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PEKOMEHJAIIA MCD-R P.1812-4*

MeToa NpOrH03MpoBaHNs PACIPOCTPAHEHNsI CHTHAJIA HA KOHKPETHOM Tpacce
JJISI HA3eMHBIX CJIy k0 ''M3 myHKTa B 30HY" B nnana3onax YBY u OBY

(Bommpoc MC3-R 203/3)
(2007-2009-2012-2013-2015)

Cdepa npumenenust

B nactosmeli Pekomenaaniy onyckiBaeTcsl METO TPOTHO3UPOBAHUS pACIIPOCTPAHEHHUS CUTHAIIA, IPUTOJTHBIN
JUTT Ha3eMHBIX CIykO cBsi3um "M3 myHKTa B 30HY" B muama3one dactor oT 30 MIm mo 3 I'Tu. Merox
IIPOTHO3MUPYET CpeiHee 3HAUCHUE YPOBHEH CUTHAJIA P MHOTOJIy4€BOM PAaCHpPOCTPaHEHHUH, IPEBBIIIAEMOE B
TE€YEeHHE 33JJaHHOTO MpoleHTa BpeMeHu P%, nexarero B npeaenax 1% < p < 50%, u a8 AaHHOTO MpoOLEHTa
MECT pa3MemnieHus PL, iexamero B mpeaenax 1% < pL< 99%. [lannbrit MeToa nmpemxycMaTpruBaeT MoApOOHBINA
aHaJIM3 TPAacChl HA OCHOBE MPOQHIISA 36MHOM MOBEPXHOCTH.

9TOoT METOJ IMPUTOACH IJI IIPOTrHO3UPOBAHUA pa60Tm CHUCTCM PaanOCBA3U, UCTIOJIB3YIOINX HAa3CMHBIC CETHU C
mHOH Tpace ot 0,25 kM g0 npuMepro 3000 kM, korga 06a TepMHUHANA HAXOSTCS Ha BBICOTE He Ooiee 3 KM
HaJ ypoBHeM 3eMuid. OH He IPHUTO/IeH IS TPOTHO3UPOBAHUS PAaCIIPOCTPAHEHUS paJIHOCUTHAIOB Ha JIMHHUIX
BO3JLyX-3eMJISl LJIM KOCMOC-3eMJIs.

Hacrosimas Pexomennanus nomnoinsseT Pekomennamuo MCDO-R P.1546.

Accambnes paguocssizu MCD,

yuumbvleast,

a) YTO JIJISl HEDKEHEPOB HEOOXOIMMO pa3padoTaTh pEKOMEH IAINH T10 ITIAHHPOBAHHUIO HA3EMHBIX CITYKO
paauocBsi3u B nonocax yactoT YBY u OBY;

b) YTO JUISI CTaHIUMH, paboTaromMX HAa TOM JK€ FJIM Ha CMEXHBIX YaCTOTHBIX KaHallaX, OJHHUM U3
BOXHEHIINX  BOMIPOCOB  SIBISETCA  OMNpENENeHHe  MHUHUMAIBHOTO  reorpad)i4eckoro  pasHoca,
00eCIeUnBaIOIIEr0 OTCYTCTBUE HEMPHEMJIEMBIX IMOMEX H3-3a JIAJbHET0 HA3EMHOT0 PaclpOCTPaHEHUs
paJliOBOJIH,

ommedast,

a) yto B Pexomenpanun MC3-R P.528 conepxkutcs pykoOBOJACTBO IO NPOTHO3UPOBAHUIO MOTEPh HA
Tpacce CBs3M "IyHKTa C 30HOU" 71 BO3IYIIHOM MOIBMYKHOU CITY>KOBI JUI quara3oHa gactot ot 125 MI' no
30 I'T't m paccrostamit mo 1800 kwm;

b) yto B Pexomenganuu MCD3-R P.452 copepxxurcs pyKOBOACTBO IO JIETAaIbHOM OLEHKE
MUKPOBOJHOBBIX IIOMEX MEXKIy CTaHIUSIMH Ha T[OBEPXHOCTM 3€MJIM Ha YacTOoTaX  BHIIIE
npubu3uTensHo 0,1 I

c) yto B Pexomenmammu MC3-R P.617 comepuTcs pyKOBOJCTBO IO NMPOTHO3WPOBAHUIO MOTEPH Ha
Tpacce CBSI3U "MyHKTAa C MyHKTOM" JUIsl 3arOPU30HTHBIX PAIUOPESICHHBIX CUCTEM ISl TUANIa30HA YACTOT BhIILIE
30 MI'a u qyist paccrostHuil B iuanazone ot 100 km no 1000 kwm;

d) yto B Pexomenmamum MCO-R P.1411 comepxutcsi pyKOBOJACTBO IO IPOTHO3HPOBAHUIO
JUIs1 HAPYKHBIX CHUCTEM OJMKHEH paguocss3u (10 1 km);

e) yto B Pexomenpanuu MC3-R P.530 conepxutcs pykOBOJACTBO IO NPOTHO3UPOBAHUIO MOTEPh HA
Tpacce pacpocTpaHeHUs "M3 MyHKTa B MYHKT" JUTsl HA3€MHBIX CHCTEM IPSIMOU BUTUMOCTH;

*

B 2016 roay 3-s MccinemoBarenbckass KOMHCCHS MO PaIMOCBA3M BHECTA MOIMPAaBKH PEIAKIIMOHHOIO Xapakrepa
B HacTosIIyr0 PekoMeHnamnmo B cootBeTcTBUH ¢ Pesomomueit MC3-R 1.
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f) yto B Pekomenmaiuu MCDO-R P.1546 comepxurcs pyKOBOJACTBO IO MNPOTHO3UPOBAHUIO
HaIpPSDKEHHOCTH TIOJIS [T CUCTEeM "'M3 IMyHKTA B 30HY" B mosiocax gactotr Y BU u OBY, ocHOBaHHOE TJIaBHBIM
00pa3oM Ha CTATHCTHYECKOM aHAIM3€ SKCIIEPUMEHTATbHBIX TaHHBIX$

Q) yro B Pexomenmamun MC3-R P.2001 mnpenctaBnena Moienb Ha3eMHOTO paclpOCTpaHEHUS
pannoBoIH B mMpokoi nojoce yactot 30 MI' — 50 I'T1y ¢ yueToM cTaTHCTUYECKUX AaHHBIX 10 3aMUPAHUIO
Y YCUJICHHIO, KOTOPAasi XOPOIIO MOIXOIANT IS NCTIOIB30BAHHS B MOIEIHPOBaHUH 110 MeToxy MonTe-Kapio;

h) yro B Pexomengaumn MCD-R P.2040 mpexacraBieHO pyKOBOJACTBO MO OIPENENICHHUIO BIMSAHUS
CTPOUTENBHBIX MaTepPHUaIOB H CTPYKTYP Ha PacpOCTpaHEHHE PaAHOBOIH,

peKomeHoyem

JUTS TeTAIbHOM OIEHKH YPOBHEW CHTHAJIOB "M3 IyHKTa B 30HY" NPUMEHUTENHFHO K OTHM CIyX0aMm
UCTIONB30BAaTh POLEYpPY, ONicaHHyo B [Ipunoxennn 1.

[MPUMEYAHMUE. — Tpaccsl pactipocTpaHeHust O0JIBIION JATBHOCTH MOTYT TaKKe CylIecTBOBaTh B quanazone OBY npu
pacrpocTpaHeHHHU depe3 HOHOChepy. DTH PEKUMBI IIPEICTaBICHB! B CBOAHOM (popme B Pexomenmarm MCO-R P.844.

Ipuiaoxenue 1

1 Beenenne

MeTon TpPOTHO3UPOBAHHUS MMAapaMETPOB PACIPOCTPAHEHUS PpaJMOBOJIH, OIMCAaHHBIA B HACTOSILEM
[Ipunoxenuun, peKoMEHAyeTCs NIl JCTAJIbHOW OLEHKH YPOBHEH CUTrHAlla M NPUTOACH IJIsl JIMHUM CBSI3U
C Ha36MHBIMU CUCTEMaMU PaANOCBsI3U "3 MyHKTA B 30HY" B mosocax yactoT Y BY u OBY. On npenckasbiBact
ypOBEHb CUTHaJA (T. €. HANPSHKEHHOCTD 3JIEKTPUUYECKOTO T0JIs ), MPEBBILIAeMbIi B TEUEHHE JaHHOTO MIPOIIEHTa
BpemeHu P% cpemHero roma B mpenenax 1% < p < 50% u mis pl% mect pasMemieHus B Tpeaenax
1% < pL < 99%. CnenoBaTenbHO, STOT METOJ MOXKET HMCIOJIb30BATHCS Ul MPOTHO3UPOBAHUS KaK 00JIacTH
00CITy’)KUBaHHUs, TaK M TOTOBHOCTH JUIS JKEJIaeMOTO YPOBHS CHUTHaNa (TJIOMIAAN TIOKPBITHS), a TakkKe JUis
MPOTHO3MPOBAaHUS YMEHBINEHHUsI 00JacTH OOCIHYXXHBaHUS M TOTOBHOCTH H3-32 MEMIAIOUIMX CHTHAJIOB,
JEHCTBYIOLINX B COBIAJAIOLIEM W/HWIIN CMEXKHBIX KaHal1ax (oMeX).

Monenb pacrpocTpaHeHus UId 3TOT0 METO/la CHMMETpUYHA B TOM CMBICIIE, YTO OHAa OJMHAKOBBIM 00pa3oM
YUUTHIBaeT 00a OKOHEYHBIX paauoycTpoiictBa. s camoil MoJenu He UMeeT 3HAYCHUs], KaKoW TepMUHAI
BEZIET Iiepenavy, a Kakou siBisercst npueMHUKoM. OHaKo A7l yA00CTBa B ONMCAHUH MOJEITH HCIOJb3YIOTCS
TEPMHUHHI "TiepenaTark” 1 "mpreMHUK", 0003HaYaIONINe CTAHIIUHN B HaYalle U KOHIIE TPACChl pACIIPOCTPaHEHHS
pazuocurHana, CooTBETCTBEHHO.

DTOT METOJ CHayalla OMUCHIBAET PacyeT OCHOBHBIX MOTEph mepenauu (ab), KOTOphle HE MPEBBHIMIAIOTCS
B TeueHue P% BpPEMEHU AJIA CPEAHETO YHCIIa MECTONOIOKEHUN. 3aTeM B AOIMOJIHEHUE K DJIEMEHTY IIOTEPh Ha
MIPOHUKHOBEHUE B 3/1aHMe, onmrucaHHoMy B Pekomenmariuun MCD-R P.2040, BBITIONHAETCS CTAaTUCTHYECKOE
OTIMICAHHE 3JIEMEHTA, OMPEACIIIEMOT0 U3MEHEHUEM MECTOIIONOXKEHHUS, T MECT Pa3MEIICHUS TPHUEMHHUKOB.
3aTeM BBITIOJHSETCS MPOIEAYypa IMPHUBEICHUS K HANPSKEHHOCTH 3JeKTpuyeckoro mons ab(MkB/m) s
3¢ (heKkTUBHO M3ITydaeMoii MomHocTH = 1 KBT.

OToT METOJ NPpEAHA3HAYCH I'JIaBHBIM 06pa30M JI1 CUCTEM, UCIIOJB3YIOIUX aHTCHHBI C MaJIBIM YCHJICHUCM.
OpHako Ha U3MEHEHHE TOYHOCTH IIPH UCTIOJIb30BaHUH aHTEHH C BEICOKUM K03()(PUIIMEHTOM YCUIICHUS BIUSET
TOJIBKO OJIMH 3JIEMEHT U3 BCETO METO/a — TPOIocepHOoe paccesHue, U U3MEHEHHE MTPOrHO30B JIOCTATOYHO
majo. Hampumep, qake ecimm Ha 000X KOHIAX JUHUU OyIyT UCIIONIB30BATHCS aHTEHHBI ¢ yeuieHueM 40 nbu,
3aBBIIIICHUE OLIEHKHA CUTHAJIOB TPOHOC(EPHOI0 pacCesiHKs COCTABUT BCETO JIMIIBL 0K0JIo 1 ab.

3TOT METOJ] MPUTOJICH JJIsl MPOTHO3UPOBAHHSI PACIIPOCTPAHEHHS CUTHAJIOB CHCTEM PAHOCBSI3H, B KOTOPBIX
HCIIOJIB3YIOTCS Ha3eMHbIE JIMHUU CBs3u JuinHoi oT 0,25 kM mo npumepHo 3000 kM, korma o0a TepMuHaa
pacroyiaraloTcs He BBINIC IIPUMEPHO 3 KM Hax ypoBHeM 3emiu. OH HE MPUTOACH IS TPOTHO3HPOBAHUS
paclpoCTPaHECHHUS PAIHOCUTHAIOB Ha JIMHUSX BO3YX-3€MJIS WIIH KOCMOC-3eMIIs.
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MeToa TpPOTHO3MPOBAaHHSA MApaMETPOB PACHPOCTPaHEHHS PAJUOBOIH B HacrosimeM [IpunoxeHun
oTpesensieTcss KOHKPETHON Tpaccoid. IIporHo3mpoBanms 1 cucteM "W3 MyHKTa B 30HY'", BBITIOJHSIEMBIE
C HCITOJIb30BaHUEM 3TOT0 METOA, COCTOAT M3 MHOXKECTBA IPOTHO3IMPOBAHUH AJIs INHUH "U3 ITyHKTa B TyHKT"
(T. e. TOUKa mepeaaun — TOYKa MpueMa), KOTopble PABHOMEPHO paclpesielieHbl B paccMaTpuBaeMoi obIactu
obcyxnBanus. KonmaecTBo TOYEK TOIKHO OBITH TOCTATOYHO OOJIBIINM, IS TOTO YTOOBI ITOJTydeHHbBIE TAKIM
00pa3oM NPOTHO3MPYEMbIe 3HAUCHHS OCHOBHBIX IOTEpPh MEpedadd WM HANpsHKEHHOCTH MO ObUTH OBl
pa3yMHBIMH OLIEHKAMH CPEIHUX 3HAYeHUH ANl KOHKPETHBIX MECT M COOTBETCTBYIOUIMX BEJIWYMH ISt
AIIEMEHTAPHBIX IUIOMIAACH, KOTOPBIE OHH OMUCHIBAIOT.

BcenenctBue 3Toro mpejmonaraeTcs, 4To MOJh30BaTENd HACTOsIIEH PekoMeHIanuM MMET BO3MOXKHOCTh
OAPOOHO ONMHUCaTh MPOGUIH 36MHOM TOBEPXHOCTH (T. €. BEICOTHI HaJl CPETHUM YPOBHEM MOPSI) KaK (DyHKIHH
OT PAcCTOSHUS HA TPACKTOPUSAX AYTH OOJBIIOro Kpyra (T. €. reo(hU3nYSCKUX JIMHUSIX) MEXKITy TepMUHAIAMU
JUIT MHOXKECTBA pa3IMYHbIX MECT pa3MelleHHUs TepMUHANoB (Touek mpuema). Jlns OonbimuHCTBA
MIPAKTHYECKUX MPUMEHEHHH 3TOTO METO/Ia JUIS IIPOTHO3UPOBaHUS 00JacTel OKPHITHSA ""H3 IMyHKTA B 30HY" H
MMOMEX TaKOE MPEAIOJIOKECHUE TMpeAycMaTpUBaeT Haauuue 0a3bl JaHHBIX HU(MPOBBIX KAapPT C BBICOTAMHU
MCCTHOCTH, C YKa3aHHBIMU MJIA COOTBETCTBYIOIIUX TCOAC3MYCCKUX OAHHBIX KOOpAWMHATAMM IIHWPOTHI U
JOJTOTBI, M3 KOTOPOM MOXHO aBTOMATHUYECKH MOJNy4aTh NPO(GHIM 3eMHON MOBepXHOCTH. Ecmu sTHX
MOAPOOHBIX TpodMiIed HET, TO i1 NPOTHO3UPOBAHUS CJCAYET HKCIOJIb30BaTh PeKoMeHIaluio
MCD-R P.1546.

C y4yeToM H3J0KEHHOIO BbILIE IMPEACTABICHHBIM B HacTosulell PeKoMeHOanuu 31€MEHT, OmpenessieMblid
W3MEHEHHUEM MECTOIIOJIOKEHUS, U TpeacTaBieHHbH B Pekomenmanmun MC3O-R P.2040 smemeHT Monmenn
MNOTEph HAa MPOHMKHOBCHUC B 34aHHC, OIMMCBIBAIOTCA CTATUCTHYCCKHMHU IMapaMETpaMu JIOTHOPMAJIbHOTO
pacmpeneneHust Uil COOTBETCTBYIOIIMX TOYEK pPa3MEILEHHs MPUEMHHKOB. XOTs, KaK MOXKET IOKa3aThbCs,
TAaKOE€ CTaTUCTHUYECKOE OIMMCAHWE 3aJla4d PACIpPOCTPaHEHHUS "M3 MyHKTa B 30HY" JelaeT OOy MOJENb
ACUMMETPUYHOM (T. €. HeoOpaTHMOii), MOJb30BaTENIM HacTosIIed PekoMeHIaluu JODKHBI TIOMHHTbB, YTO
HU3MCHCHUC MCCTOIIOJIOKCHUA MOXKCET B MPUHIUIIC NPHUMCHATHCA K obouM KOHIIaM TpacCChbl (T. e. K obouMm
TEpPMHHAIAM) WIHA JaXKe K 000UM cpasy (T. €. U K MepeaTunuKy, U K MpueMHUKy). OIHaKO KOPPEKTHPOBKA
HU3MCHCHHUA MCCTOIIOJIOKCHHA HMMECT CMBICIT TOJIBKO B CHUTyalHUAX, KOrga TOYHOEC MCECTO PaCIIOJIOKCHUA
JAHHOTO TEpMHUHAJIa HEM3BECTHO, U BO3MOKHBIE MECTa pa3MEIeHUsI ITOTO TepMUHaia TpeOyeTcsl omucaTh
CTaTUCTUYECKU. ManoBeposITHO, 4TOOBI OBUIO MHOTO CIIydaeB, KOTJla BBIMIECKA3aHHOE OBLJIO MPUMEHHMO
K TOYKE pa3MelleHHs nepenarynka. Ecim mecta pa3MmemieHuss 00OMX TEPMUHAJIOB TOYHO M3BECTHBI M 3Ta
MIpOLIeAYpa UCTIOIB3YETCS B peXUMe "H3 MMyHKTA B ITyHKT", TO HacTosas PexoMeHaanust mpuMeHNMa TOJIBKO
co 3HaueHreM P = 50%.

AHaNornyHOE 3asBIICHWE CIPaBEUIMBO W JUIA MOTeph Ha IMPOHWKHOBEHHE B 37aHHe. APryMeHT 37ech
HECKOJIBKO CIIOJKHEE, YeM JIJIsl MOTEePH W3-3a M3MEHEHHS MECTOTIOJNIOKEHHsI, BCIEJCTBAE TOTO (pakTa, uTo
KO3 (UIIMEHT KOPPEKIIUK CPEIHUX MOTEePh HAa MPOHUKHOBEHHE HE paBeH HyNo. Ha cTopoHe mepenaruuka
TTOJIE30BATEIH JIOJDKHBI TAKXKE I00ABUTH TIOTEPH HA IPOHUKHOBEHHUE B 3/IaHUE K 0a30BBIM ITOTEPSM IEepeIadH,
HO TIONIb30BaTENX JIOJDKHBI TaKKe 3HaTh, YTO €CIM IepellaTYMK paclolio)keH He B 'cpemHem"
MECTOIIOJIOKEHUH, TO MCIIOJIb30BAaHUE CPEIHUX 3HAUCHHI MTOTEPh MOXKET BBOAMTD B 3a0JIyK/ICHHUE.

