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PEKOMEHJIALIUSI MCD-R P.452-15

IIpoueaypa nporHo3upoBaHus sl OLEHKH IOMeX MeK1Yy CTAHIMAMH,
HAXOASIIIUMMCS HA OBEPXHOCTH 3eMJIH, HA YACTOTAX BbIIIe
npudausutenasbHo 0,1 I'T'n

(Bommpoc MC3-R 208/3)
(1970-1974-1978-1982-1986-1992-1994-1995-1997-1999-2001-2003-2005-2007-2009-2013)

Cdepa npumeHeHust

B nacrosmeit PekoMengamn MNpeaACTaBJICH MCTOJ MPOTrHO3UPOBAHUA JJIS1 OLICHKH ITIOMEX MCXKAY CTaHLIUAMU,
HaxoodAnuMHUCA Ha MOBCPXHOCTU 36MJ'H/I, Ha 4YacToTax HpI/I6J'H/I3I/ITCJ'II)HO oT 0,1 1o 50 ITh ¢ y4ueTOM
MEXaHU3MOB IIOMEX KaK B YCJIOBHUAX SICHOI'O He6a, TaK 1 IIPpU paCCEIHNUU B TUAPOMETEOPAX.

Accambnes pagrocsszu MCO,

yuumeuledas,

a) YTO H3-32 TEPErpy’>KEHHOCTH PaJUOCIEKTpa YacTOTHBIC AHANAa30HBI JOJDKHBI HCIIOIB30BATHCS
COBMECTHO Pa3IMYHBIMH HAa3eMHBIMH CIY)XKOaMH, pa3IN4YHBIMH CHCTEMaMH B HpeJesiaX OJHON CITy>KOBI U
CUCTeMaMH Ha3eMHBIX CIYXk0 U CITy>K0 3eMIII-KocMOoc;

b) YTO 711 YAOBJIETBOPUTEIHHOIO COCYIIECTBOBAHUS CHUCTEM, HCIIONB3YIOUINX OJTHU U TE K€ IMOJIOCHI
4acTOT, HEOOXOIUMBI MPOLETYPHl MPOTHO3UPOBAHUS ITOMEX, OTINYAIOLINECS TOUHOCTHIO U HAJICKHOCTBIO B
pabote 1 JOCTYIHbIE BCEM 3aMHTEPECOBAHHBIM CTOPOHAM;

c) 4TO 4acTo TpeOyeTcs, 4TOObl MPUMEHSEMBIC B TPOICAypax MPOTHO3UPOBAHMS MOMEX METOJIbI
MIPOTHO3UPOBAHUS PACTIPOCTPAHEHUS YIOBICTBOPSIN KPUTEPHUSIM '"HaAWXYJIIEro mecsna"' U IMOKa3aTelsaMm
TOTOBHOCTH;

d) qTo HeO6XOI{I/IMLI MCETOJbI IMMPOTrHO3UPOBAHUS, KOTOPBIC MOKHO ObLIO OBl MCIIONIB30BATh BO BCEX
30Hax MHupa JJid TpacC BCEX TUIIOB,

pekomeHoyem,

9TOOBI ISl ONpEeeNICHHs] UMEIOLIMXCSI TOTEPh PACIPOCTPaHEHHS Ha TPaccax MENIAIONINX CHTHAIOB MEXIY
CTaHIMSIMU HA MOBEPXHOCTH 3e€MJIM Ha YacToTax Bhlie nmpubiamsurensHo 0,1 [T ucnons3oBanack npouenypa
MIPOTHO3UPOBAHUS TIOMEX, TIpejicTaBieHHas B [Ipunoxennn 1.

IIpunoxenune 1

1 BBeaenue

Hz-3a MNEPETPYKECHHOCTU paAUOIACTOTHOI'O CIICKTPAa NPUXOJUTCA HpI/I6eFaTL K COBMCCTHOMY HCITI0JIb30BAHUIO
MHOT'UX ITOJIOC YaCTOT Pa3JINYHbIMU pa,Z[I/IOCJ'Iy)K6aMI/I 1 pa3JIMYHBIMU OII€PATOPAMU CXOKUX pazmocnyxcﬁ I[J'Iﬂ
TOT'O YTOOBI rapaHTUpOBaTh YAOBJICTBOPUTECIBHOC COCYHICCTBOBAHUEC HA3EMHBIX CHUCTEM U CHCTEM 3emis-
KOCMOC, BaXHO YMETbH IPOrHO3UPOBATH C HpHeMHeMOﬁ TOYHOCTBIO BO3MOXHBIC ITOMEXHU MEKAY OTUMHU
CUCTCMAaMHU, HUCHOJIb3Yyd MCETOJAbl U MOJCIIU IMPOrHO3UPOBAHUA PACIIPOCTPAHCHUA, IMPUCMIICMBIC IJIA BCCX
3aMHTCPECOBAHHBIX CTOPOH U OTIIMYAIOMIUECCA TOYHOCTHIO U HAJIC)KHOCTBIO.
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Mexny CTaHIIUSMH, PACIONIOKCHHBIMH Ha TOBEPXHOCTH 3€MIIM, a TaKKe MEXIY STHMH CTaHIVSIMH U
KOCMHUYECKHMH CHCTEMaMHt MOYKET CYIIIECTBOBATh MHOKECTBO THUIIOB M KOMOMHAIINI TPACC PAaCIPOCTPAHEHHUS
MIOMeX, MPUYEM ISl KaKAOTO KOHKPETHOIrO ciiydasi TpeOyeTcsl CBOM MEeTOoJ| MpPOrHO3MpOBaHHA. B maHHOM
[IpunoxxeHuu paccMaTpUBaeTCs OJJHA U3 IIEJIOT0 psija HanOoJiee BAXKHBIX MTPOOJIEM, CBI3aHHBIX C TIOMEXaAMH,
T. €. TaKWe CHUTYyalllH, KOTJIa CYIIECTBYET BO3MOXXHOCTh BO3HHKHOBEHHS MOMEX MEXIY PaIuOCTaHIUSIMHI,
PacToI0XKEHHBIMHI Ha IOBEPXHOCTH 3€MITH.

Mopenu, npencrasnennsie B Pekomennanuu MC3-R P.452, ocHOBaHBI Ha AOMYIICHUH, YTO KaK CO3/IAIOIINN
MTOMEXH TMEePEeNaTYHNK, TAK U HCIIBITHIBAIOIINI TOMEXH MIPUEMHUK pa0OTaIOT B MIPU3EMHOM CJIO€ aTMOCQEPHI.
[Ipu mpuMeHEHHNN 3TUX MOEJICH MCIOJIB30BAHKME CIIUIMTKOM OONBIIMX BBICOT aHTEHH IS MOZICITHPOBAHUS
PpaboTHI TAKUX CUCTEM, KaK CUCTEM BO3AYIIHOH cIIy>KObI, HerpremiieMo. IIporemypa mporao3upoBaHus Obiia
UCTBITaHa TSl PaJUOCTaHIMH, paboTalOIIMX B JUana3one 4acToT npumMepHo ot 0,1 go 50 ['T.

Mopenn, mnpenctaBieHHble B Pexomenmammm MCDO-R P.452, mpemHa3HadeHBl IS pacdeTra IOTEPh
pacrpocTpaHeHus, He MPEBBIIIAEMBIX JIJIs TPOLIEHTOB BpeMeHu B nuamnaszone 0,001 < p < 50%. 3to nomymieHue
HE MpeJnojaraeT HaTnIusl MaKCUMAaJIbHBIX TToTeph mpu P = 50%.

Merto/1 BKIIFOUAET IOMOJHUTEIBHBIA KOMIUIEKC MOJIENICH paclpoCTpaHeHHUs, KOTOPbIe 00eCIICUNBAIOT OXBAT
IIpOrHo3aMmM BCCX MOI'YIIMX BO3HUKHYTH CYHIECTBCHHBIX MCXAaHH3MOB PACIPOCTPAHCHHUA TIOMCX.
OGecreunBarOTCs METOIBI aHAIN3a PaJHOMETECOPOTIOTHYSCKIX M TOOTrpapUIECKUX XapaKTePUCTHK TPACCHI,
C TeM 4TOOBI MOXKHO OBLIO COCTaBISITH MPOTHO3bI OTHOCUTEINIBHO JIFO00M MPAKTHYECKH BO3MOXKHOI TpPacChl
nmomMex, BXxojsuiel B chepy oxBarta JaHHOH mpoueaypsl, Ha pacctosiaue 10 10 000 k.

2 MexaHU3MBbI pacpoOCTPAHEHHs OMeX

CymecTByeT Lemblil psil MEXaHU3MOB PAaCIIPOCTPAHEHHUS TIOMEX, M IPEo0IaAatolIee BIUIHUE KaKIO0T0 U3 HUX
3aBHCHT OT KJIIMMaTHYECKUX YCJIOBUH, palM04acTOThl, pACCMAaTPUBAEMOI'0 IIPOIIEHTAa BPEMEHH, PACCTOSIHUS U
tororpadun Tpaccel. OAHOBPEMEHHO MOTYT ACHCTBOBaTh JHOO OXWH, JHOO HECKOIBKO MEXaHH3MOB
pacnpoctpaneHns. OCHOBHBIE MEXaHU3MBI PACIIPOCTPAaHEHHS ITOMEX CIEAYIOLINE.

- Ipsmasn suoumocms (pucynok 1). Hambosnee mnpocToi MeXaHM3M pPacIpOCTPAHEHHS ITOMEX
COOTBETCTBYET CUTYALlMH, KOTJa PacIpOCTPaHEHHE CUTHAja MPOMCXOAUT B HOPMAIBHBIX (T. €. TIpH
XOpOIIeM MepeMeIINBaHNH) aTMOC(HEPHBIX YCIOBHAX BJIOJb TPACCHI NIEPeIayd B Mpeeax MpsiMoi
BupuMocTd. OJJHAKO U 37IeCh MOXKET BO3HUKHYTH JIOTIOJIHUTEIbHAS TPYIHOCTD, €CJIN Auppakius Ha
cyOTpacce BBI3BIBAET HEKOTOPOE YBEIMYECHHE YPOBHS CHTHAjJa IO CPABHEHMIO C OOBIYHBIM €ro
3HaueHneM. Kpome Toro, Ha Bcex TpaccaxX, KpOME CaMbIX KOPOTKHMX (T. €. Ha Tpaccax
NPOTSHKEHHOCTBIO OoJiee MPUONU3UTENHHO 5 KM), YPOBHM CHUTHAJIAa MOTYT YacTO OUIYTHMO
YCHUJIMBATHCS Ha KOPOTKOE BPEMsl 3a CUET SIBJICHUI MHOTOJYYE€BOCTH U (POKYCHPOBKH, SIBIISIFOIIIUXCS
CIIE/ICTBUEM CTpATU(HKAIHH aTMOC(EPHI (CM. PHCYHOK 2).

- Jugpaxyus (pucynok 1). 3a npenenamu npssMold BUAUMOCTH B HOPMAJIbHBIX YCJIOBHSIX BIIMSHUE
MU pakIi OOBIYHO MPeodIIaaeT, Korja YPOBHA NPUHUMAEMBIX CHTHAJIOB JIOCTATOYHO BEJIHKH.
Ecnn HempomomKuTeNnbHbIE aHOMANIbHBIC SIBIICHUS HE BIHMSIOT Ha paboTy Ciayx 0, TO TUIOTHOCTB
UCIIOJIb3YEMBIX CHCTEM B OCHOBHOM OITPEIEIISIeTCs TOUHOCTHIO, C KOTOPOH BO3MOKHO MOJIEITHPOBATh
sapieHne audpaknuy. Takas Moaens AUQPPaKIUKA IOJKHA OO0NafaTh JOCTATOYHO IIMPOKUMHU
NPOTHO3UPYIOIIMMH BO3MOKHOCTSIMU, YTOOBI OXBATUTh TAKHE CUTYallUH, KaK PACIPOCTPaHEHNE Hal
IVIaJKOH TOBEPXHOCTHIO 3eMIIM, HaJ OTACIbHBIMH TIPEISITCTBUSIMH, H  HECTaHJapTHBIE
(HECTPYKTYpHUPOBAaHHBIE) CUTYAIIHH.

- Tponocgeproe paccesnue (pUCyHOK 1). ITOT MEXaHU3M ONPEAESIET yPOBEHD "(HOHOBEIX" TOMEX IS
bosee mIMHHBIX Tpacc (Hampumep, 6onee 100—150 kM), korma AUQPPAKIMOHHOE TOJIE CTAHOBUTCS
oueHb cnabbiM. OJHAKO 32 HMCKIIOYEHHEM HEOOJBIIOro 4YHcia OCOOBIX CIIydaeB, BKIFOYAFOIIUX
YYBCTBUTEJIbHBIE TPHUEMHUKH WJIH CHCTEMBI, SBISIOIIAECS MOIIHBIMH HWCTOYHHKAMH TIOMEX
(HampuMep, CUCTEMBI PaZapoB), YPOBEHb IMOMEX HPU TPOIOCHEPHOM PACIPOCTPAHEHUH HACTOIBKO
HU30K, YTO MOXKET HE MPUHUMATHLCS BO BHUMAaHHE.
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PUCYHOK 1
JloJrocpo4Hbie MeXaHU3MbI PACIIPOCTPAHEHUS TOMeX
Tponocdepuoe paccesHue
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JIuHus npsaMoit BUAMMOCTH P.0452-01

Ilosepxnocmmuvie 601H0800bI (PUCYHOK 2). DTO Hambosiee BaXHBIH KPAaTKOCPOYHbIE MEXaHU3M
pacmpocTpaHeHus, KOTOPhIA MOXKET MPUBECTH K MOSBICHUIO MOMEX HaJl BOAOH U TUIOCKUMU
NpUOPEKHBIMU 30HAMH, a TAKXKe K IOBBILICHUIO YPOBHS CUTHaja Ha OOJBIINX paccTOAHUsX (Ooiee
500 km nHag mopem). Ilpu ompeneneHHBIX OOCTOSTENBCTBAX YPOBEHb TAKOT'O CHUTHAJIA MOXKET
MPEBBIIIATH YKBUBAJICHTHBIN YPOBEHb CHTHaJA B ""cBOOOIHOM IpOCTpaHCTBe".

PUCYHOK 2

AHoOMaJIbHBIE (KPATKOCPOYHbIE) MEXaHU3MbI PACIIPOCTPAHEHUS IOMeEX

OTpaxkenue/pedpaxust
MPUTIOAHATOTO CIIOSI

PaccesHue oT rupoMereopos < )s\(\\\t\ —» e
NS
o al

JInHus npsIMON BUIIMMOCTH C YCHIICHUEM P.O452-02
3a C4eT MHOTOTY4€BOCTH

Ompaogicenue u pegparxyus om npunodusamozo cios (pucyHok 2). HccrnemoBaHue sBICHHN
OTpaKCHHS W/WIK pedpakiii HA BBICOTAX BIUIOTH O HECKOJBKHX COTEH METPOB SIBISCTCS OUCHb
BaXXHOH MPOOJIEMOHi, TTOCKOJIBKY TPH OJarONpHUsITHON T€OMETPHH TPACCHI ITH SBJICHHUS MO3BOJISIOT
BecbMa 3G (HEKTUBHO OOPOTHCS C MOTEPSIMH 3a CUYET TUGPPAKIMKA HAJl MOBEPXHOCTHhIO. ONATh-TaKK

BIIMAHUE DJOTHUX HBJ'ICHPIﬁ MOXKET 6BITB CYHICCTBECHHBIM Ha AOCTATOYHO 6OJ'H>IHI/IX PaCCTOAHUAX
(110 250-300 Kkm).
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- Paccesanue 6 2uopomemeopax (pucynok 2). PaccessHue B THAPOMETEOpPaX MOXKET OBITh HCTOUYHUKOM
BO3MOXHBIX TIOMEX MEXIY MepeJaTdyiKaMyd Ha3eMHOW JIMHUM W 3¢MHBIMH CTaHIIUSIMH, TTOCKOIBKY
ero Bo3J/ieicTBHE (DaKTUUECKU BCCHAITPABICHHOE H, CIIEJI0BATEILHO, MOXET OKa3bIBaTh BIMSHUE HA
Tpacchl PACIpOCTpaHSHHUS TMOMEX 3a mpeaesiaMu 0oJbiIoro kpyra. OMHAKO YPOBHU MEIIAROIINAX
CUTHAJIOB B 3TOM CJIy4ae HEBEIUKHU U, KaK MPABUIIO, HE CO3/IAI0T CEPhE3HBIX MPOOIIEM.

OmHa W3 OCHOBHBIX IPOOJIEM TIPH TPOTHO3MPOBAHWUU IOMEX (KOTopas (aKTUICCKH CBOWCTBEHHAa BCEM
npoleaypaM MPOTHO3UPOBAHUSI TPOMOC(HEPHOTO PACHpPOCTPaHEHHsI) CBs3aHA C TPYTHOCTSIMH pa3padOTKH
€JIMHOTO COTJIaCOBAHHOI0 HAOOpa MPAKTUIECKUX METOJIOB, OXBATHIBAIOIIETO ITUPOKUH TUATIa30H PACCTOSHUI
Y 3HaYEHWH TPOIEHTOB BPEMEHH, T. €. JJIS peallbHOW aTMocdepbl, B KOTOPOH CTaTHCTUYECKHE NaHHBIC
OTHOCHTEIHHO KaKOT0-TO OJTHOTO MPE00IIaaroIiero MeEXaHu3Ma IMMOCTETIEHHO CIIMBAIOTCA C TAHHBIMU JIPYTOTO
MEXaHHM3Ma 10 Mepe U3MEHEHUSI METEOPOJIOTMYCCKUX YCIOBHI W/WIM Tpacchl. IMEHHO B 3TH NEPEXOHbIC
MIEPHOABl MOTYT BO3HUKATh CHTYalll{, KOT/Ia CHTHAJ JaHHOTO YPOBHS CYIIECTBYET B TeUEHHE BCEU IOIH
BPEMEHHU, SBJISIOLIEHCS CYMMOM 10J1€ BpEMEHHU BO3AEUCTBUS pa3InYHbIX MeEXaHU3MOB. [Toaxon, Ha KoTopoM
OCHOBaHa OMHCHIBaeMasi IPOLIEYpa, OIPEIEICT COBEPILICHHO Pa3IeabHbIe METO bl TPOrHO3UPOBAHUS TTOMEX
B YCJIOBUAX SICHOTO H€6a 1 3a CUCT pacCcCCAHUA B THAPOMETCOPAX, OITMCAHHBIC B IIII. 4 1 5 COOTBETCTBEHHO.

MeTo MpOTHO3MPOBAHMS B YCIOBHSAX SICHOTO HeOAa COCTOMT M3 OTAENBHBIX MOJENEH misl aupakimy,
BOJIHOBOJHOT'O PacIipOCTPaHEHH/OTpaKeHHs OT aTMOC(EpHBIX ClI0eB U TponochepHoro paccestHus. Bee Tpu
MOZACIINU MPUMECHAIOTCA IJIA KaKAO0To Cliydass HE3aBUCUMO OT THUIlAa TPaCChbl (B nmpeaeiaax HpﬂMOﬁ BUIUMOCTHU
00 3aropu30HTHAS). 3aTeM pPe3yibTaThl OOBEIUHSIOTCS B OOIIUI MPOTHO3 C WCIMOJIB30BAaHHMEM METOAA
CMEIIeHHsI, KOTOPBIH oOecrieunBaeT JJIsl JII0OOro 3aJaHHOTO PAcCTOSHMS Ha Tpacce W MPOLEHTa BPEMEHH,
YTOOBI YCUJICHUE CUTHAJIA B PKBUBAJICHTHON BOOOpaKaeMON MOJICIIN MPSAMOU BUAMMOCTH OBLIIO MAKCUMAIBHO
BO3MO’KHBIM.

3 IIporno3upoBaHue nmoMex B yCJ10BHUSIX SICHOIO He0a

3.1 Oomme coodpakeHus

Xots MCETOJ MNPOTHO3HUPOBAHHA B YCIOBUAX SICHOTO HeOa peaImn3yeTCsa NMOCPCACTBOM TPEX OTACIbHBIX
Mo,ueneﬁ, PE3YIbTAThl KOTOPBIX 3aTEM CMCIIMBAIOTCA, B I[aHHOﬁ nmpoucaype y4YuThbIBAIOTCA IIATH OCHOBHBIX
TUIIOB MEXaHNU3MOB pPacCIipoOCTpaHCHUA:

— npamas euoumocms (BKII0Yask yCUJICHUE YPOBHS CHTHAJIA 32 CYET MHOTOJIy4eBOCTH U (POKYCHPOBKN);

— Oougpaxyusa (Hal TIAAIKOH MOBEPXHOCTHIO 3€MIIM, HaJl HEPOBHON MOBEPXHOCTHIO M JU(PAKIMS Ha
cyOTpaccax);

— mponocgheproe paccestue;
— aHoManbHoe pacnpocmparenie (BOJTHOBOABI U OTpakeHue/pedpakiius OT aTMOCPEPHBIX CIIOEB);

— UBMeHeHUe 8bIUSDBILUA 3 CUem 8bICOMbL NPU OMPANCEHUU 0N MeCHHBIX npedMemos (€CITH 3TO UMEET
MECTO).

3.2 CocragpiieHre IPOTHO32

3.21 Kparkoe onucaHue npoueaypbl

CocraBneHue IMPOrHo3a COCTOUT M3 CJICAYIOIHUX Iaros.

Illaz 1. Hcxoonwle oannwvie

OcHOBHEBIE HCXOJHBIC NAHHBIC, H€06XO,Z[I/IMLIC JUIA OIIMCBIBACMOI npoucaypsol, IpUBCACHLL B Ta6J'II/ILIC 1. Besa
oCTaJIbHasA HCOGXOJII/IM&S[ I/IH(i)OpMaHI/IS[ MMoJIy4a€TCsd Ha OCHOBC OJ3THUX JAaHHBIX B IMPOLECCE BBINNOJIHCHUA

pOLETypPHI.
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TABJINIA 1
OcHOBHbIE UCXOHbIE JaHHbIE
Tapamerp IpeanoyruresibHOE Onmcanme
pa3penieHue
0,01 Yactora (I'T')
p 0,001 Tpebyemblit mpoueHT(bl) BpeMEHH, B TEYCHHE KOTOPOTO HE
MPEBBIIAIOTCS PACCYUTHIBAEMBIE OCHOBHBIE NIOTEPH Mepeiadun
o, Or 0,001 MupoTa cTranmuu (rpamycol)
Y, Yr 0,001 Jonrora cranmmu (Tpamycsr)
hig, hrg 1 BeicoTa neHTpa aHTeHHBI HaJl ypOBHEM 3eMITH (M)
his, hrs 1 BeicoTa neHTpa aHTEeHHBI HaJl CPEAHUM YPOBHEM MODS (M)
Gy, Gr 0,1 YcuneHne aHTeHHBI B HATIPABIICHUH TOPU30HTA BJIOIb TPACCHI
pacrmpocTpaHeHus ToMeX 1o ayTe Ooubimoro kpyra (abm)
Pol He npumensercs Curnan, HanpuMep ¢ BEPTHKAIBHON MM TOPU30HTATBHON
noJIsipu3aLuen

[NPUMEYAHUE 1. — 1511 CTaHIMiA, CO3JAIOIINX MTOMEXH, ¥ CTAHIUH, KOTOPBIE UX HCIBITHIBAIOT:
{ ! HCTOYHHUK MOMEX;

I' . cTaHIMs, HA KOTOPYIO BOSHCﬁCTBy}OT IIOMEXMU.

IMapametp "nomspusarms” (Pol), ykasanuslit B Tabnuiie 1, He ©IMEET YUCIOBOTO 3HAYCHUS. JTa nHOpMaIust
ucrnone3yercs B 1. 4.2.2.1 B cBsi3u ¢ ypaBHeHusAMHE (30a), (30b) u (31).

Llaz 2. Bvolbop npocHo3a 0151 ycpeoHeHH020 200 Ul HAUXyoue2o mecaya

Br160p nporHo3a Ha roj WM JUid "Hauxy/aIiero Mecsa" B OCHOBHOM OTpefessieTcs MoKa3aTelIMU KadecTBa
(T. e. pabOYMMHU XaPAKTEPUCTUKAMHU M KOIPPUIIEHTOM TOTOBHOCTH ) IPUEMHOT0 TCPMHHAJIA PAJHOCUCTEMBI,
ucnbIThIBatomeil momexu. IIOCKONBKY MOMEXHM YacTO HMMEIOT [BYHANpPaBICHHBIA XapakTep, MOXKET
MOHAJ0OUTHCSI OLICHUTH JIBa TAKUX HAabopa MoKa3aresedl KauecTBa, Ui TOro YTOObI ONPEACTUTh HauXy/lee
HarpaBJICHUC, HA OCHOBAaHHWU KOTOPOro CJICAYCT YyCTaHaBJIMWBATb TpGGOBaHI/IH MHUHHUMAJIBHO IOOIYCTHUMBIX
OCHOBHBIX TOTEph nepenaud. B OonpIIMHCTBE ciydaeB TpeOOBaHHMSA K KadeCTBY MOXKHO BBIPA3HTh 4Yepe3
MPOLICHT BpeMeHH A5 ""moboro Mecsiua', v, ClIeJ0BaTeIbHO, HOTPEOYIOTCS JaHHbIE JJIS1 HANXY/IIET0 MecsLa.

C nomomipio Mojenell MPOrHO3UPOBAHUSA PACIPOCTPAHEHHs MPECKA3bIBaeTCs TOJOBOE pacIpeesieHne
OCHOBHBIX TOTEph Mepenadd. Jlns TpOTHO30B HAa YCPEAHEHHBI TOJ] B TMPOLEAYype MHPOTHO3UPOBAHUS
HEIMOCPEACTBEHHO HCIOJB3YIOTCSI MPOLEHTHl BPEMEHHM [), ISl KOTOPBIX HE IPEBBIMAIOTCS OTHEIBHBIC
3HA4YeHHs] OCHOBHBIX MOTeph mNepenaud. Ecnu TpebyeTcs cOCTaBUTh MPOTHO3 JAJS CPETHEr0 HAMXyJIIETo
MecsIa, TO HeOOXOJMMO PaCCUUTATh C TIOMOMIBIO MPHBOJWMBIX HIKE BBIPAKEHHH TOJJOBOW SKBHUBAICHT
MIPOLIEHTa BPEMEHH P IS POLIEHTA BPEMEHH Py HAUXYALIETr0 MecsIa sl IIUPOTHI () CPeTHEN TOUKH TPACCHIL:

log(p,) + 109G, ) - 0,186 — o,444]

p 210[ 0,816+ 0,078 % , (1)

rac:

®: Y4acTOK Tpacchl HaJ BOAOH (cM. Tabnuity 3);

J+[cos20  wm | o] < 45
G, =

\/ 0,7 (1a)
11-|cos2 ¢ s | @ > 45°.

[Tpu HEOOXOMMOCTH BETMUUHA P JIOJDKHA OBITh OrpaHUuYeHa Tak, YTOObI 12 P > Pu.
CrnemyeT OTMETUTBH, YTO MIMPOTA ¢ (B Tpajaycax) CYUTAETCS TOJIOKHUTEILHONW B CEBEPHOM IMOTyIIAPHH.

[lonmy4eHHsbIi pe3ynbTaT OyAeT NpeAcTaBiIsTh cO00M OCHOBHBIE NMOTEPHU MEPEAayH JUIsl 331aHHOTO MPOLEHTA
BpPEMEHH HauXy/IIero Mecsma, Pu?o.
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Lllae 3. Paduomemeoponozcuyeckue Oanubie

B mpouenype mporHo3MpOBaHUS UCIONB3YIOTCS TPH PATHOMETEOPOJIOTHYSCKUX TapameTpa Jiulsi ONMUCAHUS

M3MEHYUBOCTH (DOHOBBIX M AHOMAJILHBIX YCIOBUI PACIPOCTPAHEHHSI B PA3IMYHBIX MECTaX 3eMHOTO Iapa:

- AN (N-euHHI/KM) — CpEIHIM BEpTHKAIBHEIN ITPaJHeHT HHIeKCa pepaKIuy PaqHUOBOJIH B IIpEAeIax
HIDKHETO CJ10si atMoc(epbl TOJMIMHUHON | KM, CIY)KHT UCTOYHHUKOM HWH(OpMAIHMH, ¢ TOMOIIBIO
KOTOPOW MOKHO PacCUMTaTh SKBUBAJICHTHBIN paguyc 3eMIIH JUI el aHan3a MpoQuils TpacChl 1
MU paKIK HaJ MPEISITCTBUEM. 3aMETHM, 4TO B 3ToM nporienype AN — MoJIoxXuTenbHast BEIHYHHA.

- Bo (%) — mpoIeHT BpeMeHH, B TeUYeHHE KOTOPOTO BEPTUKAIBHBIA TPAJUEHT MHACKCA pedpakuuu B
npenenax nepBbix 100 M HWKHUX crnoeB aTMocdepsl MoxeT mpeBbicHTh 100 N-equHHI/KM,
UCIIOJIB3YETCS ATl OIPEAEICHUS] OTHOCUTEIBHOM 001aCTH JeMCTBHUS YCTAHOBUBIINXCS AHOMAJIBHBIX
YCIIOBUH paclpocTpaHeHUsI Ha paccMarpuBaeMoi mumpote. Crnemyer Mcnonb30BaTh 3HaueHue fo,
COOTBETCTBYIOLIEE IIUPOTE CPEIHEN TOUKH TPACCHI.

