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PEKOMEHJALNA MC3-R P.618-14

IlaHHLIe 0 PaCnpoCTpaHCHUH PAANOBOJH U METOABI IPOTHO3UPOBAHUSA,
H606XOI[I/IMLIC AJIA MPOCKTUPOBAHUA CUCTEM CBH3U 3eMJII-KOCMOC

(Borpoc MCD-R 206/3)
(1986-1990-1992-1994-1995-1997-1999-2001-2003-2007-2009-2013-2015-2017-2023)

Cdepa npumenenust

B HaCTOHH.[eﬁ PeKOMeHZ{aLII/II/I MNpEACTAaBJICHBI METOABLI TIIPOrHO3UPOBAHUA PA3JIUYHBIX I[MApaMETPOB
pacmipoCTpaHCHus, H606XOI[I/IMLIG npu IMJIaHUPOBAHUHU cereli/cucreM 3CMHH-KOCMOC, pa60TaIOH_II/IX B
HaIlpaBJICHUN 3eMIISI-KOCMOC MJIA KOCMOC-3eMIIS.

Accambnest paanocsszu MCD,

yuumbvleast,

a) 4TO I HaAAJICKAUICro IIJIAHUPOBAaHUA cereii/cucTeM  3eMIII-KOCMOC H606X0}_II/IMO HUMCTh
COOTBCTCTBYIOIIUC JAHHBIC O paClIpOCTPAHCHNUU PAAUOBOJIH U METOABI ITPOrHO3UPOBAHUS

b) 4qTo pa3pa60TaHLI MCTOJbI, IO3BOJIAIONIUMC TIMPOIrHO3UPOBATH HanOojee BaKHEIE mapaMeTphbl
pacnpoCTpanCHus paguoOBOJIH, H606X0)_II/IMI>IG JUTA TUTaHUPOBAHUA ceTeli/cucTemM 3CMJ'I$I—KOCMOC,

peKoMeHOyem

HCIOJIB30BAaTh MCTO/Ibl MPOTHO3UPOBAHUA MAPAMETPOB PACHPOCTPAHCHUA PAAMUOBOJIH, NPCACTABJIICHHBIC B
HpI/IHO)KeHI/II/I 1, UId TUIAaHUPOBAHUA cereii/cucTeM 3eMIIS-KOCMOC B COOTBCTCTBYIOIIUX JUala3oHax
AOIMYyCTUMBIX 3HaquHﬁ, YKa3aHHBIX B HpI/IHO)KeHI/II/I 1.

[MPUMEYAHME. — lononuutensHas WHGOpPMAMs O IUIAHWPOBAHUM CHCTEM pPaJUOBELIATENIHON CITyTHUKOBOH
CIIy’KOBI, a TaKKe CHCTEM MOPCKOH, CyXONMYTHOH W BO3MYIIHON MOABMXXHOW CITyTHUKOBOW CIyXO0 COIOEp)KHTCS
B Pexomengamusax MC3-R P.679, MCHO-R P.680, MC3-R P.681 u MC3-R P.682, cooTBEeTCTBEHHO.
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1 BBenenue

HpI/I IMPOCKTUPOBAHNN JMHUN 3eMIII-KOCMOC i1 CUCTEM CBSA3HU HGO6XO,I[I/IMO YUUTBIBATL PAL SIBIICHUI.
B HCI/IOHI/I3I/IPOB3HHOI7[ aTMOC(bCpG 9TU ABJICHUA CIICAYCT YUUTHIBATH HA BCEX YAaCTOTAX, HO KPUTHUICCKUMHU OHU
CTaHOBATCA HA YaCTOTaxX BBIIIC HpI/I6J'II/I3I/ITeJ'H>HO IFFI_I U IpU HU3KUX YIJIax MECTa. K >tum sBrneHusm
OTHOCATCA:

a) MOTJIONICHHEe B aTMOC(EpPHBIX Ta3ax; IIOTJIONIEHHE, paccesHUe W JCMONIApU3alus 3a CYer
TUAPOMETEOPOB (Kareinb BOJIBI M YACTHII JbJIa B OCAJKaX, O0JIakaX W T. JI.); IIyM W3Iy4YEHHS OT
MOTJIONIANOIIEH Cpeflbl; BCE OTH SBIICHHS OCOOSHHO 3aMETHBI HA YAaCTOTaX BBINIEC MPUOIM3UTEIHHO
10 I'T'm;

b) HOTEPH CUTHAJTA U3-3a PACXOJUMOCTH Jy4eil aHTEHHBI 3eMHOM CTaHIUH, BBI3BAHHOW HOPMAIIBHOM
pedpaxuueii B atmocepe;

c) yMeHblIeHHe 3(QQEKTUBHOTO YCUIEHUS aHTEHHBI W3-3a (Da30BOH AEKOppesiiMM Ha amnepType
AQHTEHHBI, BEI3IBAEMON HEOHOPOAHOCTSAMH B CTPYKTYpe HHJIEKca pedpakuuu;

d) CpPaBHUTEIBHO  MEIJICHHbIE  3aMHpaHds  M3-3a  OTKJIOHEHHMS  JIyya,  BbI3BIBAEMOIO
KPYITHOMAacCIITa0HBIMH N3MEHEHUSIMH WHAEKCa pedpakiuy; 0osee ObICTpbIe 3aMUpaHus (MepLaHKe)
Y U3MEHEHUS yTJIa [IPUXO0/a, BEI3BIBAEMbIC MEIKOMACIITA0HBIMHA U3MEHEHHUSIMU HHJIEKCA pepaKuy;

e) BO3MOKHBIC OT'PpaHUYCHUA MIMPUHBI MTOJIOCHI YaCTOT, BbI3bIBACMbIC MHOTOKPATHBIM PACCCAIHUCM UIIHU
SABJICHUCM MHOT'OJTY4YCBOCTH, 0COOEHHO B I_U/I(prBBIX CcHCTEMax OOJNBIION CMKOCTH,

f) ocnabneHne, BRI3BIBAEMOE MECTHOW OKpYXKaroled cperol BONMM3W HA3eMHOW CTaHIMH (CTPOSHUS,
JIEPEBbS U T. 11.);

g) KPaTKOBPCMCHHBIC U3MCHCHUS OTHOLICHUA ypOBHefI ocnabIeHHs Ha YacTOTaX JIMHUHI BBCPX U BHH3,
BJIIMAIOIIUEC HA TOYHOCTD aJallTUBHBIX CII0CO00B 60pL6LI C 3aMUpAaHUSAMU

h) Uil HereoctaluoHapHbIX crnyTHUKOBBIX (HI'CO) cucrem BnMsAHME H3MEHEHHsS YIila MecTa
HalpaBJICHUS HA CITyTHUK.

SIBneHus1, KOTOpble BO3HMKAIOT B MOHOCchepe 3emnn (cMm. Pexomenmammiro MCD-R P.531), moryt umers
CYIIIECTBEHHOE 3HaUYeHUe, 0coO0eHHOo Ha yacToTax 1o 1 I'T. J{ns ynmoOcTBa B Tabnuiie 1, rae paccMaTpuBaroTCs
BeJMYMHEI o01iero conepxanus nekTpoHoB (TEC), stu sBnenus Ovimm onpexaenensl mis vactoT 0,1; 0,25;
0,5;1; 3 u 10 I'Tu. O1u sBICHUS BKIIOYAIOT:

1) BpauieHue ®apages — mpu pacHpoCTpaHEHHWU JIMHEWHO MOJSPU30BAHHOW BOJHBI B HOHOC(Epe
MIPOUCXOUT IPOTrPECCUBHOE BPAILEHNE INIOCKOCTH MOJISIPU3ALIUY;
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AUCIICPCHUIO, KOTOpasd MNPUBOAUT K }_'[I/I(l)(l)epeHLII/II)OBaHHOMy o MHUPUHC TIIO0JOCBhI YaCTOT
3alla3IIBAHUIO TIEPCAaBacMOro CUruajia,

AOTIOJHUTCIIbHYIO 3a/ICPKKY BO BPCMCHU

noHoc(epHOe MEpIlaHhe — HaTu4he B MOHOC(HEpe HEOJHOPOTHOCTEH 3ICKTPOHHON IUIOTHOCTH
BBI3BIBACT pedpakTUBHYIO (OKYCHPOBKY WM Ae(HOKYCHPOBKY pAJMOBOJH W MPUBOIUT K
(baykTyanusM aMIDIMTYAbI, Ha3blBacMbIM MepuaHusmu. HMonocdepHoe MepliaHue MakCHMalbHO
BOJIM3U TEOMAarHUTHOTO DKBAaTOpa M MHHUMAIBHO Ha CPEIHUX IIUPOTaX. 30HBI MOJSPHBIX CHUSHUIMA
TaKKe SIBJISIOTCS PErHOHAMHU ¢ OonbmuM MepranueM. CHIBHOE MEpIaHHe pPacIpeieieHo 10
aMIUTATyJIE B COOTBETCTBUM C 3aKOHOM Pnajes, pacmnpenencHue cinaboro MepraHus IOYTH
JIOTHOPMATBHOE. DTH (PIIyKTYyaIllui YMEHBIIIAIOTCS C YBEIMYCHUEM YaCTOThI U 3aBUCAT OT FEOMETPUHN
TPacchl, MECTOMNOJOXKECHUS, BPEMEHHM T0Ja, COJHEUHOW AaKTMBHOCTM M MECTHOIO BpEMEHHU.
B tabmune 2 npuBeneHsl naHHple 0 rryouHe 3amupanuil it OBY- u YBY-curHanoB B cpenHux
LIMPOTax, TabJIULa COCTaBJIeHa HAa OCHOBaHMH HH(popMaiun u3 Pexomennarun MC3-R P.531.

Kpome ammmrynueix ¢uykryanuid HaOmogarorcs Takke u paykryauun (aspl. CrexrpanbHas
IJIOTHOCTH (ha30BBIX (IyKTyaluii mpornopiuonanbha 1/f3, rae f— uactora dyphbe daykryanmuii. ITa
CIEKTpajJbHAs XapakTePHCTUKAa MOJOOHAa TOW, YTO BO3HMKACT H3-3a OPOKAHHS YacTOTHl B
TeHepaTopax M MOKET BBI3BATh CYLICCTBEHHOE YXYyIIIEHNE Ka9YeCTBEHHBIX MIOKa3aTeel MPUeMHOro
o0opyToBaHMs.
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TABJINIIA 1

Ouenka HOHOCGEPHDIX SIBJIEHHI PH 0IHOCTOPOHHEM NMPOXO0KIeHHH CHTHAJIA ¢ YIJIAMH MecTa opsiaka 30°™
(u3 Pexomenmariun MCD-R P.531)

sIBtenne 3::2;1‘;‘::}:" 0,1 T 0,25 T 0,5 T 1ITu 3TTu 10 I
Bpamenue @apanes 1/12 30 ob6opoToB 4,8 obopota 1,2 obopota 108° 12° 1,1°
3aznepikka pacpoCTPAHEHUS 1/f? 25 MKC 4 MKc 1 Mxc 0,25 Mkc 0,028 Mxc 0,0025 mxc
Pedpakius 1/f? <1° <0,16° <24 <0,6' <4,2" <0,36"
foesmtmr il TS
C“;Ep‘:;;?ﬂfﬂﬁﬁifggﬂpHHX ~1/f? 516 0,8 1B 0,2 1B 0,05 1B 6 x 10 1b 5x 104 1b
[Mornomienue (CpeaHUE MMPOTHI) 1/12 <1nab < 0,16 nb < 0,04 nb < 0,01 n1b < 0,001 nb <1x10* 1b
Jlucniepeust 1/f3 0,4 mc/T'o 0,026 nc/T 0,0032 ne/T'g 0,0004 mc/T'iy 1,5 x 107 nc/T 4 x 107 nc/T
Mepuanne) Cwm. Pek. Cwm. Pek. Cwm. Pek. Cwm. Pek. > 20 b ~ 10 nb ~4 1b

MCDO-R P.531 MCD-R P.531 MCD-R P.531 MCDO-R P.531 B pasmaxe B pa3Maxe B pa3Maxe

AKTUBHOCTBIO.

Kk

M 3Ha‘ICHI/IH, Ha6J'HO,HaCMI>IC BOJIM3H F€OMArHUTHOTO OKBATOpPa BO BPEMs PAHHETO BEUCPaA (BpeMH MCCTHOC) B MECALbI pPaBHOACHCTBUA TP YCJIOBUW HAJIUYUSA OOJIBIIIOrO YKCIIa

COJIHCYHBIX IIATCH.

Nonocgepusie BiusHUsA Ha yacToTax Beime 10 [T He3HAUNTETHHBL

Ora oreHka ocHoBana Ha TEC = 10" 3J'IeKTpOHOB/M2, YTO SIBJII€TCA BHICOKMM 3HaueHrueM TEC, BcTpevaromuMes B HU3KUX [UPOTAaX B THEBHOE BPEMsI C BBICOKOW COJHEYHOM
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TABJINIIA 2
Pacnipenesienne riryOMHbI 3aMUpaHuil N3-32 HOHOC(EPHOTO MePIAHUS HA cpeIHUX mMpoTax (nb)
Yacrora
IIpoueHT BpeMeHU (I'T')
(%)
0,1 0,2 0,5 1

1 5,9 1,5 0,2 0,1
0,5 9,3 23 0,4 0,1
0,2 16,6 4,2 0,7 0,2
0,1 25 6,2 1 0,3

B HaCTOAIICM HpI/IJ'IO)KeHI/II/I paccMaTpuBaCTCAd TOJBKO BO3)1€I>1CTBH€ TpOl'IOC(I)epBI Ha TOJIC3HBIN CHUTHAIL
ACIIEKTHI ITOMeX 06CY)K}_'[EIIOTC$I B OTACIBHBIX PeKOMeHI{aHHHX:

— MTOMEXHU MEX]y 3eMHBIMH CTaHIIUSIMHU U Ha3eMHbIMU cTaHIusaMu (Pekomennamus MC3-R P.452);
— MOMEXHU 0T KOCMHUYECKUX CTaHIMN U KocMudeckuM craHIiusaM (Pekomennamus MC3-R P.619);

— B3aMMHas KOOpAWHALUs 3eMHbIX cTaHnui (Pexomenmamus MCD-R P.1412).

O‘{GBI/II{HLIM HUCKIIIOUCHUEM ABJIACTCA ACTIOJApU3allUsd TPACChl, KOTOpasd XOTA U paCCMAaTpUBACTCA C TOYKU
3pCHUSA MOMCX (Haan/IMep, MCKAY OpPTOrOHAJIbHO TIOJAPU30BAHHBIMU NCPCAATIYNKAMU CI/IFHaJ'Ia),
HCIMMOCPCACTBCHHO OTHOCUTCA K YXYAUICHUAM IIPpU PACIPOCTPAHCHUU NPAMOIo CHrHajIa COBHa,Z[aIOH.IefI
noJsIpu3aluu.

Wudopmanus pa3merieHa B COOTBETCTBUHN C IMapaMeTpaMHy JIMHUH CBSI3U, KOTOPBIE CICAYeT YUYUTHIBATh MPU
peaJbHOM IUIAHUPOBAHUHM CHUCTEMBI, a HE B COOTBETCTBUU C (PU3UUCCKUMH SBICHUSMH, OKA3bIBAIOLIMMU
pazHoro poxaa BozaeicTBus. [lo BO3MOXHOCTM MNPUBENEHBI TNPOCTHIE METOABI IPOTHO3UPOBAHMUS,
OXBaThIBAIOLIHE OOJIBIIYIO YACTh CIy4aeB MPAKTHYECKOTO IPUMEHEHHS], BMECTE C YKa3aHUSIMH OTHOCHUTEIBHO
QMana3oHa JONMYCTUMBIX 3HAu€HW. OTH CpPaBHUTENBHO IPOCThIE METOABI JAIOT YyIOBJIETBOPUTEIBHBIE
pe3yabTaThl B OOJBIIMHCTBE CIIy4aeB MPAKTHUECKOrO MPHUMEHEHHUS, HECMOTpPS Ha CHIIbBHYIO M3MEHUYHMBOCTH
(OT roja K rofly M OT IMyHKTA K MYHKTY) YCIOBHHA PacpOCTpaHEHHS PaJHOBOIH.

[To Mepe BO3MOKHOCTH METOJIbI IPOTHO3UPOBAHMUS, IPUBOIMMEIC B HacTosmeM [IpuitoskeHnu, mpoBepsuInch
10 JaHHBIM u3MepeHuid wu3 OaHka JaHHBIX 3-i  MccnemoBarenbCckoil KOMHCCHHM 110 PaaMOCBSI3U
(cMm. Pexomennmanmo MC3-R P.311).

2 IloTepn npu pacnpocTpaHeHUH PATHOBOJIH

HOTepI/I npu paciopoCTpaHCHUM PpPaJUOBOJJIH Ha Tpacce 3eMIIsI-KOCMOC B CpaBHCHHNU C TMOTCpsAMU IIpPU
pacipoCTpaHCHUU B CB060}_IHOM MNPOCTPAHCTBC SABJIAOTCA PE3YJIbTATOM CYMMAPHOI'O HeﬁCTBHﬂ Pa3JINYHBIX
MNPpUYIMUH, a UMCHHO:

- ocnabieHust B aTMOC(EpHBIX ra3ax;

- ocinabneHus B JOXKIE, APYTHX Ocagkax U oOjaKax;

- (OKYCHPOBKH U 1€()OKYCHPOBKH;

- YMEHbLIeHUS KO3 UIIeHTa yCUIeH!s! aHTEeHHBI BCJIEICTBHE HEKOT€PEHTHOCTH BOJIHOBOTO ()POHTA;
— SIBJIGHUI MEPLIAHWs 1 MHOTOJTy4EBOCTH;

- oc1abNieHHs B IECYaHbIX U MBIIEBBIX OypsiX.

