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PEKOMEH/JIALIUSI MCD-R P.617-3

MeToabl NPOrHO3UPOBAHUS U JAHHBIE 0 PACTIPOCTPAHEHUH PAIMOBOJIH,
Heo0XoauMBble I IPOeKTHPOBAHNS TPOnochepHbIX paHopeIeiHbIX CHCTEM

(Bommpoc MC3-R 205/3)
(1986-1992-2012-2013)

Accambmes pagrocsszn MCO,

yuumbvleast,

a) YTO JUIA HaJUIeXKAIIEro TUIAHUPOBAHUS TPOIOC(HEPHBIX PaIMOPENEHHBIX CHUCTEM HEOOXOANMO UMETh
COOTBETCTBYIOIIHE JAHHBIE O PACIIPOCTPAHEHUH PAIHOBOIH U METOJIBI TPOTHOZUPOBAHUS;

b) YTO pa3padOTaHbl METOJbI, MO3BOJSIOIIME MPOTHO3UPOBATH OONBIIMHCTBO HanOoiee BasKHBIX
[apaMeTpoB PACHPOCTPaHEHHUS, HEOOXOAUMBIX ISl TNIAHUPOBAHUS TPOMOC(EPHBIX PAAUOPEIICHHBIX CHCTEM;

C) YTO MO MEPE BO3MOKHOCTH 3TH METOJbl NPOXOAWIH MPOBEPKY C MOMOILBIO UMEIOIIUXCS AAHHBIX
W3MEpPEHU, KOoTopas IOoKa3aja, 4YTO OHHM OTJIHMYalOTCS TOYHOCTHIO, COINOCTaBUMOM C MPHUPOAOH
M3MEHYHMBOCTBIO SIBJICHUH PAcpOCTPAHCHUS PAJUOBOIH U JIOCTATOYHOMU ISl OOJNBIIUHCTBA CYIICCTBYIOIIMX
MIPUMEHEHUH NPH [JIAHUPOBAHUU CHUCTEM,

pekomeHoyem,

YTOOBI 17151 HCTIOJIb30BAHMUS IIPY IUIAHUPOBAHUH TPOMOC(EPHBIX PaluOPEIeHHBIX CHCTEM B COOTBETCTBYIOIINX
JIMaNa30Hax yKa3aHHBIX MapaMeTpOB OBUIM MPHUHATHI METOJABI MPOTHO3MPOBAHHUA U JPYTUe MPOLEIypH,
u3noxeHHsie B [punoxenun 1.

Hpuioxenue 1

1 BBeaenne

EnvHCTBEHHBIE MEXaHU3MBI TPONOC(HEPHOrO PACHpPOCTPAHEHUS PAAMOBOJIH, KOTOPbIE MOCTOSHHO
HabmomatoTest Ha yactorax Bbime 30 MI'm, — 3To0 nudpakuus Ha NMOBEPXHOCTH 3€MIIM U PacCesiHHE
oT atMoc(epHbIX HeopHopoaHOoCcTel. OcnabieHne TudparupoBaHHBIX CUTHATIOB OUY€Hb OBICTPO BO3pACTaeT ¢
pacCTOSHUEM W 4YacTOTOW, U, B KOHEYHOM CHYETE, OCHOBHBIM MEXaHHU3MOM pAaCIpPOCTpPaHEHUs OyneT
TponiocepHoe paccesHue. Ob6a MexaHU3Ma MOTYT HCHOJIB30BAaTbCSA Ul YCTAHOBJIECHUS ''3aropu30HTHON"
pannocBs3u. M3-3a HecxoKecTH ABYX Ha3BaHHBIX MEXaHM3MOB IPH NPOTHO3UPOBAHUHU TOTEPh MEpeaadu
HEO0OX0AMMO OTJETIbHO PACCMAaTPUBATh TPACCHI C AU(PaKIUel 1 TpacChl TPOIOCHEPHOTO pacCestHusL.

Hacrosmee [IpunoxeHne NOCBAIIEHO BOIIPOCaM MTPOESKTUPOBAHUS TPOITOCHEPHBIX PATIUOPEICHHBIX CUCTEM.
OpHa W3 ero mejei — B KpaTkod (opMe MPeICTaBUTh HPOCTHIE METOIbI MPOTHO3MPOBAHUS TOIOBBIX
pacnpesieieHuil U pacnpeielieHHui JUIs HauXyJIIIero Mecsia MoTepb Iepelavyd 3a CueT TporochepHoro
paccesiHus, a Tak e MH()OpMaIMo 0 Juana3oHax MPUMEHUMOCTH 3TUX pachpeneieHuit. Jpyras 3amaya —
W3JIOKUTh OCTAJIbHYI0 HMH(DOPMAIMI0O W ONHCaTh METOMbI, KOTOpPbIE MOXHO PEKOMEHJOBATh IS
HCIIOJIb30BaHUS MPH IJIAHUPOBAHUU TPOTIOCHEPHBIX CUCTEM.

B ampene 2015 roma 3-s UccnemoBarenbckas KOMHUCCHS TI0 PATUOCBSI3W BHECNA PEIAKIIMOHHBIE M3MEHEHHsS B
HacTosIyr Pekomennanuro B cootBeTcTBUE ¢ Pesomorueir MC3-R 1.



