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IIpeauciiosue

Pomp CekTopa pagwioCcBs3W 3aKiOYaeTCs B OOCCIICUYCHUW PAIMOHATBHOTO, CHPABEIUBOrO, S(P(GEKTUBHOTO U
SKOHOMHUYHOT'O HWCIOJB30BaHUS PAJMOYACTOTHOTO CIIEKTPa BCEMHU CIY)KOaMU paiHOCBS3U, BKIIOYAs CITyTHUKOBBIC
CIy’XOBI, W TPOBENCHNH B HEOTPAaHMYCHHOM YaCTOTHOM JHAlla30HE WCCIeJOBaHUH, Ha OCHOBAaHHMH KOTOPBIX
MIpUHUMAIOTC PekoMeHmanmu.

BcemupHbIe 1 pernoHanbHbIe KOH(EPEHIINH PAANOCBA3M U acCaMOJIen pallOCBsI3U PH MOJIEPKKE HCCIIEA0BATEICKIX
KOMHCCHH BBITIOJIHSIFOT PErJIAMEHTAPHYI0 ¥ MOIUTHUYeCKyI0 (pyHKInu CekTopa paanocBsI3u.

IMouTHKa B 00J1aCTH NPAB HHTEJIEKTYaabHO# codcTBeHnocTu (ITUC)

ITomutuka MCD-R B oOmactu IIMC wm3maraercs B oOmieil marentHod mnomutke MCD-T/MCO-R/MCO/MDBK,
ynomuHaeMoil B Pezomonnu MC3-R 1. ®opMmbl, KOTOpble BiajenbllaM MaTEHTOB CIEAyeT HCIOJIb30BaTh s
MPEICTaBIICHUS TMATCHTHBIX 3asBICHUA W JEKJIapalid O JIMIICH3UPOBAaHUM, TPEACTABICHBI II0  aJpecy:
http://www.itu.int/ITU-R/go/patents/ru, rme Takxke comepkarcs PykoBojsiiye NPHHIMIBI MO BBIMTOJHEHUIO OOLICH
nateaTHOU omutukd MCO-T/MCO-R/MCO/M3IK u 6a3a nanHbIX nateHTHON MHpOopMarmm MCO-R.

Cepuu Pexomenaanuii MCI-R

(IlpencraBieHsl TakKe B OHIAWHOBOM (hopme o aapecy: http://www.itu.int/publ/R-REC/ru.)

Cepus Ha3Banue

BO CIyTHHKOBOE paJHOBEIIaHue

BR 3anuch 17151 IPOU3BOJICTBA, ADXUBHPOBAHUS M BOCIIPOU3BEICHUS; TUNICHKH IS TEJICBUICHUS

BS PanuoBemarensHas ciayx0a (3ByKoBasi)

BT PanunosemarensHas ciayx0a (TeleBU3HOHHAS)

F OuKcHpoBaHHAS CITYKOa

M [MonswkHbIE CiTyX)OBI, CIyX0a pagrooNpeeNieHN s, TIOOUTENbCKas CITy>)K0a M OTHOCSIINECS
K HUM CITyTHHUKOBBIE CITY>KOBI

P PacnipocTpanenne pajHoBoJIH

RA Papnoactponomust

RS CucreMbl TUCTAaHINOHHOTO 30HIUPOBAHMS

S dukcupoBaHHas CITyTHUKOBas Ci1yX0a

SA KocMuueckre npuMeHeHNs! 1 METEOPOJIOT s

SF CoBMeCTHOE MCIIONB30BAHME YaCTOT U KOOPJMHALUA MEXy CHCTEMaMH (PMKCHPOBaHHOM
CITyTHUKOBOH CITYObI 1 (PUKCHPOBAHHON CITY>KOBI

SM VipaBiieHue UCIONb30BaHUEM CIICKTPa

SNG CryTHHKOBBIN cOOp HOBOCTEH

TF [Tepenaua curHasoB BPEMEHHU U 3TAIIOHHBIX YaCTOT

\% CroBaphb ¥ CBsI3aHHBIE C HIM BOIPOCHI

Ilpumeuanue. — Hacmosawasn Pexomenoayus MCO-R ymeepoicOena na aHeautickom s3vike
6 coomgemcmeu ¢ npoyedypou, uznoxcennou 6 Pesonoyuu MCO-R 1.

Dnexmponnas nyoauxayus
Kenesa, 2023 r.

© ITU 2023

Bce mpara coxpanenbl. Hu o1Ha U3 yacTeil TaHHOH MyOIMKAIUU HE MOKET OBITh BOCIIPOM3BEICHA C TIOMOIIBIO KAKHX OBl
TO HH OBUIO CPENCTB Oe3 MpeBapUTENbHOTO MMChbMEHHOT0 paspemenns MCO.
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PEKOMEH/JALIMSI MCD-R P.676-13*

SaTyxaHI/le B aTMOC(l)eprlX ra3ax m CBs3aHHOC€ ¢ HUM B03I[eﬁCTBHe
(Bommpoc MC3-R 201/3)
(1990-1992-1995-1997-1999-2001-2005-2007-2009-2012-2013-2016-2019-2022)

