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PEKOMEHJIALIUSI MCD-R P.2001-5

YHuBepcaabHasi Mo/ieJIb HA3eMHOI'0 PACIIPOCTPAHEHUSs] PAJAMOBOJIH VISl IIHPOKOI0
npuMeHeHnus B nmosoce yactor 30 MI'y — 50 I'T'u

(Borpoc MCD-R 205/3)
(2012-2013-2015-2019-2021-2023)

Cdepa npumenenust

B mnacrosmelt Pekomenpmanum npeAcTaBieHa YHUBEpCalbHAas MOJAEIb HA3eMHOIO pacHpOCTPaHEHHUS
PaAvoOBOJIH ISl IIMPOKOTO NPHMEHEHHs, MO3BOJIAIONIAs MPOrHO3MPOBATH OCHOBHBIE IOTEPH IEpenadyH
BCJIEJICTBUE KaK YCHJICHHS CUTHAJa, TaK U €ro 3aMupaHuii B npenpenax ¢axrudecku oT 0 mo 100% cpennero
roga. OTO JenaeT IaHHYI MOJelb OCOOCHHO moxxoasamied ans MetonoB Monrte-Kapno, a Taxoke
WCCIIEIOBAaHNH, B KOTOPBIX JKEJAaTeNIbHO MCIOIb30BaTh Ty K€ MOJENb pacHpocTpaHeHusl 0e3 HapylIeHUs
HENPEephIBHOCTH Ha BBIXOJE JISi CHT'HAJIOB, KOTOPBIE MOTYT OBITH KaK IOJIE3HBIMH, TaK M MOTEHIHAIbHO
Memaromumu. JJannas moaens oxBarbiBaeT nosnocy 4actoT oT 30 MI'n go 50 I'T'u u paccrosinus ot 3 kM 10
kak MHHUMYM 1000 kM.

KiroueBble cj10Ba

Meton Monte-Kapno, mudpakmnus, BOIHOBOJHOE pacCHpOCTPAHEHHE, OCAIKH, OTPAXKEHHS B CIOSX,
TporocpepHOe paccesHue, IMOTJOMEHHEe B aTMOCPEPHBIX Ta3aX, pacHpOCTPAaHEHHWE ITOCPEICTBOM
cnopaguueckoro cios E.

Coxpamenusi/I'noccapuii

ICDF Inverse cumulative distribution function Ob6paTtHaa nHTerpanbHaa GyHKUmA
pacnpefaeneHus

IDWM ITU Digitized World Map Kapta mmnpa MC3 B undposoit popme

LoS Line-of-sight JInHMA cBA3M NpAMOM BUANMMOCTH

NLoS Non-line-of-sight JInHWNA 3aropnU3oHTHOWM CBA3M

UHF Ultra-high frequency YBM YnbTpaBblCOKasA YacToTa

VHF Very high frequency OBM OueHb BbICOKaA YacToTa

WRPM Wide-range propagation model Moaenb pacnpocTpaHeHus ans

LLIMPOKOIro npumeHeHuA

CootBercrByomue Pekomenganuu, Oryerst MCD
Pexomenmanuss MCD-R P.452
Pexomenmanus MCD-R P.528
Pexomenmanuss MCD-R P.530
Pexomenmanuss MCDO-R P.617
Pexomenmanuss MCD-R P.676
Pexomenmanuss MCD-R P.836
Pexomenmanuss MCD-R P.837
Pexomenmarnuss MCDO-R P.838
Pexomenmanuss MCD-R P.839
Pexomenmanus MCD-R P.844
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Pexomenmanus MCD-R P.1144
Pexomenmaniug MCDO-R P.1411
Pexomenmanuss MCD-R P.1546
Pexomenmariua MCDO-R P.1812

[MPUMEYAHMUE. — Cnenyet ucnoyib30BaTh NOCIEAHION peAakunio/n3aanue Pekomenannu/OTuera.

Accambnest paanocsszu MCD,

yuumbvleast,

a) 4TO B LEIAX TMMOAACPIKKHU 3(1)(1)6KTI/IBHOI‘O HCIOJB30BaHUA PAAUOYACTOTHOTO CIIEKTpa CYHICCTBYCT
HOTpe6HOCTI) B HCCJICOOBAHHAX IO COBMCCTHOMY HCIIOJIB30BAHUIO ITOJOC YacCTOT, B KOTOPBIX JOJDKHA
YUYUTBIBATHCA U3SMCHYMBOCTD YPOBHS KaK IMOJIC3HBIX, TaK U MOTCHIHWAJILHO MEHIAOIINUX CUTHAJIOB,

b) 4TO IJId MJIAaHUPOBaHUA BLICOKOS(l)q)eKTI/IBHLIX CUCTEM PAUOCBA3U NPOTHO3UPOBAHNEC U3MCHYUBOCTHU
YPOBH: CUTrHaj1a JOJIPKHO YYUTBIBATH 00J1aCTH MaJIbIX 3HAUEHU N BEPOATHOCTU pacnpeaeneﬂnﬁ KakKk 3aMI/IpaHI/If/'I,
TaK U YCUJICHU CUT'HAJIA,

c) 9To A meield TUIAHMPOBAaHUSl paclpelelieHHusl paJuiov4acTOTHOTO CIEKTpa Lesecoo0pazHo
MPUMEHSTH MOJIeTTMpOBaHue o MetoaaM Monte-Kapio,

ommedast,

a) yro B Pekomenmanum MC3-R P.528 mpuBeneHO pyKOBOACTBO MO IMPOTHO3WPOBAHUIO OCHOBHBIX
MOTeph Mepeiaun AJs CBA3HM IMYHKTa C 30HOW AJISl BO3AYIIHOW MOJBMKHOW CIYXOBI JUISl TTOJIOCHI YacTOT OT
100 MI'ny o 30 I'T'1x;

b) yto B Pexomenmanmu MCD-R P.452 mnpuBeneHO pyKOBOJACTBO TIO MOAPOOHON OIICHKE
MUKpPOBOJHOBBIX TOMEX, BO3HUKAIOIIUX MEXIY CTaHUUSAMHU Ha MOBEPXHOCTM 3€MJIM Ha 4YacTOTax BBILIE
npubmusutensHo 700 MI;

c) yro B Pekomenmanun MCDO-R P.617 mpuBeneHo pyKOBOACTBO IO IMPOTHO3WPOBAHUIO OCHOBHBIX
MOTeph Meperaun JJIs CBSI3U MYHKTA C MYHKTOM JUISl 3aTOPU30HTHBIX PaJMOpPETIeHHBIX CHCTEM JUIS MOJIOC
yactoT Bbiie 30 MI'n u juist paccrostauii B quanasone ot 100 no 1000 kwm;

d) yro B Pexomengaunmn MCDO-R P.1411 npuBeneHo pyKOBOJACTBO MO MPOTHO3ZUPOBAHHUIO IS
HapY>XKHBIX CIIY>KO paZinocBs3U MaJjioro paanyca aeicteus (1o 1 km);

e yto B Pexomennanuun MCO-R P.530 conmepkxuTcsi pykoBOJICTBO MO NMPOTHO3MPOBAHUIO OCHOBHBIX
MOTeph Mepeaayn s CBSI3U MMyHKTA C MyHKTOM JJI HA3€MHBIX CUCTEM NPSAMON BUIUMOCTH;

¥, yro B Pexomenmauu MCD-R  P.1546 cogepxurcs pyKOBOJACTBO 1O MPOTHO3HUPOBAHUIO
HaIpspKEHHOCTH TOJIS [T Tpacc CBsI3U MyHKTa ¢ 30HOHM B auana3zoHax OBY m YBY, ocHOBaHHOE INTaBHBIM
00pa3oM Ha CTAaTHCTHYECKOM aHaIN3€ HKCIIEPUMEHTAIbHBIX JaHHBIX;

2) yto B Pexomenmammmu MCDO-R P.1812 mpencraBieHO pPyKOBOACTBO [0 MPOTHO3UPOBAHUIO
HAIpPSHKEHHOCTHU TOJS JUIsl TPacC CBsI3U IyHKTa ¢ 30HOM B nuanasonax OBY u YBY, ocHOBaHHOE TJIaBHBIM
00pa3oM Ha JICTEPMUHUCTHYIECCKOM METO/IE;

h) yro B Pexomenpannu MC3O-R P.844 0000mieHbl pexXrMBI Tpacc paclpocTpaHeHHs] Ha OOoJbLIne
paccTosiHus yepe3 noHochepy, KOTOphle MOTYT Takke Bo3HHKaTh Ha OBY,

peKoMeHOyem,

qTO IJId I/ICCJ'Ie)IOBaHI/Iﬁ COBMCCTHOI'O HMCIIOJIB30BaHMUA IIOJOC YAaCTOT B IIOJJTHOM JHAIIa30HC H3MCHYHMBOCTHU
CUTHaJIa, BKJIIOYasa o0macTH Maioi BCPOATHOCTU IIpU 3aMUpaAHUAX W YCUICHHU CHI'HAJIOB, U UJIA
MOHGJ’IHpOBaHI/Iﬁ METOJaMH MOHTG—KapJ'IO CJICAYCT NPUMCHATD IIPOUCAYPY, IPUBECACHHYIO B HpI/IJ'IO)KeHI/II/I.



Pex. MC3-R P.2001-5 3
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1 BBenenue

B Z[aHHOfI PeKOMeHZ{aHI/II/I MNpEACTAaBJICH METOA PACIIPOCTPAHCHUA PAAXOBOJIH JJ11 HA3CMHBIX Tpacc. OH nmeer
H_II/IPOKI/If/’I JAUanasoH IMPUMCHUMOCTU II0 YaCTOTC, PACCTOSIHHUIO M TPOLCHTY BPCMCHU. B YaCTHOCTH, OH
TMO3BOJIACT NPOTHO3UPOBATH KAK 3aMUPAHUS, TAK U YCUJICHUC YPOBHSA CUT'HAJIA. Taxum 06pa30M, OH 0COOEHHO
noaAXoauT JJIs1 MOACITUPOBAHUSA MCTOJaMU MOHTC—KapJ'IO.

B HpI/IHaFaeMOM HOKYMCHTC J onmcana CTpYKTYypa MOJCIH, U B YaCTHOCTHU TO, KAKUM 06p2130M 06’I>CZLI/IH$IIOTC$I
PE3yabTaThl, IPCACTABJIAIOMINC PA3JIMIHBIC MCXAHU3MbI PACIIPOCTPAHCHUS.

1.1 IIpumenumMocTh
Jluama3oH NpUMEHUMOCTH TPUBOTUTCS HUXKE:
Yacrora: ot 30 MI't no 50 I'T'm.

Paccrosinme: naHHas MOzeNb CUMTaeTcs HauOojee TOUYHOW B JMAra3OHe PAacCTOSIHUM OT MpUMEpHO 3 A0
1000 kM. Ha Gosee KOPOTKHX PacCTOSHUSIX BIMSHUE OTPasKEHH (OT 30aHUH, IepeBbEB U T. A.) OyIeT UMeTh
TEHJCHIMIO K MPeoOalaHuIo, 32 UCKIIOYEHUEM CITy4YaeB, KOTAa BBICOTHI aHTEHH BIIOJHE JOCTaTOYHBI IJIS
oOecriedeHns 3a1aHHON OTKPBITOM (T. €. 0e3 IpensTCTBHiA) Tpacchl. He cyliecTByeT HUKakoro KOHKpETHOTO
HWKHETO0 TIpeziena, XOTs AJMHA TPACChl 10JDKHA OBITH Oosbiie HyIs. [IporHo3 OCHOBHBIX IOTEPh Mepeaadn Ha
ypoBHe MeHee 20 nb cienyeTr cunTaTh HEHaJe)KHBIM. TOYHO TakKe OTCYTCTBYET KOHKPETHOE MaKCUMAaJIbHOE
paccTosiHHe.

IIpoueHT BpeMeHM: JaHHBIN METOA MPOTHO3UPYET OCHOBHBIE IOTEPH NTEPEIauH, HE IPEBBIIIAEMBIE B TEUEHHE
OTIPENeNICHHOTO NPOLEeHTa cpeaHero rojaa. JIro0oi mpoueHT BpeMeHH MOXKET OBITh HCIIOIB30BaH B KaueCTBE
BXOJIHOI0 napameTpa Anas moaenu B auamasoHe oT 0 mo 100%. OToT auana3oH OrpaHUYMBAETCS 3a CUET
MOHOTOHHOTO TNPUOMIKEHHS K NpEAENbHBIM YPOBHAM B paMKax MJaHHOIO METO/Aa, TaKk 4YTO BpeMs,
ucnonezyemMoe B mozenu, Bapeupyercss ot 0,00001 mo 99,99999%. Oto BHyTpeHHEEe OrpaHMUEHHE HE
OKa3bIBAaET CYLIECTBEHHOr 0 BIMsHUA A AuanazoHa ot 0,001 no 99,999% Bpemenn.

3HavyeHHA BbICOThI AHTEHHBI: 3HAUCHHS BHICOTHI AHTCHHBI HaJd YPOBHEM MMOBCPXHOCTHU 3EMJIN NOJLKHBI OBITH
OoJblire HYJIA. He CyHmEeCTBYCT KOHKPETHOI'0O MAKCUMAJIbHOI'O 3HAYCHUA BBICOTBHI Hal MMOBEPXHOCTHIO 3CMJIN.
C‘II/ITaeTCH, 9TO METOJ 6y,ZLeT HaaACKHBIM JI1 BBICOTBI aHTCHHBI 1O 8000 m HaJ YPOBHEM MOpPs.

1.2 IIpuHIUI B3aMMHOCTH M 0003HAa4YeHH e TEPMUHAJIOB

Tepmunsl "nepenatomas anteHHa" W "pueMHas aHTeHHA'", Wi, Ooiee KpaTKo, MpocTo "mepenarduk" u
"mpueMHHK", HCHOIB3YIOTCS VIS TOTO, YTOOBI Pa3IUUUTh ABa TEPMUHATA. DTO YAOOHO VIS 1IeJIel ONUCaHusl.

Merton, ogHaKo, SBIIIETCS cMMMeTpHYHBIM. Kakoil TepMuHan 0603Ha4aeTcsi CI0BOM "TiepeiaTuuk”, He UMeeT
HHUKAKOTO 3HA4eHHUs IJs pe3ysibrara. B cooTBeTCTBUU ¢ cornamieHueM '"mepenaTdyuk”’ HaXOAUTCS B Hayale
pouIs MECTHOCTH.

1.3 HUrepanus

HeKOTOpBIe oTallbl METOAAa Tpe6YIOT HUTCPATUBHBIX PACYCTOB. HO}IpO6HO OIMUCaHbl NPOLCAYPHBI UTCPALINU,
KOTOpBIC ObLIH IIPU3HAHBI 3(1)(1)CKTI/IBHBIMI/I u cTaOuIBHBIME. TeM He MeHee OHU He 00sS3aTelIbHO SBIISIOTCS
OIITUMAJIbHBIMH. MOFYT OBITh MCIOJIE30BAHBI ApYyTue UTepaniuoOHHbIC METOABI, €CJIN OTMCUCHO, YTO OHU JA0T
BCCbMa ITOXOKHUC PC3YJIbTAThI.

14 CrpykTtypa PexoMenaanumn
Bxonnble faHHBIE M CUMBOJIBI, HCIIOJIb3YEeMbIe U1 UX 0003HAUCHHMS, ONTMCAHBI B 11. 2.

HpeI[BapI/ITCJ'II)HI)IC pacyeTol, B TOM 4YHCJIC AJId MOJYUYCHUSA PA3JINYHBIX PAJUOKIMMATUYCCKUX IMApaMETpPOB,
omnmcansl B 1. 3. Knumarudeckue mapaMeTpbl U 3HAUCHHS, ITOJTYYCHHBIC U3 BXOAHBIX JAHHBIX, ICPCUNCICHBI
MIPpUMCPHO B aﬂq)aBI/ITHOM MOPpAAKEC UX CUMBOJIBHBIX 0003HaYCHUH B Ta6J'II/II_IG 4. MHOrHe U3 3THX mapamMeTpOB
HCIMOJIB3YIOTCA B HCCKOJIBKUX MCCTAX MpPHU OIMMMCAaHUN 06]].[61"0 METOA4, a BCC CUMBOJIBI B Taﬁnnue 4 ABIAIOTCS
YHUKAJIbHBIMHA B paMKax ,Z[aHHOﬁ PeKOMeH,Z[aI_II/II/I.



Pex. MC3-R P.2001-5 7

B pasmene 4 onmcaHbl YeThIpE OCHOBHBIE MOAMOJENH, Ha KOTOpble pa3OuBaeTcs MaHHBIA METO..
B cnenyrommx moapaszmenax ompcaH pacdeT 3THX MOoAMOjelNell, OONBIIMHCTBO M3 KOTOPBIX OTHOCSATCA K
rpymIe MEXaHU3MOB PaclpoOCTPaHEHHs PaJHOBOJH. B 3THX omucaHMsAX MIMPOKO HCHOIB3YIOTCS CCHUIKH Ha
[IpunaraeMbie JOKyMEHTBI, KOTOPBIE ONMPENEIAIOT pa3nuyHble 0J10kH pacuera. [lommozaenu B pamkax Moaenu
pacrpoctpaneHus i mupokoro npumeneHus: (WRPM) sBisiioTcst He3aBUCUMBIMH APYT OT APYra, U Kaxaas
paccuuThIBaeT pe3ysbTaThl B quanasose ot 0 go 100%.

B paznene 5 onmcano, kakuM 00pa3oM MOTy4aeTcss OKOHYATENBHBIN MTPOrHO3 TP 00BEIMHEHUH PE3YIbTaTOB
YeTHIPEeX OCHOBHBIX NOAMOJENeH. OJTOT MeTon OOBEAMHEHUS YYUTHIBACT CBONCTBA CTATUCTHYECKOM
KOppeNsLUM MEeXAYy 3TUMU mnoamonensmu. [lpuBonmdrcs ABa anpTepHATHBHBIX MeTojga. OIMH METOJ
11eecoo0pa3Ho MPHUMEHATh, KOrja TpeOyeTcs HEMOCPEICTBEHHO BBIYHMCICHHE ITOJHBIX OCHOBHBIX TOTEPH
mepesadd s 33JlaHHOTO 3HAYEHWs TPOIEHTAa BPEMEHH. OTOT METOJ BKIOYAeT MNPHUOIMKEHHOE
pacCMOTpEHUE HEKOPPEIUPOBAHHBIX CTATUCTUYECKUX JAHHBIX. BTopoil MeTon mNpuMeEHseTcs mpu
ucnons3oBanuu B moaenun WRPM B pamkax moxaenupoBanust merogom Monte-Kapmo. B stom cimydae
HEKOPPENMPOBAHHBIE CTATUCTUYECKHE JaHHBIE MOTYT OBITh CMOJCIUPOBaHBI 0OoOJiee TOYHO IyTeM
o0BbenMHEHUs MMOAMO/IeNel B pamkax MeToaa MonTe-Kapio.

1.5 CTHiIb oI CAHNUSA

DTOT METOJI OIKCAaH IIar 3a IIaroM, TO eCTh (POPMYIIbI IIPUBEICHBI B TOM MTOPSAKE, B KOTOPOM OHU JIOJKHBI OBITH
OnpeeneHbl. YpaBHEHUSI MHOIZA COMPOBOXKIAETCS CIOBOM 'TAe", HO 3TO OrpaHUYMBAETCS HECKOJIbKUMH
CTpOoKaMu. [[IMHHbIE TEpEeUNCIIEHUS B paMKax ciaoBa "rae" UCKIIOUEHBL

CI/IMBOJ'IBI, HCIOJIB3YyCMbIC B HpI/IJ'IaFaeMI)IX AOKYMCHTaX W HC IMPUBCACHHBLIC B Ta6J'II/ILIC 4, CJICAYCT
paccMaTpuBaTh KaK MOBTOPHO UCIIOJIb3yCMBIC. Hx OIMpeaACICHUA OJIM3KH K OIpeACICHUAM IJI TCX chyauHﬁ,
B KOTOPBIX OHH HUCIIOJIB3YIOTCA, NJIM UMCHOT IEPCKPECTHBIC CCBUIKH, €CJIN 9TO HCO6XOI[I/IMO.

Jlorapudmel no ymonuanuto uMmetot ocHoBanue 10. To ects log(x) = logio(x). Hatypanbhsle norapumel, Tam,
/i OHH UCTIOIB3YIOTCS, 0003HavaroTes Kak In(x) = loge(x).

2 BxoaHble JaHHEBIE

Bxoanble naHHBIC A7S1 MOJETH COCTOAT U3 MPOQHIS 3eMHON MOBEPXHOCTH, OMHUCAHHOTO B M. 2.1, U Apyrux
BXOJIHBIX IaHHBIX, ONMCAHHBIX B II. 2.2.

2.1 IIpo¢guns MecTHOCTH

H606XOI[I/IMO UMCTh HpO(l)I/IJ'H: MCCTHOCTH, B KOTOPOM YKa3bIBarOTCA BBICOTHI 3EMHOM TMOBCPXHOCTU HaI
YPOBHEM MOPA, 6YZ[I> TO Cyllla WIX BOJA, B TOUKAaX BAOJIb PAAUOTPACChI 0OJIBIIIOrO Kpyra. Taxxke Tpe6yeTC$I
I/IH(l)OpMaLII/IH O PpacCTodHUAX 110 MOPHO WM 110 OOJIBIIIM BOJAHBIM MPOCTPAHCTBAM, a TaKKC II0
HHU3KOPACIIOJIOKCHHBIM HpI/I6pe)KHBIM yY4yaCTKaM CYyIIM WU paﬁOHaM ¢ OOJBIIMM KOJIMYECTBOM 03¢p,
B COOTBCTCTBHU C ONPCACIICHUAMU 30H, IPUBCACHHBIMU B II. D.1 HpI/maraeMoro JOKYMCHTA D.

B MIPpUHIUIIC HpO(l)I/IJ'IB MECTHOCTH COCTOUT M3 MAaCCUBOB IJAHHBIX, Ka)KHBIﬁ N3 KOTOPBIX UMCECT OJJUHAKOBOC
KOJIMYSCTBO 3HAYCHUH n, a UMCHHO!

di:  paccrosHue i-i TOUYKH TpomiIst OT mepenaTynka (Km); (1a)
hi:  BBICOTA I-# TOUKU IPOQUIIS HAZL YPOBHEM MOPS (M), (1b)
rue:
i 1,2, 3... n = MHOEKC TOYKHU NPOPUIIS;
n:  KOJMYECTBO TOUEK MPOdUIIsL.
JlonOTHUTENBHBII MacCCHB JAHHBIX, COACPIKAIINN KOBI 30H, YAOOHO ONpPENeNnTh Kak 4acThb MPOQHIIS:

zi;  KOJl 30HBI HA PACCTOSHUU d; OT NIepeiaTuuKa, (1c)

A€ 3HAUCHUS Z — KOJbI, MPEACTABJIAIOIINE 30HbI B Ta6m/1ue D.1.
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Touku npodmiIs NOMKHBI OBITH PACTIONIOXKEHBI 10 Tpacce Ha PaBHOM PACCTOSHUU JAPYT OT apyra. Takum
obopazoM, d;=0 kM, a d,=d xm, TOe dsABuAgeTcs OOmEH JIMHONH Tpacchl. AHAJIOTUYHO
di=@G—-1)d/(n—1)xm.

He nmeer 3HA4YCHMs, 3aII0JIHACTCA JIM MaCCHUB d[ PaCCTOAHUAMU MMPU MHUIUAIIU3AIUN WUJIU KC 3HAYCHUA d[
PaCCYUTHIBAIOTCA B ClIydac HCO6X0)_II/IMOCTI/I.

HomxHa OBITE IO KpaiiHel Mepe 0AHa TPOMEXYTOUHas TOUKa MPOGUIIT MEXIY MEPEAaTINKOM 1 IPUEMHHKOM.
Takum 00pa3zoM, 7 TOIDKHO YIOBJIETBOPATH HepaBeHCTBY # = 3. CTONb Manoe KOJIMYECTBO TOYEK MOIXOAUT
TOJIBKO JJI1 KOPOTKUX TPAcc, MEHBLINX MPUMEPHO 1 KM.

MoxHo JaThb TOJIBKO 06]].[1/16 PEKOMCHAAIN OTHOCUTCIIBHO pa3HOoCa MCXKY TOUKaMU Ha HpO(l)I/IJ'Ie. Tunmunas
IMpaKTHKa COOTBETCTBYCT PACCTOAHUAM B JUAIIA30HE OT 50 a0 250 M, B 3aBUCHUMOCTH OT UCXOJHBIX JaHHBIX U
XapakKTepa MCCTHOCTHU.

Tem He MeHee clleyeT MOAYEPKHYTh, YTO PAaBHBIN Pa3HOC MEKAY TOUKAMHU JTOJDKEH COONIOAAThCS ISl Beel
Tpacchl, Jaxke TaM, IZle OHa NMPOXOJUT Haj Boxoi. PopMysbl B 3TOM METOAE MPENNOararwT, 4To 3TO TaK.
Hanpumep, HenpuemieMo UMETh HYJIEBYIO BBICOTY TOYKHM TOJBKO B Hadale M KOHLE y4acTKa Haj MOpPEM,
KOTJa JJTMHA y4acTKa MPEBBIIIaeT pa3HOC MEXAy TOUYKaMH. TOUYKH TOpHU30HTA TOJKHBI OBITH PACIIOIOKEHBI C
Y4eTOM KpHUBHU3HBI 3eMJM M MPOMYCK TOYEK TaKMM OOpa3oM MOXKET MpPHUBECTH K HENpaBHIBHON
WHTEPIPETALUH TPOPHIIS.

2.2 Jpyrue BXoaHbIe JaHHbIE

B tabnuue 1 npuBeneHs! Apyrue BXOAHbBIE TaHHBIE, KOTOPBIE AOJDKHBI OBITh IPEAOCTABICHBI MOJIb30BATEIEM
B JIOTIOJIHEHHE K Teorpaduueckoil HH(POpPMaIUK, BKIItOYas Npo(uiIb MECTHOCTH, ONMCAaHHBIN B 1. 2.1 BhIIIE.
CHMBOJIBI M €TUHHLIBI U3MEPEHUS, IPUBEACHHBIE 3/IECh, TPUMEHAIOTCS KO Bcell Pekomennanum.

TABJINIIA 1

JApyrue BxoaHble JaHHbIE

O6o03Hauenne Onucanne
f(ITm) YacroTta
Thoi Kon, ykazpiBaronuii ropu30HTaIbHYIO M BEPTUKAIBHYIO JIMHEHHYIO MOJISPU3ALINIO

Qre, a (Tpaycel) | Joarora, mmpora npueMHUKA

Qre, i (Tpanycel) | JoaroTa, ImpoTa nepeiaTynKa

hig, rg (M) BeicoTa 21eKTpHUECcKOro HEHTpa NepeJarolleil, TpUeMHON aHTEHHBI HAJl 3eMJIeH

Tye (%) IIpoueHT BpeMEHH CpEeIHEro roja, B TEYEHHE KOTOPOro HE IPEBBIMIAIOTCS MPOrHO3UPYEMBIE
OCHOBHBIE IOTEPH NIEpeaun

G, G, (nbn) VYcunenne nepenaronieil, IpueMHON aHTEHH B a3MMYTAJIbHOM HalpaBICHUH TPACCHI HA APYTYIO
AQHTEHHY W IIPU YIJl€ MECTa OTHOCHUTEIBHO MECTHOIO FOPU30HTA IPYTrOM aHTEHHBI JUIS CIydas
Tpaccsl mpsMoi BuauMocTd (LoS), B MHOM cilydae — OTHOCHTENIBHO PaJHOTrOPH30HTa aHTEHHBI
Ut cpetHero 3P QEeKTUBHOTO paanyca 3eMin

3HaucHUS IMUPOTHI U JOJTOTHI I AAHHOT'0 METOJd ITOJIOKUTCIIbHBI IJIA HaHpaBJ’IeHI/Iﬁ Ha BOCTOK U CCBCDP.

2.3 KoncraHThI

B Ta6m/1ue 2 MPUBCACHBI 3HAYCHUS KOHCTAHT, UCIIOJIL3YCMbIX B JTAHHOM METO/JC.
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TABJIMLIA 2
Kouncranrsl
O06o3Ha4eHue 3naveHue Onucanne
¢ (M/c) 2,998 x 108 CKOPOCTB pacIpoCTpaHCHUS
R. (xm) 6371 Cpennuii paguyc 3emiu
Erland 22,0 OTHOCHUTENbHAS AUDJIEKTPUUECKast IPOHUIAEMOCTD JUIsl CYIIN
Ersea 80,0 OTHOCHUTENbHAS AURJIEKTPUYECKAs TPOHUL[AEMOCTD JUIsSl MOPS
Gland (CM/M) 0,003 IIpoBoauMoOCTS 1S CyIIH
Gsea (CM/M) 5,0 [IpoBomumoOCTb 1151 MOPSE
2.4 Heornbemutemble mu(ppoBbie MPOIYKTHI

Crnemyer UCHONIB30BaTh TOJIBKO Bepcuu (paiiyioB, MpEACTABICHHBIC B HAcTosAlIeH PekomeHnmanuu, KOTOpbIe
SIBJIAFOTCS. HEOTHhEMIIEMOW 4YacThio »Tol PexomeHmarnuu. B Tabnuiie 3 mpuBefeHbl MaHHBIE O IMPPOBBIX
MPOAYKTAX, UCTIOIb3YEMBIX B ’TOM METOJC.