2 Pex. MC3-R P.617-3

2 HeoThemiieMble I ()pOBBIE MPOTYKTHI

®aiin TropoClim.txt sBasercs daimom dopmata ASCII, obecrednBarONIUM OIPEIACICHHE Pa3THIHBIX
KIIUMATHYECKUX 30H B BHUJAC I[ICJOYMCICHHBIX 3HAYCHWH, KOTOPBHIA COACpKUTCS B  (aiine
R-REC-P.617-3-201309-1"1ZIP-E. Ero manHBle NpeACTABICHBI B BHIE CETKH 3HAYCHWH C TIPHUBI3KOU
o mupoTe U ponrore B "cranmaptHoM" ¢opmate MCD-R. @opmaT maHHBIX ONMpEeAeNseTcs CIeXyOInM
oOpa3zom:

TABJIMIIA 1
HUctrounnk IMupora (cTpoku) Jouarora (cToa0ubI)
IlepBas Pasznoc Ko:-Bo cTpok IlepBriii Pasnoc Kon-Bo
CTpOKa (rpanycsr) cronben (rpamycer) CTOJIOLIOB
(°c.m) (°B. 1)
P.2001 89,75 0,5 360 -179,75 05 720
[NPUMEYAHUE 1. — 3nauenne nons "IlepBas cTpoka" sBISETCS IMHUPOTOH MEPBOI CTPOKH.
[NPUMEYAHUE 2. — 3nauenue moss "IlepBwiii cromben” sBIsETCS OOATOTOH mepBoro cronbia. CToOus

MIPECTABIIIOT COOOH MIMPOTHI, 3HAUEHHUsSI KOTOPBIX YBeNW4uuBaoTcsa oT 179,75° 3. 1. no 179,75° B. 1. BKIIFOUUTENBHO.
To ecTh, MUPOTA YBETMYUBACTCS B HAIIPABJICHUH BOCTOKA.

[NPUMEYAHUE 3. — B mone "Pa3Hoc" onpenensercs npupameHie MAPOTH/ JOATOTEH MEXITy CTPOKaMH/CTOIOAMH.

IMPUMEYAHUE 4. — B ¢aiine TropoClim.txt comepkaTcs EIOUNCICHHbIC HICHTH(OUKATOPHI 30H, a HE HEMIPEPHIBHBIC
METeopoJioTnieckue mnepeMeHHbie. COOTBETCTBEHHO, /IS TMOJyYCHHMS 3HAYCHUS B KaKOH-JIMOO KOHKPETHOM
IIMPOTE/MONTOTE He CIEAYeT WHTCPHOIMPOBATH STH 3HAYCHHWS, a CIEAYeT B3ATh 3HAUCHHE W3 OMrpKaifmero ysma
KOOpAWHATHOM ceTku. B oTHOmeHnu 3T1oro (haitna cieqyeT UMETh B BHAY, YTO 3HAUCHHE B MOCICTHEM CTONOIE HE
OyOonmupyeTt 3HaueHHE B epBoM cTosb1e. COOTBETCTBEHHO, MIMPOTHI CTPOK HAXOAATCS B HHTEepBaie ot 89,75° ¢. mr. no
89,75° 0. 11., a JONTOTHI CTOJIOIIOB HAXOIATCA B MHTEpBaie oT 179,75° 3. o. mo 179,75° B. 1.

3 IloTepu nepenaum Ha Tpaccax, NOABeP:KeHHbIX U (ppaKIuu

s paguoTpace, JJIMHa KOTOPBIX JIMIIhL HEMHOTO MPEBBIIIACT PACCTOSHUE JO TOPU30HTA, WM JJIs Tpace,
MPOXOJIAIINX HaJ MPENSATCTBUEM WJIM HAJ0 TOPHOH MECTHOCTHIO, Audpakius OyJeT OCHOBHBIM CIIOCOOOM
pacipocTpaHeHHs, ONPEACISIFOIIMM HANPSKEHHOCTh MOJIA. B 3TUX Cilydasx cleayeT MPUMEHSATh METObI,
omnurcannsle B Pekomenganuu MCD-R P.526.

4 Pacrlpezle.ﬂe}me nmoTepsb nepeaavdu aJist Tpace TpOHOC(bepHOFO paccesHus

YPOBHU CHTHAIIOB, PACTIPOCTPAHSIONINXCS 33 CUET TPONOCc(epHOTro paccesHusl, UCTIBITHIBAIOT KaK OBICTpEIE,
TaKk W MeJJIeHHBbIe KoyeOaHws. MeyieHHble KoyieOaHusi OOYCIIOBJICHBI OOIIMMH W3MEHEHUSMHU YCIOBUN
pedpakiuu B atMocdepe, a OBICTpBIE 3aMUPaHUS — IBHW)KEHHEM MEIKOMACIITaOHBIX HEOHOPOTHOCTEM.
MenneHHble KoJIeOaHMsT XOPOIIIO OMKCHIBAIOTCS pacTpeieNICHHSIMA YaCOBBIX MEUAHHBIX MOTEPh MEepeIadH,
KOTOpPBIC SABJISIOTCS IPUOJIM3UTENBHO JIOT-HOPMAaJIbHBIMU CO CTAaHIAPTHBIMH OTKIIOHEHUsIMHU OT 4 1o 8 nb, B
3aBUCHMOCTH OT KIUMATHYECKUX YCIOBHHA. BEICTphIe KolleOaHHMsS C TMEepUOJaMH MPUMEPHO J0 5 MHUHYT
MIPUOIIMKEHHO COOTBETCTBYIOT paclpeaesieHut0 Pasest.