Cdepa npumeneHus

B nacrosmeit PekoMmenganum npruBeieHb:

a) B [Ipunoxxennn 1 — mMeToapl pacdera 3aTyxXaHHS B aTMOC(EpHBIX ra3aX Ha HAaKIIOHHBIX Tpaccax,
(ha30BOI1 HETMHEWHOCTH, UCKPHUBIIEHUS TPAEKTOPUHU PACIIPOCTpaHEHHUS B aTMoc(depe, YBEIHUYSHHS IIHHBI
Tpaccel B atMoc(epe U HUCXOASIIeH M BOCXOJSIICH IIyMOBOH TeMIepaTypbl, OTHOCUMOTO K KHUCIOPOAY H
BOJISHOMY Tapy, JUIsl paAroBOJIH B Auanazone 4actotT oT 1 [T mo 1000 I'T npu npou3BOIbHBIX U3BECTHBIX
poUIISIX AaBICHUS, TEMIIEPATYPHI M BBICOTHI BOISHOTO Hapa;

b) B [lpwioxkeHnn 2 — MeTon NPHUOIM3UTENBHOW OLEHKM MTHOBEHHOT'O 3HAUCHHS 3aTyXaHUS B
aTMoc(epHBIX ra3ax Ha HAaKJIOHHBIX TPaccax, OTHOCUMOTO K KUCIOPOAY U BOJSHOMY Tapy, Ui PaIdOBOIH B
muanasone 9acToT oT 1 I'Tm mo 350 I'T'1, korma u3 MeCTHBIX TaHHBIX, CIIPABOYHOTO PO WITH CIIPABOYHBIX
uM(ppPOBBIX KapT HM3BECTHHI MTHOBEHHBIE 3HAYEHHS NPU3EMHOTO MAaBJICHUS, NMPHU3EMHOM TEeMIEpaTyphl U
NPHM3EMHOM IUIOTHOCTH BOASHOTO Mapa MIIM CyMMapHOTO COAEPKaHus BOASHOro mnapal;

C) B Ilpmmokernu 2 — METON MPUONM3UTEILHON OIEHKH CTATUCTHYECKOTO 3HAYEHWS 3aTyXaHHUsS B
aTMoc(epHBIX Ta3aX Ha HAKJIOHHBIX TPACcCax, OTHOCUMOTO K KUCJIOPOAY WU BOJSTHOMY Tapy, IUIsl PauOBOIH
B nmuana3oHe 4actoT oT 1 ITm mo 350 I'Tm, xorma w3 MECTHBIX NAHHBIX, CIIPABOYHOTO Mpoduis wim
CIIPABOYHBIX MH(POBBIX KapT W3BECTHHI CTATHCTHUYECKHE 3HAYCHHS IPH3EMHOTO IaBJICHHS, MPHU3EMHOU
TEeMITepaTyphl U MPU3EMHOH TNIOTHOCTH BOJSHOTO Mapa WM CYMMapHOTO COACPKAHUS BOASHOTO Iapa;

d) anmpOKCUMHUPOBAHHOE BEPOATHOCTHOE pachpesesicHue BeliOymia B OTHOIICHMM 3aTyXaHUS
PaaAMOBOIH Ha HAKIIOHHBIX Tpaccax, OTHOCHMOTO K BOJISTHOMY Tapy, JJIs MCIIONBh30BaHUS B PexoMmeHmanmu
MCD-R P.1853.

KuaroueBrnle ciioBa

3aryxaHue B aTMOC(EpHBIX T'a3ax, IOrOHHOE 3aTyXaHHe, 3aTyXaHWe Ha HaKJIOHHBIX Tpaccax, BOASHOW map,
KHCIopon, pazoBas gucnepcusi, BOCXOoAsIee, HUICXOIIIee, HCKPUBICHHE TPAGKTOPUU PACIIPOCTPAHEHHUS.

Coxpamenusi/ab0peBuaTypsl/rjoccapmii

BricoTa Han ypoBHEM MOps Paccrosinue no BepTUKaIU OTHOCUTENBHO CPEIHETO YPOBHS MOPSI
Hucnepcust N3meHeHne BpeMEHHOM 3aJIep>KKU B 3aBUCUMOCTH OT YaCTOThI
Hucxopsimuii [1rym] HanpapneHHOE BHU3 paclpoCTpaHEHHE IIIyMa Yepe3 aTMochepy
3aatMochepHbIit Boznaukaromuii 3a npeaenaMu aTMochepbl

Bricora PaccrosiHme 1o BepTHKaIN OTHOCUTENHFHO MMOBEPXHOCTH 3EMITH
N3zoron OpnHa U3 pa3sHOBHUIHOCTEH XMMHUYECKOTO 3JIEMEHTa

Bocxopsmuii [1rym] HanpasneHHoe BBepX pacnpocTpaHeHHe IIyMa yepe3 aTMochepy

B utone 2024 roay 3-s MccnenoBarenbckast KOMUCCHS IO PaIHOCBSA3H BHECIIA TIOMPABKK PEIAKIIMOHHOIO XapaKTepa
B HacTOsIIy0 PekoMeHmamio B cooTBeTcTBUM ¢ Pesomorueir MC3I-R 1.