Kaxnomy u3 3THX sBICHMH NpHCYIIM COOCTBEHHBIE XapaKTEPUCTUKA B 3aBUCHMOCTH OT YaCTOTHI,
reorpaduyeckoro noyioxkeHus u yria mecra. Kak npasuio, npu yriax mecra coiie 10° Tosbko ocnabiaenue
B rasax, ocia0ieHue B JOxkJe u 001aKkax 1, BO3MOXKHO, MepLaHie OyAyT 3HAYUTENbHBIMH, B 3aBUCHMOCTH OT

ycioBuil pacnpoctpanenus. s cuctem HI'CO wusMeHeHue yriia Mecrta JOJDKHO YUHMTHIBATHCS
B BBIUUCJICHUSX, KaK MIOKA3aHO B MMyHKTE 8.
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(B HCKOTOPLIX KIIMMATHUYCCKUX 30HAX CKOIJICHNUEC CHETa HAa MTOBECPXHOCTU pecbneKTopOB n 06J'Iy‘{aTeJ'IeI71 AHTCHH
MOZKET MMPUBCECTHU K JJIUTCIIbHBIM ICPUOAaM 3HAYUTCIIBHOT O OCJ'Ia6J'IeHI/I$I, KOTOPOC MOKCT IOMHUHUPOBATH OaKC
B I'OJOBOM MHTCTPAJIbHOM PACTIPECACICHUN 0CJ'Ia6J'IeHI/I$I.)

2.1 Ocsabnenne B aTMocdepHBIX razax

Ocnabnenue B aTMOC(EpHBIX ra3ax, KOTOPOE LETHMKOM BBI3BAHO SIBJICHHEM MOTTIOIIEHHSI, B OCHOBHOM 3aBUCUT
OT YacTOTBHI, yTJIa MECTa, BEICOTHI HaJl YPOBHEM MOpS U IFIOTHOCTH BOASHBIX MApoB (a0COIIOTHAS BIaXKHOCTD).
Ha yacrorax mmke 10ITn mM o0bruHO MOXKHO mpeHeOpeub. Ha wactortax Beime 10 ITH mo mepe mx
YBEIIMUCHUS OcIallieHHe CTAaHOBUTCS Bce Oosee BaKHBIM (PakTOpoM, 0COOEHHO AJisi HU3KUX YIJIOB MeECTa.
B IIpunoxenuu 1 k Pekomennaruu MCO-R P.676 npuBouTCs MOMHBIM METOT pacdyeTa ociaalieHus B ra3ax,
a B [Ipunoxenun 2 k Toi xe PexoMeHmanum — MeToa NpuoOIKeHHOT0 pacuera i 9acToT 10 350 ['T.

Ha 3ajaHHO#1 9acToTe BIUSHUE KUCIOPO/A HA TOIIOIIEHUE B aTMOC(epe OTHOCHTEIIBHO MOCTOSHHO. OTHAKO
IUIOTHOCTH BOJSIHBIX MApOB M MX BEPTUKAIBHBIA MPO(UIb TOBOIEHO M3MEHYMBBI. OOBIYHO MAaKCHMAIbHOE
ocia0ieHre B ra3ax BO3HMKAaeT B TEYCHHE CE30HA MaKCHMAIBHOTO  KOJIMYECTBA  JIOXKJCH
(cMm. Pexomennanmo MC3-R P.836).

2.2 OcJi1a0JieHne B 0cagKax H 00J1aKax

2.2.1 IIporHo3upoBaHHe CTATHCTHKH 0CJA0JeHHS VISl CPeIHEro roaa

OO6mmii MeTos1 IpOrHO3UPOBAHHKS OCIa0JIeHHs HAa HAKJIOHHOH Tpacce paclipoCTpaHeHUs B OcajKax 1 o0iaaKkax
ornucan B myHkTe 2.2.1.1. MeToa NpOrHO3UpOBaHMs BEPOSITHOCTH HEHYJEBOIO OcjalleHus B AO0XKIE
Ha HaKJIOHHOM Tpacce OmucaH B MyHKTe 2.2.1.2.

Ecnu ects Hane)xHbIE AOJTOCPOUYHBIE CTATUCTUYECKUE JaHHbIE 00 YpOBHSX OClabJeHUs, U3MEPEHHBIEC TIPU
yIJIax MecTa M Ha 4acTOTe (MJIM 4acTOTaX), OTJIMYHBIX OT T€X, AJISl KOTOPHIX TPeOyeTCss COCTaBUTh IPOTHO3, TO
4acTO OKa3bIBAETCS MPEANOYTUTENbHEE MPOU3BECTH IEPECUET ITHX IAHHBIX VI pacCMaTpPHUBAEMBIX yTia
MECTa U YacTOThI, Y€M HCIIOJIb30BaTh OOLINI METO POrHO3UPOBaHU. PekoMeHayeMblil METOI IiepecyeTa 1o
4acToTe OMMCaH B MyHKTe 2.2.1.3.

Bausuaue pa3HECCHUA MOXHO OLUCHUTL C TOMONIBIO MCTOJd, U3JIOKCHHOT'O B ITYHKTC 22.4.

2.2.1.1 Beruncienue 10J1rocpoYHbIX CTATHCTHYECKUX JAHHBIX 00 0CJIA0JIeHNH B 0K/Ie 10 JAHHBIM
0 TOYEe4YHOIl MHTEHCHBHOCTH J0KAA

Cnenymoias mnpoieaypa MO3BOJSET MOAYYUTh OLICHKH JOJTOCPOYHBIX CTATUCTUUYECKUX XapaKTEPUCTHUK
ocnabieHusl B JOXJE Ha HAKIOHHOW Tpacce s 3aJaHHOTO MECTOIIOJNIOKEHHs Ha dactoTax mo 55 [T
HeoOxoaume! crieayromnme napaMeTpeo:

Rop1: TOYedHas MHTEHCUBHOCTH JOXAS B 3amaHHOM myHKte 1t 0,01% BpeMeHu cpenHero
roja (Mm/49);

hs:  BBICOTa 3¢MHOI CTaHLIUHU HaJ CPEAHUM YPOBHEM MOPSI (KM);
0: yrox mecra (rpamychl);

¢: [MHUPOTa 3eMHOM CTaHIUH (TPaLyChl);

f+ ugacrora (I'T'm);

R.:  »ddextuBnblii paguyc 3emin (8500 km).

Ecnn mecTHbIe TaHHBIE O BBICOTE 3€MHOH CTaHLMU HaJ CPEIHUM YPOBHEM MOpPS OTCYTCTBYIOT, €€ MOXHO
OLIEHUTH C TIOMOIIBIO KapT TONOrpaduuecKoii BEICOTH, puBeAcHHBIX B Pexomenmanmun MCO-R P.1511.

FeOMeTpI/I‘-IeCKI/Ie MOCTPOCHMS NMPCACTABJICHBI HA PUCYHKC 1.
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PHUCVYHOK 1

CxemMaTH4ecKoe npeacraBjaeHue TPacChbl 3emusn-KocMoc ¢ Ykazanuem
HUCXOJHBIX MApaMEeTPoOB AJIA NMpouecca NPpOorHo3upoBaHus ocJ1a01eHust

Lg

A~ ocaJKku B BHJIE 3aMEP3IIUX YACTHI]
B — BbICOTA CIIOS TOKIA
C — KHIKHE 0CaaKu

D- Ttpacca 3emns—kocMmoc
P.0618-01

Oman 1. BBIMUCIUTE BBICOTY CIOS 0K /g, Kak nqaHo B Pexomenmarmu MCD-R P.839.

Oman 2. s 6 > 5° paccuuTaTh JUIMHY HAKIIOHHON TPacchl Ly HUXKE BBICOTBI CIOS JOMK/IS:

h, —h
L, :(R_—S) KM. (1)
' sin 0

s 6 < 5° ucnonw3yercs clieAyroliee ypaBHEHUE:

2(h, — h
s = ( K S) 12 KM. (2)
2(h, — h
sin29+(RRS) +sin0

e

Ecnmu hr — hy MeHbBIIIE WM paBHO HYNIO TO MPOTHO3UpyeMoe ocialleHue B AOXKIE Ui JII0O0ro MpOLeHTa
BpPEMEHH PaBHO HYIIIO U CIEAYIOIINE 3Talbl HE TPeOyroTcs.

Oman 3. BBIYUCINTH TOPU3OHTAIBHYIO MPOCKIUIO L JUIMHBI HAKIIOHHOU TPacCHhI:

Le=Lscos 0O KM. 3)

Oman 4. OnpeaennTb HHTEHCUBHOCTb A0 Ro o1, TpeBbiaeMyto B TeueHue 0,01% BpemMeHu cpeaHero roaa
(mpu Bpemenu uHTerpupoBaHus | muH). Ecnm Takyio HOJITOCPOYHYIO CTATUCTHUKY HENb3s MOYEPIHYTH W3
MECTHBIX HMCTOYHHKOB, TO OIEHKY WHTEHCHMBHOCTM MOXXHO MOJYYUTh C IOMOIIBIO KapT JOXAEBBIX
KIMMaTUYECKUX 30H, TpuBeAcHHBIX B Pekomengaumun MCDO-R P.837. Ecam Roo1 paBHa HyIo,
TO MPOTHO3UPYEMOE 3aTyXaHHe B JOXKAE PaBHO HYJIO VIS JIIOOOT0 MPOLIEHTa BPEMEHHU U CIICAYIOIIUE 3TAIIbI
He TpeOyIoTCsl.

Oman 5. BBMUCIUTE TOTOHHOE OCNA0JICHUE Yr, WCHOIB3yS YaCTOTHO-3aBHUCHMBIC KOI(P(DHUIMCHTHI,
npuBeneHHbie B Pexomengaimu MCDO-R P.838, u nuHTEeHCHBHOCTH HOXKIS Roo1, OMPECIICHHYIO Ha dTane 4,
KCIIONB3YS BEIPAXKCHUE

vr =k (Roo1)* 1b/kM. 4)
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Oman 6. Beraucnutb ko3 punuenT ocnabiaeHus mo ropu3oHTanu roo1 11 0,01% Bpemenu:

1

o1 = I . (5)
140,78 \/GVR 038 (1-¢ )
A
Oman 7. Beraucnutb K03)OUIUEHT MOACTPOUKHU IO BEPTUKAIH Voo A5 0,01% Bpemenu:
| hyg—h
{=tan'| L — rpaychl.
Lg 1o
L.
Jna £ >0 L, = < 00 KM.
cos 0
(hg —hy)
B mpoTtuBHOM Cityuae Ly, =——— KM.
sin 0
Ecmu | ¢ | <36°, 10 1=36—|0] rpaycChl.
B npotuBHOM citydae x=0 IPagychl;
1
VO,O] = 7 .
1+sin 0 [31 (1- e(e“”’”))v;f" - 0,45J
Oman 8. DPpdexTHBHAS ATMHA TPACCHI COCTABIISCT:
Le=1Lzr V0,01 KM. (6)

Oman 9. TlporHosupyemoe 3HaueHUE ocinadnenus, npeppimaemoe B TeueHue 0,01% BpeMeHu cpeaHero roja,
oTpenensieTcs 1o cleayomen Gopmyre:
Aoo1 =vr Le 1b. (7

Oman 10. OueHka ocnaOneHus, MPEBBIIAEMOTO AJIsl APYTUX MPOLIEHTOB BPEMEHH CPETHETO rojia B Jrana3oHe
ot 0,001% 1o 5%, onpenensercs no 3HaueHuto ocnadnenus 0,01% BpeMeHH cpeHero roja:

ecnu p > 1% unu | ¢ | > 36°, B=0;
ecmu p<1%m | @ | <36°u 0>25°, B =-0,005( ¢ | —36);
B IMPOTUBHOM CITy4ae B =-0,005( @ |—36)+ 1,8 —4,25 sin O;

(0,635 + 0,033 In(p) — 0,045 In(4g 1) —B(1 - p) sin 0)
J ab. (8)

A = _pP_
p A0>01(o,01

OTOT METO MO3BOJIAET MOMYUYHUTH OLICHKY JONTOCPOYHBIX CTATHCTUYECKUX TAPaMETPOB OCIA0ICHHS B JOXKIE.
[Ipu cpaBHEHNHN U3MEPEHHBIX CTATUCTUYECKUX NTApaMETPOB C MPEACKA3aHHBIMU HEOOXOIMMO YUHTHIBATH, YTO
OT roja K rofy CTaTUCTUKA JOXKICH BapbUpyeTcs 3HauuTesIbHO (cM. Pekomennannio MCD-R P.678).
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2.2.1.2 BepositTHocTH 0C/Ia0JIeHHs B 10K1e HA HAKJIOHHBIX Tpaccax

BeposTHOCTD HeHyJIeBOTO 0ciIablieHust B A0XK/IE Ha TaHHOW HAKJIOHHOU Tpacce P (4 > 0) paccuuThIBaeTcs 1Mo

HpHBeZ[eHHOﬁ HUWKE IIpoueaype. I[J'ISI 9TOIr'0 UCHOJB3YIOTCA CICAYIONUC BXOAHBIC ITapaMCTPhI:

PO annual

(0 % = POannual = 100%)

0: yron mecta (Tpamychl);

Ls: JJInHa HaKIIOHHOH TPacChl OT 3EMHOI CTaHIIMK OO0 BBICOTHI CJI0S JOXKIA (KM)

(Lat, Lon): ronoBas BEPOSITHOCTH J0XKAA B MECTE PACIIONIOKEHUS 36MHOM CTaHLIUU

Oman 1. OUeHUTH BEPOATHOCTD NOKIA Py gnnuar (Lat, Lon) (%) B MecTe pacrioioKeHHs 3eMHOU CTaHIIMU T10

ypaBHenuto (3) mubo corimacHo Pekomenmaunm MC3-R P.837 wim mo MecTHBIM H3MEPEHHBIM AaHHBIM

00 MHTEHCUBHOCTH JOXK .

Oman 2. BeraucauTh napameTp o

P
o= Q7 (—ommaly,

rac:

1 oo _E
Q(X): ﬁfx e z2dt.

Oman 3. PaccuntaTh QyHKIHIO MPOCTPAHCTBEHHOW KOPPEISILIUH P!

ld| ld|

p =0,59¢ 31 + 0,41e soo,

rac:

d = Lgcos (km).
U Ls pacCUnTHIBAETCS MO ypaBHEHUIO (2).

Dman 4. Paccuntars JIONOJHUTENBHOE IByMEPHOE HOPMANIbHOE pactipesesienue Cg ':

1 o o _x%-2pxy+y?
g = —— e 21-0?) dxdy.
5= ayigda y

Oman 5. Torma P (4 > 0) (%), BeposiTHOCT OcliabJeHUs B 10KAE Ha HAKIOHHOM Tpacce:

Pognnual
100

2
Cre Pognnual
B 100
Poannualfl Pognnual
100 \ 100

P(A>0)=100|1— (1 - P"alrggual)

Ecin 6 = 9003 TOoraa P(A > 0) = POannual'

1

)

(10)

(11)

(12)

(13)

(14)

NMPUMEYAHHUE. — Cp —3TO TOT k€ AByMEPHBII HOPMAJIbHBIIA HHTETPall, KOTOPBII UCIIONB30BaNCA B IyHKTE 2.2.4.1.

[MpubmkeHHOE TpeACTaBIeHUE 3TOrO MHTErpaia mnpuseaeHo B: Z. Drezner, and G.O. Wesolowsky. "On the
Computation of the Bivariate Normal Integral”, Journal of Statistical Computation and Simulation. Vol. 35, 1989,

pp. 101-107.

Cratuctnyeckuii mHCTpyMeHT Matlab conepxut BecTpoeHHyro ¢yHKImio Matlab mvedf, xotopas paccuuThIBaeT
JIBYMEpHBI HOpPMaJIbHBIA HMHTErpais, a Ooubimorexka Python conepxut BcTpoeHHYIO (DyHKIUMIO myndst, KOTOpas

PAaCCUNUTHIBACT ,HByMepHBIﬁ HOpMaHBHBIﬁ HUHTETrpal.
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2.2.1.3 Ilepecder 10TOCPOYHBIX CTATHCTHYECKHX MAPAMETPOB 0CJA0JeHUs B J0K/Ie 0 YACTOTe H
TOJISIPU3 Al UK

[lepecuer o yacToTe — 3TO MPOTHO3UPOBAHNUE SIBICHUN pacpOCTpaHEeHUs (HapuMep, OCIabIeHHUS B T0KAE)
Ha OIHOM 4acTOTE HAa OCHOBE M3BECTHBIX JAHHBIX O SABJICHHSAX PAcIpOCTpaHEHUs Ha Apyrod udactore. Kak
MPaBUJIO0, YAcTOTa MPOTHO3UPYEMOro 3¢ deKTa pacpoCTpaHEHHUs BBILIE, YeM YacTOTa M3BeCTHOTO 3 dexra
pacmpoctpaneHus. OTHOLIEHUE MEX/Ty OCIa0JIeHUEM B JOK/IE Ha IBYX YaCTOTaxX MOXKET U3MEHSITHCS BO BpEMsI
JOXJs, ¥ W3MEHUYMBOCTH 3TOrO OTHOIICHHS, KaK MpPaBHJIO, YBEIWYHBAETCS C YBEIUYCHUEM OCTalOneHus
B JIOXKJE.

