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PEKOMEHJIALIUSI MCD-R P.533-12

Metoa A NPOrHo3upoBaHusA padouux xapakrepuctuk BU-nmumii*

(1978-1982-1990-1992-1994-1995-1999-2001-2005-2007-2009-2012-2013)

Cdepa npumenenust

B mnacrosmeil PekoMeHnanuu nOpeacTaBieH METOJ AJs MPOTHO3UPOBAHMS TOCTYIHBIX YacTOT, YPOBHEH
CHUTHaJa W TOKa3aTeleill HajexxHocTn BYU-cucteM Kak ¢ aHAJIOTOBOW, TaK W ¢ MHU(PPOBONH MOIYISAIHEH,
YUUTBIBas HE TOJILKO OTHOIICHUE CUTHAJ/IIIYM, HO TAKXKE U OXKUJTACMbIC BpEMEHHOE U YaCTOTHOE PACCESIHUS
KaHaja.

Accambnes paguocssizu MCO,

yuumeoleas,

a) yTo comocTaBieHue ¢ bankom gaHHelx D1 MCD-R mokazamo, 4TO METOJ, OINHMCHIBAEMBIi
B Ilpunoxenun 1 Hacrosimeidt PekoMenmanuu, CpaBHHM IO TOYHOCTH C JPYTUMH, OoJiee CIIOKHBIMHU
METOJaMH,

b) YTO JJI TMPAKTHYECKOTO WCIONB30BAaHUA NAHHOTO MeToja Heobxomuma mH(opMaims o pabodnx
XapaKTEPUCTHKAX TIEPEJAOIINX M IIPUEMHBIX aHTE€HH?,

pekomenoyem,

1 YTOOBI JJ1s1 TPOTHO3UPOBAHHUSI PACTIPOCTPAHCHHUS MPOCTPAHCTBEHHOM BOJHBI B ITOJIOCE YACTOT OT 2 710
30 MTI'y ucniosib3oBaiack nHhopMalus, coaepxkaiasics B [Ipunoxenun 1;

2 4yT0o0bl aaMuHUCTpau 1 MCD-R NpUIOKUIN yCHIHS K YAYYIICHUIO METOJIOB MPOTHO3UPOBAHUS
JUTSL TOBBILIEHHS] SKCIUTYaTallHOHHBIX BO3MOKHOCTEN U TOYHOCTH.

Kommnerorepras mporpamma (ITURHFProp), xacaromasicst mpoueayp MporHO3UPOBAHMS, ONMMMCAHHBIX B HACTOSIIEH
Pexomennmanumu, noctymHa B TOH yactu Beb-caiita MCO-R, kotopas otHocuTcs k 3-i McciaenoBarenbCckoi KOMHCCHU
10 paJOCBS3H.

1 MCD pacnonaraer noapo6Hoii MHGOpMaIKeil 0 XapaKTEePUCTHKAX AHTEHH C COOTBETCTBYIOIIEH KOMIIBIOTEPHOI
IporpaMMoii; it 6oiee ToApoOHOTO 03HaKOMIIeHHs cM. Pekomernnammio MC3-R BS.705.
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1 BBenenune

B nanHoii nporieaype mporHo3upoBaHsl HCIIONB3YETCs aHATN3 TPACKTOPHH JTy4a JUIS TPACC MPOTHKEHHOCTHIO
10 7000 kM, omHCaHKe CIIOKHBIX MOJI ITyTEM SMIIMPHYCCKON aNMpOKCHMAITUK JAHHBIX U3MEPEHHI IS Tpacc
MPOTSKCHHOCTHIO CBBIe 9000 KM M TiiajKkas WHTEPIOJSIHS BEJIIMYHMH, MMOJTYYCHHBIX C TIOMOIIBIO JIBYX
Ha3BaHHBIX METOJIOB, IS TPAcC MPOTsLKEHHOCTHIO OT 7000 10 9000 kM.

OrmeHeHbl 3HAYEHUS MECSYHOM MeamaHel oOcHOBHOW MIIY, HampspkeHHOCTH TIOJIS  Tafaromieit
IIPOCTPAHCTBEHHOM BOJHBI U HOMHUHAJIBHONM MOLIHOCTH HA BXOJE€ IPUEMHHKA, IOCTYIAOLIEH ¢ IPUEMHON
AHTCHHBI, pa0oTaromieii 0e3 moTeph W HMMEIOUICH 3aJaHHBId KOA(PQUIMEHT ycuiieHUs. J[aHHBIA MeToj
BKJIFOYAET OICHKY IMMapamMeTpoB (hYHKIIMHM Tepeqadyd KaHaua ajis HCIONB30BAaHUS IPH MPOTHO3WPOBAHUHU
pabounx XapakTepuCTHK HH(PPOBBIX cucTeM. lIpemcraBieHBl METOABI HJS OLEHKH HAJAEKHOCTH IJIHHUM.
[IpoBenena cranaapTU3anys ypoBHEW CUTHAIA HAa OCHOBE OaHKa JaHHBIX n3Mepennit MCD-R. Metox tpebyer
OTIpEIETICHHSI PSAa XapaKTEPUCTHK MOHOC(EPHl U IMapaMeTPOB PaCIpOCTPAHEHHS PAJHOBONH B YKa3aHHBIX
"KOHTPOJILHBIX TOYKaX".

B skBaTopuanbHBIX paiioHax B BeUEpHUE 4Yachl (IO MECTHOMY BpPEMEHH) B pe3ylbTaTe HOHOC(EpPHOH
CTPYKTYpHOH HeCTaOMJIBHOCTH paifoHa, KOTOpas B JaHHOM METOJ€ B IOJHOW Mepe HE YYUThIBaeTcH,
BO3MOKHBI HCKQ)KEHUS B IPOTHO3UPYEMBIX PE3YIbTATAX.

YACTbH 1

JJ0CTYIIHOCTH 4aCTOT

2 PacnoJjioxxenue KOHTPOJBHBIX TOYCK

[Ipenmonaraercsi, 4TO pacHpOCTPAHCHHE IPOUCXOAMT IO Tpacce OOJIBIIOrO Kpyra MEXIY TOUKAMHU
pacrnonoxeHus epefaTyiKka U MpHeMHUKa mocpeacTBoM E-mon (Ha paccrosamax qo 4000 kM) u F2-mox
(Ha BceX pacCTOSHUAX). B 3aBHCHMOCTH OT MPOTSHKEHHOCTH TPACCHI U OTPAXKAOIIETO CIIOS KOHTPOJIbHBIE
TOYKH YCTaHABIMBAIOTCS B COOTBETCTBUH ¢ Tabmuiein 1.

3 OcHoBHasi 1 pa0ouyasi MAaKCMMaJIbHble MPHMEHUMbIE YACTOThI

Onenka paboueit MIIY, HauBbICIIEH 4aCTOTHI, HA KOTOPOH BO3MOXKHA NpHEMiIeMas padoTa paiuocitysKObl,
MPOBOJUTCA B JIBa 3Tama: MepBbId COCTOUT B OLIEHKE OCHOBHOW MITY ucxoia U3 paccMOTpeHHUs TapaMeTpoB
noHocepbl, a BTOpOW — B ONpEACICHUH TMOIMPAaBOYHOIO KOAPGUIMEHTa sl ydeTa MEXaHH3MOB
pacrpocTpaHEHUs Ha 4acTOTax Bbllie ocHOBHOM MITY.

3.1 OcHOBHBIE MAKCHMAJIbHbIE NMPUMEHUMBIEC YaCTOTbI

OcHoBHbie MITY pa3znuyHbIX MOJA PacpOCTPAaHEHUS! OIICHUBAIOTCS Y€PE3 COOTBETCTBYIOIINE KPUTHUUECKUE
4acTOThl MOHOC(EPHOTO CIIOS U C MOMOIIBI Ko3(duimeHTa, xapakTepu3yoilero JMHy ckadka. Korma
paccmarpuBatotcs 00e Moz, E u F2, Hanbombiinas u3 n8yx ocHoBHbIX MITU E-moaer 1 F2-Mob1 Hu3Mero
nopsaka gaet ocHoBHyro MITY s Tpaccsl.

3.2 Kputnueckas yacrora cjios E (foE)

MecauHoe MeaWaHHOE 3HadyeHHe 4dYacToThl fOE omeHuBaercs B COOTBETCTBMM C PexoMeHpaumei
MC3-R P.1239.
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TABJINIIA 1

PacnoJio:keHne KOHTPOJIBLHBIX TOYEK VISl onpeneaeHusi ocHopuoil MITY, sxkpanupoBanus cioem E,
BBICOT 3€PKAJIBLHOI0 OTPAXKEHUSI 0 TPAEKTOPUH JIy4Ya H HOHOC(EPHOT 0 NMOTI0IIeHUsI

a) OcHoBHast MITY u cOOTBETCTBYIOIIAS 3TIEKTPOHHAS THPOYACTOTA

IIpoTtsikennocTs Tpacesl, D E-mobi F2-Moub!
(rem)
0<D <2000 M M
2000 <D <4000 T+ 1000, R—-1000 -
2000 < D < dpax - M
D > dmax - T+dg/2,R-dg/2

b) Dxpanuposanue cinoem E

IpotsixennocTs Tpaceol, D F2-MoubI
(1cm)
0<D<2000 M
2000 <D <9000 T+ 1000, R-1000

C) BricoTsl 3CPKAJIBHOI'O OTPAXKECHUS 110 TPACKTOPUHU JIyda

IIpoTsizkenHocTh TPacesl, D F2-Moab!
(rem)
0 < D < dpax M
dmax < D <9000 T+dg/2,M,R—dp/2

d) HonocdepHoe moriomeHne # COOTBETCTBYIOIIAs IEKTPOHHASI THPOYACTOTA

IpoTszkenHocTH TPacenl, D

(M) E-Moab1 F2-moab1

0<D <2000 M M
2000<D <4000 T+ 1000, M, R—-1000 -
2 000 < D < dpax - T+1000, M, R—1000

Omax < D <9000 - T+1000, T+dy/2, M,
R-dy/2,R-1000

M CPEIHsS TOYKA TPACCHI

T: TOYKA PACIIOJI0KEHHUS MepejaTInKa

R TOYKA PACTIONOKEHHUS IPHEMHHKA

Onax:  MakcuManbHas JUlHHA cKauka F2-Mo/Ibl, pacCuMTaHHasl B KOHTPOJIBHON TOYKE, PACIIOI0KEHHON
B CEpE/IMHE TPACChl

do: JUTHA CKayKa MOJIbI HU3IIETO MOopsKa

Paccrosinus JlaHbl B KUJIOMETpax.
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3.3 Ocuosuasg MIIY cios E

Yacrota foE omnpenensercss B KOHTPOJIBHBIX TOUKAX, YKA3aHHBIX B TaOmuIle 1a); Iy1st Tpacc MpOTSKEHHOCTHIO
2000-4000 kM Oepercs wmeHbiiee 3HaueHue. OcHoBHast MIIY n-ckaukoBoii E-momsl Ha Tpacce
MPOTSHKEHHOCTHIO D ompeensercst Kak:

nE(D)MITY = foE-seciy ,, @
rae li110 — Yroyu TajeHus Ha BBICOTE TOYKH 3epKaJbHOrO oTpakeHus 110 KM B cpemHeil TOYKe CKadyka,
umetortero puay d = D/n.,

OcuoBnasg MITY cnos E mist tpacest — 3to Benmnuuna NoE(D)MITY anst E-moap! Hu3iero nopsiaka, No.