[Ipu onpeenieHnn XapaKTEPUCTHK 3arOPU3OHTHBIX TMHHUNA CBSI3M, UMEIOIINX TaKyl0 T€OMETPHIO, IPHU KOTOPOH
npeobiajaeT MEXaHW3M TPOHMOC(HEPHOTO PACCEsIHUS, €CTECTBEHHO OLCHMBATH PACIHpPE/IEICHHE YaCOBBIX
MEIMaHHbIX IOTeph Nepefadd JUid TPOLEHTOB BpeMEHW HempesbimeHus, Oompmmx 50%. IIpocToit
MIOJTyaHAJTUTHYECKUH METOJl TIPOTHO3MPOBAHUS paclpeiesieHUs] CPENHErofIOBbIX TMOTEph Mepenadyd B
YKa3aHHOM JHara3oHe mpuBeaeH B myHKTe 4.1. ['padmaeckuii MmeTos mepeBoia roA0BEIX POIIEHTOB BpEMEHH
B IPOLEHTHl BPEMEHM AJII CPEAHETO HAMXyJALIEro Mecsia MOXXKHO HaWTh B myHKkTe 4.2. I HakoHel, B
MyHKTe 4.3 Jaercsd pyKOBOJCTBO IO OLEHKE pPAcHpelesIeHUs] MOTEph IMepefadd Uil MalbIX IPOLEHTOB
BPEMEHH, KOTOPbIE MOXXHO HCIIOJIB30BaTh JUIS ONpEENICHUS HEOOXOOMMBIX IWHAMUYECKHUX IHAara30HOB
npuemHuka. B Jlononnenue 1 BkioueHa JONOTHUTENbHAS HHQOpMALIKS, KaCAIOIIAsICsI CE30HHBIX M CYTOUHBIX
W3MEHEHUH MOTeph MepeJayd, 4acTOTHl OBICTPBIX 3aMUpPaHUH JUIS Tpacc TPOHOC(HEPHOrO paccestHUs MU
LIMPUHBI MTOJIOCHI TEpENAYH.
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41 Pacnipenesienne cpeHeroioBbIX MeIHAHHBIX NOTEPb INepeaavd Jjs NMPOLEHTOB BpPeMeHH,
ooapmux 50%

JI71st OLICHKHU CPEeIHETOI0BBIX MEMAHHBIX MTOTEPh nepenayn, L(Q), He mpeBblaeMbIX JIJIst IPOIIEHTOB BPEMEHH
g, Oompmmx 50%, peKOMEHAyeTCs HCIOJIb30BaTh CICAYIONIYIO IOIIArOBYI0 Mpouenypy. BxomHbimu
napaMeTpamMy TPOIEIyPhl SIBISIFOTCS: JUTMHA TPACChl 1Mo ayre OGosbinoro kpyra, d (km), wacrora, f (MI'm),
yCHJICHHUE aHTeHHBI nepenartunka, Gy (1b), ycunenue anteHHbl npueMHuka, G, (1b), yrom ropuszoHTa co

CTOPOHBI ITepeaTanka, 0; (Mpan), ¥ yroi TOpU30HTa CO CTOPOHBI IPUEMHIKA, Oy (Mpan):
llaz 1. OmnpenmenuTh HanOoJiee MOMXOMANIAN THIT KiIUMara il o0mero o0bema, 3aHHMMaeMOTO
paccMarpuBacMoOl JTUHHEH, C UCIIOIB30BAaHUEM KIMMATUYeCKON KapThl, KOTOpas u300pakeHa Ha PUCYHKE 1.

Jannas kapra, T. e. ¢aitn TropoClim.txt, sBuseTcs HeoTbemiieMOW HU(PPOBOH YACTBIO HACTOSIICH
PexomeHganuu (CM. MyHKT 2).
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Ecnmu oOmmii o0beM TponocdepHOro paccesHusl HAXOMUTCS HaJ MOPEM, TO THUIBI KIMMATOB B MeCTax
pacloNIoKeHHs TIepelaTuiKa U MPHUEMHUKa onpenesieHbl. Ecii 00a OKOHEYHBIX YCTPOWCTBA HAXOIATCS B
KJIMMATHUYECKOH 30HE, COOTBETCTBYIOIICH TOUKE Ha CYIIIE, TO KIMMATHUECKas 30Ha TPACCHI 3a/1a€TCSI MEHBIIINM
13 3HAYCHUHN KIMMAaTUYECKUX 30H IepelaTuruka U MpHeMHUKa. ECM TOJNBKO OJIHO OKOHEYHOE YCTPOMCTBO
HAXOJUTCS B KIUMAaTHYECKOW 30HE, COOTBETCTBYIOIIECH TOYKE HA CyIle, TO 3Ta 30HA ONpEIeNseT
KIIMMAaTUYE€CKYIO 30HY TPacCChI. Ecim o OHO N3 OKOHCYHBIX YCTpOﬁCTB HE HAXOUTCA B KIIMMaTHYECKOM 30HEC,
COOTBETCTBYIOIIEH TOUKE Ha CyIIle, TO Tpacce MPHUCBANBACTCS KIIMMAaTHIeCKasl 30Ha "MopcKas Tpacca'.

Ilaz 2: Jns BBIOpaHHOTO KJIMMaTa C IMOMOMLIBIO TAOJHIBI 2 MOJYYHTh METEOPOJIOTHYECKUI mapaMeTp U
napaMeTpbl CTPYKTYpbl atMocdepsl, M H Yy, COOTBETCTBEHHO, a TaKXKe YpaBHEHHE, KOTOPOE OJDKHO
ucronb3oBatbes s pacyera Y(90).
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TABJIUIIA 2
3HaYeHHs] METEOPOJIOrHYECKHX APAMETPOB M APAMETPOB CTPYKTYPbI aTMOChepbI
Kanmar 1 2 3 4 5 6 Mopckoii”
M (ab) 39,60 | 29,73 19,30 38,50 29,73 33,20 26,00
y (kM 1) 0,33 0,27 0,32 0,27 0,27 0,27 0,27
Vpasnenue Y(90) 9 7 10 11 7 7 8

*

B ¢aiine TropoClim.txt Mmopckoii kiumar o6o3Ha4eH B Buze 0.