B CICAYIOIUX MMYHKTAaX NPCACTABJICHBI IBA MCTO/Ja IPOTHO3UPOBAHUAL.

1) B nynkte 2.2.1.3.1 mnpeacraBieH MeTOJ MNPOTHO3MPOBAHMSA CTATUCTHYECKON H3MEHYHBOCTH
ocrmabieHus B JIOKJEC HA YaCTOTE f, OOYCIIOBJICHHOTO OCHa0JICHWEM B JIOXKJIE Ha 4YacToTe fi.
Jliis naHHOTO MEeTOoIa TPEOYIOTCS MHTErpadbHbie (DYHKIIMY pacpeeTeHus 0CcIa0IeHus B T0XK/Ie Ha
00€enx JacToTax.

2) B nynkre 2.2.1.3.2 mnpenctaBieH YHpPOIUEHHBIH METOJ MPOrHO3HPOBAHUSA PaBHOBEPOSITHOIO
ocnalbieHHusT B JOXKJAE Ha 4acTOTe f>, 0OYCIOBJIEHHOTO OCIIa0JICHUEM B JOXKAE Ha YacToTe fi.
Jlnis naHHOTO MeToAa He TpeOyeTcs MHTErpalibHas (PYHKIHS PaclpelesicHus 0CIa0ICHHs B TOKIC
HH Ha OJHOH M3 4acToT.

Ot MCTOJbI NNPOTHO3UPOBAHUA MOTYT NMPUMCHATHCA I PCryJIUupOBaHUs MOIIHOCTH Ha JIMHUU BBCPX U
AAalITUBHOTO KOAUPOBAHUA U MOAYJIALINN, HAIPUMEP:

a) B IEPBOM MCTOJAC MPOTrHO3UPYCTCA MIHOBCHHOC 3HAUCHHC ocnabieHus B J0XKIC Ha I-I.":lCTOTe]pz Ha
JIMHUHW BBCPX HA OCHOBC U3MCPCHHOTI'O MITHOBCHHOI'O 3HAYCHU A ocnabaeHus B JOXKIC Ha I-I.":ICTOTefi Ha
JIMHUW BHH3 ]I p% pucka TOrO, 4TO (baKTI/I‘-IeCKOC 3HAUYEHUE OCIa0JIcHUS B HAOKAC TMPECBBICUT
MMPOrHO3UpPYyEMOC 3HAYCHUC,

b) BO BTOPOM MCTOAC IMPOTHO3UPYCTCA 3HAYCHUC ocnabiaeHus B JOXKJIC Ha I-I.':lCTOTefi Ha JIMHUHA BBCPX
Ha OCHOBE M3BECTHOrO 3HAYECHUS OCIAOICHHS B JOXKJIC Ha I-I.':lCTOTe]pl Ha JIMHUU BHU3 IIPpU TOH Ke
BCPOATHOCTHU ITPCBBIIICHUS.

2.2.1.3.1 V¥YcJaoBHoe pacnpenejieHue ko3¢ duunenTa nepecuera ocjaadaeHus B 103Ae M0 YaCTOTe

HaHHBIﬁ MCTOJ MPOTrHO3UPOBAHUA OCHOBAH Ha CICAYIOIIEM OTHOLICHHUU MCKAY A» (I[E) — MTI'HOBCHHBIM
3HAYCHUEM OCIa0JIcHUs B JOXIC Ha I-I.':lCTOTefﬁ u A (I[B) — MTHOBEHHBIM 3HAYEHHUEM OCIa0JIcHUS B JOXKIC

Ha YacToTe fi:
In(4,) Z% ‘l_{;z ln(A1)+ My — Zabn \/1_2’52 +0,8xn, (15)
1

G,
rIe 7 — HOPMAaIbHOE paclpene/icHHe ¢ HYJCBBIM CPEIHMM M €AMHUYHOW aucrepcueil. B crmemyrormeit
TII03TAaNHON Mpolenype TNporHosupyercs Pl4, >a2‘Al =a,), NONMOIHMTENbHAs MHTCrpabHAs GyHKIWMs

pacmpeaciicHusd ocrnabieHus B JOXKIC Ha ‘-IaCTOTeﬁ, 06YCJ'IOBJ'ICHHOF0 ocnabIeHuEM B JOXKJIC Ha I-I.':ICTOTefi.

B nanHoM Merome mpemycMaTpHUBAETCs, YTO P(Al > al|Al > 0) u P(A2 >aZ‘A2 >O) — JOIOJIHUTENLHEIE
WHTETpaliIbHbIe ()YHKIMK pachpe/esicHUs OCabiieHUs B J0OXKIE, 00YCIOBICHHOTO HACTYIUICHUEM COOBITHS
HEHYJIEBOTO OCIIA0JICHUS B JIOKJE Ha Tpacce Ha 4YacToTaxX fi M f», XapaKTEpU3YIOTCS JIOTapU(PMHICCKU
HOPMaJTBHBIMH pacpe/ICIICHUSIME ¢ TTapaMeTpaMu (pl,cl) u (uz,csz):

P(4, > a4, >0)=0 mﬁi‘“ : (16)
1

P(4, > a,|d, >0)=0 1“"0—‘“ (17)
2

rac:

= J. e 2dr. (18)
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HapaMeTpH K1, O1, H2 U G2 BBIBOAATCA U3 CTATUCTUUCCKUX NAHHBIX 00 ocabneHuun B JOXKIC Ha I-I.':lCTOT.':lei n
ﬁ JJIA TOM KE caMoi TPAaCChl paCIpOCTPAHCHU . OTH CTaTUCTUYCCKUE JaHHBIC 00 ocablieHuu B AOXKAC MOT'YyT
OBITh BBIUMCICHBEI HAa OCHOBE JIOKAIBLHO HU3MCPCHHBIX JaHHBIX 00 ocmabmeHnn B JOXKIC (HaanMep,
JOITIOJTHUTCIBHOC ocrnabneHue Hapsagy C ocnabIcHUEM B rasax, ocnabieHreM B o0Jlakax U 3aMUpPAHUAMU,
BbI3BAHHBIMHU MepLIaHI/ICM) Wiy 10 METOAY MNPOrHO3UPOBAHUA ociableHHusT B JOXKAC, OIMHMCAHHOMY
B IIYHKTC 2.2.1.1 1A KOHKPETHOT'O Tpe6yeM0r0 MCCTOIIOJIOKCHUSA U yIJla MCCTa TPACCHI. CraTtucTudyecKue
JaHHBIC 00 ocrmabiaeHun B JOXKIC Ha ‘-IaCTOTaXﬁ I/Iﬁ JOJIDKHBI OBITH MOJIYy4YCHBI U3 OAHOT'O U TOT'O K€ UCTOYHHUKA.

Ota nmponeaypa Obuta mpoBepeHa Ha yactoTax oT 19 [T mo 50 I'T'u, ogHako ee peKOMEHIyeTCsl TPUMEHSTh
It gacToT 10 55 I'Tm.

HJ’IH 9TOro HCO6X0}_'[I/IMI>I CJICAYIONIUC MTapaMCTpPhI:

fi: HWDKHSS 9aCTOTa, Ha KOTOPOH u3BecTHO ociabnenue B noxne (I'Tm);
f>: BepxXHssg 4acTOTa, Ha KOTOPOW MpOrHOo3upyeTcs ocnadienue B noxae (I'T);
P BepostHOCTB 0% (%),
LUi:  CpelHee 3HAYCHHWE JOorapu(PMHUUYSCKH HOPMAIILHOTO PaCIpeACiICHHS OCIa0IICHUS B JIOKIC

HAa 4acToTe fi;
L2:  CcpelHee 3HAaYeHHWE JOorapu(PMHUUYSCKH HOPMAIILHOTO paCHpeAeiICHHS OCIa0JICHUS B JIOKIC
HA 4acToTe f2;
Gi:  CTaHJIApTHOC OTKIOHCHHE JIOTapU(PMHUSCKU HOPMAIBLHOTO PACIpPENeICHUs OCIa0IeHUs
B JIOKJIC HA 4acTOTe f1;
G>2.  CTaHJAPTHOC OTKIOHCHHE JIOTapU(PMHUECKU HOPMAIBLHOTO PACIpPEIeICHUs OCTa0IeHUs
B JIOXKJIC Ha YacTOTE f>.
Jis KaKJ0H 4acTOTHI fi U f> JTorapuMHUIECKA HOPMAITBHBIA MOA00P OCIA0JICHUS B JOXK/IC B 3aBHCUMOCTH
OT BEPOATHOCTHU COOBITHUS MPOU3BOIUTCS CICIYIOIIUM 00pa3oM.
Oman 1. Paccuntath Prain (%) — TPOLEHT BpEeMEHH NOXKAs Ha Tpacce. Pruin MOXHO MPOTHO3HPOBATH
¢ ucnonb3oBanueM Po(Lat, Lon) u3 Pekomenmarun MCO-R P.837 s mmmipoThl U JOATOTHI MHTEPECYIOMIETO
MecTa.
Oman 2. Ins fi, tne i = 1 u 2, noctpouts Habopk! nap [Pi, Ai1] u [Py, Aiz2], tae P; (%) — NpOIIEHT BpEMEHH,
B TEUCHUE KOTOPOro mpeBbimaercs ocnabnenne A;1 (nb), rne Pi < P, KoHKpeTHBIC 3HaUeHUs P; cnemnyer
BBIOMPATh TaK, YTOOBI OXBATUThH TPEOYEMBIil TUana30H BEPOSTHOCTEH; BMECTE C TEM MPEIaraloTcs 3HAYCHUS
npoieHTa Bpemenu, pasusie 0,01, 0,02, 0,03, 0,05, 0,1, 0,2, 0,3, 0,5, 1, 2, 3 u 5%, npu OrpaHUUYCHUH, YTO
P i < P rain.

Oman 3. PaznenuTh Bce 3HAYCHUS NPOICHTA BPEMEHU P; Ha BEPOSTHOCTb JOXKISA Pryin, YTOOBI TIOTYUYHTH
YCIIOBHBIE BEPOATHOCTHU OCIIA0IEHMS B IOKAE p, = P / P

Oman 4. TlpeoOpa3zoBaTh ABE MOCICAOBATSILHOCTH Tap [p;, Aii] u [pi, Ai2] B TOCIEIOBAaTEIEHOCTH
[0 '(phma, ] [0 (]

Oman 5. OUEHUTb mapaMeTpsl L, Gi, H2 U G2 MyTeM HoAOOpa METOJOM HAaUMEHBIINX KBaJpaToB ABYX
o _ -1 _ -1 o

1ocie0BaTenbHOCTe! it In 4, =06,0 (pl.)+ W ulnd,=0,0 (pl.)+ W,. Omucanue mO3TaHOM MPOUEIypbI
anmpoKCUMalUKM  JOHOJHUTENBHOM HMHTETpalbHOM  (yHKUMH  paclpeieleHHs ¢ UCIOJIb30BaHUEM
aorapu(MHUUYECKd HOPMAJIbHOM JONOJHUTEIbHONW UHTErpadbHOM (DYyHKIMM paclpeieneHus CcM. B
[Ipunoxxenun 2 x Pexomennarun MC3O-R P.1057.

Oman 6. Paccuntarh KO3 PUIMEHT YaCTOTHON 3aBUCUMOCTH £ :

0,57

/;
=019 22 -1| . (19)
: A

1

Oman 7. Paccuurarhb YCJIOBHOC CpCAHEC 3HAUCHHUC ““2/] 1 YCIIOBHOC CTAHAAPTHOC OTKIIOHCHUC 02/1 .

Ho Z%‘Vl_éz ln(a1)+ 2% _%‘Vl_éz > (20)
1

1
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0y =0,C. 21)
Torna P(A2 > (12|A1 =a, ), JIOTIOJTHUTENTbHAS MHTETPaIbHAs (PYHKIUS PACTIPEACICHUS OCIa0JICHUS B TOXKIE A2
Ha 4acToTe f>, 00yCIOBIICHHOTO OCIIabJICHUEM B IOXKAE A1 = ¢ Ha 4acTOTe fi, paBHA:
In(a, )—
P(Az >a2|A1 Zal)zQ —( 2) Ban ) (22)
Ga/1
rae a1 (nb) — ocnabnenne B moxkne Ha dactote fi m 0 < P < 1. P(A2 >a2‘Al :al) MPENICTaBISICT COOOM

BEPOATHOCTH TOTO, YTO OcllabiieHue B noxkne A» (nb) Ha dactoTe f, mpembimaer a» (ab) (TO ecTh pHUCK)
MIPH YCJIOBUH, UTO ocialiieHue B Ao ae paBHO a; (1b) Ha dacToTe fi.

3HaueHue a; (1b) MOXKHO paccuuTarth IS 33JJaHHOTO 3HA4YCHUsS P 1o opmye:

a, = eXP(GMQil (P)+Hy,)- (23)

Hecmotpst Ha TO 4TO maHHas mpoleaypa Obuta pa3paboTaHa JJIsi OCIA0NICHUS B JIOKIC, €€ MOXKHO TaKXKe
WCIONIb30BaTh IS  MPOTHO3MPOBAHUS  JOMONHUTEIBLHOW WHTETPATBHONW (PYHKIMH  PacHpe/elieHUs
CYMMapHOTO ociiabiieHus (ocnabieHne B ra3ax, OClabiIcHHUEe B JOXK/Ie, OCIa0licHUue B 00JlakaX ¥ 3aMUPAHUS,
BBI3BaHHBIC MepiiaHueM). OJJHaKO TOYHOCTh JTaHHOW MPOIIeIyphl He ObLIa yCTaHOBJICHA.

2.2.1.3.2 IlepecueT 10JIrOCPOYHBIX CTATUCTHYECKHX MAPAMETPOB 0CJA0JIeHHS B J0KIe M0 YacTOTe

Ecnu umerotcest TocTOBEpHBIE JaHHBIC U3MEPEHUI OCIa0JIeHUs Ha OJJTHON YacTOTe, TO C IIOMOIIBIO CIEAYIOIeH
AMIUPUYECKON (OPMYIIBI, TIPSIMO 3aArOIICH OTHOIIEHUE YPOBHEH OCIabieHUS Kak (PYyHKIUIO YacTOTHI H
ocnabJIeHHsI, MOYKHO OCYIIIECTBUTH MIEPECUET 110 YACTOTE JJIs TOH e Tpacchl B mojoce 4actot ot 7 1o 55 [T

Ay = Ay (py /gy ) T H 10240 (24)
rac:
f2
= 25
(P(f) 1_}_1074][2 (25)
H(p, 05, 4)=1,12x107 (05 /¢)) " (4" (26)

A1 1 A> — paBHOBEPOSTHOCTHBIC 3HAYCHHUS JIOTIOTHUTEILHOTO OCTa0JICHUsS B TOK/e Ha dacToTax fi u f> (I'T'm)
COOTBETCTBEHHO.

Hpe}mhoeHI/Ie CJICAYCT OTAAaTb HCPCCUCTY ocinabIeHHsl IO YacTOT€ Ha OCHOBE HaACKHBIX OAaHHBIX
AOJTOCPOYHBIX I/ISMepeHI/Iﬁ 0CJ'Ia6J'IeHI/I$I, a HC JaHHBIX OOJTOCPOYHBIX I/ISMepeHI/Iﬁ HMHTCHCHUBHOCTHU ).IO)K).ICﬁ.

2.2.2  Ce30HHbIC H3MEHECHHMS — HAMXY/AIINA MeCsII

HpI/I IJIaHUPOBAHUUN CUCTEM YaCTO Tpe6yeTC$I 3HATb BCINYUHY 0CJ'Ia6J'IeHI/I$I, MPEBLINIACMOI0 AJId IMPOUCHTA
BPEMCHU p,y HAUXYOUICTO MECALa. I[J'ISI OICHKH BCIIMYHHBI 0CJ'I.':16J'ICHI/I$I, MPEBBIITACMOT'0 B TCHCHUC 3aJAHHOT'O
MPpONCHTAa BpEMCHHN HAUXYNIICT'O0 MCCALld, UCIIOJB3YCTCA CICAYIOIIas mpoucaypa.

Oman 1. Onpenenute MPOLEHT BPEMEHH T0Ja p, COOTBETCTBYIOIIMI 3aJaHHOMY IpPOLIEHTY BpPEMEHH
HauxyJALero Mecsma p,, UCHOIb3ys ypaBHEHHE, ykazaHHoe B Pekomenmanun MCO-R P.841, n npumensas
m000# U3 IPEeANKCaHHBIX B 3TOH PekoMeHgannu crnoco00B KOPPEKTUPOBKH p.

Oman 2. Jlns paccMaTpuBaeMOW TpacChl ONpeNeNuTh BEMW4YMHY ocialbneHusi 4 (ob), mpeBbllaeMyio B
TE€YEHHE PE3YIbTUPYIOIIEr0 TOA0BOIO MPOLEHTa BPEMEHH p [0 METOTy, OIIMCAaHHOMY B ITyHKTe 2.2.1.1, wim ¢
MOMOILBI0 W3MEPEHHBIX WM MEPECYUTAHHBIX [0 YacTOTe CTATHCTUYECKMX [aHHBIX 00 OCIabieHHH.
[lony4yennoe 3nadeHue 4 U OyAeT OLEHKOW BEIMYMHBI OCTA0JICHHS, MPEBHIIIAEMOr0 B TEUCHHE MPOLCHTA
BPEMEHH p,, HAUXYALIETO MECALA.