3.4 XapakTepucTuku cjost F2

UmcneHHble BBIPaKEHUSI MECSYHBIX MEUaHHBIX 3HAYCHUH HOHOC(epHbIX XapakTepucThk foF2 m M(3000)F2
JUIs1 3HAYCHU I MHJIEKCa COMHEYHON akTUBHOCTH Ri2 = 0 1 100 1 a7t kakoro Mecsina B3sThl u3 Pekomengannu
MCD3-R P.1239, rae MmarauTHOe noJie oueHuBaercsa Ha Bbicote 300 kM. JlaHHBIE BBIpAKEHUS UCIONb3YHOTCS
IUIsL OTIPENENICHNUS ATUX BENWYMH AJSl TpeOyeMbIX 3HAUECHUH BPEMEHH M KOHTPOJIBHBIX TOUYEK, YKA3aHHBIX B
tabmuue la). [ns mpeobnamaromux 3Ha4eHWH uHAekca Mexay Rz = 0 m 160 mpoBomuTcs nuHeiHas
WHTEPIIONANUS Win dKeTparnorsnus (cMm. Pexomengammto MC3-R P.371). Ilpu Goree BBICOKON COTHEYHOH
akTUBHOCTHU R1» cumraercs paBHbIM 160, HO TONBKO aust fOF2.

3.5 OcHnoBuasa MITY ciosn F2
351 Moab! HU3IIEro NOpsiAKa

3.5.1.1  Tpacchl NPOTSKEHHOCTHIO 10 Umax (KM)

Moja HU3IIETo MOPSIKa, Ny, OMPEACIACTCS TCOMETPHYSCKUM CIIOCOOOM C TIOMOIIBIO BBICOTHI 3€PKAJILHOTO
oTpaxkeHus, Nr, B KOHTPOJIBHOM TOYKE, PACIIONIOKEHHOM B CEpeInHE TPACCHI, C HCITOJIB30BAHUEM YPaBHEHHS:

1490

=———— — 176 xm mu 500 kM, OepeTcs MeHbIIast U3 BEJINYHH. (2
M(3000)F2

r

Jis Mozl N-ro nopsiaka ocHoBHast MITY ciost F2 BeIuucsieTcs Ciieyonmm o0pa3om:

an(D)an{u( Co )(B—l)]foF2+f—H(1—Lj, 3)
C3000 2 dmax
rae:
fu:  omekTpoHHas rTHpouacToTa Ha BbIicOTe 300 KM, ompemensemMas B KaXIOH
M3 COOTBETCTBYIOUINX KOHTPOJBHBIX TOUEK, yKa3aHHBIX B TabmuIe 1a);
Cy=0,74-0,591 Z - 0,424 7> - 0,090 Z* + 0,088 Z* + 0,181 Z° + 0,096 Z°, 4)
r;:[eZ= 1*2d/dmax
Omax =4 780 + (12 610 + 2 140/ x* — 49 720 / x* + 688 900 / x®) (1 /B - 0,303) (5)
2 . (7,854
B =M(3000F2-0,124+[[M(3000F2]° —4] - | 0,0215+ 0,005sin -19635] |, (6)
X
rae:

d: D/nu dnax BEIpaKeHBI B KIJIOMETpPAX;

Cso00: 3Hauenue Cq misg d = 3000 kM;
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X: foF2/foE, unu 2, Gepercs Oonbliias U3 BEIIUYHUH.
Yacrora foE BeUKCIIAETCS, KaK OMMCAHO B II. 3.2.

Ocuosnoit MITY mist Tpaccs! sisiercs NF2(D)MITY miist MoIsI HM3IIETO TOpsaKa, No. IIpu pacyere OCHOBHOIA
MITY BennumHa Omax orpannunBaetcs 4000 k.

3.5.1.2  Tpacchl NPOTIKEHHOCTHIO 00J1ee Umax (KM)

3a ocHoBHyo MITY mozmsl Ng F2(D)MITY Husmiero mopsiaka Ajisi Tpacchl NPOTSHKEHHOCThI0 D mpuHuMaetcst
HauMeHblIee U3 3HaueHud F2(dma)MITY, ompeneneHHbIX ¢ MOMOIIBIO ypaBHEHHS (3) B IByX KOHTPOJIBHBIX
TOUKaX, yKa3aHHBIX B TaOnuie 1a). DT1a BennunHa ABisieTcs Takke ocHoBHOM MITY muist Tpaccsl.

3.5.2  Moabl BbicIIEro Nopsiaka (Tpacchbl NPOTSKEHHOCTHIO 10 9000 kM)

3521 Tpacchbl NPOTSIKEHHOCTHIO 10 Umax (kM)

OcuoBHas MITY cmost F2 mis N-ckaukoBOW MOJIBI oOmpesensiercss ¢ momomisio ypaBueHuid (3)—(6)
B KOHTPOJBHON TOYKE, PACIIONIOKEHHON B CepelnHe TPACChl M YKa3aHHOU B Tabmuie 1a), mpu AJIMHE cKadKa
d =Di/n.

3.5.2.2  Tpacchl NPOTIKEHHOCTHIO 00J1ee Umax (KM)

Ocnosuast MITY ciiost F2 my1st N-ckaukoBoii MO/IbI BhipaxkaeTcs uepe3 BenduHy F2(dma)MITH u MacirraOHbIit
KO3 QHUIMEHT PaCCTOSHUM, 3aBUCSIIUI OT AJUHBI CKAYKOB, COOTBETCTBYIOIIMX paccMaTpUBAEMOW Mone U
MHHUMAJBHO BO3MOXKHOMY TOpsAKY Monbl. Ilpu pacuere My u Mn, MakcumanbHasi JiMHA CKadka, Omax,
MOBTOPHO BBIYHCIISIETCS] B KOHTPOJIBHOM ToUuKe U MoxkeT npesbimath 4000 kM.

NF2(D)MITY = N F2 (dma)MITYU - Mo/ M, , (7

rae Mn / My, BBIBOAUTCS U3 ypaBHEHUS (3) CIEIYIOIIM 00pa3oM:

M
M

. _ NF2(D)MITY ®)
0w M F2(D)MITd

BeiOupaercss HauMeHbIlas W3 BEIWYWH, BBIYMCISIEMBIX B JIBYyX KOHTPOJBHBIX TOYKAX, YKa3aHHBIX
B Tabnuie 1a).

3.6 BeposiTHOCTH 0GecniedyeHust HOHOC(EPHOTO PAaCIPOCTPAHEHHUS B TE€YeHHE MeCsSIa

B HekoTophIX ciydasx MOMET OBITh JIOCTATOYHO CIIPOTHO3HPOBATH BEPOSTHOCTH HAIMYHUS JTOCTATOYHOU
MOHM3AIMK JUIsi OOecredeHHs] paclpoCTpaHEeHUs Ha Tpacce, HEe YUYHUTHIBAS XapaKTePUCTUKHA CHUCTEMBI
W aHTCHHBI, a TaK)Ke TpeOOBaHU K pabounM XapaKTepUCTHKaM. B Takux ciydasx HEOOXOAMMO YCTaHOBHTH
BeposTHOCTH TpebieHuss MITY paboueit yactotel. B pasnenax 3.3 u 3.5 Belle npencTaBieHbl MEIMAHHBIE
saaueHust MITY(50) ms pactipocrpanenus E u F2.

s F2-mox1 oTHOIIEHHME HUXHEH neru, o, MITY, npepsiiernoe B Teuenue 90% nueit mecsia, MITY(90),
k MITY(50), mpencrasineno B Tabmuue 2 Pexomenmanmu MCD-R P.1239, B Buae (yHKIMOHAILHOU
3aBUCHMOCTH OT MECTHOT'O BPEMEHH, IIUPOTHI, CE30HA M YUCIIA COTHEUHBIX IISITCH.

Jns cimydaeB, koraa pabouast wactota, f, menbme MITU(50), BeposTHOCTH oOecnedeHUs] HOHOC(HEPHOro
pacnpocTpaHEeHUs! OIPEAEIAETCs CIEIYIOUIUM 00pa3oM:
80

Forop= 130 — 60 = 100, B 3aBUCIMOCTH OT TOTO,
1+ MITU(50)/(f -5,)

KaKoe 3HaYeHNE MEHBIIIE. €)]
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OtHomienne BepxHel aenwnn, oy, MITY, npesimennoe B Teuenue 10% mueit mecsia, MITY(10) k MITU(50)
npencraBieHo B Ttabmuie 3 Pexkomenmammu MC3-R P.1239, B BuIe (QyHKIMOHATBFHOW 3aBHCHMOCTH
OT MECTHOI'O BPEMEHH, IIUPOTHI, CE30HA M YMCJIA COJTHEYHBIX MATEH.

s ciaydaeB, koraa pabouas yacrora, f, 6ompiie MITU(50), BeposTHOCTH obOecrieueHHs HOHOCHEPHOro
pacnpoCTpaHeH s ONPEICIACTCS CIACSAYIOIUM 00pa3oM:

_— 80 B
Prob T 14 £ /(MITU(50) -5,

30 1160 = 0, B 3aBUCUMOCTH OT TOTO,

KaKoe 3HaYCHUE OOJIbIIIE. (10)

B caywgae E-mox momxomsmue K03(pQUIMEHTH AN HHTEPACHMIBHOTO pa3Maxa coctaBisiorT 1,05 u 0,95,
COOTBETCTBEHHO.

Pacnpenenenue paboueit MIIY B 3amaHHbIi yac B TEYEHUE MeECSAA MOXKHO IONYYUTH IIyTEM HMPUMEHEHHUSI
pachpezeeHus, MpeacTaBIeHHoro B 11. 3.6.

[Ipumure x cBepenuto, uro padourne MIIY, npessimaemeie B TeueHue 90% u B teuenue 10% aneit mecsua,
OTIPEIEIISIOTCS KaK ONTUMalIbHAsl paboyvasl 4acTOTa U MaKCHMalIbHO BO3MOJXKHAS 4aCTOTa, COOTBETCTBEHHO.

3.7 Pa6Gouas MIIY ans Tpaccbl

Pabouas MITY i Tpaccel siBisieTcst HauOobIei u3 padounx MITY st F2-mox u padounx MITY mnst E-mop.
B3anmocBs3p Mexay paboueit u ocHoBHOW MITY OyneT 3aBUCETh OT XapaKTEPUCTHK CHUCTEM W aHTEHHBI,
a TaKke OT reorpaduyecKux 1 APYIHX yCJIOBUI Ha BCEH MPOTSIKEHHOCTH TPACChI, U AOJDKHO ONPENENISTHCS
HCXOJIsl U3 UMEIOLIETOCS TIPAKTHYECKOTO OIBITA B 00JIaCTH pabounX XapakTepUCTHK JIMHUK. B ciydae, korma
TaKOU OIMBIT OTCYTCTBYET, Ast F2-mox padoyast MITH = ocaoBHast MITY. Rep, Trie Benmmuuna Rop mpruBeeHa B
tabmune 1 Pexomenmamu MCD-R P.1240. JIns E-mon pa6ouas MITY paBHa ocHOBHOM MITY.

Onenka paboueit MIIY, npessiienHoit B Teuenue 10% u 90% nHeil, ompenensercs MyTeM YMHOXXEHUS
MenuaHHoi paboueit MIIU Ha cooTBeTcTByromme Kod(pduUIMEeHTsl, ykazaHHble B Tabmmmax 2 u 3
Pexomenmanimn MCO-R P.1239 B ciiywae F-mon. B ciydae E-mox moaxopsmre kKo OUITUEHTH COCTABIISIOT
1,05 1 0,95, cooTBETCTBEHHO.