2 J1eMeHTbI MOAECIH IMPOrHO3UPOBAHUA MAPAMETPOB PACIIPOCTPAHCHUSA PAJIHOBOJIH

JIaHHBIH METO/I MPOTHO3UPOBAHMUS YUUTHIBACT CIICIYIOINE SJIEMEHTHI MOJICITH:
- npsamas suoumocms (LOS);

- ougparyus (y4UTHIBACT CIydYa TJIaJKOH 3eMIIM, TIEPECCUCHHOW MECTHOCTU M CIIy4YaH 3aKpBITBIX
Tpacc);

- mponocgepHoe paccesnue,

- anomanvHoe pacnpocmpanenue (aTMocepHbie BOTHOBOABI U OTPAKEHNE/TPEIOMIICHUE B CII05IX);
- U3MeHeHUe YCUNeHUs 8 3A8UCUMOCTIU OTH BbICOMbL NPENSIMCMBULL,

- U3MEHEHUe MECTONONONCEHUS,

— nomepu Ha nponuxkHosenue ¢ 30anue (B Pexomennaru MCD-R P.2040).
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3 HcxoaHbie mapamMeTpsbl

3.1 Ba3oBble HCXO0AHBIE JaHHEIE

B Ta6J'II/IH€ 1 omucaHbl 6a30BBIE HUCXOAHBIC JAHHBIC, KOTOPBIC ONPCACIIAIOT TOYKH Pa3MCIICHUA TCPMHUHAJIOB,
YaCTOTY U IMPOUCHT BPECMCHHU U MCCT PasMCUICHU, JI1 KOTOPOro Tpe6yCTCH MMPOrHO3UPOBAHUC.

[IupoTa u AOITOTA ABYX CTAHIMI YKa3bIBACTCS Kak 0a30BBIC HCXOAHBIC TaHHBIC HA OCHOBAHUH TOTO, YTO OHU
HEOOXOMUMBI JJIsl OMNpeaeieHus] NMpo(uiIs 3eMHOUW TMOBEPXHOCTH. PaJHOMETEOpOSIOTHUECKUE MapaMeTphl
JIOJDKHBI OBITH TIPEICTABIICHBI [T OJTHOI'O MECTa TPACCHI PacipOCTPAHEHUSI, U TS JaJbHUX TPACC B KAYECTBE
TAKOW TOYKM JOJUKHA OBITh BhIOpaHa cepeanHa Tpacchl. ECIM BBIMOMHSACTCSA MPOTHO3MPOBAaHHE 00JaCTH
MOKPBITHS TIEPEIaTUNKa, TO BIIOJIHE PasyMHO MOJYYHTh PaAOMETEOPOSOTHUSCKIE MapaMeTPhl I TOYKH
pa3MelleHH s TepeaaTInKa.

TABJIMIIA 1
ba3oBble uCX0HbIE JaHHbIE
Enuaunnel
ITapamerp Munumym | Makcumym Onucanne
H3MepeHust
f ITu 0,03 3,0 Yacrora (I'T'rx)
p % 1,0 50,0 [IporeHT BpeMeHH CPEeIHETO rofia, B TCUCHUE
KOTOPOT'O MPEBBILIAETCS PACCYUTAHHBIH YPOBEHBb
CHTHaa
pL % 1 99 [IporeHT MecT pa3MeIIeHus, B KOTOPBIX
NPEBBIIIACTCS PACCUNTAHHBII YPOBEHb CHTHAJA
o1, Or rpagychl —80 +80 [Tupota nepenaTynka, IPUESMHUKA
Y, Yy Tpagychl —180,0 180,0 Jonrora mepenaTdnka, MpHEMHUKA (TIOJIOKUTEIHHBIC
3HAYEHMs = HA BOCTOK OT [ puHBHUA)
hig, hrg M 1 3000 BeIcoTa IIeHTpa aHTEHHBI HaJl YPOBHEM 3€MIIH
[Monspuzanus EnvHCTBeHHAs MONSIPU3aLHs, HATPUMED
BEPTHKAJIbHAS WM TOPU30HTANIbHAS
Ws M 1 100 Mupuna ynuisl. B oTCyTCTBHE KOHKPETHBIX
MECTHBIX 3HAYCHHH CJIeyeT UCIIOIb30BATh
3HaueHue 27

[onspuzamnus B Tabmuie 1 sBisieTcs mapamMeTpoM, He MMEIONINM YHCIOBOTO 3HAYCHHS. JTa WH(OpMAIUs
ucrolnp3yercs B 1. 4.3.3 B ¢Bs3u ¢ ypaBHeHusiMHE (29a), (29b) u (30).

3.2 Ipoduas 3eMHOIi MOBEPXHOCTH

Jnist mpuMeHeHusl JaHHOTO METOoJa MPOTHO3MPOBAHMS IapaMeTpoB paclpocTpaHeHus TpeOyercs: mpoduiib
3eMHOI1 MOBEPXHOCTH TPACCHI NIEpeaur paAroCcurHana. B npuHmmne, OH COCTOUT U3 TPEX MAaCCHBOB, KaXKIbIH
13 KOTOPBIX NIMEET OJJUHAKOBOE YHCIIO N CIEAYIOMNX 3HAYCHHI:

di: paccrosHHe OT nepegaTyrka J1o i-ii TouKu npoduis (km); (1a)
hi:  BbIcoTa i-if ToukH npoduIIs Hax ypoBHEM MOps (M); (1b)
gi = hi + TumoBas BeicoTa npensATcTBHSA B i-if TOUke npoduiis (M), (1c)

rae:
i: 1,2,3...n=HoMep TOYKH npoduIs;
N:  KOJMYECTBO TOYEK MPOPHIIS.
Mex 1y nepeiaTiuKoM U IPHUEMHHUKOM JIOJDKHA HAXOJUTHCS 10 KpaifHell Mepe o/iHa MPOMEXKYTOUHask TOUKa

npoduis. CienoBarenbHo, N OIHKHO YAOBIETBOPSTH YCIOBHIO N > 3. Takoe Manoe 4iciao TOYeK NpueMiIeMo
TOJIBKO JJ151 KOPOTKUX TPACC, MPOTHKEHHOCTHIO HE Oojee 1 kM.
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OtMmeTuMm, 4TO NEpBOM TOUKOI npoduiis sBiseTcs nepenaTynk. Cienopatensro, di1 = 0, a hy paBHa BbICOTE
3eMHOI TTOBEPXHOCTH B TOYKE pa3MEIeHHs Tepearduka (B MeTpax Hall YPOBHEM MOps). AHAIOTUIHO
N-ii Toukoi mpodust sBiseTcs npueMHUK. CrenoBarenbHo, dn = MPOTSHKEHHOCTH TPAcChl B KM, a hn paBHa
BBICOTE 3eMHOH MOBEPXHOCTH B TOUKE pa3MelIeHHUs TPHEMHHUKA (B METpax HaJ YPOBHEM MOpsI).

KoHkpeTHOe paccTossHue MEXTY TOYKaMu Mpoduiis He 3a7aHo0. Eciu npearnonokuTh, 4To NpoQuin B3SThH U3
unpoBoil MozeH perbeda MECTHOCTH, TTOAXOIAIIEE pacIipe/ieieHne TOUeK IpouId, KaK MpaBuio, OyaeT
AQHAJIOTUYHO PACIPE/ICIICHUIO TOYCK M3 UCXOMHBIX JaHHBIX. He 00s3aTeinbHO, 4T0OBI TOUKH MPOGUIIs ObLTH
PacIoIOXKEeHBI Ha OJMHAKOBOM PACCTOSIHUU, HO KEJIATENIbHO, YTOOBI OHU OBLTH PaCIIOIOKECHBI HA OJIMHAKOBOM
PaCCTOSIHUY TSI BCETO MPOQHIISL.

XKenatenbHo uMeTh WHPOPMAIMIO O HA3eMHOM TMOKpoBe (TIPEISITCTBHSIX) BJIONL Tpacchl. Kareropuu
MPEMSITCTBUH yIOOHO XPaHUTh B JIONOJIHUTEIIEHOM MAacCHBE M3 N TOYEK JUIsl COIVIACOBAHMS C JaHHBIMHU
0 BBICOTaX MPOQIIIS.

"TumoBast BEICOTA MPENATCTBUS R", ucmonb3yemas B ypaBHeHuH (1¢) — 3TO cTaTHCTHUECKAsS HHPOPMAIUS O
BBICOTE, CBA3AHHOM C KiIacCH(HUKaIMell Ha3eMHOTO TIOKPOBA, TAKOTO KaK PACTUTEIBHOCTD M 3/IaHHs, TO €CTh
OJTHO 3HAYEHHE BBICOTHI, CBSI3AHHOE C KaXKIbIM KJIACCOM HAa3eMHOTO MOKPOBa/mpensTcTBUs. J[obaBieHue K
MPOGHUII0 THITOBBIX BBICOT MPEMATCTBHH 0a3MpyeTcs Ha MPEANOIOKEHHWH, YTO BBICOTHI Ni peACTaBIIAIOT
c0o00ii MoBepXHOCTH 3eMin 0e3 pacTUTENILHOCTH. Eciin Tpacca pacrpocTpaHeHuUs paJinOBOJIH MPOJICTaeT Yyepes3
JIEC WM TOPOJCKHE MOCTPOUKH, T/Ie UMEIOT MECTO MU(PPAKIIUSA WK MOOOYHBIE MyTH PACIpPOCTPAHEHUS, B
obmieM ciyyae 3¢ QpeKTUBHAS BbICOTa NMPOoGmis OyIeT BbIle, TOTOMY YTO PaJUOCHUTHAN OYIET MPOXOIUTh
gepe3 mpemaTcTBus. Takum oOpa3om, 6ojiee afeKBaTHOE MPEACTaBICHHE TPOMGHIIS MOXKHO MOIYIUTh ITyTEM
N00aBIICHHS THITOBBIX BBICOT JJIS yU€Ta MPEMATCTBHIA.

JloGaBisiroTcst He 00s3aTeIbHO (PM3UYECKUE BBICOTHI, TAKWE KAaK BBICOTA KPBIII B Cliydae 37MaHuid. Tam, rae
CYHIECTBYIOT MPOMEKYTKH MEXKIY HPEMATCTBUSIMH C TOYKH 3pSHHs PaJUOBOJH, HEKOTOPOE KOJIMYECTBO
SHEPrUM MOXKET TEePEMEINAThC MEXKIY NPCHATCTBUAMM, a HE HaJl HUMHU. B 9Tol CHUTyalluu HajIudue
MPEMSITCTBUN, KaK OXHUIACTCSH, YBEIUYUT IU(PPAKIMOHHBIC MOTEPH, HO HE HACTOJIBKO, KaK IMOBBIIICHUC
npoduis 10 pU3NIECKOil BRICOTHI PSS TCTBUH.

Oco0eHHO TO OTHOCHUTCSI K BBICOTHBIM TOPOJCKUM paiioHaMm. Takue KaTeropuu, Kak "TJIOTHast TOpojcKas
3acTpoiika" MM "BBICOTHAs TOPOJCKas 3acTpolKa', Kak MpaBUIIO, aCCOIMUPYIOTCSA CO 3/IaHUSIMH BBICOTOU
30 meTpoB u BbIie. Ho B HEKOTOPBIX BBICOTHBIX PaHOHAX MEXIY BHICOKMMH 3JaHUSIMH UMEIOTCS OONbIIHe
MIPOCTPAHCTBA, U 3TO JaeT BO3MOKHOCTh PACIPOCTPAHEHHsI ¢ HU3KMMHU TIOTEPSMH BOKPYT HUX 110 CPABHEHUIO
C pacmpoCTpaHeHUEM HaJl KPBIIIIAMH.

C apyro# CTOpOHBI, jaxe B paiioHax, KOTOPbIe KIacCU(UIMPYIOTCS KaK OTKPBITAsl UK CeJIbCKast MECTHOCTB,
3eMHasl MOBEPXHOCTh PEKO ObIBAE€T COBEPIICHHO JIMIIEHHON PAacTHUTENBHOCTH, T. €. 0e3 Haluuusi Ha Hel
KaKUX-T100 00BEKTOB, KOTOPBIE MOTYT CIIOCOOCTBOBAThH YBEIMUCHHUIO MOTEPh MIPH PACIPOCTPaHEHUH. TakuM
00pa3oM, BO MHOTHX CIIy4asix MOTYT ObITh YMECTHBI MaJible 3HaueHus R, a He HyIIb.

Takum 00pa3oM, THIOBasi BHICOTA MPEMSATCTBUS R 3aBHCUT HE TONBKO OT (U3UYECKOW BBICOTHI THITUYHBIX
MPEMSTCTBUHN, HO ¥ OT TOPH30HTAIBHOTO Pa3HOCa OOBEKTOB U MPOMEKYTKOB MEXIY HUMH. He cymiecTByeT
OOIIENPUHSATOTO CTaHJApTa MPEACTABICHUS TaKOH KaTerOpUH MPENSATCTBUM, KaK "TOPOJCKUE yCIoBUS'", B
(u3NYecCKUX eIWHHIAX B Pa3HBIX cTpaHaX. [Ipy HAIWYMKU clelyeT MCIOIb30BaTh HH(OPMAIIUIO O THIIOBOK
BBICOTE MPEMSATCTBUSA HA OCHOBE CTATUCTHYECKUX JAHHBIX WM IAHHBIX, TOyUYE€HHBIX U3 APYTUX UCTOYHHUKOB,
0 BBICOTE MECTHOTO MpEmaTcTBHs. B Tabnwie 2 mpeyiaratorcsi 3HaueHHs MO0 YMOJTUYaHHIO JUis R, KoTopbie
MOTYT OBITh HCIIOJIb30BAaHbI B OTCYTCTBHE KOHKPETHOM MH(OpMAIK 0 perruoHe/cTpaHe.

HNudopmarius o IpensiTCTBUIX OTJACIBHO UCTIONB3YETCs JUIS ONEHKH TIOTeph U3-32 NPENSITCTBUI Ha CTOPOHE
TepMHHAJA, KaK 3TO onucaHo B 1. 4.7. KoHIenws THIOBO# BBICOTHI MPEnsSTCTBHA, R, coxpaHseTcs, HO oHa
MOKET MHTEPIPETHPOBATHCS MMO-pasHOMY. TakuM 00pa3oM MOJTBEpIKIAcTCs OoJiee MUPOKas TOCTYITHOCTh
TpeXMEpHON MHPOPMAIMK O BBICOTE MPEMATCTBHUS C BHICOKHM pa3pelieHHeM, HalpuMep TOYHBIE 3HAYCHHS
BBICOTHI 3/IaHWH U pacTuTenbHOCTH. [Ipy Hanmumy B 1. 4.7 clieyeT NCHoNb30BaTh HHOOPMAIIHIO O THITOBOK
BBICOTE TIPEMSATCTBHS HA OCHOBE TOYHOUM MH(OPMAIIUHU O BBICOTE MPETIATCTBUSI.
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TABJINIIA 2

HNudpopmanust 10 yMOTYAHHIO AJIS1 MOJAEJIMPOBAHUS NOTEPb U3-32 NPEeNATCTBUI

Tunosasi BbICOTA NpPensiTcTBUs (M)

IMoTepu u3-3a npenATCTBUIA
JloGaBaenne P p Mopeas norepb .
Tun npensiTcrBUs 1 ypABHEHHIO Ha CTOPOHe TepMHUHAJA, § 4.7, H3-32 NPensATCTBHi
U 100aBJeHHE K YPABHEHUIO HA CTOPOHE TePMHUHAJA
npopuos (1c) npopuas (1c)
mpui=2mgon-—1

mpu i=1un

Boma/mope 0 10 VYpasuenue (64b)
OTKpBITast MECTHOCTB/ 0 10 Vpasuenne (64b)
ceIbCKast MECTHOCTh
[puropomst 10 10 Vpasuenne (64a)
T'oponckue ycioBus/ 15 15 VYpaguenue (64a)
JIepeBbs/Iec
[TnotHast ropockast 20 20 VYpasuenue (64a)
3acTpoiika

OmmcaHHBIA BBIIIE METOJ], B KOTOPOM 3HAUEHHSI THIIOBOW BBICOTHI MPEMSATCTBHS J00ABISIOTCS K MPOQHITIO
3eMHON TMOBEPXHOCTH 0€3 PacTUTENBHOCTH WU K Mpoduio penbeda, TpeOyeT OTAeNbHBIX JaHHBIX IS
BBICOTHI penbeda 1 Hammuus npenarcTBuil. OH He MPUroJIeH JUTS IPSMOTO HUCTIONB30BaHMUS TaHHBIX O BBICOTE
MOBEPXHOCTH 3E€MJIM, IOJYYCHHBIX Ha OCHOBE IHMCTAHIIMOHHOTO 30HIMPOBAHMS, II€ 3HAYCHUS BBICOTHI
BKJIIOYarOT BBICOTY HpeHHTCTBI/Iﬁ 663 SIBHOT'O DPAa3JIMYC€HUSA BBICOTBHI IMOBCPXHOCTU U HNPCIATCTBUA. Baxno
OTMCTUTH, YTO, €CIIH HpO(I)I/IJII/I penbefpa B34ATbI HCIIOCPEACTBCHHO M3 JAHHBIX O IMTOBEPXHOCTHU, a HE MMOJTYUCHBI
Ha OCHOBAHUH JIaHHBIX O BBICOTE C YYE€TOM HOBEPXHOCTH 0€3 PaCTUTEIHHOTO MIOKPOBA, OIIEHKA ITOTEPh 33 CYET
TG PAKIAA MOXKET OBITH 3HAYUTEIHHO 3aBHIIICHA.

3.3 KaunmaTtuyeckue 30HbI AJ15 PaAUOCBI3U

HeoOxomumbl Takke JOaHHBIE O TOM, TPAacChl KAakKOW JUIMHBI HAaXOJATCA B KIMMATHUYECKHX 30HAX
JUTSL PAIMOCBSI3H, ONTMCAHHBIX B TA0IHIIC 3.

JU19 MaKCUMaJIbHOTO COOTBETCTBHS PE3YNIbTAaTOB, NOJYUYEHHBIX PAIMYHBIMU aIMUHUCTPALHAAMHU, PACUETHI IO
3TOH MpoLeaype CIEAYeT BBIIONHATE N0 dpoBoil kapTe Mupa MCD (IDWM), KOTOPYI0 MOKHO NOIY4HUTh
B BP. Ecniit Bce TOYKM Tpacchl HaXOMATCSI, KAK MUHHMYM, Ha paccTOSHUM 50 KM OT MOPSl U HHBIX OOJBIIHX
BOJIOEMOB, TO HCIIOIB3YETCS TOJIBKO KaTEeropus "TepPUTOPHS, YAAICHHAS OT Mops'.

Ecmm wabopMamus o 30He XpaHHTCS B IIOCIEAOBATENBHBIX TOYKaX BJIOJb TPACChl PaCIpOCTPAHEHUS
PaAMOBOIH, CIEIyeT MPEAIOIOKUTh, YTO U3MEHEHHsI MTPOUCXOASIT Ha MOJITYTH MEXKIY TOYKAMH C pa3HBIMU
KOJaMH 30H.

TABJIMIIA 3

KanmaTudeckue 30HbI AJ18 PaAHOCBA3U

Tun 30HbI Kon Onpenenenne

ITobepexne Al IToGepexbe u GeperoBrie 30HEL, T. €. CYIIa, TPAHWYAIIAs C MOPEM Ha BBICOTE
710 100 M OTHOCUTENILHO CPEIHET0 YPOBHS MOPCKOM BOABI, HA PACCTOSHUU
1o 50 kM ot Omkaiimero Mopst. Tam, rie HeT TaHHBIX ¢ TOYHOCTHIO 100 M,
MOJKET UCIOJIb30BaTHCS NPUMEPHOE 3HAUCHHE

Teppuropus, A2 Bes cyma, 3a nckintoueHreM ooepexbst M OeperoBbIX 30H, ONPEIeICHHBIX
yAaJeHHast BBIIIE KaK "mobepexne”
OT MOps
Mope B Mopsi, okeaHbl U HWHBIE OONBIINE BOAOEMBI (T. €. TOKPHIBAIOIINE KPYT

JaMeTpoM Kak MUHUMYM 100 km)
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3.4 PaccTosinne 0T TepPMUHAJIOB 10 MOGEPEKbS

Ecnu tpacca mpoxoauTt 1o 30He B, To Tpebyercs eme nBa mapamerpa — Ue, er, ONIpEIEIIsIONINe pacCTOsHUE
oT Oepera j0 mepenaTdyMka W MPHEMHHKA (KM), COOTBETCTBEHHO, B HANPABJICHWW HAa APYroil TepMUHAI.
JIJis TepMUHAIIOB, PACTIONOXKEHHBIX HA CYHE WM Ha MOPCKOU tuiatdopMme, 310 paccrosiaue = 0.