1 Cymmaproe conepkaHue BOISHOTO Tapa — 9TO OOIIee KOJMYECTBO BOAAHOTO Mapa B BEPTHKATBHOM CTOINOE,
MPOCTHPAIOIIEMCS. OT MOBEPXHOCTH 3€MJIM JIO BEPXHHX CJIOCB aTtMocdepbl. TepMmuHBI "CyMMapHOE COJEpKaHUC
BoIsHOro mapa", "oOImee conepxaHue BojasHOro mapa", "oOllee cojaepKaHWE BOASHOTO mHmapa B cronbe(ax)",
"cyMMapHOe coJiepyKaHHe BOJTHOTO mapa B crojbe" u "ollee coiepikaHue BOISHOTO TMapa B CTONOE" SIBISIOTCS
CHHOHHUMAaMHU.
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3eeMaHOBCKOE pacuiCrjicHue Pacmienienue CHCKTpaﬂLHOﬁ JIMHHUHW Ha HCCKOJIBKO KOMIIOHCHTOB
B IIPUCYTCTBHUU CTATUYCCKOI'O MarHuTHOI'O IMOJIsA

CootBercrByonue Pekomengannu u Cnpapounuxk MCI-R
Pexomenmanms MC3-R P.528
Pexomenmarnua MCD-R P.530
Pexomennmanua MCO-R P.618
Pexomenmanus MCO-R P.619
Pexomenmanms MC3-R P.676
Pexomennmanua MCO-R P.836
Pexomennmanus MCO-R P.1144
Pexomenmanus MC3-R P.1510
Pexomennmamnua MCO-R P.1853
Pexomennmarnua MCO-R P.2001
Pexomenmanms MC3-R P.2041

CrpaBOYHHK IO PagOMETEOPOTIOTHH

[NPUMEYAHUE. — B kaxmoMm ciy4dae CIEAyeT HCIHOIb30BaTh IIOCIEAHION JCHCTBYIOIIYI0 BEPCHIO/PENAKINIO
Pexomenmanuu.

Accambies panuocssizu MCO,

yuumbvleast,

a) YTO CYLIECTBYeT HEOOXOAWMOCTh MPOTHO3MPOBAaHMSA 3aTyXaHUs B aTMOcepHbIX rasax Ha
HaKJIOHHBIX Tpaccax, (a30BOil HEITMHEHHOCTH, UCKPUBJIECHUS TPAEKTOPHU PAcIpOCTpaHEHUs B armocdepe,
YBEJIMYEHHS JJTUHBI TPAcChl B aTMOC(epe N HUCXOAIIEH U BOCXOSIIEH ITyMOBOW TEMITEPATyPhl, OTHOCUMBIX
K KHCIIOpOAY W BOJSHOMY Mapy, AJsA paguoBoiH B auanazoHe vactor oT 1 ITu go 1000 I'Tu mpu
MIPOM3BOJIBHBIX U3BECTHBIX MPOQHIISLX AaBICHUS, TEMIIEPATYPHI 1 BHICOTHI BOASHOTO Mapa;

b) YTO CYILECTBYET HEOOXOIUMOCTh OLIEHKHM MTHOBEHHOT'O 3HAYCHUS 3aTyXaHHsI B aTMOC(EPHBIX ra3ax
Ha HAKJIOHHBIX TPaccaxX, OTHOCHMOTO K KHCIIOPOIYy U BOJASHOMY Iapy, AJs paAXOBOJH B JUAITa30HE YacTOT OT
1ITu go 350 I'T', Korna U3 MECTHBIX JaHHBIX, CIPAaBOYHOTO MPOQMIS WM COPAaBOYHBIX HU(PPOBBIX KapT
W3BECTHbl CTATUCTUYECKHWE MaHHBIE 110 MIHOBEHHBIM 3HAYCHMSM IIPU3EMHOTO JABJICHUS, HPU3EMHOM
TeMIepaTypsl ¥ MPU3EMHON TUIOTHOCTH BOJSHOTO TIapa WIIM CYMMapHOTO COJIepKaHHUs BOASHOTO T1apa;

C) YTO CYIISCTBYET HEOOXOIMMOCTh OLICHKH CTATHCTUYECKOTO 3HAYCHHUS 3aTyXaHUs B aTMOCQEPHBIX
ra3zax Ha HaKkJIOHHBIX Tpaccax, OTHOCUMOI'O K KUCIOPOY U BOASHOMY Iapy, AJIs paJUOBOJIH B JUANIa30HE YAaCTOT
or 1ITo mo 350 I'Tm, korma W3BECTHHI CTATHCTHUYCCKHUE NAHHBIC MO MPH3EMHOMY JaBIICHHUIO, TIPU3EMHOMN
TEMIIEpaType U NPU3EMHON IIJIOTHOCTH BOASIHOTO Mapa WM CyMMapHOMY COJIEP>KaHHIO BOJASIHOTO 11apa;

d) YTO  CYHIECTBYET HEOOXOJAMMOCTh  MOJYYEHHS  alllPOKCHUMUPOBAHHOI'O  BEPOSTHOCTHOIO
pacnpeneneHust BeliOynna B OTHONIEHWH 3aTyXaHHS PaJMOBOIH Ha HAKJIOHHBIX TpaccaX, OTHOCHMOTO K
BOSIHOMY Tapy, Ul UCIoJib30BaHus B Pekomenaannu MC3-R P.1853,