- No (N-eanHMIT) — IpETOMIISIOIIAS CTIOCOOHOCTB TOBEPXHOCTH HAa YPOBHE MOPSI, HCIIOJIB3YETCSI TOJIBKO
B MOJIEJIN TPOTIOC(EPHOTO paccesHus B KaueCTBE MEPhl H3MEHYMBOCTH MEXaHU3Ma TPOMOCPEPHOTO
paccessHMA B Tpenenax JaHHONW MecTHOCTH. IlockoibKy pacder Tpacchl B YCJIOBHSIX pacCesiHUA
OCHOBaH Ha T€OMETPHUHU TPACCHI, OIIpeIesIeMOl ¢ MTOMOIIIBIO TOAOBHIX 3HaueHnH AN i 3HaYeHUI
AN nns Hamxyqumiero Mecsia, paccMaTpuBaTh 3HaueHHss No Ui HauxyAllero Mecsina HeT
HeoOxonumoctu. [IpaBunbHo onpenenennsie 3HaueHus AN 1 No 3a1at0Tcsi CpeAHUMY TOUKaMU Tpacc,
MOJTy4YaeMBIMHU C COOTBETCTBYIOIIUX KapT.

Toueunoe 3Hauenune napamerpa Po (%) aHOMaNbHBIX YCIOBHHM paclpOCTpaHEHUs UIsl MECTa, HaJ KOTOPBIM
pacIoIoKeHa CPEeHsAs TOUKA TPACCHI, OMPEeNIAeTC s CIEAYOIIM 00pa3oM:

100015l o| +1,67lll " % o |(p| < 70° @

Po =417, % w || > 70°,

riae:
(. IUPOTa CPEeIHEU TOUYKH TPACCHI (B Tpagycax).
[lapameTrp 1 3aBUCHT OT YIJIa, IMOJ KOTOPBIM Tpacca MPOXOJUT HaJ CyHIel (Cymia BIaIW OT MOPS W/WIN
moOepexbe) v BOJIOH, U OTIpeieNseTcs KaK:
—Otm 0.2

A Al . 5
u, =| 1077667 4 [10 (0,496 + 0,354 ‘r)] , 3)

/i€ 3HaYeHHe |11 JOJHKHO UMETh OrpaHudeHue [ < 1,
pu
-4 1241
= l_e—(4,12><10 xdp ) ’ (3a)
rae:

O :  camplif [UIMHHBIA HETPEPHIBHBINA y4acTOK CYIIH (CyIa BIAJIK OT MOpPsI + MOOEpexbe),
HaJl KOTOPBIM IPOXOJMT Tpacca Mo Jyre OoJIbIIoro Kpyra (Km);

dm:  caMmplif JUIMHHBINA Y4aCTOK TEPPUTOPHHU BIAIH OT MOPSI, HAJl KOTOPBIM IMPOXOIUT Tpacca
1o ayre O0JBIIOro Kpyra (KM).

OmnpeneneHus: paauoOKINMATUICCKUX 30H, KOTOPbIE HMCIOB3YIOTCS TpU pacueTe Om v dim, MPHUBEJCHBI B
TadauIe 2.

1010935+ 0,0176 ¢|)logpy s | (p| <70°

100’3|09H1 IS | (p| > 70°

Mg = 4)



Pex. MCJ-R P.452-15 7

TABJIULIA 2

PagnoxkaumaTHueckue 30HbI

Tun 30HbI Kopn Onpenenenne
Cymia no Al Cyma o 0eperaM BOJIOSMOB M MOPCKHUE MOOCPEXKbs, T. €. CYIIa, MPUMBIKAIOIIAs
Geperam K MOPIO BIUIOTbH J10 BBICOTHI 100 M OTHOCUTENBHO CPEAHET0 YPOBHS MOPS WK
BOJIOEMOB BOJZI0E€Ma, HO OTPaHUYEHHAs] MAKCUMAJIbHBIM paccTosiHueM 50 KM OT

ommwkaiitnero Mopsi. Ilpu oTcyrcTBHM TouHO# nHOpManuu o koHType 100 M
MOJKHO HCTIOJIB30BaTh MPHUOIMKEHHOE 3HaUeHue, T. €. 300 ¢pyToB

Cyma Bramm A2 Bcest cyma, kpome cymu mo 6eperaM BOIOEMOB H MOPCKOTO TIOOEPEKBS,
oT MOps oTIpeNieIeHHOH BBIMIE Kak "cyIa o 6eperamM BogoeMoB"
Mope B Mopsi, okeaHsl 1 Apyrue 0oJbIIME BOAOEMBI (T. €. Ha IJIOIAAH 110 KpaiHeH

Mepe 100 kM B quametpe)

bonvuue 6o0oemul na cyue

"Bosbmue" BojoeMbl Ha cyllie, KOTOpBIE CIeyeT OTHOCUTH K 30He B, onpeaensaiorcs kak BoJ0€MbI IUTOIAAbI0
no kpaiineii mepe 7800 kMm% 3a MCKIIOUeHMEM mUIomamu pek. Ilpu pacyeTe IUIOMAAX OCTPOBA,
PAacIoNIOKEHHBIE B ATHX BOJOEMaX, CIEAYET CUUTATh BOJOW, €CIM MX BO3BBIIICHHWE Hall CPEIHUM YPOBHEM
Bozoema He npessimaeT 100 m aist 6onee uem 90% ux miomanu. OCTpoBa, KOTOPBIE HE YAOBIETBOPSIIOT 3TOMY
KpUTEpHIOo, IPU pacyeTe IUIOIA i BoJoeMa CleAyeT OTHECTH K CYIIIe.

bonvuue ozepa u 600n0-6010mHbIE Y2006

Bonbume miomanu cymu 6osee 7800 KM2, Ha KOTOPBIX PACIIONOKEHO MHOKECTBO MAJIEHBKUX 03€p UIIM CETh
PEK, DOJDKHBI pacCMaTPHUBATHCA aIMHUHHUCTPANUSIMHU Kak "TIpHOpeXHbIE pallOHBI" U OTHOCHTHCA K 30HE Al,
MIPU YCJIOBHH YTO 3TH y4acTKH cymu Oosiee yeMm Ha 50% 3aHsThI Bomoi U Oonee 90% cylin pacrosiokeHo
Huxe 100 M Hag cpelHUM YPOBHEM MOBEPXHOCTH BOJIBI.

Knumarnueckue paiionsl, otHocsmuecss K 3oHe Al, OompluMe BOmoeMbl Ha cyule, Ooyiblde o3epa U
3a00JI0YEHHBIC PAfOHBI TPYAHO OMNPENENUTh a0CONIOTHO OJHO3HA4HO. [lo3ToMy OT ajMUHHCTpaUii
TpedyeTtcs, uToObl OHM 3apeructpupoBaiu B bropo pannocsszu MCO (BP) te paiionsl, Haxondmecs Ha UX
TEPPUTOPHSIX, KOTOPbIE OHU XOTEH OBl ONPENEINUTh KaK MPUHAUIeKAIME K OHOW U3 Ha3BaHHBIX KaTETOPHH.
[Ipn orcyTcTBMM TakoW 3aperucCTpUPOBAaHHOW HH(OPMALMM BCE TEPPUTOPUH CYIIM OyIyT CUUTATHCS
MIPUHAJUICKAIIUMHI K KIUMaTtndeckoi 3oHe A2.

B nensx obecnieueHnss MaKCHMaJIbHON COTJIaCOBAHHOCTH PE3YJIBTATOB MEXIY aIMHUHUCTPALMAMH PacUETHI 10
3TOH mpoluexype cienyeT BBIIONHATh Ha ocHOBe Llndposoit kapTel Mmupa MCO (IDWM), KOTOPYIO MOXKHO
nosryunTh B bP. Ecni Bce Toukn Tpacchl HaXoaATCsl KaK MUHIMYM Ha paccTosSTHUH 50 KM OT MOPS UM HHBIX
OOJIBIIMX BOJIOEMOB, TO UCIIOJIL3YETCS TOJILKO KaTeropus "cyia Baaiau oT Mops'".

Ecmn wabopMamus o 30He XpaHHTCS B TOCIENOBATENBHBIX TOYKAX BJIOJIb TPACCHl PaCIpPOCTPAHEHUS
PaAMOBOIH, CEIyeT MPEAIOI0KUTh, YTO U3MEHEHHSI ITPOUCXOAT Ha IOJITYTH MEXy TOUYKAMH C pa3HBIMH
KOJaMH 30H.

Dxeusanrenmuwiil paouyc 3emau
MennanHoe 3HaueHue K03 uiMeHTa SKBUBATICHTHOTO paguyca 3eMitH, Kso, U1 Tpacchl ONpeenseTcs Kak:

157

Kso =~ 5
® 157 - AN ©)

[Ipennonoxus ¢akTuueckuid paguyc 3emid paBHBIM 6371 KM, MONY4YMM CIEAYIOIIEE BBIPAKEHHE IS
MEMAHHOTO 3HAUYEHUS SKBUBAJICHTHOTO pajinyca 3eMIIH, de!

2. =6371 - kso KM. (6a)
OKBHUBaJICHTHBIN paguyc 3eMiIi, NPEBILICHHBIN 1715 0% BpeMeHH, 8g, ONPEAeIsIeTCs KaK:

ap = 6371 - k[s KM, (Gb)
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rae Kg = 3,0 sBisieTcst pacueTom Ko3QdUIMEeHTa SKBUBATIEHTHOTO Pajyca 3eMIH, MPEBBIIICHHOT0 is [30%0

BpPEMEHH.

Bnm. 4.2.1 n4.2.2 o0muii 5KBUBaJICHTHBIN panuyc 3eMiH, ap, yCTaHABIMBAETCS PaBHBIM ae 47151 50% BpeMeHU
u ag — 17151 Bo% BpeMeHH.

Lllae 4. Ananusz npoghuns mpaccoi

3HaueHus psizia mapaMeTpoB TPACCHL, HEOOXOIUMBIX ISl pacdeTOB U yKa3aHHBIX B TaOmuIle 3, JOIDKHBI OBITH
OTIpE/IeNICHbI C MOMOIIBIO MEPBOHAYALHOTO aHANN3a POMUIIS TPACCHl HA OCHOBE BETUUUHBI e, TIOTYUICHHOMN
u3 ypaBHeHus (6a). Hpopmaius, kacaronascst BONPOCOB pacyeTa, MOCTPOSHUS U aHaIN3a PO MIIS TPACCHI,
npuBoauTcs B [Ipunaraemom nokymente 2 k [punoxenuto 1.

TABJIUIIA 3
ITapameTpsbl, moJly4aemMblie B pe3yJbTaTe aHAJIN3A NPO(PHIIS TPACCHI
ITapamerp Onucanne
d Paccrosinue Ha Tpacce BIOJIb AYTH OOJIBLIOTO KpyTra (KM)

di, dir Jns  3aropW30oHTHON Tpacchl PAcCTOSIHUS OT Tepefaiolleil W MNpPUEeMHOW aHTeHH OO0 HX
COOTBETCTBYIOLIUX TOPH30HTOB (KM). 7 Tpacchl MpsIMOIl BUAMMOCTH KaXKAbIM IapaMmeTp paBeH
PacCTOSHUIO OT TEPMHUHANA IO TOYKH Ipoduiisl, orpeaessieMoil Kak Touka bymHrrona npu meroze
mudpakuuu s S0% BpeMeHH

O, Or JI71s1 3arOpU30HTHOM Tpacchl YIUIBI MECTa [0 OTHOLIEHUI K FOPU30HTY IEpefarolleil U MpUEeMHOR
aHTEHH COOTBETCTBEHHO (Mpan). s Tpacchl IpsAMOi BUAMMOCTH KaXKIbIil MapaMeTp paBeH yIiIy
MecTa Jpyroro TepMHHaIA

0 Yri0Boe paccTosiHHE Ha Tpacce (Mpan)

his, hirs BricoTa 1ieHTpa aHTeHHBI HaJl CPEJHUM YPOBHEM MOp (M)

Pte, hre D¢ ¢exTuBHBIE BBHICOTHI aHTEHH HaJ MECTHOCThIO (M) (ompeaeneHus naHel B [Ipunmaraemom
JIOKyMEHTe 2)

dy OO1mas JuIMHa y4acTKOB TPAcChl, MPOXOISAIINX HaJ BOJOH (KM)
® YacTp 00111e# Tpacchl HaJ BOJOM:
® = dv/d, @)
rze d — paccTosiHEe BIOJb AYTH OOJNBIIOro Kpyra (KM), BEIMHCICHHOE ¢ MOMOIIBI0 ypaBHeHus (148).
JJIs Tpacchl, HeNUKOM pacIioiosKeHHOH Haf cymeit, o = 0
et cr PaccrostHue Hax cymied oT mepenaromied M NMPUEMHOM aHTEHH O MOOEpeXbs, BIOJIb KOTOPOTO
MPOXOANT Tpacca MOMeX Io ayre Oospiroro kpyra (km). st repMuHana Ha OOpTy cyqHA WIM Ha
MOPCKO#1 iat(hopmMe paBHO HYITIO
4 Mogesan pacnpocTpaHeHusi B YCJIOBHUSIX SICHOIO Heba

B CICAYIOIINX IMOoApa3aciiax OIIMCbIBACTCA crocoo pacu€Ta OCHOBHBIX TIOTEPb IMICpPCAavu, Lb, (I[B),
HEC NPEBLINIACMBIX B TCUCHUEC Tpe6yeMoro €XXErOJHOI'0 MPOLICHTA BPEMEHH, .

41 Pacnpocrpanenue B npeaesnax NpsaMoi BUAMMOCTH (BKJIKYAS KPATKOCPOYHbIe d(PPeKThI)

J151g 3aroprM30HTHBIX Tpacc U TPace B Mpeneax NpsMOil BUAUMOCTH JOJKHBI OBITh PACCUUTAHBI CIIETYIOIINe

3HA4YCHMUA.

OcHOBHBIE TIOTEpH TEpeladd Hu3-3a PACHpPOCTPaHEHHS B CBOOOJHOM IPOCTPAHCTBE M OCNa0JCHHS B
aTMoc(hepHBIX ra3ax:

Lotsg = 92,5 + 20 log f + 20 log d + Aq nb, (8)
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rac:

Ay : ofriee noryomieHue B aTMOCQepHbIX razax (nb):

A =% + %] d b, ©)
rac:

Yo, Yw(p) :  3HAYCHHUS TIOTOHHOTO OCITA0JICHHS B CYXOM BO3JlyX€ U B Mapax BOJABI COOTBETCTBEHHO,
KOTOpbIe  ONpEJCNSAIOTCS € [OMOIIBI  YpaBHEHWH,  TNPHBEJCHHBIX B
Pexomenmanuun MCO-R P.676;

p . IIJIOTHOCTD IIapOB BOJbI:
p=75+25w /M3 (9a)
® . YacTh TPACCHI, MPOXOsIas HaJl BOJOMH.
[ompaBkwu, yunTtsiBarone 3pPpeKTbl MHOTOIY4IE€BOCTH H (POKYCHPOBKH, TIPU MPOLEHTaX BpeMeHH P U Po:
Esp = 2,6 [1 — exp(-0,1 {di + dir})] log (p/50) nb; (10a)
Ess = 2,6 [1 — exp(=0,1 {di + dir})] log (Bo/50) nb. (10b)

OcHOBHbIE NTOTEpH Tiepeaayn, He MPEBhIIIaeMble B TeUeHNE TPOIIEHTa BpeMeHH, P%, N3-3a paclpoCTpaHEHUs
Ha Tpaccax IpsSMOU BUIUMOCTH:

LbOp = Lbfsg + Esp ab. (11)

OcHoBHbIE IOTEPU NEPeaydy, HE IPEBBIIIaEMbIE B TEUCHUE MIPOLIEHTA BpeMeHH, [30%, H3-3a paclpoCTpaHEeHUs
Ha Tpaccax IpsiMO BUIUMOCTH:

Lbog = Lutsg + Esp 1b. (12)

4.2 Judpakuus

Cunraercs, YTO U3MEHUYUBOCTh BO BPEMEHH BEIMYHMHBI JOTIOJIHUTEIBHBIX IOTEPh, BBI3BAHHBIX MEXaHU3MOM
ndpaxnn, oO0ycloBlIeHa M3MEHEHHSIMH BEPTHUKAJIBHOIO TpajMeHTa oObeMHOW arMocdepHoil pedpakmuu
paIMoOBOJIH, T. €. TpEANojaracTcs, 4YTo MO Mepe yMEHbIIEHWs TMPOIEHTa BpeMeHH P KodQQHIUEHT
AKBHUBAJICHTHOTO paanyca 3emin, K (p), yBenununBaetcs. [lonararot Takke, 4To 3TOT MPOLECC COXPAHSIETCS
114 By < p < 50%. [l npoleHTOB BpEMEHH, MEHBIINX [3), Ha ypPOBEHb CUTHAJIA ITPe00Iaiatonee BO3IeHCTBHE

OKa3bIBAIOT CKOpEe AaHOMAaJbHBIC MEXaHHW3Mbl DACIPOCTPAHCHUs, YeM OOBEMHBIC XapaKTEePHCTHKH
atMocepHoil  pedppakiuu.  CrenoBarenbHO,  HpEANoNaraeTcs, 4ro  AU(PaKkUUOHHBIE  IIOTEPH,
He mpeBbImaemMble Ui P < Bo%, Takue xe, Kak u 45 P = Bo% BpeMeHH.

VYuuThIBas BBILIECKAa3aHHOE, B 001LEeM ciydae, koraa P < 50%, pacuet qudpakiuuu Heo0X0IUMO TPOU3BECTH
ABXIbI: OTMH JJI MEJUAaHHOTO 3HavyeHHs KOod(D(DHUIMEHTa OSKBUBAJCHTHOro paamyca 3emid Kso
(ypaBuenwue (5)), a Apyrod — Juis OrpaHUYMBAIONIETO 3HAYCHUST KOAPQUIMEHTa SKBUBAJICHTHOTO paauyca
3emuin K, paBHOro 3. DTOT BTOPOi pacyeT MO3BOJIAET MOJYYUTh OLEHKY IU(PPAKIMOHHBIX IOTEPH,
He TpeBbIaeMbix uisi fo% BpeMeHH, rie Po 3aaaeTcsi ypaBHeHHeM (2).

Toraa nudpakimonnsie notepu Lgp, He npeBbimaeMbie B Teuenue P% Bpemenu, it 0,001% < p < 50%,
PACCUUTBIBAIOTCS C UCIIOIB30BAHUEM IPOLICIYPhl OTPAHUYCHHSI MIM HHTEPITOJISALINHI, OITMCAHHOMH B 1. 4.2.4.

C nomomipro Moenu TU(pPaKINKA PACCUUTHIBAIOTCS CIIEAYIONIIE TapaMeTphl, TpeOyemble B 11. 4.6:
Leop: audpakiimoHHBIE TOTEPH, HE TPEBhIIIAcMbIe 11 P% BPEeMEHH;
Lodso :  MeIMaHHBIC 3HAYCHUST OCHOBHBIX ITOTEPH IepeaayH, CBI3aHHbIX ¢ AU(PaKIUCH;

Lod: OCHOBHBIE IOTEPU MEpenauu, CBSI3aHHBIC C TUPPAKLUEH, KOTOpbIe HE MPEBBIIAIOTCS
Juist p% BpEeMEHHU.

JudpakuroHHBIE TOTEPH BBIYHUCISIOTCS IIyTEM COYETaHHWS METOAd, OCHOBAHHOTO Ha KOHCTPYKIHH
BynnuHrTOHa, M MeTOAa pacdera nudpakiuuu Haja chepudeckoit 3emield. YacTh 3TOro KOMOMHHPOBAHHOTO
METOAa, OCHOBaHHAas Ha KOHCTPYKUMM bByninuHITOHA, SBIsETCS paciiMpeHreM 0a30BOi KOHCTPYKLUHU
ByniauHrTOHA AN KOHTPOJIS MEPEXOA0B MEXIY CBOOOTHBIM MPOCTPAHCTBOM M YCIOBHSMH IPH HAJIMYUHU
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MPEMSITCTBUN. DTa 4acTh METO/a UCIIOB3YETCS BAXKIBI — JUIsl MPOMWIISI PEaTbHON TPACChl U JUIS TIAJKOTO
MpOo(UIIS ¢ HyJIEBOH BRICOTOM ¢ M3MEHEHHBIMHU BHICOTAMH aHTE€HH, Ha3bIBAEMBIMA 3(P(PEKTUBHBIMU BHICOTAMH
anTeHH. Te e 3QQeKTHBHBIE BRICOTH aHTEHH UCTIONB3YIOTCS U ISl pacyeTa MmoTeph 3a cueT AU(paKui Haj
chepuueckoit 3emiicii. KoHeuHblli pe3ynabTaT MpPEACTABISET COOOH KOMOWHAIMIO TPEeX BHUJOB TOTEPH,
paccunTaHHBIX, KaK YKa3aHo BeIIIe. J{J1s njeansHo TIaaKoi TpacCchl OKOHYATEIbHBIE JTUPPAKIIHOHHBIE TOTEPH
BBIYHCIISIIOTCS C UCTIOIB30BAHUEM MOJIENH CHEPHIECKON 3eMITH.

DTOT MeToa o0ecreunBaeT pacuer MTUGPAKIIMOHHBIX TOTEPh JJIs BCEX THIIOB TPACC, BKIKOYAs TPACChl HAJ
MOpEM, HaJl MATEPUKOBOM YaCThIO CYIIH M HAJI NPUOPEKHON YaCThIO CYIITH, HE3aBUCUMO OT TOTO, SBJISCTCS JIA
Tpacca riajkon Uid HEpOBHOM, Tpaccou NpsiMO BUIUMOCTH UITK 3aTOPU3OHTHOM TPacCOH.

B nmamHOM MeTome TakXKe IMHPOKO HCHOIB3YETCS ANMIpOKCHMAIMd K AUPPaKIHOHHBIM MOTEPSIM HaJ
OJIMHOYHBIM KJIMHOBUIHBIM TIPETSITCTBHEM B KadecTBe (YHKIHMHA OJHOTO Oe3pa3MepHOro mapaMmerpa, V,

ornpeaeiaaeMoro KakK.
I(v) =69+ 20|og[,/(v—o,1)2 + 1+v—o,1j. (13)

O6pature Baumanue, 4to J(—0,78)~0, u 3T0 ompenenseT caMblii HWKHUIA MPEAeN, IPU KOTOPOM JTOJDKHA
UCIIONIb30BAThCs TaHHAs anmpokcumanus. J(v) paBed Hy:mo s v < —0,78.

[omHerii pacueT quPaKIK OTMCHIBACTCS B HUKECTISIYIOIINX ITOApa3/eiax.

B 1. 4.2.1 onuceiBaeTcst 4acTh METOIA pacueTa AUPPaKIuN, OCHOBaHHAs Ha KOHCTpYKUWHU bymmarrona. [1pu
KaXIOM pacdere TUPpaKUUK IJisi JaHHOTO SKBHUBAICHTHOTO paauyca 3eMIIM OHa WCIOJNB3YEeTCs JBaXKIIbl.
Bo BTOpOM cityuae MEHSIOTCS BBICOTHI aHTE€HH, a BCE BBICOTHI IPOQUIIS PaBHbI HYJIIO.

B 1. 4.2.2 onmceIBaeTCs 9acTh MOZENN pacueTa AUQpakiny Ha OCHOBE cdepudeckoit 3emmn. s pacueToB
IMPUMCHAIOTCA TC K€ BBICOTBI AHTCHH, YTO U IIPHU BTOPOM HCIIOJIb30BaHUH MOJAC/IN By.]]J'II/IHFTOHa, OIMMCAaHHOU
Bm 4.2.1.

B 1. 4.2.3 onuceiBaeTcs mopsa0K KOMOWHUPOBAHHOTO HCIONB30BAaHUS METOJIOB, M3JIOKEHHBIX B mil. 4.2.1
n 4.2.2, 11 BBIIOTHEHUS MOJTHOTO pacyeTa TUGpaKIuy A1l JAHHOTO SKBUBAJICHTHOTO paanyca 3emiu. M3-3a
TOT0, KaKMM 00pa30M HCIIOIb3YyeTCsl MOJIeb by IIMHI TOHa M MOJIeNTh pacueTa Ha OCHOBE c(hepuuecKoi 3emiy,
TIOJTHBINA pacueT qudpaKkIuy MOTyYHT Ha3BaHue ""MO/IeNb JienbTa-byumHrTOH" .

B 1. 4.2.4 onmceiBaeTcs MOMHBI pacyeT TuQpanuoHHBIX TOTEPh, HE PEBBIIAEMBIX JUTSI 33 JAHHOTO IPOLICHTA
BpeMeHH PY%.

42.1 Yacth METOda pacueTra JIH(l)paKIII/II/I, OCHOBaHHas HA KOHCTPYKIHUH EyJ’[J’lHHFTOHa

B npescraBieHHBIX HUKE YPaBHEHHSX HAKIOHBI PACCUUTHIBAIOTCS B M/KM OTHOCHTEIILHO OCHOBHOW JTMHHU,
COEIUHSIONIEH YPOBEHb MOPS Ha CTOPOHE MepelaTihKa C ypOBHEM MOpS Ha CTOpOHE IIpreMHuKa. PaccrosiHue
10 i-i TOUKH TPOUIIS U ee BICOTA COCTABIISIIOT COOTBETCTBEHHO O KMIOMETPOB U hj METPOB HaJ CPEAHUM
ypOBHEM Mopsi, | mpuHUMaeT 3HadeHus ot 0 10 N, rae N + 1 — gucio Toyek npoduiis, a MoHas JUTHHA TPACCHI
paBHa d kunomerpam. s ynoOCTBa TEpMHHANBI B Ha4Yajae W KOHIIE MPOQUIIS HA3bIBAIOT MEPEIaTYMKOM U
HNPHUEMHUKOM C BbICOTaMu his U Nrs METPOB HaJl ypOBHEM MOpSI COOTBETCTBEHHO. DKBHBAICHTHAsI KPHBU3HA
3emun C, kM ! 3amaetcst popmysioit 1/ap, rjie p — SKBUBAIEHTHBIN PadyC 3eMIIM B KWIOMETpax. JlIHa BOJTHBI
B MeTpax 0003HavaeTCs Kak A.

Haiinem npomMexyTouHyI0 TOUKY MpOdUIIsS ¢ HAUOOJBIIMM HAKIIOHOM JIMHUH OT Tepe/laTurKa K TOUKe:

— max l_hi +500€edciii(d —d; )_htsJ M/KM, (14)

Stim

i€ HHAEKC MPpoGwIs | mpuHUMaeT 3HadeHus ot 1 o n— 1.

PaccunTaem HakJIOH JIMHUU OT nepeaaryMka K nNpueMHUKY, Ipeamnojaaras, 4To pe€ib UACT O TpaCCe HpHMOfI
BUIHUMOCTH:

Sip === M/KM. (15)

Tenepb HEOOXOIUMO PaCCMOTPETH /1B CIIydasl.



Pex. MCJ-R P.452-15 11

Cnyuaii 1. Tpacca npsamoii guoumocmu
Ecmu Siim < Sir, TO Tpacca sBisieTcst Tpaccou mpsMol BUITUMOCTH.

Haiinem npomexyTouHyI0 TOUKY Npo(uiIst ¢ HanOONBIINM TapaMeTpoM Judpakiuu v:

Viax = max{ [hi +500C,d; (d —dj ) - Deld=0 )t ],/ﬁ?do_z‘f,,)} (16)

i€ MHAEKC MPOoGMIs | MpUHUMAaeT 3HaYeHns ot 1 o n— 1.

B »stom Cjiyda€ 1OTEpU HaAd OAWHOYHBIM KIMHOBUIAHBIM TIPEIATCTBUEM I TOYKH ByJ’IJ’II/IHl"TOHa
OIIPCACIISIOTCS BEIPAXKCHUCM:

I-uc = ‘](Vmax ) ab, 17)
rae ¢yakmus J 3agaercs ypasaeHueM (13) mist vy 6omeie —0,78, a B APyrux ciryvasx paBHA HYJIO.
Cnyuaii 2. 3azopusonmuas mpacca
Ecmu Stim = Sy, TO Tpacca sBIsieTCs 3arOpU30HTHOM.

Haiinem npomMexyTouHyIO TOUKY MPO(UIIs ¢ HAMOONBIIMM HAKIIOHOM JIMHUHM OT IPUEMHHKA K TOUKE:

s :ma{hﬁsoocedi(d—di)—hrsJ M/KM, (18)
rim d—di

rae uHaeKe npoduiis | mpuHuMaet 3HadeHus ot 1 qo n — 1.

