnsa JaHHbIX NPo6eM U CIOXHOCTEN, a Takxke BOMPOCOB
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3 PeKTUBHOCTU N TOYHOCTU. MNosBAsIOLWMECS cMCTEMbl 06pabOTKM AaHHbIX Paan0a0KaTopPoB
CNOCOGHbI NCKJTOHYATb OTPAXEHUS OT NOKaIbHbIX Ha3eMHbIX 06beKTOB (BK/tOYas aHOManbHOe
pacnpocTpaHeHune) pa3Hoob6pa3HbIMU CNOCO6aMU 1 YMeHbLLaTb NPo61eMy BEPTUKaIbHOrO
npoduns oTpaxaeMoCTu NoCPeaCcTBOM KOPPEKTUPOBKN 0CaaKOMEPOB MU ANCAPOMETPOB B
KBa3npeanbHOM BPEMEHMU.

7.10.4.1 Bepmuxkanshvlii npogune ompakaemocmu

Ha 601bLunx paccTosiHMAX 06bI4HO NpeobnafatoT OWNGKN, BbI3BaHHbIE HEBO3MOXHOCTbIO
HabntoaaTb ocaakm B6/1M3KN 3€MHON NOBEPXHOCTM M He3anosHeHneM siy4a. B cesasu ¢
yBe/IMYeHNEM UM UCnapeHnem 0CcaakoB, ABMXKEHNEM BO3AyXa U U3MeHeHneM da3sbl (lea n Boaa
B C/10€ TasiHUS WK ipKas nonoca) HabatoAalTCs BECbMa M3MeH4YMBbIE BEPTUKa/bHbIe Npodunan
oTpaxkaeMOoCTU KakK B npejenax AaHHOro LWTopMa, Tak 1 oT 6ypu k 6ype. B ciyyae KOHBEKTUBHbIX
[OXAeBblX OCafKOB, KakK MOKa3blBaeT ONbIT, BO3HMKAET MeHbLLE TPYAHOCTEN, CBSA3aHHbIX C
npo6nemoit BepTnkanbHoro npoduns. OgHako Npu AOXAE UM CHere, BbiMajaloLlweM 13
cnonctoobpasHbix 06/1aK0B, 3HaYeHne BepTUKaabHOro npodgunasa sospactaeT. C yBennyeHnem
AaNbHOCTU Jy4 CTAHOBUTCS LUMPE U NPOXOAMT BblLlE Haj 3€MHOM NOBEPXHOCTbIO. [ToaTOMy
Tak>e BO3pacTatoT pas3inims Mexay OLeHKaMun KON4ecTBa AOXKAEBbIX 0CaAKOB, M3MEePEHHbIX

C NOMOLLbIO paanosiokaTopa, n Ux CYyMM, U3MEPEHHbIX Y 3eMHOM NoBepxHOCTU. OTpaxaeMocCTb
06bIYHO CHMXAETCA C BbICOTOW; MO3TOMY B YCNOBUSIX CZIOUCTOO6pa3sHOM 061a4HOCTH

WK CHera A0XAb HeOOLEeHNBaeTCs paanosokatopom. Ha pucyHke 7.32 nokasaHsl Tpu
nAeann3npoBaHHbIX BEPTUKaAbHbIX MPOdUN OTpaxaeMoCTn AN Pa3HbIX METEOPONOTMYECKUX
cuTyaumin. OHM NnokasaHbl MPW HyeBOM AasbHOCTU. DTU Npoduan Bo Bce 6onbluel Mepe
CraXnBalTCA NO Mepe yYBe/IMYeHNs AanbHOCTM U3-3a pacluMpeHuns ny4da. Takxe npoucxoanTt
3 ekT NpoABUXEHUA NTyYda, U HUXHAS YacTb Npounaa He BHOCUT 60AbLUe BKNaj, B
n3Mepsemyto seindmHy. Ha 60/1bLLMX AaIbHOCTAX A1 TPU3EMHbIX LUITOPMOB, U B OCOGEHHOCTH,
Korga npu Manblx yrnax Mecta aHTEHHbl MPOUCXOANT 3aTeHEeHMEe TaKUMKN NPENATCTBMAMMY,

KakK ropsbl, HeooLeHKa MOXeT 6bITb O4eHb cepbe3Hoi. Owmnbka Nogo6HOro TMna 4acTo
npeo6nagaeT Haj BCEMU OCTasibHbIMU. DTOMY 06CTOATE/ILCTBY 3a4aCTyIO He NpuaaeTcs
3Ha4yeHus B Tex C/lyyasx, Korga LWTopMbl Hab1l0Aat0TCs TONbKO Ha 6/1M3KMX PacCTOAHUAX, NN

B C/ly4asix, KOr4a aHaIM3MpPyoTCs LWTOPMbI, KOTOPble pacnonaraoTcs Npuban3MTenbHO Ha
0AVHaKOBOM yaaneHuun. IdpekTMBHasn f4anbHOCTb A1 KOIMYECTBEHHOW OLeHKN OCafKoB
cocTasnset nopsagka 80 kM npu WnpmrHe Nyya pagnonokaropa B 1° (pucyHok 7.33) n 6onblue
ANS pagnosiokaTopos C MeHbLuel WwnpuHon ay4da (120 km ans pagmnonokaTopa C LUMPUHOR ayda
0,65°) 6e3 BHeCeHMA NonpaskM.

Mpu cncteme noroApbl B NPU3eMHOM c/10e aTMocdepbl, koTopas npeo6aagaeT B 3MMHUX
ycnosusx, 3 ekt crnaxmnpaHms yya (MokasaH Ha pucyHke 7.32) yMeHbLUaeT oTpaXaeMoCTb
no Mepe yBennyeHns fajabHOCTU. Pe3ynbTaToM 3TOro ABAAIOTCA HaKOMEHHbIE 3Ha4YeHns
(paanonokauMoHHas oTpaxaTesibHas CMOCO6HOCTb AWM NPOU3BOAHASA MUHTEHCMBHOCTH
0CajKoB), kKOTopble NprobpeTaloT ro40BOMN XapakTep, Kak 3TO NOKa3aHo Ha U306 paxeHnn ciesa
(pucyHok 7.33). HeogHopoAHOe 3ano/iHeEHME PagmnoJIOKaLMOHHOIo o6beMa Mo Mepe N3MEHEHUSA
AaNbHOCTU Takxe CNnoco6CTBYeT 6bICTPOMY YMEHbLLEHWIO OTpaxaemMocTu. CpaBHeHMs €
BE/INYMHAMU, U3MEPEHHBIMY NPU NOMOLLM OCaIKOMEPOB B TeYEHME Ce30Ha, MoKas3aHbl

cnpasa (COOTHOLLEHME PaAnOIOKaLLMOHHbIX U3MEPEHUIA N M3MEPEHUNIA HAa MeCTe MPY MOMOLLN
0CaJKOMepPOB) U ABAAIOTCA MIOCTPaLMEN TAKOrO yMEHbLLIEHUS U3MEPSIEMbIX CYMM OCafKOB.

B faHHOM KOHKPETHOM MecTe Npu LWMPUHE JyYa paanonokatopa B 1° n npn TakoM NOrogHoOM
pexume (PUHNAHANA B 3MMHUI Nepuog,) 3 dekTUBHAA AanbHOCTb (M10CKas YacTb KPUBOI)
cocTasnset nopsgka 80 KM 415 HENOCPeACTBEHHbIX OLL,EHOK 0CaAKoB. [10CKONbKY AanbHUI

3 eKT aBnseTCa reoMeTpuyeckMM, MeHbLLIas WUpPUHa Ny4va yBeandmna 6ol 3Ty 3pHeKTUBHYIO
AaNbHOCTb. DTO NPOUAIIOCTPUPOBAHO ANA WNPUHBI nyya B 0,65°, koraa apcekTnBHas
AanbHOCTb yBenn4veHa noytn Ao 110—120 km.

Hwv oanH n3 metonos OCYU.LECTBﬂﬂeMOIZ B p€a/ibHOM MaclwiTabe BpeMeHN KOMNEeHCaLnn
3CIZ)q)eKTOB BEPTUKAJ/IBHOTO I'IpOdJVI}'IFI OTPa>XaeMOCTU HE ABNAETCA LUMPOKO NPU3HAHHbIM.
O,CI,HaKO MOXHO onpeaenntTb Tpn Me€To4a KomMneHcaunmn, a UMEHHO:

a) KOPPEKTUPOBKA 3aBUCMMOCTUN OT PaCCTOAHUA: 3qu)eKT BEPTUKA/IbHOIO I'IpOCII)I/IJ'Iﬂ CBA3aH
C cO4eTaHMeEM BO3pacCTaHUA BbICOTbI ocemn Jiyda n ero pacwmpeHuns npum yBeaim4eHnm
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PucyHok 7.32. CrnaxkmBaHue /iy4a U XxapakTep ero pacnpocrpaHeHUsi U3SMeHSI0T BHELUHUM
BU/J, BEPTUKa/IbHOro Npoduas oTpaxkxaemMoCcTu No Mepe n3MeHeHus AanbHocTu. MokasaHbl
TPU CUTyaLun C MaKCMMaJsibHOM OTPaXkaeMoCTblO B BepTUKa/ibHOM cTo/16€e atmocepbl B
BUJE NPOLLEHTHOW [,0/11 BbiNafeHNs 0CafKOB Ha MOBEPXHOCTb CYLUU, NPU 3TOM Y4YUTbIBaeTCs
sAipkas nonoca (3amMcTBoBaHoO 13 pa6otbl Joss and Waldvogel, 1990).

AaJibHOCTW. CoOTBETCTBEHHO O NONYyHeHNA KOPPEKTUPOBKU NMePBOro nopsagka MOXeT
NPUMEHATbLCA cpep,Hvu7| KAUMaTUYeCKUi KO3quJVILI,VIeHT 3aBUCUMOCTU OT paCCTOAHUA.
Pa3Hble KOIaCb(bI/ILI,I/IEHTbI MOryT 6bITb npunemMnemMbiMn AnAa pa3Hbix KaTerOpVIVI LITOPMOB,
HanpumMmep KOHBEKTMBHbI WITOPM B OT/ZIN4NE OT C)'IOVICTOO6paBHOFO}

Kyonwuo, 3uma
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Puc. 7.33. Ha 3TOM pucyHKe nokasaHbl akkyMy/IMpOBaHHbl€e 3a 3MMHUIA C€30H CYMMbl 0CaZikoB,
paccuMTaHHble Mo AaHHbIM paguosiokaTtopa. OnucaHue rogo0BoOro pexxumMa ocagkoBs
o6bsCHAETCA, B NepBYIO oYepefb, OTCYTCTBMEM 3anoJ/IHEHUS Jlyya Ha Aa/ibHUX PacCTOAHUAX
AN NPU3EeMHbIX MeTeoposiornyeckux cuctem. Ha nsobpaxeHumn cnpaBa nokasaHo, Kakum
o6pa3oM 3To NnpeAcTaBnseTcs B BUAE NOrpeLHOCTU onpeAeneHns AalbHOCTU NyTem
CpaBHeHUs faHHbIX AaTYNKOB pajaunonokaTtopa (pucyHok nto6esHo npepocrtaeseH [laHnanem
MukenbcoHom u3 LLIBeackoro MeTeopos10rmyeckoro v rMapo1I0rM4eckoro MHCTUTyTa,

a Tak)ke UCNo/sib3oBaHbl laHHble, NpefocTaB/ieHHble PUHCKUM MeTeopPOIoruvYeCcKUM
MHCTUTYTOM).
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PucyHok 7.34. OToT pMCyHOK NoKa3blBaeT c/iyvail cTauMoHapHoro atMmoccgepHoro poHTa,
OpPMEHTUPOBaAHHOIO MO HanpaB/iIeHUIO BOCTOK-3anaa,. Ha nso6paxeHun cneesa nokasaHo
pe3Kkoe CHUXeHue No Mepe yBenYeHuUs AalbHOCTU (CM. pucyHok 7.33). Ha uso6paxeHum
cnpaBa Noka3aHa BHeCe€HHasi B JaHHble KOPPEKTUPOBKa AaNbHOCTU (PUCYHOK N1106€3HO
npepoctaBsieH Apmo KonctmHeHom, PUHCKUIA METEOPOTOTNYECKUIA UHCTUTYT).

b) NPOCTPAHCTBEHHO N3MEHAOLWAACA KOPPEKTUPOBKA: B CUTYyaLUUAX, KOraa XxapakTepuctmku
0CaaKOB CUCTEMATUYHECKN N3MEHAKOTCA B 30HE C/ZIEXXEHNA NI KOTda 30Ha OXBaTa
pagnonokaTopa ABAAETCA HeO,CI,HOpO,CI,HOVI n3-3a TOI'IOFpanVIVI NN NOKaJIbHbIX
I'Ipel'lﬂTCTBI/IVI, noAe€3HbIMN MOTYT 6bITb nonpaBkn, U3MEHAKOLLNECA KaK MO a3MYTY, TakK 1
no ganbHocTn. Echm nmeetcsa goctatoyHas cnpaBo4Has VIHqJOpMaLI,VIFI, TO MO>XHO BHOCUTb
cpegHune nonpaBoYHbIE KOI—)qI)CIZ)VILI,VIeHTbI B COOTBETCTBYHOLLME CNPaBO4YHbIE Ta6J'IVILI,bI. B
NPOTUBHOM C/1y4dae, nonpaBkn AO0/1>KHblI BbIBOAUTLCA U3 CaMUX AaHHbIX 06 OTpa>XaeMoCTun
nnn mn3 CpaBHeHVII7I C MoKa3aHNaMun oCagkoMepoOB,

C) MOJIHble BEPTUKaAbHble NPodunanN: BepTukanbHble Npodnam B LUTOPMax U3MEHSIOTCS NO
MeCTy U BPEMEHU, a CaMbli HU3KUIA YPOBEHb, BUAUMBIV A4/19 pagnonokatopa, 06bl4HO
N3MeHseTCA 13-3a HapyLleHna paguoropmn3oHTa. CoOOTBETCTBEHHO A1 NONYYEHUS
Hany4LWmnx pe3ynbTaTtoB MOXET MOHaA06MTbCA OCYLLEeCTBASIEMbIA OT TOYKWN K TOYKe
npoLecc KOPPEeKTUPOBKM C UCNO/b30BaHNEM Penpe3eHTaTUBHOIO BEPTMKAJIbHOIO
npoduns ANs Kaxaolh npeacTaBAstoLLel NHTepeC 30HbI. Penpe3eHTaTnBHbIe Npoduam
MOTryT 6GbITb NOyY€eHbl C MOMOLLLbIO CAMUX PaANONOKALLMOHHBIX AaHHbIX MO 06beMy
CKaHMPOBaHUSA, KIMMATONOINNYECKNX CPABOYHUKOB UIN N3 MOAENEN LUTOPMOB. ITO
Hanbonee CNOXHbI NOAX0A, HO OH MOXET 6bITb OCYLLLECTB/IEH C MOMOLLLbIO COBPEMEHHbIX
cucTeM aaHHblx (Joss and Lee, 1993).

Ha pucyHke 7.34 noka3aH npumMep Noc/aeAHero ynomMsHyToro MeToAa KOppekTUpPOBKM
BEPTMKaNbHOIo Npodwuia oTpakaemMocTu B cnyyae 3pdekTa pacCcTOAHUSA, KOTOPbIV B
HacTosLLee BpeMs UCMNOJb3yeTcsa B NOBCEAHEBHOM NpakTUke pagnMoaoKaLMOHHOM CeTu.

Ha pucyHke cneBa noka3aHo 24-4acoBoe HaKoMaeHWe 3Ha4YeHUIA MUHTEHCUBHOCTM OCaAKoB,
MONYHYEHHbIX MPWU NOMOLLW paAnoiokaTopa, B Te4eHUe NMPOX0oXAeHNs CTaLlMOHapHOro
aTMoccdepHoro dpoHTa. Mpeanonaraercs, 4To obLMe xapakTepucTukm 6yayT BeCbMa
pa3Hoobpa3HbIMU. PUCyHOK cnpaBa co3fiaH NoCpeACTBOM KOPPEKTUPOBKM 3 dekTa
BEPTMKaNbHOIo NPodua Ha AalbHUX PACCTOAHUAX M COOTBETCTBEHHO YBENNYEHbl HaKOMNIeHNS
no kpasam. Paznnyne B n3o06paxeHnax Takxke UTIOCTPUPYET BbIrOAbl CETEBOrO Noaxoaa K
CO34aHu1I0 NPoAYyKL MM NO ocagkam, MOCKoNbKy 3peKT BepTUKanbHOro npodunns oTae/bHbIX
paanonoKaTopoB He ABASETCA CTO/Ib O4€BUAHBIM BHYTPU CETU.
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YnydweHus B o6nactn ungposoii 06paboTkn paanoioKaLMOHHbBIX AaHHbIX U MHTErpawmns

B pPeXMMe peasibHOro BPEMEHU C CeTAMM 0CaAKOMEPOB NpuBesn k pa3paboTke HOBbIX
KO/IMYECTBEHHbIX, OCHOBAHHbIX HAa JdHHbIX PaAN0I0KaTOPOB BMA0B NPOAYKLMN AN
rMAPOMETEOPOJIONMYECKUX MPUMEHEHMI. Pag eBponenckmx CTpaH u iNOHUSA NCNob3yIoT Takme
BUAbI PaanoaoKaLMOHHOM NPOAYKLUMN Hapaay C YACAEHHBIMU MOAENAMU A9 ONepPaTUBHOIO
NPOrHo3MpoBaHUsA NaBOAKOB M KOHTPoAsA 3a HUMK (Berenguer et al., 2012; Cluckie and

Owens, 1987). CuHTe3 AaHHbIX paAnN0I0KaTOPOB U AaHHbIX OCaAKOMEPOB NpeAocTaBaseTt
BecbMa 3 (peKTUBHbIN NPOAYKT MPOrHO3MPOBaHMS TeKyLLEe NOroAbl A5 MOHUTOPUHra
[OXeBblX 0CaAKOB. AHaIN3 paanonokaLMoHHbIX AaHHbIXx 06 ocagkax (AMeDAS) asnsaetca
OQHUM U3 BUAOB NpoAyKLUnKM, npeactasasemolx B inoHun (Makihara, 2000). MHTEHCMBHOCTD
3XOCUTHaNa, Nosy4YeHHas oT ceTu pagMosiokaTtopos, NnpeobpasyeTcs B MHTEHCMBHOCTb
0CaAKoB C UCMO/b30BaHMEM COOTHOLLEHMSA Z-R, a KONMYECTBO OCaZkOB, BbiMaBLUee 3a OANH
yac, oueHNBaeTCsA MO MHTEHCMBHOCTU 0CcaakoB. OLeHOYHbIe KOJINYEeCTBa OCa1KOB 3aTEM
KannbpyroTca C UCMOJIb30BaHMEM 3HAa4YEHMN KOIMYECTB 0CaZKOB, MOJIyYEHHbIX MPY MOMOLLMU
0CaZlKOMepOB, A4/19 MOArOTOBKU C BBICOKOW TOYHOCTbIO KapThl 0CaZKOB, BbiMaBLUMX 38 OAMH Yac.

710.4.2 CoomHouwieHue Z-R

B onTumanbHbIX yCnoBUAX (6}'II/I3KO K paAno/IoKaTopy, HUKAKNX TOXHbIX CVIFHa}'IOB) ocagku
06bI4YHO OLLEeHMBAKTCA C UCNOJIb30BaHMEM COOTHOLWEHUA Z-R:

Z=AR" (7.13)

rae A b — NOCTOAHHbIE BE/IMYMHBI. DTO COOTHOLLEHWNE He SB/IAeTCA €ANHCTBEHHBIM, U

ANA Pas/INYHbIX KIMMaTUYECKUX YC0BUIA NN MECTOMONOXKEHWIA, @ Tak>Ke TUNOB LUTOPMOB,
661710 pa3paboTaHO 0YEHb MHOTO SMNNPUYECKNX 3aBUCUMOCTEN. HOMMHaNbHbIE M TUNOBbIE
3HavyeHus ko3 duumMeHTa 1 Nokasartens cteneHn coctaenstot: A =200, b =1,60 (Marshall and
Palmer, 1948; Marshall and Gunn, 1952). 3Tv 3Ha4yeH1sa MOTYT NPUMEHATLCA NPU TOHHOCTU

ko3 puumneHTa 2 Kak AN JOXAA, Tak U CHera. [laHHOe ypaBHeHMe BbiBEAEHO B paMKax paaa
AONYyLLEHUI, KoTopble He Bcerga 6biBaloT MOHOCTbIO CpaBeA/nBLIMU. TeM He MeHee nctopmsa
W ONbIT MOKa3aan, 4TO 3TO COOTHOLLEHME B 6ONbLUMHCTBE CIyHaeB AaeT HaJeXHYIO OLLEeHKY
0CaJKOB Yy 3eMHOI MOBEPXHOCTM, €C/IN TONbKO He NPUCYTCTBYIOT O4€BUAHbIE aHOMaIUK
(pucyHok 7.35). O630p MCNOb30BaHMA COOTHOLLEHMI Z-R B MUPOBOM MacluTabe nokasasn, 4to
cooTHoleHne Mapuwanna-lNanmepa ncnonbsytorcsa B 80 % onepaTnBHbIX METEOPOTOrNYECKNX
paanonoKaTopoB, HTO ABASETCA 3aMeyaTebHbIM JOCTUXEHWNEM, YUNTbIBasd BeCbMa Masioe
4MCJI0 N3MEPUTESIbHBIX TOYEK, UCMO/Ib30BaHHbIX AN (POPMYNMpPOBaHNSA NePBOHaYanbHOIO
cooTHolueHus (Sireci et al., 2010). KpacHoli nMHMe Ha pucyHke 7.35 noka3aHo nepBoOHaYaabHoe
cooTHoleHneM Mapuwanna-Manmepa (npusoauntcs B pabote Marshall and Gunn, 1952,

n Marshall and Palmer, 1948). B TeqeHue paga neT npeanpuHUMannCh NOMbITKN BHECTU
Y/ydLLIEHWS; YepPHbIE IMHMUM MOKa3biBalOT 3TW Apyrue cooTHoweHuns (Battan, 1973).
MpuMeyaTenbHO, YTO NepBOHaYaibHOE COOTHOLLEHWNE, NOyYEeHHOE NO HE3HAYNTE/TbHOMY
4YUCSTY U3MEPEHUI U B KOHKPETHOM pexnMe MeTE0POAOrMYeCckmx yC0BUIN, NPOLLJIO
NCNbITaHWe BPEMEHEM.

MmetoTcsa HekoTopble O6LLMe MOJIOXKEHNS, KOTOPblE MOXHO KOHCTaTupoBaTth. [pn AnnHax BosH
5 cm n 10 cm annpokcumaums Panes geictBuTenbHa 4719 60/bLUMHCTBA NPakTUYeCKmX Lenen o
Tex Mop, Noka He NOSABAATCA 3apoablwn rpaauH (Z> 57 AbZ Bo MHOTMX CyYasx NpUHMMaeTcs
Kak IMHUA pa3saena Mmexay A0XAeM n rpagoM). bonbluve KoHULeHTpauum negsaHblx KPUCTaNIoBs,
CMeLlaHHble C KanasaMu, MOTyT Bbi3biBaTb aHOMainm, oCob6eHHO B6IN3N YPOBHA TadHUA.
MpuHMMasn Bo BHMMaHWe k03puLMeHT npenomnenns ana nofa (1.e. |K|* = 0,208) n Boibnpas
COOTBETCTBYIOLLME COOTHOLUEHUS MexXAY KO3 PULMEHTOM OTPaKaeMOCTU U UHTEHCUBHOCTbIO
0caakoB (Z no oTHoLeHMIO K R), MOXHO AOCTaTOYHO TOYHO OLEHUTb KOJIMYECTBO OCaAKOB Npw
Ha/M4mmn cHera (3Ha4veHue, paBHoe 0,208 BmecTo 0,197 ana nbpa, UCNONb3yeTca ANS yyeTa
NU3MeHeHns guamMeTpa Kaneib BOAbl U NeAsHbIX KPUCTaIJIOB B 9kBUBaneHTHOM macce). OgHako
N3MepeHu1a BbiMagaroLLero CHera Npy NOMoLLM 0CaAKOMePOB ABNAIOTCA Npob6aeMaTUYHbIMU

M UMeeTCs He0CTaTOYHOE KOMYEeCTBO BCEOOBEMIOLLLUX UCCNEeN0BaHMM, MOCBALLEHHbIX
COOTHOLUEHUAM MeX Ay PaANoa0KaLNOHHON OTPaXaeMoCTblo U MHTEHCUMBHOCTBIO CHeronaaa.

NHTeHcuBHOCTB AoXKAA (R) ABNAeTCA NPOM3BOAHON OT BAaro3anaca U CKOpoCTU NageHuns
yactuy, B 061y4aeMom pagmonokatopom o6beme. OHa MpUMeEPHO NPONOpLMOHanbHa
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PucyHok 7.35. Tpacpmnyeckoe nsobpaxeHne MHOXeCTBa COOTHOLLEHUI Z-R 13 pa6oTbl
Battan (1973).

4yeTBEpPTOM CTeNneHn aMameTpoB YacTul,. [03ToMy He CyLLecTByeT eIMHOrO COOTHOLUEHUS MeX Ay
paanonoKaLMoHHOM OTPaXaeMoCTblo M MHTEHCUBHOCTbIO 0CaikoB, MOCKO/IbKY OHO 3aBUCUT

OT pacnpefieneHns 4acTuL, no pasmepam. Takum obpasoM, ecTeCTBEHHas U3SMEHYMBOCTb
pacnpefeneHuin kanesb No pasmMepam ABASAETCA BaXKHbIM UCTOYHMKOM HeonpeaeieHHOCTU Npu
paanonoKaLoHHbIX U3MEPEHUAX OCAZLKOB B TeX CyYasx, Koraa y4nTbiBatoTcs apyrue gakTopbil.

SMnupunyeckmne cBA3mn Z-R, a Takxke NX N3MEHYMBOCTb OT LUTOPMa K LUTOPMY UK BO

BpeMs eANHNYHOIO WTopMa 6bl/I NpeaAMEeTOM MHOTUX UCCIeA0BaHMM Ha MPOTAXEHUN
nocneaHunx 40 fieT, 0cO6eHHO B NCCNef0BaHMNAX LUTOPMOBBIX COObITUI. CooTHOWweHne Z-R
MOXeT 6bITb NO/TY4EHO NyTEM PacyeToB 3Ha4YeHUN Z 1 R N0 U3MEPEHHbIM pacrnpeae/ieHnsaM
Kanesib MO pa3mepam, BbINO/IHEHHBIM C MOMOLLbIO Npnbopa, N3BECTHOTO Kak ANCAPOMETP.
ANbTepHaTMBOW ABASETCA CPaBHEHWE BE/INYMHBI Z, U3MEPEHHOW Ha BbICOTE C MOMOLLbIO
paamonokatopa (Toraa oHa Ha3blBaeTCa 3KBUBA/IEHTHOM PaAMOoJIOKaLMOHHOM OTPaXkaeMoCTbiO
1 0603HavaeTCs Z ), C BE/IMHNHOMN R, N3MEPEHHOW y 3€eMHOW NOBEPXHOCTU. B nocneaHem
noaxone NnpeAnpuUHMMAaeTCsa NOMbITKa y4ecTb Nt06ble pa3nnyna Mexay ocajkaMun Ha BbicoTe

W ocagkamu, KoTopble AOCTUraloT 3eMHOM NOBEPXHOCTU. OH Tak>ke MOXEeT BK/t04aTb OWNOKM
KannbpoBkM paamonokaTopa, NO3TOMY pe3sy/bTaT He onpeaesaeTca CTPOro COOTHOLEHNEM
Z-R. OncapoMeTpbl UCNOb3YIOTCA B HACTOSILLLEE BPEMS B ONEePaTUBHbIX CETAX A1 onpeaeneHus
COOTHOLWeHNA Z-R and uenen k1MMaTonornm, nccnejoBaHUn LWTOPMOB U KOPPEKTUPOBKM B
pexnme peasbHOIro BPEMEHU; ANCAPOMETPbI ABAOTCA BECbMa YyYBCTBUTEIbHBIMU Y MOTYT
obHapyxnBaTb O4eHb cnabbie ocaakm.

Joctato4HO 60/bLIOE BHUMAHWNE YAENS10Ch SMNMPUYECKOMY COOTHOLLEHUIO Z-R B 3aBUCMMOCTH
oT knaccudumkaL My LUITOPMOB MO TUNY A0XASA (TaKOro Kak KOHBEKTUBHbIN, HESAYENKOBBIA,
oporpaduryecknit). HecMoTps Ha TO, YTO U3MEHEHUS B pacnpeesieHnm Kanesb No pa3Mepam,
6eccnopHo, ABNAIOTCS BaXHbIMU, UX OTHOCUTE/IbHAsA 3HaYMMOCTb HacTO NepeoLeHMBaETCA.
MNMocne HeEKOTOPOro ocpefHeHUs NO BPEMEHU U/UAN NPOCTPaHCTBY OLUMGKN onpeaesieHns
WHTEHCUBHOCTM BbINaAeHNS AOX A, CBA3aHHbIE C STUMWN U3MEHEHUAMU, PEAKO NPEBbILLAIOT

100 % (B aBa pa3a). OHM ABAAOTCA OCHOBHBIMU MCTOYHUKAMM OLLIMOOK B HETKO OPraHMU30BaHHbIX
KCNepMMeHTax Ha MasblX 4a/bHOCTAX.
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710.4.3 Koppexmupoexa ocadkomepoe

CyuwiecTByeT obLLee cornacue B OTHOLUEHUMN TOTO, 4TO CPaBHEHME C JaHHbIMWU OCafKOMePOB
cnepyeTt NpoOM3BOAUTL PErynsipHO, Kak U MpoBepky 3 dekTUBHOCTM paboThl paanonokaTopa,
1 BBOAUTb COOTBETCTBYIOLLME MOMNPABKX, €CIN OTKJIOHEHWNA AAaHHBIX paAnonokaTopa

4yeTko onpeaeneHbl. OgHaKo 3TO cnefyeT AeNlaTb OCMbIC/IEHHO, MOCKOIbKY BHECEHMe
nonpasok B OAHY CUTYaLMIO MOXET BbI3BaTb MPOobOAeMbl B APYroi cuTyauuu. B cutyaunsx,
Korga paAnosiokaLMOHHbIE OLLEHKM CUJTIBHO PAaCXOAATCA C MPUHATBIMK 3a 3TasIOH U3-3a
KannbpoBKKN pagmnonokaTopa Uan Apyrux NpUYmH, Takme nonpasky MOryT MPUBECTU K
3HaYUTE/bHBIM YNTYHLLIEHUSM.

OueHKM 0CaiKoB Ha YPOBHE 3eMHOIN NOBEPXHOCTH, NOSyYaeMble C MOMOLLbIO
pPaganonoKaLNOHHbIX CUCTEM, OCYLLECTBAAOTCA A5 nowazen C NpOCTPaHCTBEHHbIM
pa3pelueHuem, kak npasuno, 1—4 km? 1 3a nocnegosartenbHble 5—15-MUHYTHbIE HTEPBab
C noMoLLbio nHankatopa kpyrosoro o63opa (MKO) npu manom yrne so3sbilieHmns (yribl
BO3BbILLeHNs < 1°), kKoMBUHUpOBaHHOW NpoaykumMmn MKO NoCTOAHHON BbICOTbI MK Aaxe
npoAykKumn 60/1ee BbICOKON KaTeropum cN1oxHOCTU. COrnacHo nony4eHHbIM AaHHbIM,
pPaganonoKaLOHHbIE OLLeHKM MHTEHCMBHOCTU 0CaZKOB CPaBHUMbI C NOKa/IbHBIMW U3MEPEHUSMU
no ocagkomepy ¢ koappuumeHtTom B npegenax 2. Ocagkomep otéupaet Npobbl Ha
ncKaoumTeNbHO Hebonblon naowaan (100 cm?, 200 cm?), B To BpeMs Kak paamosiokaTop
onpeaenset cpefiHee 3HayeHWe No o6bemy B ropas3ao 6onee kpynHoMm macwitabe (1—4 km?).
370 pasnnyme o6bACHAET 3Ha4YMTE/NbHYIO CTENEeHb HECOOTBETCTBUA. MIMeloTCs yKasaHus

Ha TO, YTO TOYHOCTb OCaAkoOMepa MOXeT, 4/11 HEKOTOPbIX 3a/a4y, OKasaTbCsl ropasfo Huxe
3a4acTyto npegnonaraeMomn, 0CO6eHHO eC/In OLLeHKM NOJTyYeHbl MO AaHHbIM OTHOCUTENBHO
He6osnbLuoro konn4vectsa ocagkomepos (Neff, 1977). BaxHbIM acnekToM siBSeTCA cucteMa
cbanaHcmpoBaHHbIX nokasatenei. Ce30HHble cpeAHNe 3Ha4YeHUs MOTyT 6bITb MPUEMIEMbIMU
B HEKOTOPbIX MPMMEHEHUAX N €ANHOEe COOTHOLLEHNE Z-R MoxeT 6bITb 4OCTaTO4HbIM. OfHako
ANns npegynpexaeHnin o 6uiCTpopassBuBatoLLLMxca 6y pHbIX NaBogkax MOXeT noTpeboBaTbCs
BBEeJleHNe NonpasBokK B peXnmMe peanbHOro BpeMeHMu.

CnepnyeT 06paTvTb BHUMaHME Ha TO 06CTOATENbCTBO, YTO Takue NONpaBKM aBTOMaTUYeCKH

He 06ecneynBaloT y/yHLEHUS PaAMOOKaLMOHHbIX OLLEHOK, U MHOTAa CKOPPEKTUPOBAHHbIE
OLLEHKM XYK€, YeM UCXOAHbIE. DTO B 0COGEHHOCTU CNPaBeA/IMBO A1 KOHBEKTUBHbIX

AOX/eW, Koraa BepTUKaibHOE PacLUMpPEHNE IXOCUTHaNa cMAryaeT Npo6iemMbl, CBsi3aHHble

C BEPTMKaNbHbIM NPOUIEM, U AaHHbIE OCaAKOMEPOB SBASIOTCS COMHUTENbHBIMU U3-3a
Hepenpe3eHTaTUBHOCTU U3MePEeHUIt. KpoMe TOro, NpOCTPaHCTBEHHbIN paanyc Koppensaunm
MOXeT GblTb MasibiM, U COOTHOLLEHNE OCaAKOMEP-PaANO0IOKaTOP CTaHOBUTCS BCe 6onee
HETOYHbIM C YBE/IMYEHNEM PACCTOSHUSA OT ocaakomepa. OB NPUHLMM 3aK10YaeTCs B TOM,
4TO NonpasKku GyAyT AaBaTb CYLLECTBEHHOE yNnyylleHMe TONbKO Toraa, Koraa cucteMatuyeckas
pa3Huua (T.e. OTKIOHEHWE) MeX Y OLeHKaMM1 0CafKoB MO 0CaAKoMepy U paAnooKkaTopy
6onblle, 4eM CTaHAAPTHOE OTK/IOHEHMWE CNy4aliHOTO pacCesHNS NPY CPaBHEHUUN AaHHbIX
ocaZikomepa 1 paavosiokaTopa. Takoit NPUHLMMN NO3BOASET CYAUTb O TOM, CleflyeT /in
MCNoNb30BaTh AaHHbIE 0CaAKOMEPOB AJ/151 KOPPEKTUPOBOK, a TakKe NPUBOAMT K 3aK/II0UYEHUIO,
4TO UMeloLLMeCs faHHble He0BX0AMMO NPOBEPSTH Nepes HeNoCPeACTBEHHbIM BBEAEHWEM
no60oi nonpasKu. bbiNn nccnefoBaHbl pa3INyHbie METOAbI BbINOHEHMS 3TO NpOLLeAypbl, HO K
HaCTOsLLLEMY BPEMEHMW LUIMPOKO NPUMEHSIEMOTO NOAX0Aa HE MMEETCS.

7.10.4.4 Memooduku usmMepeHus 0cadK06 C NOMOU,bI0 PAOUOIOKAMOPOE € d80IIHOII
nonspusayueii

[na ncnonb3oBaHUs pagnonokaTopa C nossgpusaLnoHHbIM 3¢ eKTOM B LeNax yayylleHus
N3MEepPEeHUN XNAKNX 0CaAKOB NpeaoXeHbl pa3Hble MeToANKN. B yacTHOCTY, 6bI/10 BBIABUHYTO
NpeAnoJioXeHNE O TOM, HTO pa3iMime Mexay 3Ha4eHUAMM OTPaKaeMoCTU, U3MEPEHHbBIMMU
MpuY ropM3oHTa/IbHOM 1 BEPTUKA/IbHOW nonapusaunu (Z,.), unm casur no dase (¢, mm K, ),
MOXeT aTb NoJsie3Hyo MHopMaLuio 0 pacnpeaeneHunsx kanesb no pasMmepam (Seliga and
Bringi, 1976). Tn MeTOAbI 3aBUCAT OT rTMAPOANHAMUYECKUX BO3MYLLLEHWI (hOpMbl 6ObLINX
Kanesb A0XAS; 60/iee MHTEHCMBHbIE 40X AN C 60/1ee KPYNHbIMKU KaniamMu fatoT 6onee cunbHble
npusHaku nongapusaumn. B nepsyto oyepenpb, 4OMKHO 6bITb CKOPPEKTUPOBAHO O0cnabneHune
CMrHaJia M 3aTeM BHOBb NPMMeHeHa MeToAMKa ABONHON nonapu3aumn. OgHako Bce eLle
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PucyHok 7.36. Ha BepxHMUx pucyHkax nokasaHo ocniabneHue curHana paguosiokatopa
C-ananasoHa (a) No cpaBHEHUIO C pagnosokaTtopoM S-ananasoHa (b) B hukcnpoBaHHbI
MOMEHT BpeMeHU. Ha HM)KHUX pucyHKax npeacTaB/ieHbl akKyMyasLLMM OCaJKOB PaBHOMEPHO
B TeYeHMe BCero nepuoza siB/ieHns n NpoAeMOHCTPUPOBaAHO Nopa3nTe/ibHOe CXOACTBO
nocsie BBe€HNs NONPaBOK C UCNO/Ib30BaHMEM MeTo/,a NoJIiPM3aLMOHHOrO pasHeceHus (CMm.
Takxe pucyHok 7.37, nto6e3Ho npepoctaBnaeHHbin Cyaewom byay s MuHucrepcrea
okpy>katoLienn cpeabl KaHagbl).

NMeIoTCA 3HaYnTe IbHble PACX0XAEHMNS BO MHEHUAX MO NOBOAY TOro, UMEEeT I 3Ta MeToAMnKa
nepcnekTMBY OnepaTMBHOrO NCMOAb30BaHMA Npu nsmepeHmax ocagkos (English etal., 1991).
Ha AnnHHbIX BONHax 60/1ee BbICOKUMMW ABASIOTCA NOPOroBblie 3Ha4eHNs MIHTEHCUBHOCTU JOXKAS,
npu KoTopbix MeToanka K, apnaetcsa apdekTmeHom (Hanpumep, B S-AnanasoHe 3Ta BeYMNHa
coctaBnset nopaaka 20 Mm-47', a B X-ananasoHe — nopsgka 4 Mm-4).

Ha manbix ganbHOCTAX (Mpy BbICOKOM NPOCTPaHCTBEHHOM pa3peLleHin) pagnonokatopbl

C nonAapun3auMoHHbIM 3hpekTOM MOTyT AaTb LLeHHY0 MHdOpMaLMIo O pacnpeaeneHmnax
4acTuL, 0CaAKoB M APYrMxX NapameTpax, OTHOCALUMXCA K pu3nke obnakos. Ha 66nbLInx
AaNbHOCTAX HeJb3s 6biTb yBEPEHHbIM B TOM, YTO NyY paanosokatopa 3anojHeH O4HOPOAHO
pacnpegeneHHbiMu ruapometeopamu. COoTBETCTBEHHO HEOMpPeAe/I€eHHOCTb SMNMPUYECKON
CBA3M NpU3HaKa nonspusaunm c pacnpegeseHmem Kanenb no pasmepam pactet. KoHeuHo,
NMOMOXeT YBe/I4eHNe 3HaHNN O COOTHOLLEHUN Z-R, HO faxke eCnn MHOronapaMeTpuyeckmne
mMeToAunKN 6yayT paboTaTb MPEKPACHO, MOXHO YMEHbLUNTb OLNOKY, Bbi3biBa€MYHO
CooTHoLleHneM Z-R, Tonbko ¢ 33 % o 17 %, kak 370 yka3biBaetcs B pabote Ulbrich and
Atlas (1984). lns rmgponornyecknx NpUMeHeHU’ Ha MasblX AanbHOCTAX NONPaBKy ANs
APYrnx OTKNOHEHUN (y>Ke onncaHHbIX) 06bI4MHO ropa3ao 60/iblle, BO3MOXHO, Ha NOPAA0K
BEIN4YMHBI Unu 6onee.

Pagronokatopbl C 4BOMHON Nonsipusaumnen cnocobHbl pewwatb npobaemy ocnabnaeHns
CMrHana, 4aCTM4YHOrO 3aMoHEeHMS flyva U 4YaCTUYHOrO 3aTeHeHus nyyen. Ha pucytke 7.36
nokasaH pagnonokatop C-gnana3soHa, B KOTOPOM MeTOAMKA NONAPU3aLUN UCMOSb3YeTCa ANS
KOPPeKTMPOBKM ociabnenns curHana. NapameTpbl ABOMHOM NOASAPU3ALUN YYBCTBUTEBHO
pearvpytoT Ha pa3Mep 1 hopMy KPYNHbIX HacTUL, U YEM MeHbLLIE A/1IMHA BOJIHbI, TeM 60/bLUe
4yBCTBUTENbHOCTb pajanosiokatopa. B stom npumepe HabntogeHUs 3a CMCTEMON 0CafKoB,
KOTOpas Bbi3Basna JIOKaAM30BaHHOE HaBOAHEHWE, BENNCb NPY NOMOLLM pagunosiokatopa
C-aonanasoHa n pagmonokatopa S-guanasona. Pagmnonokarop C-gnanasoHa (KuHr-Cutw,

c wupuHom ny4da 0,65°) Haxoanncsa Ha pacctoaHuu nopsaaka 40 KM OT MeCcTa HaBOAHEHMS,

a pagmonokatop S-anana3oHa (byddano, c wmnpuHon nyya 1°) — Ha paccTosaHUU
npumepHo 100 km. Ha nsobpaxeHunax (a) n (b) nokasaH ognMH NpuMep HU3KOrO YPOBHS
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paanonoKaLnoHHOM oTpaxkaemMocTn ¢ 06oux paanmonokaTopoB. KpacHble ceTeBble TIMHUN —
3710 6a3oBble NMHMU. OcagKomep HaXOAUTCA B MeCTe, pacnosio)eHHOM OKO/O 7 KM K toro-
3anagy. CurHanel pagnonokaTtopa S-Anana3oHa ocnabneHbl MO CPaBHEHMIO C CUTHaNaMu
paavonokartopa S-ananasoHa (nsobpaxeHue (b) aengerca 601ee HacbILLLEHHbIM MO LBETY

no cpaBHeHMIO C U3o06paxeHnem (a)). Bo Bpems aToro siBieHNs NPOUCXOANN0 HAMOKaHue
aHTeHHoro o6TekaTens pagnonokatopa C-gmManasoHa, YTO Takxe Bbl3blBasIO 3HaYNTE/IbHOE
3aTyxaHue curHana. Ha nso6paxeHusax (c) n (d) nokasaHbl akkyMynaLunm 0CaAKoB, AaHHbIE O
KOTOPbIX OCHOBaHbl Ha COOTBETCTBYOLLLEel MHOopMaLMM 06 ocaakax, MOayYEHHON NPy NOMOLLM
[BOWHOW nonsapu1saLlmm 3a BOCbMUYaCoBOM NMepunoa NpoaoKUTENbHOCTU 3TOTO ABEHUS

(cM. Takxke pucyHok 7.37). Pa3nnyne B paspelleHnn ABASeTCS 04eBUAHBIM, O4HAKO CTPYKTYpbl
aKKyMy/nsLMU OCafKOB ABASIOTCA CXOXUMU. DTO ABAAETCA UNNIOCTPaLMen 3Ha4UTeIbHOMO
noTeHuMana pagnosiokatopa S-ananasoHa c ABOMHONM nNonspusaunelt Ang npeosoneHmns
CylecTBeHHOro ocnabneHns curHana. MiHTepecHbimM ABASeTCA TOT pakT, YTO OLeHKa 0CaAKOB
C ABOVHON Nonapwusaunel nocpeacTBoM pagnonokaTopa S-agnanasoHa akTuieckun sBaseTcs
60nee HM3KOM 1 6onee 651M3KON K AaHHBIM OCaKoMepa (He noka3aHo) NO CPaBHEHMIO C
NCNonb3oBaHWeEM TPaAULIMOHHOIO COOTHOLLEHMA Z-R, NOCKONbKY AN NpeAoTBpaLleHns
nepeoLLeHKM NCMOAb30Banach knaccudgurkauma 4actTul, rpaja B CONOCTaBNEHUN C
AOX/AEeBbIMU Kanasamu.

Ha pucyHke 7.37 noka3aHO CpaBHeHMe pa3HbiX OLLEHOK JO0XAEBbIX 0CaAKOB, MOJyYeHHbIX

npv nomouwm pagmonokatopos C- 1 S-gnanasoHoB u gaHHbix ocagkomepa. HmxHasa (CT1) n
BepxHAA (S1) IMHUM — 3TO aKKyMynsALUK, AaHHbIE O KOTOPbIX OCHOBAaHbl Ha TPaAULIMOHHOWN
NPOCTOl oTpaXkaeMocTn, Npeobpa3oBaHHON B MUHTEHCUBHOCTb AoXAA (Z =300 R'*)

no AaHHbIM pagunosnokatopa C-gnanasoHa (40 kM oT naowaakun ocagkomepa) B Kunr-

Cutn u pagnonokaTopa S-gnanasoHa (100 km oT nnowaaky ocagkomepa) B byddano.

O6a papuosiokatopa XOpoLLO OTKaanbpoBaHbl, U K 3TUM AaHHbIM NMPUMEHSANACh TONbKO
AoniepoBckas MGUNLTPALMA OTPAXKEHMI OT MECTHBIX Ha3eMHbIX NpeaMeToB. /lukna Z, -R (C2) —
3TO TOJIbKO OTPAXAEMOCTb C KOPPEKTMPOBKOM 0cabneHns curiana Z, -, npeo6pasosaHHas

B MHTEHCUMBHOCTb AOXAS U CyMMapHoe HakonneHue. MNyHktnpHas (52) n teMmHo-cnHasa (C3)
JINHUM — 3TO OLLEHKWN OCaAKOB, NO/yYEeHHbIE NPV NOMOLLM METOANKN CMELLAHHOM ABONHOM
nonsipusauunm no AaHHbIM paguonokartopa S-guanasoHa (S2) n metoamkm K, ,-R no gaHHbiM
paagnonokatopa C-anana3oHa (C3) cOOTBETCTBEHHO. YNy4LUeHHble pe3ybTaTbl pagMosiokatopa
B by dano S-gnanasoHa o6bACHAIOTCA yCTpaHEHMEM Bbi3BaHHOM rpafoM NOrpeLHoCcTy C
NCNosb30BaHNEM METOAMKN Knaccudukaumm 4actuy, npy NoMoLLM ABONHOM NonspusaLmnu.
To4yHOCTb oueHok paguonokatopa B Knnr-Cutn C-gnana3oHa nosbiwaeTcsa 6narogaps
MeToAMKe CneumanbHoi AnddepeHumanbHoi dassl (K, ,-R), KOTopas He pearnpyeT Ha
ocnabneHue cMrHana, HaCTUYHOE 3aTEHEHME yYa M YaCTUYHOE 3anosIHeHWe yya. DTo AB/ISeTCs
WANOCTPaunen Bo3aeNCTBUA 4BOMHOWM NOSpU3aLmMn Ha KOJIMYeCTBEHHOE UCMO/Ib30BaHMe
pagnonokatopos kak S-, Tak n C-gnanasoHa. 3To Takxe UantcTpupyet 6osee 3Ha4MTeNbHOE
B/ISIHWE ABONHOW nongapu3saumn Ha paboTy pagmosiokatopos C-ananasoHa.

npOBED,EHI/Ie pa3nnyina mexay AO)K,CI,EM/CHGFOM/Fpap,OM napyras KﬂaCCVI(bVIKaU,VIﬂ u,enel‘/i

B cniyyae 06bI4HbBIX MM paboTatoLMx TO/IbKO MO NPUHLUNY PaanoI0KaLMOHHOW OTpaxaemoCcTum
paamMonokaTopoB A4J15 NoJlyYeHus rpy6oin oueHKM NpUpoabl METEOPOJIOTMYECKON Len
NCMOJIb30Ba/INCb CTPYKTYypa M MHTEHCMBHOCTb 3XOCUTHaNa. B neTHMiA neproa BennymHebl
oTpaxaTenbHOM CNOCO6HOCTM MeHee nopsaka 12 AbZ paccmaTpuBanmch B KayecTse
3XOCUTHAN0B OTCYTCTBYIOLLUX OCaAKOB; C/1abblil AOXAb XapakTepn3oBaacsa BeIM4MHaMn 40
nopaaka 30 4bZ, a cnnbHbIN AOXAb — Benn4YnHamu o nopsagka 50 obZ v 1.4. Bennyumnel
oTpaxaemocTu 6onee 57 nbZ BocnpuHmumanuce kak rpag. CHer o6bI4HO He pa3inyaeTcs
OTAE/IbHO 3TUMU TUMaMn paanonoKaTOpPOB Mo ropusoHTann. No BepTukanu spkas nonoca
(o6nacTb NOBLILLEHHOM OTPaXkaeMoCTN BC/IeACTBME 60/IbLUNX HAKOMNAEHNI MOKPOrO

CHera) oTaenssia CHer Ha BbICOTe OT BbiMajaroLero Huxe goxas. Pagmnonokaropel C

[ABOHOW nonsipusaumen fatoT XxapakTepuUCTUKN Len, UCnonb3ys nHcpopMaumio 06
oTpaxkaTe/IbHOM CNOCOOHOCTU U3 OPTOrOHAJIbHbIX KAHAM0B, X KPOCC-MOIAPU3OBAHHbIN

CUTrHan U usmMeHeHus B pase pacnpocTpaHeHus. [pUMeHANUCh Takxke JaHHble O NPU3EMHO
TemnepaTtype 1 BAaXHOCTU, a TakxXe NCCieJ0BaHni C UCNOob30BaHNEM MOAE/IEN YNCIEHHOIO
NPOrHO3MpoBaHMA Noroabl. B cnyvae metoankm He4eTKoM TOrMKM NCMNO/b3YIOTCA HE3aBUCUMMble
OLLEHKMW, MOJlyYeHHbIE Ha OCHOBE pa3Hoobpa3Hblx NapaMeTPOB ABOMHOM NOAAPM3aLMHN, C TEM
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PucyHok 7.37. MeTeorpaMma HaKoOM/IEHHbIX JOXAEBbIX 0CaiKOB, COCTaB/IEHHas No
nokasaHusAM ocagkomepa (kenTas JIMHUA C YCIOBHbIMU 0603Ha4€HUSAMM), U OLLEHKU
aKKyMy/IMpoBaHHbIx ocaakoB — Tpu B C-gnanasoHe (C1,C2, C3) n aBe B
S-ananasoHe (S1, S2) — c ucnonb3oBaHMeM pasHoo6pasHbIX METOA0B PpasHeCeHUs B
Anana3oHax A1 OAHOro MecTa pa3MeLl,eHUs 0CaAKOMePHbIX MYHKTOB; MyHKT HaXoAUTCA
npu6aun3nTenbHO B 7 KM K l0ro-3anafy oT LeHTpa (CM. Takxke pucyHok 7.36, nto6e3Ho
npepocTaBneHHbi Cyaewom byay ns MuHucrepcrea okpyxatouein cpeabl KaHaabl.

4TO6bI KNaccMPULUMPOBaTb TUM IXOCUTHANA NO pa3sHOO6Pa3HbIM KaTeropmnsam, B TOM YUCIe:
nomexu OT 3eMHOW NOBEPXHOCTU, AOXAb, CHEr, rpaj, 6uonornyeckne paccensatenn u eLe
60/bLUNE U ManeHbkne kanam (PUCyHok 7.29).

Camonertsl VI,EI,EHTVIqDVILI,I/IPOBa}'II/ICb KaK U30/1IMpOBaHHbIE TOYE€YHbIE€ aHOMAJ/IMN, a OTPAXXEHNA
CUTHaNOoB OT 3eMHOM NOBEPXHOCTU VI,EI,eHTVIqDVILI,I/IpOBa}'II/ICb KaK CTaunoOHapHbI€ NN NOCTOAHHbIE
3XOCUTrHaAbl Ha 61M3KOM PacCTOAHUN BOKPYT paAnosiokaTopa. OTpa>KaTer|be|e CNoOCOBHOCTH
CaMOJIETOB M 3XOCUTHa bl OT Ha3eMHbIX 06BEKTOB MOryT 3HAa4YUTEJIbHO NU3MEHATLCA, MOCKOJIbKY
HebonblUME M3MEHEeHUNA, B 3aBUCUMOCTU OT yIa o63opa, npunBOAAT K CyLLLECTBEHHbLIM
N3MEHEHNAM B O6paTHOM pacceaHnun.

[JonnepoBckune paanonokatopbl MOryT UAEHTUPULMPOBATb HEMOABUXHbBIE LLeIN, Takne

Kak OTpa>KeHMs CUTHaN0B OT 3eMHOM NOBEPXHOCTM M aHOMaJIbHO NPOXOAALLLNE IXOCUTHAbI,
npu4Yem gaxe BO BPeMS NPOUCXOAALLNX METEOPOOTNYECKNX ABIEHUN. DTU Ha3eMHbIe Len
MOryT 6biTb 3(pHeKTUBHO OTPUABTPOBaHLI B NpoLecce 06paboTky CUTHANOB 415 NONYYEHUS
«CKOPPEKTUPOBAHHOM (419 OTPaXeHU OT I0Ka/IbHbIX Ha3€MHbIX MPEeAMETOB) OTPaXaeMOCTU».
B 60/1bLUNHCTBE, €C/IN HE BO BCEX COBPEMEHHbBIX paAnoioKaTopax, UCNoJib3yeTcs
ponnepoBckuii 3 ekT, n oHM 061aaat0T TaKOW BO3MOXHOCTbIO. [10 NosiBNEHUS AONIEPOBCKUX
paamonokaTtopoB MCMNOJ/b30BalNCh Pa3HOO6pa3Hble METOAMKM ANA YAaleHUsA 3XOCUTHaN0B
MeLlaloLWmnx OTPaXXeHNN OT Ha3eMHblx 06bekToB, Bk/to4as: (i) CAPPI; (ii) kapTel nomex; n

(i) ctaTucTMyeckyto paykTyaumnto CTaTUCTUYECKUX aHHbIX 06 OTpaXaemMoCTu.

7.10.5 OueHKa CKOPOCTU BeTpa/cocTaB/ieHUE KapT BeTPoB

JonnepoBckre CKOPOCTU — 3TO paanasbHble CKOPOCTU, U KOMBMHALMS NOAINHHBIX 3HAYEHWT
CKOpOCTEl MOXET AaTh Ty e CaMyto paZranbHyto ckopocTb. COOTBETCTBEHHO caMy Mo cebe
paamnanbHble CKOPOCTM SBASIOTCS HEOAHO3HAYHBIMU U TPEBYIOT YNPOLLEHUS NPeATNON0XEHUIA
ANA UX MHTepnpeTaunn. Ha o6bl4HbIX LIBETHBIX UCNIeAX CKOPOCTU MexAay £V 06bl4HO
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0To6pa>|<ar0Tca TeI'IJ'IbIMI/I/XO}'IO,CI,HbIMl/I LuBETAaMU 414 yKa3daHUA O6paTHOFO/BCTpe‘-IHOFO
HanpaB/eHUA. CKOpOCTVI, BbiXxOoA4sALlMeE 3a npeaesibl CKOPpOCTU HalkBucra (HeOﬂ,HO?’Ha'-IHOVI nnn
YBeﬂMHeHHOVI), BBOAATCA B LBETOBYIO LKAy C MPOTUBOMOJ/IOXKHOIO KOHLU,a. 2701 npouecc MoOxeT
NOBTOPATbLCA, €CJZIN CKOPOCTU HaK/1aAblBaAlOTCA 6onee, 4€M Ha O4VNH UHTEpBas Hanksucra.

7.10.5.1. U3MepeHusa npoguns eempa

JonnepoBckuii paanonokaTop MoxeT 6blTb Tak)e NCNO/b30BaH A4J15 MOJlyYeHUs BEPTUKAIbHbIX
npodunen ropnu3oHTabHbIX BETPOB CMHOMTUYECKOro MacluTtaba. Korga aHTeHHa
paguonokaTopa Haue/ieHa B rOpM30HTa/IbHOM Hanpas/ieHUN, yBETMYEHNE PACCTOAHMA BaeYeT
3a cob6ow yBenmyeHune BbicoTbl. ECnv npeanonaraetcs, 4To BeTep ABNSAETCAH OTHOCUTE/IbHO
OAHOPOAHBIM UAN INHENHBIM HaZ, 30HOM CKaHUPOBaHUA, TO ero NPodu/b Mo BbICOTE MOXET
6bITb NONYY€EH NyTEM annpokCcMMaLnm HabogaeMbix aHHbIX CUHYCOMAAaNbHON KPUBOW
(MMeHyeMoW MHANKATOPOM «cKopocTb-a3numyT» (MCA) cornacHo Lhermitte and Atlas, 1961).
BeTpbl B A4elikax C Hy/IeBOW pagManbHON CKOPOCTbIO ABAAIOTCA NePNeHANKYASPHBIMU K

ocsM Nyya pagmonokatopa. [na npocton nHtepnpetaunmy ganHoix ICA, nony4YeHHbIx OT
KpynHoMacwTabHbIX CUCTEM OCaKOB, MOXeT 6biTb MCMOJIb30BAHO LBETHOE OTOOpaxeHume.

Ha TmnoBbix n306paxxeHnsax, NOAyYEHHbIX MyTeM KOHUYECKOIrO CKAHMPOBAHMA B 06J10XHbIX
ocajkax, o6Hapy>XX1UBaeTcs KOHTYpP Hy/1€BOIN paZmanbHOM CKOPOCTH, MetoLLelt hopmy 6yKBbI
S, NOCKONbKY CpeaHUii BeTep n3MeHseT HanpasneHue c Bbicotoit (Wood and Brown, 1986). B
APYTUX cyvasax SBHO NPOCMaTpUBaloTCs 3aMKHYTbie KOHTYPbl, NPeACTaBAAIoWMe CTPYNHbIE
TeyeHMa. BoibopKy nosner BeTpa CMHONTUYECKOTo MacwTaba, Mosly4YeHHbIX MPY MOMOLLM
[0M1epoOBCKOro paanosiokaTopa, CM. Ha pucyHke 7.12.