35 OcHOBHbIE PAIOMETE0POJIOTHYECKHE TAPAMeTPhI

B mnmpoucaype MNpOrHo3upoOBaHHA [JId OIMMKMCAHHUA H3MCHCHUSA pe(bpaKHI/II/I aTMOC(bepI)I Tpe6yeTC$[ JABa
PaauoOMETCOPOJIOTNICCKUX MMapaMeTpa:

- AN (N-emuHHI/KM), CpemHsisi BepTHKalbHas CKOPOCTh W3MEHeHHs Koddduimenra pedpakuuu
B HIDKHEM KUJIOMETpe aTMOc(epbl, OHa MpeACTaBIsieT cOOOH NaHHBIE, HA OCHOBE KOTOPHIX MOXKET
OBITH paccunMTaH COOTBETCTBYIOHIMH 3((EeKTHBHBIN pamnyc 3eMiu ISl BHITIOTHEHHS aHalln3a
nmpoduiIsl Tpacchl M TpemsITcTBUA Ha Tpacce. OtmernM, uro B 3Toi mpoueaype AN sBisercs
MOJIOKHUTENILHBIM 3HAUCHHUEM;

- No (N-eauHHIBI), TPETOMIISIOMIAN CIIOCOOHOCTH TOBEPXHOCTH HAa YPOBHE MOPS, HCIONB3YeTCS
TOJILKO B MOJEIHM TPOHOC(HEPHOrO pacCessHUs B KauyeCTBE MEPbl M3MEHYMBOCTH MEXaHHM3Ma
TpONochepHOTO paccesiHusl.

B oTcyrcTBHE NaHHBIX MECTHBIX M3MEPEHUH 3TH KOJMYECTBEHHBIC 3HAUYEHHSI MOTYT OBITH IOJIyYCHBI IO
KapTaM, UMEIOIITUMCS B IIPEIOCTABIAEMBIX BMECTE C HacTosIIeld PekoMeHnanueit HeoThbeMIIeMbIX TU(POBBIX
npoaykrax. Kaptel conepkarcs B daitnax DN50.txt u N0O50.txt, cooTBeTcTBeHHO. [laHHBIC MPEICTABICHBI B
muarmazone ot 0° mo 360° mo gonrore u ot +90° 1o —90° Mo mwpoTe ¢ pazpemieHreM 1,5° Mo AOATOTE U MIUPOTE.
OTH JaHHBIE WCIIONB3YIOTCS B codeTaHWu ¢ Gaitmamu compoBoauTenbHbix MaHHBIX LAT.txt m LON.txt,
coacpikalux, COOTBETCTBCHHO, 3HAUCHHUA IIHUPOTHI U JOJITOTBI COOTBETCTBYIOIIUX 3anucen (y3J'IOBI)I€ TO‘IKI/I)
B (aitmax DNS50.txt m NO50.txt. I MECTOMONOKEHHsI, HE SBISIOMIETOCS Y3IIOBOW TOYKOH, Imapamerp B
KeJaTeJIbHOM MECTOIOJIOKEHUH MOXKET OBbITh MOJY4EH ITyTeM OMIMHEHHON MHTEPIOJSLMU MO 3HAYCHUSIM
B YeThIpeX OMIKANIIMX y3JI0BBIX TOUKAX, Kak onucano B Pekomennanmu MCD-R P.1144.

TABJINIIA 4
HeoTbemiiemblie HM(pOBbIE NPOAYKTHI
upora Hoarora
Hms ¢aiina | HcTodHHK (04 Ho Pa3necenne Ot Ho Pa3necenne
(rpan) | (rpan.) | (rpax) | (rpan) | (rpam) | (rpan.)

DN50.txt P.453 90 -90 1,5 0 360 1,5
NO050.txt P.453 90 -90 1,5 0 360 15
LAT.txt P.453 90 -90 1,5 0 360 1,5
LON.txt P.453 90 -90 1,5 0 360 1,5

Ot 1MdpoBBIE KapThl MOJYYEHBI IO pe3yJjbTaTaM aHaiu3a I100adbHOW 0a3bl JaHHBIX MOAHEMOB
panno30H10B 3a Aecats et (1983-1992 rr.).

L{udpossie KapThl copepxkatcs B yrmakoBanHoM (aitne Rec-P.1812-4 Supplement.zip.

3.6 PacnpocTpaHeHne no arMoc)epHOMY BOJTHOBOILY

CreneHb, 10 KOTOpPOH OyayT yBEJIMUYEHBl YPOBHH CHTHAJIOB H3-32 aHOMAJbHOTO pacCHpOCTPaHCHHMS,
B YAaCTHOCTH, 0 aTMOC(EPHOMY BOJIHOBOJy, OlleHHMBaeTcs mapamerpoM [o (%), MPOIEHTOM BpEMEHH,
B T€UYEHHE KOTOPOTO MOXKHO 0XKHJIaTh, UYTO B HKHHUX 100 M aTMocdepsl BepTUKaIbHBIE CKOPOCTH H3MEHEHUS
kodd¢uimenta pedpakiun npepbimatoT 3HaueHue 100 N-emuauiy/xm. 3HaueHuWe o paccUMTHIBaeTCS
CIIeIYIOMUM 00pa3zoM.

Paccunrats mapamerp L1, KOTOPBIA 3aBUCUT OT TOT'O, KaKasi YaCTh TPACCHI IIPOJIETAeT HAJl CyIIeH (TeppUTOPHS,
yAajieHHast OT MOPSI U/WJIH TTOOEPEXkKbE), a Kakas — HaJl BOJIOM:
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“Oim 0.2
1 = 1(QL6-6.67 +1075(0,49r5+ 0,3541) , @)
rac BEJIMYHUHA 1 JOJDKHA OrpaHUYUBATLCA 3HAUYCHUSAMUA U1 < 1,
"
r=1-exp(-0,00041212"), 3)

dim: Hambomee TPOMOIDKUTEIbHAS HENpPEpPhIBHAS CYXONyTHas 4YacTh (TEppUTOpHS,
yaaneHHast OT Mopsl + mobepeskbe) Ayru OOJBIIOTO Kpyra (KM);

dim: HamOonee NPOJODKHUTENIbHAS HEMPEpbIBHAS CYXOIYTHash 4YacTh IyTd OOJBIIOTO
Kpyra (KM), IpoJIeTaroas o TEpPUTOPUH, YAATECHHOH OT MOPS (KM).

Jlns momyuenust 3Ha4eHUH Oim ¥ Oim JDOJDKHBI HCIIONB30BATHCS KIMMATHYECKHE 30HBI JUISL PAAMOCBSI3H,
orpesesieHHbIe B Ta0bnuie 3. Ecim Bce TOUKH Tpacchl HAXOAATCS HA paCCTOSIHUH, KAaK MUHUMYM, 50 KM 0T MOpst
WK APYTUX OONBIIMX BOJAOEMOB, TO HCIOJB3YETCS TOJIBKO KAaTEropus "TEppPUTOPHs, yaaleHHas OT Mops',
1 3Ha4eHUs Oy 1 dim paBHBI ATHHE Tpacchl d.

Paccuntarte mapamerp W4, KOTOPBI 3aBHCHUT OT L1 M OT Teorpaduvyeckoil MIMPOTHl CEPEAMHBI TPACCHI
B Ipajsycax:

. (-0,935+0,01760)

Ha =My Vst |(P| <70° 4)
0, o
H4=H13 W|(P|>7O
rue:
¢: reorpaduueckas IHUPOTa CEPEAUHBI TPACCHI (TPaAyCHhI).
Paccunrats Po:
~ 1070,015‘(p‘+1,67u1 " % s |(p| <70°
° 417y, u, % VTSt |(p| >70°
: (5)
3.7 IddexTuBHbI pagnyc Jemin
Cpemuwii ko3 hurpeHT Kso 3 dekTrBHOTO pagnyca 3eMiTn st TPACCHl ONPEAETSETCS YPaBHEHUEM:
157
Keg=—no——— 6
" 157-AN ©

3HavyeHne cpeHel BEPTHKAILHON CKOPOCTH U3MEHEeHHs KodddunreHTa peppakuui AN MOXKHO MOITyYUTh U3
HeoTheMJIeMol udppoBoi kapTel DN50.txt, HCIOB3Ysl B Ka4eCcTBE OMUCATEINs TPACChl MIUPOTY U JOJITOTY
CEpEUHBI TPACCHI.

Cpennee 3Hauenre >3GpPEKTHBHOrO paanyca 3eMJIU de ONPENENAETCS BEIPAKEHHEM:
a, =6371ks, KM. (7a)
D pexTUBHBIN paguyc 3eMiIH dp, IPEBBIIAEMBII B TEUEHHE BPEMEHH 3o, OTIPENENAETC BHIPAKEHUEM:

a; =6371k, KM, (7b)

rae kg = 3,0 — oureHka kordduirenTa 3pHeKTHBHOTO paguyca 3eMITH, IPEBIIIAEMOr0 B TCYCHUE BPEMEHH [3o.

Omnpenensiercst o0muii 3¢ GeKTUBHBIN pagnyc 3emuu, rae dp = 8. npu 50% BpemeHHU U 8p = ap npu Po%
BpPEMEHH.
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3.8 IMapameTpsl, moJiyueHHbIE U3 aHAIU32 NPOQUIIA TPacChl

3HavYeHMS MHOYKECTBA ITaPaMETPOB TPACCHI, HEOOXOTUMBIX IIJIS PACUECTOB M ITOKA3aHHBIX B TAOIHUIIE 5, HOIHKHBI
OBITH TIONYYECHBI B XO/€ HAYaJFHOTO aHAIHM3a MPOQHIS TPACCHl HA OCHOBE 3HAYEHUS e, BRIYHCICHHOTO U3
ypaBHeHus (7a). Mupopmanus o monyueHnr JaHHBIX, POPMHUPOBAHUH U aHAIIN3E IPOQHIIS TPACChl MPUBEACHA
B [Ipumaraemom moxymente 1 k Hactosimemy lIpunoxxenuto.

4 IIpouenypa nporHo3upoBaHusi

4.1 O01ee onucanne

B Hacrosiem paszesne onucasa moJyiHas npoueaypa IporHo3upoBaHust. Bo-niepBbIX, OLIEHUBAIOTCSI OCHOBHBIE
notepu nepenaun Ly (16), He MpeBbIIaeMbie B TCUYCHHUE TPpeOyeMOro ImpoleHTa BpeMeHu roja P% u B 50%
MECT pa3MellleHHs, Kak onucaHo B 1. 4.2—4.6 (T. e. OCHOBHBIE IOTEpH Nepeavun U3-3a PacpOCTPaHEHUs IO
JIMHUY NPSIMOM BUJMMOCTH, IOTEPH 32 CUET JU(PPAKIHHU, IIOTEPH 3a CUET TPOHOCHEPHOTr0 pacCcesHusl, HOTEPU
N3-3a PacIpOCTPAHEHUs 10 aTMOC(HEPHOMY BOJIHOBOIY/OTPa)KCHHS OT CJOEB aTMoc(ephl U MOTEpHU H3-3a
KOMOWHAIIMK 3TUX MEXaHW3MOB PACIpPOCTPaHEHHs, AJISI TOTO YTOOBI MPOTHO3UPOBATH OCHOBHBIE TOTEPH
TepeIavyn, COOTBETCTBEHHO). B 1. 4.7—4.10 ommchIBatOTCS METOIBI yUEeTa BIUSHUS MIPETATCTBUN HA TEPMHUHAI,
BIIMSIHUS] H3MEHEHHSI MECTOIIOI0KEHUS U IOTEPH Ha IPOHUKHOBEHHE B 31aHKe. B utore B 1. 4.11 npusoasTcs
BBIpQKEHUsI, KOTOPbIE CBS3BIBAIOT OCHOBHBIC IMMOTEPU TEpefadd ¢ HampsbKeHHOCTbIo mmois (nb(MkB/m))
1utst 3¢ (HEeKTUBHOM U3ydaeMoi MotHocTy = 1 kBT,

TABJIMIIA 5
3HaveHus IapaMeTPOB, KOTOPbIE 10JKHbBI ObITh IOJIy4YeHb] U3 AHAJIM3A NPOGUIIA TPacChl
ITapamerp Onucanne
d Paccrosinue no nyre 60Jbioro kpyra (Km)
dit, dir PaccrostHue OT nepeaaromell 1 NPUEMHON aHTEHH IO COOTBETCTBYIOILINX UM FOPU30HTOB (KM)
O, Or Vsl MecTa nepearoIieil 1 MPUEMHON aHTEeHH, COOTBETCTBEHHO (Mpaj)
0 VYTII0BO€ paccTosiHuE Tpacchl (Mpan)
his, hrs BbIcOTa aHTEHHOTO LIEHTPA HaJl CPEAHUM YPOBHEM MOPS (M)
hic, hre makcumMyM (his, g1) 1 MakcumyM (Nys, n), COOTBETCTBEHHO
hie, Nre D¢ dexTuBHBIC BHICOTHI aHTEHH HaJl YPOBHEM 3eMITH (M)
dp CyMMapHasi JUIMHA YYacTKOB TPacc, MPOXOIAIINX HaJl BOJHOW IIOBEPXHOCTEIO (KM)
® Jonst o01ieid Tpacchl, MPOXosIias HaJl BOAHON MOBEPXHOCTHIO:
o =d,/d,
rae d — paccTosiHue o ayre 60OJBIIOro Kpyra (KM), pacCuUTaHHOE TI0 ypaBHeHuto (73).
JL7ist TIOTHOCTRIO CyXOMmyTHBIX Tpace: ® = 0

4.2 PacnipocTpanenue no JMHAM NPSAMON BUAUMOCTH (€ y4eTOM KPATKOBPEMEHHBIX SIBJICHUIH)

[IpuBeneHHbIC Nanee 3HAUSHHUS CIEAyeT OICHHWTh Kak Juis Tpacc npsmoil BuammocTu (LoS), tak u ms
3arOPU30HTHBIX TPACC.

OcHOBHEBIE IoTepu N€pcaavyun B CBOGOIIHOM IIPOCTPAHCTBE ONPEACTAOTCA BBIPAKCHUCM

Ly =9245+20log f +20logd ab. (8)

KoppekTrnpoBka, yYUTHIBArONIAs BIWSHAE MHOTOIYYEBOCTH U (DOKYCHPOBKH B Te€UeHHE P U [3o MPOLIEHTOB
BPEMEHHU, COOTBETCTBEHHO, OIUCHIBAIOTCS BHIPAXKCHUAMMU:
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E., =26/ 1-ex Oty log| -2~ 1b, (9a)
50
d,+d B
E.=26[1—exp ——t—I | |log| =% b. 9b
sp 10 g 50 At (9b)

PaccuntaeM oCHOBHEIC TOTEPH TIEpEAAYH 10 JTHHUU MPSAMON BUIAUMOCTH (BHE 3aBUCUMOCTH OT TOTO, SIBJISCTCS
MU Tpacca B JCHCTBHTENBHOCTH Tpaccod LoS), xoTopble He TpeBhIIalOTCA B TedeHue P% BpeMeHH,
CIIEAYIOIIUM 00pa3oM:

LbOp = Lbfs + Esp 1b. (10)

PaccunTaeM ocHOBHBIE IOTEPH MEPEAAYH 110 TUHUHU NPAMON BUIUMOCTH (BHE 3aBUCUMOCTH OT TOTO, SIBJISIETCS
MU Tpacca B JEWCTBUTENBHOCTH Tpaccoil LoS), KoTopble HE MpeBBIMAIOTCH B TedeHue [o% BpemeHw,
CleayIomuM o0pazoM:

Loop = Lots + Esp 1B (11)

4.3 Pacnpocrpanenue 3a cuet 1upakiuuu

Ilorepn 3a cyer OudpakUUK BBIYUCIAIOTCS IIyTEM COYETaHUS METO/la, OCHOBAaHHOTO HAa KOHCTPYKLHUH
BymnuarToHa, M MeToma pacuera mudpakun Han chepudeckoi 3emiei. YacTh 3TOr0 KOMOMHHUPOBAHHOTO
METO/a, OCHOBaHHAas Ha KOHCTPYKUUHM DByIIMHrTOHa, sIBJIsIETCS pacIiIMpeHHueM 0a30BO KOHCTPYKIIUU
BynnuHrTOHA AN KOHTPOJS MEPEXO0A0B MEXIy CBOOOTHBIM MPOCTPAHCTBOM M YCIOBHSMHU IMPH HAIUYHAU
MPEMATCTBUN. DTa 9acTh METOJA MCIOIb3YETCsl ABAXKIBL: Ul MPOQHIS pealbHOM Tpacchl M Ui [JIAAKOTO
HpO(bI/IJISI C HyHCBOﬁ BBICOTOM C M3MEHEHHBIMHU BBICOTAMHU AHTCHH, Ha3bIBACMbIMHU 3(1)(I)GKTI/IBHLIMI/I BbICOTaMU
anteHH. Te ke 3 (deKTUBHBIE BHICOTHI aHTEHH TaKKe MCIIONB3YIOTCS I pacdeTa Au(paKIMOHHBIX MOTEPh
Haj chepuueckoil 3emield. OKOHUATENBHBIN Pe3yIbTaT MOMy4YaeTcsl Kak KOMOMHALMS U3 TPEX BUIOB MOTEPH,
paccuMTaHHBIX, KaK yKa3aHO Beime. [lyis maeanbHO TIIIagKoWd TPacchl OKOHYATENbHBIE HMOTEPH 3a CHET
TQpaKK BEIYUCISIOTCS C UCTIONB30BAaHHEM MOJICTH ChepruIecKor 3eMitu.

DTOT MeTo 00EeCTIeYnBAET ONIEHKY JU(PPAKIIMOHHBIX ITOTEPh ISl TPACC BCEX THUIIOB, B TOM YHMCIIEC Tpacc Hal
MOpEeM, HaJl TePPUTOPHUEH, yIaJeHHON OT MOps, WIH HaJ TMOO0epexbeM, He3aBUCUMO OT TOTO, SBIISETCS JIN
Tpacca TIaJKo# Win epeceueHHo, Tpaccoii LoS mim 3aropu3oHTHOM Tpaccoil.

3TOT MeTO/ pacueTa IUpPaKIUK BCET/Ia UCNOIb3yeTcs Ui cpenHero addexruBHoro pannyca 3emnu. Eciu
TpedyeTcs obmuil nporHo3 aist p = 50%, HUKaKuX JadbHEHIINX pacyeToB AU(PAKLINH BHIOJIHATH HE HYKHO.

B obmiem cnyuae, korma p < 50%, pacuetsl qudpakiuy JOJKHBI ObITH BBHIMOJHEHBI BO BTOPOH pa3 st
sdextuBHOro paamyca 3emau = 3. DTOT BTOPOH pacyeT MO3BOJISET MOIYYHTh OLEHKY IOTeph 3a CUET
audpakium, KOTOpbIe He MPEBBIMIATCS B TeueHHe Po% BpeMeHH, rie Po onpeaensercs u3 ypasHeHus (5).

3areM BBIYHMCISIIOTCSA MOTEPU 3a c4eT AM(pakiuy, KOTOphIE HE NPEBBIMIAIOTCS B TeueHHe P% BPEMEHH,
st 1% < p < 50%, ¢ npuMeHeHreM IpoLeAyphl OTPaHUYEHHS WM MHTEPIIONSINY, ONMCcaHHOH B 11. 4.3.5.

B naHHOM METO/Ie MCITOB3YETCS AMMPOKCUMAIINS 10 €TUHCTBEHHOTO 0TOOPaXEHUS MOTEPh M3-3a U PAKIIUU
Ha rpaHuiie B pyHKIuM 6e3pa3MepHOro napamerpa v, OrnpeaessieMoro BEIpaKeHUEM:

IV = 6,9+20I0g( (v—0.) +1+v—o,1j. (12)
Otmerum, uto J(—0,78) =~ 0, u 3TO 3HAUEHUE SABJIIETCS HUKHAM NPEAEIIOM, KOT/Ia eIIe MOXKET HCIIOb30BaTHCS
annpokcumanus. g v <—0,78 J(v) ycraHaBnuBaeTcsi paBHBIM HYJIIO.