Paccunrtaem paccrosinue 10 TOUKH ByIIMHTTOHA OT IepeIaTyuka;

— hrs _hts +Srimd
dbp N S + Stim KM. (19)

PaccunTaem napametp audpakuuu, vp, 11st TOUKH BynmuHrTOHA:

vy = [hls + Stimdbp - htS(d_dbp)-FhrSdbp] e (20)

d Adpp (d =y )

B srom cnywyae nudpakiMoHHBIE TOTEPU HAX OJWHOYHBIM KIMHOBHIIHBIM IIPETSATCTBUEM IS TOUYKH
BynnuHrTOHA OMIPENENIOTCS BRIPAKCHUEM:

L.=J(v,) 1B (21)

Hast Lye, paccuntanHoro no ¢gopmyne (17) nnu (21), nudpaknuoHHble motepu Ha Tpacce Mo ByumHrTony
OTIPEJIEIISIOTCSI BRIPAKEHHEM:

Lount = Luc + [1 — exp(~Luc/6)](10 + 0,02d) 1B. (22)

4.2.2 Tlorepu 3a cuet Au¢pakuuu HaJ chepudeckoii Jemei

[Motepu 3a cuet qudpakiyu Hax chepudeckoii 3emiiel, He MPEBbIIIaeMbIe B TeUeHUE P% BPEMEHH, I BBICOT
aHTeHH Ne U hre (M) BBIUHCISIOTCS CIEAYIOMIAM 00pa3oM.

PaccunTaem rpannuHoe paccrosiHue npsmoi sugumoct (LoS) st rmaakoit Tpaccs:
dos = 2, -(/0.00T +,/0,00Th, ) xom. (23)

Ecnu d > dies, paccuntaem u¢pakiinOHHBIC TOTEPHU, UCTIONB3YSI METOJI, OTMMCAHHBIN B 1. 4.2.2.1, HIXeE, s
adit = 8p, YTOOBI MONMY4IHTh Lgr, 1 ycTaHOBUM Lgsph paBHBIM Lgr. anpHeHmunx pacueroB Audpakuuy Haj
cdepuueckoii 3emieit He TpeOyeTcs.

B nHOM Cciiydyae mpooHKIM BEIYUCICHIS CISAYIOIIM 00pa3oM.
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PaccuntaeM HauMMEHBIIYIO BBICOTY MPOCBETa MEXAY TPaccod HaJl MCKPUBJIECHHOW 3eMIIeH U JIy4OM MEXIY
aHTEHHAMH, Nse, HCIIOIB3Ys ypaBHEHUE:

d2 d2
h, — 500—=% |d, + | h, —500—3%2 deg

a a

h, = i i M, (24)
d
rie:
d

dgy = . @+ b) KM; (25a)
deep = d — dggq  xM; (25b)

b = 21/m—+1cos T, 1 arccos 3¢ 3—m3 , (25¢)
3m 3 3 2\ (m + 1)

rae GYHKIHS arccos BO3BpAIlaeT yroJl B paJuaHax:

h, - h
= (254)
te re
2
m o 2od” (25€)
ap(hte + hre)

Paccunraem TpeOyeMmblii MPOCBET TS HYJIEBBIX AU(PPAKIIHOHHBIX MOTEPb, Nreq, HCIIOIB3YsI ypaBHEHHE!

N = 17,456 dsel‘;—S“ M. (26)

Ecnu hse > hreq, moTepu 3a cuet maudpaximu Haa chepuueckoit 3emiei, Lasph, paBHBI HyIr0. JlampHeHmmx
pacuetoB nudpakiuu Haj chepuueckoit 3emiiel He TpeOyeTcs.

B wHOM Cciiyyae mpooHKUM BEIYUCIICHHUS CIEAYIOIINM 00pa3oM.

PaccuntaeM M3MEHEHHBIN YKBUBAJIEHTHBIN paguyc 3€MIIH, 8em, KOTOPBIN JA€T TPaHUILy MPSAMON BUANMOCTH

Ha paccTosiHUHM O, UCTIONB3Ys ypaBHEHUE!
2

. - (27)

:50#
em ,\/E-{—\/h_re

Hcnons3zyem Mero, onucaHHblil B 11. 4.2.2.1, 1715 @dit = 8em, YTOOBI OJYYHUTH L.

Ecnu 3Hauenue L sIBII€TCS OTpUIIATENFHBIM, TTOTEPH 3a cUeT nudpakiun Hal chepruueckoit 3emmei, Laspn,
PaBHBI HYJIIO, M TAJIBHEHIIIMX PacyeTOB TaKoW audpakiiuu He TpeOyeTcs.

B wHOM Cci1y4yae mpooHKUM BEIYUCIICHHS CIEAYIOIINM 00pa3oM.

PaccunTaem notepu 3a cuet qudpakuum Hax cheprueckoil 3emieil MeToa0M HHTEPIOISLNY:
Ldsph = [1 - hse / hreq ]Ldft nb. (28)

4221 Yacrs noteps 3a cuer audpakuuu Haa chepudeckoii 3emieii, ompenessiemMasi nepBbIM
YJIEHOM OCTATOYHOIO0 psiia

B maHHOM myHKTE MPUBOIUTCS METOJ pacuera nudpakiuu Hax chepudeckoil 3emieil ¢ UCHOIb30BaHUEM
TOJILKO TIEPBOTO 4JIEHA OCTaTOYHOTO psijia. DTOT METOJ| SBISETCS YacThio OOIIero MeToja pacdera
T PAKIAK, OMMMCAHHOTO B I1. 4.2.2, BBIIE, W MpeJHA3HAYCH JJIs ONpeAeicHus TUGPAKIIMOHHBIX TTOTEPh C
YUYETOM IIEPBOT0 YJIeHa OCTATOUHOTO Psina, Latt, [UI JAaHHOTO 3HAYEHUS SKBUBAJICHTHOT'O PajJyca 3eMIIH ad.
3HaueHue adfr, KOTOPOE HEOOXOIUMO HCIIOIb30BaTh, AaHO B 11, 4.2.2.
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YCTaHOBUM THIUYHEIC JIIEKTPUYECKHAE CBONCTBA 3EMHOW IOBEPXHOCTU JUISl CYIIM C OTHOCUTEIHHOU
TUDIIEKTPHIECKON TpoHUIaeMocThio & = 22,0 u mpoBoguMocThio 6 = 0,003 Cm/M m BerauciuM Lgi mpu
nomonw ypaBHeHui (30)—(37), 9T00BI TOXYIHTD Ldttiand.

YCTaHOBUM THITMYHBIC 3JICKTPUYECKHE CBOWCTBA 3€MHOM IMOBEPXHOCTU JUIsI MOpPS C OTHOCHTEIHHON
TUDIICKTPHIECKON MPpOHUIIaeMoCcThIO & = 80,0 1 mpoBOAMMOCTHIO 6 = 5,0 CM/M 1 BEIYHCITUAM Lgit IpH TTOMOTITH
ypaBaenuit (30)—(37), 9To0bI TOTYIHUTH Lditsea.

Ilorepn 3a cuer audpakurum Hajg cdepuueckold 3emiiel, ONMpeAenseMble TOJIBKO IEPBBIM YJICHOM,
paccuuThIBaloTCs 1Mo GopmyIie:

Lot = Olgfisea + (1~ @) Lyftiand ab, (29)

rAC O — YaCThb TPACChI, ITPOXOoJsdllad Hal MOPEM.

Haunem BbIYUCTIEHUA, KOmopble O0JICHBL ObIMDb BLINOJIHEHDI a@ancabl, KAk onucaHo evluie.

HopmanuzoBanHbiii  k03(Q(UIMEHT MOMTHONW MPOBOJMMOCTH TOBEPXHOCTH [Jisi TOPH3OHTAJIBHOM |
BEPTUKAIBHOM NMOJIIPU3ALIH:

14

_ 1/3 2 2
K =0,036 (adﬁ f) [(Sr D° + A8a/1) ] (ropusonTanbHas nonspusanus) (30a)

V2
Ky = Ky [sf + (18ac/ f)z] (BepTUKaIbHAS MOJSIPH3ALIHS). (30Db)

Ecnmu BekTOp monspu3anuu COAEPKUT KaK TOPU3OHTANBHBINA, TaK M BEPTHKAIBHBI KOMIIOHEHT, HAPUMED
KPYrOBYI0O WM HAKIOHHYIO TOJISPHU3AINI0, Pa3JIOKUM €ro Ha TOPU3OHTAIBHBIA W BEPTUKAIHHBIN
KOMITOHEHTHI, BBIUYUCIAM Ka)XIbIi 10 OTAENbHOCTH, HaumHas ¢ ypaBHeHmid (30a) m (30b), mocnme uero
00BbEMHUM pe3yJbTaThl B BUAC CYMMBI BEKTOPOB aMIUIMTYABI moiisi. Ha mpakThke B TakOM pa3lioXCHUU
OOBIYHO HET HEOOXOJMMOCTH, TTOCKONBKY Ha dacToTax Beimie 300 MI' mis Pe B ypaBHeHuu (31) MOXKHO
WCTIONIF30BATh 3HaUeHue 1.

Brruucium napaMeTp, yYUTHIBAIOIIUE THI 3eMHOW TTOBEPXHOCTH/TIOJISIPU3AIIHN:

1+1,6K?2 +0,67K*
— el ki , 31
Par 1+45K? +1,53K * (D
rac K — 9TO KH )50)0%1 KV B 3aBUCHUMOCTH OT THUIIA HOHHpI/I3aI_[I/II/I.
HOpMaJ'II/I3OBaHHOC paCCTOSIHI/IeI
1/3
X = 2188B4 LZ d. (32)
Ayt
HOpMaJ'II/I30BaHHBIe BBICOTHI HepeHaT‘lHKa Hu HpI/IeMHI/IKa:
1/3
f 2
Y, = 09575B | — | hy; (33a)
Ayt
1/3
f 2
Y, = 0957584, | — | h.,.. (33h)
Ayt
PaCC‘II/ITaeM YJICH, onpez[enﬂ}omnﬁ paCCTOHHI/Ie, I/ICHOJ'ILBYH ypaBHCHI/IC:
11+10log(X)-17,6X X >16
a(X) st (34)

X 71 20log(X) —5,6488X 1425 ws X <16
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OHpCHCHI/IM (byHKLII/IIO HOpMaJ’IHSOBaHHOfI BBICOTEI, UCIIOJIB3Ys YPAaBHCHUCE!

@

rac:
B, =Bys Y, (36a)
B, =By Y, . (36b)

Ecmu 3nauenne G(Y) mensmre 2 + 20 logK, seobxomumo orpanmants G(Y) tak, utoost G(Y) = 2 + 20 logK.

ITorepu 3a cyer qudpaxium Haa chepudeckoit 3emiieit, onpeseasieMbie MEPBBIM YICHOM OCTATOYHOTO P,
Teneph 3aIAI0TCS yPAaBHCHUEM

Ly =—Fx ~G(¥)-G(Y,)  zB. (37)

423 Tloanas Moaesb TH(PPaAKIUOHHBIX MOTEPs "'AeabTa-Byaannarron”

Hcnonsizyem meTon, onrcanHbiid B 1. 4.2.1, muis pacdyera pakTHIECKOTO MPOhUIIsl MECTHOCTH U BEICOT aHTEHH.
YcTaHOBUM pe3yIbTHPYOIIUE AU(PPAKIMOHHBIC MOTEPU MO MOJACIM BY/UIMHTTOHA s peajbHOH TPacchl
Louta = Lpun, Kak 310 3a1aHo ypaBHeHUEM (22).

Hcronb3yem METO, OMcanHblii B 11. 4.2.1, eme pa3 st Bcex BbICOT mpoduis, Ni, yCTaHOBIECHHBIX B HYJIb, H
HU3MCHCHHBIX BBICOT aHTCHH, OIIPECACTIACMBIX BbIPpAKCHUAMMU:

he =h =Ny M HaJ[ yPOBHEM MODSI; (38a)

h,=h,—hyy ™ HagypoBHEM MOp3, (38b)

rZIc BBICOTHI TJIAJKON 3€MHOM TMOBEPXHOCTH B MECTE Pa3MEINCHUS MeperaTyrka U MpueMHUKA, Nsg 1 Nsrg,
yka3zassl B 1. 5.1.6.3 [Ipunaraemoro nokymeHra 2. YCTaHOBUM pe3yJbTUPYIOIINE TUPPAKIHOHHBIE TTOTEPU
10 MOJENM byJUIMHTTOHA JUTst 3TOM TIAAKON TPacchl, Louis = Loun, Kak 3T0 3amaHo ypaBHEHHEM (22).

Hcnonb3yem MeTos1, onucaHHbii B 1. 4.2.2, A71s pacyeTa moTeph 3a cueT nudpakuun Haj chepuyeckoit 3emiei
Lasph ZU1s1 peantbHOM Tpacces! JutiHOoH d (kM) mpu:

he=he (39)
he=h, M (39b)
JudpakiMoHHbIe OTEPHU JIJIs 00IIEH TPACCHI TEIEPh OMPECISIFOTCS KaK:

Ly = Lpuna+ max{ I—dsph — Lpuns: OF ab. (40)

424  JInppakuuoHHbIe OTEPH, He NpeBbIlIaeMble 1J1s1 P% BpeMeHH

Hcnonszyem meron, onmcanubiil B 1. 4.2.3, nns pacdera AudpakIMOHHBIX TOTEPh Lg 7S 3KBUBAJIGHTHOTO
paauyca 3eMiiH 8p = 8e, KOTOPBIN ONpeAessaeTCs ypaBHeHHEM (6a). YCTaHOBUM MeauaHHbIe TU(paKIMOHHbIC
notepH Lgso = L.

Ecmu p = 50%, To audpakumoHHbIE TOTEPH, HE MpeBbIIaeMble U P% BpeMeHH, L4y, onpenesnstores Kak Lgso,
U pacyeT TUQpaKIuy Ha STOM 3aKaHUYUBACTCSI.

Ecmu p < 50%, mpogomKuM BEIYHCIEHUS CIEAYIOMIM 00pa3oM.

Hcnonb3yem Meton, onucanHblii B 1. 4.2.3, 1u1s pacueta AnudhepeHIraibHbIX MoTeph Ly 1151 5KBUBaJICHTHOTO
panuyca 3emiu 8, = ap, KOTOPBIN OmpeenseTcs ypaBHeHHueM (6b). YcTaHOBUM U paKINOHHBIE TIOTEPH, HE
npesbimaeMble A7 0% BpemeHH, Lgg = La.

[MpuMeHeHne TBYX BOZMOXKHBIX 3HAUEHUH KO3 PHIIMEHTA SKBUBAJICHTHOTO pajinyca 3eMIIM KOHTPOJIUPYETCs
K03 PHULIMEHTOM HHTEPIOJSIIHH, Fi, 0CHOBaHHOM Ha HOPMaJIBLHOM paclpeneleHu: AuPPaKIHOHHbIX IOTEPh
B anana3oHne Po% < p < 50% u onpeznensieMoOM Kak:
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Fi = '(180}

st 50% > p > Bo%; (41a)
| Bio
100
=1 ans Bo% 2 p, (41b)
rme I(X) — oOpaTHas [OMOJNHHUTENbHAS KyMYJSITHBHAsS (DYHKIHS HOPMAIbHOTO —paclpeIe/iCHusI.

Anmpokcumarus s 1(X), KOTOPYIO MOKHO HCIOJNB30BaTh C JIOBEPHUTENIbHBIM HHTepBasoM aast X < 0,5,
npuBeneHa B [Ipunaraemom noxkymente 3 k [Ipunoxkenuro 1.

Jndpakiponnsie motepy, Lqgp, He IpeBbImaemMbie 11 P% BPEMEHH, TETIEPhb OMPEIEISIOTCS KaK:
Lap = Laso + Fi ( Lag — Laso) ab, (42)
rre Laso u Lgp ompenenenst Beime, a Fi 3agaercs ypasaenusimu (41a) u (41b) B 3aBUCUMOCTH OT 3HaUCHHI P
nu Bo.
MennaHHble OCHOBHBIC TIOTEpPH MEpeaayu, CBI3aHHbBIE C U PaKInei, Lodso, OIPenensoTes Kak:
Lbaso = Lutsg + Laso, ab, (43)
rae Lusg 3amaercst ypaBHeHUEM ().

OcHOBHBIE MTOTEPU Mepeayn, CBsI3aHHbIe ¢ AU(PaKIKE, He peBbIIaeMbIe T P% BpEeMEHH, OTPEIEIIIOTCS
KaK

Lbd = Loop + Lap ab, (44)

rae Lpop 3amaercs ypaBaenuem (11).

4.3 Tpomnocdepnoe paccesinue (IIpumeyanus 1 u 2)

IMPUMEYAHUE 1. — [Iy1s npolieHTOB BpeMeHH 3HaYUTENbHO HIbKe 50% ObIBaeT TPYIHO OTICIMTh UCTUHHBIH PEXUM
Tpornoc(epHOTro paccestHus OT APYTUX, BTOPOCTEIIEHHBIX SIBJICHUH, KOTOPHIE OKa3bIBAIOT aHAJOTUYHOE BO3/IEHCTBIE Ha
pacupocTtpaHeHre pagroBoiH. [loaTtomy Mozemns "TpormocdepHOro paccestHus", MPUHATAS B HACTOSIIEH Pexomennammm,
SIBISIETCSL  SMIIMPHYECKUM 000OIIEHHEM KOHIEIIMHA TPONOC(HEPHOTO paccesHHs, OXBATHIBAIONIMM TaKXe 3TH
BTOPOCTEIEHHBIE SIBJIEHHS pacrnpocTpaHeHns. OHa TO03BOJSIET OCYIIECTBISATh HENPEPHIBHOE IPOTHO3HPOBAHHUE
OCHOBHBIX NOTEph MepeAayd B AHana3oHe u3MeHeHus npoueHToB BpeMeHu P oT 0,001% no 50%, cBs3bIBas TakuM
00pazoM MOJIENIN BOJTHOBO/IA 1 OTPAXKEHHS OT CJIOS IIPH MaJIbIX ITPOIIEHTAaX BPEMEHHU C HICTUHHBIM "PEXUMOM paccesHus ',
COOTBETCTBYIONIUM CIa0BIM OCTATOYHBIM MOJISIM, IPEBBIIIIAEMBIM B TeUEHHE HAaHOOJIBIIIEro IPOLIEHTa BPEMEHH.

[MPUMEYAHUE 2. — OnuceiBaeMasi MoJielib TpornocepHoro paccesiuusi Obiia pazpaboTaHa Jyisi MPOTHO3MPOBAHUS
IOMeX M He TpeJHa3HaueHa Ul pacdeTa yCIOBHH pacHpOCTpaHEHWs IpH NpoleHTax BpemeHu Bwime 50%, kornma
TpeOyeTcs nHpopMaLHs 0 pabOUNX XapaKTePUCTUKAX PaJIHOPENICHHBIX CUCTEM, Pa0OTAIONIMX 32 NpeielaMi TOPH30HTA.

OcHoBHBIE OTEpU IMepesadd 3a cueT TpomocdepHoro paccesiuus, Los (1b), He mpeBblaeMble B T€UEHHUE
J0060T0 MPOIEHTa BpeMeHH! P, MeHbIero 50%, paBHBI:

Lys =190+ L; +20logd +0,5730 — 015N, + L, + A, —101[-log(p/50)]"" 1B, (45)

re:
Lf . YaCTOTHO 3aBUCUMBIC ITIOTCPU:
Le =25log f— 2,5 [log (f/2)] 7B; (45q)
Lc:  packpbIB IO OTHOLIGHHIO K MOTEPSIM 32 CUET CBSI3U C OKpYyXkaroleil cpenoit (ab):
L, =0,051- 205Gt + &) 1B; (45b)

No: IpeJIOMJIArOIIast CIIOCOOHOCTh MOBCPXHOCTU Ha YPOBHE MOpA B CCPCAUHE TPACCHI,
omnpeacigeMas ¢ IOMOLIbIO pUCYHKaA 6;

Ay TIOTJIONICHHE B rasax, OmpeAeiiieMoe ¢ MOMOIILI0 ypaBHEHUS (9) B MPEAOI0KEHNH,
uto p = 3 r/M® o BCell JUTMHE TPacChl.
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4.4 BoiHoBogHOE pacnipocTpaHeHne/0TpakeHNe OT aTMOC(EPHBIX CJI0EB

[IporHo3 oCHOBHBIX TOTepb mepenadd, Lpa (ab), BO3HWMKAOMUX B MEPHOABI AHOMAIBHBIX YCIOBHU
pacmpocTpaHeHHs PaJoBOIH (BOJHOBOIHOE PACIIPOCTPAHEHHE M OTPAKEHHUE OT CIIOEB aTMoc(hepsl), OCHOBaH
Ha UCIIOJIb30BAHUU CIICAYIONIECH PyHKINU:

Loa = A + Ad(p) + Aq 1B, (46)
rjae:

Ar:  cymma nmoteps (3a UCKIIOYCHHUEM NOTEPh U3-32 OTPAXKCHUS OT MECTHBIX MTPEIMETOB) 3a
c4eT (UKCHUPOBAHHOH CBSA3M MEXKAY aHTCHHAMH W aHOMAIbHBIX CTPYKTYP
pacipoCTpaHEeHHs, BO3HUKAIOIINX B aTMOcdepe:

Ar= 102,45+ 20 log f + 20 log(dic + dir) + Air + Ast + Asr + A+ Acr  1B; (47)

A ! sMmOmEpuYecKas MOMpaBKa, UISI TOTO YTOOBI yYECTh YBEIMUYUBAIOIIEECS OCIIa0IIEHUE C
JUTMHOM BOJIHBI IIPY BOJHOBOIHOM PACIPOCTPAHCHHH:

Ax(f) =45,375-137,0 - f+ 92,5 - f 2 nb, ecmu < 0,5 T (47a)
Aii(f)=0,0 nb B JIPYTHUX CIIy4asx;
Ast, Asr ' mudpakIMOHHBIE TOTEPH 3a CUYET DJKPAaHUPOBAHUS MECTHOCTBIO [UISI CTaHIIWH,
CO3JIaroIIeN U UCTIBITHIBAIOIIEH TTOMEXH COOTBETCTBEHHO:

20log[1+ 036107, (f -d,, )"2] + 02640}, f¥°* 15 mm 0], >0wmpax
Ay = (48)

0 b mis 0y, <0wmpan,

riae:

0y, = 0., —01dy, Mpaj; (48a)

Act, Acr:  TIOTIPaBKM JUIS CTAHIIMK, CO3JAIOIICH M HCIBITHIBAIOIICH TOMEXU COOTBETCTBEHHO,
YUYUTBIBAIOIIUE CBA3b YEPE3 BOJHOBO/IbI, BOZHUKAIOIIINE HAJ/l TOBEPXHOCTHIO MOPSI:

Ay =3 o 02505 {1 +tanh (0,07(50 - htm))} nb s o> 0,75;
dct,cr < dlt,lr; (49)
dct,cr < 5 KM,
Ay =0 nb JUTS BCEX OCTAJBHBIX CiaydaeB. (49a)

LlenecooOpa3HO OTMETHTh OTPaHUYCHHBIH HAOOP YCIIOBHIA, ITPU KOTOPBIX TpeOyeTcst ypaBHeHue (49):

Ad (p) MOTEpH, BO3HUKAIOMIUC B AHOMAJIBHBIX YCJIOBHAX PACHPOCTPAHCHHUA W 3aBUCALIUC
OT IMPpOUCHTAa BPEMEHU U YITIOBOT'O PACCTOSAHUA:

Ad(p) =va- 0"+ A(p) ab, (50)
rue.

Yd: TIOTOHHOE ocnabJeHue:

13
f

va=5x 102 a. nb/Mpa; (51)

0': yrmoBoe paccrosiHHe (B cilydyae HEOOXOJMMOCTH CKOPPEKTHPOBAaHHOE (C TOMOIIBIO
ypaBHEeHU (522)), yIUTHIBAIOIIEE MPUMEHEHHUE MOJICTH SKPAaHUPOBAHISI MECTHOCTHIO B
ypaBHeHuu (48)):

3
o 10°%d

+0; + 0 Mpa; (52)

(]
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0, mpax w0, <01d,,  wmpax
0, = (52a)
01dy,, Mpaz s 0, >01d,, Mpar;
A(p) : M3MEHYHMBOCTH MPOIIEHTA BpeMEHH (KYMYJISTUBHOE pacpe/IieiCHHE):
r
A(p) = 12+ (L2 + 37 x1073d) log g +12 g b (53)
2 6 41,13
_ 1,076 o e_(9,51_4,8 log B + 0,198 (log ) )><10 dh (53a)
(2,0058—logp)*
B=Bo-pa-ps %; (54)
L2 : TIONMpaBKa HA FTEOMETPHIO TPACCHI:
9 o
500 d
ho=| o = | - (55)
e (Jhe + e f
3HaueHue 2 HEe TOJHKHO OBITh OoJibIie 1:
a=-06-¢-10°.d% ., (55a)
re:
€=3,5;
T.  OmpedenseTcs ¢ MOMOIIBI0 ypaBHeHHs (3a), a 3HAUYEHHE O HE JOJUKHO OBITh HUXKE,
ueM —3,4;
M3 : TIOMpaBKa HA HEPOBHOCTH 3MHOM MOBEPXHOCTH:
1 w1 h, <10wm;
l,[3 = (56)
exp|-4,6x10°° (h, —10) (43+6d,)] i h >10m;
d| =min (d — d|t — dlr, 40) KM; (568.)
Ag:  oOlee MoryoIeHre B aTMOCEPHBIX r'a3ax, OMpeaesIieMoe ¢ IIOMOIIbI0 ypaBHeHuit (9)

u (9a).

OcraBmmecs 4jeHsl onucansl B Tabnunax 1 u 2 u [Ipunaraemom nqokymenTe 2.

45 JlonoTHUTEILHBIE TIOTEPH 32 CYET OTPAKEeHHUsI OT MECTHBIX ITPEIMeTOB
45.1 Oo0mMe moJIo:KeHus

CyIeCTBEHHBIM BBIUTPHII, B CMBICIIE 3AIUTH OT TIOMEX, MOXKHO ITOJIYYHTh, €CIIH YI€CTh JOTOTHUTEIILHEBIE
TU(PAKIMOHHBIE TTOTEPH, KOTOPbIE BO3HUKAIOT BCIEACTBUE OECIOPSIOYHOTO OTPAKEHUS CUTHAIa OT
MECTHBIX MPEIMETOB (3/IaHUH, PACTUTEILHOCTH | T. J.), OKPYXAIOIIUX aHTeHHBI. OnuchIBagMasi Iporeaypa
TTO3BOJISIET YUECTh TaKUE MOTEPH Ha OJHOM I 00OMX KOHIIAX TPACCH B CHUTYAIUsAX, KOT/Ia HMEETCS TOJTHAs
nH(pOpMAITUS OTHOCHUTEIBFHO THIIA OKpyXaromieil cpeapl. OHa gaeT BO3MOXKHOCTH CIIPOTHO3HPOBATH
MaKCUMaJbHBIE JIOTIOJHHUTEIbHBIE TIOTEPU Ha OOOMX KOHIIAX TPacChl, €CIH €€ MPUMEHSATh C IOMOIIBIO
HMHTEPIOJIAIMOHHON QYyHKIIMK S-00pa3Hoi (OpMbI, IpeIHA3HAYCHHON I M30€KaHUS MEPEOLICHKU TOTEPh
3a CYeT IKpaHUpoBaHHUSI. MaKkCUMAaJIbHbIC IOMOIHHUTEIbHBIC TOoTepu cocTaBisaoT 20 b Ha YacToTax BhIIIE
0,9 I'T, mocreneHHO yMeHbIasCh Ha Oojiee HU3KHMX 4dacToTax g0 5 nb Ha wactore 0,1 I'Tu. Ecim xe
CYIIECTBYIOT COMHEHHUS OTHOCHUTEIBHO TOYHOCTH TaKOi WH(OpManuu, TO Ha3BaHHBIC JIONOJHUTEIHHBIC
MIOTEPH HE CIIEAYET yIUTHIBATh. B TeX cirydasx, KOTJa HCIIOIB3YeTCs MOIpaBka, HEOOXOIUMO CIICAUTH 32 TEM,
9TOOBI HE BO3HUKAJIO OONBIINX MOTEPH 32 CUET OTPAKEHUS OT MECTHBIX IPEIMETOB B TOPOJICKUX paioHAX
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C BBICOTHBIMHU HOCTPOMKAMU, COCTOSALIMMHU U3 OTAEIBHBIX BBICOTHBIX 3aHHU, OTACICHHBIX APYT OT JApyra
OTKPBITHIM TIPOCTPAHCTBOM. MEHBIINE IOTEPH 3a CYET OTPAKEHUS OT MECTHBIX IPEIMETOB YacTo
HaOIFOJAIOTCS B TAKMX paliOHaX MO CpaBHEHUIO ¢ Ooliee TPaIUIIMOHHBIMA TOPOJICKAMHU IEHTPAMU, KOTOPBIS
BKJIFOUAIOT 00JIee HU3KUE, OJHAKO 00JIEe CBA3aHHBIC MEXTy COOOH KOMITICKCHI 3JJaHH.