4 MaxkcuMasbHasi YacToTa IkpanupoBanus cios E (fs)

OkpanupoBanue F2-mom cinoem E paccmarpuBaercs manst Tpacc mnpoTsbkeHHOCThio jgo 4000 xm
(cMm. Tabmumy 1b)). Jliast pacyeta MakCHMalIbHOW YacTOThI SKPaHUPOBaHHs ciios Oepercsi BenuuunHa foE
B cpenHell Touke Tpacchl (s tpace no 2000 km) wnm Oojibiiee 3HaueHue u3 BenuumH foE B IByX
KOHTPOJIBHBIX TOYKaX, pacnofiokeHHBIX B 1000 KM OT KaXkIOTO M3 KOHIIOB Tpacchl (IS Tpacc JJIWHHEE
2000 km).

fs= 1,05 foE sec i (12)
Mpu:
. . [ R A
i —arcsin| 00952 | (12)
Ry +hy
rac:

i:  yrom magenwus Ha Beicote hy = 110 kM;
Ro:  pammyc 3emun, 6371 xm;

Ar:  yrox mecta Juist Mol cinosi F2 (onpenensiercst u3 ypasHenust (13)).
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YACTD 2

MeIlI/IaHHOG SHAYCHHME HANIPSZKEHHOCTH 11051 HpOCTpaHCTBeHHOﬁ BOJIHBI

5 MeauaHHoe 3HAYEHHE HATIPSIKEHHOCTH MOJIS MPOCTPAHCTBEHHOH BOJIHBI

[IporHo3upyemasi HANPSHKEHHOCTD TIOJS SIBISIETCS MECSYHBIM MEIMAHHBIM 3HAUYCHHEM, B3STHIM IO BHIOOpKE
U3 Bcex JIHed Mecsaua. [Ipomenypa NpOTHO3MPOBaHHMS COCTOMT M3 TpeX 4YacTedl, B 3aBHUCHMOCTH
OT MPOTSHKEHHOCTU Tpacchl. st Tpacc mpoTsbkeHHocThio MeHee 7000 kM MeanaHHass HAIIPSKEHHOCTD OIS
MPOCTPAHCTBEHHOM BOJTHBI TIPOTHO3UPYETCS TOJNBKO C UCTIOB30BaHUEM METOJa, TPUBEACHHOTO B 1. 5.2. Jns
Tpacc TPOTsHKEHHOCTHIO Oomee 9000 kM MeamaHHas HANMPSHKEHHOCTH ITOJSI MPOCTPAHCTBEHHON BOJTHBI
MPOTHO3UPYETCS TOIBKO C UCTIOIb30BaHUEM METO/a, IPUBEIEHHOTO B 1. 5.3. {71 Tpacc MpOTsHKEHHOCTHIO OT
7000 kM 1o 9000 kM MCHONB3YIOTCS 00a METo/Aa, a Pe3ylbTaThl HHTEPIOIUPYIOTCS C IOMOIIBI0 METO/a,
OIMMCaHHOTO B 1I. 5.4.

51 Yroa mecra

Yroa MecTa, KOTOPBIA IPUMEHUM JJIs1 BCEX YaCTOT, BKIIOYAs YaCTOTHI Bhllie ocHOBHOU MITY, onpenensiercs
CIICYIOIIUM 00pa3oM:

A=arctan| cot—3— — — 0 cosec_ 9 , (13)
2R, Ry+h 2R,

rue:
d: mmuHA cKavka N-CKauKOBOW MOJBI, modydaemast kak d = D/n;
hr:  SKkBHMBaNeHTHas BHICOTA IIOCKO-3€PKATBLHOTO OTPAKEHHS:
g E-mox hy = 110 kMm;
st F2-mox hy siBsiercst hyHKIHel BpeMeHH, MECTa | JUTHHBI CKavKa.

BricoTa 3epKraibsHOTO OTpaskeHust it F2-Mopl, Ny, pacCUMTHIBAETCS CIIETYIOIIMM 00pa30oM:

x = foF2/foE u = M(30;O§flf§+ M ,
rae:
AM = 018 N 0,096(R;, — 25)
y—-14 150
u y = x unu 1,8; 6epercst Oomnbinas BETHYUHA.
a) Hs X > 3,33 ux, = f/ foF2 > 1, rae f — vacTora BoaHEL:
hy = h wau 800 kM, GepeTcst MeHbIIas BEJTMYHMHA, (14)
rae:
h = A +B124? mmaBiua>0
= Ai+B B IIPOTHBHOM CJly4dae

mpu  Ar=140+ (H-47) E
Bi =150+ (H—17) F1— A
E1=-0,09707 x> +0,6870 x* —0,7506 X, + 0,6
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Fl OIMPEACIACTCA KaK:

F1=-1,862 X! +12,95 x> —32,03 x* + 33,50 x; — 10,91 s X <171
F1=1,21+0,2 X IUIS Xr>1,71,

M a 3aBHCHUT OT pacCTOSHUS du IIHWPUHBI 30HBI MOJITYaHUSA ds CICOYHOINM 06pa30M:

rac:

b)

rac:

I (K

rac:

npu

a=(d—ds)/ (H + 140),

ds=160 + (H + 43) G

G=-2,102 x! +19,50 x* — 63,15 x> + 90,47 X, — 44,73 mis % <37
G=1925 nua Xr>3,7.
s x>3,33 ux <1
r = h w 800 kM, Gepercst MEHbIIIast BETHMYHMHA, (15)
h = A+Byb g B, >0
= A+B; B ITPOTUBHOM CITy4ae

A;

151 + (H — 47) E,

Bo=141+(H-24) F.— A2
E»=0,1906 Z? + 0,00583 Z + 0,1936
F,=0,64527%+0,883 Z + 0,162,
Z = X wm0,], 6epercs Gonblas BelUUYKHA, a D 3aBUCHT OT HOPMHPOBAHHOTO paccTosiHuUst dy,
Z wu H cueayromnmm o0pa3oMm:
b=-7535d{ +1575d> —8,834d? —0,378d, +1,
¢ = 2(0%5:&0) nin 0,65; Gepercst MeHbIAs BEIMIHHA.

Jos x < 3,33:

r=115+HJ + Ud wru 800 kM, GepeTcst MEHbIIAs BETMYHMHA, (16)

J=-0,7126y* + 5,863 y2 - 16,13 y + 16,07

U=8x10°(H-80) (1+11y*?)+12x10°Hy?>",

J1J1s1 Tpacc MPOTHKEHHOCTHIO 10 Amax (KM) Ny OIICHUBaETCS B Cpe/IHEH TOUKE TPacChl: it 00Jiee IMHHBIX TPacC
€€ BCJIMYMHA ONPCACIACTCA BO BCEX KOHTPOJIBHBIX TOYKaX, YKa3aHHBIX B Ta6JII/IIIe IC), a 3aTEM HCIIOJIB3YCTCA
CpeJIHEE U3 MOJYYEHHBIX 3HAaUEHUH.
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5.2 Tpaccel npoTsskeHHOCTHIO 10 9000 kM

Jlnst Tpace npoTsbkeHHOCThI0 MeHee 7000 KM MequaHHAsi HApsHKEHHOCTH TOJISI IPOCTPAHCTBEHHOM BOJHBI
MPOTHO3UPYETCS TOIBKO C UCIIOIb30BAaHUEM METOA, MPUBEICHHOTO B 1. 5.2. /1151 Tpacc NpOTsSHKEHHOCTHIO OT
7000 kM 10 9000 KM HCTIONB3YIOTCS METO/IBI, IPUBEIEHHBIE B II. 5.2 1 5.3. Jlanee pe3ynbTatThl, MOTyYCHHbIE
C UCTIONIF30BAaHUEM Ka)KJJOT0 METO/1a, MHTEPIIOJIIMPYIOTCS C TOMOIIBIO METOAA, OTIMCAHHOTO B 1. 5.4.

5.2.1 PaccmaTpuBaembie MOABI

PaccmatpuBatorcs 1o Tpex E-mon (s Tpacc npotskeHHOCTHIO 10 4000 kM) u 1o mectu F2-Mo, kaxaas u3
KOTOPBIX YAOBIETBOPSET CIEIYIOIINM CIEIHATbHBIM KPUTEPHIM:

- JUISL 3epKaTbHBIX OTPAKEHUH OT BHICOTHI:
* g E-mop Haunnas ot BeICOTH hy = 110 KkM;

e s F2-mon HaumHash oT BbICOTHI Ny, omperesnsemoit u3 ypasuenus (2), rme M(3000)F2
OLIEHMBAETCSI B KOHTPOJBHOH TOYKE, PpACIIOJIOKEHHOM B cepeduHe Tpacchl (I Tpace
MPOTSHKEHHOCTBIO 710 Umax (KM)), MJIM B KOHTPOJIBHBIX TOYKAaX, IPUBEICHHBIX B Taduie 1¢), 1
kotopsix foF2 uMeer Gostee HU3KOE 3HAYECHHUE (IS TPACC MPOTHKEHHOCTHIO OT Umax 10 9000 KkMm);

— E-MoJ1bI — MOJIBI HU3IIIETO MOPsKa ¢ ATUHON ckauka 10 2000 KM, U CIIeAYIONIHME ABE MOJIbI BBICIIIEIO
MOPSIZIKA;

— F2-Mo1p1 — MOIBI HU3IIETO MOPSIIKA C JJTUHON CKauKa JI0 Omax (KM), 1 CIIEYIOIINE TSTH MOJI BBICIIIETO
MOpsZIKa, sl KOTOPHIX MaKCHMalbHAs 4acToTa SKpaHupoBaHus ciosi E, onpexaensemast corimacHo
1. 4, MeHbIIe pabovel YacTOTHI.

5.2.2  Onpexaenenne HANPSIAKEHHOCTH MOJIS

Jis kaxxpoit Mobl W, BRIOpaHHOH B 1. 5.2.1, MenaHHOE 3HAYEeHNE HANPSHKEHHOCTH TIOJIS OTIPEIEeNIeTCs Kak:

Ew = 136,6 + Pt + Gt + 20 logf — Lo 1nb(1 MxB/m), @17
rae:
f:  wacrora mepemaun (MI'n);
P:  mommuocTs nepenatunka (ab(1 xB1));
Gy ycuieHue Tmepearolieil aHTeHHBI sl TpeOyemoro asumyTra W yria mecta (A)
10 OTHOIIIEHHUIO K U30TPONHOM aHTeHHe (1b);
Lp: moTepu OCHOBHOH Tepeladd IO TPACKTOPUH JIyda JUIS paccMaTpUBaeMOW MOJIBL,
orpeJieNisieMble KaK:
= 3245 + 20logf + 20logp" + Li + Lm + Lg + Ln + L, (18)
npu:

p’:  BHUpTyanbHas HAKJIOHHAS AaTbHOCTH (KM):

o' 202{ sin (d/2R,) } 19)

cos[A + (d/2R, )]

Li . l'IOTepI/I 3a CUCT IIOIJIOICHUA (,I[B) 11 n-CKa‘lKOBOﬁ MO/JBbI, OHPGZ[CHSICMBIC KaK:
n(L+0,0067R,,)-secCi 1 K F(x) f
I-i = ( > M Z noon J ©%n . (20)
(F+f) K F(inoon ) foE
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npu:
F(yx ) =cos p (0,881 y ) umu 0,02; B 3aBHCHMOCTH OT TOTO,
Kakas BenuuuHa oonpine, (21)
re:
fu="fcosi (22)
u

i:  yrom magenus Ha Bbicote 110 km;
K:  KoIMuYecTBO KOHTPOJBHBIX TOUeK (13 Tabuisl 1d));

fi:  cpemHee M3 3HAYCHUI IEKTPOHHOM TMPOYACTOTHI B KOHTPOJIbHBIX TOYKAX, YKA3aHHBIX
B Tabmutie 1d), BAOIL MPOIOIBHON COCTABIISAIONICH MATHUTHOTO OIS 3€MIIH Ha BBICOTE
100 kM. [Iyis MarHuTHOTO HAKIIOHEeHHUS, |, TaHHOE 3HAUYECHUE MOXKET OBITh PACCUMTAHO
o opmyre:
fo = fy - sin(D)| (23)
¥j: COJHEYHBIA 3CHHUTHBIH Yroid B j- KOHTPOJbHOW Touke Wik 102°, B 3aBUCHMOCTH

OT TOro, Kakas BeIW4YMHA MeHblle. [Ipu pacdere 3TOro mnapamerpa y4YuThbIBACTCS
3aBUCUMOCTb OT BPEMEHHU JUISl CEPEIUHBI PACCMAaTPUBAEMOT0 MECSLA;

A jnoon- 3HAQYCHHUEC j B ITIOJACHB IO MECCTHOMY BPEMCHH,

ATnoon: K03 (HIIMEHT TOTIIOMEHNS B MONIEHh TT0 MECTHOMY BpeMeHH npu Ri» = 0, 3HaYeHHS
KOTOPOTO TpUBEIEHBI HA pUCYyHKe | B BUAE (QYyHKIMH OT reorpad)MuecKoll MHUPOTHI
U Mecs1a;

f, ). Ko3(hduIHEHT MPOHNKHOBEHHUS B MOIJIOLIAOIINIA CIIOW, TaHHBII Ha PHCYHKE 2 B BHJE
(GYHKLIUH OT OTHOLICHHS SKBHBAJICHTHOW YaCTOThI BEPTUKAJIBHO MAAIOIIeH BOJIHBI, fy,
K foE;

p: moKa3zarejdb JHEBHOT'O IIOTJIOIIECHUS, IPHUBEICHHBIH Ha PUCYHKE 3 B BHIC
GYHKIMM OT MOJIUGUIMPOBAHHOIO MArHUTHOTO HAKIIOHCHMS, PAcCUYUTAHHOTO Ha
BeicoTe 100 kM (cM. Pexomennaruio MCO-R P.1239, [Tpunoxenue 1), u mecsia.