[onuerii pacueT AU PaKIIKA OTMCHIBAETCS B CIEIYIOMINX MTOApa3enax:

B noapasznene 4.3.1 onuckBaeTCs 9acTh METOA pacyeTa TudpakIuy, OCHOBaHHAS HAa MOJETH by THHTTOHA.
[Ipu xaxmom pacuere nudpakiuu s JaHHOTO 3G (HEKTUBHOTO pajuyca 3eMIIM OHA HCIIOJIb3YETCS JABaXKIbL.
Bo BTOpPOM CJiydac€ BbICOTbI aHTCHH U3MCHAIOTCS, 1 BCE BBICOTBI HpO(i)I/IJBI PaBHBI HYJIIO.
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B noapasaene 4.3.2 omuchIBaeTCS YacTh MOJICNTH Ha OCHOBE Au(pakiuu Hax chepuyeckoii 3emieii. ta 4yacTh
HCIIONIB3YETCSl C TEMH JKE BBICOTAMH AHTEHH, YTO W MPH BTOPOM HCIOJIb30BAHUU MOJCIH ByJUIMHITOHA,
onucadHo# B 11. 4.3.1.

B noapaznene 4.3.3 onmchiBaeTcs MOPSJI0K KOMOMHHPOBAHHOTO MCIOIB30BaHHUS METOMOB, U3JIOKEHHBIX B
. 4.3.1 1 4.3.2, U151 BBIOTHEHMS IOJTHOTO pacueTa JUPPaKIuy Ut JaHHOTO () (EKTHBHOTO pajnyca 3eMIIH.
N3-3a Toro, KakuM 00pa3oM HCIIONB3YIOTCS MOJIETh byJUIMHTTOHA U pacyeT Ha OCHOBE chepudeckoit 3emin,
MOJIHBIN pacyeT MU(PAKIMU TOTYyYHT Ha3BaHUe "MOJICNb JIeNbTa-byumMHrTOH" .

B noapasaene 4.3.4 onuchIBaeTCS MOJHBINA pacyeT MoTeph M3-3a AU(PAKIMH, HE TPEBBIIIAEMBIX B TCUCHHE
3aJJAHHOTO P MPOIICHTA BPEMECHH.

43.1 Yacrs pacuera gudpakuum, OCHOBaHHAsI HAa MoAeau ByaauHrrona

B crnenyrommx ypaBHEHHSX HAKJIOHBI PACCUUTHIBAIOTCS B M/KM OTHOCHTEIBHO OCHOBHOW ITMHHH,
COCJIMHSIONICH YPOBEHb MOPS Ha CTOPOHE TepeiaTunKa U YPOBEHb MOPSI Ha CTOPOHE NMpHeMHHKa. PaccTosHue
10 i-i TOYKH IpOQUIIS U ee BHICOTA COCTABISIFOT COOTBETCTBEHHO Ui KMIOMETPOB U (i METPOB HaJ YPOBHEM
MOps, | TpUHUMAET 3Ha4YeHust OT 1 10 N, TAe N — YKUCI0 TOYEK MPOQHIS, a MOJHAs JJIHHA TPacchl paBHa d
kuiaometrpam. J[ns yno0cTBa TepMHHANBI B Havajde M KOHIC TPOQWIS Ha3bIBAIOTCS TEpPENaTYUKOM |
MPUEMHHUKOM C BbicOTaMu his 1 Nrs METPOB HaJ ypOBHEM MOpPS COOTBETCTBEHHO. D((GEKTUBHAS KPHBHU3HA
3emiu Ce kM ! 3amaeTcs kak 1/ap rae ap — > eKTUBHBIA paguyc 3eMiIu B KMIOMETpax. JIIMHa BOJIHEI B METPAxX
0003HavyaeTcs Kak A. 3HauCHHsI, KOTOPBIE CIEyeT HCIIOIb30BaTh LIS 8y, TPUBECHHI B 1. 4.3.5.

HaiiTin mpoMexyTouHyr0 TOUKY PO It ¢ HAaHOOIBIIMM HAKJIOHOM JIMHUH OT IIepeaTInKa K TOUKe.
g; +500C,d;(d —d;)—h,

Sim =M a4 M/KM, (13)

rzie HoMep npoQuIst | MPUHUMAET 3HaYeHUs oT 2 0 N — 1.

PaccunTtaTe HaKIIOH TUHUU OT MEepeAaTUYMKa K MPUEMHHUKY, Tipearnoaras Tpaccy LoS:

S, =1 M/KM. (14)

Teneps HEOOXOAMMO PACCMOTPETH JIBA CITydasl.
Cnyuaii 1. JJugppaxyuonnas mpacca LoS.
Ecnu Stim < Sy, TO IudpakroHHas Tpacca sSBiseTcs Tpaccoil npsimoi suaumoctu (LoS).

Haiitn mpoMexkyTOUHYI0 TOUKY POQHIIS ¢ HAHOOIBIINM apaMeTPOM TUPPAKITUH V:

(15)

Vi = Max {gi +500C,d;(d —d,)- h[c(d —ddi)+ h,cdi} kg.,&of?i)

rae Homep npoduiis | npuHUMAaeT 3HaYeHus oT 2 1o N — 1.

B stom ciywae morepm 3a cueT AMQpaKIUKM HA OCTPOM Kparo ISl TOYKW ByJUIMHTTOHa ompeaemnstoTcs
BBIPAKEHHEM:

Le =3(Vrme) B, (16)
rae pyskuus J onpenensiercs u3 ypasHenus (12) s vy 6onbie —0,78, u B ipyrux ciydasx paBHsI 0.
Cryuati 2. 3aeopuzonmuas ouhpakyuoHuas mpacca
Ecmu Stim > S, To qudpakimonnas Tpacca sSBISETCS 3aTOPU30HTHOM.

Haiitn mpoMexxyTOUHYI0 TOUKY IPOQHIS ¢ HAHOOIBIITHNM HAKIOHOM JIMHUHU OT MIPUEMHHKA K TOUKE.



12 Pex. MCJ-R P.1812-4

. +500C.d;|d—d;)-h
Srim =max gl e |( |) rc M/KM, (17)
rac HOMEp HpO(I)I/IJ‘ISI i IIPUHUMACT 3HAYCHHUA OT 2 oo n— 1.
Paccuurath pacCTOAHUE 10 TOYKHU ByJ'IJ'II/IHFTOHa OT IIepeaaTunKa:
h,.—h.+S,.d
dyp = Are = Ne + Srimd KM (18)
Stim + Srim

Paccunrars mapametp audpakuuu vy 1 To9ku bymuHTTOHA:

hlc d _db +hrcdb
Vp = htc + Stimdbp - ( gj a

(19)

B stoM ciywae morepu 3a cueT AMdpakIMM HAa OCTPOM Kparo A TOYKH ByJTMHITOHAa ONpenesstoTCs
BBIPQKEHUEM:

Lye ZJ(Vb) nb. (20)

Hnst Ly, paccuntannoro no ¢opmyne (16) nnu (20), motepu 3a cuetr audpaxiun bymmHrTona Ha Tpacce
OTIPEIEIISIOTCSI BEIPRKEHHEM:

Loun = Luc J{l—exp(_ ; ﬂ(lm 0,02d) 1b. (21)

4.3.2 Tlorepu 3a cuet Au¢pakuuu HaJ chepudeckoii Jemei

[orepu 3a cuer audpakuuu Hax ceprueckort 3emmerd Lgsph, HE TpeBbIIacMBIe B TeueHUE p% BpPEMEHH,
JUTSL BBICOT @HTEHH Niesph 1 Nresph (M) BBIYHCIISIOTCS CISIYIOIIUM 00pa3oM.

Paccuutate rpannuHoe paccrosiaue npsmoi Bugumocty (LoS) mist raako# Tpaccst:

dios = 422, (\/o,oomtesph+\/o,oomresph) KM. (22)

Ecnu d > dios, paccunTath motepu 3a cueT qudpakinm, UCTIOIb3ysl METOI, ONIUCAHHbIH B 1. 4.3.3, HIDKe, 11
adit = 8p, YTOOBI MONYYUTH L, U YCTaHOBUTH Ldsph paBHBIM Lgrt. JlampHeWMX BeIYUCTCHUH JUQpaKIK Hal
cdepuueckoii 3emneii He TpeOyeTcsl.

B nnom CIydac NpoaO0JDKUTh BhIYHUCIICHUS CIICAYIOIUM o6pa30M:

Paccuntars HaMMEHBIIYIO BBICOTY NPOCBETA MEXIY TPaccOoi HaJl KPUBOJIWHEIHON 3emMilel U JIy4oM MEXIy
AQHTEHHAMH, Nse, UCTIONIB3YS BHIPAKEHHE:

d2 d2
htesph -500— dsez + hresph —500—=e2 dsel
a a
. p d : M, (23)
rae:
d
G = 5 @4 0) s (24a)

dse2 =d - dsel KM; (24b)
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- + 1 arccos 3¢ — |t (24c)
3 3 2\ (m, +1

r7ie QyHKIHSI arccos BO3BpamaeT yroi B pajnaHax:

htesph - hresph

c = T (24d)
htesph + hresph
2
m oo 25047 (248)
ap (htesph + hresph)

PaccunTarh TpeOyeMblii IPOCBET IS HYJICBBIX MOTEPH 3a CUeT AUPPAKIHHU Nreq:

hy, = 17,456, -s-se2™

d 35927‘ M. (25)

Ecnu hse > hreq, moTepu 3a cuer mudpakuuu Hag chepudeckoin 3emieit Lasph paBHBI HyJr0. JlampHeHAIHX
BBIUUCIICHUN AU pakun Haj cheprudeckoit 3emieli He Tpedyercsl.

B vHOM ciy4ae mpoJI0/DKUTh BEIYUCICHUS CISAYIONIMM 00pa3oM:

Paccuntath MOAMGUIMPOBAHHBIN SPQMEKTHBHBIA paanyc 3eMIIM @em, KOTOPHIH JaeT TPaHUIy NPIMOI

BUIMMOCTH Ha PACCTOSHUY d, HCTIOJB3Ys BHIPAKECHHE:
2

KM. (26)

d
=500 ——M
\/ htesph + \/ hresph

Hcnonezyem meton, onrcansblil B 1. 4.3.3, 1S 8dft = Aem, YTOOBI TOTYIHUTD Lgst.

Ecnu 3navyenune Lg SBIISeTCS OTpUIIATENILHBIM, MOTEPH 3a CUET qudpakiun Hax cheprueckoit 3emieid Ldsph
paeHbl 0, 1 JanbpHEHIINX pacueToB Audpakumuy Haj cheprudeckoit 3emied He TpedyeTcs.

B uHOM ciy4ae npoo/KUTh BEIYUCICHUS CIIEAYIOIUM 00pa3oM:
Paccuurars moTepu 3a cueT qudpakiuuu Haj chepruueckoi 3emMileit METOI0M HHTEPIIONSIUH:

h
h

Lgepn =| 1= =5 |Lgg 7b. (27)

req

4.3.3 Yacrtb noteps 3a cueT qudpakuun Hajx chepuyeckoii 3emieid, onpenensieMasi NePBLIM YJI€HOM
0CTATOYHOIO psiia

B nanHOM mozipaszene MpuBOAUTCS METO pacuera Tudpakiiui Haja chepudeckon 3eMiel ¢ UCTIOIb30BaHHEM
TOJBKO TIEPBOTO UJIEHA OCTATOYHOTO psifa. DTOT METOJ SBJISETCS YacThIO TOJHOTO METO/a pacdera
nudpakiuy, OTUCAHHOTO B 1. 4.3.2, BBIIIE, ¥ TIPEIHA3HAUCH ISl OTPEICIICHAS TIOTEPH 32 CUeT AUPPAKITUN C
YYETOM TIEPBOTO YJIEHA OCTATOYHOTO PSa, Laft, N7 JAaHHOTO 3HaYCHUsS A3PPEKTUBHOTO pajryca 3eMIH ad -
3HaueHue aqgit JaHO B 1. 4.3.2.

YCTaHOBUM THUIIUYHBIE 3JIEKTPUYECKHE CBOMCTBA 3€MHOM IMOBEPXHOCTU ISl CYIIM C OTHOCHUTEIbHOU
TUBIIEKTPHYECKON MTPOHUIIAeMOCThIO & = 22,0 u mpoBomuMocThio 6 = 0,003 C/M 1 BeruuciuM Lg, MCTIONB3ys
ypaBHeHus (29)—(36), momyunm B pe3yiabrate Lafiand.

YCcTaHOBUM THUIIMYHBIE 3JIEKTPUUECKHUE CBOWCTBA 3€MHOM IMOBEPXHOCTHU JUISI MOpPSI C OTHOCUTEIbHOU
IURJIEKTprYecKor nponuiaeMoctbio & = 80,0 u npoBogumocthio ¢ = 5,0 C/M U BBIYUCIUM Lgit, UCTIONB3YS
ypaBHeHus (29)—(36) , noayunm B pe3yibTaTe Lditsea.
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HOTepI/I 3a CYCT ,Z[I/I(l)paKLII/II/I HaQ cq)epnqecxoﬁ 36Mﬂeﬁ, OMpeACIACMbIC TICPBBIM YJIICHOM, HaXOHAT U3
BBIPa’KCHUS:

Lart = ©lgttsea™ 1= @) Lyttiand b, (28)
€ ® — YaCTh TPACChI, TPOXO/AIIAS HA MOPEM.
Haqamb 6blUUCTICHUA, KOmOpble OOJZJfCHbl 6blmb B6bINOJIHEHDbI a@a.?fc()bl, KAdK OnucaHo esiute.

HOpMI/IpOBaHHI)II‘/'I KO3(1)(I)I/IHI/ICHT MIOJTHOM MMPOBOJAUMOCTHU MOBEPXHOCTHU JJI1 FOpH3OHTaﬂLHOI>'I u BepTI/IKa.]'H)HOI‘/'I
TIIOJIIpU3allvu

—1/4

2

Ky =0,036(ag f)° @,-DZ+[E?J
(ropuzoHTaIBHAS TOIAPU3ALINS) (29a)

u
2
2
>, (180

Ky = Ky |&ef + e (BepTHKaJIbHAS MTOJISIPU3ALIHS). (29b)

Ecnm BeKTOp MOJIsIpH3aiiy COAEPIKUT U TOPH30HTANIBHBIN U BEPTUKAIBEHBIN KOMITOHEHTBI, HAIIPUMEp KPYyTroBast
WIIM HAaKJIOHHAs! MOJISpU3aIys, pa30UTh €ro Ha TOPU3OHTAIBHBIA U BEPTHKATBHBIN KOMIOHEHTHI, BEIYUCIHTD
Kbl OTJENFHO U OOBEIMHUTD PE3YJIbTATHI KaK BEKTOPHYIO CyMMY aMIUTUTYAbI oJst. Ha mpakTuke Takoe
pa3zbuenwne B o0IIeM ciTy4ae He moTpedyeTcs, Tak kKak Ha yactorax Beimre 300 MI'w B ypaBuerwn (30) ms Bar
MOJKET UCTONIBb30BaThCs 3HaueHue 1.

Breruncnuth mapaMerp, yIUTHIBAIONININ THIT 3MHOW TTOBEPXHOCTH/ TIOJISIPU3AIUIO:

1+16K?%+0,67K*
Bar = 2 T (30)
1+45K" +153K
rae K — Ky mmn Ky B 3aBUCHMOCTH OT THTIA TIOJISIPU3ALIUH.
HopmupoBanHoe paccrosiaue:
13
X = 21884 f2 d. (31)
Ayt
HopMmupoBaHHBIE BEICOTHI TIEpeaTINKa U MPUEMHHKA:
13
f 2
YI = 0’9575Bdft — htesph , (328.)
dft
13
f 2
YI’ = 0’9575Bdf{ — hresph . (32b)
Ayt
PaccuutaTh uneH, onpeaensommi pacCTOSIHUS, UCTIONb3YsI BRIPAXKEHUE:
11+10log(X)-17,6X mig X >16,
x = 1,425 (33)
—20log(X)-5,6488X mir X <1,6.
Onpenenuth GYHKIIMIO HOPMHUPOBAHHOW BBICOTBI, UCIIONIB3Ys BhIPAKCHHE:
17,6(B —1,1)0'5 —5log(B-11)-8 s B> 2,
G(Y)= (34)

20log(B +0,1B%) WHaue,
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rac:

B=B4Y . (35)

Orpanununth G(Y) Tak, yroosr G(Y ) >2+20logK .

Tenepp momydum motepu 3a cueT Audpaknry Haja chepuaeckoil 3emieid, onpeaensieMble TIEPBBIM WICHOM
OCTaTOYHOTO PsI/ia, UCTIONB3YS BRIpaKEeHNE!

L =—Fx —G(Y,)-G(Y,) 6. (36)

4.3.4 Tloanas MojeJb moTephb 3a cueT Audpakuuu ""neabra-byriunrron"

Hcnonezyem meTo, onmucanublil B 11. 4.3.1, m1st peanbHOTO PO WISt MECTHOCTH M BBICOT aHTEHH. Y CTAHOBHUTD
pe3yIbTUpYIOIHe ToTepr 3a cueT mudpaknun bymmuHrrona ans peanbHOR Tpacchl Louia = Lpui, Kak 310
3aJlaHo ypaBHeHUeM (21).

Hcnonezyem meTon, onmucannblil B 1. 4.3.1, BTOpOii pa3 1j1s BceX BBICOT MpoQuiis Ji, ycTaHOBIEHHBIX B 0, 1
MOIUGHUINPOBAHHBIX BHICOT aHTEHH, ONPEACISIEMBIX BEIPAXKECHUSIMU:

htlc = htc - hstd M, (374)
h;c = hrc - hsrd M, (37b)

rZIe BBICOTHI TJIAJIKOW 3€MHOI TMOBEPXHOCTH B MECTE pPa3MEILCHHUs MepenaTyhka U MpueMHUKa, Nsg 1 Nsrg,
omnpexaeneHsl B 1. 5.6.2 Ilpunmaraemoro aokymenta 1. YCTaHOBUTH pe3yJbTHPYIOIIME IMOTEPU 3a CUET
mudpakun by muHTTOHA A7 3TOH riaakoit Tpacehl Louis = Loy, Kak 3T0 3a1aHo ypaBHeHUEM (21).

Hcnonszyem mMeToH, onMcaHHbIi B 11. 4.3.2, TSl BEIYUCIICHUS MTOTEPh 3a cueT Au(pakunu Haja chepudecKon
3emuteit Lasph UTs peanbHOM Tpacchl inHO# d KM mpu:

htesph = ht'c M (38a)
hresph = hrc M (38b)

[Totepu 3a cueT nudpakiyu 1Jis 00IICH TPACCHI TENEPh ONPEACIISIOTCS BhIPAKESHUEM:

Ly = Lpuia + Max{lyspn — Lpunss OF nb. (39)

435 TIlorepu 3a cuer AMPpaKIUHU, He MPeBbIIIaeMble B TeueHUe D% BpeMeHH

Hcnonb3yem MeToA, onmucanHbiil B 1. 4.3.4, 1 BBIYHCIICHUS MOTEPh 3a cueT audpakuuu Lqg mist cpeanero
3HaueHUs A3PPEKTUBHOTO pajuyca 3eMIIU 8p = e, ONMPEILIIEMOr0 U3 ypaBHEeHHUs (7a). YCTaHOBUM CpEIHUE
MoTepH 3a cueT qudpakiuu Laso = Lg.

Ecmu p = 50%, notepu 3a cuer qudpakiuu, He MpeBbiacMbie B Teuenne p% Bpemenw, Lqp, onpenenstorcs
Kak Laso.

Ecmu p < 50%, morepu 3a cueT mudpakiviy, He TPeBHIacMble B TeueHue P% BpeMeHH, Lgp, HeoOXxommumo
BBIYHUCIIATH CIEAYIOMNAM 00pa3oM.

[IpuMeHnUTs METOI, OMMCAHHBIN B I1. 4.3.4, ISl BRIYUCIIEHUS [TOTEPh 3a cUeT qudpakiuu Ly, He mpeBbIaeMpIx
B TeueHue 0% BpemeHw, it 3pdeKkTuBHOrO paanyca 3emin, dp = ap, ONpeessieMoro u3 ypasaenus (7b).
YcranaBnmBaeM Mmotepy 3a cyet Audpakiuy, He MpeBblnacMble B TeueHue 3o% Bpemend, Lqg = Lg.