IMorepw 3a cueT OTpaskeHHsS OT MECTHBIX MPEIMETOB JUIS CTAHIIMH, CO3IAIONINX TTOMEXH M MCTIBITHIBAIOIIIHX
9TH TIOMEXH, 0003HAYECHBI COOTBETCTBEHHO Ant (1b) 11 Anr (1B). Bo3MoskHasT JOTIOTHATEIBHAS 3alTUTa 3aBUCHT
OT BBICOTHI U CJIEIOBATEIBHO MOJCIUPYETCS B BUC (DYHKIIMU BBIUTPBIIIA 32 CYET BHICOTHI, HOPMUPOBAHHOMH
10 OTHOIICHUIO K HOMUHAJILHOM BBICOTE MECTHBIX OTPaXKAIOIUX MpeaMeToB. FIMEIOTCS COOTBETCTBYIOIINE
3HAYCHUS] HOMHHAIBHBIX BBICOT IS PSZia THIIOB MECTHBIX OTPaXKAIOIIUX MPEIMETOB.

B nacTosmieit Pekomernarmy norpaska mpuMeHsIeTCS 17151 BCeX MTPOTHO30B B YCIOBHSIX SICHOTO HE0a, T. €. I
BCEX PEKHUMOB PACIPOCTPAHCHUSI U BCEX ITPOLIEHTOB BPEMEHHU.

45.2 Kareropnu MeCTHBIX OTPAKAIOIIHX MPeIMETOB

B tabnuie 4 onvcanbl KaTETOPUU MECTHBIX OTPaXKAIOLINX MPEAMETOB (MIJIM 3eMHOT'0 TIOKPOBa), ONpe/IeIIeHHBIE
B Pexomenmarun MCD-R P.1058, mis KOTOpBIX NMpHMEHWMa IONpaBKa Ha BEIMTPHIII 332 CYET BBICOTHI.
HomuHanbHas BBICOTAa MECTHBIX OTPAKAIOIIUX MPEIMETOB, Na (M), ¥ UX paccTosiHUE OT aHTeHHBI, Ok (KM),
CUMTAIOTCS "yCpEeTHEHHBIMU ' BEIMYMHAMHY, HANOOJIee MPEICTABUTENILHBIME ISl OTpaXkaTellel JaHHOTO THIIA.
Bwmecte ¢ Tem MOZCJIb IOIIPAaBOK ABJIACTCA KOHCCpBaTHBHOﬁ BBUAY HCTOYHOCTH CBCI[GHI/Iﬁ OTHOCHUTCIIbHO
JEHUCTBUTEIBHON BBICOTHI, YTO TUIHMYHO [JIsl KOHKPETHBIX cUTyaluil. Ecnu mapameTpbl OTpa)Karolero
MpeaMeTa U3BECTHBI TOUHEE, MMM MOXHO HENOCPEICTBEHHO 3aMEHATh 3HaUCHUS, IPUBEACHHBIC B TabIuLe 4.

[IpuBenennvie B Tabnuie 4 HOMUHAIBHBIC 3HAYEHHWS BBICOT M PACCTOSIHUU NPHOIM3HTEILHO PaBHEI
XapakTepucTuueckoi Beicore Hc u mmpune npomexyrtka Gc, omnpeaeneHHbIM B PexkomeHmauuun
MCD-R P.1058. Oxnako mpenronaraercsi, YT0 MOJIENb, UCIIOIb3yeMast 3/1eCh IS OIEHKU OTIOTHUTENBHBIX
MOTEeph 3a CYET 3KPAaHUPOBAHUS MECTHBIMHM OTPAXKAIOIIMMHU IpeIMeTaMH (3€MHBIM TOKPOBOM), SIBISIETCS
KOHCEPBATUBHOM.

45.3 Mogesib BHIMTPHINIA 32 CYET BHICOTHI

HOHOJ’IHI/ITGJ’IBHLIC MOTEpHU BCICACTBUE 3alllUTbl OT MECTHBIX OTpaXaroluxX IMIPpEAMETOB OIIMCBIBAIOTCA
BBIpa)KeHI/ICM:

A, =10,25F, -e % |1—tanh| 6 hﬂ ~0,625|||-0,33 1B, (57)
a
rae:
Frc = 0,25 + 0,375{1+ tanh[7,5(f — 0,5)]} (57a)
nu

dc: paccrosiHue (KM) OT HOMHUHAIBHOTO MECTOIMOJIOKECHHS OTPAXKAIOIIETro MpeaMeTa JI0
aHTEHHBI (CM. pUCYHOK 3);

h: BbBICOTA aHTCHHBI (M) Haa MECTHBIM YPOBHEM 3CMIJIU;

ha: HOMHHaIBHAs BBICOTA OTPAXKAOIIETO TpeaMeTa (M) Hal MECTHBIM YPOBHEM 3EMITH.
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TABJIUIIA 4
HomuHanbHbIE BBICOTHI OTPAKAKIIMX NPEIMETOB U X PACCTOSIHUS 10 AHTECHHbI
KaTeropusi oTpaxaiomux npeimMeTon Homunaupuas Homunaaknoe
(3eMHOIi TOBEPXHOCTH) BHICOTA, ha paccrosinme, dk

(m) (kM)
Bricokoypoaxaiinble 1ons
3eseHast mapKoBasi 30Ha
BecropsmodHo pacmonoKeHHbIE PEIKUE TePEBbs 4 0,1
DpyKTOBEIN caj (C MPaBUIBHBIM PACIIOIOKEHUEM EPEBLEB)
OTnenbHbBIE CTPOCHUS
IeHTpanbHast 4acTh ACPEBHU 5 0,07
JluctBeHHBIE NIepeBbs (OSCTIOPSIIOYHO PACTIONI0KEHHBIE)
JlucTBeHHbIE JiepeBbs (MIPABUIILHO PACIIONOKEHHbIC) 15 0,05
CwMmemaHHbIH Jec
XBoiHBIE IepeBhs (OECIIOPSIOTHO PACTIONIOKEHHEIC) 20 0.05
XBoitHBIEC IepeBhs (MPABHIHHO PACTION0KESHHBIE) '
Tponmyeckuit rec 20 0,03
[Mpuroponmt 9 0,025
I'ycroHaceneHHBIH TPUTOPON 12 0,02
T'opon 20 0,02
I'ycToHaceneHHbIH ropos 25 0,02
T'opozckoit paifioH ¢ BEICOTHEIMH OCTPOHKAMH 35 0,02
[IpomeiiieHHas 30Ha 20 0,05

JonoiaHuTeNbHBIE TOTEPH 3a CUYET SKPAHUPOBAHMS MECTHBIMU OTPAXKAIOMIMMU MNpeAMeTaMH (3eMHBIM
MOKPOBOM) HE JTOJKHBI 3asIBIISITHCSI TSI KATETOPHIA, OTCYTCTBYIOLIHMX B Tabmwiie 4.

PHUCVYHOK 3

Crnoco6 NMPUMEHCHHUS MONPABKHU HA BHIUT'PHIII 32 CYET BBICOTHI, Ant mIH Anr

HpCH}ITCTBI/Ie, OKPAaHUPYIOIICEC MECTOIOJIOKCHNUE CTAaHIIUN

--/‘ ~
"/ ~

~

~
~

HomuHansHas BeIcOTA
oTpakaTess,

HomuHansHas BeICOTA
semum, h (M)

Jimua tpaccsl, d (kM)
e — e e e e e e e e — -|-— --—

I-— ------- - — == —Pi_ [peanonaraemoe(bie)
. d _'I‘_dk - - paccrosHHe(s),
i T dond (o)

HommHamsHOE pacmonoxenne
OTpaXkaTest P.0452-03
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454  Cpnoocod npumMeHeHHUst

MeTon MCIOB30BaHMs MMONPABKMA HA BBIMIPBIII 338 CYET BBICOTBI, Ay Wid Anr (1B), mpocT u mokaszaH Ha
pucyHke 3.

K ocHoBHOI mnmpoucaype nporHo3npoBaHusa HCO6XOHI/IMO )1063BI/ITI> CJICAYIOIIHME 1Iaruy.

Ilae 1. Ecau THI OTPaXKAIOIIUX IPEAMETOB U3BECTEH MII O HEM MOYKHO C/ICNIATh YBEPEHHOE MTPEAIOIOKEHHE,
TO JJIs pacueTa OCHOBHBIX IIOTEPH IEPEeIaut CIIETyeT UCIIOIb30BAaTh OCHOBHYIO POLIEAYPY IPOrHO3UPOBAHUS,
BbIOpaB M3 TaONUIBI 4 HOMUHAJIBHYIO BBICOTY Na, COOTBETCTBYIOIIYIO THIy OTpaxkateis. J{imHa Tpacchl
noikHa ObITh paBHa d — dk (km). OgHako eciu d >> di, TO HE3HAYUTENBHYIO MOMPABKY Uk B BRIPAXKCHUH IS
JJTMHBI TPACCHI MOXKHO CMEJIO OITYCTHTb.

Ilae 2. Korja uMeeTcs MpensTCTBUE, SKPAHUPYIOIIEE MECTONOIOKEHUE CTAHIIMU M CITOCOOHOE 00ECTICYHUTh
3alUTy TEPMHUHATA OT TIOMEX, MOIMpPaBKa JODKHA OBITh BKJIFOUEHA B OCHOBHBIC PAcUEThl, HO TIOTEPH 3a CUET
sxparupoBanus (Ast win Asr (1B)) cieayer BBIYUCIATD, HCIIONIB3Ys BBICOTY Na pu paccrosinuu ds, a He h mpu
paccrosiauu di, 9TO UMEo OBl MECTO B APYTUX CIyYasX.

Ulae 3. Tlocne oKOHYAaHUSI OCHOBHOM MPOLIEAYPHI ClIeAyeT NOOABUTH MMOTPABKY HA BHIUTPHIII 32 CUET BBICOTHI,
MOJYYEHHYIO C MOMOIIBIO ypaBHeHUs (57), KaK ykazaHo B ypaBHeHHH (64).

Ulae 4. Ecnm unpopmauus o0 OTpakarolleM HOpeAMETe OTCYTCTBYET, OCHOBHBIE PacueThl CIemyeT
MPOU3BOIUTH, UCTIONB3Ysl paccTosiHus d wiu di (B 3aBUCUMOCTH OT CUTYAIIMH) U BbICOTY h.

[MPUMEYAHUE 1. — IIpu HeoOX0AMMOCTH MOMPABKYy HA BBIMIPHIII 32 CYET BBICOTHI OTPAXKAIOIEro NpeaMeTa ClIeayeT
YUUTHIBATH JUI 000MX KOHIIOB TPACCHI.

MMPUMEYAHUE 2. — Ecnu He00X0IUMO BBECTH U TIOMPABKY Ha BBIUTPHIII 32 CUET BHICOTHI YYaCTKa CYIIH U MOMPaBKY
Ha CBSI3b U€pe3 BOJHOBO/I, pacioioskeHHBIN HaJ MopeM (Actumu Acr (1b)) (T. e. aHTEeHHA pacooKeHa BOIU3U MOPs, HO
€€ 3aTCHSIOT MECTHBIE TMPEIMEThI), TO 00€ 3TH IMONPAaBKU MOXKHO HCIIOJIB30BaTh BMECTE, TaK KaK OHH COBMECTUMBI U
JIOMIOJTHSIOT JPYT ApYTa.

IMPUMEYAHUE 3. — Ecnu d Henamuoro 60ibiie dk, 3Ta MOJIENIb HEPUMEHHMA.

4.6 OO0uruii nporno3
K pesynbTataM BBIIICH3IOXKEHHBIX PACYETOB JUIS BCEX TPacC HEOOXOAMMO TMPUMEHATh CIICAYIOIIYEO
nponenypy.

Paccuuraem ko3 dunrenT uaTepnonsuu, Fj, 1 ydera yriioBoro pacCTosHUS Ha Tpacce:

F =10-0510+tanh 3,0 &@ , (58)
re:
0= 03
§= 08
0: yrmoBoe paccrosiHue Ha Tpacce (Mpax) (ompeaereHHoe B Tabauie 7).

PaccunTaeM kodddunmeHT HHTEPIONSIHH, Fy, 1715 yaeTa paccTOsSHUS BIOJIb yTH OOJBIIOT0 KPyra TPaccChl:

F. =1,0-0,5/1,0 + tani 3,0 Kw , (59)

SwW
rue:
d: mmuHA TpaccH 1Mo ayre OONBIIOro Kpyra (KM), ompeaensieMas B Tabnuie 3;

dsw:  QurcupoBaHHBIH napameTp, OTPEAEIAIOINN JMana3oH paccTosTHUS
COOTBETCTBYIOIIETO CMEIICHNS; yCTaHABIMBAETCS PaBHBIM 20);

K: (bHKCHpOBaHHBIﬁ napameTp, OHpeI[CHHIOHII/Iﬁ HAKJIOH HAa KOHIIAX 3TOr0 Juana3oHa IIpu
CMCUICHWH; YCTaHABJIIMBACTCA PaBHbBIM 0,5
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Paccuntaem BooOOpakacMble MUHHMAJIbHBIE OCHOBHBIC IOTEpH Tmepenaud, Lminop (1B), cBsizaHHBIE C
pacmpocTpaHeHHEM B MpeIesiax MpsIMO BUANMOCTH U nudpakiueit Ha cydTpaccax Haj MOBEPXHOCTHIO MOPSL:

Lpop +1-0)Ly, mis P <fo;

Loinpon =
minb0 p Lbd50 + (LbOB + (]__(D)Ldp — Lbd50) . Fi s P2 BO

b, (60)
re:
Loop:  BoOOOpakaeMble OCHOBHBIC MOTEPH Mepeladd B TIpeneNax MpsSMOW BUIAMMOCTH, HE
MpeBbITIIaeMble Ut P% BpeMeHH, onpeaensiemMbie u3 ypasHerns (11);
Lyog : BOOOpakaeMble OCHOBHBIC IMOTEPH IEpeladyd B Ipelenax MPsSIMOA BHIUMOCTH, HE
npeBbIaeMble i 3% BpemMeHH, onpeaesnsemMbie u3 ypasHenus (12);

Lop: mudpakimoHHble TOTEpH, HE NpEBHIIEHHBIE I P% BpEeMEHHU, PACCUNTAHHBIE C
UCIIOJIb30BAaHUEM METO/Ia, OITMCAHHOTO B I1. 4.2.

Paccuntaem BooOpakaemble MUHHMANbHBIE OCHOBHBIE MOTEpU mepenaydd, Lminap (#B), cBs3aHHBIE C
yCUJIEHHEM YPOBHS CUTHaJIa B TipejiesiaX MpsiMOi BUAMMOCTH U 3aTOPU30HTHBIM YCUIICHUEM:

L Lyo
—ba |4 ex P

n n

I-minbap =1 In| ex b, (61)
rae:

Lba: OCHOBHBIE MIOTEPU MEpPEAady 3a CUET OTPaKEHHsI B BOJHOBOIE/CIOSX aTMochepsl, He
MIPEBBIIICHHBIE /U1 P% BpeMeHH, onpeaeseMble U3 ypaBHeHus (46);

Lbop : BOOOpaskacMble OCHOBHBIC IMOTEPH IEpeNaddl B Ipenenax MpsMoW BHIMMOCTH, HE
NpeBbIICHHBIE AT P% BpeMeHH, onpeneseMble U3 ypaBHenus (11);

n= 25

Paccuntaem BooOpaxaemble OCHOBHEIE TTOTepH Hiepeaayr, Luda (1b), cBs3anHbIe ¢ nudpakiueit u ycuneHneM
YPOBHSI CHTHaJIa B MIpejieiax MPsIMOM BHIMMOCTH JINOO 3a CYET OTPaKEHUS B BOTHOBOJIE/CIIOSIX aTMOC(EPHI:

(. st Loinpap > Lpas

Losa = 1B, (62)
- Linbap * (Loa — Linbap) Fi Wit Linbap < Log

I (K

Lod: OCHOBHBIEC MOTEPH IEpeAAYH I TUPPAKIUH, HE TPEBBIIacMbIe Ut P% BpEeMEHH, U3
ypaBHeHus (44);

Fr: xo3hduIueHT WHTepHONSIUK, TOTy4YeHHBIH U3 ypaBHEHUs (59) B COOTBETCTBHH CO
3HaYeHUSAMH P # Po.

PaccuntaeM u3MeHsIOIIUECS TOTEPU OCHOBHOM nepenauu, Lyam (1B), yunthiBaromme nudpakiiuio U yCUiIeHue
YPOBHS CHTHAJA B TIpeJIeNiaX MPsSMON BUANMOCTH JTUOO0 32 CUET OTPaKEHHsI B BOJTHOBO/IE/CIIOSX aTMOochephl:

Loan = Lbga + (LminbOp - Lbda)Fj ab. (63)
PaCCqI/ITaeM OKOHYATCJIbHBIC OCHOBHBIC HOTCpI/I Hepe,z[a!{I/I, HEC HpCBLIIHaeMLIe IJIA p% BpeMeHI/I, Lb (I[B):
L, =—5log(10°% +1070%n )+ A + A 1B, (64)

rac:

Aht, hr - JOMOJHUTECIIBHBIC TMOTEPU JIA YUC€Ta SKpaHUPOBaHUA NEpE€AaTUrMKa U NPHUEMHUKA B
PE3YIBTATE OTPAKCHHA OT MECTHBIX IIPEAMCETOB. Ounu JOJIXKHBI OBITh YCTAHOBJICHBI HA
HYJIb IPHU OTCYTCTBHUHU TAKOT'O S5KPAHUPOBAHUA.
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4.7 Pacuyer nmotepnb nepenaun

Merton, onricaHHBIi Beimie B T11. 4.1-4.6, onpeenseT OCHOBHBIE TOTEPH MEpeadn MEKIY IBYMS CTAHIIHSIMIL.
[ns pacuera ypoBHs CUTHaja Ha OJHOM CTAHLMM B pe3yjbTaTe AECUCTBHUS NOMEX OT OPYroM CTaHLUU
HEO00XO0JIMMO 3HATh MOTEPU TEPEAAYH, YUYUTHIBAIONINEC KOIPPUIIMCHTHI YCUICHUS aHTECHH JBYX CTaHIMHA B
HaIpaBIeHUH PAJUOTPACCHI (T. €. TPACCHI MPUXO0/Ia TIOMEXH) MEKY HUMH.

Crenyromasi mporeaypa MpeaoCTaBIsseT METOJ pacdyera IMOTeph Mepenadyd MEXIy JAByMs HA3eMHBIMH
CTaHIMSIMHA. B TaHHOM METO/e B KA4eCTBE MPOMEKYTOUHBIX ITAMOB MPEACTABICHBI TAKXkKe (OPMYIIBI JIs
pacueTa JUTHHBI TPAcChl MO Iyre OOJBIIOro Kpyra U YIIIOBOTO PACCTOSHHMS, OCHOBAHHBIC Ha reorpapuyeckux
KOOpAMHATAX CTaHIMii, B OTIMYHE OT BHIBOAA DTHX MApaMETPOB M3 IPO(GMIS TPacChl, KaK IPEAIOKEHO B
Tabaume 3.

Paccuntaem yromn, o0pa3oBaHHBIA Tpaccod B MEHTpe 3eMiH, O, M3 reorpauyecKux KOOPAWHAT CTaHIIHA,
HCTIONB3YS POpMYyITy:

& = arccos(sin(¢r) sin(er) + cos(¢r) cos(¢r) cos(y: — yr)) pa. (65)
Paccrosiaue 1o ayre 60JbI10ro Kpyra, d, MeXIy CTaHIIUSIMA PaBHO:
d=6371-5 KM. (66)

Paccunrtaem ornopHoe HarpaBieHHe (a3UMYyTAIFHOE HAITPaBJICHHE T10 YaCOBOW CTPEINIKE OT MICTHHHOTO CEBEpa)
OT cTaHIMH t K cTaHIMK I, UCIONB3ys GopMymy:

our = arccos({sin(or) — sin(gy) cos(d)}/sin(8) cos(ey)) pa. (67)

BrmonmHuB pacuer o ypaBHeHHIo (67) s ciydast Wy — yr > 0, nMeeM:
Or = 27 — Our pan. (68)
PaccuntaeM OrmopHOE HAIPABJICHUE OT CTAHIIMH I' K CTaHIIUH t, Ourt, 3@ CUET CUMMETPUH ypaBHeHH i (67) u (68).

Jlanee npeAnonoxkuM, 4TO HAIlPaBJICHUE IJIABHOIO Jiy4ya (ONOpPHOE HAIpaBlIEHHE) CTAaHIMU I COOTBETCTBYET
(&, o) mo (yriy Mecra, MEJIEHTY), B TO BPeMsl KaK HAIpaBJICHHUE TJIABHOTO Jy4a CTAHIMU I COOTBETCTBYET
(&r, o). Ai1s ONTyYeHHs YITIOB MECTa PagroTpaccsl (T. €. Tpacchl MPHUX0/1a MOMEXH) Ha CTAHIMAX t U I, gy U
€pr COOTBETCTBEHHO, HEOOXOJMMO pa3iuyaTh TPACCHl TPSMONH BHIMMOCTH W 3arOPH30HTHBIE TPACCHI.
Hanpumep, 1uist Tpace npsiMmoii BUIUMOCTH:

h—h d
- _ 69a
e ="g 3 Y paz (69a)
n
h—h d
_ _ , 69b
€pr d 2a, pan (69b)

rae hy u hy — BBICOTBI cTaHIMil HAJl CPETHUM YPOBHEM MODsi (KM), B TO BpeMsl KaK JJIsi 3arOPU30HTHBIX TPAce
YIIIBI MECTA 33JaI0TCS X COOTBETCTBYIOIIMMH YIJIaMH FOPHU30HTA:

6,
= a 70a
“" " 1000 bt (702)
u
€, = O paxn (70b)
T 100 ’

3aMeTHM, 4YTO yIJIbl paguoropu3oHTa, Ot u Oy (Mpan), BIepBble BCTpedaloTcsi B TaOnuie 3 M onpeneseHbl
cootBeTcTBeHHO B 1. 5.1.1 u 5.1.3 Ilpunaraemoro nokymenra 2 x [Ipunoxennto 1.

I[J'Iﬂ pacuceTa BHCOCCBBIX YIJIOB IJIA CTaHI_II/Iﬁ tu I, At ¥ Yr COOTBETCTBCHHO, B HAIIpaBJICHUM TPACChl IIPpUX0Ja
NOMEX Ha CTaHIusIxX tu r PEKOMEHIYETCS NCII0JIb30BATh.

.t = arccos(cos(er) cos(ept) COS(our — o) + Sin(er) sin(ep)) (71a)

¥ r = arccos(cos(er) cos(epr) COS(aurt — o) + sin(er) sin(epr)). (71b)
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Koaddunmentsr ycunenus (nb) antens mis cranuuii t u r, Gy 1 Gr COOTBETCTBEHHO, TIOTyYaeM, HCIIONIb3Ys
MX COOTBETCTBYIOIIME BHEOCEBBIE YIUIbl. Ecin (pakTuieckue quarpaMMbl HAPABICHHOCTH U3TYYEeHUS aHTEHH
HEU3BECTHBI, TO M3MECHEHHE YCUJICHUS B 3aBUCIMOCTH OT YTJIOB BHEOCEBOTO M3ITyYCHHST MOKHO OTIPE/ICITHTh
u3 udopmanuu B Pekomenganmu MCO-R S.465.

Juia momydeHus moTeps nepeaadu, L, ncnomaszyem hopmyiy:
L=Lo(p)—Gi— G nb. (72)

I[J'I}l CIICHApUCB IIOMCX B YCJIOBHAX ACHOI'O He6a, Korga pacnpoCTpaHCHHUE paJuOBOJJIH OIPCACIACTCA
NpEeUMYIICCTBECHHO TpOHOC(I)epHI)IM pacceaHucM, yribl MeECTa 6yI[yT HEHAMHOT'O OOJIbIIIE YrjoB
pagruoropu3oHTa Ot u Or. Vcmons3oBanue 3THUX YTJIOB IMPUBCACT K HE3HAUYMTEIIbHOM OHII/I6K€, €CJIM TOJIbBKO OHH
HC 6y,I[YT TaKXE COBIAAaTh C OIIOPHBIMU HAIIPaBJICHUAMHU COOTBETCTBYIOIINX CTaHITHM.

5 IIporHo3upoBaHue moMex 3a c4eT paccesiHusi B THAPOMeTe0pax

B ornauune oT mpeapIayIMX PpacCMOTPEHHBIX BBIIIE METOJOB IPOTHO3MPOBAHMS B YCJIOBHSX SCHOTO HeOa
OINMKChIBacMasl Jajiee METOIMKA MMPOrHO3UPOBAHMUS TIOMEX 3a CYET PacCesHUs B TUAPOMETeopax GopMyIupyeT
BBIpOXKEHHS JJI1 MOTEPh MEpEeJaud HENOCPEACTBEHHO MEXKIY ABYMS CTAHLMAMHM, MOCKOJIbKY IpPU 3TOM
TpeOyeTcs 3HaHWE JUarpaMM HAIPaBJICHHOCTU U3JIYYCHUS MEIIArOINEH U MCIBITHIBAIONICH TTOMEXH aHTEHH
JUIA KaKJIOM CTaHIIUH.

3TOT METO/I ABNISETCS AOBOJIHHO OOIIMM B TOM CMBICIIE, YTO OH MOKET UCIOJIL30BATHCS C JIF000I AuarpaMMoit
HATPaBJICHHOCTH aHTCHHBI U 00CCIICUMBACT METOJI ONPECICHUS YCHICHHS aHTCHHBI JUIS JIIOOOTO yriia BHE
OCH OCHOBHOTO U3JTyueHHsI. MOTYT HCIIOIb30BaThCsI BCE AMArPaMMbl HAIPaBICHHOCTH, TAKUE KaK IPUBEICHBI,
Harnpumep, B Pekomenpanmsax MCO-R P.620, MCO-R F.699, MCO-R F.1245, MC3-R S.465 u MC3-R S.580,
Kak u Oojee CIOXHBIC JMarpaMMbl, OCHOBaHHbICe Ha (QYHKIUSIX beccens, W peajbHble W3MEpCHHBIC
JMarpamMMbl, €CJIM OHU JNOCTYHHBI. JIaHHBIH METOJ MOXKET TaKKe UCIIOIB30BAThCS CO BCCHAINPABJICHHBIMU
AHTCHHAMU WJIM CEKTOPAJIbHBIMM aHTCHHAMH, TaKMMH Kak omucaHbl B Pexomenmanuu MCD-R F.1336,
YCHJICHHUE KOTOPBIX OOBIYHO OMPENENSCTCS UCXOJIS M3 BEPTUKAIBHOIO YIila BHE OCH OCHOBHOTO HM3IYYCHUS
(T. €. BO3BBIIICHHUS] OTHOCUTEIHHO YIila MAKCUMATLHOTO YCHUIICHUS).

DTOT METOJ SIBJISIETCSl TAK)KE OOIIUM B TOM CMBICJIE, YTO OH HE OTPaHUYMBAETCS KaKOH-THMO0 KOHKPETHOH
reOMeTpHEeH, IIPU YCIOBUHM YTO UMEIOTCS JAMarpaMMbl HAlpaBJICHHOCTH aHTEHHBI ¢ oxBaTtoM +180°. Takum
00pa3oM, OH BKJIIOYAET KaK CBs3b MEXKIY IJIaBHBIMHU JIy4aMH, TaK M CBS3b MEKTY OOKOBBIMH M TJIAaBHBIM
JIETIECTKAaMH, a TaKKe T€OMETPHIO PACCesTHUS MO ayre OOJBIIOro Kpyra ¥ T€OMEeTpHUI0 OOKOBOTO PacCEesTHHUS.
[lpr momomu 3TOro MeroJa MOXKHO paccyMTaTh YPOBHH TOMEX JJisi TEeOMETPUH KaK JUIMHHBIX Tpacc
(> 100 k™), Tak ¥ KOPOTKUX TPACC (10 HECKOIBKHUX KUIOMETPORB) C IIPOU3BOJIBHBIMH YIJIAMU MECTA U a3UMyTa
Ha Kaxaou ctaniuu. [loaTomMy Takas MeToIuKa MOAXOJUT JUIs IIMPOKOTO JMAla3oHa CIEHAPUEB H CITyXKO,
BKJIFOUasl OIpE/IeieHNEe TIOMEX 32 CUET PACCEesHHS B JIOXKIE MEXKAY JABYMsI HA3€MHBIMH CTaHIUSIMHU, MEXKIY
Ha3eMHOW CTaHIMEH M 3eMHOW CTaHIMEH M MEXIy JABYMs 3€MHBIMU CTaHIMSAMHM, pabOTAIOMIMMHU B TIOJIOCAX
9acTOT, pacIpe/Ie/ICHHbIX B IByX HAaIpaBJICHHSIX.