pexomenoyen,

1 9TOOBI AJIS1 MPOU3BOJBHBIX BBICOTHBIX MPOQUIICH TeMIIepaTypbl, JaBJIeHHs M TUIOTHOCTH BOISIHOTO
apa, M3BECTHBIX U3 MECTHBIX IAHHBIX (HAIIPUMEP, U3MEPEHH, BBHIIIOJIHEHHBIX C IOMOIIbIO PAAHO30HI0B, M
7000T0 U3 ITAOHHBIX Mpoduitell, npuBeaeHHbIX B [Ipunoxenusx 1, 2 win 3 Pexomenganuun MCD-R P.835),
JUIsl pacyeTa 3aTyXxaHus B aTMOC(EpHBIX ra3ax Ha HAaKJIOHHBIX Tpaccax, (a30Boi HEJTMHEHHOCTH, UCKPUBIICHUSI
TPaeKTOPHU PACIpPOCTPAaHEHUsI B aTMocdepe, YBEIUUCHHUS UIMHBI TpacChl B aTMocdepe W HUCXOAAUICH H
BOCXOJSIILEH LIYMOBOH Temmeparypbl, OTHOCUMBIX K KHCIOPOAY M BOASHOMY Hapy, sl PaJdOBOJIH B
muarrazone gactot ot 1 [Ty mo 1000 I'T'y mermonb3oBancst MmeTos, ykasanublii B [Iprmoxxennn 1,
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2 9TOOBI JJIsi OLIGHKM MIHOBEHHOTO 3HAUCHUS 3aTyXaHHWs B aTMOC(EPHBIX Ta3ax Ha HAKIOHHBIX
Tpaccax, OTHOCHMOTO K KHCIIOPOJIYy W BOJSHOMY Iapy, IJs PaJuoOBONH B Auama3oHe 4dacToT oT 1 [T
10 350 I'T11 mo MTrHOBEHHBIM 3HAYEHUSAM IMPHU3EMHOHN TeMIIepaTyphl, IPU3EMHOTO JABJICHHUS W MPU3EMHOM
IIJIOTHOCTH BOJAHOIO Iapa WM CYMMapHOTO COACPKaHUA BOASAHOIO Imapa, U3BECTHBIM M3 MCCTHBIX JaHHBIX
(HampuMep, TaHHBIX METCOCTAHIIMK WM UCTOPUYCCKUX JAHHBIX), UCTIOIH30BAIICS METOM NPUOIU3UTEIBHON
OIICHKH, IpUBeIeHHEIN B [Ipunoxenun 2;

3 YTOOBI JJI OLICHKW CTATUCTHUYECKOTO 3HAYEHUS 3aTyXaHWs B aTMOCHEPHBIX Ta3zaX Ha HAKIOHHBIX
Tpaccax, OTHOCUMOTO K KHCIOPOAY M BOISHOMY Tapy, Ul paAuoBONH B auama3one yactoT oT 1 [T mo
350 [Ty mo cTaTHCTUYECKHM 3HAYCHUSM TPU3EMHOW TEMIIePaTypbl, MPU3EMHOTO JTaBICHUS M MPH3EMHON
IDIOTHOCTH BOJSHOTO IMapa MW CYMMAapHOTO COJAEpaHHUS BOISHOTO Iapa, W3BECTHBIM IO JOJTOCPOYHBIM
HCTOPUYECKUM JaHHBIM WM 10 KapTam u3 Pexomenmaimn MCD-R P.2145, ucmonb3oBajics MeTon
MpUOIM3UTENHFHON OLIEHKHY, PpUBEACHHBIN B [Ipunoxenun 2;

4 9TOOBl JJISI OIEHKH AaNlIpOKCHUMHPOBAHHOTO BEPOSTHOCTHOTO pacmlpeneneHus BeiiOymia B
OTHOIICHUH 3aTyXaHUs PAIMOBOIH B BOJISTHOM ITape Ha HAKJIOHHBIX Tpaccax NMpy MpUMeHEeHUH PexoMeHnanum
MC23-R P.1853 ucnionn3oBaics MeTo, NpUBeIeHHbIH B [Ipunoskennn 2.

Ipuiaoxenue 1

Pacuyer 3aTryxanusi B aTMOC(epHBIX razax
METOA0M CYMMHUPOBAHMS CHEKTPAJIbHBIX JUHUM

1 Iloronnoe 3atyxanue

[loronHoe 3aTyxaHue B CYXOM BO3JIyX€ M 3a CYET BOJASHOIO Mapa A JIOOBIX 3HAYeHWH [aBIeHMS,
TEeMIepaTypsl M BiIaXKHOCTH Ha dYactorax g0 1000 I'Tu moxer OBITH TOYHO PACCUUTAHO METOAOM
CYMMHPOBAHHUSI OTHENBHBIX CIIEKTPAIBHBIX JIMHUH KHCIIOpOJa M BOJSHOTO Mapa C HCIIOJIb30BaHUEM
JIOTIOJTHUTENILHBIX HEOOJBIIUX [0 BEIUYMHE KOI(D(PUIIMEHTOB, YYUTHIBAIOUIMX HEPE30OHAHCHBIN, WA
ne0aeBCKHiA, CIIEKTpP MOTIIOIIEHUS KUCIOPOo oM Ha yactoTax Hmke 10 [T, mormomenne Moiekynamu a3ora
IIpH OTpeAcIeHHOM maBiieHnH Ha dactotaX Beimie 100 ['Tm m moOaBoYHOE IIOTJIONMICHHWE B IOJIOCE
HETIPEPHIBHOTO TIOTJIONICHHUS BOJSHBIM ITapoM, HaWJIEHHOE JKCIEPUMEHTAIBHBIM IyTeM. Ha pucynke 1
MOKa3aHO MOrOHHOE 3aTyXaHHe, PACCUUTAHHOE C MOMOILIBI0O METOJIa MPOTHO3UPOBAHUS yisl 4acToT OT 0
10 1000 I'Tq ¢ mrarom 1 I'T'n, mpu maBnennn 1013,25 rlla, Temmeparype 15 °C, mioTHOCTH BOJSHOTO TMapa
7,5 r/m® (cTanyapTHas atMocdepa) U Ul cyxoif aTMochepsl (CyXoii BO3IyX).

