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PEKOMEHJJALIA MC3-R P.619-3

JlaHHbIE 0 pAaCIPOCTPAHEHUM PAINOBOJIH, HEO0OXOAMMbIE ISl ONpe/ieIeHIs OMeX
MEXIY CTAaHIHUSIMU, HAXOASIMMHUCS B KOCMOCE H HA MOBEPXHOCTH 3eMJIH

(Bommpoc MC3-R 208/3)
(1986-1990-1992-06/2017-12/2017)

Cdepa npumenenust

B Hactosimeii PekomeHmanmum OMUCHIBAIOTCS METOABI MPOTHO3UPOBAHUSI MOTEPh HPU PACTIPOCTPAHEHUU
MEIIAIONINX CUTHAJIOB MEXY CTaHIMAMH, HAXOJSIIUMHCS B KOCMOCE W Ha MOBEPXHOCTH (MIIM OJIM3KO K
MTOBEPXHOCTH) 3emMii, BO BceM amama3oHe dactoT oT 100 MI'm mo 100 ITT, 3a HECKOJBKUMH SBHO
OTOBOPEHHBIMU ~ HCKJIIOYCHHSMH, KOTOpbIe OrpaHM4YeHbl 0oJiee HU3KUMU YacTOTaMH. MeTobl
MPOTHO3UPOBAHUSI JJIsl HEKOTOPBIX MEXAaHU3MOB MOTEPh HAJICKHBI B O0Jiee Y3KHX JUANa30HaX 4acToT, a BKIIa
OTJCNBbHBIX MEXaHU3MOB MOTEPh SBJISCTCS HE3HAYUTEIBHBIM B ONPEACICHHBIX AMana3oHax. B HacTosiiei
Pexomennanyy npuBOIATCS METO/bI IIPOrHO3UPOBAHKS IIOTEPD IPU PACIIPOCTPAHEHUH, HE NIPEBBIIIAEMBIX B
teuernne 0,001-50% Bpemenu. B aHanmuze mo omnpeneiaeHHI0 MEIIAIOIIUX CUTHAJIOB, KOIJA KOPPEJSIHs
BPEMEHHON M MPOCTPAHCTBEHHON M3MEHYHBOCTH MOXET OBITh CYIIECTBEHHOMN, PYKOBOJSINUE YKa3aHUS IO
MNOTEpAM IIPU PACHPOCTPAHCHHU HAIOTCA KaK 194 CIWMHHUYHBIX IIOMEX, TaK W I IMOMEX OT MHOI'UX
HCTOYHHUKOB.

KuroueBble ci1oBa

[Tomexu, nenonspusanys, pacIIUpeHNe JIyda, MepLaHue, 1u(pakLus, BOJIHOBOIHOE PACIPOCTPaHEHNE

Accambnes paguocssizu MCO,

yuumbvleast,

a) YTO JJIsl OLIEHKHU MOMEX MEXIY CTaHLMSIMU, HaXOIAIIUMUCS B KOCMOCE U Ha MOBEPXHOCTH 3eMJIH,
HEOOXOJUMBI JIaHHBIE O PACIPOCTPAHCHUH PAJMOBOJIH M METOJbI MPOTHO3UPOBAHUS, YUUTHIBAIOIIHEC
atMoc(epHble (aKTOpPhl, a B HEKOTOPBIX CIy4asX W peiabed) MECTHOCTH, MPOHUKHOBCHHE B 3JaHUA,
MHOTOJIyY€BOE€ PAaCIPOCTPAaHEHUE U MPEIATCTBUSA HA MECTHOCTH;

b) YTO C Y4YeTOM OOJBIIOTO KOJHMYECTBA BO3MOXHBIX IPUMEHEHHH TaKOW OIICHKH CYIIECTBYET
MOTPEOHOCTh B PYKOBOSIIMX YKa3aHUIX 10 BEIOOPY HAJUICKAIIUX METOJIOB;

C) YTO IIPpH ONIPCACICHHBIX BUAAX dHAJIN3a MTOTCHIUAJIbHbIX NI (1)aKTI/ILIeCKI/IX IMOMEX MOXXET BO3SHUKATH
H606X0,I[I/IMOCTL B OIIPCACIICHUN CYMMApHOT0 MEHIAOIUICTO CUIHaJIa OT MHOKCCTBA NNEPCAATINKOB,

ommeuas,
a) yto B Pekomenganmu MCD-R P.526 onmcanbl MeTobI pacuera TUPPaKIUK Ha PSS TCTBUSAX;

b) yro B Pexomenganmum MC3-R P.531 npuBeneHsl gaHHble 00 MOHOC(HEPHOM pPaCHpPOCTPaHEHHH
PaznuoOBOJIH M METOABI TPOTHO3UPOBaHUs HOHOC]EpHBIX 3 (PeKkToB Ha Tpaccax 3eMIII-KOCMOC;

c) yt0 B Pexomengammmm MC3O-R P.618 comeprkarcs pykoBosIye yKa3aHHUs MO TUIAHUPOBAHHUIO JTMHHIHA
CBsI3U 3eMJISI-KOCMOC;

d) yto B Pekomengaunu MCD-R P.676 onrcanbl MeToIbl pacueTa 3aTyXaHHus B aTMOC(EPHBIX ra3ax;
e) yto B Pekomengaunn MCD-R P.834 npuBeneHs! cBeieHNs O BIUSIHUM TPONOCHEPHOH pedpakiuu u

METO/bI pacucTa TaKOI'0 BIIMAHUS,

f) yto B Pexomenmamuun MCDO-R P.836 mpuBeneHbl cBeleHUS O COACPKAHUU BOJSHOTO Iapa B
atMoc(epe, BKIItOYas €ro M3MEHEHUE BO BPEMEHH, a TAKXKE METOJIbI pacueTa TaKOTO COJICPKAHHUS,

0) yto B Pexomennariuu MCO-R P.2040 comepxutcst uH(pOpMaIys 0 B3aUMOJICHCTBUN PaIMOBOJIH CO
3JaHHSIMU,
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pekomeHoyem

WCTIONE30BaTh PYKOBOJAIINE YKa3aHWA, TMpuBeneHHbIe B llpuioxeHwn 1, A OIEHKHM TOMEX MEXITy
CTAHITUSAMH, HAXOATITIMHUCS B KOCMOCE U Ha TIOBEPXHOCTH 3EMIITH.

Ipuiaoxenue 1

1 Beenenne

B nacrosmeir PexoMennanun npuBegeHbl PYKOBOASIIME YKa3aHHUS MO OLEHKE MOMEX MEXIy CTaHIHSIMHU,
HaXOJSANIMMHUCS B KOCMOCE U Ha MOBEPXHOCTH 3EMIH, H METOJIbl pacyera Takux nmomMeX. CIoBOcOUYETaHHUE
"Ha IMTOBEPXHOCTH 3eMiIN" 371eCh OMMCHIBACT aHTCHHBI, KOTOPBIC HAXOIATCS B MpeaeiIax 3eMHON aTMochepsl
Ha HE CIUIIKOM OOJBIION BBICOTE HaJ MOBEPXHOCTHIO 3€MIIM, B TOM YHCJE aHTCHHBI, YCTAaHOBJICHHBIC Ha
PannOBBIIIKAX, 3AAHUSAX U CyXOIyTHBIX TPAHCIOPTHBIX CPEACTBAX, a TAaK)Ke MOPTATHBHbIC aHTEHHBI. Takas
pacloJIOKeHHAsT Ha 3eMJIe CTaHIUS MOXKET BXOJWUTh B COCTaB CITyTHUKOBOM MJIM Ha3eMHOW PaHMOCHCTEMBI.
JJ1st KpaTKOCTH ee MHOTAA POCTO HA3bIBAIOT "CTAHIUSI 3eMHOTO 0a3UpOoBaHUA".

[lon Tpaccoit 3emis-kocMoc TOApa3yMeBaeTcs Tpacca, MO KOTOPOl MPOMCXOAWUT Iepenada SHEPruu
panuon3IydeHUs] MeXIy aHTEHHAMHU B HAIIPaBJICHUH 00 3eMIIsI-KOCMOC, THOO0 KOCMOC-3eMIIs.

Bce MexaHn3MBbl pacipoCTpaHEeHHUs PaIlOBOJIH CYMTAIOTCSA B3aMMHO OOPAaTHBIMH B OTHOILIEHUH HAIIPaBIICHNUS,
€CJIU HE YKa3aHO UHOE.

11 BpemMenHasi u npocTpaHCTBeHHAsI U3MEHYUBOCTH

MHorue BuABl IOTEPh IPU PACIPOCTPAHEHUU XapaKTEPU3YIOTCS M3MEHUYMBOCTBIO BO BpPEMEHU U B
3aBUCHMOCTH OT MECTOIIOJIOKEHUS CTaHIMI 3eMHOTo 0a3upoBaHMs, 0OCOOCHHO TeX, KOTOPbIE PACHONI0KEHBI
HEMOCPEACTBEHHO Ha MIOBEPXHOCTU 3€MIIH.

MHorue MeToJpl aHalIM3a HMMEIOT CTAaTHCTHYECKYI0 MPHUPOLY M TOITOMY TpeOyroT ydera BO3MOXKHON
BPEMEHHOH M TMPOCTPAHCTBEHHOW HM3MEHYMBOCTH. Ecim TpeOyercsl OmpeAeiuTh MOJIHYI HHTErPAbHYIO
(YHKLIUIO paclipelelIeHdss OCHOBHBIX IOTEPh Ieperaud Ha Tpacce 3eMIII-KOCMOC, TO B Cllyyae IOTepb,
MpEeBbIIAEMBIX B TeueHue MeHee 50% BpeMeHH, cieayeT pykoBoacTBoBaThcs Pekomennanueit MCO-R P.618.
OcnabneHue 1 yBellM4eHNE MOIIIHOCTH CUTHANA, BEI3BIBAEMbIE OT/IEIbHBIMU MEXaHH3MaMH PAacIpOCTPaHEHHS
Ha OTAENBHOW Tpacce, BO MHOTHX CIydYasX MOTYT paccMaTpWBAaThCS KaK HE3aBHCHMBIE II€pEMEHHBIE.
AHanornuHeIM 00pa3oM, MpU MPOBEICHUN aHAIU3a, I7Ie OTHOLICHHE Hecymas — (IIyM + rmomexa) CIIy>KUT
MoKa3aTeaeM JT0OPOTHOCTH, MOIIHOCTh MEIIAIONIEr0 ¥ MOLIHOCTh MOJIE3HOTO CUTHAJIOB, a TaKxke 3()(EeKThI
JETNOJSIPU3alid MOTYT PacCMaTpHUBAThCA KaK HE3aBHCHMBIE NEPEMEHHBbIE, KPOME CIIy4aeB, KOTJa TpPaccChl
MOJIE3HOTO M MEIIAIOIIEr0 CUTHAJIOB MPOXOIAT OJIM3KO IPYr OT Ipyra WM MEpeKphIBAOTCS, YTO BIICYET 3a
c000H BBICOKYIO CTEIIEHb KOPPEISLINY.

B omnpeneneHHbIX CUTyalUsX MOXET NPUCYTCTBOBaTb HEKOTOpPAs KOPPENALMsS MEXIy INOTEpSIMH IpU
pacnpocTpaHeHUH Ha Tpaccax MEIIAIOUIMX CUTHAIOB, KOTOPYIO MOYKHO YYE€CTb IyT€M BbIOOpa HaUIekKalIux
METOJOB.

12 Buaumelii yro Mmecta u yros Mecta NpH paclipocTpaHeHHH B CBOOOTHOM NPOCTPAHCTBE

W3z-3a sBiennii atmocdepHoii pedpakiiuy yroj MecTa JIy4a CTaHIIMU 36MHOTO 0a3upOBaHUS B HANPaBICHUU
Ha CTaHIMIO, HAXO/AIIYIOCSA B KOCMOCE, IMPEBBIIIAET TOT, KOTOPBIM ObI CYIIECTBOBAJ B OTCYTCTBHE
atMochepbl. DTOT 3P PEKT caeayeT yuuThiBaTh, 0COOCHHO IIPHU MaJIbIX 3HAYCHHSIX yIJia MECTA.

VYroa Mmecrta, KOTOPBI CyHmIECTBOBaJl Obl B OTCYTCTBHE aTMOC(epbl, Ha3bIBaCTCS YIJIIOM MecTa MpH
pacmpocTpaHEeHHH B CBOOOJHOM IIPOCTPAHCTBE M 00O3Ha4aeTcst Kak Op. dakTuyeckuit yron Mecta
pagroTpacchl, KOTOpBI HaOJNIOJaeTcs Ha CTAHIMU 3EMHOrO Oa3MpOBaHMS M YYHUTHIBACT SIBICHUS
aTMoc(epHOl pedpakiy, Ha3bIBACTCS BUIUMBIM YIIIOM MECTa U 0003HauaeTcs Kax 0.

B Tlpunaraemom pokymente B mpuBesieHbl MeTobI IpeoOpa3oBaHMs BUIMMOTO yria MecTa B Yrol MecTa
MIPU PacHpOCTPaHEHUU B CBOOOIHOM IPOCTPAHCTBE U 0OPATHO.
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13 PaccmaTpuBaeMble MeXaHH3MbI PACIIPOCTPAHEHUS PAIMOBOJIH

I'maBHBIC MEXaHW3MbI BO3HHUKHOBEHHS OCHOBHBIX MOTEpPh MPHU Tepeliavye Ha Tpaccax MEIIAIOIIUX CUTHAIOB
JNEHCTBYIOT B YCJIOBUSAX SICHOTO HeOa M MOTYT B HEKOTOPBIX CIyd4asX BKJIIOYATh TpornochepHbie u
HOHOC(EPHBIC MEpLaHUsi, MHOTOJIYYCBOC pACIPOCTPAHCHWE W MEXAHHM3MbI, CBS3aHHBIC C HAJUYHEM
TIPENATCTBUN Ha paauoTrpacce (0OBEKTHI Ha MECTHOCTH, MU(pakKIusa Ha perbede MECTHOCTH W TOTEPH Ha
BXOJIC B 3/7[aHWs). DTH MEXaHU3MBbl U COOTBETCTBYIONIME METOJBI pacyera OIUCHIBAIOTCS B IMYHKTE 2.
[MonpoGHoe ux omucanue naercs B myHkTax 2.1-2.8. B myHkrte 3.1 nmpuBoguTcs Gpopmysia OCHOBHBIX TIOTEPh
MIpH Iepeaue Ha KOHKPETHOW OIMHOYHOM Tpacce. B mynkre 3.2 mpuBoauTtcs GopMyiia OCHOBHBIX TIOTEPh PH
nepesiaye CUTHANIA U3 HECKOJIbKUX MCTOYHUKOB Ha OJTMH MTPUEMHHK.

[Ipy HEKOTOpPHIX OLIEHKaxX IOMEX MOXKET BO3HHMKATh HEOOXOIWMOCTh Y4deTa BIUSHHUS OCaJKOB.
CoOTBeTCTBYIONINE MEXAaHU3MBI ONMUCHIBAIOTCS B TyHKTE 3. B myHkTax 2.9 u 2.10 maetcst mHbopMarms o
rmoMexax, OOYyCIIOBIIEHHBIX COOTBETCTBEHHO paccesHHeM B Aoxzae W auddepeHnmmamsHpIM ocnabieHuneM
B JOXK]IE, U IPUBOAATCS] METO/IbI X pacyera.

OTH MEXaHHU3MBbl PACCMaTPUBAIOTCS HIDKE U IPUMEHSIOTCS ATl ONPEAEIeHUs IOTePh MIPU PacIIpOCTPaHEHHH
HE npeBblIaeMbIX B TeueHre 50% BpeMeHH Win MeHee. DTH MeXaHU3Mbl IPEACTaBIIOT 0COOBIH HHTEpEeC IPU
aHaJIU3€ ITOMEX.

B nynkre 4 o6cyxaaercst KOppensius My pa3InyHbIMA MEXaHU3MaMHU PaclpOCTPAaHEHUS PaIUOBOJIH.

2 MexaHu3Mbl pacnipocTPaHeHHs PaHMOBOIH

B cnepyromux myHKTax JaeTcsl KpaTKOE OMUCAaHHE MEXaHW3MOB, KOTOPHIE B COBOKYITHOCTH OIPEIEINSIOT
ocialyieHHe CUTHaJla Ha Tpacce MEKAY aHTEHHOM MEIIAoLIero IHepelaTiuka M aHTEHHOW NpPHEMHUKA,
MOJIBEPTafoIerocss BO3ACHCTBUIO TOMEX, M MPHBOMAATCS COOTBETCTBYIOIIME OOO3HAYCHHUS, KOTOPHIC
YIOTPeONAIOTCST B ypaBHEHUSX. OTH CyMMapHble IOTEpU BBIPAKAIOTCS B BHJE OCHOBHBIX IOTEPh
[IpY TIiepesiaue, TO €CTh IOTEepPh, KOTOPBIE Obl MMEIM MECTO MEXKAY ABYMs HICaJbHBIMH H30TPOIHBIMU
aHTCHHAMU.

2.1 OcHOBHbIE MOTEPH NPH Tepeaaye B CBOGOTHOM NMPocTpaHcTBe Lyss (1)

3TO OCHOBHBIE TIOTEPH MPH Niepeade, ONpeelICHHbIC B MPEINOI0KEHUH, YTO BCS paAHOTPacCa MPOXOAUT
B BakyyMe 0e3 Kakux-Ji0o0 npenstcTBuid. OHU 3aBUCAT TOJIBKO OT JnHbI Tpacchl d (kM) u yactotsl f (I'T')
COTJIACHO YPaBHEHHIO:

Lyss = 92,45 + 20 log(f - d) (1B). 1)

B IlpunaraeMoM JOKyMEHTE A MPUBOJUTCS METOJ pacueTa AIUHBI TPAacChl 3eMIII-KOCMOC U yTIila MecTa MpH
pacnpocTpaHeHUM B CBOOOJHOM IPOCTPAHCTBE JUIs CTaHLUM 3E€MHOro OasupoBaHus. B merone
npenmnonaraercs, 9ro Gopma 3emin cepuueckas, 1 ITHOPUPYETCs BIUsHUE aTMochepHoil pedpakun. 310
HE BHOCUT 3HAUMTENbHBIX IOTPELIHOCTEH B pacyueT yrja Mecra IMpHU paclpoCTpaHEHHUH B CBOOOTHOM
IPOCTPAHCTBE TI0 JUIMHE TPacChl. Ljrs HEOOXONMMO BCETJia yYMTHIBATH TIPH PACYETE MOTEPh HA Tpacce
3eMIIs-KocMOC. DTOT IapaMeTp ASHCTBUTENIEH Ha JIFOOOH YacToTe U IPH JII00OH IJIMHE TaKOH TPaccChl.

B Ilpmiaraemom moxkymente B mpuBozAsTCs MeTONBI MPeoOpa30BaHus yIiia MecTa MPH paclpOCTpaHEHHUU B
CBOOOJHOM MPOCTPAHCTBE B BUAMMBIN YIOJI MECTa Ha CTAHLUH 36MHOT'0 0a3upoBaHus U 00OpaTHO.

Mertona, onuceiBaeMsblii B [IpuiiaraemoM goKyMeHTe A, He YUUTBIBAET MPETSTCTBUH, CO34aBaeMbIX pesibedom
3eMHOU MMOBEPXHOCTH WJIM HAXOJSIIUMHUCS Ha Hel 00beKTaMHu, HanpuMep 3IaHusIMU. MeTo Jiisi IPOBEpKU
Tpacchl 3eMJISI-KOCMOC Ha TpEAMET Haluyus MpensTcTBUi mpusBoautcs: B Ilpunmaraemom nokymente E.
[Morepu, obycnopnenHblie AUBpaKIKeii Ha MPEMITCTBHAX, 00CYKIAIOTCS B IyHKTE 2.6.

2.2 Henonsipusauus u3-3a ocaaduenust Ay, (1b)

Crenyronyie JBa MEXaHH3Ma pACIpPOCTPAHEHUS MOTYT BbBI3BIBATH HM3MCHEHHE YIUI TOJSPU3AIUH
paarocHurHaa;

)} (bapasneeBckoe BpallleHuE;

ii) paccesiHie THIIPOMETEOPAMHU.
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PaccornacoBanue nonsipu3anuy TakKKe MOXKET OBITh CBSI3aHO C PACCOTIACOBAHUEM aHTCHH, a HE C BpalllCHUEM
BcieacTBre 3pQexToB pacrnpocTpaneHus. B Hactosmelr Pekomernamum 3ToT cirydail He paccMaTpUBaeTCs,
MTOCKOJIBKY OH 3aTparnBaeT CHCTEMHBIE ACTIEKTHI, @ HE PaclpoCTpaHeHHe PaJrOBOIH KaK TaKOBOE.

Jlenonsgpuzanus MOXeT ObITh BbI3BaHA JTMOO (apaJieeBCKUM BpallleHHEeM, JIMOO pacCesHUEM B OCajKax.
dapameeBcKoe BpaIlleHIE 3HAYNMO JIUIITH Ha yacToTax Hibke 10 I'T'm, a Ha gacroTe 10 I'T'11 11 BBITIIE UM MOKHO
npereOpeys. Jlemomsapu3aipionHbIe MOTePH MOTYT BHOCHTH CYIIECTBEHHBIN BKIIAJ B OCIIA0JIeHHE TMOMEX.
B GonprimHCTBE cydaeB MOMEX OT MHOXECTBa UCTOYHHUKOB Ha Tpacce 3eMJIsi-KOCMOC, KOTJJa OTHOCUTEIBHYIO
TNONSAPU3ALMIO MOKHO CUHTATh MPOU3BONLHOM, ocrmabnenue Ay, = 3 (1b) mpenmonaraer, uTo BEKTOPbI
MOJISIPU3AINY TIEPEeIaTIYNKA U MPUEMHUKA HAXOIATCS B OJTHOM TUIOCKOCTH, a paclpeesieHne OTHOCUTEIBHBIX
YIJI0B paBHOMepHOE. Ha mpakTrke BEKTOPHI MOJSpU3aAUY OYAyT OpUESHTHUPOBAHBI IIPOU3BOJILHBIM 00pa3oM B
TPEXMEPHOM MPOCTPAHCTBE, YTO NACT OoJiee BHICOKHE CyMMapHbIe oTepr. TakuM 00pa3oM MalloOBEpOsITHO,
4TO0 Ay = 3 (1B) NpUBEZIET K 3aBBILEHUIO OLIEHKH TOTEPb.