TABJINIA 3
Iu¢posbie NPOAYKTHI
lupora (cTpoku) Jourora (cToJi01b1)
Ha3panue ¢aiina CcpLiaka Hcrounnk IepBan Pazioc | Koa-go Iepserii Pazioc | Kou-Bo
crpoxa (rpaaycel)| CTpPOK cronGen (rpagycsl)| cTOJIOOB
(°c. mL) (°B. 1.)
DN_Median.txt m 3.4.1 P.2001 90 1,5 121 0 1,5 241
DN_SupSlope.txt m 3.4.1 P.2001 90 1,5 121 0 1,5 241
DN_SubSlope.txt m 3.4.1 P.2001 90 1,5 121 0 1,5 241
dndz O1.txt m 3.4.2 P.453-10 90 1,5 121 0 1,5 241
Esarain Pr6_v5.txt m C.2 P.837-5 90 1,125 161 0 1,125 321
Esarain_ Mt_v5.txt m C.2 P.837-5 90 1,125 161 0 1,125 321
Esarain_Beta v5.txt m C.2 P.837-5 90 1,125 161 0 1,125 321
hO.txt m C.2 P.839-4 90 1,5 121 0 1,5 241
Surfwv 50 fixed.txt® [Mpunar. P.836-4 90 1,5 121 0 1,5 241
nok. F (ucmpasi.)
FoEs50.txt [Mpunar. P.2001 90 1,5 121 0 1,5 241
nok. G
FoEs10.txt [Mpunar. P.2001 90 1,5 121 0 1,5 241
nok. G
FoEsO1.txt [Mpunar. P.2001 90 1,5 121 0 1,5 241
nok. G
FoEs0.1.txt [Mpunar. P.2001 90 1,5 121 0 1,5 241
nok. G
NO050.txt [Mpunar. P.452 90 1,5 121 0 1,5 241
nok. E

M @ain "surfwv_50 fixed.txt" smnsercs wucnpasneHHON Bepcmed aiima "surfwv 50.txt", oTHocsmmelcs ¥ PexomeHmarmm
MCD-R P.836-4. B ¢aitne "surfwv_50.txt" mmeercs Ha OWH CTONOEN MEHBIIE, YeM OXXHIATOCh B COOTBETCTBHH C (paiimamu
"surfwv_lat.txt" u "surfwv_lon.txt", coneprkarmmu raHHbIe. BBUTO ceaHo IPeIoNoKeHre, 9TO B 3TOM (aiiie MpoIyIIeH CTOI0er,
COOTBeTCTBYIOMIA fonroTe 360°, 1 9Ta ommoOka OpUta HenpasiieHa B ¢aiine "surfwv 50 fixed.txt".

3nauenue nosd "llepBas crpoka” sBIsETCA MMPOTOM MEPBON CTPOKH.
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3nauenue nons "IlepBrIii cTonber" SBisieTcs oAToTOoM repBoro cronodna. [locaemnuuit cronber Takol ke, Kak
u nepBbii cronber (360° = 0°), 1 OH mpeAcTaBiIeH AjIsl yIPOLIEHUS HHTEPHOISIINH.

B mone "Pa3noc" npuBoauTCs NpHpalleHne MUPOTHI/I0ATOTHl MEXKy CTPOKaMH/CTOIOLaMH.

3navyenue napamerpa TropoClim.txtA B KakoW-IMOO KOHKPETHOH IIMPOTE/IONTOTE AOJKHO OBITh MOJIyYEHO
nyTeM OMIMHEHHOW MHTEPIOSLIUH C MCIOIb30BaHUEM YETHIPEX OMMKAWIINX Y3JI0B KOOPJMHATHOM CETKH,
Kak onucaHo B Pexomennannn MCO-R P.1144.

Otu aiinel conepxarcs B ZIP-gaitne R-REC-P.2001-5-202308-1!1!ZIP-E.zip.

3 IIpenBapuTtenbHbIe pacyeThl

B cnepyromumx nmojpaszienax onucaH pacdeT OCHOBHBIX NApaMEeTPOB, MOTYYEHHBIX U3 BXOJHBIX JaHHBIX. OTH
napameTpsl IpUBEIeHBI B Tabiuie 4.

TABJINLIA 4
OcHoBHBIE TapaMeTPbl
O0o3Havenne Ccbuika Onucanne
ae (kM) m. 3.5 Cpenunii 3¢ dexTuBHBIN paguyc 3eMin
Agsur m. 3.10 | Ocnabnenue B aTMOC(EpHBIX T'a3ax M ociiabiIeHne U3-3a BIMSHHS BOJSHBIX I1apOB
Avrsur,wsur (IB/KM) B YCJIOBHSIX JJOXK/IS U TIPH €r0 OTCYTCTBUH ISl TOBEPXHOCTHON TPaCChI
ap (kM) m 3.5 D¢ dexTuBHBI pamuyc 3eMiy, IpeBbIIAcMbIi B p% BPEeMEHH, OrpaHHYCHHBIH,
9YTO0OBI HE CTaTh OECKOHEYHBIM
cp (kM) m. 3.5 D¢ dexrrBras kpuBuzHa 3eMan. OOBIYHO MOJIOKHUTENbHA, HO JUIS MAJIBIX p MOXKET
OBITH HYJICBOW MJIM OTPULATEIIEHOM
d (xm) m 3.2 Jnuna tpaccsl
dii1r (KM) m. 3.7 Paccrosnmne or TepmuHanoB Ao ropusoHta. s Tpace LoS ycTanaBnmBaercs
PaBHBIM PAcCTOSHHUIO 10 TOYKH C HAWOOJIBIIMMHU ITOTEPSIMH HaJ KIMHOBHIHBIM
MIPENSTCTBHEM
dicv,rev (KM) m. 3.9 Paccrosinie ot TepMHHAIIOB J10 00IETO 00beMa TPONOC(HEepHOTO paccesiHUS
hey (masl)® n.3.9 | Beicora 00uero o6beMa TponocepHOro paccesHus
i, 1o (masl)® n.3.3 | HauGosbIast, HAaMMEHbIIAst BEICOTA AHTEHHBI
him (M) m 3.8 ITapameTp HEPOBHOCTU TPACChI
humia (masl)M m 3.2 BeicoTa 3eMHOI TOBEPXHOCTU B CPEAHEH TOUKE TPACCHI
Niea, rea (M) m. 3.8 O¢ddexrrBHas BblcOTa NepeAaloiei, NPUEMHOM aHTEHHBI HaJ IJIaJKOW
MTOBEPXHOCTBIO JUISI MOJEIM aHOMAaJBbHOTO pacIlpocTpaHeHus (B aTMochepHOM
BOJIHOBOJIE U 32 CUET OTPAXKEHUS OT CJIOEB aTMOC(EPHI)
eep, rep (M) m 3.8 O¢ddexTrBHas BbIcOTa NeEpejaloIei, NPUEMHOM aHTEHHbI HaJ IJIaJKOW
MTOBEPXHOCTBIO JUIS MOAEIN TU(DPaKIUN
hs, s (masl)M m 3.3 BeIcoThI nepearomen, IpUEMHON aHTEHHBI HAJ| CPETHUM YPOBHEM MODS
in, Ir m. 3.7 Howmepa npoduneii nepenariurka, mpueMHUKa, TOPU30HTOB
Ly (nb) m. 3.11 | OcHOBHBIE ITOTEPH NEpeayd B CBOOOJHOM IIPOCTPAHCTBE VISl AJIMHBI TPACCHI U
YaCTOTHI
Lym1 (1b) m 4.1 OCHOBHBIE TIOTEPH TIepeau, aCCOIMUUPOBAHHBIE C IMOAMOENbI0 | (mudpaxuus,
3aMUpaHMS B YCIIOBHUSX SICHOTO HEOa M IPY HAJIWYINHU OCAIKOB)
Lym2 (1B) n. 4.2 OCHOBHBIE TIOTEPH TEPEAaun, ACCOLMUPOBAHHBIE C ITOAMOJICIIBIO 2 (aHOMAaIBHOE
pacIpocTpaHeHHe PaJHOBOIIH )
Lym3 (1b) m. 4.3 OCHOBHBIE ITOTEPH ITEpEJayur, ACCOINHPOBAHHBIE C IIOJIMOJIEINBIO 3 (TporocdepHoe
paccesiHue W 3aMHPaHUs B 0Ca/IKaX)
Lpma (1B) m 4.4 OcCHOBHBIE  NOTEpH  IEpPElayd, AaCCOLUUMUPOBAHHBIE C  MOAMOJENBIO 4
(pacripocTpaHeHHE ITOCPEICTBOM CIiopaueckoro cios E)
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TABJIUIIA 4 (oxonuanue)

O0o03HaueHne CcblIKa Onucanune

Ly (nb) m 4.1 JlndpaxuroHHble TOTEPH, HE PEBBIIIACMbIC B TeUEeHHE p% BpeMEHH

Natimso (N-equaun) | m. 3.4.1 | MeauaHHoe 3HaUeHUE CPETHETO rPaiueHTa pedpakiiy B IIpeiesiaX HUKHETO CII0s
atMoctepsl TonmmmHON | kM. UuncnenHo paBHO AN, Kak 3TO OIpEICICHO B
MCDO-R P.452, HO ¢ mPOTHBONOJIOKHBIM 3HAKOM

Natkmp (N-e tiHUIT) m. 3.4.1 | Cpennee 3HaueHHE TpafueHTa pepakMy B Npeeax HIKHETO CII0os aTMOchephI
TOJIIMHOM 1 KM, mpeBbIIaeMoe B TeueHue p% BpeMeHH cpernHero roga. OObaHO
HMMEET OTPULIATEIFHOE 3HAYCHHUE, HO MOXKET OBITh HYJIEBBIM WIIU ITOJI0KUTEIILHBIM.

Nassmi (N-equHUIT) m 3.4.2 | I'pagueHt pedpakuuu B HIDKHEM cJoe atMocdepbl TONMUHONW 65 M,
IIpeBBIIIaeMBIi B Teuenue 1% cpenHero rona

p (%) m 3.1 [IporeHT cpenHeTo To/1a, B TSYEHHE KOTOPOTO IMIPOTHO3UPYEMBIE OCHOBHEIC ITOTEPH
repeaqu HE MIPEBBIIAIOTCS, OTpaHUYCHHBIN B JIMara3oHe
0,00001% < p <99,99999%
q (%) m 3.1 [poreHT cpenHeTo To/1a, B TEYCHHE KOTOPOTO IMIPOTHO3UPYEMBIC OCHOBHEIC ITOTEPH
nepeauu NpeBBIIATCA, onpeaensemsii kak 100 —p
&y (Mpan) m. 3.3 IMonoxxuTenbHOE 3HAYEHUE HAKIIOHA TPACCEHI
A (M) m 3.6 JlInHa BOJHEI
Qcve, evn (TPATYCHI) m 3.9 Honrota, mupoTa o0mero oobeMa TporocepHoro paccesHus
Qreve, tevn (TPAITYCHI) m 3.9 JonroTa, mmpoTa cpelHEH TOYKM ydacTKa TPAcChl OT IepelaTyhKa 0 0OIIero
00BeMa TpormochepHOTO PACCETHUS
Oreve, revn (TPAITYCHI) m. 3.9 Homnrora, mmporta cpeqHell TOYKM ydacTKa Tpacchl OT MpHUEMHHKAa J0 0O0mIero
00BeMa TPOImochepHOTO PACCETHUS
Ome, mn (TPAITYCHI) m 3.2 Jonrora, mmpoTa cpeHed TOUKU TPacChl
0. (pam) m. 3.5 VYron ¢ BepmmHOW B IeHTpe chepuueckoil 3eMid, CTATHBAEMBIA PACCTOSHUEM
d xm
0, - (Mpan) m 3.7 Yrael MecTa TOPH30HTa OTHOCHUTEIIEHO MECTHOM TOPH3OHTAIM, BHIUMBIC OT
repeaTInKa U IpUeMHAKA
O1pos, rpos (Mpa) m. 3.7 Yrael MecTa TOPH30HTa OTHOCHTEIBHO MECTHOW TOPU30HTAIH, OTPAaHWYCHHEIC
TTOJIOKUTEITFHBIMY 3HAYCHUSMU (HE MEHBIIE HYJISA).
Yo (nb/KM) m. 3.10 | IToroHHoe ocrabneHne Ha ypoBHE MOPS W3-3a BIIMSIHUS KHCIIOPOA
® m 3.2 YacTtb Tpaccsl HaJ MOpEM

@ masl — MeTpoB HaJ yPOBHEM MOPSL.

3.1 OrpannyeHHbIe PO EHTHI BpeMeHH!

[IporneHT cpemHero roaa, A KOTOPOro MPOTHO3UPYEMEIE MOTEPU HE MPEBBINATCA, 1) B TAOIUIE 1, MOXKET
m3meHsaThes ot 0 1o 100%. IIpomeHThl BpeMeHH, CIIOIb3yEeMbIC IS PACUSTOB, OTPAHUYUBAIOTCS TaK, YTOOBI
oHM octaBayimch B nuanaszone ot 0,00001 mo 99,99999%.

[IpotieHT BpeMeHHU, B TEUCHHE KOTOPOI'0 OCHOBHBIC MOTEPH MEepPeaayu He MPEBBIIIAIOTCS:
50-T,
_ pe
p=T,. +0,0000 I(Tj %. (2)

HpOLIeHT BpPEMCHH, B TCUCHNEC KOTOPOI'0 OCHOBHLIC ITOTCPU NCPECAadn NPCBLIIAOTCA:

g=100—p %. 3)
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3.2 JmHa Tpacchl, MPOMeKYTOYHbIEe TOYKH H YIACTOK Tpacchl HaJ MOpeM

HJ’II/IHa TpacChl B KM 3a4a€TCd MNOCICIHUM PACCTOSIHHUECM B npocbI/me MECTHOCTH, dn, Kak omucaHo B II. 2.1.
y)_'[06H0 MNPUCBOUTH 3TOMY pPaCCTOSIHHUIO HeHH}.‘LeKCHpOBaHHBIfI CHUMBOJI:

d=d, KM. “4)

Paccunrarh 1OATOTY M IMPOTY CpeaHE TOUYKH TPACCHI, Qe U Py, UCXOIS U3 3HAYCHUN JONTOTHI U IHPOTHI
nepenaTyrKa U MPHEeMHHKa, KaK YKa3aHo B TaOHIle 3, UCIIOB3YS METO] pacyeTa TPAeKTOPHUH 10 IyTe OOJIBIIOrO
Kpyra, onucanHblil B [Ipunaraemom noxymente H mytem ycranoBku dp.: = 0,5 d B ypaBaenuu (H.7). s atoro
MECTOIIOJIOKEHHUS TPEOYIOTCS HECKOIBKO KITMMATUYECKUX MapaMeTPOB, KaK 3TO OMMCAHO HIKE.

Paccuntath BEICOTY 3eMHOI MMOBEPXHOCTH B METPaxX HaJ YPOBHEM MOpS B CpelHEH TOUKE MPO(UIIs, yIUTHIBAS
YETHBIM WJIM HEUETHBIM SIBIISIETCSl YUCIIO TOUEK MPOduIs, 7:

hmia = hosm+1) n HedeTHoe  masl (5a)
Rpia = 0,5(h0,5n + h0,5n+1) nyeTHoe masl (5b)

OmnpenenuTh y4acTOK TPacchl, MPOXOAAIIHMHA HaJl MOPEM, ®. DTOT y4acTOK MOKHO B35Th U3 KapThl Mupa MCO
B nudposoit popme (IDWM). Eciin mMaccuB AaHHBIX z, ONMCAHHBIN B 1. 2.1, OBUT 3aKOAWPOBAH COTJIACHO
30HaM, yKazaHHbIM B Tabnuie 6 [Ipunaraemoro nokymenta D. 1, rae cMeXHbIE 3HaUEHUS Z UMEIOT Pa3IMyHbIe
KOJBI, CIEAyeT CYHTaTh, 4YTO TpaHWIAa MEXIY JBYyMs 30HAMH HPOXOOUT TIOCEpENUHE MEKIY
COOTBETCTBYIOIIMMH TOUKAMH MPOQHIIS.

33 BbIcoTHI aHTeHH HA/l yPOBHEM MOPS M HAKJIOH TPACChI

BricoTa nepeaaTurnka u IpueMHUKa HaJl YPOBHEM MOPS paCCUUTBLIBACTCA IO IIEPBOMY U IMMOCICAHEMY 3HAYCHUTIO
BBICOTBI MCCTHOCTH U3 HpO(l)I/I.]'ISI 1 110 BBOAMMBIM 3HAYCHUAM BBICOTBI HA| 36Mﬂeﬁ, 3aJaHHbBIM B Ta6m/1ue 4.

hg =h +h, masl, (6a)
h=h, +h, masl. (6b)
Y cTaHOBHTE HAHOOBIIYIO ¥ HAUMEHBIIYIO BEICOTHI aHTCHH HAJl yPOBHEM MOPSL:
h,, =max (h,,h ) masl, (7a)
h, =min (k) masl. (7b)

Hawnbonsias u HaMeHbIIas BEICOTHI aHTEHH MOTYT OBITH OJHHAKOBBIMH, €CJIIN ]’lm = hm.

Paccunrarh MOJIOKUTEIHHOC 3HAYCHUE HAKIIOHA TPAacCChl, UCMOJIb3Y BBIPAKCHUC!

h,. —h
€, :% Mpajl. (8)

34 KanmaTudeckne mapamMerpsl

MoryT OBITh HCIIOJIb30BaHbI N3MEPCHHBIC 3HAUCHUS CICYIOIUX KIMMATHIYESCKUX [TapaMeTPOB, IPUMEHUMBIX
K paccMaTpuBaeMOMY PETHOHY, €CIH TaKhe 3HauYeHus uMeroTcs. Ecnu noaxoasinue u3MepeHusi OTCYyTCTBYIOT,
TO yKa3aHHBIC TTApaMETPhl MOTYT OBITh IMOTYYCHBI JUIS IOJITOTHI U IIMPOTHI CPEHEH TOUKHU Tpacchl U3 (painos
JAHHBIX, KaK OMUCAHO B CIEAYIOUX moapaszaenax. dDailnbl COCTaBIAIOTCS B BUAEC MAaCCUBOB 3HAUYECHUU C
(PMKCUPOBAaHHBIM Pa3HOCOM IO JOJTOTe M mmpote. [lepBas crpoka HaumHaercs ¢ 90° c¢. II. M COACPIKUT
TIOJTHEIA Habop 3HaYeHu 10JToThl OT 0° B. 1. 10 360° B. 1., XOTS 3TH 3HaYCHHs COOTBETCTBYIOT CeBepHOMY
nontocy. Cremyromme CTPOKH COOTBETCTBYIOT TOUYKAM, PACIOJIOKEHHBIM IOKHEE, U TaK 0 AOCTHUXKEHUS
IOxHoOTO MOIMIOCa. DTH (hailiibl UMEIOT pa3InYHbIC 3HAUCHUS PAa3HOCA MEXYy TOYKAMH, HO BO BCEX CITydasx
JOCTAaTOYHAss TOYHOCTh OOECHeYMBaeTCs IPH HCIOJIb30BAHUM OWIMHEHHOW HWHTEPIIONANNU W3 YeThIpeX
O KaMIIIX NAaHHBIX 7S TpeOyeMoi Touku. Bee 3T ¢ailiibl JaHHBIX UMEIOT COOTBETCTBYIOMINE (Daribl JIs
JOJITOTHI U IIHUPOTHL, KOTOPBIE ONPEICIISIIOT MECTOIMONIOXKEHUE KaXKI0U TOUKH.
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3.4.1 Pedpaxkuusa B cAMOM HHKHEM cJ10€e aTMOc(epsl TOMIUHOH 1 KM

[Mapametpbl Naiimso U Naikmp OTPENENAIOT M3MEHEHHE pedpakuni, B N-eJHHUIAX, OT MOBEPXHOCTH U M0
BBICOTHI | KM HaJ MOBEPXHOCTBIO 3eMiu, He mpeBblmaeMoi g 50% u p% BpeMeHH CpeaHero roja,
co0TBeTCTBEHHO. OHU HCMONB3YIOTCS IS yueTa IPEIOMIICHHS JIy4eH MpH pacueTax Au(QpakLnuu ¢ TOMOIIBIO
noHATUS  5(Q(QEKTUBHOTO paauyca WM KpUBM3HBI 3emu. WX MOXHO paccMaTpuBaTh  Kak
MPOCTPAHCTBEHHO-YCPEIHEHHBINA TPaIeHT pepakLi B HIJKHEM CJI0€ aTMOC(Ephl TOMIIMHON | KM.

[TapameTp Naiimso YACIEHHO paBeH nmapaMmeTpy AN, kotopslil onpeneneH B Pekomennanusax MCO-R P.452 u
MCD-R P.1812, HO ¢ MPOTHBOITOJIOKHBIM 3HaKOM. 3HaueHHe AN Bcerza mojJoKUTEIBHO, U, TAKUM 00pa3oM,
3HaUYEHUE Nyiims0 BO BCEX CIydasX OTPULIATEIBHO.

3nadeHue Ngikmp MOXKET OBITH IOJOKUTEILHBIM MU OTPULATENEHBIM, B 3aBUCHMOCTH OT MECTOIIOJIOKEHHUS 1
BeMMYMHBI p. OHO MOXET ynacTh Hike —157 N-equHun, 3Ha4eHHs, TP KOTOPoM 3 EKTHUBHBIA pagryc
3eMiIH CTaHOBHUTCS] OECKOHEUHBIM.

W3meHenune npaBuia 3HaKOB, IPUHATOE 37€ECh, CIY>KHUT AJIS COTVIACOBAHMS C KOHLENTYaJIbHO aHAJOTHYHBIM
napameTpoM, Nyssmi, ICTIONB3YEMBIM IS 3aMUPAHUI U YCHIICHHSI TPU MHOTOJTYYEBOCTH ISl YCIIOBHH SICHOTO
Heba; onucaHue U NOITydeHHe ATOTO MapaMeTpa MPUBEACHO B 1. 3.4.2, HUXKE.

[Mapametpst Nyimso 1 Naikmp DOCTynHBI B (paitnax "DN_Median.txt", "DN_SubSlope.txt" u "DN_SupSlope.txt".

Omnpenenuthb Nyiknmso U3 BRIPOKCHUS:
N j1ims0 = —San N-equnull, 9)

rie Sqv 3HaYCHHEe, HHTEpIoupoBanHoe u3 ¢aitna "DN_ Median.txt" mist cpeiHel TOUYKH TPACCHI IPU Qprey Prin-

Omnpenenutb Nytjmp U3 BBIPAKECHUS:

N g1ty = Natkmso TS avsup log(0,0Zp) N-emuunu,  p <50 (10a)
N gty = N atimso — S aNsub log(0,02q ) N-enunmui, p 250, (10b)

rae:
Sansup:  3HaUYeHHE, B3aToe u3 (paiima "DN_SupSlope.txt" as cpefHel TOUKH TPacChl;

Sansup:  3HaUeHUe, B3aToe U3 daiina "DN_SubSlope.txt" am1s cpeqHeld TOYKH TPacChl.

3.4.2 Pedpaxkuusa B caMOM HHKHEM €JI0€e aTMOC(pepbI TOJTIHHOMH 65 M

[Mapamerp Nussmi — TpaaumeHT pedpakmud B caMOM HIDKHEM cjoe arMocepbl TONMMHOW 65 M, He
MpeBbIIaeMbIi B TeueHue 1% BpemeHu cpemnero roma. OH waeHTHYEH mapamerpy dN; B Pexomennanmu
MC3-R P.530.

[onmy4yaeM Nussmi u3 ¢aiina "dndz 01.txt" mns cpemneil TOUYKHM Tpacchl. DTOT (hailm MMeeT pasHOC MEXIy
To4kaMH B 1,5 rpanyca.

3.4.3 IlapamMerpsnl, CBA3aHHbIE C 0CATKAMU

3HadueHUS 3aTyXaHud H3-3a JOXKOA U MOKPOro CHEra JOJIKHBI OBITH pacCUrUTaHbl 11O Bcel Tpacce i
HOZ[MOZ[CJ'II/II CorjiaCHoO II. 41, HUKC, U UIA JABYX YYaCTKOB TpaCChbl OT TCpMHUHAJIa OO 06]1161"0 o0BeMa
TpOHOC(l)CpHOFO paccesaHus B moAMOJACIIN, omucaHHOM cornacHo II. 4.3 Hmwke. B pe3yiabTaTe HCO6X0}_'[I/IMBI
KIIMMATUYCCKUC MTapaMCTPhl O OAOKAAX AJId TPEX Pa3JINYHBIX reorpa(bnqecm/lx MECCTOIIOJI0KCHUM M3 (1)a17m0B
JaHHBbIX, KaK OIIMCaHO B II. C2 HpnﬂaraeMoro HOKYMCHTAa C.

TpeOyembie MecTomonokeHuss manbl B . 4.1 u 4.3, Hmwke. Pacuersl, omucannbie B 1. C.2, SBISAIOTCA
NpEABAPUTEILHBIMU ISl KOKAO0H Tpacchl WM y4acTKa TPacChl. 3HAUEHUS, PACCUMTHIBAEMBIC KaXKIbIH pa3
corsacHo 1. C.2, TOJKHBI UCTIONB30BATHCS B CIEAYIONICH UTepallMOHHON poLeaype A TOU K€ TPacChl UK
ydJacTKa Tpacchl, Kak 0OTMeueHo B KoHIe 1. C.2.
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3.5 I'eomerpus 3¢ pexTuBHOrO paguyca 3emiau
Menuannoe 3HaueHue (h(HEKTUBHOTO pajnyca 3eMIIH:

157R,

a,=—" KM. (11)
IST+ N jimso
OddexruBHas kpuBHU3HA 3EMITH:
1
c 2—57+N‘“"’”P KM . (12)
’ 157 R,

XOTs 3HaUCHUE Cp 4aCToO ObIBaeT IIOJIOKHUTCIIBHBIM, OHO MOXCT OBITH HYJICBBIM WJIN OTPULATCIbHBIM.

D¢ dexTHBHBIN panuyc 3eMid, NPeBbIIAEMbIil B TeueHHe p% BPEMEHU W OTPaHUYEHHBIH Ui TOTO, YTOOBI
He OBITh OECKOHEUHBIM:

a =— KM, ecmu ¢, > 1075, (13a)

106
a,=10" xm B MHOM CITydac. (13b)

JnuHa Tpacchl, BEIpaKeHHas B BUJE YIJIa, OXBAaTHIBAEMOI'0 PAcCTOSTHUEM B d KM Ha MIOBEPXHOCTH CQEpHI C
panuycoM, paBHBIM () (HEKTUBHOMY paanycy 3emiTu:

0,=— pan. (14)

3.6 JlnuHa BOJIHBI

HJ’II/IHa BOJIHBI BEIYUCIACTCA COIJIACHO BBIPAKCHUTO!

107
= M. (15)
f
3.7 Kaaccnpukanus Tpace 1 mapaMeTpbl TOPU3OHTA [JISl TEPMUHAIA

VYTiBl MecTa TepMHHANA W COOTBETCTBYIOIINE PACCTOSHUS TPEOYIOTCS sl YCIOBHN MEJICHHOW pedpakiiuy.
DTOT Ke pacueT ONMpeelsacT, IBIACTCSA JIU JaHHas Tpacca JUHUEH cBA3u mpsMon Buaumoctd (LoS) wmm xe
JIUHUEH 3aropu3oHTHOH cBs3u (NLoS).

Haiit HanOosImi yroia MecTta Ijid MpoOMEKYTOYHBIX TOUCK HpO(l)I/IJ'ISI OTHOCHUTEIHEHO MECTHOI TOpHU3OHTAIN
Yy nepeaaTuunka:
0 h,—h, 500d,
i = MAX| == Mpar, (16)

i e
rze h; u d; onpenensitorces u3 ypasHenuit (1a) u (1b), a uaaekc npoduns i mpuHUMAaeT 3HaYeHus oT 2 1o n — 1.
BoruncinTh yroa Mecra NpueMHHKA, KaK €ro BUAHO U3 MepeAaTurKa, mpearnoiaras Tpaccy JUHUEeH NpsMoi

BUJIHUMOCTH:

__ hys—hgs 5004
- da ae

O¢r Mpa. (17)

Janee cinenyer paccMOTpPETh /1Ba CIIy4das.

Cryuaii 1. Tpacca sensiemces aunueti npsamou guoumocmu (LoS)

Ecmu 0 < 0., TO maHHas Tpacca sBJISETCA JUHUEH NPAMON BHAMMOCTH. TeopeThdecKkue pacCTOSHUS OT
TepMuHana OepyTcs Ui MPOMEKYTOYHOH TOUYKM Mpouis, HMeIomed HanOoNbMK An(paKIuOHHBIN
napamerp, v, U KaKIblil yrojl MecTa TOpU30HTa OepeTcsl TAKUM >Ke JUIS APYToro TepMUHaa.
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OmnpenenuTh NPOMEXYTOUHYIO TOUKY Tpoduist ¢ HanboIbIUM AUPPAKLIUOHHBIM ITapaMETPOM:

0,002 d
ndd—d,)

L 500d,(d ~d;) hyld —d;)+ dl} , (18)

a d

Ve = Max |:hl~
e
r7ie MHJEKC Npoduis | MPUHUMAeT 3Ha4eHus oT 2 10 1 — 1.

Paccrosnus nepeaaryuka U nNpueMHUKa 0 TOPHU30HTA U MHACKCHI HpO(l)I/IJ'ISI IJId COOTBCTCTBYIOIIUX TOYCK
TrOpHU30HTA TCIICPb OMMPEACIAOTCA KaK:

diy =d;, KM (19a)
d=d—d;, KM (19b)
it = im (19¢)

ir =1im (19d)

TJIC i, — MHICKC MPO(MHIIS, KOTOPHIHA JaeT MAKCUMAIIEHOE 3HAYCHUE Vyqr B YpaBHEHUH (18).

TeOpeTI/I‘{eCKI/Ie TOPU30OHTAJIBHBIC YIJIBI MECTAa TOPU30HTA IMEpeAaT4ruKa WM NPUCMHHKA OTHOCHUTCIBHO HX
MECTHBIX FOpHSOHTaﬂeﬁ ONPCACIIAIOTCA KaK:

0, = B¢, Mpaa (20a)

Mpaj (20b)

Cryuaii 2. Tpacca sensiemes 3aeopuzonmuot aunuetl (NLoS)

Ecnu O > 9”, TO AaHHAas Tpacca SABJIACTCA SHFOPHSOHTHOﬁ nmuHuer. PaccrosHus ot TCPMUHAJIA 10 TOPHU30HTA
" YI'JIbl MCCTAa PACCUUTBHIBAKOTCA CIICAYIOIIUM 06pa30M.

Paccrosinue nepenaryrka 10 TOPU30HTA M UHAEKC MPOGUIISA U1l TOUKHA TOPU30HTA ONPENEIISIOTCS:
diy =d;, KM (21a)

i = i (21b)
rze im — UHAEKC npodus, KOTopblid AaeT 0., B ypaBHeHUH (16).