Ecnn moxHo cgenatb npeanonoXxeHne B OTHOWEHMN OAHOPOAHOCTU, TO B TAKOM CJly4dae,
npuMeHAaa METOAUKY MCA, MOXHO Tak>e nNoJy4nTb OUEHKN ANBEPTrEeHLUN NOCPeACTBOM
nop,6opa 414 ypaBHEHUSA Kpl/IBOI\/'I C NMNOCTOAHHbIM 4JIEHOM. 3Ty METOANKY HEBO3MOXHO C
,D,OCTaTOLIHOVI TO4YHOCTbIO NCMOJIb30BaTb B NepuMoAbl BbinaAe€HNA KOHBEKTUBHbIX OCa4KOB

B OKPECTHOCTAX pagnosiokatopa, NMOCKOJ/IbKYy He 6}/ﬂ,eT CO6f|IO,C|,aTbCﬂ npeanoaoxeHune
OTHOCUTEJ/IbHO OAHOPOAHOCTMW. C NOMOLLbIO AONNEPOBCKNX PaAn0O/IOKAaTOPOB 6bin ycnewHo
noay4eHbl AaHHbIE NCA I'IpOCbI/IJ'IeVI BE€Tpa N OUEHKN ANBEPTEHL NN B ONTUYECKN NMPO3Pav4HOM
NOrpaHN4YHOM C/10€ B T€HEHNE NPAKTUYECKN BCEX CaMbIX XO/104HbIX MECALLEB A0 BbICOT 3—5km
Ha ypPOBHEM 3€M/IN. npeﬂ,CTaBﬂﬂeTCﬂ, 4YTO MEeTOAMNKa NCA XopoLwo nogxoanT Ana niMmepeHuna
BETPOB B CUCTEMAX 0CagKOB, CBA3AaHHbIX C BHETPOMUYECKUMU N TPOMUYECKNMA LLUKSTOHAMMU.
I'IpM MCcNnob30BaHUN paAno/IOKaTOpa B pexnme «6e3o0b6navyHas aTMOCd.)epa» BpeMeHHbIE pAabl
M3MepeHVIVI anesepreHunnm n BblYMCJ/IEHHOM BepTI/IKa)'IbHOVI CKOPOCTUN ABNAKOTCA ocobeHHOo
NON€3HbIMU MPU TEKYLLEM MPOTHO3NPOBAHNN BEPOATHOCTU F}'Iy6OKOl\7I KOHBEKLINN.

7.10.5.2 Xapakmepucmuku KOH6eKMUEHO020 eempa

B cny4ae koHBekL MM MefikoMacLuTabHble XapakTePUCTUKN BeTpa 06yCcnoBInBaoTCs
AVBepreHuunei, KOHBepreHuuei n potaumei, HabnogaeMbiMy NPU OPOHTAJIbHBIX MOPbLIBAX,
HUCXOAALLMX NOTOKAX, ME30LMKAOHAX U T. A. DTN ABAeHUA HaboJaloTca B Buae He6obLLINX
aHomanuii B Maclutabe oT O4HOro A0 AeCATKOB KU/TOMETPOB, KOTOPbIE ABAAIOTCA YaCTblO
OCHOBHbIX MOTOKOB MacLTabaMn B COTHM KMNOMeTpOB. brarogaps npeanosnoxeHnam
OTHOCUTE/IbHO MOTOKa BO3/4yXa, W B COMEeTaHUM C KOHLENTyalbHbIMU MOAENSMWU U MOHUMaHNEM
CYTV rpO30BbIX ABAEHNIN NN Me30MaCLUTabHbIX KOHBEKTUBHbIX CUCTEM, LiBETHbIE OTO6paXxkeHns
nosen pagnanbHON CKOPOCTK, NOyYEHHbIE C OAHOMO A0MN1E€POBCKOro pagmMonokaTopa,

MOTryT NOMOYb B MHTEPMPeTaLnm AaHHbIX M ANarHoCTUKE CypOBOCTU FPO30BOrO AB/IEHUS

B pexume peanbHoro BpemeHu (Burgess and Lemon, 1990). Lemon (1978) coctaBun

nepeyeHb NapameTpoOB M NpoLeaypy ANAarHOCTUKM AN UAeHTUUKALMN CUAbHBIX TPO3

(cm. 7.10.2). KoHBeKkTMBHbIE MapaMeTpbl BeTpa MeLIatoT MHTepnpeTaunn nonen pagmanbHomn
CKOPOCTH, B HaCTHOCTU, KOraa NpUCyTCTBYIOT Me3oMacluTabHble MOTOKM B MacluTabe

40—100 KM 1 TpexMepHble pexnMBbl, Takme kak Habatogaemble B rOpUCTO MECTHOCTH CO
CNOXHbIM penbedom.
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7.10.5.3 CocmaeneHue kapmeol 6empoé

C cepeanHbl 1970-x roaoB NPOBOAUINCE SKCNEPUMEHTBI MO U3MEPEHUIO TPEXMEPHbIX NOEN
BeTPa C NCNOIb30BaHNEM CUCTEM, COCTOSALLIUX N3 HECKOIbKUX AOMNIEPOBCKNX Pagno/I0KaTOPOB.
M3mepeHns, npoBeaeHHbIe B JAHHOM MeCTe BHYTPU 30Hbl 0CaZikoB, MOTYT OblTb 06beMHEHbI
C MOMOLLbIO COOTBETCTBYIOLLLErO reOMeTPMYeCckoro npeobpa3oBaHns B LEesX NONY4YEHUA

Tpex KOMNOHeHTOB BeTpa. [Togo6HbIe OLEeHKM Tak)Ke BO3MOXHbI C MOMOLLLbIO TO/IbKO ABYX
paamMonokaTtopoB NPpU NCNO/b30BaHNM ypaBHEHUSA HenpepbiBHOCTU. KnHeMaTnyecknii aHanus
nons BeTpa onucaH B pa6oTe Browning and Wexler (1968). OgHako Ans nony4eHns TOYHOWM
OLLEHKWN CKOPOCTU paAno/0KaTopbl AO/KHbI HAXOAUTLCA B OTHOCUTEIbHON 6/1M30CTHN APYT K
apyry (40—80 km), a 30Ha Luenn Ao/HKHA HAaXOAMUTbCA B Npeaenax AByX 60KOBbIX IENeCTKOB
nepneHaMKynsapHo k 6a3oBoON HanpaB/eHHOCTU paauosiokaTopa. B npakTtuyeckom nnaHe
HEBO3MOXHO HalTX PagMoJIoKaToOpPbl, PacnosIoXeHHble CTOMb 6/M3KO0 APYT K APYTY.

7.10.6 Uuuumanusaumsa v Mogen i YUC/1IEHHOTIO NMPOrHO3UPOBaHUA NOTroAbl

B psae LeHTpOB YNCNEHHOrO NPOrHO3MPOBAaHUA NOroAbl 415 ACCUMUAALUM AAHHBIX
NCNoJb3yloTCA caMble pa3HOO6pasHble AaHHble U NPOAYKLMA paguonokaTtopos. He Bo

BCEX MOJEe/I51X UCNOb3yeTcs oAHa 1 Ta xe npoaykums. Ocagkun aBAsOTCA NPOU3BOAHbBIM
napamMeTpoM B MOAE/AX YNC/IEHHOIO MPOrHO3MPOBaHMA NOroAbl, U MO3TOMY TPYAHO
HenocpeaCcTBEHHO aCCUMUAMPOBATh N0 OCaAKOB UM OTPaxaeMoCTu. BeTpbl npeacTaBnsioT
co601i HenocpeaCcTBEHHbIE MOAe/IbHbIe NePEMEHHbIE, U PananbHble CKOPOCTU MOTYT GblTh
acCMMUANPOBaHbI C MEHbLUMMU U3oLLLPpeHnsaMn. B yncno stux napametpos exoant MCA
npodunei BeTpa, NONYHEHHbIX MPWY NOMOLLM PaAN0IOKaTOPOB, yCpeAHEeHHbIe N0 0CaAKOB
Ha MOBEPXHOCTU CyLUN B rNO6aNbHbIX MOAENAX U, B HEKOTOPbLIX C/y4asx, TPeXMepHbie Nos
paganonoKaLMoHHOM OTpaxaeMoCTN 1 pagmnanbHON CKOPOCTU 4151 NOKa/IbHOrO paoHa uan
MesikoMaclTabHbIx MOAenen B NONSAPHbIX koopAnHaTax. Lopez (2011) npogemMoHcTpupoBan
60/bLIOE 3HaYEeHNE aCCUMUIMPOBAHMA AaHHbIX pajnosiokaTopa 06 ocagkax Haj,

3€MHOW NOBEPXHOCTbLIO B NPOAYKLMHK, BbiNyckaemol B paMmkax npoekTta CLUA «Stage [V»,
npuvMeHunTenbHO K noroge B EBpone 1 Asun. 3Tn n gpyrue npumeHeHus (oTcnexmsaHme
TalipyHOB) ABNAIOTCA FMaBHbIMU CTUMY/TaMW AN MHULMATUBBI B 061aCTV robanbHOro obMeHa
AaHHbIMW METEOPONOrNYeCKMX Paanoa0KaTopos.

710.7 OueHKa BJIa)XKHOCTH

MNepcnekTBHOM MHHOBaLMeEN ABSETCA NOJly4YeHMe NnapaMeTPOB BAaXXHOCTU Ha OCHOBE
pa3nnymnii B NpOXOXAEHUM Jy4a IXOCUTHAI0B OT MOBCEMECTHbIX Ha3eMHbIx Leneli (Fabry, 2004).
OTa MHHOBALMA ABNAETCA NapafoKCanbHON NPUHLMNY pa3sMeLLLeHNS METEOPOOrNYeCKmX
paganonoKaTopoB, NOCKOAbKY UX pa3MeLLatoT Tak, 4TO6bl MUHUMU3NPOBaTb MOMEXN OT 3eMHOM
noeepxHocTu. PnykTyauum nokasarens NpenoMAeHNs Bbi3bIBalOT U3MEHEHUSA A/INHbBI NYTU
pacnpocTpaHeHus ny4va, KOTopble MOTYT 6bITb O6Hapy>eHbl B kayeCTBe M3MeHeHn B pase
curHana unm casura lonnepa. MNocpeAcTBOM COMOCTaBAEHUS CABUTIA B CyXUX YCIOBUSX B
CpPaBHEHUU C BAaXHbIMU YCNOBUSMU M yYeTa HEOAHO3HAYHOCTEN NO AaNbHOCTU U3MEHEHNe
ANVHBI NYTU MOXeET 6bITb OLLEHEHO K NOCJ/Ie 3TOro, NCNOob3ys 3akoH CHenla, COOTHEeCeHO C
nokasartesiem npenomMsneHus. lNokasaTtenb NpenoMaeHns 3aBMCUT OT TeMnepaTtypbl, 4aB/IEHUA U
BNAXHOCTK, HO, B NEPBYIO O4epe/b, OT MOC/eAHEro napaMmeTpa, 1 COOTBETCTBEHHO B/IAXHOCTb
MOXeT 6bITb OnpeAeneHa B HenocpeacTBeHHOW 61M30CTH OT paguonokatopa. Heckonbko
nccnefoBartesibCkMx pagmonokatopos 06/1a4atoT 3TOM CMOCOGHOCTbIO, M HEKOTOPbIE
Aencreytowne cuctembl (Bo PpaHumm n CK) co3aatoT NpoToTUMbI 3TOTO 418 ONepPaTUBHOIO
NCNoJ/b30BaHUSA.

71 METEOPOJIOTMYECKAA NPOAYKLUA

PagnonokaumoHHble gaHHble MOryT O6pa6aTbIBaTbCﬂ 414 Nosly4eHna pa3Hoo6pa3H0|7|
MeTeOpOﬂOFquCKOﬁ npoaykuunun C LLenbto noaaepxxkn MHOXeCTBa I'Ipl/lMeHeHVIVI. KayecTtBo 3TOM
npoaykuunmn 3aBUCUT OT TUNa pagnoaokatopa, Ctpatermm CKaHMpoBaHUA, €ro XapakTepPUCTUK
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Ta6nuua 7.10. NepevyeHb TUNOBOW PaANO/IOKALLUOHHOW NPOAYKLLUN

MNuavkaTtop kpyrosoro o63opa 6a3oBbix NaeHTndurkaumsa n otciexmeaHme syeek
napameTpoB (HU3KUI ypOBEHb)

MakcnmanbHas oTpaxaeMoCTb B BePTUKalIbHOM Mpun3Hak Me30LNKI0Ha, BUXPEBOro TOPHaA0

Hanpas/jeHnn

BbicoTa paaunosxa MoLLHBI HUCXOAALLMIA BO3AYLLHbIM NOTOK,
MUKPOBUXPb

MpoussogHad NpoayKLUUSA NO MHTEHCUBHOCTU rPO3bl ®DpPOHT NOPLIBOB BeTpa, KOHBEPreHLms

MHTEHCMBHOCTbL OCaAKOB HaJ MOBEPXHOCTbIO TekyLWw M NporHos

MpoaykLmMsa Mo akkyMyAauUmn ocagkoBs Ha BeposTHOCTb, pa3smep rpaauH

MOBEPXHOCTK

Mpoaykuuns no 6accelinam OrpaHuYeHHbIl permoH cnaboro axocurHana

Knaccudukaumsa ruapometeopos — rpag, A0XAb, MHanKaTop «CKOpOCTb-a3uMyT» npodunen

CHerunT. a. BeTpa

MpounsBonbHbIe pa3pesbl pa3nMyHbIX NapameTpoB Mo3aunka HeCKONIbKNX pajnoa0KaTopos

06pabOoTKM CUrHa/a U COOTBETCTBYIOLLLEN CUCTEMbI KOHTPOA pagMonokaTopa v aHanusa/
reHepupoBaHWSA AaHHbIX. DTa NPOAYKLMA BK/IIOYaET CETKM Heo6paboTaHHbIX UM NPOU3BOAHbIX
napameTpoB paauosiokaTopa, BepTukasibHble Npohuan BetTpa, KOOpANHaTbl U XapaKTepUCTUKN
npoaHan3npPoBaHHbIX FPO30BbIX iYEeK, UX NCTOPUYECKME TPAaEKTOPUN, MPOTrHO3bl TEKYLLEN
noroabl N T. 4. [laHHble 0 NOASPHBIX KOOPAMHaTax NpeobpasytoTcs B ABYX- UIN TPEXMEPHbIE
[JeKapTOBble KOOPANHATBI C UCMO/Ib30BaHNEM METOA0B MHTEPMOALMN B CeTKax C pasHbiMU
reorpacduyeckumm npoekumamm. Ha pucyHke 7.24 nokaszaHo HECKOJIbKO HMXeNnepeyncieHHbIX
BMAOB NpoAaykuuu. NepeyvyeHb cTaHAapPTHON PagMo/IOKaLMOHHOM NPOoAYyKLUMW NpeacTaB/ieH B
Tabnuue 7.10.

Huxe cnepyeT nepeyeHb BbiMyckaeMol NpoayKLMu:

a)

b)

WHANKATOP KPYroBoro o63opa: oTo6paxeHne 3Ha4eHin pagnoOMeTEOPOIOrNYECKMX
BE/IMYMH, NOJYHEHHbIX 3@ OAMH NOJIHbIN 060POT aHTEHHbI MPU 3a4aHHOM YI/ie MecTa,

B MOJISPHOM CMCTEME KOOPAMHAT. DTO KJaCCUYECKNIN PagnosIOKaLMOHHbBIA NPOAYKT,
NCMoJib3yeMblii Npexae Bcero Anaa HabnoaeHui 3a norogon. OanH n3 Hanbosiee OCHOBHbIX
BMAOB npoaykumn. CregyeT OTMETUTb, YTO TaKyto NPOAYKLMIO NOAYYatoT NPU MOCTOSHHOM
yrie mecTa, ¥ MO3TOMY yBe/IM4eHNe AaslbHOCTU O3Ha4YaeT, 4YTO AaHHble NOCTynatT No Mepe
yBenn4eHus BbiCOThbl. B 3TOM hopMaTte MoxeT 6bITb 0TOOpaxeH nto60o napameTp;

nHAMKaTop Kpyrosoro o63opa noctosiHHow BbicoThl (CAPPI): oTo6paxeHune
rOpM30OHTaNbHOrO pa3pesa NepeMeHHOM Ha KOHKPETHOW BbICOTE, MOy4aeMoro ¢
MOMOLLbIO MHTEPNOAALUUM 06beMHBbIX AaHHbIX. OH MCMOAb3yeTCa AN CNeXeHns 3a
CUbHBIMM LUTOPMaMK U Ux naeHTudukaumm. OH Takxe noneseH Ana HabnoaeHUN 3a
MEeTeopOoI0rM4eCckMmMm yC0BMAMU Ha 3aA4aHHbIX SLleoHax noaeTa Nnpu obecnevyeHnm
BO3A4yLWHOro ABuxeHunsa. OaHnm ns o6ocHosaHui ans cosganns CAPPI sensetcsa 1o,
4yTo 6narogaps TLLaTe/IbHOMY BbIOGOPY BbICOThI MPaKTU4eckn cB060AHasA OT OTpaxKeHU
NOKabHbIX 06bEKTOB NPOAYKLNSA MOXET 6bITb NOJly4eHa 6e3 UCMoNb30BaHuMA
[0N1ePOBCKOT0O pexxekKTOPHOro puabTpa Hy1eBO CKOPOCTY;

nceBAO-UHAMKATOP «AanbHOCTb-BbicoTa» (RHI): BU3yanbHoe oTo6paxkeHne nepemMeHHON,
nosfy4YeHHOe B pe3ynbraTe CKaHUPOBaHMS Mo 06beMy, Koraa aHHble NPY TOM e CaMOM
asMMyTe BblAeNAI0TCSA U CONOCTaBAAIOTCS AN5 MONYyYeHUs nHopMaLmnm No BbiCoTe B
pexume noroabl. Knaccuyecku 3to genasocb NocpeacTBOM hU3NYeCKon BePTUKaNbHOMN
pa3BepTKM aHTEHHbI, Kak Npasuno B Anana3oHe 0—90° npu 3agaHHOM a3umyTe. [ns
Bbl6Opa asuMyTa M NPUHATUS PeLLEeHNs O TOM, KOrAa NPOBOANTb CKaHWPOBaHWe,
Tpe6oBanoCb BMellaTebCTBO onepatopa. [penmyLLLecTBOM 3TOro K/1lacCM4eckoro Metoaa
ABNSAETCSA TO, YTO NNOTHOCTb MHOPMaL MK sBAseTCa ropa3no 6onee BbiCOKON. O6bIYHO
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d)

e)

f)

9)

h)

PYKOBOZCTBO MO MPUBOPAM N METOAAM HABMIOAEHVA. TOM I

MOFyT NCNO/Ib30BaTbCA BECbMa Masible u3MeHeHus yrna mecta (~0,1°). KavectBo npu
NCMoJIb30BaHMM MeToAa NCeBAO-UHANKATOPa «AanbHOCTb-BbicoTa» (RHI) 3aBucuT ot
cTpaTermm CKaHMpPOBaHMUA, OJHAKO OH XapakKTepu3yeTcs 3Ha4YNTEIbHbIM MPEUMYLLECTBOM
yHUBepcanbHoCcTU. OH Ucnonb3yeTca Ans MaeHTUdUKaLUN CUIbHBIX LUTOPMOB, rpaga u
APKOW NONOCHI;

BEPTMKaJIbHbIN pa3pes3: oTo6paxeHne 3Ha4eHNN MeETEOPOIOTNYECKMX BE/IUHMH BAO/b
3afaHHol noTpebuTtenemM MMHUN cevyeHns (He 0653aTeIbHO NPoXoAsLLeN Yepes
TOYKY YCTaHOBKM paamonokaTopa). OHo nonyyaeTcs B pe3y/brate MHTEPNOAALUN
06BEMHbIX JaHHbIX;

MaKCMMyM B BEPTMKaNbHOM HanpasieHNn: OTO6paxeHHble Ha FOPU30HTaIbHOM NJIOCKOCTU
MaKC/MMasbHble 3Ha4eHNs1 METEOPOJIOrNYECKUX NepeMeHHbIx (06bIYHO OTpaxxaeMoCTu)

Haj KaXk4ol Toukol Habnogaemolt Tepputopun. OH noneseH ANa naeHTUdmUKaumm
MaKCMManbHOW OTPaXxaemMoCTN BO BPEMS LUTOPMa M OLLEHKW €ro CUJIbl AN A5 OLLEeHKN
MaKC/MManbHbIX OCaAKOB, BbiNaZeHMe KOTOPbIX MOXET OXNAaTbCs. B HekoTopbIx

cnyyasx us-3a npobsem, CBA3aHHbIX C pasMeLlleHMeM paanosiokatopa, NPy KOTOpoMm
HEBO3MOXHO OCYLLEeCTBAATb HabNt0AeHNE HA HU3KNX YPOBHAX (ropucTast MeCTHOCTb),

3TO MCMOAb30BANOCh A1 OLEHKN NOBEPXHOCTHbIX 0CaAKOB. B HeKOTOpbIX Cyvasx B
OTHOLLIEHUM AaHHbIX CYLLEeCTBYeT MOPOroBoe 3Ha4eHne MMHUMaNbHOM BbICOThI, M MO3TOMY
BbICOKME 3Ha4Y€HNS OTPAXKAEMOCTN B APKO NONOCE HE OKa3blBAIOT YPE3MEPHOIO BAUAHUSA
Ha ncnosb3osaHme 3Tol Npoaykummu. OAHUM 13 BapUAHTOB SIBISETCA OrPaHNYEHME BbICOThI
AaHHbIX 415 NpoBeeHns 6bICTPOro aHansa BepTUKaabHOM CTPYKTYpbl LUITOPMA;

WHTerpasbHOe codep>kaHune Baarn B BEpTUKaibHOM CEYEHUWN: MOKa3aTeslb MHTEHCUBHOCTU
CUJIbHbIX WUITOPMOB. OH MoXeT 6bITb OTOOPaXkeH B rOPM30HTaIbHOM NI0CKOCTU A5 1t060ro
3aflaHHoro cnos atMocdepbl. [oCckoNbKy 3TOT NOKa3aTesib NoABEPraeTcs CUbHOMY
B/INSIHUIO CaMblX BbICOKMX 3HaY€HUI OTPa>kaeMOCTU, OH ABASETCA BECbMA aHa/TI0TNYHbIM
NPOAYKTOM MakCMMaJibHOM OTpaXkaeMoCTU MO CBOEeN CTPYKTYpe, HO BbipaXkeH

MHBIMU €IMHNLLAMU;

BbICOTbl PaAn03X0: 0To6pa>KeH|/|e B FOpVIBOHTa}'IbHOI\/'I NAOCKOCTU 3HAYEHNA CaMOro
BbICOKOro, nogaarowerocs onpenesieHnio KOHTypa oTpaXaeMoCTn, noJ1y4eHHOro B
pe3ynbrate NONCKa B 6a3e 06 bEMHbIX AaHHbIX. 2701 MHAOUNKATOP ABAAETCA NOKa3aTesieM
MOLLHOCTN BOCXOAALLNX MOTOKOB 1N YKa3blBA€T Ha ONaCHbI€ ABJIEHNA NOroAbl U rpaj;

BO MHOTIUX C/ly4asax NnpoAyKuuna OTpaXaeMoCTn npeo6pa3yeTc;| B NpoAaykuuio no ocagkam
nocpeacTtBOM SMMUPUYHECKOTo COOTHOLLEHUA Me>|<p.yZ MR.JTa npoaykuuna no ocagkam
arpermpyetcs B npoAayKUuuMto Nno akkKymMmynsaunm pa3HbiX BPEMEHHbLIX NHTEPBA/10B;

COBpPEMEHHbIe KOMMbIOTEPHbIE CUCTEMbI 06/1a4at0T 3HaYNTEIbHBIMW BO3MOXHOCTAMU 414
06paboTKM AaHHbIX. Pa3paboTaHbl METOAbI MW aNTOPUTMbI A1 MOUCKA TPEXMEPHbIX
AaHHbIX, C TeM YTOObI BbIYNCAATL N KOJIMYECTBEHHO ONpeAeNaTh XapakTePUCTUKN CMEXHbIX
panoHOB BLICOKOW OTPaXxaemMoCTu, KOTopble A4/18 aHa/IMTUKa CBA3aHbl C OMacHbIMU
ABNEHUSAMMW NOroAbl B BUAE rpo3 (PUCYHOK 7.24).

B AononHeHWe K 3TUM CTaHAAPTHBIM UK 6a30BbIM OTOBPaXKeHMAM MOXeT ObITb MPOU3BeaAeHa
Apyras npoayKuus, Np1u3BaHHas yaoBAeTBOPATb 0CO6ble TpeboBaHMNA Pa3NNYHbIX
nonb3osartenei (rMAPONOrus, NPOrHO3NPOBaHNE TeKyLLEeN NOroAbl UM aBUaLLUA):

a)

b)

@)

aKKyMynaums ocagkoB: OLeHKa 0CafKoB, aKKyMy/IMPOBaHHbIX 32 Nepuoj, BpeEMEHN B
KaXkaol Touke HabatogaeMon Tepputopu;

CYMMbl OCafKOB Haj, BOJOCO0POM: KOMMYECTBO akKyMY/IMPOBAHHbIX OCafKOB,
NPOWHTErpPUpPOBaHHOE MO TEPPUTOPUY;

WHANKATOP «CKOPOCTb-a3nMyT»: OLieHKa BepTUKanbHOro npoduns BeTpa Haza
paavonokatopoM. [Mpodurnb paccumTbIBAaETCA NO AAHHBIM, MOAYYEHHbIM 3@ OAMH MOHBIN
060pOT aHTeHHbI NPU (PUKCUPOBAHHOM YT/ie MeCTa;
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d) o6beMHas 06paboTka AaHHbIX O CKOPOCTU, NPU KOTOPOM NUCMONb3yeTCA TPEXMEPHbIN
MaccnB 06bEMHbBIX AAHHBbIX;

E) OTCNeXNBaHne LWTopMa: npoaykuma, nojiy4eHHasa C NMoOMOLLLbIO C/TIOXKHOTO NporpaMMHoOro
o6ecne'~|eH|/|$|, anaonpegeneHnsa TpaeKTOpVIVI AYeeK WTopMa M nporHosa 6)/,Cl,yl.I.I,VIX
MECTOMON0XKEHUN LWITOPMOBbIX LEHTPONAOB,;

f) CABUT BE€TpPa: Ol eHKa paAna/ibHOIo U TaHreHunaibHOro caBura BeTpa Ha BbICOTE, 3a,anH017|
nonb3oBaTeniem,

g) I'IpOCt)VI}'Ib auneBepreHunn: oLeHka agnsepreHunm no JaHHbIM O paﬂ,maanon CKopocCcTtn C
Y4€TOM HEKOTOPbIX Ll,OI'Iyu.I,eHVIVI;

h)  Me30UUWKIOH: NPOAYKT C/I0XHOIO NPOrpaMMHOro obecneyeHums 41 pacnosHaBaHUs
CUTyauMiA, C MOMOLLbIO KOTOPOTO ONpeaenstoTCs NPU3HaKN BpaLLeHUs B paMKax
TPeXMepHbIX AaHHbIX 0 6a30BOI CKOPOCTU, HaxoaALMeCs B MacliTabe NCXOAHOM
Me30LMKNOHNYECKON LMPKYAALMU, KOTOPas 4acTo CBA3aHa C TOpPHaAao;

i)  npu3Hak TopHaAoo6pa3syioLLLero BUXPS: NPOAYKT CI0XKHOIo NPorpaMmmMHoro obecneyeHums
AN9 pacno3HaBaHMA CUTyaLMiA, C MOMOLLbIO KOTOPOTO UAEHTUMULMUPYIOTCS MPU3HAKK
CABUWra «OT JIOTKa .0 BOPOT» B paMKax TPeXMepPHbIX AaHHbIX 0 6a30BO CKOPOCTH B
MacliTabe LMpKynaunin TopHagoob6pasytoLlero BUXps;

i) TUN YaCTULL: IXOCUTHAN KacCuuumpyeTcs no TMny 0cagkoB U BbIBOAUTCA U3 AaHHbIX
[ABOWHOM nonapusauuu.

MomMunmo 31oro, nTorom 06paboTkn AaHHbIX PAAMOIOKALMOHHON CeTU SABASAETCA NoNyYeHne
MO3au4yHOro paAMosioKaLMOHHOro n3obpaxeHus. BoilleynoMsaHyTas npoaykumnsa npuMeHseTcs
Ha ceTeBOW OCHOBE; (hakTU4eCKM 3TO ABNAETCA CTaHAapTHOW npakTukoi. CoobpaxeHus,
KacatoLmecs pagmonokaLMOHHON NpoayKLUK, BKIOYAIOT caeaytoLlee: i) npoekumm
NCNOb3yOTCA ANS BU3yann3aunm JaHHbIX; ii) 415 paioHOB C YacTUYHbIM Ay6aMpoBaHneM
oxBaTa paAmosiokaTopaMun UCMO/b3YOTCA pa3HoO6pasHble aNropuUTMbl, OCHOBaHHbIE NGO

Ha JaHHbIX 61nKaLero paanoaokatopa, MakCMMaabHOM 3Ha4eHMU, NGO Ha COXHOM
OLeHKe Ka4yecTBa AaHHblx. Ecnm yactnyHoe gybnmposaHue BASeTCA CyLLeCTBEHHbIM,
cocelHUIN paanoioKaTop MOXET 3ano/IHUTb NYCTOe NPOCTPAHCTBO B «KOHYCE MOYaHUSA».

Mpwn paspaboTke ceTeBOWN pagMON0OKALMOHHON NPOAYKLNN HEO6XOAMMO TaKxke y4uUTbiBaTbh
BHYTPUCETEBYIO N MEXCETEBYIO FOMOreHe3aLnto JaHHblX. DTO BK/IIOYaeT BDEMEHHYIO U
NPOCTPaHCTBEHHYIO FAPMOHMU3ALMIO, B3aMMHYIO KannbpoBKY PaAnONOKaLLMOHHbIX AaHHbIX 1
NPOBEpPKY 4yBCTBUTE/IbHOCTU paAnosiokaTopa, pe3y/bTaToM KOTOPOI MOXET CTaTb HapyLueHune
HenpepbIBHOCTM B MPeAOCTaBAEHNN CETEBOM NPOAYKL MU,



NPUNOXEHUE 7.A. METEOPOJIMMECKUIA PAAUO/IOKATOP -
NMPOU3BOAUTE/IbBHOCTDb U SKCNNMYATALUA CUCTEMbI

(B 3mowm npunoxeHuu npedcmasneH mekcm obujezo cmaHdapma MCO/BMO. OH makxe
0ny6/IUKOBAH C UOeHMUYHbIM coOepxxaHuemM 8 coomseemcmauu c 1ISO 19926-1:2018(E)).

BBEAEHME

BbicTpoe pa3suTne MeTeoponormMyecknx pagmonokaTopos NPOU3OLLIIO HEe3a40/1ro A0 U

BO Bpems BTopoit MupoBoli BOlHbI. [lepBOHavYanbHO paanoaokatop AeMOHCTPUpoBancs

Ha AnnHHbIX (0T 10 o 50 M) BoNHax, HO 6bICTPO NepeLuesn Ha 60s1ee KOPOTKME ANUHBI BOJH

(3 cMm n 10 cm) c TpeboBaHmeM n pa3paboTKO KOMMNAKTHbLIX U MOLLHbIX NepeaaT4MKoB.

Onvnbl BonH C-anana3sora (5 cM) ctanu gocTynHbl B kKoHue 1950-x rogos. lNepBble
onepaTuBHbIe OM/IEPOBCKME PaAMON0KaTOPbl MOABUANCH B cepeanHe 1980-x rogos, koraa
6blna NPOAEMOHCTPUPOBaHa BO3MOXHOCTb MPUMEHEHUS TEXHONOrMN B NPON3BOACTBEHHOM
AeATeNbHOCTU U NOSBUINCH BbICOKOCKOPOCTHbIE, AOCTYMHbIE NpoLeccopbl M 3 ekTUBHbIE
NCXOAHbIE KOAbl NpOorpamMmMHoro obecnedveHus. B cepeante n koxue 1990-x ronos B
onepaTUBHbIX paanosokaTopax CTajan NCNoJIb30BaTbCsl BOSMOXHOCTW ABOMHOM NonsgpusaLunu.

Pagnonokatopbl 06ecneynBatoT 10KaM30BaHHOE, BbICOKOAETa/IM3NPOBaHHOE, CBOEBPEMEHHOE
N TpexMepHoe 30HANpPOBaHNe N HabnaeHMe, KOTOPOoe He MOXeT 06ecnedYnTb HU 0AHa

Apyras cucteMa MeTeopoa0rn4eckoro MOHUToOpuHra. OHM CNOCO6HbBI UIMEPSATb U3MEHEHUS

B KOJINYECTBE OCaZlKOB C pa3peLleHNeM B HECKOJIbKO KBaZipaTHbIX KUTOMETPOB UK Nyulle

N C BpEMEHHbIMM LMKaMu Nopsiika HECKONbKUX MUHYT. OHM o6ecneyvnBaloT BOSMOXHOCTb
MOHUTOPUHIa 6bICTPO MEHSAIOLLUXCSA NOrOAHbIX IBIEHUIA, YTO KpaliHe BaxHO Ans obecrnevyeHus
3abnaroBpeMeHHbIMU NpeaynpexAeHUIMM O CYPOBbIX U ONAaCHbIX NOroAHbIX yCN0oBUSAX. K HUM
OTHOCATCS NPO/IMBHON A0XAb, FPaj, CUNbHbIN BeTep (HanpuMep, TOPHaAo 1 Tponuyeckme
LMK/IOHBI) U CABUT BETPa; yC/10BUS, OKa3blBatoLne Hanbonbluee BO3AeACTBUE Ha O6LLLECTBO

N3 BCEX METEOPONOrNMYeCckmX 31eMeHTOB. [lonnepoBCckMe 1 ABYXNOSAPU3aLUOHHbIE
paanonokaTopbl CNOCO6HbI pa3peLlnTb BbICOKYIO MI3MEHYMBOCTb TUMOB BETPa U 0CagKoB U
[laxe yBUAETb HaCEKOMbIX MW TypOYy/IeHTHOCTb NPO3PayHOro Bo3yxa, YTo UCMOJIb3yeTcs A
NPOrHO3MpOBaHWs Havyana rpo3 u A8 U3IMepeHns BepTukasibHblx Npoduneli seTpa. BoliHas
nonspusaumns Takxe UCNoONb3yeTca ANa obecneyeHns KayecTBa U yy4lleHns OLEHOK 0CaiKOB.

Bnarogaps BbICOKOCKOPOCTHbIM TE€/IEKOMMYHMKaUUAM 1 06paboTke AaHHbIX, PaAnoIOKaLMOHHbIE
CUCTEMbI CerofHs o6beMHeHbl B ceTb Ans 60nee 3¢h(HeKTUBHOrO MOHUTOPUHIA
KpynHOMacLUTabHbIX NOrOAHbIX SABIEHNI, TAKMX KakK TPOMUYECKMNE LIUKAOHBI U KPYMNHble
BHeTponu4yeckme WTopMbl (Kak 1eTOM, Tak U 3MMOIA). JlaHHble, NOyYeHHble B pe3y/bTaTte
o6beAnHeHNs paamMonoKkaTopos B CeTb, MOTyT o6ecneynTtb 60nee gnnTesibHOe BpeMs

(o1 60-90 MUHYT 4,0 HECKONBKMX 4acoB) /11 BbiMycka 3a61aroBpemMeHHbIX NpeaynpexaeHnin.
CucrtemMbl YUCNEHHOTO NPOrHO3MPOBAHUSA MOroAbl Tak>Ke NPOABUHYIUCL BNEpes, 1 yCBOEHMe
AaHHbIX 06 0CajKax, Moy4YeHHbIX C MOMOLLbIO PaAMON0KaTOPOB HAa KOHTUHEHTA/IbHOM YPOBHE,
rno6anbHbIMU MOAENAMWN MOXET 3HAYNTENIbHO YJTyHLUNTb NPOrHO3bl 0CaAKOB Ha 4-5 AHel Ans
npuaeratLLnNX panoHOB U KOHTUHEHTOB.

O6ecneyeHne 04HOPOAHbIX, BBICOKOKa4eCTBEHHbIX aHHbIX HA4YMHAETCA C YCTaHOBKMU U
NCNOb30BaHMA COOTBETCTBYIOLLEN PaANOIOKALMOHHON TEXHONOMMKN ANSA MOFOAHOM cpeabl U
yC/IOBUIM Ha MecTax. [l/iInHa BO/IHbI pagMonokaTopa, LUIMPUHA Jly4a aHTeHHbI, TUM U MOLLLHOCTb
nepepaTyunka, 4yBCTBUTENbHOCTb NPUEMHMKa U (POpPMa BOJIHbI OKa3blBalOT 3Ha4YUTENbHOE
B/INSHME Ha pa3peLleHne N Ka4eCTBO paAMonoKaLMOHHBIX AaHHbIX. MeTeoponoruyecune
paavonokatopbl TPaANLVMOHHO ONpPeaenaTCa U KOH(UTYPUPYIOTCA B COOTBETCTBUM C
MeCTHbIMU TPe6OBaHUAMU K MOHUTOPUHTY 1 HabIOAEHUIO NOTOADI, @ TakXKe C yHETOM
MeCTHbIX reorpacunyecknx n Apyrmux akTopos, 4TO NPUBOAUT K rMobanbHOMY pa3Hoo6pasuio
TEXHONOrNi 1 cTpaternii otbopa npob. Bce 370 BANAET Ha pa3NnyHble MOKa3aTe/n kayecTBa
AaHHbIX, TaKMe Kak 4OCTYMHOCTb, CBOEBPEMEHHOCTb M TOYHOCTb. DTM MOKa3aTenm Takxe
3aBUCAT OT IKCNTyaTauumn 1 o6CNyxKMBaHNA PaAnONOKaLLMOHHbBIX CUCTEM NyTeM COBM0AEHNS
npeanucaHHbIX U CTaHAAPTU3NPOBAHHBIX NpoLeayp M NpakTuk. To TpebyeT pa3paboTku
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CTaHAapTOB, TEXHNYECKNX cneumduKkaunin, nepeaoBor NPakTUKN 1 PyKOBOAALLMX NPUHLMMNOB
AN9 NPOEKTUPOBaHMA CeTH, BbiGOpa NaoLwaaku, kaambposKku, 06CNyKMBAHUSA CUCTEM U
o6opyaosaHus, ot6opa npo6 1 o6paboTkn AaHHbIX, a TaKXe X pacnpoCcTpaHeHus.

Llenb 3TOro AoKyMeHTa LUMpoKa 1 aapecoBaHa opraHm3aLlmamM BO BCex CTpaHax, UCMosb3yoLnx
MeTeoposiormyeckne pagmonokaTopbl, C 0CO6bIM YNOPOM Ha CTpaHbl, KOTOpble He UMeloT
AaBHUX TPAaAMLMIA 3KCNayaTaLMy U MCNOIb30BaHUSA METEOPOIOrNYECKNX paanoniokaTtopoB. OHa
npenycMaTpuBaeT ciegylollee:

- nogaepi>kka npow330,u,|/|Tenel7| B UenAxX nogaep>xxaHma conoCtaBMMOro 1 BbiICOKOro ypoBHA
KOHKypeHTOCHOCO6HOCTVI METEOPOJ/IONMYECKUX pagno1oKaLLMOHHbIX CUCTEM;

- NnOMOLLb TEHAEPHbLIM OpraHamM B y4e€Te€ COBPEMEHHOIO YPOBHA NPON3BOAUTE/IbLHOCTU
CNCTEM, a Tak>Xe NpocTo onpep,eneHMVl KOMMNOHEHTOB B UX JOKYMEHTAUWNN N, TAKUM
o6pa30M, NnOMOLLb B CPaBHEHNUN PaA3/INYHbBIX NOCTYNalOLWNX TEHAEPHbIX I'Ipe,CU'IO)KeHVIVI;

- npeanocrtassieHne ,CI,OCTOBepHOf;I OOKYMEHTauunn 0 BO3MOXXHOCTAX U OrPaHNYE€HNAX
METEOPOJIONMYECKNX pagnonokKaLlMOHHbIX CUCTEM, HTO CI'IOCO6CTByeT HapauwnBaHUo
noTeHLUMa/la BO BCEM MUPE;

- KOHCYybTauunu no O6LLI,I/IM Tpe6OBaHVIFIM K pa3MelleHunto, skcrnayataunm, TeEXHU4eCKOMY
O6Cﬂy>KVIBaHI/IIO n3agavyam Ka)'lVI6pOBKI/I ana nogaepikaHna paamonokayunoHHbIX CUCTEM
Ha BbICOKOM YpPOBHE Ka4eCTBa U AOCTYNHOCTU AaHHbIX;

- onucaHne Heo6xo0aMMOTO Kpyra 3ajad no skcnayartaulmm n O6C)'Iy>KVIBaHl/IIO
METEOpPO/IONMYECKNX pagnonoKaLlMOHHbIX CUCTEM, YTOObI pykoBOAUTEIN MOT/IN BbIAETNTD
07151 5TOWN LUenn AoCTaTOYHble CbI/IHaHCOBbIe pecypcCbl n Ka,ﬂ,pOBbIVI noTteHuyunan.

[JononHnTtenbHyo MHpopMaLmio, Hanpumep, 06 OCHOBax METEOPOIOTNYECKMX
paanonoKaLNOHHBIX U3MEPEHUIA, MOXHO HainTun B [1].

1. COEPA NPUMEHEHUSA

70T OOKYMEHT onpeaeniaet CACTEMHbIE XapaKTePUCTUKUN HAa3EMHbIX METEOPO/IOTUHECKUX
PaanonoKaunNOHHbIX CUCTEM, U3IMEPAIOLLNX aTMOcc|3epy C UCNONIb30OBaHMEM HacToT OT 2 Ao 10
M. OTU CUCTEMBI noaxoaAdart anAa 06Hapy>|<eHm| 0CaAKOB U APYTUX LeneBblX METEOPOJTOTNHECKNX
napaMeTpoB Ha pa3HbIX BbICOTax No 3aAaHHOMY pal‘/’|0Hy. B OOKYMEHTE TaK>Xe ONnNCaHbl Ccnocob6bl
NPOBEPKN Pa3/INYHbIX aCNEKTOB NPON3BOANTE/IBHOCTU CUCTEM, BK/1HOYaAA ManpaCprKTypy.

DTOT AOKYMEHT OrpaHM4mnBaeTCa IMHENHbIMU NOAAPU3ALMOHHBIMU Napaboanyeckmumm
paanonoKaLuMoHHLIMU CUCTEMaMK M paAnonokaTopamMm C ABOVNHOM 1 OAMHOYHOM Nongapusaumen.
OH He NnpuMeHseTCA K pagnosiokatopam C BEEPHbIM JIyHoM (Y3KUM Mo asumyTy (AZ) U LULMPOKUM
no BbicoTe (EL)), Bk/1to4as Mopckme 1 aBMaLlMOHHbIE paAnonokaTopbl HabaloAeHUS, KOTOPble
NCMOb3YIOTCA, HO He MpeAHa3Ha4yeHbl B NepPBYIo ovepeb A1 METEOPOJIOrMYECKUX MPUMEHEHWIA.
Pagnonokatopbl ¢ pasmpoBaHHbLIMU peLleTkaMu C 31eKTPOHHbIM (POPMUpPOBAHNEM U
HaBeJeHWeM Jlyyel, B TOM YUC/1e MHOTONyYeBble, C HEKPYrOBbIMU BHECTBO/IbHBIMU AnarpaMMamMm
Hanpas/IEHHOCTU, ABAAIOTCA HOBbIMM, @ MHOPMaLUKM 06 NX XxapakTePUCTUKaX HeAOCTaTOYHO.

DTOT AOKYMEHT He ONUCbIBAeT TEXHOIOTMIO METEOPOJIOrMYECKNX PaAN0OSIOKAaTOPOB U UX
npumeHeHnn. MeTeoposiornyeckne pagnonokaLMOHHbIE CUCTEMbI MOTYT NCMONb30BaTLCA AN
Takux 3afay, kak kosn4ecTBeHHas oueHka ocaakos (KOO), knaccndukaums ruipomMeTeopos
(Hanpumep, rpaaa), oLueHka CKOpoCTu BeTpa, o6HapyxXeHne 1 HabndeHne 3a CypOoBbIMU
MeTeopOosIorMyeckumm aBaeHnaMmn (Hanpumep, MUKPONpopbIB, TOPHaA0). HekoTopble 13 aTux
NPUMeHeHN NpeAbABNAIOT 0cobble TpebOoBaHUA K NO3MLMOHUPOBAHMIO PaAMONOKaLLMOHHOWM
cucTembl UK TpebyloT cneumanbHbix CTpaTernii nsmepenmsa. OfHako npoueaypbl kKannbposku
N TEXHNYECKOro 06CyXKNBaHUA, ONMUCaHHbIE B AAHHOM AOKYMEHTe, MPUMEHUMbI U 34€eCh.

70T OOKYMEHT aApeCcOBaH NPoOnU3BOAUTENIAM N ONepaTopaM paano/10KaTopoB.
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2. HOPMATUBHDIE CCbI/IKU

B atom OOKYMEHTE HET HOPMATUBHbIX CCbIJTOK.

3. TEPMUHbDbI U ONPEQENIEHNA
TepMuHbI 1 onpefesieHna B JaHHOM JOKYMeHTe He MPUBOAATCA.

MCO n M3K BeayT TepMUHONornyeckme 6asbl JaHHbIX 419 UCMONb30BaHUA B CTaHAapTU3auMm
no cneayoLmMM ajpecam:

- Mnatpopma NCO ansa oHnaitH-npocmoTpa: AOCTyMHa Ha caiTe https://www.iso.org/obp

- DnexTtponeama MIK: goctynHa Ha cainte http://www.electropedia.org/

4. COKPALLEHUA:

ALN aHanoroso-umdposo npeobpasosatens (Ha aHr. a3. Analog-to-Digital Converter (ADC))
AZ asumyT (Ha aHrn. a3. AZimuth)

BITE BCTPOEHHOe ucnbitatenbHoe o6opyaosaHue (Ha aHrA. 23. Built-In Test Equipment)

BPF nonocosow punbTp AnanasoHos (Ha aHr. 53. Band-Pass Filter)
CW HenpepbiBHbIN pexuM (Ha aHra 23. Continuous Wave)

EL yron Bo3sbllweHna (Ha aHrn. a3. ELevation)

H/V ropv3oHTaNbHbI/BepTukanbHbI (Horizontal/Vertical)

HPBW  wmnpwuHa nyya nonoBuHHOM Mol HOCTM (Ha aHr. 3. Half Power Beam Width)

ITU-R  CekTOop paanocssa3n MexayHapoAHOro Coto3a 3/IeKTPOCBA3N

LDR ko3 ULMeHT MnHelHOW Aenonspusaunn (Ha aHrn. s3. Linear Depolarization Ratio)
MLLY  manowymsAwmn ycunutenb (Ha aHr. 3. Low Noise Amplifier (LNA))

MTBF  cpepaHee Bpems HapaboTku Ha oTka3 (Ha aHrn. s3. Mean Time Between Failures )

NF yucno otka3oB (Ha aHm. 93. Number of Failures)

HMIC HaumoHanbHad meTeoposiornyeckas u rugposormyeckas cnysxoba

PRT nepuoz noBTopeHns uMnynbcos (Ha aHr. a3. Pulse Repetition Time)

KOO Ko/InyecTBeHHas oLeHKa ocafkoB (Ha aHr. s3. Quantitative Precipitation Estimation (QPE))
PY pagnovactoTa

SG reHepaTtop curHanos (Ha aHrn. 3. Signal Generator)

OCLU  oTHoweHwue curHan-wym (Ha aHr. a3. Signal-to-Noise-Ratio (SNR))

STALO cTabunbHbIN NoKaNbHbIN reHepaTop (Ha aHr. a3. STAble Local Oscillator)

STAR  cuHxpoHHas nepegava v npuem (Ha aHr. a3. Simultaneous Transmit And Receive)
TR nepegava-npuem (Ha aHrn. a3. Transmit/Receive)

BB namna 6eryLuiei BonHbl (Ha aHrn. 3. Travelling Wave Tube (TWT))

MBI NcToYHMK 6ecnepe6oiHOro nuTaHus (3nekToposHeprun) (Ha anrn. s3. Uninterrupted Power
Supply (UPS)



https://www.iso.org/obp/ui
http://www.electropedia.org/
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5. OCHOBHDIE MOJTIOXXEHUA

5.1 YactoTHbIE AMana3oHbl

MeTeoponornyeckuii pagmonokarop - 3To cuctema, npegHasHavyeHHas A UsMepeHuns
rMapomeTeopoB Ha 601bLION NAOLWaAN C UCNOb30BAHNEM TEXHONOTNU ANCTAaHLMOHHOIO
30HAMPOBAHMA Ha OCHOBE MUKPOBOJIH. MUKpPOBOJIHBI S-, C- 1 X-AMana3soHOB NCNO/b3YyIOTCA
BO MHOTUX Cay4Yasx, n Macwtab n xapakTepucTnkm HabnoaeHna CMCTEMbl OTINYALOTCA B
3aBMCUMOCTM OT XapakTepUCTUK KaXkaom 4acToTbl (A/IMHbI BOJIHBI). CucTembl S-gmManasoHa
nMetoT 60/bLUNeE pa3sMepbl U LUMPOKUI Anana3oH HabaoaeHns, a cucteMbl X-Anana3oHa
KOMMaKTHbI U UMEIOT y3KMUI Anana3oH HabntoaeHus. NonesHbiii gnana3soH pagmonokaTtopos
S-n C-gnana3oHoB 06bI4HO OrpaHmyeH KpnsmsHoi 3emnm (= 300 kM), B TO BpeMS Kak B
X-amnana3oHe npegen 06bI4HO 3aBUCUT OT 3aTyxaHus (0T 50 km go 100 km). Cm. [1] ans 6onee
noapobHoi nudopmaumn. B tabnuue 7.A.1 nokasaHbl TUMUYHbIE 31EMEHTbI /19 KaX 10T
4aCTOTHOTrO AManasoHa.

HEO6XO,CI,I/IMO Bbl6paTb YaCTOTHbIN Avarna3oH B COOTBETCTBUU C AMnana3oHOM Ha6ﬂ}0ﬂ,eHl/Iﬂ n
MacluTaboM CUCTEMbI B AaHHOM MeECTE.

Ta6nuua 7.A.1. TunnyHas cneundukaums ans pas/IMYHbIX HaCTOTHbIX ANaNa3OHOB
MeTeopOosIorMYeckux pagmosioKkaTopos

Monoca YacmomHeili HAuamemp 3amyxaHue dox0s (08ycmopoHHee)
yacmom o0uanasoH® aHMeHHbI" npu 30 mm/4ac?

S 2700 Tu-3000 My, 8,5m 0,02 ab/km

C 5250 My-5900 Iy, 4,2m 0,13 nb/km

X 9300 -9 800 Iy, 24m 1,22 pb/km

@ Inana3oH pabo4nx 4acToT OT/INYAETCA B KaX/A0W CTpaHe.

® Bonee noapo6HYyo MHOPMaLLMIO O HaCTOTHOM AMana3oHe U pa3Mepe aHTeHHbl cM. B [1], rnaBa 7.6.8
¢ Tunu4Hble 3HavyeHusa ana 1° HPBW.

4 3aTyxaHue us-3a goxas cm. B [1], masa 7.2.3.

5.2 CucremHas koH¢purypaums

5.2.1 0630p KOMNOHEeHMHbIX Yacmeli paduoIOKAYUOHHOL cucmemsl

Ha pucyHrke 7.A.1 noka3aHa 6a3oBas KOH(pUrypauns pagmonokaLMoOHHOW CUCTEMBI.
B nocnepHee Bpems Bce Yalle BCTpeYaloTCs NPUEMHMKN (a B HEKOTOPBIX Cyvasx n
nepeaaTyMkmy), yCTaHOBJ/IEHHbIE Ha aHTEHHE.

CucteMbl METEOPONOrNYECKMX PaANOIOKATOPOB AeNATCS Ha OAHOMONAPM3ALLMOHHbIE, KOTOPbIE
B 60/IbLLUMHCTBE C/lyYaeB MMEKOT FOPU3OHTaAJIbHYIO Nospu3aunto (CM. pucyHok 7.A.2), n
ABYXNONAPU3aLUOHHbBIE, B KOTOPbIX NCMOJIb3YIOTCA Kak rOPU30OHTasibHas, Tak U BePTUKasibHan
nonsapu3saunm nssiy4aeMbix U NPMHUMaEMbIX MMKPOBOJIH. Tun ABONHONM nonspusaumnm

Janee nojpasaensercs Ha TUN pacnpeaennTenbHOro nssyvyarens 4BONHOM nonspusaumm

(cM. pucyHkn 7.A.3 n 7.A.4), koTopbii pacnpegenseT OAUH BbIXOA U3ny4vartens, u Tun
He3aBUCMMOrO U3ydaTens ABOVNHON Nonspu3aLnmn, KOTOpbI UMeeT Be He3aBUCUMbIE CUCTEMBI
nsnyyarenen (CM. pucyHok 7.A.5).
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4 +— 5 [ 6
YcnoBHble 0603Ha4YeHns:
1 OG6rtekaTtenb aHTeHHbI pagnonokaTopa 4  TpwuHuMaloLee ycTPOMUCTBO
2 AHTeHHa 5 TNpoueccop 06paboTkn cUrHanos
3 Twn nepepaTymka 6 TNpoueccop 06paboTkm AaHHbIX

PucyHok 7.A.1 KoHurypauus n cxema paiMno10KaLLMOHHOM CUCTEMBI

1
2
3 4
YcnosHble 0603Ha4YeHn:
1  AHTeHHa 3 OrpaHuyntens TR
2 Twn nepepatyunka 4  TpwemHoe yCTPOWNCTBO

PMcyHOK 7.A.2 CucteMHas cxema OAHOTo NoNSAPU3aLlMOHHOIO TUMNa

5.2.2 Pe>xumMel nepedayu c 0eoliHoli nonspusayueii

5.2.2.1 O6wasa nucgpopmauus

B 3aBMCMMOCTM OT cuCTEMbI n3ny4vartend (CM. TUMbI N31y4aTenAa C,CI,BOVIHOVI nonﬂpw?,au,weﬁ nnn
HE3aBUCUMOIo n3ny4daresisa, Nnoka3aHHbIE BbILIJe) OOCTYIMHbI pa3/INndHbIE€ pEXKMbI Nepeaadu.

5.2.2.2 OpHoBpeMeHHas nepejadya u npuem UIN rM6pPUAHbBINA pexxnm

B pexunme ogHoBpeMeHHoN nepepaymn n npnema (STAR) ogHOBpeMeHHO nepefaeTcs MHenHas
ropusoHTanbHasa U BepTUKanbHas NOMSAPU30BaAHHas BOJHA, U KaXkAas BO/IHA MPUHMMAETCS
COOTBETCTBYIOLLEN Lienbio NPUeMHUKOB. [IpenmyLecTBa 3TOro MeTo4a 3aK/o4atoTcs B TOM,
4TO €ro MOXHO MCNO/b30BaTh C OAHMM NepefaTyMkom (pacnpefeneHHbl TUN nepegaTymka),
He TpebyeTca 4OPOroCcToALLMI BTOPOM NepegaTymk U 4OCTaTOYHO NPOCTOro pasBeTsmTens
MOLLHOCTU Ha TpakTe nepefayn. HegocrtatkoM sBSETCA TO, YTO B C/lyvae AenonspusyoLlen
cpeabl (HanpuMep, NNaBsLWErocs Ca0s, BJaXHOro Uamn TaloLLLero rpaga) BO3HUKaeT
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IS

7
()
8 9
YcnoBHble 0603Ha4YeHuns:
1 AHTeHHa 6 TMpuemMHuk (kaHan H)
2 KaHan ropusoHTanbHow nonspusaunm (H) 7  Kanan BepTukanbHow nonapusaunm (V)
3 Tun nepepatynka 8 OrpaHuuutens TR
4  [denutenb MmouwiHocTu 3 ab 9 MpwuemHuk (kanan V)
5 OrpaHuyntens TR

PucyHok 7.A.3 CuctemHas cxema TMNOBOIo pacnpeaennuTtesbHOro nepeaarivka
C ABOWHOI nonspusaunen

nepekpecTHoe B3aUMOAENCTBME MeXAY FOPU30HTaIbHBIMU U BEPTUKAJIBHBIMW BOJIHAMU U
6yaeT NponcxoanTb yXyALUEHME Ka4ecTBa PaAMONOKaLMOHHOM NPoAyKLMM (Hanpumep, Z,
c andppepeHumanbHO oTpaxaTesIbHOM CNOCOBHOCTbLIO).

5.2.2.3 AnbrepHaTUBHbIN pexxum H/V

B anbTepHaTMBHOM pexxume H/V ropusoHTanbHO U BEPTMKaNbHO NOASPU30BaHHbIE BOJTHBI
nepeaaroTCs NoNepemMeHHO OT UMNy/bca K MMNynbCy. [lBa npuemHuka 6yayT npuHuMaTh
KO-MOJIAPHBIN U KPOCC-NMOAAPHBIN CUTHAN 418 KaXA0ro uMmnysnbca. lNpenmyuiectso
anbTepHaTMBHOrO pexxuma H/V 3akioyaeTcs B TOM, HTO MOXHO M3MePATb Kak KO-MONsSpHbIe,
Tak U KPOCC-NOJIAPHbIe KOMMOHEHTLI MaTpuLbl paccesiHma. Ecnn pagmnonokatop oTHocuTCS
K TUNy pacnpefeseHHoro nepejaryimka, BMeCTo pa3seTeuTens nutaHusa notpebyercs
nepekJso4artesib noaspusaumn. beiCTpble MOLLLHbIE NepeK/oYaTeNn B HacTosLLLee BpeMs
ABNAIOTCA 4OPOroCTOALLMMU N HECTabuibHbIMU. 10 3TOM NPUYNHE anbTepPHATUBHbINA PeXnUM
H/V 06bl4HO ncnosb3yeTcs ToNbKO A5 UcCnefoBaTelbCkUX paamMonokaTopoB, KOTOpble He
pa6oTatoT HenpepbiBHO. B ciyyasx, korga B pagnonokatope UCnonb3yoTcsa ABa HE3aBUCUMbIX
nepepaTyunka, anbTepHaTUBHbIN pexxum H/V MoxHO nMnTUpoBaTh, NepeaaBas NooYepesHo
KaXkAbli1 BTOPOM MMNYJIbC Ha KaXXAblil NnepefaTymk.