B Pexomennanun MCO-R P.678 npuBonsaTcs KpuBble, MILTIOCTPUPYIOINE OTKIOHEHHE 3HAYEHUI HHTEPBAIOB
BpPEMEHH MPEBBILICHUS I HAUXYALIETO MECALA OT UX CPEAHETO 3HAYCHMUSL.
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2.2.3 HN3MeHYMBOCTH CTATHCTHYECKHX JAHHBIX B IPOCTPAHCTBE H BPEeMEHH

Pacnpenenenus BenuurH ociaablieHHs B OcalkaX, U3MEPEHHBIX Ha OTHOHN U TOH JKe Tpacce, P TeX ke 4acToTe
U TOJSpU3alliM, MOTYT 3aMETHO M3MEHAThCA OT roza k roay. B mpenemax 0,001-0,1% Bpemenu rona
BEIMYMHBI OCHa0NieHusl TpU (PUKCHPOBAHHOM YPOBHE BEPOSTHOCTH M3MEHSIOTCS, KakK IOKa3bIBAIOT
Habmronenus, Oomee uyem Ha 20% (cpemHekBampathueckoe 3Hauenue). [Ipu ucmonp3oBaHMu Moneneit
MPOTHO3UPOBAHUS UK NiepecueTa ocabiIeHus, IPeJCTaBICHHBIX B MyHKTe 2.2.1, 1Uis epecueTa pe3yabTaToB
HaOIIOICHHA, TTOJTyYEHHBIX JUIS TOrO WK HHOTO MECTOIOJIOKEHNUS, B IIETISIX OLEHKH APYTOil TPACCHl B TOM K€
MECTOIIOJIOKEHNH, U3MEHEHHSI YBETIHMUUBAIOTCs OoJiee yeM Ha 25% (cpeqHeKBaapaTHYHOE 3HAUCHHE).

2.2.4  IlpocTpaHCTBeHHOe pa3HeceHHe

IInorHBIC OYaru JOXKIA, 06yCJ'IOBJ'II/IBaIOH.[I/Ie OOIIbIIINE 3HAYCHUS 3aTyXaHHd Ha JIMHUU 3CMJ'I$I-KOCMOC, qacTo
HUMCIOT T'OPU3OHTAIIBHBIC PasMEphbl, HC MPEBBIMIAIOIINEC HECKOJIBKO KUJIOMCTPOB. CI/ICTCMBI, OCHOBAaHHBIC Ha
pa3HeCCHNNU, CITIOCOOHBIE NEepeHaIpaBUTb Tpa(bI/IK Ha aJIbTCPHATUBHBIC 3C€MHBLIC CTAHLIMKM WX HUMCIOLIUC
AOCTyIl K CIIYTHHUKY, 06J'IaZ[aIOH_IeMy AOIIOJHUTCIIBHBIMU peCypCaMU Ha 60pTy i BpEMCHHOI'O
pacipeaciiciud, MOryT 3HAUUTCIbHO TIOBBICUTH HAACKHOCTb  CHCTCMBI. CI/ICTGMBI, OCHOBAHHBIC
Ha IPOCTPAHCTBCHHOM PAa3HCCCHUU, OTHOCATCH K KaTCTOPUU C6aHaHCI/Ip0BaHHBIX, CCJIM ITOPOTOBBIC 3HAUCHU
3aTyXaHHUd Ha JABYX JIMHUAX PAaBHBI, U HC C6aﬂaHCI/Ip0BaHHI)IX, CCJIM IMOPOTOBBIC 3HAUCHU 3aTyXaHHA Ha ABYX
JIMHHUAX HC OOWHAKOBBI. Ha gactorax Beime 20 FFLI YXYAUICHHUEC KAaUCeCTBAa TPACChI, BBI3BAHHOC IMPUYNHAMU,
OTIMYHBIMHU OT HJOXIOA, TaKXKXC MOXKET TIIOBJIMATH Ha Kad€CTBO (I)YHKLII/IOHI/IPOBaHI/IH B YCIOBUAX
MMPOCTPAHCTBCHHOI'O pa3HCCCHUS.

CYH.IGCTByeT ABC MOJCIN NPOTrHO3MPOBAHUA IPOCTPAHCTBECHHOT'O PA3HCCCHUA:

— METOJ  TNpPOTHO3MPOBAHMs, ONUCaHHBIE B  nOyHKTe 2.2.4.1, KOTOpBIH  NpUMEHAETCA
K HecOaJlaHCUPOBAaHHBIM M COAaJaHCUPOBaHHBIM CHCTEMaM U PAcCUMTHIBAET CyMMAapHYIO
BEPOSITHOCTH IIPEBBILICHUS TOPOTOBBIX 3HAYCHHUH 3aTyXaHUSL;, U

— METOJ  MPOTHO3UPOBAHMUS, ONUCAaHHBIM B  mOyHkTe 2.2.4.2, KOTOpbII  MNpUMEHsETCA
K cOaaHCHPOBAHHBIM CHUCTEMaM, pPabOTAIOUIMM Ha KOPOTKHX PAcCTOSHUSX, U PAacCUUTHIBAET
K03 PUILIMEHT yCHIIEHHS IPY IPHEME Ha Pa3HECEHHBIC aHTEHHBI.

MeTon TpPOTHO3MPOBAaHWS, OMHCAHHBIA B TMyHKTe 2.2.4.1, sABmsercs Hauboiiee TOYHBIM © Oolee
MPENNOYTUTENBHBIM. YTIPOLIECHHBI METOA MNPOrHO3WPOBAHUSA, ONUCAaHHBIMN B NyHKTe 2.2.4.2, MOXET
WCTIOJIBb30BaThCA sl MPOCTPAHCTBEHHOTO pa3HOCca Ha paccTosHMM MeHee 20 KM; OJJHAKO 3TOT METOA MeHee
TOYEH.

2.2.4.1 IIporHo3npoBaHue BepOSATHOCTU HAPYUICHHUS CBSI3U U3-32 0cJIalJieHus B 10K1€e B YCJIOBUAX
MPOCTPAHCTBEHHOI0 Pa3HeCEeHUs!

9TOT MCTOJ MNPOTHO3UPOBAHUA PA3HCCCHUA MPEANOIaract J'IOl"apI/I(bMI/I‘IeCKI/I HOPpMAJIBHOC pPacCrpeaCICHUC
MHTCHCHUBHOCTHU OOXIA 1 ocnabiaeHus B JOXKIEC.

OTOT METOA TMO3BOJISIET MPOrHo3upoBath Pr(41 > ai, A2 > a;) cyMMapHYI0 BepoATHOCTH (%) TOTO, 4TO
ocnalyieHHe Ha Tpacce MO HAMpaBICHHWIO K IUIOIIAAKE pa3MEIICHUs MEpBOM CTAaHIMU BBHIIIE, YeM di,
a ocnabjeHne Ha Tpacce MO HAMpPaBJICHUIO K IUIOMIAJKE pa3sMELICHHUsS BTOPOM CTaHLIMHU BBIIIE, YeM d».
P.(41 2 a1, A> > a>) nonmy4aercst B pe3yjbTaTe yMHOKCHHUS ABYX CyMMAapHBIX BEPOSTHOCTEMH:

1) P, — cymMapHasi BEpOSTHOCTh TOTO, YTO B MECTaX PACIOJIOKCHHUS TUIOIIAJ0K 00CHUX CTaHIIMHA UAET
JIOKIIb; U
2) P, — ycnoBHasi cymMMapHasi BEpOSTHOCTh TOTO, YTO OCHa0JICHUS MPEBBICAT COOTBETCTBEHHO @i U @2
C YYETOM TOTO, YTO B MECTaX PACIOJIOKESHUS IIOMAIO0K O0CHX CTAHIIUN UAET J0XKIIb; TO €CTh:
P. (412 a1, A> > a») = 100 x P, x P,%. (27)

Ot BEPOATHOCTU BBIPAKAIOTCA KaK:

2 2
I _[ exp| — = 2ppriry +13 drydn, (28)

2n\/1 o2 i 20i-p7)
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rac:
) p, =0,7exp(~d /60)+0,3exp[~(d /700)'] (29)
H
1 T T expl | L —204hiby Lo | P,
271\/@ Inay—myy 4 Inay—my 4, 2(1 - pa)
Sln 4y Sln Ay
rac:
p, = 0.94ex{~d /30)+0,06exp]-(d/500] ] 31)

ubP,uP,— AOTOJHUTCIIbHBIC IBYMECPHBIC HOPMAJIbHBIC pacnpeaeneHI/Iﬁz.

[Mapametp d mpencraBiseT coOOH pa3sHOC MEXAy IBYMS IUIOMIAIKAMH pPa3MEIICHHUS CTaHIHA (KM).
[ToporoBeiMu 3HaUCHUSIMU R| U R, SIBASIOTCS PEIICHUS:

. 1 0 7‘2
P =100x O(R,, ) =100 x exp| —— |dr (32)
k Q( k) \/Z]é[ p >
TO €CTh.
Prain
R, =07"| 2—1, 33
P =0 100 (33)
rae:

Rk . IMOpOroBocC 3HAYCHUC IJId k-1 IJIOMAAKHU pa3sMCIICHUA CTAHIITMN COOTBETCTBCHHO,

P™":  BepostrHOCTH H0XKMs (%);

Q . AOMOJHUTCIIBHOC HOPMAJIbHOC PACIIPEACICHHUC,

Q_l . 06paTHO€ AOTOJHUTCIIBHOC HOPMAJIbHOC paCpCACIICHUC,

P/*™: 1 KOHKPETHOTO MECTONOJIOKEHIST MOXKHO HOJTY4YNTh, HCXOMs 13 dTama 3 Tpunoxenus 1

Pexomenmarun MCD-R P.837, ¢ nucnonb3oBaHueM JTu00 MECTHBIX JAHHBIX, JTUOO0 KapT
HHTEHCUBHOCTHU JOXIEBELIX ocaakoB MCO-R.

3HadyeHUs nmapaMeTpoB m,;, 4 m, 4 (O 4 n Gll’lAz OIMpPEACTAOTCA MMyTCM n0)16opa ocinabiaeHus B JOXOEC IJIs

Ka)KI[OfI OTﬂeHBHOﬁ IIoMAAKU pa3sMCIICHUA CTaHIIUU A; B 3aBHCHUMOCTH OT BCPOATHOCTHU COOBITHS P;
JJIA J'IOFapI/I(l)MI/I‘-IeCKI/I HOPMAJILHOT'O pacipeaCICHUSA:

11’1 Ai — my, A, (34)
Sn A,

OTH mapaMeTpbl MOTYT OBITh MOJYYEHBl ISl KaKIOr0 OTICIBHOIO MECTOIMOJIOKEHHUS WIH MOXKET
HCTIOJIB30BaThCA TH000€ OTACNBHO B3sTOE MecTomonoxenne. OcnadiieHune B 10K€E B 3aBUCUMOCTH OT T'OI0BOM
BEPOSITHOCTH COOBITHS MOXET OBITh CIPOTHO3UPOBAHO C HCHONB30BAaHHEM METOJa, ONHCAHHOTO
B nyHkTe 2.2.1.1.

2 PUMEYAHUE. — D10 TOT %e JABYMEPHBIH HOPMAIbHBIA MHTErpaj, KOTOPHIA MCMONb30BaNcs B myHkTe 2.2.1.2.

[MpubmkeHHOE TpenacTaBiIeHHE 3TOro HMHTerpana npuseaeHo B: Z. Drezner, and G.O. Wesolowsky. "On the
Computation of the Bivariate Normal Integral”, Journal of Statistical Computation and Simulation. Vol. 35, 1989,
pp. 101-107. Cratuctnueckuii mHctpymeHT Matlab comepxur BcTpoeHHyo ¢yHKmmio Matlab mvedf, xoropas
pacCUMTHIBAET ABYMEPHBIH HOPMAIBHBIN HHTErpall, a OnbmoTeka Python comepxuT BeTpoeHHYIO QyHKINIO mvndst,
KOTOpasi paCCYUTHIBACT IBYMEPHBIA HOPMAJIBbHbBIA HHTErPaL.
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I[J'ISI Ka)KJI0H IUIOIIAaKU pasMClICHUd CTaHIIUA J'IOFapI/I(l)MI/I‘-IeCKI/I HOpMaJ'IBHI:IfI HO}_I60p ocnabieHus B JOXKIC
B 3aBHUCHUMOCTH OT BEPOATHOCTHU COOBITHS MPOU3BOJUTCH CIICAYIOIIUM 06pa30M.

rain

Oman 1. Onpenensercs P (% BpeMeHM), BEpOATHOCTH 0K Ha k-i Tpacce.

Oman 2. Ctpoutcsi MHOXeCTBO nap [Pj, 4], tae P; (% BpeMeHH) — BEpOATHOCTh IPEBBIICHUS OCTa0nIeHus
A; (mb), tme P; < P;:“i”. Konkpernble 3HaueHuss P; MOMKHBI YUYUTBIBaTh JAMAINa30H BEPOSTHOCTH,
MPEICTaBISIONINKA HHTEpPEC; BMECTE C TEM MpeiaraeMbiM HabopoM IporeHToB BpemeHH siBisiercs 0,01%,
0,02%, 0,03%, 0,05%, 0,1%, 0,2%, 0,3%, 0,5%, 1%, 2%, 3%, 5% u 10% npu ycnosuu, uto P; < B/ .

Oman 3. MuoxectBo nap [P, 4i] 1peoOpazoBbIBAIOTCS B| O~ P}:{im ,In 4. | (35)
k

rac:

V2n

Oman 4. OHpeI{eHHIOTCH OEpEMCHHBIC my, 4. U Oy 4. HYTEM n0n6opa MCTOJAOM HAaMMCHBIIINX KBAaApPAaTOB
i i

w
O(x)=— fe 2dr. (36)

P, .
TakuM 00pa3oM, YTOOBI Ind; =6y, Q—l r[llm +my,, W1 BCEX L. [Mombop MeTomOM HaWMEHBIIUX
1 1

k
KBaJpaTOB MOXHO OCYIIECTBHUTD, UCIOIb3Ys MO3TAITHYIO IPOLEAYPY IS allllPOKCUMALK JONOIHUTEIEHOTO
WHTETPAIbHOTO  PACHpEACNCHUs] TOCPEACTBOM  JIOTAPU(PMHUYECKH HOPMAIBHOTO  JOMOJIHUTENHHOTrO
MHTETpaJIbHOTO pacnpeaeneHus, onucanHoro B Pekomennanun MC3-R P.1057.
2.24.2 Ko dnunenTt ycniieHus npu npueMe Ha pasHeceHHbIe AHTEHHBI

Xots OoJlee MPEANOYTUTENBHBIM SIBJIICTCS METOJ MPOrHO3UPOBAHUS, ONMUCAHHBIN B IMyHKTE 2.2.4.1, MOXKHO
WCIOJIb30BaTh U albTEPHATHBHBIN YIPOIIECHHBIA METOJ, IS TOTO YTOOBI CIIPOTHO3UPOBATH KO3 (UIIUEHT
YCWJICHUS MPH MPUEMe Ha pa3HEeCeHHbIe aHTeHHBI G (1B) Mex Iy mapamu MoIaoK pa3MeIieHus: CTaHIui,
KCIIONB3YSl SMIIUPUYECKOE BBIPAKEHUE, KOTOPOE MPUBOAUTCS HUXKE. DTOT aJbTEPHATUBHBIA METOJ MOXKET
KCIIONB30BaThCA VIS pa3HOCca IJIOMIAJ0K pa3sMEIleHUs CTaHIUMi Ha paccTosnuu Mmenee 20 kM. J[ns pacuera
Kod(UIMEHTa YCUIICHUS TIPY MTPHEMEe Ha pa3HEeCEHHBIC aHTEHHBI TPEOYIOTCS CIICAYIONIHE TapaMeTphl:

d: TPOCTPaHCTBEHHBIM pa3HOC (KM) MEKIY ABYM: ITyHKTaMH;
ocnabyieHle Ha Tpacce MpH MprueMe B 0THOM IyHKTe (1b);

A4:

f: uacrora (I'T'm);
0 : yrom mecra Tpacchl (Ipamychl);
(%

yron (rpazmycel), oOpa3oBaHHBIM ©a30BOM JHMHUEH MeXAy NYHKTAaMH TpHEMa
U a3UMYTaJbHBIM HampaBlICeHHEM Tpacchl paclpOCTpaHEHUs, BbIOpaHHBIN Tak,
970 W < 90°.