Oxoso wacrorel 60 I'Tm mpu naBneHMHM Ha ypoBHE MOpPS MHOKECTBO JIMHHM TOIJIOIIEHUS KHUCIOpoJa
CIIMBAIOTCA, 00pa3ysl OAHY IUPOKYIO MOJIOCY MOTJIOICHHUS, YTO MOAPOOHO MOKa3aHo Ha pucyHke 2. Ha atom
K€ PUCYHKE IIOKa3aHO 3aTyXaHHE 3a CUET KUCIOPOAa B 60Jiee BBICOKHX CIIOSIX aTMOC(EpBI, T€ C yBEIUICHUEM
BBICOTHl JaBJIEHHE YMEHBIIACTCSI W CTAHOBATCS pa3IUYMMBl OTAEIbHBIE JIMHUHM TOTJIOUIeHHA. Psj
JOTIOJTHUTENFHBIX BHJIOB MOJIEKYJ (HampuMep, BHIBI H30TOINOB KUCIOPOAA, KOnedaTenbHO BO30YKICHHBIE
MOJIEKYJIBl KHCIIOPOJa, O30H, BHIBI M30TOIOB O030HA, KOJNEOATEJbHO BO30YKAECHHBIE MOJEKYJBl 030Ha U
MIpOYHe HEe3HAUYHUTENbHbIE BUIBI MOJIEKYJ) HE YUHTHIBAIOTCS MPH MCIOIH30BAHUN METOAa TIPOTHO3UPOBAHUS
IIyTEM CyMMHPOBAHMS CTIEKTPAIBHBIX JUHUNA. DTH JOMOJHUTENbHBIE CIIEKTPaIbHbIE TMHUN HECYIIECTBEHHBI
111 00BIYHON aTMOCc(epbl, 0THAKO MOTYT OBITh BaXKHBI IIPH CYXOH atmocdepe.

[ToroHHOe 3aTyxaHne B aTMOC(EPHBIX Ta3ax OMPEACIIICTCS CIASAYIOMNM 00pazoM:

Y= Yo + Yw = 0,1820 f (N”K'HC/IOpU,zZ (f) + N”BU/zﬂHz)ﬁnap (f) ) HB/KM, (1)

TIE Yo U Yw — IOTOHHBIC 3aTyXaHUs (1b/KM), 00yCIOBICHHBIE CyXUM BO3AYXOM (KHCIOPOIOM, a30TOM IIPH
OIIPEJIC/ICHHOM JIABJICHUM U HEPE30HAHCHBIM J€0AEBCKUM 3aTyXaHUEM) U BOJSHBIM MAPOM, COOTBETCTBEHHO
f—wacrora (ITu), a N m0pos DU N poranoringy (f) — MHMMBIE 4YacTH —YaCTOTHO-3aBHUCHMBIX
KOMIUIEKCHBIX pedpaKiuii:
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NIIC.’PIC/IUPO,a(f) = Zi (rucaopoz) SiFi + NI,), (f)i (26.)
N z,?,a,zzﬂﬂoﬁ nap (f ) = Zi (BogsaHoH nap) Si F i (2b)

Si — MHTEHCHUBHOCTH i-i CMEKTPAIbHOW JTMHUU KUCIOPOa WK BOASHOTO mapa, Fi — koadduimeHt Gpopmsr
JIMHUY KUCIIOPOJa VI BOJSHOIO Tapa, a 3HAKM CYMMBI PACIPOCTPAHSIOTCS HA BCE CHEKTPAbHBIC JTUHUH
B Tabmunax 1 u 2;

Np(f) — HenpepbiBHBI CHEKTp Uil CyXOro BO3ayXa, OOYCIOBIEHHBIA MOMJNOMEHHEM a30Ta MpPH
OTPE/ICTICHHOM JIaBJICHUU U Ie0aCBCKUM CIIEKTPOM, KaK 3aJ]aHO0 ypaBHEHHEM (8).

MHTEeHCUBHOCTD JTUHUH OMpeacIsACTC CICAYIOIIUM 06pa30M:

S; =a; x 1077 p 83 expla, (1 — 8)] JJ1Sl KUCJIOPO/a; 3
=b; X107t e 035 exp[b,(1 —0)]  A14 BoAAHOro napa, @)
rae:
p: maBieHue cyxoro Bozayxa (rlla);
€. TmapumanbHOE JaBiicHHE BoasHOTO mapa (rlla) (momxHOoe OapoMeTpudecKoe JaBIICHUE,
Pt =P +€);
0 = 300/T;
T: temmnepatypa (K).
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PUCYHOK 1

IloronHoe 3aTyxanue B aTMOC()epPHBIX ra3ax, paccuurannoe ¢ marom 1 I'T'n,
BKJIKOYAS IEHTPHI JIHHU MOTJIONIeHUS
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PUCYHOK 2