Illaz 3: Berauciuth yron paccesiaus 0 (yrioBoe pacctosiHue) o GopMmyiie:
0=0,+ 6+ 6 Mpa, (1)

rze 0y u O, — yrasl TOpH30HTa CO CTOPOHBI IEpEeJaTyiKa U IPUEMHHUKA, COOTBETCTBEHHO, a

0. =d - 103/ka Mpa, (2)
rue:
d:  amuHA Tpacchl (KM);
a: paxnuyc 3emiu, paBHbId 6370 KM;
k: koadduimMeHT KBHBaJICHTHOTO pajuyca 3eMyM Ui CPEIHHUX YCIOBHUM pedpakiiiu

(cmemyer ucmons30BaTh 3HaueHue K = 4/3, ecu HeT OoJice TOYHBIX JaHHBIX).

Ulae 4: OnpenenuTh 3aBUCUMOCTD MOTEPh Tiepenayu, Ly, oT BbICOTHI 001Iero oosema no gpopmyiie:

Ly = 20log(5 + yH) + 4,34vh b, 3

rae.
H=1030d/4 KM, (4)
h = 1060%a/8 KM (5)

U Y — IapaMeTp CTPYKTYpbI aTMochepbl, ONpeiesieHHbIH Ha mare 2.

Llaz 5. Onpenenuts kK03hduuueHT npeodpazoBanus, Y((), I MPOIEHTa BPEMEHH HEMpPEBbIICHHs (,
otinyHoro ot 50%, no dopmyse:

Y(a) = C(q) Y(0) ab. (6)

3nech Y(90) — koadurment npeobpaszoanus s q = 90%, onpeaensieMblii 1J1si pACCMAaTPUBAEMOT0 KITUMATa
COOTBETCTBYIOIINM ypaBHeHHeM (7—11), kak ykazaHo B Tabnulle 2:

Yoo =-2,2— [8,1— 2,3-10* min( f ,4000)]exp (-0437h) @)
Yo, = —9,5 — 3exp(—0,137h) (8)

Yy, =-82 ds < 100 (92)



Pex. MC3-R P.617-3 5

Yoo =1,006-1078d3 — 2,569-107°d2 + 0,02242d, —10,2 100 < ds < 1000 (9b)
Yoo =—34 B MHBIX CITyqasx (9c)
Y,, =—10,845 d; < 100 (10a)
Yy, =—4,5-107d} +4,45-10*d? —0,122d, —2,645 100 < ds < 465 (10b)
Yy, = -84 B MHBIX CITyqasx (10c)
Yoo =—115 ds < 100 (11a)
Y,, =—8,519-10°d? +7,444.10°d2 - 4,18-10*d, -121 100 < ds < 550 (11b)
Yoo =—4 B MHBIX CITy4asx. (11c)
rac:
d, =6,, /1000 KM (12)

Koaddunment C(q) st KICKOMOT0 MPOLIEHTa BPEMEHH HENPEBBILICHHUS (| MOKHO ONPEIeUTh MO Tabmuie 3.

TABJIMIIA 3
Tpebyembie 3Hauenust C(q)
q 50 90 99 99,9 99,99
C(q) 0 1 1,82 241 2,90

Ulae 6: OnpenenuTh MOTEPU CBI3U MEXKILy PACKPHIBOM aHTEHHBI M CPeIol pacrpocTpaneHus, L.
L. = 0,07 exp [0,055(G; + G,)] 1b, (13)

rae Giu G, — k03 HUIMeHTs! yCHIeHUs aHTEHHBI.
Ulae 7: Onpepenuts CpeJHET0JOBbIE TIOTEPH Nepeiauu, He MPEeBbIMIacMble IJIsl IpOoLUeHTa BpeMeH: (% 1o

hopmye:

L(@ =M + 30logf + 10logd + 30log6 + Ly + Lc — Gt — G, — Y(q) ab. (14)

[MPUMEYAHUE 1. — Ypasuenue (14) sBisercs sMmnupudeckoil GopMyiol, OCHOBaHHON Ha JAaHHBIX U YaCTOTHOTO
muanazona Mesxxy 200 M u 4 T'Ta. J{st GonpIimHCTBa MPUMEHEHWH ero MOKHO MCTIONb30BaTh 1 Ha yacTtote 5 [T 6e3
ocoboro yiepba Uit TOYHOCTH.
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4.2 PacnpenesieHue MeIMaHHBIX MOTEPH NMepPeIayd 32 CPeAHUNA HAMXY Ui MecsIIl /IJIsl MPOLIEHTOB
BpeMeHH, 6oabux 50%

Jlst  cOTJIACOBaHHOCTH C pacIpe/eliCHHEM CpPEIHETO/IOBBIX IMOTEPh Tepelladd 3TO  pacrlpesieiiCHUe
1enecoo0pasHee ONMpeAeiIiTh M0 CPEIHETOA0BOMY, UCIONB3Ysl MPH ITOM KOI(PPHUIMECHT MpeoOpa3oBaHMsI.
[porenypa CBOTUTCS K CIENYIOIEMY:

Llae 1: Tlony4unuTs cpeTHEr00BOE paciipeieieHne A MPOIeHTOB BpeMeHu Henpessimierws (50, 90, 99, 99.9)
Y BRIOPAHHOTO THIA(OB) KJIMMATa C IIOMOIIbI0 METO/a, U3JI0KESHHOTO B myHKTe 4.1.