ITpuMeHeHHe IBYX BO3MOXKHBIX 3HAUCHHH K03 duipienTa 3¢ HeKTUBHOTO paauyca 3eMiI Peryiupyercs npu
moMony koddduienta uHTEpHoNAMA Fi Ha OCHOBE JIOTHOPMATBHOTO paclpelesicHHs TMOTeph H3-3a
nudpakiuu B auanazone 50% > p > fo%, ucnomnb3ys BeIpaKeHHUE:
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(160
FileOO cctn 50%> p > By% (40a)
'\ 100
=1 ecn B,%=>p, (40Db)
rae I(X) — oOpaTHOe MONOJHMTENBHOE KyMyJISATHBHOE HOPMAIBHOE pACHpENEICHHE B 3aBHCHMOCTH

OT BEPOSITHOCTHU X. ANINPOKCUMAIHs 3aBUCUMOCTH |(X), KOTOpasi MOXKET OBbITh HCIOJIb30BaHa JOBEPUTEIILHO
s X < 0,5, npusenena B [IpunaraemomM goxkymente 2 k Hacrosemy [Ipunoxkenuto.

Tenepp momyanMm moTepu 3a cueT Audpakuuu Lgp, He mpeBbImaemMple B TedeHne P% BpEeMEHH, MCIIONb3YS
BEIpKEHHE:

Lap = Laso + (Lgg — Laso) Fi ab. (41)

Fi onpenensiercst u3 ypasHenuii (40a—40b) B 3aBHCHMOCTH OT 3HaYCHUIT P U Po.

CpenHue OCHOBHBIE TIOTEPH Tepeauu, 00YCIOBICHHbIC TU(paKiue Lngso, OMPEASIISIOTCS BEIPaKCHHEM:
Loaso = Lot + Laso b, (42)

e Lot onpenensercs u3 ypasaenus (8).

OcHOBHBIE TIOTEpH Tiepenadd, OO0YyCIOBIECHHbIE AU(PPAKIKEH, KOTOpPbE HE MPEBHILAIOTCS B TedeHue PY%
BPEMEHH, ONIPEIEISIOTCS BRIPAKEHHEM:

Log = Loop + Lap b, (43)

rae Lnop onpenensiercs uz ypasuenus (10).

4.4 PacnpocTpanenue 3a cueT TponocgepHOro paccestHust

MNPUMEYAHUE 1. — [1;11 3Ha4eHAH O BpEMEHH MHOTO MeHbIIe 50% TpyTHO OTASIUTH BIHSHUE HACTOAIICTO PEXKAMa
TPOoc(HEPHOTO PACCESIHUS OT BIMSHUS APYTHX BTOPUYHBIX SBJICHUN PAaCIPOCTPAHEHUS, KOTOPBIC OKa3bIBAIOT MIOX0XKEE
BIIMSIHAE Ha TIPOLECC paclpocTpaHeHus curHama. CleqoBaTelnbHO, MOJAETh "TpormocdepHoro paccesHus'", IPUHATAs B
HacTosimedl PexkomMeHmammm, SBISIETCS ASMIMPUYSCKUM OOOOIIEHHEM KOHICNIHUH TPOMOC(HEPHOTO paccessHUus |
OXBaTHIBACT TaKXke M ATH 3PQPeKkTrl pacupoctpaHeHus. OHa TO3BOJISAET BHITIOIHATH HENPEPHIBHOE MPOTHO3HPOBAHUE
OCHOBHBIX TOTeph repenadn i P ot 0,001% mo 50%, takum o0pa3oM COCMUHSS IS MANbIX MPOICHTOB BPEMEHHU
MOJIENTb aTMOC(EPHOTO BOTHOBOAA H MOZEIh OTPAXKEHHUS OT CJI0EB aTMOC(HEPHI C HACTOSIIIAM PEKUMOM "TPOIIochepHOTro
paccesHUA", 4TO BIIOJIHE MPHUTOTHO AJIS CIA00TO OCTaTOYHOTO MO, MPEBHIIIAEMOr0 B TCUCHHE OONBIINX IPOICHTOB
BpEMEHHU.

IMPUMEYAHUE 2. — Drta Moje/b MPOrHO3UPOBAHMS ISl TPOMOC(HEPHOro paccesHus Obula MONydeHa Uil Ielieit
MIPOTHO3UPOBAHMS IIOMEX, M OHA HENPUTOIHA JIJIsI pacdyeTa YCIOBHH pacipocTpaneHus i 6onee 50% BpeMeHH, Tak Kak
MEHSET Ka4eCTBEHHBIC ITOKAa3aTeIH TPONOCHEPHBIX PaIuOPEIICHHBIX CHCTEM.

OcCHOBHBIE IOTEPH TIepeaaun u3-3a TporocdepHoro paccessHus Los (1B), KOTOpBIE HE IPEBBIIAIOTCS B TEUCHHE
moboro mporieHTa BpeMeHH P < 50%, onpenemnstoTcs BRIPaKCHUEM:

0,7
L, =1901+L, +20logd +0,5730 — 015N, —10,125| log 50 1B, (44)
p
rac:
Lf . YaCTOTHO-3aBUCUMBIC ITIOTCPU:
f 2
L; =25log(f)-25]log > nb; (45)

No:  mpenomursitolas crocoOHOCTh TOBEPXHOCTH Ha YPOBHE MOpSi B TOUYKE CEPEMHBI
TPacCHl.
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4.5 PacnpocTpanenue B aTMoc()epHOM BOJTHOBO/IE M 32 CUeT OTPaKeHHSI OT CJI0eB aTMochepbI

OcHoBHBIe TOTepy niepeaadu Loa (1b), 00ycioBneHHbIE aTMOC(EPHBIM BOJTHOBOIOM U OTPAKEHHUEM OT CIIOEB
aTMochepsl, KOTOphIE He TPEBHIMIAIOTCS B TeUeHHE D% BpeMEHH, ONPEAEIISIOTCS BRIPAKEHUEM:

Loa = Ar + Ay (P) ab, (46)
rue:
As:  cymmapHble (UKCHPOBAaHHBIE OOBEIMHEHHBIE MOTEPH (32 MUCKIIOYEHHUEM JIOKATBHBIX
MOTEPh HA OTPAXKCHHE) MEXAYy AaHTEHHAMH W CTPYKTypOoH aHOMAJBHOI'O
pacrpocTpaHeHus B aTMocdepe:
As=102,45 + 20 log f + 20 log(dit + dir) + Ai + Ast + Asr + Act + Acr nb; 47
Air.  SMIIMpUYeEcKas MoMpaBKa JyIs y4eTa BO3pacTaIOIIero OCIabIeHUs ¥ JITUHBI BOJHBI IPU
BOJTHOBOJTHOM PACHpPOCTPaHCHUU:
45375-137,0f +925f* ab s f<05ITn
Ay (f ):
0 f>0,5IT
woam ! (472)
As, Asr: ToTepH 3a cueT qUQpaKMK Ha dKpaHax BOKPYT MEpelarolieil U MpUeMHON CTaHIUH
COOTBETCTBEHHO:
20log(1+0,3610, (f dy, )¥2) + 0,264, ¥* 1B s O}, >Ompan,
Ast,sr =
0 0y, <Owmpap,
b W O pan ( 48)
rue:
6{'} = et,r _071dlt,lr Mpaz; (48a)

Act, Acr: KOppEKTHpPOBKa aTMOC(EpPHOTO BOJIHOBOJA HaJl MOPCKOH TOBEPXHOCTBIO JUIS
MEPENAOIIEH U TPUEMHOM CTAHLIUI COOTBETCTBEHHO:

Avo =—3exp(-025d2 , J1+tan007(50-h, )]} B am ©>075
®=>0,75
~3exp(-0,2502 , f1+tanh0,07(50-h, )]}  mB mm  dy. <dy,
Act,cr = dct,cr <5kM
0 nb s BCeX MPOYHX yCIOBHI (49)

[Tone3Ho oTMeTUTB, 4TO ypaBHEeHHUE (49) HCHIONB3yeTCs IPU OYE€Hb OTPAHUYEHHOM Ha0Ope yCIOBUIL.

Ad(p): moTepu, 3aBHCAIIME OT IPOIECHTA BPEMEHH W YIJIOBOTO PACCTOSHUS B paMKax
MEXaHU3MOB aHOMAaJIBHOTO PacCIpOCTPAHEHUS:

A (p)= 749"+ A(p) 1B, (50)
rac:

Yd:  KOHKPETHOE OciabiieHHe:

v, =5-10°a f"* nb/mpar; (51)
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0’:  yrmoBoe paccrosHue (TP HEOOXOTUMOCTH, CKOPPEKTHPOBaHHOE (TIPH IIOMOIITH
ypaBHeHus1 (48a)), mius TOro 4YTOOBI WMETh BO3MOXKHOCTh NPUMEHEHHS] MOJENH
9KpaHUPOBAHUSI, OMTMCAHHON ypaBHeHHeM (46)):

3
o=199 oo MpajL (52)
e
0., a0, <01d,, Mpa,
0, - (522)
01dy, w6 >01dy, Mpazg

A(p): W3MeHEHHE NPOLICHTa BPEMEHHU (KyMYJISITUBHOE PACIIPEICIICHNUE):

r
A(p) =12+ (L2 + 3,7-10°%d) log [Ej +12 [EJ B (53)
T 81’076 P [ (951 4:81og  +0,198 (log B)*)}-10° d***] , (533)
,0058 — log B)"

B=Bokotz %; (54)
U2:  KOPPEKTUPOBKA FEOMETPHHU TPACCHI:

a

500 d?
Uy = a . (59)
€ (\/hte "'\/hre)2
3HaveHue |12 He TOJDKHO MpeBbimarh 1.
a=-0,6— 1td>*%-107° (55a)
rue:
g: 3,5
T onpejaensercs B ypaBHeHUU (3), M 3HAUCHHE O HE JIOJDKHO OBITh MeHee —3,4;
U3:  KOPPEKTHPOBKA HEPOBHOCTEH penbeda:
1 mit h, <10m
H3 = (56)
exp|-4,6-10°° (h, —10) (43+6d,)] wi h. >10wm
u
d, =min(d -d, —d,, 40) KM. (56a)

OcTtanpHble caraemble ompenaeneHsl B Tabmumax 1 u 2 u B llpumaraemom mokymenTe 1 kK HacTosmiemy
[Ipunoxenuto.

4.6 OcHoBHbBIE MOTEPH Mepeaadu, KOTOpble He MpPeBbINIAIOTCH B TeueHue P% Bpemenu u B 50%
MeCTOIO0JIOKeHUI, 0e3 yueTa d(pdekTa oTpazkeHHs OT TEPMHHAJIA

OnucanHyo fajnee Npoueaypy CienyeT NPUMEHATh K pe3ysibTaTaM OMHCAHHBIX BBIIIE PacuyeToB AJS BCEX
Tpacc JUisl TOro, YTOOBI paCCYMTATh OCHOBHBIC MOTEPH IMEPeadl, KOTOPbIE He TPEBBINIAIOTCS B TeueHne PY%
Bpemenu B 50% mecromonoxxeHuid. J{ist Toro 4ro0bl n30exarh (pr3nuecKkr HEBO3MOKHBIX HEOAHOPOAHOCTEH
B pe3yJbTaTax NMPOTHO3MPOBAHHUA TEOPETHUECKUX OCHOBHBIX NOTEPH MEPENAYH, BBIMICONHCAHHBIE MOJEIN
pacnpocTpaHeHus] JOJDKHBI OBITH CMELIAHBl IS IOJYYEeHUS MOAM(DUIMPOBAHHBIX 3HAYEHWH OCHOBHBIX



Pex. MCJ-R P.1812-4 19

MoTeph TepeAayd, ¢ TeM 4YTOOBl JOCTHYh OOIIero mporHo3upoBanus mius P% Bpemenu u 50%
MECTONOJIOKESHUN.

Paccunrats k03¢ punenT naTEpIIONAINHN Fj, KOTOPBII MTO3BOIAT YYECTh YTIOBOE PACCTOSHHUE:

F =10-0,510+tan 3,0@M , (57)
®
rac:

®: (UKCHPOBaHHBIA TApaMETp, OIPEICSISIIOIINN JUANa30H YIJIOB COOTBETCTBYIOIIETO
CIUSTHUS MoJieNieH, OH BeIcTaBisieTcs = 0,3;

§: (UKCHPOBaHHBIN MapamMeTp, OMPEACISIONIMIA CIaJ] XapaKTePUCTUKH CIIUSHUS B KOHIIC
JMarna3oHa, oH BeIcTaBieH = 0,8;

0 : yrinoBoe paccTosiHUE (Mpajn), ONpPECIICHHOE B Ta0IHIIe 7.

Paccuutars ko3QduumeHT HHTEpNOASAIUN Fy, KOTOPBI MO3BOJIUT y4eCcTh PacCTOSHUE MO Jayre OOJBIIOrO
Kpyra:

(d-d,.)

sw

F =1,0-0,5/1,0+tan 30« , (58)

TIe:

d: TOpOTHKEHHOCTH TPACCHI MO AyTe OOMBIIOro Kpyra (KM), onpezeieHHas B Tadiuie 3;

dsw:  uKCHpOBaHHBIH rnapamerp, ONPEAEIISIOINNA JMana3oH paccToaHui
COOTBETCTBYIOIIETO CIUSHUS; OH BhIcTaBIsAeTcs = 20);

K: (UKCHpOBaHHBIA MapaMeTp, OMPENENSAIONIMK CIaj XapaKTePUCTHKH CIUSHHUA Ha
rpaHMIax Auana3oHa, ycraHasnusaercs = 0,5.

Paccunrarh TEOpETHYECKHE MHHUMAJbHBIE OCHOBHBIE MOTEpPU nepenadyd Lminop (1B), cBsi3aHHbIE
C pacmpocTpaHeHHEeM IO JIMHUK mpsiMoii BuaumocTd (LoS) m amdpakimeii Toi 4acTH Tpacchl, KOTOpas
MPOXOIMUT HAJl MOPEM:

Lpop + (1— o)Ly, ws p<B, 1b

L (59)

minbOp — )

Lpgso + (Loop + (L — @)Ly, — Lyaso) Fi wis pzf,  Ab

rac:

Loop:  TeopeTHuecKHe OCHOBHBIC MOTEPHU Mepeaayu 1Mo JMHUU IPSMOIl BUIUMOCTH, KOTOPbIE
HE NPEBBIIIAIOTCS B TeUeHUE P% BpeMeHH, onpeensieMbie ypaBHeHueM (10);

Loop: TeopeTHUecKHe OCHOBHbBIE MOTEPHU MEeperayuu 10 JIUHUU OPSMOil BUIUMOCTH, KOTOPbIE
HE MPEBBIIAIOTCS B TeueHUe Bo% BpeMeHH, onpeensieMblie ypaBHeHueM (11);

Lap: NOTepH M3-3a MU(PaKIUH, KOTOpbIE HE MPEBBIMIAIOTCS B TeueHHne P% BpPEMEHH,
omnpezessiemMbie ypaBaeHuem (41);

Logso:  CpeaHUe OCHOBHBIE OTEPH M3-3a TU(PaKIMK, ONIpeeisieMble ypaBHeHUEM (42);
Fi: xodh¢uumeHT naTEpnoNIME AU(PAKIIH, onpeaesieMblil ypaBaeHHeM (40).
Paccuntare TeopeTHuecKHMEe MHHHUMAJIbHBIE OCHOBHBIE MOTEpH mepeaadd Lminbep (1B), 0OycioBieHHBIE

W3MEHCHHUEM CHTHAjla TMPH PACIpPOCTPAHCHUH TO JIMHUM TPAMON BUAWMOCTH M TIPH 3arOPU30HTHOM
pacnpocTpaHeHHH:

L L
—ba | | axpl 2P
n n

L =nln| ex ab, (60)

minbap
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rac:

Lba: OCHOBHBIE TIOTEpPU T€peaadd, OOYCIOBICHHBIE aTMOC(EPHBIM BOJHOBOIAOM U
OTpaKEHHEM OT CIIOEB aTMOC(EPBI, KOTOPBIE HE MPEBBIIIAIOTCS B TeUeHUE P% BPEMEHH,
omnpezaessiemMbie ypaBaeHuem (46);

Loop:  TeopeTHuecKre OCHOBHBIE NOTEPH MEpeAady MO JIUMHUHM TPSAMON BUAMMOCTH, KOTOpPBIC
HE NPEBBIIIAIOTCS B TeYCHUE P% BpeMeHH, onpeneinsieMbie ypaBHeHueM (10);

n= 25
Paccunrarh TeopeTHYecKHe MHHUMAIIBHBIE OCHOBHBIE NOTepH mepenadn Loda (1b), oOycnosnenHble

mudpakneld ¥ HM3MEHEHUSMH CUTHANAa TPU PACIpPOCTPAHCHWU IO JMHUW MPSIMON BHIMMOCTH WU
B aTMOC(hEepHOM BOJTHOBOJIC M TIPH OTPAKEHUH OT CIOEB aTMOC(HEPHI:

Lpg Wit Linpap > Log
Lpda = ab, (61)
Lminbap+(|-bd - Lminbap) F Wit Linpap < Lyg

TIe:

Lba: OCHOBHBIE TMOTEPH MEpeAayn u3-3a AUQPpaKIyn, KOTOpbIE HE MPEBHIIAIOTCS B TEUCHUE
p% Bpemenw, u3 ypaBuenus (43);

Lminbap: ~ TCOPETHUYECKHE MHHHUMAIIbHBIC OCHOBHBIC TIOTEPH TIepenadn, OOYCIOBICHHbIC
pacrnpoCTpaHCHUECM 10 JIMHUHN HpﬂMOﬁ BUINMOCTHU u 3aropnu3oHTHBIM
pacnpocTpaneHuem, u3 ypasuenus (60);

F«¢  xosdhdunment mHTEpHONAINY, ONpenenseMblii ypaBHeHHEeM (58), B COOTBETCTBHUHU CO
3HAYCHHEM PACCTOSHUS TPACChI 1Mo ayre OonpIinoro kpyra d.

PaccuuTars MoAMbUIIMPOBAaHHBIE OCHOBHBIC MTOTEPH Niepeaadn Loam (1B), yuuThIBaromme n3MeHeHue curHana
n3-3a TUQPPaKLIUH, TIPU PAcIpOCTPAHEHUH T10 JIMHUH NPSAMON BUITUMOCTH HITM B aTMOC(EPHOM BOJIHOBOIE/H3-
3a OTPaKEHHUs OT CJI0EB aTMOC(EpHI:

Lbam = Lbda+ (LminbOp - Lbda)Fj nb, (62)
rac:
Loda: TEOPETUYECKME OCHOBHBIE IIOTEPU IEPENaud, OOYCIOBIEHHBbIE IU(PAKIMEd u

pacrpoCcTpaHEeHUEM 110 JIMHUH TPSIMOM BHIMMOCTH HJIH B aTMOC(EPHOM BOJHOBO/IE/U3-
3a OTPaKECHUS OT CII0eB aTMocdepsl, onpeensiemMbie ypaBHeHueM (61);

Lminbop: ~ TEOpETHYECKHE MHHHMAIbHBIC OCHOBHBIC IOTEPH IEpeaadd, OO0YyCIOBICHHbIC
pacrpOCTpaHEeHHEM MO0 JIMHWUM TPSIMOW BUAMNMOCTH W IH(PPAKIHMEH HA MOPCKHX
ydacTKax Tpacchl, onpeaensemblie ypasHenuem (59);

Fi:  xoaddumment uHTEpmONSAIMH, ompenenseMblii ypaBHeHHUEM (57), B COOTBETCTBHH
C BEJIMYMHOI yTJIOBOTO PAacCTOSHUSA Tpaccsl 0.