Ha gacrtorax Bbime ocHoBHOM MIIY nornomeHne no-npekHEMy 3aBHCHT OT YacTOTHI U PacCUUTHIBACTCSA
B IIPEATION0KEHUH, YTO TPACKTOPUH JIyUEU OCTAIOTCA TAKUMH K€, KaK U Ha OCHOBHOM MITY.

Lm: morepu "Bime MITY".

Jlnst gactotel f, paBHoit wn Hike ocHoBHOM MITY (fp) manHON MOIBI:

Ln=0. (24)
Jlnst E-mox tipu f > fi:
L, =130[(f/f,) - 1]° 1B (25)
niu 81 1b, B 3aBHCHMOCTH OT TOT'O, YTO MCHBIIIE.
Jnst F2-mon mipu f > fi:
v2
L, =36[(f/f,)—-1] b (26)

niH 62 1b, B 3aBHCHMOCTH OT TOT'O, YTO MCHBIIIE.
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CyMMapHbI€ TIOTEPH MIPH OTPAKEHUH OT 3€MJIM B IPOMEKYTOYHBIX TOUKAX OTPAKCHHS:

Jli1s1 N-CKavYKOBOM MOJBI:

th

L,:

Lg=2(n—1) 1B. (27)

K03()(DUITHEHT, YUUTHIBAIOIINI aBpOpalbHBIE M JPYTHe TMOTEPH CUTHAIA; MPHUBEACH
B Tabmuie 2. Kaxaoe 3HaueHWe OMpeaessieTcsl 4epe3 reOMarHuTHyo mupoTy Gn (k
CeBEpy WJIM OTYy OT KBATOpa) U MECTHOE BpeMsi { /Ul TE€OIEHTPUYECKOTO THUIONS C
KoopAuHaTaMu monroca 78,5° ¢. m. u 68,2° 3. A.. B3ATHl CPEAHHUE 3HAYCHUSA IS
KOHTPOJBHBIX TOUYCK, YKa3aHHbIX B Tabuie 1d).

B CCBCPHOM MOJYyIIapUuH 3UMHUMH MCCALlAMH MPUHATO CUUTATH HCKa6pI)-(I)CBpaIH),
PAaBHOACHCTBUEC IMPUXOOUTCA Ha MapT-MaP'I u CGHTﬂ6pI>-H0$I6pB, a JICTHUC MCCAIbI —
9TO HIOHB-aBI'YCT. I[J'IH IO)KHOTO moJiymapus 3UMHHUE W JICTHHUC MECALBI CICAYET
IIOMCHATH MCCTaMH.

Jns Gn <42,5° Ly =0 gb.

YJIeH ypaBHEHUS, YUUTHIBAIOMIMK 3(Q(dEeKTsl pacmpocTpaHeHHS MPOCTPAHCTBEHHON
BOJIHBI, HE BKJIIOUYEHHBIE B 3TOT METO] KaKMM-ITH0o ApyruM oOpa3oM. B Hactosmee
BpeMs pekomeHmyercs 3Hadenne 10,3 nb, nanHoe B 1. 5.2.

[NPUMEYAHHE 1. — Craemyer OTMETHUTh, YTO 3HaueHHWE L, 3aBUCHUT OT 3JIEMEHTOB MeToja
MPOTHO3HPOBAHUA, TaK 4YTO JIIOObIC WM3MEHEHHMS B OJTHX DJJIEMEHTaX OYAyT CONMPOBOXKIATHCS
MepecMOTpOM 3HadeHus L.

be3 ydera Mo, 3KpaHMPOBaHHBIX cjoeM £, 3a OOILLyI0 pe3yJbTHPYIOLIYI0 SKBUBAICHTHYIO MEIUAHHYIO

HapsHKEHHOCTD ITOJIA

MPOCTPaHCTBEHHOU BOJIHBI, Es, MpUHUMaeTCs KBaIpaTHBII KOPEHb U3 CyMMBbI KBaIpaToB

HanpspkeHHocTed mosist st N Mo, e N BeiOupaeTtcs Tak, 4ToObl 0XBaTuTh MOkl F2 u E, 11 KOoTOpBIX ObLIH
clieNIaHbl IPOTHO3UPOBAHMUS, T. €.

N
E, =10log,, Y 10™" 1B(1 MKB/wm). (28)

w=1

Jis IpOrHO3UPOBaHMS XapaKTEPUCTHK PabOTHI CHCTEM C LHU(POBOM MOIYJSIMEH, JUIS KaXIOro U3 MOJ
YUUTBIBACTCS SKBUBAJICHTHAS] MEANAHHAS HANPSDKEHHOCTD TOJIS IPOCTPAHCTBEHHON BOJHBL, cM. 1. 10.2.
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TABJINIIA 2

3navenus Ly, yuuThIBaoue aBpopaibHble U Apyrue norepu curianos (1b)

a) HManpHOCTH Mepeaauy MeHblle Wik paHa 2 500 km
MecTHOE BpeMs B CpeHeil TOUKe Tpacckl, t
01<t<04 04<t<07 07<t<10 10<t<13 13<t<16 16<t<19 19<t<22 22<t<01
Gn

77,5° < Gn 2,0 6,6 6,2 15 0,5 14 1,5 1,0

72,5°<Gn<77,5° 34 8,3 8,6 0,9 0,5 2,5 3,0 3,0

67,5°<Gn<725° 6,2 15,6 12,8 2,3 15 4,6 7,0 50

62,5° < Gn<67,5° 7,0 16,0 14,0 3,6 2,0 6,8 9,8 6,6

57,5° < Gn<62,5° 2,0 4,5 6,6 1,4 0,8 2,7 3,0 2,0

52,5° < Gn < 57,5° 1,3 1,0 3,2 0,3 04 18 2,3 0,9

47,5°<Gn<52,5° 0,9 0,6 2,2 0,2 0,2 1,2 15 0,6

425° < Gn<47,5° 0,4 0,3 11 0,1 0,1 0,6 0,7 0,3
77,5° <Gn 14 2,5 7,4 3,8 1,0 2,4 2,4 3,3 P
72,5° < Gn < 77,5° 33 11,0 11,6 5.1 2,6 4,0 6,0 7.0 :
67,5°<Gn<72,5° 6,5 12,0 21,4 8,5 48 6,0 10,0 13,7 H
62,5° < Gn <67,5° 6,7 11,2 17,0 9,0 72 9,0 10,9 15,0 ;
57,5° < Gn <62,5° 2,4 4,4 75 5,0 2,6 4,8 55 6,1 e
52,5°<Gn<57,5° 17 2,0 5,0 3,0 2,2 4,0 3,0 4,0 ZI
47,5° < Gn<52,5° 11 1,3 3,3 2,0 1,4 2,6 2,0 2,6 T
425°<Gn<475° | 05 0.6 16 1,0 0,7 13 1,0 13 ;
e

77,5° <Gn 2,2 2,7 1,2 2,3 2,2 3,8 4,2 3,8

72,5°<Gn<77,5° 2,4 3,0 2,8 3,0 2,7 4,2 4,8 4,5

67,5°<Gn<725° 4,9 4,2 6,2 45 3,8 54 7,7 7,2

62,5° < Gn<67,5° 6,5 4.8 9,0 6,0 4,8 91 9,5 8,9

57,5° < Gn < 62,5° 3.2 2,7 4,0 3,0 3,0 6,5 6,7 5,0

52,5° < Gn<57,5° 2,5 1,8 2,4 2,3 2,6 5,0 4,6 4,0

47,5° < Gn<52,5° 1,6 1,2 1,6 1,5 1,7 3,3 31 2,6

42,5°<Gn<47,5° 0,8 0,6 0,8 0,7 0,8 1,6 15 1,3
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TABJINIIA 2 (oxonuanue)
b) HansrocTs mepenauu Gospiue 2 500 kM
MecTHOE BpeMs B cpefiHel TOUYKe Tpacchl, t
01<t<04 04<t<07 07<t<10 10<t<13 13<t<16 16<t<19 19<t<22 22<t<01
Gn

77,5° < Gn 1,5 2,7 2,5 0,8 0,0 0,9 0,8 1,6
72,5° < Gn<77,5° 2,5 4,5 43 0,8 0,3 1,6 2,0 4.8 3

67,5° < Gn<72,5° 5,5 50 7,0 1,9 0,5 3,0 45 9,6
62,5° < Gn < 67,5° 53 7,0 59 2,0 0,7 4,0 45 10,0 !
57,5° < Gn < 62,5° 1,6 2,4 2,7 0,6 0,4 17 18 35 M
52,5° < Gn < 57,5° 0,9 10 1,3 0,1 0,1 1,0 15 14 a

47,5° < Gn<52,5° 0,6 0,6 0,8 0,1 0,1 0,6 1,0 0,5

42,5° < Gn<47,5° 0,3 0,3 0,4 0,0 0,0 0,3 0,5 0,4
77,5° < Gn 1,0 1,2 2,7 3,0 0,6 2,0 2,3 16 P
72,5°<Gn<77,5° 1,8 2,9 4,1 57 15 3,2 5,6 3,6 Z
67,5°<Gn<72,5° 3,7 5,6 7,7 8,1 3,5 5,0 9,5 7,3 H
62,5° < Gn < 67,5° 39 5,2 7,6 9,0 5,0 75 10,0 7,9 ;
57,5° < Gn < 62,5° 1,4 2,0 3,2 3,8 18 4,0 54 34 e
52,5°<Gn<575° | 09 0,9 18 2,0 1,3 3.1 2,7 2,0 .
47,5° < Gn < 52,5° 0,6 0,6 1,2 13 08 2,0 1,8 1,3 T
425°<Gr<475° | 03 03 06 06 0.4 10 09 06 ;
[§]

77,5°<Gn 1,9 3,8 2,2 11 2,1 1,2 2,3 2,4

72,5°<Gn<77,5° 19 4,6 2,9 1,3 2,2 1,3 2,8 2,7
67,5°<Gn<72,5° 4,4 6,3 5,9 19 3,3 1,7 44 45 1
62,5° < Gn < 67,5° 5,5 8,5 7,6 2,6 4,2 3,2 55 57 e
57,5° < Gn<62,5° 2,8 3,8 3,7 14 2,7 1,6 4,5 3,2 T

52,5° < Gn < 57,5° 2,2 2,4 2,2 1,0 2,2 1,2 4,4 2,5
47,5° < Gn<52,5° 1,4 1,6 14 0,6 14 0,8 2,9 1,6 °