W36upaTenpHOCTh CTAaHIIMK 36MHOT'0 0a3MpOBaHMS 10 NOJISPU3ALMY B OTHOIIEHUH HAaXOISIIErOCsl B KOCMOCE
HCTOYHHMKA TOMeX (MM Ha000pOT) 3aBUCHT OT YKCTOTHI MOJISIPU3AIIH ITepeaBaeMoi paTuOBOIHEI, a TAKKE
pa3BsS3KM NMPUEMHON aHTEHHBI MO Kpoccrosisgpu3anuu. JlemonspusaloHHbIe MOTEpU MOXKHO paccuuTarhb
HETNOCPEACTBEHHO IO apaMeTpaM, ONMCHIBAIOIINM THIIBl ¥ YUCTOTY MOJISPU3ALUN MELIAOMeH U MPUEeMHOI
AQHTEHH, TaKUM KakK KOd(PQHUIMEHT 3JUIMOTHYHOCTH B CIIydae KPYrOBOW MONSPH3ALMW WM Pa3Bs3Ka IO
KpOCCTIOJIApU3aIMH B CiIy4ae JIMHEeHHOU nosspu3annu. Kpome Toro, HanpapieHne BpalleHHs MOJIIpU3aiy U
YroJl HaKJIoHa (ppOHTa MafaroLel BOIHBI U IPUEMHON aHTEHHBI OyAyT BIUATH HA YMEHBIIEHHE CyMMapHBIX
JETIONIIPU3ALMOHHBIX MOTEPh MpH ydyeTe (PaKTHYECKUX MapaMeTPOB MEIIAIONIed CHCTEMbl U CHCTEMBI —
MIPUEMHUKA [TOMEX.

2.2.1  M30MpaTeJBbHOCTH 10 KPOCCHOJISIPU3AIUM H 0CJIa0JIeHIe KPOCCIOJIsIpU3aiun

PaccornacoBanue MOJIAprU3alluuv MOXKET 6I)ITI> BbI3BAHO HECKOJIbKMMU IIPUYIHNHAMU U UHOT'/Ia BBIPAKACTCA YEPE3
M30UPATEIBHOCTH 10 Kpoccrosapusaiuu (XPD), koTopas onpenenseTcs Kak OTHOIIICHUE MOIIIHOCTH CUTHAJIA
C OCHOBHOI1 TIOJIsipU3anuell K MOIITHOCTH CUTHAJIA C KPOCCIIOSIpU3aIuei, U u3MepsieTcsl 0OBIYHO B Ierndenax.
OTOT mapameTp CIyKHT IOKa3aTelleM JOOPOTHOCTH B CIIydasiX, KOTJa COBMECTHOE HCIIONB30BAHUE YACTOT
peau3yeTcs 3a cUeT OPTOrOHAIBHOMN JIMHEHHOMN MOJISIPU3aLIUH.

HpI/I m000M cHrkeHHd XPD gacteb MOIIMHOCTU CUT'HaJIa YXOAHUT B OPTOTrOHAJIbHYIO MOJIAPU3ALNUI0, YTO MOXKET
CO3aaBaTh IMOMCXH. HpOI/ICXOZ[I/IT COOTBCTCTBYIOILICC ocrna0lieHue HCXOJHOI'0 CUTHaJIa.

OcabieHne KpOCCHOSIPU3alii ¥ OCHOBHOM MOJIIPU3AIUH 3a1al0TCs CIICAYIOUUMH YPABHEHUSIMHU:
A, = 10log(1 + 10%*Rxpa) (1B); (2a)
A. = 10log(1 + 10 Rxpa) (1B), (2b)
rae Rypq — ko3¢ duiment XPD B neunbenax.

Ha pucynkel mnpuBeseH rpaduk 3aBUCHUMOCTH ocyabieHus (IOTepb) OCHOBHOM —MOJSIpU3aLMU
u kpoccnosspuzanuu ot XPD.
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PUCYHOK 1

IToTepn ocHOBHOIi MONAPH3ALNY U KPOccHoAgpu3anuu Kak Gpynkuus XPD
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P061901

OOBIYHO B OOPTOBBIX KOCMHUYECKHUX PAJUOCHCTEMAaX B COOTBETCTBHM C MX (YHKUHMOHAIBHBIM HAa3HAUEHUEM
HCIIONIB3YIOTCS] CUTHAJBI 3aJaHHOU nosgpu3anuu. Hanpumep, B cucTemMax CIEKEHUs, CUCTEMax yNpaBJICHUS
BO3AYIIHBIM JBIKEHHEM U CHCTEMAax CBSI3U UCTIONB3YIOTCS BEPTUKANBHO MOJIIPU30BAHHBIC CUTHAIBI, YTOOBI
CBECTH K MUHUMYMY TIOMeXH, 00yCIOBJICHHBIE OTPAXKEHHUEM OT 3¢MHO ITOBEPXHOCTH.

B cucremax OMCTAaHUMOHHOTO 30HIMPOBAHMS IOBEPXHOCTH CYIIM HCIONB3YETCS TOPHU30HTAIbHAS
MOJISIPU3AIMsL, YTOObI O0ECHEeUNTh MAKCHMAJIbHOE B3aUMOJCHCTBHE IEPEIaBAEMBIX CHUIHAJIOB C 3€MHOH
MMOBCPXHOCTHIO. B #ux taxxke HCHOJB3YIOTCA APYTHUE BUALI NOJAPU3ALUN IJIA MMOTYUYCHUSA NJONOJIHUTCIIBHBIX
nmanabIX. B cucremax 'HCC ucmonb3yroTes CHTHANEI ¢ KPYTOBOM MOJISApU3annell, 9T00bI HCKITIOUNTh BIHSTHHAC
(hapazeeBCKOro BpalleHUs] M CHATH BCE OTPAHMYEHUS] HA HAIIPABICHUE IMOJIAPU3ALUU NPHUEMHBIX AHTEHH.
COOTBGTCTBCHHO, BaXXHO OLCHHUTHL YPOBHHU PAaAMOYACTOTHBIX CHUI'HAJIOB C SaﬂaHHOﬁ Honapnsaunef/i BI0OJIb
3aJJaHHOW TPacchl pacrpocTpaneHus. JIro6oe yMeHbIIeHNE UX YPOBHA MOKHO CUHTATh TOTEPSIMH.

2.2.2  dapaneeBckoe BpalleHue

[lone nuHEWHO TNOJSIPU30BAHHON BOJHBI, PACIPOCTPAHSIOUICHCS B HOHOC(EpE, COBEPIIAET MOBOPOT OT
HCXOJIHOTO HalpaBJIeHHs Ha yroJl ¢apaseeBcKoro BpameHus 0. ITo 03Ha4aeT, 4To MoJie MOXKHO NPEICTABUTh
B BUJIE IBYX COCTaBIISIOIIUX:

i) OJTHOM COCTAaBIISIONIEH, OPUEHTHPOBAHHON B HAMPABJICHWW WCXOMHOM TMONSPU3AIUN W UMEIOIIeH
3HauYeHHe, TPOMOPIIHOHAIBHOE COS OF;

ii) JPYrod COCTAaBIISIONIEH, TEPIEHIUKYIAPHON MCXOIHOMY HAINpPABIECHUIO M UMEIONIEH 3HAYEHUE,
IPOIOPIUOHAILHOE Sin O
Ha pucyHke 2 noKa3aHbl OPTOrOHAIBHBIE BEKTOPBI MOJIsSE IEPEAABAEMOT0 JIMHEHHO MOJIAPU30BAHHOTO CHTHAIIA
(E,, Eyp) m monyumBmmecss B pesyibrare (apajeeBCKOro BpPAIEHHs OPTOTOHAIBHBIE BEKTOPBI IOJIs
—_— —
npunumaroniero curtana (E,’, E").
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PUCYHOK 2

®dapajeeBcKoe BpallleHHE B IVIOCKOCTH, MEPIEHTNKY/ISPHOil HANPABJIEHUIO PACPOCTPAHEHMSI
4 E

I
I
1
I
I
I
I

Ex

P.0619-02

OcnabneHne KpoCcCHosIpu3anu A, r 1 0CTabaeHNue OCHOBHOM MOJISIpU3AINH A ., BCIEACTBHE (hapageeBCKOTO
BpalllCHUs, 33/1aCTCs CICAYIOUUMY YPaBHCHUSMU:

Ayr = —20log[cos(8x)] (nb); (32)

A = —20log[sin(6p)] (zb), (3b)
r71e yroi ¢apajeeBCKOro BpaieHus 0y onpeaenseTcs mo Gopmysie:

0r = 2,36 X 10—14% (pan), (4)

rae:
f: gacrora (I'T);
Ny : 00mas MIOTHOCTh 3IEKTPOHOB (3JIEKTPOHBI * M~ 2);

B,,: wuHAoyknmsa marautHOTO oIt 3emin (Tecna),
YUHUTBIBas, 9T0 Ayp = 0 ipu O = 2n+ 1)n/2 man =0,1,2, ...
nuro A,p » oo npu 8 — 2nmaan=0,1,2, ...
Tunuansie 3Hauenns OF npuBeneHs Ha pucyake 1 Pexomenmamu MCO-R P.531-13.

C momoIpl0 MaTpuyHOTrO ypaBHEHUS (5) MOXKHO BOCCTaHOBHTH MOJYJH BEKTOPOB IEPEIAHHOTO JIMHEHHO
nonsspu3oBanHoro curHana (E,, En), 3Has MOIyiaM COOTBETCTBYIOIIMX BEKTOPOB MPHHITOIO CHUTHANa
(Ev', En'), mosyuuBmrxcs B pe3ysbrare (hapagaeeBCKOro BpalieHus:

[Ev] _ [cosGF sinep] [Ev’] 5)
Epl — |-sin®r cosOg] |E,']

2.2.3  Jlemoasipu3amusi B rTHAPOMeTeOpax

Jlenonspuzanys B THIPOMETEOpPaX — emle OAWH MEXaHM3M H3MEHEHMS MNOJSPU3AIMU PAJAN0YaCTOTHBIX
CHI'HAJIOB, KOTOPBIM CITy’)KUT NPUYUHOM NETOISPU3ALHOHHBIX MMOTeph. Jlenonspusanys B THAPOMETEOpax
OOBIYHO OMUCHIBAETCS KOIPPUIMEHTOM U30MPATENHLHOCTH MO Kpoccnodsipuzanuu XPD, npelcTapisiomum
co00# OTHOIIEHHE MOIITHOCTH CUTHAJIA C OXKUIAEMOH TOJIsipU3aliiei K MOITHOCTH CUTHAJIA ¢ OPTOTOHAJIBHOM
noJisipu3alyei, BIpakeHHoe B Jlerubenax, Kak ykazaHo B Pekomengannn MCO-R P.310.

Koadduument nzdbuparenbHOCTH MO KPOCCHOJISIPU3ALMHN HMCIIOJIB3YETCsl B KAUeCTBE MEPbl YPOBHS MOMEX
MEX][y OPTOTOHAJIBHO MOJSIPU30BAHHBIMU KaHAJIAMHU U YXOJUT B OecKOHEYHOCTh (00 1B), Korja MOIIHOCTh
CHUTHaJa C OPTOTOHAJIBHOM monspuzanueidl gocturaet Hyns. C apyroil cTopoHsl, 3HaueHuss XPD yxonsar
B MUHYC O€CKOHEUHOCTh (—©00 1b), Koraa Hy/Ir0 paBHa MOIIHOCTh CHT'HaJa C OKHIAeMON NOJIsIpU3aueH.

Ecnu paccmarpuBaTh HampaBieHHE OXKUIAEMOU MOISPU3ANNN ¢ KaK HalpaBJeHHEe OCHOBHOM ITOJIAPU3AIHH,
KOO (UIMEHT MOTEPh NPU PACIPOCTPAHEHUU Ayq, OOYCIOBICHHBIH JENOIAPU3ALMEH B THAPOMETEOPAX,

MOJXHO 3al1caTh B BUJEC.

-XPDg
Ayq = —20log {cos (tan_1 {10 20 })}, q=vhc. (6)



Pex. MC3-R P.619-3 7

3neck v, h 1 ¢ 0003HAYAIOT COOTBETCTBEHHO BEPTUKAIBHYIO, TOPH30HTAIBHYIO U KPYTOBYIO MOJISIPU3ALIUIO.
CornacHo ypaBHeHHIO (6), KOT/1a TIOJSPHU3AIHS PACTIPOCTPAHSIONIETOCs CUTHAIA COBIIAIaeT C HAIPaBICHUEM
oxuaaemoi nonsipusanuu, XPDy, — o u Ay, — 0. Korna nenosnspusaius pacupoCcTpaHAOIIErocs CUTHAA
OpPTOrOHAJIbHA HATIPABJICHHUIO 0XKUIaeMOH ossipu3anud, XPD, — —oou Ay, — oo.

XPD, B ypaBHEeHHH (6) MOKHO IIOJTYYHTh, KaK onmucaHo B IIyHKTe 4.1 Pexomennamuun MCO-R P.618-12, 3anas
Ha/JIexKallee 3HaYeHUe yria noisipusanuu T B ypaBHeHud (70) stoii Pekomennauuu. Hanpumep, B cinydae
BEPTUKAIBHOW NOJSIPU3AIMN 3TO T = T/2, a B Clly4ae ropu30oHTaNbHON T = 0. YpaBHEHUS, UCTIONb3yeMbIC B
TEeKyIIel METOJUKE TPOTHO3WpoBaHus Aenoisgpusannu  MCDO-R, mnpusenennoit B Pexomennmarum
MC3-RP.618, comepkar uieH, KOTOPbIH YYHMTBIBaeT MAOMONHUTENbHYI0 XPD, 0O0ycloBIEHHYIO
JeTosipu3alueil Ha yactunax Jpaa. B aToit Mmeronuke MCD 3nauenne XPD B yclIoBUSIX TOKASI ONpeAesieTcs
[0 OCIa0JICHWI0 OCHOBHOW TOJSApW3alnK (M3MEPEHHOMY WM PACCUYUTAHHOMY COTJIACHO METOUKE
MIPOTHO3UPOBaHUSA ociiabnenust B noxae MCD-R, m3noxennoit B Pekomenmanmn MCD-R P.618). Torma
CHIDKEHHE JoToTHUTeNbHON X P D, BBI3bIBAEMOE YaCTHUILIAMH JIbJIa HA TPACCE PACHIPOCTPAHEHHS, OTIPEACIIACTCS
MyTeM SMIHUPUYECKON OLIEHKH, OCHOBAHHOW Ha CTAaTHCTHKE JCTOJIIPU3aLUHN HA YaCTHLAX JIbJa, CBA3aHHON
C OTHOBPEMEHHOW enoisipu3alucii B JOXKIE.

2.3 3aryxanue B arMoc(epHbIX rasax A, (1b)

3aryxaHue BCIEICTBUE TIOIVIOIIEHUS PAaAMOBONH arMochepHbiMu rasamu A, (ab) — cioxHas QyHKIus

YaCTOTBI, XapakTep KOTOPOH OINpedessieTcs YacTOTHOW 3aBHCHUMOCTBIO KOI(D(UIIMEHTOB 3aTyXaHUs
B KHCJIOPOJIE U B BOJSIHOM Mape, Kak onucaHo B Pekomennannu MCO-R P.676.

JT0 3aTyXaHuE BO3pacTaeT C yMEHbBIIIEHHWEM YIJla MECTa TPAcChl PACIpOCTPaHEHHs H3-3a YAJUHEHHS MyTH,
MIPOXOAMMOI0 PaJMOBONHOW B atMochepe, U YMEHBIIACTCS C YBEIMUYEHHEM BBICOTHI CTAHIMHM 3€MHOIO
0a3upoBaHMs 3a CUET COKpAILEHHsS MyTH B aTMOC(epe U MEHBIIEH ee IUIOTHOCTH.

Ha MHOrux wyactorax OCHOBHOM IPHYMHOM 3aTyXaHUs CIYKUT BoAsHOW mnap. Ha Ttakux wyacrorax
B IONOJHEHHE K YKa3aHHbIM BBIIIE TE€OMETPUYECKUM (axkropaM HaOMIOAAETCsl MPOCTPAHCTBEHHAs U
BpPEMEHHAsi HW3MEHYMBOCTH 3aTyXaHWS, OOYCIIOBJICHHAs 3aBHCHUMOCTBIO IUIOTHOCTH BOASHOTO Iapa
OT MECTOIIOJIOKEHUS U ITIOTOJHBIX YCIOBUI.

B Pexkomenganmu MCD-R P.836 mpuBeneHbl MUQpOBBIE KapThl MPUIIOBEPXHOCTHBIX YPOBHEH IUIOTHOCTH
BOJSIHOTO Tapa, MPEBHIIAEMbIX B TEUCHHE 33JaHHOIO AMAINa30HA MPOLEHTOB BPEMEHH CPEJHEro roja Win
Mecsla B TOM WIM HHOM TOYKE 36MHOTO 1Iapa.

B Pexkomennanmun MCDO-R P.453 nanbl  Qopmysbl, CBS3bIBAIOIIME TUIOTHOCTh BOASIHOTO TMapa |
OTHOCHUTEJIbHYIO BIaKHOCTh. Hanbospias BO3MOKHAs MIJIOTHOCTH BOJSHOTO 1apa B JJr000€ BpeMs U B JII0O0M
MECTEe OTPaHUYMBaAETCS 3HAYEHNEM, COOTBETCTBYIOIIUM OTHOCHTENBbHOM BaxkHocTH 100%. Hexotoprie 6omee
BBICOKHE 3HAYEHHWs TIJIOTHOCTH BOJSHOTO TMapa, TNPUBEJCHHbIE HAa KapTax NaHHBIX B PexoMeHmauuun
MCD-R P.836, BO3MOXXHBI JIMIIb MPH TEMIIEpATypax, HAMHOTO IPEBBIIIAIONINX MECTHBIE CPETHET0/I0BbIE
TEMIIEPaTypHlI.

B IMpunaraemom poxymente C NpUBOAUTCSA METOJ pacueTa 3aTyxaHus B aTMoc(epHbIxX razax. [Ipu pacuere
YUUTBIBAETCS BHICOTA CTAHIMH 3€MHOT0 0a3MPOBaHMS, @ HAUMEHBIIIECE IOMMYCTUMOE 3HAYCHHE YTJla MEeCTa Jy4a
cocraBisieT —2°. XOTS TpPacchl C OTPHIATEIBHBIMM 3HAYCHHUSMH BHIUMOIO YIJIa MecTa OOBIYHO HE
paccMaTpuBaIOTCS B KOHTEKCTE IOJIE3HOT'O CUTHANA HA JIMHUM CBSI3U 3€MJISI-KOCMOC, TaKHE TPAacChl MOTYT
OBITh 3HAYMMBIMH TTPH OIIEHKE MTOMEX.

B IlpuiaraemomM ToKyMeHTe A ONUCHIBAETCS METO/] pacyeTa yria MecTa Py PaclpocTpaHeHHH B CBOOOTHOM
MIPOCTPAHCTBE.

B Ipunaraemom gokymMeHTe B naercst MeTo/] pacueTa BUANMOIO yIila MECTa IO U3BECTHOMY YTy MeCTa MpH
pacnpocTpaHeHHH B CBOOOIHOM IPOCTPAHCTBE.

Merton, npuBeneHnsli B [Ipunaraemom nokymente C, mpuMeHnM B auarnazone yactoT oT 1 1o 1000 I'Tn. Ha
gactoTax Hike 1 [T 3aryxanuem B aTMOC(EpHBIX razax MOXKHO NpeHeOpedb. B HEKOTOPBIX CHTYaIMsAX TPH
OOJBIIMX 3HAYCHHSX YIJIa MECTa MO)KHO OOOCHOBAHHO NpeHeOpedb 3aTyXaHHeM B aTMOC(EpHBIX Trazax Ha
HECKOJIbKO 00J1ee BEICOKUX YaCTOTaXx.
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Ha pucynke 3 npuBeneHsl nIpuMepsl pe3yibTaToB MpUMEHEHUsT Metoaa u3 [Ipunaraemoro moxymenta C k
CTaHIIMY 3€MHOTO 0a3MpOBaHUs, PACMOJIOKEHHON Ha MOBEPXHOCTH 3€MJIM, W CTaHIIMW Ha BBICOTE | KM Han
ypoBHeM wMops. llpuBeaeH rpaduk 3aBUCHMOCTH CYMMapHOTO 3aTyXaHHs B aTMOC(epHBIX razax,
BBIpRKEHHOTO B Aenubenax, oT BUAMMOro yria mMecta Ha yactore 30 I'T'm ans maTy 3HauYeHWH TUIOTHOCTH
BOJSHOTO Iapa Ha ypOBHE MOps (CIpaBOYHOE OOLIEMUPOBOE CpENHEE 3HAYEHHE COCTAaBIAET 7,5 r/md).
CooTBeTCTBYIONINE 3HAYEHUS MPUTIOBEPXHOCTHON IIOTHOCTH BONSHOTO TMapa Ha OTMETKe | KM BbIIIe
YPOBHSI MOpSl p, HEOOXOAMMEIE ISl 3TOTO pacyera, BBIYUCIAIOTCA IyTeM Iepecuera mo Qopmyne p =

poexp
IIOKa3bIBA€T BJIMAHUE BBICOTBI Ha INIOTHOCTH BOJSHOI'O IIapa 6Har0nap5{ IEPECUNUCICHUIO 3HAUCHUH U
IIJIOTHOCTHU KaK Ha YPOBHE MOPs, TaK 1 Ha OTMETKE 1 KM BbILIIE YPOBHA MOpsI.