Llaz 2: Tlo KPUBBIM pHUCYHKa 2 OMpeACINUTb PAa3HOCTh OCHOBHBIX IMOTEPH IM€peaAavn MEKIAY CPECAHCTOJOBbIMHA
pacnpe€acJICHUsIMU U PACIIPEACTICHUAMMA IJIA CPECAHEI0 HauXyAaUuIero Mecidia. HOCKOJ’IBKY, n3-3a OTCYTCTBUA
JaHHBIX PISMCpeHI/Iﬁ, JJIA THUIIOB KiIMMarta 2 WK 5 Takux KPUBBIX HET, IPUMEHHUTCIIbHO K TUITY KJIMMaTa 2
CJICAYCT HCIIOJB30BaTh KPHUBLIC JIA THUIIA KJIKMMaTa 3, a MPUMCHHUTCIIbHO K THUITY KJIMMara 5 ciaenyer
HCIIOJIB30BaTh KPUBEIC I TUIIA KIIMMaTa 6.

DKBUBAJIIEHTHOE PACCTOSHUE, HCIIOJIb3YeMOE Ha PUCYHKE 2, olpeaensieTcs mo Gpopmye:
d,=d+85(6,+6,) KM, (15)

rac nNepeMEHHbBIC UMCIOT TC K€ 3HAUYCHU A, KOTOPLIC BBIYMCJICHBI B ITYHKTC 4.1.

Llaz 3: Jlna oleHKH TMOTEph Mepeayd B CPeIHUN HAMXY/IIHA MECAIl, He MPEBBIIIAeMBIX IS MPOIIEHTOB
Bpemern (50, 90, 99, 99,9), x pa3HOCTH, TOJIYYCHHON Ha Imare 2, MPHOABUTh COOTBETCTBYIOIINE
CpEIHEr0I0BbIC 3HAUCHMU S, HaliIeHHbIC Ha mare 1.

LUlae 4: Tlorepu nepenayu uisi CpeJHETO HAUXYIIEro MecsLa, He IpeBblacMble B TeueHue 99,99% Bpemenu,
MOKHO OLIGHUTHb 10 HaWJACHHBIM BBIIIE 3HAYCHUSAM, NPHUMEHHUB JIOTapU(PMHUUCCKYIO SKCTPAIOJISLUI0
(1. e. mo rpaduKy, MOCTPOCHHOMY Ha HOPMAJIbHO-BEPOSTHOCTHOM Oymare).

4.3 CpenHeroaoBoe pacmnpeiejieHHe MeIHAHHBIX MOTePh IMepelavH /sl MPOUEHTOB BPeMeHH,
meHbIux 50%

st mpotienToB BpeMeHUM Mexay 20% (1711 HEKOTOPBIX THUIIOB CyXOro KiumaTta Haj cymei ot 1%) u 50%
CPE/IHEr0/IOBOC pacIpe/e/iCHUE MOTEPh MEpeJadyd MOXHO CYHUTATh CHMMETPHYHBIM, M 3HAUCHHS MOTEPh
nepeiayl MOYKHO OMPEICTUTh M0 COOTBETCTBYIOIIUM 3HAYCHUSIM BBIIIIE MEAUAHHBIX, T. €.

L(20%) = L(50%) — [L(80%) — L(50%)]. (16)

OpHako i pacueTa JUHAMHUYECKOTO JUana30oHa, TPeOYIOUEro 3HaHUs pacipesesieHus s 00jiee HU3KUX
MPOILIEHTOB BPEMEHH, HEINb3s OTPAHHYUBATHCS TOJBKO TPOMOCPEPHBIM pacCesHWEM. 3HA4eHUs TOTepb
nepesiayu, He MPEBBIIAEMbIX JJI OYCHb MaJbIX MPOIEHTOB BPEMEHHU, OyIyT ONPEACIAThCS MEXaHH3MOM
BOJIHOBOJIHOTO PACIPOCTPaHEHHUS. OJTH 3HA4YCHMs IleJiecooOpa3Hee OICHMBATh C IIOMOIINBIO METOJa,
n3i10)keHHoro B Pexomenmaniuu MCO-R P.452,

5 Pa3HeceHHBII npuem

I'myOoxue 3amupaHunsi, BOZHHKAIOIINE HPH PACIPOCTPAHEHUH 3a CUET TPOMOC(HEpHOro paccesHus, CHILHO
YXYIIAT pabOTOCIIOCOOHOCTh CHCTEM, HCHOJIB3YIOINIMX 3TOT MEXaHW3M paclpocTpaHeHus. BnusHue
3aMUpPaHUA MOXXHO YMEHBLIMTH C MOMOIIBIO Pa3sHECEHHOTO MpHeMa, UCIOJIB3Ys OBa WM Oojee CUrHaja,
3aMHpaHus KOTOPBIX 0oJiee Wil MeHee HEe3aBUCHUMBI 3a CUET Pa3HEeCEHHs TPacc WM 4acToT. MTak, u3BecTHO,
YTO MPOCTPAHCTBEHHOE, YIJIOBOE WIJIM YaCTOTHOE pa3HECEHHE YMEHBIAeT MPOIEHT BPEMEHH, B TEUCHHE
KOTOPOTO TPEBBILIAIOTCS OONbLIME 3HAYEHUS MoTepb nepenaud. Ilpum 3ToM yrioBoe pasHeceHHE MOXKET
OKa3bIBaThb TakoW >ke 3(QQEKT, YTO U BEPTHUKAIBHOE NPOCTPAHCTBEHHOE, SBILSICH NpU 3TOM Oonee
9KOHOMHUYHBIM.