5.2.2.4 Pexxum nuHeinHoro ko3 dumeHTa Aenonsapusauum

Pexxnm LDR — 3T0 cneumnanbHbIn pexkum, NO3BOAIOWMNN pagnosiokatopaM BCTPOUTD
KOHUrypauuio TMna pacnpeaennTenbHoro nepegatymka (CM. pucyHok 7.A.4) ans nsmMmepeHus
LDR. LDR — 370 cOOTHOLIEHNE MexXAy KPOCC-MOJIAPHOM U KO-NOASPHOM OTpakaTe/1IbHOM
cnocobHocTbio. LDR siBAsieTca xopownm nHANKaTopoM pacniaBleHHOro NOBEPXHOCTHOIO
C/109 NN NOAMOYEHHOrO NGO TatoLLero rpaja v NomMex Ha 3eMHOM NoBepxHoCTW. [ns
BK/tOYeHUs pexuMa LDR HeobxoanM 06xoa pa3BeTBUTE/ISt MOLLHOCTWU. DTO Nepek/toyeHne
6yaeT nepefasBaTb MOLLHOCTb Nepefa4ym TO/IbKO Ha FOPU30HTasIbHY0 nogady. [pu nony4eHum
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YcnoBHble 0603Ha4YeHuns:
1 TMMepepatollee yCTPONCTBO 7  Orpannuntennp TR
2 TepexnioyaTensb pexunma nonspmsaumm 8  KaHan npuemMHuKa C ropn3oHTanbHOM nonsapusaumen
3 [denutenb mowHoctn 3 ab 9 Kanan npnemMHuka c BepTnkanbHOM nonspusaumnemn
4  Uupkynatop 10 Tpoueccop o6paboTKM CUrHaNOB
5 AHTeHHa 11 Tpoueccop 06paboTKM AaHHbIX
6 O6TekaTenb aHTEHHbI pagnonokaTtopa

PucyHok 7.A.4 CuctemHas cxeMma pacnpezgeimte/ibHOro usay4yatens ¢ ABONHOMN
nonsipusaument nJOC AONOJIHUTE/IbHBIN PeXUM InHelHoro koadg dpuumeHTa aenonspusauum

YcnoBHble 0603Ha4YeHUs:
1 AHTeHHa

N

KaHnan ropusoHTanbHoi nonsapwusaumm (H)

2
3 Tun nepepaTyuka
4  OrpaHunyutens TR

1
4 [+ 5
4 — 7

5 MNpwuemHuk (kanan H)
6 Kanan BepTukanbHon nongapusaumm (V)
7  TpuemHuk (kaHan V)

PucyHok 7.A.5. CxeMa cuCTeMbl HE3aBUCMMOTO NepeaaTynKa c ABOMHOM nonsipusaumen

NPUEMHMK C FOPU3OHTasIbHOM Nonspusaumen nsMepseT Ko-NoASPHbIN CUTHaN, a NPUEMHUK C
BEPTUKaAIbHOM Monspu3aLnelt nsmepsaer KPOCC-NOAAPHbLIA curHan. Kak npasuao, ucnonb3syercs
MeaJIeHHbI nepekoyaTesb (Bpems nepekntoyeHns npumepHo ot 1 ¢ 4o 3 c), n nepekoyeHme
mexay pexxumamm STAR 1 LDR 6yaeT BbINOIHATLCSA TONLKO NOC/1€ OAHOIO CKaHMPOBaHUSA
paaronokauMoHHOro niankatopa kpyrosoro o63opa (MKO). 3a ncknioyennem LDR, Hukakoi
APYrov npoayKT ABONHOM NONAPU3aLNM HE MOXET 6blTb M3MEPEH.
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5.2.3 OnucaHue KOMNOHEeHMo8

5.2.31 AHTeHHa

HanpaBneHHas aHTeHHa NCNOb3yeTCs /19 KOHLEHTPaL MW SHEPTN B Y3k yd. O6bI4HO
NCMosib3yeTca TUn napabosinvyeckoro otTpaxaresns. PasMep aHTeHHbl AN18 NONYYeEHUS
OAMHAKOBOW LUMPUWHbBI Iy4a OT/INYaeTCa B 3aBMCUMOCTM OT UCMNOJIb3yeMOM YacToTbl. Ecnn gnvnHa
BOJIHbl MEHbLLIE, TO Takas Xe LWMPWHa Jiydya peannsyeTtca napabonmyeckoit aHTEHHOM C MEHbLUNM
AnameTtpom. Kak npaBuno, ogHa aHTeHHa MMeeT ABOMHOE Ha3HavyeHue — nepeady u npuem.
Kpome Toro, aHTeHHa pa3gesieHa Ha O4HONOAAPU3aLMOHHbIN TUN (OAWH NOAAIOLWMIA PyNop) U
ABYXNONAPU3aLMOHHBIN TUN (MOoAatowWwmnin pynop, CNocobHbll pa3fenaTb ABe OPTOrOHaibHble
nonspusauunm).

dasnpoBaHHas aHTeHHas peLleTka — 3TO HOBas TEXHONOIMS A1 METEOPOJIOrMYeCKMX
paamonokaTopoB, rAe aHTeHHa npeacTas/iseT co60l NaHe b U3 HECKOJIbKUX TBEPAOTE/bHbIX
nsnyyvateneii. Cm. lo6asnerue F ans 6onee nogpo6HoM nHpopMaumu.

5.23.2 O6TeKkaTeNlb aHTEHHbI pajuoioKaTopa

O6TekaTenb MCNob3yeTCAa ANA NOKPbLITUA aHTEHHbI 1 3alLlUTHI €€ OT J0>XAA, BETPA, ibAa U CHEra.
O6TeKkaTenb BbINO/IHEH B Bunae CCbepI/ILIeCKOFO NN KYMNMOJZIbHOIO Tnna nyTem O6'be,CI,MHeHVIFI
HeckoNbkux naHenen. O6TekaTeNb 6biBaEeT Pa3IN4HbIX TUNOB B 3aBUCMMOCTU OT pa3Mepa 1 ueiun
Ha6ﬂl0,ﬂ,eHI/I$| AHTEHHDI.

O6TekaTenb 415 ABONHON Nonspusaunm paspabotaH Takum o6pa3om, 4To6bl AEMOHCTPUPOBATL
Kak MOXHO 60/1ee paBHOMepPHOe NoBeeHne Kak FOPU3OHTasbHbIX, Tak U BEPTUKaNbHbIX
NoNAPU30BaHHbIX BOJH, NepeceKkaoLlmnx obTekaTenb. IT0 MOXET 6bITb JOCTUTHYTO 3a

CYeT MPaBMIbHOIO NpoekTUpoBaHMa hopM NaHesein, HanpuMep, 3a CHET MCNOJIb30BaHUS
reofe3sn4eckor nin KBasmcy4anHom reomeTpmm 3STux naHenemn.

O6TtekaTenb npuseaeT kK HekOTOpbIM NoTepsaM. CMm. noapasaen A.3.9.2 onsa oueHkn notepb
cyxoro obtekatens. Cnegyet oTMeTUTb, 4TO BOAA, CHEr UK Jie Ha o6TekaTesie MOryT NPUBeCTU
K CUJIbHbIM MOTepaM (Heckonbko Ab).

5.233 MNMepepatowee ycTpoincTBo
5.2.3.31 O6wue acnekmol

MNepepaTumk - 370 yCTPOMNCTBO AJ15 reHepauumn nepejamolmx paanosond. OH reHepupyet
CTabW/IbHbIN MOLLHBIT MUKPOBOHOBBIN MMMYAbC U U3/1yYaeT paAMoBOJIHbl B BO3JyX Yepes
aHTeHHy. CyliecTsyeT ABa TUNa NepeaaroLL X yCTPONCTB: 3/IeKTPOHHbIE TPY6KM (MarHeTpoH,
KNNCTPOH, namna 6eryuieii BonHbl (JIBB) nT. A.) n nonynpoBoagHmKoBbIe (TBEPAOTENbHbIE).
[nsa JIbB 1 TBepaoTenbHbIX NepefaTYNKOB NPUMEHSAETCS TEXHONOMNS CKaTus UMMY/1bCOB A1
Noy4eHMA TOYHOTO pa3peLleHnsa U yBe/IMYeHNs OTHOLeHNs curHan/wym (OCLL).

B pagnonokatopax c komMnpeccuen MMnysibCoB ANMHHBINA U KOPOTKNI MMMYAbCbl O6bIYHO
nepeaaroTcs nonepemMeHHo, MOCKo/IbKy Npu nepegaye AJMHHOTO UMNY/bCa reHepupyeTca
cnenown gmManasoH, n ero Heo6xoaMMo oxBaTuTb. [pumep nepepayn AANHHOIO N KOPOTKOrO
nMny/nbca NoKasaH Ha pucyHke 7.A.6.

5.2.3.3.2  Paboyuii yukn nepedamyuka

B VIMI'I)U'IbCHOVI pa,CI,VIO}'IOKaLI,VIOHHOf;I cncrteMe MOLWLHOCTb nNepeaatvyrka Ha pagno4acrtorax (Pq)
BKJ/TKOHAETCA NMNLLIb Ha He60)'IbLIJ)/IO 4aCTb BPEMEHMN. OcTanbHoe BpPEMA TPATUTCA Ha NoJly4eHne
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YcnoBHble 0603HaYeHUs:

1 Mepepaya ANNHHBIX UMNY/LCOB 5 [Ownana3oH HabnwoaeHus no AANHHOMY UMMYNbCY
2 [puem ANVHHBIX UMNYbCOB 6  [unana3oH HabaoaeHns No KOPOTKOMY UMMY/bCy
3 llepepaya KOPOTKMX MMNY/bCOB X  cpok

4 [lpvem KOpOTKUX UMMYNbCOB

PucyHok 7.A.6 Npumep nepepayn no AJIMHHOMY/KOPOTKOMY UMNY/bCY

3xa oT aTMocepsbl. HacTb BpeMeHU, B Te4eHne KOTOPOro MOLLHOCTb NepeAayu BKIOYEHa,
Ha3blBaeTCs «pabo4mMM LMKIOM» Nepefatynka. Pabounin Lk BMecTe C MMKOBON MOLLHOCTbIO
onpeaenaioT CPeAHIo0 MOLHOCTb UM DHEPTUIO, U3lyvaemylto B aTMoCdepy.

B nepepatolemM ycTponcTBe METEOPOJIOTMYECKOrO paanoaokaTopa, UCnosb3ytoleM Tpyb4aTtbii
nepeaatymk (MarHeTpoH UM KJINCTPOH), pabounii umkn o6bi4HO cocTaBaseT nopaaka 1 %. 31o
NPUBOANT K TUMNYHON CpeaHelN MOLLHOCTU B HECKOJIbKO coTeH BT. B nepepatyunkax tmna J1bB
NMUKOBAas MOLLLHOCTb O6bIYHO HUXeE, N UCNOb3YyIoTCA 6oNee AIMHHbIE UMMY/IbChI, aHAI0TUYHbIE
TBEPAOTE/bHbIM NepedatymkaM. [TnkoBas MOLLHOCTb 1aMNOBbIX NepefaTiMKoB COCTaBASET OT
fecatkos kBT o MBT, B 3aBMCMMOCTM OT 06/1aCTV NPUMEHEHMS U 4acToThbl pagnonokaTopa.

B nepepaTuymke MeTEOpPOIOrMYECKOro paanoaokaTopa, MCNosb3yloLem TBepAoTe bHbIl
(MonynpoBOAHUKOBBIN) N3ny4artesb, pabounin Lnkn obbi4HO cocTasnseT nopsaaka 10 %, 4to
CHOBa NPUBOANT K aHa/IOMMYHON CpeHel MOLLHOCTU B HECKOJIbKO cOTeH BT (HekoTopble
namnoBble usnyvaTtenu, Hanpumep, nsnydartenu J1bB, Takxe nonaratoTCa Ha HU3KYIO NUKOBYIO
MOLLHOCTb 1 BbICOKMI paboynin LMK/, aHanOrn4YHbIi TBEPAOTE/bHBIM U3STyYaTensim).

5.2.3.3.3  [Juana3oH wupuHbl CUCMEMHbIX UMNY/16CO8

B I/IEKTPOHHO-/Ty4€BbIX I'Ipl/I60an 06bI4YHO MCNOIb3YHOTCA KOPOTKNE NMMNY/bChbl C BbICOKOW
NMKOBOWM MOLWHOCTbIHO. LUI/Ipl/IHa nMnynbcCa COCTaBNAET NOpAAKa 1 MKkcC (BapbwpyeTca oT 0,3 MKC
00 5 MKC B MArHeTpPOHHbIX N KTNCTPOHHBbIX nepep,aTqMKax).

LLinprvHa nmnynbca TBepAOTENbHOIO NepeaaTymka o6b4HO cocTasnset nopsagka 100 Mkc

(B ananasoHe ot 20 Mkc A0 200 MKC), 4TO COOTBETCTBYET AaZbHOCTK AecTBuA 15 km. Jna
[OCTUXEHMSA TAKOTO e pa3peLleHmns No 4aibHOCTU, Kak U MPY UCNOb30BaHNN KOPOTKNX
MMMy/IbCOB 1aMMNOBOro NepeaTtynka, MCNob3yeTcsa MeTo CkaTua MMNYAbCoB. HacTo nmeerca
Takxe oTAe/IbHbI KOPOTKMIN MMMY/IbC, OXBATbiBAIOLWMN 6/IM3KME pacCTOAHUSA, KOTOpble
MacCKMpPYIOTCA A/IMHHBIM NepeatowmnM MMNybCcoM (CM. pUCYHOK 7.A.6).
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5.2.3.3.4 Yacmoma noeémopeHusi UMNy/16c08

YactoTa cieoBaHMA UMNYNbCOB, f,.., U UHTEPBA BPEMEHMN MeX/Y 3amyCKOM UMMNY/1bCOB
paavonoKkaunoHHOW nepeaayn, Bpems ciegosanHma umnynbcos (PRT), aBnsetca napaMmeTpowm,
KOTOPbI MOXeT ObITb ONpeaeneH onepaTopom pagnmonokaLMoHHOM cTaHumn. OgHako
CYLECTBYET HECKO/IbKO OrPaHNYeHNi A1 BbIGOPa f,... BBICOKMWIA [, . yMeHbLIaeT OAHO3Ha4YHY 0
MaKCMMasibHYI0 1aNlbHOCTb, ., PaIN0N0KaTOPa. DXOCMIHabI OT PaMOA0KaTOpa Ha
paccTosHUAX, NpeBbIaloWmX 7., 6yayT oTo6paxaTbCa Kak 3XOCUrHa/bl BTOPOro npoxoja. r.
onpegaensetcs no opmyne (7.A.1):

X

C
”

ax = (7.A1)
2 fprF

rae ¢ - CKopocTb cBeTa.
MPUMEP:  Ana makcumanbHOM AanbHOCTM 250 kM [, He npesbiwaeT 600 M.

C apyrov CTOPOHBI, BLICOKWUIA [, HEO6XOAUM A5 LULMPOKOrO OHO3HAYHOIO 10M/1€POBCKOro
AmnanasoHa CKOpocCTen, v, (4aCTo Ha3blBa€MOTO «MHTEPBANOM HallkBucrta»), kak NokasaHo B
dopmyne (7.A.2):

A
Va = fPRFZ (7.A.2)

rae A - oNviHa BOJIHbI nMmnynbca, N31y4ae€Moro paanosiokatopom.

Ana paguonokatopa C-auanasoHa npwu f,. 600 Iy v_ 6ynet nopsaka 8 M/c, 4TO C/IMLLKOM Masio
Ansa HabnogeHnsa 601bLLNHCTBA METEOPOJIOTMYECKUX ABIEHUNA.

B coBpemeHHo 06paboTke CUrHANOB CYLLECTBYET HECKO/IbKO METOA0B, MO3BOJIAIOLLMX
npeonosieTb 3T hmsmyeckmne orpaHndeHmna. Metoabl ABONHOrO f,. man cTyneHyartoro PRT
No3BONAIOT PaclUMPUTb MHTepBan HalikBncTa B ABa-TpU pa3a nam aaxe 6onblue. Pa3ninyHble
MeTo/ibl BOCCTaHOBJ/IEHMS BTOPOrO NyTW NO3BOSAIOT YCTPaHUTb UAM BOCCTAHOBUTL 3XOCUTHabI
BTOPOro nyTwu.

f.rs N€PEOATHNKOB OFPAHNYNBAETCA PABGOYMM LIMKIOM, CM. pa3aen 5.2.3.3.2.

TunnyHble AnanasoHsl f,, . Ana pagmonokatopos X-, C- u S-ananasoHos coctasnaoT ot 300 My,
Ao 2000 y. bonee BbICOKWI f,, . HEO6XOAMUM A1 PAAMONOKATOPOB X-AMana3oHa, 4Tobsl
KOMMEHCMPOBaTh BAUAHUE A/IMHBI BOJIHbI Ha v, B (popMyne (7.A.2). DTO NPMBOAMT K HU3KOMY
3HaveHuo 7 B hopmyne (7.A.1), no3TOMy A1 paaMooKaTOPOB X-AManasoHa yaaneHme
3XOCUTHa/0B BTOPOro NOPsAKa 4acTo AB/SeTCs 0653aTeIbHbIM.

5.2.34 NMpuemHuk

lMpueMHUKK - 3TO YCTPOMCTBO ANS YCUIEHNS N OOHapYy>XeHUs paanoBOJIHbI, KOTOpas
BO3BpALLLAETCA K aHTEHHe, U 419 U3BAevYeHus uHcopMaumm o6 amnantyae u gase 13
NPUHATOro curHana. MpruemMHUK 3aLLnLLEH OT NepeaBaemMoit MOLHOCTU LLUPKYIATOPOM U/Unun
orpaHnyntenem TR.

Pagmonokatopbl C MUMMNY/NbCHOM KOMMPECCUeNn NPUMEHSAIOT YHaCTOTHYIO MOAYNALMIO NPU
nepegaye 4JIMHHOIO UMMy/bca 1, Npn o6paboTke MMMNYAbCHON KOMMAPECCUM B MPUEMHUKE,
pocturatot Takoro xe OCLU v pa3pelwenns no ganbHOCTU B Anana3oHe, ANCKPETU3MPOBaHHOM
MOAY/IMPOBAHHBLIM UMMY/bCOM, Kak U paguo/ioKaTopbl C JaMMOBbIM MepeaaTYnKoOM.

OCLLU anana3soHa, BbIGpaHHOIro KOPOTKUM MMMY/AbCOM, HUXE, YeM Anana3oH, BbIGpaHHbIN
pagmonokaTtopoM C Tpy64aTbiM NnepeaTHmKom.
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Kom6u1Haumsa KOpoTKUX U AJIMHHBIX UMNY/bCOB yBennineaeT 3 eKTUBHbI ANHAMUYECKN A
AnanasoH oT 6/1M3K0ro A0 AanbHero AnanasoHa, aHaJIorM4yHO peryimpoBaHuio
4yBCTBUTENbHOCTU MO BpeMeHU (Ha aHr. 513. Sensitivity Time Control (STC)).

Mpumeyanune: STC ncnonb3lyertcs Ans ocnabneHns CUNbHbIX CUTHAN0B Ha 6M3KMNX paccTosHUsAX. He TpebyeTcs Ans
cUCTeM NPUEMHUKOB € 60JbLLIMM AUHAMUYECKUM ANana3oHOM.

5.2.3.5 Mpoueccop 06paboTkn CUTHaNOB

Mpoueccop cnrHanos o6pabaTtbiBaeT ouMpPOBaHHbIE AaHHble aMNINTYAHOM 1 pa30BOW
MHpopMaLum, NoNyveHHble OT NPUEMHMKA, U BbIYUCIAET PAA, K/TIOYEBbIX NEPEMEHHbIX,
Heo6XoANMBIX AN HaboAeHNS, TaKUX Kak MHTEHCMBHOCTb 0CafKOB U pagmnanbHas CKOPOCTb
nepemeLL,eHns ocaakos.

TunnyHble BbIXOAHbIE AaHHbIE AN pajMonokaTopa C ABOMHON nonsapusaLumein npeacTaBieHsb
cnepytowmm o6pasom:

K03(puruneHT oTpaxaemocTu (Z);

_ AmngaepeHumaanaﬂ OTpPaXKaeMoOCTb (Zdr);
- ponneposckas ckopocTb (V);

- wwupwuHa cnekTpa (W);

- AnddepeHumnanbran dasa (P, );

- K03 durumeHT Koppenaumn mexay Z, nZ (p, ).

5.2.3.6 Mpoueccop 06paboTkn faHHbIX

Mpoueccop 06paboOTKN AaHHbIX FTeHEPUPYET METEOPONOrMYeckme BUALI NPOAYKLUN B
COOTBETCTBUM C Ha3HAYeHMEM PaANOJIOKaLMOHHON CMCTEMbI Ha OCHOBE MHOXECTBA KJTIOYEBbIX
nepeMeHHbIX, KOTOPbIE U3BAEKAIOTCA NPOLLECCOPOM 06pabOTKMN CUTHANOB.

6. MPOU3BOAUTE/IbBHOCTb CUCTEMbI U NTAPAMETPbI U3BMEPEHUA

6.1 O6uiue acnekTbl

npOMBBO,CI,VITe}'IbHOCTb CUCTEMbI YKa3bIBA€T Ha NPON3BOAUTE/IbBHOCTb MeTeOpO)’IOFMHeCKOVI
pa,ﬂ,VIOJ'IaOKaLI,I/IOHHOVI CUCTEMBbI B LLE€/IOM, a HE Ha NPON3BOAUTE/IbHOCTb Ka>Xa0ro 6n0|<a,
BXO4ALLEro B COCTaB paanosiokaTtopa.

Kputepuun appekTMBHOCTM NPOU3BOANTENIbHOCTU CUCTEMbBI ONpeaeneHbl Takum 06pa3om, YTo
OLeHKa Mo 3TUM KpUTEPUSM MOXET ObITb NPUMEHEHA K Pa3/INYHbIM TUMaM METEOPOJIOrNYECKMX
paanonoKaTopoB, YTO NPUHECET NoJb3y NONb30BaTeNsIM, MOCKO/bKY ynpoLlaeT HanMcaHue
cneundukaunii cuctemol. C 4pyro CTOPOHLI, NPUHATUE CTaHAAaPTHOro Habopa kpuTepues
npuBeseT K cnpaBeaMBON KOHKYPEHLUN MeXAy NPOU3BOAUTENAMM, MOCKOJIbKY 3TO UCKJTHOHYUT
paanonokaTopbl C HeA4OCTaTOYHOWM NPON3BOANTENbHOCTLIO CUCTEMbI C MUPOBbIX PbIHKOB. [1/15
3TOW Lenum KpUTepumn A0KHbI O6bITb U3MEPUMBI 06LLMM CNOCO6OM /151 BCEX METEOPOIOMMYECKNX
paanonoKaTopoB 0 UX OTrPy3KK C 3aBoja.
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HyBCTBUTE/NIbHOCTb, MPOCTPAHCTBEHHOE pa3peLleHne, TOYHOCTb A0MNIEPOBCKOA CKOPOCTHU
M TOYHOCTb U3MEPEHUS ABOMHOM Nonspmnsaumm BblbpaHbl B Ka4eCTBE rMaBHbIX KPUTEPUEB,
HanboJsiee APKO NoKa3sblBaloLLMX MPON3BOAUTENBHOCTb CUCTEMbI METEOPONOINYECKOTO
paguonokatopa; 3T napaMeTpbl Ha3blBalOTCS «OCHOBHLIMWU NapaMeTpamMm».

Kpome Toro, BbibupatoTcs napameTpbl, KOTOpPblE He BXOAAT B (PyHAAMeHTalbHble NapaMeTpbl,
HO KOTOPbIe TakXe O4eHb BaXHbl A1 oNpeaeneHns Npon3BoANTE/IbHOCTU CUCTEMbI; 3TH
napamMeTpbl Ha3bIBAlOTCA «APYTMMU KO4EBbIMU NapaMeTpamMu». CBOAHbIE AaHHbIE NPUBEAEHbI
B Tabnnuax 7.A.2 n 7.A.3. [losicHeHNs K OCHOBHbIM NapaMeTpaM NpuBeAeHbl B pasaene 6.2, a B
pa3gesne 6.3 06bACHAIOTCA APYTrUe KoYeBble MapaMeTpbl. MeToabl U3MEPEHUS 3TUX BETNYNH
npuBeaeHbl B Jo6aBneHnn A. Npumep nx perncrpaumm npusegeH B fobasneHum C.

Ta6nuua 7.A.2. OcHOBHble NapameTpbl

Kamezopus napamempa

Leno

llokazamenso

YyBCTBUTENIBHOCTb

MpocTpaHcTBEHHOE
paspeLlieHune

To4HOCTb
[ONNepPOBCKOM
cKopOoCTH

ToYHOCTb U3MepeHus
ABOWHON nonsapusaumm

Onpepgenset, HaCKObKO
[anekoe Uin HaCKONbKO
cnaboe 3xo0 oT
paanonokaTopa, koTopoe
paanosiokaTop MOXeT
o6HapyXuTb

Onpepgenser cTeneHb
AeTanuMsaumnm, C KOTOPoOWn
paanonokaTop MoxeT
pa3nunyatb

OnpepensieT cNOCO6HOCTb
yCTpaHeHus nomex ot
3eMHOW MOBEPXHOCTK

C NOMOLbIO MeToAa
Aonneposckoi hunbTpauum

OnpepensieT BO3MOXHOCTb
TOYHOro HabnaeHUs
TUMNOB 3XOCUTHA/IOB
noroAbl C MOMOLLLbIO
nonspuMeTpuYecknx
napameTpos

YyBCTBUTENBHOCTb OTpaxkeHns A dBz
Ha paccTosaHum B km

Yem MeHbLle A Ha paccToaHum B,
Tem cnabee 3X0CUrHanbl, KOTopble
MoxeT HabnaaTb paanonokartop,
1N Hao6opoT, TeM Aalblue
paavonokaTop MoxeT Hab/loaaTh TO
Xe camoe 3x0

Paspelatowtas cnocobHOCTb flyya
(B rpapycax), paspeluatoLas
CNocob6HOCTb MO Aa/IbHOCTU (B M)
YeM MeHblLUe 3Ha4yeHne, TeM Bbllle
AeTannsaumns, KOTOpyo MoXeT
Ha61l04aTb pagmonokaTop

CrabunbHocTb (pasbl (B rpagycax)
Yem meHbLIe 3HaYeHune, TeM 60/blue
CNoco6HOCTb YAaNATb IXOCUTHabI
OT 3€MHOW MOBEPXHOCTK

M3onsauma c nepekpecTtHom
nonapusauueni (B ab)
MpeacrasneHo B BuAe
0Tpv||_|,aTeanoro 3Ha4YeHuns, 4em
MeHbLLe 3HaYyeHune, TeM flyylue
cucteMa cnocobHa oTAENUTh
rOpu30HTaNbHbIN CUTHaN OT
BePTUKaAbHOrO
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Ta6nuua 7.A.3. lpyrue kno4veBble napameTpbl

Kamezopus napamempa

Leno

lokazamerno

bokoBon nenectok
AHTEHHbI

[oneBas 4acTtb C
O CTOPOHbI
Avana3oHa

MakcmumanbHas
CKOPOCTb BpaLLleHns

YckopeHue

ToyHOCTb OopueHTaunmn
AHTEHHDI

CoocHOCTb
HanpaBs/aeHus y4a

CornacoBaHue
LUMPUHBI y4a

OunHamunyeckuni
Avana3soH

HexenatenbHble
n3nyveHns

Onpegenser
[OCTOBEPHOCTb 3Ha4YeHU
paavonokaTtopa 13-3a
CU/IbHbIX BHEOCEBbIX
3XOCUrHaN0B

AkTyanbHo Ans
paanosiokatopos

C MMNY/IbCHOM
Komnpeccuen, onpeaensert
[lOCTOBEPHOCTb 3Ha4YeHUM
paavonokaTtopa m3-3a
CW/IbHBIX, BbIXOASLLLUX

3a npepaenbl o6beMa
paspeLleHns, HO
paAnanbHO BbIPOBHEHHbIX
3XOCUTHaNoB

Onpepgensert, c kakon
CKOPOCTbIO MOXeET
BpallaTbCsA aHTeHHa
paaunonokaTopa

Onpegenser, kak 6bICTPO
aHTEeHHa MOXeT U3MEHUTb
CBOI CKOPOCTb

OnpepnensieT TOYHOCTb
YITOBOTO NMOJIOXEHUS
NaHHbIX

Onpepenset, HaCKO/bKO
XOPOLLO BbIPOBHEHbI
rOpu3oHTaNbHble U
BEPTUKA/bHbIE JTyHN

OnpepgenseT, HACKONbKO
XOPOLUO BbIPOBHEHbI
FOpVI3OHTa}'IbeIe n
BEPTMKa/bHbIE y4n

Onpepenset wnpoty
3HaY€HUIA, KOTOPble MOXeT
“3MepuTb panonokaTop

Onpepenser Yncroty
nepejaBaeMoro cnekTpa
paavonokatopa

PasHocTb ycunenus (B ab)
OTHOCUTEJIbHO MaKCMMaJibHOTO
ycvmeva B u,eHTpe rMaBHOTO
nenectka

MNpeactaBneHo B BUAE
OTPULLATENILHOIO YNC/IA; YEM HUXKE
3HayeHne, TeEM MeHbLLE NoMex
HabnlopaeTcs pagmosiokaTtopom

Ycunenune (B ab) oTHoCUTENBHO
NMMKOBOM MOLLHOCTM UMNY/ibCa
MpeacrasneHo B Buae
oTpuuaTesIbHOro Yncsa; 4em Huxe
3Ha4eHne, TeM MeHbLLUE NOMEX
Ha6mo,u,aeTca pagnonokatopom

MakcrManbHas CKOpoCTb BPaLLEHUs
(B 06/MWH MK rpagycax/c)

Yem 6onblue 3HaYeHMe, TeM ObICTpee
paanonokaTop MOXeT CKaHMPOBaTb

YckopeHue (B rpaaycax/c?)

TOYHOCTb OpMEHTaL MU aHTEHHbI
(B rpapycax)

YeMm MeHbLUe 3HavYeHune, TeM
HageXHee 1 ToOYHee

BbipaBHMBaHMWe (B rpajycax)
YeM MeHbLUe 3Ha4YeHMNe, TEM lyHLle
BblpaBHUBaHMe

CootBeTcTBMeE (B rpagycax)
YeM MeHbLUe 3Ha4eHUe, TeM lyHdLue
BblpaBHMBaHWNe

OnHamunyecknii gnanasoH (B Ab)
YeMm 6onblue 3HaYeHMe, TeM LWMpe
AnanasoH CUTHaJI0B, KOTOPble MOXeT
06HapyXuTb pagunonokaTop

A pb Ha vyacTtote B ML,
Yem MeHbLUEe 3HaYeHMEe, TEM TOYHEE U
yuLLe NepeaaBaemblil CNEKTP
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6.2 OcHOBHbIE NapaMeTpbl
6.2.1 YyecmeumenvHocmeo
6.2.1.1 Onpepenenune

HyBCTBUTE/IbHOCTbL ONpeAenseTcs, HaCKObKO AaneKnM UM HaCKONbKO clabbiM ABaseTcs
paanonoKaLnoHHOE 3X0, KOTOPOe MOXeT 0ObHapyXnTb paguonokatop. YctaHoBus A dBz
Kak oTpaxaTebHYyI CNOCOBHOCTb 0CaAKOB U B KM Kak MakCMmasbHOe pacCcTosiHMe Ans
HabnoaeHns A, 4yyBcTBuTenbHOCTb A dBz Ha B kM paccuuTbiBaetcs no popmyne (7.A.3):

A4 = 10log(CyCyg) + 20log (B) (7.A.3)
roe:
CO ABNAETCA NapaMeTpoMm, onpeaendaemMbM HE3aBUCUMO OT
npon3BoanTe/IbHOCTU CUCTEMBbI;
C1F ABNAETCA MNapaMeTpom, CI‘IELI,VICI:)I/ILIHbIM ansa Ka)K,D,OI‘/] MeTeOponorVHeCKOf/'l
pa,CI,MOHOKaLI,VIOHHOﬁ CUCTEMBbI, BK/1IO4YaA NOTEPU B CUCTEME.
MpumeyaHue: PaaMoNoKaTop CO CXaTWeM WMMyNbCOB MMeeT ABe KOHCTaHTbl C,, OfHA ANA KOPOTKOro

nMmnynbca, a Apyraa ana ANNHHOrO.

PaccunTbiBaeTcs HacTpolika B, CO, C1F nA. HYem MeHbLUe A Ha paccTOAHUU B, TeM MeHbLuMEe
3XOCUTHasbl MOXeET HabtoaaTb paanonokartop. Napametpsl, onpeaensowmne C n C,. B
Tabnuue 7.A.4 (Hanpumep, A, OCII, S ., P), onnucaHbl B Ciefytolmx nogpasaenax.

min’

Ta6nuua 7.A. 4. TunnyHoe 3HaveHne C; (temnepartypa 20 °C)

Cpeocmsa  S-OuanasoH  C-Ouana3oH  X-OuanasoH

2 (M) 0,1 0,057 0,032
8—12
=12 0,928 0,928 0,927
C, 0,246 7 0,080 1 0,0253
6.2.1.2 BbiBop, u3 popmynbl pagnonokatopa

l'I)/BCTBI/ITeﬂI::HOCTb, CBA3aHHaA C uenbio 0CaAKOB, — 3TO U3MepeHune Toro, HaCkoJibko
Habnogaema Lenb 0CaakoB.

Ecam nonyyeHHas MOLLHOCTb, paccesHHas OT JOXAEBON Lenn, pasHa P, a koapduumeHt
PaZMoNoKaLMOHHOIO OTPaXeHNs A0X/AEBO Lenu paseH Z, To P Bbipaxaerca
dopmynoii (7.A.4):

> 5 (7.A.4)
c opmynoti (7.A.5) (cm., Hanpumep, [2]):

_ BGGh0,0y e -1
210 (logeZ)/l2 5+2‘

(7.A.5)
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n chopmynoi (7.A.6):

Z = NpD®D (7.A.6)
rae:
Pt MOLLHOCTb nepeaayu, B BT;
G, G, ko3 UUMEHT ycuneHna aHTeHHbl (Nepeaaya, npuem);
h NPOCTpaHCTBEHHAs A/IMHA UMMY/bCa, onpeaensemas Kak ¢z, B M;
0, LUMPUHA NyYa aHTEHHbI B TOPM30HTa/IbHOW NJI0CKOCTH, B paj;
0, LIMPUHA NyYa aHTEHHbI B BEPTUKA/IbHOM NNOCKOCTH, B paj,;
A OJINHA BOJIHbI, B M;
€ KOMMIEKCHas NPOHULLaeMOCTb YacTULbl 0CaAKa;
D AnameTp Kanav AoXAs, B M;
N, KOJINYECTBO Kamne/b A0XAS B eAnHULLE o6beMa, B 1/M3;
r [anbHOCTb pacCenBaH, B M;
C nocTosiHHas paguonokaropa, B Bt/m [2].
Mpumevanne: [ns npakTMyYecKoro NPUMeEHEeHNs y4nTbIBaloTCS NoTepu B cucteme (cM. 6.2.1.4).

Koraa P HaxoauTCA Ha MUHMMAaibHOM YPOBHE MOLLHOCTU, KOTOPbIV MOXET ObITb 06HAPYXEH,
OH MOXET 6bITb BbipaxeH Kak S . (cM. pa3aen A.3.6). MoacTaBMB 3T0 3HadeHne S . B hopmyny

min

(7.A.4), MOXHO NOYYNTb MUHUMAbHBIA KO3 DULMEHT OTPaXEHNs paauokartopa, Z_ , Ha
N1060M NPOV3BOILHOM PACCTOSAHUM 7, Kak NMokasaHo B hopmysne (7.A.7):
Snin ;2 7.A7
me(r)z c r (7.A.7)

roeZ

min

(r) — MHAEKC HYBCTBUTEJ/IbBHOCTU METEOPOJIOTMYECKOro paanosiokatopa.

Ecnn anemeHTbl U3 NpaBoit YacTn popmynbl (7.A.7), KOTOPble He HY>KHO M3MepPATb 419 KaX[0ro
PaAnoNOKaLMOHHOrO YCTPOWCTBA, MOMECTUTb Kak C,, @ 31eMeHTbl, KOTopble cneundnyHbl 4N
PaanoNOKaLMOHHOrO YCTPOWCTBA U A0/KHBI 6bITb M3MEPEHbI, NOMeCTUTb Kak C,, popmyna
(7.A.7) 6ypeT BbipaxeHa kak popmyna (7.A.8):

Zinin (r) = CoC1r? (7.A.8)
C, BKNlOYaeT CneflytoLLye 31eMeHThl U3 NpaBoii YacTu hopmysbl (7.A.7), Kak NMokasaHo B
dopmyne (7.A.9):
~ 2'%(log, 2) 4

8—12
g+2

Co (7.A.9)

n3

AHa/I0rM4HO, Nockonbky B popmyne (7.A.7) C, umeetr P, G, G, h, 0,0, 1S
dopmynoli (7.A.10):

OHa Bblpa>aeTcs

min’

Cp = —Smin__ (7.A.10)
P.G,G.h 0,0y
3HaveHune C, CBA3aHO C A/IMHOMN BOJIHbI M TeMnepaTypoid. TunnyHble 3HavyeHnmns C, ans
Kaxaou nonocel HactoT S, Cun X npun Temnepatype 20 °C npuseaeHbl B Tabnuue 7.A.4. InvnHa
BOJIHbI S-Anana3oHa cocTtaBnseT 0,1 M, aAnnHa BonHbl C-ananasoHa — 0,057 m, ANMHA BOHBbI
X-gnana3oHa - 0,032 m.
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MockonbKy A/IMHA BONHbLI 06bIYHO 3aAaeTca YacToTon nepeaaqn f, (MIu), oHa paccumTbiBaeTca
no popmyne (7.A.11), ncnonb3ysa ckopocTb cBeTa kak 3 x 108 m/c:
_ 300

fo

A (7.A11)

6.2.1.3 ba3oBbIN pacyer

EanHnua (Mm8/M3) ncnonbsyetcs Ana eanHuubl koadduumeHTa oTpaxeHus pagmonokaTopa

Z v 06bl4HO BblpaxaeTcs B Aeunbenax oTHocuTenbHo Z kak dBz. C yyetom atoro nony4aercs
06w it norapudm c ob6enx ctopoH popmysbl (7.A.8), koTopbl yMHOXaeTcs Ha 10, kak Moka3aHo
B hopmyne (7.A.12):

10log |:Zmin (r)} =10log(Cp) + 10log (Cy ) + 20log () + 180 (7.A12)

10log(C,) pacwmpsetca us popmynsl (7.A.10), kak nokasaHo B hopmysne (7.A.13):

10log(Cy) = 1010g(Smin) - 1010g(R) —10log (Gt) -

7.A13
10log (G, ) — 10log (/) — 10log (6;; ) — 10log (6y,) ( )

ﬂ,)’lﬂ n3MepAaemMbix 06beKkTOB MCcnonb3yloTCa cneaytrouine eJuH1L bl USMEPEHUA!

- MuHMManbHbIV 06Hapyxusaemblit curian: 10log(s
- MouHocTb nepeaayn: 10log(P), B Abm

- KoaddumumeHT ycunenns anterHsl: 10log(G)), 10log(G,), B ab
- MpocTpaHcTBEHHAA ANWHA UMNynbca: i, B M

), B Abm

min

MpocTpaHCcTBEHHAA ANMHA UMMNYbCA — 3TO 3HAY€HMeE LUMPUHBI UMMYbca (B C), YMHOXEHHOE
Ha CKOpOCTb cBeTa. [10CKONbKY ANNTENBHOCTb MMMY/bCa OOLIYHO U3MEPAETCA B eAnHMLax C,
NPOCTpaHCTBEHHasA AJINTE/IbHOCTb MMNYyNbCa Nosyvaetca no popmyne (7.A.14):

h =300z, (7.A14)
(us)
GHN, B paj

Mockonbky WWpPUHa lyYa U3MepsaeTcs B rpagycax, oHa npeobpasyeTcs B paAnaHsbl, Kak
nokasaHo B hopmyne (7.A.15):

T
Oy = 7o (7.A15)
180- OH/V(deg)
6.2.1.4 CucreMHble MOTEPU U 3aTyXaHUe PaMOBOJIHbI

B peanbHoin paboTe paanosonHa ocnabnsercs (noTeps MOLLHOCTM) BO BpeMs nepejaqu.
MosTomMy He06X0AMMO yU4nTbIBaTh NOTEPU MOLLLHOCTM, Bbl3BaHHbIE KOMMNOHEHTOM
paguonokatopa, TakMum Kak BO/IHOBO/, U 3aTyXaHWe, BbI3BaHHOE pacnpoCcTpaHeHnemM
pPagnoBoOJIHbI B NPOCTPaHCTBe (M3-3a BO3AyXa 1 0CaAKoB). DTU NOTEPU 1 3aTyxXaHMe NPUBOAAT K
YXYALLIEHWNIO MOKa3aTesis 4yBCTBUTE/IbHOCTM paanosiokaTopa Z . (yBennyeHue). Eciv notepm
MOLLHOCTU, FeHepupyemblie KOMMOHEHTOM paauosiokaTopa, coctaBnsatoT F, To F Bkto4aeTcs B
C,, NOCKOJIbKY 3TOT 3/1eMEHT Cneun@uyeH AN paanoIoKaLMOHHOIO yCTPOMCTBA U 10/IKEH GbiTh
nsmepeH. CM. pasgen A.3.9 ana usmepeHums notepb B CUCTEME.

370 paccuutbiBaetca Kak C,. 1 nonyvaetcsa us popmynsl (7.A.13), kak nokasaHo B
dopmyne (7.A.16):

10log(Cyp) = 10log (Smin) - 1010g(Pt) - 1010g(Gt) —10log (Gr) -

7.A.16
1010g(h) - 1010g(9H) —10log (Ov) + 10log (F) ( )

Kpome Toro, yuntbeiBas ocnabnenne atmocepoii, BoAol n napom B Buge L, L asnaercs
quHKLI,VIeVI 0a/IbHOCTU pacnpoCTpaHeHUs, r, U UHTEHCUMBHOCTU OCa1KOB, R, M BblpaXxaeTcA
dopmynoii (7.A17):
,
L(r,R)= zj(ka + krRo‘)dr (7.A17)
0
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roe:
k, yAenbHoe 3aTyxaHue u3-3a Bo3ayxa, B Ab/km;
k, yAenbHoe 3aTyxaHue u3-3a goxaa k, B Ab/km;
R MHTEHCUBHOCTb OCa/KOB, B MM/\Y;
r [aNbHOCTb, B KM.

ECAv MHTEHCMBHOCTL OCaAKOB BAO/b MYTH pacnpocTpaHeHns R noctoaHHa (R ), To B hopmyne
(7.A17) nepeMeHHbIM ABSETCA TONbKO PaccTOsHUE, KOTOpoe BblpaxkaeTca popmynoit (7.A.18):

L(r) = 2(k, + kRS ) (7.A.18)
Ona ynpoweHns oueHkKn nHaekca 4yBCTBUTE/IbHOCTU BO BpEMA JO0XKAA.

Mockonbky 3Ha4eHMs K, K 1 OT/IMYAIOTCA B 3aBUCUMOCTM OT UCMOJIb3yEMOWA 4acCTOThl,
YyCTaHOBUTE 415 HUX TUMNYHbIE 3HAYEHNS B COOTBETCTBMU C KaX/AbIM YaCTOTHbLIM ANana3oHoM,
Kak noka3aHo B Tabnuue 7.A.5 ansa oueHkn.

Ta6bnuua 7.A 5. YaenbHoe ocnabneHue 3a cyeT Bo3ayxa v AoxanA (OAHOCTOPOHHee, R B MM/4)

Monoca Y0envHoe 3amyxaHue Y0envHoe ocnabneHue
yacmom u3-3a 8030yxa° u3-3a 0005’
k., (nb/xm) k (ab/xkm) a
S 0,005 89 0,000 343 0,97
C 0,007 07 0,001 8 1,05
X 0,008 835 0,01 1,21

@ Cm. ccoinky [3].
b Cwm. CnpasoyHuk [1], Tabnuua 9.5, 04AHOCTOPOHHUE yaenbHble ocnabnexHuns
npu 18 °C.

HakoHel,, HeAOCTaTOYHO NCMO/Ib30BaTb S . B €ro HblHellHeM Buae. O6bI4HO CrieayeT A06aBUTbL
cooTBeTcTBYtoLWee 3Ha4YeHne OCLU (B ab). 3T0 3HaYeHne onpeaenseTca nosb3osatensamu. B
cnyyae, eC/IM NONb30BaTeIN HE MOTYT NPUHSATL peLleHne, ncnonbsyetcs 1 ab.

Mcxopsa n3 BellweckasaHHoro, popmyna (7.A.12) npakTnyeckn Beipaxaetca cpopmynoi (7.A.19):

10log |:Zmin (r)} = 1010g(C0) + 1010g(C1F) + 20log (r) +L (r) + SNR + 180 (7.A19)

6.2.1.5 KoappuumneHT ycunenns uMmnynbCcHom komnpeccum

B papgmonokatopax C UMMynbCHOWM KOMMpeccuen Ans pacyeta MHAEKCa YyBCTBUTENbHOCTU
no popmynam (7.A.13) u (7.A.14) ncnonb3sytotcsa ko3 HULMEHT yCUNEHNSA UMNYIbCHOMN
Komnpeccuu, G_, 1 lLMPUHA UMNY/NbCa, 7, Noc/ie 06paboTkM MMMYIbCHON KOMNPECCHK, Kak
nokasaHo B popmynax (7.A.20) n (7.A.21):

P =FG

C

(7.A.20)

10log (R) = 10log (F) + 10log (G, ) (7.A.21)
lae P/ - ncxofiHas NKOBasA MOLLHOCTb Nepeayu, yMHOXEHHas Ha KO3(PMULMEHT yCUneHns
nmnynbcHol komnpeccun G, n G_teopetnyeckn ctaHosutca 10log(bT) (rae b - wnpurHa
4yacToTHOM Moaynsaummn, a T - umpuHa umnynbca nepegaym). h ns popmynsl (7.A.14)

paccHnTbiBa€TCA C MOMOLLBIO 7 .

MpumedaHune: Ko3(PPUUNEHT yCUNEHNUS UMMYIbCHON KOMNPECCUM MPUMEHSETCS TONbKO K AJIMHHOMY UMNY/bCY.
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6.2.2 MpocmpancmeenHoe paspeuieHue

6.2.2.1 OnpepaeneHne

MpocTpaHCTBEHHOE pa3peLleHne ONUCbIBaET AeTaiun, KOTOpPble CNOCO6EH Pa3NnyiuTb
paanonokarop.

Kak nokasaHo Ha pucyHke 7.A.7, oH npeacTasnsaet coboi o6beM BbIGOPKM pagmonokatopa,
OKpY>KeHHbI /2 (rae h - npoCcTpaHCTBEHHAA ANMHA UMMNYbCA) U LUIMPUHOM Nyya. Yem
MeHbLLe 3Ha4eHne o6bema BbIGOPKUN, TEM BbllLe AeTannsaums, KOTopyto MoXeT HabntogaTtb
paavonokarop.

MpocTpaHCTBEHHOE pa3peLLeHNE pa3fiaraeTcs Ha pa3peLleHune no yyy 1 paspeLueHmne
no Aa/ibHOCTW.

npOM3BO,CI,VITe}'IbHOCTb 3TOW CUCTEMBI OoUeHNMBAETCA B COOTBETCTBUN C Ta6n|/|u,e|7| 7.A.6.

Ta6nuua 7.A. 6. NapameTpbl NPOU3BOAUTENIBHOCTU CUCTEMBI

Kamezopus Mapamemp Ouenka
PaspelweHne 60,: HPBW aHTeHHbI B rOp130HTasIbHOWA Yem meHbLUE,
no nyvy nnockoctu (B paa) Tem nyylie

0,: HPBW aHTeHHbI B BEPTMKaNbHOM
nnockoctu (B paa)

PaspelatoLan ARPC: [na MMNynbCHO-KOMNPECCMOHHOTO  Yem meHblLue,
CNOCO6HOCTb paanonokatopa (B m) TeM nydule
no AaNbHOCTK ARnp: Ona pagnonokatopa 6e3

MUMMYNbCHOTO CXaTus (B M)

YcnoBHble 0603HaYeHn:

1  CocrosHue rpyHTa V  Ueneson o6bem
H [AnutenbHocTb nMmnynbca a LLnpwuHa nyya
R [dwana3oH

PucyHok 7.A.7 lpocTpaHCTBEHHOE pa3speLleHne
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6.2.2.2 PaspelueHune no nyvy

Pa3pelueHue nyya onpeaenseTcs Ha OCHOBE U3MEPEHWS JTaBHOIO JIeNnecTKa aHTeHHbI. [1aBHbIN
/lenecTok n3MepseTcs No NoaywnpuHe (B Touke CHMXeHUA Ha 3 Ab, cm. pucyHok 7.A.8) n
noka3blBaeT, HACKO/IbKO Y3KUM SIBASIETCA IyY BOKPYT LeHTpa U3ny4veHuns. TOHKoe pa3pelueHne
Nlyya JoCTUraeTcs, korga noayLlwmpurHa riaBHoro Aenecrka meHblue. Criegyet oTMETUTD,

4YTO pa3peLLeHmre yva OrpaHUYeHO HaUXYALMM 3Ha4YeHNEM MeXAyY IMaBHbIM 1eNeCTKOM
nepeaaroLero sy4va v yrsioBbiM 610koM 06paboTkn NpUeMHMKa.

6.2.2.3 Paspewatowiasn cnoco6HOCTb N0 AaNbHOCTU

Pa3pemeHMe Nno A4a/ibHOCTUN CBA3aHO C AINTE/IbHOCTbIO NepegaBaeMoro nmnysbca, HO
orpaHn4ymBaeTCsa y3KkuMmn Mectamum BO BCEMN CUCTEME, BKJ/TIOYAA XapaKTEPUCTUKUN NPUEMHUKa,
Takue Kak noJsioCa nponyckaHna nu MHTepBan BbI60pKl/I. Nx HeO6XO,CI,VIMO y4unTbiBaTb A/14
pac4eTa pa3peweHna no 4aJibHOCTU, a HE NMPOCTO UCMOJIb30BaTb NPOCTPAHCTBEHHYIO AJIUHY
nepeanaBaemMoro uMmnysbca.

HOCKOﬂbe B C/1y4ae LI,VICII)pOBOl‘/’I CNCTEMbBI MPUEMHNKA ﬂpVIHVIMaeMbIVI CuUrHan npeacrtaBiAeTCs
KakK ANCKpPEeTHOE 3Ha4YeHne A4 KaXX40ro nHTepBasia ANCKpeTusaumnm, WMpmHa nMnysibca

B TO4YKe Crnaja Ha 3 ab qJOprI curHana anmeaeMOﬁ MOLLHOCTU HE KOHTPO/INPYETCA
HENoCpeaCTBEHHO TakK Xe, Kak USMEPEHUNE LLNPUHBI UMNY/1bCa nNepefadn.

B cBA3n c 3TUM MMNYJIbCHO-KOMNPECCUOHHbIE N HEUMITY/IbCHO-KOMMNMPECCUNOHHbIE
pPaanonokaTopbl AO/KHbI paCcCMaTpUBaTbCA NO-pa3HOMY.

[nsa pagnonokatopos 6€3 MMNYNbCHOM KOMMPECCUN paspeLleHne no anbHoCTu cieayet
OLLeHNBaTb C MOMOLLLbIO KOMOMHaLMK (PakTOPOB, OrPaHNYUBAIOLLLUX Pa3peLLatoLLyto
CNOCO6HOCTb, @ UMEHHO: LUMPUHBI MONYMOLLHOCTU NepefaBaemMoro nMnynbca, HTepeana
BpeMeHU BbI6OPKM 1 MONOCH NPONYCKaHMUA NPUEMHMKa.
Pa3pelueHre no ganbHOCTU oueHmBaeTcs no popmyne (7.A.22):

AR, = max (Ly, Ly, L3) (7.A.22)
MCNo/b3ys 3Ha4YeHna paspewennsa L, L, n L,, paccynTaHHble Ha OCHOBe (DAaKTOPOB Y3KOro MecCTa,

COOTBETCTBYHOLUX NONYLUNPUHE UMNYJIbCa Nepeaadn, MHTepBasly BpeEMEHU BbI60pKI/I nnonoce
nponyckaHna npueMHuka, COOTBETCTBEHHO.

0dB

3dBa

)

YcnoBHble 0603Ha4eHuns:
X Topu3oHTanbHbI/BEPTUKANbHBIV YTroN
2 Touka NnageHus: LWUMPUHaA NyYa

PucyHok 7.A.8. PaspelueHne no ny4y
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YT1o KacaeTcs NoONyWupuHbl MNyJibCa nepeaa4du, L1 paccHnNTbIBAETCA C MOMOLLBIO M3Mep8HHOI7I

MONYLIMPUHBI UMNY/bCa NepPeaaYn 7, kak nokasaHo B hopmyne (7.A.23):

C
Ll = ETt

rae 7, — WnpuHa NoJlyMOLWHOCTM nMnynbcCa nepeaadn.

NuTepBan BpemMeHun BbI6GOPKM NPUHATOrO CUrHana ABNSeTCs MHTEPBA/IOM BPEMEHN
06paboTkuy, t, Ha KOHEYHOM 3Tarne CUrHasIbHOro nNpoueccopa. Micnonb3ys BpeMeHHON
nHTepBan t, L,nony4aerca B COOTBETCTBMU C hopmynon (7.A.24):

_C
_Ets

HakoHeL, 13 nonocel NnponyckaHusa npuemHuka (Todka cnaga Ha 3 ab ot nuka),
L, paccuntbiBaetcs no opmysne (7.A.25):

L,

_cel
372w
rge Af— noJsiocCa I'IpOI'IyCKaHVIFI I'IO}'IOCHO-I'IpOI'IyCKaIOLLI,eFO cbvmpra (I'II'IdD) I'IpVIeMHI/IKa,
V|3MepeHHa$i Ha 3 ,CI,B BHWN3 OT NMMKa.

B pagnonokatope Co xatnem nMnynbCcoB ql)Ole/IpOBaHI/Ie CbOprI BOJIHbI C TOMOLbIO
NOBbILLEHHOIO0 KOCMHYCa NPOBOAUTCA Ha nepep,aBaeMOﬁ BOJIHE A14 NnpeAoTBpalleHnA

(7.A.23)

(7.A.24)

(7.A.25)

pacwmnpenuns cnektpa. C Apyrolt CTOpoHbl, A5 NoAasaeHns 60KOBOro AenecTka AnanasoHa K
NPUHUMaeMOW BONHe NpuMeHsaeTcsa PYHKLMA OKOHHOW pa3BepTku. [pn Takom popmmnposaHnn
popMbl CUTHaNa rayccoBckoe NpunbMKeHne XopoLLo NOAXOANT K POpMe CUrHana nocsie cxatums
umnynbca. Ha pucyHke 7.A.9 noka3aH npuMep cxembl BIGOPKM MPUHNUMAEMbIX CUTHANOB.

Y2

-30b
/

/
A/2 - \\

YcnoBHble 0603HaYeHUS:

1 ®dopma nony4yeHHOro MMMynbca Nocse cxaTns UMNynbca
2 ViMnynbc aMcKpeTmn3aLmnm

3 WHTepBan BbI6OPKK

PucyHok 7.A.9 ®opma BOJIHbI BbIGOPKN NPUHATOrO CUrHana
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Mockonbky nHTepBan BLIGOPKU O6LIYHO HEAOCTAaTOYHO Ma NO CPABHEHUIO C LUIMPUHOMN
UMnynbca, LUIMPMHA MMNYJIbCa OLEHNBAETCS MO TPEM YPOBHAM BbIGOPKN NPUHATLIX CUTHANOB,
COOTBETCTBYIOLLMX NUKY NepejaBaeMoro umnysbca u o6enm CTopoHam To4kK cnaga
umnynbca Ha 3 ab.

MonyyeHHas bopma UMNYNLCHOWM BOHBI ¥(X) oTo6paxaeTtca dopmynoit (7.A.26):

(xmnf?
y(x)=d-e 20° (7.A.26)

roe:
X  BpeMs Kak ocb abcumcg;

A MakCnMal/sibHaa aMnnnTyaa,;
M cpegHee 3Ha4YeHue,

o’ aucnepcus.

LLnpurHa umnynbca oLueHMBaeTCa NyTem BbIHUCIEHUA A, y U 6> 1 C MOMOLLLbIO TPeX U3MEPEHHbIX
3HaveHun (x,, y,), (x,, ¥,) U (X,, ¥,), KOTOpbie BLIGUPAIOTCA M3 NOYHYEHHO (hOpMbI UMMY/bCa.
HT106bI NOBLICMTL TOYHOCTb OLEHKW LUMPUHBI UMNY/bCA, J, A0/HKHO ObITb MOYTM MUKOBbIM
3HA4YeHMEM, a ), U ¥, OJIKHbI ObITb HUXKeE 1 6anxke K Touke cnaga Ha 3 aboty,

HaTypanbHbiit norapndm c 06enx ctopoH popmynsl (7.A.26) npeBpaliaetcs B
dopmyny (7.A.27):

Iy (x)] = |n(A)—M (7.A.27)

CpepaHee 3HavyeHue, y, ANCNePCUs, 62, U MakCUManbHas amnanTyaa, A, Nony4aloTcs nyTem
NOACTaHOBKW TPeX M3MePEHHbIX 3Ha4YeHn B popmyny (7.A.27) 1 OAHOBPEMEHHOIO peLleHns

dopmyn (7.A.28)-(7.A.30):
Y. Y.
|n[y3j(x12 — )C22) —1In [yi] ()sz - X32)

U= 2 (7.A.28)
In| 23 |(x; = %) —In| 22 |(x, — x
Zn[yzj(l 2) -1 (ylj(z 3)
X2 =2 ) = 2u (% — x
o2 :( ) -2l ) (7.A.29)
2In£y2j
»
{(Xr#)}
A=y (7.A.30)

Ecnun wnpuHa umnynbca onpeaensercs Kak LWUMpKMHa TOYKKM cnaga Ha 3 4b oT MmakcMmanbHoM
aMnAnTyabl, A, TO LLMPWHA UMNYyAbCa, 7., onpeaensetcsa no dopmyne (7.A.31):

pc’

T =2(x f,u) 3
pe 3 1010g(A) —10log (y3)

Pa3peluatoas cnocobHOCTb UMMNYNbCHO-KOMMNPECCMOHHOTO paAanonokaTopa no AasibHOCTH,
AR, paccHnTbLIBAETCSA C UCMO/B30BaHMEM 7 N0 NpUBe/eHHOM Bbille hopmysne (7.A.32):

(7.A.31)

AR = %rpc (7.A.32)
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6.2.3 dazoeas cmabuneHocme

ToYHOCTb AOMNIEPOBCKOM CKOPOCTU PaN0I0KALUOHHOM CUCTEMBI 3aBUCUT OT ha3oBOM
CTabW/IbHOCTM YaCTOThl Nepeavn U CTabuUabHOCTM YacTOTbl MOBTOPEHUS MMNYNbCOB. Pa30Bbll
WYM yXyALlaeT BO3MOXHOCTM AOMN/IePOBCKOro HabatoAeHNs pagnosioKaLMOHHOM CUCTEMBI U,
Cc/lefoBaTe/ibHO, BAMAET Ha yCTPaHEHNE NOMEX OT HA3EMHOTO 3Xa U OLEHKY AaHHbIX BOMHOMN
nonsapusaunmn. CtabunbHbln nokanbHbii ocumnnatop (STALO) 06bi4HO cymTaeTcs Hanbonee
AOMUHUpPYOLWMM hakTopoM ha3oBoi HeycToMYMBOCTU [4] B cucTeMax C ycuanTensiMm
(kNMCTpOH, TBEPAOTENbHBIN). B naeane ocuMnnaTop reHepmpyeT ogHYy 4acTOTy, HO Ha CAaMOM
fene HecTabuUbHOCTb Bbl3BaHa C/lyvalHbIMU KonebaHusMK da3bl BOKPYT HecyLein. Pa3oBblIit
WyMm nsMepsieTcs B eanHuuax AbH/lML kak cnekTpanbHas NJIOTHOCTb MOLHOCTU B KaXX10iM nonoce
nponyckaHus 1 Iy, yaaseHHOM OT HeCyL,en N OTHECEHHOM K MOLLLHOCTM HECYLLLe YacTOoThl.

Nmes L(f) kak cnekTpanbHYO NAOTHOCTb (BbIPaxXeHHYI0 Kak aHTuiorapudgm) noaocsl
nponyckanus 1 [, Bbi3BaHHYO Cly4aiiHbiMU DlyKTyaumsmu, nycto 6 Gyaet onpeaeneHa
Kak cTabuibHOCTb hasbl B 3aJaHHOM Anana3oHe (4, b) B eaMHuLax rpagycoB, koTopas
paccunTbiBaeTcs no chopmyne (7.A.33):

(7.A.33)

ZjZL (f)dr

rae 2 o3HavaeT, 4To ha30Bas CTabUALHOCTb 10/IKHA PACCYNUTHIBATLCA KaK 1By XCTOPOHHSAS
nonoca.