—h
- /M3, rie py — NPHMIOBEPXHOCTHAs IUIOTHOCTh Ha ypoBHe Mops (r/m%). PHCyHOK HarysmHO

W3 pucynka 3 BUIIHO, UTO 3aTyXaHHE B aTMOC(HEPHBIX Ta3ax OBICTPO PacTeT IO MEpe YMEHBIIICHUS yTiIa MECTa,
cTpemsmierocs K Hymo. MHoraa npenmnonaraetcsi, 4To Ha yactoTax Hwke 10 I'T'h 3atyxanuem Ha Tpaccax
3eMIII-KOCMOC MOXKHO TIpeHeOpedh. DTO MOXeT OBITh HE TaK ISl Tpacc ¢ MaibIMH yriamu mecrta. llpm
3HAYEHISIX yTiia MecTa MeHee 10° pekoMeHIyeTcs MPOU3BOAUTE pacyeT i JF00bIX 9acTot Beime 1 [T,

PUCVYHOK 3
3aTyxaHue BceJleICTBHE MOIVIOMIEHHS] aTMOC(EePHBIMHU ra3aMu Kak PyHKUMS yrJja MecTa
100 | | | 1 1 1 30'1Tu 1 l'luo*rﬂocrb;;(]\;%u HOTO napal
Hamosepx- = lkm
HOCTH Haayp.Mops
i 125 76
| I I I I I 100 61 |
75 45
10 i 50 30 o
z | | | | | 2515
; —
& s
) | S | | | | |
SRR
.,
T el T e T
T e L Tl e T
| | RS Rt e Sp— |
s
01 OcHOBHasI MOJIS pU3A LIS e S —_—
210 0 10 20 30 40 50 60 70 80 90
. P061903
Bumumbiii yron Mmecta (rpagycsr)
24 IHoTtepu u3-3a pacmmpenus jy4ya A, (1b)

Pe¢pakunonnsie 3¢ ¢pexTsl B aTMOc(epe NpUBOIAT K TOMY, YTO BUAMMBIA YroJl MecTa CTaHLUUH 3€MHOTO
0a3upoBaHMUs OKa3blBaeTCsl OOJBbILIE Yrja MecTa NPsIMOH, COCOUHSIOLIEH 3Ty CTaHLHMIO C KOCMHYECKOM
CTaHIMEH, OCOOCHHO NPU MaJbIX 3HAUYEHMSIX yria. Eciam yroi Mecta npeBbliaeT 5°, BmusHuE 3TuX 3P QPeKToB
HEBEJIMKO, HO TPW MEHBIIMX 3HAYEHHAX YyIJa OHO MOXET OKa3zaTkCsi 3HaumMbiM. B Ilpmmaraemom
IOKyMeHTe B mpuBosaTCS MeTOABI MpeoOpa3oBaHus MEXIY ABYMS STHMHU yTIIaMH.

B nynkre 2.4.1 onuceiBatotcst arMocepHbie 3QQeKTbl, KOTOphIe MOT'YT BBI3BIBATH HCKPUBJICHUE JTyYa.

B nynkre 2.4.2 uznaraercs MeToJl pacueTa ociabieHVs WA YCHIICHUS, 00YCIOBIEHHOTO pac(h)OKyCUPOBKON
i GOKyCHPOBKOM M3-3a aTMOchepHOH pedpaKiuu.

241  MWckpuBieHue jJy4da

B nynkrax 2.4.1.1 u 2.4.1.2, HWKe, ONKHCHIBAIOTCS JBa MEXaHMW3Ma, BBI3BIBAIOIINE aTMOCHEPHYIO
pedpakuuio, — MexaHU3MbI TponocepHoi 1 noHochepHoi pedpakuy.
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24.1.1 TponocdepHas pedpaxuus

YacroTHO-HE3aBuCcHMEBIe 3()(PeKTh 00YCIOBICHB N3MEHEHUAMH JaBICHUS P, naBleHus1 BOISHOTO Mapa e u
temmieparypsl T. OHH 3a7al0TCs] ypaBHEHHEM:

n:1+10—6><N=1+10—6x[%'6(p+e+4810§)]. (7)

3mece N — koadduient pedpaxiyn, P 1 e JaHBl B TeKTomackaisx, a T — B KeabBHHaAX. YpasHeHue (7)
npumMeHuMo Ha yactorax a0 100 I'T'.

YactoTHO-3aBUCUMBIE 3PPEKTHI 00YCIOBICHBI CIIEKTPATLHBIMU JIMHUSMU TIOTJIOIIEHUST aTMOC(EPHBIX Ta30B,
B 0COOEHHOCTH KHCIIOpPOJIa W BOSHOTO Mapa. BKiam 3THX CHEKTPaldbHBIX JIMHUN B WHACKC pepakiun
aTMoc(hepbl MOXKHO OIPEIEIHUTh TI0 METOY, H3JI0KeHHOMY B Pexomennarmun MCO-R P.676-11. Ha wactoTax
Hmxe 10 [Ty aTuM BKIIaIoM MOXKHO TIpEeHEOpeyb.

Jist ynpoIeHus FeOMETpUIECKOT0 aHaJIn3a IPesIOMIICHHBIE TPOIIochepoil Iydru MOXKHO NPENCTABUThH B BUE
IOpSMBIX JIMHUNA, TOTJa IIONpaBKa OIPEAEISIETCS] B IPEANONIOKEHHH BOOOpa)kaeMOro paamyca 3eMIIH,
Ha3bIBAEMOTO €I11€ SKBUBAJICHTHBIM paguycoM 3emin R,. OTHOIIEHNE 3KBUBAJIEHTHOTO paanyca 3eMiu R, K
HUCTHHHOMY pannycy 3eMii a Ha3biBaeTcs Kod(duimenToM sKBUBaieHTHOTO panuyca 3emin (k-hakropom)
U 3a/1a€TCs ypaBHEHUEM:

R dan 1
k=f=1+a%=w, (8)

157

dn o
rae —.- — IPajIMeHT HH/eKca pedpaxym o BeICOTE B 3eMHOU atMocdepe h.

B 3aBucumMocTu oT 3HadeHus K-pakTopa TporochepHyro pedpakIiio MOXKHO MMOAPA3ACIUTh HA HOPMAIbHYIO,
OTpHLIATENBHYIO, CBEpXpedpaklni0 M BOJHOBOAHOE paclpocTpaHeHHe (Kak IOKa3aHO Ha pHCYHKe 4
1 TIOSICHECHUS HIDKE).

PUCVYHOK 4
Tponocdepuas peppakuus

OtpunarensHas
ped paxist HopmambHast
ped paxis

S
-
CBepxped paxius
e
\-\ ~____p Bomosonnoe
= pacrpocTpaHeHme
IMosepxHoCTH 3eMm
P0619-0 4
Korna:
4
k= 3 (9a)

HMEeT MECTO HOpMallbHas pedpakiusi — paJuoIydd paclpoCTPaHSIOTCS MO MPSIMOU JIMHEHHOU TpaeKTOPHU
BJIOJTb 3€MHOM MTOBEPXHOCTH U BBIXOJISAT B KOCMOC, HE BCTpEYast MPETATCTBUH.

Ecmm:
2>k >0, (9b)

TO UMECT MECTO OTpULIATCIIbHAA peq)paKuI/m — paAnOBOJIHBI OTKJIOHAKOTCA OT 3EMHOM MMOBCPXHOCTHU.
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Korna:
o>k > %, (9c)

MMeEeT MECTO CBepXpedpakuus — PaAHOBOIHBI OTKIOHSAIOTCS B HANpPaBICHUH 3€MHOU MOBEPXHOCTH U TEM
CaMbIM OTOJIBUTAETCS PaJHOTOPU30HT.

W, nakonern, eciu.
—0 <k <0, (9d)

TO UMEET MECTO BOJIHOBOJHOE PACHpPOCTPAaHCHHE — PaIUONIydyd OTKJIOHSIOTCS B HAIPABIICHUU 3EMHOM
MMOBEPXHOCTH TIO0 TPACKTOPUHU, KPUBH3HA KOTOPOH NPEBHINIAET KPUBH3HY 3eMIIM. DTO TAKXKE HA3bIBACTCS
"3axBar Jrydeit BomHOBOAOM" (trapping).

2412  HonocdepHnas pedpaxkuus

Ha pucynke 5 moka3aHbl IpHMEpHl PaJNONTydeH, IepeaaBaeMbIX Ha PA3IMYHBIX YacTOTaX IEPeaaTIuKOM,
KOTOPBIN HAaXOAWTCS HA MOBEPXHOCTH 3emid. Jlydw, BXoasmme B MOHOC(HEPY BEPTHUKAIBHO, NMPH YacTOTE
BBIIIIE MaKCHMalIbHOU KpuTHUecko# yactoThl (foF2) monocdeproro cimos F2 mpoxomsar depes moHOChEpY.
Ecnu HanpaBieHue pacnpoCTpaHEHHs TaKUX JIydeidl OTIMYaeTCs OT BEPTUKAIBLHOTO, OHHM IMPETEPIEBAIOT
pedpakIyro 10 MPOXOXKACHUS yepe3 HoHOochepy (Jyuu 4 u 5 Ha pucyHKe 5). HexoTopble u3 3TuX rydei MoryT
MPEJIOMJIATBCS JIOCTATOYHO CHUIIBHO, YTOOBI OBITh OTPaYKEHHBIMHU Ha 3eMITIO (JIy4 6 Ha pUCYHKE 5).

JIyun, mpoxomsiiue depe3 HOHOCheEpPy IMOA YIaoM, MpH dacToTe Himke fOF2 mpemommstoTres u MoryT
OTpaXkaThCsl Ha 3eMiTF0. Ha 3eMiIio OHM MaJar0T Ha PacCTOSHHUM, Ha3bIBAEMOM IIMPHUHOW 30HBI MOJTYAHMS,
KOTOPOE€ 3aBHCUT OT HAYaJIbHOTO (KOCOTO) yria MecTa Jyda W 4acToThl (Jiyuu 2 1 3 Ha pucyske 5). Kpome
TOr0, JIy4d, PACIIPOCTPAHSIOIINECS C YACTOTOW HUXKE MIA3MEHHOW YacTOThl B HUKHEW YaCTH HWXKHETO CJIOA
noHocheps! (crost E), oTpakaroTcs OT Hero Ha 3emiro (yd 1 Ha pucyHke 5).

PUCYHOK 5
Honochepnas pedpaxuus

CKBO3HBIE Jlyd U

S~

Hwmxane

1lIuprHa 30HBI MOYAHM S

P061905

Ha pucynke 6 nokasan npumep rimodansHoro pacnupezneienus foF2 mo semuomy mapy B 0 vacoB BcemupHoro
BpEMEHH B uiojie npu guciie Bonbda (dncne comHeunsix msten), pasHoM 100.
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PUCVYHOK 6
Honocdepnas pedppaxkuus

Tonxous Tonuoun
0 30 60 90 120 150 180 210 240 270 300 330 360
e —
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URSI: foF2 U.T.=0, July, Rz12 = 100

'?\‘J

W_};;on%mecxaﬂ 1mtpora (cone pas)
N\ VS
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2 %
((f

0 100 zoo 300 400

Teonesnyeckast omrora (BoCTOUHAST)

P0619 -06

2.4.2 Tlorepu 3a cueT pacxo:kKIeHUs Jy4ya NpPHU pacnpocTpaHeHUM yepe3 aTMochepy

[lotepu 3a cuer pacxoxkneHus Jiyda Aps TIPEACTABISAIOT OO0 HETWHEWHBIE TIOTEPU, KOTOPHIE BO3HUKAIOT
BCJIEJICTBHE PACIIUPEHUS JIyda aHTCHHbI B BEPTHKAIBHON YIIIOMECTHOW IUIOCKOCTH, OOYCIOBIMBAEMOIO
W3MEHEHUEM HHJIEKCa pepaKIMK PaJUOBOIH B 3aBUCUMOCTH OT BBICOTHI. Jl[aHHOE SIBIICHHE MPOSBISETCS
HE3HAYUTEILHO MPH yTiIax MecTta bomee 5°.

[loTrepu curnana 3a cueT pacxoXKIACHHS JIyda JIJIs BOJIHBI, pacpOCTpaHsIoNIeiics yepe3 atMmocdepy 3eMHOTo
mapa B HalpaBJICHUSAX 3eMIII-KOCMOC U KOCMOC-3eMIIsl, OTTPEIEISIFOTCS CIEIYFOIIAM 00pa3oM:

Aps = £10log(B) (nb), (10)
e

0,5411+0,074460,+h(0,06272+0,02760,)+h?0,008288

B=1- >
[1,728+0,54116,+0,037230,>+h(0,1815+0,062726,+0,01380,%)+h2(0,01727+0,0082886,)] ’

(10a)
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rac:

0y : yroa mecra JIMHWH, COECIMHSIONICH MEPENAIONINIA W MPUEMHBINA MyHKTBI, B rpaaycax
(60<10°);
h: BeICOTa CaMOii HU3KO# TOYKU Haa ypoBHEM Mopsi, B kM (h <5 km).

Ha pucynke 7 mokazaHbl MOTEpU 3a CYET PACXOXKJICHHUS Jy4a B 3aBUCHMOCTH OT yIJla MeCTa MpH
pacnpocTpaHeHHH B CBOOOHOM IPOCTPAHCTBE MPH BBICOTE CaMOi HU3KOM TOYKH Haja ypoBHeM mopa 0, 0,5,
1,2, 3 u 5 kM. BenmnunHa noTepk 3a CYST PACXOXKJICHUS JTyda HE 3aBUCUT OT 4acToThl B auana3zoHe 1-100 [T,

PUCYHOK 7

HOTepI{l 3a CYET PACXO0KACHUSA JYyYa B HAIPABJICHUAX 3eMuIsI-KOCMOC H KOCMOC-3eMJIst

0.9 }\
08 }

‘ — Oxm
0,5km

Lxm

0,7

0,6

2xm

3 KM

0,5

5 KM

04

0,3 =

02 B S

TMorepu 3a cuer pacxox aeHust iy uu (1b)

0,1 i ———

0
0 0.5 1 15 2 25 3 35 4 45 5 55 6
Vron Mecta IpH pacipoCTpaHCHHH B CBOGOIHOM IIPOCTPaHCTBY IPaLy Ch)

P.0619-07

2.5 Mepuanue

Brictprle konebanus ((haykTyanuu) ypoBHsS CUTHAIa BO BPEMEHH U CHJIBHBIE €r0 M3MEHEHHS Ha KOPOTKHUX
PaccTOSIHUSAX BAOJIb Tpacc 3eMIII-KOCMOC MOTYT ObITh 00YCIIOBJIEHBI AIBYMsI Pa3IMYHBIMU MEXaHU3MaMU. DTH
MEXaHM3MBI JEHCTBYIOT, MO CYTH, B JBYX B3aMMOMCKJIIOYAIONIIMX JHANa30HaX 4acTOT, KaK OMHCHIBAETCS B
CIIEAYIONINX MyHKTaX, U B KOHKPETHOM cliydae OOBIYHO TpeOyeTcsi paccMaTpuBaTh JIMIIb OIWUH M3 HHX.
Mepuanue 31ech TOHUMaETCs Kak ociadienne. Kaxaplil U3 3THX MEXaHW3MOB I0 OTJAEILHOCTH HEOOXOJMMO
paccMaTpuBaTh Kak IMEpeMEHHbIM BO BPEMEHH C MEIMAaHOM pacnpeaesieHus, paBHOH Hymo. Takum oOpa3om
ociabeHue, 00ycIOBICHHOE MepianueM (1b), sIBIsSeTCs epeMEHHBIM U MOXKET IIPHHUMATH TTOJI0KUTEIbHBIC
U OTpULAaTeNbHbIe 3HaueHus. Korna mpueMHHUK NCTIBITHIBACT BO3CHCTBHE TOMEX OT MHOXKECTBA UCTOUHHUKOB,
MepLAHHs B3aUMOYHUYTOKAOTCS, M 3TUM MEXaHU3MOM MOKHO IpEeHEeOpeyb.

251 MHMonochepnoe mepuanue Ag; (1b)

B Pexomenmamun MC3-R P.531 coxepkatcst nanHele 00 MOHOC(EpPHOM PacHpOCTPaHEHUH PAIHOBOIH U
METO/IBI pacyera JUisi TPOTHO3WPOBAHMS BIMSHHUS MOHOC(hEpHOro Mepranus. BnusiHue storo 3¢ddekra Ha
YPOBEHH CHTHAJIa YMEHBIIIAETCS ¢ pOCTOM 4acTOThl. OH peako 3HauuM Ha gactoTax Beime 10 [T, u B 3TOM
Jana3oHe UM MOYKHO IpeHeOpeyb.

25.2 Tponocdepnoe mepuanue Ay, (1B)
B 5TOM myHKTE ONUCHIBAETCS METOJ] pacyeTa BIHUSHUS TPOHOCHEPHOro MEPIaHusl.

Konebanus unnekca pedpakuuy, MIpUYHHON KOTOPBIX MOXKET OBITH aTMocdepHas TypOyJleHTHOCTb, MOTYT
BBI3bIBATH IIPOCTPAHCTBEHHBIE U BPEMEHHBIE 3aMUPAHMSI U YCUJIEHUS CUTHAJIA. DU3HUYECKUIl TPOLecC COCTOUT
B ITOTIEPEMEHHON (OKYCHPOBKE U pacPOKYCUPOBKE PAIMOBOIIHBL. IHTEHCHBHOCTh TAKHX MEPIIAHUI XOPOIIO
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KOppCiIupyeT C BIIQXKHOCTHOM COCTaBJ’ISIIOIL[Gﬁ HHIOCKCa pe(bpaKuHH B aTMOC(l)GpC, KOTOpas CBA3aHa C
IIJIOTHOCTBIO BOJASAHOIO I1apa.

Takum o00pa3oM o00mas WHTEHCUBHOCTH TPOMOC(PEPHBIX MEpIaHWii B MPOCTPAHCTBEHHO-BPEMEHHBIX
MaciTadax, THIWYHBIX U TUIOTHOCTH BOSIHOTO Tapa, Kak MpaBUJIO, MEHAETCS B MacliTabaXx HEe MEHee
JECSITKOB KMIIOMETPOB 1 9acoB. CaMy MEpIIaHWs BOZHUKAIOT B TOPa3Zl0 MEHBIINX MaciTabax: pacCTOSHUE —
MEHBIIIE JUTMHBI BOJHBI, BPEMSI — CEKYH/IBI.

Craructrueckoe pacrpenesieHre KoebaHuii MOITHOCTH CUTHAlIa, BEIpaKEHHBIX B Aenubenax (ab), sBusercs
HECHMMETPUYHBIM C YPOBHEM 3aMHUPaHUH, TPEBIIIAEMBIM B TeUEHHE 3aIlaHHOTO MPOIIEHTa BpeMeHH, OoJIbIie
YPOBHS yCHJICHHSI, IPEBHIIIAEMOT0 B TEYEHHE TOTO YK€ MPOIEHTa BPEMEHHU. DTa aCHMMETpPHUs B KOJIeOaHUIX
MOIIIHOCTH CHT'HAJIa CHJIBHEE BCETO MPOSIBISIETCS] HA XBOCTaX PacIpeIeIeHHs.

[TockobKY 3TOT MEXaHH3M COCTOMT HCKITFOUUTEILHO B (DOKYCHPOBKE U paCOKYCUPOBKE, & HE B MOTJIONICHUN
SHEPTHH, CYMMapHOE BIUSIHUE TPONOC(HEepPHOT0 MEPIIaHus IIPH YCPEeIHEHUH TI0 IIPOCTPAHCTBY /W BPEMEHH,
KaK TPaBHIIO, CTPEMUTCS K Hym0. Takum 00pa3oMm, OH 3HAYUM IPH PACCMOTPEHHH KPATKOBPEMEHHOTO
BIIUSHUS CUHUYHBIX TOMEX, HO OOBIYHO CXOJUT HA HET H3-32 B3aMMOYHHUYTOXKCHHS Pa3HO3HAKOBBIX
claraeMbIX MPU PACCMOTPEHHUU JOJTOBPEMEHHOTO BIUSHHUS MOMEX CXOMHOW CpeAHEW HMHTCHCHUBHOCTH OT
MHO’K€CTBa ICTOYHUKOB.

[IpocTpaHcTBEHHOE yCpeTHEHHE TakXKe CHIDKAeT 3HAYMMOCTh 3(dekra MepuaHus, KOraa Auamerp
3G PEKTHBHON anepTyphl aHTEHHBI CPAaBHUM C XapaKTEpHBIM PAaCCTOSHUEM MPOCTPAHCTBEHHOW KOPPEISIIUU
nnu npesblmaer ero. B Ilpumaraemom noxkymente D mpuBogutcs meton pacdera Uisl POTHO3HMPOBAHUS
MHTEHCUBHOCTH M BPEMEHHOTO pacIpe/ieieHHs] YCHICHUS U 3aMUPaHUH. Y POBEHb YCHICHUS, TIPEBIIIAEMBIi
B Teuenue p% BpeMeHH, obo3HauaeTcs Kak Eg (p) u Bolpakaercs B neuubenax. Eg(p) orpumareneH npu
p > 50, 9TO COOTBETCTBYET 3aMHpaHUIO. B OCHOBE JIEKHUT TOT K€ METOH, KOTOPBIA ONMHCaH B mMyHKTe 2.4.1
IIpunoxenus 1 k Pekomennanuu MC3-R P.618 nyst auHumn 3emMisi-kocMOC, HO paCIIMPEHHBIN B LENSIX OXBaTa
KaK yCWICHHs, TaK U 3aMUPAHUI.