51 BBenenne

PaccmaTtprBaemast MeToIMKa OCHOBaHA Ha MMPUMEHEHUH ypaBHEHUS OUCTATUYECKOTO pajapa, KOTOPOe MOXKHO
3amycaTh B BHJIE MOIMHOCTH Py, MONyd4eHHOW HAa NMPHUEMHON CTAaHIIMK B PE3yJbTaTe PacCesHUS B JOXKIE
MOIITHOCTH Py, mepe1anHoM IepeaaroIieil CTaHINeH:

22 i GG,nA

P =PR (4n)3 y rtzrrz dv Br, (73)
pace
rue:
A JUIMHA BOJIHBI,
Gt: ycuieHue nepenarollei aHTeHHBI (JIMHEHHOE);

Gr: ycuieHue NMpUeMHOHN aHTEHHBI (JIMHEWHOE);

N: >¢dexTUBHAS MIOMAIb PACCESHUS Ha eaMHUILY oObema SV (M%/mP);
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A ocnabimeHue BIOJIb TPACCHI OT MEpeIaTuynukKa K MPUEMHUKY (B JIMHCHHBIX €IUHUTIAX );
r: paccTosHHUE OT MepelaTInKa 10 PaCCEHBAIOIIETO AIIEMEHTa 00BEMa;

e pacCTOAHUEC OT PACCEUBAIOUICTO DJIEMEHTA o0BeMa A0 ITpUEMHHKa.

BripaxkeHHOE Ha OCHOBE ITOTEPH Niepeaaun (Ab) AT cirydas paccestHusI MeXKIy IByMs cTaHnusaMu, Cranimeit 1
u CraHIueii 2, ypaBHeHHE OUCTaTHYECKOTO paiapa MpeBpaniacTcs B.

L=208-20log f —~10logZg —10logC +10logS + A; —M nb, (74)
rue:
f: wacrora (I'T);
Zr: oOTpaxarenbHas CIOCOOHOCTH pajapa Ha YPOBHE 3eMITH, KOTOPYIO MOXKHO BBIPa3HUTh
gepe3 HHTEHCUBHOCTH TOKIEBBIX 0CATKOB, R (MM/4):
Z, =400R™; (75)
10logS: momnpagrka, (1b), 11 yueTa OTKJIOHEHHS OT PIJICEBCKOTO PACCESHUS Ha YaCTOTAX BBIIIE
10 I'Tu:
1+cos 1-cos
RO4.107% 4(f —10)"¢] =% | 4 5(f ~10)"| =P || mua f >101Tn
101logS = 2 2 (76)
0 wi f <10TTo
rue:

(s  YroJ paccesHuUs;

Ag: ocrnabnenue B aTMOC(EpPHBIX ra3ax BAOJb TPACCHI OT NeperaTinKa K npueMHuKy (ab),
paccunTanHoe 1o gaHaeM [Ipunoxenus 2 k Pexomennarmu MCDO-R P.676;

M: mo0oe paccormacoBaHue IO TOJSIPU3ALUM MEXAY M[Epelarolieil W MpUEeMHON
cuctemamu (ab).

B npuBeneHHON 31ech MOJENHM PACCESIHUE OIPAaHUYMBAETCS YPOBHEM pacCEsHUS B od4are JOXKId,
ONpEAENSIEMOM B BHJE KPYrOBOTO MONEPEYHOrO CEUEHHs], AMAMETP KOTOPOTrO 3aBHUCUT OT MHTEHCUBHOCTH
JOKAEBBIX OCAIKOB!

d, =33R%% KM. (77)

[Ipenmonaraercs, 4ro B mpeAenax o4ara JOXKAS MHTEHCHUBHOCTH JIOXKJEBBIX OCAIKOB H, CIEIOBATENBHO,
OTpakaTeJbHasi CIOCOOHOCTD pajiapa SIBISIOTCS MOCTOSHHBIMHU BILIOTH J0 BBICOTBI CIIOs T0Xk/s, Nr. Takoke
Mpe/roiaraeTcsi, YTo Ha BBICOTAX, IMPEBBIMIAIOIINX BBICOTY CIOS JOXKIS, OTpaXkaTelibHas CIIOCOOHOCTh
YMEHBIIAETCSI IMHEHHO C BBICOTOH O CKOPOCThIO —6,5 nb/KM.

B sTom cnyuae nepenatounas ¢pyHkuus paccesHusi, C, npeacraBisieT coboi HHTErpal no oo0beMy B ouare
JIOKIISI 1 MOKET OBITH 3alpCaHa B MIIHHIAPUISCKIX KOOpJIUHATAX KaK:

o

c

hmax 2

C ! ! iGle AC -1 drdodh, (78)

2 2
nr

rue:
G1, G2 3nHauenus nuHerHOTO ycmneHus Craniuu 1 u CTaHIIUM 2 COOTBETCTBEHHO;

ry, r2: paccrosiHus (KM) OT 2ieMeHTa WHTerpupoBanus, oV, no Cranmuu 1 u Crannuu 2
COOTBETCTBEHHO;

A ocnabneHwe B M0XKAE Kak BHYTPH, TaKk CHAapyXd odara JIOXJIs, BBIPAKCHHOE B
JIMHEHHBIX €AUHULIAX;

C . 3aBUCUMOCTD OT”pa)KaTeHBHOﬁ CIIOCOOHOCTH pagapa OT BbICOTBI:
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1 mt h<hg;

= 10-0-68(0-"e) (79)

st h > hg;
hr: BeICOTA HOXKIS (KM);
r,@,N: mnepeMeHHbIC HHTETPUPOBAHKS B TIPEACIax ovara J0MKIs.

WuTerpupoBaHue BBITIONHIETCS B YHCIAX, B MIJIUHIPHYECKAX KoopawHartax. OmHako BHadaie yHZOOHO
pPaccMOTpPETh TEOMETPHIO PACCESHHSI OT IepeAarolieii CTaHIINK Yepe3 ovar JOXKAS K MPUEMHON CTaHIIMH Ha
OCHOBE JICKapTOBOW CUCTEMbI KOOPJIMHAT, MPHYEM 3a Haudano koopauHat Oepercs CtaHims 1, TOCKOJNBKY
(hakTHYECKOE PACTIONOKEHHE OUara JOXK s He ONpeeisaeTcs Cpa3y, OCOOCHHO B CIy4ae OOKOBOTO PacCesHUS.

B pamkax nekapToBO# CHCTEMbI KOOPAMHAT IIeJeco00pa3Ho cHayalla B LENAX YIPOIIEHHs Mpeodpa3oBaTh
pasuYHbIe TEOMETPUYECKHE MapaMeTpbl W3 HMX (DAKTHUECKHUX 3HAUCHHWH TS HCKPUBJICHHOW 3eMin B
COOTBETCTBYIOIIIEE OTOOPAKEHHUE ISl IUIOCKOH 3eMITH.

Hanuuue cBA3M MeXIy IJIaBHBIMU JydaMH aHTEHH YCTAHABJIMBACTCA U3 T€OMETPUH, a O4ar NOXKIs 3aTeM
MIOMEIIAaeTCs B TOUKE MEPECeUeHMs OCeH TIaBHBIX Ty4el. Eciu cBsA3b MeX Iy ITIaBHBIMHU JIyYaMH OTCYTCTBYET,
TO oYar JOXJs MOMEUIAeTcsl BAONb OCH TiaBHOro Jiydya CraHmuu 1 ¢ LEHTPOM B TOYKE HaWOOJIBIICTO
MpUOIVOKEHUS K OcH Tri1aBHOrO Jiyya Cranuuu 2. B aTom ciiyyae moTepu nepenadu JOIKHBI ONPEASISATHCS A1
BTOPOIO Ciy4Yas C B3aMMO3aMEHSAEMBIMH IapaMeTpaMH KaXkIOW CTaHLMH, a PacHpeieieHHe NOTephb A
HauXyAILLIEro ciyyasi CUuTaeTcs MpeICTaBUTEIbHBIM JJIs1 BEPOSTHBIX YPOBHEH MomeX.

5.2 Bxoansle mapamMeTpbl

B Tabmuiie 5 mepeuyuciieHbl BCE BXOJHBIC HapaMeTphbl, HEOOXOAUMBIC JIs pEaM3allid METO/Aa pacyera
KYMYJSITHBHOTO pacipe/IeiICHHsI TOTePh Mepeladu MEX Y IBYMS CTAHIIUSIMHU BCJICICTBHE PACCESIHIS B IOXKIC.

TABJIMLIA 5
IlepeueHb BXOAHBIX IAPAMETPOB

(awxkHni uHAeKkc 1 oTHOcuTeA K mapaMeTrpaMm aJas Cranumu 1, HUKHUIA HHAEKC 2
OTHOCHTCS K mapamerpam aiisi CTaHIuH 2)

IMapamertp Eaununsl Onucanue
d KM PaccrosiHue Mex1ty CTaHIUAMU
f ITu YacroTa
N1 1oc, N2 1oc KM Mecthble BbicoThl Ctanuuu 1 1 CtaHuuu 2 HajJ CpeIHUM YPOBHEM MOPS
Gmax-1, Gmax-2 b MakcumanbHbIe 3HAYSHUS YCHICHHS IS KaXK/I0H aHTEHHbI
hr(pn) KM KyMynsTuBHOE pacripeziesieHHe BBICOTHI CII0S TOXK/Isl, PEBBIIAeMOit
B ()YHKIIMY TIPOIIEHTA BPpeMEeHH, Ph (cM. mpuMedanwue 1)
M b PaccorracoBanue 1o noJsipu3aii MeK1y CHCTeMaMH
P rlla IToBepxHocTHOE naBneHue (mo ymomdanuro 1013,25 rlla)
R(pr) MM/4 KyMynsTuBHOE pacrpe/iesieHue HHTEHCUBHOCTH JIOXK/IEBBIX OCA/IKOB,
MIPEBBIIAEMOi B (YHKIMHU NPOIIEHTAa BPEMEHH, PR
T °C [ToBepxHocTHast Temneparypa (o ymomuanuio 15 °C)
01 loc, 02 loc pan Mecrabie nenenrn Crannuu 1 ot Cranmuu 2 1 Cranumu 2 ot Cradmuu 1 B
B B HAMpPaBIEHUH TI0 YaCOBO CTpeINKe
€H1_locy EH2_loc pan Mecthbie yriisl ropusonTa it Crannuu 1, Ctannuu 2
p /M3 TIIOTHOCTh BOJSHBIX MAPOB Ha MTOBEPXHOCTH (MO0 yMOJYaHUIO 8 /M%)
T rpan VYroun nonsipuzanum JuHAH (0° IS TOPH30HTAIBHOH MOJISIPH3aliHY,

90° ms BepTHKAIBEHON TOISIPU3AIINN)

[NPUMEYAHUE 1. — Ecau pacnpenencHue HEU3BECTHO, MCIONB3YyHTEe MEIMAHHYKO BBICOTY AOXKAA, Nr, Hapsmy ¢
TaOIMIEl 6, HIDKE.
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5.3 ITanbl NpoueaypbI

Ulae 1. Onpedenenue memeoponocuteckux napamempos

Jia monmyyeHust KyMyJISITHBHOTO pacIipeielieHus TTIOTeph Tepeaadu BCIEACTBAE PAcCesHUS B JOXKIE B BUJIC
MPOILIEHTOB BPEMEHW TMPEBBIMICHUS TaKWX MOTEPh TPeOyeMBIMH BXOJHBIMH IapamMeTpaMH CiIyXKat
pacrpeesieHus BEpOsITHOCTeH MHTEHCUBHOCTU JIOKJIEBBIX OCAJIKOB M BBICOTA CiOs Nox1d. Eciau umerorcs
MECTHBIC 3HAYEHUS STUX MApaMETPOB, OHU JOJDKHBI IPUMEHSTHCS. [Ipu OTCYTCTBUU MECTHBIX 3HAUCHUM 115
MOJlydeHUs] KYMYISTUBHBIX pacupeleNieHHi WHTEHCHBHOCTH JOXJAEBBIX OCAagKOB Uil JTIOOOTO
MECTOIIOJIOKCHUST MOXKET HUCHOdb30BaThcst Pexomenmanms MCDO-R P.837, B To Bpems kak MeauaHHOE
3HAYEHUE BBICOTHI CIIOSI JIOXKIsI MOXKHO MOJyuuTh W3 Pexomenmanuu MCD-R P.839. Tlo ymonuanuro s
MOJTyYeHUs] KyMYJSITHBHOTO PAacIpeeNIeHus] BBICOT CJOS OIS MOXKET HCIIONB30BaThCS pacIpeleieHne
BBICOT CJIOSI JOKI OTHOCHUTEIHLHO MEAUAHHOIO 3HAYEHUs B Ta0IHIIE 6.

TABJINLIA 6

KymyasiTuBHOe pacnpeiesieHie BbICOT €105l 10K
OTHOCHUTEJIbHO ero MeJUAHHOI0 3HAYEeHM S

Pa3HocTh BBICOT 1051 BeposiTHOCTH NpeBbIIEHNST
(M) (%)
-1,625 100,0
-1,375 99,1
-1,125 96,9
0,875 91,0
0,625 80,0
-0,375 68,5
-0,125 56,5
0,125 44,2
0,375 33,5
0,625 24,0
0,875 16,3
1,125 10,2
1,375 6,1
1,625 34
1,875 1,8
2,125 0,9
2,375 0,0

KymynsatuBHble pacnpeneneHusi Kak MHTEHCHUBHOCTU JOXIEBBIX OCAJKOB, TaK U BBICOTHI CHOSI JOXKIS
peoOpasyroTcs B QyHKIIUHU IUIOTHOCTH BEPOSTHOCTEH CIIeAYIONUM 00pa3oM. J{Jist KayK0ro HHTEpBaa MEXITy
JIBYMsI COCEJTHUMH 3HAUYCHUSIMA MHTEHCHUBHOCTH JIOKJIEBBIX OCAJIKOB WJIM BBICOTHI CJIOS JOXK]A B KaUECTBE
MPEICTAaBUTEILHOW BEJIMYMHBI JJII 3TOTO HWHTEpBaNa OepeTcs cpelHee 3HA4YCeHHE, a BEPOSATHOCTH €ro
MOSIBJICHUSL paBHA PAa3HOCTH MEXIY JBYMsI COOTBETCTBYIOIIMMHU BEPOSITHOCTSAMHU TpeBbIIIeHUs. JItoObie
3HAYEHUsI, IS KOTOPBIX Ng MeHbIe 0 KM IIPH UCIIONB30BAHNH TaOIHIIEI 5, ycTaHaBAMBatOTCS Ha 0 KM, TIpHUeM
HUX BEPOSATHOCTU CYMMHUPYIOTCSI.

[Ipeanonaraercs, 4To 3HAUEHUS UHTEHCUBHOCTH JOXKIAEBBIX OCAJIKOB M BBICOTHI CIOS JOXK/S CTATUCTUYECKU
HE3aBHUCUMBI JIPYT OT APYTa, TaK YTO BEPOSITHOCTH TOSIBICHHS IS JI0OOOH 3aJaHHOW TMaphl COYCTaHUH
MHTCHCUBHOCTH JIOKJCBBIX OCAKOB/BBICOTHI CJIOSI IO/ IIPEIACTABIIAECT COOOM BCEro JIMIIbL HMPOU3BEACHUC
OTZIETbHBIX BEPOSITHOCTEH.
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I[J'I}I Ka)I(,Z[Oﬁ napbl 3HAYCHUN WHTCHCUBHOCTH JOXKICBBIX Oca,I[KOB/BBICOTBI CJIOA OOXKIA MOTCPU IIepeaavdu
BBIYHCIAIOTCA COrJIaCHO IPUBCACHHBIM HMXKE HIaram.

Ulae 2. Ilpeobpazosanue eeomempuiecKux napamempos 8 u3oopaxcerue Ha niockou 3eme

FCOMeTpI/Iﬂ paccedaHud B JOKAE MEXKAY ABYMsI CTAaHIHUAMU ONPEACIIACTCA U3 OCHOBHBIX BXOAHBIX IapaMETPOB:
paccTodaHus d o ayre 0OJIBIIIOTO Kpyra MexAay ABYyMs CTaHIUAMHU, JIOKAJIbHBIX 3HAYCHHUH YIJI0B MECTa
AHTCHHBI KaXKI0H CTaHIIUH, E€1-loc X €2-loc, U A3BUMYTAJIbHBIX CMEIIEHUM OCE#l IJIaBHBIX JICTIECTKOB aHTCHH IS
KaXJoH CTaHLUMHU OT HarpaBJICHUA zlpyroﬁ CTaHIINHU, OMPEACIACMBIX KaK ITOJIOKHUTCIIBbHBIC B HAIIPABJICHUN
YacoBOi CTPCJIKH, Oli-loc X Ol2-loc. CTaHHI/IH 1 MPUHUMACTCS 3a UCXOAHOC IMOJIOKCHUEC, T. €. HAYaJI0 OTCUCTA, B
HCKapTOBOﬁ CUCTCMC KOOpAWHAT, 4 OMMOPHLIC MMAPaMCETPhl BBIYUCIIAIOTCA CICAYIOIIUM o6pasoM:

€1 =81 Jocy Qg = Oy joc M € =Ep |o¢ pan. (80)

CHagana npeoOpa3yeM Bce TeOMETPHIECKHe apaMeTPhl B OOBIYHYIO JEKapTOBY CHUCTEMY KOOPAWHAT, B3SB
Cranmumio | Kak Hadano OTCYeTa, C TOPHU3OHTAIHFHOW IUIOCKOCTHIO B BHAE IDIOCKOCTH X-Y, OCBIO X,
OpUCHTHPOBaHHOW B HampaBieHnd CTaHmuM 2, U OCBIO Z, OPHUCHTHPOBAHHOW BEPTUKAIBHO BBEPX.
Ha pucynke 4 moka3aHa reoOMeTpus Ha HUCKPUBJICHHOW MOBEPXHOCTU 3eMIU (A1 YIPOIIEHHOTO Clydas
paccesiHUS B TIPSIMOM HAIIPABJICHUH, T. €. BIOIb MYTH OOJBIIOTO KpPyTa), TAE leff — SKBHUBAJICHTHBINA PaiyC
3emuu:

Iy =KsoRe KM, (81)

rae:
Kso : MemuaHHbBII KO3(DGHUIMCHT dKBHBAJICHTHOTO paauyca 3emiun = 1,33;

Re: wuctuHHBI panuyc 3emun = 6371 kM.

JIBe CTaHIMK Pa3leIIOTCs PACCTOSIHUEM 10 JIyre 6OJbIIoro Kpyra, d (KM), CTATHBAIOIICH yroi & B EHTPE
3emuu:

Teff

MectHas BepTukanp Ha CTaHIIMK 2 OTKJIOHSETCS Ha YroJ & oT MecTHOH BepTukanu Ha CtaHuuu 1, T. €. ocH Z.
Vel MecTa 1 azumyTa Ha CTaHimMu 2 COOTBETCTBEHHO NPe0o0pa3yroTcs B M300pakeHHe Ha TUIOCKOM 3emiie,
KaK IMO0Ka3aHo HIKE, I/Ie HIKHUI HHJIEKC |0C OTHOCHTCS K MECTHBIM 3HAUCHUSIM.

Brraucinisiem yron mecra Cranuuu 2:

€, = arcsin(cossz_IOC COSQLy 1o SINS+8INE, |5 cosS) (83)
1 yroJn ropuzoHTa Ha CtaHumu 2:
Eyp = arcsin(cos.gH 2 10c COSOLy 1o SINS +SINE,H o cosS). (84)
Cwmetenue azumyta Ctanuuu 2 oTHocuTenbHO CTtaHuuu 1 cocTaBiser:

COSE,y 15cSINA, |oc

o, =arcta - - (85)
COSE, |, COSAL, |,.COSO —Sing, |,.SINJ
a BeicoTa Craniuu 2 HaJl 6a30B0il MIOCKOCTHIO OIIpenesieTcs Kak:
)
h,=h, ,c—h—d > KM. (86)

A3MMYTaIBHBIA Pa3HOC MEXITY IBYMSI CTAHIIUAMH B TOUKE NIEPECEUEHNUS MPOEKIINA Ha MIIOCKOCTh 3eMJITH OCer
[JIABHBIX JICTIECTKOB COCTABIISET!

Qg = 75_(0‘1 _0‘2) pan. (87)
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PUCYHOK 4
I'eomeTpus cTaHIMI HA HCKPUBJICHHOM OBEPXHOCTH 3eMJIM
d

'top

Crannus 1

o

z
!

= X

Cranius 2

Fet

P.0452-04

Llae 3. Onpedenenue ceomempuu TUHUU

B meTone onpeneneHus reoOMETPUM JIMHUNA PACCESTHUS UCIIONb3YETCsl BEKTOPHAsI 3aIIUCh, B KOTOPOM BEKTOP B
TPEXMEPHOM MPOCTPAHCTBE MPEJCTABIACTCS B BHJAC TPEXIICMEHTHOW MATpPHUIBI C OJHUM CTOJIOLIOM,
coJeprKalllel JJIMHBI MPOEKIUI paccMaTpUBaEMOM JIMHUU Ha OCSX X, Y U Z IEKapTOBOM CUCTEMbI KOOPJMHAT.
BexTop nipezcTaBnsieTcs B BUJie CUMBOIIA, H300pasKeHHOT0 KUPHBIM mpudToM. Takum 00pa3om, BEKTOPHOE
MPUCBOEHUE MOXKET, KaK MPaBUJIO, 3aIIUCHIBATHCS B BUJIE!

V=

N < X

BekTop eMHUYHON JTMHBI MPEACTABIISICTCS B O0IIEM ciydae CUMBOJIOM V, B TO BpeMsl Kak OOIIHII BEKTOP
(T. e. BKIIOUAIONIWI aOCONIOTHYIO BEIMYHHY BEKTOpa) IMPEICTABISAETCS IPYTUM COOTBETCTBYIOIIUM
CUMBOJIOM, Harnpumep R.

BazoBas reomerpus Ui paccessHUS B JIOXKJIE CXEMAaTHUECKH MOKa3aHa Ha PHUCYHKE S5 JUIs OOIIero cirydas
OOKOBOTO paccestHHsI, KOTJ]a OCH JIBYX TJIaBHBIX JIETIECTKOB B ICHCTBUTEIHFHOCTH HE MepeceKaroTcs. pyrumu
CJIOBaMH, B IAHHOM TpUMEpE MOKa3aHa CBsi3b OOKOBOTO JIETIECTKA C TJIABHBIM JICECTKOM. Tpacca IeHCTBUS
ITOMEX MOXKET MMPOXOIUTh B HATIPABJIICHUU OT OOKOBBIX JieniecTKOB CTaHIMU 2 B TJIaBHBIH JieniecTok Cranrmm 1
WA HA00O0POT.
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PUCYHOK 5

CxemaTrnueckasi reoMeTpHsl paccesiHUs B 102K/1€ UIs1 0011ero ciay4yas 60KOBOro paccesiHus

(OtmeTtuMm, 4TO B 3TOM IMpUMEpE JIy4d aHTEHH HE COBIAIAIOT U "YTOJI MEXIY

MaKCHMyMaMH JIHarpaMM HalpaBJICHHOCTH" HE PaBeH HYIo — cM. ypasrenust (89) u (90))
- !

Vio(h) V(1)

Crannus 1 RlZ( d) Crannus 2

P.0452-05

LleHTp Ouara IOXk /151 PACIIOI0KEH BIOJIb OCH INITABHOTO JieriecTka aHTeHHBI CTaHIMU | B TOUKE MAaKCUMAIbHOTO
COMMKEHHUST MEXKIY JICIECTKaMH JIBYX aHTEHH. ['€OMETpHsi B BEKTOPHOW 3alUCH CTPOUTCS CIETYIOIINM
o0Opa3om.

Bexrop ot Crantuu 1 k Ctadmmu 2 onpeaensieTcs Kak:

d
Ry =|0 KM. (88)
h2
Bekropsl Riz, 12V, rsVso 1 1Vip 00pa3yroT 3aMKHYTBIH TPEXMEPHBI MHOTOYTOJBHHK, C BEKTOPOM Vs,

NEPIEHINKYISPHBIM Kak V1o, Tak U V29. B 1oka3aHHOM Ha pHCyHKe 5 mpuMepe BEeKTOp Vso HampasiieH 3a
TIpeessl CTPaHHIIBI.

[IpuarMas BO BHHMaHHE KPHUBH3HY 3€MIIM, PACCUMTA€M BEKTOP €IWHUYHON JIUHBI V19 B HalpaBiIeHUU
TJIaBHOTI'O JIy4da aHTCHHBI CTaHLII/II/I 1
COSg, COSQL,
V,, =| —cosg,; sina, (89)
sing,

" BCKTOD C,ZLI/IHI/I‘-IHOI;I JUIWHBI V20 B HAIIPABJICHUU T'JIaBHOTO JIy4da aHTCHHBI CTaHLII/II/I 2:

SiN€y 1oc SINO —COSEH o COSOLy |oc COSO
Vyo = COSEY 1o SINOLy 1o . (90)
SiN€y 1o COSO+COSEH |oc COSAy o SIND
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B »sToMm MCTOAC HUCHOJIB3YCTCA CKAJSIPHOC IIPOU3BCACHUC [BYX BCKTOPOB, KOTOPOC 3alMCbIBACTCA U
BBIUHCIISICTCS KaK:

V) -V, =XX, + V1Y, + 2425,

rac:

VYroun paccesHUS (s, T. €. YTOJI MY JITIECTKaMH JBYX aHTEHH, ONpPEAesIeTCsl U3 CKaSPHOTO MPOU3BEACHUS
IBYX BEKTOPOB V1o 1 V!

(s =arccod— V- Vo). (91)
Ecimu @s < 0,001 pax, To B 3TOM Ciiydae Jy4d ABYX aHTCHH NPHOIM3HUTEIBHO MApaUICHbHBI M MOXKHO
IIPEATIONIOKHTH, YTO JIF06OE B3aUMOCHCTBHE IPH PACCESHUH B T0K/I€ OYIeT IPEHEOPEKUMO MATIbIM.

Kak yka3aHo Ha pucyHke 5, 4eTblpe BeKTopa Riz, 12Vao, IsVso u r1Vig 00pasyroT 3aMKHYTBIH TpexMepHbIit
MHOTOYTOJILHUK, T. €.:

Rlz + I’zvzo + rsVso - r1V10 =0, (92)
1 3TO ypaBHEHHE MOXET OBITh PEIIEHO B OTHOIIEHWH PACCTOSHUM I. B ’TOM MeTo/Ie HCIONb3yeTCst BEKTOPHOE

MIPOM3BEICHUE JBYX BEKTOPOB, KOTOPOE 3allMCBHIBACTCS M BBIYMCIIAETCS, KaK yKa3zaHO HMke. BexkropHoe
(MM nepexkpecTHOe) IPOU3BEICHUE PABHO!

Y122 —211Y>
Vl X V2 = 21X2 — X122
X1Y2 — Y1Xo

BexTop enuHmuHON AmuHBI Vs, IEPICHIUKYISPHBIN JTydaM 0O0€WX aHTEHH, BBIUYUCIAETCS M3 BEKTOPHOTO
niponsBenieHus Vao x Vio:

~ VyxVypg

Vgo =—= : 93
= amo: (93)

VYpaBHenue (92) MOXHO Temepb PELIMTh C HCIOJIb30BAHHEM ONPEACTHUTENS TPEX BEKTOPOB, KOTOPBIH
3aIlMCBIBAECTCS M BBIUUCIISIETCS CIEAYIOIUM 00pa3oM:

X Xy X3
det[vl V, Vs]: detly, Y, VYs|= Xl(Y2Z3 - 3/322)Jr Xz(Yazl - y123)+ X3(Y122 - YZzl)-
Z, I, 13

PaccunTaem pacCTossHUE MEXKAY ABYM: JIydaMU ITPU UX MAKCUMAJIbHOM COMMKCHUU:

:det[vlo Vao V12].
det[Vi, Vi Vol

s (94)

PaccrosiHne mo HakioHHOW Tpacce, I, oT Ctanmuu 1 BIOJE €€ TJIABHOTO JIyda JI0 TOYKH MaKCHMaJIbHOTO
CONMMKEHUs C TIaBHBIM JIydoM CTaHIUU 2 PaBHO:

_ det[Vi, Vi Vs
dEt[Vlo Vao Vso]

(95)

1
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B TO BpeMs KaK COOTBETCTBYIOIIEE PAaCCTOSIHKAE MO HAKJIOHHOH Tpacce, 2, oT CTaHIMu 2 BAOJb €€ TJIABHOTO
JTyda 0 TOYKH MaKCHMAaJIbHOTO CONIKEHHs ¢ TJIaBHBIM JydoM CraHimu 1 (oTMedas OJuHApHBIA MEHYC)
paBHO:

—det[Vig Vi, Vil

= ) (96)
det [V10 Vo Vso]

2

Paccunraem BHEOCEBOM yroi "MeXAy MaKCUMyMaMH JuarpaMM HarpaBieHHOCTH", \y1, Ha CtaHnuu 1 B TOUke
MaKCHMaJIbHOTO CONIKEHHUS C OCBIO TTIaBHOTO Jiy4a CTaHIuu 2:

¥, —arcta |rr—s| (97)
1

U COOTBETCTBYIOIIMH BHEOCEBOU yroi "MexX Iy MaKCHMyMaMH1 JrarpaMM HampasieHHOCTH ", 2, Ha CTaHun 2
B TOYKE MAaKCUMAaJILHOTO CONMMKEHUS C OChIO I1aBHOrO Jiyya Craniuu 1:

Y, = arctar{M (98)
P!