Oman . BBIMUCIUTH COCTABIAIOUIYIO KOA(PQHULINEHTa YCUIICHUS 3@ CUET MPOCTPAHCTBEHHOTO pa3HECEeHHsI C
MOMOILBIO (POPMYJIBI

G,=a(l-ebd), a7
re:
a=0,784—-1,94 (1 —¢ "' 4);
b=0,59 (1 ),
Oman 2. BBYACIATH YaCTOTHO-3aBHCHMYIO COCTABIISIOLLYIO KOO(DHUIHEHTA YCHIICHHS:

Gy= e 005/, (38)
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Oman 3. BBIYUCIUTD COCTABISIONIYIO KO PHUINEHTA YCHICHHS, 3aBUCSIIYIO OT YIjla MecTa:

Ge=1+0,006 6. (39)
Oman 4. BBIMUCIUTH COCTABISIONIYIO KO3 PHUIMEHTa YCUIICHUS, 3aBUCSIITYIO OT 0a30BOM JTUHUH:
Gy =1+0,002 y. (40)

Oman 5. BeuucauTh pe3yabTHPYIOMHH KO3DPHULNEHT YCHUIISHHS TIPU IPUEeMe Ha pa3sHEeCEHHbIE aHTEHHBI KaK
NIPOM3BCIACHHUC
G=Gas G Gy Gy nb. 41)

2.2.5 XapakTepuCTHKHU SIBJIeHHI, CBI3aHHBIX C BBINA/ICHHEM 0CA/IKOB

2.2.5.1 JINUTEJBHOCTH OTAEJBHBIX 3AMUPAHMIA

Pacnipenenenust AMUTENBHOCTH 3aMHUpPAaHUN W3-3a AOXKIS, MPEBBIMIAIONINX 33JaHHBI YPOBEHb OCIa0ICHHUS,
MPAaKTUYECKH TOAYMHSAIOTCS JIOTapU(PMHUUECKH HOPMATBHOMY 3aKOHY. MeauaHHble 3HAUCHHS COCTABISIOT
MPUMEPHO HECKONBbKO MHUHYT. [yis 3Hauenuid riayOounsl 3amupanuii Mmenee 20 n1b pe3ynbTathl OOJBIIMHCTBA
W3MEPEeHNH He MOKa3aId CKOJBKO-HUOYAb 3HAYMTENBHOW 3aBHCHMOCTH ITHUX DPAaclpeAeNeHUil OT IiIyOHHbBI
3aMUpaHUi. DTO 03HAYaeT, YTO U3 OOJBIIEro KOJMIECTBa OTACIbHBIX 3aMUPAaHIH, UMEIOIIIX Ooiee WiIn MeHee
OJIMHAKOBBIE paclpelesieHNs [UIMTeIbHOCTH 3aMUPaHHid, ody4yaeTcs OOJBbIINI MpOLEHT 00IIero BpeMeH!
3aMUpaHui, HaOIromaeMbIX Hpu Oosiee HU3KHMX 3HAUCHHAX TIIyOMHBI 3aMHpaHMi WM Ha Oojee BBICOKHX
gactoTax. CylIecTBEeHHbIE OTKIOHEHHUS OT JIOTapu(pMUUYECKH HOPMAJILHOTO 3aKOHA paclpelesieHHs MOTYT
BO3HHUKHYTb MpH UIMTENBHOCTH 3aMHUpPaHUl NPUMEPHO MEHEe MOIMHMHYTHI. [IMTENBbHOCTH 3aMUpaHuN
33JaHHOT'0 YPOBHS HMEET TEHJCHINIO YBEINYNBATHCS IPY YMEHBIICHUH yTiia MECTa.

[Ipr nnanupoBaHuM coeavHeHHHd B nu¢poBol cetn ¢ uHTerpauueil cimyx0 (LICHC) yepe3 cmyTHHK
HeoOXOMMBI IaHHBIE O BKJIJIe B 00IIee BpeMs 3aMUPaHUH TeX POIIECCOB OCIA0IIEHUS, TPOJOIKUTEIIEHOCTD
KOTOphIX MeHbmie 10 c. DTo, B YaCTHOCTH, OTHOCHUTCS K YpPOBHIO OCIA0JICHHS, COOTBETCTBYIOIIEMY
MMOPOTOBOMY 3HAUEHHWIO HApYIICHHUS CBSI3M, KOTJa MPOIEcChl ociabieHws UIMTENbHOCThIO Oomee 10 ¢
MNPUBOJAT K HETOTOBHOCTH CHCTEMBI, TOTJAa KaK MEHEE MPOAOKUTEIbHBIE NPOLECCHl BIUAIOT Ha KA4€CTBO
paboTHI cHCTEMBI, He HapyIas ee ToTOBHOCTH (cM. Pekomennaruio MCO-R S.579). CymiecTBytomue 1aHHbIE
MTOKAa3bIBAIOT, YTO B OOJBIIMHCTBE CIy4YaeB HHTEPBAJl BPEMEHH MPEBBINICHSI B TEYCHHE TIepH0/ia TOTOBHOCTH
cocraiser ot 2% nmo 10% oOmero BpemeHu mnpeBbiieHns. OOHAKO MPU HHU3KUX yriax MecTa, KOorjaa
KpaTKOBpeMeHHbIe  ()IYKTyallil CUTHAajla, BBI3BaHHBIE TPONOCHEpHBIM MepIaHUEM, CTaHOBSTCS
CTaTHCTUYECKH 3HAYMMBIMH, BO3MOXKHBI CHTYallld, TIPU KOTOPBIX BpeMs IPEBBIMICHHS B TEUSHHUE MEPHOa
TOTOBHOCTH 3HAYUTENBHO OOIIbIIe, YeM IS TPAcC 3eMIII-KOCMOC ¢ 0oJiee BRICOKHMH YIJIaMH MECTa.

2.2.5.2 CkopocTi u3MeHeHHsl YpPoBHeil 0cy1a0JieHUus1 (MHTEeHCUBHOCTb 3aMHPAaHMIi)

O6H.IerI/13HaHO, 4YTO pacOpCAciiCHUs TIOJOXUTCIIbHBIX W OTPHULATCIbHBIX 3HAYCHUH WHTESHCHBHOCTH
BaMI/IpaHI/Iﬁ ITOAYHMHAKOTCA HOFapI/I(i)MI/I‘ICCKI/I HOPpMAJIbHOMY 3aKOHY W BCECbMa CXOXH. 3aBHUCHMOCTD
HMHTCHCHUBHOCTHU SaMI/IpaHI/Iﬁ OT UXx FHY6I/IHBI HC YCTaHOBJICHA.

2.2.5.3 Koppensiuust MrHOBeHHBIX 3Ha4YeHUIl 0ci1a0IeHNid Ha Pa3JIHYHbIX YaCTOTAX

JlanHble 00 OTHOLIIEHHH MIHOBEHHBIX 3HaYCHUH 3aMUPAHUH B JOKIE HA Pa3IMYHBIX YACTOTAX MPEACTABISIOT
WHTEpeC TS Pa3sHOOOpa3HBIX AJANTHUBHBIX CIOCOO0B OOpHOBI C 3aMHUpaHUSMH. BBUIO yCTaHOBIIEHO, YTO
K03((PUINEHT YaCTOTHOTO Iepecyera pacipeaessieTcs Mo JIorapu(GMIUUecKl HOPMATbHOMY 3aKOHY U 3aBUCHT
OT THIIA M TEMIIEPaTypsl NOXIA. JlaHHBIE M3MEpPEHHH IOKA3bIBAIOT, YTO KPAaTKOBPEMEHHBIC BapHalnuu
OTHOIICHHS YPOBHEI 0CTabJIeHUS MOTYT OBITh 3HAYNTEIbHBIMHE, U TIPEIIIOJIATaeTCsl, YTO OHH YBEINYHUBAIOTCS
IPY YMEHBILICHUH yTJIa MECTa.

2.3 IddexThI pacnpocTpaHeHns B YCIOBHAX ICHOTO Heba

B otnimume ot atMocdepHOro NOrJIOMIEHUs B YCIOBUAX ICHOTO HeOa PHU OTCYTCTBUH OCAIKOB BOHUKHOBEHUE
CEpbE3HBIX 3aMHUPaHUl CUTHAIA B KOCMHUYECKIX CHCTEMax CBs3H, paboTaromux Ha yactotax Hmke 10 [T
mpu yrinax mecta 6onee 10°, manoBeposTHO. OgHaKO MpH HU3KKUX yrirax MecTa (< 10°) 1 Ha 9yacToTax BEIIIE
npubmmsuTensHo 10 [T TponochepHbie MepIiaHus MOTYT WHOTA BBI3BATh CEPhE3HOE YXYAIIEHNE pabOdIrX
xapakrepuctuk. [Ipn ouenp HU3KHX yriax Mecrta (< 4° s Tpacc, MpoXOoIAIINX HaJ cytei, u < 5° s Tpacce,
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MPOXOAAIMINX HaJl BOIOW MM BIOJb TIOOEPEXKbs1) 3aMHUPaHUs, BBI3BAHHBIE MHOTOJTyUEBBIM PACIPOCTPaHEHHUEM,
MOTYT OBITh OCOOEGHHO CHJIBHBIMH. B HEKOTOpHIX MecTax MOHOC(hEpHOEe MEpLAHHE MOXET UTPaTh BAXKHYIO
poJb Ha yactoTax Huke npubmmsurensHo 6 I'T (eM. Pekomenganmio MCO-R P.531).

2.3.1 YMmeHbmIeHHe KO3(PUIHEHTA YCUJIEHHS] AHTEHHBbI BCJEJACTBHE HEKOTePeHTHOCTH BOJIHOBOIO
¢pponTa

HekorepeHTHOCTh BOJIHOBOTO (PpOHTA BOJHBI, Majarolleldl HA MPHUEMHYIO aHTEHHY, BBI3BIBACTCS MEIKUMHU
HEOJHOPOIHOCTSIMH CTPYKTYpBI arMocepbl, UMEIOIMMH ApYyrod uHAeKc pedpakuuu. Kpome ObicTphix
¢byKTyaluii curHana, paccMaTprUBaeMbIX B MYHKTE 2.4, OHM BBI3BIBAIOT MOTEPIO CBSI3M MEXAY aHTEHHOU M
Cpenoil pacrpoCTpaHeHus], YTO MOXKHO MPEACTaBUTh KaK YMEHbIICHHE KO3 (UIMEHTA yCUIICHHS aHTCHHBI.

3t1oT 3QeKT ycuauBaeTcs MpH yBEIMUSHUH YacTOTHl M YMEHBIICHHH yIjla MecTa M 3aBUCHUT OT JHaMeTpa
aHTeHHBI. XOTS B MOIENAX pedpakuuy, NPEACTaBICHHBIX HWXKE, 3TOT A3PQEKT He YUUTHIBAETCA
HETIOCPEACTBEHHO, M0 CPABHEHHUIO C IPYTUMH SIBJICHUSIMH UM MOKHO IpeHeOpeyb.

2.3.2 Ilorepu 3a cueT pacxo:kIeHHS Jy4da

Meron mNpOrHO3UPOBAHUS TOTEPh 3a CUET PACXOXKACHUS Jiyda B HalpaBiICHUSAX 3eMIS-KOCMOC U
KocMoc-3emind usioxkeH B Pekomenmannu MCO-R P.834.

2.4 3amupanus, BbI3BaHHbIC MEPIAHHEM H MHOT0J1y4€eBOCThIO

AMIunTyja TponocgepHbIX MEpLUAHUK 3aBUCUT OT BETMUMHBI U CTPYKTYPbI U3MEHEHNH MHJeKca pedpakiuu
BJIOJIb TPAacChl pacHpOCTpaHEHMs.. AMIUIMTYIHbIE MEpIaHMs YBEIMUYMBAIOTCS C BO3PACTAHHUEM YacTOTHI H
JUIMHBI TPacchl M YMEHBINAIOTCS IO Mepe CYKEHHWs AHarpaMMbl HANpaBICHHOCTH AHTEHHBI 3a CUET
ycpenHeHHus ee anepTypsbl. [1o qaHHBIM H3MepeHnH ycpeTHEHHBIE 3a MECSAL] CPEAHEKBAIPATHIECKHE 3HAUECHHUS
GIyKTyaluii CUIBHO KOPPEIUPOBAHBI CO 3HAUCHUEM MapameTpa Ny, BXOIAIIETO B (GOPMYILY ONpeleTeHHs
pedpakuy paguoBOIH U YYUTHIBAIOLIETO COACPKaHHE BOJSIHBIX TApoB B aTMoc(epe.

MCTOI[ MMPOrHO3UpPOBAHUA BaMI/IpaHPIﬁ, BBI3BAHHBIX aMIUIUTY AHBIMUA MCPLAHUAMHA, COCTOUT U3 TPEX YacTeH:

1) MIPOTHO3UPOBAHNE 3aMHUpPaHU, BBI3BAHHBIX AMIUTUTYAHBIMH MEpPLAHUSAMH, NpPU yIiax MecTa B
YCIIOBHUSIX pacipoCTpaHEHHsI B CBOOOJHOM MpocTpaHcTBe = 5° (myHKT 2.4.1);

2) MIPOrHO3UPOBAHNE 3aMHUPaHUil, BEI3BAaHHBIX aMIUIUTYIHBIMUA MEpLAHUAMH, 11 3aMUpaHuid > 25 nb
(myHkT 2.4.2);

3) MPOTHO3UPOBAHUE AMIUTUTYAHBIX MEPLAHUH B MEPEXOJHON 00JacTH MEXAy OBYMs yKa3aHHBIMHU

BBIILIE paciipeeeHusaMu (yHKT 2.4.3).

Kak ormeueno B Pexomenmaium MCD-R P.834, mon BnusHueM atmocdepHON pedpakuyu paguoBOIHBI
MEXIy CTaHIHMEH Ha MOBEPXHOCTH 3€MJIM U KOCMHYECKOH CTaHLMEH M3rnOaloTCsl B HANPABICHUH 3EMIIH.
B pesynbraTe 3TOr0 KaKymIMHCS yroil MecTa, KOTOPBIH YYMTBIBAeT arMocepHyro pedpakuuio, Oyaer
OoJiblile, YeM yrojl MecTa IpH PaclpoCTpaHEeHHH B CBOOOTHOM MPOCTPAHCTBE, KOTOPBIM YUUTHIBAET TOIBKO
MPSIMYIO BUAUMOCTb MEXAY ABYMS CTaHIMSIMH. ECIM cOOTBETCTBYIOLIMIT YTosl MecTa P pacpOCTPaHEHHH
B CBOOOZHOM NPOCTpaHCTBE OOJIbILIE WIIM PaBeH 5°, TO pa3HOCTh MEXIY KaXXKYLIMMCS YIJIOM MecTa U yrioM
MecTa NP PacupoCTpaHEeHUH B CBOOOJHOM MTPOCTPAHCTBE HE3HAYUTENbHA, 1 HEOOXOJMMO YUUTHIBATH TOJIBKO
METOJ] IPOTHO3UPOBAHMs, ONIMCaHHBIN B yHKTE 2.4.1.

Harnsnuelii npuMep HCMONB30BAaHUS TPEX 4YacTe METOoJla MPOTHO3UPOBAaHUS MPHUBENCH Ha PHUCYHKE 2.
Crnemyer OTMETUTh, YTO METOJ IIPOTHO3UPOBAHUS B MEPEXOJHON OOJIACTH, MPHUBENECHHBIH B IyHKTE 2.4.3,
OTHOCUTCS K ONMCaHHOMY B MyHKTE 2.4.1 pacnpeneiaeHuto npu yrie MecTa B YCIOBUSIX PACIPOCTPAHEHUS B
CBOOOJIHOM TIPOCTPAHCTBE B 5° M OTHOCHUTCS K OMHCAHHOMY B ITyHKTe 2.4.2 pacmpeieieHuI0 Tpu TIIyOuHe
3aMHUpPaHUM, BRI3BAaHHBIX MepLIaHueM, B 25 1b.
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PUCYHOK 2
HarusaHblii npuMep Tpex YacTeil MeToAa NPOrHO3UPOBAHUA MepLAHUI
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Yron MecTa Inpu pacrpocTpaHEHUH B CBOOOIHOM IIPOCTPAaHCTBE (I'Paychl)

P.0618-02

HaOnronenust moka3bpIBatoT, 4TO I OUEHb MaJICHBKUX MPOLIEHTOB BPEMEHH WJIM, aHAJIOTHYHO, JJIsl 3aMUPaHnu i
Ooub110# rTyOuHs! (6onee npubnu3utensHo 10 1b), Ipy 0YeHb HU3KHX YITIaX MECTa 3aMHpaHHUsI, BHI3BaHHBIE
MepLaHUEM, MOTYT OBITh BECbMa 3HAUNTEIbHBIMH. TaKkue 3aMUpaHusl aHATOTUYHBI 3aMUPAHUSIM, BBI3BaHHBIM
MHOTOJTY4€BOCTHIO Ha HAa3eMHBIX JIMHUSAX. AHAJOTHYHO PACHPEACICHUIO TIyOHH 3aMUpaHuid HAa Ha3eMHBIX
JUHUSAX pacnpeacieHue ryOrH 3aMUpaHdi Ha CIyTHUKOBBIX JIMHUSAX C OUYEHb HU3KHM YIJIOM MECTa TaKkKe
OKa3bIBACTCSl KOPPEIMPOBAHHBIM CO CTATUCTHUECKUMU TAaHHBIMHU O TpaguenTe pedpakuuu. B pacnpenenenun
oOmiero 3aMupaHusi 3aMeTeH IMOCTENEHHBIA Mepexo]] OT paclpelefieHHs 3aMHpaHdi 3a CueT MeplaHus,
MPEBHIIACMBIX B TEUEHHE OOJBIIMX MPOLEHTOB BPEMEHH, K paCIpeleNiCHHIO 3aMHpaHWN, BBI3BAHHBIX
MHOT0JTy4eBOCThIO (¢ HakinoHoM 10 nb/nekana) m mpeBbIIIaeMBIX B TEUEHHE MaJBIX NPOLIEHTOB BPEMEHH.
B meronax mporaozupoBaHusi, IpUBEACHHBIX B MyHKTax 2.4.2 u 2.4.3 1 npeaHa3HAYEHHBIX COOTBETCTBEHHO
JUIS pacyera 10N TIyOOKMX U HeTJTyOOKHX 3aMHpaHHi B 0OILEM paclpeaeseHuH 3aMUPaHUH, UCTIOJIB3YeTCs
CTaTUCTUYECKUH MapaMeTp rpajueHTa pepakuyy pr, YIUTHIBAIOMINN N3MEHECHUS B paclpeieNieHUH 3a CUeT
KIIMMaTHYECKUX YCIOBUI.