Kak uHTerpanbHbIn AnanasoH, (a, b) nonxeH 6biTb yctaHosneH Ha (100 My, 1 MIw) ansa pacyerta,
YUWTbIBAs TUNUYHBIE 3HAYeHNA [, . Ana S-/C-/X-anana3oHoBs. YTo KacaeTcs pasHOCTM 4acToT An,
TO yBe/inyeHune pa3oBoro Lwyma npu yMHOXEHUM YacToTbl reHepaTtopa Ha N Bblpaxkaetcs
dopmynoii (7.A.34):

Mockonbky ha3oBbIN LLYM B TEpMUHAX cpeAHekBaapaTUYHOro 3HavyeHusa (CKO) siensetcs
KBaZpaTHbIM KOPHEM MHTErpaabHOro 3Ha4YeHUs B BUAE aHTUIorapudmMa, cyliectsyert
NponopLnoHaibHas 3aBUCUMOCTb MeXAy 4YacToTol konebaHuii 1 Pa3oBbIM LLYMOM B
egMHULAx rpagyca.

MpuBeaeHHbIN BblilLe MeTOA NpeAHa3Ha4YeH TONbKO A5 OLLeHKM ha30Boro LWwyma,
BO3HMKatoLero B pesynbrate pabotbl STALO. B MarHeTpoHHbIX paanosiokatopax 6epercs
ob6paseL, kaxa0ro nepegasaeMoro uMnynbca, U pasosas nHdopmavms ns atoro obpasua
NCNOob3yeTcs B NPUEMHUKE A8 U3MEPEHUS A0NIePOBCKOro CABUra OT NocaeAoBaTe/IbHbIX
MMNYNbCOB. DTO Ha3blBAETCA «COMMacoBaHHbIM Npuems». B Taknx cuctemax Heo6xoanMo
YYnUTbIBaTb AOMNOJIHUTENIbHbIE UCTOYHMKM pa3oBoro wyma. Metoa, onpeaenstowmin pasosyio
CTabW/IbHOCTb BCel PaiM00KaLMOHHOM CUCTEMBI, 3aK1H0HAETCA B UCMNOb30BaHUM ONTUYECKOMN
NVHUN 3aiePXKN. JINHUA 3aep>KKKN CO34acT 3aZlep>KKy, He06X0AMMYI0 ANS ONNEePOBCKOro
n3MmepeHus. lpyrne BapuaHTbl, Takue Kak TMHUM 3a4ePXKKU MOBEPXHOCTHbIX NN 06 bEMHbIX
aKyCTUYeCKMX BOJIH, CTPagatoT OT BbICOKMX BHOCUMBbIX NoTepb, cHuxatowmx OCLU. bonee Toro,
npucyLmne UM 3agep>xxky CJIMLLIKOM Masbl A1 USMePEeHU Ha flasibHUe PacCTOAHUS.

OnTtuyeckas MMHUA 3a8epPXKU cocTouT n3 PY-ontruyeckoro n ontudeckoro PY-npeobpasosaTens
C ONMTOBO/IOKOHHOM KaTyLIKOW MexAay HUMWU. PH-onTrnyeckmin nepegaTymk COCTOUT U3

nasepHoro guoaa HesaTtyxatoweli BosiHbl (CW), KOTOpbIN 06bIYHO aMMNTYAHO MOAYMPYeTCA
MUKPOBOJ/IHOBbIM CUTHaNOM. [TpUeMHMK ONTUYECKOro CMIHa/la B paAno4acTOTHbIN

npeobpasyeT ONTUYECKMIA CUTHA, NPOLLEALLNIA Yepe3 ONTOBOJIOKOHHYIO KaTyLlKy, o6paTHo

B PaAMOYacTOTHbIM CUTHAN C TEMU Xe XxapakTepuCcTnkamm, HO C yMEHbLLIEHHON aMNAnUTYA0M.
AnvHa katywkn onpeaenser 3agepXKy NPUHMMaeMoro uMny/abca nepegayn.

Mcnonb3ys cyuwectytoulee o6opyaoBaHue 415 06paboTku CUTHaNOB, CpaBHeHUe asbl
nepepaBaemMoro curHana (Boibopka nepegaqmn) ¢ pasoli NPUHATOrO 3xa NoKaXkeT MPUCYLL NI
cucteme a3oBblli WyM. KorepeHTHOCTb CUCTeMbI Takxke O6yaeT paccHmTbiBaTbCA 6J10KOM
06paboTKM CUrHana NpMeMHuKa paanosokatopa. 3TOT MeTOA MOXET 6biTb MCNO/b30BaH He
TO/IbKO AJ11 MarHeTPOHHbIX PaAMo/IOKaTOPOB, HO U o6ecrneynBaeT MHTErpaabHOe U3IMepeHne
¢pasoBoro wyma ans KANCTPOHOB AN TBEPAOTE/bHbIX CUCTEM.
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6.2.4 ToyHocmb usmepeHus 06oliHoli nonapusayuu

6.2.4.1 [BoiHasa nonspusauuns

TpeboBaHMs K TOYHOCTM PaAn0oI0KaTOPOB C ABOMHOW NoAspu3aumen Bollle, 4eM Y O6bIYHbIX
pagnonoKaTopos, UCMOb3YIOLNX TOJIbKO OAHY nonspusaumnio. [1syxnonspmusauMoHHbIe
NPOAYKTbl OCHOBaHbI Ha Pa3INYMAX MeXAy ABYMS MOAAPM3aLnaMU, U CMELLLEHE MexXay AByMs
KaHanaMu MOXeT MPUBECT K 60bLUNM OLIMbKaM B MONYYEHHbIX BE/INYMHAX, HAaNPUMep,

B pac4yeTHO MHTEHCMBHOCTU A0XAA. Hanpumep, npeanonaraetcs, 4To ko3 huumeHT
oTpaxkeHna MOXeT ObITb OLLeHEH C TOYHOCTbIO okono 1 Ab, Toraa kak Ans anddepeHumanbHom
OTpaxkaTe/NbHOMN CNOCO6HOCTU (Z, ), pa3HOCTU KO3 DULMEHTOB OTPAXKEHMA HA IMHENHOW
ropu3oHTanbHOM N BepTUKaibHON nonspusaumu, Tpebyerca TO4HOCTb He MeHee 0,2 Ab [5].

6.2.4.2 lNMepekpecTHaa nonspusaumns n U3o0nALUA NOPTOB

I'IepereCTHaﬂ nonapusauna — 3To XxapakTepUCTUKa aHTEHHbI 4719 OTAENE€HUNA TOPU3OHTAJ/IbHOIoO
CUrHana OoT BEPTUKa/IbHOTO. 70T napamMeTp 06bIYHO onpeaenaeTca npon3BoanTeNIEM aHTEHHbBI
Ha UCMbITaT€/1IbHOM CTEHAE B P€a/ibHbIX YC/IOBUAX SKCM1yaTaLlUn.

M3onauuns nopTa onncbiBaeT CNoCOB6HOCTb pa,Cl,VIO)'IOKaLI,VIOHHOI7I CNCTEMDbI OTAENATD
rOpun3oHTa/IbHbl€ CUITHAJIbl OT BEPTUKAJIbHbBIX MOC/E MpUeEMa AHTEHHOM CUCTEMON. DTOT
napamMeTp MOXeT ObITb J1IETKO onpeaeneH Ansa otae/ibHbiIX KOMMNOHEHTOB pagnosaokKaTtopa,

TaKMX KaK NOBOPOTHbIE COEANHEHUA NN BOJ'IHOBOLI,HbIVI nepeka4varesib. O,U,HaKO OuU€EHKa
VIHTeraJ'IbHOVI n3onaumnm nopTta Anda BCeX KOMMOHEHTOB ABNAETCA TEXHUYECKN OYEHb C/IOXHOMN.
|_|0CKO}'Ibe B COBPEMEHHbIX PaANOJTOKALMNOHHbBIX CUCTEMAX N301AUNA NOPTa Ha HECKOJIbKO
nopAaaKoB HUXE, HEM NepekKpeCTHada nonapusauna, sToT napaMeTp MMeeT MeHbLLIEE 3Ha4Y€HNE B
KOHTEKCTE NPOnN3BOANUTESIbHOCTN CUCTEMDbI.

6.3 Apyrue kno4yeBblie napamMeTpbl

6.3.1 bokoeoli nenecmok

YT10 KacaeTcs 60KOBbIX nenecTkoB, cnegyetr USMepuUTb ypoBeHb NoAaB/1€HUA 60KOBbIX
JIenecTKOB aHTEHHbI U 6OKOBbIX JIEMNECTKOB AMana3oHa. I'IepBble M3 YyNOMAHYTbIX OnpeaensatoT
OOCTOBEPHOCTb 3HaYeHum pagnonokatopa n3-3a CUJibHbIX BHEOCEBbIX 3XOCUTHA/IOB. MocnegHue
MMEIOT OTHOLWLEHNE K paAnNO/IoOKaTOpPaM C UMNYNIbCHBIM CKaTUEM U onpeaenAaoT 4OCTOBEPHOCTb
3Ha4YeHum pagnonokatopa n3-3a CM1bHOIo, HE pa3pellatoLLero O6'beMa, HO pagnaiabHO
BbIPOBHEHHbIX 3XOCUIHA/10B.

6.3.2 CoocHocmb HanpaeneHus ny4ya

DTOT napameTp onpeaenseTcsa kak pasHuLa B rpagycax Mexay NmkaMuv ropu3oHTanbHOM
1 BEPTUKaNbHOM KO-NOAAPU30BAHHbIX ANarpamMmmM aHTEHHbI. DTO Mepa /19 CPaBHEHUS
Hanpas/IeHNs FOPU3OHTa/IbHOIO U BEPTUKAJIBHOTO JTyHei.

6.3.3 Coznacoeanue wiupuHoel ny4ya

DTOT napameTp onpeaenseTcsa kak pasHuLa B rpagycax Mexay NmkaMuv ropM3oHTanbHOM

N BEpPTUKaAbHOM KO-NOASAPU30BaHHbIX AMarpaMm aHTeHHbl (-3 ab, =10 ab). 9710 mepa ans
CpaBHEHUS CUMMETPUM U3y4aeMoro o6bemMa ropM3oHTa IbHbIM U BEPTUKAIbHBIM JTyYaMu.



[MABA 7. PAODVNO/TOKALLMOHHBIE N3MEPEHWNA 335

6.3.4 MakcumanvHas ckopocme epawjeHus

70T napamMeTp CBA3aH C TEM, HACKOJIbKO 6bICTp0 MOXET BpallaTbCA aHTEHHa. Yem 60nbLUE
3Ha4YeHne, TeEM 6bICTpee PagnonokaTtop MOXET CKaHNPOBaATb.

6.3.5 Yckopenue

Onpepenser, Kak 6bICTPO aHTEHHA MOXET U3MEHUTb CBOIO CKOPOCTb. [MOCKONbKY KOPpPEKTHOE
n3MepeHue abCoNOTHOrO YCKOPEeHNs B eANHMLLaX rpafyc/c? 3aTpyAHEHO, B LAHHOM JOKyMeHTe
B Ka4yeCTBe a/iTepHaTUBLI ONpeAeneHo BpeMs, Heo6xoAUMOe aHTeHHE /19 NO/IHOM OCTaHOBKM B
o6ounx HanpasneHnax AZ/EL npyu NonHOM ABUXEHUMN.

Camo no cebe 3Ha4yeHUe YCKOP€HNA HE MOTHOCTbIO OMUCbIBAET, HACKOJIbKO 6bICTpO N TOYHO
aHTEHHA MOXET N3MEeHUTb NosoxkeHne EL u AZ. D10 Ha3biBaeTCA «BpeMEHEM OTKJ/INKa LWara»,
KOTOpO€ B AaHHOM AOKYMEHTE 6onee He paccMaTpunBaeTCA. 70T napamMeTp onpenendaer Bpems4,
H606XO,CI,MMOG 44 nepexoga aHTEHHbI U3 OAHOTO NOJIOXKEHUA B APYyroe B npeaenax 3a4aHHOro
OKHa TOYHOCTH, 4TO06bI 06ECNEYNTD HaCTpOl\/’IKy. BaxkHbIM NMPUMEHEHUNEM ABNAETCA Nepexon ot
ogHoro EL K APyromy Bo BpemMAa CKaHMpOBaHWNA TOMa.

6.3.6 ToyHOCM®b OpUeHMayuu aHMeHHboI
TOYHOCTb OpUEHTaL MM aHTEHHbBI 3aTparnBaeT pa3IMyHble aCneKTbl:

- CNoco6HOCTb YCTPOIMCTBa MOBOPOTA aHTEHHbI HANPAaBAATb €e C napabonnyeckum
oTpaxkatesiem C onpeAeseHHON TOYHOCTbIO Ha 3aA4aHHbln yron AZ v EL no oTHoLweHMIo K
MexaHN4YeCKO KOHTPOJIbHOM TOYKe Ha MO3NLMOHHOM 6/10KE;

- CNOCOBHOCTb CUCTEMBI HEOAHOKPATHO yKa3blBaTb Ha O4HY U Ty e 3alaHHYO NO3NLUUNIo B
Te4eHune ANnNTeIbHOIro BpEMEHU (MeCFILI,bI, FO,CI,bI);

- TOYHOE BblpaBHMBaHWeE BHYTPeHHero (annapaTHoro) sTanoHa AZ/EL c mecTHoW
reorpaduyeckon opneHTaLnen ons NPUBA3KM N3MEPEHHbIX AaHHbIX K
NONOXEHUIO Ha 3eM/ie;

- cornacoBaHue ny4a B o6enx nonspusaumax (€cim npUMeHNMo) C TOHKOM
¢pOKYCMPOBKUN aHTEHHbI.

Ha ToYHOCTb HaBeaeHMs BANSET MHOXECTBO (pakTOPOB, TakKUX KaK TUM CUCTEMbI
No3nLMOHMpPOBaHMA (LLecTepeHYaTas, PEMeHHas), MexaHn4yeckas yCTaHOBKa Ha njaowagke
(HuBenMpoBaHUe), KOHCTPYKLNA 6alwHK (CTanbHasa, 6eToHHas), BblpaBHMBAaHWE Ha CeBep,
MOHTaX Tapesiku 1 pynopa nogayu.

Feorpacbvlqea(oe BblpaBHMBaHWME aHTEHHbI U €€ CTabuIbHOCTb B TEYEHUNE ONTENbHOIO nepunoja
BpeMeHN MOXHO NPOBEPUTL M MPOKOHTPOJ/IMPOBATb C MOMOLLBIO MPOrpaMMHbIX CPeaACTB OT
I'IpOI/I3BO.C|,l/ITe}'Iel\7I PagnonoKkaTopoB, KOTOPbIE NCMOJTb3YIOT 3}'IeKTpOMaFHVITHbII7I CUTrHan COoJ1HUa B
Ka4dyecTtBe OI'IOpHOVI TOYKWN MNOJTOXKEHUA. HeO6XOjJ,VIMbIMVI yCnoBUAMU ANA TaKOro poaa M3Mep6HVII7I
ABNAKOTCA Ha/Ind4ne TO4HHOro FeOFpanVILIeCKOFO MOTOXXEHUA paﬂ,VIOJ'IOKaLI,VIOHHOVI CNCTEMDbI N
COOTBETCTBYHOLLETO MOMEHTa BPpEMEHU, MOCKOJIbKY ob6a 3T napamMeTpa 6y,CI,yT NCnonb3oBaTbCA
014 OLLEHKN ONMOPHOTro NoJ1oXXeHnAa cosHua. I'Io,u,po6Ha9| Manopmau,Ma o peKOMeH,D,YEMOVI
4acCToTe NPOBEPOK HaBeAEHNA aHTEHHbI Ha COJIHLLE NpuBeJEHA B ,CI,O6aB}'IeHI/IVI D.

N3-3a pr,Cl,HOCTeVI c nosy4yeHnem abCoNOTHOM TOYHOCTH HaBeEHWNA Ha NpeanpuaTnumn
npon3soaunTenda paanmosiokatopa BO3MOXHbIM cnocobom aBnseTcs M3IMepeHmne TOHHOCTU
HaBeAEeHNA C TOYKUN 3pEHNA NOBTOPAEMOCTUN Ha NpeaANnpuAaATUn npon3soanTtena C I'IOC)'Ie.CI,)IIOLIJ.EI\/]
I'IpOBepKO|7| Ha COJIHLLE Ha MECTE. nOBTOpFleMOCTb npoBepAaeTt CMNOCOBHOCTb aHTEHHBI YKa3blBaTb
B OAHOM M TOM XK€ HanpaB/1€HUN NMNOC/1€ HENPEPbLIBHOIO ABUNXEHUA.
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6.3.7 AuHamuyeckuii ouanazoH

Avnamunyeckunin ananasox, LV,, — 370 OTHOLIEHME MAaKCUMa/IbHOTO M MUHUMA/IbHOTO YPOBHEN
CUTHaJia, KOTOPbI MOXET U3MEPUTb MPUEMHUK paguonokaTopa. OTo pa3Huua, B 4b, BbixogHoro
CUrHana NpUeMHMKa Mexay MUMHUManbHbIM OGHaPY>XKMBAEMbIM CUTHAIOM (S . ) 1 TOYKOW
HacblLLeHUs ycunuTens npuemMHuka. HacblleHne Takxke MOXeT MPOn30nTH B LM POBOIA
o6nactu ns-3a nepenonHexmns. MismepeHune uim pacyet S . onucaHbl B pasaesne A.3.6.
OnpepeneHre MakCMManbHOMO CUTHaNa MOXET O6biTb BbINO/IHEHO C MOMOLLLbIO TOHKW CKaTUA
npuvemMHuka. Touka cxatnsa 1 ob sBnseTcs oyeHb pacnpoCTpaHeHHOM Npu onpeaeneHnm
XapakTepUCTUK NPUEMHUKOB. DTO TOYKA, B KOTOPOU KOI(PDULNEHT YCUSIEHUS NPUEMHOTO
ycTpoincTtea ymeHbluaetcs Ha 1 b n3-3a oxaTtusa. Korga ycnnutens paboTaet B IMHENHON
obnacTn, yBennyeHune BXO4HOro CMrHasia Ha 3 Ab npuBeaeT K yBe/IM4eHUIO BbIXOAHOIO
curHana Ha 3 ab.

[na nimepeHunsa pekomeHayeTCs NCNO/b30BaTb BHELLHWUIN N BbICOKOCTabUbHbIN reHepaTop
curHasnos (SG). Anana3oH BbixogHOM Mol HOCTM SG A0/1KEH NepeKpbiBaTb 0XMAaeEMbIN
AVNHaMMYeCcKMn Anana3oH npuemMHuka. lnHammyeckmin Ananas3oH A0/HKEH U3MepATbCA

Mo BCEeW LLenoYke NpUeMHMKa OT BX0A4a NPUeMHMKa, KOTOPbIN 06bIYHO HaxoAUTCA Ha

nepexopae OT BOJIHOBOAA K KOAKCMaibHOMY nepexody. 3To BK/ilo4aeT B ce65 aHa10roByto

1 undposyto 06paboTky curHanos. MNonHas Lenoyvka NPUEMHUKOB BKJlOHaeT B cebs
ManowyMsaLmnii nHTepdenc, noHuxkatowme npeobpasosarenu, puabTpbl, aHaoro-Lngposom
npeo6pasosatenb (ALM) n undgposyto 06paboTKy CUrHanos.

6.3.8 Hes>xenamenovHsie usnyyenus

YpoBeHb HexenaTesibHbIX U3/1yYeHUN XxapakTepusyeT YNCTOTy NepeaBaemMoro crnekTpa
paguonokatopa (cM. pucyHok 7.A.10). BoipaxeHune A b Ha YacToTe B MIU, nokas3blBaeT, 4To

A pb ymeHbLLaeTCs OT MMKOBOrO 3Ha4eHMs cnekTpa B Touke B MIL, OT LeHTpasbHOM 4acToThl.
YeMm 6oblue 3Ha4YeHMe A, Tem 6o/ibLLe pagMonoKkaTopos MOryT paboTaTb B OAHOM AMana3oHe
6naropaps y3Kow noJsioce 4acTor.

"\ B MHz

T
AdB

YcnoBHble 0603Ha4YeHUs:
1 LeHTpanbHasa YacToTa

PucyHok 7.A.10 HexxenatenbHble N3nyvyeHns
Mpeaenbl HexenaTe/IbHbIX U31Y4YEHUN ONpeae/ieHbl HECKONbKMMU HaLMOHaIbHbIMU U
MexayHapoaHbiMu ctaHgapTamu, Hanpumep, CEPT ERC Rec (02)05 (2012), CEPT ERC
Rec 74-01E (2011), ITU-R SM.329-12 n ITU-R SM.1541-6.
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7. KAIMBPOBKA, MOHUTOPUHI U TEXHUYECKOE OBCJ/TY)KUBAHMUE

7.1 O6uiue acnekTbl

TepMUHBI «KaIMOPOBKa», «TeXHMYeCkoe 06CyXKMBaHNE» U «<MOHUTOPUHI» CBA3aHbl APYT C
APYroM, 1 3a4acTyl0 HeNlerko NPOBECTMN YeTKOe passinyme mexay Humu. Bo Bpems kannbposku
(cm. pa3gen 7.2) xapakTepUCTUKN Pagno/IOKaLMOHHOM CUCTEMbI XapaKTepu3yoTca A5 TOro,
4T06bl 06ECNEYNTb PaaMoOKaLMOHHbIE AaHHbIE C BbICOKON TOYHOCTbIO, TO €CTb OLLEHUTh
oTpaxkaTesibHyt0 CNOCOBHOCTb C TOYHOCTbIO Bbilwe YeM 1 ab. TexHnyeckoe o6cnyxmnsaHue
(cm. pa3gen 7.4) npoBoAUTCA A4J19 3aMeHbI BbiLLEALLMX U3 CTPOS YacTen paguonokaropa

(cM. nogpasgaen 7.4.3), npounaktuyeckoe o6cnyxmaHue (CM. noapasaen 7.4.2) o6ecneyuunt
paboTocnocob6HOCTb paanonokaTopa 1 NpoauT BpeMa Mexay oTkazaMu. [locsie 3ameHbl
yacTen pagnonokatopa 4acto Tpebyercs kannmbposka. MoHUTOpUHT (cM. pa3gen 7.3)
onucblBaeT NPOLLEeCC, KOTOPbIN ob6ecneyvmBaeT BbICOKOE Ka4eCTBO AAaHHbIX paanosiokaTopa.
Yacto BO BpeMS MOHUTOPUHIa NPUHMMAIOTCA PELLIEHMS O MPOMEXYTOYHOM TEXHUYECKOM
o6cayXMBaHUM UK KannbpoBke.

KannbpoBska 1 TexHn4eckoe 06CnyxnBaHue BbIMOAHAIOTCA C PeryaspHbIMU UHTEPBaNaMu,

Kak ornmcaHo Huxe. B 6onblUMHCTBE cnyyaeB 06CnyxnBaHne o60pyAoBaHMA pagunosiokaTopa
[0/KHO NPOBOAUTBLCA Ha MeCTe, 06CyXMBaHNE NPOrpPaMMHOro obecneyeHns Moxet
OCYLLEeCTBNATLCA YAANEHHO, B TO BPeMS Kak KaIMGpOBKa MOXET NPOBOAUTLCA Ha MecTe
(Hanpumep, eci HEO6XOANMO OTPEryIMpPoBaTh HaCTPONKM 060PYyAOBaHUSA NN 3a4eACTBOBAHO
cneumanbHoe 060pyA0BaHME) UK YAaneHHO (HanpuMep, eCln KOPPEKTUPYIOTCS
KannbpoBOYHble KOHCTAHTbI). MOHUTOPWHI AOMXKEH OCYLLLECTBAATHCA Kak MUHUMYM eXKeJHEBHO;
NMO3TOMY MOHUTOPUHT 6YAET OCYLLLECTBAATLCA yAaNEHHO AN HeOOCYKMBAEMbIX MOCTOSHHbIM
nepcoHanom 06bekTOB. MOHUTOPUHT OCYLLECTBNAETCA BO BPEMSA HOPMaJibHOW paboThl; He
TpebyeTca npepbiBaTh paboTy pagnonokatopa.

Kannbposka n TexHnyeckoe ob6cnyxxmsaHme n1060ro pagnonokatopa A0MKHbI OCYLLLECTBAATLCS
B COOTBETCTBUM C NpeAnucaHHbIMU Npoun3BoanTenem npouegypamm. Kpartkoe onncaHue
npueeaeHo B pasgenax 7.2-7.5.

7.2 Kanu6poska

7.21 O6was uncpopmayus

PerynﬂpHaﬂ Ka}'ll/l6pOBKa MMEET pellatlolee 3Ha4eHe Ana XOpOLIJe17I pa6OTbI CNCTEMBDI.

7.2.2 Tunel kanubpoexu

B npeane gnsa NOJIHOM Ka)'lVI6pOBKI/I 0Tpa>|<aTean017| CNoco6HOCTH MCNOJIb3yeTCA BHELUHAA Lle/1b
C N3BECTHbIM KOBCIJCIZ)I/ILI,I/IEHTOM OTpaXeHunsa paanosiokatopa, Takad Kak cqaepa C METANTNYECKNM
NOKpPbITUEM. KoHuenuma coctouT B TOM, 4TOObI npoBepuUTb, UMEIKOT 1IN aHTEHHA U BOJTHOBOAbI
CBOW HOMUWHAJIbHbI€ XapPaKTEPUCTUKN. O,CI,HaKO ,Cl,aHHbe;l MEeTO NCNoJib3yeTCda O4€Hb PEAKO N3-3a
NPaKTU4YECKnNX prnHOCTeVI nognbemMa CqJepr M MHOTOYUNC/TIEHHDbIX OTpa)KeHVIVI OT HAa3€MHbIX
O6'beKTOB, a TaK>Xe HeO6XOLI,VIMOFO BpEMEHU U KBa}'IVICbVIKaLI,VIl/I nepcoHarna. I'Iapameprl AHTEHHbI
Tak>e MOoryT 6bITb npoBepeHbl C MOMOLLbIO I/I3MepeHI/IVI COJIHEHYHOTIO NOTOKa. I'IpM 06bIYHOWM
Kafll/l6pOBKe adHTE€HHa, KaK nNpaBnio, He NPOBEPAETCA, a Ka}'ll/l6py|OTC$| BO}'IHOBO,CI,HbII\/'I TPaKkT n
npunemo-nepejatouiana cucrema. O6bI4HO npeanncbiBaloTCcAa cneayrouine MeponpuiaTna:

- n3MepeHune VI3ﬂy‘-IaEMOI7I MOLWHOCTN N qJOprI CcurHana B COOTBeTCTB)/IOIJJ,eﬁ
nonoce 4acTorT,

- M3MEPEHME NOTEPDL NPpU Nepeaaye n npnuemMe;

- npoBepka nepeﬂ,aBaeMOVl 4aCTOTbl N HaCTOTHOIO CNEKTpPa,;
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- BBe/leHWe N3BeCTHOro MMKPOBO/IHOBOIO CUrHaNa nepej NpMemMHbIM KackagoMm, YTo6bl
NPUCBOUTL 3Ta/IOHHYIO MOLLHOCTb 3aA4aHHOMY oTcyeTy ALLTT;

- M3MepeEHME OTHOLWEHNA CUTHaN-WWYyM, KOTOPO€E AO0J/IXKHO 6bITb B npeaenax HOMMHa/IbHOIo
Anana3oHa, COOTBETCTBYHOLLETO TEXHUYECKUM XapaKTePUCTUKAM paAn0oioKaTopa,

Ecnun no pesynbratam 3Tux KaM6pOBOYHbIX NPOBEPOK BblABAEHbI KakMe-1M60 u3MeHeHUs

WU OTKJIOHEHUS, HeO6X0AMMO NPOU3BECTU KOPPEKTMPYIOLLMe HacTponku. JJonneposckas
KannbpoBka BKAtOYaeT B ceb4: NPOBEPKY N HaCTPOIKy pa3oBOM CTabUABHOCTU C
ncnosnb3oBaHneM UKCUPOBAHHBIX Lie/1ei N UCKYCCTBEHHbIX CUTHAN0B; MacluTabupoBaHmne
peanbHOM 1 MHUMOW YacTell KOMIMIEKCHOTO BUAEO; U TECTUPOBaHMe CUIHaIbHOro npoLieccopa ¢
N3BECTHLIMU UCKYCCTBEHHO CreHEPUPOBAHHLIMU CUTHANaMW.

HecmoTps Ha TO, YTO COBpeMeHHble paAnoa0KaTopbl 06bIYHO CHabXkaloTCa 04eHb CTabubHbIMU
3/IeKTPOHHBIMUW YCTPONCTBaMM, KanmbpoBKM He06XOANMO NPOBOANTb AOCTATOYHO HacTo,
4yTOObl FapaHTMPOBaTb HaAEXHOCTb M TOYHOCTb AaHHbIX. KannbpoBka A0MKHA NPON3BOANTLCA
nn6o KBannULMPOBaHHbIM NEPCOHANOM, TM60 C MOMOLLbIO aBTOMaTUYECKMUX METOAMK,
HanpuMep, C UCMOJIb30BaHMEM KOHTPOJIbHO-AMArHoCTUYeKoro o60pyaoBaHums, KOTOpoe
paboTaeT B HeMpepbIBHOM pexxumMe. B nepBoM cnyyae, korga Tpebyetcsa nepcoHarn,
KannbpoBKy ONTMMasbHO MPOBOAMUTbL HE pexe OAHOro pasa B roj,; BO BTOPOM — MOXeT
BbINOJ/IHATLCA €XXeAHEBHO UM faxke NOAyHenpepbiBHO. [1pocTbie cpaBHUTEIbHbIE NPOBEPKHN
MO MOLLHOCTU Y MECTOMO/IOXKEHMIO 3XOCUTHANAa MOXHO OCYLLLECTB/IATb 4acToO, UCMOJ/Ib3yS

ABa nam 6osiee paanonoKaTOPOB C NepeKkpbIBalOWLMMMCA 30HaMKn 0630pa 1 cneasumx 3a
COOTBETCTBYIOLLEN LLe/IbIO.

PaanonokaunoHHble cMcTeMbl HEO6XOANMO pPerynsapHo kannbposatb 4719 obecneyeHuns
MOCTOSHHO BbICOKOTO YPOBHSA TOYHOCTU M3MEPEHMNIA. DTO BKJIlOHaAET B ce65 KaIMbpOBKY
pa3nnyHbIX NapaMeTPOoB B pa3Hble NPOMEXYTKM BpeMeHU. PagnonokaLMoHHas NoCToAHHas,

C, AoNKHa N3MepATbCA C TOYHOCTbIO 21 Ab. MorpelHocTb B ko3 durLmMeHTax oTpakeHns
paavonokatopa 6osblue, NOCKO/bKY, MTOMUMO PaAnON0OKaLLMOHHbBIX KOHCTAHT, cloja

BXOAAT AOMNONHUTE/bHbIE MapaMeTpbl (Hanpumep, atMocepHoe 3aTyxaHue). B tabauue B
[o6asnennn D npuBeaeHbl NapaMeTpsbl, NoAnexallne n3MepeHuto; MeToAbl, UCNOb3yeMmble Ha
npakTuke, n Tpebyemas YyacToTa KaIMOPOBKM.

7.2.3 SnemeHmeul, npoyedypsl U UHMepPBasbl KAAUGPOBKU

l'IaCTOTbI, npeano>xeHHble B ,CI,O6aB}'IeHVII/I D, ABNAKOTCA TOJIbKO OPUEHTUPOBOYHBIMU 3HAYEHUAMN.
[Monb3oBaTenn AOMXKHbI ClefoBaThb MHCTPYKLUMAM NPOU3BOANTENA.

73 MoOHUTOpPUHT

7.3.1 O6was uncpopmayus

MOHUTOPWHT oNucCbIBaeT NPoLLeAyPbl KOHTPO/IS COCTOSAHUSA, (PYHKLMOHAIbHOCTU U KavyecTBa
[aHHbIX PaAnN0N0KaLMOHHOM CMCTEMbI. DTO HeO6XOANMO AenaTb PerynspHo, No kpanHen mepe,
eXelHeBHO, B COOTBETCTBMU C UHCTPYKLUAMU U PEKOMEH0BaHHbIMU NpoLeaypamMu, aHHbIMU
npoussoanteneM. Ha pagnonokauMoHHbIX CTaHLMAX 6€3 NOCTOSAHHOro 06CNyXMBatoLLEro
nepcoHasa MOHUTOPUHT OCYLLECTBASETCA U3 YAaleHHbIX LEeHTPabHbIX OpUCOB.
HecooTBeTcTBUSA, O6HapYXeHHbIE B X0/l MOHUTOPUHIa, MOTYT NPUBECTU K MPOMEXYTOYHOMY
TEXHUYECKOMY 06CNYyKMBaHWIO, KaIMBPOBKe NN APYTUM AEACTBUSAM, ONUCAHHBIM
Npou3BOANTENEM.

MOHUTOPWHI paaMONOKaLMOHHON CUCTEMbI OKa3blBaeT 3HaYNTE/IbHOE BINSIHME Ha Ka4eCTBO
pPaganonoKaLOHHbIX AaHHbIX U, Clef0oBaTeNbHO, Ha MPUMEHEHME PAAMNONOKALMOHHbIX aHHbIX,
Taknx kak KOO n accumnnaums gaHHelx. MOHUTOPUHT kKavyecTBa AaHHbIX 6yAeT BKIOYEH B
nnaHupyembln ctaHgapt 1SO 19926-2.
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B 3aBMCMMOCTM OT annapaTHOro 1 NporpaMMHOro obecnevyeHna pagnoaokaTtopa, pasimyHble
napameTpbl CUCTEMbI MOTYT KOHTPO/IMPOBATbCS aBTOMaTUYeCKM WU BPY4HYI0. ABTOMaTU4eCKuin
MOHWUTOPUHT NpeanoiaraeTt Bbl4adyy TEKCTOBbIX COOOLLEHMI 06CyKMBaAOLLEMY NepCoHany.
Py4HOM MOHUTOPWHT peryispHoO NpoBOANTCA 06CAYXUBaIOLWMM NepCOHaNoM A4
obecneyeHns TEXHNHECKNX XapPaKTEPUCTUK NI METEOPOIOrOM AN PagMNOJIOKaLMOHHbIX
BUAOB NPOAYKLMN, TaKUX Kak OTpaxaTesibHas CMOCO6HOCTb, MHTEHCMBHOCTb AOXAA NN
JonaepoBckas ckopocTb (A1 o6MeHa paAnNoa0KaLNOHHBIMY AaHHbIMU CM. ob6aBneHune E).
MpocTot MOHUTOPUHT hYHKLLMOHANBbHOCTM METEOPO/IOTMYECKOTO paamonokaTopa 6yaer
BKJ/1104aTb YacCTble MPOBEPKN HECKOPPEKTUPOBAHHbIX PaAMOJIOKaLMOHHbIX M306paxeHnin

N NPOBEPKY NHTEHCUMBHOCTU CUTHANI0B M MECTOMOIOXEHNSA HAa3EMHBIX LiefIel, CO34atoLLmnx
nomMexwu. BHe3anHble M3MEHEeHNA MOTyT CBUAETENbCTBOBATb O HEMCMPABHOCTU MPUEMHMKA UIN
nepegaryvka IM60 HaCTPOMKN HanpaB/eHNsA HaBeAeHNA aHTeHHbl. [JJaxe NpoCToe CpaBHeHUe
paaMonokauMOHHOM MHTEHCMBHOCTY AOXAA C 6nxKaiWmMM 4aTYMKOM JOXAA MOXET AaTb
npeactasaeHne o PyHKLMOHaNbHOCTU METEOPOIOTMYECKOro pagmonokaTopa. Yto kacaercs
nossPUMETPUYECKOro PaAMOI0KaTOPa, TO MOHUTOPUHT MAaKCUMAIbHOTO 3HAYeHUsA P,

B yC/0BMAX c1aboro AoxXAas, BbiNafatoLero u3 cJionctoobpasHbix 0671akoB, BO BpeEMS
HOpMaJibHOM paboTbl paanosiokaTopa AaeT xopoluee npeacTasBieHre 06 obuieM KavyecTBe n
COCTOSSHUUN CUCTEMBI.

HeckonibKo 3n1eMeHTOB, ONMCaHHbIX B pa3aenax 7.2 n 7.3, MOXHO paccMaTpmuBaTth Kak
MOHUTOPMHT. B 4HaCTHOCTK, Te 3/1eMeHTbI, KOTOPblE PEKOMEHAYIOTCA 415 eXXeAHEBHbIX NN faxke
60/1ee YacCTblx MPOBEPOK, MOTYT pacCMaTPMBaTbCS KAK MOHUTOPUHT, eC/IN aBTOMaTn4eckme
npoueaypebl 6yayT BbigaBaTb CUrHa bl TPEBOIN, Kak TObKO NapamMeTpbl OTKAOHATCA OT
3a/laHHbIX 3Ha4eHnn. Nposepka KanMbpoBKM No conHuy (cM. noapasaen 7.3.3) no3sonseT
KOHTPO/MPOBaTb CTabUIbHOCTb NPMEMHMKA N TOYHOCTb HaBeAeHNs B C/lyvae, eciu

OLeHKa AaHHbIX BbIMOJIHAETCSA B PEXUME peasibHOro BpeMeHn 1 nepejaeTcs B yaaneHHbIN
LeHTpanbHbllh ouc. BctpoeHHoe ucnbiTatensHoe obopyaosaHue (BITE) moxeT oTcnexmBaTtb
60/1bLIOE KONMNYECTBO TEXHNYECKMX NapaMeTpOoB 1 BbiAaBaTb CUTHAN TPEBOIM B C/lyyae, ecin
napameTpbl BbIXOAAT 3a Npeaenbl 3ag4aHHbix rpaHuL,. BITE Takxe MOXeT KOHTPOAMpPOBaTh
BHELLIHVE YCTPONCTBA, TakMe Kak KOHANLMOHEPBI MM NCTOYHMKN Becnepe6onHOro NnuTaHus.
Curnanel Tpesoru BITE omkHBI aBTOMATUYECKM OTNPaBAATLCA B BUAE TEKCTOBbLIX COOBLLEHNI
06CNyXnBaloLWeMy NepcoHarny.

KpOMe TOrO, HeO6XO,CI,VIMO Y4uUTbIBaTb 3aTyXaHNE B obTekaTene 00 Heckonbknx ab B CnTyauuniax,
Korga CUNbHbIN 40XAb NN CHeronaa npuBoanT K nonaaaHuio BOAbl, ibAa NN TaAAHUIO
1eAaH0ro nokKpoBa Ha obTekaTenb. CTapeHMe obTekaTens Moxert YBEJ/INYNTb BPEMA A0 CTEKAHNA
BOAbl N1 NeAAHOro nokKpoBa. 3T0 MOXHO ynyqyuwunTb C MOMOLBIO FVIﬂ,pO(,bO6HOFO NOKPbITUA
obTekaTens. TpeLLl,l/IHbI B o6TekaTene MOTyT NpnBeCTU K BCaCblBaHWNIO BOAbI N3-M0A4 obTekaTens
n, cneaoBaTtesibHO, K YBE/TMHEHUIO NOTEPb. PeKOMeH,CI,yeTCFI PerynasapHo o4niiatb U ocMaTpuBaTb
NOBEPXHOCTb obTekaTens.

7.3.2 Ycmoiivueocmo paduosnokayuoHHoIl cucmemel

C noMoLLLbIO COBPEMEHHbIX PaAMON0KALMOHHbIX TEXHOOMNI (HanpumMep, MaoLwyMaLLMX
ycnnuteneii (MLLY), 6bicTpbix 1 TOUYHbIX ALLTT) 1 npu TwaTtenbHOM 1 perynsapHoim kannbposke
MOXHO JOCTUNYb BbICOKOW CTaBWIbHOCTN CUCTEMBI: BHYyTPEHHUE Heonpeae/leHHOCTU, CBA3aHHbIe
C CamMOl panoNOKaLLNOHHON CUCTEMOW, MEHbLLIE, YEM HEOMpPeAe/IeHHOCTH, CBSi3aHHbIe C
BHYTPEHHEN N3MEHYNBOCTbIO OTPaxaTe/lbHOM CNOCO6HOCTN paanoIOKaLLMOHHOM Lenu.

[ns konn4ecTBeHHbIX PagMOJIOKaLMOHHbBIX MPUMEHeHNI 0653aTe/IbHbl BbiCOKas CTabnAbHOCTb U
TOYHas kanMbpoBka. KOHTPO/Ib CTabUIBHOCTY TOJIBKO LLEeMN MPUEMHMKA UIW LLenu nepeparymka
(04HOCTOPOHHMIN) NPOLLLE, YeM KOHTPO/1b CTabUAbHOCTN BCEN PaANON0KaLMOHHON CUCTEMDI
(ABYCTOPOHHMI).

ﬂ,)’lﬂ KOHTPOA CTabuIbHOCTH uenu npueéMHuKa Ha Bxo MLy npuneMHuKa nogaetcA OI'IOprIVI
CUrHaz1 MOLWHOCTHN (BMeCTO anHmmaeMoﬁ MOLWLHOCTH, I'IOCT)/I'IaIOLLI,ef;I oT aHTeHHbI), n UMEHHO
3TO 3Ha4YeHune (i 3ajaHHaA I'IOFpeLIJHOCTb) Mcnonb3yeTca ANAa NPpUBA3KN 3aaHHOTO 3Ha4€HNA
aHaﬂOFO-LI,I/IquOBOFO 6/10Ka Ha BbIXoAe LI,VICprBOFO npneMHunKka K ONOPHOMY 3Ha4€HUo
MouHocTun. He npon3BoaunTCca nsmepeHme MOWHOCTH O6paTHOFO pacceaHna AaHHOTO obbekTa



340 PYKOBOZCTBO MO MPUBOPAM N METOAAM HABMIOAEHVA. TOM I

Ha 3ajaHHOM paccTosHMW. [TPOCTO M3BECTHO, YTO 3alaHHas MOLLHOCTb B lorapudmMn4eckom
maclitabe (abm) cooTBeTCTBYET 3aaHHOMY lorapmudMmnyeckn npeobpa3oBaHHOMY aHanoro-
undgposomy 610Ky. B cnyvae npueMHuMKka, yCTaHOBIEHHOTO Ha aHTeHHe, 3pekTUBHOE
peLueHne NCNoJib3yeT UCTOYHUK LyMa B KayeCTBe ONOPHOro CUrHana, NCNosb3ys
npenMyLLLecTBa ero BbICOKOM TemMnepaTypHoOi cTabunbHOCTH [6].

KoHTpob yCTOMYMBOCTY BCelN cncTembl TpebyeT oLleHKM noTepb (MPUEMHON 1 NepeaatoLLen
Lenemn, Bkato4Yas BOJIHOBO/, MOBOPOTHOE COeANHEHMeE, coeanHuTenmn, kabenn, obtekarenb

N T. A.), K03 DULMEHTa yCUITEHNS aHTEHHbI M TOYHOCTU YrNa HaBeAeHUS aHTEHHbI.
O6ecneveHne cTabuibHOCTM BCeW CMCTeMbl TpebyeT KannbpoBKM paanoIoKaLNOHHOM
CMCTEMbl OTHOCUTEIbHO HEKOTOPOW M3BECTHOM 3TAaNOHHOM Lenn (Hanpumep, MeTanin4yeckomn
cpepsbl, yronkoBoro otpaxarens ¢ cepTMULMPOBAaHHBIM PaAMON0OKALMOHHBIM CEYEHNEM) Ha
pa3nnyHbIX PacCTOAHMAX OT caMoro gatynka. O4Hako ¢ nacCMBHbIMU paccenBaTensiMn, TakMMu
kak 6onblune chepbl UAN YronKoBble oTpaXkaTenn, TPYAHO UMeTb AeN0, 0OCO6eHHO B YCNOBUAX
CUIbHO M3pe3aHHOoro pesbeda ropucToii MECTHOCTMU.

EcTb ABa cnocoba npeofoneTb 3Ty TPYAHOCTb:

- o6wwasn cTabuabHOCTb CUCTEMbI (ABYCTOPOHHSAS) nepuoanyecku [7] [8] nnn noctosiHHO
[9] [10] npoBepsieTcs C NOMOLLbIO aKTUBHbIX KannbpaTopoB.;

- npo6neMa pa3aeneHa Ha age 6onee NpoCTbi€, B3aMMOAONO/IHAKOLWMNE YaCTU:

- BHELUHWA NPUEMHUK UCMO/b3YyeTCs B Ka4eCTBe OAHOCTOPOHHEro NacCMBHOro kainbpartopa
[ANs npoBepku Lenu nepegadn (Hanpumep, cm. [7] v [11]);

- COJIHLLEe Ncnonb3yeTcs Ans kanmbposku [12] u nposepku [13] [14] npuemHoit wenu.

Pe3ynbTaTbl nocieaHero Metoda 6bl/iv NOAyYeHbl C UCNO/Ib30BAHNEM AaHHbIX, MOyYEHHbIX B
2008 roay [13] [14] B nepunoa CNOKOMHOM akTUBHOCTM COTHEYHOro noToka. CoBceM HelaBHO
6b1J10 NOKa3aHo, YTO 3TOT METOA, NMPMMEHUM 1 B 60/1ee aKTUBHbIE MEPNOAbI COTHEYHOM
akTnBHocTu [15] [16]. Wcnonb3oBaHWe conHLa ABASAETCA ONTUMasIbHbIM C TOYKW 3peHns 3aTpart/
BbIro4. MOHUTOPUHI COTHEYHOW aKTUBHOCTM MOXET OCYLLLeCTB/IATbCA HEMPEPbLIBHO.

B cnyyae, ecniv peryngapHblii MOHUTOPUHT YKa3blBaeT Ha U3MeHeHne cTabuibHOCTH,
nonb3oBaTeb AO/KEH 03HAKOMUTLCA C UHCTPYKLUSAMU MPON3BOANTENS AN NONYYEHUS
yKa3aHWIi MO KOPPEKTUPYIOLWUM AeNCTBUAM.

7.3.3 MOHUMOPUHZ cma6uneHocmu npueMHUKd U 31ekKmpu4eckozo HaeedeHus c
noMoubro coJIHya

7.3.3.1 O61L e 3aMevyaHus

COJ'IHLI,E ABNAE€TCA NU3BECTHbIM UCTOYHUKOM MI/IKpOBO)'IHOBOI7I SHeprun, n ero MOXHo
Mcnosb3oBaTb A1 MPOBEPKN U MOHUTOPUHIAa HECKOJ/IbKUX aCNEKTOB pa60TbI
METEOPOJ/IOrM4€CKOro paanosiokatopa. 21N NPOBEPKN MOTYT BbINO/IHATLCA KakK OTAE/IbHbIE
3ajadun Mexay onepatnBHbIMM CKAaHNPOBaAHNAMU NN BO BPEMA TEXHNYECKOTO O6CJ'I)/)KI/IBaHVIFI
pagnonokatopa; Tak>xe MO>XXHO UCMoJib30BaTb Ha6}'IIO,EI,eHVIﬂ 3a COJIHLLEM BO BpeMs 06bIYHbIX
onepaTtmnBHbIX CKaHVIpOBaHVIf;I.

MNMoapo6Hble MHCTPYKLMM NO MPOBEAEHMIO UCMBITAHUIA 419 OTAEbHbIX PaAnN0I0KaToOpOB
cM. B pykoBoasLmnx AOKyMeHTax K cuctemMam.
73.3.2 TO4YHOCTb OpUEHTALUN aHTEHHbDI

MonoxeHwne conHua B 106011 MOMEHT BPEMEHU XOPOLLO M3BECTHO. MUKPOBOIHOBBIN
CUrHaa OT COJIHLLAa MOXHO MCMOJIb30BaTh 411 NPOBEPKU U KanMbPOBKN TOYHOCTU HaBeAeHUs
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aHTeHHbl paanosiokaTopa kak B AZ, Tak 1 B EL. Kak npaBusio, 31o aenaetcs nytem
BbINOJIHEHUSA CEKTOPHOIO CKAHUPOBAHUA BOKPYT CO/THLA N BIYMUCNEHNSA CMELLLEHWNSA KakK B

AZ, Tak B EL c ncnonib3oBaHMeM M3BECTHOIO NOJIOXEHUS COMHLLA U MHopMaLmm ob yrie,
Nosy4eHHOW OT ynpaB/ieHna aHTEHHOW pagnonokaTtopa. [na cmewenus EL Heobxognmo
yunTbiBaTb pedpakLmio npu Manbix yrnax EL. B 60/1blLIMHCTBE CUCTEM METEOPOIOTNYECKUX
paanonokaTopos AJ11 3TOro npeaycMoTpeHa asToMaTM3MpoBaHHas npoueaypa. Kpome toro,
66111 pa3paboTaHbl METOAbI pacyeTa CMELLEHMI C NCNO/Ib30BaHNEM «MOoNaAaHNn» COMTHL,A BO
BpeMs 06bI4HbIX ONepPaTUBHbIX CKAHMPOBAHUNA.

Mcnonb3oBaHme COMHEYHOrO n3ny4eHnsa 459 KOHTPOJiId TOYHHOCTU HaBeAEHNA aHTEHHbLI HEABHO
Tpe6yeT TOYHOWN CUMHXPOHU3aLLMN BPEMEHU B CUCTEME YyNpaBNE€HNA Ppagno/ioKaTOpPOM.

CeKTOpHOG CKaHnpoOBaHMe BOKPYT COJIHLL,a TaK>XXe MOXET AaTb OLLE€HKY KanJqJVILI,VIeHTa ycnneHus
AHTEHHbI N LUMPUHbI 1y4a.

73.33 CrabunbHOCTb NPUEMHUKA

CocTosiHME Lenn NnpneMHKKa pagnosiokatopa TakXke MOXHO KOHTPOAMPOBaTh C MOMOLLbIO
MUKPOBO/IHOBOIO CUrHana ot conHua. OgHako cnegyet OTMETUTb, YTO COHEYHbIV NOTOK CUbHO
Kone6neTcs BO BpeMeHN. TaNOHHbIe 3Ha4eHUs CO/ITHEYHOrO NMOTOKa MOTyT 6bITb NOJTy4YeHbl U3
CO/IHeYHbIX 06CcepBaTopuil.

B cnyyae paanonokaTopoB C ABONHOW Nosapu3aLmen CUrHan conHua BUuaeH B 060mx kaHanax
npveMHuka. [opM3oHTaNbHbIN N BEPTUKAIbHBIN CUTHAbI A0/KHbBI UMETb OAMHAKOBYIO
BE/IMYMHY, HO ObITb HEKOPpPenMpoBaHHbIMU (611M3KkMMU K 0), MOCKONbKY CO/HLE ABASETCA
HEMoNSPU30BAHHBIM NCTOYHUKOM.

7.4 TexHuU4eckoe oG6cyKMBaHue

7.4.1 O6wue acnekmoi

TexHU4Yeckoe 06CnyXunBaHMe pagmookaTtopoB, KOTOPOe UMeEeT BaXkHOE 3Ha4YeHne

Ans obecneyvyeHns NpaBU/IbHOM U MOCTOAHHOM paboTbl paaMoiokaTtopos, TpebyeT
BblCOKOKBaNM(PULMPOBAHHbIX NOACKNX PECYPCOB U 3HaYUTENbHbIX (PUHAHCOBbLIX PECYPCOB A5
noes3fok nepcoHana, ucnoitateIbHoro 060pyA0BaHNA N COOTBETCTBYIOLLMX 3aMacHbIX YacTen.

TexHnyeckoe O6Cﬂy>Kl/IBaHVIe pagnonokatopa Takxe Tpe6yeT Hann4ma I'IO,CI,pO6HbIX PyKkoBOACTB
no TeXHN4eCKkomy O6Cf|y>KVIBaHI/IIO M AOKYMEHTauunun, npegoCctaB/1I€HHbIX U3TOTOBUTETEM.

CoBpeMeHHble pagMonoKaTopbl, €C/I OHa HaAJsiexallMM ob6pa3oM yCTaHOB/IEHbI U
3KCNAyaTUPYIOTCA, He JO/KHbI YaCTO BbIXOAUTb U3 CTPoA. HekoTopble nponssoanTenm
YTBEPXAAIOT, 4TO UX paAMoIoKkaTopbl MMeloT obLee cpeHee BpeMs MexXay (OCHOBHbLIMM)
oTkazamun (MTBF) nopsaka ogHoro roga. OfHako 3Tu 3asaBNeHMA 3a4acTylo ABAAIOTCA
ONTUMUCTUYHBIMU, N peanu3auus MTBF TpebyeT nnaHoBoro npoduiakTM4eckoro
o6cnyxnBanHma. Jns MUHUMU3aL MM BpeEMEeHN peMOoHTa He0o6x0ANMbI MJ1aHOBOE NOBCEAHEBHOE
06CnyxMBaHMe N JOCTaTOYHOE KO/IMYECTBO TEXHNYECKOro NepcoHana.

I'Ipop,ymaHHaﬂ opraHunsauuns O6C}'I)/)KI/IBaHVIFI NOBbLICUT PETYIAPHOCTb pa60TbI pagnonokatopa
ao 96 % BpEMEHU B T€é4eHne roga npun Haam4mm CtaHaAapTHOro O60p)/ﬂ,OBaHVIH. bonee Bbicokas
qu)q)eKTVIBHOCTb pa6OTbI BO3MO>Ha npu 6onee BbICOKMX 3aTpartax.

YT10o6bl N36€XKaTh OTK)'IIOHeHVIVI, CBA3aHHbIX C TEXHNYECKNM 06Cﬂy>KVIBaHI/IEM BO BpeMsA
KPpUTN4e€CKnX norogHblix ycnoswﬁ, 3TO 3apaHee yBA3bIBA€TCA C NPOrHO30M noroAsbl. O6bI4HO
O6C}'Iy>KVIBaHI/Ie ANNTCA BCEro HECKOJIbKO 4acCoB.
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74.2 NMpogunaxkmuyeckoe mexHu4eckoe obcnyxueanue

MpodunnakTnyeckoe o6CNyKMBaHME AOKHO BKIOYATL, MO MeHbLLEN Mepe, KBapTasibHYIO
NPoBepKYy BCEX MOABEPXKEHHbIX M3HOCY YacTel paAnonokaTopa, Takmx kak peyKkTopsl,
MOTOPbI, BEHTUIATOPbI N 06bEKTbI MHPPACTPYKTYpPbl. MeCTHbIN 06CNyXNBaIOLLMIA MepCcoHan
[0/KEH BHOCUTB pe3ynibTaThl MPOBEPOK B XYypHaa o6y KMBaHUSA paguonokatopa u, no mepe
Hapgo6HOCTM, MOCHINATh UX B LLeHTPabHYt0 06CNyXMBaloLLyto opraHmsaumio. Korga umeercs
MHOrO PaZinosiokaTopoB, MOXHO OPraHM30BaTh, BEPOSTHO, LLEHTPaIN30BaHHYIO CNyxOy
MaTepunasbHO-TEXHUYECKOTo CHabXeHMa U PEMOHTHbIN Lex. [locneaHnin nonyyaeT BollLeALlne
M3 CTPOSA 4acTu paaMoI0KaToOpPOB, PEMOHTUPYET NX 1 NepefaeT ux B CNyx6y MaTepuanbHO-
TEXHUYECKOro CHabXeHMA AN XpaHEeHUs B KayeCTBe 3anacHblx YacTel, KoTopble 6yay T
MCNob30BaTbCA NO Mepe Heo6X0AMMOCTU B MeCTe IKCNayaTaluu.

74.3 NMpogunaxkmuyeckoe mexHu4eckoe obcnyxueanue

[ns BbINO/IHEHNA PEMOHTHBIX PabOoT Cyx6a A01XKHa ObITb 4OCTAaTOYHLIM 06pa3oM
YKOMMNEKTOBaHa, 8 UMEHHO:

- 3anacHbIMM YacTsIMM A1 BCEX CaMblX BaXKHbIX 3/IEMEHTOB paAnosiokaTopa C A/INTENbHbIM
CPOKOM M3rOTOBJIEHUS, TAKUMU KakK paguoiamrbl, TBEPAOTE/IbHbIE KOMMOHEHTHI, NaHeNu,
Laccu, MOTopsbl, peayKTopsbl, 610K/ NUTaHWU U T. 4. ONbIT NOKa3biBaeT, YTO XKeaTe/bHO
npeaycMmoTpeTb 30 % nepBoHaYabHbIX 3aTpaT Ha pagnoaokaTop A5 npuobpeTeHus
3anacHbIX YacTel, XpaHUMbIX B MECTE €ro pacnosioxeHus. Ecnm nmeeTtcs MHOro
paanonokKaTopoB, TO 3Ta NPOLEHTHas 40158 MOXET 6bITb CHUXEHA NP COOTBETCTBYIOLLLEM
pacnpeaeneHun Mexay LleHTPaaM30BaHHbIM U MECTHBIM TEXHUYECKMM 06CNYXXKMBaHUEM.

- WcnbiTaTeNlbHBIM 060PYA0BaHMUEM, BKJIOYas YOMSIHYTOE BbiLLIE KaIMBPOBOYHOE
o6opynosaHune. O6bIYHO 3aTpaTbl Ha 3TO COCTaBAAIOT NPUbAM3MTENbHO 15 % OT CTOMMOCTH
paavonokaropa.

- XOopoLUOo NOArOTOBJ/IEHHbIM NEPCOHAIOM, CMOCO6HBIM onpeaennTb Npobaemy 1 6bICTPO U
3P eKTUBHO NPOU3BECTU PEMOHTHbIE PabOThl, YTO ABASETCS UCKIOUUTEBHO BaXKHbIM.

74.4 Bapuanmbl mexHU4ecKozo o6cy>KueaHus

Cucrembl METEOPO/IONNM4eCKNX pagnoanoKkaTtopoB AO0/KHbl UME€Tb, KaKk MUHUMYM, Cieayouimne
BO3MOXHOCTU TEXHNYECKOIo O6CJ'I)/)KI/IBaHVIﬂZ

- yAaneHHbIN JOCTyn;

- nepekstoYaTenb BKAOYEHUA/BbIK/IOYeHNs (cO6poc);

-  TecTupoBaHMe C UCMOJIb30BaHMEM OMOPHbIX CUTHAJIOB;
- 06HOBNEeHMe NporpaMMHOro ob6ecrneyveHnsa/NpoLLNBKH;
- TOYHOCTb OPUEHTALUM aHTEHHBbI;

- AWarHoCTUKa HeMCnpaBHOCTEN U COCTOSAHUS.

HekoTopble 3aaa4un no 06¢nyxnBaHMo MOTYT GbiTb BbIMOIHEHbI yAaneHHo (TpebyeTcs
HajeXHoe coefluHeHune), Apyrve TpebyioT Bble3Aa Ha MecTo.
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7.4.5 dnemeHmol U UHMeEPEBATbI MEXHUYECKO020 06CNyKUBAHUS

MeToabl n npouegypbl TEXHUYECKOIo O6C}'Iy)KVIBaHVIFI 3aBUCAT OT U3TOTOBUTEJIA paAnosioKaTopa.
Tem He MeHee, Npon3BoanNTE/IN HaCTO NCNOJIb3YHOT aHa/10Tn4YHblE CpeacTBa O6C)'Iy>KVIBaHI/IFI n
n3IMepuTesbHble I'Ipl/l60pbl.

B NepBYyO O4EPEADb 3TO BK/IKOYAET PEryisapHy0, MHOTOKpPaTHYO NMPOBEPKY KaJ'Il/I6pOBOK
napaMeTposB, NpeaoCTaBNAEMbIX U3TOTOBUTETEM. I'Iapameprl, OTK/IOHAKWMECA OT 3TAa/IOHHOIo
3Ha4YeHWnA, AOJI>KHbI ObITb I'IepeKaJ'IVIﬁpOBaHbI.