YFOJ'I MECTa FOpI/ISOHTa IJ1A Hepe[LaT‘{I/IKa OTHOCUTCJIBHO MeCTHOﬁ FOpI/I30HTaJ'II/I OnpeﬂeHHeTCSI KakK:
et = etim Mpan. (22)

OmnpenennuTs MaKCHMAaIbHBIA Yol MecTa Uil MPOMEXYTOYHOH TOYKH MPO(UIST OTHOCHTEIBHO MECTHOMH
TOPHU30HTAIH JJIsl IPUEMHUKA!
h—h, 500(d~-d,)
0. :max{ L5 _ L Mpaa (23)
rim 9
d-d, a

e

I MHJEKC npoduIIs i MpUHUMAeT 3Ha4eHus oT 2 10 7 — 1.
PaccrosiHre preMHUKA 10 TOPH30HTA U MHACKC MPOQUIIS TSl TOYKH TOPH30HTA OIPEEISIOTCS KaK:
dy=d—-d;, KM (24a)
iy = im (24b)
rze im — MHACKC IpOoQus, KOTOpbId AaeT 0, B ypaBHEHUH (23).
VYros Mecta ropu30HTa AJIsl IPHEMHUKA OTHOCUTEIILHO €T0 MECTHOW TOPU30HTANIN ONPEAEISIETCS KaK:
0r = Brim Mpax. (25)
IIpooonsicams Onst 0b6oux ciyuaes

Paccuurats YTJIbI MECTAa TOPU30HTA, OTPAHNYCHHBIC TaK, YTOOBI OHU OBLIH IMOJI0KUTEIHLHBIMHU.
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005 = max(6,,0) Mpaf, (26a)
0,05 = max(6,,0) Mpas. (26b)
3.8 J¢dexTHBHBIE BHICOTHI H APpAMETP HEPOBHOCTEH TPacchl

3(1)(1)6KTI/IBHI:IG BBICOTHI IIEpCAaTyrKa U MPpUCMHHUKA HaZl YPOBHEM MCCTHOCTU BBIYUCIIAIOTCA OTHOCUTCIBHO
FJ'IaZ[KOfI IMOBCPXHOCTH, COOTBCTCTBYIOH.ICﬁ JaHHOMY HpO(l)I/IJ'IIO.

BbrurcinTh HayaabHbIE TPEIBAPUTENbHBIE 3HAUSHHUS IS BHICOT TJIAJKOM MOBEPXHOCTH Ha IMEpPEIAroieM |
MPUEMHOM KOHIIaX TPAcChl CIAEAYIOIMM 00pa3om:
n
vV = Z(di —d, )(hz + hi—l) 27)

i=2

V) = Zn: (di —d,, )[hz (2di +d, ) +h,_, (dz' +2d, )] (28)
i=2
_[2nd —v, masl (29a)
stip T
hy =22 mas] .

C nmomomsio ypaBHeHuil (30)—(33) paccumTbiBaeTcsi mapameTp HEPOBHOCTH /i, TpeOyeMbId Ui MOJETH
AHOMAJILHOT'O paclpoCTpaHeHus (B aTMOC(EpHOM BOIHOBOJIE U 3a CUET OTPAKEHHSI OT CIIOEB aTMOC(hephl).

PaccunraTh 3HaYCHHS BEICOTEI rnamcoﬁ MMOBCPXHOCTHU, OFpaHH‘{eHHOﬁ BBICOTO 3eMHOI MMOBCPXHOCTU B MCCTC
PacCIIONIOKCHUA mmbo nepeaariuvka, mmbo MMpUCMHHKA:

hpe = min(h,,, hy) masl (30a)

stipa

h,  =min(h,, ,h ) masl (30Db)

sripa srip 2" n

rae hi v h, — 3HaYCHUS BBICOTHI 36MHOI TIOBEPXHOCTU B MECTE PACIIOJIOKCHUS TepeaTunKa U IPUEMHHKA,
masl, cm. ypaBaenue (30b).

HakinoH, cooTBeTCTBYIOIIMII perpeccuu, KOTOpas pPacCUMTBIBAETCS METOJOM HAMMEHBIINX KBaApaToB,
OTIPENENSeTCS KaK MapaMeTp Mises:

m, = _rips  slip y stipa M/KM. (31)

3(1)(1)6KTI/IBHBIC BBICOTBI AHTCHH IICp€AaTirMKa W TPHCMHHKA HaJg FJ'Ia}.'[KOﬁ MMOBCPXHOCTBIO TCIICPb
OIMPCACIAOTCA KaK:

h,=h,—h

tea s

M, (32a)

stipa

h,=h,—h

rea rs sripa

M. (32b)
BI:I‘-II/ICJ'II/ITI: napaMeTp HepOBHOCTI/I Tpaccm, I/ICHOJ'II:3y$I BI)Ipa)KeHI/Iel

h,, =max|h —(h, +m_d) M, (33)

stipa
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rje UHAEKC npoduiis i IpUHUMAET BCe 3Ha4€HHUs OT i A0 i BKIOUUTENbHO. [lapameTp HEpOBHOCTH TPacChl
hm 1 3Ha4eHus >QPEKTUBHON BBICOTBI AHTEHHBI fieq M hyeq MCTIONB3yeTCs B Ilpunaraemom pokymenrte D k
[Ipunoxenmuto.

Janee HeoOX0AMMO MPOAOIDKUTH pacdeThl C MPUMEHEHHEM TIaJKOM TMOBEPXHOCTH i AU(PPAKIHOHHON
monenn. C momorupio ypaBHenuil (34)—-(38) paccumteiBaroTcsi 3HaueHUS 3PQPEKTUBHOW BBHICOTHI aHTCHHBI,
TpeOyembie Uil AMQPAKIMOHHBIX MoaMozeneil cdepuueckoil 3eMiIN M IUIOCKOM IMOBEPXHOCTH, KOTOpHIC
onucansl B [Ipunaraemom nokymente A x Ipunoxxenuro.

HaifTn MakcuMaibHYIO BBICOTY MPEISATCTBUS BBILIE MPSIMOM JIMHUM OT MEpeaTuhKa K MPUEMHUKY, Aops, U
YIIIBI MECTa TOPU30HTA Uoby, Clobr, OCHOBAHHBIE HA TEOMETPUH IIOCKOM 3eMIIH, COTIIACHO:

h,,, =max (H,) M, (34a)
0., = max % Mpa, (34b)
o, =max ﬁ Mpa, (34c)
Trac:
A “Z J+hd " (34d)

W MHIEKC MpOoQuIIs i MpUHUMAET 3HaueHus ot 2 1o n — 1.

Brruucinuts NpeaABApUTCIbHBIC 3HAYCHUA [JIS1 BBICOT rnazucoﬁ MOBCPXHOCTU Ha NCpCAArOIIEeM U NPUEMHOM
KOHIax TpaccChl:

Ecinu hops < 0, TO:

h, = hm-p masl, (35a)
h, = hm.p masl, (35b)
B MHOM ClIy4dac:
h, = hm.p ~h,.8, masl, (35¢)
h, =hg, —h,8g, masl, (35d)
TJE:
= Gobt (35¢)
(ctops +Ctopr)
g = . (35)
(ctops +0topr)

BrruncinTh OKOHYATEIIbHBIC 3HAYCHUS JJId BBICOT FHaZ{KOfI MOBEPXHOCTU Ha HIEpeAaromieM U NpUuEMHOM
KOHIax TpaccChl:

Ecnu hy > hy, TO:
h, =h masl, (36a)
Ecmu hy >h,, TO:

h,=h masl. (36b)
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Boerancnuth 3HaueHust 3QQPEeKTUBHON BBICOTBHI aHTCHHBI JUIA BapuaHTa chepudyeckuil 3emMin U BapuaHTa
ITIJKOH TOBEpXHOCTH Monenn bymnmarrona (koropsie omucanbl B mm. A.2 U A.5, COOTBETCTBEHHO)
CIeIyIOIUM 00pa3oM:

htep =h —h, masl, (37a)
h., =h,—h, masl. (37b)
3.9 YuacTkn Tpaccsl ¢ TponocepHbIM paccesiHueM

I[J'ISI MOACIN TpOHOC(l)epHOFO paccesanus, OIIMCHIBACMOMU B HpI/IJ'IaFaeMOM JAOKYMCHTC E, BBIYUCIIUTH 3HAYCHUA
FOpHBOHTaJ'IBHOfI JUIMHBI TPACChI OT Ne€pcaAaTyrKa 10 06]].[61"0 o0BeEMa U OT 06]].161"0 o0BeMa A0 MMpUCMHUKA:

d tan (0,010, + 0,50,) —0,001(, — h,,)
d,, = - : : KM. (38a)
tan (0,0010,,,, + 0,50,) + tan (0,0016, , + 0,56,
OrpaHn4uTh diev TaK, 9TO0BI 0 < diey < d:
d,=d-d, KM, (38b)

rie d, e, Opos 1 0,05 IPECTaBICHBI B TAOTHIIC 4.

BbUuCInTh AONTOTY W MIHMPOTY OOLIETO 00BEMA, Peve M Qcyn, UCXOIS M3 3HAYCHUH JONTOTHI M IMIMPOTHI
nepeAaTinka U MpHUEeMHHUKA, KaK JaHo B Tabnuue 1, HCIoNb3ys METO[ ONpelesieHHs] pacCTOSHUS IO Jyre
OoubiIoro Kpyra cornnacHo [Ipunaraemomy noxkymenty H, ycranaBnuBas dpn = diev B ypaBHeruu (H.7).

BI:I‘II/ICJIHTB BBICOTy 06]1[61"0 06’LeMa TpOHOC(l)epHOFO paCCCHHI/IH, I/ICHOHBS}’H BBIpa)KeHI/Iel
2
)+ 10004,
2a

e

h,, = h, +1000d,, tan(0,0010 masl. (39)

tev tpos

BbIUKMCINTE TOATOTY M IMUPOTY CPEAHUX TOUYEK YYaCTKOB TPACCHI OT MEpeaaTdruka 10 o0IIero oobemMa u oT
NPUEMHHUKA JI0 OOIIEro 00BeMa, Qwve, Prevn M Qreve, Prevn. ITH 3HAYCHHUSI MOTYT OBITh TOJYYCHBI ITyTEM
MCIIOJIb30BaHMsT METOJa OIpPECICHHs PAcCTOSHHS MO Jyre OOJBIIOro Kpyra coryiacHo IlpuiaraecMomy
nokyMmeHTy H, ycranaBmuBast dpn = 0,5 diev U dpni = d — 0,5 dyev B ypaBHeHuu (H.7), cooTBeTCTBEHHO.

3.10 Ilorsomenne B aTMOc(epHBIX ra3ax Ha MOBEPXHOCTHBIX Tpaccax

Brerancinte moroHHoe ocialiieHHe Ha YPOBHE MOpSI M3-3a BIMSHHUS KUCIOpPOHa, Yo (Ab/kM), mcmombsys
ypaBHenue (F.10) n. F.6 [Ipunaraemoro noxymenra F.

UcnonszoBath MeTOf, omucaHHbli B 1I. F.2 Ilpumaraemoro noxymeHTa F 1uid BBIYMCIEHHS YpOBHEH
ocnabneHust B aTMOC(EpHBIX T'a3ax BCIEICTBHE BIHMSIHUS KACIOPOAA M BOJSHBIX MAPOB B YCIOBHUSIX HATHYUS
JOXASL U TIPU €r0 OTCYTCTBHUU JJIsl TIOBEPXHOCTHON Tpacchl. DTO MO3BOJIMUT ONPENEINUTh 3HAYEHUS IS Aosur,
Avwsur B Avrsur, KOTOpBIE paccunThiBatoTcs no ypasHeHusiM (F.2a)—(F.2c).

O6mee ocra0iieHue B aTMOC(l)epHBIX rasax fnpu OTCYTCTBUU JOXIA ONPCACIISACTCA BbIPAKCHHUCM!

A=A, +4 11b. (40)

gsur osur wsur

3HaueHUs Agour, Awrsur B Aywsur ACTIONAB3YIOTCS B 11. 4.

3.11 OcHoOBHBIE TOTEPH NepeJadyd B CBOOOTHOM NMPOCTPAHCTBE

OcHOBHBIE IOTEPH NEpeaadd B CBOOOIHOM MPOCTPaHCTBE B Ab onpenensioTcs Kak QyHKIUS ATUHBI TPACCHI,
D (xM), coriacHO BBIP@KEHUIO:

Lyip(D)=92,44+201og(f )+ 201og(D) 1b. (41)

BBI‘-II/ICJ'II/ITB OCHOBHBIC HOTepI/I nepez[aqn B CB060)_IHOM HpOCTpaHCTBei
Lyfs = Lppsp (dfs) 1B, (42)
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rac:

di:  paccTosiHHE MEXAy Mepeaarouiell 1 NpueMHON aHTEHHAMH (KM):

2

ds = d? + hts _hrs
1000
d: TPOTSHKEHHOCTDH TPAacchl OOJBIIOrO Kpyra (KM);
hi 1 BBICOTA TIEpelarolel aHTeHHBI HaJl ypOoBHE Mops (masl);
h;s:  BBICOTA IPHEMHOW aHTEHHBI HAJ yPOBHE MOps (masl).

3.12 JAudpaknnoHHbIe NOTEPH HAJ KIWHOBUIHBLIM NPENATCTBHEM
Hudpakuronnple TOTEpH HaX KIWHOBUAHBIM TIPENATCTBHEM B Jb ompenensioTcs Kak (QYHKLIUS
0e3pa3MepHOTro MmapaMeTpa Vv COrjlaCHO BBIPAXKEHUIO:

J(v)=6,9+20log [ (v=0,1f +1+v-— 0,1} ab, ecmuv>-0,78, (43a)

J(v)=0 nb B MHOM CITy4ae. (43b)

Oyukus J(v) ucnons3yercs B [Ipunaraemsix qokymentax A u G k [Ipunoxkenuro.

4 ITosryyenne MporH030B UI1 OCHOBHBIX MOAMO/eIeil

JlaHHBINT METOJ] COCTOMT W3 YEThIpEX OCHOBHBIX TMOJMOJICICH, paccCMaTPUBAIONIUX pPa3UYHbIC HAOOPHI
MEXaHU3MOB pacrpocTpaHeHus. Crnoco0 oO0beauHEHHs HTHX MOoAMOojeNed onucan B [lpunmaraemom
nokyMeHTe ] U rpadudecku mpencrabisercs Ha puc. J.2.1. Monxenu oObeIUHSIOTCS CIIOCOOOM, KOTOPBIH
OTPaXaeT CTATUCTUUYECKUE KOPPEIALUU MEXKIY PA3TUUHBIMU OIMOACTISIMU.

Uro0Obl M30eKaTh MPUMEHEHUS CBEPXCIIOKHBIX CHMBOJOB C HHACKCAMH, MOJMOICTH MPOHYMEPOBAHBI
CIEIYIOIIUM 00pa3oM.

HOZ{MOZLGJ’IB 1. PaCHpOCTpaHeHI/Ie BOIM3HU MOBCPXHOCTHU 3CMJ'II/I, COCTOAIIICE U3 ,Z[I/I(bpaKLII/II/I, SIBJICHUI
6C3BOJ'IHOBO}_IHOFO pacrpoCTpaHCHus B YCIIOBUAX SACHOI'O Heba u BaMI/IpaHI/If/i Hn3-3a BIIMAHHA OCaJKOB.

[Moamozens 2. AHOMaIbBHOE paclpoCTpaHeHue, OOYCIOBICHHOE CIOUCTOM arMocdepoll, cocrosimee H3
pacrpocTpaneHus B aTMOC(hEpPHBIX BOIHOBOIAX M OTPAKEHHS B CIIOSIX.

[Mommonens 3. PactipocTpanenne  mocpeAcTBOM — atMoc(epHOl — TypOyJIEHTHOCTH,  COCTOSIIEE U3
TPOIIOC(EPHOTO paCcCesHUS U 3aMUPAHUI H3-32 BIUSHUS OCAIKOB Ha TPACCaX TPOIMOCHEPHOTO PACCESHHUS.

HOZLMOZ{GJ’IB 4, PaCHpOCTpaHeHI/Ie NOCPCACTBOM OTPAXKCHUA OT CIIOPAANYCCKOr'0 CJI0s E.

Pe3y.]'IBTaTBI OTHUX HO):[MO}ICJ'ICﬁ 06T)e,Z[I/IH$IIOTCSI B COOTBCTCTBHH C OITMCAHUEM B II. 5, HIMXKCE.

4.1 Hoamoneas 1. HopmanbsHoe pacnipocTpaHeHre BOJIH3U MOBEPXHOCTH 3eMJIH

Brerancnute nudpakunoHHBIE TOTEpH Ly, HE TpeBBIAeMble B TedeHHE p% BpPEMEHH, KaK OMUCAHO B
[Ipunaraemom nokymente A, rae Ly onpenensiercs BeipaxenueM (A.1.1).

Ucnonb3oBate MeTO, NpuBeacHHBINA B 1. B.2 Tlpunaraemoro mokymenTta B, ans pacdera TEOpeTHUYECKOTO
niporieHTa (Jo.; BPEMEHH MPEBBIICHUS TOTEPH JJIS YCIOBUH SICHOTO He0a M OTCYTCTBUS 3aMUPAHUHN, KOTOPBIH
WCIIOJNIL3YETCS B paMKax METOa JUIsS YCIOBUM SICHOTO Heba cornacHo 1. B.4.

HapaMeTp A 0003HayaeT 3aMUpaHusa B }_'[B BCJICACTBUEC COBMCECTHOI'O BJIMAHUSA YCJ'IOBI/Iﬁ SICHOTO Heba u
Z[O)KZ[H/MOKpOFO CHera. YCHUIICHHMS CHTHaja B YCIOBHUAX ACHOI'O HeOa TPAKTYIOTCA KaK 3aMUpaHuec, IJId
KOTOpPOTO A OTpHUIATCIIBHO.

BrImonHuTh TpeaBapUTENbHBIE pacueThl UIA  YCIOBMH JIoXknas/Mokporo cHera coryacHo 1. C.2 co
CIIEIYIOINMH BXOJHBIMH JaHHBIMU:
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¢, =0,, rpamychl, (44a)
P, =9, I'panycel, (44b)
Byt = Mo masl, (44c¢)
By = Mo masl, (44d)
dygin =d KM. (44¢)
Boruncnuth 41, UCHIONB3YSL:
4= 4,,(9) 1B, (45)

rne Aie(q) — nTeparuBHas QpyHkums, onuceiBacMas B [Ipunaraemom goxymente 1.

B Ipunaraemom noxymente | yHKiwst Aieq) ucnons3yer GpyHkuuio Qie{A4), Tae A npuHUMaeT IpoOHBIE
3HaueHus. Oynkuus Qie{A) onpenensiercs Ans KOMOMHALIMHN 3aMUPAHHUH B YCIIOBHSIX SICHOTO HeOa/3aMUpaHuit
W3-32 BIUSHHSI OCAJKOB CIEAYIOINM 00pa3oM:

- Qone _ Qo
Oirer (A) = O, i (A)[ 100 j+ Qcaf(A)(l 100 j , (46)

rae Qc(A) ompenensiercs B 1. B.4, a Qynkuust Quin(4) onpemensiercst B 1. C.3. Qo BBIUKCIACTCS B
MPEIEeCTBYIOINX NPEABAPUTENbHBIX pacyeTax, NpuBeneHHbIX B 11. C.2.

Br1uncinTh OCHOBHEIC noTepu nepcaavu i mnoaMoaCiu 1, HC MPCBLINIACMBIC B TCUHCHUC p% BpPCMCHU:

Ly =Ly +L, + 4 +F,,, (Aypr = Ay )+ A 1B, (47)

wrsur wsur gsur

IJic OCHOBHBIC TIOTEPH B CBOOOTHOM ITPOCTPAHCTBE, Ly, YACTh JOMOTHUTEIHHOTO OCITA0NCHUS U3-32 BIUSHUS
BOJSIHBIX TAapoB, F.., oOiiee ocrnabieHue B aTMOC(HEPHBIX Ta3ax MPU YCIOBUU OTCYTCTBUS JOXKIA, Aggr,
ocnabjeHHe B aTMOC(EPHBIX Ta3ax MPU YCIOBUU KaK OTCYTCTBUS, TaK M HATHYUS HAOKIA, Awsur U Avwrsur,
MPUBE/CHKI B TaOHIIE 4.

4.2 IMoaMonens 2. AHOMAJILHOE paclpocTPaHEeHHe

Hcnons3oBarh METOA, HpHBC}.‘[CHHBIﬁ B HpI/IJ'IaFaeMOM HOKYMCHTC D JUIA pacdye€Ta OCHOBHBIX IMOTEPH Mepeaaiu,
HC MPCBBIIACMBIX B TCUCHUC p% BPEMCHU BCIICACTBHUC aHOMAJIBHOTO PACIIPOCTPAHCHN, Lpmo:

Lyyy =Ly, +4 zb, (48)

gsur

rae Ly, ompenensercs u3 ypaBHeHus (D.8.1), a Agur — oOliee ocnabieHue B aTMOC(EPHBIX rasax A
MOBEPXHOCTHOM TPacchl, NPUBOAUTCS B Tabnuue 4.

4.3 Hoamoneas 3. PacipocTpanenne myTeM TpPONnoc(h)epHOro paccessHust

Hcnonb3oBaTh MeTon, mpuBedcHHBIH B Ilpumaraemom moxymente E, s pacdera OCHOBHBIX TIOTEPh
nepenaud, Lys, B yCIOBUSAX TPOMOCPEPHOTO paccestHus coraacHo ypaBHeruio (E.8).

Paccunrath ocmabnenue 4, mpeBbIIaeMoe B TeUESHUE ¢% BPEMEHH, Ha TPACCE C TPOITOCHEPHBIM PACCETHUEM.

BrinonsauTs MNpEeABApUTECIBHBLIC PACUCThI AJId yCHOBI/Iﬁ )_'LO)K)_IH/MOKPOFO CHEra, CorjiaCHo II. C.2 HpnﬂaraeMoro
AOKYMCHTA C JUIA y4aCTKa TpacChl OT II€peaaTInKa 10 06]].[61"0 o0BEMa O CJICOYIOINMU BXOAHBIMUA JAHHBIMU:

(Pe = (Ptcve rpaaychl, (493)
(Pn = (Ptcvn rpaﬂyCBIa (49b)
hrainlo = hts rnasl, (49C)

h masl, (494)

rainhi hcv
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doyin =4, KM. (49¢)

CoxpaHuTb 3Ha4eHHE F\\ , paccunTanHoe B 1. C.2, 1 0003HAYBTE €r0 KaK Fiyyn:

BbrurcinuTh ypoBeHb 3aMUpPaHUs B YCIIOBUSIX SICHOTO HeOa M OCAJIKOB JJIs y4acTKa TPACChl OT MepeaaTyrKa 10
o01ero oobeMa, HCIob3ysl BEIpasKeHHE:

Ay, =4, (q) 1B (50)

BrinomauTs MNpEABAPUTCIBHBLIC PACUYCTHI AJId YCJ'IOBI/Iﬁ Z[O)KZ[H/MOKpOFO CHEra, CoriaCHoO II. C.2 JUIA ydacCTKa
TpacChl OT MPpUEMHHKA 10 06H_Iel"0 o0BeEMa co CJICAYIONIMMHU BXOAHBIMU JaHHBIMU:

P = Preve Tpajycel, (51a)
0, =Prn Tpajycel, (51b)
Pyainio = P masl, (51c)
ainhi = Moy masl, (51d)
Argin = ey KM. (51e)

CoxpaHuTb 3Ha4eHHUE F\\»r, paccunTaHHOE B 1. C.2, 1 0003HAYBTE €T0 KAK Fiyyr

BbruncnnTh ypoBeHb 3aMUpaHus B YCIOBUSX SICHOTO HeOa M OCaJIKOB JUIsl y4acTKa TPACChl OT MPHEMHHUKA JI0
o0miero oobemMa, UCTIONb3YS BEIpaKEHHE:

4, = 4,,(q) 1B. (52)
Jst 000MX y4acTKOB Tpacchl Ajeq) — nTeparuBHas QyHKIus, onucanHas B [Ipunaraemom goxkymente 1.

B Ipunaraemom noxymente | pyHkumst Aieq) ucnons3yer GpyHkuuio Qie{A4), Tae A npuHUMaeT IpoOHBIE
3HaueHusl. Oynkuus Qie(A) onpenensercs A y4acTKOB TPacchl ¢ TPOMOC(HEPHBIM paccessHUEM COTJIACHO
BBIPAXKEHUIO:

_ Qo | _ Yo
OQier (A) = 0,4 (A)[ 100 j + Oeafiropo (A)[l J ) (53)

rae Qcafiropo(A) ompenensiercst B 1. B.5 Ilpunaraemoro noxymenta B, a ¢ynkuust Qnin(4) ompenensiercs B
. C.3. Qo OTIpenienieHa B paHee MPOBEICHHBIX IpeABapUTENbHBIX pacueTax B 1. C.2.

A» TCIICPb ONPCACIIACTCA BBIPAKCHUCM!

Ay (140,018d,, )+ Ao, (140,018,
1+0,0184

Ay nb. (54)

Ucnonw3oBath Meron, npuBeneHHbI B 1. F.3 Ilpunaraemoro mokymenra F, mis pacdera ocmaOneHus B
aTMOC(EpPHBIX Ta3ax BCICICTBUE BIUSHHUS KHUCIOPOJAa W BOISHBIX MApOB B YCIOBUAX KaK HAIMYMS, TaK U
OTCYTCTBUS JOXKJIS ISl TPACCHl TPOMOC(HEPHOTO paccessHUsl. DTO TO3BOJUT ONPEACTUTD 3HAYCHUS Aos, Ays U
Awrs, KoTOpBIE BRIUHCISIOTCS 10 YpaBHeHHsM (F.5a)—(F.5¢).

O6Luee 0CJ'Ia6J'IeHI/Ie B aTMOC(l)epHI)IX raszax B YCJIOBUAX OTCYTCTBHUA NOKAS OIIPEACTACTCA BbIPAKCHUCM !
Ay =4, + A, 1B. (55)

BrruncinTh OCHOBHEIS noTepu nepcaavu Jjisd mnoaMoaCiu 3, HC MPCBLIMIACMBIC B TCUCHUC p% BpCMCHU:

me3 = Lbs + AZ + O’S(vartx + varrx )(Awrs - Aws )+ Ags HB’ (56)

rae Fuvwn B Fyw — paHee cOXpaHEHHBIE 3HAYCHUS U1l yYaCTKOB TPACChl, OTHOCAIIMXCSA K MEpPeJaTuuKy U
MIPUEMHHKY, ONIMCAaHHBIE B ypaBHEHUsX (49¢) u (51e).
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4.4 oamoneas 4. Ciopagu4deckuii cioii E

HonocdepHoe pacnpocTpaHeHHE C MOMOIIBI0 CHOPATUYECKOrO ci1osi E MOXeT OBITh CyIIECTBEHHBIM IS
JUIMHHBIX TPacC M Ha HU3KUX 4acTOTax.

Hcnonn3oBarh METOA, HpeZ[CTaBHeHHBIf/’I B HpmaraeMOM JOKYMCHTC G, U1 pacueTa OCHOBHBIX IOTCPh EpCaavu,
me4, HC IMPCBBINIACMBIX B TCUCHUC p% BpPCMCHU, 06YCJ'IOBIICHHBIX pacCeaHneM B ClIOPpaauvICCKOM CJI0€ E:

riae Ly, onpenensercs ypasHeHueM (G.17). Cnemyer oTMETHTB, 4TO Ha 0OJee BBHICOKUX YacTOTaX W/WIH IS
KOPOTKHUX Tpacc 3HAYCHHE Ly, MOKET OBITH CYIIIECTBEHHO OOJIbIIIE.

5 OO0beanHeHUe Pe3yIbTATOB MOAMO/EJIeH

PeBy.]'IBTaTBI HOI[MOI[CJ'ICfI 06’LC}_II/IH$IIOTC$I COrjiaCHO OIIMCaHHIO B HpI/IHaFaeMOM JOKYMCHTC J, C ICJIbIO
OTPa3uThb CTATUCTUYCCKYIO KOPPLCIIALUIO MCXKIY PA3JIMIHBIMU MOAMOJCIIAMU.

[Moagmozmenu 1 ¥ 2 B 3HAUNTENBHOMN CTEIIEHH KOPPEIUPYIOTCS, U UX O0bEAMHEHHE HA OCHOBE MOIIHOCTH IJIS
MPOLIEHTA BPEMEHH, 1), 00BsICHACTCA B1I. 5.1.

Ioamonenu 3, 4 u xomOMHaIWsi moaMozAened 1 W 2 B OCHOBHOM HEKOppelaHpoBaHHBI. IS mosydeHus
CTaTUCTHUYECKU MPABWIBHBIX PE3yJIbTATOB Ul IPOLIEHTA BPEMEHU 1), I HEKOPPEIHPOBAHHBIX TOIMOIENEN
00BIYHO TpeOyeTcsl paccUUTaTh U OOBEIMHUTH MOJHBIC paclpeecHus noaMoaeneld B quamnazone ot 0 1o
100%, ncnone3ys, Hanpumep, Merox MonTe-Kapio.

B stom pasgene omucaHbl ABa MeTofa oObeAMHEHHs moamoneneil. Korma ocHOBHBIE MOTepH mepenadu
TpeOYIOTCS TOJBKO AJISI OAHOTO MJIM HECKOJBKHX 3HaueHUHN . U CTOMMOCTB MEPBOTO BBHIYMCIICHHS TOITHBIX
pacnpeneneHnii HEeoNpaBlaHHO BBICOKA, JOJDKEH IPUMEHSATHCS METOJ, ONMUCAHHBIA B 1. 5.2. OTO Jaer
NpHOIMKEHHOE 3HAaUeHNEe HEKOPPEIUPOBAHHBIX CTATUCTHYECKUX AAHHBIX MPOCTBIM CIIOCOOOM, KaK OMHCaHO
B [Ipunaraemom noxymente J.

B m. 5.3 nokazana mponeaypa, HeoOXomumas Uil TIPAaBHIBHOTO MOJICIIMPOBAHUS HEKOPPEIHPOBAHHBIX
CTaTUCTUYECKUX JaHHBIX, Korna moaenb WRPM ucnonb3yercs B paMKax CUCTEMHOIO UMUTATOPAa C MOMOIIIBIO
MetoaoB MonTe-Kapo.