CymMapHOe pacrpeleficHHe 3aMHUpaHHUid, BBI3BAaHHBIX BIUSHHEM TporocdepHoit pedpakumu A ( p),
MpeAcTaBiseT Cco0Ol codyeTaHWe 3aMUpaHWM, BBI3BAHHBIX pACXOXKICHHEM Jy4a, MeEpLaHueM |
MHOTOJTY4€BOCTHIO, 0 KOTOPBIX TOBOPHJIOCH BhIIIE. Pacnpeaenenus 3aMupaHuii, BBI3BaHHBIX TPONOCHEPHBIMU
U HOHOC(HEPHBIMH MEPLUAHHUAMH, MOKHO OOBEINHUTH, CYMMHUPYSI COOTBETCTBYIOLINE MPOLEHTHI BPEMEHH, B
TE€YEHHE KOTOPBIX NIPEBBIIIAIOTCA 3aJaHHBIC YPOBHH 3aMUPaHMUSL.

2.4.1 BbluucieHne MeCSIYHBIX M JAOJTOCPOYHBIX CTATHUCTHYECKMX [AHHBIX 00 AMIJIMTYAHBIX
MepUAHUSIX NPH yIiaax mecta 0oJiee 5°

Janee onucaH 00N METOA MPOrHO3UPOBAHUS HHTETPAIBHOTO PacIpeieieHUs] BEPOSITHOCTEH 3aMUpaHHi,
BBI3BAHHBIX TPOMOC(EPHBIMH MEpLHAHUSIMH, IPH YyIjax MecTa Oojbllle WIM paBHBIX 5°. Meron
MPOTHO3UPOBAHUS OCHOBAaH Ha MECSYHBIX WM Oojiee MPOAOIIKUTENBHBIX YCPEOHEHUSX TeMIepaTypbl U
OTHOCUTENBHONW BIIAXXHOCTH M OTPAKAaeT KOHKPETHBIE KIMMAaTHUYECKHE YCIOBHS B MECTONOJIOXKEHHH
paccMarpuBaeMoil 3eMHOM cTaHmud. IlockonbKy cpeaHssi TemmepaTypa IOBEPXHOCTH M CpPEAHSS
OTHOCHUTENbHAS BIIAYXKHOCTh MOBEPXHOCTU M3MEHSIOTCS B 3aBUCHMOCTH OT BPEMEHM ro0jla, paclpeieicHHe
ryOMHBI 3aMUpaHUil, BBI3BAHHBIX MEPLAHUSMH, TaKKE HM3MEHSETCS B 3aBUCHMOCTH OT BPEMEHH Toja.
Ce30HHOE W3MEHEHHE BO3MOXKHO IIPOTHO3MPOBATh, HCHOJIb3Yysl CE30HHYIO CpPEAHIOI TeMIeparypy
MMOBEPXHOCTU M CE30HHYIO CPENHIOI OTHOCHTENBHYIO BIIQXHOCTb, KOTOpPBIE MOXHO MOJYYHUTh [UIS
COOTBETCTBYIOIIEI0 MECTa U3 MHPOPMAIUH O [OTOE.
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HapaMeTpH, HCIOJIB3YCMBIC B OITMCBIBACMOM MCTO/JC!

t: cpemHss Temreparypa okpyxaromeii cpeabl (°C) misi paccMaTpHBacMOTo MeECTa,
MOJTyYCHHAs 33 MECSAI] WK 00Jiee UM TEIILHBIA EPHOI,;

H: CpcaHsAd OTHOCUTCIIbHAA BJIAXKHOCTH Yy ITOBCPXHOCTHU (%) Ui pacCMaTpuBacMoro
MECTa, MOJIyYCHHAd 3a MCCALl UJIN Ooiee ZLJ'II/ITCJ'IBHI:II;’I Nepuoa;

(ITPUMEYAHUE 1. — Ecnu OTCYyTCTBYIOT 3KCIEpHMEHTAIbHBIC JaHHbIe Ui ¢ U H, TO MOTYT OBITH
WCIIOJIE30BaHBI KapThl N, 13 Pexomennanmn MC3-R P.453.)

f: ugactrora (I'Tu), rne 4 [Tu <f<551T;
0 : yrom mecra mpu pacupocTpaHeHHH B CBOOOIHOM IPOCTpaHCTBE, rae 6 > 5°;
D:  ¢usnyeckux auaMeTp (M) aHTCHHBI 36MHOM CTaHILINY;

n: 3(1)(1)CKTI/IBHOCTI: AHTCHHBI; €CJIN OHA HCU3BCCTHA, TO IIPUHUMACTCA 3HAUCHHUC 1| = 0,5

Ecin MenuanHOe 3HAYEHWE YYMTHIBAIOUIETO BIAKHOCTh IMapaMeTpa IPUIIOBEPXHOCTHOW pedypaKiiuu,
MPEBBIIIIAEMOE B CPEOHEM TOXY Nye, MOMYyYEHO M3 MHU(POBBIX KapT, NPUBEICHHBIX B PexoMeHmanuu
MC3-R P.453, nepeiiTu HEMOCPEACTBEHHO K 3Tary 3.

Oman 1. ]lns 3HaYeHWs ¢ paccUMTaTh JaBJICHWE HACHIIIEHHOTO Tmapa e, (rlla), kak yka3aHo
B Pexomenmarmun MCD3-R P.453.

Oman 2. Beraucnute 3HaueHHE mapameTrpa pedpakuuu paguoCHTHaja, YYUTHIBAIOILETO BIAXKHOCTD Nyer,
COOTBETCTBYIOILETO €, t U H, ykazaHHbIM B Pekomennaruu MC3-R P.453.

Oman 3. BBIUUCINTD CTaHAAPTHOE OTKIOHEHHUE aMILIUTY bl ATATOHHOTO CUTHANA Cjef!
Gror =3,6x107° +10°* x N, nb. (42)
Oman 4. Paccunrath 3Q()EeKTUBHYIO [UTHHY TPacchl L:
2h;
\/sin2 0 + 235 x 10°* + sin®

I v, 43)

rze /i, — BeIcOTa ci10s TypOysneHTHOCTH, paBHas 1000 m.

Oman 5. Ouenntd 3pHexTHBHBIN AUaMeTp aHTEHHBI Dy UCXOIS U3 TEOMETPHUECKOTro quaMeTpa D U K.
aHTEHHBI 1):

Dy =4 D M. (44)
Oman 6. Paccuntath K03 GUINEHT yCpeTHEHUsI aHTEHHBI 10 (hopMmyIie:
g(x)= \/3,86 (x> +)'"V12 . sin [% tan ! l} ~7,08 x5, (45)
x
rue:
x=122D(f/L). (46)

Ecam apryMeHT KBaJpaTHOTO KOpPHS OTPHIATEIbHBINA (TO ecTh eciiu X > 7,0), To mporHo3upyemasi riryonHa
3aMHpaHUil BCICICTBUE MEpIAHUs s JIIOOOr0 MPOLCHTa BPEMEHU PaBHA HYJIIO M CICAYIONIHE JTaIlbl HE
TpeOyIOTCH.

Oman 7. BpUMCIUTH CTaHJAPTHOE OTKJIOHEHWE CHTHama Jjs COOTBETCTBYIOIIMX MEpPHOAAa M TPacchl
pacrnpocTpaHEeHHUS:

m &)

W . (47)

6= Gref f
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Oman 8. BoramcnuTh KO3(QQHULUUEHT NpOIEHTa BpeMeHH a( p) IUId NpOLEHTa BpEeMEHH p B AWana3oHe
0,01 <p <50:

a(p) =-0,061 (loglop)3 + 0,072 (loglop)z -1,71 IOglop + 3,0. (48)
Oman 9. BBIYUCIHUTD TyOHHY 3aMUpaHuid A(p), MPEBHILIACMYIO B TeUeHHE p%o BPEMEHHU:
A(p)=a(p)-o ab. (49)

2.4.2 Pacyer o0JgacTH TJYOOKHX 3aMHpPaHMii B pacnpefieJleHHH 3aMHPAHU, BbI3BAHHBIX
MepIaHHeM/MHOI0JIy4eBOCThIO0, IPH yIVIaX MecTa MeHbIne 5°

JanHbIE METOI MO3BOJSAET OLEHWUTh IIyOMHY 3aMHMpaHUil JUid 3aMHUpaHuil Oojblle Win paBHBIX 25 nb,
BBI3BAHHBIX COBMECTHBIM BO3/AECHCTBUEM PACXOXKACHUS JTyda, MEPLAHUS U MHOTOJIYYEBOCTH B CPEAHEM IOy
U CpeHEM HauxyAleM Mecsle roaa. Huwke mpuBoauTes nmosranHas npoueaypa.

Oman 1. PaccuntaTh Kaxyluiics Yrol MecCTa B HalpaBICHUUW MaKCUMyma wu3iydeHuss 0o (Mpan),
COOTBETCTBYIOIIHIA JKETaeMOMY YTy MeCTa MPU PAacHpOCTpaHEHUH B CBOOOJHOM MPOCTPAHCTBE, C YUETOM
BO3JICHCTBHS pedpakiuu Ui paccMaTpPUBAEMOM TpPacChl, HCIIOJIB3YysS METOJ, ONWCAHHBIH B MyHKTE 4
Pexomenmanun MCD-R P.834.

Oman 2. JIns paccMaTpuBaeMO# Tpacchl paccuMTaTh IeOKIMMaTHYecKuih KodpuureHT K, Al CpeaHero
HauxyJILero Mecsaua B Tofay:

C[l + CLaz

K =pSx10 © | (50)

IZie pr— 9TO MPOLCHT BPEMEHH, KOTIa TPaJueHT pedpakiuu B npeaenax mnepsbix 100 M atMocdepsl ocTaercs
Menbie —100 N eAnHUI/KM B TE€UEHUE TOTO MECsIa U3 YeThIpeX HanboJjee MpeacTaBUTEIbHbIX A KaKI0T0
BpeMeHH Tozaa (¢eBpanb, Maid, aBryCT W HOSOpb, I KOTOpbIX Ha pucyHkax 8—11 B Pekomenmauum
MCD3-R P.453 npuBeneHsl KapThl), B KOTOPOM UMEET MECTO HaWBbICIIEE 3HAUCHHE P

HcktoueHre COCTaBISIFOT TOJILKO KapThl JUTsl Masi U aBTyCTa, KOTOPbBIE CIEAYET KUCIOJL30BaTh HA MIMPOTAX
BeImIe 60° c. 1. uau BoIre 60° 10. III.

3unavyenus kodpduuuenta Co B ypaHeHun (50), COOTBETCTBYIOIIME THITY TPAacchl, MPUBEACHBI B Tabiuie 3.
3aBucumocTb kodpduuuenta Cr,, OT MHUPOTH Y (B Ipagycax C. II. MM 0. III.) ONPEeNseTcsl CleAyoInuM
obOpazom:

Cra=0 TSt | <53 (51)
Cru=-53+vy TUTSE 53° < |y| £ 60°% (52)
Cra="7 IOIE 60° < |y| (53)
TABJINIIA 3
3navenus kod¢punuenta Cy B ypapHeHuH (47) 1J1sl pa3jJMYHBIX THIIOB TPacc pacnpocTpaHeHu s
Tun Tpaccsl Co
Tpaccm pacopoCTpaHCHUs, TOJTHOCTBIO IMTPOXOAAIINEC HAJT 36MJ'IGI>1, JUIA KOTOPBIX aHTCHHA 3EMHOM 76
CTaHIIUU PACIIOJIOKCHA Ha BBICOTE MCHEC 700 m HaJ CpeIHUM YPOBHEM MOPs
Tpaccm pacupoCTpaHCHUs, I KOTOPbIX dHTCHHA 3eMHOU CTaHLIMU PACIIOJIOKCHA Ha BBICOTC Ooitee 70
700 M HaJ CpeAHUM YPOBHEM MOpS
Tpaccm pacnpoCTpaHCHUs, HEIUKOM NUJIK YaCTUYHO ITPOXOAAIINEC HaZl BOAHBIMU OacceitHaMu UK 76 + 6
BJIOJIb UX OOEPEXDBs (THII TPACC, IPUOPEKHBIE 30HBI M IEPEMEHHAS 1 OTIpeIeieHbI B cebuke'!) "

M) Tlepemennas r, BXoasmas B Bepaxenue st Co, — 3TO YaCTh TPACCHI PACIPOCTPAHEHHUS, TIEPECEKAIOIIAS BOHBIN
OacceliH WM NpWIeralomye K HeMy NpuOpexHble o0iacTH. Tpacchl pacrnpocTpaHEHHWs, MPOXOJIIHe Hall
HEeOOJNIBIINMHY 03epaMH MIIM PeKaMH, OTHOCSITCSI K TpaccaM, LEJIMKOM PACIOJIOKEHHBIM HaJl cymieil. XOoTsl Takue
BOJIHBIE OAacCEHHBI MOXKHO OBUTO OBI yUecTh IIPH pacueTe 7, 3TO MPHUBEIET K MPEHeOPeKNMO MAJIOMY YBEIIMUCHHUIO
ko3 purmenta Cp IO CPaBHEHHIO C €r0 3HAYEHUEM JUTS TPACC, LEITMKOM ITPOXOISAIINX HAJ CyIIeH.
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Oman 3. Paccunrtarh rinyOMHY 3amupaHuil A(p), NpeBbIIaeMyI0 B TedeHHE p% BpPEMEHH CPEIHEro
Hauxynmero mMecsna Ha yacrore f (I'T'n), u sxenaemplil Kaxymuiics yros mecta 0 (Mpan):

a) B CpEIHEM TOAY:
A(p) = 10log ¢ Ky, — v+ 9log,o f —59,5l0og,0(1 +6) — 10log;op 1B, (54)
rae:
% =—1,8—5,610g]0(1,1i|cos 2\|/|0’7) 1b, (55)
IPHY 3TOM 3HAK IUIKOC B ypaBHEeHHH (55) Ucmonb3yeTcs Ha mupoTax || < 45°, a 3HaK MHHYC — Ha IIMPOTax
lw|>45°%
Wi
b) IS CPEIHETO HAUXY/ILIEr0 MECALA B TOLY:
A(p) = 10log,o K,, + 9log,o f — 55log,0(1+6) — 10log,op ab. (56)

VYpasuenus (54), (55) u (56) cnpaBemuBel st 3Ha4eHUl A(p) Oombiue win paBHbIX 25 1b. Ot ypaBHeHuUs
OBUTH TIOJYYCHBI C UCIOJB30BAaHUEM JAaHHBIX Ui nuama3oHa yactoT 6-38 [T u mns yrmoB mecra 1°—4°,
[Ipeanonaraercs, 4TO OHM OCTAIOTCA CIPABEATUBBIMU IO KpalHel Mepe i auamnasona yactor 1-45 T
u yriaoB Mecta 0,5°-5°.

2.4.3 Pacyer o6gacTM HerJyO0OKHX 3aMMPAHUi B pacnpefeJleHHM 3aMHPaHHii, BBI3BAHHBIX
MepUAHUEeM/MHOT0JIy4€eBOCTHIO IIPH yIJIaX MecTa MeHblue 5°

[MpuBeneHHas B JAaHHOM pa3Jielie MOJICbh HETITyOOKHX 3aMUpaHuil pa3paboTaHa JUisl 3aMUpPaHUH, BRI3BAHHBIX
MEpIIaHheM, B TIEPEXOAHON O00JIacTH, TO €CTh s 3aMUpaHuil MeHee 25 b W YIVIOB MecTra TIpH
pacmpocTpaHeHuH B CBOOOJHOM IIPOCTPAHCTBE MeHee 5°.

Oman 1. YcranoButh 4| =25 nb u paccunTarh KaXXyIIUHCs yroi MecTa 0 U1 )KeJlaeMOT0 IIPOLeHTa BpeMEHI
p(%)u gactotsl f (I'T):

nporeHt BpeMenu p(%) u gactota f(I'Tm):

1
X ,f0’9 5,5 3
w . -1 HaUXyALUIHA MECSIL]
pl 070
0,= . Mpaj (57)
v 595
K, 1010709 .
e -1 CpEeAHHUH T'0J
A
pl 00

rae reoxammarideckuil kospduument K ompenensercs B ypaBHemn (50), a v ompexmensercs

B ypaBHEeHUH (56).

Oman 2. Paccuurath Al:

lo g,e HaMXy MU MeCSIL;
4= 1 nb/Mpan (58)
146, lo ge CPEIHHUI IO,
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Oman 3. Paccunrats A, u3 ypasuenus (49):
Ay = A ( p) nb
MIPH yTJIe MECTa B YCIOBUAX PACIPOCTPaHEHHS B CBOOOIHOM IPOCTpaHCTBE O, paBHOM 5°.

Oman 4. Paccuntate A, 1o ciexyromeit popmyie:

A'2:A2>< &Q—L XL nb/Mpar,
g(x) dO tan(0) | 1000
rae:
1 il
g'(x) 1770(x%+1)+2123x6 (x* +1)12 [cos g — xsin]
g(x) 1 Bl L ’
12x6(x2+1) 354x6 —l93(x2+1)12 sin ¢,
2 .
ﬂ:1’22D{’)ﬁpf sin® +1|cos0
a0 2k | sin?0+2,35x107*
158
Cz%tan_li

(59)

(60)

(61)

(62)

(63)

MU yIJIe MecTa B YCIOBHIX PaclpoCTpaHEeHHs B CBOOOAHOM mpocTpaHcTBe O, paBHOM 5°, rae x, Dey U hii

olpeseseHsl B myHKkTe 2.4.1.