Paccuntares OCHOBHBIE MOTEPU TNEpeaadr, KOTOPbIE HE MpPEBHIMAOTCA B TeueHue P% BpeMeHu u s 50%
MECTOTOJIOKEHHH, Oe3 ydeTa BIUSHUA OTpaKeHUs1 oT TepMuHana Loy (1B), ncnons3ys BeipaxeHue:

Ly, =-5logf10702t 1002 ) 1B, (63)
rac:
Lbs: OCHOBHBIC HOTepI/I Hepe,z[a‘{I/I Hn3-3a TpOHOC(I)epHOFO paCCCHHHH, KOTOpLIe

HE NPEBBIIIAIOTCS B TeYCHUE P% BpEMEHH, OnpeelsieMble ypaBHeHUueM (44);

Lbam: HM3MEHEHHBIE OCHOBHBIC MOTEPH IEepeIayr, YIUTHIBAIOIINE U3MCHEHHE CUTHANIA M3-3a
Ju(pakuuK, PacupoOCTpaHEHHsI IO JMHUM TPSAMOH BHIMMOCTH, PaclpOCTpaHCHHS
B aTMOC()EpPHOM BOJHOBOJAE W OTPAXKEHHS OT CJOEB aTMoc(ephl, ONpenessieMble
ypaBueHueMm (62).
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4.7 JlonoTHUTE/ILHBIE TIOTEPH, 00YCJI0BIEeHHbIE OKPYIKAIOIIEi TePMUHAI MECTHOCTHIO

Korna anTeHHa mepenaTyrKa WM MPUEMHHKA PACIIONIOKEHA HIDKE BBICOTHI Ry miu Ry — BBICOTHI 3eMHOMN
MOBEPXHOCTH, OKPYXAMOMeH TepelaTuuk WM TNPUEMHUK, JIOTIONHUTEIbHbIE TOTepH Apne U Anr
PaCCUUTHIBAIOTCS CleayrOIUM oopa3oM. [loaxoasmue 3uaueHust uist R paccmaTpuBatores B 1. 3.2.

OnuckiBaeMbIf HIDKE METOA ITO3BOJIACT HaWUTH CpCAHnEC NMOTCPU H3-3a pa3J'H/IIIHOI\/'I Opr)KaIOHICfI TCPMUHAII
MECTHOCTH. B0O3MOXHEIE MEXaHU3MbI pacipoCTpanCHuA, BbI3bIBAOIIUC MMOTCPH, BKIOYAKOT IMOTEPU 3a CUCT
HpeHﬂTCTBI/Iﬁ 1 OTPAXXCHHA OT MECCTHBIX OKPYKAaroIux 00BEKTOB HA THIIOBOM BBICOTC, a TAKKE€ pacCCAHUC U
OTPa’XCHHUC OT 3E€MJIM U MCIIKUX OOBEKTOB. HpI/I HCIIOJIb30BaAHUN KOMHLIOTCpHOfI pcajm3anuu C HpO(bI/IJ'IeM
MECTHOCTH, H3BJICUYCHHBIM M3 HI/I(prBOI\/'I MOACIN peﬂbe(ba MCCTHOCTH, M C OKPYXCHHEM TCpMHHAJA,
OrnpeacIAI€MbIM KaTeI‘OpPICﬁ HpeHHTCTBHﬁ, HCHCJ’ICCOO6p3,3HO I/IILCHTI/I(bI/IHI/IpOBaTL OTACIbHBIC MCXAaHHU3MBEI.
HCHOJ’ILSyCMLIfI 34€Ch MCTOJ pa3jnu4acT JABa OCHOBHBIX Cliy4dasa: JId JieCa MU TOPOACKHUX yCJ'IOBI/Iﬁ
npeanoaracTcs, 4YTo0 OCHOBHBIM MEXaHU3MOM ABJIACTCA HI/I(bpaKHI/IH Ha NPCIITCTBUAX, AJIA APYTUX KAaTCT OpI/Iﬁ
npeanojaracTcs, YTo JOMUHUPYCT OTPAKCHUEC WIN PACCCAHUC.

Merto/ uaeHTHYEH [T TIPUEMHUKA | TSI IepeIaTIrKa, O3TOMY B CICAYIOIMX (GOPMyliax CIUTACTCS, YTO
An = An witit Anr, h = hyg i hyg 1 R = Ry min Ry, B 3aBUCHMOCTH OT 0OCTOSITEIBCTB.

Ecimh >R, o An = 0.
Ecau h <R, To An MOXeT UMETh OJIHY U3 IBYX ()OPM, B 3aBHCHMOCTH OT THIIA MPEISITCTBUSA (CM. TabuILy 2):
A, =J(v)-6,03 b (64a)

NI

A, =—K,, log(h/R) ab. (64b)
J(V) BBIYHCIISAIOTCS C MPUMEHEHUEeM ypaBHeHus (12).

3HaueHus v u Kh2 OIMUCBIBAIOTCA BBIPAKCHUAMMU:

V= Knu \/ hdif 0 clut (64C)

hdif =R—-h M (64d)
hyie
0, = arctan| — rpaaycsl (64e)
WS
K., =218 + 6.2log(f) (64f)
K,,=0342./f , (640)

rae:
f:  wacrora (I'T');

Ws:  00O03HauYaeT MMPHUHY YIUIEL. B OTCYTCTBHE KOHKPETHBIX MECTHBIX 3HAUEHHN CIEAyeT
HCIIOJIB30BaTh 3HaueHue 27,

dopma ypaBHeHus (64a) mpejactaBiseT coboit morepu dpeHens u3-3a OorubaHUs NPEMATCTBUS U OymeT
MPUMEHSATHCS ISl TAKUX KaTeropuil NMPemsITCTBUM, KaK 37MaHusl. B 4aCTHOCTH, B TOPOICKHX YCIIOBHSAX BCE
MPEMSTCTBUSA OYAyT MMEHHO TaKOI'0 THIIA.

VYpaeuenue (64b) npeacrapiser co00i QYyHKIUIO 3aBUCUMOCTH KOA(PDHUIIMEHTa YCHUIICHUS OT BBICOTHI H3-3a
O6nm30CcTH 3eMiIH Ha 00JIee OTKPBITHIX MPOCTpaHCTBaX. [Ipy HamMuMy 3epKajJbHBIX OTPAKEHUH OT 3€MIIH ITO
TUIIMYHBIC W3MCHCHHA CHI'HaJla HHMXKXC TIIEPBOro ABYXJIYYEBOT'O I/IHTepq)epeHHI/IOHHOFO MakCuMyma.
[Ipu OTCYTCTBHH 3€pKalbHBIX OTPAXEHWH OT 3eMJIM H3MEHEHHS CUTHaja HIKe R 00ycroBimBaroTCA
OKpaHUPOBaHUEM MaJIbIMH O6’beKTaMI/I 1 HEPOBHOCTAMU.

UYeTko BBIpaXCHHBIH TIEPBBIN JBYXJIy4eBOW WHTEPPEPSHIIMOHHBIA MAaKCHMyM BO3HHKAET TOJBKO B OCOOBIX
YCIIOBHSIX, TIO3BOJISIIONIMX OTPAXKEHHWE OT 3€MJIM, U HE MOXET OBITh BBISBICH C TOMOIIBIO OOBIYHBIX
Tormorpa@uyeckux JaHHBIX, JOCTYIHBIX JUISS KOMIIBIOTEPHBIX CHUCTEM. B OTCyTCTBHE CrienUalbHON
nH(pOpMaIIuU 00 OKPYKaIOIIEH TEPMHUHAI MECTHOCTH B ypaBHeHHH (64b) ciienyeT ucnosp30BaTh 3HaYeHue R,
00yCIIOBIIEHHOE KaTeropruei MpensTCTBHSL.
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Ecom mmeetcs cnenmanbHas wHQOpMAIWs, yKas3bIBaomlas Ha HAJIMYHE TIIATKOW IIOCKOW OTpaKaromiei
MTOBEPXHOCTH C aJIeKBaTHBIM 3a30poM DpeHens, 00ecreuynBalonIiM OTpaKeHHE OT 3eMJIH, R MokeT OBITh
BBIUUCIICHO C HCIOJNB30BaHHEM MeToJa, omucaHHoro B [Ipumaraemom nokymente 3 OJHAKO 3TOT METOJ
MIPECTaBISIET COOOH MOTBITKY OIMPENETUTh 0COOYI0 TOUYKY B MHOTOIYYE€BOM PacHpOCTpaHEHHH, KOTOpasi He
coryacyercs ¢ IPUHITUIIAMH, JIEKAIINMHA B OCHOBE TIPOTHO3MPOBAHUS PACIIPOCTPAHEHSI CUTHAA ""U3 MTyHKTA
B 30HY", 1 HECOBMECTHMA C PACYETOM M3MEHEHHUSI MECTOIIOJIOKEHNUS, ONMICaHHBIM B 1. 4.8. Takum oOpazom,
JeTambHas OI[eHKa OTPaKEHUH OT 3eMIIH TOJDKHA OBITh OTpaHUYEHa HCIIOIb30BaHNEM JaHHOH PexomeHnmanmm
JUTS. MHBIX TIeTIel, YeM MPOTHO3UPOBAHNE PACIIPOCTPAaHEHHs CUTHAJIOB "U3 ITyHKTa B 30HY"'.

OcHoBHble moTepu mnepenadnd Lpe (nb), kortopple He mpeBbpmIalOTCS B TedeHwe P% BpeMEHH U
B 50% MecTOmoNOXKEeHNH, ¢ Y4eTOM BIHSHHUS MOTEPh M3-32 OTPaXKCHUS OT TEPMHUHAINA, OTPEICISIOTCS
BBIpQKCHUCM:

Lbc = Lbu + A‘nt + Ahr I[B’ (65)
rue:
Lbu: OCHOBHBIC MOTEPH Mepeadl, KOTOpbIE HE MPEBBIMIAIOTCS B TeueHHe P% BpeMEHH W
B 50% MecromonokeHnid Ha (WM BBINIE, €CIH TpeOyeTcs) BBICOTE THIIUYHOTO
OTPaKAIOIIEr0 MECTHOTO MPEMATCTBUSA, ONpeIesieMble ypaBHeHueM (63);
Anthr © JIOTIONIHUTENBHBIC TIOTEPH, YYHUTHIBAIOUINE OKPYXKAMOMYI0 TEPMHHAI MECTHOCTD,
ypaBueHus (64a)—(64b), B 3aBUCHMOCTH OT 0OCTOSITEIIBCTB.
4.8 N3MeHeHHE MeCTONOJIOKEHNUS TIOTEPh

B Hacrosmieit Pekomenmanmu, u B 00IIeM cllydae, HM3MCHCHHUE MECTONOJIOKECHUS OTHOCHTCA K
MIPOCTPAHCTBEHHBIM CTATHCTUYCCKUM JIAHHBIM 00 M3MEHEHUHU MECTHOM 3€MHOM MOBEPXHOCTH. DTOT Pe3y/IbTaT
OJIC3CH B MacIiTabax ropaszo 0oJiee IIUPOKUX, UeM U3MEHEHUS CBOMCTB MOJICTHUIIAIONICH TOBEPXHOCTH, U 110
CPaBHEHMI0O C HHUMH U3MEHEHUE TpacChl SBIAETCS HeECylIeCTBEHHbIM. [lOCKONBKY HM3MEHEHHUE
MECTOIIOJIOKEHUS OTpeeIaeTcs: 0e3 ydeTa U3MEHCHH, BHOCUMBIX MHOTOJIYYEBBIMH OTPAXKCHUSMHU, OHO HE
3aBHCHT OT IT0JIOCHI YACTOT CHCTEMBI.

[lpy mnnaHUpOBaHMM PAJAUOCHCTEM HEOOXOAMMO YYHMTHIBATh 3()(PEKTHI MHOTOJYYEBOCTU. BiusiHue
MHOTOJIYYEBOCTH JIJISl PA3JIMYHBIX CUCTEM OYyJET Pa3InYHBIM U OYJIET 3aBUCETh OT IIUPHUHBI MOJIOCHI YaCTOT,
METOJIOB MOJYJIALIMKM WM CXEM KOJWpOBaHUsA. PekoMeHmanuum 1o ydery I3Tux 3(G(EKTOB JaHbI
B Pexomennanmun MCD-R P.1406.

PesynbraTel aHaM3a UCYEPIIBIBAIOIINX JAHHBIX ITOKA3bIBAIOT, YTO PACIPEICIICHUE CPEIHEN HAIIPSHKEHHOCTH
HOJIsI M3-32 U3MEHEHUH IOJCTWIAIOIIEH IIOBEPXHOCTH B TOPOJICKMX YCJIOBUSIX M B IPUIOpPOJAX HMEET
MPUOIU3UTETHHYIO IOTHOPMATBHYIO 3aBUCHMOCTD C HYJIEBBIM CPEIHUM 3HAUCHUEM.

3HaueHHs CTAHIAPTHOM JICBUAIINH 3aBHCAT OT YaCTOTHI M BHEITHUX YCIIOBHUIA, M SMIHUPHYCCKUE UCCIICIOBAHUS
MOKa3aJik, YTO 3HAYCHHUS] UMEIOT CYHIECTBEHHbIH pa30poc. TummuHble 3HA4YEHHs IS 00JacTel IUIONIA/IbIO
500 x 500 M omUCHIBAIOTCS CIIEAYIOIINM BBIPAKEHUEM:

o, =K +13log(f) ab, (66)
rie:

KL= 5,1 mis npueMHHUKOB, aHTEHHBI KOTOPBIX PACTIOJIOKEHBI HUKE BBICOTHI MPETSITCTBHUS
B TOPOJICKHX YCIOBHSIX, a B TMPUTOPOJAAX JUISI CHUCTEM TOIABMXKHOW CBS3H
C HEHAIIPABJIICHHBIMU aHTEHHAMH Ha BBICOTE KPBIITH aBTOMOOWIIS;

KL= 4,9 g npueMHHUKOB C aHTEHHAMH, PACIIOJIOKEHHBIMH Ha KPBIIIaX JOMOB, HA BHICOTE
MPHUOM3UTEITFHO PABHOHN BBICOTE MIPEIIITCTBUS;

KL= 4,4 nns npueMHUKOB B CEIbCKOW MECTHOCTH;

f: rtpebyemas yactora (I'Tt).

Ecnu mmomazae o0iactu, i KOTOpoi TpeOyercs onpenenuTh nusmenenue, oonee 500 x 500 M wiu ecnu
HM3MEHEHHUE JTOJIKHO OTHOCHUTBHCSA KO BCeM 00J1acTsM Ha JJaHHOM PAacCTOSIHUH, a HE K OTIC/IbHBIM 00JIacTsIM,
TO 3HAUYEHUE O OYyJeT CyIIeCTBEHHO Ooublie. Pe3ynbTaThl SMIMPUYECKHX HMCCIACAOBAHUN IO3BOJISIOT
MIPEIOJIOKUTh, YTO H3MEHECHHE MECTOIOJIOKEHHUS YBEINYMBAETCS (110 OTHOMICHHUIO K 3HAYSHUAM JJIs1 MaJIbIX
obmnacteit) Ha BemuuuHy 10 4 1b /IS 30HBI pagnycoM 2 KM W Ha BeMYUHY 10 8 Ab — /IS 30HBI pagmycoM
50 kM.
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[IpouieHT MecTOMONOKEHUN PL MOXKET MeHATbea oT 1% 10 99%. Hactosimas monens HeneWCTBUTEIbHA
JUTS TIPOIIEHTa MeCTOIoIoKeHui Menee 1% nmu 6omee 99%.

CrnemyeTr OTMETHTB, YTO, IJI1 HEKOTOPHIX IIeJiel TUTaHUPOBaHUS (HampuMep, Il MHOTOCTOPOHHHX IUIaHOB
YaCTOTHBIX HA3HAYCHMIi), KaK IPaBUJIO, TOTPEOYeTCs KCIOJNB30BaTh OMNpejAcicHUe '"U3MEHCHHS
MECTOTIOJIOKEHHUS", KOTOPOE YUUTHIBAET OMPEACTICHHYIO CTENeHb 3aMUPaHui HM3-3a MHOTOIy4deBocTH. OHO
OyZeT y4uThIBaTh CITydail MOABIKHOTO MTPHEMHUKA CO CTAIIMOHAPHBIM TIOJIOKEHHEM B HyJIe MHOTOTy4eBOCTH
WIM Cllydall aHTCHHBI Ha KpBIIIC 37aHHS, TAC JODKHO TNPUHUMATHCS MHOMXECTBO YACTOT, U AHTCHHY
COBEPIICHHO HEBO3MOXXHO PACIOJIOKUTh ONTUMANBHO. Kpome TOro, mpu TakoM IIAHUPOBAHHHU MOXET
moTpebOBaThCSl  yYECTh W3MEHYHBOCTH [UIsI 00JacTH, pa3Mepbl KOTOpOW OoInblle TeX, KOTOpBIe
HNpEeANoJararoTcs B HacToseld PekoMenmanuu.

C yyeToM BBINIECKA3aHHOTO ISl TJIAHUPOBAHUS MHOTHX CHUCTEM PAAHOCBI3U CUUTAIOTCA MPUEMIICMBIMHU
3HAYCHUSI, IPUBEICHHBIC B Ta0mIIe 6.

TABJIILIA 6

3HaveHus CTaHI[apTHOﬁ JC€BHAIIMHU U3MCHCHUA MECTOITO0JI0KCHUA,
HCIIOJIB3YEMbIEC B OIIPEACTICHHBIX CHCHAPUSX IVIAHUPOBAHUSA

CraHaapTHas JeBUALUSA

100 MTI'u 600 MI'y 2000 MI'u
AHanoroBoe paauoBeIlaHue 8,3 9,5 -
Hudposoe paanoBerianme 5,5 55 55

Ecnmu npueMHHK/MOOWIIBHAS CTaHLMS PACIOJOXKEHBl BOJMU3M MOPS, TO KOPPEKTHPOBKA H3MEHEHUS
MECTOTIOJIOKEHUS IPUMEHATHCS HE JOJDKHA.

Korna npueMHHK/MOOMIIbHAS CTAHIIMS PACIIONOKEHBI HA CYIIIC U BHE 37aHHUS, a €ro/ee BRICOTa HaJl YPOBHEM
3€MJIM paBHA WM BBIIIE BBICOTHI TUIUYHOIO OTPAKAIOIIETO MHPEMATCTBUS, PAa3yMHO MPEANOIOKUThH, YTO
W3MEHEHUE MECTOIOJOXKEH!s OyeT MOHOTOHHO YMEHBIIAThCS C YBEIHMUYEHHUEM BBICOTHI JIO TE€X TOp, IMOKa
B KaKOi-TO TOYKE OHO COBEPILICHHO Mcue3HeT. B Hacrosiuein PexkoMeHiaum u3MeHEHHE MECTOMOJIOKEHUS
n3-3a u3MeHeHus BbicoThl U(h) onpesersiercst BipaxkeHHEM:

u(h) =1 ms 0<h<R,

(h-R)
u(h) =1 ms  R<h<R+10, (67)
uth) =0 ms R+10<h,

rae R (M) — BbICOTa THIMYHOTO OTPAXKAIOIIETO MPEISTCTBHUS B MECTE pa3MellleHHs PUEMHUKA/MOOUITEHON
craniuu. CreoBaTenbHo, U TPHEMHUKA/MOOWIIBHOW CTaHIIMU, HAXOJSIIMXCS BHE 37aHWM, cTaHAapTHAs
JIeBUAIINS M3MEHEHUsI MECTOIOJIOKEHHS, O, onpeesieMas 0o u3 ypasHenus (66), mubo mo Tabmuie 6,
JOJDKHA OBbITh YMHOKeHa Ha (yHKIHI0 u3MeHeHus BbicoThl U(h), ompenensemyto u3 ypaBHenus (67),
MIpH pacueTe BeTUYUHBI OCHOBHBIX MIOTEPH Mepeaaun s 3HaueHui PL%, He paBHBIX 50%.

4.9 IloTepu Ha NPOHNKHOBEHHE CUTHAJIA B 31aHHE

OnpeneneHusi, TEOPETUYSCKUE MOJEIM M CChUIKM Ha IOJYYCHHBIC SMIMPHUECKUM ITyTEM PE3YJIbTaThl,
OTHOCSIIIMECS K TIOTEPSIM Ha MPOHUKHOBEHUE B 3/1aHUE, IpeicTaBieHbl B Pekomenpanun MCO-R P.2040.