PasHocTs OCHOBHBIX MOTEPh mepeadu (1b)

[
N

=
o

10

Pex. MC3-R P.617-3

U roa0oBbIMH OCHOBHBIMH IIOTEPAMH Nepeaaumn

PUCYHOK 2

Kpnm,le Pa3HOCTH MEKITY OCHOBHBIMHU IOTEPAMHU IEepeaavdu 1A HAUXYALIEro Mecsina

a) Kimmar 1
50%
[
2 ———
L3
A\ N oo,
¥99,9%
DKBUBAJICHTHOE paccTosHUE dy (KM )
b) Kimmar3, Tarxske MOKET HCIIOB30BATHCS JIJIs KIIMMara 2
50%
%‘ [ —
o —
DxBuBaneHTHOE paccToguue dy (kv)
) Kmumar 4
[——— 50%
\\
\
% \
| S— 99% E—
\ =
29,9% ‘\E >\
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DkeuBanieHTHOE paccTosnue d; (kv)

d) Kimmar6 u MOpCKOii KIMMaT, Takke MOKET HCIIONb30BAThCS I KiuMara 5

50%
—% | T~
— 0 | o—
9,5% \\= ~
\E&
100 200 500 1000
OxBuBaneHTHOE paccrosnue 0y (k)
P.0617-02

HpOCTpaHCTBeﬂﬂoe pPasHeceHue

Ah=0

,36(D2 +4l

2)1/2

Av=036(D? +412)"?

B 3aBucumocTH OT 0COOCGHHOCTEH paccMaTpHUBaeMOro MeCTa MOXKHO HCIIOJIB30BaTh IMPOCTPAHCTBEHHOE
pasHeceHue 110 TOPU3OHTAITH MITH BepTHKaIH. COOTBETCTBYIOIINE BETMYUHBI pasHoca Ah 1 AV 110 TOpHU30HTaIN
U BEPTUKAIH, COOTBETCTBEHHO, Ha 4acToTax Bhimie 1000 MI'i onpeaenstoTcst ¢ MOMOIIBI0 IMIUPUYECKUX
COOTHOIICHHI:
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rae D — nmamerp aHTeHHHI B MeTpax, a Iy = 20 M u |y = 15 M — sMmupudeckne MacmTaOHBIC IIMHBI 110
TOPH30HTAJIHM U BEPTHKAIH, COOTBETCTBEHHO.

5.2 Pa3HeceHnue 1mo yacrore

B cucremax, B KOTOPBIX JK€IaTeIHHO MCIOIB30BaTh pa3HECEHHE 10 YacTOTe, COOTBETCTBYIOIIAs BEITMYMHA
gactoTHOro pasHoca Af (MI') Ha yactoTax Beiie mpubausuTeapHo 1000 MI' onpeensercs ¢ MOMOIILIO
COOTHOILIEHUS:

12
A f=(L44f /6d) (D2 +12) M, (19)

rue:

f: ugactora MI'm);

IaMeTp aHTCHHEI (M);

0: yrox paccesHus (Mpaf), TOITy4aeMblil u3 ypaBHeHus (1);

I, wmacmrabHas nnuHa 15 M, 0 KOTOPOil TOBOPHIIOCH BHIIIIE.
5.3 Yroa paznecenne

MOXHO TakKXe HCIIOJIb30BaTh BCPTHUKAJIIBHOC YIJIOBOC PA3HCCCHUE C IOBYMS WU 0oJjiee aHTEHHBIMU
o0JIyyaTesiMHM, Pa3HECEHHBIMH B BEPTHKAJBLHOM HAIIPAaBICHHWH, W OOIIMM OTpaxaresieM. Takod mpuem
CO3MIaeT pa3IMYyHbIC DPAa3HECEHHBIC [0 BEPTUKAIM OOlIMe OO0BEMBbl IO aHAJOTHH C BEPTUKAILHBIM
MIPOCTPAHCTBEHHBIM pa3HECEHHEM. YTIOBOW pa3Hoc A 0,, HEOOXOAMMEBIN AJIS MMONYYEeHUS MPUOIUIUTENHHO
Takoro sxe 3((eKTa, Kak 3a C4eT BEPTUKAIBHOTO MIPOCTPAHCTBEHHOTO pa3sHoca AV (M), OIpenesnsieMoro u3
ypaBHeHus (18), Ha TPUONIN3UTENTFHO CUMMETPUYHBIX TPACCAX PACCUUTHIBACTCS KaK:

AB, = arc tan (Av /500d), (20)

rae d — mimHa Tpaccel (KM).

6 Bausinue pacnoJioskeHus CTAHIUI

K pacnonoxenuo TUHUI Nepeayn CIeayeT OTHOCUTHCS OYeHb BHUMATENbHO. JIyun aHTEHHBI HE JOJKHBI
Mperpaxaarbesl ONM3NEeKAIMMK NPENSTCTBUSIMH, a AHTEHHBI JOJDKHBI ObITH HallpaBJIeHbl HEMHOTO BBIIIE
ropu3oHTa. TOYHOE ONTUMATIbHOE 3HAUEHUE BO3BBIIICHHSI 3aBUCHT OT THITA TPACCHl M aTMOC(EPHBIX YCIIOBHI,
HO OHO JIOJDKHO OBITH B mipezenax oT 0,2 10 0,6 mupuHB Ty4a HaJ TOPU30HTOM.