Ha ocHoBaHnu 3THX apaMeTPOB ONPEAEisieM, UMEETCsI JIM CBSI3b MEXXIY ITIABHBIMH JICTIECTKAMU aHTEHH JIBYX
cranuuit. st Toro 4yToObl B 3TOM ciydae Oblja CBsI3b MEKAY IJIaBHBIMH JICTIECTKAMH aHTCHH, YToi "MexXIy
MaKCUMyMaMH AdarpaMM HarpaBJICHHOCTH'" AOJDKEH ObITh MEHbIIE LIMPHHBI JUAarpaMMbl HAIIPaBICHHOCTH
no ypoBHw 3 ab coorBercTByrowmed aHTeHHbl. s yriaoB "MEXIy MaKCUMyMaMH Juarpamm
HaNpaBJIEHHOCTH", IPEBBIILIAOIINX 3TY BEIUUIHHY, CBA3b MEXKLy IJIABHBIMH JICIECTKaMH aHTEHH OyJIeT BeCbMa
HeOOJbImION wim OymeT BOOOIIE OTCYTCTBOBaTh, W HA Tpaccy Iepeladydl BIMSHHE B OCHOBHOM OyzeT
OKa3bIBaThCS 3@ CUET CBSI3M MEXy OOKOBBIM U IJIaBHBIM JiemlecTKaMu. Eciu 3To Tak, TO cieayeT u3yuuTh ABe
BO3MOXHOCTH — C LIEHTPOM OdYara J0KAs, PacloI0KEHHBIM BIOJIb OCH TJIABHOTO JIETIECTKA KXKJOW aHTEHHbI
[0 OYepes, U C HAUMEHBIIUMH IOTEPSIMU TIepelauu, B3ATBIMU ISl IPEACTABICHUS CUTYallUd HAUXYIIEro
ciyyas. IlockonbKy 3amaBaeMoe IO YMOJIYaHUIO DPACIIOJIOXKEHUE ovara OOXKIS COOTBETCTBYET TOUKE
HanOoJIbIIero COMMKEHNS BAOIb OCH ITIaBHOTO Jieniectka CTaHIMU 1, 3Ty 3a/1a4y MOXKHO JIETKO PELIUTh ITyTEM
3aMeHbl mapameTpoB Craniun 2 Ha napamerpsl Ctanmmu | 1 Hao60poT.

B 3akmoucHue H606XO,Z[I/IMO TAKXE OMPEACINUTb TOPU30HTAJIbHBIC IIPOCKIUHN PA3JIMYHBIX BBIYUCICHHBIX BBIIIC
paCCTOHHI/Iﬁ, Ha OCHOBAHHUU KOTOPBIX MOKHO OIPCACIIMTL PACIIOJIOKCHHUE O4Yara AOXK/Id. Ha PUCYHKE 6
IOKa3aHa ropru30HTaJIbHAA MPOCKIUS T 0611161"0 ciyvas 0OOKOBOTO pacceaHus.

PUCYHOK 6

Bua B nmiiaHe Ha reoMeTpHIO /151 60KOBOIr0 paccestHUsI

- -

Crannusal 4—— o —m Crannus 2

-~ d -
-} L

P.0452-06
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Paccunraem ropuzonTanibHOE pacctosHue oT CTaHnuu 1 10 EeHTpa ovyara J0XK/s, ONPEASIIeMOro Kak TouKa
Ha 3¢MHOH IMOBEPXHOCTH, PACIIOIOKEHHAS HEITOCPEACTBEHHO IO TOYKOH MaKCUMAJIBHOTO COIMKEHHS Ha OCH
riaBHOrO Jierectka Cranmuu 1:

d, =r,cosg, KM (99)

U COOTBCTCTBYIOLICEC TOPU30HTAJIBHOC PACCTOAHUC OT Crannuu 2 J0 MPOCKIUH Ha 3€MHYIO IUIOCKOCTH €€
TOYKH MaKCUMAaJbLHOTO COJTHKCHHUS:

d, =r,cosg, KM. (100)

Bricota Haj 3emiieli TOUKM MaKCUMAaJIbHOTO COJMKEHUS Ha OCH IJIABHOTO JernecTka anTeHHbl Cranmmu 1
paBHa:

h, = |r1|sin € KM, (101)

TOrAa Kak Ul CIy4aeB OTCYTCTBUSI CBA3M MEXAY INIaBHBIMH JIEIECTKAMHU BBICOTAa TOYKH MaKCHUMAaJIbHOTO
cOMM)KEHUS Ha OCH IJIaBHOTO JierecTka anTeHHb!l CTaHIMK 2 paBHa!

h2_0 =|I’2|Sin €o KM. (102)

[TapameTpsl BBICOTHI, CBSI3aHHBIE C OYaroM JOX[Is, JOJDKHBI KOPPEKTUPOBATHCS AJsl JHOOOTO CMELICHUS
OTHOCHUTEJIBHO TPACCHI 10 Ayre OOJBIIOro Kpyra B ciydae OOKOBOTO paccesHus. PaccrossHue oT Tpacchl 1o
nyre OONbLIOro Kpyra MeXIy ABYMsI CTAaHLMSIMH PABHO!

d,=d,;sina,, (103)
U B 3TOM CITy4ae yrioBO€ Pa3HECEHUE COCTABIISICT:
d p
) p="T— KM. (104)
I
eff

Teneps onpenenum nonpaesky Ha O0KOBOE paccesHUe:

)
_ p
hc = hl + d p 7 KM. (105)
OTMCTI/IM, 4TO 3Ta IOoIlpaBKa OOJDKHA TAKXKE IPUMEHATBCA K APYIrUM IlapaMeTpaM, CBA3aHHBIM C O4Yarom
JOXKIOA, T. €. K BBICOTC CJIOA HOXIA, hR, U BEpXHEMY NPCACIY MHTCTPHUPOBAHUA, htop, ", KpoM€ TOro, 1pu
onpeacICHUN ocJia0JIeHns B ra3ax (CM. miar 8), JUTA 4€ro Tpe6yeTcsI HCITI0JIb30BAHUEC MECTHBIX IMapaMETPOB.

TeM caMbIM YCTaHOBJIEHbI OCHOBHBIE CTaTHUECKHE TEOMETPHUYECKHE IapaMeTpbl JJIsl OIpeJeIeHUs
MECTOIIOJIOKEHHSI 09ara JOXJs MO OTHOIIEHWIO K CTAHIWSAM W JJIS BBIYUCIICHUS IOTEPh Mepefadd n3-3a
paccesiHuA B IO 1e. Teneps He0OX0AMMO pacCMOTPETh TEOMETPHIO VIS DJIEMEHTA HHTET PUPOBAHMUS, KOTOPBIA
MOXKET HaXOIUThCA B JJFOOOM MeCTe oyara JOKIs, BIUIOTHh JO 3apaHee OIPENEIeHHOTrO BEPXHETO Ipeserna
HUHTErpUpoBanus, N, B IENsIX OMpenesicHNs 3HAUCHNI YCUIICHUS aHTEHH B K0 TOYKEe B Mpeeiax odyara
JIOK]ISL ¥ YPOBHEH OCITa0JIeHHsI Ha Tpacce B MpeJiesiax ovara JOX s B HAlIpaBICHUH Ha KaXIyI0 CTaHIuo. J{is
OCYIIECTBIICHHUS 3TOM 33/1a4K CUCTEMAa KOOPANHAT MEHSIETCS Ha IUITHHIApUYIeCKre KoopauHatsi (I, ¢, h), neHTp
KOTOPBIX PACIIONIOKEH B 0Yare JOKIs.

LUlae 4. Onpedenenue eeomempuu 0151 SHAYEHUN YCUNEHUSL AHMEHH

JInsi BBIYMCIICHUSI YCHJICHHS KaXKIOW aHTEHHBI B JJIEMEHTE WHTEIPHPOBaHUS ¢ KoopauHatamu (I, ¢, h),
WCTIONIB3YSl COOTBETCTBYIONIYIO AMArpaMMy HANpaBIEHHOCTH aHTEHHBI, a TaKXe YpOBHEH ocialieHus Ha
Tpacce B IIpesenax oyara J0x1s, HEOOXOJMMO PacCUUTaTh YIoJl OTKJIOHEHHUS OT ONOPHOM OCH B HallpaBJICHHN
Ha D3JEMEHT WHTETPUPOBAHMS M JJIMHBI TpacC OT DJIEMEHTAa HMHTEIPUPOBAaHUS O Kpas odara JOXAS B
HaIpaBJIeHUHN Ha KaXaylo cTaHiuio. Ha pucyHke 7 moka3zaHa reoMeTpusi, B KOTOPOI TOYKa A MpeacTaBisieT
MPOM3BOJIBHBIN 3JIEMEHT MHTEIPHPOBaHMs ¢ KoopauHatamu (I, @, h), a Touka B siBisiercst mpoekuuen 3Toit
TOYKHU Ha IUIOCKOCTbH 3eMJIM. BHJ B IJ1aHE Ha 3TO FEOMETPUYECKOE TOCTPOCHHE TOKa3aH Ha pUCYHKE 8.
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PUCYHOK 7

I'eomeTpus Ui onpeeeHUs 3HAYEHHIl yCHIeHUs AHTEHH U YPOBHS oc/1a0/1eHust
Ha Tpacce B Ipe/eJiax o4ara A0Kas

Cranmms 1 Ry,(d) Cranrust 2

P.0452-07

PUCYHOK 8

BI/IZI B IIJIaHE HA TEOMETPUIO VI OlIpeae/ICHUust 3HAYEHUI YCUJICHUA AaHTCHH

B Y
Crannus 1 -~ d Cranius 2

P.0452-08

33
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Paccuntaem ropuzonTansHoe paccrosinue ot Cranuuu 1 10 Touku B:

dg, =12 +d? +2rd, cose KM (106)

" YTOJI MCKIY 3TOH Tpaccoﬁ n FOpHSOHTaJ’ILHOﬁ HpOGKHI/ICﬁ OCH I'JIaBHOT'O JICIICCTKA aHTCHHBI CTaHHI/II/I 1:

. [ rsin
do, =arcsin AL (107)
Bl
VYrox mecta Touku A ot Craniuu 1 yka3pIBaeTcs Kak:
h
g, =arctan — |. (108)
Bl
Bexrop equnuunoi aynunel oT Ctanuuu 1 10 TOUKH A OmpeenseTcs Kak:
cosg », cos(a, — 8o, )
V,, =| —cose , sin(o, — 8, ) |. (109)

sing

OrmpezesnsieM yroj OTKJIOHEHHS OT OTMOPHON OCH aHTEHHBI B HampaBieHuH TOukd (I, @, N) mis aHTEeHHBI
Cranmuu 1:

0,, =arccoqV,, - Vo). (110)
Paccrosuue ot Cranumu 1 1o Touku A cOCTaBIISET:
My = i KM (111)
Al — )
COSE 5y

u oTMeuasi, 4To BeKTOphl Ri12, Raz 1 Ra1 = raiVa1 006pa3yroT 3aMKHYTHIH TPEYTrOJIbHUK, BEeKTOp oT CTaHuuu 2
B HalpaBJICHUU TOYKH A ¢ koopanHatamu (I, @, N) MOXKHO onpeenuTs us:

Ra =Ry —TyVa KM. (112)
PaCCTOﬂHI/Ie oT CTaHLII/II/I 2 J10 TOUKHU A 3aTEM BBIYUCIIAECTCS U3.
Mo = |RA2| KM, (113)
B TO BperI KaK 6,Z[I/IHI/I‘IHLII71 BeKTop oT CTaHLII/II/I 1 B HaHpaBJ'IeHI/II/I DJIEMCHTA I/IHTerI/IpOBaHI/IH COCTAaBJISET.

V,, = Raz (114)

Fa2

Jlanee ompezenseM yroia OTKJIOHEHHS OT ONOPHOM ocu aHTeHHbI CTaHIMM 2 B HaNpaBIICHWH DJIEMEHTa
MHTETPUPOBAHUS B TOUKe A ¢ KoopauHaramu (I, @, h):

0,, =arccod—V,, - V,). (115)

Vka3aHHBINA BEIIIEC METOJ OIIPECACTICHUA 3HAYCHUH YCUIICHHUA AHTCHH OTHOCHUTCA TOJIBKO K KPYI'OBbIM
aHTeHHaM. B CJIydac €CJIM aHTCHHA CTaHI_II/II/I 1 6y,I[CT CeKTOpHOﬁ N BCCHaHpaBJ’ICHHOfI, KaxK UMCCT MECTO,
HalpuMmep, B paaruOBCHIATCIbHBIX CUCTEMAX NMYHKT-MHOT'UC IIYHKTBI, JJISI ONPCACIICHUA YCUJICHUS aHTCHHBI
HCIOJIB3YETCA HECKOJIBKO OTHI/I‘IaIOHII/II‘/'ICH METO/Z], B KOTOPOM YCHJICHUC MCHACTCA TOJIbKO B BEPTHKAJIBHOM
HaIlpaBJICHUHN (B npeaciax 30HBbI, OXBaThIBAEMOI OYaroM ,E[O)K}lﬂ). B sTom Cjlydqac Yrojl OTKIIOHCHUSA OT
OHOpHOﬁ OCH B BEPTHUKAIIBbHOM HAPaBJICHUU OIPCACISICTCA IPOCTO U3.

Op1 = e €4 - (116)
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AHaIIOrMYHBIM 06pasoM, ecin aHTeHHa CTaHIMU 2 SBIISICTCS CeKTOpHOfI nim BCCHaHpaBJ'ICHHOf/i, yroia
OTKJIOHCHHSA OT OHOpHOﬁ OCH B BEPTHKAJIbHOM HaIIPaBJICHHUH ONPCACIISICTCS U3.

rac.
h
€5, =arctan — (118)
B2
nu
dg, =2 +d2 —2d -dg, cos (o, —0,) KM. (119)

Heo6xonumMo MOMHHUTB, YTO YIJIbI OTKJIOHEHHS OT ONOPHOM OCH OOBIYHO YKAa3bIBalOTCSl B Ipamycax, Kormaa
WCTIONB3YIOTCS JJIs1 TUIIOBBIX AWArpamMM HamnpaBlIeHHOCTH aHTEHH, TOTJa KaK TPUTOHOMETPHUUECKUE (DYHKIIMU
B OOJIBIIMHCTBE MPOTPAMMHBIX NTAKETOB OOBIYHO BBIYMCIISIIOTCS B panuanax. [loaToMy npex/ie ueM 5TH Ykl
UCIONB30BaTh B MpOLEAypax MHTETPUPOBAHMs, HEOOXOAMMO, KakK IIPAaBUIO, BBIIOJHHUTH IPOCTOE
npeoOpa3oBaHKUE U3 paJnaH B IPagychl.

ITocne sToro 3HaueHHs YCWJICHH aHTCHHBI MOKHO IMOJIYUYUTh U3 JUarpaMMbl HAIIPABJICHHOCTU aHTCHHBI, U3
MaKCHMaJIbHOTO YCHJICHHS! aHTEHHBI M M3 yIJIa OTKJIOHEHHMS OT OTIOPHOM OCH aHTCHHBI, KOTOPBIN SIBIISETCS
(byHKIHE MEeCTOIONOKEHHS B ITpeeax odara Joxas. 1o yMOIT4aHUIO MOTYT MCIIOIb30BAThCS TUArpPaMMBI
HanpaBieHHOCTH coriacHo Pekomennammu MCO-R P.620 (tarke MCO-R F.699) nnmu MCD-R F.1245, npu
3TOM OTMEYaeTcs, YTO B IMOCIeIHEeH OOKOBBIC JICTIECTKH MMEIOT 0oJiee HU3KKE YPOBHH. 3aMETHUM, UTO IS
1enel HHTeTpUPOBaHMS TPEOYIOTCS 3HAYCHUS YCUIICHNS B JIMHEWHBIX €IUHAIIAX.

Llaz 5. Onpedenenue Onun mpacc 8 npedenax ouaea 00icos

Teneps onpenennm NOTEpH Ha TPAcce B AIIEMEHTE HHTETPUPOBAHMS B HAIIPABICHUH HA KAKIYIO CTAaHIMIO, Ay
1 Az, KOTOpBIE 3aBUCST OT JAJIMHBI TPACCHI M OT MOJOKEHUI B IpeAeiax ovara JOxKIs.

Ouar noxnas paz0ouBaeTcs Ha TpH 00beMa, Kak IMOKa3aHO Ha pucyHke 9. B HmxHem oO0beMe 3¢ dexTuBHAS
TJIOMIA(b PACCESHUS ITOCTOSHHA TI0 BCEMY OYary J0XK/Is U ONpeensieTcss KoddHUIMEeHTOM OTpaKeHHUs parapa,
Zr, na yposse 3emun ipu ((h) = 1. Tpaccel B mpeenax odara J0K/Is B HAPABICHHH Ha KaX Y0 CTAHIIUIO, X1
1 X2, TOJIBEPKEHBI BIUSHHIO OcllabieHus B Ok ie. B cpeaHeM o0beMe 2IIeMEHT HHTETPUPOBAHUS PACTIONI0XKEH
BBIIIIE BBICOTHI CJIOSI IOKS, a 2 (EeKTUBHAS TUIOMIA/[b pACCESHUSI YMEHbIIaeTcs Kak (DYHKIIMS BBICOTBI HaJ
CIIOEM JIOXKIS CO CKOpocThio —6,5 nb/kM. OHako Kakas-To yacTh f Kakao# Tpacchl Bee jke mepeceKkaeT ovar
TOXKsI HUKE BBICOTHI CIIOS JIOXK/ISI, B 3aBUCUMOCTH OT T€OMETPHH, U TIOATOMY TaKHe TPACCHI IMOABEPTatoTCs
BO3JICHCTBHIO JIOMOJHUTEILHOTO OClaliieHus: B J0XKIE BIOJIb TEX YYaCTKOB JUIMHBI TPacChl, fxi,2, KOTOpHIE
MepeceKaroT oyar J0Xk14. B BepxHeM o0beMe 351eMeHT HHTETPHPOBAHMUS PACIOIO0KEH BBIIIE CIIOS JOXKAS U HU
OJlHA W3 YacTel Tpacc He MepeceKaeT ovar JOXIS HUXKE BBICOTHI ClIos 0. [loaToMy Ha Takume Tpacchl
ocya0JieHNe B JIOKJE HE OKa3bIBAET BIIMSHUS.

JIJIMHBI Tpace B 3TUX 00beMax ONPECIIAIOTCS TeePh CIASAYIONIMM 00pa3oM.
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PUCYHOK 9

O0beMbl HHTETPUPOBAHNS B Npee/1ax 04ara 0K

h‘ t— dC/2 —_—
op

,/C u
/" Cpennuii
oobeM 7N

|
I
I
|
|
|
|
I
I
|
|
|
I
\
M 4
|
|
|
I
I
I
|
|
|
4
d

Beicora noxast h, 1

~

Cranmus 1 ’, Crannus 2
h,

P.0452-09

Huxauii 00beM

B HmwKkHEM 00beMe DIIEMEHT HHTETPUPOBAHMS BCET/Ia HAXOAUTCS HIDKE BBICOTHI CIIOS 0K, R, ¥ BCE TPacCh
B IIpeJIeiiax ovara JOXK s MO ABEPKEHBI BIUSHHUIO OCJIa0JICHUS B IOXK/IE, T. €..

A2 =YRi2%12 nb, (120)

I YR12 =k1’2ROLl'2 — 3TO mOroHHoe ociabienue B moxiae (nb/km), a koaddurmentsr Kio u o

ONIPEIENSAIOTCS KaK (QYHKIMU 4acToThl f, mossipusamuu T W yria Mecra €12 TPacChl B PexoMeHganuu
MCD-R P.838. Otmernm, uTO MOTOHHOE OcnabIeHre B TOKIE 3aBUCHUT OT YIJIa MECTa TPACCHI M B IIPUHIIHIIC
JIOJDKHO PACCUUTBIBATHCS IS KAXKIIOTO AJIEMEHTa HHTETPUPOBAHUS IS KaXKIOTO 3HAYCHHUS KOOPIWHAT
(r, @, h). OnHako W3MEHEHHE B 3aBHCUMOCTH OT YIJla MECTa HEBEJIHMKO M JIOCTATOYHO OMPEICTUTh 3HAYCHHS
JUTSL YR TOJBKO OJHH pa3 JJIsl TPacC B HAIIPABJICHUH KAXKIOW CTAHIIUH, OCHOBHIBASICh Ha COOTBETCTBYIOIIHMX
yriiax MecTa aHTeHH.

JnuHbl Tpace Iy, My, X1 U X2 ONPEAEISIIOTCS W3 T€OMETPUYECKHUX IOCTPOCHHUH CIEAYIOIUM 00pa3oM.
Ha pucynke 10 moka3aH BuI B TOPH30OHTANBHOM MJIOCKOCTH Yepe3 MPOEKINIO HIEMEHTa HHTETPUPOBAHMS A B
Touke B Ha miuockocTy 3emun. s JAHHOTO pacueTa MPe.IoiaracTesl, 9YT0 CKOppPEeKTHpOBaHHAs BeicoTa N
CraHuuy 2 nepBoHaYaIbHO PaBHA HYJIO. DTO 00CTOATENILCTBO YUUTHIBAETCS Jajiee.
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PHUCYHOK 10

Buja B IU1aHe Ha reoMeTpHYeCKHe NOCTPOCHUS NPH PACCESIHUM B 3JIEMEHTE HHTErPUPOBAHUS

Crannums 1

Crannus 2

P.0452-10

PaccuntaeM ropuzoHTadbHOE paccTosiuue Oy or Crammmu 1 70 Kpas ouara goxas (Touka Xi) ¢
WCTIONTb30BaHNEM TEOPEMBI KOCHHYCOB (BBOJSI OTPUIATEIFHBINA 3HAK, TOCKOJIBKY 3TO ONMKaNUIIIHA Kpaii):

2
d,, =d, cosda, —,|df cos* o, —df + (d—z"j KM. (121)

Paccrosnue mo HaKJIOHHOM Tpacce A0 Kpas odara JOXKIs B OTOM CJIy4ae COCTaBIISICT.

d,,
— KM. (122)

r., =
1
©cosey

OnpenernseM yrojl CMEIICHHS JIEMEHTa MHTEIPUPOBaHUs B Touke A it CraHiuu 2:

—rsin(p+ay)

do, = arcta 123
? d} +rcos(p+ay) (123)
IJIe Olg YKasbIBaeTCs 1o Gopmyie:
, c(d .
ag =arcsin| —sin oy (124)
dy
u
=\ Jd? +d?-2d d
3areM ropu3oHTaIBHOE pacCcTOsTHUE Uy OMIPEenseTCss M3 TEOPEMbI KOCHHYCOB:
2
' ' dc 12 2 '
dX2 = d2 CcOosS 80.2 — 7 - dz Sin 60.2 KM. (126)

Paccunrtaem PacCCTOAHUC T10 HAKJIOHHOM Tpacce k2 4yepe3 ovyar J0K/Asd B HAlIpaBJICHUM CTaHL[I/II/I 2:
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d
o = X2 KM. (127)
COS€Epo

Tenepb HEOOXOIUMO PACCMOTPETH JIBA CITydasl.

Cnyuaii 1. Korna Cranuus | pacmonoxena BHE o4ara JI0%/1s, T. €. koraa d; >d_ /2. B aToM ciyyae TOIbKO
4acTh TPACChI OT dJieMeHTa HHTerpupoBanusa A 10 Ctaniuu 1 OyaeT HaXOAUTHCS B Tpeeaax ovara IO/ H,
CIIeTOBATEIBHO, TIOIBEPTaThCs OCIA0ICHHIO.

Cnyuaui 2. Koraa yros Mecta odeHb 60u1b110i 1 CtaHius 1 pacrioyiokeHa B peesax ouara J0XKs, T. €. Koraa
d: < dJ/2. B aTOoM ciydae Bcst Tpacca BIUIOTH JI0 BBICOTBI CJIOSI TOXK/Is Oy/IeT BCEraa HaXOMUThCs B Mpeesax
oyara JI0As U TaKUM 00pa3oM HCIIBITHIBATE OCJIA0JIeHHUE.

JliimHa Tpacchl X1 JuIs pacyera ocialieHus BAOJb TPACChl 1o HampasicHuto kK CtaHimu 1 onpeneinsercs u3
CJIETYTOIIETO BRIPAKEHUS:

o — Mg ecim dl>?°;
X, = KM (128)
Mg ecm d; < ?C

M JUIMHA TPaCChI X2 AJI pacyeTa ocnabeHus BJOJIb TPACCEhI 110 HAIIPABJICHHUIO K CTaHHI/II/I 2 OIIPCACIISACTCS U3:

Mo —lyos ecim d2>7‘:;

X, = KM. (129)

(VS ecim dzs?’

Takum obOpa3om, [T ciydaeB, KOTJa IIEMEHT HWHTETPUPOBAHUS HAXOIWTCS HUXKE BBICOTHI CIIOS JOXKA,
ociiabJIcHHE TIPH MTPOXOXKICHUH Yepe3 Ouar 0K 11 MOXKHO ONPEICIUTh B IMHEHHBIX ¢JIMHUIIAX U3 BHIPAKCHUS:

A = exp[— k(VRlxl +Yr2Xo )]' ec h<hg, (130)
rue:
k = 0,23026 — xoHcTaHTa 15 TEPEBO/Ia OCIabaeHUs U3 b B HETIEPHI.
Cpennmnii u BepxXHuUii 00beMbl

B aTHX 00beMax 2JIeMEHT HHTETPHPOBAHUS HAXOJUTCS BBILIE BHICOTHI CII0S 0K/, Nr, HO HEKOTOPBIE yYaCTKH
Tpacc B HaNPaBJICHUH Ha KXIYI0 M3 CTAHIUH MOTYT IIPOXOJHUThH Yepe3 odar IO/ Ha BbIcoTe HIKe hr. D10
sBJIE€HHE OylIeT HaOII0AaThCs TOJBKO B CIIydasX, KOrJa yIJIbl MECTa 2JIEMEHTa MHTErPUPOBAaHUS A, a2,
MEHBIIIE YTJIOB £c1,2, 00pa3yeMbIX Ha KaXIOH CTaHIUK ONMKaNIINM BEpXHUM YIJIOM odara J0KAd, T. €. eCJIH:
h
€ <E€¢y =arctan —
x1

hg =,

X2

€, <E€¢, =arcta

B Takux ciyuasx JOJKHO YUHTHIBATHCS pe3ybTHpPYIOLIee ociadiieHre. 3To 0cOOEHHO BayKHO IS Cirydas 2,
BBIIIIE, KOTJ[a OJHA U3 aHTEHH NMEET OYeHb OOJIBIION YroJI MeCTa M CTAHIUS PacloJIoKeHa B MpeIeiax odara
JOAKJIA.

Ha ocHoBanuu pucyHka 9 BBICOTBI, HA KOTOPBIX Jy4Yd OT JIEMEHTa MHTEIPUPOBAHUS B TOUKE A MPOXOIAT
yepe3 Kpad ouara JIOKJs, MOXKHO OIPEJEIUTh U3 OTHOIIEHWH TOPU30HTAJIbHBIX PACCTOSHUM OT KaxJIOH
CTaHITUH JIO Kpas odara IO U J0 TOUKH B:
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h,=h Ay
el — 17 ’
ddBl KM. (131)
he, :(h_hz)' dxz +h,
B2

VuacTku mmHs! Tpace fxi 2, KoTOphIe MPUXOMATCS Ha OYar JOXKISA, MOKHO OIPEIETNTh U3 OTHOIIECHHIA;

h, —h
X 2 R4z , ecmh>hy >h,, uey,<eq,;
fro= h—hy, KM. (132)

0 B IPOTHUBHOMCIy4Jae

B 3axmrouenme paccumTaeMm ocnablieHWe B JMHEWHBIX €AWHWIAX JUIS CIIydaeB, KOTJa JJIEMEHT
HWHTETPUPOBAHUS HAXOAMTCS BBIIIE BHICOTHI CIIOS A0S, NR:

A= exp[— k{6’5(h - hR)"‘YRl fu +7r2fr2 }] i h>hg . (133)

OTOT 1WAar gajuee onpeaessieT HOABIHTEPAIbHOE BEIPAXKECHUE IS IepeAaTOYHON (yHKINHU paccesHusL.

Lllaz 6. Ocnabnenue ene ouaza 00O

B ucnonb3yemMoii 31ech CTPYKTYpe JH0KIb OTPAHHYHBACTCS TOJIBKO IPaHHUIIAMU OYara IO st ¢ quameTpoM de,
OTpefesieMbIM M3 TEOMETPUM COTJACHO MIary 2, a HHTEHCHBHOCTH JOXKICBBIX OCAIKOB CUUTACTCS
OJIMHAKOBOM B TIpejiesiax ouara Joxs. B o0IiieM cirydae 101b OyAeT paciipoCTPaHsAThCS U 3a MPEACIIbl TON
o0JacTu, MprudeM HHTEHCUBHOCTH €r0 YMEHBIIAETCS TI0 MEPE YBEIIMISHHS PACCTOSHUS OT [IEHTPA 04Jara, u 3T0
cienyeT yuuThiBaTh. OJHAKO €CIU CTAHIUS PACIOJOKE€HAa BHYTPH odYara IO, TO IJIsl TaKOH CTaHIIUH
BHEIIHEE OcCiabJicHHe 3a CYeT JOXKIs NPUHUMAThCS BO BHMMaHue He Oyner. Kpome Toro, eciu 3jaeMeHT
WHTETPUPOBAHHS HAXOUTCS JOCTATOYHO BHICOKO HAJI CIIOEM JIOXK/IS, TAK YTO HUKAKAas 4aCTh TPACCHI JI0 JIF0OO0M
Y3 CTaHIUW HE TPOXOAUT Yepe3 odar JOXKIs, B 3TOM CIIydae BHEIIHEEe OCIIa0JIeHHe BIIOJIb TAKOW TPACCHI HE
YYUTHIBACTCHL.