Pe3yanaTb| TeCTUpOBaHUA, TakKne Kak nepeaaBaeMasd MOLWHOCTb NN ,CI,VIHaMVILIeCKVIf;I AnanasoH,
AO1KHbI 6bITb B npeaenax 4onyCTtuMbIx 3HaYeHun Ona nogaepi>kaHna BbICOKOro ka4ecrtBa
AaHHbIX. O,EI,HaKO HYEeTKO onpeaesinTb 3T 3Ha4€HUA A0NYCKOB C/ZTOXKHO, MOCKOJ/IbKY OHWU 3aBUCAT OT
Lenan Ha6J'IIO,CI,eHI/I$| n KOHq.)l/IpraLI,VIl/I CNCTEMDI.

PekomeHayeMblt MUHUMYM 060py0BaHNS AN51 KANMOPOBKU 1 06CNYXKMBaHUS BKAOYaeT
cnepytouime BUAbI:

MUKpPOBOHOBas cuctema SG;

- MMKPOBOJIHOBbI M3MEPUTESIb MOLLLHOCTU U/UAN JaTYUK MOLLHOCTY;
- MerarepueBblvi ocuuanorpad;

- MMKPOBOJIHOBbI CHETYMK HYAaCTOThl U/UM aHaNN3aTop CNekTpa;

- MUKPOBOJ/IHOBbI€ KOMMOHEHTbI, BK/1l04aA Harpy3o4Hble )/CTpOVICTBa, 6/10KN conpaxexHusa,
aTTEHIOATOPbI, COEANHUTEJIbHbIE )/CTpOf;ICTBa, Ka6em/|, afanTtepbl N T. A.;

- CTaHOapPTHbIE SN1EKTPUHECKNE N MEXAaHUYECKNE MHCTPYMEHTHI U O60py,CI,OBaHVIe
- ,Cl,VIO,CI,HbIVI OETEKTOP U aTTE€HOATOP 3 ab ans M3MEPEHUA LLNPUHbI UMNYyNbCa.

Mpumep Kaxxaoro sneMeHTa C COOTBETCTBYIOLLMMW UHTEPBAaMU TEXHUYECKOro 06CnyKMBaHUA
ANS pafnoNioKaLlMOHHOM cncTembl nokasaH B Jo6asneHunn D. NMockonbKy HekoToOpble U3 3TUX
YCTPOMCTB NCNOb3YIOTCA A5 KanMBpPOoBKN paamosiokaTopa, ux Heo6xoamMmMo kannbposaTb
Yyepes perynsipHble UHTepBanbl.

TexHMYeckoe 06CyXnBaHMe OXBaTblBAaeT HE TO/IbKO CaMy PaAN010KaLLMOHHYO CUCTEMY, HO U
ApYrue TeXHMYeCKMe y3/bl, XM3HEHHO BaXKkHble AN ee paboTbl (Hanpumep, BeHTunauma, b n
KOHAMLMOHMpPOBaHMeE BO3ayxa). VIHTepBan nx TeXHUYECKOro 06C/1yXXUBaHNS MOXET OT/INYaTbCA
OT MHTepBaJ/ia 06CNy>XXMBaHUA CaMOM paanonokaunoHHon cnctemol. O60pyaoBaHume,
CBSi3aHHOE C NPOrpaMMHbIM obecrneyeHnem, UCNob3yeMbIM B CUCTEMAX yNnpaBieHUs, CEPBUC

N NPOM3BOACTBO MNPOAYKLMU Takxe NoABEPratoTCs perynsapHoiM npoBepkaM. OHM AONXKHBI
NPOBOANTLCA Kax able ABa roaa. Kpome Toro, nogaepxaHune 3anacosB NOAXOAALLNX 3anacHbIX
yacTen Ha MecTe pacnonoxeHus P/IC 1 Ha ueHTpasibHOM Cknaje Tak)e BHOCUT BaXKHbIl BKNag, B
obecneyeHne HeNMpPepbIBHON AOCTYMHOCTH.

7.5 VnpaBneHue AaHHbBIMU Ha NPOTAXEHUU UX IKUSHEHHOTO LLuK/ia

7.5.1 Cmpamezus no 3andacHeIM 4acmsm

Bbicokne Tpe6oBaHUA K AOCTYNHOCTU AaHHbIX METEOPONOTMYECKOro pagnonokaTopa TpebytoTt
KPYrnocyTo4HoM paboTbl 6€3 A/INTeNbHbIX NepepbiBOB MU3-3a TPYA0EMKOro 06CayKMBaHNS
nnn c6oes B cucteme. nsa obecneyeHns BbICOKON AOCTYNHOCTU PEKOMEHAYeTCA XPaHUTb
KPUTUYECKW BaXkHble 3aMacHble YacTW Ha MecTe YCTaHOBKM pafMonokaTopa Wiu Ha ckiage
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oneparopa, rae OHM MOoryT ObITb 6bICTpO Pa3BepPHYThbI B C/1y4ae c604. Takme 3anacHble 4acTn
MOTYT BKJ/1IO4aTb, HaNnpuMep, KPUTUHECKN Ba>KHbl€ HaCTu nepejartyinka pagmnosiokatopa,
NpueMHuKa, CUCTEMbI NPNBOAA aHTEHHbI, 3/IEKTPONMUTAHNA N MHTequeVICOB CBA3N.

n0,D,p06HbIVI nepevyeHb pekoMeHayemMblX 3anaCHbIX yacTen cMm. B OOKYMEHTauunm npon3soanTess.

MeHee BaxxHble 3anacHble 4acTW MOy T 6bITb 3aka3aHbl MO 3aNpocy y npou3soautens. MHorue
NPOn3BOANTENM NPeANaratoT CEPBUCHbIE KOHTPAKTbl MW YCYTM 3KCNPECC-A0CTaBKM 3anacHblX
yacTen ana obecneyeHns 6bICTPON A4OCTaBKN 3aBOACKMX 3amyacTen.

npOM3BO,CI,VITe}'Ib A0J1KeH 6bITb B COCTOSIHUMA npeaocTaBuTb NOJIHbIM CMNCOK BCEX 3aMaCHbIX
yacTen cMCTeMbl CyKa3aHneM CpOKOB NOCTaBKW.

7.5.2 AocmynHocmeo cucmemeol

[octynHocTb cuctemsl (System availability) nonxHa onpeaenaTbCs Kak NPOLeHT
YOOBJ/IETBOPUTEIbBHOM paboTbl CUCTEMBI B TEYEHME ONPEAEIEHHOIO NepMoaa BpeMeHHU, BK/IOYas
BpeMs, 3aTpayeHHOe Ha NiaHoBoe NpoduiakTuiyeckoe o6CyXXKMBaHNE N KOPPEKTUPYLOLLEee
o6cnyxunBaHue, n onpegensetcs no popmyne (7.A.35):

MTBF - NF
System availability = ( ) -100% (7.A.35)
(MTBF + MSRT) - NF + TTPM
rae:
NF obLee KONMYECTBO OTKA30B B TeYeHue nepuvoaa skcnayartaunn CUCTEMbI; «OTKa3»

onpegensercs Kak noteps PyHKLUMOHaAbHOCTH, MPU KOTOPOU CMCTEMa HE MOXET
BbINO/IHUTb CUCTEMHblE TPeBOBaHMWSA; NO3TOMY, Aaxe eC/N (PYHKLUMOHANbHBIN
0TKa3 MPOMCXOAMNT Ha onpejeseHHOM 6710ke, 40 Tex Nop, Noka cuctema
BbIMO/IHAET CUCTEMHbIE Tpe6oBaHWs 61arofaps TakOMy Pe3epBUPOBaHUIO, 3TO HE
COOTBETCTBYET OTKA3y;

MTBF  cpepHee BpeMs Hapab6OTKM Ha OTKas; onpejenseTcs kak obLiee n3smepeHHoe
Bpemsa paboThl, AeNleHHOoe Ha obLee 3Ha4YeHne ko3¢ GuyueHma Wyma CUCTeMbI
(NF);

MSRT  cpepnHee BpeMsi BOCCTaHOB/IEHMSA paboTOCNOCOOHOCTY;

TTPM  obuiee Bpems NpopmaakTnieckoro obciayxmnBaHus; onpeaensercs kak obuee
BpeMSs M1aHOBOro NPoduIakTM4eckoro o6Cy>XXnBaHUs B TeHeHe nepuosa
3KCnyaTaunm CUCTEMBI.

MSRT onpepgensetca no cpopmyne (7.A.36):
MSRT = MTTR + MRT (7.A.36)

roe:

MTTR cpeaHee BpeMs HapabOTKM Ha OTKa3; onpeAenseTcs Kak obLuee usMepeHHoe
BpeMsl peMOHTa, fiefleHHoe Ha 06wWwmnii koagppuyueHm wyma cuctemol (NF) npu
YCNOBUW Ha/lM4nsi HEO6XOAUMBIX 3aMacHbIX YacTel Ha MecTe;

MRT 3TO cpefHee Bpems OTK/IMKa, onpeaenseMoe Kak cpegHee Bpems,
HeobxoAMMOoe, Ha4YnHas C MOMeHTa c60, A5 TOro, YTO6bl TEXHUK Bbl
roToB NPUCTYNUTb K PEMOHTY; NPU HEO6XOAMMOCTH, MOCKOJbKY 3anacHbIX
YyacTell HET Ha MecTe YCTaHOBKM pajnosiokaTopa, BpeMs TPaHCNOPTUPOBKU C
LEeHTpa/IbHOro Cknaja Uam npon3BoanTens A0MKHO 6biTb BKIOYeHO B MRT;
Hann4ymMe NOAXOAALLMX 3aNacHbIX HacTel U UX UHBEHTapU3aL s Take BaXHbl
Ans obecnevyeHUs BbICOKOM IKCMAyaTaLLMOHHON FOTOBHOCTM.

KoHuenTyanbHoe n3obpaxeHne Kaxa0ro napameTpa nokasaHo Ha pucyHke 7.A.11.
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YcnoBHble 0603HaYeHNs:
1 Hawano pa6otbl B  Bpems BoccTtaHOB/IeHMA 06CAyXunBaHMA npun cboax
2 OkoH4aHue paboTbl C MnaHoBoe BpeMs NpounnakTM4eckoro 06CnyxmnBaHuns
A Bpems HopmanbHoW paboThbl X  Cpok

PucyHok 7.A.11 Npumep pacyeta KpUTEPMEB JOCTYNHOCTU CUCTEMBI

753 3ampamel Ha 06cny)kueanue u peMoHm

[JonnepoBCcknin paanonokaTop — 3To CI0XKHbIV MHCTPYMEHT, CMOCO6HbIN 06HAPYXUTb 06beKT
1 onpeaennTb ero Noa0XeHNe 1 paguanbHyo COCTaBAIOLLYIO €ro CKOPOCTU B ONpee/ieHHbIN
MOMEHT BpemeHu. [loniepoBCcKkmii METEOPOIOTrMYeCKNil PagnN0oaoKaTop — 3TO OYEHb CIOXHbIN,
HO YHMKaJIbHbI NHCTPYMEHT, CNOCOBHbBIN B peXXnMMe peasibHOro BpemMeHu nosydaTtb 0630p
TekyLmx noner ocagkos. OH YeTKO NokasbiBaeT, rAe 1 korga 41o-to nponcxoant. OgHako
TOYHO ONUCaTb NPOUCXOAsLLEe N TOYHO ONpeaennTb CKOPOCTb BbiNaAeHMs 0CaAKoB ropasao
cnoxHee. Micxoas us 3Toro, HeyaMBUTE/IBHO, YTO ObLLLas pekOMeHAaunsa 4aHHOro JOKYMeHTa
B OTHOLLEHMN TpebyeMOoro nepcoHana 3akat04aeTcs B TOM, HTO COOTHOLLIEHUE MeX Ay
3KBUBaAJIEHTOM NosHow 3aHaTocTu (FTE) nHxeHepoB/Hay4HbIx coTpyaHMKoB P/IC n konn4ectsoM
P/1C B ceTv 4onxHO 6b1Tb 60nblie 1. CTOMMOCTb XXM3HEHHOTO LMK/1a METEOPO/IOTNYECKOrO
paguonokatopa Tak>ke BK/Ilo4aeT pacxoAbl Ha 3anacHble 4acTu u 6a30BOe 3KCNyaTaLMoOHHOe
obcnyxumBaHue.

8. MEPCOHAJ1, KOMNETEHLIUUA U OBYYEHMUE

Bbibop, npoekTnpoBaHue, sKkcnayataLus, 06CayxmnsaHne n NCNOJIb30BaHMe CeTU
MeTeopOoI0rM4ecknx paanosiokaTopos TpebyoT LMPOKOro MOHUMaHMA TEXHOIOTUK, ee
OorpaHnyeHuin U TpeboBaHUN K MPUMEHEHUIO.

lNpoekTpoBaHMe pagMo/IOKaLMOHHOM CeTU U BbIGOP paamMoiokaLMOHHOM TEXHOAOTMN TPebyoT
npoBeAeHNs KOMMIEKCHbIX UCC/IeA0BaHUI M yYeTa LUMPOKOTO CeKTpa Nojib30BaTe/IbCKNX
npvmeHeHnii. Nonb3oBaTensam paanonOKaLMOHHbIX AaHHbIX N MPOAYKLUN TPpebyroTCA 3HaHNS
NPYMEHEeHN KOHeYHbIX NoJib30BaTesieli u B 061acTu me3omacwitabHo MmeTeoponoruu. lNo
Mepe HakoM/eHMs OMNbiTa M 3HaHUI 0 BO3MOXHOCTSAX paamMoiokatopoB MOryT NOSABUTLCA
[OMNONHUTENbHbIE pa3paboTkun A5 yCTOMYMBOrO U pacLUMPEHHOIO METEOPOJIOTMYECKOTO
obcayxmBaHus.

B pagnonokaTtope NCnosjib3yroTca nepeaatimkm BbICOKOW MOLLHOCTN, O4€Hb YYBCTBUTEJIbHbIE
NPUEMHUKN, C10XKHaA 06pa60T|<a CUTHANOB, TAXe/Ible Bpallatlouilnecsa onopbl U aHTEHHLI, a
TakK>Xe€ MHCTPYMEHTbl CAMOKOHTPO1A. PagnonokaumoHHas CTaHUMA Yalle BCero pacnonaraeTcs
KakK aBTOHOMHOE€ yaa/iIeHHO€E COOpPYy>XeHNe C OﬁOpy.ﬂ,OBaHMeM Aans OTOI'I)'IeHVIFI/OX}'Ia)KLI,eHVIﬂ,
YKPbITUAMU, TEJTEKOMMYHUKALUNAMU, BCMTOMOTraTe€/1IbHbIMU SHEPTETUYECKMMU YCTAHOBKAMU U
BOMpocaMun TeXHN4e€CKOoro O6C}'I)/)KVIBaHMﬂ obbekTa. ﬂ,}'lﬂ nony4yeHna HagexXHbix M3mepeHm‘/’|
pagnonokatop Tpe6}/ET Ka}'ll/l6pOBKl/I N TEXHNYECKOro O6C!'Iy)Kl/IBaHVIFI. Heb6onbline nsmeHeHuns
B Kanw6p0|3|<e M nHTEpnNpeTaunm MoryT CyLueCTBeHHO NOBJ/INATb Ha PE3yJ/ibTaThbl. MeHep>XMeHT
Ka4dyecTBa Tpe6yeT MOHUTOPUHTa N perncTtpauumm M3MEHEHNI B CUCTEME.

Takum o6pa30M, 414 SKCnayataunnm h ncnoib3oBaHUA paanonokaTtopa n pa,ﬂ,VIO)'IOKaLI,VIOHHOI7I
ceTu cyulecTByert LIJVIpOKVIVI CnekTp KOMI'IeTeHLI,VII\/'I, BKJ/IlO4Has Hay4HblEe, METEOPOJTOTNYHECKNE,
TEXHUYECKNE N IOTUCTUYECKME HaBbIKN. DTN KOMMEeTEHUNN NOKa3aHbl B Ta6)'IVILI,e 7.A.7.
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OnepaTopbl PagnonoKaTopoOB Tak>XXe No4AEPXKNBAOT APYyTrne TEXHOTOTM MOHUTOPUHTa. BMO
pa3BnBaeT BCECTOPOHHUE KOMMNMETEHL NN MO LLeIOMY pAaYy TakuUx TEXHO/I0TUN.

Ta6bnuua 7.A 7. Nepconan, komnetreHuUn n obyyeHue

HaumeHosaHue OnucaHue
PykosoacTtBO OpraHu3aumsa gonxkHa «BnageTb» NpoekTom. [oHMMaHue obLwmx uenen
nynpasneHune M CNOCOBHOCTb PYKOBOAMUTL U yNPaBasaTb CKBO3HbIM MPOEKTOM UMeoT
npoekTamu peluatoLLlee 3Ha4YeHmne.

Heob6xoanm o6Lnit noAxos, NeperoBopbl O BblAENEHUN CPEACTB U
ynpaBiaeHUn UMK, a Takxke PyKOBOACTBO NOAbMU U KOHTpakTaMu. MHorue
KOMMNETEHL MU MOTyT 6bITb MPe0CTaB/EHbl TBOPYECKMMM Coco6amMm
(HanpuMep, KOMaHAaMK, BHELLHUMMW KOHCY/IbTaHTaMW U APYTUMA
MLLaMK), HO OTBETCTBEHHOCTb 3@ MPOEKT 0J/KHA JieXaTb B paMmKax
opraHusauuu.

O6pa3oBaHne/oNbIT: HaBbIKM NMAEPCTBA U yNPaBNeHNs NPoeKTaMu.

Haquble n CTpaTeFVI‘-IECKOG nnaHnpoBaHne Heob6xoAMMO ANs onpeaeneHna
MeTeoposiorn4eckmne cepBucCa n ypoBHS o6cny>|<|/|Bava, a Tak>e ANnAa NPpOeKTUpPOBaHUA
KOMNEeTeEHUUN pa,D,VIOJ'IOKaLI,VIOHHOf/'I ceTn n ee I'IpVIMEHeHVIi;I. 270 He06X0AMMO B Havane

npoekTa 1 MOXeT ObiTb NPeJOCTaBNEHO KOHCYyIbTaHTamMK, paboTatoLwumm B

TecHom cotpyaHudectse ¢ HMIC.

KoHkpeTHble komneTeHLMun:

- NOHWMaHMWe CTpaTerm4yeckoro njiaHa opraHusaLmnm n npeanonaraemblx
YyPOBHel 06C/y>XMBaHMA 1 06CNTyXUBaHWUS;

- noHumaHwue noroAbl (KIMMaToN0rns MHTEHCMBHOCTN 0CaKOB, BbiCOTa
COOTBETCTBYIOLLMX MOTOAHbIX CUCTEM, XapaKTEPUCTUKN CypOBOWA
noro/bl) B 30He MOKPbLITUS;

- 6a3oBoe NoHMMaHune TpeboBaHWI NOb30BaTeNA U MPUMEHEHUA
(cuctematnyeckas ownbka, TOYHOCTb, KA4ECTBO AaHHbIX);

- 6a30BOe NOHMMaHWe paanoaoKaLMOHHbIX TexHonorum (ocnabneHue,
LUMpPUWHa NyYa, cTpaTerns CkaHMpPoBaHUS, yMeHbLLEHWE NOMeX OT
3eMHOIN NOBEPXHOCTU) U NPEUMYLLLECTB U HEA0CTaTKOB.

O6pa3soBaHue/onbiT paboTbl (B KOMaHAe):

- MEe30MeTeoponornyeckme n rmaponornyeckmne sHaHus
(Me3omacwiTabHas MeTeopoaorus, pacnpeaeneHHslil Bogopasaen);

- MOHWUMaHWe NPUMeHeHUs PaANOIOKaLLMOHHbIX TEXHOOTNIA;

- MOHWMaHWe CTpaTernyeckoro HanpasaeHus aestenbHoctn HMIC;

- yMeHVe NpoBOAMUTb aHanu3 TpeboBaHui;

- Hay4Hble 3HaHUA 06 orpaHNYeHNAX PaaNoIoKaLLUN.

HayuHble 1 TexHuueckas noaaepxka HeobxoarMa A5 npeo6pasoBaHus
WHXEHEPHble nosib30BaTeNbCKUX CieumduKkaLmii B TeEXHUYeCckue cneumdukaumnm,
KoMMneTeHuuMmn a Takxe A/15 TEXHUYECKOro U TEXHOOMMYECKOrO MNaHUpPoBaHus. ITo

MoXeT 6bITb KOMaHa loAel Un npeaocTaBsemMas KOHCYbTaHTaMu,

paboTtatowmmm ¢ HMIC n paspaboTynkamm cuctem.

KoHKkpeTHble KoMneTeHUuu:

- MOHWUMaHWe TeXHONOrnK PaANO0IOKaTOPOB U ee NPENMYLLECTB U
HeJ0CTaTKOB;

- NOHUMaHMWe BANAHUA Ha YPOBHU 0OCNYXMBAHUS N MPUMEHEHUI;

- MOHWUMaHWe opraHM3aLMOHHbIX KOMMeTeHL Ml (ynpaBieHne npoekTamy,
TexHUYeckne BO3MOXHOCTH);

- MOHUMaHWe TeXHUKN 6e30NacHOCTU, TMLLEH3NPOBAHUA U MPaKTUKN
CTPOUTENbCTBA.

O6pasoBaHue/onbiT:

- NpPOMBbILUNEHHAas, 2N1eKTPOMexaHNn4eckas MHxXeHepus ans
nnaHMpoBaHus;

- 3HaHWe pagnonoKaLMOHHOro 060pyaoBaHUs;

- OpraHM3auMOHHble 3HaHWS;

- 3HaHWe NPUHLMNOB NPOEKTUPOBaHUA yNpaBieHNs Ka4eCTBOM.
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HaumeHrosaHue Onucaxue
TexHU4eckue TpebyeTcs HenpepbiBHOe 06CNyXnBaHWe, kKannbpoBka U NoaaepxKa.
BOMPOChHI — MoxHO npuBieYb NOAPSAYMKA, HO 3TO MOXeET 6bITb YpeBaTo
noAAepxka u npo6nemMamu (Hanpumep, TPYAHO HaNTU KOMMNETEHTHOTO CneLMaancTa no
ob6cnyxnBaHve pagunonokaTopam).

KoHKkpeTHble KoMneTeHUnu:

- obLue 3HaHUA 1 NpaKTUKa NpoLeayp No oxpaHe Tpyaa npu paboTe ¢
MOLLHBIMU CUCTEMaMU U TSXeNbiM 060pyAoBaHNEM;

- obuiee noHMMaHne 3N1eKTPOHNKN (He06Xx0ANMOCTb PaboThl C
BonbTMeTpamu, SG, ocunnnorpadamu, aHannsatopamm CrnekTpa);

- yBepeHHas paboTa C KOMMblOTEPaMM, HaCTPOWKa ceTel, pe3epBHOe
KOMMpPOBaHWe AaHHbIX N KOMMNbIOTEPOB;

- obLune 3HaHNA NO TEXHNYECKOMY 06C/TyXMBaHMIO 06bekTa (PEMOHT
[0pOor, An3e/bHble N 31eKTPUYecKme CUCTEMb, KOHANLMOHEPDI, CUCTEMbI
oTonaeHus);

- 6a30Bble 3HaHUA CUCTEM 6O/BbLION MOLLHOCTHU, TAXENTON TEXHUKM,
3/1eKTPOHHbIX KOMMOHEHTOB Ha YPOBHE JIMHEHbIX 3anacHbIX 6/10KO0B,
TeIEKOMMYHUKALNIA;

- AMarHocTMyeckue n aHananmTuyeckne HaBblku;

- NOHWUMaHWe KynbTypbl yNpaBieHNs ka4eCTBOM;

- 6a3oBble 3HaHMA B 06/1aCTU NPUMEHEHNS PaANoN0OKaTOPOB.

O6pa3oBaHue/onbIT:

- NMpPOABUHYTblE TEXHNYeCKME HaBblK PaboTbl C MOLLHBIMM
3M1eKTPUYECKMMWN PaANOYACTOTHBIMI CUCTEMaMU, 31EKTPOHHBIMU 1
KOMMbIOTEPHBIMU CUCTEMAMMU, @ TakxKe TAXKENbIMU MexaHUYeCckumu
cucTeMamu;

- 3HaHwuAa B 061aCTV BCMOMOraTe/lbHbIX SHEPreTM4ecknx cuctem n obLiero
TeXHUYeCKoro 06C/yxmBaHNa Ha obbekTe.

MeHeaxmeHT DyHKLMM 3aKNI04aAI0TCA B ypaB/eHNN Ka4eCTBOM paAno/10KaLMOHHOro
KayecTBa 060pyaoBaHNs, PyHKLMOHMPOBaHWEM N 06CYXMBaHEM
paanonoKaLMOHHOW ceTu, BKIlOYas NHXeHepHoe (TexHnYyeckoe
ob6cnyxxnBaHue, TeCTMpoBaHue, N1aHUPOBaHNE HaIMY A Pe3epPBHOIO
060pyaoBaHnA) U Hay4Hoe (NoaaepkKa annapaTHOM AMarHOCTUKK)
obecneyeHue, ynpasneHue MeTafaHHbIMWU, apXMBUPOBaHNE, MOHUTOPUHT U
06HOBJIEHNE CUCTEM paanonokaunm n o6paboTku.
O6pa3oBaHue/onbIT (HaBbIKW KONNEKTUBHOW paboTbl U pasnnyHble
npodgeccnoHanbHble 3HaHUS):
- 6a30Bble TeEXHUYECKNE HaBbIKM ANA MOHUTOPUHIA U ANAarHOCTUKKU
OnepaLMOHHbIX CUCTEM, a Takxe COCTaB/IeHUs OT4eTOB 06 N3MEHEHNSX B
cncTeme;
- HaBblku paboTbl C KOMMbIOTEPHLIMU TEXHOOTUAMU A1 aPXUBUPOBaHNA
1 novcka MeTaJaHHbIX U AaHHbIX;
- HaBbIKM yCTaHOBKM KOMMbIOTEPHOIO MPOrpaMMHOro obecrneyeHus
1 cuctem ans o6HoBAEHUA cncTem 06paboTkM 1 annapatypsl
paaunonokartopa.
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HaumeHosaHue OnucaHue

Pa3pa60T~4m< Ponb 3akntovaercd B oNTUMM3aL NN UCNONb30BAHUSA PaanonoKalMOHHbIX
MEeTeopOo/10rn4eCcKkmnx AaHHBLIX U X UHTErpaunm B CUCTEMbI MPOrHO3NPOBAHUA, a TakXe B
n/vnn npuKknaaHbiX O6y‘-IeHVII/I KOHEYHbIX No/Ib30BaTesie. DTO BK/OYaAET B ceb6 MeHegKMEHT

nporpamm u KayecTBa pagno0KaLMOHHON CMCTEMbI. DTO MOXET 6blTb LUMPOKAs rpynna
ncciegoBaHum nogen («MecTHbI CNeLnanmcT»), U OHa MOXET Pa3BUBATLCS C TEYEHNEM
BPEMEHMW.

KoHKpeTHble kKoMneTeHUnK:

- oby4yeHue 1 NpoayKLUs, KOTOpble Ha HaYalbHOM 3Tare MoryT
6bITb BbIMOJIHEHBI NPOrPaMMHbIM 06ecnevyeHeM NMPOU3BOAUTENS
paauonokatopa;

- onbIT paboTbl C TEXHOIOTUSAMU, MPUBOAALLUIA K MOCTOSSHHOMY
Hapau_l,m BaHUIO NOTeHLUMana, 4To }'I)/‘-I e Bcero aenatb CO6CTBeHHbIMVI
cunamu;

- BbICOKMI YpPOBEHb Pa3BUTUSA TEXHOOTMM NPUBOAUT K YBETUYEHUIO
WM pacluMpeHnto TpeboBaHMiA, YTO MOXET NOTPe6oBaTb U3MEHEHUS
KOH(Urypauny pagmnoaokatopa Ui BbipaboTku npoayKumm nm6o
obmeHa AaHHbIMU;

- umpom/le 3HaHWUA B 06nacw| npmmeHeva paLLVIOI'IOKaTOpOB, BK/1KO4Yas
3HaHuWe du3nkn obnakos, Me3oMacLLTabHOW METEOPONOTUU, UIMEPEHUS
0CafIkoB M F’MAPONOTNYeCKOro NPUMeHeHUs;

- pa3paboTka NpUMEHEHW, KOTOpas SBASETCS OTKPLITON 1
MOXET BbITb CBSI3aHa C KOMMEPYECKUMM YCyraMmu, 06MeHOM
AaHHbIMW, MPOrPaMMHBIMU MPUIOXEHUAMU ANS1 PaAUN0/IOKaTOPOB,
VIHTerVIpOBaHHbIMVI cmctemMmamm Ha6n|o,qum7|, I'IpOFHO3l/IpOBaHV|eM, a
TakXe C yNyyLleHNeM 1 CoBepLUEHCTBOBaHNEM NPOAYKLUN.

O6pa3oBaHune/onbIT: 3HaHWe pa3paboTKM MPUMEHEHNS AN KOHEYHbIX

no/sb30BaTesieil U HayUYHbIX/MPOrpaMMHbIX MPUIOXKEHWU, BKtOYas

MHTErpauuio B NPOrHOCTUYECKME CUCTEMBI UM APYTUe NPpUKIaHble

CNCTEMDI.
9. PASMELWWLEHUE U YCTAHOBKA
9.1 O6uiue acnekTbl

B nnaHupyemom ctaHgapte ISO 19926-2 6yaet npeactaBneHa uHcopMaumsa o NoCNeACcTBUSX,
CHMXKAIOLWMX Ka4yeCTBO M3MePEHNI 0CafAKOB C MOMOLLLbIO paanoaiokaTopa U ux o6HapyxeHus,
a Tak>ke 0 COOTBETCTBYIOLLMX KOHTPMepax, Takmx kak nocseaytouw,as obpaboTtka
paaMonoKauMOHHbIX aHHbIX.

9.2 Bbi6Gop MecTa U NOATOTOBKa NJIOWAAKM A1 Pa3Mel,eHUsn
paavonokartopa

Bbl60p nnowaagkum ana pa,ﬂ,MOﬂOKaLl,VIOHHOVI CUCTEMbI 3aBUCUT OT NMNJ1aHNPYEMOTo NpUMEHEHNA.

B Tom cnyvae, ecniv paanonokaumoHHas ceTb NpeAHa3HavaeTcsa Npexae BCero Ans
CMHONTUYECKNX MPUMEHEHNI, B CPEAHMX LUMPOTax, paamoaokaropbl CieayeT pacnonaratb
Ha paccTosiHun npubansntenbHo 150-200 km oT kaxaoro. Ecin pagnonokaunoHHas cetb
NCMoJib3yeTcs A1 KOMYECTBEHHbIX M3MEPEHUI 0CaAKOB, IAe KpalHe BaXxHO NCNOMb30BaTh
paarMonokauMOHHbIe Ty4Yn Ha HEBGOJ/IbLLION BbICOTE, 3TO PacCTOAHWE He A0J/IKHO NpeBbIWaTh
100 kM. PaccTosHne MOXeT 6biTb yBEINYEHO Ha LUMPOTax 61mxe K 3KkBaTopy, eCn
WHTepecyloLMe pagnoa0KaLNOHHbIE CUTHA/Ibl YaCcTo AOCTUratoT 60/1bLINX BbICOT. Bo

BCEX C/IyHasx paAmosokaTopsbl C y3KMM y4oM 6yayT AaBaTbh HaUTy4LYO TOYHOCTb AN
N3MepeHunsa 0CajKoB.

Korpa cywectByet onpeaeneHHas 30Ha, TpebyioLias LUTOPMOBLIX MPeAynpexXaeHUR, TyHLlnm
KOMMPOMMCCOM OObIYHO ABASETCA pa3MellleHne 060pyaoBaHUs Ha paccTosiHuM oT 20 ao 50 km
OT MHTepecyloLer 061acTu 1, Kak NPaBKIO, C NOABETPEHHOM CTOPOHbI OT HEe B COOTBETCTBUN
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C OCHOBHbIM LUTOPMOBbLIM CNnefloM. PekoMeHAyeTCa ycTaHaB/IMBaTb PaAn0IOKaToOp HEMHOTO
B CTOPOHe OT OCHOBHOM Tpacchl LUTOPMa, 4ToObl 36exaTb MpobaeM C U3MepeHnamu,

Korga LUTOpMbl MPOXOAAT Haj paAnosiokaTtopoM. B To e Bpems 3To AONIXKHO NPUBECTU K
XOopoLueMy pa3peLleHmnIo B MHTepecytoLelt 061acTu U MO3BOANTL JlyyLle NpeAynpexaaTtb O
npuéanxatowmxcs wropmax [17].

PagnonokaumoHHble CTaHLUMKN B BbICOKOTOPHbIX pal7|0Hax Mano NnoJsie3Hbl ANs O6Hapy>KeHl/Iﬂ
OocCagkoB BO6M3U 3eMIN. l/I3mepeH|/|$| Cc OTpuuyaTe/bHbIM EL patot cunbHoe 3x0 oT 3eMHOM
NOBEPXHOCTN, MOSTOMY OHU UMEIOT CMbICJT TOJ/IbKO B UCKJTHOYUTEJIbHbLIX C/1y4Hasnx. |_|03TOMy

B FTOPHbIX pa|7|0Hax B 60/1IbLLUMHCTBE C/ly4aeB HEBO3MOXHO AOCTUYb KOMITPOMUCCa Mexay
XOpOLIJeVI 0aNbHOCTbIO BUANMOCTU U NPU3EMHBIMU USMEPEHUAMMN. 3,EI,€Cb BCnomMorarte/ibHas
yCTaHOBKa He6OoNbLINX CUCTEM B 6ONbLUNX FOPHbIX AO0J/IMHAX MOXET CbIrpaTb LEHHYIO
OO0NO/THUTENIbHYO POJlb.

Ha Bbi6Op MecTa yCTaHOBKUW paAnosiokaTtopa B/IUSAIOT MHOTME SKOHOMUYECKNE U TEXHUYeCKMe
dakTOpbl, @ UMEHHO:

- C)/LLI,GCTBOBaHI/Ie Aopor ana noavre3aa K pagnosiokaTtopy.

- Hanwnune 3nekTpoNHUIA U INHKIA CBA3U. YacTo Heo6xoaMMo 406aBNATb CEPUNHO
BbIMyCKaemble yCTaHOBKM AJ191 3aLLUTblI OT MOJIHUI. YCTaHOBKa rPOMOOTBOA0B A0/IKHA
6bITb TLLATE/IBHO NPOAYyMaHa, MOCKOJIbKY XapakTepUCTUKN aHTEHHbBI (B 4aCTHOCTH,
ocniabneHne 60KOBbIX IENECTKOB) MOTYT CEPbe3HO NOCTpajaTb, Koraa ay4 pagmosiokatopa
nepexBaTblBaeT TakMe CTEPXKHM.

- CTOMMOCTb 3eM/N.
- BnnsocTb K 06bEKTY MOHUTOPUHTA U TEXHUYECKOTO 06CyKUBaHUS.

- Hanunyne kak MOXHO MeHbLLIEro KO/IMYecTBa NOMex A4J19 y4a paguosaokatopa, 4To6bl
MakCUMMN3NpPOBaTb BUAUMOCTb pagmonokatopa U MUHUMN3NPOBATb KOJIMYECTBO NMOMeEX
Ha MeCTHOCTU 1 610KMpOBaHune Nyya. Hukakoe npenaTcTBMe He AOKHO HaXo4MUTbCA
NoA yr/ioM, NPEBbILLAOLLMM MOJOBUHY LWWWPUHBI JlyYa HaZ FOPU3OHTOM, UJIN NPKU
rOPU30HTa/IbHOM LUIMPUHE, NPEBbILIAIOLLEN MOIOBMHY LUMPUHBI Ty4a. DTO OTHOCUTCA Kak
K paccTosaHMAM HenocpeACcTBEHHON 61M30CTH, Tak U K 6o/1ee AalbHUM PacCTOSHUSIM.

B cnyyae npuMeHeHMsa B He6oblWNX MacwiTabax ocoboe BHUMaHWe crieayeT yaensatb
NpeAoTBPALLLEHMIO 3XOCMTHAOB OT 3€MJIUN B LLe/IeBON 30He. B kpynHomacwwTabHbix
NPUMEHEHUAX, HaNPOTUB, HEOrPaHUYEHHas BUAUMOCTb ABNAETCA IMTaBHbIM NPUOPUTETOM.
lNMporpammHoe ob6ecneyeHune 419 MOAETNPOBAHNA MOXeT OblTb MCNOIb30BAHO A4
OLLEHKW KayecTBa paAnNoI0KaLLMOHHON CTaHUMN-KaHANAaTa B OTHOLLIEHUM NMOMEX U
npenaTcTBUIA Ha 3emne. Bxoa Takoro nporpammHoro obecnevyeHns npeacrasnseTt cobon
noapobHyto Moaenb penbeda EL (Bkatoyas, No BOSMOXHOCTU, aHTPONOreHHble NoMexu)

N XapaKTEPUCTUKN aHTEHHbI N PaANON0KaLWOHHOIO UMMY/bCa: BbICOTA HaZ, 3eMJ/IEN
CUrHana nojayu, 4actota UMNynAbCcoB, KOI(PDULNEHT YCUSIEHUSA aHTEHHbI, LUMPUHA Slyya

3 ab, MOWHOCTb MMNYyAbCa 1 aHTeHHa EL.

- npeI'IﬂTCTBVIﬂ Ha Tepputopumn pap,mon0|<au,|/|0HH01‘/’| CTaHUMN NOoABEPXEHbI USMEHEHUAM,
HanpuMmep, NoABNAKTCA HOBbIE 34aHNA UK PaCTyT A€PEBbA. OnepaTop pagnonokatopa
4acCTo pacnonaraet 3aKOHHbIMU CpeacTBaMn 414 OrpaHN4eHnA 6y,qyu.|,ero YBE€J/INYEHUSA
Kon4yecTBa HpenﬂTCTBI/IVI N X pa3MeEpPOB N A0JI>KEH NUCMOJIb30BaTb X B NoJIHOMN Mepe.

- [na papnonokaTopa, KOTOPbIA 6yAeT NCMONb30BaTbCA A5 paboTbl HA OTHOCUTE/NBHO
Masno AaibHOCTU, NOC/1e BHUMaTeNbHOro 06c/1e0BaHNsA MecTa YCTaHOBKM U U3yYeHUs
noApo6HbIX TONorpaduyeckmx KapT, MHOFAa MOXHO HaUTN OTHOCUTE/IbHO NMIOCKY0
TEPPUTOPUIO BHYTPU HEOOBLLIOTO MOHUXEHMSA, Kpas KOTOPOro 6yAyT CNyXUTb
eCcTeCTBEHHOM 3aLlMTON OT MoMex AN GOKOBbIX 1eNeCTKOB AMarpaMMbl HanpaBeHHOCTH
aHTEeHHbl NPU MUHUMYyMe 6/T0KMPOBaHMA OCHOBHOTO Nyva. Bo Bcex cnyyaax obcnenoBaHne
y4dacTka A0JIKHO BKItoYaTb B ceba NpoBepKy KaMepbl 1 ONTUYECKOro TeoAonnTa Ha
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Hanuyne noTeHuManbHblX NPENATCTBUN. B HEKOTOPbIX CyYasx NONE3HO NCNOb30BaTb
MOG6U/IbHYI0 PaiN0N0KALLMOHHYIO CUCTEMY A/1 NOATBEPXKAEHUS NPUTOAHOCTH
ob6bekTa [18].

- KOrga paanoaokaTtop UCNoJ1b3yeTcAa B UenAax 06Hapy>KeH|/|$| METEOPOSTIOTNYECKNX 06beKTOB
Ha 60/1bLUNX PaCCTOAHUAX, KaK 3TO MOXET 6bITb B Ccy4dae Tponn4eCkKmnx LLMK/1I0HOB U
apyrmnx I'IpVIMeHeHVII7I Ha no6epe>|<be, TO ero 06bIYHO yYCTaHaB/IMBAlOT Ha BEPLUNHE XO/IMa.
OH YBUAUT MHOTO paANO/IOKAUNOHHBIX MOMEX OT MECTHbIX MPEeaMETOB, HTO MOXET 6bITb He
TakK Ba>XHO npu Ha6J'IIO,CI,eHI/IVI Ha Aa/iIbHUX ANCTaHUNAX.

Kaxxgoe o6criegoBaHne NOTEHUMa bHbIX MECT YCTAHOBKW pagmnosiokatopa A0/KHO BK/OYaThb
Tware/bHYy0 NPOBEPKY Ha Ha/In4me 31eKTPOMarHUTHbIX MOMEX B eI IX MakCMMasibHO
BO3MOXHOIO MCK/IO4E€HWS B3aMMHOTO B/INSHWUA C APYTUMU CUCTEMAaMM CBA3UN, TAKUMMW Kak
TeneBuaeHne, MUKPOBOJIHOBbIE IMHUWN AN C APYTMMU paguoniokaTtopamMu. Takxe AOMKHO
6bITb NOATBEPXAEHME TOTO, HTO MUKPOBOJ/IHOBOE M3/1y4EeHME He NPeACTaB/aseT ONacHOCTU
[ON5 340POBbs HaceeHns, NpoxuBatoLero B61n3n npegnonaraeMon pagnonokaLnoHHON
nnowazaku [17] [19]. B 60nblLIMHCTBE C/lyvaeB CyLLECTBYIOT MPaBOBble HOPMbI MO 3TUM TeMaM,
KOoTopble Heo6xoamMmo cobntoaatb. YTo6bl M36exaTb MOMeX, Ha BOTHOBOAE MOTYT 6bITb
yCTaHOB/eHbl PUNLTPbLI U3YHEHUS U/UAN NpUeMa, NOCKOIbKY OHU BHOCST AONO/HUTE/IbHOE
3aTyxaHue B CUTHan.

Mo>xeT paxe notpeboBaTbcs paboTa pagnonokaTopa 6€3 n3nyyeHus B onpeaeseHHOM
YrI0BOM cekTope («IyLeHne cekTopa»), HTo6bl He MPEBLICUTbL YCTaHOBNEHHbIN 3aKOHOM
YpOBeHb BO34eNCTBUSA MUKPOBOJIH. PYHKLMA NepekpbITUA CeKTOpa paanosiokatopa AOKHa
KOHTPO/IMPOBATbLCA CreumnanbHONM CUCTEMON KOHTPOoAs 6e3onacHOCTU. CucTema KOHTPOS
6e3onacHoCTn npepBasa 6bl paboTy nepegaTymnka, ecnm 6bl OH HeMpegHaMepPeHHO NonbITancs
nepeaartb CUrHaa B CEKTOP.

9.3 BcnomorarenbHas uHdpacTpykrypa

BcnomoratenbHas VIHquaCTp)/KTypa Ona nnowaakm MeETeopPOosIoOrM4eCckoro paanmosiokatopa
MOXET BKJ/TIO4aThb:

- paAMoNoKaLMOHHYIO BbILIKY (KOTOPYIO, BO3MOXHO, MPUAETCS MOCTPOUTD);
- WCTOYHMK 3/1IeKTPUYECKOro NUTaHUS;

- cpeancTBa nepefayn gaHHbix (NpnbansmtensHo 8 M6UT/c Ansa pagnonokatopa C ABOMHOM
nonsapusaunen);

- KOHTpOJInpyeMas cpeja B MOMeELLEHUM 418 onepaTopoB (BNaXxHOCTb U Temnepartypa);
- MBI (pa3smep, TpebyeMoe AOCTYNHOE BpeMs NOAAEPXKKN N FeHepaTop);

- [AOCTynHOCTb (Tam, rae TpebyeTcs akcnayaTaLns B OTCYTCTBME NOCTOAHHOIO NepcoHana,
ob6opyaoBaHue A0MXKHO 6bITb 60/1e€ Ka4eCTBEHHbIM).

PagronokauMoOHHas BbillKa 3HAa4YNTEIbHOM BbICOTbI MOXET noTpeboBaTbCA A5 NPEOA0IEHNA
CAnWkKom 60/bLoM 6T0KMPOBKK yda 1 MOMEX Ha 3emJle B HEMOCPeACTBEHHON 611M30CTH

oT paanonokaTopa. [opu3oHTaIbHOCTb ONOPHOM NJIOCKOCTU pagmnosiokaTopa Ao/KHa
noaJepXMBaTbCs faxe B C/lyvyae CU/IbHOro BeTpa.

HenpepbIBHbI NCTOYHUK NUTaHNA HeO6Xx0AUM AN paanonokaTopa, 419 KOTOPOro AaHHble, Kak
oxwunpaetcd, 6yayT 4OCTYNHbI B ilo60e Bpema. Ecnv pagmonokauMoHHas cCTaHUMs U30AMpoBaHa,
MOXeT OKa3aTbCsl He4OCTAaTO4YHO NosaraTbCs Ha 31ekTpoceTb. B 3Tom ciyyae Heo6xoaMMm
anekTporeHepaTop ¢ MBI1.
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KoHaMUMOHUpOBaHMe BO3lyxa B MOMELLEHUM 31EKTPOHHOTO Lkada Heob6xoaANMOo 60/bLLYI0
4yacTb BpeMeHu ANn5 nogaepxaHnsa 6e3onacHbix NpeaesioB TeMnepaTypbl U BIaXHOCTU
3/1eKTPOHMKU. YacTo 6biBaeT HEOH6XOAMMO PacLLINPUTb €ro A0 BHYTPEHHEN YacTu obTekaTtens,
4yTO6bI N36eXaTb, HaNnpuMep, o6pa3oBaHUA MJIeCEHM.

TenekOMMYHMUKaLMOHHbIE N KOMMbIOTEPHbIE TEXHOOTMW MO3BOAAIOT NepejaBaTb
paamMonokauMoHHble AaHHble (O6bIYHO) B LLleHTPpasbHbI/ LEeHTP 06paboTkn AaHHbIX. 34eChb
cobnparoTCa U MHTErPUPYIOTCS AaHHbIE CO MHOTUX PagnoJIOKaTOPOB U U3 APYTnX NCTOYHUKOB
JaHHbIX, TAKMX Kak CNyTHUKW. PaboTa Kaxa0ro paamoaokaTopa Ao/XHa KOHTPOJIMPOBaTbCA
yAa/leHHO, 4TO6bl MOXHO 6bIN10 oNpeAenuTb AeNCTBUS ANCTaHLMOHHOIO ypaBaeHus uim
[AelCTBMA Ha MeCTe C pacCTOsHMUS.

I'Iepep,atla MOXET OCYLLECTB/IATLCA MO BO/IOKOHHO-OMTUYECKNM JIMHUAM CBA3U NN
OpYyrnM BbICOKOCKOPOCTHbIM Ha3€MHbIM JINMHUAM CBA3UN, paano-nam MMKPOBOJ/IHOBbIM
JIMHNAM CBA3U N CMTYTHUKOBbLIM KaHa/aM CBA3N. Cnep,yeT MMETb B BNAY, 4TO
PagnonokKaTopbl HaCToO pacnojaraloTca Ha yaal€HHbIX O6'b6KTaX, rae OoCTynHbl HE BCE
T€NEKOMMYHUKALMOHHbIE CUCTEMBbI.

9.4 3oHa NOKPbLITUA

[JanbHocTb r3nyeckoro HabnoaeHUs N110O6Oro METEOPONOrNMYeCcKoro paamosiokaTtopa
npaxkTUyecky orpaHnyeHa npuMepHo 450 KM, NOCKObKY Aaxe JIETHUE LUTOPMbI 3a Npeaenamu
3TOro Anana3oHa 06blYHO HaxoAATCA HUXe ropnsoHTa. PakTndecku, 6e3 610KMPOBKU Syya U CO
CTaHAapTHON pedpakLMOHHOW CNOCOBHOCTbIO BbICOTa ropmn3oHTa B 450 kM cocTaBnsieT 12 km.
Taknm o6pa3om, 06Hapy>KMBaAIOTCS TO/IbKO BEPLUMHBI CUJIbHbIX KOHBEKTUBHbIX OYPb.

[na ka4eCTBEHHOro HeNpPepPbIBHONO MOHUTOPUHIA 60NbLUMHCTBA MOTOAHbIX AB/IEHUN,
CBSI3aHHbIX C NOroAoM, TUNMNYHaa MakCMmaJsibHas AalbHOCTb cocTaBngeT 230 km, Ana
KOTOPbIX CaMas HM3Kas BblCOTa, KOTOPYIO paAnonokaTtop MoxeT Habaoaatb 6€3 610KMPOBKU
Ny4ya, cocTaBaset okono 3 kM. KpoMe Toro, aHTeHHa C KapaHAaLHbIM TyHOM MOLLLHOCTbIO

1° HPBW o6ecneynBaet yrnosoe pa3pelleHue 4 kM Ha pacctosiHum 230 km. CnegosatesnbHo,
KO/IMYECTBEHHbIE OLLeHKM NPY Taknx Anana3oHax HEBO3MOXHHbI.

CnepoBatenbHo, KOO 06bI4HO OrpaHn4mnBaeTcs MakCMmanbHbIM Anana3oHoM okono 90 (150) km
ans HPBW =1° (0,6°). be3 610knpoBKM Jly4a camas HMU3Kas BbiCOTa, KOTOPYIO MOXeT HabaoaaTb
paauonokartop c yrnom EL, paBHbiM 0°, Ha ganbHocTn 90 (150) km, coctaBnsier 500 (1 300) m.

CuTyauus 3Ha4MTeNIbHO YC/TOXKHSAETCSA B TOPHOM MECTHOCTU, FAe IXOCUTHaJIbl OTPaXeHus

oT 06/1aK0B UK aTMOCepPHbIX 0CaAkoB MOTyT 6blTb 06HapPY>KeHbl TONbKO Ha 60/bLLOW

BbICOTE M3-3a 3KpaHUPOBaHUA Ny4del penbedom. B 3Tom cnyyae 610kmpoBaHne MECTHOCTU B
CcoYeTaHUM C He6O/bLLION Ty6MHOM 0CaAKOB B XO/I04HOE BPeEMS rofa M HU3KUMW YPOBHAMM
TastHUS NPUBOANT K HEAOCTaTOYHOMY PaAN0N0KaLNOHHOMY NOKPbITUIO ANns nogaepxkm KOO B
Anana3oHe ot 60 go 90 kM. B cBA3M C 3TMM BO3HMKaAET BOMPOC O TOM, Kak PeLlMTb BO3HMKAIOLLYO
NoTPe6HOCTb B Yy4LUEeHUM OXBaTa Ha Masibix BbicoTax. CTOMMOCTb, pagnaLlnoHHas
6e30nacHOCTb 1 3CTeTUYECKMEe NPO6eMbl MOOLLPSAIOT UCMOJIb30BaHME PagN0I0KaTOPOB
Masiol Aa/IbHOCTU, OCHALLLEHHbIX HE6ONbLWIMMW aHTEHHaMM U MaJIOMOLLHBIMW NepeaaTynkamu,
KOTOpble MOTyT 6blTb yCTaHOBJ/IEHbI IMGO Ha HEAOPOTUX BblLIKax, MO0 Ha CyLLLeCTBYOLLEN
nHdppacTpykType. Hepoporne, ManomoLHble pagmMonokaTopbl Manol AanbHOCTU X-Anana3oHa
MOTyT 6biTb 3(pHEKTUBHBIM peLLeHMeM A1 AONONHEHUS PaAN0/IOKaTOPOB 60/bLUION
[anbHOCTU. B 3TOM Ccilyvae TMNMYHas MmakcuManbHasa 4asbHOCTb AEACTBMA cOCTaBnseT
nopsaka 50 km.

Pagmnonokatopbl MOryT o6ecneyqmTb NpakTU4eCkn HENPEPbIBHbI MOHUTOPWHT MOrOAbI,
CBSI3aHHOW CO LUTOPMOBbLIMM BO3MYLLEHNAMM CUHONTMYECKOro Macwtaba u mesomaclutaba

Ha 6onbLlon TeppuTopumn (Hanpumep, paagmyc 220 km 1 naowaab o63opa 125 000 km?), ecnn

WM He MeLlatoT 34aHu1s, XO/IMbl, FOpPbI U T. N. V3-3a noMex Ha 3eM/ie Ha MaJiblXx PacCTOAHUAX,
KPWUBU3HbBI 3eMJIN 1 pacLUMpPeEHNs Nyya paamosiokaTtopa Koam4yecTBeHHOe o6HapyKeHne ocagkoB
Ha paccTosiHnmn 6onee 100 kM OT paanonokaTopa BO3MOXHO TOJIbKO B OFPaHUY€HHOM CTEMEHN, a
MakcuMasbHas npakTnyeckas AaabHOCTb HaboaeHns 3a Norogon cocrtasniset okoao 200 km.
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Ha 6onblunx He3aceNeHHbIX TEPPUTOPUAX APYyrue cpeacTBa HabNoAeHNS YaCTo HeJOCTYMHbI
VAN HEBO3MOXHBI. B pernoHax, rae 4acto BbiNagaloT O4eHb CU/IbHbIE U 06U/IbHBIE OCaAKMY,
pekoMeHAyeTCa UCNob30BaTb paAnosiokatop S-amManasoHa. B aopyrux palioHax, Hanpumep,
B CpeAHUX WnpoTax, pagnonokatopsl C-ananasoHa MoryT 6b1Tb 3¢ eKTUBHBIMU NPU
ropaspao MeHblUMX 3aTpaTax. Pagunonokatopbl X-AnanasoHa CTpaAatoT OT 3aTyXaHUS U MOTYT
MCNO/b30BaTbCA TO/IbKO Ha KOPOTKMUX PACCTOAHUSAX.

9.5 BMaMmMocCTb U NnOMExXmu

Ha Bcex PaanonoKaLuNOHHbIX CTaHUMNAX OO0J1>)KHaA 6bITb 06ecnevyeHa HeorpaHnM4eHHaAn
pagnonokaumnoHHaa BUANMOCTb. 2T0 OTHOCUTCSA Kak K HeﬂOCpegCTBeHHOVI 6J'IVI3OCTI/I, Tak "
K 601bLLINM paccTtoaAHUnAM.

B c/ny4ae NnpUMEeHEHNA B HeboNbLWMX MacliTabax ocob6oe BHUMaHMe cnenyert yaenAatb
npeaoTBpalLleHno 3XoCMrHasioB OT 3emM/11 B u,eneBoﬁ 30He. B Kp)/I'IHOMaCLIJTa6HbIX
NPUMEHEHNAX, HAMPOTNB, HEOTPaHNYE€HHAA BUANMOCTb ABIAETCA IMIaBHbIM NPUOPUTETOM.

Ox0 OT 3eM/I1 (MOMEeXU Ha 3eMJie) — 3TO OTPaXKEHUA lyya paAnosiokatopa OT eCTeCTBEHHOMN
Tonorpacun (Hanpumep, rop, AepeBbEB) U/UNN NPeNATCTBUIA (Hanpumep, 34aHUI, BETPAHbIX
3N1eKTPOCTaHLMIA), pacrnonoXeHHbIX B HeNocpeACTBEHHOM 6/1M30CTH OT METEOPOJIOrNYECKOT0
paavonokatopa. bokoBble nenecTky Bbi3bIBalOT 3XO OT 3€MIN.

Tonorpacbw-lecm/le KapTbl MOTYT 6bITb NCMOb30BaHbl B KayecTse OTI'IpaBHOVI TOYKWN ANA NOUCKa
nogxogsauwero Mmecta 414 METEOPO/IOrM4€CKOro pagmnosiokatopa. MaeanbHo MecCTO, rae 60KOBble
nenecTtkn MoryT ObITb yYAaneHbl €eCTECTBEHHbLIM pe)'lberOM 1N aepeBbamMn. O6Cﬂeﬂ,OBaHVIe
y4acCTKa JO/1>)KHO BK/1KO4aThb B cebs NpoOBepPKY KaMepbl N ONTUYECKOro TE040/INTA Ha Ha/in4ne
MECTHbIX I'IpeI'IFITCTBVIVI, Takux Kak 6allHW UK BbICOKUE OepeBbA. B Kpal7|HI/IX Cy4vasax none3Ho
ncnonb3oBatb MO6I/IJ'IbH)/IO PaanonoKauMOHHYO CUCTEMY A4 NOATBEPXAEHUA MPUTOAHOCTU
obbekTa. HeO6XO,D,I/IMO npoBeCTU Ha6J'IIO,CI,eHVIe 3a 51€EKTPOMArHATHbIMU NMOMEXaMMU.



AOBAB/JIEHUE A. UBMEPEHUE NAPAMETPOB
nPON3BOAUTE/IbHOCTU CUCTEMDI

(HopmamusHas desimeibHOCMb)

Al O6uwasn nipopmauus

B 3aBMCMMOCTU OT KOHUTYpaL MK, ONMUCAaHHOW B M. 5.2.1, AOCTYMHbI TPU CXEMbI U3MEPEHUIA.
B kayecTBe TUNUYHOW KOH(UTypaLUn B JaHHOM NPUIOXKEHNM MOKa3aHbl METOAbI M3MEPEHNS
napaMeTpoOB HE3aBUCMMOTO M3NlydaTens C ABOMHON nonspusaumen.

A2 CranpapTtHbiii popmart cneundpukayum

Ha ocHoBe pa3gena 6 B Tabnuue A1 nepedncieHbl BaxHbie napaMeTpbl paboTol
MEeTeopOoJIOrM4eckoro paanoaokaTtopa 1 COOTBETCTBYIOLLME MM MOPOrOBble 3HAYEHUS.
lMockonbky HekOTOpPbIe MapamMeTpbl 3aBUCAT OT AJIMHbI BO/IHbI pagnoaokartopa, npu
Heo6Xx0AMMOCTM NPUBOAATCA OTAE/IbHbIE MOPOroBble 3Ha4YeHns ana X-, C- n S-guana3oHoB.
Kpome Toro, noporoBoe 3Ha4yeHue Kaxxaoro napaMmeTpa NpuBeAEHO A1 Tpex KaTeropumn,
NpeAcCTaBASIOWMX Pa3IMiHble yPOBHU TEXHNYECKOM TOYHOCTU, [OCTYNMHbIE HA MOMEHT
ny6ankaumn. YpoBeHb «NOpor» npeacrasasgeT coboit MMHUMasbHble TpeboBaHMA K
KO/IMYECTBEHHOM CMCTEME METEOPO/IONMYECKOrO pagmnosiokatopa. YpoBeHb «06LMiA» OTHOCUTCS
K TUMNYHbIM TPe6OBaHMAM K METEOPOJIOTMYECKMM paanonokaTopam. YpoBeHb «40CTUXMMBbI»
TpebyeT BbICOKOK/IaCCHOro 060pyA0BaHNs, a TakxXe BbICOKOKAaCCHOTO MPOeKTUPOBaHNSA U
NPOn3BOACTBA, YTOObl COOTBETCTBOBATH MOPOroBbIM 3Ha4YeHMAM. COOTBETCTBEHHO, NOC/IeAHNe
CUCTEMbI 3HaYMTEIbHO AOPOXE PaAMOIOKALMOHHBIX CUCTEM «O6LLEr0» YPOBHS.

Mockonbky Tabnumua A.1 noceswWeHa KONYECTBEHHBIM METEOPOJIOTUYECKNM paguookaTopam,
MOryT 6bITb U APYrMe MPUMEHEHMUS, KOTOpble He TPebytoT, 4To6bl BCe mapameTpbl 6bi/1n Ha
YPOBHE «MOPOroBOro» uau iy4ywe. PekoMmeHayeTca nsmMepaTb napamMeTpbl, NPMBeAeHHbIE B
Tabnuue A.1, c paspelueHmem nydue, 4em 1/10 oT 3a4aHHOTO 3HAYEHUS.