Wsmepenusi, mpoBeneHHBIE C TIOMOINBIO TIOBOPOTa JIyda aHTEHHBI C ycwieHneM 53 a1b OTHOCHTEIBHO
HaIpaBIIeHU Ha TOPU30HT TI0 AyTe OOIBIIOro Kpyra OT ABYX MepelaTINKOB, padoTaronux Ha yactore 2 [T,
KaXKJIBII W3 KOTOPBIX HaxoauTcs Ha paccTosHud 300 KM, ¢ OYEBHIHOCTHIO MPOJIEMOHCTPUPOBAIH CKOPOCTh
CHUKEHUSI MOIITHOCTH MPUHUMaeMoro curHaia 9 nb Ha rpamyc. OTo HAOMIOAAIOCh IPH YBEIIMUEHUH yTIia
paccesiHus BhIIIIE MIEPBBIX TPEX IPalyCcoB, KakK 110 a3UMYTY, TaK U 110 BO3BBIIIICHUIO, IS KX IOW TPACCHI U JIS
ITUPOKOTO THATIa30Ha TIPOIIEHTOB BPEMEHH.
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Jlononnnenne 1

HOHOJ’[HHTCJ’ILHLI@ BCIIOMOIaTe€JIbHbIC MATCPHAJIbI

1 Ce30HHBIE U CYyTOYHBIE H3MEHEHNS NMOTePh Nepeladyn

B yMmepeHHBIX KIMMaTHYeCKUX 30HAX IMPOUCXOMISAT TOAOBbIE W CYTOYHBIE W3MEHEHUS IOTEepPh Iepenadm.
CpennemecsiyHble MEAMAHHBIC IOTEPH, KaK MPaBUIIO, BBIIIE 3UMOM, 4YeM JieToM. J{hana3oH noTeps COCTaBIsET
ot 10 mo 15 nb Ha cyxomyTHbBIX Tpaccax anuHOM 150-250 kM, HO CHUXKAIOTCS C POCTOM paccrosiHus. Kak
MoKa3alld U3MEpPEHUs, BBINOJHEHHbIE B €Bpoleickoil yactu Poccuiickoit ®denepanun Ha Tpacce JJIUMHOU
920 kM Ha yactote 800 MI'11, pa3HuUIa MEKAY JTETHUM U 3UMHUM MEJTUAHHBIMU 3HAYCHUSMU COCTaBHJIIA JIUIITH
2 nb. CyrouHble M3MEHEHHUsS OOJbIIE BCETO 3aMETHBI JISTOM M Jie)aT B auamazoHe oT 5 jgo 10 nb Ha
CyxomyTHbIX Tpaccax mmuHod oT 100 mo 200 kM. HambGompmme morepu mepenadn HaONIOMAIOTCS TTOCIE
MOJTyIHS, & HANMEHBIIINE — PaHHUM yTpoM. Ha Mopckux Tpaccax MosBIeHHE CyneppeppaKkiiyd U TOJHITHIX
YPOBHEH 00Jiee BEPOSATHO, UEM Ha CYXOIYTHBIX TPaccax, MO3TOMY Ha HHX OOJIbIIE U JUANa30H U3MCHCHHU.
IT0 cO00paKEHNE MOKET OTHOCUTHCS TAK)KE K HU3KHM, POBHBIM ITPUOPEIKHBIM PErMOHAM B MOPCKHX 30HAX.

B cyxux, ®apKux IMyCTBIHHBIX KJIMMAaTHYECKHX 30HaX OoclabJeHue NOCTUraeT MakcuMyma JieToM. ['onoBbie
M3MEHEHUS MECSIYHBIX MEAMAaHHBIX 3HAUEHHUS Ul Tpacc cpelHell mainbHocTH npesbimaeT 20 nb, mpu stom
CYTOYHBIE U3MEHEHHS Ype3BbIYaiiHO OOJIbIINE.

B 9KBAaTOPHAJIbHBIX KIMMAaTHYCCKUX 30HAX I'OJOBBIC U CYTOUYHBIE U3SMCHECHU, KaK IIpaBUJIo, HeOoIbIINE.

B MyCCOHHBIX KIMMaTHYECKHX 30HaX, rae npoBoauauch usmepenus (Ceneran u bap6anoc), MakcumanbHble
3HaueHus: Ng HaOmomaloTCsl BO BpeMsl CE30HA NOKACH, HO MUHMMAIBHOE OCIablIeHHEe — MEKAY CE30HOM

JOXKJIEH U CYyXUM CE30HOM.

2 YacToTa OBICTPHIX 3aMHPAHMI VI TPacc TPONMOCHEPHOro paccesiHAsA

BricTpoe 3amupaHie MPOUCXOANUT C YACTOTON HECKOJIBKO 3aMHpaHHUI B MUHYTY Ha OoJjiee HU3KHX YacTOTax U
HECKOJIBKO Tepll B Auana3oHe YBY. B pesynbTare HaloXeHHS MHOKECTBA NEPEMEHHBIX HEOJHOPOIHBIX
KOMIIOHEHTOB 00pa3yeTcsi CUTHAJ, aMIUIATYy/la KOTOPOTO MUMEET PAJIEEBCKOE paclpeliesieHre. Y CTAaHOBIICHO,
YTO 3TO MOYTH CIIPABEUIMBO, KOI'/1a aHAIIM3UPYETCS paclpeAeiICeHUe 3a IEPUOABI IPUMEPHO A0 5 MUHYT. Ecimn
CYLIECTBEHHYIO YaCTh IPUHUMAEMOI0 CHUTHAJIA COCTABJISAIOT CUTHAJIBI APYrOro THUIA, TO 3TO PaCIpENcICHNE
Mensiercsi. OTMeyaInch BHE3aIHbIE ObICTPhIC U TITyOOKHE 3aMHUPaHUs TIPU IPOXOXKICHUN JIMHUH CBSA3U Yepes3
00acTh (PPOHTATHLHOTO BO3MYIIEHUS. SIpKO BbIpakeHHBIE OBICTPBIC 3aMHPAHUSI MOTYT BBI3BIBATH OTPAKEHHSI
OT BO3YLIHOI'O Cy/IHa.