OddexT TpomochepHOro MeplaHUS MOXKHO CUUTATh NPEHEOPEKMMO MajibiM Ha 4acTotax Hibke 4 [T,
Ota Mojenb 6a3upyeTcs Ha pe3yabTarax u3MepeHuit B auamnazone gactot 1o 20 ['Tt. Mcxons u3 TeopeTnko-
(u3NUecKuX MPEANOCHUIOK 3Ty MOJIENIb CUUTAIOT HA/ICKHOM Ha yacToTax npubmmsutensho 1o 100 I'T. Ona
TOYHA MPU 3HAYEHUSIX yriia Mecta ot 4° 10 90°.

Ha pucynke 8 mpuBeneHsl HprUMephl pe3yNbTaTOB pPacdyeTOB C HCIOJb30BAaHHMEM METOJ]a, OIMHCAHHOTO
B [Ipunaraemom noxymente D.

PUCYHOK 8

Yennenue u 3aMupaHusi CHIHAJA, BEI3BaHHbIE TPonocdepHbIM MepIaHUEM,
Kak (PyHKIMS yIjia MecTa MPH pacnpocTPaHEeHHH B CBOOOTHOM NMPOCTPAHCTBE
A1 Nwer= 42,5 Ha yactore 30 I'T'y npu ko3 punmente ycunenns anteHHsl 0 1bu
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P061908
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2.6 JndpaknuoHHbIe/BOTHOBOAHBIE MOTEPH H3-32 0COOEHHOCTEH pesibeda MEeCTHOCTH W/ MU
KOHKpPeTHbIX npensatcTBuid L., (1b)

W3noxeHHBId HWKE METOJ TpeJHA3HAYeH JJIs pacdera MOTephb, CBA3AHHBIX C MU(paKIueidl Ha penbede
MECTHOCTH WJIM MIPEISATCTBUSAX Ha 36MHOUM MOBEPXHOCTU B BHJIE KOHKPETHOTO 3/IaHUS MU JPYTroro 00beKTa
Ha CTOPOHE CTaHIMHM 3E€MHOTO 0a3WpOBaHUS C yYETOM HCKPUBJICHHS Jiyda. [IOCKONBKY MU(paKIMOHHBIC
MOTEPH 3aBHUCSIT OT TpaaueHTa Koddduimenta pedpaxmaun atMochepsl, L4, XapakTepusyeTcs BPeMEeHHOH
M3MEHYMBOCTHI0. METOJ] Tpe/roaracT TpacCUpOBaHue Jyya B atMocdepe il ydeTa THIUYHBIX YCIOBUH
pedpakiuu. BBuay TOro 4ro pacCcTosHHE OT CTaHIIMM 36MHOTO 0a3upoBaHUs J0 MPENSATCTBHIA, TAKUX KaK
3MaHus, OyZeT CKopee BCEro HEBEIMKO OTHOCHTENBHO JUTHMHBI aTMOC(HEPHOTO y4dacTKa TPacChl, BIHMSHUC
M3MeHeHul rpagueHTta kodddumuenta pedpakuun Oymer cnabem. JudpakimoHHbIE TOTEPH WH3-3a
MPEeMsTCTBUN, 00pa3yeMbIX OCOOCHHOCTSIMH peibeda, ¢ OoJblieii BEpOSTHOCTHIO OYIYyT IOABEPKEHBI
BIIMSIHUIO aTMOC(EPHBIX YCIOBHIA. B MeTolie mpeaycMoTpeHa OTpHIlaTeNbHAS MTOTPaBKa K TUPPaKIIHOHHBIM
MOTEPSIM JJIsl y4eTa BOIHOBOJHOTO PaclpoCTpaHeHus. BoIHOBOJHOE pacipocTpaHeHHE IPOUCXOANUT TOJIBKO
B CcaMbIX HIDKHHUX cJ0siX atMmocdepel. Ha momoroir Tpacce 3emiisi-KOCMOC Y4YacTOK BOJHOBOJTHOTO
pacmpocTpaHeHus B JII0OOM CITydae COCTaBIISIET JIMIIb MATYIO 4acTh JUTHHBI Tpacchl. COOTBETCTBEHHO HA TAKOH
Tpacce NMPH OTCYTCTBUHU TPEISITCTBHI B BHJIE OCOOCHHOCTEH peibeda yCHIICHHE 3a CUCT BOJTHOBOJHOTO
pacmpocTpanenusi Oyner mpeHeOpe:kuMo ManbiM. Kpome Toro, ycuieHue 3a CYeT BOJHOBOJHOTO
pacnpocTpaHeHus] OTCYTCTBYET NPU HAJTHYMH MPEMSTCTBUI B BUJE MECTHBIX 00OBEKTOB (HampuMep, 3JaHuH B
TOPOJICKOH cperne).

OtOoT pacuer aedctuteneH Ha yactorax A0 100 I'Tu. 3nauenue Lyqp cenyeT NpUHATh PABHBIM HYJIO, €CIIU
Ha CTOPOHE CTaHIMW 3€MHOTO 0a3MpOBaHUs HET MpPENsSTCTBUH, 00pa3yeMbIX 0COOCHHOCTSAMU pelbeda, WIn
JPYTUX MPETATCTBHN THOO0 N3-32 MOTHOTO OTCYTCTBHSI KAKUX-THOO MPETATCTBHIA B TOH MECTHOCTH, JIN0O H3-
3a TOTO, YTO YT'OJI MECTa TPACCHI JOCTATOYHO BEJIHK, YTOOBI MIPEISTCTBUS OCTATIHCH HIXKE.

[Ipu ManbIX 3HaYEHHUSIX BUUMOTO yIila MecTa Ha Tpaccax 3eMJIsi-KOCMOC MOTYT NPUCYTCTBOBATH MPETSITCTBUS
B BuIe ocobeHHocTeld penbeda wnu 3ganui. B Pexkomenmanmm MCD-R P.834 mpuBenen meron
MPOTHO3UPOBAHMS BUANMOCTH KOCMUYECKOM CTAaHIIMK C YIE€TOM aTMOC(EPHOH pedpakiuy B IPEAMOI0KSHUH
rIaaKoi cepuaeckoit 3emmn 6e3 mpensATCTBUYN Ha oBepXHOCTH. Eciu TpedyeTcst ydecTs pealbHbIA penbed
MCCTHOCTH M, BO3MOXKHO, APYTrU€ MNPENATCTBUA, KaK, HAIPUMEP, A MOACIUPOBAHUA 10 MECTOOY MomnrTe-
Kapi10, MOXHO BOCIIOIb30BaTHCS N3JI0KEHHBIM B [Ipnaraemom nokymente E MeTOI0M TpacCHpOBKH JTydei,
KOTOPBIH JaeT MpoQuib BEICOTHI JTyda HaJl YPOBHEM MOPS HE3aBUCHMO OT YacToThl B quanasoHe g0 100 I'T.

JudppakiiMoHHbIE TIOTEPH CTAHOBSITCS 3HAYUMBIMH, KOTJIa TPEMATCTBIE BOSHUKACT B IIpeJieiaxX MePBOM 30HbBI
Openens paguonyda. B Pekomennaiiuu MCO-R P.526 npuBenensl qudpakiiiOHHbIE MOACIH, TIOIXOISIINE
JUIS LIEJIOrO psiia CUTyaluii. B OCHOBE MHOTMX M3 3THX MOJIENCH JIGKUT Oe3pa3MEepHBIN mapamerp Vv,
OTpaXXalIuii TeoOMeTpHio NpensaTcTBuil. Pamuyc mepBoit 30HBI @peHens Ri B MecTe HaxOXICHUS
MIPETISITCTBUS TAKXKE MPEJICTABISET COOO0M 3HAUMMBIN IMapaMeTp, IOCKOJIBKY OTCYTCTBHE MpensTcTBuii Ha 0,6
3TOr0 pajuyca B OKPECTHOCTH JIyda SIBJIICTCS HIMPOKO NMPUMEHSAECMBIM KPUTEPHEM NMPEHEOPESIKUMO MaJIbIX
TP PaKHOHHBIX TIOTEPH.

Bripaxenus ayig v u Ry ympormmaroTes, Koria pacCTOsHUE OT MPEMSTCTBUS 10 OJTHON U3 OKOHEYHBIX CTAHITUH
HaMHOTO MEHbLIE, 4YeM J0 APYyrod, 4YTO CHOpPaBEIMBO JUIsl HOPEMATCTBHS Ha Tpacce 3eMIIsi-KOCMOC,
HaxoJAIIErocs Ha 3eMHOM MOBEPXHOCTH. B TakuX yClI0BUSIX 3TH JBa NapaMeTpa XOPOLIO alllIPOKCUMHUPYIOTCS
B CaMOCOTJIACOBAHHBIX €UHUIIAX CIEAYIOIIUMHU BHIPAXKEHUSIMU:

2 .
vah = (11a)
R, = Vd, (11b)

rie h — BBICOTa MPEMATCTBHS OTHOCHTENBHO JIy4a, A — JJTHHA BOJHEL, @ d — pacCTOSHUE OT CTAHIIMK 3€MHOTO
0asupoBaHUS 10 TMPENATCTBUA. B TPaKTHYECKUX EIMHMIIAX OSTH TapaMeTpPhl AaMMPOKCHUMHUPYIOTCS
CJIEYIOUIMMHU BBIPAXKEHUSIMU:

vy~ 0,08168h \/g; (12a)

R, ~ 17,314 ﬁ (), (12b)
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rae h — Beicora npensrcrBus (M), f —yacrora (I'T), a d — paccrosiHue (kM).

Ha pucynke 9 mpuBeeHbl PUMEPbI TEOMETPHH TPEMATCTBUI B TepMHUHAX mMapamerpoB Ri u h Ha 3emHO#
CTOpOHE Tpacchl 3emMirsi-kocMoc. KprBoii KpacHOTo I(BeTa Moka3aHa TPacKTOPHsI PaanoiIyda, HCITyCKaeMoro C
BbICOTHI 50 M Haj ypoBHEM Mops moj yriiom mecta —0,1°; BbICOTa Jiyda JiaHa OTHOCHUTEIBHO YPOBHS MOPSI.
YpoBeHb MOPS M300pakeH MPSIMOM JIHHKEH, a KpUBask TPACCUPOBKHU JyYa YUUTBIBAET KaK KPUBU3HY 3EMITH,
Tak 1 aTMOc(hepHyI0 pedpakIuio.

Ha paccTossaum 24 KM OT CTaHITUH 3¢MHOTO 0a3UPOBaHHS KOPUIHEBBIM IIBETOM 0003HAUCHO THITOTETHYECKOE
MIPETISITCTBHE, BHICOTA BEPXHEH TOUKM KoToporo cocrasiseT 100 M Hag ypoBHeM Mops. Bricora myda B aToH
Toyke cocraBiser 39,7 M, mo3ToMy BbicoTa npenarctBus h paBHa 60,3 M. COOTBETCTBYIOLICE 3HAUYCHHE
I paKHOHHOTO MapaMeTpa v paBHo 4,9.

Ha paccrossauu 30 kM OT CTaHIMM 3eMHOTO 0a3upoBaHUS paauyc nepBoii 30HbI @penens Fi Ha yacroTe
30 I'Ty mpubmu3uTensHO paBHseTcst 17 M (0003HAUCH CHHEH JHHHWEH, Tepecekaroield Tyd BEpTUKAIBHO).
Uro6s! qudpakmoHHBIE TTOTEPH OBUTH MpeHeOpekuMo MaisiMe, Ha 0,6 3TOTO pamnyca B OKPECTHOCTH JTyda
HE JIOJDKHO OBITh TPETATCTBHIA.

Ecnu cpaBHHTH BBICOTY TpersTcTBUs N B 3TOM mpumepe ¢ F1, 3aMETHB IPU 3TOM, 4TO Ha PACCTOSHUH 24 KM
F1 Oynet HECKOIBKO MEHBIIE, CTAHOBUTCS SICHO, YTO JU(PPAKIIHMOHHBIE MOTEPH OT STOTO MPENSATCTBHS OYyayT
3HAa4YUTCIIbHBIMU.

PUCYHOK 9

JuppakuuoHHbie napaMeTpbl H reoMeTpHUs NPeNATCTBHIA Ha Tpacce 3eMIsA-KoCcMOC
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Boicora Haj ypoBHeM Mopst (M)
o

P0619-09

Korpa npensiTcTBUsAMU Ci1yKaT 0COOEHHOCTH peiibedha, TOPU30HTAILHBIC pa3MePbl KOTOPBIX MOXKHO CUHTATh
OOJIBIIIMMHU IO CPABHEHUIO C pa3MepoM 30HbI DpeHens, A pacueta AU(GPAKIUOHHBIX TOTEPh CIEAyeT
MIPUMEHATH MOJEIh TU(PPaKIIUN Ha KIMHOBHIHOM NPETISITCTBHH, OMTUCaHHY0 B Pexomennarm MC3-R P.526.

[IpenstcTBUs B BUE 3aHUI MOTYT UMETh 00JIee CI0KHYIO TeOMETPHIO. B ciryyae n301MpOBaHHOTO CTPOSHHS
MyTh C MEHBIIUMH ITOTEPSIMU MO>KET IIPOXOAMTH CIIEBA WIIM CIIPABa OT 3TOTO MPEITCTBUS, a He HaJ HUM. Ecin
3TO BO3MOXKHO, PEKOMEH/IyeTCs] IPUMEHATh MOJeNb AU(PAKIIMU Ha 3KpaHe KOHEUYHON IIMPHHBI, OIIMCAHHYIO
B Pexomenganmn MC3O-R P.526. Ona chopmynupoBana B pa3iiM4yHbIX BUAAX, B TOM YHUCIE U JJISI TPACCHI
MEIIAIOIEr0 CUr'HAJIA.

Mogenn nudpakuuyd Ha KIMHOBHIHOM NPEISITCTBUM W HAa JKpaHe KOHEYHOM IIUPUHBI TOYHO
MacCIITa0MPYIOTCS B 3aBHCHMOCTH OT 4acTOThI M MpuMeHHMBbI Ha yactorax a0 100 I'Tu. B Bepxuei uactu
3TOro Juamna3oHa 4acTOT JJIMHA BOJHBI COCTABISET BCET0 HECKOIBKO MIUIMMETPOB. M3-3a 3TOro mepexon
MeXIy OecTpensaTCTBEHHBIM PaclpOCTpaHEeHHEM U OOJNBIIMMHU MOTEPSIMHU Ha AU(PAKIHIO CTAHOBUTCS CTOJb
PE3KUM, YTO TOYHOCTh Pe3yJIbTaTa 3aBUCHUT TJIABHBIM 00pa30M OT KayecTBa TONOTrpaguuecKux JaHHBIX.

B cnygasx, xorna Beraucisiercst Lgyp, A NPENSTCTBUEA, 00pa3yeMbIX OCOOCHHOCTSIMH pelibeda, 3HaUCHUE
3TOro mapaMeTpa, He IPEBhIIIaeMoe B TeueHUe P% BPEMEHH, C YIETOM BOJIHOBOAHOTO pacpOCTpaHEeHUs IpU
MaJIbIX 3HAYCHUSX YIJIa MECTa OIpeeIseTcs 1Mo cienytomeit Gpopmyie:

max[Ly; + A(p) + Ay, 0] p<B

Laep B IPYTHX CAyYasix (aB), (13)

Lo (p) = {



16 Pex. MC3-R P.619-3

raec:
r
-3 P P\ _
Ap) = |12 +37 X 10 d)log (B) +12 [(B) 1] p<B (1)
0 B IPyTHX CAy4asix
,076
r= [2,0058—11();([3)]1,012 exp{—[9,51 — 4,8logp + 0,198(logB)?]}; (13b)

_ (107001510l + 167)  pas|e| <70

%); 13c

B 4,17 B APYTHUX CAy4Yasax ) (13c)

as = 2010811+ 03616"(F - o))+ 02640"f v 67> 0 (ab); (13d)
ds 0 B IPYTHX CJy4asax ’

0" = Bpoz — 0,1dpo, (Mpan); (13e)

Ls: sudpaknmoHHBIE TIOTEpH 3a CYET MECTHOTO 3aTEHEHHS, pPAaCCUMTaHHBIE C
hcnonb3oBanueM Pexomenmanmu MCD-R P.526 g1 enMHMYHOrO KIMHOBHIHOIO
npenstcTBus J (V) WK A7t 9KpaHa KOHSUHOM MIUPUHBI [, (V);

@ wmupoTa (Tpagychl);
f: gacrora (I'T);
Onoz ©  Yroll MecTa rOPH30HTA CTAHIIMH 3éMHOTO 0a3MPOBaHUs HAJ| TOPH3OHTAIIBIO (Mpa);
dpoz ©  MaJBHOCTH TOPU3OHTA CTAHIIMU 36MHOTO 0a3upoBaHUs (KM);
yuuTbiBas, 4o A(p) orpunarensHo mpu p < fB.

2.7 IloTepn n3-3a mecTHBIX NpenstcTuii L, (ab)

CyMMapHbIe OCHOBHBIE TIOTEPH TPH Mepeade Ha Tpacce 3eMIIsI-KOCMOC JIJIsl CTAaHIIMU 3€MHOTO 0a3upoBaHus,
PAacIoIOKECHHOM HIKE YPOBHS KPBIII B FOPOACKOH cpeae, OyayT, BOOOIIEe rOBOPS, 3aBUCETH OT OKPY KAIOLINX
CTaHLIHMIO OOBEKTOB. OTH IOTEPH MOTYT YBEIHYMBAThCA H3-3a OUPPAKIUM Ha MPEMATCTBUAX HIU
YMEHBIIATHCS M3-3a CYIIECTBOBAHHS TPACC C OTPAXKEHHUSIMH. | TaBHBIMU TPEMATCTBUSAMH M HCTOYHHUKAMU
OTpa)XEHUH CIy)KaT 3[aHus, HO B 3TOM POJM MOTYT BBICTYIIATh M JPYTH€ UCKYCCTBEHHBIE KOHCTPYKIIMH.
JlonoaHNUTENbHBIE TIOTEPH MOXKET BBI3BIBATH PACTUTENBHOCTH, XOTA €€ M3MEHYMBBIM XapakTep OOBIYHO
HE TI03BOJISIET CUUTATh €€ HaJeKHOM OCHOBOM JIJIs TPOrHO3WPOBAHUS MOTEPh HA TPACCE MEIIAIOIIET0 CUTHAMA.

B ciydae KOHKpETHOM CTaHIIMKM 3eMHOTO 0a3UpOBaHUs, [UII KOTOPOH CYIIECTBYIOT JJAaHHBIE O €€ OKPYKEHHUH,
MIPaBUIbHEE PACCUUTHIBATH AU(PAKLIUOHHBIE TOTEPH Lgpp, 00yCIOBICHHBIE 1100 OCOOEHHOCTSAMH peibeda,
u00 TOPOJICKOM 3aCTPOIKOA, KaK OMUCAHO B MyHKTE 2.6, BhINIe. ECITM TOMUMO 3TOTO CYIIECTBYET Tpacca C
OTPaXKCHUSIMH, €€ MOXKHO YUeCTb, MOJIb3Yysich HH(opManueil, npuBeneHHol B Pekomennammn MCO-R P.2040.

Ecnu Ha KakoH-TO TEpPUTOPUHN PAa3BEPTHIBACTCS MHOKECTBO CTAHIUI 3eMHOTO 0a3upoBaHUS (PEATbHBIX WA
THUTIOBBIX), OOBIYHO HE IMPENCTABISIETCS BO3MOXKHBIM MIPOU3BECTH JIETAIBHBIE PACUETHI ISl KAKIOW U3 HUX.
DakTUUECKHE TOTEePH H3-32 MECTHBIX NPEMSITCTBUHN IS CTaHIMH 3eMHOr0 0a3MpoOBaHHUS B TOPOICKOM
3aCTPOMKE CHIIBHO PA3HATCS B 3aBUCUMOCTH OT MECTOIOJIOKCHHS, a TAK)KE HAIPABJICHUS] TPACChl 3eMIIs-
kocMmoc. [lo aToli mpuumHe, BO3MOXKHO, IiesiecooOpa3Hee OyJIeT MPUMEHUTh CTATUCTUYECKUH IMOIXOJ] Ha
OCHOBE THIIOBBIX MOJIEICH, BOCIPOM3BOMAIINX MOJCIHPYEeMyI0 (U3HYECKYl0 cpedy (Hampumep,
C UCTIOJIb30BAHMEM COUYETAHUS BBICOT MPETISTCTBUN M PACCTOSIHHN 0 HUX ). CTaTUCTUIECKUN TTOIX0]T OOBIYHO
MIpUMEHSIETCS PU MojaenupoBanuu 1no Mmeroay Monte-Kapio. [logxoasiias s 3Toro Moens MoTeph U3-3a
MECTHBIX MpensITcTBUi onucana B Pekomenganuu MC3-R P.2108-0.