Iloronnoe 3aryxanue B 1uana3one 50—70 I'T'ny Ha yka3aHHBIX BbICOTAX, paccuuTaHHoe ¢ marom 10 MI'n,
BKJIIOYAS LEHTPBI JIHHUM norsomenus (0 kM, S km, 10 kM, 15 kM 1 20 km)
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Ecnu umeroTcs, ciaemyer MCHoiab30BaTh MECTHBIE MPOQUIN BBICOTHI P, € U T (Hampumep, U3MEPEHHBIC C
MOMOIIBI0  PaTUO30HIUPOBAHNUS). B OTCYTCTBHE MECTHBIX JAaHHBIX CIEAYEeT KCIOIb30BATh 3HAYCHUC
COOTBETCTBYIOIIEH 3TaJOHHON CTaHmapTHOW atMmocdepsl, mpuBeaeHHoe B Pexomenmanmmu MC3-R P.835.
(CHCZ[YGT OTMETUTH, YTO, KOI'JIa BBIYUCIIACTCA MMOJTHOC 3aTyXaHUEC B aTMOC(i)epe, IJIA 3aTyXaHus, OTHOCUMOI'O
K KHUCIIOPOJY, W 3aTyXaHHs, OTHOCUMOIO K BOJITHOMY Mapy, WCIOJIB3YETCS OJHO M TO K€ MapluaibHOE
JIABJICHHUE BOJSTHOTO Mapa.)

[NapumanabHOE NaBJICHUE BOJJHOIO Tapa € Ha J00H BBICOTE MOXHO pPacCUMTaTh MCXOMAS U3 3HAUYCHUH
IJIOTHOCTH BOJITHOTO Tapa p U TeMIeparypbl 7 Ha 3TOW BBICOTE, UCTIONB3YsI CIACIYIOIIYIO (hOPMYITY:

pT
e=—. 4
216,7 @)

CIeKTPOCKOIIMYECKYE JaHHbIE I KMCI0PO/ia IPUBEACHbI B Ta0uIIe 1, a CIIEKTPOCKOIIUYECKHE JaHHbBIC IS
BOJISIHOTO Tapa — B Tabuuie 2. [Tocnenuss 3anuck B Ta0IUIE 2 — 3TO MCEBAOJIMHUS C IICHTPAIILHOW YaCTOTON
1780 I'Tu, HUKHEE KPBUIO KOTOPOU IMPEACTaBIsieT COOOH COBMECTHBIN BKiaa Ha 4actore Hroke 1000 [Ty
PE30HAHCHBIX YaCTOT BOSHOIO Iapa (TO €CTh HEMPEPHIBHBIN CIEKTP BOASHOIO IIapa), He yUYUTHIBAEMBIX IIPH
HCIOJb30BAaHMM METOZa IPOTHO3UPOBAHHUS IMyTeM CYMMHPOBAHHS CHCKTpajdbHBIX JuUHUH. I[lapamerpbl
MICEBJIOJMHUN KOPPEKTUPYIOTCS B IIEIIAX YUETA PA3ITUUUS MEIKIY U3MEPSEMbIM MOTJIONICHUEM B aTMOC(HEPHBIX
OKHaX MPO3PavyHOCTH M PACCUUTAHHBIM IOTJIONICHHEM Ha MECTHBIX JIUMHUSIX.

Koaddunment hpopMel crieKTpaabHBIX JTUHHUNA OTpeAemnseTcs mo Gpopmye:
flAf-5(f—f) Af-5(f+f)

F=— + , 5
R (f—f)PAf? (f 4 ) +Af2 2

rae fi — yactoTa TMHUK KKCIOPOIa UK BOJSHOTO Tapa, a Af — mupuHa TMHUN:

Af =a, x 10* (p 6 %) 1 11e0) JUTSL KUCITOPO/Ia; (63)

b, x 10 (p 0% + b, e0%) JUTSI BOASIHOTO TTapa.

[IupuHa cnekTpanbHON TUHUH Af H3MeHsIeTCs A1l yueTa 3eeMaHOBCKOTO PACIIEIUICHHUSI TMHUA KUCIOPOIa 1
JOILIEPOBCKOTO PACIIUPEHUS JINHUN BOJSHOIO Mapa:

Af = \/Af 24+225%x10° JUTSI KA CTIOPO/Ia;
6b)
21316 x107** .2 (
=0,535Af +./0,217Af 2 + = 316 XG 0 f, IUTSI BOJISTHOTO Iapa.
& — monpaBOYHbBIN KOAPPHUIIHEHT, 00YCITOBICHHBIH HHTEP(EPEHIHEH CIIEKTPATbHBIX JTHHUH KUCIOPO/Ia:
5 =(a; +a,0)x10*(p+e)6°* JUTISI KACIIOPOJIa; 0