B xaugecTBe HpI/I6J'II/I)K€HI/I$I npeamnojraracTcs, Y10 UHTCHCUBHOCTD JOXKAA BHC Odara OCaIKOB CHMIKACTCA IPU
YBCINYCHUHU MaCIHTa6I/IpyCMOFO PacCTOsHUA, ONIPECACIIAEMOTO KaK:

r. =600R %10 (R KM. (134)

st cimydast paccestHuSI HUKE BBICOTHI CJIOS JTOXK]IS pacCuuTaeM oclabJieHne BHE odara JOXKIsl, UCTIONb3Ys
CJIETYIONIEE BHIPAKCHUE!

Yry2Mm 1—exp —x2 , eclm d1’2 >d?c u fxl,2 #0;
Aoirz = COSE n2 " > 1)
0, ecm dy, S% wm  f,,, =0

T. €. ocnabjieHHe BIOJb JIFOOOH Tpacchl MPUHUMACTCS PABHBIM HYIIO, €CJIH COOTBETCTBYIOIIAS CTAHIUS
pacmonoxena B mpeaenax ouara moxas (di < do/2) wnu ecnu 7eMEHT UHTETPUPOBAHUS HAXOMUTCS HAJ
0YaroM J0KIS ¥ HUKaKas 9aCTh TPACCH HE TIPOXOIHUT Yepe3 ouar A0, U 9TO OMPEHEAETCA TEM, PABHBI JIA
HYJIIO Y9acTKH Tpacc fya 2.

Ulae 7. Yucrennoe unmezpupoganue nepedamoutol hyHKYuu paccesHus

I/IHTerI/IpOBaHI/Ie ACIIUTCA Ha IBC 4aCTH, 4 UMCHHO I PACCEAHUSA HUKC BBICOTHI CJIOA JOXKIAA U UI PACCCAHUA
BBIIIC BBICOTHI CJIOA JOXKIA:

26,6
J 2l ; exp[— k(YRlxl +YroXo + A + Aextz)]' rdrdedh ; (136)
0
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htop 2n 7
G,G
Ca = .[ .[ r21r22 eXp[— k(6'5(h —hg )+7R1 o +¥ro o + Ao + Aextz)]' rdrdedh, (137)
hy 0 0 AlTA2

rJIc 3HAUCHUS YCUJICHHS aHTEHH yKa3bIBAIOTCS B JMHEHHBIX €IMHHIAX KaK (QYHKIUH YIJIOB OTKIOHEHHS OT
oropHoii ocH, Op12 (1, @, h).

WnTerpupoBanue B HMIMHIPUYECKUX KOOPIUHATAX OCYIIECTBIAETCS MO ANANa30HaM 3Ha4eHui: 1u1st I ot 0 10
pamuyca odara noxns, do/2, u mis ¢ or 0 1o 2w. Hekoropble orpaHMYeHHs MOTYT HajlaraTbCsi Ha TPETHIO
MEPEeMEHHYI0O HMHTETPUpOBaHMs, N, — BBICOTY B Tpenenax ouara A0XKAS. MHHUManbHas BBICOTA, Nmin,
OTIpEe/IeTISIeTCST BUUMOCTBIO OodUara JOXAS OT KaKIoW m3 cTaHmmid. Ecmu BOMM3M mo00# u3 craHimii OyaeT
HMETb MECTO YKPaHUPOBAHHUE MECTHOCTBIO, TO PACCEsTHUE OT BBICOT B Ipeenax odara JOXKIs, KOTOpbIe He
BUAHBI CO CTOPOHBI JIOOOW W3 CTAaHIMH, ClIeAyeT HCKIIOYUTh W3 HMHTErpupoBaHHsA. Takum oOpaszom,
MUHHMMAJbHAsl BBICOTA JIi MHTEIPUPOBAHUS MOXKET OBITH ONpEAe]eHAa MCXOIS U3 YIVIOB TOPU30HTA AJIS
KaKIOW CTAHLIUU KaK:

hyin =mMax(d,, tane,,;,d,, tang,,, ) KM. (138)
OTMeTI/IM, 4YTO 3ACCh MHUCIOJB3YIOTCA JIOKAJbHBIC 3HAYCHUA, IIOCKOJIBKY J11000€e COOTBETCTBYIOLICC
9KpaHUPOBAHUE M3-32 KPUBU3HBI 3eMJIM ISl HYJICBBIX 3HAUCHHH yIila MECTa YK€ YYTCHO MPU ONpPEICTICHUH

YTJIOB OTKJIOHCHHUA OT OHOpHOﬁ OCH aHTCHHBI.

st cBefleHNs] K MUHUMYMY TpeOOBaHHH K BHIYHUCICHUSIM MOYXHO ONPEACTIUTh MaKCUMAIBHYIO BBICOTY JUISI
nporecca HMHTETPUPOBaHUS, Nipp, MOCKOIBKY B 0OIIEM cilydyae HET HEOOXOAMMOCTH HWHTETPUPOBATH
3¢ EeKTUBHYIO 30HY pAacCcesHUS Ha BBICOTAX, BBIIIE KOTOPHIX YPOBHH OOKOBBIX JICTIECTKOB AHTEHH
CYIIECTBEHHO CHIDKaroTca. [lo ymonyaHuio mpeamnosaraercsi, YTO BbICOTA, BBIIIE KOTOPOW MHTErPUPOBAHHUE
MO>KHO 3aKOHYHTH 6€3 OTEpU TOYHOCTH, COCTABISAET 15 KM.

Yucnennoe unmezpuposanue. CyImEecTBYeT MHOXECTBO METONOB YHCICHHOIO HHTETPUPOBAHMS, a B
MHOTOYMCJICHHBIX MAaTE€MAaTH4eCKUX MPHUKIAAHBIX HpOrpaMMax COJIEpXKarcsi BCTPOCHHBbIE (YHKUUHU
WHTETPUPOBAHUS, KOTOPHIMA MOKHO 3()(EeKTUBHO IMONB30BATHCSA. B cilydasx Koraa moyib30BaTelb JKEnaeT
pa3paboTarh CHENUATM3UPOBAHHBIA MAKET MPOrpaMM Ha JPYTUX S3bIKaX MPOrPaMMHUPOBAHUS, OKa3alHCh
3¢ GEeKTUBHBIMU METO/Ibl, OCHOBAHHBIE HA IIPUEMaxX UTEPAaTHUBHOIO JeJeHus nomnoiam (bucekuun). OgHUM U3
TaKkuX MPHUEMOB sIBIEeTCS MeToji PomOepra, KOTOpBIH SBIIsSETCS Bapualiell BBICIIETO MOPsKa OCHOBHOMN
dbopmyiiel Tpamneiuit (T. €. Gopmysibl CUMIICOHA) JJII UHTETPUPOBAHUS MOCPEACTBOM IOCIICOBATEIIHLHOTIO
JICJIEHUS TI0I0JIaM MHTEPBAJIOB HHTEIPUPOBAHUS.

B wunTerpupoBanun Pombepra wucmonb3yercsi KOMOWHAIMA ABYX 4YHMCJICHHBIX METOJIOB Ui pacuera
MPUOIIMKEHHOTO MPEICTaBICHUs] COOCTBEHHOTO HHTETpaa, T. €.

b

I =J.y(x)dx.

a

st pacdera MOCIIeIOBaTEIbHOCTH NPUOIIDKEHHH K HHTETpaly C HHTEpBaIaMU MEKAY OlleHKaMH (QYHKIINH,
paszziernsieMbIMU Ha JiBa B MPOMEKYTKAX MEXIY WICHAMH, IPUMEHSETCS paclIupeHHas GpopMyiia Tpareuii.
B sroMm caywae sl 9KCTpamoJsiiMM 3TOM MOCJHENOBATEIBHOCTH 0 HMHTEpBaJa HYJIEBOW JUIMTENBHOCTH
HCIIOJNIB3YETCS MOJMHOMHUAIBHAS SKCTPANONALUs. JJaHHBIN METOA MOKHO KPAaTKO OMKMCAThH C IIOMOIIBIO IIUKIIA
NICEBIOKOA:

Unoexc =1

WHILE (xorga) estimated error (oxxugaemasi morpemiHocTs) > desired_error (>kenaemast
norpemrHocts) DO (mpousBeante AericTBUE)

S(Mnoexc) = TIpubmmxenne mo GopMyle Tparelyii ¢ HCTIONb30BaHIEM HHTEPBATIOB 270%
I = TlonnHOMManbHas 3KCTPANOIALMS 3HAUEHUH S
Unoexc = Unoexc + 1

ENDWHILE (oneparop END)
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Pacwupennas popmyna mpaneyuii

[TpubnmkeHne K MHTETPaly MOXKHO TIONYYMTh ITyTeM JHHEHHOH wnHTepmomsmmu wmexay N + 1
PaBHOOTCTOALIMX a0CIHUCC (Xi i ):

1 1
=T =h(N) Yo +YiYna +5 W |,
2 2
rue:
b-a
h(N ) =—— ! HHTEPBAI MESKIY a0CIHCCaMHU.

Yucao HWHTCPBAJIOB MOXXHO YABOUTH IMOCPEACTBOM HCIIOJIB30BaHUA PECKYPCHUU:

1
TN ET N h(2N XY, + Ve Vs + Yag)

. 2l
MeTton PoMOepra peKypCUBHO CO3a€T MOCIICI0BATEILHOCTh S(I ) =T°.

IHonunomuanvnaa sxcmpanonayus. B mpenene MOTPEHMIHOCTb — PACIIMPEHHOTO  TpaleleHuIaabHOIo
NpHOIMKEHNS K 3Ha4eHuIo | mpeacTapiser coboii MHOro4IeH OTHOCHTENBHO h2, T. €.

=TV +¢N,
rie:
eN = P(h3(N)),
a
P : HeusBecTHEIII MHOTOYJICH.
I[locnenoBaTeNbHOCT, TpamelenaanbHbIX npubmmwkenuit, T " = €V, Takke sBISeTCs MHOTOYIEHOM

OTHOCHUTETHHO 2, M OTOMY MOJMHOMHAIIBHAS SKCTPAIOJISALKS MOYKET HCHOIB30BATECS IS OLICHKH MpeieNa
npu h—0. Eciu uMeroTcs M TpanenenaaibHbIX NPUOIMKEHUH, TO €MHCTBCHHBI MHOTOUWICH CTEIICHU
M — 1 moxer coorBerctBoBath Toukam (h*(n), T mpun=1,2,4,8,..., 2M-1 OneHka 3TOTO €IUHCTBEHHOTO
MHorowieHa npu h = 0 1aet npubIMKeHHE K Tpeely Tpaneien1aibHOr0 METo/1a.

OObIYHO UIsi pacueTa 3HaueHus MHOrowieHa npu h = 0 wucnonssdyercs meron Hepmns. Merox Hemws
sBisieTcss 3QQPEKTUBHBIM METOJIOM; OH AAeT OLEHKY IOTPELIHOCTH, KOTOpask MOXKET HMCIOJIb30BATHCS IS
3aBeplICHUS WHTErpupoBaHusi PomOepra. DToT Merox SBISETCS IOCIEIOBATEIBHBIM HPUOIMKECHUEM
JINHEHHOM MHTEPNOJSLMA K IOJIMHOMUAIBHOM HHTepnojsuuu Jlarpanka BbICIIMX cTeneHel. Merton
Jlarpanka MOKHO ommcath cieayromnmmM obpasom. Tiust M + 1 touek (Xi, Yi) MHOTOYICH CTEHEHH M MOXHO
OTIPENENINTh KaK JIMHEHHYI0 KOMOMHAIMIO Oa3UCHBIX (DYHKLIUI:

(X=X)
P L
(x) = Zy. (%) = ;}y.ll(x_xk)
ki

L (X) = (X—=Xg ) (X=X 1 )X = X, ) (X = X,,) |
(Xi B XO)"'(Xi N Xi—l)(Xi - Xi+1)"'(xi - Xn)

UroOsl HaiiTh pemienne npu X = 0, JaHHBIH METOJ MHTEPHOJISALUU TpeOyeT 3HAaHHs BCEX OpAMHAT Vi, U Ui
pelieHnss MaclTabHBIX 337ad OH Hed(P(PEKTHBEH, TOCKOIBKY IMPH UTEpalud J0 BBICHIMX MOPSIKOB
HE WCTOJB3yeT MpeXHHe uHTepronaunu. Meron HeBwna mpencraBisier co0oil peKypCHBHBIH TIpoIiecc,
OCHOBaHHBI Ha COOTHOILIEHUH MEXIY OJHUM NPHOIMKEHHEM K MHOTOWICHY M €ro ABYMS MPEIbLAYIIUMU
npubmmkeHusiMA. TakuM 00pazom, As JIIOOBIX OBYX TOUYeK (Xk, Yk) MMEeTCs eIWHCTBEHHBIH MHOTOWIECH

crenenu 0, T. €. npsiMasi JIMHKS, OPOXOJSIIAs Yepe3 dTH JBE TOUKH, P = Y| . 3aTeM BBINOIHAETCS BTOpAs

WTEpalys, B KOTOPOH MHOTOWJIEH COOTBETCTBYET MapaM TO4eK, a UMeHHO Pj,,P,s, ... u sra mpouemypa

MTOBTOPSIETCA O TOCTPOEHUS MAPAMHUIBI TPUOIKEHMI:
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gl
Plj
I Pz
Py Piasy
Py Poyy
P34
P

ITocne aToro oKkoHYaTEIbHBIN PEe3yabTaT MOKHO IIPECACTABUTD KaK:

(X Xi+m)Pi(i+l)...(i+m—1) + (Xi —X) P(i+1)(i+2)...(i+m)

Pi(i+l)...(i+m) =
Xi = Xivm
Taxum o0pazom, MeTon HeBuiist — 3T0 peKypcHBHBIN mpoLece i MOCTPOCHUS TUPaMUIbI IO CTOJIOaM Npu
WCTONb30BaHuU 3(PpPEeKTUBHOTO METOa PacYETOB.

Ha mpaktuke monuHOMHa bHAs SKCTPANOJIINSA CTAHOBUTCA HECTaOWMIBHOM, KOTJa MOATOHSAETCS OOJIbIIOe
YHCJIO TOYEK, U IIOATOMY, KaK MPaBUIIO, IPU MHTErpupoBaHur PomOepra ncnosib3yeTcs 4eTBepTasl CTeleHb
MOJTMHOMHAIBHOM SKCTPAMOIISIIUH, TTOAXOISINAS U OCIETHHX TSATH TpanelenaaabHbIX TPUOIKEHHN.

C moMomIbI0 METOIOB YHCIICHHOTO HHTEIPUPOBAHMUS, TAKUX KaK METO/IbI, HCTIOB3YIONIHE IIPHEMBbI OMCEKIINY,
UTEpaLHsl IPOU3BOJUTCS 10 TEX TI0P, TOKA He OyIeT JOCTUTHYT KPUTEPHI TOYHOCTH; B COOTBETCTBHH C ATUM
METOZOM HUTepalys NpeKpaliaeTcs, KOrna pa3HOCTh MEXIY IMOCIeA0BATEeIbHBIMA HTEPAllUsIMH MEHBIIIE,
4YeM MpelBapuUTeNIbHO 3aJaHHasi JoJsl NpeAblayniero pesyibrata. OOBIYHO 3Ta JIOJNS JICKHUT B Ipeaeiax
mexay 102 u 10°°, npuuem mocnenHee 3HaueHMe OGIM3KO K BO3MOKHOCTSAM 32-OMTOBBIX HPOLECCOPOB.
Cremyet nposIBISITE OCTOPO’KHOCTD ITPU UCTIONH30BAHUH OOJIBIINX 3HAUCHHH 3 MIPE/IeIaMH STOT'0 INaIa3oHa,
IMOCKOJIBKY MOT'YT BO3pacTu OHII/I6KI/I B BCIIMYMHAX BBIYHCIICHHBIX MMOTEPh. B kauectBe O6HICI‘O PYKOBOJCTBA
YCTaHOBJICHO, YTO XOPOIIUM KOMIPOMHCCOM MEXIYy TOYHOCTBIO M CKOPOCTBIO BBIYHCICHHH SIBIISETCS
3Hauenue 107,

JIist IpoBeeHUsT TPEXMEPHOTO WHTETPUPOBAHUSA MO 00BEMY B OYare OIS TPEOYIOTCS TPH BIIOYKEHHBIX
YHMCIEHHBIX HHTETPHUPOBAHUS, B IIWJIHHIPUIECKAX KOOPAMHATAX, HATPUMED C BHEIITHUM HHTETPUPOBAHUEM 10
napameTpy BbIcOThI N. J[jist 3TOro HHTErpUpOBaHUs TPEOYETCS HHTErPal [0 a3UMYTAIbHOMY MapaMeTpy ¢ IpH
OTIpeICIEHHOM 3HaYeHnH N, KOTOpBIH, B CBOIO OYepensb, TpeOyeT MHTErpajia 1Mo mapaMeTpy pamuyca I s
KOHKpPETHBIX 3HaueHuii (h, ¢).

Crenyer OTMETUTb, YTO JUIS JOCTIKEHHS TpeOyeMOH TOYHOCTH, KaK MPaBHIIO, HEOOXOAMMO BBIIOIHUTD
MHOXECTBO MTEpalMii MepeaaToyHol (YHKLIUH paccesHHs, 0OCOOEHHO B CilydasiX, Korga Ko3(QHUIHUEHTHI
YCUJICHUS] aHTEHH BEJIMKH M IIPOU3BEJICHUS KOOQPHUIIMEHTOB YCUIICHHSI MOTYT KOJIeOaThCsl IO TUAMETpy odara
noxns Ha 60 1b nim 6onee. [lo3ToMy BpeMs BEIYMCICHHUS MOXKET COCTaBIISITH MHOXKECTBO JIECSITKOB MUHYT U
Jla’ke 4acoB JUIs Oosiee KpaltHUX CIy4aeB, HECMOTPS Ha IPUMEHEHHUE OBICTPOJEHCTBYIOMIMX MIPOLIECCOPOB.

Lllaz 8. Onpedenenue Opyeux Kodg@uyuenmos nomepn

PaccunraeM OTKIIOHEHHE OT PAJIEEBCKOTO PACCEsIHUS, MCIOINB3Ys ypaBHeHue (76) mis yria paccesHus s,
omnpexensemoro ypapueruem (91).

Paccuntaem ocmaGneHue BIOJIb Tpacc, OOYCIOBIEHHOE TIOTJIOMIEHHEM B aTMOCHEPHBIX Ta3ax, C
Hcrnoiib30BaHueM JaHHbIX [Ipunoxenns 2 k Pekomennarun MCO-R P.676 npu BeiOope 3HaU€HUI TTOTOHHOTO
ociabJIeHUs] Yo U Yw, & TAK)KE SKBHBAJICHTHBIX BBICOT No ¥ hy 11 cyxoro Bo3myxa W BOJASHBIX MapoB
COOTBETCTBCHHO. YPOBHH OCITAOJCHUS OMPENEIIFOTCS C HWCIOJB30BAHMEM CIICAYIOIINX BBIPAKCHUHA IS
ocliabJjieHHMs] Ha Tpacce MEXIy JIBYMs BBICOTAMH HaJ| YPOBHEM MODs, IPUYEM BEPXHUH YPOBEHBb BBICOTHI
onpenensieTcss BICOTOM TOYKHM KBa3HIEPECEUEHHUS OCEH TJIaBHBIX JIETIECTKOB JABYX AHTEHH. JTOT METOJ
SIBIIICTCSl TPUOIKEHUEM, TaK Kak (paKkTHYeCKoe ociabJeHHne B Tra3ax KoJeOJeTcs Ui KaXKIOro JIeMEHTa
paccessHAS B Tipenenax o0bema paccessHus. OIHAKO MOCKOJIBKY OCIIa0JIeHHe B Ta3aX — 3TO, KaK MPAaBHIIO,
HECYIIECTBEHHAsI COCTABIISAIONIAs B OOIIMX MOTEPSX IEPEIavn, U €€ N3MEHYHBOCTh HEBEIIMKA 110 CPAaBHEHUIO
CO 3HAUYEHUSMU HEOIPEAECICHHOCTH IPYTUX MapaMeTpoB, TAKUX KAaK YPOBHU HMHTEHCHUBHOCTU JIOKIEBBIX
0CAJIKOB, BBICOTHI CJIOS IO ¥ TEOMETPHSI CAMOTO 0dara OIS, TAKOE YIIPOIIEHNE CUUTACTCS TIOTTYCTUMBIM.
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PaccmaTprBaeMblii HMKE METOJ TO3BOJIICT IMOJYYUTh OIEHKA OTHOCUTEIHHO OCHAOJieHUS B Ta3ax C
JOCTATOYHOM /ISt 00IIIeH TPOIIeTyphI TOYHOCTHIO.

Hwxame ypoBHM BBICOT IS KaXAOW CTAaHIMHA  OMNPENENSIOTCS  JIOKATBHBIMH  3HAYCHHUSMU
N1 1oc = N2 1oc. BepxHUit ypoBeHb BBICOTHI Ny — 3TO BBICOTA TOYKH KBA3UIIEPECEUCHHS C YUETOM KPHBHU3HBI
3emi, T. €. TOKaTbHOE 3HAUCHUE, BEIYUCIIIEMOE 13!

h, =hy +/df + 15 —rg +h, KM. (139)

Hns yrnoB mecta oT 5° mo 90° ocnabneHne MeEXIy OBYMSI BBICOTAMH ONpPENENSETCS M3 Pa3HOCTH OOMIMX
ypOBHEH ocnabieHns: Ha HAKJIIOHHOW Tpacce OT KaXKIOH BBICOTHI:

hi | h
Yoho —Voho| €XP| — =0C —eXp| — hp
0 0
P = b; 140
AO_I SinSi_|0C A ( )
h | h
Ywho = Ywho| €X0 _ITOC —exp _h7p
w w
L= b, 141
AN_I SinSi_|0C 8 (141)

IJIe MHACKC | OTHOCHUTCS K KaX/0# U3 ABYX CTaHLU, a &j |o¢ — JIOKAIBHBIC YIIIbI MECTA KXKI0W aHTCHHBI.

[InoTHOCTH BOASHBIX MApOB, P, WUCHONb3yemas IJisi ONpEICNCHUs TOTOHHOTO OCNabJCHUS Yw, SBISETCS
TUNOTETUYECKUM 3HAYEHHUEM JJISl YPOBHSA MOPsl, BBIYUCIISIEMBIM U3 3HAYECHUS JJI YPOBHS 3€MJIM HA CTAHLIMAX
(MO>KHO TIPEIOJIOKUTD, YTO 3TH 3HAUYEHHS OJTMHAKOBBI):

h.
P=pyexp (I_TIOCJ /M, (142)

Hist yrinoB mMecta ot 0° 10 5° HE0OX0AUMO yUUTHIBATH SIBICHUS pepakLuu. YTIIbl MECTa AJsl BEpXHEH TPacchl
OIIPENEIISIOTCS U3

hy -+ Tef
€j =arccos| ————COS&; o |- (143)

p + Teff

3areM ocnabieHe Ha Tpacce PacCUUTHIBACTCS U3 CIEIYIOIINX BBIPAKEHUH.

OcabeHue Ij1s CyX0ro Bo3yxa:

b (144)

Ao_i :Yo\/E

H ociabienue IJId BOOAAHBIX ITapOB:
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_ hi_Ioc
hy

A\N_i =Yw+/hw " ab, (145)

[hy + rege - F| tane e —h—p

W

rae ¢pyakmus F onpenensiercs kak
1

F(x)= (146)

0,661x+0,339/x2 +5,51

VUUTBIBaETCS TAKXKe JII000€ COOTBETCTBYIOIIEE paccoriacoBaHue 10 mossipusanuu, M.
1llaz 9. Onpedenenue KyMyasmueHo2o pacnpeoeieHusi nomepb nepeoayu

Jia xaxmoi mapsl 3HAYEHWH MHTEHCHUBHOCTH JOXKAEBBIX OCAJIKOB ¥ BBICOTHI CIIOSI JTOKIS PacCUHUTHIBAEM
MIOTEPH Mepeadrl B COOTBETCTBUH C IIaraMu 5—8, UCTIOB3Ysl CIeAYIOIIee BEIpaKeHE:

L =208-20log f —10log Zg —10 log(Cy, +C,)+10log S + A; — M 1b. (147)

Ilocne Toro xak OBUTM paccCUUTaHBl BCE BO3MOXKHBIE KOMOWHAIIMU 3HAYEHUH MHTEHCHUBHOCTH JOXAEBBIX
OCaZIKOB M BBICOTHI CJOSl IOXKAS, PE3yJbTHPYIOLIME 3HaueHWs NOTeph mepenadu (ob) OKpyrisioTcs a0
Onmxaiinrero Gosnplnero neiaoro yucia Ab (c MCHONb30BaHHEM, HApuUMep, GYHKLUUH OKpYyeleHus C8epxy),
a BEPOSITHOCTHU (B MPOLIEHTHOM BBIPQKEHUH) BCEX T€X KOMOMHALUM, KOTOPBIC MPUBOIAT K OAHUM U TEM XKe
MOTEPAM, CYMMHUPYIOTCA AJsl MOJMYYEeHUS! OOILIed BEpOSITHOCTH Ul KaXIOrO YPOBHs HOTEph Ieperayu.
Pesynbrupytomass (GyHKIMS IUIOTHOCTH BEPOSITHOCTH Jajiee IpeoOpa3yercs B COOTBETCTBYIOIIEE
KyMYJISITUBHOE pacrpe/ielieHHe IMoTeph Mepefadd MyTeM CyMMHPOBAHHSA MPOLEHTOB IS BO3PAaCTAOLIUX
YPOBHEM MOTEPB.

IIpunaraemplii 1oKymeHT 1
k [Ipuioxenuro 1

Pagnomereoposioruyeckue JaHHbIe, HE00X0AMMbIe ISl POLEAYPbI
NPOTrHO3MPOBAHHUSA B YCJIOBHUSIX SICHOTO He0a

1 BBeaenue

[Iponienypsl MpPOTHO3MPOBAaHHUA B YCIOBHAX SICHOTO He0a OCHOBBIBAIOTCS Ha PaJIdOMETEOPOJIOTHYECKHX
JAHHBIX, TO3BOJIAIOIIMX Y4Y€CTh B IIPOTHO3aX M3MEHYMBOCTH OCHOBHBIX MECTHBIX METEOPOJIOTHMYECKHUX
MapaMeTpoB. DTH JaHHBIE TPEACTABICHBI B BHIE KapT, KOTOPble MPUBOAATCS B HacTosAmeM [Ipumaraemom
JIOKyMEHTE.
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2 KapTbl n3MeHeHN s TaHHBIX 0 pe)paKIN PAJMOBOIH M0 BEPTUKATIH U MOKA3aTeIb pedpakuuu
BOJIM3U MOBEPXHOCTH

Jlnist IpOTHO3UPOBAHUST B TIOOANBHBIX MaclITadax pagroMeTeOpOJIOTHS TPAcChl B YCIOBHSAX SCHOTO Heba
OMKCHIBACTCS C TOYKH 3PCHHS HEMPEPHIBHBIX (IOJITOCPOYHBIX) MEXAHU3MOB TIOMEX C IOMOIIbIO
cpemHeroaoBoro 3HaueHus napamerpa AN (BepTHUKaIbHBIN rpalueHT WHIACKCA pepaKiuu Ha MepBOM 1 KM
aTMoc(epbl), a ¢ TOYKU 3pEHHSI aHOMAIBHBIX (KPaTKOCPOYHBIX) MEXaHU3MOB — IPOLICHTOM BpeMeHH, [P0,
B TCUCHHWE KOTOPOTO TPAJMEHT WHJACKCa pedpakiii B HWKHHX CIIOSX aTtMocdepbl OCTaeTcs
ke —100 N-equHuI/KM. DTH TapaMeTphl COCTABIISIFOT IIPUEMIIEMYIO OCHOBY, Ha KOTOPO#I IIOCTPOSHA MOJICITh
MEXaHW3MOB PacHpOCTPaHEHHS B YCIOBHSX SCHOTO Heba, ommcanHas B 1. 2 [lpumoxkenus 1. 3Haduenne
CpeaHero nokaszatelis pedpakiuu Ha ypoBHE MOpsi, No, HCITOJIB3YEeTCS I pacdyeTa MOJACIH TPOnochepHOro
paccesiHusl.