OcHOBHbBIC NnoTepu nepcaavu, HC MPEBLIMIACMbIC B TCUCHUC Tpc BpPEMCHHU, OIIPCACIIAIOTCA KaK L.

B CJICAYyOIUX nmoapasaciiax BBOAUTCA MapaMeTp Ly JUIA yOpaBJICHU A BO3MOXKHBIMU I.IH(l)pOBI:IMI/I SHAYCHUSIMU,
06CY)K}.'[3€MI:IMI/I B KOHIIC HpmaraeMoro JOKYMCHTA 1.

5.1 O0LennHenne nmoamopeei 1 n 2

Mexanu3mbl niogmojeneii 1 u 2 KOppemupyroTcs ¥ OOBCAWHSIIOTCS JUIS TONYYCHUS OCHOBHBIX TOTEPh
nepenaun, Lymi2. CHavama ycTaHOBUTH L,, paBHBIM HAUMEHBIEMY W3 JBYX 3HAYCHHH OCHOBHBIX TOTEPb
nepenayu, Lymi U Ly, BeIYUCICHHBIX B 1. 4.1 1 4.2 Boite. Torna Ly,i2 onpenensercs BhIpaxKeHUEM:

Lyis =L, —10log|lo™ " Com=tm) 4 1701 Epma=tm) 1B (58)

5.2 Oo0bequnenue nogmoseseit 1 +2,3 u 4

Mexanu3Mbl moaMoieNel 3 u 4 He KOppenupyloTcs MexKay coboii u ¢ komOuHalmel noamoseneit 1 u 2. Itu
TpH 3HAUCHHS OCHOBHBIX IMOTEPh Iepenadyd OOBEOMHAIOTCS, YTOOBI MONYYHTH Lp CIOCOOOM, KOTOPBI
anmpoKCUMHUpPYeT OObeOUHsAEMble CTaTHCTUUecKHe jaaHHble. CHayana ycTaHaBIMBaeM L, paBHBIM
HauMEHBIIEMY W3 BCEX TPEX 3HAUYEHUI OCHOBHBIX NMOTEpPh nepenadd, Lymi2, Lom3 U Lpms, BBIYUCICHHBIX B
nm. 5.1, 4.3 u 4.4 Beie. Torga Ly, onpenensieTcs Kak:

Lb — Lm _510g 10—0=2(me12_Lm) + 10—052(me3_[‘m) + 10—0=2(me4_Lm) HB~ (59)
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5.3 OO0beanHeHne MoaMoAeell ¢ MCMOJIb30BaHHEM NMUTATOpa MeTogoM MonTe-KapJio

HekoppenupoBaHHbIE  CTaTUCTUYECKHUE JaHHbIE MEXIy nomMmonensmu 3, 4 U O0beIUHEHHEM
moaMoienei 1 u 2 MOryT OBITh HaJyIekKaIuM 00pa3oM CMOJCTUPOBaHBI B pamMkax Merojga Monte-Kapio.
Meroa, mpeAcCTaBICHHBIM 371eCh, SBIAETCS OLICHOYHBIM, IOCKOJBKY JETald 3aBUCIT OT KOHKPETHOMH
peanuzanuu Merona Monte-Kapio.

s xaxxaoit urepanmu Merona MonTte-Kapio HeoOXoauMo MoMyYnTh 3HAUYCHHUS OCHOBHBIX MTOTEPh Mepeaadn
Lpm12, Loms 1 Lpms KaK QYHKIMIO HE3aBUCUMBIX IIEPEMEHHBIX 3HAUCHUI MPOLEeHTa BpeMeHH 1 ,.. To ecTs Hamo
BBIUUCTUTD Limi2(Tpe1), Lom3(Tpe2) U Loma(Tpe3), TAC Tpet, Tpez M Tpes CTATUCTUUECKH HE3aBUCUMBIC U CITydaiiHO
TreHepupoBaHHbIe 3HaueHWS B muama3oHe oT 0 mo 100%. Ilotepu 3arem oObeauHSIOTCS 1O (hopmylie
CYMMHPOBaHHUSI MOIITHOCTH, YTOOBI MOJTY4HUTh OOIlee 3HaUeHHWE OCHOBHBIX MOTeph mepenauu, L,. CHayana
YCTaHOBUTH L, paBHBIM HaWMEHBIIEMY M3 TpEX 3HAUCHWM OCHOBHBIX NOTEPb Mepenaud, Limi2, Loms U Lima.
Torma L, onpenensercs Kak:

L, = L, ~10logli0™* Comz ) 4 10701 ama ) 4 101t | 1b. (60)

Haubonee mpocToii myTh MoOMXy4eHUs pe3ydbTaToB A JAHHOH MOAMOJENU — TO MPOTOH MOJHONW MOJENH
WRPM T1pu paza minsd kaxaod utepanuu no meronxy Monrte-Kapimo, coxpaHss pe3ynbTaThl Pa3nYHBIX
noaMoesIeld TPU KaKAOM Mporone. BerancnurensHast 3pQeKTUBHOCTS MOXKET OBITh YIIyUIlIeHa, €CIIH YUecCTb,
YTO BBIYMCIIEHUA MOIMOJIENIEH B II. 4 HE3aBUCUMBI JpPYyT OT Apyra, TaKk 4TO BO3MOXKHO BBIUMCIIEHHE TOJIBKO
Tpedyemoii monmozenu. K Tomy ke mpenBapuTenabHble pacyeThl B 1. 3 MOXHO ONTHMU3HPOBATh: HE BCE OHU
HY>KHBI JUISl KOKJOU IOAMOJIENIM M MHOTHE PACYETHI HE 3aBUCHT OT 7.

IIpunaraemsblii JOKyMEeHT A
JuppakunoHHble NOTEPH

Al BBenenue

JHudpaxumronnsie notepu Lq (ab), He MpeBbIIaeMble B TeUEHUE p% BPEMEHH, BEIYUCISIOTCS KaK:

Ly= L+matl,  —L;,0f b (A1)
rae:
Laspn:  mudpakunoHHBIEC IOTEPH HaZ ceprudeckoi 3emieli, BEIYUCIEHHBIE B 1. A.2, KOTOPBIH
B CBOIO OUEPE/b HCIIOJIb3YET aHHbIE 1. A.3;
Lape:  mudpakumoHHble moTepu  bByJulMHTTOHAa O peanbHOro  mNpoduist  Tpacchl,
BEIYHCIICHHEIE B A.4;
Lap::  mudpakuuoHHsle ToTepd bymnmHrTOHa 1A peadbHOTO  OpOQHis — TPAacchl,
BBIYMCIIEHHBIE B A.S.
A2 JAudpaknnonnbie morepy Hajg cpepudeckoii 3emurei

Judpakuronnsle motepu Haj chepudeckoil 3emiieii, He NMpeBbIIAGMEBIC B TeueHUE p% BpeMEHH, Lagph,
PACCUUTHIBAIOTCS CIICAYIOIUM 00pa3oM.

Paccunrars rpannunoe paccrosiaue npsiMoit Buaumoctu (LoS) amns rmagkoit Tpaccs:

dios = +[2a, (/0.001%,, +,/0.001%,,,) (A2.1)
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Ecmu d > dj,s, paccuntars nupakiuOHHBIE TOTEPH, UCHOIB3Ysl METOX B 1. A.3, HUXKE, A dqp = dp, YTOOBI
MONYy4YUTh 3HaueHue Lgs, W YCTaHOBUTH Lggpn paBHBIM Ly HUKakuX [TOTMOTHHUTENBHBIX pacyeToB
I paKIOHHBIX TIOTEPh Haf chepuieckoid 3emiell MpoBOAUTH HE HATIO.

B mpoTHBHOM cityyae mMpoAoJIKAaTh CISIYIOMIM 00pa3oM.

BBIUnCINTE HAMMEHBIIYIO BHICOTY MPOCBETA, fgph, MEXKAY TPaccol HaJl MCKPUBICHHOH MOBEPXHOCTBIO 3eMITH
U JIy9OM MEKAY aHTCHHAMH, HCIIOJIb3YsI BEIpaKEHHE:

d; d;
B, — 500—\d,+ |h,, —500=>|d
a a
- ld P
hy, = y M, (A.2.2)
rae:
d
d = B} a+bs,,) KM, (A.2.2a)
d,=d-d, KM, (A.2.2b)
msph +1 T
b,, =2 |———cos|~ + — arccos , (A.2.2¢)
3my,, 3
rac (bYHKLII/IH arcCos BbIAACT 3HAUCHHUC yTJIa B paJluaHax.
h,, — h
Cop = ————=, (A.2.2d)
htep + hrep
250d*
m,, = ———— (A.2.2¢)

a,(h, +h,)

Brruucinuts H606X0)_'[I/IMYIO BBICOTY ITPOCBCTA, hreq, U1 HYJICBBIX Z[I/I(l)paKLII/IOHHBIX MMOTEepPb, OMPECACITACMYIO
BBIPDAXKCHUCM:

dd,\

he, = 17,456 M. (A2.3)

Ecmu hgn > heeq, naudpakumonnsie motepu Han chepuueckoi 3emiiel, Lagpn, paBHBI Hyr0. Huxakmx
JONOJTHUTENBHBIX PacueTOB JU(PPaKIHOHHBIX TOTEPh HaZl cheprueckoil 3emiieil mpoBOANTH HE TpeOyeTCs.

B mpoTHBHOM citydae MpoAoJKaTh CIASAYIOMIM 00pa3oM:

Paccuntate mMoanpunmpoBaHHbl 3(Q(EKTUBHBIN paguyc 3eMIIH, dem, KOTOPBIA TO3BONUT OMNPEACIUTH
TpaHHIy MPSIMOM BUAMMOCTH Ha PACCTOSIHUU d, ONPENENIIEMYIO BEIPOKEHHEM:

2

d

Jig nomyuenus Lg; MCTIONb30BaTh METO, OIMMCAHHBIN B 1. A.3 U1 dqi = Gem -

a,, = 500 KM. (A.2.4)

Ecnu 3nauenme Lq; oTpunarensHoe, JUdpakUOHHbIC TOTepH Haa cepuueckoil 3emield, Laspyy, paBHBI HYJIIO
W HUKAaKHX JOTOJHUTEIBHBIX PAacueToB NU(PaKIHOHHBIX MOTEph HaJ cepuueckoil 3emiieil mpoBOIUTH HE
Tpedyercs.

B mpoTHBHOM citydae MpoA0JKATh CIASAYIOMIM 00pa3oMm:

Paccunraths nudpakunoHHbIe TOTEPH HaZl chepruecKor 3emiieil myTeM HHTEPIOISLUH:
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hS

ph

Lyspn = |1 — h Ly - (A.2.5)
req

A3 IlepBrIii YieH ypaBHeHHS OTePh 3a cUeT AUPpakuum HaJ chepudeckoil 3emuei

B sToMm nopapaszzaene npuBoIuTCS METOJ pacuera Judpakiuun Haja ceprueckoil 3emiiel ¢ UCIIONb30BaHUEM
TOJIBKO TEPBOI0 WiIEHa OCTaTOYHOTO psda. OH ¢opMupyeT 4YacTh MOJHOrO AMGPAKLIHOHHOIO METOAa,
OIMCBIBAEMOTO B I1. A.2, BBILIE, U HOTY4YEHHs MOTEPh 3a cYeT AU(PaKIrU C yUEeTOM MEepBOro wieHa Ly Ans
JIaHHOTO 3P PEKTUBHOTO paguyca 3eMIH, dyq. 3HAUCHHUE dqn OTIpeneseTcs B . A.2.

Ycranosure €, =€, ., U0 =0,, ;, [1€ 3Ha4YeHUs €, , U G, . BXOAAT B Tabnuiy 2 Paccuutars Lqs,

ucnonb3ys ypasHeHus (A.3.2)—(A.3.8) u o6o3HaubTe pe3ynabTaT KaK Lefiiand.

VcranoBute 8;, =€ uHo =0 rae €

rsea sea > U O, BXOJIAT B TaOnuiy 2.

rsea
Paccunrath Ly, ucionb3ys ypaBHeHus (A.3.2)—(A.3.8) u 0003HAYbTE PE3yNbTAT KaK Lfisea.

Hudpakuronnsle motepu Haja chepudeckord 3emyiel, ompenessieMble MEPBBHIM WIEHOM, B 3TOM Cilydae
OTIPENEIAOTCS KaK:

Ly = OL g + (1= 0)Lyg4nq (A3.1)
rae @ — 4acThb TPACChI, ITPOXOAsllasd HaJd MOPEM, U IPUBCACHHAA B Ta6J'II/ILle 4.

Hauano pacuemoes, Konmopbsle 6blNOJIHAIOMCA 08acObL

HOpMHpOBaHHLIﬁ K03(1)(1)I/IIII/IGHT IIOJIHOM MMPOBOAUMOCTHU MOBEPXHOCTU JIA FOpHSOHTaﬂLHOﬁ nu BCpTHKa.]'H;HOfI
noJrsipu3aluu:

—-1/4

K, =0,036 (adﬁf}m [(8, - 1? + (8 G/f)z] (ropu3oHTaIBEHAS ) (A.3.2a)

12
K, =K, [8,2 + (18 G/f)z] (BepTHKaJIbHAS). (A.3.2b)

Brruucinuts mapamMeTp 3a3eMJICHM S/ HOHHpHBaL{HOHHLIﬁ napameTp:

_1+1,6K*+0,67K*

R= 1+4,5K2 +1,53K*” (8.3.3)
rae K —31o Ky vnu Ky B 3aBUCMMOCTH OT THIIA TOJSAPU3aIuH, cM. T, B TabmuIe 1.
HopmuposanHoe paccrosiHue:
173
X = 21,88P Lz d. (A.3.4)
A
HopmupoBaHHbIE BBICOTHI IEpeAaTIYNKA U IPUEMHUKA:
NG
Y, = 0,95758 {f—] h,s (A.3.5a)
A
5 1/3
Y, = 0,9575p [f—} . (A.3.5b)
Ay
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Paccuurats uineH IJIA paCCTOSAHUS, UCIIOJIb3YS BBIPAKCHUC!

11+10log(X)-17,6X s X >1,6
X = 1’425 (A36)
—20log(X)—5,6488 X s X <1,6.
Onpenenuth QyHKIUIO HOPMUPOBAHHOM BBICOTBI, HCIIONb3YsI BEIPAKCHUE:
17,6(B - 1,1)*° —5log(B —1,1)-8 B>2,
G(r)={! OB LD =Slog(B-1D it (A3.7)
—20log(B+0,1B") B JPYyTHUX CIIy4asiX,
rae:
B=pY. (A.3.7a)
Orpannunts G(Y) Tax, ytoosr G(Y) > 2 + 20 log K.
Teneps nepBblil uieH qUGPaKIHOHHBIX HOTEPh HAJl cheprueckoi 3emilell onpenensercs Kak:
Ly =-Fy-G(Y,)-G(Y,) 1. (A.3.8)

A4 JAudpaknnonnbie norepu ByJuIMHITOHA V1Sl peaJbHOrO NPoguIIs

Judpaxironnplie moTepy By UTMHITOHA 15 peaibHOT0 MPOGUIIS TPACCHI, Lapq, PACCUUTHIBAIOTCS CIICTYFOIHM
oOpazom.

B HWXKCCIICAYIOINX YPABHCHUAX K03(1)(1)I/ILII/ICHTI>I HAKJIOHOB PACCUUTHIBAIOTCS B M/KM OTHOCHUTEJIHLHO 0a30BOM
JIMHHH, COCI[I/IHSIIOH_Ieﬁ YPOBCHb MOPA Ha CTOPOHC IMIEpEAaTINKa C YPOBHCM MOPA Ha CTOPOHC IMIPUCMHUKA.

Haiitu mpomeKyTOouHyI0 TOUKY Mpoduiis ¢ Hanbosiee BBICOKMM HAKIOHOM JIMHUH OT MepeJaTynKa K JTaHHON
TOUKE.

d,

1

h+500c,d(d ~d;) = h,
S,, =ma z M/KM, (A4.1)

e HAEKC MpoQuiis i MpUHUMAET 3HaueHus oT 2 1o 1 — 1.

PaccunraTh HaKIIOH JIMHUU MCKAY NCPEAATINKOM U IPUEMHUKOM B IIPCATIOJIO0KCHUN TPACCHI LoS:

h.o—h
S, =" ik (A.4.2)

Teneps cieqyer paccCMOTPETh ABa ciaydvasl.

Cayuaii 1. Tpacca aenisemcs aunuei npamou eudumocmu (LoS) 0ns s¢pghexmuenotl kpususnvl 3emau, He
npesviuiaemoll 6 mevenue p% epemeHu

Ecmu Siim < Sir, TO Tpacca COOTBETCTBYET IMPSIMOM BUIUMOCTH.
Haiitn npoMexxyTouHy10 TOUKy Ipoduis ¢ HanOOIBIINM MapaMeTpoM ITUPPaKLIIH, V:

h(d—d;)+h,.d;
Va:max{{hiJrSOOcpdl—(d—di)— i 6;)+ = ’} MQ’(?%Z.)} (A.4.3)
1 l

e MHAEKC NpoQuiis i MpUHUMAET 3HaueHus ot 2 1o 1 — 1.

B stom Cllydyac TOTEpU 3a CUCT Z[I/I(l)paKIII/II/I Ha KJIMHOBHUJIHOM IPCIATCTBUU I TOYKHU BYJ'IJ'H/IHI‘TOHa
OIPEACIAOTCA KaK:

Ldbka = J (Va max) I{B’ (A44)

rae yHkuys J onpeaensiercs ypaBHEHHEM C ABYMs dyacTsmu (43).
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Cryuaii 2. Tpacca sensiemcs auHuell Henpamou 6uouUMocmu uiu 3azopusonmuoi  aunued (NLoS)
ahhexmueroll KpUUsHbL 3eMill, He NPesvlulaemMoll 8 meueHue p% epemenu

Ecmu Siim = Si, TO Tpacca aBnsercs nunuei NLoS.
Haiitu npoMexxyTouHyI0 TOUKY IpOoQuis ¢ HanOOIbIINM HAKIIOHOM JIMHUHU OT IPUEMHHKA K JaHHOW TOUKE.

h+3500¢, d,\d—d,)~h,

S . =max M/KM, A4.5
T (A4.5)
rJIe HHAEKC TpOoduIIs i MPUHUMAET 3HaYeHust oT 2 10 7 — 1.
PaccunTarh pacCTosiHUE OT TOYKU ByJIMHITOHA 10 MepeaaTynKa:
h.—h +S.d
d,=--2_—b —rm KM. A.4.6
b S+ ( )

tim rim

Paccuurarn mapamMeTp )_'[I/I(l)paKLlI/II/I, Vp, JJI1 TOYKHA BYJIHI/IHFTOHa:

hld—d,)+h d,

— 1
Vy = | by + Syudy — = (A4.7)
B 9TOM CJiydac IMMOTCpU Ha KIIMHOBUAHOM IPCIIATCTBUU JJIS1 TOUKH BYHHI/IHI‘ TOHA COCTABJIAKOT:
Ly =J(v,) 1b, (A.4.8)

rae GyHkuys J onpeaensiercsl ypaBHEHHEM C ABYMS dacTsMu (43).

Hns 3HadeHust Lapra, paccuutanHoro mo ¢opmynam (A.4.4) wmm (A.4.8), mudpakuuoHHBIE TOTEPH
BynnuHrTOHA Ha Tpacce B 3TOM CIIydae ONPEAeNIOTCS KaK:

Ly = Ly +]1- exp(Lgbk"J (10+0,02d) 1b. (A.4.9)

A5 JAudpaknnonnbie norepu ByJUIMHITOHA VISI TEOPETHYECKOT0 IJIaKOr0 Npoduis

B sToMm pasnene BeuucisAroTcs AudpakiMoOHHBIE TOoTepu BynnuHrToHa ans mpoduis Tpacchl, UMEHOIIETO
MMPOMEKYTOUHBIC TOUYKH HA TEX )K€ PACCTOSHUSAX, YTO M B PEalbHOM Npoduiie, HO CO BCEMH 3HAYCHHUSIMU
BBICOTHI MECTHOCTH, YCTAaHOBJICHHBIMH B HYJIb. BBICOTBI IepeaTunka U MPUEMHHUKA BBIIIE 3TOTO TPOQUIIS
0003HAYAIOTCS KaK Ayep U Hirep, COOTBETCTBEHHO.

Pesynbrupyromue qudpakiiuoHHbIE OTEPU, Laps, BBIYUCISIOTCS CIEIYIOMIUM 00pa3oM.

B HWXKCCIICAYIOIINX YPABHCHUAX K03(1)(1)I/ILII/ICHTI>I HAKJIOHOB PACCUUTHIBAIOTCS B M/KM OTHOCHUTEJIHLHO 0a30BOM
JIMHHH, COCI{I/IHHIOH_Ieﬁ YPOBCHb MOPA Ha CTOPOHC IMEpeAaTINKa C YPOBHCM MOPA Ha CTOPOHC IMIPUCMHUKA.

Haiitu mpomexyTouHyI0 TOUKy Mpo(UIIsL C caMbIM KPYTBHIM HAKJIOHOM JIMHHUHM OT MepeaTuiKa K JaHHOW TOUKe
OTHOCHUTEIBHO IIPSIMOH JIMHUY, COETUHSIONIENH YPOBHH MOPSI HA CTOPOHAX TEPMHHAJIOB.

500(d-d;) Ty
ap d.

1

S M/KM, (A5.1)

gm — Max

rzie MHACKC MpoQuIIs i MPUHUMAET 3HaueHus oT 2 1o 71 — 1.

BrluncinuTh HAaKJIOH JIMHUU OT nepeaarymka K NpUCMHHKY, IpEArojarasa, 4To Tpacca SBJIACTCA JIMHUEH
HpHMOfI BUJHUMOCTH:
h,,, —h

S, = "T’p M/KM. (A.5.2)

Teneps cienyer paccCMOTPETh ABa ciaydvasl.
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Cuyuaii 1. Tpacca siensemces aunuetl npamou uoumocmu 01 3¢ghekmusrHozo paouyca 3emiu, NPeGbLIUAEMO20
6 meuenue p% epemenu

Ecnu Siim < Sir, TO Tpacca siBsIETCS JIMHUEH NPAMON BUAMMOCTH.

Haiitn npoMexxyTouHy10 TOUKY Ipoduis ¢ HanOOIBIINM MapaMeTpoM ITUPPaKLIHIH, V:

v. = max 1| 200 (d=d;) Tuep(d—di)+hyepd; | [ 0,002d | (A.53)
‘ ap d ad; (d —d;)

rze HAEKC MpoQuiis i MpUHUMAET 3HaueHus ot 2 1o 1 — 1.

I[I/I(l)paKLII/IOHHI:Ie noTepu ByJ'IJII/IHFTOHa I TCOPETUYCCKOr'0 IJIaIKOIo HpO(l)I/I.]'ISI MCECTHOCTU OHNPCACIIAIOTCA
KakK:

Ldbks = J(Vsmax) HB’ (A54)

rae ¢yHkuus J(v) onpeaensercs ypaBHEeHUEM ¢ AByMs dacTsiMu (43).

Cayuaii 2. Tpacca asnsiemes aunueil NLoS ons aghgpexmuenoeo paduyca 3emnu, npesviuiaemozo 6 meyeHue
p% 8pemenu

Ecnu Siim = Su, TO Tpacca aBnsercs nunuei NLoS.

Haiitu npoMexxyTouHyI0 TOUKY IpOoQuis ¢ HanOOIbIINM HAKIIOHOM JIMHUHU OT IPUEMHHKA K JaHHOW TOUKE.

500d, .,

a d—d,

P

Sim = max{ } M/KM, (A5.5)

e MHAEKC MpoQuIs i MpUHUMAET 3HaueHus oT 2 1o 11 — 1.

Paccuurarn PacCToAHUEC OT TOUKH ByJ'IJ'II/IHl"TOHa A0 MnepeaaTumkKa:

hrep _htep +S rl'md
d, = S 5. KM. (A.5.6)
Paccunrark napameTp JuppaKiyu, Vs, 1 TOYKH By /UIMHITOHA:
ho\d—d,)+h,d, ] [0,002d
_ , _ re > . A.5.7
Vb |:htep +Stzmdb d )\,db(d—db) ( )

B stom ClIydac MOTCpU Ha KIIMHOBHUIHOM MNPCHIATCTBUU IJIA TOYKU BYJ'IJII/IHFTOHa npu 1rjI1aJKOM HpO(l)I/IJ'IC
3aJar0TCA KaK:

Lpis =7 () nb, (A.5.8)

rae yHkuus J(v) onpeaensercs ypaBHEeHUEM ¢ AByMs dacTsimu (43).

)_—[I/Iq)paKLlI/IOHHBIC noTepu By.]'IJ'II/IHl"TOHa JJIA rnazucoﬁ TpacCChl 3aJa0TCSA YPABHCHUCM!

Lps = Lapis + {1 - eXP[%H(IO +0,02d) nb. (A.5.9)
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IIpunaraemelit 10KymeHT B
YcuniieHue M 3aMHPAHUA B YCJIOBHSX SICHOIO HeDa

B.1 BBenenue

B stom [IpunaraeMoM NOKyMEHTE MPHUBOJHUTCS pacdyeT YCHJICHHS W 3aMUPaHHH B yCJIOBHUSX SICHOTO Heba.
B paznene B.2 Brruncnserca nokazarenb (Jocq, CBI3aHHBINA C KIMMAaTOM M 3aBUCSIIMN OT TPacchl, KOTOPBIH
TpeOyercs it PyHkun Qcq(A4), oripenenennoil B . B.4. O.q4(A4) MOXeT OBbITh 3aIpoIiieH MHOTO pa3 JJIs OJHOM
U TOH ke Tpacchl. Qcq(A) MOoKa3bIBaeT MPOLIEHT BPEMEHH MPH 10K, B TCUCHHE KOTOPOTO YPOBEHb 3aMHUPaHUI
MpEBbIIIACT MEAWAHHBI YPOBEHb CHUTHAlIa B YCIOBHAX OTCYTCTBUS HOXKIA. (c(A) Ucmomb3yercss A
MOBEPXHOCTHBIX Tpacc. B pasaene B.5 onpenenena GyHkuns Qcafiropo(A4), KOTOpask HCHOIB3YETCA AJISL Tpacc
¢ Tponoc(hepHBIM PaCCETHUEM.

B.2 XapakTepucTHKAa HHTEHCHBHOCTH MHOT0JIy4€BOI0 PACPOCTPaHEeHH s

HepBaﬁ 4YacCTb pacucTa SHMHpaHI/Iﬁ BCJICACTBUC MHOTOJIYUCBOCTU XapPaAKTCPU3YCT YPOBCHL MHOTOJYYCBOI'O
pacipoCTpanCHus I ZLaHHOf’I TpPacCChI. 910 HpeHBapHTeHBHBIﬁ pacyer, KOTOpBIﬁ JOJIDKCH OBITH BEITTOJTHEH
OAHWH pa3 It I[aHHOfI TPAaCChl 1 YaCTOTHI.

Koadduuument, mnpencrapisiomuii CTaTUCTUKY BEPTHKAJIBHOIO TIpajueHTa W3MEHEHUs IOKa3aTens
pedpaxun, onpeaesieTcs Kak:
K = 10_(4’6+050027Nd65m1). (B.2.1)

[TapameTp Nussm1 XapakTepu3yeT YPOBEHb MHTEHCHBHOCTH MHOT'OJIyYE€BOTO PacIpOCTPAaHEHUs AJS CpeaHen
TOUYKHM Tpacchl. OH MpUBEEH B Tabnue 4 U MoJTydeH, KaK OMUCaHo B 1. 3.4.2.

Teopernyeckas XapakTEpPUCTHKA IMPOLIEHTa BPEMEHHM OTCYTCTBHS 3aMUpPAHUN B HAMXYALIUNA MECSI s
y4acTKa KpUBOW pacrpeiecHus ¢ TIIyOOKUME 3aMUpaHUSIMHU PACCUUTHIBACTCS CISAyIOMUM oOpa3zoM. Metos
pacdera 3aBUCHUT OT TOro, siBisiercss Ju Tpacca Tpaccod LoS mmm NLoS nns menuaHHoro BpemeHH,
onpenensieMoro B 1. 3.7.

Jlna mpaccwi ¢ npsamoil gudumocmuio (LoS):

PaccunrtaTh TeopeTHuecKuii rOJOBOMN MPOLIEHT BPEMEHH OTCYTCTBUS 3aMUpaHUi, (Jocq, UCTIONB3YS IPOLEAYPY,
MIPUBEACHHYIO B pa3zene B.3, npu cieayommx BXOJHBIX JaHHBIX:

d,=d KM, (B.2.2a)
€ =€) Mpas, (B.2.2b)
hy, =y, M, (B.2.2¢)

rne d, €, u hj, TpuBeIeHbI B Ta0muIe 4 1 paccyuTansl B . 3.2 u 3.3.

Jlns mpaccor NLoS:"

B Cllydac TpacChbl NLoS TCOPECTUYCCKOC BPEM OTCYTCTBUA 3aMI/IpaHI/II71 BBIYUCIIACTCA IJIsA Ka)K,Z[Oﬁ AHTCHHBI
A0 €€ paanuoropmu3oHTa u BI:I6I/IpaeTC$I OOJIBIIHNIT U3 ABYX PE3YJbTATOB, KaK IMMOKAa3aHO HUXKC.

Brruucinuts TeOpeTI/I‘-IeCKI/Iﬁ FO}_IOBOI;’I MMPpOUCHT BPCMCHHU OTCYTCTBUA 3aMI/IpaHI/Iﬁ Ha CTOpPOHC ICpcAaTyHrKa,
rom, HCIIOJIB3Yd NpOoLCAYypY, HPUBCACHHYIO B II. B.3 npu CJICAYIOMUX BXOAHBIX JAHHBIX!

d,=d, KM, (B.2.3a)
€ =|9t| Mpaf, (B.2.3b)
h,, =min (h,,h) npu =i, M, (B.2.3c)

riae dy, 0., his ¥ i) ipuBecHBI B TabnwmIe 4.
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Brruucinuth TeOpeTH‘ICCKHﬁ FO,Z[OBOﬁ IMPOUCHT BPEMCHU OTCYTCTBUA 3aMHpaHI/Iﬁ Ha CTOpPOHC NMPUCMHHKA,
QOcar, HCIOJIB3YS NMPOLUCAYpPY, HPUBCACHHYIO B II. B.3 npu CJICAYIOMUX BXOAHBIX JAHHBIX!

d,=d, KM, (B.2.4a)
€.,=10, Mpa, (B.2.4b)
h,, =min(h,,,h,) npu i =i, M, (B.2.4¢)

riae di, 0y, by M i, TpuBeNieHBI B TabuIe 4 U BEIYUCIISAIOTCS B . 3.3 u 3.7.