=0 JUTSL BOJITHOTO TIapa.
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TABJIMIIA 1
CHEKTPOCKOHH'{QCKI/IG AAaHHbIE 1JIH 3aTyXaHHUA 3a CUET KUCJI0poaa
fo a1 az as au as as
50,474214 0,975 9,651 6,690 0,0 2,566 6,850
50,987745 2,529 8,653 7,170 0,0 2,246 6,800
51,503360 6,193 7,709 7,640 0,0 1,947 6,729
52,021429 14,320 6,819 8,110 0,0 1,667 6,640
52,542418 31,240 5,983 8,580 0,0 1,388 6,526
53,066934 64,290 5,201 9,060 0,0 1,349 6,206
53,595775 124,600 4,474 9,550 0,0 2,227 5,085
54,130025 227,300 3,800 9,960 0,0 3,170 3,750
54,671180 389,700 3,182 10,370 0,0 3,558 2,654
55,221384 627,100 2,618 10,890 0,0 2,560 2,952
55,783815 945,300 2,109 11,340 0,0 -1,172 6,135
56,264774 543,400 0,014 17,030 0,0 3,525 -0,978
56,363399 1331,800 1,654 11,890 0,0 -2,378 6,547
56,968211 1746,600 1,255 12,230 0,0 -3,545 6,451
57,612486 2120,100 0,910 12,620 0,0 -5,416 6,056
58,323877 2363,700 0,621 12,950 0,0 -1,932 0,436
58,446588 1442,100 0,083 14,910 0,0 6,768 -1,273
59,164204 2379,900 0,387 13,530 0,0 -6,561 2,309
59,590983 2090,700 0,207 14,080 0,0 6,957 -0,776
60,306056 2103,400 0,207 14,150 0,0 -6,395 0,699
60,434778 2438,000 0,386 13,390 0,0 6,342 -2,825
61,150562 2479,500 0,621 12,920 0,0 1,014 -0,584
61,800158 2275,900 0,910 12,630 0,0 5,014 -6,619
62,411220 1915,400 1,255 12,170 0,0 3,029 -6,759
62,486253 1503,000 0,083 15,130 0,0 4,499 0,844
62,997984 1490,200 1,654 11,740 0,0 1,856 -6,675
63,568526 1078,000 2,108 11,340 0,0 0,658 -6,139
64,127775 728,700 2,617 10,880 0,0 -3,036 -2,895
64,678910 461,300 3,181 10,380 0,0 -3,968 -2,590
65,224078 274,000 3,800 9,960 0,0 -3,528 -3,680
65,764779 153,000 4,473 9,550 0,0 -2,548 -5,002
66,302096 80,400 5,200 9,060 0,0 -1,660 -6,091
66,836834 39,800 5,982 8,580 0,0 -1,680 —-6,393
67,369601 18,560 6,818 8,110 0,0 -1,956 -6,475
67,900868 8,172 7,708 7,640 0,0 -2,216 —6,545
68,431006 3,397 8,652 7,170 0,0 -2,492 -6,600
68,960312 1,334 9,650 6,690 0,0 -2,773 -6,650
118,750334 940,300 0,010 16,640 0,0 -0,439 0,079
368,498246 67,400 0,048 16,400 0,0 0,000 0,000
424,763020 637,700 0,044 16,400 0,0 0,000 0,000
487,249273 237,400 0,049 16,000 0,0 0,000 0,000
715,392902 98,100 0,145 16,000 0,0 0,000 0,000
773,839490 572,300 0,141 16,200 0,0 0,000 0,000
834,145546 183,100 0,145 14,700 0,0 0,000 0,000
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TABJIUIIA 2
CHeKTPOCKOHI/IlleCKI/Ie AaHHbIE 1JId 3aTyXaHUs 3a CUET BOASAHOI'O 1nmapa
fo b1 b2 bs ba bs be
22,235080 0,1079 2,144 26,38 0,76 5,087 1,00
67,803960 0,0011 8,732 28,58 0,69 4,930 0,82
119,995940 0,0007 8,353 29,48 0,70 4,780 0,79
183,310087 2,273 0,668 29,06 0,77 5,022 0,85
321,225630 0,0470 6,179 24,04 0,67 4,398 0,54
325,152919 1,514 1,541 28,23 0,64 4,893 0,74
336,227764 0,0010 9,825 26,93 0,69 4,740 0,61
380,197353 11,67 1,048 28,11 0,54 5,063 0,89
390,134508 0,0045 7,347 21,52 0,63 4,810 0,55
437,346667 0,0632 5,048 18,45 0,60 4,230 0,48
439,150807 0,9098 3,595 20,07 0,63 4,483 0,52
443,018343 0,1920 5,048 15,55 0,60 5,083 0,50
448,001085 10,41 1,405 25,64 0,66 5,028 0,67
470,888999 0,3254 4,597 21,34 0,66 4,506 0,65
474,687092 1,260 2,379 23,20 0,65 4,804 0,64
488,490108 0,2529 2,852 25,86 0,69 5,201 0,72
503,568532 0,0372 6,731 16,12 0,61 3,980 0,43
504,482692 0,0124 6,731 16,12 0,61 4,010 0,45
547,676440 0,9785 0,158 26,00 0,70 4,500 1,00
552,020960 1840 0,158 26,00 0,70 4,500 1,00
556,935985 497,0 0,159 30,86 0,69 4,552 1,00
620,700807 5,015 2,391 24,38 0,71 5,856 0,68
645,766085 0,0067 8,633 18,00 0,60 4,000 0,50
658,005280 0,2732 7,816 32,10 0,69 4,140 1,00
752,033113 243,4 0,396 30,86 0,68 4,352 0,84
841,051732 0,0134 8,177 15,90 0,33 5,760 0,45
859,965698 0,1325 8,055 30,60 0,68 4,090 0,84
899,303175 0,0547 7,914 29,85 0,68 4,530 0,90
902,611085 0,0386 8,429 28,65 0,70 5,100 0,95
906,205957 0,1836 5,110 24,08 0,70 4,700 0,53
916,171582 8,400 1,441 26,73 0,70 5,150 0,78
923,112692 0,0079 10,293 29,00 0,70 5,000 0,80
970,315022 9,009 1,919 25,50 0,64 4,940 0,67
987,926764 134,6 0,257 29,85 0,68 4,550 0,90
1 780,000000 17 506 0,952 196,3 2,00 24,15 5,00
ITonoca HCIIPEPBIBHOI'O  IMOTJIOINECHHA B CYXOM BO3AYXC ABIICTCA  CICACTBUEM  CYIIECTBOBAHUA