42,5° < Gn< 47,5° 0,7 0,8 0,7 0,3 0,7 0,4 14 0,8

5.3 Tpaccobl npoTKeHHOCTHIO Gosiee 7000 km

g tpacc npotrskeHHOCThI0 Oosee 9000 kM MenuaHHAs HAIMPSKEHHOCTD IMOJISI MPOCTPAHCTBEHHON BOJIHBI
MIPOTHO3UPYETCS TOJIBKO C UCTIONb30BaHUEM METO/Ia, IPUBEIEHHOTO B 1. 5.3. JIJ1s Tpacc MpOTsHKEHHOCTHIO OT
7000 kM 1o 9000 KM HCIIONB3YIOTCS. METO/IBI, TPUBEEHHBIE B II. 5.2 1 5.3. /lanee pe3ynbTaTsl, NOTyYEHHbBIE
C MCIIOJIb30BaHUEM KaXKJIOT0 METOJ1a, HHTEPIIOJIIMPYIOTCS C MOMOILBIO0 METO/1a, OMIMCAHHOTO B 11. 5.4.

s tpacc mpoTsbkeHHOCThIO Ooyiee 7000 KM pacyer BceX BO3MOXKHBIX MOJ HE HMMEET MPaKTHUIECKOTO
3HaueHusi. COOTBETCTBEHHO, MPUMEHseTCs cieayronmidi Meros, B koropom HITY (fu) u padouas MITY (fw)
ONIPECIISAIOT JMana3oH 4acToT nepenayn. 3Hadenus fu u fL sBnsrorcs Hanbosee BaKHBIMU NapamMeTpaMy B
AIMITUPUUECKOI popMyIie IS pacueTa HANMPSHKEHHOCTH ToJisl. BMecTe ¢ TeM [Uisi Tpace MPOTSHKEHHOCTBIO OT
7000 kM g0 9000 kM pe3ynbTaThl, MOTyYEeHHBIE C MCIOIB30BAHUEM JIBYX METOJOB, HHTEPIIOIUPYIOTCS IS
obecnieyeHus TUIAaBHOTO niepexoaa (cm. 1. 5.4).
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JlaHHbI METO/I BKJIFOYAET TPU OCHOBHBIX II1ara:
- onpenenenue fu;
- ompenenenue fi;

- OLICHKY HaIPSAKCHHOCTH I10JI.

53.1  Omnpenenenne fy

st onpeaesnenus fy MPOTrHO3bI OCYINECTBISIOTCS MyTEM JCICHUS TPACChl HA MUHUMATBHOE KOJUYECTBO (Nm)
CKaukoB paBHO# JIUHBI (Om), He mpepbimaroreit 4000 kM. YToi MecTa pacCUMTHIBACTCS B COOTBETCTBHH C
ypaBueHueM (13) ¢ y4eTom UIMHBI CKayka W (UKCHPOBaHHOW BbICOTHI, paBHoi 300 kM. Eciu yron mecra
Menblie 3,0 rpaaycoB, 100aBISIETCS OAWH CKAYOK, a [UTMHA CKaYKa U YTOJI MECTa IOBTOPHO PaCCUUTHIBAIOTCS
JI0 TeX TOp, MoKa yroy Mecta He npesbicut 3,0 rpagyca. [lanee u3 Tabnuipl 1a) ompeaenstoTes MOJ0KESHHUS
00enx KOHTPOJbHBIX Touek. B manHoM ciryuae do paBHO O, TO3TOMY KOHTPOJIBHBIE TOYKH PACIIONIOKEHBI Ha
MTOJIOBHHE JUTHHBI CKauka (Om/2) oT mepemaTunka ¥ MpUEMHHUKA.

B o6enx koHTposbHBIX TOuKax 3HaueHus foF2, M(3000) u rupouacrora (fi) onpenenstorcs B COOTBETCTBUU
¢ 1. 3.4. DT 3HAYCHHUS UCTIONB3YIOTCs st pacuera F2(4000)MITY (f.), F2(Zero)MITY (f,), u ocroBroit MITU
(fam) B KOHTPOJIBHBIX TOYKAX:
fem = fz+ s = fDIp MI'n (29)
rae:
fa =11 - foF2 - M(3000)F2

f, = foF2 +f7H

Kosbdunuent ymenpiienus paccrosiaus (fp) ucmonbsyercst aust ymenninerus MITY mst 4000 km 1o MITH
Ut pakTHIecKo auHbI ckauka. Koaddunuenr fp namensiercs B nmpeaenax ot 0,0 (s ckauka minHOH 0 KM)
10 1,0 (st ckauka muaoit 4000 km).

fp = <<((((C6dM + Cs)dy + Cy)dy + C3) dy + C2> dy + Cl> dy + Co) dy (30)

rae:

Ce. —2,40074637494790-10°%
Cs:  25,8520201885984-107%
Cs.  —92,4986988833091-10718
Cs:  102,342990689362-10°%°
Ca.  22,0776941764705-10712
Ci. 87,4376851991085-10°
Co.  29,1996868566837-10°°

dw: umHa ckayka (km).

3naueHue fgw onpepenseTcs Mo OTASIBHOCTH IS IBYX KOHTPOJIBHBIX TOYEK, M B KayecTBe ocHOBHOM MITY
JUIsL BCEH Tpacchl OepeTcsi MeHbllee 3HaYCHHUE.

3nauenue fv onpenensercs mo oTaAeIbHOCTH ISl IBYX KOHTPOJIbHBIX TOYEK KaK Mpou3BeieH e Koadduimenra
K u ocHoBHoit MITY. B kauecte paboueit MIIY s Beeii Tpaccel GepeTcs MeHblIee 3HaueHHeE.

fM =K- fBM MFL[. (31)

Koaddumuent K ncnonbzyercs ans pacuera padoueit MITH fy u3 ocHoBHoi MITY fam:

_ fBM 3 |fBM noon _ fBMmin 2
K=12+W 20—y X[ /—fBM 1] Y [ ot ] , (32)
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feMnoon:  3HauYeHMe fpm M1 BpeMeHH, COOTBETCTBYIOIIETO MECTHOMY MOJTY/IHIO

femmin: HaumeHbluee 3a 24 daca 3HaueHue fpm.

W, X u Y pmansl B Tabmune 3. A3UMyTalbHBIA Yrojl TPacchl, PacHOJOKEHHOW BAOJbL OOJBIIOTO KpyTa,
OIIpenesieTcs B LEHTPE BCEH TPACChl; 3TOT YIOJ UCIOJIB3YETCs Ul JIMHEHHOM MHTEPIOMALMH YIila MEXIY
BEIMYMHAMHU, OJTYYECHHBIMH U1 HANIPaBJICHUN BOCTOK-3aIa]l U CEBEP-1OT.

5.3.2

TABJIMIIA 3

3navenuss W, X u Y, ucnosib3yemblie AJ151 onpeaeaeHust
MONpPaBoOYHOro Kod(ppunmenta K

W X Y
Bocrok-3aman 0,1 1,2 0,6
Cegep-1Or 0,2 0,2 0,4

Onpenenenue fi

HITY nonBepkeHa CUIBHOMY BIMSIHUIO HEIPOU3BOIHOIO norjoueHus. Bonnsl nuanasona BU nornomarores
npu npoHukHOBeHHU B cior D. J{ns onpenenenus HITY Tpacca menuTes Ha N. CKaYKOB PaBHOM JTHHBI (L
(e mpesbimaromeid 3000 km). TOYKkM NPOHUKHOBEHHS OMPEINEINSIOTCS HMCXOIS W3 TPEINOIOKCHUS O
(buKcupoBaHHOI BbIcOTE OTpaxkeHus, paBHOi 300 KM, U BbICOTE MPOHUKHOBEHUs, paBHOH 90 KM (IBE TOUYKH
NPOHUKHOBEHUSI HA CKAYOK).

Benunuuna fi paccuuteiBaetcs u3 ypaBuenus (33):

rue.

i (8

0,5

(14+0,009R1,) Y™ cos® ()
- 192(.’506)" —fu | (A + D) MTn, (33)

cos(igo)loge(T

fL = 5,3

M:  KOJIMYECTBO TOYEK MPOHUKHOBEHUS 2N;

Ri2:  YHCIIO COMHEYHBIX IATEH, KOTOPOE HE HACHIIIAETCS MPU BBICOKUX 3HAYCHUSIX U MOXKET
npesbiath 160;

¥:  COJIHEYHBIM 36HUTHBIN YIroJjl, KOTOPbI MOKHO PACCUUTATh U3 CIEAYIOLIErO YPABHEHUS:

cos(x) = sin(@,,) sin(8) + cos(g,,) cos(8) cos(n) (34)

0  CONHEYHOE CKIIOHEeHHUE (paJuaHbl);
Om:  reorpaduyeckas MHPOTa M—il TOYKHA MPOHUKHOBEHUS (paraHbl);

M.  YroJ COJHEYHOro yaca (paauaHsbl).
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3HaueHWEe COJIHEYHOTO CKJIOHEHHs, 0, MOKHO ANMPOKCHMHPOBATH IO IIHPOTE MOJICOJHEYHON TOYKH IS
cepeanHBI MecsIa (Sx), B3ITOM u3 Tabnuis! 4.

TABJIULIA 4

IupoTa NoACOTHEYHONH TOYKH JJIsl CepeIMHbI MecAla

Mecs s @ M | A M " " A C o) H i

Sy (tpamyesr) | -21,2 | -12,7 | -2,2 | 9,7 | 188 | 23,3 | 21,6 141 | 31 | -84 | -184 | -233

3HaueHue yIila COMHEYHOT0 Yaca MOXXHO allpOKCUMHUPOBATH 0 Gopmyrie:
uTC
N=( D1+ (35)
rue:

UTC: yuuBepcaibHOE BpeMs (4achl);

Ym: reorpaduueckas 10Jarota M—i TOYKH MPOHUKHOBEHUS (paiiaHsbl).

B wurore, y ompexenseTcs Ui KakIOTro MepecedeHns Tpaccoi sryda Beicotsl B 90 km. ITpu y > 90°, cos®y
MPpUHUMACTCS paBHBIM HYJIIO

igo:  yrou majgeHus Ha BeicoTe 90 KM;
p’:  1nHMHA HAKIOHHOW TPAaccChl;

Ay kK03 UIIEHT 3UMHEI aHOMAITNH, ONIPEENIEMBIi B cpeiHelt Touke Tpacchl. OH paBeH
equanne ans reorpadmueckux mmpotr ot 0° mo 30° m Ha 90° m mocTHraeT
MaKCHMAaJIbHBIX 3HAYCHUH, MPUBEICHHBIX B Tabmuie 5, npu 60°. Ero 3HayeHus ajs
MPOMEXYTOUYHBIX IIUPOT OMPEAEIISIOTCS C IIOMOIIBIO JINHEHHOW HHTEPIIOJISLIHH.

TABJIMLIA 5

3HauyeHus kKo3ppuuueHTa 3UMHEIl aHOMaIuH, Ay, HCIIOJIb3yeMble B ypaBHeHUH s T,
AJisl reorpaguyeckoii mupoTs 60°

Mecsix
IHosymapue
A o M A M 41 41 A C o H bl
CesepHoe 0,30 |015 (003 |000 |0O00 (000 |000 |0O00 |001 |003 |015 |0,30
IOxHoe 0,00 |000 (000 |003 |015 (030 |030 |0415 |03 |000 |O000 |0,00

Bhauane onpenensiercs: 3Hauenue fi st 24 vacoB u3 ypaBuenus (33) win Hounast HITY. 3HaueHne HOYHOM

HITY (fun) paccumThiBaercst mo Gpopmysie:
, D
fin = 3000° (36)

Jlnst kaxxaoro yaca B kadectBe fL Oepercst Gosbliiee U3 3HAYCHUI, MONydeHHbIX U3 ypaBHeHui (32) u (35).
CremoBaTenbHO, MUHUMAJIBHBIM 3a 24 yaca 3nauenueM fi spusercs fin. J{amee paccunthiBaeTcsi yMeHbIIIEHHE
gactoThl OT nHeBHOW HIIY mo Hounoi HITY. DTo 00yclnoBIEHO TeM, YTO MOTJIONICHWE HE M3MEHICTCS B
TOYHOM COOTBETCTBUM C COJIHEUHBIM 3CHHUTHBIM YIJIOM, a HMMEETCA 3aJepKKa B paiioHe 3akarta. Jlms
onpenenenus nepexona HITY oT nHeBHON K HOYHON HEOOXOIUMO BBHITIOTHUTE CICAYIONIYIO MPOTICIYPY.