TeOpeTI/I‘-IeCKI/Iﬁ FO}_IOBOI;’I MMpOUCHT BPEMCHU OTCYTCTBUA 33MHpaHHﬁ JJIA BceH TPacCChl paBCH HaI/I60J'IBH_IeMy
BpPEMCHHU, MOJYUCHHOMY JJId IEpCAaTIrKa U NIPHUECMHUKA!

Q()ca =max (QOcat > QOcar) %. (B-2-5)

B.3 Pacuer Teopern4eckoro rooBoro NpoueHTa BpeMeHH OTCYTCTBHS 3aMUPaAHMIA

B »ToM paznene npou3BoAUTCS pacyeT TEOPETUUECKOTO I'OJOBOTO MPOLIEHTA BPEMEHHU OTCYTCTBHS 3aMUPAHUM,
Qoca. Pacuer B 1. B.2 HeoOxoauMo mpousBecTrt 100 OUH MO0 JIBa pa3a B 3aBUCUMOCTH OT THIIA TPACCHI.
st aToro TpeOYIOTCS TPH BXOMHBIX Mapamerpa dea, €ca U Hea, KOTOPBIC YKA3BIBAIOTCS KaXKJBIM pa3, Koraa
o0OpamarTCs K TaHHOMY pa3lieny.

Paccuurats TeopeTI/I‘-IeCKI/Iﬁ MMPOUCHT BPEMCHU OTCYTCTBUS SaMI/IpaHI/Iﬁ B HaI/IXYJIH_II/Iﬁ MEcCAL:
3,1 1,29 10,81 —0,00089%,
g, =Kd> (1+e,, )" £%10 ca %, (B.3.1)

rae K paccunthbiBaetcs B pazaene B.2, a f mpuseneno B Tabnuie 4.

Paccunrats norapupmuuecknii kK03hGUIHEHT KIMMATHIECKOT0 IPe0Opa30BaHuUs:

C, =105 —5,6log[1,1 +|cos(2¢mn)|0’7]— 2,7lodd,,)+1,710dl+¢,,)  |@m| <45° (B.3.2a)

C, =105-56lo0 41,1 - |c 0420, ,,)|0’7 ]— 2,710dd,,)+1,7lodl+¢,,) B uHOM Ciyuae, (B.3.2b)

TZIe Oy — IUPOTA CPEJHEN TOUKH TPACCHI, KOTOpasi IpUBeAcHA B Ta0muIe 4.
Ecmu G > 10,8, ycranosuts C, = 10,8.

Paccuurarn TeOpeTI/I‘{CCKI/Iﬁ FO)IOBOﬁ MPOLCHT BPEMECHU OTCYTCTBUA 3aMHpaHHI>iZ

0,.,=10""%q, % (B.3.3)

B.4 IIpoueHT BpeMeHH NpeBbINICHUS] 3aJaHHOTO YPOBHSI 3aMHPaHMii B YCJOBHSIX SICHOTO He0a
HA MOBEPXHOCTHOII Tpacce

B stom paznene onpenensiercs GyHKuus Qcqq(A), KOTOpask yKa3bIBaeT IPH YCIOBUH JOXK/IS IPOLEHT BpeMEHI
MPEBBILICHNUS TaHHOTO YPOBHS 3aMupanuii (B Ab, HIKe MeIMaHHOTO YPOBHS CUTHAIIA). MeTo MPUMEHNM Kak
aust 3amupanuit (4 > 0, koraa g < 50%), Tak u ans ycunenus curnana (4 < 0, korna g > 50%), u Beinaet 50%
IUIsl MeJUaHHOTO ypoBHSA curHana (4 = 0). DToT pacyer, BO3MOXKHO, IOTPeOyeTcsl BBIITOIHUTH HECKOJIBKO pa3
B paMKax JaHHOTO METOJa JAJsl COBMECTHBIX 3aMHpPAHHUN B YCIOBHSX SICHOTO He0a M MpH Ocaakax s
MMOBEPXHOCTHOM Tpacchl, Kak MoKa3aHo B 11. 4.1.

Jnst Beruncnenus Qca(A) Tpebyercs 3HaueHue (oc,, paccuuTaHHoe B B.2, Beime. [lns naHHOM Tpacchl U
4acTOThl 3Ha4eHUE (Jos HANO PACCUUTATh TONBKO OOMH pa3. 3areM ¢GyHKIUS (Oc(4) MOXeT OBITh
WCTOJIb30BaHa CTOJNBKO pa3, CKOJIBKO TpedyeTcs B 1. 4.1.

Korma 4 > 0, Q..(A) onpenensiercst Kak:

0., (A)=10d1—exf-10%" )} %, (B.4.1)
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rae:
g,=2+(1+03-10°0)1 0" {q, + 4,3[1 070054 4 %wﬂ , (B.4.1a)
q, =3,576-1,955-1og(Q,..) - (B.4.1b)
Korpa 4 <0, 3nauenue Q..(A) onpenemnsiercs Kak:
Oy (4)=100exp|-10%%11n(2)] %, (B.4.2)
q, =8+(1+0,3-10°’°5AX1 00> qs+12(1 00> _ A4 , (B.4.2a)
800
q, =—4,05-235l0g(Q,.,)- (B.4.2b)
B.S IIpoueHT BpeMeHH NpeBbINICHUS] 3aJaHHOTO YPOBHSI 3aMHPaHMii B YCJOBHSIX SICHOTO He0a

Ha TponocepHOH Tpacce

B stom paznene ompenensiercsi GyHKIHS Qcafiropo(A), KOTOpast yKa3bIBaeT MPHU YCIOBUM OTCYTCTBUS JOXKIS
MPOLIEHT BPEMEHH MPEBHIIICHHSI JAHHOTO YPOBHS 3aMHUpanuii (B 1b HIKe MEIMaHHOTO YPOBHSI CUTHANA). DTOT
pacueT, BO3MOXKHO, HaJI0 BBITIOJHUTH HECKOJIBKO pa3 B paMKax JaHHOTO METOJIA JJIsl COBMECTHBIX 3aMHUpPaHHUH
B YCJIOBHS SICHOTO He0a M 0CaAKOB AJIsl TpOoHocepHO Tpacchl, Kak MoKa3aHo B 1. 4.3.

B WRPM mnpeamnonaraercsi, YT0 yCHJICHHE U 3aMUPaHUs B yCIOBUSX SICHOIO He0a OTCYTCTBYIOT Ha HAKJIIOHHBIX
Tpaccax MeXIy TepMHHaJaMd M 0oO0mKM oO0beMoM TpomocdepHoro paccesHus. Pacmpenenenue ypoBHs
3aMUPaHUH TOITOMY SBIISETCS CTYNEHYATON pyHKIMEH:

Qcaftropo (A4) =100 %, A<0 (B.5.1a)
O cafiropo(A) =0 %, B UHOM CIIy4Yae. (B.5.1b)

Qoca HE TpEOYETCA BBIUMCIIATH IS TPACC TPOTOC(EPHOTO pacCesiHUS.

IIpuaaraemsiii fokyment C
3amupaHus u3-3a BJMAHUSA 0CAIKOB

C.1 BBenenue

I/ICHOHLByeTCH HUTCpaTuBHAA IIpoucaypa, YTOOBI 06’[)6)_II/IHI/ITI> 3aMUpPaHUA N3-3a BJIUAHUA OCAAKOB U 3aMUPaHUA
BCJICACTBUC MHOT'OJTYYCBOCTU IJIA HOBerHOCTHOﬁ TpacChbl, KakKk OIMKMCAaHO B II. 41, n aias BaMI/IpaHI/Iﬁ n3-3a
BJIMAHUA OCAJKOB Ha JIBYX y4aCTKaX TPACChl OT TCPpMUHATIA 10 06]].[61"0 O6’beMa, Kak omnucaso B 1. 4.3. Takum
06p2130M, BBIYMCIICHUS, OIIMChIBACMBIC B HACTOSAIICM HpI/IJ'IaFaeMOM AOKYMCHTC, HCIIOJIB3YIOTCA OJId TPEX
PAa3JINYHBIX TPACC C KIIMMATUYCCKUMU ITapaMCTpaMu, MOJTYUCHHBIMHA JJId HCHTPA Ka)K,Z[Oﬁ TpaccChl.

HeoOxoauMo BBIMOJHUTH NpenBapuTeNbHblE IIard, onucaHHele B 1. C.2, mpexae uYeM NpUMEHSTh
WUTEPATUBHYIO MPOLENYPY I KaXA0H U3 3TUX TPEX Tpacc.

B paszgmene C.3 onpenenserca GyHKIHS Qrin(A), TpeOyemas urepatuBHON GyHKUMEH Aieq), OMUCAHHON B
[Tpunaraemom gokymeHTe I, cormacHo MexaHnu3MaMm, ONpeeJICHHBIM B COOTBETCTBYIOIIEM pasele 1. 4.
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C.2 IIpenBapuTtenbHbIe BHIYHCICHUS

Hpe[{BapI/ITeHLHI:Ie BbIYMCJIICHUA Tpe6y10T CJICAYIOIIUX BXOAHBIX JAHHBIX!:

- I[onrom " IpoTa AJId MOJYUCHUS KIIMMATUYCCKUX IMapaMETPOB OOKAA 0003HavaroTCA 31€Ch KaK
H Qe.

- BEICOTEI KOHEUHBIX TOYEK TPAaCChl IJIs1 BBIYUCIICHUA KOJIMYCCTBA OCAIKOB, 0003HaYaroTCA 314CCh KakK
Rrainto X Ryginni (Masl).

- JlnmHa Tpacchl Ayl BBIYUCIICHUH P HATMYUU AOKIS, drqin, (KM).
3HaueHUs ITUX IMATH BXOJHBIX ITApaMETPOB 33at0TCS TIPpH 00paIlieHuH K TaHHOMY pa3zeny B il 4.1 u 4.3,

Haittu 3navenust Prs, Mt 1 Brain A7 O 1 Qe U3 (aiinoB qanueix "Esarain Pr6 v5.txt", "Esarain Mt v5.txt" u
"Esarain_Beta vS5.txt", cCOOTBETCTBEHHO.

HaliTi cpeaHror0 BBICOTY M30TEPMBI HYJIEBOTO Tpajayca, /o, (B KM BBIIIEC YPOBHS MOPs) IS ¢, U Q. U3 (haiina
na”ubix "hO.txt".

Brruucinuts CpCAHIOI0 BBICOTY BBIIAICHUA JOXK/IA, hR, (B M HaJ YpOBHEM MOpH):

hy =360+10004, masl. (C.2.1)

W3MeHeHue BBICOTHI BBIMAACHUS A0XKIA B TEUEHUE CPEAHETO Iojla YUYUTHIBAETCS C MOMOIIBIO JUCKPETHOTO
pacrpeneneHrs BEposTHOCTEH B MHTepBaiax BeICOTHI IuprHoi 100 M, npuBeneHubIX B Tabmune C.2.1.

Brruucinuts MaKCUMAJIbHYIO BBICOTY BbIIAJACHUSA NOXKI, UCIIOJIb3YS BBIPAKCHHUC!

Npson = Ng +2400, (C2.2)

Rtop

rae koncranta 2400 — pasHuUIlAa BBICOT, COOTBETCTBYIOIIAs MaKCHUMAIbHOMY WHTEPBAIY pPacHpele/iCHUs
BBICOTHI BhITageHus noxkad B Tadauie C.2.1, To ectb mist n = 49.

Tpacca nmomkHa ObITh KiaccupuuupoBaHa Kak Tpacca '"c noxaeM" wmiam Tpacca "Oe3 moxaa"'. Ota
Kiaccudukanus ucrnonssyercs B 1. C.3.

Ecmu Prs =0 Wi# Arainio = hrop, TO Tpacca KiaccHpuUupyeTcsi Kak Tpacca "0e3 goxns". B srom ciyuae
yctaHoBUTh Qorq = 0, Fynr = 0 U IPOMYCTUTH OCTaJIbHBIC BEIYMCIICHHS B TaHHOM MOApasaeie. 3HaueHHe dTHX
YJICHOB OIpezessieTcsl Huxe B cBsizu ¢ ypaBHeHusimu (C.2.4) u (C.2.13).

TABJIMIIA C.2.1

Pacnpenesienue BepoSITHOCTEH BbICOTHI BbINAIEHUS JOK/S1

Nnpekc OTH. BeIcOTA H BepositHOCTB Nnpekc OTH. BeIcOTA H BepositHOCTB

n (M) n n (M) n

1 —2400 0,000555 26 100 0,049589
2 —2300 0,000802 27 200 0,048439
3 —2200 0,001139 28 300 0,046583
4 —2100 0,001594 29 400 0,044104
5 —2000 0,002196 30 500 0,041110
6 —1900 0,002978 31 600 0,037724
7 —1800 0,003976 32 700 0,034081
8 —1700 0,005227 33 800 0,030312
9 —1600 0,006764 34 900 0,026542
10 —1500 0,008617 35 1000 0,022881
11 —1400 0,010808 36 1100 0,019419
12 —1300 0,013346 37 1200 0,016225
13 —1200 0,016225 38 1300 0,013346
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TABJIMIIA C.2.1 (oxonuarue)
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HNnpekc OTH. BeIcOTA H BepositHOCTB HNnpekc OTH. BeIcOTA H BepositHOCTB

n (M) n n (M) n

14 —1100 0,019419 39 1400 0,010808
15 —1000 0,022881 40 1500 0,008617
16 -900 0,026542 41 1600 0,006764
17 —800 0,030312 42 1700 0,005227
18 =700 0,034081 43 1800 0,003976
19 —600 0,037724 44 1900 0,002978
20 —500 0,041110 45 2000 0,002196
21 —400 0,044104 46 2100 0,001594
22 —300 0,046583 47 2200 0,001139
23 —200 0,048439 48 2300 0,000802
24 —100 0,049589 49 2400 0,000555
25 0 0,049978

B uHOM cnywyae Tpacca cumraercsa Tpaccod 'C JOKIAEM', U TIpPEABAPUTEIbHBIC PACUETHl MPOIOIKAIOTCS
CIICIYIOUIIM 00pa3oM.

Brruucinuts ABa NPOMCXKYTOYHBIX IMapaMeTpa, ONMPCACIACMBIX KaK:

M, =Bgin M (C.2.3a)
Mg =(1=Bgin )M (C.2.3b)
Paccuurats MpOUCHT BPEMCHU CPCAHCTO I'0/id, B TCUCHUEC KOTOPOT'O Ha6J'IIO):[aIOTCSI JOXIN:
M
Oy = Pré{l —exp(— %J } €24
r6

BoelunciuTh crnepymrompe TpH Hapamerpa, ONpelelsiolie HHTErpalbHyI0 (YHKLUHUIO pacHpeaeieHus
WHTEHCUBHOCTH JOKI.

a; =1,09 (C.2.5a)

b, =M (C.2.5b)
217970,

1 = 26,02b1 (C250)

Paccuurarn MIpoOUCHT BPEMCHHU, UCIOJIb3Yyd I alllpOKCUMallMM Mepexo[ MCEKAY IMpAMbIMU U
KpHBOHHHeﬁHBIMH Y4aCTKaMU HHTCrpaJIbHOTO PACHpeACICHUA HWHTCHCUBHOCTU OOXKAA HPHU MOCTPOCHUHN
Fpa(l)I/IKa B J'IOFapI/I(l)MI/I‘-IeCKOM macirade JUIA TPpOIICHTAa BpCMCHMU:

Qtran = QOra GX{QI(LZ_CI)} .

G

(C.2.6)

Hcnonb3oBath mMeron, npuBeneHHbld B Pexomenpanu MCD-R P.838, uroObl BEIYMCINTD KO3 GHUIMEHTHI
perpeccun IOXAA, kK U o, UL YacTOTHI, MOJSpU3AllMM M HakKJIOHA Tpaccel. Pacuer B Pexomenpmauuu
MCD-R P.838 tpebyer cienyromux 3HauCHU:

fi yacrora B ITm, kotopas oOo3HayaeTcss TeM Xe CHMBOJIOM B Pexomenmanuu
MCDO-R P.838.
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VYron HakioHa moysipusanuM, KoTopelii B Pekomenmaumm MCDO-R P.838 o6o3naueH cumBoiioM T,
MPUHUMAOLINM 3HAUEHU:

1= 0 rpaxycoB 1 TOPU30HTAIIEHON JTMHEWHOU MOAPU3ALNH;
t= 90 rpagycoB s BEpTUKAIBHON JTMHEWHOH MOJIApU3aLHH.
VYroun HakoHa Tpacchl, KoTopsii B Pekomengaunu MCO-R P.838 o6o3nauen cumBosioM 0, onpenensercs Kak:

€ _ 0’001 (hrainhi _ hrainlo)
rain — d

paauaHs. (C.2.7)

rain

B Pexomennmaunmun MCD-R P.838 tpebytorcst Tpuronomerpudeckue GyHKIMU T U 0 u, TakuM obpaszom,
€/IMHULIBI U3MEPEHUsST 3TUX YIIJIOB JOJDKHBEI COTJIACOBBIBATHCH C TPUTOHOMETPUUYECKHMH (PYHKIHUSIMHU IPU
peanuzanuu. 3Hak 0 B Pexomennanmun MCD-R P.838 sBiisieTcss HecyleCTBEHHBIM, M, TAKUM 00pa3oM, JIydIie
MOJIYYUTh €r0 3HAYCHHE U3 €y, UMES B BUJY, YTO OH U3MEPSIETCA B MIJLTUPaIdaHaX.

Cnenyer orMeTuth, uto Metod Pekomenmanmu MCDO-R P.838 neiictButenen Tonbko ansg vactor 1 1T u
Bhimre. Ecim yactora Hrke 1 [T, KO UITMEHTHI perpeccu kigr: M OLiGH: TOIDKHBI OBITh PACCUUTAHBI IS
gactothel 1 [T, a 3HaYeHUs & ¥ 0L TOJTyYEHBI TIO BBIPAKCHUSM:

k= f ko » (C.2.8a)
o= 0ty - (C.2.8b)
OFpaHI/I‘-II/ITI: JUINHY TpacChl U1 pacdY€TOB, CBA3aHHBIX C OCaJJKaMU, COTJIACHO BBIPAXKCHUAM:
d, =min(d_,,300), (C.2.9a)
d,n =max (d,,1). (C.2.9b)

BrruucnnTh n3MeHsIeMbIC K03(1)(1)I/ILII/ICHTBI perpeccru, UCroJib3ys BbIPpAKCHUA:

kg =1,763% k[0,6546 exp(-0,0095164d,,,,, )+ 0,3499 exp(- 0,0011824d,,,,, )] (C.2.10a)

b

0,753+ 2197 | 4 0,1572exp (- 0,022684,,, ) 0,1594 exp (~0,0003617d,,,).  (C.2.10b)

rmin

o

mod

BrnusiHre aHoManbHOTO OCIabJeHUs B CIIOE TasHUS IJ1s 3aMUpaHuid, 00yCIOBICHHBIX 0CAJKaMH, OLIEHUBACTCSI
MyTEM pacCMOTPEHHs Mo ouepeau Kaxuaoro 100-MeTpoBOro MHTEpBaja pacHpeAcieHUs, MPUBEICHHOIO B
tabnuue C.2.1. B xoxe sToro nporecca OyayT onpeneeHbl 1Ba MacCHBa JaHHBIX:

Gn:  MHOXKHUTEIbL OCITa0JICHUS;

P,:  BepoATHOCTb KOHKPETHOTO CydYasl.
[locne ompeneneHus 3TMX MacCHMBOB OHM o0a OyAyT coiepikaTh OJMHAKOBOE KOIMYECTBO M 3HAYCHHU.
Benunna M 3aBHCUT OT T€OMETPUH TPACChl OTHOCHTEINBHO CIIOS TassHUS M IMEET MaKCUMalIbHOE 3HaueHue = 49.
Croii TassHUA MOACIUPYETCS MHOXKHTeNeM ocnabienus, [, onpexaensembiM ypasHenueMm (C.4.1). st oneHku

BIIMSIHUSL HAKJIOHA TPAcChl CIOM TasHUA pa3feicH Ha 12 BepTUKANbHBIX MHTEpBaIOB Mo 100 M Kaxknawld, u
YCpEIHEHHBIH MO Tpacce MHOXKUTENb (7, pACCUUTHIBACTCS C MCMOIB30BaHUEM METO1a, puBeAeHHOro B 1. C.5.

Maccusst Gy, ¥ Py, OLIGHUBAIOTCS CIICAYIOIIIM 00pa3oM.
VYcranoBute Bce 3HaYeHUs Py, B HYJIb.

Vcranopute G; = 1. OOBIYHO HE 065[33T6HBHO, HO KCJIAaTCIIbHO MPUHATH MCPLI IPOTUB BO3MOKHOM CUTyaluu,
Korja Ttpacca KJ'IaCCI/I(l)I/ILII/IpyeTCH KakK Tpacca € ")_IO)K)_ICM", HO B CJICAYIOIIIEM IUKIIC 3Tall b) BBIITOJIHACTCA JJIsA
KaXI0ro 3Ha4CHU 7.

YcranoBUTE UHACKC 71 JJIs IEPBBIX WICHOB MacCUBOB G U P: m = 1.
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Jus kaxpoit crpoku Tadnmiet C.2.1, st n ot 1 10 49, BEINOIHAUTE CIIEIYIONICE:

a) Brruucinuts BBICOTY BBITAACHUA NOXKAA, UCIIOJIb3YS BBIPAXKCHUC!

hr=hr+ H, masl, (C.2.11)
rie H, — COOTBETCTBYIOIHME OTHOCHTEIbHbBIE BXOIHBIC IaHHbIE 110 BbicoTe B Tabmume C.2.1.
b) Ecnut Ayainio > hr, IOBTOpUTE DTal a) 171 CIEAYIOIEr0 3HAYEHHS 7.
B npoTtuBHOM cilydae mpoaoiKaTh ¢ 3Tamna c).
c) Eciut Rvginni > hr — 1200, BBITIOTHUTE CIIEAYyIOLIEE:

i) ucnoab3oBaTh MeToA B paszaene C.5, 4roObl ycTaHOBUTH Gy PABHBIM YCPEIHEHHOMY IO Tpacce
MHOXUTEIIO JJI TEOMETPUH 3TOM TpacChl OTHOCUTEIBHO CIIOS TasHUS;

ii) ycraHoButs P, =11, u3 Tabmuust C.2.1;
iil) ecnu n <49, npubaBuThH 1 K HHAEKCY M MacCHBa,

iV) MOBTOPUTE C dTalla a) JJIA CIICAYIOUICTO 3HAUCHUA 71.

B mpoTtuBHOM citydae mpomoikath ¢ aTamna d).

d) Cobepure nannsie and I1, uz Tabmuuet C.2.1 B Py, ycranoButh G, = 1, U IOBTOPHTE C dTama a) Uis
CIEIYIOILEro 3HaUeHHUs A.

B KOHIIC BBIINICYKA3aHHOI'O IponecCa yCTAHOBUTHL KOJIUYCCTBO 3HaueHui B maccuBax G, u P, coriacHo
BBIPAXKCHUIO!

M=m. (C.2.12)

Brerauciauts KOB(l)(l)HIII/IeHT, HCHOHL3yeMLII>i JAJid OLICHKU BJIMAHUA AOIMOJIHUTCIBHBIX BOJAHBIX IIApOB B
YCHIOBUAX JOXK/A, UCIIOJIB3Y BBIPAKCHUC!

F,,. =0,5[l+tanh(R,,, )]f“ (G,P,), (C.2.13)
po
rac:
g 9o
e =6 Tq -3. (C.2.13a)
log ﬁ

3HaueHus, pacCUMTaHHbIE C HMcnonb3oBaHueM I. C.2 JUIsl JaHHOM Tpacchl MM y4acTKa TPAcChl, MOIJIEXaT
MCIOJIb30BaHMIo B 1. C.3 1715 BBINOJIHEHUS COOTBETCTBYIOLIEH UTEpallMOHHON Mpoueaypsl. OHa MCIONb3yeT
KJaccupuKanuio Tpacchl "'c goxkaeM" wim "0e3 ok, ¥ B citydae "'c oxKAeM" UCIONB3YIOTCS TapaMeTphl 4,
b, ¢, dr, Qoray kmod Omos, MaccuBbl G, U P, a Takke KONMYECTBO 3JIeMEHTOB B G m P, ompexaensemMoe
3HaueHueM M.

C3 HpOIIeHT BPEMEHU NPEBLIIICHUA 3AJAHHOI'0O YPOBHA 3aMUPAHUA U3-3a BJIUAHUA 0CAIKOB

B stom pazgene onpenensercs GyHkuus Qrin(4), ykaspIBamomas MPOLEHT BPEMEHH, B T€UEHHE KOTOPOro
3ajaHHoe ociabjaeHue A4 TpeBHILACTCS NPU YCIOBHM HamW4yui JA0KIS. YTOOBI OXBaTuTh MOJHOE
pacnpeseneHre, BKIIOYAtTCs OTpULIaTENbHbIE 3HaUeHNS A.

Korna A4 < 0, 3nauenust Orqin(A) onpeaensercs BRIpaXKCHUEM:

0..(4)=100 %,  A<0. (C.3.1a)
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Ecnu A > 0, npolieHT BpeMEHH, B TEUCHUE KOTOPOro A MPEBBIIIACTCS 3aMUPAHUSIMU U3-3a BIUSIHUS OCAIKOB,
3aBHICHT OT TOTO, KJIacCu(UIMpPyETCsl JI Tpacca Kak "0e3 noxas" wim "¢ qoxaeM":

Qi (4) =0 %,  "Ge3 moxns", (C.3.1b)
M

0,un (4)=100 > B, exp _afzg—figl) %  "mosm". (€310

m=1 c m

Trac:
_ A Unod N

Rm - (Gmdrlimkmod j % (C3 ld)
d,. =max(d ;0,001) % (C.3.1¢)

ua,b, c,dr, Qora, kmod M Omod 1 MACCUBBI Gy Y1 Py, KOKIBIH U3 KOTOPBIX COACPKUT M 3HAUCHUM, BEIYUCIIAIOTCS
B 1. C.2 A Tpacchl WIM y4acTKa TPacChl, K KOTOPOMY IPUMEHSIETCS] UTEPAaTUBHBIN METO/I.

C4 Mopean cJ10os1 TAsTHUSA

10T pa3aci onmpeaciiacT (bYHKLII/IIO, KOTOpasd MOACIIUPYCT U3MCHCHHA B YPOBHAX IMOTOHHOI'O 3aTyXaHHA Ha
paBJ’IH‘-IHOﬁ BBICOTC B IIpcAcIax CJIOA TadHUA. Ona BBIJACT MHOXXHTCIIb 0CJ'Ia6J'IeHI/I$I, F, JJIA Z[aHHOf’I BBICOTHI
OTHOCHUTCIIbHO BBICOTHI BBIIIAACHUA OJOXIA, oh (M), onpe):[enﬂeMHﬁ BBIPDAXKCHUCM:

0 0 < oh
% 2
41-e”
Ir'(oh)= —1200 < 62 <0 (C.4.1)
2\2 ’
_(ﬂj )2
1+|1—e 60 41-e™ | —1
1 oh < —1200
rac:

oh=h—h; (™), (C.4.1a)

hr: BBICOTA BBIMAACHUS N0k (masl);
h: paccmaTtpuBaemas BeicoTa (masl).

BrrneykazanHas ¢opmyna ngaet HeOonbioi paspbiB B 3HaueHusix [ mpu 64 =—1200. 3nauenue I
ycranaBnuBaercs B 1 st 84 < —1200 st ycTpaHeHHsI M3IMIIHUX BBIYMCIICHUH M OKa3bIBaeT HE3HAUNTENILHOE
BIIMSIHUE HAa KOHEUHBIN pe3yibTar.

Ha C.4.1 noka3zano, kak usmenserca I' B 3aBucumocts oT k. g &4 < —1200 ocaaku UMEIOT BUI JOXKIA, U
I' =1 nnsa onpenenenus moroHHoro ocnabienus B goxne. Ans —1200 < 84 <0 ocamku COCTOAT U3 YaCTHUEK
JIbJA, HAXOIAUIUXCSI B COCTOSHUM TasiHUs, U [T COOTBETCTBEHHO M3MEHSETCA, JOCTUTas MMKa Ha TOM YPOBHE,
T'JIC YACTHIIBI CTPEMSATCS OBITH OOJIBIIIE 110 Pa3Mepy, YeM KaIlIu JOXK/Is, HO C TTOJTHOCTHIO PACTASBIICH BHEIITHEH
nmoBepxHOCThIO. [l 0 <A ocalku COCTOST M3 YaCTUYEK CYXOroO JIbJla, HE MPHUBOJAIINX K KaKOMY-JTHOO
3aMETHOMY OCJTa0JIeHHI0 U cooTBeTcTBeHHO [ = 0.
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PHUCYHOK C4.1

MHuosxuress I' (adcumcca) kKak pyHKIHUS OTHOCHTEIBHOM BbICOTHI 8/ (OpAuHaTa)

500
oh
0
' R
1 000
—-1500
0 1 2 3 4

P.2001-C4-01

Muoxutens I’ MNpEACTaBIACT IOTOHHOC ocnabieHue B CJIOC, OCJICHHOC Ha COOTBCTCTBYIOLICC IMOTOHHOC
ocrnabieHue B noxae. MIaMeHeHue ¢ BEICOTOM MOACIHUPYCT UBMCHCHUA B Pa3MCpax U CTCIICHU TasdHUSA YaCTHUILL
Jbaa.

CS YcpeaHeHHBII 10 Tpacce MHOKHATEb
B sTOM paszzene onrcaHo BEIYMCIEHHE, KOTOPOE MOXKET MOTPEOOBATHCS HECKOIBKO pa3 i JaHHOH TPacChl.