HpOBO,I[I/IJ'IOCB HUCCICAOBAHUEC YaCTOTHI 6LICTpI>IX 3aMI/IpaHI/Iﬁ KaxKk q)YHKI_II/IPI ABTOKOppECIALIUU 1O BPEMCHU,
KOTOpasd 1ac€T CPpCAHIOI0 YaCTOTy 3aMHpaHHI>'I JJI KOPOTKHUX IMEPUOJOB BPEMCHH, B TCUCHHUE KOTOPLIX CHUI'HAJI
ABJIACTCA CTAallUOHAPHBIM. YCTaHOBHeHO, YTO MECIHMAHHOC 3HAUYCHUEC Cpe)Z[Heﬁ YacCTOThI 33MI/IpaHPII>'I pacTeT
MOo4YTH MNPOIIOPHHUOHAJIBHO IAJIMHE TPACChl U Hecymeﬁ YaCTOTC WU HEMHOI'0 YMCHLIIACTCA C YBCINMYCHUCM
AuaMeTpa aHTCHHBI.

N3mepenwns Taxoke Mokasajn, 4TO HanOoJIbIIas ObICTPOTa 3aMUpaHuil HaOIr0gaeTcs B CIyvasix, KOT/1a YaCOBBIC
MeAMaHHbIe MOTEpU Tepeladyn MPEeBBIIAIOT MEAUaHHbIE MMOTEPH 3a JUIMTENBbHBIA mepuon. B menom Obuio
YCTaHOBJIEHO, YTO CKOPOCTh 3aMHUpPAaHUN yYMEHBIIAETCS C YMEHBLIEHHEM IOTEPh NEpefauyd HUXKE YPOBHS
MEIMaHHbIX MTOTEePh 3a JUIUTENbHBIN nepro. [Ipu 3ToM HanMeHbIIIe CKOPOCTH 3aMHUPAHUN HAOIIOJAI0TCS B
cllydasix, Korja npeobiaiaeT BOJHOBOIHOE PACIPOCTPaHEHHUE.

Camoe OonplIoe 3HaU€HHE UMEIOT Hanboee OBICTPhIE 3aMHUPAHHUs B CIy4ae YacOBBIX MEAMAHHBIX 3HAUECHUH
MOTeph Tepeaady, MPEBHIIAONMX MEIUaHHBIE MOTEPH 3a JUINTENbHBIN mepuoa. CorjacHo pesyibTaTram
HECKOJIbKMX H3BECTHBIX M3MepeHHui (Ha dactore 2 I'T1) MennaHHBIE CKOPOCTH 3aMHPAHHMNA COCTABIISIIOT
npubnusuTensHo ot 20 1o 30 3amMupaHuil B MEHYTY.
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3 IInpuHAa 1M0JIOCHI, JOCTYITHAA JJIsl lepeAayn

Paznuynable HEOMHOPOIHOCTH, OOYCIIAaBIMBAIONINE PACIIPOCTPAHEHHE 33 CUET PACCEsHHs, CO3/Ial0T TPACCHI
pacnpocTpaHeHHs, KOTOPbIE MOTYT Pa3lIndaThCs MO KOJIMYECTBY W BpeMeHH mepenadn. COOTBETCTBEHHO,
KO3 (UITUCHTHI TIepelaud Ha JABYX COCEHUX YacTOTaX HE IMOJIHOCTHIO KOPPEIMPOBaHBI, YTO MPHUBOAMT K
HCKXEHISIM TIepeiaBaeMoro curaaia. JlocTymHas ais mepefayl MIMPHHA TOJIOCH — 3TO IIMPHHA MOJIOCHI,
B Ipeneiax KOTOPOW MCKa)KeHHWE TepefaBaeéMOro CHTHala, BBI3BAHHOE JTHM SBJICHHEM, HaXOIHUTCS
B JIONYCTUMBIX Tpenenax. Takum o0pa3oM, JaHHAs IIUPHHA IIOJIOCHI 3aBUCHT KaK OT Xapakrepa
MepelaBacMoro CUrHaia (MyJbTUIUICKCHPOBAHHBIN Tele()OHHBIH CUTHAJ, TCJICBU3MOHHOE H300paKCHHC
U T. 1I.), TAK U OT HMCKaXEHHWS, JOMYCTUMOTO IS JAHHOTO CHTHama. Kak IoKaszamM WCCieTOBaHMs,
npoBesieHHbie B0 OpaHiyu:

- HOBBILICHHE YCUJICHUSI aHTEHHBI PACIIMPSET JOCTYITHYIO JUIs Mepeaavn MUPHHY MOJIOCH 10 TaKOH
CTEIMEHH, YTO NOTEPU YCUIICHUSI TAKXKE MOBBILIAIOTCS (T. €. TIPH YPOBHSX YCUIJICHUS, TIPEBBIIIAONIHX
npumepHo 30 1b);

— MIPU BCEX OCTAJLHBIX OJMHAKOBBIX MapaMeTpax JOCTYITHAS JUIs TEpeadyl MUPUHA MOJIOCH 3aBUCUT
OT CTPYKTYphI aTMOC(hEepHI U, CIeI0BATEILHO, OT PACCMATPUBAEMOM KITMMATHUECKOM 30HBI;

- AOCTYIIHasA Jid nepe€aadr MIMpUHa IMOJOChI YMEHBIIACTCA C YBCIHMYCHUEM PACCTOSAHHSA, HO 3aKOH
9TOr0 YMCHBIICHHA JJI PA3HBIX KIIMMAaTHYCCKUX 30H paSHBIﬁ;

— JOCTyIHAs IS TIepelauy IUPHHA MT0JIOCH] YMEHBIIACTCS P MONOKUTEIBHBIX YIIaX BBIXOJa BOJH
Y YBEJIMUMBACTCS IIPU OTPULATEIbHBIX yIIax.
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