2.8 IloTrepn Ha BXoze B 31aHue/BbIX0e U3 38aHuA Ly, (1B)

B ciyyae craHuum 3eMHOro Oa3MpoOBaHUS, PACHOJIOKEHHOW BHYTPH 3[daHHSA, HEOOXOIWMO YUHMTHIBAThH
JIOTIOJIHUTENBHBIE TIOTEPU MEX]ly CTAHLIIMEW U HapykHOU Tpaccoi. Kak u L., norepu Ly, CHUIBHO MEHSIOTCS B
3aBUCUMOCTH OT MECTOINOJIOKEHHS H OCOOCHHOCTEH KOHCTPYKIIMM 3JIaHHs, I03TOMYy Tpebyercs
cTatucThdeckas oueHka. [lonxoasdmas i 3ToH Lenu MoJens NOTeph Ha BXOAE B 3[JaHUE/BBIXOJIE U3 31aHUS
onucana B Pexomengarimu MCD-R P.2109.0.
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2.9 IToTepu npu nepegave us-3a paccestnus B ocaakax Ly, (1b)

Paccesnue B goxkiae WM APYrux ruapoMeTeopax MOKET MPUBOAWUTL K BO3HUKHOBCHHIO CBA3U MCKIAY
NEPEAATINKOM U MPUEMHHUKOM, KOTOpass OTCYTCTBYET B YCJIIOBHUAX SICHOI'O HeOa. COOTBCTCTByIOH_II/Ie noTepu
Ha TaKoM Tpacce HeO6XOI[I/IMO OIICHUBATH KaK IMMOTCPHU IIPpU Iepeaauc, MOCKOJIbKY B pacucTax B 3HAYUTCIILHOM
MCPC YUUTBIBAKOTCA JUArpaMMbl HAIIPaBJICHHOCTU aHTCHH 00eunx CTaHLIUH.

[ToMexu MOTYT BO3HUKATh, KOT/a SHEPTHS 3 OJJTHON CHCTEMBI, OTPAXKAasCh OT OCAIKOB WITH PACCEUBAsCH B HUX,
MOMAAaeT B MpeleNbl Jy4a aHTCHHBI JAPYTOH CHCTEMBI. JTa CHTYalusl MOTCHIMAJIbHO 3HAYMMa TJIABHBIM
oOpa3zoMm Ha wacTtoTax Bbimie 5 [T W Korma TiaBHBIE JIydd aHTEHH OOCHMX CHUCTEM IEPECEKAIOTCS C
oOpa3zoBaHneM 00111eT0 00BeMa B TOM YaCTH aTMOC(EPHI, TJie MOTYT MPUCYTCTBOBATH THAPOMETEOPHI. B TakoMm
obmeM o0beMe BO3MOXKHO MPHCYTCTBHE THAPOMETEOPOB B TEUCHHE 3HAYUTEIHLHOTO BPEMEHH, YTO MOXKET
MIPUBOJIUTH K MOBBIIICHUIO YPOBHS HEXKEJIATEIIBHBIX CUTHAJIOB. Takue MOMEeXU MOTYT ObITh 3HAYUTCIIBHBIMH,
HO WMMEIOT MPEXOMSIIUN XapaKkTep U, KaK MPaBUIIO, HEAOCTATOYHO CHIIBHBI JJIS TOTO, YTOOBI OIPAaHUYUTH
paboTOCIIOCOOHOCTh CHCTEMBI. braronmaps TIIATETBHOMY BBIOOPY TE€OMETPHUH TPACCHI, TO3BOJISIONICH
WCKJIFOYUTh BEPOSITHOCTh BO3HUKHOBEHHS OOIIMX OOBEMOB, 3THX TOMEX, KaK MPaBUIIO, MOXKHO H30€XKaTh
COBCEM.

Meroa pacuera paccessHUsI B OCaJKax MEXIYy CTAHLMSIMH, HAaXOIAIIMMUCA HAa MOBEPXHOCTH 3€MIIHM, Ha
gactoTax BbIime npubmmurensHo 0,1 I'T'h, uznoxen B Pexomennammmu MCDO-R P.452. Dtotr MeTon MOKHO
NPUMEHHTh K 00meMy o0beMy, OOpa3oBaHHOMY JydaMHd aHTCHH CTaHIMU 3E€MHOTO 0a3upoBaHUS U
KOCMHYECKOM CTaHIHM.

PaccessHue B ocaakax C BBICOKOH BEPOSTHOCTBIO OyAET 3HAYMMBIM MEXAaHM3MOM IIOMEX MEXIy ABYMs
JIMHUAMUAN 3CMJ'I$1-KOCMOC, IMpUHAAJIC)KAITUMHN CHYTHHKOBOﬁ CJ'Iy)K6C. BepOHTHOCTb 9TOI'0 MCHBIIC, Korjaa
CTaHIIUA 3€EMHOI'O 633HpOBaHI/I}I BXOAUT B COCTaB Ha3zeMHOH pPagnoOCUCTEMEL. HOCKOHbe METOJ OLCHKH
paccestHHS B ocalkax, onvcaHHbIi B Pexomernanmm MC3O-R P.452, tpebyet Oonbmioro o0beMa YHUCIEHHBIX
pacuetoB, B [IpunaraeMoMm nokyMeHTe F gaH OTHOCHTENBHO HPOCTOM KpUTEpHUH, MO3BOJSIOIIUN BBISIBUTH
CjIydyau, B KOTOPBIX PHUCK BO3HUKHOBCHHS 3HAYUTCIIbHBIX ITIOMEX M3-3a paCCCAHUA B OCaJKaX OTCYTCTBYCT, U
TOJILKO MTOTOM Y€ YYUTHIBATh 3TOT MEXaHU3M.

2.10 JuddepennuanbHoe ociaadieHne B 105kK/e

OcabieHue, BRI3BAHHOE OCaJIKAMH, B TOM YHCIIE JIOXKJIEM, MOKPhIM CHETOM M 00JIakaMu, OOBIYHO SIBJISICTCS
HanOosee 3HAYMMBbIM MEXaHM3MOM YXYJIIICHHS KadecTBa TOJIE3HOTO CHTHAJIA HAa Tpacce 3eMIIs-KOCMOC Ha
yacroTax Bbie 5 ['Tu. B 3aBucuMoctu 0T METO/Ia aHAIM3a IOMEX MOTYT OKa3aThCsl MOJIE3HBIMU CBEJIEHUS O
KOPPEIAINY 3aMUPAHUN U3-32 BIHMSHIS 0CAIKOB Ha TPAaccax MOJE3HOTO U MEMIAIOIIINX CUTHAJIOB.

B Pexomenpanuu MC3-R P.1815 npuBeseH MeToa MPOrHO3UPOBAHUSI COBMECTHOM CTaTUCTUKU 3aMHUpPAHUN
M3-3a IO/ Ha TpaccaxX MEXAY ABYMS CTAHIMSIMH 3€MHOTO 0a3MPOBaHUS U OJTHOW KOCMHYECKOW CTAHIHEH.
OH 103BOJISET OIICHUTH BEPOSATHOCTh TOT'0, YTO OCIA0ICHHE HA JIBYX TPaccax MPEBBICUT OPOrOBbIC 3HAYCHHUS,
3aJlaHHBIC OTIENBHO IS K&KIOW CTAHIIMH, €CIH B 30HY JOXKIS TIOMAAa0T 00€ CTAHIIUN 36MHOTO 0a3UpOBaHMSL.
B ocnoBe merona nexutr onucanHas B Pexomenmaunu MCO-R P.618 Monens 3amupanuii u3z-3a JOXKISA Ha
Tpacce 3eMIII-KOCMOC, KOTopasi IeUCTBUTENbHA Ha qacToTax 0 55 [T,

KoadduiueHT Koppesiui HHTEHCUBHOCTH J0XKIS MEXKIY ABYMs CTAHIIUSAMU MagacT 0 HU3KUX 3HAUCHHIMA
Ha PacCTOSHUAX, TUIMHMYHBIX IS JOKIEBBIX 04aroB. VIHTEHCHBHBIE AOXAM YacTO BBIMAAAIOT B Oyarax,
HMMEIOIIUX TOPU30HTANIbHBIC Pa3MEPhl B HECKOJBKO KHJIOMETPOB, XOTS CUIbHBIN (PPOHTAIBHBIN T0XK/b MOXKET
HITH 1 Ha OOJIBIIMX PACCTOSHUSIX BIOJIb JIMHUH JTOKIEBOT0 (pOHTA.

3 OneHka nmoMex

B CJICOYIOUICM ITYHKTC OIIMCBIBACTCA METO/J aHaJIn3a, KOTOpBIﬁ JAOJDKCH UCITOJIB30BATHCA AJId OUCHKH YPOBHSA
HEXKEJIATCIIbHBIX CUTHAJIOB B 3aBUCUMOCTHU OT CLICHAPUA BOSHUKHOBCHUSA ITOMEX.

3.1 OcHoOBHBIE TOTEPH NPH Nepefade B CJaydae eANHAIHBIX MOMeX

OcHOBHBIC TIOTEPH TIPH TIEpeade B YCIOBUSIX SICHOTO HeOa, HE TIPEBBINIaeMbIe B TeueHUE P% BpEeMEHH, IS
OJIHOT'0 MEUIAIOUIET0 NepeJaTuuKa U OAHOrO IPUEMHUKA, IIOIBEPratoLIerocsi BO3ACHCTBUIO IIOMEX, HA Tpacce
3eMIII-KOCMOC CKJIaIbIBAIOTCS U3 TIOTEPh, OMMCAHHBIX B MMyHKTaX 2.1-2.6:
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Ly = Lbfs + Axp+Ag(p1) + Aps + As(P2) + Laer (P1) (ub), (14)
rac:
Lpgs:  OCHOBHBIE IIOTEPH NPH NEpeiade B CBOOOIHOM MPOCTPAHCTBE;

A

Ag(pl) ©  3aTyxaHHe B aTMOC(EpHBIX ra3ax, He IPeBhIIaeMoe B TedeHne P1% BpeMeHu;

xp - OCIabJEHUE U3-3a JICTIOJAPU3ALINH;

Aps:  ocrabiieHue u3-3a PacIIuPEeHUs JIy4a;

As(py) .  ocmabneHne u3-3a HOHOC(EPHOTO MIH TPOIMOCHEPHOrO MEPIAHMS, HE MPEBLIIIAEMOE
B TeueHHe P;% BPEMEHH, B 3aBUCHMOCTH OT Toro, MeHslme dacrtora 10 [Tm wmm
0OJIBIIIE;

Lgtp(p1): AudpakuuoHHBIE  HOTEPH € YY4ETOM  BOJHOBOAHOTO  PACIPOCTPAHCHUS,
HE MpeBbIIacMble B TeUeHHE P1% BPEMEHH.

Bce nepeuncnieHnbie Bhllle WwieHbl ypaBHeHus (14) npeacTaBisioT co0oil nmoTepy B renudenax; mpu 3ToM Ag
HUMEEeT HyJIEBYIO MEANaHy U MOKET IPUHUMATH ITOJIOKUTEIbHbIE U OTPULATEIbHBIC 3HAUCHHUS.

JIBa BHIa MOTEpb, CBSI3aHHBIX C MECTHBIMH IPENATCTBUSAMHU, L. U Lp,, HEe BKIIOUEHHl B ypaBHeHue (14),
MOCKOJIBKY MPEJICTAaBIISIFOT COOOH CTaTHCTHUECKHE MapaMeTphl, He MPUMEHUMBbIE K OJJHOI MOMEXOBOM Tpacce.
Poct notepp u3-3a MpensTCTBUN WM X YMEHBLICHHE M3-3a OTPAKEHHUH CJelyeT pacCUUTHIBATH OTIEIHHO
C MCIIOJIb30BAaHUEM METOJOB, ONHCAHHBIX B IyHKTe 2.6. Ha mpakTuke cienyeT 0XuAaTh, YTO MPU OLIEHKE
€IMHUYHBIX TIOMEX JOCTATOYHO OYAET pacCCMOTPETh TOJIBKO 3éMHYIO M KOCMHUYECKYIO CTaHI[MH CITyTHUKOBOM
ciry>kObl. B OonbIIMHCTBE TakuX ciydaeB AUQPaKIHS U OTPAXKEHUE HE OYAYT BIHMATH HA CTAHIIUIO 3€MHOTO
0a3npoBaHMSL.

YnotpebieHne pa3HbIX CUMBOJIOB JUIsI POLICHTA BpeMeHH (p; U P,) B ypaBHeHHH (14) cBs3aHO ¢ TeM, YTO B
3aBHCHUMOCTH OT OOILETO METO/a aHaJIi3a OH MOXKET IPUHUMATh Pa3Hble 3HAYCHUs, Kak OMKCAHO B ITyHKTE 3.

B gactHOM cnyuae, rae p = 20-50%, BausiHME MEpLIaHUS HA OCHOBHBIC TOTEPH IPU Ieperade B YCIOBHAX
ssCHOTO He0a MpeHeOpPEeXKMMO Majo. OTOT YaCTHBIM Ciydail COOTBETCTBYET TOMY, 4TO OOBIYHO
paccMmarpuBaeTcs Kak Tpacca JOJTOBPEMEHHBIX €IUHMYHBIX MomeX. JlaHHBIA ciiydall OCHOBBIBae€TCS Ha
pesyiabTatax uccaenosanuiit MCO-R, kotopbie nokazanu, uro st p = 20-50% B pacuere OCHOBHBIX MOTEPh
IIpY Tiepesiaue B YCIOBUAX SICHOrO HeOa, He MPEBHIILAeMbIX B TeUeHUE P% BPEMEHH, MOKHO TIOJIOKUTh:

Ag(pr) + As(p2) = Ag(p) ipr 0,001% < p1 < 99,999%, 0,001% < P2 < 99,999% u p = 20-50%.

OTH Kcclie10BaHus IPOIEMOHCTPUPOBAIIN, YTO IpH yriax mecta 1-5° B monoce yactot 24—71 I'T B pazHbIx
KJIIMMaTHYECKUX YCIOBHSX CHIKEHHME TOYHOCTH MPHU HCIOJNB30BAHWU TAKOI'O YIPOIIEHHOTO METOoAa s
clly4asi JOJITOBPEMEHHBIX TOMEX HE3HAUYUTEIIbHO.

3.2 OCHOBHbBIE nmoTepu npu nepeaave B yCjaoBusix siCHOro He0a B ClIyvyae nmomMex 0T HECKOJIbKHUX
HCTOYHHUKOB

OcHoBHBIE IOTEPH NP IIEepeaaye B yCIOBUAX SICHOTO HeOa, He MpeBbIaeMble B TeueHHe P% BpEeMEHH, IS
Ka)XJI0r0 MEIIAIOIIEro NnepejaTiiKa B pacyeTe MOMeX OT HECKOIBKHUX HCTOYHMKOB Ha Tpaccax 3eMIIs-KOCMOC
CKJIaJIbIBAIOTCS U3 TIOTEPh, ONMCAHHBIX B MMyHKTaX 2.1-2.6 n 2.7-2.8:

Ly = Lbfs + Axp +Ag (p) + Aps + Lc(Pre) + Lpe @rve) + Laty () (nb), (15)
riae:
Lpfs:  OCHOBHBIE IOTEPH MIPH MEPEAUE B CBOOOHOM MPOCTPAHCTBE;
Axp: ocnaliieHue H3-3a PaCcCOIIACOBAHMS HOJISPU3ALIHH;
Aps: ocnabmeHne u3-3a pacIIupeHus Ty4a;
L.(pLc): moTepu M3-3a MECTHBIX MPEMSATCTBHUI, HE MPEBbINIAEMbIC B TEUEHHE Py %0 BPEMEHH;

Lye(PLpe) © TIOTEpH Ha BXOJIC B 3/1aHKE, HE IIPEBHIIIAEMBIC B TEUCHHUE Py pe %o BPEMEHH, JIJIs CTAHIINH,
pacmloiOKEeHHBIX BHYTpH 3maHuid, wid O nb ans HapyKHBIX CTaHIUH 3E€MHOTO
06aszupoBaHus;
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Latp(p) ©  mudpakumoHHBIE  MOTEPH €  y4ETOM  BOJHOBOJHOTO  PAacHpOCTPaHCHHS,
HE NIPEBbIIIAeMbIe B TeUCHHE P3% BPEMEHHU.

B sT0ii cuTyanuu BpeMeHHAs! H3MEHYMBOCTh YUUTHIBAETCS TOJIBKO [UIS TIOTEPb, 00YCIOBICHHBIX 3aTyXaHHEM
B aTMOC(EPHBIX Ta3ax.

[Morepu u3-3a MectHbIX npensaTcTBuil L. (cMm. Pekomenpanuo MC3-R P.2108-0) u, eciu 310 HE0OX0aAMMO,
[IOTEPH Ha BXOJIE B 34aHME/BbIXoze U3 3aanus (cM. Pexomennaruio MCO-R P.2109-0) BeipakaroTcst B BUIEC
MOTEPb, HE MPEBBIIIAEMBIX B 3aJJaHHOM MpPOIEHTe MecT. [IpM MMHUTAIMOHHOM MOJIEIUPOBAaHHU MOMEX OT
HECKOJIBKUX UCTOUYHUKOB ISl KaXKJIOTO BUJIA TOTEPb, B3ATOTO U3 MOJIENeH OTeph U3-3a MECTHBIX MPEMSATCTBUI
U TOTEeph Ha BXOJE B 3/IaHHE, CIEAYET HCIIOJIb30BaTh HOBBIC PAaBHOMEPHO paCHpE/IeNICHHBIC CITydaiiHbIe
3HAUCHHS.

CyMMapHY MOIIIHOCTh Ha BXOJI¢ IPUEMHUKA, TIOJIBEPTrarOIIerocs BO3ACHCTBUIO TOMEX, CICAYET BBIYUCIISATh
IMyTeM CJIOKEHHS MOIIHOCTH B JMHEWHBIX €AMHMIAX (TO €CTh He B Jenubenax) Ha KaxkJaou Tpacce. ITO
XOPOIIIO  ANMPOKCUMHUPYET MEIUaHy MPOCTPAHCTBEHHOTO paclpelesieHus, 0o0pa3yeMoro BEKTOPHBIM
CIIO’)KEHHEM MHOKECTBA CHT'HAJIOB.

4 Koppe.ﬂmmﬂ MEKAY Pa3/iIMYHBIMH BUIaMU NOTEPb NMPH PACIPOCTPAHCHUH

B oTHOmIEHNN KOppesiMy MEXIy pa3IMyHbIMH MEXaHM3MaMH MOTEph NMPH PAacHpOCTPaHEHHH Ha Tpacce
3eMII1-KOCMOC MOKHO CJIeNIaTh CIeAyIoIue o0Iye 3aMeqaHHts.

IToTepu u3-3a MECTHBIX NMPENATCTBUN HAa 36MHOM MOBEPXHOCTH, & TAKXKE UX IPOCTPAHCTBEHHAS U BPEMEHHAs
M3MEHYMBOCTH B OCHOBHOM HE 3aBHCAT OT MEXaHHU3MOB IMTOTEPh, CBA3aHHBIX C SBJICHUSIMHU B aTMOc(hepe Win
BJI0JIb BCEU JITIMHBI TPACCHI, 38 UCKIIFOUEHUEM TOT0, YTO BUAUMBIM YTOJl MECTA JIy4a 3aBUCHUT OT BEPTUKAJIIBHOTO
rpaaueHTa KodpUIHeHTa peQpakiuy, KOTOPHIH MOXET BIUATh Ha TOTEPH HU3-3a MPEMSATCTBUI B BHIE
ocoOeHHOCTeH penbeda WK APYTHX MPEMSITCTBUN Ha Tpacce C MaJbIM yTJIOM MECTa.

Ilorepn mpu pacmpocTpaHeHHM B CBOOOAHOM IPOCTPAHCTBE, 3aTyXaHHE B aTMOC(EpHBIX rasax H
WHTEHCUBHOCTB TPOMOC(EPHOTO MEPLAHKsI BO3PACTAIOT C YMEHBIICHUEM YTIla MeCTa TPaccChl.

CrenieHb, B KOTOPOW IJIOTHOCTh BOJSHOTO Iapa BIHUSET HA 3aTyxaHHE B aTMOC(EpHBIX raszax, CIOXHBIM
00pa3oM 3aBHUCUT OT YacCTOTHI U MpeHeOpexuMo Mmana BOmm3u £10% IMON0CH MOTIOmEHU KUCIopoaa Ha
yactore 60 ['Tu. Ha apyrux wacrorax Beime 5 [T, a Takxke B ciiydae OJUHOYHOM Tpacchl 3eMIIsi-KOCMOC, Ha
KOTOPO¥ 3HAUMMYIO POJIb UTPAET TPOIochepHOe MepIiaHKe, POCT YCUJICHHS 3a CUET MEPIIAHUS C YBEIIMYCHUEM
IDIOTHOCTH BOJISTHOTO TIapa KOMITGHCHPYETCSI POCTOM 3aTyXaHHUs B aTMOC(EpHBIX razax, HO OTHOCHTEIbHAS
BEIMYMHA 3TUX IBYX 3P PEKTOB MEHAETCH B 3aBUCHMOCTH OT YaCTOTHI.

Mexay 3aTyxaHHeM B aTMOCQEpHBIX Tra3ax M WHTEHCHMBHOCTBIO TPOMOC(EpHBIX MeplaHui HaOmogaeTcs
YacTUYHAS TOJIOKUTENbHAS KOPPeIsIys. 3aTyXaHne B aTMOC(HEPHBIX ra3ax pacTeT ¢ yBeIUUEeHHEM INIOTHOCTH
BoasHOrO mapa B artmocdepe p (r/m®). TpomocdepHoe MepuaHue OOYCIOBIEHO TIIABHBIM 00pa3oM
aTMocepHOil TypOYJIEHTHOCThIO Ha BBICOTE O00pa3oBaHUs OO0JIAKOB, M WHTCHCHUBHOCTH MEpPIIaHUI
KOPpENUpyeT C YUYUTHIBAIOIICH BIIaXKHBIH BO3YX COCTaBIsIONIeH K03 (dUIeHTa pepakiu paJuoBOIH B
arMmocgepe N,,q¢, KOTOpasi BO3pACTaeT C yBEINICHHEM INIOTHOCTH BOASHOTO T1apa, HO C IPYTOi 3aBUCHMOCTBIO
OT TEMITEPaTyPHI.