Jns Kaxaod BBICOTHI BBIMAACHUS OOXAA hr, ompenensemol ypaBHeHueM (C.2.11), paccuuTbIBaercs
YCpEIOHEHHBIN MO0 Tpacce MHOXHUTENh G Ha OCHOBE YyYacTKOB paauoTpaccsl B mpeaenax 100-MeTpoBBIX
WHTEPBAIIOB CJI0sl TastHUA. G — 3TO cpellHee B3BEIICHHOE 3HaYeHNEe MHOXUTENA [, 3a1aHHoro Kak GyHKuus 6h
ypaBHeHHeM (C.4.1) 1 Bcex MHTEPBAIOB, COASPXKAIUX JTHOOOM y4acTOK Tpacchl, U €clu hy, < hp—1200,

3HaueHue ' = 1 JUIA y4aCTKa TpacChl, Ha KOTOPOM Ha6J'IIO}_IaeTC$I JOXKIb.
Ha puc. C.5.1 nokazan IpuMeEp reoMETpruu TPACChl CBA3HM OTHOCUTCIIBHO BBICOT MHTCPBAJIOB CJIOA TasdHUS.

3HaueHus hy, u hy; (masl) — 3TO BBICOTHI HIDKHEH W OoJiee BBICOKOW aHTEHHBI, COOTBeTCTBEeHHO. Cremyer
OTMETHUTb, YTO ITA JUATPaMMa — SIBIISIETCS JIUIIb TIPUMEPOM M HE OXBATHIBACT BCE CIIyYaH.
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PUCYHOK C.5.1

IIpumep reomerpuu TPacchl 0 OTHOLICHHUIO K MHTEPBaJIaM /105 TasgHUSA

Hujexc ciost:

'y y'y A A h; Bricota o5
1
2
3
: Sh oh Sh &h
: |
10 iy h;,; Bblcokas aHTeHHA
l 1 V.
12 v
v

Huskas anrenna  #y, /

HepBBIﬁ mar — 5TO BBIYUCIICHUC NHTCPBAJIOB, B KOTOPBIX HAXOAATCA 00€ aHTEHHBL. HYCTI: Slo U Shi 0003HaYaI0T
HUHJACKCBI MHTCPBAJIOB, COACPIKAIUX hlo u hh[, COOTBETCTBEHHO. OHM OIMPEACTAOTCA BBIPAKCHUAMU

P.2001-C5-01

s, =1+ Floor Doy , (C.5.1a)
100

_ hT - hhi
s;; =1+ Floor| ——— |, (C.5.1b)
100

rae ¢ynkuus Floor(x) Bo3Bpamaer HanOompliee 1e0e, KOTOPOe MEHbINE WX PABHO X.

Craenyer OTMETHTB, YTO XOTS Si, U S, paccunTanHbele no ypaBHenusiM (C.5.1a) u (C.5.1b), onmcaHsl Kak
WHAEKCHl MHTEPBAJIOB, OHM MOTYT IPUHUMATh 3HAUeHUs MeHbIe 1 u 6omnbuie 12.

B cnenmyromeM [nanee TOIIaroBOM ONKMCAaHHHM BCE YCJIOBHBIE MPOBEPKU ONpeENeNeHbl Yepe3 HHIEKCHI
WHTEPBAIOB. DTO rapaHTUPYET, YTO TpeOyeMble CpaBHEHHsI 3HAYCHUH BBICOTHI C TJIABAIOLICH 3aMAToN, B TOM
4yuciae € Y4YeTOM BKIIOYEHHUS paBeHCTBa, onpeaenstorcs ypaBHenusimu (C.5.1a) m (C.5.1b). Kak
MpecTaBiIseTcsa, 3T0 Hanbojee MpocTol crnocold yOeAUThCS B TOM, YTO BCE CIy4ad YUYTEHBI, OJJHAKO BCE
Clly4yad SBJISIIOTCS B3aUMOHUCKITIOYAIOLINMHU.

Ecnu s, <1, Tpacca MOAHOCTHIO HAXOOUTCS BBILIE ClOs TasHus. B sToM cimydae ycraHoButh G = 0, u
JabHEHIIE BEIYUCIICHUS HE TPEOYIOTCA.

Ecmn sp; > 12, Tpacca MOJIHOCTBIO HAXOJUTCA B CJI0C TadHUA UJIW HUXKC HUKHCTO YPOBHA CJIOS TasdHUA. B sTom
Cliydac YCTaHOBUTH G= 1, n Z[aHBHefIHIHe BBIYHMCJICHUS HE Tpe6y'IOTC$I.

Eciu s1, = s3;, 00¢ aHTEHHBI HAXOATCSA B TOM K€ MHTEPBAJIE CI0s TassHUsA. B aToM ciiyyae G BBIYHMCIISIETCS 110
dhopmyre:

G =T(0,5[, +hy, |-y ), (C5.2)
W JalbHEHIINe BRIUUCICHHS HE TPEOYIOTCH.
B uHOM ciydae HEOOXOMMO MPOBEPUTH KAXKABIH HHTEPBAJ, COACPIKAIIINI JIFOOYIO YaCTh TPACCHI.
YcranoButh G B HCXOJJHOE 3HAYCHUE, JUTS TOTO YTOOBI UCIIONB30BATh €r0 B KAYECTBE CyMMATOPA:

G=0 (C.5.3)

Paccumntath TpeOyeMbIii IMAna30H HHICKCOB MHTEPBANIA, UCIIONB3YS CIASIYIONY0 GopMyy:

S first =Max (sp;,1) (C.5.4a)
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Slast = min (slm 12) (C.5.4b)
HJ’IH BCEX 3HAYCHMI HUHJCKCAa UHTCPBAJIA S C Sfirst 1O Siast BBIMOJIHUTb ONMMCAHHBIC HUXKC ,I[eﬁCTBHSI.

Hauano pacuema ons xascoozo undexca unmepsana:

JUs1st KaXKJI0T0 3HAYCHUS S TOJILKO OJTHO U3 CIISIYIOIIUX TPEX YCIOBHIA JOJKHO OBITh HCTUHHBIM. M cronb30BaTh
JUIsl HCTHHHOTO YCIIOBHSI COOTBETCTBYIoIee eMy ypaBHeHue (C.5.5a,b), (C.5.6a,b) unu (C.5.7a,b) ans pacuera
pa3HUIIBI BEICOTA O/ M COOTBETCTBYIOIIECTO YYacTKa TPACcChl B MHTEpBale Q.

Venosue 1: s, <sus<sp

B stom CJiydac MHTCPBAJl NOJHOCTBIO IEPECCKACTCA YYACTKOM TPACChI:

8h = 100(0,5 — s), (C.5.52)
100

= C.5.5b

Q hhi _hla ( )

Vcnosue 2: s = sp

B sTOM ciywae uHTEpBan coaep kuT Ooiee HU3KYIO aHTeHHY, Ha /1, (masl):

8h=0,5((h, —hy =100 (s —1))], (C.5.6a)
o=lu _120(‘9;1)‘ s (C.5.6b)
hi — o

VcaoBue 3: s = sp;i

B sTOM ciydae uHTEpBan cogep KUt Ooliee BEICOKYIO aHTEHHY, Ha /iy (masl):

8h=0,5(h,, —h, —100¢), (C.5.7a)
o= tu=(h=100 ¢), (C.5.7b)
hhi _hlu

Craenyer oTMETHTD, 4TO Bee 3HadeHus 0/ u3 ypasHeHud (C.5.5a)—(C.5.7a) nommKHBI OBITH OTPULIATEIBHBIMU.

HHH 5/’[, pacCYUTAaHHOIO B COOTBETCTBUU C OJHUM M3 TPCX BbIIIC MNPUBCACHHBIX yCJ'IOBHfI, paccunuTaTb
COOTBCTCTBYIOH_II/Iﬁ MHOXUTCIIb:

T, =T(h), (C.5.8)

slice
rae I onpenensiercs, kak QyHkuust 64, o ypasaenuto (C. 4.1).

CyMMHpOBaTI: MHOXUTCIb IJId JaHHOT'O UHTEpBaJia:

G = G + Q.Fsl[ce (C59)

Koney pacuema ons xascooeo unoexca unmepseand

BBITIONHUB BBIIETPHBEICHHBIC PACUETHI [T KaX/I0T0 MHICKCA NHTEPBANIA, €CITH HIDKHSSA aHTeHHA HAXOIUTCS
HIOKE CIIOSI TasHUS, HEOOXOMUMO BBIMOJHHUTH JAanbHeHiiee yBeaudeHHe Guum. ITO OCYIICCTBISCTCS
CIEIYIOIIIM 00pa3oM:

Ecnu slo> 12

VYuacTok TPAaCChl HUKC CJI04 3a1aCTCA CICAYIOIINM YPAaBHCHUCM!

o= lr=1200=h, (C.5.10)
hhi _hlo

B cuny toro, uto muoxkutens I paBen 1,0 Huxke ciost, G clnefyeT yBeIUunTh CIEAYIOMNUM 00pa3oM:

G=G+0 (C.5.11)
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Tenepb G MIPUHSIT H606XOZ[I/IMOC SHAUYCHUC YCPCAHCHHOTO 1O TPAaCCC MHOKUTCIIA.



Pex. MC3-R P.2001-5 41

IIpunaraemelit 1okymenT D

MO)IC.]'IL AHOMAJIBHOI'O paCHPOCTpaHeHI/Iﬂ/OTpa)KeHI/Iﬂ oT CJIoeB

OcHOBHBIC NnoTepu nepcaavu, CBA3aHHbIC C aHOMAJIbHBIM paCIpOCTPAHCHUCM, BBIYUCIAKOTCA B COOTBCTCTBUUA
C OIMMCaHUCM B CICAYIOIINX pa3aciiax.

D.1 Onucanue paJuoOKJINMATHYCCKHX 30H, IPe00/I1aJal0IIUX Ha Tpacce

Brruucinuth ABa pacCTOAHUS, OIPCACTIAIOINE CAMBIC JJIMHHBIC HCITPCPBIBHBIC YUYACTKU TPACChI, IPOXOAAIINC
qgepe3 CJICAYIIMC paJuOKIMMATHYCCKUC 30HbI:

dpm:  caMblii JUIMHHBIN HEMPEpBIBHBIN ydyacTok cymu (cyma + mobepexbe), HaJ KOTOPBIM
MPOXOAUT Tpacca (KM);

dp:  caMblil JTMHHBIA HEMPEPBIBHBIN YYaCTOK CYIIH, HaJ KOTOPHIM MPOXOIUT Tpacca (KM).

B Ta6m/1ue 6 omucaHbl PaaAnOKINMAaTUYCCKNUEC 30HbI, HCO6X0)_II/IMI>IC JJIA BI:IH.Iey1(a3aHHOI71 K.]'IaCCI/I(bI/IKaL[I/II/I.

TABJIMIIA D.1

PagnoxkamMaTu4yecKkue 30HbI

Tun 30HbI Kon Onpenenenue

Cymia o Al Cyma mo OeperaM BOJOEMOB M MOpPCKHE IOOEpEXbs, TO €CTh CyIIa,
Oeperam MIPUMBIKAIOIIAsl K MOPIO BILIOTH A0 BHICOTHI 100 M OTHOCHTENIBHO CPEIHETO
BOJIOEMOB YPOBHS MOPSI WJI BOJIOEMA, HO OTPaHWYEHHAst MAKCUMAIBHBIM PacCTOSHAEM

50 kM ot Ommxaimero mops. IIpu orcyrcTBuUM To4HONH HH(OpMaruu o
koHType 100M MOXHO HCHOJIB30BAaTh MNPHUOJIMDKEHHOE  3HAYCHHE,
1. €. 300 ¢yToB

Cymra Boam A2 Bes cyma, xpome cymm 1o OeperaM BOJOEMOB M MOPCKOTO MOOEpEKbs,
OT MOps oTipejiesieHHast BBIIIE Kak "cyIa 1mo GeperaM BOJIOEMOB"
Mope B Mops, okeaHbl W Jpyrue OoybIIMEe BOJOEMBI (T. €. OXBATHIBAIOIIHE

OKPY>KHOCTB, 110 KpaiiHeir mepe 100 kM B muameTpe)

Bonvuue 600oembl na cyute

"Bonbmme" BogoeMbl Ha Cylile, KOTOPBIE CIENYET OTHOCUTS K 30HE B, onpenensarorcs kak BOJOEMBI TUIOMAAbI0
no kpaifmeir Mmepe 7800 KM?, 3a MCKIIOYeHHMEM IUIONAAM pek. IIpu pacueTe IUIOMAmM OCTPOBA,
pacrookKEeHHBIE B 3THX BOJOEMAxX, CIEIyeT CUMTATh BOJAOH, €CIM MX BO3BBILICHHE Haj CPEAHUM YPOBHEM
Bopoema He npeBsiaeT 100 M amst 6onee uem 90% ux miormaan. OcTpoBa, KOTOPBIE HE YOBICTBOPSIOT 3TOMY
KpUTEPUIO, TIPU pacyeTe IUIOMAAN BOJOEMA CIEAYET OTHECTH K CYIIE.

bonvuue ozepa uiu 3abo0504ennble Mecma Ha cyute

Bonbime momamy cymm (6omee 7800 kM?), Ha KOTOPBIX PaCMOI0KEHO MHOKECTBO MAIEHBKHX 03€p MM CETh
PEK, JOKHBI PaCCMaTPUBATHCS aIMUHUCTPALIUSIMHU Kak "TIpHOpexHbIe paidOHBI" M OTHOCUTHCS K 30He Al mipn
YCJIOBHH, YTO 3TH YYacCTKH cymu Oosee ueM Ha 50% 3aHATHI Bogoil u Oonee 90% cymn pacronokeHo HIKe
100 M Hax cpeTHUM YPOBHEM MOBEPXHOCTHU BOJIBI.

Knumarudeckue paiionsl, oTHocsammecs K 3oHe Al, Oonbinmme BomoeMbl Ha cymie, OonbpIInMe o3epa U
3a00JI0UEHHBIC PaiOHBl TPYAHO ONPENEUTh a0CONIOTHO OAHO3HAuHO. lloaTomMy OT agMuHUCTpauuit
TpeOyeTcs, yToObl OHM 3apeructpupoBain B biopo pagnocsssu MCD (BP) Te paiionsl, Haxonsmuecs Ha UX
TEPPUTOPUSIX, KOTOPBIE OHU XOTENIN OBbI ONMPEAETUTh Kak MPpUHAIeKAIHE K OAHON U3 Ha3BaHHBIX KaTETOPHI.
[Ipu oTcyTcTBHM TakoW 3aperuCTpUPOBAHHOM WHGOpPMAIMK Bce O0JACTH Ha cyme OyIyT CUHUTAaThCs
MPUHAUISKAIUME K KITUMaTH4ecKoi 30He A2.

B mensx MakcMManbHOM COINIACOBAaHHOCTH PE3YJBTaTOB aJMHHHUCTPALMAM HACTOSATENBHO PEKOMEHAyeTCs
MPOU3BOIUTH COOTBETCTBYIOIIIE BHIYMCICHHUS Ha OCHOBE KapThl Mupa MCD B udposoii popme (IDWM) mst
Oospx DBM nim nepcoHaabHBIX KOMITBIOTEPOB, KOTOPYIO MOYKHO MOJIYy4uTh B BP.
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Ecmmn KOAbl KIIMMAaTHYCCKHMX 30H BBOIATCA B zZ;, KaK OIIMCAaHO B II. 21, dzm u dlm JOJIDKHBI BBIYHMCIIATHECA B
MMPCATIOJIOKCHUH, YTO CCJIM CMCIKHBIC 3HAUCHUA Z; PA3JIMYAIOTCA, U3BMCHCHUC ITPOUCXOJUT MOCCPECANHC MCIKIAY
COOTBCTCTBYIOIIIUMHU TOYKaAMU HpO(l)I/IJ'ISI.

D.2 Touka nageHus BOJTHBI NP PACIPOCTPAHEHUH Yepe3 aTMOC(epHBIH BOTHOBOJ

Boruuciauth nmapameTp, BaBI/ICHH_II/Iﬁ OT CaMOrI'0 JJIMHHOT'O Y4aCTKa CyIllM Ha Tpacce:
t=1-exp(—0,0004124;:*"). (D.2.1)

Paccuurarn mapamMeTp i, xapaKTepmonmI/Iﬁ CTCIICHb MPOXOXJACHHA TpaCCbl HaI Cymeﬁ, HCIIOJIb3Y
BBIPAXKCHUC!

J 0,2
“ Y%
W = 1016-6.61 10 (2:48+1777) ’ (D.2.2)
TJic 3HaYCHHE |l JOJDKHO OBITh OTPAaHUYCHO HEPABEHCTBOM L < 1.
BIYHCIIUTE IIapame , HCIIOJIb3YS BRIPAKEHUE:
B pameTp p4 ysi BBIP
(0,935 + 0,0176| ¢, |)log .
", = 10 ] opu | @, | < 70°, (D.2.3)
4= 2.
1003 log npu | @ | > 70°.

Touka majeHUs BOJNHBI NPU aHOMANBHBIX YCIOBHAX pacmpoctpaHeHus, o (%), it Mecta, Hal KOTOPBIM
pacIoNioKeHa CpeHsIsl TOUKa TPACChI, ONPEAeNseTcsl CIEAYIOMIM 00pa3oM:

-0,015| ¢,,, | + 1,67 0 °
BO — 10 1 My A” npn |(Pmn <70 > (D 2 4)
4,17l’l1 l’l4 %ﬂ npu |(Pmn > 700'
D.3 IMoTrepu 3a cuyer DHKPAHUPOBAHMSA MECTHOCTHIO, HMeKIIHE OTHOILIEHHEe K YCJIOBHUAM

AHOMAJILHOTO PACHPOCTPAHEHUS
[MTonpaBKM K yriiaM MecTa OTHOCHTEIIBHO TOPU30HTA IS IIepeJaTunKa U IIPHEMHUKA!

g, =0,1d, (D.3.1a)
g, =0,1d, (D.3.1b)

HOTepI/I MCKAY AaHTCHHAMU W MOTCpU IJid yCJ'IOBI/Iﬁ AHOMAJIBHOI'0 PpaclpoOCTpaHCHHUA, CBA3daHHBIX C
9KpaHHUPOBAHUEM MCCTHOCTH, PACCUUTBIBAKOTCA CIICAYIOIIUM 06pa30M.

MozaudurmpoBatHble YIibl MECTa IIepeIaTINKa U IPHEMHIKA OTHOCUTEIBHO FOPU30HTA:
6,=0-g, Mpaj (D.3.2a)
0,=0-g. Mpaz (D.3.2b)

Ilotepn 3a cyeT SKpaHUPOBAHWS MECTHOCTBIO MJIs NEepefaTdyMka W MPUEMHUKA 10 OTHOIIEHUIO K
pacIpocTpaHeHuIo B aTMOC(HEPHOM BOJTHOBOE:

A,=20logdl+0,36D (fd,)*|+0,264_ 1" b, 0. >0, (D.3.3a)
st st It st

A4,=0 nb B UHOM clIy4ae, (D.3.3b)

A, =20logl+036D_(fd, )" |+0,268, 1" 1B, 05> 0, (D.3.4a)
ST S Iy S7

A, =0 nb B MHOM cIIydae. (D.3.4b)

S
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D4 IHonpasku, oTHOCSIMeECS] K BOTHOBOAHOMY PACHPOCTPAHEHHMIO HA/I TOBEPXHOCTHIO MOPS
OmnpenenuTh paccTOSHUE OT KaXKIOTO TEPMHUHANA IO MOPS B HAIIPABJIEHUH IPYTOro TepMHUHANIA:
d. = paccTosHUE OT MOOEPEKbS JI0 TepeaaTInKa KM; (D.4.1a)
d.r = paccTosiHUE OT MOOEPEXbsI 10 TPHEMHHUKA KM. (D.4.1b)

Kak mnst dym, Tax m 108 dj, B 1. D.1, BEIIIE, jKETATEIHHO OMPEACTUTHh PACCTOSHUS HAJl CYIICH JI0 MEPBOTO
nobepexbs ucxo s u3 ganabix IDWM. Eciii koabl KTMMaTHYeCKUX 30H BBOJSTCS B Z;, KaK OMUCAHO B 11 2.1,
det M1 der TOIDKHBI BEIYUCIIATHCS B TIPEATIOIOKCHUH, YTO €CITH CMEKHBIC 3HAYCHUS Z; PA3TNYAIOTCS, U3MEHEHE
MIPOUCXOIUT MOCEPEIUHE MEKY COOTBETCTBYIOIIMMU TOYKAMHU TPOQHIIS.

O6e mompaBKH, OTHOCAIIMECS K BOJHOBOJHOMY pAaclpOCTPAaHEHUIO HAJ TIOBEPXHOCTBIO MOpS IS
nepeJaTyuka M NpUEMHUKA, Ay U Acr, COOTBETCTBEHHO, PAaBHBI HYJIO, 332 HCKIIOYEHHEM CIIECTYIOLINX
KOMOMHALWH YCIIOBHA:

4, =-3exp(- 02542 1 + tanh{0,07(50- 1, )], B,
eciut (® 2 0,75) u (de < dip) 1 (det <5 kM), (D.4.2a)
A4,=0 nb B MHOM CIIy4ae, (D.4.2b)

4, =-3exp(-0.2542 J1+tanh{0,07(50—1, )], B,
ecid (0 > 0,75) u (der < diy) 1 (der <5 KM), (D.4.3a)
A4,=0 nb B MHOM CIIy4ae, (D.4.3b)

rae @ — y4aCcTOK TpaccChl, HpOXO)_IHH_II/Iﬁ Haa MOPEM, KaK 9TO YKa3aHO B Ta6J'II/IL[e 4,

D.5 OO0mmue morepyn M3-3a NEPEXOAHOI0 3aTyXaHUS IPH AHOMAJTBHOM PACIIPOCTPAHEHUH

O6HII/IC MNOoTepru MU3-3a IMCPEXOAHOI'0 3aTyXaHUsl MCKAY aHTCHHAMU, 06yCJ'IOBJ'IeHHI:Ie AdHOMAaJIbHBIM
pacipoCTpaHCHUCM TCIICPb MOT'YT OBITH paCCUNTAaHbI KaK:

A, =102,45+20log[f(d, +d, )]+ 4y + A, + A, + 4, + 4, 1B, (D.5.1)

rae A[f — OMITMPpHUYCCKas IOIpaBKa AJid y4€Ta BO3PACTAIOLICTO ocnabaeHus npyu yBCINYCHUU AJIMHBI BOJIHBI
JJIA BOJTHOBOJHOTO PACIIPpOCTPAHCHMA:

4, =(45375-137.0 +925/% )0 1B, ecnuf<05TTu, (D.5.22)
4, =0 nb B HHOM cllyyae, (D.5.2b)

rae @ — y4aCcToOK TpaccChl, HpOXO)_IHH_II/Iﬁ Haa MOPEM, KaK 9TO yKa3aHO B Ta6m/1ue 4,

D.6 IloTepn, 3aBucsAIIAE OT YIJI0BOT0 PACCTOAHUS

Iloronnoe YTJ10BOC ocrnabieHue B YCIOBHUAX aHOMAJIBHOTO paCIpOCTPAHCHUA:

Y4 =5~10_5aef1/3 nb/mpa. (D.6.1)
CKOPPEKTUPOBAHHBIE YTIIbl MECTA IEPEIATIMKA U TPUEMHHKA OTHOCHTENLHO FOPU30HTA:

0, =min(6;, g, ) Mpa (D.6.2a)

0, =min(6,,g,, ) Mpa (D.6.2b)

CKoppeKTHpoBaHHOE 00l11Iee YTII0BOE PACCTOSIHUE IS TPACCHI:

0 :10((1)—0d+6m +0, Mpa. (D.6.3)

e

a
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HOTepI/I, 3aBUCAIINC OT YIJIOBOT'O PaCCTOAHUA:

44=7,8, 1B 8.> 0, (D.6.4a)
A =0 nb B MHOM CITydae. (D.6.4b)
D.7 Ilotepn, 3aBucsAIHE OT pacCTOSHUS U BpeMEeHHU

HOTepI/I JJIA yCJ'IOBI/Iﬁ AHOMAJIBHOT'O0 paclpOCTPAHCHUS, 3aBUCAIIUC KaK OT PaCCTOAHUA IO AYTC 0OJIBIIIOTO
Kpyra, TaKk 1 OT IIPpOICHTAa BPEMCHU, paCCYUTBIBAIOTCA ITYTEM OLICHKU CICAYIOIUX BCINYUH.

PaCCTOHHI/Ie, CKOPPEKTHUPOBAHHOC C yYETOM KOS(l)(l)I/ILII/IeHTa HEPOBHOCTHU penbe(ba MECTHOCTH:

d, =min(d —d, -d,,40)  xwm. (D.7.1)

Koaddurnment nepoBHoCTH penbeda MECTHOCTH:
= ex;{— 4,6x107°(h, —10)(43+ 6dar)] B> 10 M, (D.7.2a)
py=1 B MHOM CITydYae. (D.7.2b)

quH, HeO6XOZ[HMBIﬁ JUIA KOPPCKIUU TCOMETPUU TPACCHI:

a=-0,6-3,5-10"d>'. (D.7.3)
Ecmu a < —3,4, yctanoBuTtsh o = —3 4.
Koadduument reometpun Tpaccol:
a
500d2
=|——] . D.7.4
Hz [ae(\/ hteqt/ hrea)z ( )

Ecmu gz > 1, ycranoButs s = 1.

HpOLIeHT BpEMCHHU, CBSI3aHHBIM C aHOMAJIBHBIM pacripoCTpaHCHUEM U CKOppeKTHpOBaHHBIﬁ JJIA 06]]_[61"0
PaCIIONIOKCHUA U KOHKPCTHBIX CBOMCTB TpPacChI:

Bauct = BoHzMs3 %. (D.7.5)

IToxazarenn CTCIICHH, HeO6X0).IHMI:II>i IUIA pacdeTa MoTepb, 3aBUCAIINX OT BpEMCHU:

1076 exp{ ~10°d"[0,51- 4810g B, +0.198 (log 3, | }

(D.7.6)
(2,0058 ~log £, )"
[orepwu, 3aBucsAIIME OT BpEMEHHU:
r
_ p p 50
Aqe = =12 + (1,2 +0,0037d) log BM) +12( BM) +2 (D.7.7)
D.8 OcHoOBHBIE TOTEPH Nepeaadn, 00ycI0BIeHHbIE BOJHOBOAHBIM PACIIPOCTPAHEHHEM

OcHOBHbBIC noTepu nepecaavu, CBA3aHHbIC C aHOMAJIbHBIM paClIpOCTPAHCHUEM, OTIPCACITIAIOTCA KaK:

Lba = Aac + Aad + Aat nb. (D-8-1)



Pex. MC3-R P.2001-5 45

IIpunaraemslii 1okymeHT E
TponocdepHoe paccesiHue

Jlnsi OLIEHKM OCHOBHBIX IMOTEPh MEpefavyd H3-3a TPonocepHOro paccestHus Lyg(p), HE TPEBBIIAEMBIX B
TEUEeHHE OMNpeNesICHHOTO MPOLCHTa BPEMEHH p, PEKOMEHAyeTcsl cieylomas nomarosas npoueaypa. s
npouenypsl TpeOyIOTcs mapaMeTphl JMHWW CBSA3W: JUTMHA Tpacchl Mo OombLioMy Kpyry d (KM), dacToTa
f(MI'nm), ycunenue nepenaromieii antennsl G, (nbu), ycuienne npueMHoi anteHHb! G (nbu), yrom mecra
ropuszoHTa 6, (Mpan) B TOUKE MepeJaTiuKa U yroi Mecta ropu3oHTa 0, (Mpaa) B TOUKE IPHEMHUKA.

Ulae 1. [lonyunTh cpeqHErofoBOW HMHIEKC pedpakuuu Ha ypoBHE MOps No W BEPTHKAIbHBIN TpajueHT
uHAekca pedpakuun pamuoBosH AN mis oOmiero oObema, 3aHUMAaeMOrO paccMaTpHBaeMOW JIMHHEH,
UCTONB3Ys cooTBeTcTBYIoMmME nupoBsie KapThl (Painsr "NOS50.txt" u "DN_Median.txt", cOOTBETCTBEHHO).
Koopaunatsl moBepxHOCTH 3eMIIH, COOTBETCTBYIOIINE O0LIEMY 00bEMY, MOKHO MTOJTYYHUTh, UCIIONB3YsI METO/,
onucaHHbIA B 1. 3.9 Pexomennanun MC3-R P.2001.

Lllae 2. BeraucnuTs yroi paccesHus 0 (YriaoBoe pacCTOSIHUE), HCIONB3Ys CIEAYIONICE BEIPaKCHHE:
6=10000,+6;+6, Mpas, (E.1)
B KOTOPOM Bce TpH O B mpaBoii 4acTu IpeACcTaBIeHbI B Tabnule 4.
Orpann4uTh 3Ha4eHue O Tak, uto6s 0 = 107°,
Llaz 3. Onpenenuts NOTEPH COTTIACOBAHUS PACKPBIBA AHTEHHBI C BHEIIHEN cpenon L.:
L. = 0,07 exp[0,055(G; + G,)]  ub, (E.2)
rae G, u G, — yCUICHHE aHTCHHBI.