B cirygae oTCyTCTBHS MECTHBIX M3MEPEHHH 3TH 3HAYCHUS MOXKHO MOJYYUTH IPU MOMOIIM KapT, KOTOpHIE
BXOJIAIT B COCTAaB HEOTHEMIIEMBIX ITU(POBBIX MPOIYKTOB, TOCTABISIEMBIX BMECTE ¢ TaHHOW Pexomennarueii B
Zip-gpaiine R-REC-P.452-15-201309-1''ZIP-E. Dtu uudpoBbie KapThl COCTABICHBI Ha OCHOBE aHAJM3a
r7100aTBHOTO MacCHBa TAHHBIX, ITOJMYYEHHBIX B pe3yJbTaTe HaOMIOACHUH BO BpeMsl OAbEMa PaJM030H/I0B 3a
10 mer (1983-1992 rr.). Kaptel Haxomsarcs coorBercTBeHHO B (aitmax DNSO.txt m NO50.txt. JlanHBIC
MpeICTaBICHbI sl 3HaueHu# 1oarothl oT 0° no 360° u mupotsr ot +90° 10 —90° ¢ paspemenuem 1,5° kak mo
IIMPOTE, TaK U MO AONTOTe. JlaHHBIE HMCIOIB3YIOTCSI COBMECTHO C COMYTCTBYIOIIMMH (aijiaMu JaHHBIX
LAT.txt u LON.txt, B KOTOPBIX COAepKaTCs 3HAYCHUS ITUPOTHI U TOITOTHI COOTBETCTBYIOIIUX 3AITHUCEH (TOUEK
koopauHar) B daitiax DN5O.txt u NO50.txt. [y MECTONOIOKESHHMIA, HE SBIISIONUXCS TOYKAMU KOOPIUHAT,
JaHHBIA TapaMeTp B KEJAeMOM MECTOIOJOXCHHH MOXKHO TIOJyYUTh, BBINIOJHUB JIByXJIMHEHHYIO
MHTEPHOJALNIO 3HAYCHUH B YeThIpeX ONMKAMIIMX TOYKaX KOOPAMHAT, KaK OMMCaHO B PexomeHmammsx
MCD-R P.1144.

IIpuinaraemslii JOKyMeHT 2
K [Ipuioxkenuro 1

AHau3 npo¢puisi Tpaccsl

1 BBenenne

Hunst ananuza npoduiast Tpacchl HEOOXOAUMO 3HATh BBICOTHBIM MPOQUIL MECTHOCTH HAJ CPETHUM YPOBHEM
Mopsi. B tabnuue 7 npuBeaeHbl HEOOXOAMMBIE JUIS MOJENIEH pacpOoCTpaHEHUs MapaMeTphl, KOTOpPhIE JaeT
aHaM3 NpouIIs TPACCHI.

2 IMocTpoenne npoduiisa Tpaccol

OcCHOBBIBasICh Ha TreorpaHuuecKuX KOOpAWHATaX CTAHIMH, CO3Jaroied momexu (@i i), U CTaHIMH,
WCIIBITHIBAIOIICH 3TU TOMEXH (Pr, r), CISTYET ONPEISIIUTh BEICOTHI MECTHOCTH (HAJ CPESTHUM YPOBHEM MODSI)
BIIOJIb TPACChI IO JOyre OOJBIIOr0 Kpyra, MUCHOJB3Yys JUIS 3TOro Tonorpaduueckyro 0a3y MaHHBIX HIIH
COOTBETCTBYIOIIME KPYITHOMACIITAOHBIE KOHTYpPHBIE KapThl. PaccTosiHue MEXy TOUYKaMH MPOQUIIS JTOJKHO,
[0 Mepe BO3MOXKHOCTH, 3aXBaThIBATh OCHOBHBIE YePTHl MECTHOCTH. Kak mpaBuMIlo, MOAXOMAT MPHUpAIICHUS
paccrosiaus Mmexxay 30 M u 1 kM. B nienom nienecoodpa3Ho CHOIb30BaTh MPUPAIICHUE PACCTOSHUHN OOJIBIIeH
JUIMHBI 711 Ooiee NIMHHBIX Tpacc. [Ipoduib JoKeH BKIIOYATh B KAYECTBE HAYAJbHOW W KOHEYHON TOYKH
BBICOTHI HaJ] IOBEPXHOCTHIO 36MJTH CTAHIIUH, CO3/IAI0NICH MOMEXH, H CTAHIIMH, UCTIBITHIBAIOIIEH 3TH TOMEXH.
B npescraBieHHBIX ganiee YpaBHEHUAX PU HEOOXOAMMOCTH YUUTHIBACTCS KPUBU3HA 3¢MHOW TTOBEPXHOCTH C
MTOMOIIBIO 3HAYCHHUS e, OMIPEAEIAEMOTO U3 ypaBHeHus (6a).
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XOTs BapUaHT ¢ PaBHOOTCTOSIIUMHU TOYKAMU TPOQUIIS ABISICTCS MPEAMOYTUTEILHBIM, MOYXKHO UCTIOJh30BATh
W METOJ C HEPAaBHOOTCTOSAMIMMH TOYKAMH TPOPMIL. DTO MOXKET OKAa3aThCS MOJE3HBIM, KOT/a TPOQIITH
Oepercs W3 UQPOBOM KapThl TOPU3OHTANEH BBICOT. BMecTe ¢ TeM clieayeT OTMETWUTh, YTO HACTOSIIAS
Pexomenpanus Obuta pa3paboTaHa Ha OCHOBAaHWU WCHBITAHUM C UCHOJIH30BAHHEM PAaBHOOTCTOSIIMX TOUYEK
npoust; mHpOpMAaLKS O BIUSHIA HEPABHOOTCTOSIINX TOYEK HA TOYHOCTh OTCYTCTBYET.

B mactosmmedt Pekomennanum Touka mpo@uis, COOTBETCTBYIOIIAS BBICOTE CTAHIIMH, CO3MIAOIIEH MOMEXH,
MIPUHSATA 32 HYJEBYIO TOUKY, & TOUKa, COOTBETCTBYIOIIAs CTAHIINH, UCIIBITHIBAIOIIICH TOMEXH, — 33 N-10. Takum
oOpazom, mpoduib coctout u3 N + 1 Touku. Ha pucynke 11 maercs mpumep BEICOTHOTO MPOGUISI MECTHOCTH
HaJ| CPSTHUM YPOBHEM MOPSi, TOKA3BIBAIOIIMI Pa3IMYHbIC CBA3aHHBIC C PEAIbHOW MECTHOCTHIO TTApaMETPHI.

PUCYHOK 11

IIpumep npoduist (3aropu3oHTHOI) Tpacchl

i-sI TOYKA MECTHOC

Cranrnust, cosnarorast momexu (T) Crannus,

HCITBITBIBAIO A

0
A ‘ | HOMexu R)
£ Or

CpenHuii ypoBeHb MOps

P.0452-11

Tpumeuanue 1. — IlokazaHHoe 3HaUeHNE yria Ot IBISIETCS OTPUIATENHHEIM.

B Tabnuue 7 onpeneneHsl mapaMeTpbl, HCIOIb3yeMble HIIH IOyYEHHBIE B X0/I€ aHAIM3a IPOQUIIS TPACCHL.
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TABJIULIA 7

Onpenesienne napaMeTpoB NPoQuJIsA Tpacchl

IMapamerp Onucanne

ae DOKBUBAJICHTHBIHN paguyc 3eMin (KM)

d Paccrosinue Ha Tpacce 1o ayre 00JbIIOTO KpyTra (KM)

di PaccTostHME BIOJb yTH GOJNBIIOTO KPyTa OT CTAHIMH, CO3AIONIeH TOMEXH, 0 I-i TOUKH
MTOBEPXHOCTH (KM)

dii WuTtepBan npupameHus Juis perysipHbIX JaHHBIX MPOQHIL TPAcChl (KM)

f Yacrora (I'Tn)

A JlHa BOJTHBI (M)

hs BricoTa (M) aHTCHHBI CTaHITUH, CO3IAIOMICH TIOMEXH, HaJl CPETHUM YPOBHEM MOps (HCYM)

hrs BricoTa (M) aHTEHHBI CTaHIIUH, UCTIBITHIBAIOIIEH ITOMEXH (HCYM)

0 JA71st 3arOprU30HTHOM Tpacchl yrol MecTa M0 OTHOIICHUIO K TOPU30HTY HaJl MECTHOH TOPH30HTANIBIO

(Mpag), I3MEpEeHHBIH CO CTOPOHBI aHTEHHBI, CO3AatoIIei moMexu. it Tpacchl MpsAMOH BUIUMOCTH
3TO JIOJDKEH OBITh YTOJl MECTa, U3MEPEHHBIN CO CTOPOHBI AHTEHHBI, HCIIBITHIBAIOLICH TTOMEXH

Or Jl1 3aropU30HTHOM TPacchl Yrojl MECTa 10 OTHOLICHHIO K TOPU30HTY HaJl MECTHOM IOPU30HTANIBIO
(Mpan), U3MEpEHHBIN CO CTOPOHBI AHTEHHBI, UCTIBITHIBAIONIEH ToMexH. {1 Tpacchl NpsiMoi
BUIUMOCTH 3TO JOJDKEH OBITh yIOJI MECTa, M3MEPEHHBIH CO CTOPOHBI AaHTEHHBI, CO3JAfONICH IIOMEXH

0 VYrioBoe paccTostHEE Ha Tpacce (Mpa)

hst BricoTa rimaakoii moBepXHOCTH 3eMitH (HCYyM) B MECTE pa3MEIeHHS CTaHIIUH, CO3AI0MIeH
noMexu (M)

P BricoTa rinaikoit moBepXHOCTH 3eMJIH (HCYM) B MECTE pa3MEICHUS CTaHIMH, UCIIBITHIBAIOLICH
TOMeXH (M)

h; BericoTa i-if TOYKH 3eMHO# MOBEPXHOCTH HAJl CPETHUM YPOBHEM MOPS (M):

ho : BBICOTA CTAHIMK, CO3AIONIEN TOMEXH;
hn: BBICOTA CTaHLIMM, UCIIBITHIBAIOILEN IOMEXU

hm HepoBHocTh 3eMHO# TOBEPXHOCTH (M)

hte OddexTuBHAS BRICOTA AaHTEHHBI, CO3/IAIOIICH TOMEXH (M)

hre D¢ dexTuBHAS BEICOTa aHTCHHBI, UCTIBITHIBAIOIICH TOMEXH (M)
3 JuHa Tpaccsl

JnHa Tpaccel MOXeT OBITh IOJNy4eHa ITPU HCIOJIb30BAaHWM TE€OMETPHHM AYT'M OOJBIIOr0 Kpyra OT
reorpa@UuecKux KOOPJMHAT CTAHIMH, CO3JAIOIICH MOMeXH, (P, i), U CTAHIIMHU, UCIBITHIBAIONICH OMEXH
(¢r, Wr). B kauecTBe anbTepHATHBBI JUIMHY TPACCHI MOKHO OIIPEIETUTh UCXOS U3 MPOQHIIS TPACCHI.

B o0riem ciydae aiuHy Tpaccsl, d (KM), MOXXHO BBIYHCIIUTD 110 JaHHBIM O IPO(HIE TPACCHI:

n

d= Z(dl - difl) KM, (148)
i=1

OJTHAKO €CJIH TIPO(UITH TPACCHI MIPEICTABIICH B TUCKPETHOM BHUJIE C TTOCTOSIHHBIM WHTEPBAJIOM IPHUPAICHUS,
TO 3TO BEIPAKEHUE YIPOIIACTCS JI0:

d=n-d, KM, (149)

rae dii — MHTepBal MPUpPAIIEHHUs IS TPACCHI (KM).



48 Pex. MCJ-R P.452-15

4 Kaaccnpukanus tpace

Tpacca Moxer ObIThb KiIaccu(UIMPOBAaHA B KadeCTBE TPAacChl B Ipeaenax MpsSMOM BUAMMOCTH JHOO
3arOpU30HTHOW TPACCHI TOJBKO [UIsl onpeneneHus paccrosuuii di v dir 1 yrios mecta 0 u O, cM. nanee.

ITo npoduitro Tpacckl HEOOXOAMMO OMPECTHTD, SIBJSICTCS JIM TPacca TPACCOH B MpeJiesiaX MPsSMON BUIAMMOCTH
100 3arOpU30HTHOM TPACCOil, OCHOBBIBASCH HA 3HAYEHUH MEAMAHHOTO SKBHBAJICHTHOTO paauyca 3emiy, ag,
MpeJCTaBICHHOTO B ypaBHEHUH (6a).

Tpacca cumrTaercs 3arOpH30HTHOMN, €CIIM €€ YroJ MecTa MO OTHOUICHHIO K (PU3NYeCKOMY TOPH30HTY CO
CTOPOHBI aHTEHHBI, CO3/Ia0MIEi MOMEXHU (OTHOCHTEIHHO MECTHOW TOPH30HTAINN), OOJIbIIE yIiia (OMSITh-TaKu

OTHOCHUTCJIIbHO I'OPU30HTAJIM B MECTC PaCIIOJIOKCHHUA MEIIAOIIEH aHTeHHLI), 104 KOTOPBIM BHUAHA AHTCHHA,
HCIBIThIBAIOas roMEXu.

Kpurepuii npuHa jIe:;KxHOCTH TPACCHI K KATETOPUU 3arOPU30HTHBIX CIEIYHOLIUI:

Omax > Ot Mmpaf, (150)
rae:

n-1

Orax = max (6) Mpaf, (151)
i=
0i:  yrosj mecra 1o OTHOIICHUIO K i-# TOYKE TTOBEPXHOCTH:
h . —h d.

0, =1000arctan) ———- — — Mpa; 152
' 10°d, 2a, P (152

ecnu 0; menbIne 0, TO cnexyeT orpaHuduTh 0; Tak, 9To0sI 0; = 0,

rae:
hi:  BeIcoTa i-if TOUKM 3eMHOM MMOBEPXHOCTH (M) HaJl CPEIHUM YPOBHEM MOPSL;
N BBICOTa aHTEHHBI, CO3/AONICH MOMEXH (M), HaJl CPETHUM YPOBHEM MODS;
di: paccTosiHHE OT aHTCHHBI, CO3JAOIICH TTOMEXH, JI0 I-I'0 AIEMEHTA ITOBEPXHOCTH (KM)
h—h d
0,, =1000arctar] —=——5 — —— Mpaj, (153)
3
10°d 2a,
rae:
hrs . BbBICOTA aHTCHHBI, I/ICHBITBIBaIOHIeﬁ IIOMEXU (M), HaJl CpEAHUM YPOBHEM MOPsI;
d: oOuiee paccTosiHUE 1O Jyre OONIBIIOro Kpyra (KM);
8e: MeIMaHHOE 3HAYCHHWE OSKBHUBAICHTHOIO paamyca 3eMId, COOTBETCTBYIOLIETO
paccMaTpuBaeMoit Tpacce (ypaBHeHHE (6a)).
5 BuiBox mapameTpoB ucxoasi u3 npoguist Tpaccsl
5.1 3aropusoHTHBIE TPacchl

B tabnure 7 maHbl mapaMeTpsl, KOTOpble HEOOXOAMMO MOIYYHTh UCXOAS U3 MPO(UIIS TPacchl.

51.1 ¥Yroa mecta ropu3oHTa, 6, CO CTOPOHBI AHTEHHBI, CO3JAI0IEl TOMEXH

Yron Mecta TOpU30HTa CO CTOPOHBI AHTEHHBI, CO3/AIOLIEH MOMEXH, — 3TO MAKCUMAJIBHBIA Yroi MecTa
TOPU30HTA U aHTEHHBI, MOMy4aeMBbIl ¢ momoIisio ypaBHeHUs (151), mpumensiemoro kK N — 1 3HaYeHHUSIM
BBICOTHI MPOQUIIST MECTHOCTH:

91 = emax Mpall, (154)

1€ Omax OTIPEAEIAETCS C MOMOMIBIO ypaBHeHMs (151).
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5.1.2  Paccrosinue 10 ropu3oHTa, i, 0T AHTEHHDI, CO3AAIOIIECH MOMeXH

PaccrossHnne m0 TOpH30OHTA — STO MHHHMANBbHOE PACCTOSHHE OT MepefaTdyhka, B MECTE PacIIONOKEHUS
KOTOpOTO ¢ TOMOIIBI0 ypaBHeHUs (151) paccuuThiBaeTCS MaKCHMANBHBIN YTOJI MECTa TOPH30HTA CO CTOPOHBI
AHTCHHBI:

dit = di KM mpu max (6;). (155)

5.1.3  ¥YroJ MecTa ropu3oHTa, O;, CO CTOPOHBLI AHTEHHBI, HCTILITHLIBAIOIIEH TIOMEXHU

Yron Mecta TOpU30HTA CO CTOPOHBI MPUEMHONW aHTEHHBI — 3TO MaKCHMaJbHBIN yroJl MECTa TOPHU30HTa CO
CTOPOHBI aHTEHHBI, ITOJIy9aeMBbIii ¢ TTOMOIIEI0 ypaBHeHus (151), mpumenseMoro k N — 1 3HaYeHUAM BBICOTHI
pO(UIST MECTHOCTH:

n-1
O =max(§)  mpax, (156)
j=

hj - h (d - dj)
Oj =1000arcta 5 -
10°(d-d;) 2a,

MpaJ. (157)

5.14  PaccrosiHue 10 rOpU30HTA, dir, OT AHTEHHBI, HCMBITHLIBAIOIIEH MOMEXH

PaccrosiHue 1o ropu3oHTa — 3T0 MUHUMAaJILHOE PACCTOSIHUE OT MPUEMHHKA, B MECTE PACIIONIOKEHHS KOTOPOTO
¢ momortsio ypaBHeHwus (151) paccunTeiBaeTCs MaKCUMAITBHBIA YTOJ MECTa TOPU30HTA CO CTOPOHBI aHTEHHBI:

dir =d —d KM npu max (6;) (158)
515 V¥YruaoBoe paccrosinue 0 (Mpan)

_10%d

0 +6, +6, Mpaj. (159)

e
5.1.6  Mogeas "riaagkoii nopepxHoctu 3emun" u 3(peKTHBHBIE BHICOTHI AHTEHH

51.6.1 O01mme moa0KeHus

"I'mamkyro MOBEpXHOCTh 3eMiIH" MOMy4YaroT Ha ocHOBe Mpodumist ais pacyera 3(h(EeKTUBHBIX BBICOT aHTEHH
KaK Uil TUQPaKIMOHHOM MOJAENH, TaK M s OLEHKH HEPOBHOCTEHW Tpacchl, TpeOyeMoW Uil MOJenu
pacmpocTpaHeHusi B aTMOC()EpHOM BOJHOBOJIE/3a CUET OTpPaKEHHsI OT cjoeB aTMmocdepsl. OmnpeaencHus
3¢ ()EeKTUBHBIX BBICOT aHTCHH OTJIMYAIOTCS JIJIS OTHX ABYX Iiesied. B m. 5.1.6.2 omuckiBaeTcsi onpeneicHue
BBICOT TJIaJIKOM TOBEPXHOCTH 3eMiIH 0€3 KOPPEKTUPOBKH B MECTE pa3MELIeHHUs [lepeaaTurKa 1 IPUEeMHHUKA,
he u hg coorBerctBenHo. B m. 5.1.6.3 omuchiBaeTcs mosydeHdHe SPQPEKTUBHBIX BBICOT AHTCHH JUIS
nudpaxiroHHoi Mogend, hed u hsrg, @ B . 5.1.6.4 — pacuer 3¢ deKTHUBHBIX BBICOT, hie U hre, ¥ mapamerpa
HEPOBHOCTH 3€MHO# TIOBEPXHOCTH, Nm, TSI MOZICITH PAaCIIPOCTPAHEHHUsI B aTMOC(HEPHOM BOJIHOBO/IE.

5.1.6.2 IIpoueaypa moyiydeHHUs IJIaaKO0il 3eMHOI MOBEPXHOCTH

[Tomyunm mpoCTyI0 TUHEHHYIO ammMpOKCHMAIIMIO BBICOT 36MHOM MOBEPXHOCTH (M) HAJl CPEIHUM ypPOBHEM
MOps B BUJE!

hsi = [(d — di )hst + di hsr ]/d M, (160)

rac:

hsi: BbicoTa (M) Hax CpeIHMM YPOBHEM MOpS IOBEPXHOCTH, MOJYYECHHOW METOI0M
HAWMEHBIIINX KBAIPATOB, HA paccTossHuK ;i (KM) OT HCTOYHHKA [TOMEX;

he: BbICOTa (M) HajJ CpPEJHHM YPOBHEM MOpsS TJIAJKOH MOBEPXHOCTH 3eMJIM B Hauale
TPAacchl, T. €. B MECTE PACIIOI0KEHUS CTaHLIUHU, CO3/IAI0IIEH IOMEXH;

he :  BbICOTa (M) HaJ CpETHUM YPOBHEM MOPSI [VIa/IKOW TOBEPXHOCTH 3eMJIH B KOHIIE TPACCHI,
T. €. B MECTE PaCIIOII0KEHNSI IPUEMHOM CTaHIIHH.
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Paccunraem hg 1 hsr, ucrions3yst ypasuenus (161)—(164):

n

v, = Z(di —di Sy +hiy), (161)
i-1
rae:
hi: Qakrudeckas BbICOTa i-if  TOYKM 3€MHOH  TOBEPXHOCTH HAJ  CPEIHHM
ypOBHEM MODS (M);
di: paccrosHMe OT HCTOYHMKA IIOMEX JIO i-i TOYKM 3€MHON MOBEPXHOCTH (KM):
n

Vs :Z(di _di—l)[hi (2d; +d; 4 )+hi4(d; +2di—1)] M. (162)

i=1

BricoTa riasikoit moBepXHOCTH 3eMJIM Ha CTAHIIMH, CO3Iaroleii moMexH, Ny, 1anee onpeaensercs Kak:
2v,d —v
_| & 2
h —( R M, (163)

U, CJIEZI0BATENILHO, BHICOTY TUIAJKOM MOBEPXHOCTH 3€MIIH B MECTE PACIIONIOKEHUsI CTAHIMHU, UCIIBITHIBAIOIICH
MOMEXH, Nsr, MOKHO OTIPEICITUTH CIEAYIOIINM 00pa3oM:

v, —Vv,d
h, = (zd—zlj " (164)
5.16.3 D¢dexTuBHBIE BHICOTHI AHTEHH IJIs1 AM(PAKIINOHHOMH MO/IeH

Haiinem HanOOJNBIIYyO BBICOTY MPEISTCTBHS HA NPSAMOI Tpacce OT MepeaaTynka K MPUEMHUKY, Nobs, B YTIIbI
MeCTa TOPU30HTA, Olobt U Olobr, ICXOMS U3 TEOMETPUH INTOCKON 3€MIIM COTIIACHO YPABHEHHAM:

n-1

hops = mgx{H g (165a)
n-1
Olopt = rT_]E}X{Hi /d,} Mpa; (165b)
n-1
Olopr = mjillX{Hi /(d —d;)} Mpa, (165c)
rac:
H; =h —[he(d —d;)+h.d;]/d M. (165d)

Paccuuraem npeaABApUTECIIbHBIC 3BHAYCHUSA BBICOT FJIa):[KOﬁ TMMOBEPXHOCTHU 3emin Ha KOHIAax TpacChl CO CTOPOHEBI
nepeaaTuymka u NpueMHHUKa.

Ecnu hobs MEHBIIIE WITH paBHA HYITIO, TO

Pstp = Nt (M) HaJ cpeTHIM YPOBHEM MOPS; (1664a)
Nsrp = Ngr (M) HaJ1 CpeTHUM YPOBHEM MODS; (166b)

B MHOM CITydac:
Nstp = st —NopsOt (M) HaJT CpeTHUM YPOBHEM MODS; (166¢)

srp = hsr —NopsTr (M) HaJ1 CpeTHUM YPOBHEM MODH, (166d)
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rac:

Ji = Oopt /(aobt + O('obr) ; (1669)
gr =Qopr /(O('obt + O('obr) : (166f)

PaccuntaeM okoHYaTENbHBIC 3HAYCHUS BBICOT TIAIKOW MOBEPXHOCTH 3€MJTM HAa KOHITAX TPACChl CO CTOPOHBI
TepeaTInKa U IpueMHHUKa, TpeOyemble s TuPaKIIHOHHOW MOJIEIH.

Ecnu hsyp 60nbiie ho, To

hy =hy (M) Hag cpeJHUM YPOBHEM MODS; (167a)
B MHOM ClTydJae:

Ny =Ny (M) HaJ cpeTHIM YPOBHEM MOPSI. (167b)
Ecau hsrp 60516111 ) TO

hyq =h, (M) HaJ CpeTHUM YPOBHEM MODS; (167c)
B MHOM CITydac:

Norg = Ny (M) Hax CPeTHUM YPOBHEM MOPSL. (167d)

5.1.6.4  IlapameTpbl IJisl MO/IeJI PACIIPOCTPAHEHHS B aTMOC(EepPHOM BOJIHOBO/I€/32 CHET OTPAKEHH S
0T cJioeB aTMocdepbl

PaccurtaeM BBICOTBI TIIAJKOH MOBEPXHOCTH 3eMJIM B MECTaxX pa3MEIICHUs MepeaTyiKa U MPUEMHHKA, KaK
3TO Tpebyercs ais ko3 uimeHTa HEPOBHOCTH, COTJIACHO YPaBHCHHSIM

hst = min (hs, ho) M; (168a)
hsr = mll’] (hsr, hn) M. (168b)

Ecnu oaun u3 mapaMeTpos, hs umn hs, wiiun oHu 06a OBLTH M3MEHEHBI B COOTBETCTBHHU ¢ ypaBHeHueM (168a)
nnu (168b), To TakKe 10mKEH OBITH CKOPPEKTHPOBAH U HAKJIOH TJ1aJKOM MOBEPXHOCTH 3eMid, M.

m= % M/KM. (169)

B(I)q)eKTI/IBHLIe BBICOTBI TCPMHHAJIOB I MOZJCIIU PACHPOCTPAHCHHUA B aTMOCCI)CpHOM BOJ'IHOBO,Z[@/S& CUcCT
OTpa’>XCHHs OT CIIOCB aTMOC(l)epBI, hte n hre, OMpPEACTIAOTCA CICAYHOUIMMUA BbIPAXKCHUAMMU!

he = htg +hy —hg M; (170)
h,, = hrg +h, —h, M.

[TapameTp, Ha3bIBaeMblil HEPOBHOCTHIO 3€MHOM MOBEPXHOCTH, Nm (M), ipeacTaBiser co00i MakCHMaIbHYIO
BBICOTY 3€MHOM NOBEPXHOCTH HaJ TJIaJKOW MOBEPXHOCTHIO 3€MJIM HA y4YacTKE TPAacChl MEXIY TOUYKaMHU
TOPU30HTA, BKJIIOYAs 3TH TOYKHU:

iIr
hy, = max [hi — (hy +m- di)] M, (171)
it
rue:
li:  MHAEKC TOYKH npoduiis Ha pacCTOsSHUH Oit OT TMepeIaTInKa;
lir ©  MHIEKC TOYKH MPOQMISL Ha paccTOstHUM Jir OT PUEMHHUKA.

Ha pucynke 12 mokasaHsl I1aJikasi IOBEPXHOCTh 3eMJIM M TapaMeTp Nm HEPOBHOCTU 36MHOM IMOBEPXHOCTH.
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PUCYHOK 12

IIpumep riaagkoii noBepxHocTH 3eMiIU U IapaMeTpa,
onpe/e/sieMoro Kak HepoBHOCTb 3eMHOI{ MOBEPXHOCTH

o
L

I'mankas
MMOBEPXHOCTH
Bemin

Craummst, .~ |\ N -y /"""~ \/
co3aaronas
momexu (T) /

/ P.0452-12

IIpunaraemplii 1oKymMeHT 3
K [Ipuioxkenuro 1

Annpoxkcumanusi 00paTHON KyMyJSITUBHOM (P)YHKIIMM HOPMAJIbHOI'O
pacnpeneenus aas X < 0,5

[MpuBomMMasl HYDKE AamnmpoKCUManus OOpaTHOW KyMYJIATHBHON (YHKIMH HOPMAIbHOTO pachpeaeeHuUs
crpaseymmBa B auanaszoHe 0,000001 < x < 0,5 u maeT MakcHMallbHYIO morpenrHocth nopsiaka 0,00054.
Ee c yBepeHHOCTbIO MOXXHO HCIOJIb30BaTh B KauyecTBE BBIPAKEHHS WHTEPHOISIMOHHOW (YHKIUU B
ypaBHenuu (41b). Ecnu x < 0,000001, a 3to o3Havaer, uro Po < 0,0001%, TO X cieayeT yCTaHOBUTH PaBHBIM

0,000001. Toraa dyrkimio (X) MOKHO PeCTABUTH KaK:
1(x) =) —T(x),
re:
T(x) = +/[-2 In®)];
[(C, - T(X)+C,) - T(X)]+C,

E(x) = ;
[(Dy - T(X) + D,) T(x) + D, ] T(x) +1
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Co =2,515516698;
C1=0,802853;
C>=0,010328;
D:=1,432788;
D, =0,189269;
D3z =0,001308.
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(1729)
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