B Ilpunaraemom moxkymenTe C OMHCHIBa€TCS pacdeT 3aTyxaHus B aTMOC(HEPHBIX Ta3ax Ha HAKIIOHHOH Tpacce
I10 U3BECTHOW MPUITOBEPXHOCTHOM IIOTHOCTH BOSHOTO Tapa P, (r/m3).

WNuTeHcuBHOCTH TpomocepHbIX MepiaHuii 3aBUCHT OT N,,; B COOTBETCTBHU C ypaBHeHHeM (63) u3
[Mpunaraemoro moxymenrta D. B pasgene 1 Pekomenmaruu MCO-R P.453-11 N,,.; naHo Kak (yHKIHS
MapiuagIbHOro AaBjieHus BojsHoro napa e (rlla). B pasmene 1.2 Pexomennmaiiuu MCO-R P.835-5 npuseneHo
COOTHOIIICHHE MEXY Pg H €.

[logpoOHBI aHaIM3 B3aMMOACHCTBHUS MEXAY 3aTyXaHHEM B aTMOCQEpPHBIX Ta3ax M TPOMOCHEpPHBIM
MepLaHueM MoTpeboBan Obl MPUMEHEHH TaKUX METOJI0B, KAK MMHUTAIIMOHHOE MOJEIMPOBAHHUE, C YUETOM
MIOTOHBIX AaHHBIX. J{JIs ciydas OIEHKH €TWHUYHBIX MTOMEX B YCIOBHAX SICHOTO HeOa 1o ypaBHeHHIO (14)
XOPOIIYIO0 aMpPOKCUMAIINIO BPEMEHHON N3MEHYMBOCTH MOKHO MOJYYHUTh, TIOJOXKHUB Py = P U NPHUHSB P, =
50, uro naer Ay = 0 (ab). Dta annpokcuManusi OCHOBBIBAETCSI HA TOM, YTO M3MEHYHMBOCTH MOTEPh U3-3a
MEpIIAaHUS UMEET HYJIEBYIO MEIUaHY.
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W3meHunBOCTH TpoOmocEepHOT0 MEpUAHHs TPOSBISIETCS Ha HHTEpBaJaX MOPsAKAa CEKyH[, TOTAa Kak
3aTyxaHue B aTMOC(EpHbIX ra3zax MEHSETCS Ha MHTepBajax Hopsaka dacoB u Oosee. Eciu atu ObicTpble
W3MEHEHUS 3HA4YMMBl I NPUEMHMKA, MOJBEPraroLIerocss BO3ACHCTBUIO NOMEX, P, CIEOyeT YCTaHOBHTH
paBHBEIM TpebyemMoMy MpoleHTy BpeMeHH (< 1%), B TeueHre KOTOPOTro He JOJDKHO MPEBBIATHCS 3HAUCHHE

p2 U3 As(p2).

5 MeTtoabl aHaIM3a IOMeX 0T HECKOJbKHUX HCTOUYHUKOB

Ectb ABa BUAa MOAXOA0B K aHAaJIM3y NMOMEX OT HCCKOJIbKMX NCTOYHUKOB!
- SKCIICPUMEHTAJIBHBIC,

— TCOPETUYCCKUC.

OKCIEepUMEHTAILHBIE TIOMXOMBI OCHOBBEIBAIOTCS Ha JaHHBIX HW3MEPCHHUH, KOTOpPHIE MOXKET OBITh
3aTPYOHUTETHHO WM AK€ HEBO3MOXKHO TOJYYHTH JJISi pa3BepHYTOW KocMmudecKoi ctanmuu. [loatomy B
HacTosmell PekoMeHmanuu 0O0CYXIaloTCsd TCOPETHYSCKUE IMOAXOJbI K PACCMOTPEHUIO CHEIM(DUUSCKUX
MEXaHU3MOB PACIPOCTPAHECHHUSI ITOMEX OT HECKOJIBKUX HCTOYHUKOB.

MO>HO BBIAEIHUTH BA TUIIA METOJOB PACCMOTPEHHS TAKMX MEXaHU3MOB:
- MMUTaUMOHHOE MoAenupoBanue MetogomM Monte-Kapio;

- AHAJIUTUYCCKHUEC MCTOBI.

N BTeX uB ApYyrux ME€ToJax MOIIHOCTH IOMEX OT HCCKOJIBKMX UCTOYHUKOB IA paccMaTpruBacTCA KaKk CyMMa
MOIIHOCTEH 1oMeX I;'S OT OTAENBHBIX HCTOYHUKOB:

Iy = Xil;, (16)

rae CYMMI/IpOBaHI/Ie HpOI/I3BOI[I/ITC$1 II0 BCEM HMCTOYHHUKaAM IIOMECX, BHUJIWMBIM JJId HoaBepra}omeroc;I
BO3JICHCTBHIO TOMeX npuemHuKka. OmpeneneHue o00JacCTH CYMMHPOBAaHHUSI 3aBUCHT OT CIEHApHs
COCYLIECTBOBAaHUSI U BBIXOJIUT 3a paMKU HacTosed Pexomenmanuu. MouiHocTh moMexu I; OT KaXIOro
HNCTOYHHKA MOXXHO 3aIlMcaTh B BUJIC

I; = X; g(dy). (17)

X; — ciyvaifHasi mepeMeHHasi, IPUHUMAIOLIAsl IOJIOKUTEIbHbIC 3HAYEHUs], KOTOPYIO MOXHO CMOJEITUPOBAThH
KaK IMPOM3BEIECHHE ACTCPMUHUPOBAHHBIX BEJIMYMH M PA3IMUYHBIX CIyYailHbIX MEPEMEHHBIX, OTPAKAIOIINX
Takue MapaMeTphl, KaKk MOIIHOCTh Nepenadn, Kod(Q(GUIMEHT YCUICHUS aHTEHHBI B ocliablieHne B KaHaje ¢
y4eTOM BcexX (aKTOpOB, ONKCHIBAEMBIX B ypaBHeHHH (14), B JHMHEHHBIX eIMHHUIAX U C J00aBICHUEM
ocialyieHHs] B OcCaJlKax, €CJIM TakoBoe HMMeercs. HekoTopble M3 3THX CilydyallHBIX MEPEMEHHBIX MOTYT
KoppenupoBath Japyr ¢ npyrom. ®yaknms g(d;) mpeacrasisieT MOTEPH MPH PACIPOCTPAHEHHH, KOTOpBIE
3aBUCSAT OT PACCTOSIHMSI U OT paclpeliesieHHsi OTIENbHBIX H3IydaTenel/IPUeMHHUKOB, I0JIBEPrarOIUXCs
BO3ECHCTBHIO ITOMEX.

5.1 HNmutannonHnoe MoaeaupoBanue MmetonoM Monrte-KapJio

Metoxn Monte-Kapno ocHoBaH Ha BeIYMCIeHUN ypaBHeHUS (17) U1 KaX 100 HICTOYHHUKA IOMEX/TIPUEMHHKA,
[TO/IBEPTaAOLIETOCS BO3JECHCTBUIO IMOMEX, C MOCIEAYIOUMM CYMMHPOBAHHEM DPE3YJIbTATOB IS MOJIYyYEHUS
MOIIIHOCTH TIOMEX OT HECKOJBKHX HCTOYHHUKOB COTJacHO ypaBHEHHIO (16). UToOBI MOMydnTh MOIIHOCTH
ITIOMEX OT HECKOJBKHUX MCTOYHHUKOB, HEOOXOAMMO ONPEAETUTHh MOTEPH MPH PACIPOCTPAHEHUH OT KaKIOTO
HMCTOYHHMKA MIOMEX JI0 TPUEMHUKA, TOABEPTAIOILErocs BO3ACHCTBUIO IOMEX. DTH MOTEPH 3aBUCAT OT YCIOBHH
pa3BepThIBaHUs, 0COOCHHOCTEH pesibedha MECTHOCTH U aTMOC(EPHBIX YCIOBHH.

Ypasuenue (16), HeCMOTps Ha €ro MPOCTOTY, MOXKET OBITh 3aTPYAHHUTEIHHO NPHUMEHHUTH IS pacyeTa
MOIITHOCTH NIOMEX OT HECKOJIbKUX MCTOYHUKOB, OCKOJBKY MCTOYHUKOB MOMEX MOXET ObITh OYeHb MHOTO,
MOIIHOCTh MX H3JIyYeHHUs B HANpaBICHUHM NPUEMHHKA B HEKOTOPBHIX CIIyyasX MOXKET ObITh HEHW3BECTHA,
a TIOTepY TIPH PacHpOCTpaHEHWH B ypaBHEHHHU (17) 3aBUCAT OT yCIOBHIH pa3BepPTHIBAHUS, 0COOEHHOCTEH
penbeda u atMoc(hepHBIX YCIOBHH.
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5.2 AHaJIUTHYEeCKHE METO/AbI

B kadectBe anmpokcumManuu wmeroga MouHTe-Kapio MOXHO HCMONAB30BaTh TOT WM HWHOW METO.
CTAaTHCTUYECKOTO aHaNW3a, HampuMep AaHAJUTHYECKHH METOJ] Ha OCHOBE TOJYWHBAPHAHTOB. OTOT
AQHAJIMTUYCCKUN METO/T AT yPaBHEHUsSI B 3aMKHYTOH (hopMe JJIs1 MaTEMaTHYSCKOTO OXKHJIAHUS ¥ TUCIICPCUU
MOIITHOCTH TTOMEX OT M3BECTHOTO KOHEYHOTO pacipeeNieH s H3TydaTenell/mprueMHuKoB. ClielyeT OTMETHTb,
YTO pacupenelieHue W3MydaTeNeil/IpueMHUKOB 3aBHCHT OT KOHKPETHBIX CIIEHApWEB pPa3BepTHIBAHUS
HMCTOYHUKOB ITOMEX/TPUEMHUKOB, KOTOPBbIC HEOOXOIMMO YYUTHIBAThH, HO HE BCETAa JIETKO (HOpMajbHO
OIINCATh.

IIpuiaaraemslii 1okyMeHT A
K [Ipuioxenuro 1

I'eomeTpusi npsiMoIMHEITHOM TPacchl 3eMJIsI-KOCMOC

Crenyroniuii MomaroBbeIii METO]] IO3BOJISIET PACCUUTATh PACCTOSHHIE IO KOCMHYECKOH CTaHIINH, €€ YTOJl MeCTa
W a3UMYTallbHOE HaTpaBJICHIEe, HAOII0IaeMbIe CO CTAHITUK 3€MHOTO 0a3upoBaHus. B MeTose npeamnonaraercs,
yTo (hopma 3emiid cepuueckas, U HUTHOPUPYETCS BIMSHUE aTMOCHEpHON pedpakiuu. ITO HE BHOCHT
3HAYUTEIBHBIX MTOTPEIIHOCTEH B pacyeT MOTEPh MPH PaCIpPOCTPAaHCHUN B CBOOOHOM MPOCTPAHCTRE MO JUTHHE
TPAaccChl.

Jnst npyrux 1enei paziaudue MEXAY yIJIOM MecTa IPH PaclpOCTPAaHEHWH B CBOOOAHOM IPOCTPAHCTBE U
BUAMMBIM YIJIOM MecTa MOXeT ObITh 3HaunMMbIM. B [lpunaraemom mokymente B mpuBomsiTcs MeTOIbI
peoOpa3oBaHus MEXKIY AByMs 3TUMH yIJIaMHU.

Hcxonuble naHHbIE AJ151 pacyera:
Hs: BbICOTa KOCMMYECKOH CTAaHLIMHU HaJ yPOBHEM MOPS (KM);
Hi: BbIcoTa cTaHIMU 3eMHOTO Oa3UPOBaHUS HAJl YPOBHEM MOPS (KM);
(s IIUPOTA MOJACITYTHUKOBOM TOUKH (HOJb JUISl T€OCTAI[MIOHAPHOTO CIIyTHHUKA);
¢t: MHPOTa CTAHLUUH 3€MHOTI0 0a3UPOBaHMUS;

0! pa3HOCTh TO JOJNTOTE MEXAY IIOJCITyTHUKOBOM TOYKOM W CTaHIMEed 3eMHOr0
0a3upoBaHus (MEHEe MOMYOKPYKHOCTH, KOTOPasi MOJOXKHUTENbHA, €CIM KOCMHYECKAst
CTaHIMS HAXOJUTCS K BOCTOKY OT CTAHIIUU 3€MHOI'0 0a3MpOBaHMS).

llaz I. BblYUCIUTHh pacCTOSAHMUS OT LEHTpa 3e€MJIU [0 KOCMHUYECKOW CTAaHUMU M CTaHLUHUU 3E€MHOIO
0a3upoBaHMs COOTBETCTBEHHO:

R; = R, + H; (xm); (18a)
R, =R, + H; (xm), (18b)

rae:
R, = 6371 kM - cpeJJHUH pasuycC 3eMJIH. (18¢c)

Illaz 2. BBIYUCIHATH IEKAPTOBHI KOOPAMHATHI KOCMUYECKOM CTAHIINH B CHCTEME C HAYaJIOM OCEH KOOPIMHAT
B IIEHTpe 3eMIIH, HanpaBiieHneM ocu Z Kk ceBepy (4ToObl CeBepHBIH MOF0C HAXOAMIICS HA TIOJIOXKUTEILHON
MoJTyocHu Z) ¥ HampaBJIeHHEM OCcH X Ha MEpUIMaH CTaHIIMY 3€MHOTO 0a3MpOBaHUS:

X, = R, cos(ps) cos(6) (xm); (19a)
Y; = R cos(@;) sin(6) (xm); (19b)
Z;y = R sin(@y) (xm). (19¢)
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Ulae 3. TloBepHYTb MOMYYEHHYIO JEKApTOBYIO CUCTEMY KOOPAMHAT BOKPYT ocH Y Tak, 4TOOBI OCh Z MpoILIa
yepe3 CTAaHLUIO 3eMHOro 0a3upoBaHHMs, a 3aTE€M IapajyIeNIbHBIM [IEPEHOCOM COBMECTHTH HA4Yal0 KOOPAHHAT
CO CTaHIMEH 3eMHOT0 0a3MpOBaHUS:

Xy = Xy sin(@¢) — Z; cos(¢y) (km); (20a)
b,=n (kM); (20b)
Z, = Z; sin(@¢) + X7 cos(@y) — R (xm). (20c)

Ulae 4. BblMUCINTL PacCTOSIHUE TO TPSMOW MEXKIY CTaHIHUEH 3eMHOr0 0a3MpoOBaHUS M KOCMHYECKOH
CTaHLUSIMHU:

Dy = \/Xf +Y,% + 7,° (k™). (21)

llaz 5. Beraucnnts qmHY npoeknnu otpeska Dy Ha umockocts XY

Ges = /Xzz + 7,2 (xM). (22)

Ulae 6. BBMUCINTH Yroi MECTa MPSIMOM, COSIUHSIONICH CTAHIUIO 3éMHOTO 0a3MpOBaHHS ¢ KOCMHYECKON
CTaHUUEN:

0o = atan2(Gs, Z5) (yroJ HaJi TOPH30HTAIIBIO), (23)

rae GyHkous atan2(X, Y) BO3BpallaeT apKTaHTeHC OTHOIICHMs X/y i Jr000ro KBajpaHTa IOJHOM
OKPYKHOCTH.

Llaz 7. TlepBOoHAYaIbHO BEIYMCIUTD a3UMYTAJIBHOE HAMIPABICHUE IPSIMOM, COCAUHSIOLIEH CTAHLIUIO 36MHOTO
0a3upoBaHMsI C KOCMHUYECKON CTaHIMEH, OTHOCUTENFHO HCTUHHOTO ora:

v = atan2(X,, Y>). (24)

Llaz 8. TlpuHATh Teneppb HaNpaBJICHUE \y HA BOCTOK C UCTUHHOTO CEBEPA, BBIUTS €r0 U3 MOIYOKPYKHOCTH.
B 3aBucumoctn oT peanmzaiuu (YHKIMH atan2 MOXET BO3HUKHYTh HEOOXOJUMOCTh B IPHBEICHUU
a3UMYyTaJIbHOTO HampaieHus K nquama3oHy 0°—-360°. Ecim yron Mecta cOOTBETCTBYET BEpTHKAILHOU Tpacce,
a3UMyTaJbHOE HalpaBJIeHUE HE OMPEEIICHO.

VYpaBuenwue (23) maeT yrona Mecrta Jiyda CTAHI[MM 3€MHOTO OasupoBaHMs 0o, KOTOpBIA OBl MMET MECTO B
OTCYTCTBHE TporochepHOil pedpaKkinu; 3TOT YroJl HHOTAA Ha3bIBAETCS YIIIOM MECTa IPU PaclpoCTPaHEHUH
B CBOOOTHOM MPOCTpaHCTBe. BUauMbIii yron Mecta 6 MOXHO paccuuTath 10 0o, MOIb3ysAch ypaBHeHHEM (25)
n3 [Ipunaraemoro nokymenra B.

IIpuaaraemslii JokymeHT B
K [Ipuioxkenuro 1

IIpeoOpa3oBanue Me:xk1y BUAMMBIM YIJIOM MeCTa M YIJIOM MeCTa
MPH PACPOCTPAHEHNH B CBOOOHOM MPOCTPAHCTBE

IlpuBeneHHBIE HWKE BBIPOKEHHS ITO3BOJISIOT  OCYIIECTBIATH MpeoOpa3oBaHWEe MEKAY  IBYMS
HHTEPIPETAIUAMHE yIa MeCTa KOCMHYECKOW CTaHIMH, HaOJI0JaeMOr0 CO CTOPOHBI CTAHIIMH 3E€MHOTO
0asupoBaHUs:

i) YVeon Mecma npu pacnpocmparerHuu 8 c60000HoM npocmpancmee By — yroi Mecrta, OnpeeseHHbIN
0e3 yueta aTMocepHOl pedparun;

i) BUOUMDILLL, UTU GaKmMuYecKull yeoal Mecma — Yyroj MeCcTa, ONpee/ICHHbIH ¢ y4eTOM aTMOC(EepHOit
pedpakiyn. ITO ONTUMAIBHBIN YTOJI MECTa JIJIsl aHTEHHBI CTAHITUH 3¢€MHOT0 0a3UPOBaHUS C BRICOKHM
KOA(PGUITUEHTOM YCUIICHUS, IPETHA3HAYCHHOH JIJIS CBSI3U ¢ KOCMUYECKOH CTaHIUEH.
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U3-3a atmocdepHoli pedpakiuu yron 6 Oonbiue 0y npu HOPMANIbHBIX aTMOC(EPHBIX ycloBHsX. PasHuia
YBEITMYHUBACTCS ITPH MAJIBIX 3HAYCHHAX yTJIa MECTa.

Ecnu uzBecten 0o, O 3amaeTcst ypaBHeHUEM:

0= 00+ Tfs (rpamycsl), (25)
rae 6y JaH B rpaaycax, a Trg — U3MEHEHHE yIJla MecTa, 00ycnoBiIeHHOe aTMOChepHON pedpakumeii. s
CTAaHIIMK 3EMHOTO 0a3MpOBaHMs, PACTONOKEHHOW Ha BhIcOTE Hi <3 kM, mpu —1° <00 <10° 175 MOKHO

paccumuTaTh Kak:
1

S = T T e HE T e (rpamycer), (26)
rue:
Trs1 = 1,728 +0,54118, + 0,037238,%; (26a)
Tfsp = 0,1815+ 0,06272 6, + 0,013800,7; (26b)
Trs3 = 0,01727 + 0,0082880,,. (26¢)
Ecnu uzBecren 0, 0o 3amaeTcst ypaBHEHHEM:
Bp=06-—-1 (rpamychr), (27)
I T MOYKHO PacCUUTaTh aHAJOTUYHBIM 00pa3oM:
T= m (rpamycsi), (28)
rue:
T, = 1,314 + 0,64376 + 0,0286967; (28a)
T, = 0,2305 + 0,094286 + 0,01096 6?; (28b)
T; = 0,008583. (28c)

Ipuaaraemslii 1okyment C
K [Ipuioxkenuro 1

3aTtyxaHue B aTMoc(epHBbIX razax

C.l1 BBenenne

B nacrosmiem IpuaaracMoM JTOKyMEHTE MPUBOIUTCS MPOILEAYpa OLEHKH 3aTyXaHus B aTMOC(EpHBIX ra3ax
Ha Tpacce 3eMJIS-KOCMOC C YYETOM 4YacTOThI, HMPUIOBEPXHOCTHON IUIOTHOCTH BOJSHOTO Iapa, BHICOTHI
CTaHIIMY, BBICOTHI 3€MHOW TMOBEPXHOCTH HAJ] YPOBHEM MOpPS W YIJla MECTa TPacChl Ha CTOPOHE CTAHIIUU
3eMHOro OasupoBanus. [IoroHHoe 3aTyxaHHWe pacCUMThIBacTCS corjacHo Pexomenmaiuu MCDO-R P.676
METOJIOM CYMMHPOBAHHS CIICKTPAJIBHBIX JIUHUM. DTO 3aTyXaHHE CYMMHUPYETCS 0 CJI0SIM aTMochepbl UCXOIs
13 00IIero MpUHIHKIA, MPpUMeHseMoro B Pekomenganmn MC3-R P.676, u JOMIONTHUTENILHOTO MaTeprana u3
Pexomenmanuit MCD-R P.453 u MCD-R P.835, u 0o6o01aercs Ha oTpuIlaTeIbHbIC 3HAYCHUS yIja MecTa,
KOTOpBIE MOTYT BCTPEYATHCSA B HEKOTOPBIX CUTYAIUSIX, OCOOCHHO Ha XOJMHCTOM MECTHOCTH, €CJIM CTaHIIUS
3eMHOT0 0a3MPOBaHUS PACIIOIOKEHA JIOCTATOYHO BBICOKO HaJl yDOBHEM MOPSI.

Ota npolieypa NIpuMeHUMa Opu BeICOTe cTaHuuu 10 10 kM Hax ypoBHEM Mopst v Ha yactoTax a0 1000 ['T.