Ulae 4. OmpenenuTh OCHOBHBIC TOTEPH MepeJadydl B pe3yibTaTe TPOMOCPEpPHOro paccesiHus, He
MIpeBBILIAEMBIE IS ITPOLIEHTa BpeMeHH p%o:

Lys(p) = F + 22logyo f +35log100 +17logyod + L. —Y,  1b, (E.3)
rue:

F=018-N,-exp(—hs/h,) —023AN 1B (E.4)

v = 0,035N, exp(—hg/hyp) - (—log14(p/50))%¢7 p <50 (E.5)

P |-0,035N,exp (—ho/hp) * (—1og10[(100 — p)/50] )67 p =50 '
_ s dsinf dsinp .
ho = 1000 ' sin(0/1000) [Zae sin(8/1 000) +sin(0,/1 000)] (E.6)
— i er hrs_hts

p= 2a, + 1000 = 1000d (E.7)

rue:

d: TPOTSHKEHHOCTH TPAcChl OONBLIOTO KpyTa (KM)
h¢s:  BBICOTa MepeAaroiieii aHTeHHbBI HaJl CPEAHUM YPOBHEM MODPs (M);
h,s: BBICOTA IPUEMHOW aHTEHHBI HAJ CPEHUM YPOBHEM MOPSI (M);

hg : BBICOTa MECTHOCTH HaJl ypOBHEM MOpS B IreorpaMueckoM MECTOIOJI0KEHHU O0IIero
o0beMa (KM);

hp : TnpuBeneHHas BbIcOTa (KM), 3HaYCHHWE KOTOPOH Uil PA3IMYHBIX KIMMAaTUYECKUX
YCIOBHH MOXKHO OINpENeNUTh CTaTUCTHYECKMMH MeToAaMu. B KkadecTBe STanoHa
MO>KHO HCIOJIBb30BaTh YCPEAHEHHOE B TII00aIbHBIX MacIITabax 3HaueHHe IPUBEICHHOM
BBICOTEI, OTIpenesisieMoe Kak hy, = 7,35 k.
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Bo u30exanue HeJOOIICHKH MOTEPh P TPOIIOC(HEpHOM pacCesTHUH JJTsE KOPOTKUX TPACcC OTPAHUYIUTH Ljs TaK,
4TOOBI

Ly, 2 Ly, ab, (E.8)

rae OCHOBHBIC TIOTCPU MICpEaavin B CB060)_IHOM MIpOCTPaHCTBE, Lbfs, MMpEaACTaBJICHBI B Ta6m/1ue 4,

IIpunaraemslii 1okymeHnT F

OcaabeHne BCJIE¢ACTBHC NMOIVIOIIICHUA B aTMOC(l)epHLIX rasax

F.1 BBenenue

B sToMm HpI/IHaFaeMOM AOKYMCHTC OIIMCAHBI METOABI PACUCTa ocrabaeHus BCJICACTBUEC IIOIJIOIICHUS B
aTMOC(l)epHBIX razax g pasjindHbIX TUIIOB paauoTpacce. Ha pa3acibl 3TOTO HpunaraeMoro JAOKYMCHTA
HUMCIOTCA CCBUJIKU B JAPYIUX MECTax (CCJ'II/I 9TO HCO6X0)_'[I/IMO).

Jlns pacueToB TpeOYIOTCA JaHHBIE O MOBEPXHOCTHOH IUIOTHOCTH BOASHBIX TAPOB, Py, (I/M°), s
paccMaTpvBaeMbIX MECTOMONOKEHHM. 3HAYEHHUS Py MOTYT OBITH TONyYeHB u3 (ailia JaHHBIX
"surfwv_50 fixed.txt".

Ka)KZ[BIfI pacyeT JacT TpHU 3HAUCHUA 0CJ'Ia6J'IeHI/I$I, 06YCJ'IOBJ'ICHHOFO NOrjIomiCcHUEM B KHCJIOPOAC, BOAAHBIX
napax mnpu OTCYTCTBUU NOKIA, BOAAHBIX ITapax B YCIOBUAX JOXKIA.

F.2 Ioraomenne B aTMoc(hepHBIX ra3ax JJisi IOBEPXHOCTHON TPacCChI

B sTOM paznene mpuBOAWTCS METOZ pacyera IOTJIOMICHUS B aTMOC(EpHBIX ra3ax Al "MOBEPXHOCTHOH"
Tpacchl.

OnpenenuTh MOBEPXHOCTHYIO IIOTHOCTh BOJSHBIX MApOB B YCIOBHAX OTCYTCTBHS JOKIA, Py (I/M°), IS
CpelHEel TOYKHM TpacChl, KaK OMPENACICHO MapaMeTpaMu Qme U Qn, B Tabmuie 3.1, u3 daiina gaHHBIX
"surfwv_50 fixed.txt".

VYcTaHOBHTS /gy = Mmia. BBICOTa MECTHOCTH B cepeAriHE TPACCHI, Auid, TPUBEACHA B TaOIUIIE 4.

Hcnonb3oBate ypaBHenue (F.11) mist pacuera mMOroHHOro OCiabiieHHS Ha YpOBHE MOpS H3-3a BIIHMSHUS
BOJISIHBIX [1APOB B YCIOBUAX OTCYTCTBHSI JOXKIS, Yy (1B/KM).

Ucnomnn3oBath YpaBHCHUC (F9) JUIA pacucTa HOBerHOCTHOﬁ MJIOTHOCTH BOJAAHBIX IIAPOB B YCJIOBUAX OOKIA,
-3
Psurr (T/M 7).

HOBTOpHO BBIYUCIHUTD Pgyr IPU YCIIOBUU Psur = Psurr-

Ucnonb3oBate ypaBHenue (F.11) mist pacuera mMOrOHHOrO OCHabiieHHS Ha YpOBHE MOpS H3-3a BIIMSHUS
BOJISIHBIX [IAPOB B YCIOBUAX JOXKIS, Yy (IB/KM).

Paccuntars BBICOTY ULl IIIOTHOCTH BOJSIHBIX I1APOB:
hypo = O,S(hts + hrs) masl (F.1)

TpI/I BHUIa OCJ'Ia6J'IeHI/I$I, 06yCJ'IOBJ'IeHH01"0 IOrJIOICHUEM B aTMOC(l)epHI:IX rasax Jjis HOBerHOCTHOﬁ TpPacChl
TCICPb OIMPEACTAOTCA B COOTBECTCTBUM C BBIPAKCHUAMU

OcnabneHue u3-3a BIMSHUS Kucjiopoaa:

h
Ayr =Y, d €Xp —ﬁ 1b, (F.2a)

rAc Yo — HIOrOHHOC ocnabieHue Ha YPOBHEC MOpPs U3-3a BIIMAHUA KUCJIOpOJa, IPUBOJUTCA B Ta6m/1ue 4,
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OcnabneHue u3-3a BIMSHUS BOASIHBIX MTApOB B YCJIIOBUAX OTCYTCTBUSA JOXKIA:

h
A, =y, dexp| ——ho 1b. (F.2b
wsur ’YW p 2000 )
OcnaOnenue U3-3a BIUSAHUS BOASHBIX N1aPOB B YCIOBUSX AOXKIS:
— d hrho B F.2
Ayrsur = Ve d €XP _m AD. (F.2¢)
F.3 IHorsaomenne B aTMOC(epHBIX ra3ax JJsi TPACChI TPONOC(EPHOro paccessHUs!

B stom pa3acic nmpuBOAUTCA MCTOJ pacucTa MOIJIOHICHUSA B aTMOC(bepHBIX rasax s IIOJIHOM TPacCChl
TpOHOC(l)epHOFO paccesaHud OT nepeaaTuInKa J0 NIpUEMHUKaA Y€pe3 06H.IHI71 paCCCI/IBaIOH_II/Iﬁ 00BeEM.

OnpenenuTh HOBEPXHOCTHYIO IIOTHOCT BOASHBIX MAPOB B YCIOBUIX OTCYTCTBHS 0K, Psur (T/M’), B MeCTE
pacroyioKeHus TepeaaTyrka, Kak OMpEACIeHO TapaMeTpaMu (. U ¢ B Tabmuie 1, u3 daiina maHHBIX
"surfwv_50 fixed.txt".

HMcnonb30BaTh METOA, IPUBEAEHHBIA B 1. F.4 1pu Ay = hi, Octev = Oppos, dev = dicv, YTOOBI ONPENEIUTL YPOBHH
ocnabneHust B aTMOC(EpHBIX Ta3axX M3-3a BIMSHUS KHCIOPOa M BOASHBIX MapOB KaK B YCIOBUAX TOXKAA, TaK
U B €r0 OTCYTCTBHE [UIS y4acTKa TPacchl OT MepeaaTurka 10 o0mero oobema, riue s — BbIcOTa MepBOH TOUKH
npoduis B MeTpax HaJ ypoBHEM MOpPs, a Opos U diy IpuBelneHbl B Tabnuue 4. CoXpaHUTh 3HAYEHMS,
paccuntannsle 1o ypaBHeHusM (F.4.3a)—(F.4.3c) B cOOTBETCTBHH C BBIPAKCHUSIMHU:

Aoty = 4y nb, (F.3a)
Ay = 4y b, (F.3b)
Ayriey = Ay nb. (F.3¢)

OnpenenuTs HOBEPXHOCTHYIO INIOTHOCT BOASHBIX APOB B YCIOBUIX OTCYTCTBHS 0K, Psur (T/M°), B MeCTE
PacroioKeHHsT TIPUEMHHKA, KaK OIpPECSICHO TapaMeTpaMu @ U @ B Tabmuie 1, u3 daiina TaHHBIX
"surfwv_50 fixed.txt".

Hcnonb3oBath Metonm B pasaene F.4 mpu huo = his, Ociev = Oipos, dev = drev, UTOOBI OTPENETUTH YPOBHHU
ocnabienust B aTMOC(EPHBIX Ta3ax M3-3a BIMAHUS KUCIOPO/Ia U BOSHBIX MMapOB KaK B YCIOBHSX OIS, TaK
1 B €r0 OTCYTCTBHE [UTS ydacTKa TPACChl OT MPUEMHHKA JI0 00IIEro 00beMa, T /iy — BBICOTA MTOCIIEAHEH TOUKH
npoduis B METpax Hajg ypOBHEM MOPS, & 005 U diey TpUBeAcHBI B Tabmuie 4. COXpaHUTh 3HAUYCHHS,
paccuurtannbie 110 ypaBHenusM (F.8a)—(F.8¢) B cOOTBETCTBHHM C BBHIPaKCHUSIMU:

Aorev =4, nb, (F.4a)
Ayrey = 4y b, (F.4b)
Ayrrey = Ay nb. (F.4c)

yp0BHI/I ocrnabieHus B aTMOC(l)epHBIX rasax M3-3a BJIMAHUSA KUCIIOPOJa W BOASHBIX MMAPOB KAaK B YCJIOBUAX
AOXKIA, TaK U B €TO OTCYTCTBUC Ha IIOJIHOM Tpacce TpOHOC(l)epHOFO paccesaHus OIpeaACIAOTCA KaK:

Aos = Aptev + Aorey nb, (F.5a)

Ays = Aoy + Ay nb, (F.5b)

Ay = Awriey + Ayrrey nb. (F.5¢)

F.4 Hormomenne B armocdepHBIX razax IJsi Tpaccbl OT TepMHMHAJIa 10 o0mero odbema

TpOnoc(hepHOro paccesiHust

B »sToMm pasacic npuBOAUTCA METOA pacucTa ocrnabieHus: B aTMOC(bepHBIX razax B YCIOBUAX OTCYTCTBUA
AOKOA Iuid TpacCbl OT OJAHOTO TEpMUHAIA 10 06H.Iel"0 o0BeMa TpOHOC(l)epHOFO paccesaHus. BXO}IHBIMI/I
nmapaMeTpamMu SBJIAIOTCSA MOBCPXHOCTHASA INNIOTHOCTb BOASHBIX MAPOB B YCIOBHUAX OTCYTCTBUSA HOXKAA, Psur
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(r/m*), BBICOTA MECTHOCTH /iy, Masl, Yo MecTa Tpacchl Oy Mpal, ¥ PACCTOSHHE IO FOPU3OHTAIIM 10 OOIIEro
obbeMa, d., (kM), KaKk OMPEIe/ICHO B KaXKIOM M3 BYX CIy4acB HCIIOJL30BAHUS JAHHOTO pasjena COrjaacHo
OTHCaHMUIO, MPUBECHHOMY B pasjene F.3 Bhiiire.

BI:IXOZ[HI:IMI/I JaHHBIMH SABJISAIOTCA ocna0IeHHe 13-3a BIIMSHUS KHCJIOpOoaa U BOAAHBIX MMAPOB KaK B YCJIOBUAX
JAO0XK/d, TaK U B €r0 OTCYTCTBUC JIA TPACChI OT TCPMUHAJIA 10 06H_Iel"0 06’beMa, Ao, Ay Ay B Z[B.

Ucnonb3oBate ypaBHenue (F.11) mist pacuera mMOrOHHOrO OCHabiieHHS Ha YpOBHE MOpS H3-3a BIIMSHUS
BOJISIHBIX [IAPOB B YCIOBUAX OTCYTCTBHSI JOXKIS, Yy (1B/KM).

Ucnomnn3oBath YpaBHCHUC (F9) IJIA pacdyeTa NOBEPXHOCTU IUNIOTHOCTHU BOJAAHBIX IMAPOB B YCJIOBUAX HOXKAA,
-3
Psurr (T/M 7).

HOBTOpHO BBIYUCIHUTD Pgyr IPU YCIIOBUU Psur = Psurr-

Hcnonb3oBate ypaBHenue (F.11) mist pacuera mMOroHHOrO OCHabieHHS Ha YpOBHE MOpS H3-3a BIIMSHUS
BOJISIHBIX [IAPOB B YCIOBUAX JOXKIS, Yy (IB/KM).

Paccuurarh BeInYMHBI do n dw JUIA KUCJIOpOJa U BOASIHBIX IMapOB:

5

d,= , (F.6a)
0,65sin(0,0010,,,, )+ 0,35/sin(0,0016,,, )+ 0,00304
d = 2 . (F.6b)
0,655in(0,0010,,,, )+ 0,35/sin>(0,0016,,,, )+ 0,00122
PaccunTars 3¢ (eKTUBHBIE PACCTOAHUS deo U dew AJIS1 KUCIOPOA U BOJSHBIX APOB!
_dL‘v h
d,=d)|l-e %o exp| ——%— | KM (F.7a)
5000
a, My F.7b
d, =d |1—e v |exp| ——%— | KM (F.7b)
2000

yp0BHI/I OCITa0JICHMS U3-3a BIUSHUS KUCJIIOpOaa U BOAAHBIX MTAPOB KaK B YCIIOBHUAX JOKAA, TAK U €T0 OTCYTCTBUS,
JJUIA TpacChl OT TCpMHUHAJIA 10 06H_ICFO o0BeMa TpOHOC(l)epHOFO pacceiaHu TCICPb OINPCACIIACTCA KaK:

Ay =Vodeo KM, (F.8a)
Ay =V oy KM, (F.8b)
Ay = erdew KM, (F.8¢)

TAC Yo — HIOTOHHOC ocnabieHue Ha YPOBHEC MOpPs U3-3a BIIMAHUA KUCJIOpOJa, IPUBOJUTCA B Ta6m/1ue 4,

F.5 I[IJ10THOCTH BOASIHBIX IAPOB NPH HATUYUH 0K

B sTOM paznene npuBogUTCS METO pacdera MIOTHOCTH aTMOC(EPHBIX BOJSHBIX MapoOB MPH HATMYUHU JOXKIS.
Hcnonb3yercs ypaBaenue u3 AByx 4acteid (F.9), koTopoe yke UCTIONb30BaIoCh B MPEABIAYIINX pa3ieiax.

Psur + 0,4 + 0,0003hg,,; heyr <2600 M
Psurr = {

_ hsur) (F.9)

+ 5Sex ( — B UHOM cJjy4ae
Psur p 1800 y

F.6 3HaYeHHs IOTOHHOTO Oc/1a0/IeHNsI HA YPOBHE MOPS

B sToM pazaene npuBencHb ypaBHEHUS, UCIIOIB30BAHHBIC B MIPEALICCTBYIOMMX pa3nenax. Cienyer OTMETUTb,
YTO OTH ypaBHEHUS HENEHCTBUTENbHBI Ui 4dacToT Bbimie 54 [T1. bomee oOmme BhIpakeHUS IaHBI B
Pexomenmaninun MCDO-R P.676.
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[Toronnoe ocmabneHue Ha YPOBHE MOpPs U3-3a BJIMAHUA KUCJIOpOJa:

12 0,62
2+034 (54— )" +0,83

v, f*-107° 1b/kM. (F.10)

[Toronnoe ocnabneHue Ha YPOBHC MOPA M3-3a BJIMAHUA BOASAHBIX 1TapOB, B I[B/KM:

2
v, =10,046+0,0019p,, + 3’982“ -1+ f=22 2Py 107, (F.11)
O (f -22,235)7 49,42 f+22
rac:
n=0,955+0,006p,,,, (F.12a)
hsur
Psea = Psur€XP (2000) r/M3. (F.12b)

IIpuaaraemsiii fokyment G

PaCl'IPOCTpaHeHI/Ie MmoCpeaACTBOM ClIOPAAUIECCKOI0 CJI0HA E

B stom [IpunaraecmoM JOKYMEHTE ONKMCAH METO]] pacieTa OCHOBHBIX ITOTEPh Mepeaur Ipy pacipoCTpaHEHUU
MOCPENICTBOM CHopagudeckoro ciosi E, He mpeBhiliaeMbIX B TeueHUE p% BpPEMEHHU, OCHOBAHHBIA Ha KapTax
KpuTHieckux yactot orpakeHus (foEs), mpessimaembix ms 0,1%, 1%, 10% u 50% Bpemenu cpeanero rojaa
(daitmer FoEs0.1.txt, FoEsO1.txt, FoEs10.txt u FoEs50.txt, cooTBercTBeHHO). [laHHBII METOJ B OCHOBHOM
npeAHa3HavYaeTcs s MPOTHO3UPOBAHUS MOMEX Ha JUIMHHBIX TpaccaxX Ha HUZKUX U CPEIHUX IMIUPOTaX. ITOT
MOAXO0 HE CUMTAETCS HAJIEKHBIM HA HU3KUX U BBICOKMX T€OMAarHUTHBIX LIIUPOTAX U €r0 HE CIAEAYEeT IPUMEHSITh
MpU BBIYUCICHUSIX HAa Tpaccax OpsaMod BuauMocTU. CilemnyeT OTMETHThb, YTO CIIy4au BBICOKHUX YpOBHEH
CUTHAJIa [IPU 3TOM BHUJIE PACIIPOCTPAHEHUSI OUEHb CHJIBHO 3aBUCST OT BPEMEHU Toja.

Pacuer BKIIIOYaeT SKpaHUPOBaHHE TEPMHUHANIA, KOTOPOE U3MEHSIETCSl OT yriia BeIxoAa. Takum oOpazom, ais
BCEX JUIMH Tpacc pacyeThbl CIENaHbl IS CIy4yaeB OJHOCKAYKOBOW TPACChl U JBYXCKAYKOBOM Tpacchl. DT Ba
pe3yibTaTa 00beIUHSIOTCS B KOHLE MPOLETYPHI.

G.1 Brruncienue 3nauenuii foEs

Jlid 3amaHHOTO NpOLIEHTa BpeMeHU p% YCTAaHOBUTH 3HAYEHMs NPOLIEHTa BPEMEHM, HCIOJIb3yEeMbIE IS
WHTEPIOJSILUK WIH SKCTPAIIONSILHH, Pi U P2, B COOTBETCTBUH ¢ Tabnumei G.1.

TABJIMIA G.1
YcaoBus 1jisl yCTAHOBKH p1 U P2
Pp% BpemMeHH m )2
p<1% 0,1% 1%
1% <p <10% 1% 10%
10% < p 10% 50%

HJ’IH AaHHOT'0 MCCTOITOJIOKCHUA ONIPCACIIUTD 3Ha‘-IeHI/I$If(‘;ES1 I/If(‘;Esz n3 Kapr(‘;Es, MMPCBLIIACMBIC B TCUCHHUC p1 U
pz% BpPEMCHU, COOTBECTCTBCHHO. Beruucioutn 3Ha‘-IeHI/Ieﬁ;ES, MMPEBLIIIACMOC B TequI/Iep% BPEMCHU, UCITIOJIB3Y
BBIPDAXKCHUC!
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log(pJ
foEs = foEsl + (foEs2 - foEsl —pl MFH (G 1)

P
G.2 OxHOCKAYKOBOE pacCIPOCTPaHeHne

Beraucnuts for, B MI'1 u3 ypasaenus (G.1) ais cpenHei TOUYKH TPacchl.

Paccuurarn I/IOHOC(l)epHI:Ie MOTCpHU AJId OAHOTO CKavKa:

2 2
r - 40 2 +0’2( d j 1000 f +exp(d—1660j G2)
[ d j [ d j 2600 fin 280
1+ — |+ —
130 250
Paccuurarn JJIAHY HaKJIOHHOM TPacCChI:
d 0,5
I = 2{%2 + (ae + hgs)2 —2a, (ae +h, )cos (2—]} KM, (G.3)
ae

rie hes — BBICOTA criopaguieckoro ciost E B kM, ycranoBnerHas B 120 k.

[Totepu B cBOOOJHOM IPOCTPAHCTBE TEMEPh MOTYT OBITh BBIYMCIICHBI [ HAKIIOHHOTO PACCTOSIHUS
Lb/'sl = Lb_f&D (11 ) > (G.4)

rae pyHkuus Lygp onpenensiercs ypaBHeHueM (41).

Vron BbIXOJla Jiyda HaA MCECTHBIM TOpPU30HTOM [UIA obonx TCPMUHAJIOB U OI[HOCKa‘{KOBOﬁ Tpacce
OIpeACIACTCA KaK:

B B a, sin(ocl) B
€, =051 arctat{hes T li —005{&1”} o, pan, (G.5)
rae:
d
o) =— pan. (G.5a)
2a

I[I/I(l)paKLlI/IOHHLIe YTJIBI IUTA ABYX TCPMHUHAJIOB ONPCACIIAIOTCA KaK:
8lt,lr = O’OOIGt,r _8r1 pan. (G6)

COOTBGTCTByIOH_II/Ie }_'[I/I(l)paKLII/IOHHI)Ie mapaMeTphbl OIIPEACIIAIOTCA KaK:

1—cos(d
Vi, = 3,651 \/1000 fd,, {ﬁ} , ecm §,,,, 20, (G.62)
' | cos(0, o
— 3,65 1\/1000f d,, {M} B HHOM CJTy4Jac. (G.6b)
1 c0s(0,0016, ,.)

HI/I(l)paKLII/IOHHI:IG oTepu Ajid obonx TCPMUHAJIOB B 3TOM CJIy4ac ONPCACIIAIOTCS KaK:

Ly, =J(vi) b, (G.7a)

Ly, =J(v,) 1B, (G.7b)
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rae QyHKuus J onpeaensieTcs ypaBHEHHEM C ABYMS dacTsMmu (43).

OcHOBHbBIC MNoTepu nepeaavn Ha OI[HOCKa‘{KOBOfI Tpacce C OTPAXKCHUCM OT CIIOPAAUYICCKOIr'0 CJI0s E TCIICPb
OIMPEACIAOTCA KaK:

Lypo = Ly + 11 + Ly, + Ly, nb. (G.8)

plt

G3 JByxckaukoBoe pacnpocTpaHeHue

BribepuTe 3HAUCHUE fors2n KAK MEHBIIIEE U3 IBYX 3HAUCHHM, PACCUMTAHHBIX 0 ypaBHeHuto (G.1) ans oqHoi
YeTBEPTH W TPEX YETBEPTEH pacCTOSHMS BIOJL Tpacchl. JlaHHBIC MO IIUPOTE W JONTOTE TOUEK,
COOTBETCTBYIOIIUX OJIHOM YECTBEPTH U TPEM YETBEPTAM TPACCHI, MOTYT OBITh MMOTyUEHBI TYTEM HCITOIB30BAHUS
MeTo/a Jyrd OonbIIoro Kpyra corjacHo IIpumaraemomy nokymenty H, ycrtanaBimmBas dp. = 0,25d u
dpn = 0,75 d B ypaBaennu (H.7), cooTBeTCTBEHHO.

Paccuurarn I/IOHOC(l)epHI)IC MOTCpH AJid IBYX CKAYKOB!:

2 2
Lo 40 2 +0’2( d j (IOOij .\ exp(d —3220) (G.9)
. [ d ) N ( d j 5200) |\ fozo 560
260) (500
Paccuurarn JUIMHY HaAKJIOHHOM TPacCChI:
0,5
[, = 4|:an + (ae +h, )2 ~2a,(a, +h, )cos (%H KM. (G.10)

HOTepI/I B CB060Z[HOM HpOCTpaHCTBe Tel‘[epb MOFyT 6I)ITI) paCCqI/ITaHI:I IJI HAKJIOHHOTI'O paCCTOSIHI/ISI:
Lygr = Ly (lz)a (G.11)

rae pyHkuus Lygp onpenensiercs: ypaBHeHueM (41).

Vron BbIXOJa Jiyda HaAd MCCTHBIM TOPU3OHTOM JJI obonx TCPMUHAJIIOB U Z[ByXCKa‘-IKOBOﬁ Tpacce
OIpCACIACTCA KaK:

a,sin(a, )
=0,5t—arct ¢ 2 - , G.12
e e 3 o
rie:
d
O, =—— pan. (G.12a)
4a

JudpakuroHHbIe YIIbl 17151 ABYX TEPMHHAIOB ONPEACIIAIOTCS KaK:

0,,,.=0,0010,, —¢,, paz. (G.13)

COOTBeTCTByIOH_II/Ie I[I/I(l)paKLII/IOHHI:Ie mapaMeTpbl OIIPEACIIAIOTCA KaK:

1000 f'd;, ;.[1—cos(d
3,651 S il ©21.2,)] ectu 8y, 5, >0 (G.14a)
cos(0,0010, ,.) ’
Voror =
’ 1000/ d}, ;,[1— c0s(35,.2,)]
-3,651 2 2 B JIPYTHX CIIydasx G.14b
\/ cos(0,0016, ,.) Pyr 7 ( )
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HI/I(l)paKLII/IOHHBIe noTepu Ajid obonx TCPMUHAJIOB B 3TOM CJIy4ac ONPCACIIAIOTCA KaK:

Lyo = J(var) nb, (15a)
Ly =J(v2,) 1B, (15b)

rae pyHkuys J onpeaensiercsl ypaBHEHHEM C ABYMs dacTsimu (43).

OcHOBHbBIC NoTepH nepeaadu mnmpu )IByXCKa‘-IKOBOﬁ TpacCe C OTPAKCHUEM OT CIIOPAAUYICCKOIr0 CJI0A E TCIICPb
OIMPEACTIAOTCA KaK:

Lygyy =Ly + T, + Ly + L, nb. (G.16)

G.4 OcHoOBHBIE TOTEPH Nepegadn

OCHOBHBIE ITOTEPU MEePEeIadYH NMPU PACIPOCTPAHSHUH MTOCPEICTBOM criopaaudeckoro cios E, Ly (1B), Teneps
OTIPEICISIOTCS KaK:

Ly, Lypy < Lyg, =20 (G.17a)
Ly, = Lys» Lypr < Ly, —20 (G.17b)
—IOIOg(lO’O’l’]E“‘ +10 %0 ) B IPYTHUX CIIydasx (G.17¢)

IIpunaraemsrii nokyment H
Pac4yers! Tpaccesl mo ayre 60J1b1I0I0 Kpyra

H.1 BBenenue

B »sToMm HpI/IHaFaeMOM AOKYMCHTC MNPUBCACHO PYKOBOACTBO II0 pacd€Ty IMPOMEKYTOUHLIX TOYCK Ha
paauoTpacce, Koraa J0JKHBI UCITOJIB30BATHCA KOOPAWHATHI IO HIMPOTE U AOJITOTC.

CaMoe BaxKHOE MMPUMCHCHUC — 3TO HaWTH CPCAHIOIO TOYKY paauOTPaACChl, KOTOPAA SABJISICTCA MECTOIIOJIOXKCHUCM,
IJIA KOTOPOIro MJOJIZKHO OBITh MOJIYUCHO OOJBIIMHCTBO PaauOKIIMMATHICCKUX IMapaMETPOB. I[J'ISI MOOCIN
pacnopoCTpaHnCHd MNOCPCACTBOM CIIOPAAUYCCKOTO CJIOA E cornacuo HpmaraeMOMy JOKYMCHTY G Takxke
Tpe6y10TC$I JAHHBIC O TOYKAaxX Ha paCCTOAHUN OZ[HOI>’I YCTBCPTU U TPCX qerBepTeﬁ JUIMHBI TPACCHI.

MecTonosnokeHuss TEPMUHAIIOB ONPEACIAIOTCS B OCHOBHBIX BXOJHBIX IapaMmeTpax, MEepedHCICHHBIX B
Tabnuue | B OCHOBHOHN YacTH HacTosiled PexoMeHmanuu B TepMUHAX IIUPOTHI U JOJATOTHL. JTO CHENAHO B
MPEIONI0KEHHH, YTO PAAHOKINMATHYECKHE [TapaMeTphl OYAyT NOTy4EHBI U3 IIT00ANbHBIX KapT, U1 KOTOPBIX
TpeOYIOTCSL 3TH KOOpIMHATHL. [[IMHa KOPOTKHX Tpacc, COracHO TpeOyeMoH TOYHOCTH, Morjia Obl OBITH
omnpenenena BennunHor Bcero 100 kM. Joctarouno TouHo 1 6osee yaoOHO mpeoOpa3oBaTh MECTONOIOKECHUS
TEPMHMHAJIOB B JIEKapTOBBI KOOPAMHATEI, HCITOJIb3YEMBIE B ITPEAEIaxX HAllMOHAIBHOM CETKH WM OAHOM U3 CETOK
UTM (yHuBepcanbHOM momnepedHol mpoekuun Mepkaropa), paccuyiTaTh MPOMEXKYTOUHBIE TOYKH TPACCHI,
ucnonb3ys JekapToBy reoMeTpuio, U npeoOpa3oBaTh WX OOpaTHO B IIHUPOTY M JOJTOTY, YTOOBI NOTYYUTh
PaavoOKIMMAaTUYECKHE TapaMeTpBI.

B CJICAYIOLIUX pa3aciiaX CANHULIbI UBMCPCHHA HEKOTOPLIX YIJTIOB HC YKA3aHBI. Onu 6YZ[YT 3aBHUCCTh OT CAWMHUIL
HU3MCPCHUA, Tpe6yeMBIX IIpu pcajin3aliu TPUT'OHOMETPHUYCCKUX (1)YHKLII/H>’I, u, €CJIIn Tpe6yeTcsI, JOJIDKHO OBITH
BBIIIOJIHCHO npe06p330BaHI/Ie.
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H.2 JlJIMHA M OTIOpHOE HATIPABJIEHHE TPACCHI

s aToro Merona Tpedyercs 3HaTh JUIMHY Tpacchl, d (kMm), KoTopas 6epercst u3 AaHHBIX npodwms. [lonesno
cliesiaTh MIPOBEPOYHBINA pacueT [IMHBI TPACCHI HEMOCPEACTBEHHO 110 KOOPAWHATAM TEPMUHAJIOB.