Oman 5. PaccunraTh KaXynmics yroi Mecta 0, COOTBETCTBYIOIIMKA YTy MECTa MPH PaCHpOCTPAHCHHUU B
CcBOOOJIHOM ITPOCTPAHCTBE, NUCHOIB3Ys ypaBHeHue (12) u3 Pexomenparm MCO-R P.834, n nmpeobpaszosars 0>

B MpaJl.

Oman 6. Paccuurars 3amMu aHWs, BBI3BAHHBIC MCPIIaAaHHUCM A , IPCBBIINIACMBIC B TCUCHHUC %) BpeMEHHU IIpH
p

o '
JKEJIaCMOM KaXyHIEMCA YIJIE MECTa 0 (Mpa)l), MyTEM HHTCPIIOJIAIMNA 3HAUCHHUM B TOYKaX 91,A1 ’Al n

(92, 4,,4, ), UCTIONB3YS CIASAYIONYI0 KyOH4ecKyt0 SKCIIOHECHIUAIBHYIO MOJEIb!

A(p) = A exp| a(p)(0-0,)+B(p)(0-0,)* +7(p)(0-0,)*(0-0,)].

Al
o =—;
(p) 4

ln(flzJ —ad

Bp) =—— 5

Ay — A4y (0.+2PB8)
A,8°
5=0,-0,.

v(p)=

(64)

I'my6una 3amupanuii A(p) TpUMEHHMA JUIA KaXyIIMXCS YIJIOB MECTa B IEPEXOAHOW 00IacTH, TO ecTh

w0, <0<0, u0%< p<50%.
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2.5 OuneHka CyMMapHOro o0cJadjeHHsi W3-32 BO3IECTBHUS HECKOJbKHUX OJIHOBPEMEHHO
AeliCTBYIOIIUX NMPHUYHMH 0cJa0JieHnst B aTMochepe

Jns cucteM, pabGoraromux Ha dactoTax Bbime npumepHo 18 I'T'w, u ocobeHHO mis Tex, 4To paboTaioT ¢
MaJBIMUA YIJIaMd MECTa W/WIIM 3alacaMu, OOJDKHO YUMTBIBATHCA BIMSHHE HECKOJIBKUX OJHOBPEMEHHO
JEUCTBYIOUIMX MPHUYUH ocialbneHus B atMocdepe.

CYMMapHOC ocnabneHue (}_'[B) BbI3BAHO COBMCCTHBIM BIMAHHEM JOXKIs, Ira30B, 00JIaKOB U MCpHaHud, U 1A
OICHKHN HCO6XOI[I/IMO 3HaTh OAUH HUJIM HCCKOJIBKO CJICAYIOIIUX IMMapaMCTPOB:

Ar (p): ocnabneHue B JOXKAE Ul ONPEINCICHHOW BeposATHOCTH (nb), OLeHEHHOEe Kak A4, B
ypaBHeHuu (8);

Ac(p): ocmabnenne B oOnakax UId OMNpeleNeHHON BeposTHOCTH (ab), OLEHeHHoe B
cootBeTcTBUH ¢ Pekomenmamuii MCDO-R P.840;

Ac (p): cpennee ocnabneHue B aTMOC(EPHBIX Ta3aX, YUMTHIBAIOIIEE BIUSHUE BOISHBIX M1apPOB
u xkucnopopa (ab), onenennoe B coorBerctBuu ¢ Pekomenaanueit MC3O-R P.676;

As(p): ocnabieHue M3-3a TPOMOCQEPHBIX MEPLAHUH IS ONpeAeneHHON BeposTHOCTH (ab),
OIICHEHHOE TI0 ypaBHEHUIO (49),

TZie p — BEPOSTHOCTD NMPEBBIICHUS JaHHOTO 3HaueHus ocnabdnenus (to ectb CCDF) Ha Bennuuny, Jiexarnryto
B npexenax 50-0,001%.

Ocnabnenue B razax Kak (PyHKOHMS TpOLIEHTa BPEMEHH MOXET OBITh PACCUMTAHO C HCIOJIb30BAHHUEM
nyHnkTa 2.2 [Ipunoxxenus 2 k Pekomenmanun MCO-R P.676, ecnmu nMeroTcs MECTHBIE METEOPOIOTMUECKUE
JaHHble 10 TpeOyeMoMy MpPOLEHTY BpeMeHH. B OTCyTCTBHE MECTHBIX METEOPOJOTHYECKMX AAHHBIX II0
TpeOyeMOMy TPOIICHTY BPEeMEHU B ypaBHEHHsIX (65) u (66) HOKHO OBITh PacCUMTAHO U KCIOJIE30BAHO
cpeanee ocnabieHue B ra3ax.

OObBIYHO cyMMapHOe ocllableHue IS JaHHOU BeposTHOCTH Ar ( p) s nporeHToB BpemeHu ot 0,001% no
5% ompenensercst BBIpaKEHUEM:

()= A () +(Ag (p) + Ac(p)f + 43(p) (1) (65)
Jns mpoueHTOB BpeMeHu oT 5% 1o 50% cymmapHoe ociabiieHHe ONnpeneisieTcs: BRpaKeHHEM:
@) = Acp) + [A0) + () ) (66)
rue:
Ac(p)=Ac(5%) (ab) s p < 5,0% (67)
Ac(p) = A6 (5%) (ab) s p < 5,0%. (68)

[Ipy wucoplTaHMM MeToJa MPOTHOZUPOBAHUS CYMMapHOTO oOciallieHHsl B CpPaBHEHHWH C HM3MEPEHHBIMHU
CTaTUCTUYECKUMH JaHHBIMH O CYMMAapHOM 3aTyXaHHH C HCIIOJIb30BaHUEM JTH00 OAHOBPEMEHHO U3MEPEHHOM
WHTCHCUBHOCTH OIS, JTUOO MHUPOBBIX KapT HMHTEHCUBHOCTH A0XIsd B Pexomenmanmun MCD R P.837,
CpeAHEKBaApaTUYHOE 3HAYEHHWE OTHOCHTEIBbHOM OMIMOKH, YCPEAHEHHOE MO IHara3oHy BEPOSTHOCTEH OT
0,001% no 5%, coctaBuio okono 33%. M3-3a npeobaaganus pa3iuuHbIX SBICHUN C PAa3IUYHBIMUA YPOBHSAMHU
BEPOSITHOCTH M HEMOCTOSHHOTO HAJMYWSl AAaHHBIX HCTBITAHUN Ha Pa3IMUHBIX YPOBHSIX BEPOSTHOCTH B
pacrpeneneHny BepOsITHOCTEH BCTPEUatOTCsl HEKOTOPBIE OTKIOHEHHS CPEIHEKBAIPATUIECKON OIIHOKH.

2.6 OcsadeHue B ecYaHbIX U NMbLIEBBIX OYpPAX

O BIMSHUHM II€CYAHBIX U IBUICBBIX 6ypI> Ha paJuOCUTHAJIbl HAa HAKIIOHHBIX TpacCaX HM3BCCTHO OYCHL MaAJIO.
I/IMCIOH.[I/ICCH JaHHBIC ITIOKa3bIBAIOT, YTO HA 4aCTOTaxX HHKC 30 FFL[ TOJIBKO BBICOKAsA KOHLCHTpAIHMA 4aCTHUILL
W/UIH BBICOKAS BIIAXKHOCTD MOT'YyT OKa3aThb 3HAYUTCIBbHOC BIIMAHNEC HA pACIIPOCTPAHCHUEC PAJUOBOJIH.
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3 IllymoBasi TeMneparypa

Ilo MCpPC YBCIWYCHUSA YPOBHA ocrabaeHus BO3paCTacT U IIYM HU3ITYUCHUA. I[J'ISI 3C€MHBIX CTaHL[I/Iﬁ C
MaJIOIIYyMAINIUMHA OKOHCUHBIMU TCPpMHUHAJIAMU TAKOC YBCIINYCHUC HIYMOBOﬁ TCMIICPATYPhI MOKCT OKa3aTb Ha
PE3YIBTHPYIOIICC OTHOILICHUC CI/IFHaJ'I/H_IYM OoJiblee BJIMSAHHUE, YEM CaMO ocrnabeHue.

[lymoBast Temneparypa HeOa Ha aHTEHHE 3eMHON CTaHIIMK MOXET OBITh OLlEHEHA CIECAYIOUIMM 00pa3oM:
Ty =T (1= 107410 +2,7 x 10741 K, (69)
rae:
Tay: urymoBas TemnepaTypa HeOa (K) Ha aHTeHHE Ha3eMHOM CTaHILIWY;
A: oOmee ocnabienne B atMmocepe, HCKIIOUas 3aMUpaHue, BbI3BaHHOE MeplanueM (ab);
Twr:  cpemsss TemmepaTypa arMochepnoro uznyuenus (K).

Ecnu usBectHa Temmeparypa moBepxHoctu 1y (K), cpemHioro temmeparypy W3NnydeHUs Ty IS sSICHOM
1 00JIAYHON TIOTOIbI MOKHO OLICHHUTH CIEIYIOLUIMM 00pa3oM:

Tw=3734+0,81 xTs K. (70)

Ecnu mMecTHble AaHHBIE OTCYTCTBYIOT, AJISl ICHOM M JOXAJIMBOW MOTOJBI MOXET HMCIOJIB30BAaThCS CpEeNHsA
Temreparypa atMochepHOro u3inydeHus 7., coctapistomas 275 K.

[IIymoBass oOcTaHOBKAa HA CTAaHIUAX Ha TMOBEPXHOCTH 3eMJIM M B KOCMOCE TMOAPOOHO OmNHCaHa B
Pexomenmanun MCD-R P.372.

JlJis CTyTHUKOBBIX CHUCTEM CBSI3H, MCIOJB3YIOIIUX T€OCTAIMOHAPHYI0 OPOUTY, HCTOYHUKOM 3HAYMTEIBHBIX
IIyMOB Ha BCEX YacTOTaX JUIs 3€MHBIX cTaHimi sBistoTcst ConHIle W, B MEHbIeH cremnenu, JlyHa, a Ha
gactoTax Huxke mnpuMepHo 2 [ T1 3HaunTenbHOE BIMSHHE MOXET OKa3aTh TallaKTUYeCKUd (oH
pamuounsnydenust (cM. Pexomenmanmio MCO-R P.372). Kpome Toro, cossesmus Jlebenp A u Jlebenp X,
Kaccuomnes A, Tenen u TymanHOCTh Paka MOTYT BHOCHUTH BKJIQJl B TeMIIepaTypy (POHOBOTO HEOECHOTO IIIyMa.

Jis ompezeneHUsT CUCTEMHOH IIYMOBOW TeMIepaTyphl 3€MHBIX CTaHLUMN Ha OCHOBE PacCMOTPEHHBIX
BBIIIIE APKOCTHBIX TemnepaTtyp cM. Pekomenganuto MCO-R P.372.

4 SBJIeHus KPOCCHOJAPU3ANUHA

JInst yBenM4eHHs: eMKOCTH KOCMHUYECKHUX CHCTEM CBSI3U YacTO MPHUMEHSETCS MHOTOKPATHOE MCIIOJIb30BaHUE
YaCTOTHI MOCPEACTBOM OPTOTOHATBHOW mosisipu3aimu. OIHAKO BO3MOXKHOCTH 3TOrO METOJa OrpaHUYCHBI
SIBJICHUEM JICTIOJSIPU3aLMK, BO3HMKAIOIIMM Ha Tpacce paclpocTpaHeHuss B armocdepe. Paznndnbie
MEXaHU3MBbI JICTIOJIIPU3aLUK, @ OCOOCHHO BIIMSHHE THMIPOMETEOPOB, UTPAIOT CYLIECTBEHHYIO POJIb M IPU
TpONOC(hEPHOM PaCIIPOCTPAHECHUH.

Bpamenne ®@apanmes (BpamieHue IJIOCKOCTH TMOJAPH3aLMH, BbI3bIBaEMoe HMOHOC(EpOH) MmoApoOHO
onuceiBaercsa B Pekomennanun MC3-R P.531. Ha gacrore 10 I'T'x yrosm moBopoTa MoKeT focTurarh 1°, a Ha
OoJiee HU3KHMX YacTOTaX OH CTaHOBHTCS eule Oosblie. Eciim cMOTpeTh co CTOpOHBI 3eMHOM CTaHIMHU, TO Ha
JIMHUSIX BBEPX U BHU3 IUIOCKOCTH MOJSPHU3ALMN BpALAIOTCS B OJHOM M TOM K€ HanpasieHuu. [loaTomy ecnu
IUIS TIepeaady ¥ pUeMa HCIOoNb3YeTCs O/HA U Ta K€ aHTeHHa, d( ekt Dapanes HelIb3s1 KOMIIEHCHPOBATH C
MOMOILBIO BpaIieHus 00IyJaTessi aH TCHHBL.

4.1 Pacuer AOJTOCPOYHBIX CTATUCTUICCKUX JAHHBIX 0 KPOCCIOJIAPU3aAllUU U3-3a THAPOMETECOPOB
I[.TISI pacyeTa A0JTOCPOYHBIX CTATUCTUYCCKUX JAHHBIX O ACTIOJIAPU3ALIUU, UCXOAS U3 CTATUCTUKHU ocnabIeHus
B JOXKIE, HCO6X0}:[I/IMO 3HATh CJICAYIOMINC MMapaMCTPhI:

A, : ocnabnenue B noxzae (1b), npeBriliaeMoe B TeUEHUE 3aJaHHOTO IPOLIEHTa BPEMEHH p
Ha paccMaTpuBaeMol Tpacce, 0OBIYHO Ha3bIBaeMOE OcCalJIeHHEM P COBIAJaroLIeh
nonspuzaun (CPA);

T: YroJl HakJIOHa JIMHEMHO MOJIIPU30BAHHOTO BEKTOpA AJIEKTPHUYECKOTO MO
OTHOCHUTEIILHO TOPH30HTAIH (7151 KpYTOBOM MOJSPU3AIMU UCTIONB3YHTE T = 45°);
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f: uacrora (I'T'm);
0 : yrom mecra Tpacchl (Tpamychl).

OnuceIBaeMBbIii HIDKE METOJ] pacueTa CTaTUCTHKU U30MPaTeNbHOCTH 10 Kpoccnonspusanuu (XPD), ucxons u3
CTaTUCTUKH OCJIa0JICHUS B IOXKJIE JIISl TOU JKE CaMOU TPacChl, KOPPEKTEH JyIs auana3ona yactoT 6 < f< 55 [Ty
u s 0 < 60°. B mynkTe 4.3 (a Takke cM. 3Tan 8, jpanee) naHa mporienypa nepecuera uist yactoT mo 4 ',

Oman 1. PaccuuTaTh 4aCTOTHO-3aBUCUMYIO COCTaBIISIFOILYIO:
60 logf —-283, 6 <f<9ITm;
C,=726logf +41, 9 <f<36ITu; (71)
359log f - 11,3, 36 <f<55ITn.

Oman 2. PaccunTaTh COCTABISIONIYIO, 3aBHUCSIIYIO OT OCIA0ICHUS B TOK/IC:
Ci=V(f)log A4, (72)
rue:

30,87, 6 <f<9 ITn;
128£%°, 9 < f<201Tm;
22,6, 20 < f <40 I'T;
13,0/, 40< f <55 ITm.

V()=

Oman 3. Paccuntath KO3pGUIUEHT yayUILICHHUS 3a CYET NOJSPU3ALHN:
C:=-10log [1 - 0,484 (1 + cos 41)]. (73)

Koapduuument ynyumenus C; = 0 mis T = 45° mocturaet CBOEro MakCuMaiabHoro 3Hadenus 15 ab mpu t = 0°
niu 90°.

Oman 4. PaccunTaTh COCTaBIISAIOUIYIO, 3aBUCALIYIO OT yIila MecTa:
Co =—-40 log (cos 0) s 0 < 60°. (74)
Oman 5. PaccunTaTh COCTABIAIOUIYIO, 3aBUCALIYIO OT yTIila HaKJIOHA:
Cs=0,0053 c°. (75)

G — 3710 3 ()EeKTUBHOE CTaHIAPTHOE OTKJIOHSHHUE PACIIPENICIICHUS YIila HAKJIIOHA KaIlellb TOXKIS, BRIPAKESHHOE
B rpaaycax; ¢ npuHumaer 3HadeHue 0°, 5°, 10° u 15° mua 1%, 0,1%, 0,01% u 0,001% Bpemenu
COOTBETCTBEHHO.