W3meHeHne HanpspKEHHOCTH TOJSL AJIs MPHEMa BHYTPH 3JaHUH — 3TO KOMOMHHMPOBAaHHBIN pe3ynbTaT
M3MECHEHHUH HANpPsDKCHHOCTU IOJIsl BHE 3laHUW (GL) M W3MEHEHMs M3-3a OCJIA0JCHUS B 3JIaHUU (Obe)
(cm. Pexkomenmanmio MCDO-R P.2040). OTm 3HaueHHs, MO BCEHl BEPOSTHOCTH, HE KOPPETNPOBAHBI.
CrenoBaresibHO, CTaHAAPTHYIO JEBHALMIO Ul NpHeMa BHYTPH 34aHUM (Ci) MOXXHO pacCUMTaTh Kak
KBaJ[paTHBIN KOPEHb M3 CYMMBI KBaJpaToOB OT/AEIbHBIX 3HAYCHUH CTaHIAPTHOMN JICBUAIINH.
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(o 21/65 +G§e b, (68)

IJie OL — CTaHJAapTHAs JCBHAIMS M3MEHEHHS MECTOIONOKEHHS, OmNpeaenseMas U3 ypaBHeHus (66) WIH 10
Tadsure 6.

Hampumep, m1s 1udpoBBIX CHTHATIOB ¢ IMAPHHON mosockl 6oee 1 MI'm B muamazone OBY, raoe 3naueHus
CTaHIAPTHOH JeBHAlMU COCTaBIIOT 5,5 n1b u 3 nb, cooTBeTCTBEHHO, KOMOMHUPOBAaHHOE 3HAaYeHHE OyaeT
paBHo 6,3 n1b. B nmanazone IV/V, rie 3Ha4YeHWs CTaHIApTHOW NIEBUAIMM COCTaBIAOT 5,5 nb u 6 1b,
KOMOMHHpOBaHHOE 3HaueHue OyaeT pasHo 8,1 nb.

4.10 OcHoBHbIE OTEPH Nepelain, KOTOPbIe He NMPEeBbINAITCS B TeyeHue P% Bpemenu u B PL%
MeCTOIO0JIOKeHH I

JI1st BEIYUCIICHIS JKeJIaeMOT0 TIPOIICHTa MECTOIOJIOKEHUH CPEeIHAE TTOTePH Lioc M CTaHIAPTHAS IEBHAIIHSI Gloc
OTIMCHIBAIOTCS BBIPAXKCHUSIMU:

L. =0  (BHe 3manmii) nb, (69a)
Lioc =Ly (BHYTpH 3manmit) nb (69Db)
u
Oe =U(h)o,  (BHe 3manmii) nb, (70a)
Ol =0; (BHYTpH 31aHmii) 1b, (70b)

TJIe CpeqHue MOTepH Ha MPOHUKHOBEHNE CUTHANA B 37aHue Ly, mpuBeaensl B Pekomenmanmu MC3-R P.2040,
¢byuxkrms Beicotsl U(h) onpenernsiercs n3 ypaBaenus (67), a 3HAYSHUsI CTAHIAPTHON ICBHAIIMU GL U Gi OepyTCs
u3 ypaBHeHus (66) (wnu tabnuibl 6) 1 ypaBHeHus (68), COOTBETCTBEHHO.

OcHoBHble ToTepH mnepenaun L, (ab), koTopele He MpeBBINAIOTCS B TeueHwe P% BpemeHn u B P %
b

MeCTOHOJ’IO)KeHHfI, OIPCACIA0OTCA BRIPAXKCHUCM

I pL

Lb = max I—bOp' Lbc + LIoc - m

Gloc ):[B, (71)

rac:

Lbop: OCHOBHBIE IOTEpH Iepenauu, KOTOPhIE HE MPEBBILIAIOTCS B TeUeHHE P% BpPEeMEHHU U
B 50% MecTONOJIOXKEHUH, OO0YCIOBIEHHBIE PACIPOCTPAHEHUEM IO JIMHUM NPSIMON
BUJIMMOCTH C KPaTKOBPEMEHHBIMHU BBIOpOCcamMH, onpeneisieMbie ypasHenueM (10);

Lbc: OCHOBHBIE MOTEpH Nepenayd, KOTOpble HE TNPEBBIAIOTCS B TeueHHe P% BpeMeHHU
1 B 50% MeCTOI0JIOKEHUH, C yYETOM BIUSHUS OTEPh U3-3a OTPAKEHUN OT TEpMUHAIA,
omnpeenseMbie ypaBHeHHeM (65);

Licc: cpemHee 3HaueHHWE IMOTEPh B KOHKPETHOM MECTOIOJIOKEHUH, OINPEEIIEMOE
ypaBHeHusmu (69a)—(69b);

I(X): oOparHOe  JOIMOJHWTENFHOE  KyMYIATHBHOE  HOPMAIbHOE  paclpeieeHue
B 3aBHCHMOCTH OT BEPOSTHOCTH X. ATIIIpOKCHMAIHs 3aBrucuMocTH |(X), KoTopast MOKeT
ucnonb3oBateess s 0,000001 < X < 0,999999, mpueaena B Ilpunaraemom
JIOKyMeHTe 2 K HacTosuiemy [IpunoxeHuto;

Oloc: KOMOWHHMpOBaHHAs CTaHAapTHas JjeBuanus (T. €. YYMThIBAOIIas TIOTEPU Ha
NPOHUKHOBCHHE CHTHANa B 3JaHHE M ITOTEPU HA H3MEHEHHE MECTOIOJIOKEHHU),
omnpexaensembie ypasHenusmu (70a)—(70b).

[IpouieHT MecTOMONOKEHUN PL MOXKET MeHATbea oT 1% 1m0 99%. Hactosiias monens HeleWCTBUTEIbHA
JUTS TIPOLIEHTa MEeCToIoIokeHui menee 1% nmu 6omee 99%.
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411 Hanps:keHHOCTDb M0JIS1, IpeBbIlIaeMas B TeyeHne P% BpeMeHH U B PL% MecTONoJ10KeH Ui

Hampsokennocts monst E, nb(MxB/M), mpuBemenHas x 3(¢exkTuBHONW u3mydaemMod wmomrHocTd 1 kBT,
mpeBbllllaemMass B Tedenne P% BpemeHn u B 50% MecCTOMONOXKEHWH, MOXET OBITh paccuMTaHa
C UCIIOJIb30BaHUEM (POPMYJIBIL:

E, =19936+20log(f) - L, 1b(MkB/m), (72)
rac:
Lb: OCHOBHBIC IMOTEPpH NEpcaadyu, KOTOPBIC HC MNPCBBIMIAOTCA B TCUCHUC p% BPEMCHU
B PL% MeCTOIOI0KEHHH, paCCYMTaHHBIC 110 ypaBHEHHUIO (71);
f:  tpebyemas wacrora (I'T'm).
Ilpunaraemplii 1oKymMeHT 1
K [Ipuioxkenuro 1
AHau3 npopuisi Tpaccsl
1 Beenenue

Jnst BBIONMHEHUS aHanW3a Tpoduiast Tpacchl TpeOyeTcsi UMETh MPOQIIb BBICOT MOBEPXHOCTH 3EMIIH
HaJl CpeTHUM YPOBHEM MOPS [UIs Kaxk10i Tpaccel. [lapameTprl, KOTOpble HEOOXO0AUMO MOTYUYHUTh B PE3yIbTaTe
aHanu3a NpoQuIst TPacchl U COCTABICHHS MOJIENIN PaCIPOCTpaHeH s, T0Ka3aHbI B Tabuuie 7.

2 DopmMupoBaHue NPOPUIIA TPACCHI

Ha ocHoBanuu reorpaduiecknx KOOpPAWHAT Iepenaroniei (¢t W) U MpUeMHOHN (Qr, Yr) CTAHIUH, U3 0a3bl
TONOrpaUuecKnx JaHHBIX WM M3 COOTBETCTBYIOIIMX TOMOTpaUUeCKHX KapT OOJBLIIOro Mmacimrada
HEO0XOIMMO MTOYYHUTh 3HAYCHHUS BEICOTHI 3eMHOW MMOBEPXHOCTH (HaJ| CPEHUM YPOBHEM MOPSI) BJIOJIb TPACCHI
1o jryre 6oibInoro kpyra. Pasperatomast criocoOHOCTb MPOGHIIS O PACCTOSHHIO JIOJDKHA OBITh TAaKOH, Kakast
TpeOyeTcs I JaHHOTO TUIa pesbeda MecTHOCTH. Kak mpaBmiio, B 3aBUCHMOCTH OT 33/1a4u, Oepercs miar
paccrostaust oT 30 M 10 1 kM. [{iist 6otee JITMHHBIX Tpacc 0OBIYHO MCHONB3YIOTCS OOJIBIIHE Aarkd PaCCTOSHHA.
[Ipodune nomKeH YYHUTHIBATH BBICOTHI 3€MHOM MOBEPXHOCTH B MeECTaxX pa3MENICHUs Mepefarome u
NPUEMHON CTaHIMH, KOTOpBIE SIBISIOTCS HAaYaIbHOM M KOHEYHOHM TOYKaMH Tpacchl. [IpuBeneHHBIE nainee
ypaBHEHHUS YUUTBIBAIOT, PH HEOOXOIUMOCTH, KPHBH3HY 3€MJIH, OCHOBBIBASICH HA 3HAUYEHHUH e, TOJTYIECHHOM
u3 ypaBHenus (7a).

XOTS IPEeOYTHTEIILHBIM CYUTACTCS CITy4aid, KOTa TOYKH IPOHIIS pactpeeeHbl pABHOMEPHO, STOT METO
MO>KHO HCIIOJIb30BaTh ¢ HEPABHOMEPHO PACHpeAEICHHBIMI TOYKaMH MPOQMIIA. DTO MOXKET OBITh YIOOHBIM,
KorJa mpouiib CTPOUTCS O IM(POBOI KapTe KOHTYPOB BBICOT 3¢MHOI MmoBepxHOCTH. OJHAKO Clexyer
OTMETHUTh, YTO HacTosmas Pexomenmanus Oblia pa3paboTaHa Ha OCHOBE W3MEPEHHH Ui PaBHOMEPHO
pacrpeesieHHbIX ToUeK IpoduiIst; U B HAcTOsIIIEee BpeMsl HeT HH(POPMALUU O TOM, KaK Ha TOYHOCTh PacueToB
OyzleT BIUATH HEPABHOMEPHOE PACIpeielIeHHe TOYEK MPOHIIS.

B nHacrosimelt Pekomenmaiiuu Touka nmpoduist TPacChl B MECTE PACIOIOKCHUS IEPEeHarolieii CTaHIUU
CUMTaeTCs TOYKOW 1, a Touka MpOQuis TpacChl B MECTE PACIIOJIOKEHUS MPUEMHON CTaHIIMA CUUTAETCS
Toukoi N. CienoBaTesibHO, MPOQUIIL TPacchl COCTOMT M3 N Touek. Ha pucynke 1 mokaszaHn npumep npoduis
BBICOT 3€MHOM IMOBEPXHOCTU BBIILIE CPEJIHETO YPOBHS MOPS, IJI€ XOPOIIO BUAHBI Pa3jIUYHbIE MapameTphbl
peaabHOM MOBEPXHOCTH.
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PUCYHOK 1

IIpumep npoduis (TponochepHoii) Tpaccol

I-s1 TOYKa MOBEPXHOCTH

Mearoruast cranmst (T) Cpenuuit

Crannms
YPOBEHb MOPsI ;

HCTIBITBIBAOLIIA ST
nomexu (R)

Ipumeuanue 1. — 3Hauenne 0, , Tak KaK MOKA3aHO 37[€Ch, Oy/IeT OTPHILIATENLHEIM.

P.1812-01

B Ta6J'II/II_Ie 7 OIPEACTIAOTCA IMapaMETPhl, UCIIOJIB3YCMbIC UJIHU MMOJYUYCHHBIC B XOAC aHAIN3a HpO(l)I/IJ'ISI TpPacCChl.

TABJINIIA 7
Onpenesienus napaMeTpoB NpoguJisi Tpaccobl
IMapamerp Onucanue

ae D¢ dexruBHbIi pagmyc 3emiu (KM)

d PaccrosHue o gyre 601b110T0 Kpyra (KM)

dii JlmHa npupanieHus Ui peryiapHbIX (T. €. ¢ paBHOMEPHO paclpeleIeHHBIMU TOUKaMH) JTaHHBIX
poQuIIs Tpacchl (KM)

f Yacrora (I'T)

A JlnmHa BOMHEL (M)

his BrlcoTa aHTeHHBI IepeaaTdnKa (M) HaJl CpeIHUM ypoBHEM Mops (amsl)

hrs BricoTa anTeHHBI IpreMHKKa (M) (amsl)

6t J1s 3arOpHU30HTHOM TPACCHl YIOJ MECTa TOPU30HTA BBIIIIE MECTHOTO TOPU30HTA (Mpay),
M3MEpEeHHbIH 0T nepenaronield anteHHsl. s Tpacesl LoS ata BennunHa 10inkHA OBITH paBHA
YTy MecTa IPUEMHON aHTEHHBI.

Or J171s1 3aropru30HTHOI Tpacchl yroji MecTa FOPU30HTa BBIIIE MECTHOTO TOPU30HTA (MpaJ),
W3MEPEHHBIN OT MpHeMHON aHTeHHBI. J[ng Tpaccsl LoS 3Ta BenmnanHa 10DKHA OBITH paBHA YTy
MecTa Mepearoleid aHTeHHBI.

0 VYTri0BO€E paccTosiHUE TPacchl (Mpan)
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TABJIMLA 7 (oxonuanue)

IMapamerp Onucanue
hst BricoTa rimagkoii 3eMHOH MOBEpXHOCTH (amsl) B MecTe pa3MenIeHns IepeNaroiel CTaHIuH (M)
her BericoTa rinaakoit 3eMHo# moBepxHocTH (amsl) B MecTe pa3MeleHns IPUEeMHON CTaHIUH (M)
hi Beicora i-if Touku 3eMHO# oBepxHocTH (amsl) (m)

hl: BBICOTA 36MHOM TOBEPXHOCTU JId NI€peaAaTUUuKa
hn: BBICOTA 36MHOM MOBEPXHOCTU JId NPUCMHUKA

Am HepoBHOCTE 3eMHOM TOBEPXHOCTH (M)
hie D¢ dexTruBHA BRICOTA ITEpeaaromieii aHTCHHEI (M)
hre D¢ dexTrBHas BBICOTA MPUEMHON aHTSHHBI (M)

3 IIpoTssKeHHOCTH TPacchl

[IpoTsbKeHHOCTh Tpacchl MOXHO pacCUMTaTh C HCIOJIB30BAaHHMEM T'E€OMETPUH OOJBIIOTO Kpyra, 3Has
reorpayeckie KOOPAWHATHI Tepenaromend (i, W) ¥ npueMHO (¢r, r) craHmuil. Kpome Toro,
NPOTSHKEHHOCTh TPACCH MOXKET OBITh paccunTaHa 13 mpoduist Tpacchl. [IpoTshkeHHOCTH Tpaccesl d (KM) MOYKHO
paccumTaTh, UCTIONIL3YsI JaHHBIE TPOQUIS TPACChI:

d=d, KM. (73)
HJ’IH PaBHOMEPHO pacupe€aCI€CHHBIX JaHHBIX HpO(bI/IJ'ISI TpacChbl BEPHBIM ABIACTCS TAKXKE U BBIPAXKCHHUC!

s i =1, ..., n, rae dii — uinHa npupamieHus (Km).

4 Kaaccnpuxanus tpace

[Ipoduns Tpacck! nomkeH ObITH MO0 JMHUEH npsiMoild BuanMocTH (LoS), mubo 3aropu3oHTHON THHKEH, YTO
onpeessieTcs Ha OCHOBaHHHU cpeiHero G deKTUBHOro paanyca 3eMITH &, HalICHHOTO U3 ypaBHeHus (7a).

Tpacca sBisieTcss 3arOpU30HTHOH, €CJIM Yroyl MecTa (PU3MYECKOro TOpH30HTa, HAOIIOJAEMBIH C TOUKH
pa3MenieHns nepeaaroIiei aHTeHHbI (OTHOCUTENIFHO MECTHOI'O TOPH30HTA), OOJIbIlIe YeM yroJl (OMATh-TaKu
OTHOCHUTEIILHO MECTHOTO FOPU30HTA IIepeaTInKa), 00pa3yeMblil IPUEMHOMN aHTEHHOH.

CHeHOBaTeHLHO, YCJIOBHUEM 33F0pH3OHTHOﬁ TPACChI SABJISACTCA:

9ma\x > etd Mpax, (75)
re:
n-1
emax = rin:azx (e|) Mpan; (76)
0i:  yrom; mecra B HalpaBJIEHUH i-i TOUKH 3€MHOM ITOBEPXHOCTH;

h. —h d;
9. =1000arctan —* — — MpayI, 77
' 10°d, 2a, P (77)
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rue:
hi:  BeIcOTa i-if TOUKM 3eMHOM MOBEPXHOCTH (M) amsl;
his:  BbICOTa aHTEHHHI IepeaTynka (M) amsl;
di: paccrosHHE OT mepeaaTdnKa J0 i-i TOUYKU 3eMHOM OBEPXHOCTH (KM);
h.—h d
0,4 =1000arctan| = — — M 78
td pan, ( )
10°d  2a,
rue:
hrs:  BbICOTa MpHEMHOI aHTeHHBI (M) amsl;
d: oOriee paccTostHuE 1O Jayre OONIBIIOro Kpyra (KM);
8. cpemamii A>PGEKTUBHBIA paguyc 3eMiIH, NPHUEMIIEMBbIH Ui JaHHOW TpPacChl
(cMm. ypaBuenue (7a)).
5 IHony4yenune He0OXOAUMBIX NAPAMETPOB U3 NPOGUIISA TPACCHI

[TapameTpsl, KOTOPBIE JOIKHBI OBITH TTOYUEHBI U3 MTPOQUIIS TPACChI, TIEPEUUCIICHBI B TabnuIe 7.

51 ¥Yroa mecTa ropu3oHTA nepeaawuleidl aHTEHHbI HAJl yPOBHEM MECTHOI0 rOPU30HTA O

Yrom Mecta ropu3oHTa ISl TIEpENaromield aHTEHHBI OTHOCUTEIHHO MECTHOTO TOPHU30HTA OIpPENeseTCs
CJIEYIOIIUM BHIPAKEHUEM:

et =max (emax’ etd ) Mpan, (79)

rae Omax onpenensiercs u3 ypaBHenus (76). Takum oOpa3om, s Tpaccel LoS yrom Mecra ropu3oHTa AJis
nepeaonel aHTEHHBI — 3TO YroJl MECTa OTHOCUTEIBHO MPSIMO# JIMHUU JI0 IPUEMHOM aHTCHHBI.

5.2 PaccTosinue nmpsiMoii BUAMMOCTH /115 Mepeaaomeil anteHHsbl it

Paccrosiaue HpHMOﬁ BUANMOCTH — 3TO MHUHUMAJIBHOC PACCTOSAHHUC OT HNEpCAATUHKA, MPU KOTOPOM U3
YpaBHCHUS (76) BBIYHCIISICTCS MaKCUMAJIbHBIN yTroJ MeCTa ropu30HTa aHTCHHBI.

die=d; KM UL MakcuManbHoro (0;). (80)

Jnst Tpaccel LoS HOMeEp | JIOJDKEH COOTBETCTBOBATH 3HAYCHUIO, MPU KOTOPOM MapaMeTp AU(PPaKIUU V

HpI/IHI/IMaeT MAaKCHUMAJIBHOC 3HAUYCHHUC.

held —d, )+ hd,
d

Vi =Maxq | h; +500C,d; (d —d;)- (80a)

rzie Homep npoduiist i mpuHUMaeT 3HaveHus ot 2 1o N — 1, a Ce — 3 dexTrBHAs KpUBHU3HA 3EMITH OTIPEIEIIACTCS
B 1. 4.3.1 Ilpunoxenus 1.