Yac nepexona aueBHoit HITY x nounoit HITY (tr) ompexnensercs kak yac, B KOTOPOM TeKyllee 3HaueHue fi
MeHblie 2*f y , a 3Hadenue fL s npeapinymero yaca 6ombiie 2*f n. Eciu tr cymectsyer, To fL 1omkHa ObITH
MTOBTOPHO pacCUMTaHa JUis ty ¥ [T claeayronmx Tpex 9acos. Ecnu tr He cymiecTByeT, To onpenencuue fi mms
24 4acoB 3aBepiIacTCs.
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Ecnu tr cymectByer, To fL mis mamHoro waca w Ui CIEAYIONIMX TPEX YacOB JO/UKHA OBITH TTOBTOPHO
paccuuTana cienyronmm oopasom. Jlist gaca (i) fL paccuutsiBaetces mo hopmyie:

filth) =e™ % fi(t, = 1) - (dt- (1 —e™"%%) + 7%, @37)
re:
_ 2 fin — fu(ty)
fulty = 1) — f1(&)
Jnst cnepyronmx tpex acoB (N = 1, 2 u 3) fL paccuutsiBactcs mo hopmyie:
filtb+n) = fi(ty +n—1) 7%, (38)

PaccunTanHble 3aHOBO 3HaueHHMs L 3aMeHSIOT cO00# MepBoHaYabHBIC 3HaUEHMS fL TOBLKO B TOM Cliydae, eclid
onu 6omsiie. ITocme Toro, Kak Bee 3HaueHus fl 3a 24-qacoBoii mepro paccunTansl, BEIOMpaeTcs 3HaueHue fi
JUTS TEKYILEro yaca u pacuer fi 3aBepimaercs.

dt

5.3.3  Ounenka HanmpsKeHHOCTH MoJs Ey
Pesynbrupytomas MenuaHHasi HalpsDKEHHOCTh N0 Ey momydaercs kak:
B (fu + fu)? (fy + fu)? 4 (f + fu)?
Fn+ )+ o+ ) [(F+ )2 (fu+ fu)?
-30,0 + P+ Gy + Gy — Ly 16(1 MxB/wm), (39)

Ey=Ey|l

rne Eg — HanpspKeHHOCTH 1oJist B cCBOOOIHOM MPOCTpaHCTBE A 3.1.u.M. 3 MBT. B aToMm ciryuae:
Eo =139,6 — 20 log p’ 1b(1 mxB/wm), (40)
rue:
P’ BbruHCIETCs ¢ moMmoribio ypasaenuii (19) u (13) mpu hy = 300 km;

Gu: HauOoJibllasl BeJIMUYMHA YCHJICHUS IMEPENAIoe aHTCHHBI MPHU 33JJaHHOM a3uMyTe B
nuana3one yriioB mecta 0-8° (nb);

Gap:  yBemMUEHHE HANPSHDKEHHOCTH TOJS 33 cUeT (POKYCHPOBKH Ha OOJNBIINX PACCTOSHHSX,
OIIpeesIeMoe CIEAYIOUIM 00pa3oM:

Gap = 10 log[ ab. (41)

: ]

. (D
R0|sm(R—0)|
HOCKOJ‘IBKy Gap us3 BLIHJerI/IBe,Z[eHHOfl (1)OpMyJ'II>I CTPEMUTCA K OECKOHEUYHOCTH B cJiy4dae, Korja D KpaTHO TERo,

OHO OTpaHWYEHO Benu4auHOu 15 1b.

Ly: uieH ypaBHEHUs, aHAJOTUYHBIN IO KOHIENINH L,. B HacTosIIee BpeMs peKOMEHTyeTCs
snauenue —0,9 nb;

HeoOxomumo oTMeTuTh, 4YTO 3HaueHHWe Ly 3aBUCUT OT JJIEMEHTOB MeToJa
NPOTHO3UPOBAHMSI, TaK 4YTO JIOObIE H3MEHEHHS B OSTHUX JJIEMEHTaX JOJDKHBI
COTIPOBOX/IATHCS TIEPECMOTPOM 3HAUEHUS Ly;

fu:  cpenHee W3 3HAYEHHH DJICKTPOHHOW T'MPOYACTOTHI, OMPEACICHHOW B 00eHX
KOHTPOJIBHBIX TOYKAX;

fw:  MIIY (cm. m. 5.3.1);
fi: HITY (cm. m. 5.3.2).
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54 Tpaccsl o1 7000 10 9000 KM

B 3TOM /nana3oHe paccTOSHHUN MEIHAHHOE 3HAYCHUE HANPSHKEHHOCTH TIOJISl IPOCTPAHCTBEHHOM BOJHBI, Eg,
OIPEIENISIETCS C TIOMOIIBIO HHTEPIIONISAIMN MEeX Ty 3HaueHHsIMU Es u E|. Es — KBaapaTHBINH KOPEHb U3 CYMMBI
KBaJ[paTOB HANPSLKEHHOCTEH MOJIS, pACCUMTHIBAETCS C MOMOIIBIO ypaBHEHUS (28), a Ej OTHOCHTCS K CITOKHOM
MOJIE ¥ OTIPEIEISIETCS C MOMOIIIBI0 ypaBHeHust (39).

Ei = 100 logio Xi 1b(1 MxB/m), (42)
IIpu sTOoM
Xi =X + D_YOOO(X| - X)),
2000
rac: X = 100,01E5
u Xi = 10001

OcnoBHasg MIIY j1s1 Tpaccsl paBHa HaUMEHbIIEMY U3 3Ha4eHUH ocHOBHOM MIIY, momy4aeMbIx ¢ MOMOIIbIO
ypaBHeHUs (3), U IBYX KOHTPOJIBHBIX TOUYEK, JaHHBIX B Ta0muie 1a).

6 Me}II/IaHHaﬂ HOMMHAJIbHAasA MOIIIHOCTDb HA BX0JA€ IPUEMHHUKA

B nmamnazone paccrostauii 10 7000 kM, A7 KOTOPBIX HANPSYKEHHOCTH IMOJISI PACCUUTHIBAETCS! C IMOMOLUIBIO
METOZA, ONKUCAHHOTO B M. 5.2, JUIsl JAaHHOM MOJIBI W C HAMpPSLDKEHHOCTBIO IOJISL MPOCTPAHCTBEHHOM BOJIHBI,
Ew (ub(1 MxB/m)), Ha gacrore f (MI'11), COOTBETCTBYOIIas HOMUHAIBHAS MOIIHOCTh CUTHaNa, P (1BBT),
Ha BBIXOJIC MPUEMHOM aHTeHHBI 0e3 moTepsh ¢ ycuieHueM Gy (B 1B, OTHOCHTEIBHO H30TPOITHOTO H3JTy4aTesl)
B HaIPaBIIEHUH MIPUXO0/Ia CUTHAIA UMEET BH/I;

Prw = EW + er - 20 |Oglo f - 107,2 I[EBT (43)

PesynpTHpytomas MeauaHHas HOMHHaJbHAas MOLIHOCTb curHana, Py (abBt), mnomywaercs myrem
CYMMHPOBaHUS MOIIHOCTEH Pa3InYHBIX MO, IPUYEM BKJIAJ KOKIOH MOJBI 3aBUCUT OT YCHJICHHUS IPUEMHOM
AHTEHHBI B HAIIpaBJIEHUH NpUX0aa 3Toi Mol Jist N Mo, BHOCSIINX BKJIaJ B CYMMHPOBaHHE:

N
P, =10log,, D 107/ 1BBr. (44)

w=1

B nuanazone pacctosuuii Beie 9000 kM, /U1 KOTOPBIX HANPSYKEHHOCTH TOJIS PACCUUTHIBAETCA C MIOMOIIBIO
METOZa, M3JI0KEHHOro B M. 5.3, 3a HaNpsHKEHHOCTh NOJs Ej mpuHMMaeTcs cymma HanpspKeHHOCTEH ITOJIst
CJIOXHBIX MO1. B aTom citydae Pr onipenensiercs ¢ momorsbio ypaBaeHus (43), rne Grw — HanOosblee 3HaYeHIE
yCUJIEHUS TPUEMHOM aHTEHHBI IIPU 33JJaHHOM a3uMyTe B Irarna3zoHe yrioB Mecta oT 0° o 8°.

Hnst tpace mmuaOM ot 7000 mo 9000 KM MOMIHOCTH OMpPEAETSETCS C IOMOIIbI0 ypaBHEHHUS (42)
C WCTIOJIb30BaHNEM MOIIHOCTEH, COOTBeTCTBYIOMMX Es 1 E|.
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YACTD 3

HporH03np0BaHne paﬁoqnx XapPaKTECPUCTUKR CUCTEMBI

7 MecsiuHasi MeIHaHa OTHOIIEeHUs curHas/mym (S/N)

Pexomenmanms MC3-R P.372 naet 3HadeHns MearaH MOITHOCTH IITyMa M3-3a aTMOC(EPHBIX TIOMEX B CITydae
npueMa Ha KOPOTKHH BEpTHKAJIbHBIH HECHMMETPUYHBIN BHOpaTtop 0€3 MOTepb, pPACIOIOKEHHBIH Haj
UJIcalIbHO MPOBOJIAILCH 3eMJIeH, @ TAK)KE COOTBETCTBYIOLIME YPOBHH IIyMa M3-3a MPOMBIIUICHHBIX TOMEX U
MHTEHCUBHOCTH KocMu4eckoro myma. Fa (nb(k T b)) — pesynbrupyrommuit koaddumneHt BHEIIHETo myMa Ha
gactote f (MI'1), rae K — mocrosiunas bBonbiMana, a T — stanonHas temneparypa 288 K. B npuHIimne npu
UCIIOJIb30BAaHUU HEKOTOPBIX IPYTHX MPHUMEHIEMbIX Ha MPAKTUKE aHTCHH Pe3yJbTUPYIOMIMN KOIPPHUIESHT
IIymMa MOXeET OTJIMYaThCsl OT BeJIHMYUHbBI Fa. TeM He MeHee, MOCKOJIbKY TOJHbBIC JaHHBIE U3MEPEHUH IITyMOB
JUIS Pa3IMYHBIX AHTEHH OTCYTCTBYIOT, IelIeCOO0pa3HO TPEANONIOKHTh, YTO B KAdeCTBE IEPBOTO
OpUONIVOKEHUsI TIpUMEHsieTcsl BennunHa Fa, B3sitas u3 Pexomenmanmn MCD-R P.372. Takum obGpaszom,
MeCSUHOE MeInaHHoe 3HaueHue oTHomeHus curaan/myM (S/N ) (nb), moayuaemoe s mosocst yactot b (T'r),
COCTABIISICT:

SIN = P; — Fa— 10 logo b + 204, (45)
rae.
Pr: MEaMaHHasA HOMHUHAaJIbHAs MOIMHOCTh CUI'HAJIa, onpez[eneHHaﬂ COrJIaCHO II. 6, BBIIIIC.
8 Haﬂpﬂﬁ(eHHOCTb moJid l'lpOCTpaHCTBeHHOﬁ BOJIHbI, HOMMHAJIbHAadA MOIIHOCTH CHIHaAJIa

Ha BX0€ NIPUEMHHUKA U OTHOLUHCHUSA S/N IJIs APYIruxX NMNpoOuEeHTOB BPEMEHU

HanpspbkeHHOCTB TOJIA IPOCTPAaHCTBEHHOM BOJHBI, HOMHUHAJIbHAST MOITHOCTh CUTHAJIa Ha BXOJAE NMPHEMHHUKA
U OTHOLICHWE CUTHAN/IIYM MOTYT OBITH OINpeleNeHbl Uil 3aJaHHBIX IPOLEHTOB BPEMEHHM HA OCHOBE
OTKJIOHEHWH CUTHAJIOB U IIlyMa B T€YEHHE Yaca U M30 JHS B AeHb. [Ipy oTCyTCTBUU APYTUX JAaHHBIX JOITYCKH
Ha 3aMHpaHUs CUTHAJIa MOT'YT COOTBETCTBOBATH Jomyckam, nmpuHsaTeiM BAPK BUPB-87, ¢ kpaTkocpouHbIM
OTKJIOHEHHEM BepXHeHl neuniu B 5 1b 1 OTKIIOHEHUWEM HWXHel neuninu B 8 nb. i JUTenbHbIX 3aMUpaHUui
CUTHaJla OTKJIOHEHUS eI OepyTcsl Kak (YHKIUS OTHOIIEHHS pabodeld 4acToThl K ocHoBHOW MITY st
Tpacchl, Kak yka3aHo B Tabnuie 2 Pexkomennaiiuu MCO-R P.842.