Oman 6. Paccuntath BennuuHy XPD B ycrmoBUsAX A0XK[s, HE IPEBBIIAEMYIO B TeUeHHE p% BPEMEHHU:
XPDiyin=Cr—Cu+ C+ Co + Cs 1b. (76)
Oman 7. PaccunTaTh COCTABIAIOLIYIO, 3aBUCALIYIO OT HAJIMYNS KPUCTAIIIOB JIbJA:
Cice = XPDyain x (0,3 + 0,1 log p)/2 nb. (77)

Oman §. Paccuntars BenuunHy XPD, He npeBbiiaeMyto B TeueHue p% BPEMEHH U YUUTHIBAIOIIYIO BIUSHUE
JIpAA:

XPDp = XPDm[n - C[ce HB (78)

[pu ucnonap30BaHUK ATOTO METO/Ia MPOTHO3UPOBAHMS B IMana3oHe 4acTot ot 4 1o 6 [T, rae ocnabnenue Ha
Tpacce HEBEIUKO, CTaTUCTUKA A, Mall0 MPUTOJHA s MpeackazaHus cratuctuku XPD. Jlns gactoT Huke
6 I'T1; MOXKHO UCTIOIB30BaTh (POPMYITy YACTOTHOTO TepecueTa U3 myHKTa 4.3, 11 TOro 4ToObI COpa3MepUTh
CTaTUCTHUYCCKUE JaHHBIC KPOCCIIONSPU3AIlMN, PAaCCUUTaHHBIC I 4vactoThl 6 ['Tm, ¢ Oonee HU3KUMU
yacToTamMu B nuamazone 6—4 I'T.
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4.2 CoBMecTHBIE cTatTucTHKH XPD 1 oci1adiaenus

Pacnipenenenue ycnoBHbIX BeposiTHOCTeH 3HaueHnss XPD i 3a1aHHOTO YPOBHS OCna0ieHus A, MOXKET ObITh
CMOJICTUPOBAHO, €CIU TMPEANOI0XKUTh, YTO OTHOILICHUE HAMNPSKEHUM KPOCCHOJISPU30BAHHOIO CHUTHANA K
CHTHaIy ¢ coBmazaromeii monspusanueii » = 107°2° pacnpeneneno no HopmansHOMy 3aKony. I[Tapamerpamu
pacrpe/ieNieHus ABJIAIOTCS CPEIHEE 3HAUCHHUE 7y, KOTOPOE OUEHb OMTH3KO0 K 3HaueHUI0 1077, Tie XPD,uin
omnpexensercs U3 ypaBHenus (76), u craHIapTHOE OTKIOHEHUE G, KoTopoe npu 3 1b < 4, <8 nb cuutaercs
MPaKTUYCCKU MOCTOSIHHON BeTUYnHOM, paBHOM 0,038,

4.3 Ilepecyer D0ATOCPOYHBIX CTATHCTHK KPOCCHOJISIPH3ALNH, BbI3bIBAEMOH T'HAPOMeTEOpaMH,
10 YACTOTe U MOJISIPH3AINH

Honrocpounsie craTucTudeckue qanasie 00 XPD, momydyeHHbIEe Ha KAaKOKW-TO OAHON YacTOTe U I KaKOTO-TO
OJHOTO yIJla TOJNAPH3alUH, MOXKHO MEepecydTaTh Ha OPYTyl0 YacTOTy W MOJSPU3ALMIO C MOMOIIBIO
CIIEYIOIIEH MOTy3MINPHIECKON (OPMYJIIBL:

fy J1-0,484 (1 +cos 4 1,)

XPD, = XPD, —20log
fi \/1 —0,484 (1+cos4 1)

g 4< fy, f, <300T, (79)

rae XPD, u XPD, — sto 3nadenust XPD, He npeBbIlIaeMbie B TEUEHUE OJHOTO U TOTO € MPOLEHTa BpEMEHU
Ha 4acTOoTaxX fi ¥ f> ¥ IIPH yTiax MOJSpU3alnU Ti U T2 COOTBETCTBEHHO.

YpaBHeHHe (79) OCHOBAHO Ha T€X K€ TCOPECTUYCCKUX BBIKJIAJIKaX, YTO U METOA ITPOTrHO3UPOBAHUA, OIKMCAHHbBINA
B IIYHKTC 4, 1, U MOXKCT TIPUMCHATHCA I TCpeCUCTa HJaHHBIX 00 XP D, YUUTBHIBAONIUX BJIUAHHC
ACTIOJIAPU3AIMU KaK B JOXKAC, TaK U B KPUCTAJJIAX JibJld, TaK KaK Ha6J'IIO)leHI/ISI IIOKAa3bIBAKOT, YTO 00a sBICHUS
Ha yactoTax McHee 30 FFLI 3aBHCAT OT YaCTOTHI 110 HpI/I6J'II/ISI/ITeJ'IBHO OAMHAKOBOMY 3aKOHY.

4.4 JlaHHbIe, OTHOCAIIHECS K KOMIIEHCAMU KPOCCHOIAPU3ANMHA

OKCHEPUMEHTHI TOKa3adH, YTO MEXIY JIEMmoyisipu3alnueid u3-3a Joxasg Ha yactotax 6 u 4 [T Ha Tpaccax
3eMIIS-KOCMOC CYIIECTBYET CHIIbHAS KOPPENSAIUs Kak B JIOJTOCPOYHOM MaciiTade, Tak M Ha YPOBHE
OTJCNBHBIX COOBITHIA, MO3TOMY MOXKHO OCYIISCTBHUTh KOMIICHCAIUIO JETIOJSApU3allid Ha JIMHUU BBEpX,
KCIOIb3Ysl OJHOBPEMEHHBIC M3MEPEHHUS ACTOSAPU3ALUU HA JIMHUU BHU3. SIBHO BBIPQXKEHHBIMU OKAa3aIUCh
TOJIBKO M3MeHEeHUS AuddepeHIInaIbHon (a3bl, Jake Ui CIydaeB CHIIBHBIX J0XJICH, TO3TOMY Ha 4acTOTax
6 u 4 I'T'; JoCTaTOYHO OCYIIECTBUTH KOMIICHCAITUIO OJJTHOTO TapamMeTpa (To ecTh auddepeHuansHon (hasbr).

Wsmepenus Ha yactorax 6 u 4 [T mokazanu Takxke, yro 99% uszmenenuit XPD npoucxonar co CKOPOCThIO
MeHbIle +4 nb/c WM, YTO 3KBUBAJICHTHO, CO CKOPOCTBhIO *1,5°/C, eciau roBOpUTH O CpelHEM 3HAYCHHH
middepeHnmanbHoro ¢a3zoporo capura Ha Ttpacce. CremoBareibHO, IMOCTOSHHAs BPEMEHH B CHCTEME
KOMIICHCAIIUH JACTIONSPU3AIlIN Ha ITHX YaCcTOTaX JOJDKHA OBITh Mmopsaka 1 c.

5 3agepiKKH pacnpocTpaHeHu s

Pagnomereoponornueckue MeTOIbl ONpEAENCHUs] CPelHEH 3aJepKH PAacHpOCTPaHEHHS WM OMIMOKH IO
JaTbHOCTH W WX Bapualmy s Tpacc 3eMis-KOCMOC, MPOXOISIIMX Yepe3 Tpomocdepy, OmucaHbl B
Pexomenganmn MCD-R P.834. 3nanue qucriepcun 3aep>KK1 pacrpoCTpaHEHUs] HEOOXOIUMO [T H3MEPEHUS
JaTbHOCTH /10 CIIYTHUKOB M 7151 CHHXPOHHM3AL UK CITy THUKOBBIX HU(POBBIX cucTeM CBs3u. Ha yacToTax BbIie
10 I'T'n Bpems 3anepxku B noHochepe (cMm. Pexomenmanmio MCD-R P.531), kak mpaBuiio, MeHblIE, 4eM
B Tporocdepe, HO B 0COOBIX CIIydasix ero, BEpOATHO, CICAYET YUUTHIBATh.

Omnpenenenne JaTbHOCTH ¢ TOYHOCTBIO O CAHTUMETPOB TPeOyeT TILATEIbHOTO PACCMOTPEHUS Pa3IHMYHBIX
BKJIQIOB B JIONMOJHHUTENIBHYIO 3aZ€pKKy NPH HM3MEPEHHH IalbHOCTH. BosnelcTBHE MapoB BOABI MOXKET
BBI3BaTh HETOYHOCTH A0 10 cM Ui 3€HUTHOM Tpacchl NPH KOHLEHTPALMK MapoB BOJABI Y TOBEPXHOCTH
STaloHHOM arMocepsl mopsaka 7,5 T/M° M NpUBENEHHOH BBICOTE, paBHOH 2 KM (cM. PexoMenjammio
MC3-R P.676). 310 Bo3aelicTBHE sABIIsIETCA HanboIee CyNeCTBEHHBIM HCTOUHUKOM HEOIIPEACICHHOCTHU JTasKe
HEB3Upas Ha TO, YTO cyxas arMmoctepa moOaBiseT 2,3 M K BEIMYMHE AOMOJIHUTENBHON 3alepKKd NpH
OTIpeaeNICHHH AajbHOCTH 3€HUTHBIX Tpacc.
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HpI/IMeHI/ITeJ'IBHO K COBpPpCMCHHBIM CIYTHHKOBBIM CHUCTEMaM CBA3U  JOIOJHUTCIBHBIC  3aJICPIKKU
pacipoCTpaHCHus, BBI3BAHHLIC OCAIKaAMHU, JOCTATOYHO MaJibl, U MU MOXKHO npeHe6peqb.

6 OrpannyeHus 1Mo MHPHHE MOJTOCHI

Bonusu nuHumii TOIIOIICHUA aTMOC(l)epHBIMI/I rasamMmm aHoMajibHasd JUCICPCUSA BbI3BIBACT HEOOIbIIIE
HN3MCHCHHA B MHACKCC pe(l)paKLII/II/I. OI[HEIKO OTHU U3MCHCHUA MHJCKCA pe(l)paKLII/II/I HC3HAYUTCIIbHBI B I1OJIOCAX
49acCTOT, paCIpCACIICHHBIX I CUCTCM CBA3U 3CMJ'I$I-KOCMOC, 1 HC 6yZ[yT OTpaHUYMUBATH HIMPUHY ITOJIOCHI 9TUX
CHCTEM.

MHOrokparHoe paccessHie B 105KI€ MOXKET OTPaHUYMBATh HTMPUHY MTOJIOCH HEKOT€PEHTHBIX CUCTEM Mepeaadn
M3-32 M3MCHCHUN BPEMEHHBIX 33JCPKEK MHOTOKPAaTHO pACCESHHBIX CHUTHAIOB; OJHAKO IIPU TaKHUX
0o0cTOATENhCTBAX TOpa3lo Oojee cephe3Hyr MpobiieMy OyaeT MpencTaBlsATh caMo OciallcHHE.
UccrnenoBanne mnpoOiaeMpl OTpaHWYCHWA IIMPUHBI TIOJIOCHI, BBI3BIBAEMBIX YaCTOTHOW 3aBUCHMOCTBIO
ocnabneHus ¥ ($a3oBOro CABUra, OOYCIOBICHHBIX JIOXKAEM, B KOTEPEHTHBIX CUCTEMax Mepeiadyn 1oKasalo,
YTO TaKWe OrpaHWueHusi cocraBistoT Oonee 3,5 [T ams Bcex BO3MOMKHBIX CUTyaluil. DTH 3HAYCHHS
MPEBBIIIAIOT JIFO0YIO MIUPHHY MOJIOCKI, BRIJCICHHYIO JUIS CBS3M 3eMIlsi-KocMocC Ha dactotax Hroke 40 ', u
mo3ToMy ocnabieHne B J0xk/1e OyZeT HaMHOTro 0osiee BAKHBIM (PaKTOPOM, Y€M €ro YaCTOTHAs 3aBUCHUMOCTb.

7 Yroa npuxona curHana

Ommbku B yriaax mecra, o0ycioBieHHble pedpakureli, paccmatpuBaioTcesa B Pekomenganun MC3-R P.834.
O6mas yriosas pedpaxuus (yBeanueHHe KaxXyerocsi Mecra) cocrasisiet npumepno 0,65°, 0,35° u 0,25° ans
yraoB mecta 1°, 3° u 5° COOTBETCTBEHHO B YCIOBHSIX TPOIMUYECKONH MOpPCKO# atmocdepsl. [ns noispHoro
KOHTHHEHTAJIBHOTO KIIMMAaTa COOTBETCTBYOIIME 3HaueHus paBHel 0,44°, 0,25° n 0,17°. 3HaueHus A1 Apyrux
TUIIOB KJIMMaTa OyAyT HaXOOUTHCA MEXKIY 3THMH JIBYMs KpailHUMHU 3HaYeHUSMH. ExelHeBHbIC N3MEHECHUS
Ka)XXyIIErocsl yriia MecTa COCTaBIIAIOT BennunHy nopsaka 0,1° (cpenHekBagpaTHUHOE 3HAYCHUE) NMPH yIiie
MecTa 1°, 0THAaKO 3T U3MEHEHHS OBICTPO YMEHBIIAIOTCS 110 MEpE YBEIMUCHHS yTiIa MECTa.

KparkoBpemeHnble (IyKTyaluu yria MOpUxoAa paccMmaTpuBaioTcs B Pekomenmaumum MCD-R P.834.
KparkoBpemeHHble Bapualiy, OOyCIOBICHHBIE H3MEHEHHMSIMU BBICOTHI pedpakiuy, MOTYT COCTaBJISATh
BenmnunHy nopszaka 0,02° (cpemHekBazpaTHUHOE 3HAUEHHWE) NMPH yIriie Mecta 1° U omATh ke OBICTPO
YMEHBIIAIOTCS NIPU YBEJIMYEHHH yria MecTa. Ha mpakThke TpyAHO OTIENWTH BIMSHUE KPATKOBPEMEHHBIX
W3MEHEHUH B paclpelesieHUH BBICOTHI pedpakiui OT BIMSHHS CIy4YalHBIX HEOIHOPOIAHOCTEH, KOTOpHIE
HaKJIaAbIBAIOTCA Ha 3TO pacnpexaeneHue. CTaTUCTHYECKUH aHANIW3 KPaTKOBPEMEHHBIX (IIyKTyalui yria
npuxona Ha yactore 19,5 I'T'n u ipu yrie Mecta 48° m03BOISAET IPEANOIOKHUTH, UYTO U B HAITPABIICHUH MECTA,
U B a3MMYyTAIbHOM HAIIPAaBJICHUM 3HAYEHUS CTAHJAPTHOTO OTKJIOHEHHUS (IyKTyalMu Yyrjla MpHXoJa
coctaBisitoT mpumMepHo 0,002° mist coBokynHOro nmpoueHTa BpemeHu 1%. Ce30HHbIE H3MEHEHU QITyKTyauni
yria Npuxojia IOKa3blBalOT, 4TO (PIyKTyaluu BO3pacTalOT JIETOM M yMEHbLIaloTcsl 3uMol. CyTouHBIE
M3MEHEHHUS BO3PACTAlOT JHEM M YMEHBIIAIOTCS KaK PAaHHUM YTPOM, TaK H BEUECPOM.

8 Pacuyer 10o1roBpeMeHHBIX CTATUCTHYECKUX NIapaMeTpoB s Tpace cuctem HI'CO

OmnucaHHbIC BBIIIE METOJbI IPOTHO3UPOBAHUA ObLIH pa3p360TaHLI JUIA HpHHO)KeHHﬁ, B KOTOPBIX YI'JIbI MECTa
IIOCTOSHHBEL. B cmcTeMax HFCO, TAC Yyroja MeCTa U3MCHACTCA, TOTOBHOCTH JIMHHUUW JId OAHOI'O CITYTHHUKa
MOJKHO pacCUUTaTh CJICAYIONIUM CII0COOOM:

a) OIPEACIUTh MUHIMAIIBHBIA U MaKCUMAaJIbHBIC YTIIBI MECTa, IPH KOTOPBIX, KaK 0)KUIACTCs, CUCTEMa
Oynert paboTtars;

b) pa3fenuTh TMONyYeHHBIA pabounii Nuama3oH YIJIOB MecTa Ha HeOonplmue Imard (Hampumep,
MIAPUHON 5°);

c) JUISL KXKJOTO TaKOro IIara BBIYMCIHTH HMPOLEHT BPEMEHH, B T€YEHHE KOTOPOrO BHJCH CIYTHUK,
TaKUM 00pa3oM, HOyYHM €T0 3aBUCHMOCTh OT yIJla MeCTa;

d) Ul Ka)XKIOro Iara yria MeCcTa HaiTh NpOLEHT BPEMEHH, B TEUEHHE KOTOPOTO IPEBBHIILIACTCS
3a7aHHBIA YPOBEHb YXyIIIEHHS YCIOBUH pacpOCTpaHEHUS;
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e) U K&KIOTO IIara yrjla MecTa MEepeMHOKUTb Pe3yJIbTaThl, MONyYeHHbIe B ¢) U d), U pa3aenuThb
noyiydeHHoe 3HaueHue Ha 100, mony4uB B pe3ysbpTare MPOLIEHT BPEMEHH, B TEUEHUE KOTOPOTO MPH
JTaHHOM YTJI€ MECTa MPEBBILIAETCS 33aHHBIN YPOBEHb YXYILEHUS YCIOBUN pacpOCTPaHEHHUS;

f) CYMMUPOBATh 3HAYCHUS IPOILICHTOB BPCMCHHU, OITPCACICHHBIC B e), JJIs1 TOI'O YTOOBI MOJIYyYUThb 06H_II/H>’I
CyMMapHI:IfI MPOLCHT BPEMCHU, B TCUHCHUC KOTOPOI'0 MPCBLINIACTCA SHZLaHHBIf/i YPOBCHb YXYAUICHUA
yCJ'IOBI/Iﬁ pacpoCTpaHCHUs.

B Tom CJIy4ac, Koraa B 30HC BUIUMOCTU OAHOBPEMCHHO HAXOAUTCA HECKOJIBKO CITYTHHKOBBIX I'PYHIIIUPOBOK,
HCIOJIB3YIOIINX PA3HECCHUEC II0 TpacCC OT CIIYTHUKA (TO CCTh MIPUMCHSACTCA NCPCKIOYCHUC HA TpacCy C
HaMMCHBIINMHA I/ICKa)KCHI/ISIMI/I), MOKET OBITh BEIIIOJIHEHO HpI/I6J'H/I3I/ITCJ'ILHOG BBIYHCJICHUC B IPCATIOJJIOKCHUH,
YTO HUCIOJIb3YCTCH KOCMHYECKHI armapar ¢ HauOOJIbIINM YTJIOM MECTA.
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