B Tabnnue B lo6aBneHnn B npruBeaeHbl NpMMepbl pacnpoCTPaHEHHbIX TEXHUYECKNX
XapakTepuCTUK METEOPOJIONMYECKNX PaAN010KaTOPOB Ha COBPEMEHHOM PbiHKe (MO COCTOAHMIO
Ha 2016 ron).

Ta6nuua A.1. CraHpaapTHbIli popmat cneumucgukaunum

Tpe6osaHust k npou380dUMenbHoOCMU cucmemsl 071

Kamezopus
Memeopo/102u4ecko20 paduonokamopa

lMopozosoe

OcHosHble napamempei Kpumepuu Locmuxumas Tunoeas
3Ha4eHue

YyBCTBUTENIBHOCTb YyBCTBUTENBHOCTb K
OTpaXKeHMIo A0/KHa
6biTb A dBz nnn meHee Ha
pacctosaHum oo B kM, rae
MaKkCUMasibHas OfHO3Ha4Has
ckopocTb 6osiee £48 m/c
[OCTUraeTcs € 2-CTyneH4aTbiM
foge TM60 2:3, Tn60 3:4, nnn 4:5

Ana S-npnana3oHa <10; 240 < 18; 240 < 23;240
Ana C-gnana3oHa <5;120 <13;120 <18;120

Ana X-ananasoHa <0; 60 <8; 60 <13; 60
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Tpe6osaHust k nNpoU36800UMenbHOCMU cucmemsl 071

Kamezopus
Memeopo/102u4eckoz20 paduonokamopa

lMopozosoe

OcHosHble napamempei Kpumepuu Locmuxumas Tunosas
3Ha4eHue

MpocTpaHcTBEHHOE PaspelueHune nyva AOKHO <0.55° <1 <2
paspelueHune 6bITb 6, 1 6, (B rpasycax) unu
MeHblle

PaspelwieHune grnana3oHa <75 <150 <1000
00MKHO 6bITb RR (B M) Uin
MeHblLLEe

bokoBoI1 nenecTok aHTeHHbI <-=27 <-23 <-20
[oxeH 6blTb AVpa (8 ab) nnn
MeHbLue

bokoBoW nenectok Anana3oHa <-70 <-50 <-30
[OJ1XEH ObITb AVpr (B ab) unn

MeHblUe A15 pagmonokaropa

UMMNYAbCHBIM CXaTneM

®asoBas ®a3oBas cTabUIbHOCTb
CTabUNbHOCTb AOMXHa GbiTb 6 (B rpaaycax)
WAV MeHblUe

Ans S-gpnanasoHa <0, <0,3 <1
Ana C-pnana3oHa <0,2 <0,6 <2
Ona X-gnana3oHa <04 <1,2 <4

To4yHoCTb KoaddpuumneHT nepekpectHom <-35 <-30 <-20
n3MepeHns ABONHOMN nosgpusaumm AosixeH 6blTb
nongapusaumm XPDSys (8 Ab) nnn meHbLEe

MakcumanbHas MakcmmanbHasa ckopocTb
CKOPOCTb BpaLleHns BpaLLLeHNs aHTeHHbl A0/1KHa
6biTb R__ (B 06/MUH) nnn

max

60nblue

YckopeHue Mpu yckopeHUn aHTeHHbI
EL Bpemsa gBnxeHunsa ELot 0
£0 90 rpagycos n ot 90 ao <10 <20 <40
0 rpaaycoB A0/1KHO ObITb

MeHblue, yem t . (B cek)

Kak yckopeHune aHTeHHbl AZ,

BpeMs OT MakCMManbHOM

CKOPOCTM 40 NOSHOM <3 <5 <10
OCTaHOBKMW AOMXHO 6bITb

MeHblle, Yem t . (B cek)

To4yHOCTb OopueHTauum TOYHOCTb HaBeAEHWS aHTEHHbI
aHTEHHbI [OoNXHa 6bITb eps (B rpapycax) <0,05 <0,1 <0,2
WU MeHbLUe

ToyHoCTb OpmeHTaumMm TOYHOCTb HaBeAEHMSA aHTEHHDI
AHTEHHHbI nonxHa 6bITb Hps (B rpapycax) <0,05 <0,1 <0,2
WU MeHblUEe

AdnHamunyeckun AvHamMunyecknin gnanasoH
ananasoH nomkeH 6biTh LV, (B 4B) nnn >120 >100 >80
6onblue
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Tpe6osaHust k nNpoU36800UMenbHOCMU cucmemsl 01

Kamezopus
Memeopo/102u4ecko20 paduonokamopa
lMopozosoe
OcHosHble napamempoi Kpumepuu Hocmuxumas Tunosas
3Ha4eHue
HexenaTtenbHble YpoBeHb Hexenate/bHbIX
N3Ny4eHns N3/Ty4eHNn JoKeH

cocTtaBnaTtb A Ab nnun meHee
Ha paccTtosaHuu B Ml ot
LLeHTPaNbHOM YacToThl f; (B
MTrw)

3HayeHus He yKka3aHbl®

2 3a ucknveHnem S-agmnanasoHa. b B 3aBUMCUMOCTU OT HaunoHaNbHbIX HOPMATUBOB.

A3 U3mepeHune OCHOBHbIX NapaMeTpPoOB

A3 O6was uncpopmayus
MapameTpbl paboTbl CUCTEMBI, TPUBEAEHHbIE B TabnuLe A.2, OTCOPTUPOBaHbI MO KOMMNOHEHTaM

pagnonokartopa. ﬂ,)’lﬂ HEKOTOPbIX 3/1IEMEHTOB CYLUECTBYIOT Pa3/indnAa B UISMEPEHUNAX MEXAY
MMNYIbCHO-KOMNPECCUNOHHBIMU N HEUMITY/IbCHO-KOMMNPECCNOHHBIMU paano10KaTopaMn.

A3.2 llupuna nonymMmowHocmu umnynasvca nepeoavyu

A.3.2.1 Cxema nsmepeHums

McnbiTatenbHoe o60pyaoBaHMe OMKHO ObiTh 3aLlMLLEHO, Tak Kak BbI6OPOYHas MOLLHOCTb
nepegarymka MoxeT 6blTb OCTAaTOYHO BbICOKOWA.

A3.2.2 YCTpOMCTBO A/151 U3MepeHus

YCTpoWcTBO AN n3mMepeHns npuseaeHo B Tabnuue A.3.

Ta6nuua A.3. YcTpoiicTBO A1 UsSMepeHUs LUIMPUHbI NOSIOBUHBI MOLLLHOCTU
nepepjaloLLLero MMnysbca

N¢  HassaHue ycmpoticmea 3ameyqaHus

1 Ocuunnorpad

2 [JetekTop
3 ATTeHtoaTop AtTteHtoaTop 3 ab
A3.23 MeTtopa nsmepeHus

MoakntounTe AeTekTop N ocumnnorpad K To4ke KOHTPOASA BbiIXxoAa Nepeaayn, kak nokasaHo Ha
pucyHke A.1. CHa4ana usmepste rpy6blit nnk P, Kak nokasaHo Ha prcyHke A.2. 3aTeM 3anuiinTe
10% Pp, rae Pp ctaHoButcs 10 %. V13 cpeaHeli Toukn mexay asyms 10 % Pp nposeauTe JTNHUIO
BBepX. Touka nepeceyeHns 3anaetcs kak P ',

3aTem nsmepbTe TOUKY, rae P’ ctaHoBuTCs 50 %, UCnonib3ys CTyneH4atbie aTTeHioatopsl. Mpu
3TOW aMNAnTyAe NPOBeAUTE IMHMIO MO OCU BPEMEHMU, YTOObI NOYYUTb LUIMPUHY UMMYSIbCA T.

B kayecTBe a1bTePHAaTUBbI LLUIMPWHA UMIMYyJ/1bCa MOXET ObITb n3MepeHa C NOMOLLbIO
,Cl,aTLWIKa/l/IISMepVITe}'IFI NMKOBO MOLWLHOCTN BMECTO ocu,vmnorpacba/marosux aTTEHOATOPOB.
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YcnoBHble 0603HaYeHUs:

1 Tepepatoliee ycTpoiCTBO 7  Kabenb ans nsmepeHus

2 MNornowarouwas Harpy3ska 8 [etekTOp

3 HanpaBneHHbIV OTBETBUTENb 9 Ocuwnnnorpad

4 Kanan BepTukanbHoM nonspusauum (V) 10 OnopHO-NOBOPOTHOE YCTPOMCTBO
5 KaHnan ropusoHTtanbHon nonspusaunn (H) 11 BcraBka

6 Touyka KOHTpPONA BbIXOAA NepefaTynka 12 ArteHtoaTop 3 ab

PucyHok A.1. lnarpamma nsmepeHus LLMPUHbI NOJIYMOLLLHOCTY nMnysbca nepegaydn () (tvn
He3aBUCUMOTO NnepeaaTymnka C ABOMHOM NossipusaLmen)

PucyHok A.2. OnpepeneHne WWMPUHbI UMMYJ/bca
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KomnoneHm lMapamemp usmepeHus Kamezopus napamempa lpumenrerue lpumeyarus Pasden
Tun MnkoBas MOWHOCTb YyBCTBUTENIBHOCTb Tunoson A.3.3
nepeparyvka nepeaaun (P)

LLnpuHa nepepatowiero YyBCTBUTENIBHOCTb Tunoson Tak>e cBA3aHO C pa3peLleHmem A.3.2
nmnynbca (z) AvanasoHa
AHTeHHa KoadbdpuuneHT ycunenms YyBCTBUTENIbBHOCTb Tunoson A34
(Gt, Gr)
LLnpuHa nyva YyBCTBUTE/IbHOCTb U Tunoson A34
() NPOCTPaHCTBEHHOE
paspeLueHune
KoaddpuumneHT nepekpectHont  TOYHOCTb M3MepeHUs Tunoson MN3mepseTca BmecTe € A3.5
nonspwusaumnu (XPD) [ABOWHOM nonspmsauumn «M30n9LMeNn» B KaTeropun
NPUEeMHNKOB
MpuemHuk MuHUManbHbIN YyBCTBUTENBLHOCTb Pasnuune ansa A3.6
Oo6HapyXvnBaeMblli CUrHan paanonokaTtopa ¢
S..) UMMY/IbCHBIM CKaTUEM U
6e3 UMMNYNbCHOrO CXaTus
KoapdunumeHt cxatums YyBCTBUTENBHOCTb PNC co cxxaTvem A3.7
UMNYybCOB UMMNYNbCOB
PaspelueHne no ganbHoOCTH MpocTpaHcTBEHHOE P/IC 6e3 cxxatus A.3.8.2
(PN1IC 6€3 umnynbcHOM paspelueHune UMMNYNbCOB
Komnpeccuu)
PaspelueHune no ganbHOCTH YyBCTBUTE/IbHOCTb U P/1IC co cxxatnem A.3.8.3
(P/1C co cxatem MMnynbCcoB)  NPOCTPaHCTBEHHOE UMMNYNbCOB
PaBHa WUMPMHE NPMHMMAEMOro  paspelleHne
nmnynbca (z)
M3onauuna H/V To4HOCTb M3MepeHnsa ABOVIHOW  Tunoson CsAa3aHHble € «ko3dPpurLneHToM A.3.5

nonapwusauyunmn

nonepey4yHon nonapusaLnm
(XPD)» B KaTeropuun aHTeHHbI
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KomnoHeHm

lMapamemp usmepeHrus Kamezopusa napamempa lpumeHeHue lMpumevaHus Pasoden
MoTtepa cuctembl  TpakT nepepayun YyBCTBUTE/IBHOCTb Tunosott A3.9
TpakT npnema Tunoso A3.9

CornacoBaHHble NoTepun Paznunyune ana A.3.94

dunbTpa

MNoTeps nepepayn obTekatens

paAnonoKaTopoB C
UMMYSIbCHBIM CXXaTUeM U
6€e3 UMNYNbCHOrO CXaTuns

TunoBoi

A3.9
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A33 NMukoeas mousHocmo nepedadu, P,

A.3.31 Cxema nsmepeHums
Cxembl nsmMepeHuii npueeaeHsbl Ha pucyHkax A.3 n A.4.

McnbiTatensHoe oGopyp.osaHvle AO/TXKHO 6bITb 3aunuieHo, Tak Kak MOWHOCTb U3MepAeMOoro
nepeaarymka MOXeT ObITb AOBOJIbHO BbICOKOW.

9

—— 10

6| 705 10

8 8]
T— 4
= 11
3

11

YcnoBHble 0603Ha4YeHNS:
Mepepatolee ycTponcTeo 7 KananV
MornowaroLas Harpyska 8 Touka KOHTPO/A BbIxOAa NepegaTyMKa
HanpaBneHHbIl OTBETBUTEND 9 Kabenb Ana nsmepeHus
Kanan sepTukanbHom nonapusauum (V) 10 W3smeputenb moLHOCTH
1

KaHnan ropusoHTanbHom nonapwmsaumm (H) K onopHO-noBOPOTHOMYYCTPOMNCTBY
Kanan H

N DA WN =

PucyHok A.3. Cxema nsmepenus Pt (tTun HesaBucMmoro nepepartymka ¢ 4BOMHOM
nonspusawmen)

1 1

| —

N 3

YcnoBHble 0603HaYeHUS:

1 SG

2 Kabenb ans nsmepeHus
3 W3mMepwuTenb MOLLHOCTM

PucyHok A.4. inarpamma nsmepeHusi notepb B kabene
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A3.3.2 YCTpOCTBO A/151 U3smMepeHus
YCTpOWCTBO AN M3MepeHns npuseaeHo B Tabnuue A.4.

Ta6nuua A.4. lnarpamma nsmepeHus notepb B kabene

Ne HaszsaHue ycmpoticmsa lpumedarus
1 M3meputenb mowHoCcTH
2 l[eHepaTop curHanos
3 M3mepuTenbHbili kabenb
A3.3.3 MeTtoa nsmepeHus

A.3.3.3.1  O6was uHgpopmayus

MepeaHnit NOPT cCOeANHUTENA NepeaaTynka AOJHKEH UCMOJIb30BaTbCA A1 U3MePeHNs NMKOBOWN
Mo HOCTU nepegayn. O6bIYHO OH pacnonoxeH o4eHb 6/1M3K0 3a BbIXOAOM MepeaaTymnka

N ABNISE€TCA NMEPBbIM OTBETBUTE/IEM B BOJIHOBOAE PaAMON0KALMOHHOM CMCTeMbI. BaxHo

3HaTb KO3 pULMeHT cuenneHns mydT. ECnv BO3MOXHO, U3MepUTeNb MOLLHOCTU O/IXKEH

6bITb HANPAMYIO MOAK/IIOYEH K COeANHUTETIO NepeaaTymka 6e3 4onoHUTeNbHOro kabens.
M3MmepeHnsa MOLLLHOCTM NepedaTtyumka AO/KHbI MPOBOAUTLCSA NPU BCEX AOCTYMHbIX HACTPOMKax
ANNTENBHOCTM MMNYyNbca. COOTBETCTBYIOLLMIA [, . AO/KEH ObITb BbIGPAH 115 TOTO, Y4TOGbI
Noay4nUTb OAMHAKOBbIN Pabounii LMK AN KaXA0MW HACTPOMKM ANUTENbHOCTU NMNY/bCa.

A.3.3.3.2 UsmepeHue nomeps 6 kabene

Ecan n3IMepuTesib MOLLHOCTU HE MOXET 6bITb HanpsamMyo noak/a04Y€H K OTBETBUTEJIHO
nepeaarymka n HEO6XO,CI,VIMO ,CI,O6aBVITb Ka6eﬂb, HEO6XO,CI,I/IMO M3MEPUTb NMNOTEPU B Kkabene n
,Cl,06aBI/ITb MX K USMEPEHUIO NMKOBO MoLiHOCTK. B NPOTUBHOM C/1y4ae UsMeputesib MOLLHOCTA
AO0/1XKeEH 6bITb NnoAK/TI0O4€H HENOCPEACTBEHHO K OTBETBUTEJIHO.

3apaHee n3mepbTe NoTepu kabens L, kotopble 6yAyT MCNONb30BaTbCA ANA U3MepeHns P.

Yctanosute yactoTy SG Ha 4acToTy nepefayu f, paanMonokaLMoHHOro 060pyaoBaHmna C
AOCTaTO4HbIM YPOBHEM BbIXOAHOIO curHana P, (Hanpumep, 0 AbM). NoaknounTe 0OANH KoHel,
kabensa k SG, a Apyrom — K U3MepuUTeNI0 MOLLHOCTH, Kak MOKa3aHo Ha pucyHke A.4.

lMoka3zaHusa n3MepuTenda MOLWHOCTU NOKa3bliBalOT 3aTyXaHne Lc kabens
oTpulaTte/ibHbIMU HNCTAaMMW.

A.3.3.3.3  UsmepeHue Pt

BbICTpble AaTYMKM MUKOBOWM MOLLLHOCTN OBbIMHO MEHEE TOYHbI C TOYKW 3peHnst abCoNOTHOM
MOLLHOCTU, YeM MeAJIeHHbIe 4aTYMKN CpeHeN MOLLHOCTU. JlaT4MK NMKOBOM MOLLLHOCTH
ncnonb3yeTcs Aas onpegeneHns rpy6oi NnMKoBOM MOLLHOCTU M TOYHOM LUMPUHBI UMMYNbCa
(cM. A.3.2). C gpyrowi CTOPOHbI, CpeaHAsA MOLLHOCTb Nepejayn usMepseTcsa usmeputenem
cpeAHei MOLWHOCTU. 3aTeM, UCMOAb3Ys 3TN 3HAaYeHUs, onpeaensaeTcsa NMKOBas MOLLHOCTb.

Moakntounte n3MepuTesib MOLLHOCTN HaNpAMYyto Nan C NOMOLLbIO Kabens Kk OTBETBUTENIO
nepeaartymnka n nepeseanTe nepenartimk B pexXnm nepenaqu. B 3aBucMMoOCTM OT TUNa
nepeaarymka naMepbre CpeaH0 MOLWHOCTb, MCNOJ1b3yA ME€TO4bl, MOKa3aHHbIE Ha
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pucyHkax A.1-A.4. Onpeaenute notepu L, (BK/ItO4as CTeNeHb CBA3M HaNpaB/IEHHOrO
OTBETBUTENA) C BbIXOAA Nepeaayn Ha OoTBeTBUTe b NepeaTymka. Ecan nokasaHmsa nsmeputens
MOLLLHOCTW paBHbl P’ (B 4BbM), TO MOLWHOCTb Nepeaaymn P, nonyvaetcsa no popmyne (A.1):

P, =P, +L +L, (A1)

H4T106bI NPeobpaszoBaTh CPEAHIO MOLLHOCTb P, B MMKOBYIO MOLLHOCTb Nepeaayn P,
ncnonb3yiTte paboymnii LMK nepefaTymka, KOTOPbIN onpeaenseTca WMpuHon nmnynbca (z) u
4acTOTOMN C/1Ie0BAHNA UMMNYNLCOB (fp.). frp U3MEPSAETCA C NOMOLLbIO CXEMBI, MOKA3aHHOM Ha
pucyHke A.1 (BMecTo ocumnnorpacda MOXHO MCNO/b30BaTbh CHETHUK HACTOThI).

MoLHocTb nepegayn, kotopas 6yaeT MCNONb30BaTbCA B Ka4eCTBe KanMOPOBOYHOrO 3Ha4eHMs,
paccunTbiBaeTcs no hopmyne (A.2):

P
p=—b2—
T forF

Cwm. nogpasaen A.3.2 ona nsmepeHuns LWMPUHbI UMNY/bCa.

(A.2)

A34 Kos3¢gppuyuenm ycunenuss anmeHHvol, WiupuHa ny4a

A3.41 O6wasa nucgpopmauus

CyLliectByeT Tpu MeTo4a TOYHOM XapaKTePUCTUKN aHTEHHBI, KOTOPbIe CYLLLIECTBEHHO
pasnuyaloTca: MeToA AasibHero AnanasoHa, MeTo/, KOMNakKTHOro AnanasoHa U MeToj UsMepeHus
6unxHero nons. B stom nogpasaene onmcbiBaeTcs TONbKO METO/ Aa/ibHEro AnanasoHa.
A3.4.2 Cxema nsmepeHums

Cxema nsmepeHuns npuseaeHa Ha pucyHke A.5.

PaccTtosiHne R oT nsmepseMoi aHTeHHbI A0 NepejatoLLeil aHTeHHbl 4OXHO 6biTb B OCHOBHOM
AanbHUM nosem, a UMeHHo R > 2D?/) (rae D — pnameTp aHTeHHbI, @ A — A/INHA BOJIHbI), HO eCK
MOXHO [JOKa3aTb MPOM3BOANTENIbHOCTb, PABHYIO MW Ny4LLYIO, YEM B C/ly4ae AanbHero nons,
n3mepeHue 6aMXKXHero noss Takxe npuemsemo.

A3.43 YCTpOCTBO A/151 U3MepeHus

YCTpOWCTBO AN U3MepeHns npuseaeHo B Tabnumue A.5.

Ta6bnuua A.5. lnarpamma nsmepeHus notepb B kabene

Ne HassaHue ycmpoticmea lMpumedarus

1 MpunemHunk

Perncrtpatop wab6aoHoB
CraHpapTHas pynopHas aHTeHHa
l[eHepaTop curHanos

Mepeparowas aHTeHHa

AN »n A W N

Cmecutenb
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YcnoBHble 0603HaYeHUs:

1 Tepepatouias aHTEHHa 7  CraHpapTHad pynopHas aHTeHHa
2 SG 8 3ameHeHa aHTEHHOW 415 U3MepeHus Ko duLmeHTa ycmneHums
3  Bpawatowascs nnatgopma 9 BpaweHue Az ana nsmepenunsa GO
4  AHTeHHa, noanexauias 10 OTpaxartenb
U3MepeHunio
5 Touyka namepeHus 11 TMpuemHuk

6  PynopHbin o6ny4yatens

PucyHok A.5. ilnarpamma nsmepenus notepb B kabene

A3.44 Metop nsmepeHus
A3.441  Koappguyuenm ycuneHuss anmeHHbl

MpuHaTL BoIxOAHOW curHan SG, nsnydaemsblii nepegatoLen aHTEHHON, yCTaHOBIEHHOM Ha
[OCTaTO4YHO YAaIeHHOM PacCTOSIHUM, Kak NOKa3aHo Ha CXxemMe U3MepeHunii Ha pucyHke A.5, ¢
MOMOLLbIO M3MEPAEMON aHTEHHbI, NOMELLLEHHOM Ha BpaLLLaloLWLMncs CTos, 1 3anmcatb YpOBEHb
NPUHMMaEeMOro CurHana B permctpartop wabsoHoBs Yepes npuneMHunk. Ecnm perncrpartop
AnarpaMMbl HarnpaB/JEHHOCTU 3annCbiBaeT YPOBEHb MPUHMMAEMOro curHana s macwtabe ab,
TO pe3synbTat Anarpammsbl ycuneHnus (G,) M3mepaemMoin aHTeHHbI CTPOUTCS, Kak NOKa3aHo Ha
pucyHke A.6. 3aTeM 3aMeHUTe NUTaKOLWNI PYNoOp Ha CTaHAAPTHbLIN Pynop 1 3akpenuTe ero B
HanpasneHUU nepeaatoLLlelt aHTEHHbI. Takum xe 06pa3om 3anuiumTe ypoBeHb NPUHUMAEMOro
curHana B perncrtpaTop wabnoHoB.

Mocne storo cpaBHuTe G, 1 G_ 1 CYNTaNTE MAKCUMa/bHYO Pa3HOCTb yPOBHE (Pa3sHOCTb
ycuneHusa AG) ¢ 3anucm camonucua.

KoaddurumeHT ycunenns G, ctaHaapTHOro pynopa, KOTOpbii u3mepsieTcs 3apaHee,
no6asnsetca Kk AG ana nonyveHmna kospduumenta ycunenns aiteHHsl G(G, G).
DTOT nokasaTtenb MOXeT 6bITb paccyuTaH no popmyne (A.3) (B abu):

G = AG + G, (A.3)

I/I3M€pre 3HayeHna HnV nonsapusaunn B ciydae AByXnoJsispn3aLMOHHOro tuna. Ecan YKa3aHa
4acCToTa, ncnoJsibdyemMas and nimepeHna, usmepbre YypoBEHb Ha )/Ka3aHHOl7| yactoTe. Ecam YKa3aH
Anana3oH 4acToT, U3MepbTE YPOBEHb Ha BerHeM/Hl/I)KHeM npeaene, a Takxe cpeaHee 3Ha4eHue.

3apaHee n3MepbTe NnoTepn COeANHNTE/IbHOIO BO/IHOBOa (KOMI'IOHEHTa aHTeHHbI) N BbIYTUTE UX,
YTOOHI nony4nTb KO3quJVILI,VIeHT YCUNEHNA aHTEHHBI.
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—A/3

YcnoBHble 0603HaYeHns:

1 [dunarpamma ycuneHus nsmepsemon aHteHHsl (G,)

2 Pa3Huua ycunenms AG (cuntbiBaeTcs € perncrpartopa waboHOB)

3 KoadpuumeHT ycuneHnmna ctaHaapTHON pynopHom aHTeHHbl G, (6a3uc)

PucyHok A.6. Mpumep aMarpamMMbl HanpPaBA€HHOCTU aHTEHHbI

A3.4.4.2 UWlupuHa ny4a aHmeHHsl, Oy,

AHanorn4yHo ko3 PULUNEHTY YCUNEHMSA aHTEHHBI, NPUMKTE BbIXOAHOM cnrHan SG, nsnyyvaemsoiin
nepepatoLieli aHTEHHOW, YCTaHOBJIEHHOW Ha AO0CTaTOYHO yAa/leHHOM PacCTOSHMM, C NOMOLLbIO
N3MepseMO aHTEHHBI, pa3MeLLEeHHON Ha BpallialoLweMcs CTone, U OAHOBPEMEHHO M3MepbTe
BbIXOAHOW CUrHaM NpueMa B HanpaBAeHUW BPaLLLEHUS C MOMOLLbIO 3Ta/IOHHOWM aHTEHHBbI.

CynTaiTe 3HaYeHMe B TOHKE YMEHbLUEHUWS LWMPUHBI Ny4Ya Ha 3 Ab c rpadunka npuHMmaemoro
yCuaeHus, KOTopeblli 6b11 3anmMcad perncrpatopom (CM. pucyHok A.7).

A.3.5 U3zonsyus c nepekpecmuoli nonapuszayueli

A.3.5.1 Cxema nsmepeHums

Cxembl nsmMepeHuii npueeeHsl Ha pucyHkax A.7 n A.8.

A.3.5.2 YCcTpOCTBO A/151 U3sMepeHus

Cm. nogpasgen A.3.4.

A3.5.3 MeTtoa nsmepeHus

Ccblnascb Ha NyHKT 6.2.4, n3mepseTcs TOYHOCTb ABYXMNONSAPU3ALLMOHHON, KPOCC-
NoNApPU3aLMOHHON M3onaUNN. M30nau1a AN NPUEMHUKA BKJTIOYEHA, MOCKO/bKY nioxas
N3015LMA B MPUEMHMKe yXyALlaeT NPOU3BOANTENIbHOCTb CUCTEMBI, AaXke ec/n KO3 duLmeHT
KpocCc-nonspusaLmm aHTeHHbI BbICOK.

Kak noka3saHo Ha pucyHke A.8, ko3 puumneHT Kpocc-nonspusaLmm Ha aHTEHHE n3MepseT
OTHOLLUEHNE MMKOBOrOo 3Ha4€HMSA KO-NOASAPHOro NnepeAaBaeMoro curHana, NPMHMMaemMoro
KPOCC-NOASAPHBIM MPUEMHUKOM, K MMKOBOMY 3Ha4€HMI0 MPUHMMaeMOro KO-NoAspHOro CurHana.
Koaddpurunentol kpocc-nonspusaumm ana H/V nonapusaumm Beipaxatotcs hopmynamm

(A4)n (A.5):

XPDy, = Peak s, — Peake, 1 (A4)

XPD, = Peaky, , — Peak, (A.5)
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15 8 v 10
7
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X
3 6
R
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o
5 R
1
1 4
11 12
YcnoBHble 0603Ha4YeHn:
1 SG 9 Ortpaxartenb
2 [epepatollas aHTeHHa 10 BpaleHune Az s nsmepeHms HanpasAeHHOCTH
3 Touka nsmepeHus 11 TMpuemHuk
4  Bpawatouascs nnatgopma 12 Perunctpatop wab610HOB
5 AHTeHHa, nognexatias UsMepeHunto 13 TMoBopoT aHTeHHbI Ha 90 rpagycos
6 PynopHbii o6ny4aTtens 14 KaHan ropmsoHTanbHOM Nnoaspusaumm
7 V-nopt 15 KaHan BepTukanbHON nonspusauum
8 H-nopt

PucyHok A.7. inarpamma nsmepenus ko uriumeHTa nonepevyHoi noaspnsaLmm aHTeHHbI

roe:
Peakco ABNA€TCA NMKOBbIM 3HA4Ye€eHNEM KO-I'IOJ'IﬂpHOFO CUrHana c qu)q)VIKCOM h nnny,
I'Ipe,CI,CTaBI'Iﬂ}OLLI,VIM BOJ1HbI FOpVI3OHTaﬂbHOl7| n BepTVIKaI'IbHOi/JI nonﬂpmau,mm;
Peakmss ABNAETCA MaKCMMaJIbHbIM 3HA4YE€HNEM KpOCC-I'IOl'IﬂpHOFO CUrHaza B yFJ'IOBOM Anana3oHe

WrpUHbI Ny4va 3 Ab, c cyddurkcom h nan v, npeactaBastoLMM BOSIHbI TOPU30HTaIbHON U
BEPTUKaANbHOW Nonspusauum.

H-pol: 4To6bl HaiiTn Peak v Peak  , nocTponTe rpadmk pacnpeaesieHns Ko-nonspHbix n
KPOCC-NOASAPHBIX CUTHA/I0B B FOPU30HTa/IbHOM NJIOCKOCTU NPUEMHOW aHTEHHbI Ha IncTe 6ymaru
(kak nokasaHo Ha pucyHke A. 9). 3aTem noBepHUTE NPUEMHYI0 aHTeHHY Ha 90° n nocTpoiTte

Ha nucte 6ymaru rpadumk pacnpeseneHuns Ko-noaspHOro 1 Kpocc-noaspPHOro CUrHanos B
BEPTUKaAJIbHOM M/IOCKOCTU NMPUEMHOM @aHTEHHHbI.

V-pol: 4To6bl U3MEHUTb HanpaB/ieHe NOASPU3aLMK C TOPU3OHTAIbHOTO Ha BEPTUKA/IbHOE,
NoBepPHUTE NepeaaroLLyto aHTeEHHY Ha 90°.

Mocne 3Toro nsmepserca nsonaunsa Ha npunemHuke (cM. pucyHok A.8). Moakntoymte SG k MLLY
(H). YctanosuTe YactoTy SG Ha LIEHTPasIbHYO 4acTOTy f, UCNO/b3yeMyto PaAnoIoKaTOPOM.
3anuwunte ypoBeHb curHana H-nopta u V-nopta, IFLV, | uIFLV, , cOOTBETCTBEHHO, Npw f, C
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2 2
* 6 : 6
1 10 1
27 | | gll i
5 5
3 3
* 6 ! 6
10 1
28 | | glz
5 5
Key:
1 SG 7 IFLVh-h
2  NpuemHuk (H) 8 IFLVh-v
3 TpuemHuk (V) 9 W3mepuTenb MOLHOCTU
4 CMmecutenb 10 MWy
5 0sC 11 IFLVv-h
6 BbixogHo! anana3oH MY 12 IFLVv-v

PucyHok A.8. N3smepeHune usonsuun H/V

MOMOLLbIO N3MEPUTENSA MOLLLHOCTUN M BO3bMUTE UX pa3HoCTb, IFLV . =IFLV, -IFLV, , kak

ypoBeHb nsonauum ana H-nopta. 3atem nogknodnte SG k MY (V). YctaHoBuTe YacToTy
SG Ha f,. 3anuwunTe ypoBeHb curHana V-nopta v H-nopta, IFLV, w IFLV, , COOTBETCTBEHHO, U
BO3bMWTE UX pa3HoCTb, IFLV, . =IFLV,  —IFLV,  , kak ypoBeHb n3onauuv ans V-nopra. Bmecro
n3MepuTeNs MOLLHOCTN MOXKHO MCNOJIb30BaTb OTKaIMOPOBAHHbIV LUPOBON NPUEMHUK.

Y 1
0 nb '/
2
X nb T

X
YcnoBHble 0603Ha4YeHUs:
1 Peak, X Tpapyc
2  Peak Y MoLwHOCTb CUrHana

Cross

PucyHok A.9. lnarpamma nsmepenus koagpuumeHta nonepeyHoin NonsspmsaLmm aHTeHHbI
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KoapdpurumeHT Kpocc-nonsipusaLmm Ha aHTEHHE U U30NALUSA Ha NPUEMHUKe 06beaNHAITCA A4
BblpaxkeHUs H/V n3onsaumnm cncrembl 4epes aHTEHHY Ha NPUEMHUK, KaK NMoka3aHo B opMynax
(A.6) n (A.7) (B nb):

XPDyy (h) = max (XPDy, LV isi,) (A.6)
XPDyy (v) = max (XPD,, LV . ) (A.7)
A.3.6 MuHumanoHbelli 06Hapykueaemolii cuzHan, Smin
A.3.6.1 TeopeTnyeckas oueHka

MuHMManbHbIN O6HapyXUBaemblli curHan, S
dopmyne (A.8) (B abm):

MOXET ObITb pacc4ynTaH no

Spin = 10log (KTB) + NF + 30 (A.8)
roe:

k ABAsieTCA NocTosiHHOM bonbumaHa (1,38 x 10-23 B1/Tu/K);
T  saBnseTcs TeMnepaTypoi Bo3ayxa, B K;

B sBnsieTCcs Nonocow nponyckaHus NpueMHuka, B Iu;

NF aBnsetcs ko3dpuuneHTom Wyma, B Ab;

30 koHcTaHTa Ansa npeobpa3osaHua AbB B AbMm.

B v NF nsmepsatotca metogom, npuBeaeHHbIM B nogpasaene A.3.6.2. Temnepatypa T — 310
dumsnyeckas Temnepatypa npuemHuka. OHa He JO/IKHA C/INLLIKOM CUJIBHO OTK/IOHATLCS OT
290 K, 4To6bl n36exaTtb oLMOOK U3MepeHna — cM. HanpuMep [19].

Tenepb MOXxHO paccuntatb S . Ans nto6oro 3agaHHoro OCLL. Hanpumep, ans OCLL =0 ab,
S ., paBeH mowHocTh wyma. Cm. noapasaen 6.2.1 ans OCLL, kOTOpbIf B JAHHOM JOKYMEHTE
AB/IAETCA MPOU3BOAHOWN YYBCTBUTEIBHOCTM.

MeToabl N3MepeHnsa pasMyHbl 4719 PaAN0N0KaTOPOB C UMMNY/AbCHBIM CKaTuem n 6e3
UMMY/bCHOTO CXKaTus.

A.3.6.2 P/1C 6e3 ckaTust UMNyNbCOB

A.3.6.2.1 UN3mepeHue nosiocel nponyckaHus

A.3.6.21.1 Cxema usmepeHus

CxeMa n3MepeHus npueegeHa Ha pucyHke A.10.

A.3.6.2.1.2 Ycmpolicmeo 0ns uzmepeHus
YCTpOWCTBO AN M3MepeHns npuseaeHo B Tabnumue A.6.

Ta6nuua A.6. YcTpoiCTBO M3MepeHUs NOJI0Chl TPoNnycKkaHWUA ANs paguoaokaTopa c
HeuMMy/ibCHOM KoMnpeccuemn

N?¢  HassaHue ycmpolicmea lpumeyarus

1 l[eHepaTop curHanos PapgnovactoTa
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2 |
| % 6 9
1 H+ 3 7 8 H 10
- J
YcnoBHble 0603Ha4YeHuns:
1 SG 6 BbixogHow gnana3oH MY
2 MpuemHuk/npoueccop o6pabotkm curHanos 7 Al
3 MWy 8 BPF
4 Cwmecutenb 9 T[MonyyeHHbI cUTHaN
5 0sC 10 MK

PucyHok A.10. luarpamma nsmepeHus nosiocbl NponyckaHus Ansa paguonokartopa 6es
MMMY/IbCHOTO CXKaTus

N?¢  HassaHue ycmpolicmea lpumeyarus
2 MepcoHanbHbI Pernctpauus n otobpaxeHue
komnbtoTep (MK) Noay4eHHOW MOLLHOCTH

A.3.6.2.1.3 Memod usmepeHus

YctaHosute 4actoTy SG Ha LLeHTPasbHY0 4acToTy f, UCNO/b3yeMyto PaAnoIoKaTopoMm,
N yCTaHOBMTE NOAXOAALLYIO BbIXOAHYIO MOLLHOCTb SG B Npeaesiax BXOAHOIO Anana3oHa
NpUeMHMKa, 3aTeM 3anuLmnTe NPUHATYIO MOLWHOCTbL P) ¢ nomoubio MK,

3atem 3anuwmTe Yactoty f, SG, Koraa npuHMMaeMas MOLLLHOCTb yMeHbLUuaeTcs Ha 3 ab oT P
npu yseanveHun 4actotsl SG ot f. AHanornyHo, sanuwmnte vactoty f SG, koraa npyHuMaemas
MOLLLHOCTb yMeHbluaeTca Ha 3 Ab oT P npu yMeHbLueHnmn 4acToTbl SG oT f. Taknum o6pasom,
nonoca nponyckaHusa B nony4vaetcs no opmyne (A.9) (cMm. Takxke pucyHok A.11). Pasmep
wara SG gokeH 6bITb ONpeaeneH Taknm 06pa3om, 4TOObI B MOy YEHHbIX YaCTOTHbBIX
XapakTepucTmnKax He 6bl10 CyLLLEeCTBEHHOrO pa3pbiBa.

B = f, - f_(Hz) (A.9)

A.3.6.2.2 U3mepeHue ypoeHs wiyma

OkpyxatoLwmin LiyM B cucTeme 06bI4HO ABASETCA HUXHUM MPeaes oM TOro, YTO MOXeT
o6HapyxuTb npneMHuk. Kak n B 110601 Apyron npueMHoOn cucteme, CUrHan KOHKypupyet

C U36bITOYHBIM TEMNI0BbLIM LLUYMOM, FreHEPUPYEMbIM MPUEMHUKOM. 34eCb YCUANTENN B
ManoLyMHOW nepeaHeit 4acTn 0CO6EHHO ABAAIOTCA MCTOYHUKOM JOMOHUTENIBHOTO LyMa.
YMeHbLUeHne Wyma ycuanTens npmsegeT K yBe/IM4eHNI0 MMHUMaIbHOro 06HapyKMBaemoro
curdana (S, ). N36bITOYHbIV TENN0BOW LWYM, BO3SHMKAIOLLMI B TPUEMHWKE, XapakTepusyercs
napaMeTpoMm nof Ha3BaHueM «koddpuuneHT wyma» (NEF). NF — 370 oTHOLLEeHMe
[OMOJTHUTE/IBHOTO LYMa NPUEMHMKa K YPOBHIO TENJIOBOIO LWyMa, MPUCYTCTBYIOLLETO Ha BXOAe
npuemHuka. Cm. popmyny (A.10) (8 AB):

SNR.
NF = 10log| —n_ A10
Og[SNRout] ( )

Signal),q

C SNR = ,BOb.

Noisey,q

[ns onpepenenna NF npvemHuka pagmuonokatopa kaambpoBaHHbIN MCTOYHUK LyMa
nojaeT CUrHan C U3BECTHLIM YPOBHEM Lyma, N_ , Ha NePeHION 4acTb NPUEMHNKA.
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Y Py,
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YcnoBHble 0603HaYeHUs:
1 LWupwuHa nonocobl
Y MouwHocTb

PucyHok A.11. UsmepeHue nonocbl nponyckaHus (pagnonokatop 6e3 ckatus UMNybCOB)

BbixogHas MOLLLHOCTb npuneMHnKa MOXeT 6bITb M3MepeHa B 3aBUCMMOCTU OT BKJ/TKOHEHHOIO A
BbIK/TIOY4EHHOIO MCTOYHMKa WyMa, N n Noff' 211 ABa 3Ha4e€HNA MOLLHOCTUN NCMOJIb3YOTCA ANA

on

pacyeTa ko3ppuumenTa Y. KoappuumneHT Y — 370 OTHOLLEHME ABYX YPOBHEN MOLLHOCTM LUyMa B
nepecyeTe Ha IMHENHYIO MOLLHOCTb, Kak Noka3aHo B popmyne (A.11):

y = Non (A1)
Nogr

NF Boipaxaetcs B Ab. KoapdbuumneHT Y n koacbdurumeHT n3beitouHoro wyma (ENR) WwymMoBoro
Avoga MoryT 6bITb MCNONb30BaHbl 415 pacyeTa NF, kak noka3aHo B popmyne (A.12) (B ab):

NF = ENR —10log (Y - 1) (A12)

A.3.6.3 PJ1C co cxkxatmem nmMny/sibcoB
A.3.6.3.1 UN3mepeHue nosiocel nponyckaHus
A.3.6.3.1.1 Cxema usmepeHus

CxeMa u3MepeHus npuBeaeHa Ha pucyHke A.12.

A.3.6.3.1.2 Ycmpolicmeo 0ns uzmepeHus

Cm.A3.6.2.1.2.

A.3.6.3.1.3 Memod usmepeHus

O6paboTka CKaTua UMNYNbCOB PYHKLMOHMPYET Kak COrlacoBaHHbI UALTP, U ee
NPOW3BOANTENIBHOCTb 3aBUCUT OT YaCTOTHOW XapakTepUCTUKM OMOPHOW BOJIHbI, NCNOAb3yeMOM
ANA ©KaTUsa UMNYIbCOB. HYacToTHas xapakTepucTnka MMMy/bCHO-KOMMPECCUOHHOTO NPUeMHMKa
onpepaensetcs npomsseaeHnem BPF n onopHoit BosiHbI B YacTOTHOW o61acTu.

YacTtoTHble xapakTepncTnkm BPF MoryT 6biTb M3MepeHbl TeM e MEeTOAO0M, Y4TO U 414

npuemHmka 6e3 MnNynbLCHOM koMnpeccun, ncnonbsys SG B kayecTse Bxoda U MUHys 06paboTky
UMNY/bCHOM KOMMPECCHU, Kak NoKasaHo Ha pucyHke A.12. HacToTHble xapakTepuUCTUKn
OMOPHOW BONHbI MONyYatoT nyTem bId ee BpemeHHOI hOpMBI.
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* 6 10
1 3 7 8 9 12
I—->
|
11
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YcnoBHble 0603HaYeHNs:
1 SG 7 AU
2 [puemMHUK/npoLeccop CUrHanos 8 BPF
3 MWy 9  KoapduumMeHT cxaTus uMnynbcos
4 Cwmecutenb 10 BIl®d onopHoO BOHbI
5 uno 11 WwnpwnHa nonocsl
6 BbixogHov aunanasoH MY 12 MK

PucyHok A.12. ilnarpamma nsMmepeHus Noaocbl NponyckaHus A5 paguonokatopa co
okaTueM UMNyJ/IbCOB

Ta)
=&
Y 1 Y 7 Y i
X = 3

YcnoBHble 0603Ha4YeHns:
1 BPF 3 lNonoca nponyckaHna npueMHUKa paanosokaTopa co cxaTuem

MMNYNbCOB
2 OnopHas BOMHa Y MowHocTb

PucyHok A.13. U3mepeHue nonocekl nponyckaH1s NpuemMHUKa paguosiokatopa co cxkatuem
MMY/IbCOB

OTM 4aCTOTHbIE XapaKTePUCTUKN YMHOXaIOTCA B aBTOHOMHOM pexuMme. [Nonoca nponyckaHus
onpejenseTcs Kak LUIMPUHA, U3MepeHHas B TOYKe cnaja Ha 3 Ab oT nuka Ha ueHTpanbHOM
yactoTe f, (cM. pucyHok A.13, a Takxe Kak Ha pucyHke A.1T).

A.3.6.3.2 U3mepeHue ypoeHs wiyma

To xe, yTon A.3.6.2.2.

A3.7 Ko3¢ppuyuenm ycuneHus npu cxamuu uMnynscos

A3.71 O6wasa nucgpopmauus

270 M3MEPEHNE MPUMEHAETCA TOJ/IbKO A1 pagno/iokaTtopa C UMNYJ/IbCHbIM CKaTUEM.
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H 12 | - | 16 | = 20

YcnoBHble 0603HaYeHUs:

1 Twn nepepatyunka 11 KonopHO-MOBOPOTHOMY YCTPOWCTBY
2 [ornouwiatouias Harpy3ska 12 MWy
3 BkJoyeHue/BbIK/IlOYEHME UMMYIbCHOM 13 TMpueMHunk
mMoaynsaLmm
4  KaHan ropu3oHTanbHon nonapusauum (H) 14 BbixogHou amnana3oH MY
5 Kanan sepTukanbHo nonapusauunm (V) 15 Tpoueccop 06paboTkn CUrHanos
6 HanpaBneHHbI OTBETBUTEND 16 KoappuumeHT cxxatns MMnynbLCcoB
7 KoHTponbHas To4ka Ans Bbixofa nepepatymka 17 BkntoyveHune/Bbik/IlOYEHWE ONOPHOTO
CcurHana
8 Wmnynbc nepepaun 18 BkntoveHwne/Bbikat04eHME DYHKLUMN OKHa
9 Kabenb ans nsmepeHus 19 Tony4eHHbI curHan
10 ATTeHI0aTOp BbICOKOM MOLLLHOCTHU 20 A-O6nacTb npuMeHeHns

PucyHok A.14. Cxema nsmepenus Gc (Tun He3aBUCMMOTO NepegaTymka C ABOMHOWN
nonspusawmen)
A3.7.2 Cxema nsmepeHums

CxeMa n3MepeHus npuBeaeHa Ha pucyHke A.14.

A3.73 YCTpOCTBO A/151 U3MepeHus
YCTpOWcTBO AN M3MepeHns npuseaeHo B Tabnuue A.7.

Ta6nuua A.7. YctpoiicTBo Ans usmepeHus kospduumeHta cxatmus numnynbca (Ge)

Ne HassaHue ycmpoticmea lpumevarus
1 ATTeHtoaTOp BbICOKOW Ona ocnabnexHus P Ha Bxone
MOLLLHOCTH npuemMHuka
2 MN3meputenb MOLHOCTU M3mepeHune notepsb B kabene

3 leHepaTop curHanos MN3mepeHune notepsb B kabene
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on/off

N on/off
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PucyHok A.15. UsmepeHune koaddpuumneHTa ycuieH1s ckaTus UMNyibcoB

A3.74 MeToa nsmepeHus

Ocnabbte BbIXOﬂ,HOVI CUTrHa/ KOHTPO/14 MOLWHOCTHU nepeaadnm 0 TEX NOP, NOKa OH HE OKaXXeTCA B
npeaenax npuHNMaeMoro AuHaMm4eCckoro amnana3oHa, C MOMOLLbIO aTTEHOATOPa N NOAKTIOYNTE
ero k MLLY nepBOro Kkackajga npnemMHuka. LUI/Ipl/IHa nMmnynbca, 4aCToTa NOBTOPEHUA NMNY/1bCOB

M MeToad Moaynaunn BXOAHbIX CUTHA/TIOB YCTAHAB/IMBAKOTCA TAKUMU XKe, KakK U nNpu pa60Te.

KoapdurumeHT ycuneHuns npm cxxatum UMNynbCcoB nsmepsietcs kak pasHocts OCLL npwu
BkatoyeHn (ON) u BbikatoveHun (OFF) oxatms nmnynbcoB. VI3mepbTe ypOBeHb CMIHaAa U
Lyma npw BbIK/IKOYEHHOM UMMY/IbCHOM CKaTUM Kak S . U N_., COOTBETCTBEHHO, 1 €70 OTHOLLEHME
Kak SNR .. AHa/loOrM4HO, M3MepbLTE YPOBEHb CUTHANA U LWyMa NPY BKJIKOYEHHOW UMMYIbCHOM
Komnpeccum kak S N_ , COOTBETCTBEHHO, M €ro oTHoweHue kKak SNR . 3atem OCLL (Ha aHr.
a3. SNR) Bbipaxaetca kak SNR_ =S /N _nSNR_=S_/N_,cooTBeTcTBeHHO. Koappuument
okatus umnynbcos G_Bbipaxaetca B Ab. CMm. hopmyny (A.13):

G, = 10log (SNR,, / SNR ) (A.13)

B cnyyae nsmepeHus C BbIKIHOYEHHBIM COKaTMEM UMMY/1bCOB ONOPHbIN CUTHAN 1 OKOHHAas
(pyHKLNSA COOTBETCTBEHHO BbIK/TIOYEHbI /19 CUTHA/IbHOTO NPOLLeccopa, Kak nokasaHo B
Tabnuue A.8. B cnyyae nsmepeHms C BKJIIOYEHHbIM CKaTUeM MMMY/IbCOB OMOPHbINA CUTHAM U
(pyHKLNA OKHa COOTBETCTBEHHO BKJ/IIOY€EHbI A/151 CUrHaNbHOTro npoueccopa. MNotepsa gyHkuum
OKHa BKJ/II0YEHAa B 3TO M3MepeHue. YTo kacaeTcs Wyma, UCNosb3yeTCsl 3Ha4eHne N3MepeHuns
B cocTosHnM 6e3 BBoAa. Cm. 6.2.1.5 1 A.3.8.3 B OTHOLLEHMN pacyeTa YyBCTBUTENbHOCTHU

AN NMNY/IbCHO-KOMNPECCMOHHOro paguonokatopa. Cxema nusmepeHus npnseieHa Ha
pucyHke A.15.

Ta6bnuua A.8. Hactpoiikn ana nsmepenuns koappuumneHTa ycuieHns npm okatum UMNynbcos

U3mepumenbHbili Hacmpotika

lpumedanus
3neMeHm
Kosgppuyuenm  Uznyqaemas OnopHeili DyHkyus

okamus MOWHOCMb cuzHan OKHa

umnynsca
S« OFF ON OFF OFF
N, OFF OFF OFF OFF
S ON ON ON ON

ON OFF ON ON

Z

n
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YcnoBHble 0603HaYeHUs:

1 SG 5 TNMpoueccop 06paboTkn cMrHanos
2 [pueMHuk 6  Tony4eHHbIl curHan

3 MWy 7  TakTOoBas YacTOoTa ANCKPeTU3aLunmn
4  BxoaHown amana3soH MY 8 Ocumunnorpad

PucyHok A.16. smepeHune nitepeana Boi6opku

A.3.8 Paspewatoujas cnoco6Hocme no daneHocmu

A.3.8.1 PJIC 63 c>xkaTusi UMNY/IbCOB

CywiecTByeT TpM NapameTpa, CBA3aHHbIX C pa3pelleHneM Anana3oHa, kak onnmcaHo B
noppasaene 6.2.2.3:

- NonyLwrpuHa nepeaaroLLero MMnynbCa;

- WHTepBan ANCKpeTU3aLmMn NPMHUMAEMOro CUrHana;

- nosoca NponyckaHnsa NnpueMHuKa.

PaspelieHre gnana3oHa (kak NPOM3BOANTENBHOCTb CUCTEMBI) OLLEHNBAETCA Kak MakCMMasibHOE
3HayeHue paspeLLeHns, pacCinTaHHOE C y4eTOM 3TUX hakTOPOB Y3KOro MecTa.

A.3.8.2 LinpnHa NoNOBUHHOW MOLLLHOCTU NepeaaloLLero umMnysbca

A.3.8.21 O6was uHgpopmayus

To xe, 4to 1 pasgen A.3.2.

A.3.8.2.2 UHmepsan duckpemusayuu NPpUHUMAEMO20 CUZHANA
A.3.8.2.2.1 O6was uHgpopmayus

MHTepBaJ’I ONCKpEeTU3aLnn NPUHATOrNo CUrHasa — 31O MUHTEPBa/1 BPEMEHU O6pa6OTKVI ts Ha
3aKJTIOYNTENIbHOM 3Tane 06pa6OTKVI CUrHanaos.

Ncnonb3ys eanHnLy nsMepeHuns t B KayeCcTBe MUKPOCEKYHABI (MKC), 3Ha4Y€HUeE B eAnHULEe
AnvHbI, L, paccunTbiBaetcs no popmyne (A. 14):

Ly = 1501, (m) (A14)

A.3.8.2.2.2 Cxema usmepeHus

CxeMa n3MepeHns npueeaeHa Ha pucyHke A.16.
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YcnoBHble 0603Ha4YeHUs:
— — — — BxoAHOW curHan npnemHuka

= [nckpeTn3npoBaHHbIN CUTHaN
Yacbl BbiGOpkHM
X Bpems, B Mkc

PucyHok A.17. lMpumep 3kpaHa ocumnnorpadcga

A.3.8.2.2.3 Memod u3mepeHus

BeeauTe cnrHan cnHyconaanbHom moaynaumum AM c nomoubio SG B npneMHuk. NposepbTe
NPUHATBLIA CUTHAN U TaKTOBYIO YacTOTY AMCKPETM3aL MM BbIXOAHOIO CUrHasa npoLueccopa Ha
MOHUTOpe ocumnnorpada (C NPorpaMMHON IMyNALMEN) N N3IMepPbTE MHTEPBAN AUCKPETU3ALLUN
TakTOBOW 4acTOTbl AUCKPeTM3aLunm (CM. Takxe pucyHok A. 17).

A.3.8.2.3  [lonoca nponyckaHus npueMHUKa

Cm. A3.6.2.

A.3.8.3 PJ1IC co cxxaTmem nmMnynbcos
A.3.8.31  Cxema usmepeHus

CxeMa n3MepeHns npueeaeHa Ha pucyHke A.18.

A3.8.3.2 Ycmpolicmeo 0ns usmepeHus
YCTpOncTBO AN M3MepeHns npuseaeHo B Tabnumue A9.

Ta6m4u,a A.9. YCTpOﬁCTBO ONna N3SMepeHna ANTE/IbHOCTU UMIYyJ/IbCa NOC/1€ COKaTusa nMmnysibca

N HaseaHue ycmpoticmea lpumeyarus

1 ATTeHioaTop BbiCOKOM Mol HocTM  bonee 80 ob

2 A-O6nacTtb NnpuMeHeHus KomMnoHeHT cuctemsl
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YcnoBHble 0603HaYeHUs:

1 Tun nepepaTyuka 9 KonopHo-noBOPOTHOMY yCTPOMCTBY
2 [ornouwiatouias Harpy3ska 10 MpuemHuk

3 Kawnan BeptukanbHoi nonspwmsaumm (V) 1 My

4  Kanan ropusoHTanbHon nonapusauum (H) 12 BbixogHoM gnana3soH MY

5 HanpaBneHHbI OTBETBUTEND 13 Mpoueccop 06paboTkn CUrHaIoB

6 KoHTponbHas To4ka Ang Bbixofa Nnepegatynka 14 [lonyyeHHbIVi curHan

7 Kabenb pna nsmepeHus 15 A-O6nactb npumeHeHus

8 ATTeHaTOp BbICOKOW MOLLLHOCTH 16 V3mepeHue WUPUHBI UMMY/bCa

PucyHok A.18. Cxema nsmepeHus AMTe/IbHOCTU UMMYJIbCa NOC/IE CKaTUA nmnysbca (Tun
He3aBUCUMOTO NnepeaaTymnKka C ABOMHOM NonsipusaLmen)

A.3.8.3.3  Memoo usmepeHus

ﬂ,ﬂﬂ pagnonokatopa Co Cxatnem nMMnyabCoB U3IMEPDLTE LLUIMPUHY NPUHATOIo nMnybcCa
nocne O6pa6OTKVI CKaTtna nMnynbCoB, B TO BPpEMA Kak I'Iepe,Cl,aHHbIVl nMnynbC BO3BpaLlaeTcAa
B MPUEMHUK.

Kak n Ha pucyHke Al 8, nogxkno4ynTe MOLLI,HbIVI aTTEHIOATOP K TOYKE KOHTPO/14 MOLWHOCTHA
nepeaayun C NOMOLWbIO NU3MEPUTEJTbHOTO Ka6en;|, a €ro BbixoJ nogkJItn4nTe K MLIY nepBsoro
KaCkaja npuneMHuka. BbI6VIpaeTCFI aTTeEHOATOP BbICOKOW MOLLHOCTW, KOTOprVI MOXeT 0CcNnabuTtb
MOLLHOCTb NepeAayun 40 YPOBHA, HaXxo4sLWEroca B npeaenax AnHaMmm4eCckoro gnana3oHa
npuneMHuKa. I'Iepe,u,aTLMK YCTAaHOBJIEH B PEXNM Hel'lpepblBHOVl nepenayvn 4JIMHHbIX UMNY/1bCOB.

CM. noppasgen 6.2.2.3 ons onpepeneHns paspelleHms gnanasoHa. [pumep pacyera
LUMPUHBI NPUHMMAeMOro UMNy/bca U rpapuk GopMbl NPUHUMaAEMOro UMNYyIbCca NOKasaHbl Ha
pucyHke A.19. PacyeTHas Tabnuua npusegexa s Tabanue A.10.

370 3Ha4YeHue TakXKe NCNOJIb3yeTCs A1 YYBCTBUTENbHOCTY, rae A06aBnseTcs ycuaeHume cxatus
umnynbca. lMpoyntante nogpasgen 6.2.1.5 n pasgen A.3.7, 4Tob6bl paccyntatb 4yBCTBUTE/IbHOCTb
AN UMNY/IbCHO-KOMNPECCMOHHOro paguonokatopa.
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Ta6nuua A.10. Tabnuua pacyeta WIMPUHBI TIPUHUMAaEMOro UMNy/bca

W3mepeHHble daHHble (8x00Hble  Bpems  HopmuposaHHas
OQHHble) MKC MOWHOCM®b
X1 y]
-1 0,2920
XZ yZ
0 1,0000
X3 Vs
0,5 0,3999
y (cm. popmyny 7.A.28) -0,198 7
o? (cm. popmyny 7.A.29) 0,244 8
A (cM. hopmyny 7.A.30) 1,084 0
7 (us) (cm. popmyny 7.A.31) 1,16
A.3.9 Momepsa cucmemel, F
A.3.9.1 O6wasa nucgpopmauus
dnemeHTbl noTepu cuctembl F BkatovatoT:
- notepu B cucteme nepeaayn: F, (8 ab);
Y
1.2
0
1 / 1
0.8 / \
0.6 /L
0.5
0.4 /_1 0.3999
0.2 0.292
0 / | | | \I\ |
2 15 -1 05 0 0.5 1 15 2 X

YcnoBHble 0603HaYeHUs:

< *meeO

PVIC)IHOK A.19. Cbopma n lLIMvpHa NnpuuHnMmMmaeMoro nMmnyJjibca, pacCiutaHHbl€ C YHETOM

PacyeTHas bopma BONHBI
LWnpnHa nmnynbca
M3mepeHHoe 3HaveHune 1
M3mepeHHoe 3Ha4veHne 2
M3mepeHHoe 3Ha4veHne 3
Bpewms, B MKC
HopMunpoBaHHas MOLLLHOCTb

U3MepEeHHbIX 3Ha4YeHUMn

375
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- notepu B cucteme npuema: F,_ (8 ab);
- notepu cornacosaHHoro gunetpa: F_ (B ab);
- notepu npu nepeaaye obrekarens: F , (B ab).

Motepu cuctemsbl F Boipaxatotcsa dopmynoit (A.15) (B Ab):
F =Fy+Fy+Fye +2Fy (A15)

HOCKOﬂbe obTekaTeNb NOABEP>XKEH MNOTEPAM Kak NMpu nepeaade, Tak u npu npneme, sTto
YMHOXa€eTCA Ha ABa.