5.3 ¥YroJa MecTa ropu30HTA NPUEMHOI AHTEHHBI HAJl YPOBHEM MECTHOI0 TOPU30HTA O,

st tpaccst LoS 0r onpenesnsiercst BRIpakeHHEM:

hs —h d
0, =1000arctan =—5 —— MpaJl. 81
10°d  2a, P (81)
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B wHOM ciryuae 6, onpeenseTcs BRIpaKeHUEM:
n-1
0, =max (6) Mpa, (82)

hj_hrs d_d]
Oj =1000arcta 3 -
10°(d-d;) 2a,

Mpaj. (82a)

5.4 Paccrosinne npsiMoii BUIMMOCTH /ISl IPUEMHOI aHTeHHBI i

PaccrosiHue mpsiMON BUAMMOCTH — 3TO MUHHMAJIBHOE PACCTOSHHE OT INPUEMHHKA, NMPU KOTOPOM U3
ypaBHEHUs (82) BEIUNCIIETCS MAKCUMAIBHBIN yTOJl MeCTa TOPH30HTA aHTEHHBI.

dr=d-di &M g1 makcumaibHOrO (6;) (83)

st Tpaccsr LoS dir onpenensercst ClaeayonmmM oopasom:

d,=d-—d, KM. (83a)
5.5 YraoBoe paccrosinue 0 (Mpan)
10° d
0= +6, +6, Mpaj. (84)
e
5.6 Mopeas "'riiaakoii 3eMHoM noBepxHocTH' M 3¢ PeKTUBHBIE BHICOTHI AHTEHHBI

"I'maaxyro 3eMHYIO" MOBEPXHOCTH MONYYArOT U3 MPOQuiIs s pacdeTra 3((EeKTUBHBIX BBICOT aHTEHHBI KaK
Ui TA(PAKIMOHHOW MOJENH, TaK W I OIEHKH HEPOBHOCTEW Tpacchl, TpeOyeMou [Uisi MOJeNn
pacnpocTpaHeHusi B aTMOC(QEpHOM BOJHOBOJIE W 3a CUET OTPaKEHHS OT clioeB aTMocdepsl. OnpeaencHus
3¢ (HEKTUBHBIX BBICOT aHTEHH OTJIMYAFOTCS OT ITUX JABYX LICJICH.

Paznmen 5.6.1 ompenensieT COOTBETCTBHE TIAKON 3eMHON MOBEPXHOCTH MPOQIITIO, U3 KOTOPOTO TMOIYYarOT
3Ha4YeHHs BHICOTHI 9TOH IIOBEPXHOCTH B MECTaX pa3MEICHUs TEPMUHAIIOB, Nst, 1 Nsr.

B m 5.6.2, hg, u hy ucnonp3yrorcs s pacdyera M3MEHEHHBIX 3HAYCHHH BBICOTHI TJIAJIKOH 3EMHOM
MOBEPXHOCTH B MECTaX pa3MEIICHUs TePMUHAIOB, Ns # hsa, KoTOphle B 1. 4.3.4 Tlpunoxenus 1
UCTONB3YIOTCS IpH pacyeTe 3¢ (HEeKTUBHBIX BBICOT aHTEHHBI I AU(PAKIMOHHONW MoeH. B 3aBucumoctu ot
npoduist 3Ha4eHus Nsig U Nsrg MOTYT OTIIHYATHCSE OT Ny, ¥ Nsr, COOTBETCTBEHHO.

B n. 5.6.3 hy, u hy ucrnonssyrorcss npu pacdere 3pPEeKTUBHBIX BBICOT aHTCHHBI N, ¥ Nre ¥ mapameTpa
HEPOBHOCTH 3€MHOMU MOBEPXHOCTH Nm, TpeOYeMBbIX LTSl MOJIEITH PACHPOCTPAHEHH s B aTMOC(EPHOM BOJHOBOJIE
1 3a CUeT OTPaKEHUS OT ¢JioeB aTMocdepsl, KoTopas onucana B 11. 4.5 [Tpunoxenus 1.

5.6.1 Onpexaenenne rjaaaKoii 3eMHOIi IOBEPXHOCTH

[MoyunM TPOCTYIO JIMHEHHYIO anMpPOKCHMAIMIO BBICOT 3€MHON TMOBEPXHOCTH B METpax HaJ CPEIHUM
ypoBHeM Mopst (amsl) B Buze:

Vi = Z(di —d; , ) +h_,) (89)
i—2

Vo = _Zn:(di _difl)[hi (2d; +d; 4 )+ h 4 (d; + 2di71)] (86)
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2v,d —v,
hst = 2 M (87)
d
v, —v,d
_| Y2 1
h, =| 2= ™, (88)
d
rue:
hst:  BeIcOTa (M) amsl TaKOM 3eMHOM ITOBEPXHOCTH B TOUKE HAyalla TPACCHI, T. €. B MECTE

pasMeleHus TepelaTunKa;

he:  BeICOTA (M) amsl TIamkoi 3eMHON TOBEPXHOCTH B KOHIIE TPAcCHl, T. €. B MECTE
pasMeleHus TPUEMHUKA.

5.6.2  3HauveHHsI BLICOTHI IVIAAKOI 3¢MHOI IOBEPXHOCTH JUIsA TUPPAKIHOHHOH MOJAEIH

Haiinem HauOOJBIIYIO BBICOTY MPEMATCTBUS HA MPSIMON Tpacce OT MepelaTdhKa K MPUEMHHUKY Nobs U YIIIBI
MecTa FOPU30HTa JJI Mepedaroeil 1 IpUEeMHONM aHTEHH, (obt U Clobr, OCHOBAHHBIE HA T€OMETPHUU IUIOCKOH
3eMIIH COTIacHO:

hyps =Max(H; ) M (89a)

H.
Ot = max(d—'j Mpa (89b)

i

Hi
Oopr = ma m Mmpanu, (89C)

rac:

Hi — hi _ [htc(d — dc;)+ hrcdi] M (89d)

1 HOMep TpodwIs | IPUHUMAET 3HaueHus oT 2 70 (N — 1).

PaccunraeM npensapuTenbHbIE 3HAUEHUS BBICOT INIAJKOM 36MHOM IIOBEPXHOCTH Ha CTOPOHAX MepeJaTinka u
[PUEMHUKA:

Ecau hobs MenblItre wian passo 0, To:

hy, =Ny M Ham ypoBHEM MOp3, (90a)
hy, =hs, M Hax ypoBHEM MODS; (90b)
B MHOM CJIy4ac:
Ny = Nge —Nopsd: M HaX ypoBHEM MODA, (90c)
hg, =hy —hyp @, M Han yposHeM Mops, (90d)
rae:
o
g, =—2 (90e)
(aobt + a‘obr)
o
g =r—>— (90f)
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PaccuntaeM okoHYaTenbHBIE 3HAYCHUS BBICOT TJIQJKOW 36MHOU MOBEPXHOCTH HAa CTOpPOHAX IEpeaaTdruka u
MIPHEMHHUKA, TpeOyeMbIe I AUPPaKIINOHHON MOIEITH:

Ecau hsyp 6011 wem hy, to:

hgy =h, M Hax ypoBHEM MOpS; (91a)
B MHOM CITy4ae:

hyq =hy, M HaL ypoBHEM MOPS. (91b)
Ecau hsrp 6os1b111E D,y TO:

hyq =h, M HaxypoBHeM MopH; (91c)
B MHOM CITy4ae:

Ngq =Ny, M HAZ ypoBHEM MODSL. (91d)

5.6.3  IlapameTpsl AJ8 MO/IeJTU PAaCIPOCTPAHEHHA B aTMOC(epHOM BOJTHOBO/IE/3a CUET OTPAKEHUS OT
cJjioeB atMocdepbl

PaccunTaeM BBICOTHI TI1aJKOM 3eMHOI MOBEPXHOCTH B MECTE Pa3MEIICHUs TepelaTiyiKa U IPUEMHHUKA, KaK 9TO
TpeOyercs At KO3 PHUIIeHTa HEPOBHOCTH, OTPEACTAEMOT0 BEIPAKEHHEM:

h, =min (hy, h) M; (92a)
h, =min (hg,h,) M. (92b)
Hakmon M rmaakoit 3eMHOM TOBEPXHOCTH HEOOXOAMMO PACCUUTHIBATE CIEIYIOIIAM 00pa3oM:
h, —h
m= S'T“ M/KM. (93)

3HaueHus 3P PEKTUBHBIC BRICOTHI TEPMUHAJIOB JIJIsl MOJICIIA PACIIPOCTPAHEHHUS B aTMOC(EPHOM BOJIHOBOJIC 32
CUYET OTPAKEHHS OT CII0EB aTMOCHEpPbI, Nie U Nye, OTPEIEISFOTCS CIIEAYIONMMHU BBIPAXKCHUSIMU:

hte = htg + hl - hst M (943.)
he =hyg +h, —hy M. (94b)

[TapameTp HEPOBHOCTH 3€MHOI MOBEPXHOCTH N (M) —3TO MaKCHMaJbHas BBICOTA 36MJIM HaJl TJ1aAKOM 3eMHOM
MTOBEPXHOCTHIO Ha YY9aCTKE TPACChl MEX/Ty TOUKaMH TOPU30HTA (BKJIIOYAS 3TH TOYKH):

i
h, = max h, — (hy +m- di)] M, (99)
=t

rue:
ii: HOMep TOUYKH HpoduiIs Ha paccTossHUM Ui OT MepeaaTIHKa;

iir:  HOMep TOUYKH mpoduIis Ha paccTOsTHUM Cir OT IPUEMHHKA.

I'nmaakast 3eMHasi IOBEPXHOCTh M TTApaMeTp HEPOBHOCTH 3€MHOM MOBEPXHOCTH Ny MOKa3aHbI HA PUCYHKE 2.
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PUCYHOK 2

IIpumep riiaakoii 3¢eMHOIi IOBEPXHOCTH U APAMETPA HEPOBHOCTH 3€MHOIi II0BEPXHOCTH

CraHnys,
HCTIBI T I BAIOILAS
MOMEXH

P.1812-02
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IIpuaaraeMsplii JOKYMeHT 2
K [Ipuioxenuro 1

AnmpoxcumManusi GyHKIMA 00PATHOTO JONMOJHUTEIHLHOT0 KyMYJISITHBHOTO
HOPMAJIBHOTO pacnpe/eeHus

[IpuBenennas manee ammpokcUMaIsl QYHKIUKA OOPATHOTO JTOTIOTHATENBHOTO KyMYJISTHBHOTO HOPMAaJIbHOTO
pacnpenenenus aevictButensHa aust 0,000001 < x < 0,999999 um maer ommbky He Oomee 0,00054.
Ecmu x < 0,000001, yro npenmonaraet Po < 0,0001%, To X gomken ObITh ycTanoBieH B 3HadeHue 0,000001.
AHaJNOTHYHBIC JEHCTBUS JODKHBI OBITH BBIMOMHEHBI M it X > 0,999999. Dra anmpokcuManus MOXKET
YBEPEHHO HCIIOJIB30BAThCS ISl MHTEPHONIAIHOHHONW (yHKIMH B ypaBHeHusix (40b) u (59), a rarke
B ypaBHenuu (71). OmHako B OCIEIHEM YPaBHEHUH 3HAUCHUE X TOJDKHO ObITh orpanndeHo: 0,01 < x <0,99.

Gynkuyst (X) onpenensercs: BhIpaKECHUEM:

1(x) =T(x) - &(X) ans 0,000001 <x <05 (96a)
1 CUMMETPUYIHO!:

1(x) =&L—x) =T (1-x) st 0,5 < X < 0,999999, (96b)

TIe:

T(x) = y [-2 In(X)] ; (97a)

£ = [(C,T()+C)T(X)]+C, ; —
[(DT () + D,) T(X) + D, T (x) +1

Co =2,515516698; (97¢)

C1=0,802853; (97d)

C>=0,010328; (97e)

D, = 1,432788; (971)

D, = 0,189269; (979)

D; = 0,001308. (97h)
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IIpuiaaraemslii J0KyMeHT 3
K [Ipuioxkenuro 1

KpuTepnn OTPAKEHUS OT 3€MJIN U BBIMUCJICHHUE TIEPBOI0 MAKCUMYMaA OTPAKCHUS

B nacrosimem IlpunaraemMoM AOKyMEHTE MPUBOIATCS KPUTEPUU AJSA OINpPENETEeHUs CUTyallil, KOTOphIe
MOJICP’KUBAIOT MOJIENb IBYXJy4eBOIO OTpaKeHHs OT 3emin. HeoOxomumas nHpopmanus o Tpacce 0OBIYHO
TpeOyeT IeTaIbHOT0 OCMOTpa OKpPYKAOIIeH TepMHUHAI MECTHOCTH WA HCIOIB30BaHUS TOMOTPaHIecKuX
JMaHHBIX BBICOKOTO pa3pelleHns C pa3pemieHneM © TOo4YHOCThIo nydme 1 wmetpa. Ecmm xpurepun
yIIOBIETBOPEHBI, MOXKET OBITH BBIYHCIICHA BBICOTA IEPBOTO JBYXJIYyYEBOr0 HHTEP(PEPEHIIMOHHOTO MAaKCUMYyMa.
BBuny Toro, 9ro 3T0 mpeacTaBisAeT 0COOYI0 TOYKY Ha PacHpelesieHHH YPOBHS MHOTOIYYEBOTO CHTHAIA,
JAHHBIA METOJI HE JIOJDKEH UCIIONIL30BATHCS ISl pacueTa N3MEHEHHUST MECTOIONIOKEHHUSI, OMTUCAHHOTO B 1. 4.8
Pexomenpanuu, v He TOAXOAUT 7S pacUE€TOB PAaCIPOCTPAHEHHS CUTHAJIOB "U3 TOUKH B 30HY".

PHUCVYHOK 3

Tpedyemas reoMeTpus /151 OTPAKEHUI OT 3eMJIM

ps

P.1812-03

Ha pucynke 3 mokazana reomerpus, HeoOXoaumas JJisi OTpakeHHs oT 3emin. Touka T cmpaBa — 3TO
paccmarpuBaeMblii TepMUHAI. Touka S — TOUKa HCTOYHUKA OTPAKEHUS, KOTOPO ABJIsIETCA APYrof TEpPMUHAT
Tpacchl LoS, nian pagroropusoHT T As 3arOPU30HTHON TPACCHI.

YcnoBHbIM podMITb MOKa3aH U30THYTOH 3eneHol uHuei. Yacts npoduist mexay ToukamMu A u B nomkHa
OBITH OmpeJieNieHa KaK TUIOCKas U TIIaKast, U JJOJDKHBI IMEThCS MPsSMasi BUIMMOCTD U ITOJTHBIH 3a30p Dpenerst
g Huk S-A, S-B, A-T u B-T.

B HaCTOAIIEM HpI/IJIaFaeMOM AOKYMCHTC HCIIOJIB3YHOTCA CaMOCOIIaCOBAHHBIC CIMHUIIBI U3MCPCHMUS.

Touka C siBIIsIETCS TOYKOM 3€pKaJbHOIO OTPaKEHHs B IIEHTpe THHUK A-B ¢ paccrosianem Oy OT TepMHUHaIa,
OTIpeneIieMbIM 110 (hopMyIIe:

d h
d = —pses (98)
pc
ihps +h, D
e hps 1 hyt — BeIcOTBI S 11 T, COOTBETCTBEHHO, HaJl MPOAOIDKEHNEM JTHHUN A-B.
TpeOyemsrit paguyc 3a3opa OpeHens lgear B TOUuke C ONMpeensieTcs BRIPaXEHUEM:
Ad o (d oo —d.)
pc\" ps pc
Foear = 0,6 d ) (99)

ps

rjae A — JJIMHA BOJIHBL.
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Otpaxarorias MOBEPXHOCTh JTOJKHA OBITh TUIOCKOM W TJIAIKOW, U JIOJDKHA MMEThCS TpsMas BUAUMOCTh JI0
TodeK S U T 11 30HBI BIUIOTH HO lclear ¢ KAXKIAOW CTOPOHBI TPAacCHl (T. €. U CIIeBa, M CIpaBa) OT TOYKU T
JI0 IPYTOTo TepMHUHATIA.

Tpebyemoe paccrosiHue 3a30pa Ueiear IO 00€ CTOPOHBI OT TOUKKM C MO JIMHUU PATMOTPACCHI MOXKET OBITH
MPUOITU3UTETHHO ONPE/ICIICHO BhIPAKECHHEM:

~ rcleard pc . (100)

clear h

d

pt
KpuTepnn mirockocTHOCTH ¥ TITaJKOCTH OTPaXKAIOIIEH TOBEPXHOCTH OIPEIENSIFOTCS BhIPaKCHHEM:

M
A~ , (101)
10h,,

rae A — IOMyCTUMOE OTKIIOHEHHE OTpaKaromlel MOBEPXHOCTH OT HIEANbHOH IUIOCKOCTH. B HeGompmmx
MaciTadax 3TO JODKHO TOJIKOBAThCS KAk HEPOBHOCTH MIOBEPXHOCTH, a TIO BCEW 30HE — KaK TTOCKOCTb.

Ecnu BBIIEnepedrcieHHble KPUTEPUH YIOBIETBOPEHBI, 3HadeHHe R B ypaBHeHWH (64b) Moxer OBITH
paccuauTaHo 1o ¢hopmyIe:

2 ps
R=_" (102)
4h,,

Ecnu 3Hagenue R, paccunranHoe o hopmyne (102), ucronsiyercs B ypaBHeHHH (64b), IO Mepe yMEHBIIEHUS
BBICOTHI TEpMHUHANA HIKe R Goiee xopomiee MpHOIKEHNE TaeTCS MOJENHU C IUIOCKOM 3eMIIeH M IBYMS
JIydaMU IJid CKOJIb3AIIC-HAKJIOHHOI'0 OTPaXCHUA. C YMCHBIICHUEM BBICOTBI TCPMHUHAJIA IIJIOCKAA I'JIaJKast
OTpa)karoIast IOBEpXHOCTh, IOKa3aHHas Ha PUCYHKE 3, JOJDKHA OBITh PaCIIMpPEeHa B HAIPABJICHUH TEPMHUHAIA,
HKBHBAJICHTHO NEPEMEIICHNIO TOYKN B Ha pucyHKe BIpaso.

Koppexknus ycuseHus, onpeaeasieMoro BEICOTON, TAK)KE MOXKET ObITh PaCCYUTAHA C HCIIOJIb30BAHUEM SIBHOTO
JBYXJIy4E€BOI'0O CYMMHUPOBAHMSI COIVIACHO BBIPAXKEHUIO:

. 210
el

A, = 20log| 1+ pexp .

(103)

rac:

p: KOMIUIEKCHBIH KO3 UIMEHT OTpakeH s, KOTOPBIN JUIS CKOJIB3SIIETrO MaJAeHH MOXET
OBITH OILIEHEH KaK peanbHOE 3HaueHue, MpuoIn3uTenbHo paBHoe —0,95;

o pa3andue B JJIMHE TPACChI, OIIPEACTIAEMOC BhIPAKCHUEM !
_ 2hyshy,
d

ps

5 (104)

Ecnu npumensiercs ypasaenue (103), sHauenue Ay Oyaer paBHo +6 ab npu hy = R. B aroit Touke Oyner
HECOTJIAaCOBAaHHOCTH ¢ ypaBHeHHeM (64b). ITo Mepe ymenbmenus hy otHocutensHo R ypaBuenwue (103) 6ymer
Bce 6osiee MpUOIIMKATHCS K ypaBHeHuIo (64b). Eciu ypasuenue (103) ucnonssyercst mpu hp: Hike R, qomkHO
OBITH IPUHSTO BO BHUMaHHUE BBILICYKa3aHHOE NPEAYNPEKICHUE O CTEIICHH OTpakatollel moBepxHocTu. Eciu
ypaBuenne (103) mcmomb3yercs mpu Ny BeIlle R, oTpakarommias MOBEPXHOCTh IO/DKHA HAXOAWTHCS Ha
COOTBETCTBYIOIIIEM OOJIBIIIEM PACCTOSHHU OT TEPMHUHANA, U TAKXKE JIOJDKHA OBITh yYTeHA BO3MOXKHOCTH TOTO,
YTO PAacCCTOSHUE OT MCTOYHHMKA Os MOXKET YBEIMYHUTHCS, T. €. IOJIOKEHUE TOYKH S Ha PUCYHKE 3 MOXKET
W3MEHHUTHCS. DTOH MociaegHel MpoOIeMbl MOXKHO N30eKaTh IIPH UCTIOJIb30BAHUHU JAHHOTO METO/Ia OTPaKEHUS
TOJIBKO 151 Tpacchl LOS.
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