Bepxuuii ypoBeHb mpuMeHsieMoro Meroja onucsiBaercs B myHkTe C.2. B mynkrax C.3—C.6 gaercs onucanue
OTACNBHBIX MPOLELYp, KOTOpbIE BBI3BIBAIOTCS IO Mepe HEOOXOAMMOCTH M3 NPEABIIYIINX MYHKTOB
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Hactosmero Ilpunaraemoro mokymenta. [lyakrer C.2—C.5 npencraBiieHbl B (hopMe MOMIATOBBIX MPOIEAYP
C HyMepalueH maroB B KaKJ0M ciydae ot 1.

Cz2 3aryxanne B aTMocgepHBIX ra3ax Ha Tpacce 3eMJIs-KOCMOC
HcxonHble TaHHBIC IS pacyeTa:
H,: BbICOTa CTaHIIMM 3¢MHOTO 0a3MpOBaHUS HaJ YPOBHEM MODS (KM);

Hg i BBICOTA 3¢MHOM MOBEPXHOCTH HajJ YPOBHEM MOPS B MECTE PACHONOKECHHUS CTaHIUHU
3eMHOT0 0a3upoBaHUA (KM);

0: BHUAMMBI Yroa MEcTa Jiyda CTAaHIIMK 3€MHOTO 0a3upoBaHus (Tpamychl);
Po ¢ TPHUIOBEPXHOCTHAS IUIOTHOCTh BOJSHOTO Tapa (r/m3);
f + gacrora (ITm).
Towazosas npoyedypa

Ulae 1. TlpucBouTh HaYATBHOE 3HAYCHUE TTEPEMEHHON-HAKOIUTEIO, COJIepKallel 3HaUeHHEe 3aTyXaHusl:

Agec =0 (nB). (29)

Lllaz 2. TlpucBonTh HaYaNBHOE 3HAYCHHE ITIEPEMEHHOM, COJIEpIKaIIel BEICOTY JIyda Ha/l ypOBHEM MOPS:
h = H; (xm). (30)
Ulae 3. TlpucBouTh HaYATBHOE 3HAYCHUE TIEPEMEHHOM, COIepIKaIIe YroJl OTKIOHEHHUS JIyda OT BEPTUKANH:
B = (90— 16]) - (panuan). (31)

31ech yron Bblpaxkaercs B panuaHax. OH HCNONB3YyeTCsl TONBKO NMPH BBIYMCICHUM TPUTOHOMETPUUYECKHUX
({yHKLUH, ¥ TOATOMY JOJKEH OBITh BBIPAXKEH B €AMHUIIAX, TOAXOISIIUX U IPUMEHIEMOH peaan3aluy 3THX
¢byHKuuil. B cBS3u ¢ 3TUM B OCTIELYIOMINX CCBUIKAX Ha 3TOT YroJl €AUHULIBI N3MEPEHHS HE YKa3bIBAIOTCSL.

Illaz 4. BeIYUCIHUTH IIOTHOCTH BOASHBIX TTAPOB, IPUBEACHHYIO K YPOBHIO MOPS:

Ps = Po €XP (%) (r/v%). (32)

lllac5. Ecniu 6 <0, ucnosib3oBath Hpoleaypy, npuBeiacHHyo B myHkTe C.3, HIKe, B3sIB 32 HCXO/HBIC
JaHHbIe TeKyme 3HadeHus N, B, ps, f 1 Aacc, B IPOTHBHOM citydae nepeiTu K mary 6. CiieryeT OTMETUTb, YTO
ypaBHeHue (31) maet HonoXKUTENbHOE 3HaYeHUE 3 Jaxke IPH OTpHULIATETILHOM 6.

[Ipu BBIUKCIEHHU MO Tpoueaype u3 myHkra C.3 mepemeHHBIM h, B U Aacc MOTYT NPHCBAaWBATHCS HOBBIC
3HAYECHMUS.

Ulae 6. Vicnonb3oBaTh MpoNeaypy, NpuBeAeHHY0 B yHKTe C.4, HUXE, B3SB 32 UCXOJIHBIE TAHHBIC TEKYIIHE
snaueHus N, B, ps, f 1 Aace. Tlpu BeramciieHnu 1o nporeaype u3 nynkra C.4 nepeMeHHOM Aacc TPUCBAMBACTCS
HOBOE 3HAYCHUE.

Ulae 7. 3anucaTh B BBIXOAHYIO IEPEMEHHYIO Pe3YJIbTUPYIOIEE 3HAUCHUE 3aTyXaH!s B aTMOC(HEPHBIX ra3ax:

Ag = Agcc (ub). (33)

C.3 TpaeKkTopusi HUCXOAAIIEr0 Jy4a HA CTOPOHE CTAHIMHU 36MHOI0 0a3UpPOBaAHUA

Pacuer mpousBoauTCA TOMBKO MPHU BBI30BE MPOIEAYpPHl M3 Iara 5 Meroaa, mpuBelAeHHOro B myHKTe C.2,
BbIIIIEe. BXOAHbBIE TaHHBIE — TEKYIIME 3HAYEHUS CIEAYIOUINX IEPEMEHHBIX HA MOMEHT BBI30BA!

h: BeIicoTa Tyya Haa ypoBHEM MOPS (KM);

B: yrom OTKJIOHEHHS Jyda OT MECTHOW BEPTHKAJIH;

Ps: IIPUNOBEPXHOCTHAS IJIOTHOCTh BOASHOTO Mapa, IIPUBEACHHAs K YPOBHIO Mops (1/M°);
f: uacrora (I'T);

Aacc© HAKOIUICHHOE 3HaUYeHHE 3aTyxaHus (ab).
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IIlaz1. C moMompio MpOIEAyphl, mpuBeAeHHo B myHkre C.5, HmKe, ¢ BXOTHBIMH MaHHBIMH h, ps u f
MIPUCBOUTH 3HAYCHUS CICTYIOIIUM IIEPEMEHHBIM:

temneparypa (K);
JaBJIeHne cyxoro Bo3ayxa (rlla);

napuuagbHoe JaBieHue BoAsHoro mapa (rlla);

S5 MDd T e~+

WHIEKC pehpaKkIinmg;
Y ! TIOTOHHOE 3aTyXxaHue B aTMoc(epHBIX razax (ab/km).
Illaz 2. BpHUCINTH BEPTUKAIBHYIO TOJIIIHHY aTMOC(HEPHOTO CIIOS:
8§ =0,0001 + 0,01max(h, 0) (xm). (34)

Illac 3. TlpucBouTh HavajJbHOE 3HAUCHWE TIEPEMEHHOH, COJAEpXKalled paauyc HIKHEH KpPOMKH
aTMOC(EpHOTro CIos:

r=R,+h—-95 (xm), (35)
rae R, — uCTUHHBIN pannyc 3emiu, paBHbIA 6371 kM.
HAYAJIO LJUKJIA IEPEEOPA ATMOC®EPHBIX C/IOEB

Ulae 4. YtoObl pOBEPUTH, CTAHOBUTCS JH YTOJl MECTa MOJOKUTEIBHBIM B TEKYIIEM aTMOC(QEPHOM CIIOE,
BBIYUCITUTH 3a30p M (KM), C KOTOPBIM TEKYIIUH NPSIMOIMHEHHBIN OTPE30K JTy4a OyJeT MPOXOANTh HaJl HIKHEH
ICPAHMLIEH CII0sL:

m=(r+968)sin(B) —r (xm). (36)

Illlaz5. Ecnu m >0, yron MecTa jay4a B TEKyIIeM aTMOC(HEPHOM CJI0€ IOCTHUT HYJIEBOTO 3Ha4YeHHs. B 3ToM
cirydae:

i) BBIYMCITUTH TOPU3OHTAIBHBINA MyTh d (KM) BHYTPH CIIOS:
dp = 2,/2r(8 —m) + 82 — m? (kM); (37)
i) NPUPACTUTh HAKOIJIGHHOE 3HAUCHUE 3aTyXaHHS:
Agee = Agec + dny (1b); (38)
iii) 3aBEPILUTH BBIYMCIICHUE [yl HUCXOMASIIEro JIydya U IPOJODKUTh, HaunHas ¢ mara 6 myHkra C.2, ¢

TEeKyIUMHU 3HaYeHUAMHE N, B 11 Agce. CrieTyeT OTMETHTS, UTO €ciir M > O B TepBOM aTMOCHEPHOM CItoe
HUCXOJISIIETO Jy4ya, 3HaYeHue 3 He u3MeHuTcs. HecMoTps Ha 9To, ero 3HaueHue OyAeT BEPHBIM 110
BO3BpalllcHUH Ha 11ar 6 u3 nyHkra C.2.

B mporuBHOM citydae, ecnmu M < 0 u JIy4 TPOXOIUT B CIEAYIOIMIUHN JIeKAIU HUKE aTMOC(EpHBIN CIO,
MIPOI0JLKATE C 11ara 6.

Illaz 6. Bpr4uciauTh HAaKJIOHHBIA MyTh B aTMOC(HEPHOM CJI0€:

ds = (r + 8) cos(B) — /(r + 8)2cos2(B) — (218 + 62) (kM). (39)
lar 7. HpI/IpaCTI/ITL HAKOIUICHHOC 3HAYCHUC 3aTyXaHUA:
Agce = Agee T dsy (ab). (40)

Illaz 8. BBIYHCIUTH YTOJI OTKIIOHEHHUS OT BEPTHKAJIM Ha HIKHEH KPOMKE TEKYIIEro aTMOC(HEPHOTO CIIOS:
. [r+6 .
a = arcsin [T sm(B)]. (41)

Lllaz 9. TlpucBouTh 3HAYEHHUE BHICOTHI HAJl YPOBHEM MOPS, COOTBETCTBYIOIIEE CIIEeIyIOIIeMy aTMoc(hepHOMY
CJIOIO:

h=h-2§ (k™). (42)
Llae 10.1lpucBouTh HOBOE 3HAUYEHHE PAJIyCca HIPKHEH KPOMKH aTMOC(HEPHOTO CIIOSL:

r=r—25 (xm). (43)
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IIlaz 11. C mOMOIIBIO TIPOIELYPHI, MPUBEACHHON Hmke B myHkTe C.5, ¢ BXOAHBIMH maHHBIME h, ps u f
MPUCBOMTH HOBBIC 3HAUCHUS {, P, € ¥ ¥, HO He MEHATH TEeKyIllee 3HaUCHHEe UHIeKca pepakiuu N. [IprcBonTtsh
HOBOC 3HAYCHHE WHJICKCA PepaKIvi HOBOH MEPEMEHHOM My oy -

Ulae 12. TlpucBoUTh HOBOE 3HAUYEHHE BEPTUKAILHON TONIMHE aTMOC(HEPHOTO CIIOS
6 =0,0001 + 0,01max(h,0) (xm). (44)

Llae 13.1lpucBONTh HOBOE 3HAYEHHE YTJIa OTKIIOHEHHS OT BEPTHKAIM Ha BEPXHEH KPOMKE aTMOC(HEpHOTO
cIost:

B= arcsin[ - sin(a)]. (45)

Mhew

Illaz 14. IpucBONTH HOBOE 3HAUCHUE MHACKCA pedpaKIIH:
n = Npew- (46)
Illae 15. Tlponomxkate ¢ mara 4, moka BRIYHCICHUE HE 3aBEPIIUTCS Ha Irare 5.

KOHEL] I[MKJIA

CA4 TpaekTopusi BOCXOJSIIETO JIy4Ya HA CTOPOHE 3eMHOH CTAHIMHU

Pacuet nmpon3BoanTCS TONBKO MPU BBI30BE MPOLIEAYPHI U3 I1ara 6 MeTo1a, puBeeHHoe B MyHKTe C.2, BBIIIE.
BxonHble aHHbBIE — TEKYIINE 3HAYECHMS CIEIYIOIINX IEPEMEHHBIX HA MOMEHT BBI30Ba:

h: BeIcoTa Tyya Haa ypoBHEM MOPS (KM);

B: yrom oTKIOHEHUS ITyda OT MECTHOH BEPTHKAIIH;

Ps: TPUIOBEPXHOCTHAS IUIOTHOCTH BOJSTHOTO Mapa, MPUBEACHHAS K YPOBHIO MOPS (r/m%;

f: uacrtora (I'Tn);
Aacc ©  HaKoOIUIEHHOE 3HaueHue 3aTyxanus (ab).

Illae 1. C momomipio mpoleaypbl, npuBeaeHHON B myHkTe C.5, HMKE, ¢ BXOTHBIMU JaHHbIMHU h, ps u f
MIPUCBOUTH 3HAYCHUS CIICTYIOIINM TIEPEMEHHBIM:
temneparypa (K);
JlaBJieHHe Cyxoro Bo3ayxa (rlla);

napIaibHOe JaBJICHHE BosHOTO mapa (rlla);

S5 D T e~

UHJEKC peppaKiuy;
Y. TIOTOHHOE 3aTyXaHue B aTMoc(epHBbIX razax (ab/km).
Illaz 2. BprHCIUTH BEPTUKAIBHYIO TOJIIUHY aTMOC(HEPHOTO CIIOS:
8 =0,0001 + 0,01max(h, 0) (xm). (47)

lllaz 3. TlpucBouTh HayallbHOE 3HA4YCHHWE TIEPEMEHHOW, CcoAepKameil paanyc HWKHEW KPOMKH
aTMOC(EpHOro cIos:

r=R,+h (xm), (48)
rae Re — ucTuHHBIN pagnyc 3emiu, paBHbBIA 6371 kM.
HAYAJIO LIUKJIA IEPEEOPA ATMOC®EPHbBIX CJIOEB

Illaz 4. BpruciauTh HAKJIOHHBIA TyTh B aTMOC(HEPHOM CII0€:

ds = \/r2cos2(B) + 218 + 82 — r cos(B) (xm). (49)

Hlae 5. TlpupacTUTh HAKOTUIEHHOE 3HAUYEHNE 3aTyXaHH:
Agee = Agec +dsy (1b). (50)

lac 6. TlpucBoWTh HOBOE 3HAYEHHE YIila OTKJIOHEHHS OT BEPTHKAIM Ha BEpXHEH KPOMKE TEKYIIEero
aTMoc(hepHOTO CIIOs:
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a = arcsin [# sin(B)]. (51)

Illaz 7. TlpucBOWTh 3HAYCHUE BHICOTHI HAJl YPOBHEM MOPS, COOTBETCTBYIOIICE CICIYIOIIEMy aTMochepHOMY
CJIOIO:

h=h+6 (xkMm). (52)
Illac 8. Ecmu h > 100, BepHyThCs Bhiiie Ha mar 7 myakra C.2. B mpoTHBHOM citydae MpoI0JIKUTh ¢ miara 9.
Ulae 9. TlpucBouTh HOBOE 3HAUEHHE PAJyca HIKHEH KPOMKH aTMOC(HEPHOTO CIIOS:

r=r+3§6 (xkMm). (53)

Ilaz 10.C moMompio MpoILeaAypsl, MpuBeAeHHOH B myHKTe C.5, HMKE, C BXOAHBIMH JaHHBIMH N, ps u f
MIPUCBOUTH HOBBIC 3HAUeHUA t, P, € U ¥, HO HE MEHATH TeKylllee 3HaueHne nuaekca pedpaxmuu N. [pucouts
HOBOE 3HaYCHUE MHCKCA pePaKLIMU HOBOH MEPEMEHHOM Ny ey -

Llae 11. TlprcBonTh HOBOE 3HAYEHHE YTJIa OTKIIOHEHHS OT BEPTHUKAIM HA BEpXHEH KPOMKE aTMOC(epHOro
cIost:

B = arcsin [ﬁ sin(a)]. (54)
Lllae 12. TlpucBonTh HOBOE 3HAYEHHUE WHACKCA PePaKIIHN:
n = Npew- (55)
Illae 13. Tlpogomxkars ¢ mara 4, moka BRIYHCICHHE HE 3aBEPLINTCS Ha Iare 8.
KOHEL] I[HKJIA
C5 ATMocdepHble mapaMeTpsbl

Ota npoueaypa BbI3bIBacTCs TOMBKO U3 mara 11 npouenypsl, npuBeaeHHoi B myHkTe C.3, BbIe, vy mara 10
MpoLeaypsl, IpuBeneHHOH B myHKkTe C.4. BXo/HbIe TaHHBIE — TEKYIIME 3HAUEHUS CIEAYIOIUX TePEMEHHbIX
Ha MOMEHT BBI30Ba:

h: BeICOTa Ty4ya HaIl YpOBHEM MOPS (KM);
Ps .  TPUIIOBEPXHOCTHAS IUIOTHOCTH BOASHOIO Tapa, IPUBEIEHHAs K YPOBHIO Mops (r/m3);

f: gacrora (I'Tm).

Ulae 1. C nomowpto (yHKUWH, ompeneneHHbIX B myHKTe C.6, HIKe, MOJIy4dTh 3HAYCHUS TEMIIEPaTyphl
Y MapIHaIbHOrO JaBJICHUS CYXOro BO3/lyXa Ha BeICOTe N B crangapTHOU atMocdepe:

t= Tref (h) (K), (568.)
P = Pres(h) (rIa). (56b)
Ilaz 2. BBIMHCITHTH IIOTHOCTH BOJSHOTO Mapa Ha BicoTe h:
~h
p = psexp (7) (t/™d). (57)

Ilaz 3. BuIYKCINTE napuuajibHOC NABJICHHUEC BOAAHOIO I1Iapa Ha BBICOTC h:

_ _pt
€= (rITa). (58)
Illaz 4. Beraucauth uHaeKC pedpakiiu N Ha BeicoTe N:
_ _6[77.6 e
n=1+10"°[22(p +e+4810%)]. (59)

lllaz5. C moMmomipio MeToJla CYMMHPOBAHHS CIIEKTPATBHBIX JUHUH, HW3JIOKEHHOTO B Pexomenmanum
MC3-R P.676, BeIMHCINTD IOTOHHOE 3aTyXaHUE B aTMOC(EPHBIX Ta3ax y (1b/km).
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C.6 CrangaptHas atMocdepa

Omnpenenennple 3/ech (QYHKIWUU I BBIYUCICHHUS TEMIIEPATyphl M JABJICHUS Ha 3aJJaHHON BBICOTE HAJ
ypoBHEM MOps ocHOBaHbl Ha mpuHsATOW B CoemmHeHHbix l[lltatax crammaptHOit atmocdepe (1976 ron),
Kak yka3aHo B Pexomennarmu MCD-R P.835.

KoncrauTsl, He0OX0OAUMBIE I BEIUHCICHMH, nansl B Tabaume C.1.

TABJIMIIA C.1
KoHcTaHTBI 1015 CyX0#i cTaHAAPTHOH aTMocdephl
HWupexc cTrpokun BeicoTa I'pagnent Temnepatypsi Li Temneparypa Ti JaBaenne Pi
i HaJl YpOBHEM (K/xm) (K) (rla)
Mmops Hi
(xem)
0 0 —6,5 288,15 1013,25
1 11 0,0 216,65 226,323
2 20 1,0 216,65 54,750
3 32 2,8 228,65 8,680
4 47 0,0 270,65 1,109
5 51 -2,8 270,65 0,669
6 71 -2,0 214,65 0,040

Oyukuun Trer(h) 1 Prop(h), Bo3Bpamaromue 3Hauenus TeMneparypsl Trpp (K), 1 mapuuansHoro naBneHus
CYXOro Bo3ayxa Pper (rlla), onpenensor cueayonmm 00pazom.

Haxomst naubosnbliiee 3HaYeHUe WHAEKca | B mepBoM ctosdne tabmuinl C.1, aast kotoporo 3xadenue Hi,
MPUBEICHHOE BO BTOPOM CTOJIOIE, yaoBiaeTBopsieT ycnosuto H; < h. Eciau h < 0, uHaekc i yctaHaBIuBaOT
PaBHBIM HYJIIO.

Toraa Temneparypa Ha BeicoTe h 3aaeTcs ypaBHEHHEM:
Tref(h) = T; + Li(h — H;) (K), (60)

a MapuraJIbHOC AaBJICHUC CYXOI'0O BO3yXa Ha BbICOTC h— YPaBHCHHUEM:

34,163

p; [L b eciuL; #0
Pref (h) = TitLi(h=Ho) (rTTa), (61)
P.ex [—34-,63(h—Hi)]
iexp |——— B IPYTHX Cyyasx

rae H;, L;, T; u P; 6epyT U3 COOTBETCTBYIOIINX CTPOK Tabmumbl C.1 Mo uHaeKCy i.

IIpuaaraemslii fokyment D
K [Ipuioxenuro 1

TponocdepHoe mepuanue

D.1 BBenenune

TpomnocdepHoe MepiiaHue BEI3BIBacTCS TYPOYJISHTHOCTBIO, KOTOPAs, KaK MPaBIII0, ObIBACT HANOOJIEE CHITLHOU
B TOM aTMOC(hEPHOM clIoe, e 00pa3yroTcs 00j1aKa, ¥ OKa3bIBaeT HAaUOOJIbIIIEE BIMAHUE HAa HHIEKC pedpaKkiuy
B HWOKHHX CJIOSIX aTMOC(EPBHI.

MCTO,I[I/IKa pacueTta, NMpuBCACHHAA B HACTOMALICM HpI/IHaFaeMOM JAOKYMCHTC, NPpUMCHUMA I OﬂHHOqHOﬁ
TpacCbl MEXAY OJHHUM IMNCPEAATYUKOM W OAHUM IIPHUCMHHUKOM. MexaHu3Mm MEpHaHUA CBs3aH HE C
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MOTJIONICHUEM JHEPIUH PaaUOBOJHBEI, a JHIIb C e¢ MepepacrlpeseieHueM npu  (HOKYCHPOBKE U
pacokycupoBKe, B pe3ylibTare 4Yero oOpa3yeTcs HEKOTOpOE paclpelielicHHe MPOCTPAHCTBEHHBIX U
BPEMEHHBIX 3aMUPAHUIA U YCHIICHUSI.