A.3.9.2 MN3mepeHne noTepb Ha Nnepeaavy paanoBoaH
A.3.9.2.1 O6was uHgpopmayus

B To BpeMa Kak 3aTyxaHue MaTepuasa obTekaTeNa ABASETCA 4OBOIbHO NOCTOAHHbBIM BO
BpeMeHM, TOHKME CIOM BOAbI, CHEra Uan ibAa MOTYT BbI3BaTb O4€Hb 3HaYUTENIbHOE, HO
BpeMeHHoOe yBe/InyeHmne 3aTyxaHnsa obTekaTeNq, KOTOPOe Tak>Ke M3BECTHO Kak «3aTyxaHune
BNaxHOro obtekarens». [lo HacToALLEero BpeMeHu He 66110 ONepaTUBHbIX U LLUMPOKO
NCNO/b3yeMbIX METO0B KOPPEeKL MM 3aTyXxaHNs BAaXXHOro o6TekaTens n3-3a ero BPEMEHHOro
M NPOCTPaHCTBEHHOro xapakTepa. O6bIYHO CMaYyMBaHMe NPOUCXOAUT HEPABHOMEPHO, YTO
NPUBOAMUT K HEOAHOPOAHOMY MOKPLITUIO TMAPOMETEOPOB Ha NOBEPXHOCTU obTeKaTe .
OcnabneHune matepuana obtekatens («cyxoe ocnabneHune obrekarens») onpegensercs
npoussoanTesieM obTekaTeNs NyTeM TeCTUPOBaHUA OTAE/bHbIX NaHenen obTekaTens.

A.3.9.2.2 Cxema usmepeHus

Cxembl nsmMepeHuii npueegeHsl Ha pucyHkax A.20 n A.21.

A3.9.23  Ycmpolicmeo 0ns usmepeHus

CM. pasgen A.3.4. (INnoc obpaseu, Ansa ucnoiTaHma obtekatens)

A.3.9.24  Memoo usmepeHus

|_|0Tepl/l B o6TekaTene MOryT ObITb M3MeEpPEHbI AByMA METO4aMN. I'IepBb||7| — 3TO UCNoJib3oBaHMe
AOCTAaTO4YHO 601bLIOro UCNbITaTE/IbHOTO o6pa3u,a ob6TekaTens Ha UCNbITaTe/IbHOM MOJIUTOHE.
BTOpOVI BbIMO/THAETCA C MOJ/IHOCTbIO CO6paHHbIM obTekaTenem.

YcnoBHble 0603HaYeHUS:

1 SG 4  [pnemHas aHTeHHa

2 [lepepatowaa aHTeHHa 5 W3mepuTtenb MOLWHOCTH
3 lMaHenb obTekatens

PucyHok A.20. CxeMa nsMepeHus NoTepb Ha NponyckaHne ob6TekaTens Ha
ucnbiTate/IbHOM NMOJINTOHe
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YcnosHble 0603HaYeHNs:
1 SG 4  AHTeHHa, moanexalias U3MepeHunio
2 T[lepepatowas aHTeHHa 5 MpwunemHuk (perncrpatop wab10HOB)
3 CranpapTHas pynopHas aHTeHHa 6 Oob6TekaTenb aHTEHHbI pagnonokaTopa

PucyHok A.21. Cxema nsmepeHus notepb Ha NponyckaHne pagnoloKalMOHHOW CTaHLUN

Kak noka3saHo Ha pucyHke A.20, ansa nepeoro cnocoba naHenb o6Tekarens ycTaHaB/MBaeTCs
mMexay AByMS aHTeHHaMu ¢ SG C O4HOM CTOPOHbI M U3MepUTEeM MOLLLHOCTU C AAPYFOM CTOPOHBI.
PaccTosiHne mexay ABYMS aHTEHHaMW A0/HKHO 6GbiTb paBHbIM PacCTOSAHMIO A0 AA/IbHErO NOS
60/bLUel aHTeHHbI. [lepBoe n3MepeHue BbiNoHAeTCA 6e3 naHenn o6TekaTesNa, a BTOPOe - C
HacTpoOMKOWN NaHenn ob6TekaTensd B AnanasoHe nsmepeHuin. PasHuua mexay noy4yeHHoOM
MOLLHOCTbIO paBHa notepe obtekarens.

Bropoi1 meTop (c o6TekaTenem n 6e3 Hero) nokasaH Ha pucyHke A.21. MI3mepeHus npoBoaaTca
Npu CyXOM COCTOSiHUM obTekaTens.

MpumeyaHue: V3mMepeHue NOTepPb BO BaKHOM COCTOSIHWUM C UCMO/Ib30BaHMEM CBEPXBOA00TTaIKMBAIOLLLETO
MaTepuana ocTaetcs 3agadeit 6yayuiero.

Ecnn koapduumeHT ycunenms (B 4b) c obTekateneM unm naHenbto obtekatens paeeH G, a
kK03 burumeHT ycunenus (B Ab) 6e3 o6TekaTens unm naHenun obtekatens paseH G, notepu
MOLLLHOCTM nepeaayn F  o6Tekatens nony4ersl no opmyne (A.16) (8 ab):

Fq=Gy-G (A.16)

HOCKOﬂbe 3TV NOTEPU BO3HUKAIOT KaK Npu nepegadye, Tak n npu npneme, 3Ha4eHume,
YMHOXEHHOE€ Ha ABa, NPUMEHAETCA K CUCTEMHbBIM MOTEPAM.
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B
Hz 3 4 5
H 1
A
D
|~7 3 4 5
H 6
C

YcnoBHble 0603HaYeHUS:
Mepepatumnk (H) 5 TK
MLUY (kaHan H) 6 lNepepatuunk (V)

1
2
3 [peobpa3oBaHue 4acToThI 7 MUY (kananV)
4 Tlpoueccop 06paboTkn CUTHaNOB
A-
C-

B O6patHbiii nyTb Nnepeaayn ans npuema (H pol.)
D O6patHbiit nyTb Nnepeaayn gns npuema (V pol.)

PucyHok A.22. Cxema nsmepeHusi NoTepb NepeaaloLLero ¥ NpUEMHOro TPakToB B C/ly4yae
He3aBUCUMOTO NepeaaTymnka C ABOMHOM Nonsipusaumen

A.3.9.3 N3MepeHune noTepb B KaHa/lax nepeaayu u npuema

A.3.9.31 O6was uHgpopmayus

MoTepu, cBA3aHHbIE C NyTAMU Nepefayun u NpuemMa, 3aBuUcsT oT (PakTUYECKUX YCIOBUIA
yCTaHOBKW. 3HaYeHMe CTaHOBUTCS U3BECTHO NOC/IE ONpPeAe/IeHNs1 TOYHON KOMMOHOBKM
o60pyaoBaHus Ha o6bekTe. TeM He MEHEE, ONMMCaHHBIN 34eCb CTaHAAPTHLIA MeTOZ,

n3IMepeHuns obecne4ynBaer OLEHKY NoTepb, KOTOpa“d 06BbEKTMBHO CONOCTaBUMa Mexay
PaanonokauMoOHHbIMU CUCTEMAMU Pa3HbIX I'IpOI/I3BO,CI,VITeJ'IeVI.

A.3.9.3.2 Cxema usmepeHus

ﬂ,OCTyrIHbI TP n3MepuTeibHble AnarpamMmmbl B COOTBETCTBUU C pa3/INYHbIMUA KOHq)VIpraLI,I/IFIMI/I,
KaK OMMCaHO Ha PUCYyHKax 2-5.

Cnyyali AByXMONSAPU3aLLMOHHbBIX HE3aBMCUMbIX TUMOB NepeaaTYNKoOB NPUBEAEH Ha
pucyHkax A.22 n A.23.

A3.93.3  Ycmpolicmeo 0ns usmepeHus
YcTpoWncTBo Ans n3mepeHns npuseaeHo s Tabnuue A1,

Ta6nuua A.11. YcTpoiicTBO A5 UsMepeHUs noTepb TpakTa nepeaayvu U TpakTta npuema

Ne HassaHue ycmpoticmea lpumeyarus

1 leHepaTop curHanos

2 MN3meputenb MOLHOCTYU
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YcnoBHble 0603HaYeHUs:

1  Otpaxartens (pynop) 6 MUY (kaHan H)

2 OnopHO-NOBOPOTHOE YCTPONCTBO aHTEHHbI 7 Tepepatumk (H)

3 TopusoHTanbHas nonapusauma (kadan H) 8 MMepepatuuk (V)

4 Tlornowatolas Harpyska 9 MWY (kaHan V)

5 OrpaHuyntens TR 10 BepTukanbHasa nonspusaums (kaHan
V)

E-FG-H,I1-] TpakT nepeaayn (H pol.)
M-N,O-P, Q-] Ttpaktnepegauu (V pol.)
J-1LH-K,K-L  Ttpakt npuema (H pol.)
]-Q,P-R,R-S Tpaxtnpuema (V pol.)

PucyHnok A.23. CxeMa nsMepeHus NoTepb NnepeaaoLLein/npueMHoON cucTeMbl TUNa
He3aBMCUMMOroO nepegaTtymnka C 4BONHON nonsipusauunen

A3.93.4  Memoo usmepeHus

M3mepeHne aenntcsa Ha HECKO/bKO YacTen, a U3MepPEeHHbIe 3HaYeHUs CYMMUPYIOTCS BMeCTe.
Bo-nepBbix, AN NnepefaTymka Ans npuema obpatHblix TpaktoB (H/V pol.): A-Bun C-D, rae
nepeaaTtymk HanpsAmyto NOAK/OYEH K MPUEMHUKY Yepe3 Hanpas/ieHHbi oTeeTBuTenb (DC),
N3MepAt0TCS NOTePU CBA3N MOCTOAHHOIO TOKa 1 noTepwn kabens. MIsamepeHune notepb B kabensx
aHas0rM4Ho MeTojy, NOKa3aHHOMY Ha puUcyHke A.4.

3aTteM Aans TpakTa nepefavm 3Ha4eHUs noTepb Kaxaoro umpkynstopa B kaHanax H/V
n3mepsatoTca HesaBncumo. (Moagkntoymte SG Ha OAHOM KOHLLE U U3MepPUTE/Ib MOLLLHOCTU Ha
APYroM KOHLLE B KaXXA0WN CeKLNU To4ek n3mepeHuns, o60o3Ha4yeHHbIx 6ykBaMun Ha pucyHke A.23.)
Kpome Toro, ons Tpakta nprvema 3Ha4eHUs NoTepb Kaxaoro orpaHnyntens TR B kaHanax H/V
N3MepAI0TCA HE3aBUCUMO.



380 PYKOBOZCTBO MO MPUBOPAM N METOAAM HABMIOAEHVA. TOM I

Onsa cekunin | -], Q - |, rae notepu, CBsA3aHHblE C aHTEHHOW, BO3HUKAIOT B pe3y/bTaTte
NOBOPOTHbIX coeaAnHeHnin n OMT, 3akpoiTe oTBepCTMe pynopa CTasibHOM NAaCTUHOM.
MonHocTblO OTpasnTe pagMoBOHY Ha pynope n nsMepbTe notepu mexay | n) ang kaHana Hn Q
n | ansa kaHana V, COOTBETCTBEHHO, U pa3feninTe 3Ha4eHne Ha JBa.

[nvHa BoflHOBOAA A0/1KHA MMeTb ObLLEee 3Ha4YeHMNE, UCNOJIb3yeMOE A1 pacyeTa. B

AaHHOM AokyMeHTe 10 M — 3TO YncTas A/iMHa BCEro BOJIHOBO/A, COEAUHSIIOLLETO BCE YacTH
o60pyaoBaHus, B NPeAnoIOKEHUN, YTO PaAMONoKaLNOHHOe 060pyaoBaHNe ByAeT yCTaHOBIEHO
NpsIMO Noj aHTEHHOW. 3aTeM NoTepu B BonHOBoAe Ans 10 M oueHMBatoTCs no cneyudukaumnm
NCMoJib3yeMOW MOJEIN BOJTHOBOAA.

O,D,HaKO, KOrga pacCtoaHne Mexay AHOM aHTEHHbI 1 NnpuemMo-nepejaouinm YCTpOVICTBOM
HaxoAuTCAa B npeaenax 3m (Hanpmmep, 414 Tna NnpueMHunKa, yCTaHOBJIEHHOIO Ha aHTeHHe), n
3TO COOTHOLUEHME CnpaBeansinBo AnA 060py,EI,OBaHVIFI HEe3aBNCUMO OT yC}'IOBVII\/'I pacnonoxeHuns

pagnonokatopa, Taknx Kkak 3gaHne nin 6aI.IJHﬂ, MO>XHO NCNoJ/ib30BaTb 3Ha4€HNE NOTEPD,
M3MEPEHHOE B npeablAyunx yCtTaHOBKax.

A3.9.4 MN3mepeHue noTepb cornacoBaHHOro ¢puabTpa
A3.9.41  O6wue ceedeHus

MoTepu cornacosaHHoro ¢uabTpa, F_, onpeaensiorca no popmyne (A.17):

me = ERX,on /ERX,off (A17)
rae:
ERX,on JHEPrnAa NPMHATONO CUrHanaa nocse cornacoBaHHoOro qumpra;
ERX,off JHEPrnAa NPMHATONO CUrHana 6e3 cornacoBaHHOro CbVIJ'Ipra.

MpumMeyaHue: npwu CKaTMM UMNYNbCa NOTEPU COTNMAcoBaHHOIO PUIbTPa BKIOHAOTCS B KOIMPDULMEHT yCUneHns npu
C©KaTMM UMNynbca.

A.3.94.2 Cxema usmepeHus

CxeMa n3MepeHns npuBefeHa Ha pucyHke A.24.

A.3.943  Memoo usmepeHus

O6pa3eL|, CUrHana nepeaaryvuka, B3ATbIN 4yepe3 OTBETBUTEJ/Ib, BBOAUTCA B OTPaHN4YUTE1b TR.
Ecnn mowHoCTb npesBbiLlaeT MaKCMMaslbHbIN BXOLI,HOVI YpOB€Hb NpUeMHUKa, HeOﬁXO,CI,MMO
,Cl,06aBI/ITb aTTeHaToPbI MLLY. 3Heprm| CUrHana n3mMepAaeTca cneymnasibHbiM airOPUTMOM,

PacnonoXxeHHbIM B npoueccope o6pa60T|<e CUTHa. ERX,off n3MepaeTca C nOMOLbio

2

1 6

YcnoBHble 0603Ha4YeHUs:

—]

1 Twnnepepatyunka 4 [puemHuk
2 OrtseTBUTEND 5 MMpoueccop 06paboTkn CUrHaIoB
3 OrpaHunyutens TR 6 YnpaBneHue cornacoBaHHbIM (pUILTPOM

PucyHok A.24. CxeMa nsmepeHus NoTepb CorlacoBaHHOro ¢puabrTpa
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1
5
YcnoBHble 0603HaYeHUs:
1 Twn nepepatyunka 4 STALO
2 [pueMHunk 5 CeteBol aHanm3saTop
3  Cwmecutenb 6 MLIY

PucyHok A.25. Cxema nsmepeHus pasoBoi ycTon4nBoCTH

cornacoeaHHoOro cbvmpra BCEX HaCTOT N AE€AKTUBNPOBAHHOTIO CXKaTnAa UMNy/1bCOB (B Ccny4ae
pagnonokatopa C UMNyabCHbIM C)KaTVIeM). ERX,on n3MepaeTca c CII)I/IJ'IprOM, cornacoBaHHbIM C
nMMnynbCoOM nepejatymka (BKJ'I}O‘-IaFI CKaTtune nMmnynbCoB B C/ly4ae P/1C co cxatnem VIMI'I)/J'Ibca) n
C aKTUBN3NPOBAHHbBIM CXKaTemM MMNysibCoB (B Ccny4vae P/1C co cxxatnem l/IMI'Iy}'Ibca).

A.3.10 dazoeas cmabuneHocme

A.3.10.1 061 Me acneKkTbl

OnucaHbl iBa anbTepHaTUBHbIX MeToAa. OANH U3 HUX NPUMEHUM TONbKO AN KNTUCTPOHHbIX U
TBEPAOTENbHbIX PaAMO0KaTOPOB. BTopoi Takxe MOXeT 6bITb NCNOb30BaH A1 MarHETPOHHbIX
paanonokaTopos.

A.3.10.2 N3mepeHus ANs KINCTPOHHbBIX U TBEPAOTE/IbHbIX PaAn0/IoKaTOpPOB

A.3.10.2.1 Cxema usmepeHus

CxeMa u3MepeHus npmuBeaeHa Ha pucyHke A.25.

A.3.10.2.2 Ycmpolicmeo 0ns usmepeHus
YCTpOWCTBO AN19 U3MepeHns npuseaeHo B Tabnnue A.12.

Ta6nuua A.12. YcTpoicTBO Ans nusmepeHus pasoBon yCTOMHUBOCTU

N¢  HassaHue ycmpolicmea lpumevarus

1 CeTeBoW aHanun3aTtop
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A.3.10.2.3 Memoo usmepeHus

MoakntounTe ceTeBOM aHanM3aTop K NOPTY MOHUTOpUMHIa STALO, kak noka3aHo Ha
pucyHke A.25. HacTpoiiTe aHan13aTop Ha HeCyLLyto 4acTOTy. 3aTeM U3MepbTe CrekTpasibHYyto
NIOTHOCTb MOLLLHOCTUN Ha CMELLLEHUAX OT HeCyLLein.

Kak nokasaHo Ha pucyHke A.26., koraa nsmepeHHole 3Ha4eHuns (B AbH/I) nonyyeHbl Ans
KaXxoM norapndmunyeckon Wwkanbl, a uMeHHo kak 100 Iy, 1 kly, 10 kfy, 1 1 MIy, paccumTainte
3Ha4YeHMs 419 YaCTOT CMELLEHMS MeXAY HUMU C MOMOLLbIO JlorapndMmnyeckon nMHenHon

b

MHTEpNoNAunKU. Boluncnnte nHterpasbHoe 3Ha4YeHne I L(f) df ,mexagya=100Tumnb=1MIluys
a

BMAe aHTUIorapudma.

3atem S/N (oTHOLLEHME CUTHa/WyM) U3-3a pa30BOro LyMa 3TOro UHTepBaia UHTErpUpPoOBaHUA
BblyncaseTcs no opmyne (A. 18):

S/N= —10I09[2J‘bL(f)df} (A18)
roe 2 - kK03ppruneHT ABOMHOK 6OKOBOKN NONOCHI.

HakoHeL, nepeBeanTe 370 3Ha4YeHMe B cTabuibHOCTb hasbl, 0 ., B rpasycax, no dopmyne (A.19):

S/N 0.5

_1801,57 10 (A19)

T

Ops

Ecnu ceTeBoi aHannsatop nMeeT (hyHKLMIO MHTErpasibHOro pacyeTa B npejenax 3afaHHOro
nosb3oBaTtesem neprosaa, 3tTa QyHKUUA MOXET 6bITb UCNOb30BaHa A1 NPSAMOro pacyeTa.
A.3.10.3 MN3mepeHns oA MarHETPOHHbBIX, KJIMCTPOHHBIX U TBEPAOTE/IbHbIX pajapoB
A.3.10.3.1 Cxema usmepeHus

CxeMa nsmepeHuns npmsBeaeHa Ha pucyHke A.27. OHa npuMeHseTcs A4/19 MarHETPOHHbIX
paaMonokaTopoB, HO TakXe NPUMeHnMa A1 K/IMCTPOHHBIX M TBEPAOTE/IbHbIX PaAN010KaTOPOB.
A.3.10.3.2 Ycmpolicmeo 0ns usmepeHus

YCTpoIiCcTBO ANs n3mepeHuns npueeeHo B Tabaunue A.13.

Ta6nuua A.13. UsmepuTtenbHoe yCTPONCTBO ABYXMNOJIIOCHOM PafnooKaLMOHHOW CUCTEMbI

Ne HassaHue ycmpoticmea lMpumedarus
1 OnTtnyeckas NUHUSA BonokoHHO-onTHUYeckoe
3a4epKKK, BKAKOYaoLLLas BO/IOKHO I/INHON He
BO/IOKOHHO-OMTMNYECKYO MeHee 6 KM A0/IKHO
KaTyLuKy NPUMEeHATbCS

A.3.10.3.3 Memoo usmepeHus

BonokoHHO-oNTMYeckasa NNHUA 3aepPXKKU 6)/,El,eT BCTaBJ/I€Ha MeXxay nepeaHUM NMopToM
CNCTEMHOIO BO/IHOBOAHOIO OTBETBUTEIA N BXOAOM MaJiollyMALLLEero nepeaHero koHua.
CucremHbin BO)'IHOBO,CI,HbIVI OTBETBUTE/Nb OObLIYHO pacnonoxeH HenoCcpeaCcTBEHHO 3a
LNPKYIATOPOM. I'IpM HeO6XO,CI,VIMOCTVI Ha BXO4e NN BbIXO4e TNMHUN 3a4EPXKKN HeO6XO,£I,VIMO
YCTaHOBUTb AOMOJ/IHUTE/IbHbIE aTTEHIOATOPbI. O6|.|.|,a9| CxXeMa ABYyXMnoJ FOCHOM pa,D,I/IO)'IOKaLI,VIOHHOVI
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Mhz X

YcnoBHble 0603HaYeHUS:

1 Jlorapudmumyeckas nMHenHas nHTepnonsaums X YactoTta cmelleHus, B I,
norapudpmuyeckas wkana

2 da3oBas ctabunbHocTb B npeaenaxot 100 My no1 Ml Y dasosbili wym, B abH/Tu, kak L(f)

3 VHTepBan nHTerpauun

PucyHok A.26. MeTop pacyeta pa3oBoii cTabuibHOCTU

CNCTEMbBI MpMUBEAEHA Ha PUCYHKe A.26. TBep,CI,OTe)'IbeIe nian oaHononapumlaynoHHbIE
pPagnonokaunMOHHbIE CUCTEMbBI MOTYT UMETb Pa3/INYHYLO KOHCbMpraLLMIO, HO O6I.Ll,l/le coegnHeHunAa
06bI4YHO OANHAKOBbI.

CooTtHolueHune FR mex gy MexaHn4eckon AIMHON BONOKHa I 1 paAnoaoKaLNOHHbIM
WHANKATOPOM AanbHOCTU r 3adaeTcs hopmynoit (A.20):
12 2
FR=—-===———-=1.363 (A.20)
r n 1.467
rae 11— rpynnoBoi NokasaTenb NpesioMsieHuns (rpynnosas 3ajepxka) NCnosib3yemon
BO/IOKOHHO-OMTUYECKOM INHUMN.

Mcnonb3oBaHme BOJIOKOHHO-ONTUYECKOW KaTyLLIKN C MexaHN4Yeckol gamHon 6,12 km u n=1,467
npvBeaeT K TOMy, 4TO B JaHHOM NpUMepe 3KBUBa/IEHTHOE paccTosiHMeE A0 pajnoaokaTopa
coctasuT 4,5 kM. B 3aBMCMMOCTM OT A/IMHBI BOJIOKOHHO—ONTUYECKOW IMHUN PacCTOsIHME A0
paguonokatopa MoxeT 6biTb ellle 60/blie YBeTUYEeHO.

Pacuet ha3oBoi cTabUNIbHOCTU BbINOAHAETCA 610KkOM 06paboTKM CUrHANOB U oTOGpaXkaeTcs
BCTPOEHHbIMW MPOrPaMMHbIMU CPEACTBAMU, MCNOb3YEMbIMU A1 YNIPaBAeHNS
pagmonokaTtopoM.
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YcnoBHble 0603Ha4YeHuns:
1 BepTukanbHbIN 11 OnTuyeckuii nHTepeiic
2 Topu3oHTanbHbIN 12 Bo/IOKOHHO-ONTUMYECKas KaTyLlKa
3  OTBeTBUTENDb 13 Paspenutens
4  A6copbep 14 Pagmo4acToTHBIN Nepek/oYaTesb
5 OrpaHuyntens TR 15 Tlepepatowmin oTBETBUTEND
6 STALO 16 Twn nepepatyvka
7  ManowyMmHblit GpOoHTaNbHbIN + NOHMXaoWmnin -~ 17 ATrTeHtoatop

npeo6pa3oBarte/ib CUrHan0B (FOPU30OHTaJIbHbIN)
8 ManowyMmHbIi GpoHTaNbHbIN + NoHWxkaowmi 18  PY Bxoa
npeo6pa3oBarte/ib CUrHan0B (BEPTUKAIbHbIN)
9 Tpoueccop 06paboTkn CUTHaNOB 19 P4 Bbix0pA,
10 BoONOKOHHO-OMNTMYeCKas NMHUSA 3aAePXKKN

PucyHok A.27. bnok-cxema nusmepeHuii AByXnoJsiloCHOM pafnoIokaLMOHHOM CUCTEMbI

A4 Apyruve kno4yesble napaMmeTpbl

A4 O6was uncpopmayus

[Jpyruve kno4vesble NapaMeTpbl, MOKa3aHHble B Tabnuue 3, ynopsaoyeHsl B Tabnuue A.14 no
KOMMNOHEHTaM paauonokaTopa U C UCNoJib30BaHMEM MeTOoAa CXXaTus UMNY/IbCOB UK 6€e3 Hero.
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Ta6nuua A.14. UsmeputenbHble npnubopsbl

Komnonenm lMapamemp lpumereHue lpumedaHus NecmoyvHuk
usmepeHus
Mepepatunk HexenatenbHble  TunoBown A4.2
n3nyveHuns
AHTeHHa YpoBseHb Tunoson A43,A34
60KOBbIX AONEN
CoOCHOCTb Tunosomn A44,A34
HanpasaeHna
nyva
CornacoBaHue Tunoson A4.5 A34

LWMPUHBI NyYa

MakcumanbHas Tunosoi A.4.6
CKOPOCTb
BpaLleHus
YckopeHue Tunoson A4.7
ToyHOCTb Tunoson A.4.8
opueHTaLmnm
aHTeHHbI
MpunemHunk OuHamunyeckmnin Tunoson A4.9

AnanasoH
Bbokoso PNC co A.4.10
nenecTok cKatmem
AnanasoHa nmnynbca

A4.2 He>xenamenvHele usnyyeHus

A4.21 Cxema nsmepeHums

CxeMa n3MepeHus nprBeaeHa Ha pucyHke A.28.

A4.2.2 YCcTpOCTBO A/151 U3sMepeHus
YCTpOWCTBO AN14 M3MepeHns npuseaeHo B Tabnnue A.15.

Ta6nuua A.15. YCTpONCTBO ANA M3MepPeHUS HexeaTe/lbHbIX U3Jly4eHUin

Ne HaszsaHue lpumevarus
ycmpotcmea
1 leHepaTop curHanos
2 CnekTpoaHanusartop

A4.2.3 MeToa nsmepeHus

Moaxntounte SG k Bxoay MLUY 1 aHann3aTtop cnekTpa Kk TO4YKe KOHTPOS MOLLLHOCTU
nepeaayv N nsmepbTe CNeKTp nepeAaBaeMoli 4acToTbl. HexenatenbHble N3y4yeHns
M3MEePSIOTCA Kak 3aTyxaHWe OT LLeHTPasIbHOW YacToThl f, Ha paccToaHumn + A M. M3mepeHuns
[AOMKHBI NpoBOANTLCA Ans obenx H/V nonspusaumin. ns umnynbCHO-KOMNPECCUOHHOTO

385
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pagnonokatopa HeO6XO,CI,VIMO N3MEPATb N3Ny4eHUe Kak Anda AANHHOIO, Tak U 419 KOPOTKOro
nMmnynbca. HeO6XOﬂ,I/IMO }/6e,CI,VITbC$I, YTO MU Ha YacCcToTax, 3HA4YNTE/IbHO 601bLINX UK MEHbLUUNX,
4YEeM pa6oqa;| 4acCToTa, YPOBEHb U3JTyHEHNA NOA4OEPXKNBAETCA HNXKE YKA3aHHOIO 3Ha4€HUA B nb.

AnbTepHaTMBHbIE METOAbl MOXHO HalTK, Hanpumep, B AokyMeHTe ITU-R M.1177-4.

A4.3 Bbokoeoli 1enecmok dHmeHHbI

A4.31 Cxema nsmepeHums

Cwm. pasgen A.3.4.

A4.3.2 U3mepuTtenbHbii npubop

Cwm. pasgen A.3.4.

A4.33 Metop nsmepeHus

Mockonbky 60KOBOM 1eNeCcTok aHTEHHbI 06ecnevymMBaeT CMeLLMBaHNE OTPaXXeHHbIX BOJIH C
HanpaB/eHUI, OT/INYHbIX OT LLes1eBOro o6bemMa NPOCTPaHCTBEHHOM BbIGOpKHN, TpebyeTcs

11
—110
N1 |
N
7 LI 10 |
=R S
| =R
e
| e
| * |
| 3 \ |
| | 6
| 2 =T
|1 |
YcnoBHble 0603Ha4YeHUS:
1 TNepepatolee yCTpONCTBO 7  KaHnan ropusoHTanbHon nonspusaunn (H)
2 MNornowatouLas Harpyska 8 Touka KOHTPONA MOLLHOCTY Nepeaayn
3  Pa3BeTBuUTE/Ib MOLLLHOCTU Ha 3 ab 9 Kabenb pna namepeHus
4 HanpaBneHHbIN OTBETBUTENb 10 CnekTpoaHanusatop
5 KonopHO-MOBOPOTHOMY yCTPOMCTBY 11 Kabenb Ans namepeHums
aHTeHHbI

6 Kanan sepTukanbHoi nonapusauunm (V)

PucyHok A.28. CxeMa nsmepeHus HexenatesibHbIX U3/Ty4eHUN
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0 ob

—~DN

)

YcnoBHble 0603Ha4YeHuUs:

1 YpoBeHb 6okoBbIX NenecTkos AV

2 T[lepBas nona 60koBOro nenecTka

X Topu3oHTaNbHbIN/BEPTUKANbHbIN Yron

PucyHok A.29. smepeHune ypoBHs 60OKOBBIX JIeNeCTKOB aHTEHHbI

onpegeseHne n nsMepeHne ypoBHs 60KOBOro fienecTtka. IsmepeHune BbIMOMHAETCS C NepBbIM
60OKOBbIM /1eNeCTKOM, OLL,eHNBAs pa3HU1LLy ero NMKOBOIrO YPOBHS M MUKOBOIO YPOBHSA OCHOBHOIO
nenecrtka. VIamepeHue BbINOAHAETCA NOA4 A40CTAaTOYHO LUMPOKUMU YIlaMu, Tae NosABAseTCs
nepBblii 6OKOBOW SIeNeCToK, Kak A5 FOPU30OHTaNbHOM, Tak 1 419 BEPTUKaIbHON N10CKOCTEN.
Cm. pucyHok A.29.

Mpeanonaraetcs, 4To Kaccn4yeckas AnarpaMMa HanpPasAEHHOCTM aHTEHHbI UMEET OCEBYIO
CMMMETPUIO OTHOCUTENIbHO OCY IMaBHOrO Ay4a. [lelleBblii CNocob OLeHUTb 3Ty runoTesy,

no KpaliHen Mepe 4aCTUYHO, COCTOUT B TOM, 4YTO6bI NepeMecTuTb aHTeHHy Ha 180° B

EL (60NbLUIMHCTBO COBPEMEHHbIX aHTEHH MOTYT 3TO CAieNaTb) U CPaBHUTb, ABAAIOTCA N
pPaganonoKaLOHHbIE 3XOCUTHa/ bl B METEOPOJIOTMYECKOM pagnonoKaLMoHHOM cTaHun 6onee
NN MeHee NHTEHCUBHBIMUN MOC/IE NepeMeLLeHns.

A4.4 CoocHocmb HanpaeneHus ny4a

A4.41 Cxema nsmepeHums

CM. pasgen A.3.4.

A.4.4.2 NsmepuTenbHbiii npuéop

CM. pasgen A.3.4.

A4.43 MeTtoa nsmepeHus

[na onpeaeneHns coocCHOCTU HanpasaeHus ny4da (BDA) MOXHO MCMOJIb30BaTh AnarpamMmmbl
HanpaB/eHHOCTU KO-MOAPHbIX aHTEHH, Kak onnucaHo B pa3aene A.3.4. OueHute yron AZ ko-
MOJIAPHOTO MMKa rOPM30HTaIbHOIO KaHana (Peak,). O6bIMHO KaX /bl MUK HEMHOTO OTKJ/IOHAETCS
o1 0° AZ. CaenaiTte TO e camoe /15 BEPTMKaJIbHOro KaHasna (Peakv). Torpga cOoCHOCTb
Hanpas/ieHUs nyya onpepensertca no popmyne (A.21) (B rpagycax):

BDA = Peaky — Peak, (A.21)
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A.4.5. CoznacoeaHue wupuHel 1y4a

A4.5.1 Cxema nsmepeHums

CM. pasgen A.3.4.

A4.5.2 NsmepuTenbHbiii npuéop

CM. pasgen A.3.4.

A4.53 MeTtoa nsmepeHus

[ns onpepeneHns COOTBETCTBMA LWMPUHBI Ay4da (Ha aHr. 53. Beam Width Matching - BWM)
MO>XHO MCMOJIb30BaTb ANarpaMMbl KO-NOSIPHbIX aHTEHH, onucaHHble B A.3.4. OueHuTe WNPUHY
Ny4a aHTeHHbI AN 06enx nonspusaLmin, Kak onmcaHo Ha pucyHke A.8. [ToMUMO LWMPUHbI Jlyya

Ha ypoBHe -3 b, wnpuHa nyya Takxe MoxeT 6bITb OnpegesneHa, Hanpumep, Ha yposHe -10 ab.
CornacoBaHwue WNPUHBI ly4a onpeaenseTca no popmyne (A.22):

BWM =6, -0, (A.22)

A.4.6 MakcumanvHas ckopocme epawjeHus

A4.6.1 Cxema nsmepeHums

AHTeHHas cncrtema A0J1kHa 6bITb YCTaHOB/IEHA B MOMELLEHUMN, O0CTaTOYHO 60/1bLIOM A4
MOJIHOTO BpaLLeHus.

A.4.6.2 NsmepuTenbHbiii npuéop

YcTpoWncTBO AN n3mepeHns npuseaeHo B Tabnuue A.16.

Ta6nuua A.16. YcTpoincTBO A1 UsSMepeHUsi MakCMMaJsibHOM CKOPOCTU BpalleHuns

Ne HassaHue ycmpoticmea lMpumedarus

1 Yachbl ¢ cekyHAOMEPOM

A4.6.3 MeTtoa nsmepeHus
BpaluaiTe aHTEHHY C MaKCMMasibHOM CKOPOCTbIO U U3MepbTe CEKYHAOMEPOM BpeMs, 3a KOTopoe
aHTeHHa nosepHeTcs N pas. YunTbiBas Bpems U3MepeHus t CekyHz, MakCMmasabHas CKOpoCTb

BpaleHusa R paccunTbiBaetcs no hopmyne (A.23). N 06bl4HO yCTaHaB/IMBaeTCA paBHbiM 10.

Ry = 60% (A.23)

A4.7 Yckopenue

A4.71 Cxema nsmepeHums

CM. pasgen A.4.6.
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AA4.7.2 NsmepuTenbHbiii npuéop

CM. pasgen A.4.6.

A4.73 MeTtoa nsmepeHus

[nsa yckopeHus EL HayHUTe € aHTeHHBI, pacnosnioxeHHol nog yrnom EL= 0 rpagycos. 3atem
nsmepsoTe t - Bpems, Heo6xoaMMOoe AN NPUBEAEHNA aHTeHHbI K yry EL =90 rpaaycos.
AHanornyHbiM o6pasom nsmepsbte ¢, - BpeMs, Heobxoanmoe ans nepexoaa ot 90 rpaaycos K
0 rpagycos. Bo3bMuTe B Ka4ecTBe M3MepPeHUs HauxyLliee 3Ha4eHue.

[ns HanpaBneHna AZ BpallaliTe aHTEHHY C MakCMMabHOM CKOPOCTbIO. MI3MepbTe Bpems,
Heo6xoAMMOe AN NONHON OCTAHOBKM aHTEHHBI.

M3mepeHne npon3sBoanTca € NOMoLLbIO cekyHaomepa. CreayeTt cobntogaTb OCTOPOXHOCTb Npun
noacyete Nt06bIX MPEBbILLIEHN.

A.4.8 ToyHOCM®b OpUEeHMayuu AHMeHHbI

A.4.8.1 Cxema nsmepeHums

CM. pasgen A.4.6.

A4.8.2 YCTpOCTBO A/151 U3MepeHus
YcTponcTBO AN M3mMepeHns npuseaeHo B Tabnuue A17.

Ta6nuua A.17. YCTPOMCTBO A1 U3SMEPEHUS TOYHOCTU HaBeAeHUSl aHTEHHbI

N¢  HassaHue ycmpoticmsa lpumeqarus

1 JlazepHas yka3ka [dnameTp/pacnpocTpaHeHune nyya kak
MOXHO MeHbLue. OH A0/IkeH BbITb XeCTKO
3aKpenJsieH Ha aHTeHHe.

A4.8.3 MeTtoa nsmepeHus

YcTaHoBUTE J1a3€PHYIO YKa3Ky, KOTOpasa 4OCTaTO4YHO MaJia, 4TOObI HE BAIUATb Ha BEC aHTEHHOWN
CNCTEMDbI, )XECTKO 3aerI'I}'IeHHOI7I Ha pynope nin 4pyromM KOMNoOHeEHTE. }'Ia3epHa$| YKa3Ka A0J1>KHa
MMETb Kak MOXHO 60siee y3KI/Il7l OnaMeTp n pacxoanmMocTb.

HanpaBbTe aHTeHHY NpAMO Ha cTeHy (cM. pucyHok A.30). CHavana 3acpukcmpyiTte yron EL Ha

0 rpaaycos. 3atem noa yrnoMm AZ =0 rpagycoB cnpoeLupyiTe la3epHbI Jyd Ha CTeHy. ITa
npoekTMpyemas TouKa, p_ . , AO/XKHa GbITb OTMeYeHa Ha CTeHe. M3-3a pacXox/eHuns Na3epHoro
Ny4a 3Ta To4ka pakTU4eCckn NnpeacTaBageT cobow Kpyr AnaMeTpoM HECKOSIbKO MUITMMETPOB.
MNosTomy nposeaunTe NapasnsesbHblie NpsMble, 4HTOObI ONpeaennTb LLeHTPasbHY0 TOUKY.
YcTaHOBMTE pacCTosHME MeX/y a3epHOMN ykaskon n p . Kak i1 (B M). 3aTeM NOBEPHUTE aHTEHHY
B HanpasneHnn AZ Ha 360 rpagycos. 3aTeM CHOBa CNpoOeLMpyinTe ny4 Ha CTeHy. 3anuwinTe
npoeuupyemyto TOUKY Kak p, . TaknM xe o6pasom, kak n p . . [IpuHUMas pasHuLly Mexay p, . 1
o0 38 d (B M), paccuuTaiiTe yrnosyto NorpewHocTs no popmysne (A.24):

6, - tan! [Zj (A.24)

Otmepbte 6 10 pas. MNyctb cTanaapTHOE oTKI0HEHUE 10 06pa3LoB onpeaenseTca kak TO4YHOCTb
HaBeAeHWA ANa Hanpas/ieHna AZ.
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3adukcnpyiite yron EL Ha O rpagycos. 3aTem noa yrnom AZ = 0 rpaflycoB cnpoeumpyinTe
NasepHeIi Ny Ha CTeHy. 3Ta CNpoeLMpoBaHHas Touka p . CHOBa OTMeYaeTCs Ha CTeHe (Tak Xe,
Kak 1 paHbLue). NepemectnTe aHTeHHy B HanpasaeHun EL Ha +90 rpaaycos. 3aTem nepemectute
ero Ha -90 rpagycoB 1 CHOBa CNpoeLuMpyinTe Ny4 Ha CTeHy. 3anuLumnTe NPOeLUpPYEMYIO TOUKY
Kak p,, . TakuM xe o6pasom, kak 1 p_. . [ipuHumas pasHuuy mexay p,. np, . 3ad (8 m),
paccuuTainTe yrnoByto NorpewHocTb 6, no opmyne (A.25):

0, = tan Q (A.25)

Otmepbte 0,10 pas. [NycTb cTaHAapTHOE OTKNOHEHKe 10 06pasLoB onpeAensieTcs kak TO4HOCTb

HaBeAeHunsa pna HanpasneHusa EL. Cm. pucyHok A.31.

A.4.9 AuHamuyeckuii ouanazoH

A.4.9.1 Cxema nsmepeHums

CxeMa n3MepeHns npuBefeHa Ha pucyHke A.32.

A.4.9.2 YCTpOMCTBO A/151 U3MepeHus
YcTpoWncTBo Ans n3mepeHns npuseaeHo B Tabnuue A.18.

Ta6nuua A.18. YcTpoiicTBO A1 USMEPEHUA ANHAMUYECKOro Anana3oHa

No. HaseaHue ycmpoticmea lpumevarus
1 leHepaTop curHanos
A.4.9.3 Metop nsmepeHus

Moakno4umTe K NPUEMHMNKY BHELLHWN BbICOKOCTabubHbIN (amnantyaHslin) SG ¢ kannbpoBoYHOR
NVHWEN U LULMPOKMM ANHAMU4YeCcKMM gnanasoHom. lMogarite curdan Ha SG u cumTalite
3KBMBANEHTHYIO MOLLLHOCTb Ha BbIXO/€, BblAaBaeMyto npoLeccopom o6paboTkn CMrHaNoB.

EL=0deg| p_orig
I I

h y
p_orig
p_rot_a
d X
p_rot_a
360° Theta_az = tan-1(d/h)

PucyHok A.30. TOYHOCTb OpUeHTaL MK aHTeHHbI (AZ)



[MABA 7. PAODVNO/TOKALLMOHHBIE N3MEPEHWNA 391

Ha4yHunTe co 3Ha4eHns, KOTOPOE HMXE MMHUMaNbHOro O6HapyXMBaeMOro CUrHana, a 3atem
yBen4bTe BBOAMMBIN CUTHA/ Ha PaBHble paccTOAHMSA, HanpuMep, Ha 1 Ab nnu mexblue.
OcraHoBuTeCh, Koraa yposeHb Mo HOCTU SG Ha 2-3 Ab npeBblluaeT TOYKY CKaTusa NpMemMHmKa
Ha 1 ab. Cm. pucyHok A.33.

MN3mepbTte LV, ypoBeHb Mexay TOYKOM ckaTtua 1 Abn S ., B COOTBETCTBMM C pUCyHKOM A.32
(pa3Huua mexay Toukamu a u b).

A.4.10 Bbokoeoli nenecmok OuanasoHa

A.4.10.1 MeTtop nsmepeHus
BokoBoW nenecTtok Anana3oHa nsmepseTcs TeM xe MeTo0M, Kak NnokasaHo B pasgene A.4.3.

Koraa 6okoBble nenecTky AnanasoHa nosssaTcs B61M3U LeHTpa CKaToro OCHOBHOMO MMIy/IbCa,
cunTainTe V_, NMKOBOE 3Ha4eHne HanpsAXKeHUs OCHOBHOrO UMNyNbca, U V,, MMKOBOe 3HaYeHne
HanpseHnst 6GOKOBOro nienecTka AgnanasoHa, Ha A-O6i1acTi npumeHeHus. bokoBoi nenectok
AMana3oHa Jo/keH 6bITb MONyYeH B AnanasoHe, 60/1ee LWMPOKOM, YEM LUMPUHA UMNY/bCa Noce
CKaTUs UMMY/bCa, KOTOpasi COCTaBASETAL > 7, NCMO/b3Ysl MaKCUMasbHOE NMKOBOE 3HaYeHe

B kayecTBe 3Ta/loHa. bokoBoi nenectok AnanasoHa AV, pacciuTbiBaeTcs B eAnHuLax Ab no
dopmyne (A.26):

AZ =0deg EL=0deg

p_orig

AZ =0 deg, EL = 90 deg p_orig

90°
5 X
p_rot_e
Theta_el = tan-1(d'/h)
p_rot_e
/Z 90°

PucyHnok A.31. TouHOCTb opneHTaummn aHTeHHbI (EL)
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YcnoBHble 0603Ha4YeHn:

1 SG

2 AHanorosblli  LMPPOBOWN NPUEMHUK
3  TMpoueccop 06paboTkun CUrHaNOB

PucyHok A.32. CxeMa nsmepeHuns guHaMM4eCcKkoro gunanasoHa

y
AV, =10log [Vm] (A.26)
N
Ha pucyHke A.34 nokasaH npMMep UMNY/AbCHOM BO/HbI, CKaToM B MPUEMHMKE.
A.4.10.2 YCTpOMCTBO A/151 U3MepeHus
YCTpoWcTBO AN M3MepeHns npuseaeHo B Tabnumue A19.
Y
LV 4
1dB 1dB
Compression
Point
S min
a b X

YcnoBHble 0603HaYeHUS:

LV® OuHamMunyeckuin gnanasoH
X BxoaHasa MmowHOCTb, B AbM
Y BbixogHas MOLWHOCTL, B AbM

PucyHnok A.33. lIuHamnyeckuin amanasoH
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Vm
-1
5;&
Vs
' 2
At
IIIIIIIIIVI IVIIIIIIIIIII

YcnoBHble 0603HaYeHUs:
1 TwukoBoe UMNyNbCHOE HanpsxeHne
2 HanpsaxeHune 60KOBOro fienectka MMKOBOro AnanasoHa

PucyHok A.34. MeTtopa nsmepeHus 60koBOro sienectka AnanasoHa

Ta6nuua A.19. YctpoiicTBo ANns usmepeHnst 60KoBOro sienectka guanasoHa

Ne HaseaHue ycmpoticmea lpumeyarus

1 A-O6nactb NnpuMeHeHns

393



OOBABJ/IEHUE B. MIPUMEP CNELUDUKALUNA PAOUOTOKATOPA

(uHgpopmamueHo)

B Ta6m/|u,e HU>XXe npuBeaeHbl NpUuMepbl pacnpoCTpPpaHEeHHbIX CI'IeLI,VICbVIKaLI,VIVI METEOPO/IONM4YECKNX pagnoaioKkatopoB Ha TEKYLLEM PbIHKE (I'IO COCTOAHUIO

Ha 2016 ron).

O6LU,VIe TEXHUYECKNE XapaKTEPUCTUKUN METEOPOJ/IOTNHECKNX Ppaan0/10KaTOpPOB

Tp€606(JHUﬂ K npou3606ume/1bHocmu cucmemel 0515 Memeoposioeu4ecko2o

Pa6o4as yacmoma paduonokamopa

paduonokamopa
Paduonokamop 1 Paduonokamop 2 Paduonokamop 3
OcHogHble napamempel Kpumepuu
(S-0uana3zoH) (C-0uanasoH) (X-0uana3zoH)
HyBCTBUTENIBHOCTB? MuHuManbHaa o6Hapyx1MBaemas oTpaxaTebHas <18; 240 <13;120 <8; 60
CNOCOBHOCTb A0/IKHA cocTaBnAaTb A obz nnn
MeHee Ha paccTosHUK A0 B kM, rae makcMmanbHas
0AHO3Ha4YHas ckopocTb 6onee £48 m/c gocTuraerca
Npu 2-CTyNeHYaToM f,.. MM60 2:3, 1n60 3:4 nnn 4:5
MNpocTtpaHcTBEHHOE PaspelleHue nyya AO/KHO GbiTb 6, 1 6, <1 <1 <1
pa3spelueHue (B rpapycax) uan MeHblue
Paspeluenne gnanasoHa OMKHO 6biTb AR (B M) naun <150 <150 <150
MeHbLLe
bokoBOW 1enecTok aHTEHHbI A0NXeH 6blTb AVpa <-25 <-25 <-25
(B 8B) unn MeHbLIe
BokoBoW nenectok Anana3soHa A0NXeH 6blTb <=50 <=-50 <-50
AVpr (B AB) nnu meHbLIe ANa pagnonokatopa
C UMMYNbCHBIM CXaTueMm
®da3oBasa cTabuUbHOCTb da3oBasd cTabuUbHOCTb A0XHa ObITb HPS 0,3 0,6 1,2
(B rpapycax) uan meHblue
TouHOCTb M3MepeHusa KoadbdpuumneHT nepekpectHomn nonspusaumnm <-30 <-30 <-30

[ABOWNHOM nonspusauumn

[OIKEH 6b|T|:XPDSys (B &B) nnn meHbLE
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Lpyaue knroyessie Kpumepuu Paduonokamop 1 Paduonokamop 2 Paduonokamop 3
napamempeol (S-0uana3zoH) (C-0uana3soH) (X-0uana3zoH)
MakcrmanbHas MakcmmanbHas CkOpoCTb BPALLLEHMA aHTEHHbI 26 26 26
CKOPOCTb BpaLLeHns AO0/KHa 6bITb R (B 06/MWH) nan 6onblie
YckopeHue Mpu yckopeHun aHTeHHbI EL, Bpemsa asnxernns EL <20 <20 <20
o710 8o 90 (B rpaaycax) n ot 90 go 0 (B rpaaycax)
AO/KHO GbITb MeHbLUE, YeM T, (B cek)
Mpu yckopeHun aHTeHHbl AZ, Bpems oT <5 <5 <5
MaKCUMasbHOM CKOPOCTU A0 NOAHON OCTAHOBKM
AO/KHO GbITb MeHbLUE, Yem T, . (B CeK)
To4YHOCTb HaBeAEeHUSA To4HOCTb HaBeAEHNSA aHTEHHbI AO/XKHA GbITb 6, , <0,1 <0, <0,1
aHTEHHbI (B rpagycax) unm menbuie n 6, (B rpagycax) uam
MeHbLle
AunHamuyeckunin AvHamnyeckmnin AnanasoH AoskeH 6biTb LV, >100 > 100 > 100
AnanasoH (B 8B) unn 6onblue
HexenatenbHble YpoBeHb HexenaTebHbIX N31y4eHNn AONXKeEH <-60;5 <-60;5 <-60;5

n3nyveHuns®

cocTaBnATb A Ab N MeHee Ha PaccTOAHUM
B Ml ot ueHTpanbHow HacToThl f, (B MI).

a lns TMNoBoOro paanonokatopa Cc UMNY/AbCHbIM CKaTUeM MUHUMaIbHaA o6Hapy>KMBaemaﬂ OoTpaxaTte/ibHaA CMoCco6HOCTb Ha KOPOTKNX PACCTOAHNAX HE MOXET 6bITb paccynTaHa

Nno 3alaHHbIM 3HA4Y€HUNAM.
> B cooTBeTCTBUM C HauMOHa/IbHbIMU Tpe6OBaHVIﬂMVI MoryT Tpe6OBaTbCﬂ Apyrue sHa4eHus.



OOBABJ/IEHUE C. PETUCTPALLUA PE3Y/IbTATOB USMEPEHUM

(uHgpopmamueHo)

Mpumepebl 3anucn pesynsTaToB n3MepeHuii npueegeHsl B Tabaunuax C.1-C.13.

Ta6nuua C.1. AnntenbHOCTb UMNYyNbCa

LnumensHocms
Cucmema TouHoCcmb lpumeyarus
uMnynbca T MKC
KaHan ropnsoHTanbHom £1/10 mkc
nonspusaumm
Kanan BepTukanbHON nonsapusaumnm £1/10 mkc
Ta6nuua C.2. NMnkoBasa MOLWHOCTb
Cucmema P, obm P_0bm P' 0bm L 0bm L, 0bm Toynocmo | [lpumevaHus
KaHan +1/10 nb
rop130HTaNbHOMN
nonspwusaumm
KaHan +1/10 ab | Tonbko B
BEpPTUKaNbHOM cny4vanx
nonspusaumn ABOWHOMN
nonspwusaumm
Ta6nuua C.3. KoadpurumeHT ycuneHmsa aHTeHHbI
Cucmema Yacmoma, Mly YcuneHue, 0b lpumeyarus

KaHan ropnsoHTanbHom

nonspusaummn
Kanan BepTukanbHoOM Tonbko B cny4asx 4BOVHOWN
nonapusaunmn nonapwusauunmn
Ta6nuua C.4. LUnpuxa nyya
Cucmema UWupuHa ny4a (epadycer) lMpumeyanus
Kanan ropusoHTanbHom Mnockoctb H 0,
nonspusaumnn Mnockoctb V 0

\Y%

Kanan BepTukanbHom

nonapusaunmn

Mnockoctb H

Tonbko B cny4vae ABOVHOMN

MnockocTtb V

nonsapuiaunn

Ta6nuua C.5. Usonauusa c nepekpecTHoOM nonsipusawmen

lMonapusayus Cmpykmypa W3mepenrHebili XPD, 0b
KaHan ropusoHTanbHoM noaspusaumum XPD,
KaHnan BepTukanbHOM nonspusaumm XPD

v

Ta6nuua C.6. 3anucb usmepenus nsonsauum H/V

Mopm N3mepeHue M3mepeHHbili yposeHs, Ob
fopu3oHTaNbHBbIN LV, .\
BepTukanbHbin LV,
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Ta6nuua C.7. CkaTue UMNy/bCOB
Koagppuyuenm
Cucmema Vo y’: Zif:: 35 ocl, ob yCcuneHusa npu cxamuu lMpumevanus
w ’ umnynecos, 0b
KaHnan S SNR
ropu3oHTaIbHOM N off
nonspmsaumum SOH
o SNR__
NOI’\
Kanan BepTukanbHom A Tonbko B cnyvae
nonspusaumm N SNR [BOWVIHOM
off nonspmsauum
S
on SNR
NDI’\

Ta6nuua C.8. UHTepBan guckpeTusaLum NPpUHATOro CUrHana

Cucmema

Numepsan

Ouckpemu3sayuu, ts Mck

LAnuHa
8b160pKU, Lsi m

lpumedarus

KaHan ropusoHTa

NbHOM nonapwusauunmn

KaHnan BepTukanbHO nonspusanmm

Tonbko B cnyyae
[BOMNHOM
nonspusaumm

Ta6nuua C.9. NMonoca nponyckaHus npueMHUKa (paanonokaTop co ckatmem MMnysbca)

Cucmema

LnumensHocms umnyieca, MKc

lpumevarus

KaHnan ropusoHTa

NbHOM nonapwusaunn

KaHan BepTukanbHOM nonspusaumm

nonsapwu

Tonbko B C/ly4asx 4BONHOMN

3auun

Ta6nuua C.10. Motepu B o6TekaTene

Cucmema

lMomeps npu nepedaye
obmekamerns, 0b

lMpumedarus

KaHan FOpI/I3OHTa}'IbHOI‘/'I nonapwusauunmn

KaHnan septukanb

HOW nonspmsaunm

Tonbko B cnyyasax ABOMHOM
nonﬂpmsau,mm

Ta6nuua C.11. MoTtepu TpakTa Nnepegavu/npmema Ans nepegarynka HesaBUCUMOro Tmna ¢
ABOWHOM nonsapusaumen (ccbiyika Ha pUCyHok A. 22)

dnemenm Memod usmeperus Pesynomam
1 | ObpaTHbIN (1) N3mepbTe noTepto NepexofHOro 3aTyxaHus (H):a= pb
TpakT nepea4un | NOCTOAHHOrO Toka 1 notepto B kabene mexay AmB. | (V):b= nb

Aana npunema

(a) ab

(2) W3mepbTe noTepto nepexofHOro 3aTyxaHus
NOCTOSIHHOIO TOKa 1 noTepto B kabene mexay Cwu D.

(b) nb
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SnemeHm

Memod usmeperus Pezynemam

2 | Tpakt
nepenaiu

(1) W3mepbte notepto mexay EnF. (H):c+d+e= pb
(c) b (V):f+g+h= gb

(2) WN3mepbte notepto Mexay G n H.

(d) nb
(3) 3akpotite oTBepcTUE pynopa CTajbHOMN
nJacTUHON.
MonHocTbio OTpasnTe pagnMoBoHY Ha pynope,
usmepsbTe notepto Mmexay | ) n pasgenvte 3HaveHune
Ha 2.

(e) Bb
(4) W3mepbTe notepto mexay M un N.

(f) nb
(5) W3mepebre notepio Mmexay O u P.

(9) Bb

(6) 3akpoliTe oTBepCTMe pynopa CTasibHOWM
NJacTUHON.

MonHocTbio OTpasnTe paanoBOHY Ha pynope,
n3MepbTe notepu mexay Q u | n pasgenute
nosy4YeHHoe 3Ha4yeHune Ha 2.

(h) nb

3 | TpakT npuema

(1) WN3mepbTe notepto mexay H n K. (H):i+j= dB
() 16 (V):k+1= dB

(2) W3mepbte notepto mexay Ku L.
() Ab

(3) W3mepebTe notepto mexay P uR.
(k) ab

(4) W3smepsbTe notepto mexay Ru S.
(I) nb

4 Bcero

Mpocymmupyinte Bce 3HaveHns notepb ana H/V (ot 1 | (H): ab
0o 3 ans kaxgoro H/V). (V): nb

Ta6nuua C.12. CornacoBaHHble noTtepu punbTpa

CoznacosaHHbie nomepu
¢unsmpa, 0b

lMpumedarus

F I'Ipm oKaTum MmnynbcCa NOTEPU COrlacoBaHHOTIO CbM}'Ipra

mf

BK/OY4AIOTCA B KOIPDULMEHT yCUNEHUSA NPK CKaTUK
nuMnynbca.

Ta6nuua C.13. HexenaTtenbHble U3NnyvyeHUs

Wmnynec Monapusayus Omoenerue omf, N3mepeHue
H +A MIy,
-A MIy,

KopoTkuit umnynsc

\ +A MIy,

-AMIy,
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Wmnynec Monapusayus Omoenerue omf, N3mepeHue
H +A MIy,
AOnvHHBIA umnynbc ( -A My,
PJ1C co cxxaTtnem nmnynbca) \Y; +A MTIy,
—A MIy,




OOBABJ/IEHUE D. PEKOMEHAYEMbIE AENCTBUA NO TEXHUYECKOMY OBC/TY)XXUBAHUIO U KA/INBPOBKE

(uHgpopmamueHo)

Bcerpa C)'Ie,Cl,yVITe MHCTPYKLUUAM NMpOon3BoanNTeENNA No npouegypam n MHTepBasiaM TEXHUYECKOTO O6C}'Iy)KVIBaHVI$| ans ﬂ,aHHOVI CNCTEMDI. PeKomer,yeMble
,Cl,eVICTBVIFI npumeejeHbl B Ta6J'IVILI,€ HUXeE.