Brruucinuth Pa3HOCTb MCXKAY AOJIrOoTaMu TCPMUHAIOB, ONIPCACIIACMYIO KaK:

Alon = (pre - (Pte rpanychl. (H 1)

Paccuurarn BCINYUHY 7

r=sin(g, )sin(g,, )+cos(g, )cos(q,, )cos(A,, ). (H.2)
BreraucianTs JUIMHY TpacChl KaK CTATUBAaEMBIH yroac Beme/IHOﬁ B HCHTPC CpEAHECIO pagnyca Semau:
¢, =arccos (7). (H.3)
BreraucianTs JUIMHY TpaccChl IO AyTC 0OJIBIIIOTO Kpyra:
d,. = Pyaa R, KM, (H.4)

TZI€ Mdrad — ITO QP4 B panaHax, a R, mpuBeaeHo B Taduuie 2.

Kak YKa3aHo B II. H.1 BbIIIC, 3BHAYCHUC dgc MOKHO CPaBHHUTL C d, KOTOPOC NPHUBCIACHO B Ta6m/1ue lu MOJIYy4CHO
B II. 3.2 B KQ4eCTBE MMPOBEPKU COBMCCTUMOCTHU.

PaccuuTaTs BeITMUMHBI X1 U Y1:
x, =sin (g, )-rsin(g,) (H.5a)

¥, =cos (¢, )cos (¢,,)sin (A,, ) (H.5b)

Paccunrars omopHOe HarpaBJICHHE TPACCHI 10 Jyre OOJIBIIOro Kpyra OT IepefaTdyrKa 0 HAalpaBJICHHIO Ha
NPUEMHUK, B2, KaK Yroll MeXIy HalpaBJICHHEM Ha CeBep y NepelaTyrKa 110 YacOBOM CTpesKe (Bpamas B
CTOPOHY BOCTOKAa) IO HANpaBIEHHIO Tpacchl. Il0 BBIYMCIUTENBHBIM COOOPXEHUSIM HEOOXOAUMO
OJIOKMPOBATH OYEHb Masble AOCOIIOTHBIC 3HAUCHUSI apTYMEHTOB 00PATHONH TPUTOHOMETPHUYECKOH (QyHKIMH:
-9 -9
B d,. ean|x1|<10 1/1|y1|<10

- (H.6)
arctan2(y1,xl) B IpyTUX CIy4asx ,

2r =

rae QyHkius "arctan2" BBIYHMCISIET YIOJI MEXIY JIMHHUEH, COSAMHAIONIEH Hayauo AeKapTOBBIX KOOPAWHAT C
TOYKOM (X, ), ¥ OCBIO X, ompenensisi Kak By, B MpaBUIIBHOM KBaJIpaHTe M JOIMYyCcKasi, YTOObI 1100 X, TH60 y
ObLTH OBl paBHBI HYJIIO (HO He 00a BMeCTe).

Ecmn ¢ynkuus "arctan2" oTcyTcTByeT B OHONIMOTEKE, OHA MOXKET OBITh BBIYMCIECHA M3 X U Y IyTEM
WCIOJIBb30BaHUsT HOPMAIBbHOMH OOpaTHOM (YHKIMM TaHreHca i yIJia, He MpeBbILaromero 45 rpaaycos,
KOTOpasi BCerJa JOCTYIHA.

H.3 Pacuer mpomMeXKyTOYHOI TOYKH Tpacchl

CHCZ[YIOH_II/Iﬁ pacyeT JacT HIMpoOTy U JOJTOTY JIF000H TOYKHU TPACChI OT NICPEAATINKA K IPUCMHUKY. 3HaucHHue
pacCTosAHuA OT IIEpeaAaTInKa 10 HpOMe)KYTO‘{HOﬁ TOYKH, dpm (KM), OrpeacIACTCA B TOM MECTC JOKYMCHTA, T'IC
9TOT pa3acia UCIIOJIb3YCTCA.

Paccuurare pacCToAHUC 1O TOYKU KaK CTATUBAEMBIN yroic Beme/IHOﬁ B OCHTPC CpCAHCIO paanyca 3emutu:
Qpnt = dpnt/Re pan. (H.7)

Craenyer otmMeTHTb, uTo ypaBaenue (H.7) naer 3sHauenue @p,; B paauanax.
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Paccuurarn BCIINYUHY S:

s =sin(g,, )cos ((ppm ) +cos (@, )sin ((ppm )cos(Bm )- (H.8)
[lupoTa NPOMEKYTOUHOM TOUKH TeNeph MOKET ObITh ONpeIeNeHa Kak:
@ iy = aresin(s) . (H.9)
PaccunTaTh BETHUMHBI X2 U 2
X, =cos((ppm)—s sin(@,, ), (H.10a)
y, =cos(@,, )sin(p,, )sin(B,, ). (H.10b)

PaccunTars [0ArOTY HPOMEXKYTOUHON TOUKU, Qprre. 110 BBIYMCIUTENBHBIM COOOpaXKEHUSIM HEOOXOIUMO
OJIOKMPOBaTh OUYEHb Masble A0COIOTHBIC 3HAYEHUS apT'YMEHTOB O0paTHOW TPUTOHOMETPUUYECKOH PyHKIMU:

B,, ecnu |x2| <10”u |y2| <10”

P e = (H.11)
¢, +arctan2(y,,x,) B IpyrHX Clly4asx

Ecin HeoOXoauMo, CKOPPEKTUPYHTE 3HAUCHHUE (puse, YTOOBI OHO HAXOIMIIOCH B ITPABMIIBHOM Juara3one 360°.
BonpmmHcTBO peanuzanuid GyHKUMHU arctan? ompenesseT 3HaueHHe B AuanasoHe oT —180° mo 180° kak
yKazaHo.

IIpunaraemslit 1okymeHT I

HrepaTuBHas npoueaypa aAjsi HHBEPTUPOBAHUS
HHTEerpajbHOl (yHKIMHU pacnpeeieHUust

1.1 BBenenue

B »tomMm [IpunaraeMom goxkyMeHTe onpezenseTcs uTepaTuBHas NpolLeypa, KOTopast MOXKET UCIOIb30BaThCs
IUIsL pacdeTa ypoBHsI ocliabieHuss A CUTHala B paMKax TOTO WJIM MHOTO MEXaHHW3Ma PaclpOCTpaHEHHS OIS
3aJaHHOTO 3HAYeHHs MPOLEHTAa BpEeMEHU ¢%, B TeueHHe KOToporo A mpebimaercs. Dynkuus A(g) —
obpamuas VHTErpalibHas (QYHKLMs pacrpeneieHus. MrTepaTuBHas mporenypa paspaboTaHa IUis pacueTa
MPOLICHTA BPEMEHH ¢, B TEUEHHE KOTOPOTO JTaHHbIH ypoBeHb ociabneHus 4 npesbimaercs. @ynkuus O(4) —
3TO UHTETpajibHasg GYHKUUS pacrpenesieHHs..

Mopens WRPM B ocHOBHOM paccuuTbiBaeT A Uil AAHHOrO 3HadeHus ¢ wid p. OAHaKo MOIMOAETH
pacmipocTpaHEeHUS B YCIOBUSX SCHOTO He0a U NP HAJTMYUHU OCAJKOB IMPOSKTUPYIOTCS TaK, YTOOBI BBIYHCIISATh
q s nanHoro 3HadeHus A. [loaTomy TpeOyeTcst nHBepCcHs HHTETpalbHON (PYHKIIUU pacipeieICHUS IS STUX
MOIMOJICNEH U, B YaCTHOCTH, JUII OOBEIMHEHUS 3TUX JBYX IMOAMOICTICH.

Cremyer OTMETUTB, YTO, XOTS IPOLELypa, OnpenesieHHas B 3ToM [IpunaraeMmom okymente, copMyaupoBaHa
B TEpMHHAX 3aMUpPaHHii, 4, OHa MOXKeT 00padaTrIBaTh Kak 3amMupanus (4 > 0), Tak u ycunenue (4 < 0).

1.2 HNrepanuoHHbIi MeTOX

B atom pasnene ompenersiercss GpyHKIus Aie{q), KOTOpas maeT ocialbieHue, CBSI3aHHOC C BHIOpAHHBIMU
MEXaHH3MaMH PacpOCTPaHEHHs, TPEBBIIIAEMOE B TeUeHHE ¢% BpeMeHH. B HECKONIBKHX MecTax MpoLeaypa
sanpammBaeT (GYHKIUIO QielA). QieA) sABISETCA HHTETPATbHON (QYHKIHEH paclpenecHuss MOJIETH
pacrpocTpaHeHus, st KoTopoi Tpedyercst Aiel(q). Qie(A) omlpeneneHa B OCHOBHOM TEKCTE B IYHKTE, T/
TpeOyeTcst UTepaTUBHAS Mpoleaypa JaHHOTO [IpuiaraeMoro J0KyMeHTa.
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Qiier(A) MMeeT OTPULIATENBHBIN HAKIOH; TAKMM 00pa3oM, CIIEAYeT 3aMETHTh, YTO IIPH TOM YTO Apign OOJIBIILE
Alow, Qhigh MEHBIIIE Giow.

I/ITepaLII/ISI BBIITIOJIHACTCA B JABA JTalla. Cuauaia OIMPEACIIACTCA AUAIa30H IMONCKa ypOBHeﬁ OCJ'Ia6J'IeHI/ISI, JJIA
KOTOpPOT0 HM3BECTHO, YTO OH BKJIKOYACT Tpe6yeMI:II>i MNPOLCHT BPCMCHU BaMHpaHHﬁ. Ha BTOpOM JTarlie
HCIOJIB3YCTCA Z[BOH‘{HBIP’I IIOUCK, YTOOBI OTCOPTUPOBATH IMMOUCK, ITOKA peBy.]'II:TI/IpyIOH.[I/If/’I MMPOLCHT BpCMCHHU HE
OKaXCTCA B MpCALIax 3aJaHHOTO JOITYCKa IEJICBOTO IIPOLCHTAa BPCMCHHA 3aMI/IpaHI/II7L

Oman 1. Yemanoska ouanazona noucka

HauansHoe 3HaueHune npoOHOTO YpOBHS 0CIHa0NeHUS, Aini, MOKET OBITH YCTAHOBJICHO Ha JII000€ HEHYJIEBOE
MOJIOKUTENIBHOE 3HaueHHWe. MOTyT MMEThCS ACHUCTBEHHBIE NPUYMHBI A pacdeTra A Ha HEKOTOpOH
00BbeKTUBHOM oOcHOBe. OnmHako OBUIO HaWOEHO, YTO MPOCTOEe ycTaHOBIEeHUE Aiq; Ha 10 b mpuBoauT
K pasyMHOH 3()(EeKTHBHOCTH B UTEPATHBHOM ITIpOIIECCe.

VcTaHoBUTE HadyalnbHEIC 3HAYCHHS BBICOKOT'O M HHU3KOI'O MMpeaciaoB IMOUCKaA I ocnabaeHus 1 pasMCep mara
OCJ'Ia6J'IeHI/I$I, ONpCAC/ISICMBIC KaK:

A
Apgy =1 1B, (L1)
2
-4 .
Alow = = HB’ (12)
2
Astep = Ainit I[B' (13)

3a;[al71Te MMPOLCHTBI BPEMCHHU, B TCUCHNEC KOTOPLIX IMPEBBIMIAOTCA YPOBHU ocabaeHus Ah[gh U Aiow:

qhigh = Qiter (Ahigh ) HB, (143)
Diow = Qiler (Alow ) ﬂB (I4b)

Oman 1. Umepayus HauanbHo20 Ouanazona noUcKa:
Ecnu g < gpign, TpOOOIIKATh CIEAYIOMIM 00pa3oM:
[ToBTOpHO paccuuTaTh Apw = Ahigh.
[ToBTOpPHO paccUnuTaTh Giow = Ghigh-
[ToBTOpHO paccuuTaTh Asep =2 X Asiep.
[ToBTOpHO paccunutaTh Auigh = Anigh + Astep.
[ToBTOpHO paccuuTaTh Ghigh , ICTIONB3Ys ypaBHeHHE (I.4a).

BepHI/ITeCB 06paTHO K Havally UTCpallvuv Auara3oHa IMOMCKa U MOBTOPUTEC LUKII C 9TOH TOUKHU.

Ecnu ¢ > qiow, IpoOMIKaTh CIETYIOMMM 00pa3oM:
[ToBTOpHO paccunutath Auigh = Aiow.
[ToBTOpHO pacCUUTATE Ghigh = Giow-
[ToBTOpHO paccuuTaTh Asep =2 X Asicp.
[ToBTOpHO paccuntath Aww = Aiow — Asiep-
[ToBTOpPHO paccUUTaTh Giow , UCTIONB3Ys ypaBHeHHE (1.4b).

BepHI/ITeCB 06paTHO K Hadally UTCpalvi Ha4aJIbHOI'O Auara3oHa IMOMCKa U TIOBTOPUTC C 9TOH TOYKH.

B npotuBHOM ciyuae, eClul ¢ > Ghigh U ¢ < Glow, TIEpERaUTE K dTay 2. LMK HayalbHOro AMAna3oHa MOMCKa
00bIYHO TpeOyeT TOJNBKO HECKOJNBKHX WTepanui. B mensx oOecredeHws] YHCIOBOM CTaOMIBHOCTH, IHKIT
JIOJDKEH ObITh 3aBepiieH nocie 10 ureparnuii He3aBUCUMO OT 3HAYCHUH Giow U Ghigh, 1 PACUYET JOIDKEH OBITH
MPOJIOJDKEH Ha 3Tare 2.
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Oman 2. Bunapuwiii nouck

Onpenenuts Ay
A, =054y, + 4y) 1B (L5)

Haunure UTepalrro 6I/IHapHOI‘O IIOUCKa:

Brruucinuth MMpOUCHT BPEMCHHU, B TCUCHUEC KOTOPOI'O ocrnabneHue A”y MMPCBLIIACTCA:

Gy =0 4,) % (L6)

Ecnu g4y < g, moBTOpHO paccuntath Anigh = Aury-
B npotuBHOM city4ae mOBTOPHO paccuuTarh Aiow = Aury.
[ToBTOpHO paccuntath Ay , UCTIONB3Ys ypaBHeHue (1.5).

Bepautech 00paTHO K Hadaly ILUKJIA UTEpaliyd OMHAPHOTO MOMCKA U MOBTOPUTE C 3TOTO MOMEHTA.
KomnuecTBO LMKIOB UTepaluil OMHAPHOTO IOUCKA, Mirr, OHpPEAENACT aOCOMIOTHYIO TOYHOCTb
BBIUMCIICHHON QYHKUUH Aiedq). A AOCTMKEHUS TOYHOCTH, NPEBBIMIAIOMIEH YPOBEHb Aqce,
YCTaHOBHUTb Mir PABHBIM HAaMMEHBIIEMY LEIOMY 3HAUCHHIO, OOJIbIIEMY WJIH PpPaBHOMY
3,32log(4,,,/ 4,..) - 3na4enue Aaec = 0,01 1b nomxHo ObITE MpuemeMbIM. [Tocne Toro kak UK U3

Nier UTEPALUH OBLT 3aBEPILICH, MPOJOIIKAITE, KaK YKAa3aHO HHXKE.

OCJ'Ia6J'IeHI/Ie, MMPEBLIIACMOC JId q% BpPEMCHHU, AlIITPOKCUMUPYCTCA BBIPAKCHUCM!

4,(q)=4, b L7)

IIpunaraemslii AOKymMeHT J

CTpykTypa Moje/ i pacClipoCTpPaHeHUs Paguo0BOJH
AJISl INMPOKOI0 NMPUMEHEHH s

J.1 BBenenue

B sTom HpI/IHaFaeMOM AOKYMCHTC OIllMCaHa CTPYKTypa IIOJIHOM MOZACIN pacClpoCTpaHCHUA paJAWuOBOJIH JI
IMHPOKOIro TIMpUMCHCHUA U 06’I>$ICH$ICTC$I, KaxKk MCTO/bl, HCIOJB3YCMBIC JI 06’])6}:[I/IHCHI/I$I HOHMOHeHeﬁ,
OTpaKar0T OCHOBHBIC CBOMCTBa KOppceianun HO,ILMO).ICJ'ICﬁ.

OTta Mo/eIh OCHOBaHA HA TIOHSATUH OOBEAMHEHUS CEMU IMOAMOJEICH, MPEACTABISIONIMX CeMb OTIACIBHBIX
MEXaHU3MOB PacCHpOCTPAHCHHs PATUOBONH. TakuMU MEXaHM3MaMH SIBISIFOTCS AUQPAKIUs, BOJTHOBOIHOC
pacmpocTpaneHue, TponochepHoe paccesiHue, PacHpoCTpaHEHHWE MOCPEICTBOM CIOpaandeckoro cios E,
MOTJIONICHHE B aTrMoc(epHBIX Ta3zax, oOcCiadlieHHe B OCagKaX M MHOTOJIYYEBOE pPacHpoCTpaHeHUe/
(hoxycupoBka. [lepBbie 4eThIpe — 3TO MEXaHU3MBI, KOTOPhIE 00ECTICYMBAIOT CKBO3HEIE TPACCHI OT IepeAaTInKa
K MIPUEMHUKY. PaqroBOIHBI A5 KQXKIOTO U3 JAHHBIX MEXAaHU3MOB B IPUHIIUIIE CICAYIOT Pa3INYHBIMU Ty TIMU
yepe3 arMocdepy, W ITH 4YEThIpe IyTH ACUCTBYIOT 'mapauienbHO". [locnmemHue Tpu MexaHuW3ma He
o0ecreynBarT caMu 1Mo ce0e MyTel pachHpoCTpaHSHHS CHUTHAla MEXIY IEepPeNaTYNKOM U MPUESMHHKOM.
Ckopee, OHU TIPEICTABISIOT aJIMTUBHBIC MEXaHU3MbI OCITA0JICHUS, KOTOPBIC BBI3BIBAIOT JOMOJHUTEIbHBIC
MOTEPU Ha YETHIPEX CKBO3HBIX TPaccax.

ObbenuHeHne ceMu MoAeel — HEeMpocTas Onepalus, TaKk KaKk OHU SBJISIFOTCS CTAaTUCTHYECKUMU MOJEIISIMH,
3aBUCSIIUMH OT BpeMeHH. KoppensiuoHHble CBOMCTBA MOJIENIEN SIBJIAIOTCS IVIABHBIMU 711 JAHHOTO METOJa.
Koppensiuyn mozeneil oTpakaroT KOPpENALUH OCHOBHBIX METEOPOJIOTMUECKHMX MEXaHHM3MOB, KOTOpBIE
BBI3BIBAIOT M3MEHUYMBOCTH BO BpeMeHH. HenmaBHSS MOBTOpHas MPOBEpKa JAOJITOCPOYHBIX TIIOOANBHBIX
METEOPOJIOTHUECKUX AaHHBIX Obljla MCIONB30BaHA JAJsl OMpPEAETCHUS KOPPESIIMA MEXIY pa3TudHBIMU
noaMmozensivu. Ilpunmiocs moiTH Ha ymporieHus, 4toObl pa3paboTaTb Monesb, KoTopas Oblaa Obl
OTHOCHUTEIILHO MPOCTON ISl pealin3aliii, — B 0OLIEM cilydae MoTpeOoBajoch Obl MPUMEHEHHE YHCICHHBIX
METOJIOB JUISl MPEACTABICHUS MOJHBIX CTATUCTHUECKUX CBOMCTB MEXaHW3MOB PACIPOCTPaHEHUSI.
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J.2 O0LeqnHenne noaMoaesIen

Ha puc. J.2.1 noka3ana ctpykTypa Bceil Mozenu. J[BoiiHast 00BOIKa IPSMOYTOJIFHUKOB U IBOMHBIC IWHUH Ha
auarpamMMme MpeACTaBIIOT TOT (GakT, YTO MOTOKH, MPOXOISIINE Yepe3 JuarpaMMmy, — 3TO HE CHTHaJbl M
MOIIHOCTh, a MOJTHOE CTaTUCTHYECKOE paclpelelieHne MOLIHOCTH/MoTeph. KoHKpeTHo, 3TO oOparHas
uHTerpanbHas ¢ynkuus pacnpenenenus (ICDF) mopeneit. Ona ompezersieT pacnpeacieHue OCHOBHBIX
noTepp nepeaaud, L, B 3aBUCUMOCTH OT IPOLEHTa BpeMeHH, p. OObeqUHNUTENN MOAECTEH MpeACTaBICHBI
kpyramu. BykBa B oObenuuHmTeNe ompenenser KOPPEeTALHOHHOE CBOWCTBO Takoro oObeaunutens: "C"
03HavaeT "TOIHOCTHIO KoppenuposanHble Gynkuuu', "E" o3Havaet "B3aumonckmovatomye Gyakaun”, a "U"
o3HauaeT "HekoppenupoBaHHble QyHKIMU". OObeauHUTENN "S" — 3TO CKAIAPHBIC OOBSTUHUTENH, T OJHA
13 00BEINHSAEMbIX BENWYHH SIBISCTCS MPOCTHIM YHCIOBBIM 3HaueHHEM (OOBIYHO MEIUaHHBIM 3HAYCHUEM),
a He MOJIHBIM pacIpeieeHUEM.

HO}_'[p06HOCTI/I TOT'0, KaK 06’I>C}_II/IH$IIOTC$I MMPOrHO3LI, ITOTYUYCHHBIC C TIOMOIIBIO nozxMozxeneﬁ, MPUBCACHEI B II. 4
ni. 5. Ho JJIA ueneﬁ I/IH(l)OpMaLII/II/I 34C€Ch NPUBCACHBI OCHOBHBIC (l)OpMy.]'IBI, HCIOJIb3YCMBbIC 1 06T)C,ZLI/IHCHI/ISI
ABYX pacnpeneneHI/Iﬁ, npeamnojararomue 4€TbIpe TUIla UCIOJIb3YCMbIX CBOMCTB KOppeCidanuu.

B cnenyromux ypaBHEHMSIX 3HaueHHME L TpPEICTAaBISET OCHOBHBIE MOTEPH INEpPENadyd OJHOW M3 YEThIpeX
napayiebHBIX CKBO3HBIX MOJIENEH paclipocTpaHeHus. 3HaueHne A IpeACTaBIseT 0cinabieHrne OTHOCUTEIBHO
CBOOOZHOTO MPOCTPAHCTBA, CO3JaBaEMOE OAHOM U3 aIIUTUBHBIX MoJienieil. Mbl yka3biBaeM L(p) miun A(p) ans
3naueHusi ICDF npu mponente Bpemenu, p. Cyddukcsr inl, in2 u out ncnonb3yroTcst SBHBIM 00pa3oM AJIs
ICDF, a scal — nyist ckansipHOro BX0ja.

Oo0bemunenue ayx ¢ynkuuit ICDF, koTopsie SBISIOTCS HOMTHOCTBIO KOPPENUpoBaHHBIMU (00BequHuTeND "C'") —
3TO IPOCTO CIIOKEHUE MOILHOCTEH UM MOTepb B TEUEHHE MPOLEHTa BpeMeHu p. Croco0, ¢ MOMOLIBI0 KOTOPOro
3TO OCYIIECTBIISIETCS, 3aBHCUT OT TOTO, BBIPAXXEHBI JIM O0BEAWHSIEMBIC MOJIENM B BHIC JABYX OCHOBHBIX MOTEPh
Nepeady WiM B BUJE OCHOBHBIX ITOTEPh Mepeaayn U OCIa0IeHuUs] OTHOCHUTENBHO CBOOOAHOTO IPOCTPAHCTBA:

Lou[ (p) = —1 0 log(lo_o’ll’inl(l’) + 10_()*11‘1'112(17)) HB’ (J la)
L, (p)=L;(p)+ 4;,(p) 1b. (I.1b)

O6benunenne ¢ynkuun ICDF u mocrosHHOro 3HavyeHus (oOwvemuHutens "S"), HampuUMep €IUHUYHOTO
MEIMaHHOI'O 3HAUeHHUs OCIa0lIeHUs, TaKKe ABJsieTCcs IpocToi mpouenypoil. Beixonnasa ¢pynkuus ICDF — 310
npocrto Bxoanas ynkuus [CDF, "capunyTas" mo ocu "MOIIHOCTE/IOTEpU" Ha 3HAYE€HHE BXOJHON CKaJISIPHON
BEITMYMHBI:

Loul (p) = Linl (p) + AinZ nb. (J2)

Craenyer otMeTuTbh, uyto o0beaunutenn "C" u "S" moryt paboTtarh "Touka 3a TOYKOH'", TO €CTh BBIXOJHOE
3Ha4YeHUE I p% BPEMEHU 3aBUCUT TOJIBKO OT p% 3HAuUCHHWH BXOAHBIX MoJeNiell W He TpeOyeT MOIHBIX
pacnpeneneHui.

OObenuHeHnEe B3aMMOMCKIIIOUAIOMNX MeXxaHu3MoB (oObeauuutens "E") Oojee CIOXKHO BBIIOJIHUTH
pacyeTHbIM CIOCOOOM, HO KOHIENITYyalbHO 3TO IpocTasi mpouexypa. [IpoleHTsl BpeMeHH IBYX BXOIHBIX
¢ynkuunit ICDF cknaapiBaroTcs IpH KasKAOM 3HAYEHUH M1OTEPb:

pout(A) :pinl(A)+pi)12(A) HB- (J3)

910 Tpe6yeT HTepaTHBHOfI npoucaypbl, KOTOpasa HUCIOJB3YCT IMOJHBIC PACIIPCACIICHHUA BXOIHBIX BCIIMYHNH.
HaHHBIfI MCTOJ UCIIOJIB3YCTCA I 06’I>C}_II/IHCHI/I$I MCXaHNU3MOB paClpOCTPAHCHUA B YCIIOBHUAX SACHOT'O HebOa u
IIpy HAJINYUH OCAIKOB.

Y nuBuTensHO, HO 00BeauHeHue ABYX ¢GyHKIwmi ICDF, xoTopeie He kKoppenupyrorcs (ooveauautens "U")
SIBJIICTCS HambOosiee TPyIHBIM. JleiCTBUTENBHO, IS BBHIMOJIHEHUS STOTO HAJUICKAIIUM 00pa3oM TpedyeTcs
KCIIONb30BaHUE YMCICHHBIX METOJ0B, Hanpumep meroga Mounte-Kapno. IIpu ucnonszoBanuun WRPM nmns
MozenupoBanui MeronoM Monte-Kapno, crpykrypa monenun WRPM no3Bosisier 10CTaTOYHO NMPOCTOE H
MPaBUILHOE MOJCIUPOBAHUE CTATUCTUUECKUX JAHHBIX. DTO OMMCAHO B 1II. 5.3.

OZ[HaKO MNPpU3HAHO, YTO WRPM 6YI[CT Y9acCTO UCIIOJB30BAaTHCA B 06CTO$ITCJ'IBCTBEIX, KOTOPBIC HC OIIPAaBAbIBAIOT
BBIYUCIUTCIIBHYIO CIIOKHOCTb MOACINPOBAHUS METOAOM MOHTC—KapJ'IO. B Taxom Cliydac IpuMCHUM HpOCTOﬁ
}/IOOXOO, IIpru KOTOPOM IOJHAsA MOZACIIb OCHOBHBIX IMOTCPH MEpEeAadr NPOCUUTBHIBACTCA A CAMHCTBCHHOI'O
3HAQUYCHUA TIPOLICHTA BPCMCHH. ITOT NpyUHOUII OCHOBAH Ha BLI60pC HanOoJee CHIBHOTO CHrHaja W,
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YTO SKBHBAJICHTHO, CAMOT0 HU3KOI'O 3HAUYCHHsI OCHOBHBIX IOTEph Mepenadd M3 ABYyX (Miu Ooiiee) Tpacc
CUTHaJa JUIl KaKJI0ro MPOLEHTa BpeMeHH, p. OyHKIHA "cMeIIMBaHUs" MOXKET OBITh MCIIOJIb30BaHa, YTOOBI
YCTPaHUTh Pa3pbIBBI HAKIOHA, KOTOPHIE MOTYT BOSHUKHYTD IIPH MPOCTOM BBIOOPE MUHUMAIBHOTO 3HAUCHHSL.
Crnenyromuii METO UCIIONIB3YyeTCs B 1. 5.2:

Ly (p)==510gl0*25(?) 100257 ) g, (1.4)

XO0T4 3TO BHIMISIOUT OYEHb MOXOKUM Ha METOH, IPUMEHEHHBIN B ypaBHeHHH (J.1a) 1 ©MeeT mpenMyIiecTBo,
pH KOTOPOM OOBEIMHEHNE MOXKET OBITh ClIesIaHO crocoOoM "Touka 3a Toukoil", oovenuuutenu "U" u "C"
CTaTUCTUYECKU BecbMa pa3nuuHbl. [logmepikanue JTOTMYecKoro pasiesieHHsl B 3TOM ciydae oOyerdaer s
KOHCTPYKTOpPa MOJIENIM HCIIOJIb30BaHUE YMCICHHBIX METOJIOB, YTOOBI IMONYyYHTh OOJIee CTaTHCTUYECKH
MPaBUIIBHBINA PE3yJIbTAT, YeM TO, UTO AAET MPOCTON aHATMTHYECKUN OAX0 ¢ ypaBHeHHeM (J.4).

Craenyer ormetuTh, uto ypaBHenus (J.1la) m (J.4) mMoryt BbI3Barh NpoOJjeMy IMpH BBIYMCICHUAX, €CIH
OCHOBHBIE TIOTEPH NIEpEeIaun MOAMOIEITH OUCHb BETUKH. UKCIOBBIE OTpaHUUEHHsI MOTJIH ObI BBI3BATh HYJIEBOM
apryMeHT Jorapudmuyeckoil pyHKIHU. JTa mpodiieMa yCTpaHseTcs MyTeM HCIOJIb30BaHUsl MaTeMaTHIECKU
SKBUBAICHTHOH (POPMYIMPOBKHU STUX YPaBHEHHA, TPUBEAEHHOH B 11. 5. CyTh COCTOUT B BHIHECEHHH 32 CKOOKH
B KauecTBe OOILIEr0 MHOXXUTENS] OCHOBHBIX MOTEpPh Mepenadyn ITOMUHHUPYIOUIeH MOAMOJAETH U 100aBICHUN
K HEMY ITONPaBKH, KOTOpasi IPMHUMAET BO BHUMaHHUE JPYTHe O MOIEIH.

PUCYHOK J.2.1
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