WHTEHCHBHOCTh MEpIIAHHUs CHHIKAETCSA TMPOCTPAHCTBEHHBIM YyCpeIHECHHEM Ha aHTeHHe, 3(PQeKTHBHASL
arnepTypa KOTOPOW BENIMKA MO0 CPABHEHUIO ¢ XapaKTEPHBIM MacimTaboM MPOCTPAHCTBEHHONW M3MEHYHBOCTH.
ToYHO TaK ke eclii Ha TPUEMHUK, TOABEPTAIONINNCS BO3ICHCTBUIO TOMEX, MOCTYMAET HECKOJIBKO CUTHAIIOB
CXOJIHOTO YPOBHS, TO 3aMHUPAHUsI M YCHJICHHE, OOYCIIOBICHHBIC MEPIIaHUEeM, OYIyT B3aMMOYHHUYTOXATHCS,
U TOTJ1a JAHHBIM MEXaHU3MOM MOKHO TIpEeHEeOpEeYb.

[IpuBeneHHas 31€Ch METOIMKA TIO3BOJISIET OIIPEIEUTh YPOBEHB 00YCIIOBICHHOTO MepIianueM ycrieHus (ab),
MPEBBIIIAEMBIN B TEUEHHE 3aJaHHOTO ITPOLIEHTa BPEMEHHU, 3a KOTOpbIi yecpennsercs N, ... Moziens ocHoBaHa
Ha pe3ynbTarax u3Mepenuit, momydeHusix npu 0,01% < p < 100-0,01%, HO HaeT peaTuCTUYHbIC PEe3yIbTaThl
mpu 0,001% < p < 100-0,001%. Onenka npuHUMAET OTPHIIATENIbHBIC 3HaYeHUs TIpH P > 50%, 4TO yKa3biBaeT
Ha 3aMUpPaHus, 00yCIOBIEHHBIE MEPIIAHIEM, BMECTO YCHIICHUS.

D.2 HNHTEeHCUBHOCTH MepUaHMii

HHTEeHCUBHOCTh MEpIaHMH G PACCUUTHIBAIOT 1O METONYy, M3JIO0XKEHHOMY B myHKTe 2.4.1 Pexomennanuu
MCD-R P.618-12. [Ipu HeoOxoauMocTr dPPEKTUBHYIO alepTypy aHTEHHBI CTAHIIMN 36MHOTO 0a3WpOBaHUS
MOKHO BBIYHCIUTH MO €€ KOIQOUIHMEHTY YCWICHHS B HANpaBICHUHM TPACCHl, HCIONB3YsS CIEAyIolee
ypaBHEHHE:

Dess = 0,3+ 10%956a /(1 - f) (M) (62)

D.3 KpaTkocpouHasi ©3MeHYHBOCTH TPONocGepHOro MepiuaHus

IIpn 3agaHHOM WHTEHCUBHOCTM MEpPLUAHUN Oy KPAaTKOCPOYHYIO HM3MEHYMBOCTb YPOBHS CHUTHAJIA
[IPUHUMAEMOI0 AHTEHHOM, MOXHO BBIPA3UTh B BHJIE YCWICHHsS U 3aMHPAHUM, IIPEBBIIIAEMBIX B TEUYECHHE
3aJaHHOro TmpoueHTa BpeMeHU. KoadduuumeHTsl ycuieHus M 3aMHpaHdi, BBIpaKCHHbIE B JenuoOenax,
BBIYHUCIISIOT 110 MIPUBEIACHHBIM HIXE SMIIMPUIECKUM (OpMyIIaM.

Koaddumment ycunenus, npessiiiaeMoro B reuenue p% Bpemenu, riae p < 50, 3agaercst ypaBHEHUEM:
aste(p) = 2,672 — 1,258log(p) — 0,0835[log(p)]? — 0,0597[log(p)]3. (63a)

Koaddumment 3amupanuii, npessiimaemeix B teuenne (g = 100 — p)% Bpemenu, rne p > 50, 3amaercs
yYpaBHEHHEM:

aser(q) = 3,0 — 1,71log(q) + 0,072[log(q)]* — 0,061[log(q)]°. (63b)

Takum oOpaszom, ocnalieHue nu3-3a TporochepHOro MeplaHus, He IpeBbIIaeMoe B TedeHue P% BPEMEHH,
paBHO:

—05taste(P) ecin p <50

O5ta5¢r(100 —p) B APYTUX cyyasx (1B). (64)

Ag(p) = {

Ocnabnenne Ag(p) MpUHUMAET OTpHUIATEbHBIC 3HAYCHUS NpH P < 50, YTO O3HAYACT YCHUIICHHUE YPOBHS
CUTHAJIA.

IIpunaraemslii fokymeHT E
k [Ipunoxenuro 1

IIpocBet Tpaccsl ¢ yuerom armocgepHoii pedppakumuu

B HaCTOsSIIEM HpI/IHaFaeMOM JOKYMCHTC IPUBOAWUTCA METOJA TpPaCCUPOBKH Jiyda CTaHIIUU 3E€MHOIO
0a3upoBaHUsl [T MPOBEPKU HAJMUUS MPEMATCTBUNA HA €ro Tpacce. ITOT METOJ MOXHO HCIOJIb30BATh JIJIs
MOCTPOCHUsT MPOMUIS BBICOTHI Jyda HaJ YPOBHEM MOPSs, KOTOPBI MOXHO 3aTeM CPaBHHUTH C MpoduiieMm
penbeda MECTHOCTH.
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HcxonHble naHHbIe A pacuera:
H;: BBICOTA CTAaHIIMU 3€MHOTO 0a3upOBaHUS HAJl YPOBHEM MOPS (KM);
0: BUIMMBII yroJl MECTa HA CTOPOHE CTAHIMK 3eMHOTO OazupoBaHus, O < 5°.

B I[Ipunaraemom goKyMeHTE A H3JI0’)K€HA METOJIMKA pacieTa yriia MecTa IMpH pacipoCTPpaHEHUH B CBOOOTHOM
mpoctpancTBe 0o. JIyig MOJAydeHUs BHIMMOTO yria Mecta 6 MOXXHO HCIONB30BaTh ypaBHeHHe (25),
npuBencHHoe B [Ipunaraemom mokymente B. Yribl 6o m 6 MOTYyT MpHHUMATH OTpPUIIATENBHBIC 3HAYCHUSI.
Oro onpefensercs penbe(oM MECTHOCTH M HE 0053aTeIbHO O3HAYaeT, YTO Ha TPAcCE €CTh MPEISTCTBUSL
Hcnonb3oBanue 3TOro Merojaa TpeOyeT J0CTyma K TOAPOOHBIM TOMOTrpagHuyYecKHM JaHHBIM, KOTOpBIC,
BO3MOYKHO, IIOHATO0UTCS TIPHOOPECTH.

Meroauka u3 [Ipunaraemoro 1okyMeHTa A mO3BOJISIET TAKKE BEIYUCIUTD a3UMYTaIbHOE HAIPABIICHUE TPACCHI
3eMIII-KOCMOC, YTO MOKET ObITh HEOOXOAMMO JIJISl OCTPOCHUS TTPOGUITS pelibeha MECTHOCTH ITOJT TPACCOU.

[opsimox BRIYHICTIEHHS] BEPTHKAIBHOTO MPOCBETA CIIEAYIOLITHI.

VYCIOBHO NPUHMAMAIOT, YTO JIyd HCIYCKAaeTcsl ¢ yrJIoM Mecta O, M 3aTeM €ro TpPacCHUpPYIOT C YYeTOM
3aBUCHMOCTH BEPTHUKAJIBHOTO IPaJMeHTa MHICKCA pepakii OT BHICOTHI. BBIUMCICHNUS ¢ UCTIOIb30BaHUEM
ypaBHeHuit (69) — (72) mOBTOpSAIOT, Ha KaKAOH HTEPAIMH IIOJydas HOBBIE 3HAYECHUS DPACCTOSHHS 10
TOPU30HTAJIH HaJ KPUBOJIMHEIHON oBepXHOCTHIO 3emiu D¢ (kM) 1 BeICOTHI Ty4a Hy Hax ypoBHEM MOPS (KM)
70 TeX 0P, ITOKa JIyd He JOCTUTHET BBICOTHI, TOCTATOYHOM, YTOOBI MUHOBATh BO3MOXKHBIC MPEISATCTBHA. JTa
METOAMKA MpUMEHNMa MpH 3HaueHusX Hy 1o 10 kM Haj ypoBHEM MODSL.

HpI/ICBOI/ITb Ha4YaJIbHBIC 3HAYCHUA CICAYIOIIUM IICPEMECHHBIM:

H, = H; — BbIcOTa JIy4a HaJ yPOBHEM MOPS (KM); (65)
D, = 0 — paccTosiHHS 110 TOPU30HTAIH HAJ] KPUBOJIMHEHHOW TTOBEPXHOCTHIO 3eMIH (KM); (66)
€ = 0 — yroxn Mecra Jiy4a HaJ JOKaIbHOW TOPU30HTAIIBIO (paIuaHsbl). (67)

3aaTh NpUpaIleHHe PACCTOSHUS 110 TOPU3OHTAIN Hajl KPUBOJMHEHHON TIOBEPXHOCTHIO 3EMITH:
6 =1 (xm). (68)

ITOBTOPATE BBIUMCIIEHHS C HCIOMB30BaHWEM ypaBHeHuit (69) — (72) mis ompemeneHus MoCiaeI0BaTeIbHO
uaymux 3uaderuii De u H;.

HAYAJIO [TUKJIA

Brruucinuts IpUupamcHue yria MeCTa Jiyva:

5, = 8, [Ri — 4,28715 - 10 Sexp (— 2] (pamats), (69)

rae R, = 6371 kM (peanbHblil paguyc 3eMin).
[IpucBOUTL HOBOE 3HAUEHHUE BBHICOTHI JIy4Ya:

H,=H,+ 64¢ (xm). (70)
[TpucBouTs HOBOE 3HAUCHHE YTIIa MECTA JIyda:

e=¢eg+ 6, (panguaHsr). (71)
[IpucBonTh HOBOE 3HAUEHUE PACCTOSHUSI I10 TOPU3OHTAIHN HAJl KPHBOJIHMHEWHOM MOBEPXHOCTHIO 3EMITH:

D. =D, + 64 (xm). (72)

KOHEI] 1JUKJIA

DTOT IMKI ClexyeT MPOAODKAaTh 10 TeX IOp, MOKa BBICOTA JIyda HE CTaHET OOJbIIe BBICOTHI JIHOOOTO
BO3MOXKHOTO HA3eMHOTO TPEMATCTBHUS (10 MakcuManbHOTO 3HaueHHs 10 kM BbIIe ypoBHS Mopsi). Moxer
OBITh YIOOHO XpaHUTh MOCIIE0BaTENBHO HAyIIKe 3HaueHus De u Hy B MaccuBe ¢ 1ByMs cToa0LaMH, KOTOPBIH
MOKHO 3aTeM CpaBHUTH C MpoduiieM penbeda MECTHOCTH M, (aKyIbTaTHBHO, APYTHMX HPESTCTBUH
(Yy4uTBIBas, YTO 3TH BBICOTHI OOBIYHO O003HAYAIOTCS B METPax) B a3UMYTaIIbHOM HAIPaBJICHWUH, OITYYEHHBIM
Ha ware 8 merona u3 [lpunaraemoro gokymeHnra A.
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[Ipu 3HaueHUsAX yria Mecta Oosiee 5° arMocdepHoi pedpakieii MOXKHO MpeHeOpeyb, a BBHICOTY JIyda Ha
paccrostHuH 0 (KM) OT CTaHITUK 36MHOT'0 0a3UPOBAHKS MOYHO MPHHSATH PABHOM:

H, = H, + dtan(6) + 2 (icm). (73)

IIpuiaaraemslii 1okymMeHT F
K [Ipunoxenuro 1

Kpurepnii Heo0XoaAuMOCTH pacyeTa paccesiHUs B 0CaIKaX

B nactosmem [IpunaraeMoM 10KyMEHTE OIUCBHIBAETCS MPOCTOM KPUTEPHH 111 OLIEHKU MPUHATON MOIIIHOCTH,
00yCIIOBIEHHON paccesHHEeM B NOXAE B oOmeM oO0beMe NBYX LWJIMHIPUYECKHX AHTEHHBIX Jyded INpH
WHTEHCUBHOCTHU JOXKISA R} i, MM/Y (BpEMsI HHTETPUPOBaHUs cocTaBisieT | MUHYTY). Pacxoxxaennem jryda npu
yIaJICeHUH OT aHTEHHBI PEHEOPETaloT.

OueHka, MoIy4eHHas M0 ATOX METOAMKE, CMEILEHA B CTOPOHY 3aBBILICHUS IPUHATON PACCESIHHOW MOIIIHOCTH
13-3a IPEHEOPEKEHUS 0CIA0ICHUEM B TOKIE BJOJIb TPACCHl PACCESIHUS, a TAKKE U3-3a IPEAIIONOKEHNUS, YTO
JIOKJIEBBIE KaIlJIU HE MOIJIOIIA0T SHEPIHIO.

Ha pucynke F.1 mokazaHsl 1Ba HUIMHApPA, TPEACTABISIOMINE JIydyl aHTeHH (0003HaueHb! udpamu 1 u 2),
pamuycoM 1; U 1, (M), npuuem 1y < 1y, JmMHON Ly u L, (M) u oobemom V; u V, (M%). Ocu mumunapos
MEPECceKar0TCsl B IICHTPE CXEMbl. YTOJI MEXIY HampaBieHHEM PacIpOCTPAaHEHUS! BXOJSIICH MOIIHOCTH B
OJHOM M3 IMJIMHIPOB U PACCEIHHONW MOILHOCTH, BOCIPUHHUMAEMON MPUEMHHUKOM, — 3TO Yo paccesiHus 0.
OTOoT KpuTepHit cunTaeTcs HaaexHbIM Tipu 10° < 6 < 90°.

He cnenyet npuaaBaTh 3HaU€HNsI OPHEHTALMU IUIIMHIPOB Ha pucyHke F.1 oTHOCHTENnbHO BepTHKany. JIo0oi
W3 HUX MOXKET MPEJCTaBIATh Tyd 3emisi-kocMoc. OTHAKO O/IHA U3 ampOKCHUMAIUA, HCIIOJIb3yEMBIX B 9TOM
pacdere, COCTOUT B TOM, YTO B TIpejenax odmero oobemMa AByX HWJIMHIPOB HPEIIONATraeTcsi paBHOMEPHOE
ocnabnenue B Aoxzae. Joxap He 007agaeT MpPOCTPAHCTBEHHOH OJHOPOJHOCTBIO, TO3TOMY BO3MOXKHO
3aBBIIICHUE TIOTEPh. DTOT KPUTEPHI HE cIielyeT IPUMEHSTh, €CJIM TOPU3OHTAIBHBIN pa3Mep o01iero oobeMa
npesbinaet 6600R,.4i, %8 M.

PaILI/IYCBI N U Ty CJIEAYET BBIYUCIATH 110 YPOBHIO -3 ,[[E OT HAIIPpaBJICHUA MAKCHUMAJIbHOTI'O U3JIYYCHUSA ABYX
AHTCHH B TOYKE, I'IC NIEPECCKAIOTCA UX IJICKTPUICCKUE OCH.

KpI/ITepI/Iﬁ MO3BOJISIET OHLCHUTH YPOBCHL MONIHOCTH HEXKCIATCIBHOIO0 M3JYYCHHS Ha MPUEMHUKE,
06yCJ'IOBJ'IeHHOl"O pacCesaHUEeM B NOKAC, KOTOpBIﬁ NpPEBBIIACTCS B TCUYCHUEC 3aIJaHHOTO MPOLICHTAa BPEMCHHU P.

PUCYHOKF.1

O0uwmii 00beM IBYX HMJIMHIAPHYECKUX JIydei

ry' \ B

L,

A

P.0619-F1
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AJNTOPUTM OIIEHKH CIICIYFOIIIHA.

I[lae |. BbIYUCIWTD JJIWHBI ITUIUHIPOB:

2
L= (); (742)

L, = max(L, cos(0), 2r; sin(0)) (m), (74b)
rae GyHKIus max BO3BpaIaeT OOJIbIINIA U3 IBYX CBOMX apryMEHTOB.

Ilaz 2. BBIYMCIMTH IIIOTHOCTH MOTOKa MomHocTu S (nB(B1/M?)), magaromeli Ha KpyTriblii TOpel HAIMHIPA,
KOTOPBIA NPEACTABISAET HEXKEIATSIBHBIN JIyd. DTO MOXHO CAeNIaTh pa3HbIMU criocobamu. Eciu w3BecTHa
3.M.UA.M. TIePEeIaTYNKa, TO IUIOTHOCTh MIOTOKA MOIIHOCTH 337a€TCS yPaBHCHUECM:

S = Peirp — 20log(dry) — Ygdex — 71,0 (nB(B1/™m?)), (75)
rue:
Peirp © 9.M.M.M. HEXKeNATENbHOrO nepenaTnka (a1b(Br));

d, : aCCTOSIHHE OT HEKEATEILHOI0 MepeaaTunKa 10 00IIero oobema (KM);
tx

Yg: TOrOHHOE 3aTyxaHue B arMochepHbix rasax (nb/km), kak nano B Pekomenmanuu
MC3-R P.676.

Pejrp MOXHO BBIMHCIIUTE CIIEYIONIMM 00pasom:
Peirp =P+ G (1b(B1)), (75a)
rue:
P;, : TIONHAas MOITHOCTH M3IYYCHUS HeXXeNareabHoro nepefarynka (nb(Br));

G : KkoddpdunueHT ycuneHus anTeHHsI (1bn) B HanpaBiieHNH 001ero oobema.

llaz 3. BprYUCINTh MOITHOCTH, MOCTYMAIONIYI0 Ha OOIydaeMblil TOpell HHUIMHIPA, MPEACTaBISIONIETO
HEeXeNaTelbHBIN JTyY, B 3aBUCUMOCTH OT ero HoMmepa (1 wu 2).

Jost munmuepa 1:

Py, = S + 10log(mr;?) (nB(BT)). (76a)
WNnaye:

P, = S + 10log(mr,?) (nb(BT)). (76b)

Llaz 4. BBIYUCINATH MOIIHOCTb, U3JIy4a€MYyIO C IIPOTHUBOIIOJIOAKHOIO TOPLA LWJIMHIPA, IPEACTABISAIOIErO
HeXXeNaTeNbHBIN JTy4, B 3aBUCUMOCTH OT ero HoMmepa (1 wiu 2).

Hns nunusgpa 1:

Pyut = Py, — 0,001y,.L4 (nb(BT)). (77a)
Nuaue

Poyt = Pin — 0,001y,L; (1b(Br)), (770)
rae:

Yr - IIOrOHHOE OCIa0lIeHHEe B AO0XKIC, MPEBLIITACMOC B TCUCHUC p% BpPEMCHH, KOTOPOC
3a0a€TCs YPABHCHUCM:

Yr = eraina (ab/xm); (77C)

Ryqin © TOYEYHAss HHTEHCUBHOCTH A0S (MM/4) IPU BPEMEHHU MHTETpalli, PaBHOM | MUHYTE,
KOTOpasi peBbIIIacTCA B TeueHue P% BpeMEHN;

kuna: xoadduuments perpeccun coriacHo Pexomenpammu MC3O-R P.838.
Ulae 5. BplYHCINTH MOJNHYIO PACCESHHYIO MOIIHOCTE OT HMJIMHIPA, TPEACTABIAIOIETO HEXKeTaTeIbHBIN JTyd:

Pyqe = 10log(10%1Pin — 100 1Pout) (1B(BT)). (78)
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llaz 6. TlpenmonoXXuB cHauaja, YTO paccestHUE B JOXKIE HMEET H30TPOIHBIA XapaKTep, BBIYUCIUTH
paccesiHHYIO 3.M.1U.M. B TIpefiefiaXx o01ero oobemMa B 3aBUCIMOCTH OT TOTO, KaKOW W3 MUIUHAPOB — 1 mim 2 —
MIPEICTaBISIET HeXKeTaTeIbHBIHN JTyd.

Hnst nunusapa 1:

Peirps scat (HB(BT))- (79&)

HMnaye:

1521,
Peirps = Pgcqr — 1010g (E) (nb(BT)). (79b)
Hlaz 7. Beraucauth KOdPGUIUESHT AT yueTa HEU30TPOITHOTO paccesiHust Ha qacToTax Boime 10 [T

_ 0,4
Fi = 10 Regin ~ c0s(8) {2(f = 10)™ = 2,5(f —10)*7}  ecam f > 10 (1B), (80)
0 B APYTrUx Cjay4dasax ’

rue:
f: gacrora (I'Tm).

lllaz 8. PaccuutaTh HEXENaTENbHYIO0 PACCESIHHYIO MOIIHOCTb, NPUHATYIO AHTEHHOMW, IOJABEpraromeincs
BO3JCHCTBHIO ITIOMEX:

Prys = Peirps + Fpis — 20log(dyx f) — Ygdrx -924 (nb(B1)), (81)
rae:

d,y . DPAacCTOSHHE B KWJIOMETpax OT 00IIero o0bema, 00pa30BaHHOIO MEPECCUCHUEM JIBYX
UWJIMHIIPOB, 10 AHTEHHBI, IOJIBEPTaIOIICICS BO3IEHCTBUIO TOMEX;

Piys ©  OLICHKA HEXEJATeNbHON paccestHHOM MOIHOCTH. 11omHBIM pacueT paccesiHusl B AOKIE
CJIeTyeT BBIMONHATh, €clH Py, — Prys < 20 ab, rae Pj,: — MOpOroBbIi ypoBEeHb TOMEX
MIPUEMHUKA.
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