PeKOMeHA)’EMbIe AEVICTBMH no TeXHU4YeCcKkomy O6CJ1y)KVIBaHVIIO n Kanl/lﬁpOBKe

lMpouedypa (kanubposka,
. MOHUMOpPUHZ, mexHu4yeckoe
O6opydosaHue dnemenm Memod PekomeHOyembIli UHMepean epemeHu o6CnyxuEaHUE)
Kanubp. Mo+umop. | Texo6cn.
Cucrema 3atyxaHue B MpotectupyinTte SG 1 M3mepuTenb MOLLHOCTH Bo Bpems BBOAa B 3KCNyaTaLumio X

BO/IHOBO/E
Cob6cTBeHHbIN WyM | MI3MepeHMe MOLLHOCTY B NPOCTPaHCTBEHHOM Kaxabilhi yron ckaHmpoBaHus ny4a
cmMcTembl o6nactun 6e3 obpaTHoro paccesaHus (ebicokas EL, X X

60/1blLUIOE paccTosHUE)
Mposepka BITE/ lNpoBepka aBapuiiHbIX CUTHANOB U COCTOAHMNSA Pa3 B cyTkmn X
nposepka COOTBETCTBYIOLLErO OGOPYAOBAHNS CNMOMOLWBIO | pas g MecsiL, (€C/M He NPOBOAMTCS X
COCTOSAHUA OkHa cuctembl BITE MOCTOSIHHBII MOHUTOPWHT)
BusyanbHas MpoBepbTe BHeLWHNUI BUA Bcero o6opyaoBaHus | Pas B nonroga (v Bo Bpems X
nposepka KaXkaoro noceuieHns o6bekTa)
Cuctembl MpoBepbTe KOHTYPbI aBTOG/IOKMPOBKN B Pa3 B nonroaa
6€e30NacHOCTUN Ha aBapuUMHON M NpeJaBapuiHON CUTyaLUKn Ha X
o6bekTe 0o6bekTe, Takne Kak Bblk/lloHaTen aBapuitHOro

OTK/IIOYEeHUS
BeHTunatop lMpoBepbTe COCTOAHME BEHTUNATOPA CUCTEMDbI Pa3 B nonroga (v Bo Bpems X
cmcTembl oxnaxaeHus Kax/oro nocelieHns o6bekTa)
oxnaxnaeHuna Pa3 B cyTkmn X
HanpsxeHue M3mepbTe HanpskeHne NOCTOSHHOro ToKa Pa3 B nonroaa X
MOCTOAAHHOrO TOKa | UCTOYHMKA MUTaHUA B COOTBETCTBYIOLLLEM Pa3 B cyTkN x

o6opynoBaHuu
KCBH M3mepbre KCBH c noMoLblo nsmeputens Pas Broa X

MOLLHOCTH Pa3 B CyTku X
Ouuncrtka OuuncTka Bo3gyLuHoro puabtpa Pa3 B nonroga nan no mepe
BO3JYLLIHOrO COOTBETCTBYIOLLLEro 060pyAOBaHMUA Heo6x0AMMOCTH X
dunbTpa
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pouyedypa (kanubposka,
MOHUMOpPUH2, MmexHu4Yeckoe

O6opydosaHue dnemenm Memoo PexomeHOyembIli uHMepsan epemeHu o6cnyxusanue)
Kanu6p. MoHumop. | Texobca.
AHTeHHa/6nok | Koadpuunent McnbiTaTenbHaa ycTaHOBKa No/s fanbHel 30Hbl, | Ha npegnpuatun-nsrotosutene
ynpasieHus YCUAEHMNSA aHTEHHbl | UCMbITaTebHas yCTaHOBKa Nons 6/1MxkHen
aHTEHHON n ocnabneHue 30Hbl, CONHLE, BMecTe c o6TekaTenem, no X
CUrHana cyxoro BO3MOXHOCTHU
ob6TekaTens
PacTteBop nyya McnbiTaTenbHaa ycTaHOBKa NoAs fanbHel 30Hbl, | Ha npeanpusatun-nsrotosutene
ncnbiTate/ibHas yCTaHOBKa Nosis 6avxHen X
30HbI, COJIHLLE, BMECTe C o6TekaTeneM, no
BO3MOXHOCTHU
To4HOCTb MN3mMepbTe TOYHOCTb NO3ULLMOHNPOBAHUSA Pa3 B nonroga (c ncnosib3oBaHMEM
MO3VLMOHNPOBAHUNSA | aHTEHHbBI C MOMOLLLbIO COJTHLLA WHCTPYMEHTa OTC/IeXNBaHNA X
COJIHU,A)
Pa3 B cyTku (B 3aBMCMMOCTHM OT X
CONTHEYHbIX NyYein)
Mposepka 3ByKa MpoBepbTe 3ByKk MEXAaHMYECKOM Nepeaadn n Bo Bpems kaxaoro nocewieHns X
asuratens ob6beKkTa
CkopocTb MN3mMepbTe CKOPOCTb BPaLLLEeHNS aHTEHHDI Pa3 B nonroga X
BpalleHns Pa3 B cyTKM X
Konunyectso lpoBepbTe kKOANYECTBO CMa3o4HOro maTepmana | Pas B nonroga (am so Bpems
CMa3o4HOro KaXk10ro nocewieHns o6bekTa) X
MaTepuana
LlBeT cMa3ku lpoBepbTe LBET CMa304HOroO Matepurana Pa3 B nonroga (uan Bo Bpems X
Kaxaoro noceuieHns ob6bekTa)
Ou4uncTtka OuymncTka KOHTAaKTHOrO KOJIbLLA M NPOBepKa Kaxnable 1-5 net X
KOHTaKTHbIX KOJiel, | COCTOSIHUSA LLLETKMU
3ameHa cMasku 3ameHunTe CMa3Ky ONOPHO-MOBOPOTHOIO PasBrog X
yCTponcTBa
[Mopayva cmasku Cma3aTb ONOPHO-NOBOPOTHOE YCTPONCTBO PazBroa X
Mposepka MposepbTe paboTy OrpaHNYNTENBHOIO Pas B rog
yHKUMOHMPOBaHNA | NepektoYaTens X
OrpaHNYnTeIbHOIO
nepekstoyartens
Jernpgpatop? Mposepka MposepbTe cocToAHUE AerngpaTopa Pa3 B cyTkmn X
cocTosiHUA
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lMpouedypa (kanubposka,
MOHUMOpPUHZ, MexHU4YecKoe

ObopydosaHue dnemenm Memod PekomeHOyembIli UHMepsan epemeHu o6CayxusaHue)
Kanu6p. MoHumop. | Texob6cn.
MNepepatowee | Yactota MN3mepsbTe £, C NOMOLLbIO leTEKTOPA 1 PasBrog X
YyCTPOWCTBO cnepoBaHua ocuunnorpada Pa3 B cyTkN X
nmMnynbeos (f;;)
N3nyyaemas M3mepbTe 4acToOTy C NOMOLLbIO YacTOTOMepa MNMocne yctaHoBKM 1 pa3 B nosaroga
yacToTa WK aHann3aTopa cnekTpa
B cnyyae TBepAoOTeNIbHOMO TUNA KOPOTKUIA X X
MMMY/IbC M UMNY/bC C IMHENHOM 4YaCcTOTHOW
mMoaynsaumen cnegyet UsmepsaTb C NOMOLLbIO
aHanmMsatopa crnekTpa
AdnntenbHoCTb M3mepbTe ANnTENBHOCTL UMNY/bCa C NomMoLwbio | Pa3 B noaroga X
nMmnynbca fAeTekTopa, atTeHtoatopa 3 Ab n ocumnnnorpada
N3nyyaemas M3mepbTe n3nyyvaemyto MOLLLHOCTb C MOMOLLbIO Pa3 B nonroga X
MOLLLHOCTb N3MepUTENSA MOLLHOCTM Pa3 B CyTkM X
3aMeHa OCHOBHbIX | 3aMeHUTe 3/IeKTPOHHYIO NaMny, Hanpumep, Kak npaBuno, npumepHo kaxable 5
KOMMOHEHTOB MarHeTpoOH WaN KINCTPOH nert (3ameHa) X
nepejaryvka B cnyuyae TBepAoTeNIbHOMO TUNA A5 3aMEHbI He
TpebyeTcs HUKAKUX 31eMEHTOB
MNpueMHuk/ Ycunenue Mpotectupyiite SG 1 M3MepuUTENIb MOLLLHOCTH Pa3 B nonroaa
npotieccop npuvemHuKa X
06paboTkM (BHewwHee
CUTHaNoB n3MepeHue)
[unHamuueckoe MNpsamaa nogaya M3ny4aemMoro curHana, Bo Bpems BBOAA B 3KCMAyaTaLMio
3aTyxaHue CpaBHeHWe MOLWHOCTH c/6e3 punbTpa
dunbTpa (noTepu X
COrlacoBaHHOro
dunbTpa)
Kann6poska BHyTpeHHM oNopHbI curHan (Npu Haan4mum) Yron ckaHMpoBaHus nyva X X
npUeMHMUKa no (Heo6s3aTebHO)
OAHOM TOuKe Pa3 B nonroaa X
OdnHamunyeckunin M3mepbTe AMHaMMYeCKuii AnanasoH Pa3z Broa X
avanasoH c nomoubto SG
MuHUManbHbIN M3mepbTe MMHMMasbHBI O6HapyX1BaeMmbli PasBroa
o6Hapy>xuBaeMblil | curHan c nomowbio SG X
curHan
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pouyedypa (kanubposka,
MOHUMOpPUH2, MmexHu4Yeckoe

O6opydosaHue dnemenm Memoo PexomeHOyembIli uHMepsan epemeHu o6cnyxusanue)
Kanu6p. MoHumop. | Texobca.
O6TekaTenb Mpu Hann4un MpoBepbTe, HEe NPOUCXOANT N NpOoTeKaHue Pa3 B nonroga (Wnv Bo Bpems X
aHTeHHbI npoTeyku AOXAS Kaxzoro rnoceleHms o6bekTa)
paauno- CocTosHue MpoBepbTe cocTosHMe o6TeKaTens Pa3 B nonropaa
niokaropa o6TekaTeNs (Han X
pumep, NOKPbITUE)
OuyuncTtka obTtekaTens Kaxxgble 5 net unu vauwe, ecnm X
TpebyeTcs

@ Ecnn xunpakas Boga KOHAEHCMPYeTCs BHYTPY BOJIHOBOAA, MOTYT BO3HUKHY Tb 3/1eKTPUYECKUE UCKPbI, YTO NpuBeeT k c60sM B paboTe pagnonokaTopa M BO3MOXHOMY NOBPEeX/JEHUI0
31eKTPOHUKN. Ponb aernapaTtopa 3ak/toHaeTcs B noaaep>XKaHUM BHyTPEHHeN NOBEPXHOCTN BOTHOBOAA B CYXOM COCTOSIHUM.




AOBAB/NNIEHUE E. OBMEH PAANO/TOKALLUOHHBIMUN NLAHHbIMU

(uHgpopmamueHo)

MeTeoponormyeckme pagnosiokatopbl ABAAIOTCA HacTblo [NobanbHON cucTeMbl HabOAEHNNA,

1 06MeH AaHHbIMU pagnoIoKaTOPOB NO Yy CKaHMPOBaHWA nyva 6yaeT cnocob6CcTBOBaThL
YNy4LLEHMNIO BO3MOXHOCTEN HablogeHns, NoBbILLEHWIO 3a61aroBpeMeHHOCTU NPOrHO30B
TeKyLLel NoroAsl v NnpeaynpexaeHnin o Heb1aronpuATHOM NOroe, a Takxe yly4lleHunto
YMCJIEHHOrO MPOrHO3MpPOBaHUA NoroAbl. Ana rMapoaoOrMyecknx 1 KIMMaTU4eCckux NpUMeHeHn M’
TpebyloTCA KOHTPO/b KavyecTBa M 06paboTka McHeprbiBalOLWNX JaHHbIX.

[na obnerdyeHus nocnepyrolen o6paboTkm 1 o6MeHa kak pagmMooKauMOHHBIMUY AaHHbIMU
no yrny CKaHMpOBaHUA Nyya, Tak U MoNy4eHHON npoayKunen no atMocepHbIM OcajikaM Ha
NOBEPXHOCTU, AaHHbIE A0/XKHbl ObITb HaAnexXalmnM o6pa3oM onMcaHbl B OTHOLLEHWUU:

- Kak OHM 6blan cobpaHbl;

- Kak KOHTPO/IMPOBaJIOCb UX Ka4eCTBO;

- KayecTBa CaMUX AaHHbIX.

BMO pa3spabatbiBaeT popmaT o6MeHa aHHbIMY METEOPOIOTMYECKUX PaM0SIOKaTOPOB,

WH(OpPMaLMOHHYI0 MOAENb, MOAENb AaHHbIX, a Takxe (a) popmat(bl) paiios, koTopble 6yayT
BK/IIOYaTb NOKa3aTenn Ka4ecTBa AaHHbIX.



AOBAB/NIEHUE F. APYTUE PAAUO/NTOKALMNOHHbIE CUCTEMbI

(uHgpopmamueHo)

F.1 MeTteoponoruyeckuit paguonokarop c ¢pasmpoBaHHoOM pelleTKON

MeTeoponoruyeckue pagnosiokatopsl ¢ pasmpoBaHHon peletkoli (PAWR) ycnoBHo
knaccuuumnpytoTca Ha ase kaTeropuun. OQHOM N3 KaTeropuin ABAsSeTCs TUN pagunosiokatopa
BM3yannsaumm, KOTOPbI BbINOMHAET ToYe4YHoe GbICTPOe CKaHMpPOBaHme B npeaenax
orpaHuM4YeHHOl 30Hbl HabntoaeHua [20]. XoTsa CKOpPOCTb BpalleHMsa aHTEHHbI BaXkHa,
NPOU3BOANTENBHOCTb €€ CUCTEMbI MOXET BbITb M3MEpPEHa C NOMOLLLbIO TeX e KpUTepUeB
(byHAamMeHTanbHble NapaMeTpbl M Apyrue KatoveBble NapaMeTpbl), KOTOPblE ONMCaHbI B
pa3sgene 6. [lpyras kaTeropusi — 3To TN pagmMonokaTopa, KoTopbIil U31y4aeT 3/1eKTPOHHbIe
Ny4u, OxBaTbiBaloLL e HeCKObKO yros EL ogHOBpeMeHHO, 1 pa3aenser nx C NOMOLLbIO
meToz0B popmupoBaHmsa umudposoro nyya (DBF) Ha ctopoHe npuemHumka [21][22][23].

Onsa nocnegHero tuna PAWR k ocHOBHbIM NnapameTpam Heo6xoAMMOo A06aBUTb HOBbI

3/1€MEHT, @ UMEHHO CKOPOCTb TPEXKOOPANHATHOrO 06beMHOro HabloAeHUs, KOTopas MOXeT
6bITb BblpaxeHa Kak konn4ecTso yrnos EL, koTopble pagnonokatop moxeT obpabaTtbiBaTb
oAHOBpeMeHHO - cM. Tabnnuy F.1. OgHako no mepe yBen4eHus 3Toro Yncna MoLLHOCTb
nepeaaymn P n ko3p@uuneHT ycunenns aHteHHbl G, 6yayT COOTBETCTBEHHO yMeHbLLATLCS.

Y10 KacaeTCs 3TOro KOMNPOMMUCCa MeXAY Y/yYLLEHHON CKOPOCTbIO M CHUXEHHO
4yBCTBUTENIbHOCTbIO, ONepaTop paAnosokaTopa MOXeT NPUHATb CTpaTernio CKaHMpPOBaHUS
Takum o6pa3oMm, 4To ans 6onblnx yrnos EL ny4m pacwimpsiotcs, 4Tobbl obecnevmtb npuopuTeTt
CKOPOCTH, B TO BpeMSs Kak Ans Manbix yrnos EL nyum cyxatoTcs, 4To6bl 06ecneymTb npuopmuteT
pa3peLuatoLLer cnocobHoCTH.

Ta6nuua F.1. OcHoBHble napameTpbl Ans PAWRs

Kamezopus napamempa Leno lMokaszamers
CkopocTb Onpepgensert, c kKakomn Konnyectso ogHOBpeMeHHO
TPEXKOOPAMHATHOTO CKOPOCTbIO BECb 06beM obpabaTbiBaeMbix yrioB EL: yem
06beMHOro HabnoaeHNs TPEXKOOPAMHATHOIO BblLLe 3Ha4YeHne, TeM ObiCTpee

HabnoaeHns MoxeT 6bITb NMPOUNCXOANT TPEXKOOPAMHATHOE
OTCKAaHUPOBaH. CKaHMpoBaHue

Kpome TOro, ANA Apyrnx Kar4eBblX NapaMeTpoB HeOﬁXO,CI,MMO ,CI,O6aBI/ITb HOBBbIN JJ1IEMEHT, a
MMeHHO BO3MOXHOCTb DBF nogasnsate Mewatowime OTpaxeHua ot 3eMHOM NOBEPXHOCTUN NN
Ha3eéMHbIX NPpeAMETOB — CM. Ta6nwu,y F.2. B otan4umne ot TPaANLUNOHHbIX METOA0B NO4aB/E€EHNA
Melwaruwnx OTpa)KeHI/Il\/’I OT 3eMHOM NOBEPXHOCTU NN HA3EMHbIX MPeaMETOB, OCHOBAHHbIX Ha
cnekTpe, HeO6XO,CI,VIMO oueHnBaTb NnoaassieHNE C NOMOLbIO METOAOB DBF, KOTOpPbI€ BBOAAT
Hy/neBbl€ 3HAa4Y€HNA B HAaNpaB/1€HUA HEXENATE/IbHbIX l/I3}'Iy‘-IEHVIVI.

Ta6nuua F.2. [ipyrue knoveBble napametpbl ans PAWR

Kamezopus napamempa Lens lMokazamens
YpoBeHb nogasneHns Onpepenset, HaCKONbKO Yem Bbllle nokasartesnb, TeM 60/ibLue
MeLLaoLWMX OTPaXEHUNN OT xopowo DBF moxeTt otinyatb MeLLAILLMX OTPAXEHU OT 3€MHOWN
3eMHOW NOBEPXHOCTU NN MeTeoponormyeckune MOBEPXHOCTU UM Ha3eMHbIX
Ha3eMHbIX NPeAMeTOB C 3XOCUTHaNbl OT MeLlaloLWMX npeaMeToB NoJaBAAeTCA C MOMOLLbIO
nomotubio metogos DBF OTPaXXEeHU OT 3eMHOW DBF

NOBEPXHOCTU NJIN HAa3€MHbIX
npeamMeTos




406 PYKOBOZCTBO MO MPUBOPAM N METOAAM HABMIOAEHVA. TOM I

F.2 Papuonokatop MukpoonpeaeneHus AoXan

Pagnonokatop mukpoonpegaenenns goxaa (MRR) — 31o BepTukanbHO HanpasJ/iEHHbIN
[ONIepOBCKUIA paanonoKaTop, KOTOPbIN BbIBOAUT Npoduan pacnpeaeneHns UHTEHCMBHOCTH
Aoxas no pasMepam kanesb (DSD), ncnosnb3ys COOTHOLWIEHNE MeXAY KOHEYHOM CKOPOCTbIO
nageHus n pasmepom kannu [24]. DSD MOXHO UCMonb30BaTh A1 YMEHbLUEHWUS OAHON U3
OCHOBHbIX HEOMpeAe/IeHHOCTEN U3MEPEHMI METEOPOJIOTMYECKOro pagmonokaropa. [ockonbky
DSD B 06beMe namepeHns METEOPOIONMYECKOr0 Pagmnosiokatopa MOXeT 6biTb BOCCTaHOBJIEH,
MRR o6ecneynBaeT OCHOBY A1 HACTPOMKN COOTHOLIEHNA Z-R B pexXnme peasibHOro BpeMeH!
N KanMbpPOBKN METEOPOIOrNYeckoro paanonokartopa [25]. ApyrumM TUNUYHBIM NPUMEHEHNEM
MRR asnseTca onpegeneHne BbICOThbl CN0A NaBAEeHUNA, KOTOPOE MPOABASETCA HE TOJIbKO Kak
yBe/IM4eHne MOLLHOCTM 06paTHOro paccesHms, HO Takxe (M YacTo 6osiee 4eTKO) Kak CKayok
CKOPOCTU NajeHuns.

MRR, peann3oBaHHbIN B BUAe TBepAOTeNbHOIO paguonokatopa FM-CW c yactotoi 24 M,
MMeeT MOLLHOCTb Nepeayn B HECKOIbKO MUIJIMBATT C TUMWYHOM pa3peLuatoLeli CNoCOO6HOCTbIO
3dBznpnz=1km, Az=30mMm, At=10ccz, Az n At, n3MepsAOLLUMM BbICOTY, pa3peLleHne no
BblCOTe M BpeMeHU. OCHOBHas ownbka n3BaevyeHuns Bbi3BaHa BepTUKaibHbIM BETPOM, MOCKO/bKY
OH B/IMSIeT Ha KOHEYHYIO0 CKOPOCTb NageHuns kanenb. Noaxoaawas yctaHoska coctout us MRR n
aoxaemepa Ansa KoHTpons kanmbposkn MRR.

F.3 lonnepoBckuii MeTeopoioruyeckuii paanosiokaTtop B a3ponopry

TepMunHanbHbIN AONNEPOBCKUI MeTeopoiornyecknin pagmonokatop (TDWR) - sto
pPa3sHOBUAHOCTb METEOPOJIONMYECKOro pagnonokaTopa, npegHasHa4eHHoro 414 o6HapyxeHus
MUKPOB3PbIBOB U CABUIOBLIX JIMHUI BOKPYT a3pOMNOPTOB U BblAa4yn npeaynpexaatoLen
nHpopmauumn gucnetyepy YB/ B pexxnme peanbHoro BpemeHu. JInBeHb, 30Ha BbiNnajeHNs
KOTOPOro pacnpocTpaHsaeTcs Ha 4 KM UM MeHee B FTOPU30HTa/IbHOM Hanpas/ieHUM, Ha3blBaeTcs
«MUKPOB3PbIBOM» [26]. MNKPOB3pbIB — 3TO KPaTKOBPEMEHHOE, HO ONAacHOe ABNEHME,
Bbi3blBalOLLLEE MOPbIBbl BHELLIHNX BETPOB, KOTOPbIe CU/IbHO PACXOAATCA B6/IN3M NOBEPXHOCTMU.
MHTeHCMBHbIE BETPbI, Bbi3BaHHbIE MUKPOB3PbLIBOM, YaCTO AN1ATCA OT 2 A0 5 MUHYT. OnacHOCTb
npeacTaBnAoT Takxke IMHUW cABUra, o6pasyemMble PpOHTaMu NOPbLIBOB, MePEAHNM Kpaem
pacxoAsLLencs Bo3yLLIHOM Macchl, BbI3BaHHOM HUCXOAALLUM MOTOKOM, AN INHUAMMU
KOHBepreHumu, rpaHuLen pasgena Tensbix U X0J0AHbIX BO3AYLLHbIX MaccC. JIMHUA caBUra MoXeT
[OCTUraTb HECKO/IbKMX KMTOMETPOB 1 6o/iee, ANNTLCA AECATKU MUHYT U Bbi3biBaTb pe3kne
N3MEHEeHUs CKOpPOCTM BeTpa.

TDWR 06b14HO npeactaBaset cobom gonaeposckuii paagnonokatop C-guanasoHa ¢ 601bLLown
napaboanyeckoln aHTEHHOM AnamMeTpoM oko1o 7 M 1 6onee. Boobue rosops, TDWR moryT
HabntoAaTb Hanpas/ieHNe U CKOPOCTb BETPa TOJIbKO B AOXA/MBYIO Noroay. B Tex cayyvasx, korga
a3ponopT pacrnonoXeH B MECTHOCTU, FAe BO3MOXHbI YC/TOBUS TypOyneHTHOW aTMocdepbl,
WMHOrAa NCNoMb3yoTCa TepMuUHaibHble gonneposckune nngapsl (TDLs, cm. F.4), a Takxxe TDWR
N5 yCNI0BMIA NPO3PadYHoro so3ayxa.

F.4 TepMmuHanbHbIN AoNJIepOBCKUA npap

TepmuHanbHbili gonnepoBcknii inpap (TDL) — 370 HasemMHas cuctema AUCTaHLMOHHOIO
30HAMPOBAHUS, NCNOJb3YIOLLAs Na3epHblli iy BMECTO paamo/mMukpoBoaHosoro. TDL usnyyaer
Nla3epHbI 1yY C UMMYJ/IbCHOW MOAYAsLWERN B BO34yX U Nosy4aeT o6paTHO paccesHHbIN CBeT

oT a3po30ns. CKOPOCTb NepeMeLLeHNs a3pP0o305 UM CKOPOCTb aTMOCEPHOro BeTpa MoxeT
6bITb paccyMTaHa NyTeM YaCTOTHOIO aHaM3a NoJlyYeHHbIX CUTHAa0B, MOCKOJIbKY CUTHabI

OT ABUXYLLErocs o6bekTa MMeIT AOMN1ePOBCKME KOMMOHEHTbI CKOPOCTU B 3aBUCMMOCTU OT
CKOpOCTM Ob6bekTa.

TDL n3mepseT aBmxeHne BeTpa B AManasoHe ot 7 kM (o kpanHen mepe) Ao 15 kM (06bI4HO
Mo ropu3oHTaNN) UAKN A0 NOrPaHUYHOro cnos aTMocdepsbl (Mo BepTukann). CkaHMpoBaHue
Nla3epHbIM IyHOM C MOBTOPHbBIM MMMY/IbCHLIM U3/Ty4YeHMEM NO3BOJISET U3MEPUTb Aa/IbHOCTb
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M HanpaB/1€HNE Ha 061bekT. TDL moxeT M3MEPATb CKOPOCTb U HalpaB/ieHNe BeTpa Npu ACHbIX
NOrogHbIX yC/10BUAX. ﬂ,aﬂbHOCTb Ha6)'IIO,CI,€HVIFI YMEHbLUAeTCA Npn yMeHbLUEHNN Na/IbHOCTU
BUANMOCTU, Hanpumep, B yCI0BUAX A0XAA.

TDL ncnonb3ytoTcsa B kayecTBe LLeHHOro AONO/HEHMA K HabaoaeHMam ¢ noMolbio TDWR,
NOCKO/IbKY OHM UMEIOT B3aMOAOMOJHAOLLME XapaKTEPUCTUKU B OTHOLLIEHNM ocafkoB. TDL
Nyylle Bcero paboTtatoT Npu ACHbIX MOFOAHbIX YC10BUSAX, koraa TDWR He nony4aloT cMrHaios
WU nony4aeT nx B MeHbLUeM konumyecTse. C Apyroi CTOPOHbI, KOr4a 0CaZku OrpaHuYmBaioT
HabnoaeHns c ucnonb3osannem TDL, TDWR pabotatot onTumanbHo.

F.5 Papuonokarop o6HapyxeHus 06/1akoB

Pagnonokatop o6HapyxeHus 061akoB B AnanasoHe MUIIMMETPOBLIX BOJIH, HANPUMep, B

Ka- n W-gnanasoHax, aBnseTcs npekpacHbIM MHCTPYMEHTOM A5 HabaoaeHns 3a obnakamu

M TyMaHOM, pa3Mep 4acCTuL, KOTOPbIX MeHbLUE, YeM y aTMocdepHbIx ocaakoB. Pagnonokatop
o6HapysxeHns o6nakoB MOXeT HabogaTh 3a NPoL,ECcCOM POPMUPOBaAHNSA FPO30BOro obnaka,
Bbi3blBAIOLLLErO NPOJIMBHOM AOXAb, U NPeAynpeanTb O CUIbHOM 40X /e HenocpeACTBEHHO nNepey,
ero nosiefieHnem. Hosenwwnin o6na4vHbIi pagmMonoKkaTop MMeeT BbICOKYIO YYBCTBUTENbHOCTb
okosio -20 dBz nnu meHee Ha pacctosiHum fo 20 KM, pexxmuM A0oNaepoBCKoro HabnloaeHUs
HaboAeHNs C ABOMHOM nonspusaumen.

F.6 Manora6aputHasa paguonoKkaluMoHHas cucTemMa

Boo6uie rosops, TN ManorabapuTHOro pagnosokatopa, NOMMMO CTaHAAPTHOIO TUNa

(cm. onncaHune pagmonokaTopa c wupuHoi yya 1 rpagyc B pasgene 5), ocobeHHo YacTo
ncnonb3yeTcs B X-gManasoHe, NOCKO/bKY OH NO3BOJISIET CHU3UTb CTOMMOCTb 060pyA0BaHUSA U
3aTpaTbl Ha BO3BeleHMNeE, a TaKXKe JIerko NepeHoCUTCS.

XoTs paanonokatTopbl X-gmnanasoHa 6onee HYBCTBUTEJIbHbI K ocnabnexHuio pagnocnrHana
M3-3a 0CaAKOB, 30Ha OXBaTa HN3KOYAaCTOTHOIO pagnosiokatopa MOXeET 6bITb NOKpbITa
AByMA Un 6onee HN3KO3aTpaTHbIMU pagnoaiokaTtopamMmu X-gmnanasoHa. ﬂ,B)/XKOOp,CI,VIHaTHaFI
pagnonokauMoHHaa CMCTEMa MOXET TO4YHO Ha6)'IIO,CI,aTb 3a ,CI,BYMGpHOVI CKOpPOCTbIO, a
TpeXkoopAanHaTHaA - 3a TpexmepHo[/'l.

CKOpOCTb BpaLLLeHNs aHTEHHbI Kak MPU CKaHWpoBaHMn AZ, Tak u Npu ckaHupoBaHuu EL moxeT
6bITb yMeHbLUEHA 3a CHET MCNO/Ib30BaHNA Nerkoi n He6oNbLOW aHTeHHbl. MOXXHO yBeNNYnTb
foger COCPEAOTOYMBLUNCH HA HAG/IIOAEHNMN HAa Ma/ibIX PAcCTOAHUAX (Hanpumep, 30 kM), 4TOGbI
[06UTbCA TakoM Xe TOYHOCTU HabloAeHN NPy BbICOKOW CKOPOCTW BpaLLeHns, Kak 1 npu

ncnosib30BaHNKM paanonokatopa, pabortaroLiero Ha 6osee HU3KOM YacToTe.

Kpome Toro, BpemeHHOe pa3pelueHune 6yaeT yay4LUEHO 3a CHEeT BbICOKOCKOPOCTHOTO BPaLLEeHNs,
KOTOPOE MOXET COKPaTUTb MHTEPBaAs BbIBOAA aHHbIX. DTO 06€CNEeUYNT BbICOKYIO HacTOTy
06HOB/IEHMS AaHHbIX 415 NONb30BaTe/1ei, YTo cenaeT ee yA06HON A5 HaBGNOAEHUS 3a TaKUMMK
KpaTKOBPEMEHHbIMU SIBJIEHUSAMMU, Kak TOPHAZO0 U IMBHEBbIE BbiNaAeHUS JOXAEBbLIX OCA/IKOB.
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NMPUNOXEHME 7.B. PYKOBOAALLUNE YKA3SAHUA BMO MO
PASMELWEHWIO METEOPOJ/IOTMYECKUX PAAUOJIOKATOPOB/
UCMNOJIb3OBAHUIO OBLUEIO CrIEKTPA PAANOYACTOT

BcemunpHaa meTeoponormyeckas opraHn3auuns BbipaxaeT 03a604eHHOCTb N0 NOBOAY
YyBE/MUYNBAIOLLENCS Harpy3kn Ha CBA3aHHblE C METEOPOIOTNYECKMMUN pagmoiokaTopamm
MonoChl paaMovacToT U Nog4epkmnBaeT HEO6XOANMOCTb YCUNI NO aAeKBaTHOM 3almTe U
CMArYeHUIo BO34eNCTBUI, HanpaB/ieHHbIX NPOTUB YyTPaTbl U COBMECTHOIO MCNOJIb30BaHUS
3Toro cnekTpa. BMO agpecyeT cBoto 03a604€HHOCTb NONTMKAM, HaLMOHaNbHbIM OpraHaM,
peryivpyoLLnMm UCNoib3oBaHNe paamMoyacToT, HaLMOHaAbHbIM TMAPOIOTMYECKUM U
MeTeoposiornyeckum obLecTsam, KOMMepYeCckMM NpoaasLiam TeJleKOMMYHMKaLMOHHOIO
060pyAOBaHNA 1 METEOPOSTIONMYECKOMY COOBLLLECTBY.

3au.|,|/|Ta TPaANUNOHHBbIX, CBA3AaHHbIX C METEOPOJTIOTMYECKNMU paano1oKaTopaMn paano4acTtorT,
nMeet Kpal\/'IHe Ba>XHO€ 3Ha4YeHne ans obecneyeHus HEMNpepbIBHOTO q)YHKLI,VIOHVIpOBaHVIFI n
COBEPLUEHCTBOBAHNA METEOPO/IOTNYECKOIO 30HANPOBAaHUA, MOHUTOPWUHIA, NPOrHO3NPOBAHUA
M BblMyCKa npep,ynpe»(p,eHMVl, M B 3TOW CBA3MU COOTBETCTBYET HANBbICLUMM UHTEPECaM
6e30nacHOCTN HaceneHus. MeTeOpOﬂOFI/ILIeCKOG COO6LL|,€CTBO BO BCe 60/bLLEN CTENEHN
nonaraetcda Ha TEXHONOTMN ANCTAHLMOHHOIO 30HANPOBaHUA, NnpeaHa3Ha4€HHbI€ KakK 14
PerynsapHbixX, Tak U SKCNEPUMEHTA/IbHbIX Ha6}'IIO,EI,eHVII7I 3a I'IOFOLI,OVI M KAMMaToM. DTu BnAbl
AeATENbHOCTU Tpe6yr0T rno6anbHOro O0CTyna K CNEKTPY paAno4acTtoT He TO/IbKO A1
PaanonokaTopoB, HO Tak>e U AnA I'IpOdJVI}'IOMeTpOB BETPAa, MUKPOBOJ/IHOBbIX paANOMETPOB

N TeNEMETPUHECKUX CUCTEM, a TAKXKE YCTAHOB/I€EHHbIX Ha CMYTHUKAX NaCCUBHbIX N aKTUBHbIX
AaTHNKOB. I'Iporpecc B O6C}'I)/)KVIBaHMVI B 061acTtun METEOPOJSIOTNYECKUNX npep,ynpe»(,quMVl n
OPYyrnx MeTeopoIorn4eCcknx Hpeﬂ,CKa3aHMVI, ,D,OCTMFHYTbIVI B nocneaHme roabl, B 3Ha4YUTENIbHOMN
mMepe 06DBACHAETCA HaIMYMEM STUX TEXHOOTUNA.

Mogaenun npeackasaHunsa NoroAbl U 10KaaM3NpPOBaHHbIE OMepaTUBHbIX MPOrHO3bl BO BCe 60/bLUER
CTeneHu 3aBUCAT OT HaLLMOHaJIbHbIX CETEN Ha3eMHbIX LOM/IEPOBCKMUX METEOPOIOIMYECKNX
paanonokKaTopoB A5 BbiNycka NpeaynpexaeHnin 0 Takux IBJIEHUSAX CYPOBOWM NOrobl,

Kak TOpHaZo, 6bICTpopa3BuBaloLLMiAcs 6YpHbI NaBOAOK, BbIXOAALLME Ha CYLLY yparaHbi;
ocaaku (Aoxnab, CHer, rpaj), 4N NpeaoTBpalleHns o61eieHeHNs BO3AYLWHbIX CY0B U A5
ynpasaeHus BO3AYyLWHbIM ABWXeHneM/u3beraHma HebnaronpusaTHoOM noroasl. Bo Bcem mupe
CeTu AoMNIepOoOBCKMX PaAnNoa0KkaTopos 60PIOTCA ceivac C BO3pacTaloL MMM Harpyskamm

Ha COBMECTHOE MUCMOJ/Ib30BaHMe YaCTOTHOrO CNeKTpa, CO34aBaeMblX HETMLLEH3UOHHbIMU
LIMPOKOMNONOCHBIMW 6€CNPOBOAHBIMU NPUMeHeHUsAMU. COrTacHO yxXe MMEIOLLLEMYCS BO MHOTUX
4acTax MUpa onblITy, BO3AENCTBUS PaANOYaCTOTHbIX MOMeEX, Co3iaBaeMblx 6eCnpoBOAHbIMU
CeTsIMU CBA3U, MOTYT OCNEN/IATb METEOPOIOTMYECKME PaanN0oa0KaTopPbl MO KOHKPETHbLIM
HanpasAeHUSM UK Jaxe NO 3HaYNTE/IbHbIM YacTsM X 0XBaTa. ITa CUTyauus ycyrybnsercs B
CBSA3U C LUMPOKO PaCcnpOCTPaHEHHbIM U HENULLEH3NOHHBIM XapaKTepoM 3TUx 6eCnpoBOAHbIX
NPUMEHEHWI, UCMONb30BaHME KOTOPbIX MOXET NPUBECTU K MOJIHOW NoTepe COOTBETCTBYHOLLETO
cnekTpa paanmo4vacToT /191 MeTeopOoa0rnMyecknux pasnonokaTopos.

Bepetcs noctogaHHas pa3pa60TKa HOBbIX PaANOTOKAUNOHHbBIX TeXHOfIOFVIVI, BK/1KO4as
ajanTunBHbIE CTPATENMN CKaHNPOBaHUA, 6onee KOPOTKUE NMMynbChbl, NONApU3aunio,
MMNYJbCHYHO KOMIMpeCcuto, 6bICprIe N3MEHEHNA 4aCTOThbl U Cba3bl. C}/LLI,eCTB)IIOLLI,VIe

M nnaHnpyemblie CNYTHUKOBbIE PaANO/TOKAUVNOHHbIE CUCTEMbBI U3MEPAIOT NMapaMeTpbl

ob6nakoB 1 0CaAKOB, 4YTO MMEET BaXXHOE€ 3Ha4Y€HMNE A/19 NPOrHO3npoBaHNA NOrojbl, a Takxe

ans VICCJ'IGLI,OBaHVIVI N OUEHKHN rno6anbHOro U3MeHeHns kanmarta. B HacToflee BpemMsa
OCYLLECTBIAETCA SKCNEPUMEHTA/IbHOE UCNOJ/1b30BaHNE CaMblX pa3HOO6pa3HbIX npo4unx
pa,Cl,VIOTeXHO)'IOFVIVI KOCMMNYECKOTro K Ha3eEMHOTO 6a3VIpOBaHVIFI, N Ana HUX MOXeT I'IOTp66OBaTbC$I
BblgeJ/IeHNE B 6y,CI,YLIJ,GM Paano4acToTHOIO CNeKTpa.

BMO pPeKoOMeHAYEeT BCEM NOJ/Ib30OBaTE/IAM METEOPO/IOTNYECKNX PaANO/TIOKATOPOB:

a) CTPEMMUTLCA K COTPYAHUYECTBY C BNajenbuaMmm 6amsnexatmx pagapos, 4Tobbl nsbexartb
nomex oT pajapa K pagapy;
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b) TecHo coTpyaHMYaTb C HaLMOHaIbHBIMU YaCTOTHBIMUW OpraHamm Ans obecnevyeHns
HaJJieXallero Ucrnosib30BaHNs METOA0B CMSAIFYEHUS NOCNEACTBUN, TAKNX KAk
ANHaMMyeckmin BbI6op 4acToThl;

C) npu3biBaTb I'IpOl/I3BO,EI,I/ITe}'Iel7I pafapoB K BHEQPEHUIO TEXHO1I0MUN ANnsA BbiABIEHUNA
HECAHKUMOHUPOBAHHbLIX Nepeaat4nkoB 1 onpenesieHna BO3MOXHOCTEN Aansa
ONHAMUNYeCKOro 4ocCTtyna K 4aCtoTaM.

HoBble KOMMYHMKALWOHHbIE MPUMEHEHUS AealoT PaN04aCTOTHbIM CNEKTP UCKIOYUTENTIBHO
LEHHbIM PeCYpCOM, 1 B 3TOW CBA3M BCe 60/1bLIas ONacHOCTb BO3HUKAET A1 YaCTOTHbIX
NoJsioC, UCNO/b3yeMbIX B ONepaTUBHON METEOPONOTMN U Hay4HbIX UccnegoBaHusax. BMO

N MeTeopoJsiornyeckoe coobLLecTBO NosaratoTcs Ha yNoSHOMOYEHHbIE MeXAYHapOoaHble

W HauMoOHa/bHble B€JOMCTBa, PeraMeHTUPYIoLLME NCNO/b30BaHWeE PaanNovacTorT,
noaaep>KMBatoT UX, a TaKXe Ha COTPYAHMYECTBO C OpraHamMmun 1 CEKTOpaMu TeIeKOMMYHUKaL MK,
C TeM 4To6bl NPOA0IKATL 3alLMLLaTh U AOMKHBIM 06pa3oM COBMECTHO UCMONb30BaTb 3TU
pagnoyvactotbl. BMO akTMBHO paboTaeT C 3TUMKU B€AOMCTBaMM NO NMHUKN MexayHapoaHOro
coto3a anekTpoceasn (MC3) B Lenax co3gaHna COOTBETCTBYIOLLMX MEXaHU3MOB 3aLUUThI
MCNonb30BaHUI CiekTpa pagmMoyacToT B MeTeoposiornyeckmx uensx. BMO noowpset
pa3paboTky YeTKOro onpeaesieHUs NOHATUA «NOMeXM» Kak AONYCTUMbIX, Tak U UHbIX, a
Tak>e npoueaypbl 3aLLMTbl AN peLleHns B 3ToN 061acTu B TOM C/lydae, eCM COBMeCTHOe
ncnonb3oBaHWe cTaHoBUTCA Npobnemoli. BMO noolpseT puHaHCMpoBaHUe U NpoBeaeHNe
nccnefoBaHUi, HanpaB/ieHHbIX Ha onpeaeneHne NocaeACTBUN NOAHOM UKW YaCTUYHOM
yTpaTbl OAHOIO U/ HECKOJIbKUX YaCTOTHbIX MO0C, UCNOJb3yeMbIX HbiHE A4eNCTBYOLWLUMU
onepaTUBHbIMU CUCTEMaMW HabOAEHWI 1 3an/laHUPOBaHHbIMK cuctemamn. BMO
pekomMeHayeT Takxe NpefoCTaBAsATb pe3y/bTaThl 3TUX UCCAef0BaHUI rpynnam MC3

Nno pagMoCBsA3n N HaLWOHaIbHBbIM BEAOMCTBAM PaaMOY4acTOTHOIO PeryiupoBaHus 1
Te/IeKOMMYHUKaLWOHHOW NPOMBILLIEHHOCTU /11 NOOLLPEHUS AManora Mexay akTUBHbIMU

M NacCUMBHbIMWU NOb30BaTENSIMM PaanMoyacTOTHOro cnekTpa. Heob6xoanmo npossnaTh
64MTeNbHOCTb, NOCKO/IbKY CO BpeMeHeM 6yeT NpoMCXoaAnTb Aerpagaumns MeTeoposormyeckmnx
[aHHbIX, BbI3BaHHas BHECEHWEM NMOMEX U COBMECTHbIM UCMO/b30BaHMeM. [NooLpseTcs
COTPYAHNYECTBO C HaLMOHaNbHbIMU BEAOMCTBAMWN PaZMO4aCTOTHOIO pPerynnpoBaHus,
WUHAYCTpUel TeNeKOMMYHUKaLMIA U C APYTUMU NOJ1b30BaTE/IIMU YaCTOTHOIO CnekTpa Kak
N5 OKa3aHUA NOAAEPXKKUN KN3HEHHO BaXXHOMO UCMOb30BaHMUA PaaMoY4acTOTHOMO cnekTpa B
MEeTEeOoPOI0rMYeCKUNX LLeNsX, Tak U A5 CMATYEHUS NOTEHLNasIbHbIX Mpo6ieM.

HauBbICLIMM MHTEpecaM BCex CTpaH COOTBETCTBYET 3allMTa PajmMoyacToT, CyLLLeCTBEHHO
BaXXHbIX 4151 METEOPOJIOrMYECKON AeATENbHOCTAN, KOTOPas ABAAETCA UCKIIOYNTENbHO BaXKHOM
AN19 TOYHOrO NPOrHO3MpPOBaHMA He61aroNnPUATHON NOroAbl. MI3bICKMBaOTCSA U AOJIXKHbI
noaaepxuBaTbcs rnobanbHble pewweHns. BMO akTMBHO yHacTByeT B MexXAyHapOAHOM
AeaTeNIbHOCTM NO pernaMeHTUPOBaHUIO YaCTOT MO IMHUK TPYMMbl 3KCMePTOB C r106a/bHbIM
npeacTaBUTENbCTBOM, C TEM YTO6bI 3aLLMLLATh AeNCTBYIOLLME YaCTOTHbIE MOO0CHI,
ncnonb3yeMble Ans NposefeHns HabntoaeHui B 061aCT METEOPOIOTMU, KITUMATONOTUN U
HabnoaeHN 3a 3eMnel, a Takxke A1 NONYy4YeHUS HOBbIX NOJIOC HaCTOT, HEO6XOANMBIX AN
OCYLLEeCTBAEHNA UCCNef0BaHUI 1 ONepPaTUBHOM AeATeIbHOCTH.

JononHutenbHas nHpopmauuns uMeeTcs B pyKOBOACTBE NoJA Ha3BaHMeM «/cnonb3oBaHue
paaMo4acToTHOrO CNekTpa B METEOPOIOTMN: MPOrHO3MPOBAaHNE U MOHUTOPUHT MOTOAbI,
K/IMaTa 1 Ka4yecTBa BOAbl», BbINyLLLEHHOM coBMecTHO BMO n MC3.



NMPUNOXEHME 7.C. PYKOBOAALLUE YKA3ZAHUA BMO MO
B3AUMOCOINTACOBAHHOMY PASMELLEHUIO METEOPOJIOTMYECKUX
PAANO/TIOKATOPOB U BETPOOHEPTETUYECKUX YCTAHOBOK

BMO BbipaxxaeT 6€CNOKONCTBO B CBA3W C yBENYMBAIOLWMMMNCS BO3AENCTBUAMMU
BETPO3HEPreTU4YeCknx yCTaHOBOK Ha (hyHKLLMOHMPOBAHNE METEOPOIOTNYECKNX
paamMonokaTtopoB 1 nogyepkmnBaeT HEOO6XOAMMOCTb Haaaexalllel KOHCYAbTaumn, a Takxe
ycunuin no obecneyvyeHunio 3alnTbl U cMArveHuto Bo3genctemin. BMO agpecyer cBoe
6eCcnoKONCTBO NOIMTMKAM, HaLuMOHa/IbHbIM OpraHaM, periaMeHTUPYOLWLUM NCNOb30BaHNe
paamMo4acToT, HauMOHaJIbHbIM FTMAPOIOTMYECKUM N METEOPOJIOTMYECKMM 0bLLLeCcTBaM,
pa3paboTymMKam BETPOIHEPreTUYeCcKMx yCTaHOBOK, KOMMEPYeCKNUM NpoAaBLam 3Toro
o60pynoBaHUA U METEOPOIOTMYECKOMY COOBLLECTBY.

3alwmTa JaHHbIX METEOPOOrNYECKMX PaanN0I0KaTOPOB UMeET KpaiHe BaXkHOe 3HavYeHue ans
o6ecneyeHns NOCTOSHHOTO PYHKLMOHNUPOBaHMS N COBEPLUEHCTBOBAHWNS METEOPOIOTNYECKOrO
30HAMPOBAHUSA, MOHUTOPUHIA, NPOrHO3MPOBAaHUA U BbiNyCKa NpeaynpeXXaeHUi, 1 B CBA3U C
3TWUM OHa OTBeYaeT HaMBbICLLMM UHTepecaM 6e30NacHOCTU HaceneHus. Moaenu npeackasaHus
noroabl U 10KaN3NPOBaHHbIe ONepaTUBHbIE MPOTrHO3bl BO BCe 60/bLUEN CTENEHN 3aBUCAT

OT HaLlMOHaNbHbIX CETEN HAa3eMHbIX JOMNNEPOBCKUX METEOPOIOTNYECKMX PAAMON0KATOPOB U
npocuiomMeTpoB BeTPa A5 BbiMycka NpeaynpexaeHuii 0 ABNeHUSAX CyPOBO NOroabl, Taknx
Kak TopHaZo, 6bicTpopa3BuBaioLLmecs 6ypHble NaBOAKW, BbIXOASLLME Ha CYLIY yparaHbl, U

NS NPOrHO3npoBaHMsa 0caakoB (A0XAb, CHET, rpaj), 48 NpeaoTBpaLleHns obneieHeHns
BO3AYLUHbIX CYl0B U YNpaB/ieHUs BO3AYLUHbIM ABUXeHMeM/n3beraHns He61aronpusaTHbIX
MEeTeopOoIorMyecknx aBaeHnn noroasl. Bo Bcem Mmpe cetn 4onaepoBCKUX paamo/ioKkaTopoB

1 npogunnomeTpos BeTpa 6OPIOTCA C BO3pacTatoLLLeli Harpy3koi, BO3HMKAaLOLLEN B CBA3M C
3KCnayaTaumen BeTpO3HepreTM4eCckmx yCTaHOBOK.

BeTpoaHeprequeCKme YCTAaHOBKW Yy>K€ OKa3bliBa/in BO3,CI,eVICTBI/Ie Ha onepaTtnBHbIE CETU
METEOPOJ/IONM4YECKNX pagnosokatopoB, co3aaBas CMeELLIMBaeMbl€ 3XOCUTHa/1bl OT 3eMHOM
NOBEPXHOCTN, KOTOPbIE NPUBOAAT K 3Ha4YMTE/IbHOMN noTepe AaHHbIX NN OTO6pa)KaIOT JNOXHblE
ocCaakun ana rmapoaorn4eckmnx HpVIMeHeHI/IVI. Bpau.l,alou.l,wecsa ionacTtn MOryT CTaTb I'IpVI‘-IVIHOVI
nosaBaeHnA CKOpOCTeVI, KOTOpPbI€ NOTEHUMNA/IbBHO MOTYT 6bITb NMPUHATHI 3a AB/1€HUA CypOBOVI
norojbl, Takne Kak TopHaao. XoTs MEeTeOopOo/IormM4eckme paamonokaTtopbl 6bln ,U,O6pOBO}'IbHO
nepemMeLLeHbl pa3pa60TLwn<aM|/| BETPOSHEPreTn4eCknNx yCtTaHOBOK, Kak NpaBunio KPpUCANKLNA
MEeTeOopPOJ/IOrM4eCcKkoro COO6LL|.€CTBa HE pacnpoCTpaHAETCA Ha BOMPOChlI paCno10XeHUA
BETPOSHEPTreTU4ECKNX YCTAaHOBOK, M OHO MoJ1arae€tcAa Ha NoJINTUKY «,CI,O6pOCOC€,CI,CKVIX
OTHOLLEHUN» ANnAa oCyulecTB/1IEHUA COTPYAHNUYECTBA U CMATr4eHunA BO3,CI,€VICTBVIVI.

Pa3paboTka HOBbIX CeTell paAnoI0KkaTOpoB, NPOdUIOMETPOB BETPA U BETPOIHEPTETUYECKMX
yCTaHOBOK NOTpe6yeT CTpaTerniyeckoro njiaHMpoBaHus A8 obecrnevyeHmns CMAr4eHuns
nocneacTBUN CO CTOPOHbBI METEOPO/IONMYECKOIO CO06LLLeCTBA U COObLLECTBA
BETPO3HEpPreTMyecknx yctaHoBok. BMO 1 meTeoponornyeckoe coobLLecTso nosaratTcs

Ha yNo/IHOMOY€EHHbIE MeXAYHapOAHbIE N HaLWOHaIbHbIE BEAOMCTBA, PeriaMeHTUpYytoLLne
NCMo/b30BaHMe PaaMoBOJIH, NOAAEPXUBALOT UX, 6yAyT akTMBHO NOOLLPATL U COAENCTBOBATb
YCUNAM 3TUX BEAOMCTB MO NOOLLPEHMIO U 3aLLMTe NCMO/b30BaHUs 6ecnpensTCTBEHHOro
NpoCTpaHCTBa B MeTeOpPOIornyecknx uensx. BMO npusbiBaeT HauMoHabHble pagMoBeAOMCTBa
pa3paboTaTb KPUTEPUN AONYCTUMBIX MPENATCTBUIA U NPEAOCTaBUTb UHCTPYMEHTBI /151 OKa3aHUs
NoMoLLM pa3paboTymKkam BETPOIHEPreTUIeCknX yCTaHOBOK, KOTopble 6yayT UM noMorathb B
BbIGOpE MeCT AJ151 pa3MeLLeHNs TakKUX YCTaHOBOK.

BCGMMpHaﬂ MeTeoposiorm4eckan opraHn3auuna npmnsbiBaet pa3pa6OT‘-IVIKOB BETPAHbIX
:-)J'IeKTpOCTaHLI,VIVI KOHCY/NbTUPOBATbCA C MECTHBIMU N HALLMOHAa/IbHbIMU NpOrpaMmmMmamMu
METEOPOJIONMYECKNX PagnookatopoB Ha PaHHUX 3Tanax njiaHMpoBaHuA, 4YTOObl CBECTU K
MUHUMYMY SKCnayaTayunoOHHbIE KOHqJ}'Il/IKTbI cnpegynpexageHmnemMm n nporHo3nMpoBaHMEM
noroabl. B Ka)K,CI,OVI CTpaHe CyuLeCTByOT CBOU COBCTBEHHbIE npoueaypbl And npegorspailieHunA
MM MMHUMM3aunn HEraTUBHOIO B/IMAHUA Ha AaHHbIE METEOPOJIOTNYECKUX Pagno/10KaTopoOB.
Yacto CyLWweCTBYOT MHCTPYMEHTbI U NPOLUECCHl OLLEHKN ONA obneryeHus Bbl60pa
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MeCTOMNOJIOXKEHUA N NPOEKTUPOBAHUA BETPAHbBIX BﬂeKTpOCTaHLI,I/IVI. B HEKOTOPbLIX KPUCAUKLNAX
pa3pa60TaHbl onepaunoHHbIE MPOTOKOJIbl A1 CHNXEHUA MOMEX TOJIbKO Npu onpeaeeHHbIX
OnacHbIX MOroAHbIX yC/10BUAX.

C 60/1bLUIMHCTBOM ONepaTopoB MeTeOPONOrn4eckux pagmonokaropos u HMIC moxHo
CBA3aTbCs Yepes ux Be6-caTbl 4715 NONYYEHUS AOMNOSHUTENIbHON MHOpMaLUn n
pekomMeHAaLMin OTHOCUTEIbHO MHOPMaLUM O pa3MeLLEHUN U COrNalleHn’ 0 CMArYeHnmn
nocneacTBui.

PaccTosiHne mexay BeTpOo3HepreTM4eCKMMMN yCTaHOBKaMn U METEOPOIOTNYECKUMU
paguonokaTtopamMmu MoxeT 6biTb NCMOJIb30BaHO A1 06LLero onncaH1a Bo3AencTBmS Ha
Ka4yeCcTBO AaHHbIX paANOI0KaTOPOB, a Take MCMOoJ/Ib30BaHO A4 obecrnevyeHns cTpaTermm
CMATrYeHns BO34ENCTBMN B LLEe/IIX COBMECTHOIO pa3MeLLL,eHNsa METEOPOIOrNYeCKnX
paamonokaTtopoB U BETPOIHeEpPreTn4eckmnx yctTaHoBok. Huxe npreegeHsl obuine pykoBoasime
NPUHUMNbI 415 TUNOBbIX PaAVO0/I0KaTOPOB U MPUMEpPbI Pa3MeLLLEHMS Ha yHaCcTKax MECTHOCTH,
KOTOpble MOTyT noTpeboBaTb BHECEHUSA U3MEHEHWI B OTAE/IbHbBIX CUTYaLMAX U KacatloTca
KOHKPETHbIX paaMosiokatopoB. bosiee MoLHbIE paanonokaTopbl, Takne Kak pagnosiokatopsl
S-anana3soHa (AnvHa BoaHbl 10 cm) ¢ MeHbLINM ocnabneHnem, MOryT noTpe6oBaTh yBe/TNYEHNS
npeaenoB fasbHOCTH, YKa3aHHbIX B Tabauue.

BMO nooupsaer CbVIHaHCVIpOBaHI/Ie nnposegeHue I/ICC)'Ie,CI,OBaHVIVI no pa3pa60T|<e TEXHOJI0rUMn
Ana cMAar4eHma AaaHHoOro BO3,CI,€VICTBVI$I. MeToapbl o6pa60T|<|/| CUIrHanoB C METEOPOJTOTNYHECKUX
PaanonokaTopoB UM NCNOJIb30BaHUE APYTMX MaTeEPUNANOB 14 CTPOUTENIbCTBA
BETPOSHEPTreTN4eCKNX yCTaHOBOK MOTyT 0CnabnATb NoMexmn Ha 601bLINX paccTtoaHnAx. Momnmo
3TOro, BMO PekoMeHAYET NPpeAoCTaB/IATb pe3y/1bTaTbl TAKUX I/ICC)'Ie,CI,OBaHI/IVI npon3BoanTeNAam
METEOPOJIOTMYECKUNX Pagno10KaToOpPOB U BETPOIHEPTETUHECKNX YCTAHOBOK.

HauBbICLLIMM MHTEpPECOM BCex rOCYAapCTB OTBeYaeT 3aluMTa 6ecnpensaTCTBEHHOro MPOCTPaHCTBa
AN METEOPONOrMYecknx paamonokaTopos 1 NPogrUIOMETPOB BETPA, KOTOPbIE UMEIOT
CyLLeCTBEHHOE 1 KpaliHe BaXkHOe 3HauyeHune 419 TOYHOro MPOrHo3MpoBaHUsA HeG1aronpUATHOM
norogbl. MI3bICKMBAlOTCA MECTHbIE, HaLlMOHasIbHble N TeXHoIornyeckne pelueHuns. BMO 6yaet
oKasblBaTb NOAAEPXKKY M MPefoCTaBAATb PYKOBOAALWMI MaTepuan n UHCTPYMEHTbI ANS

3alunTbl 6ecnpenaTCTBEHHOro NPOCTPAaHCTBa A1 METEOPOJIOrNYECKMNX PaAN0IOKaTOPOB U
npognnoMeTpoB BeTpa.

PaccmosiHue MomeHuyuansHoe 8o3delicmaue Pykosoosiujue ykazaHus

0—5km BeTposHepretuyeckas yctTaHOBKa MOXeT 30Ha HenoCpeACTBEHHOTO BO3AEeNCTBUSA:
NOJIHOCTbIO MW YacTUYHO 6/10KMpPOBaThb BETPO3HepreTMyeckyto yCTaHOBKY He
paanosiokaTop N MOXeT MPUBECTU K cnepyeT ycTaHaBAMBaTb B 3TOM 30He.

3Ha4YuUTebHOM notepe AaHHbIX, KOTOPbIE HE
MoryT 6bITb BOCCTAHOBJIEHbI.

5—20 km MHorokpaTHOE OTpaxXeHUe U MHOXEeCTBEHHOe 30Ha yMepeHHOro BO3AEeNCTBUS:
paccesiH/e MOTyT CO3/laBaTb JIOXKHble Heo6X0MMO y4nUTbIBaTb 0COBEHHOCTU
3XOCUTHasbl U faBaTb HECKO/IbKO NapaMeTpoB  naHawadTa. PekomMmeHayeTcs npoBecTyn
BbICOT. MI3MepeHus 10MN1epOBCKOM CKOPOCTM  aHa/in3 U KOHCynbTauun. M3meHeHune
MOTYT 6bITb MCKaXXeHbl B pe3y/bTaTe OpUWeHTaLUN NN pasmeLLeHns
BpalLlaloLLMxcsa lonacTe. OTAE/IbHbIX YCTAHOBOK MOXET

YMEHbLUWUTb UIN CMATYUTH BO3AENCTBUS.

20—45 km Kak npaBuno, HabnogaeTcsa npu camom 30Ha HM3KOro BO3EeNCTBUS:
HU3KOM yr/ie CKaHUPOBaHUK; B OTPaKeHU pekoMeHayeTCs yBeJoM/IEHME.
6yayT Hab110AaTbCA IXOCUTHAJIbI, TOXOXMNe
Ha CUrHasbl, OTPaXXeHHble OT 3eMHOW
NOBEPXHOCTW; AOMNEPOBCKNE CKOPOCTU MOTYT
NCKaXxaTbCA B pe3y/bTaTe BPaLLatoLLnXCs
nonacTten.
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Paccmosnue [TomeHyuaneHoe go30elicmsue Pykosodsuwue ykazaHus
> 45 kM Kak npaBuno, He Habn0A4aeTCsa B AaHHbIX, HO  30Ha HEPAaBHOMEPHOrO BO34eNCTBUSA:
MOXeT 6bITb 3aMETHO B CBA3U C YCNOBUAMM pekoMeHayeTCs yBeJOMIEHME.

pacnpocTpaHeHus.
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