B cmydae myma m3-3a aTMOCQEpHBIX IMOMEX MMM OTKIOHEHWH MOIIHOCTH IIyMa, BO3HUKAOIIUX
BCJIC/ICTBUE U3MEHYHMBOCTH OTO JHS KO JHIO, OepyTcs u3 Pexkomenmanmu MCO-R P.372. M3smeHuuBocTh
B TEUEHHE Yaca B HACTOSIIEe BpeMsl HE yuuThIBaeTcs. 1 mryma W3-3a MPOMBIIUICHHBIX IMOMEX IPH
OTCYTCTBUH TEKYIIEH MHPOPMAIINH O BPEMEHHBIX BapHALIMSX JCIWIA OTKIOHEHHH TakKe OepyTcs paBHBIMU
JEeisaM oTKIoHeHw 3 Pekomennanuu MCD-R P.372, X0Ts mocneaHne cTporo OTHOCSATCS K KOMOMHAINN
BPEMEHHOH U NPOCTPAHCTBEHHON U3MEHUNUBOCTH.

KomOuHMpoBaHHast — BHyTpHUYacoBasi M W30 JAHS B JI€Hb — JACLWIbHAs U3MEHYMBOCTD TAIAKTUYECKOrO IIyMa
npuHsTa paBHo +2 n1b.

OTHoOIIEHHE CUTHAJ/IITYM, TIpeBbIlIaeMoe B TeueHue 90% BpeMeHH, OTPEeIeNsIeTcsl Kak:

S/Ngo = S/Nso— (S?wh + S%aa + N2ga)Y2, (46)
raec.
Swhi  OTKIIOHEHME HIDKHEH IEIWIIM II0JIE3HOIO CHTHAjla OT €XKEYacHOro MeEINaHHOTO
3HAYCHUS HANPSOKCHHOCTH TIOJIS, BO3HUKAIOIIEE B PE3yJIbTaTe M3MEHEHUH B TCUCHUE
yaca (a1b);

S¢d:  OTKIIOHEHWE HIDKHEH IEUMJIM IIOJE3HOIO0 CHUrHajda OT €XKEMECIYHOIO0 MEIHaHHOTO
3HAYCHHSI HANPSDKCHHOCTH TIOJISI, BO3HUKAIOIIEE B PE3YNIbTaTe M3MECHCHHWMA W30 ITHS
B 1eHb (1b);

Ngd: OTKJIIOHGHHME BEpXHEH HElWIM IIyMOBOro ()OHa OT E€XKEMECSYHOr0 MEIUaHHOTO
3HAYCHHSI HAMPSHKEHHOCTH TIOJISl, BO3HUKAIOIICE B pe3yibTaTe BHYTPUIACOBBIX
W3MEHEHUH 130 THA B JIeHb (1b).
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Jiist npyrux MpOICHTOB BPEMEHW OTKIOHEHHS MOTYT OBITh TOJNYYeHBl M3 WH(POpPMAIWU, Kacaromiencs
JIOTHOPMAJILHOTO pacipezecH s, mpeacTarieHHoi B Pekomenmaiun MCO-R P.1057.

9 Hanmenbmas npumenumas yacrora (HITY)

HITY ompenenena B Pekomenmanmu MCDO-R P.373. B  cOOTBEeTCTBUM € JTHM OIpeAelICHUEM
OHa PACCUNTHIBAETCS KaK HAaWMEHbBINAs YacToTa, OKpyriieHHas no Ommxkaitmmx 0,1 MI'm, mpu koTtopoit
TpeOyeMoe OTHOIIIEHUE CUTHAJI/IIIYM JIOCTUTACT 3HAYCHUS MECYHON MeIUaHbl OTHOIICHYSI CUTHAJI/IITYM.

10 OcHoBHast HagexkHOCTH JuHA (OHJT)

10.1 HaneskHocTh cucTeM ¢ aHAJIOTOBOM Moy asiuuei

OHIJI ompenensercs B Pexomenmarun MCDO-R P.842, rae HameXHOCTh OIMHUCHIBACTCS KaK BEPOSTHOCTH
(mpuBeneHHas B 3Toi PekoMeHmanum B BUJIE MPOIIEHTA) TOTO, YTO COOIIOICHBI YKa3aHHBIE KPUTEPUH PAO0IIX
XapaKTEePUCTHUK (T. €. yKa3aHHOE OTHOLIEHUE CUTHAII/ITyM). [[JIs aHAaI0TOBBIX CHCTEM OHA PACCUUTHIBACTCS Ha
OCHOBE OTHOILICHHI CUTHAJI/IIIYM C Y4€TOM OTKJIOHCHUH JEIIei B TeUCHNE Yaca M W30 JTHS B JCHb KaK JIJIs
HaNpsHKEHHOCTH TMOJISl CUTHANaA, Tak W sl myMoBoro (ona. PacmpeneneHue OTHOCHTENBHO MEAHAaHHOTO
3HAYEHHs COOTBETCTBYET onMcaHHOMY B 1. 8. [Iponemypa onucana B Pexomenmanimu MCI-R P.842.

10.2 HapexHocTth cuctem ¢ nund)poBoii MOy IsINUENH, yYUTHIBas BpeMEHHOE H YACTOTHOE paccesiHHe
MOJIy4eHHOT'0 CHTHAJIa

Jnst cucteM MOOYNALMH, YCTOMYMBBIX 10 OTHOIICHHIO K OXKHAAEMOMY BPEMEHHOMY M YacTOTHOMY
paccesHUI0, HaZeKHOCTh MPEJCTABIsET cOOO0M MPOIEHT BPEMEHH, B TEUCHHE KOTOPOTO OXKHUIAETCSI HANUYIHE
TpeOyeMOro OTHOIIEHHS CUTHAJI/IIIYM, PACCUUTAHHBIN C MCIIOIb30BaHUEM POLEAYPHI, OMMCAHHOH B 1I. 8.

B nenom, ans cucreM ¢ mUQpoBOH MOAYISALUEH CleAyeT YyUYUThIBATh BPEMEHHOE M YaCTOTHOE paccesiHue
MOJIy4EHHOIO CUTHaa.

10.2.1 TIlapaMeTpbI CHCTEMBI

HUcnonp3yercst ynpouienHoe o603HaueHne GyHKINK niepeaadn Kanana. s Metona MOIyJISIIHUd, O KOTOPOM
UJIET peUb, OIICHKA HAIKHOCTH OCHOBBIBAETCS HA YETHIPEX MapaMeTpax:

N Bpemennoe oxmno, Ty: BpeMeHHOHl uHTEpBaj, B paMKax KOTOPOrO MOJIbI CHUTHana OynyT
CIOCOOCTBOBATH YJIyUIIEHHIO PA00UHX XapaKTEPUCTHK CUCTEMBI, U 3a IIPE/IeIaMu KOTOporo pabouue
XapaKTePUCTUKH OYIyT yXYAIIAaThCS.

- Yacmommnoe oxno, F,: YacToTHBIH WHTEpBaJ, B paMKax KOTOPOTO MOJbI CHUTHana OyAyT
CIOCOOCTBOBATH YJIyUIIEHHIO PA00UHX XapaKTEPUCTHK CUCTEMBI, U 3a IIPE/IeIaMu KOTOporo pabouue
XapaKTepUCTUKU OyIyT yXyALIaThCS.

— Tpebyemoe omnouterue cuenan/wiym, SINy: OTHOIIEHHE CYyMMBI MOIITHOCTH €KEYAaCHOTO MEIHAHHOTO
3HAYCHMs MOJ| CHTHAJIa K IIyMy, KOTOpOE TpeOyeTcs JUIS JOCTHIKEHHUS OIPEACICHHBIX pabounx
XapaKTePUCTHUK IS YCJIOBUH, KOTJIa BCE MOJBI CHUTHAja HAXOAATCS B TpeieliaX BPEMEHHBIX H
YaCcTOTHBIX OKOH, Tw 1 Fy.

- Amnaumyonviii - koagpguyuenm, A: g KaKIOW  pacHpOCTpaHSIOIIeHCs MOAbI  Oyer
CIIPOTHO3HMPOBAHO €KE€YAaCHOC MCIHNAHHOC 3HAYUCHHEC HAIPSKCHHOCTHU IIOJIA, YUUTBIBAsd MOMIIHOCTbH
nepesaTIvka U yCWIICHUE aHTCHHBI JUIS JaHHOW MOnbL. byner ompenerneHa camas CHIIbHAs MOja
B OTOT Yac, U aMIUIMTYIHbIA KO3 dUIMeHT, A, IpeCcTaBiseT co00H OTHOIICHHE HANPSKCHHOCTH
JIOMMHAHTHOH MOJIbI K CYyOJJOMMHAaHTHOH MOJIE, KOTOPOE 3aTPOHET pPabouyue XapaKTePUCTHKH
CHCTEMBI TOJILKO B TOM CIIydae, eCJIH OYAET COMPOBOXKIATHCS BPEMEHHOM 3aJIepyKKOH, BBIXOISIICH
3a Mpeaesbl 3HAYCHUS |y JTU00 YaCTOTHBIM PacCessHUEM BbITe 3HaueHUs Fy.



24 Pex. MC3-R P.533-12

10.2.2 BpemeHHasi 3a/iepKKa

BpemeHnHas 3a7iepkKka OTAEIbHON MOABI ONIPEACIISIETCS KakK:

t=(p'/c) x 10° Mc, 47
re:

p': BuUpTyadbHas HaKJIOHHAs JalbHOCTH (KM), 3amaBaemas ypaBHeHusmu (13) u (19),
1 BBICOTOM OTpakeHus, hy, onpenenentoii B pasaene 5.1;

C:  CKOpOCTb cBeTa (KM/C) B CBOOOIHOM ITPOCTPAHCTBE.

JuddepeHnmanbaas BpeMeHHAs 3aIepyKKa MEXy MOJaMH MOXET OBITh OIpeJieieHa UCXOs U3 BpEMEHHOMN
3aJE€PIKKH KaKI0U MOJIbI.

10.2.3 TIIpouenypa nporHo3upoOBaHUS HAJTEKHOCTH
J1s1 IpOrHO3UPOBaHNUHN HAZEKHOCTH UCTIONB3YETCs CIeLyomast IpoLeaypa:
na mpacc, npomsasxcennocmoio 0o 9000 xku:

Hlaz 1: HanpspokeHHOCTh  TOMHUHAHTHOM MOJbI, Ew, ompeaensercs ¢ HCIOIb30BAaHHUEM METOJIOB,
NpEACTABICHHBIX B . 5.2 u 5.3.

Illaz 2: OnpenenstoTcst BCe IPyrue akTUBHBIC MOJIBI C HANPSKCHHOCTHIO, ITpeBbiaromei (Ew — A (ab)).

Lllaz 3: W3 mox, onpeeleHHbIX B Imarax | wiu 2, BEIIEISeTCs mepBas MPUXOIsIas MOIa, U ONPeNeIsIFOTCS
BCE MOJIbI, B PAMKaX BPEMEHHOI'O OKHa, w, ©3MEPEHHBIC UCXOJIS U3 TICPBOM MPUXOASIIEH MOIBI.

Ulae 4: J1nst Tpacc mpoTsbkeHHOCTHIO 10 7000 KM, CyMMHpOBaHUE MOIIHOCTH MO/, IPUXOASIINX B paMKax
OKHa, JOo aysi Tpacc mpotsmkeHHOCThI0 oT 7000 mo 9000 kM, WCmomb3yeTcsl mpollenypa WHTEPIIOISIINY,
NnpeAcTaBieHHas B M. 5.4, u ocHoBHas HajexHocTh nuHuM, OHJL, ycTaHaBnuBaeTcs C HCIOIb30BAHUEM
npouenypsl B . 10.1. B ykazaHHOM MyHKTE HMpUMEHSIETCS MPOLEAYpa, KOTopast COAEPKUTCs B Tabmuie 1
Pexomennanun MCD-R P.842. Tpebyemoe otromienue S/Ny, ucronb3yercs B 1rare 10 1aHHOM TaOIHUIIBL.

llaz 5 Ecom B Kkako MO0 W3 aKTUBHBIX MOJ, OIPEEIEHHBIX B Imare 2, BBIIIE, HMEITCS
UG GepeHIIMPOBaHHBIC BPEMEHHBIE 33JICPYKKU, BBIXOMASIIUE 32 MPE/eSibl BPEMEHHOTO0 OKHa, Tw, CHUXKCHHE
HAJISKHOCTH M3-3a TAKUX MOJ ONPECNIIeTCA ¢ NIPUMEHEHHEM METO0Jla, aHAJIOTHYHOTO METOAY JIJIs pacyera
MTOJTHOW HAJEKHOCTU IIMHWH, onrMcaHHOMy B Tabmume 3 Pexkomenmammu MCO-R P.842, myrem 3ameHBbI
COOTBETCTBYIOIIMX 3alIUTHHIX OTHOMIEHWH mara 3 TaOuuiel 3 oTHOHIeHHeM A, W 0e3 ydeTa W3MEHEHUH
W30 JIHA B JIcHb IyTeM ycraHoBiieHus Ha 0 n1b Bcex mapameTpoB B marax 5 u 8. Pe3ysbTaToM BBINOJHEHHS
mara 14 Pexomenmammun MCDO-R P.842 smnsercs nagexHocTh mudposoit muamn, DCR, B oTcyTcTBHE
paccesaust. COOTBETCTBEHHO, CHIDKEHHE HAICKHOCTH B pe3ylibTaTeé MHOTOMOIOBEIX TTomex, MIR, sBiseTcs
OTHOIIICHUEM 3HAuYCHUH, MOJIy4YeHHbIX Ha miare 14 u mare 13 tabmuiel 3 Pexomenmaiun MCD-R P.842,
1. e. DCR = ((OHJI) x (MIR)/100)%.

[IpumuTe K CBEAEHHIO, YTO BO3MOKHO IOHAJOOMTCS MNEPECMOTPETh 3HAYCHHUS OTKIOHEHUH Ieluiew,
coJiepKaluxcs B marax 3 u 9 Tabuuipl 3, MOCKOJIBKY BEPOSITHOCTh PACTIPOCTPAHEHHUSI MOXKET Pa3indaThCs
MIPH PACCMOTPEHUH OTAETBHBIX MOJI.

Llaz 6: 3a npeaciaMmmn pafinHOB, TAC OKHUAACTCA 3KBATOPHUAJILHOC PACCCIAHUC, HpennonaraeTCﬁ, 49TO CABUT
YaCTOThI H3-3a MACCOBOI'0 CMCHICHUA OTpAXAKIIHUX CJIOCB COCTABUT IIOpPAAKa 1 FLI, u ,E[aHHBIﬁ METO
npeamnojaract, 4YTo TAKMC CABUI'YM YaCTOTbI HC3HAYUTEIbHBI.

s mpacc, npomsscennocmoio 6onee 9000 km:

HampspkeHHOCTD CII0YKHOTO CHTHajla COOTBETCTBYET 3HAUEHHIO, TIOJIyYEHHOMY B 1. 5.3 mpesmonaraercs, 4ro
(hopMupyIOLIie JAHHBIA CII0KHBIN CUTHAI MOJIBI HAXOJIATCS B TIpeJieniax pa3dopoca BpeMeHHO! 3aIep)KKH 3 MC
Ha 7000 kM, muHeliHO noBkimasich 10 5 Mc Ha 20 000 kM. Ecnii BpeMeHHOE OKHO, OIIpe/ielieHHOE JUIsl JaHHOH
CHCTEMBI, MEHBIIIE JAHHOTO pa3dpoca BpeMEHHOM 3a/Iep)KKH, PEINOIAraeTcsi, YT0 CUCTEMa He yIOBICTBOPUT
TpeOOBaHUAM K €€ pad0UNM XapaKTePUCTHKAM.
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10.3 TponocdepHoe paccesiHue Ha IKBATOpe

ITomumo tiporieyp, yka3aHHbiX B myHKTe 10.2, BBIIIE, CASIyET OCYIIIECTBUTD CICAYIONIUE IIIarH T pacuera
paccesiHus 13-3a TPOIoCc(EpHOTo paccesHusI, PUMEHSISI MOJICITb JUISl TPOTIOC(EPHOTO paccesiHUs Ha IKBATOPE,
npeacrasieHHyio B [Ipunaraemom nokymenre 1.

Ulae 70 Bo3MOXHOE BpPEMEHHOE PacCesHHE U3-3a TPOMOC(EepHOro paccesHus NPUBOIUTCA B MyHKTE 1
[Ipunaraemoro nokymenTa 1. Dta BpeMeHHas! GYHKIUS paccesHUsl Bce Yalle MPUMEHSIETCSI K KaXKI0i MOJie B
peruone F B mpeaenax BpeMEHHOTO OKHA, 8 HaNPsHKEHHOCTh TPOMOC(HEPHOTO PACCESIHUSA, Prspread, HAXOIUTCS
Ha Kpae BPEMEHHOT'O OKHa, Ty.

Illaz 8: Bo3MOXHOE YacTOTHOE PACCESIHHE HM3-3a TPOMOC(EPHOrO PaCCEsHUS MPUBOJIUTCS B IyHKTE 2
[Mpunaraemoro nokymeHTa 1. Ora yacToTHas (DYHKIUS PACCESHUS, Prspread, IPUMEHICTCS K JJOMUHAHTHOM
MoOJie B peruoHe F, a HanpsHKEHHOCTh YaCTOTHOTO PACCESHUS HAXOIUTCSI CHMMETPUYHO Ha KpasX 4aCTOTHOTO
oKHa, Fy.

Ulae 90 Ecnu 3HaueHUE IHOOOTO Prspread W/MIH  Prspread HA KpasgxX OKOH TIPEBBIIACT OTHOLICHHE
(Ew — A), TO BEpOSITHOCTH MOSIBJICHUSI TPOMOC(HEPHOrO paccesHHs NODKHA ONMPEACIATHCS B KOHTPOJIBHBIX
TOUKax il Mojl B peruoHe F, kak 310 ykazano B myHkre 3 Ilpumaraemoro moxymenrta 1. Ecnmu mmis most
pacmpocTpaHeHus] paccMaTpuBaeTcs 0ojee OJHOW KOHTPOJIBHOW TOYKH, TO CIIeAyeT OpaThb HaWOONBLIYIO
BEPOATHOCTb.

Lllaz 10: HagexxHOCTh IIU(POBOIA JIHHUN TIPY HATWYHH PACCESTHUS OTIpenensieTcs QyHKIHen:
DCR = ((OHJI) x (MIR) x (1 — proboc)/100)% (48)

IZIe BEPOSTHOCTb BO3HUKHOBEHHs TPOMOC(HEPHOro paccesHus, Proboc, ompeneneHa B I[lpumaraemom
nokymenTe 1.

IIpuiaaraemslii fokymMeHT 1
K [Ipuioxkenuro 1

Mogeanb Tponoc(epHOro paccessHus Ha 3kBaTope BY curnasion

1 Mogens BpeMEHHOT0 TPOHOC(HEPHOrO PacCesiHUS Al MMEIOIIEHCS MOIIHOCTH OT KOMIIOHEHTa
TponocepHOTro paccesHusl, Prspread, ONPEACIAETCS TOTYHOPMAJIbHBIM PacIpeeCHUEM:

7(777m )2

21?2 d
stpread =0’056 pm € e

JUUIS T OOMBIIEH, YEM T,

rie:
Pm: HOMHHAJIBbHAS MPUHAMAaEMas MOIITHOCTh OT 3€PKAIBHOTO OTPAXKEHUS MOJIHI,
T: paccMaTpuBacMasi BpEMEHHas 3aJICPiKKa,;
Tm: BpPEMEHHAs 3a7epKKa OTPAXKAIOIIETO MOA;
Tspread:  CTaHIAPTHOE OTKJIOHEHHE BPEMEHHOTO DPACCESHHSI B JIAHHOM IOJypaCIpeAcIICHUN,
B35ITOE PaBHEIM 1 Mc.
2 [Ipu yacTOTHOM paccessHMM TponocepHoe paccesiHHe PacIoyiaraeTcs CUMMETPHYHO BOKPYT

YaCTOTHI IE€peaavuu U UMECT (pOpMy HU3MCHCHUA TAKYHO KC, KaK U B CITy4a€ BPECMCHHOT'O PACCCAHUS:

2
stpread = 0,056pm EZF spread
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rue:
f:  paccmarpuBaemas 4acToTa;
fn:  IEeHTp YacTOTHI epenaum;
Fspread:  CTaHIAPTHOE OTKIOHEHHE YACTOTHOTO PACCESIHUS, B3ATOC paBHBIM 3 I'1I.
3 BeposiTHOCTh BO3HHUKHOBEHHUSI TPOMOC(HEPHOro paccesiHhs B KaKOW-TMOO JeHb Mecsina Proboc

OTIPEIENSETCS yPABHEHUEM:
prob,.. = F4 Fr FrFs
e
Fry =1 wn 0°<[hg|<15°
25-ha| \( Pral-20

T : i 15°<[hg|<25°

Frg =0 s 25°<|hg|<90°,

Fo=1 mist 00<T, <03

2
7-T T -1
Fo=|— || 1—= mis 03<T, <07
" ( 4 j ( 2 ) |
F. =0 m 07<T, <19
Fr =T, -19/(41-2T)) nma 19<T, <20
FTI =1 o 20<T, <24,
rie:
Ti: MecTHOE BpeMs B KOHTPOJIBHOM TouKe (U);
Fr= (0,1 + 0,008Ri2) muGo 1, B 3aBHCHMOCTH OT TOTO, KaKas BEJIMYMHA MEHBIIE, U
R12 — 4HCI0 COMHEYHBIX MMATCH
u

F, =0,55+0,45sin(60°(m—15)),

rae M — HOMEp Mecsua.

4 XKenatensHo ObUTO OBI, YTOOBI MpOIEAYpPa MPOTHO3ZMPOBAHUS OMNpEAeNsia YPOBHU 3JIEMEHTOB,
paccesHHBIX B Tpomocdepe MO BpPEeMEHH M 10 YacTOTe B paMKaxX BPEMEHHBIX W YaCTOTHBIX OKOH,
MPENYCMOTPEHHBIX Ul HCHOJNB3YEeMOM CHCTEMbl MOAYIALMHU. Ecny oTHomeHue OONbLIEro M3 JaHHBIX
YpOBHEH K OTpaXamoleMy KOMIIOHEHTY JOMHUHAHTHOW MOJIbBl HaxXOAMTCSI B YCTAHOBJICHHBIX IS
MEXKCHMBOJIBHBIX IOMEX B CHUCTEME IMpejiefiaX, MpeAroiaraeTcs HaJudhue BEPOSTHOCTH HACTYIJICHUS
TpOnoc(EepHOTO PACCESTHUS B CUCTEME.
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