HEpPE30HAHCHOTO, WK J1e0aeBCKOro, CrieKTpa Kuciopoaa Ha dacrorax Hmwke 10 [T u, npu onpeaereHHOM

JIaBJICHUH, 3aTyXaHUs 3a cYET a30Ta Ha yactoTax Bbiuie 100 I'T:
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614 x 10° 14 x 10 p6*° (8)

£ ] 1+19x107° 15 |
d|1 + (dj

NI (f) = f po?

rae d — mupuHa 1e0aeBCKOTO CIeKTpa:

d =56x10"*(p+e)0°®. )

2 3aTryxaHmne Ha Tpacce

21 Ha3zemuble Tpaccsl

Jis HazeMHOW Tpacchl WM IS ClIerka HAKJIOHHBIX Tpacc, MPOXOISAIIMX BOJHM3U 3€MIIM, 3aTyXaHUE Ha
Tpacce A MOXKeT OBITh pACCUMTAHO KaK:

A=v1,=(y,+7,)l, 1B, (10)

rae Fo — IJIUHA TPACCH (KM).

2.2 HaxkJjoHHBIE TPacChI

B mynkrax 2.2.1 u 2.2.2 mpuBeAcHBI METOIBI pacdeTa ociabiaeHus B aTMOC(EepHBIX ra3aX Ha HAKIIOHHBIX
Tpaccax 3eMII-KOCMOC, MPOJIETaoINX U3 TOUYKH Ha MOBEPXHOCTH 3eMJIM WM BOJIU3U OT Hee B TOUKY HaJ
MIOBEPXHOCTHIO 3EMJIM MM B KOCMOCE, C UCIOJIb30BAaHUEM METOAA CYMMHPOBAHUS CHEKTPAIBHBIX JHMHUH,
ormcanHoro B llpmmoxkeHnu 1, TpyW HW3BECTHBIX TeMIIepaType, AaBIEHHH CyXOro BO3AyXa W mpodriie
IUIOTHOCTH BOJSIHOTO TMapa. B myHkTe 2.2.3 3TOT METOA pacmpoCTpaHseTcss Ha HHUCXOISIIYIO Tpaccy,
MIPOJIETAIONIYI0 U3 TOYKH HaJl MOBEPXHOCTHIO 3€MJIM WJIM B KOCMOCE B TOUKY Ha MOBEPXHOCTH 3e€MIIM MIIH
BOMmM3u oT Hee. B myHkrax 2.2.4 u2.2.5 mpeactaBieHbl METOIBl pacyeTa HCKPUBJIEHUS TPAcKTOPUHU
B aTMoc(epe U yBeTHUIEeHUS JITUHBI TPACCHI B aTMOC(epe I Tpacchl 3eMIIsi-KOCMOC.

2.2.1 HeorpuuaTejabHble 3HAYeHHA BUANMOTIO yIJja MecTa

3aryxanve B aTMOC(EPHBIX ra3ax Ha BOCXOMSAIIEH HAKJIOHHOM Tpacce Mexay BbeicoTaMd hy u h,
(h, > hy = 0 xM) paBHSETCS:

_ rh2 y(h) - h, yY(h)
Agas - fh1 sin @(h) h h1 J1-cos? @(h) dh, (11)
rue:
cos o(h) = (Re + ha) ) ®1, (12)

(Rg + ) n(h)

y(h) — noroHHoe 3atyxaHue Ha BbicoTe h, R — cpeannit paanyc 3emiu (6371 kM), (9 — MECTHBIH BUUMBIN
yTroJl MecTa Ha BbicoTe Ry, a n(h) — MHAEKC pedpakiuu Ha BBICOTE h.

ITpu ToMm uTo ypaBHeHue (11) MOKHO PEIMTH YUCIEHHBIM MHTETPUPOBAHUEMZ, OCIa0IeHHe B aTMOC(EPHBIX
razax Ha HAaKJIOHHON Tpacce XOpOIIO ammpoKCHMHPYETCS IyTeM pasJelieHus arMocdepbl Ha CIIOH C
AKCIIOHEHITHATHFHO BO3PACTAIOIICH TONIWHOM, OTPEICIICHISI IOTOHHOTO 3aTyXaHus (Ib/KM) B KaXIOM clioe
U JUIMHBI y9acTKa TPacchl (KM), MPOJETAIONMIETO Yepe3 Ka)IbIH CIOH, ¢ MOCICAYIONUM CYMMHUPOBAHHEM
[IPOU3BE/ICHUI MMOTOHHOTO OCJIA0JICHUS B KAXKIOM CIIO€ Ha JUIMHY COOTBETCTBYIOLIETO Y4aCTKa TPACCHI, KaK

2 B 3aBHCHMOCTH OT peanus3aiuu ypaBHeHHe (11) MOXHO PEIINTh C MOMOIIBIO PA3IUYHBIX METOMOB, TAKHUX Kak:
a) dyuxius integral cucremsr Matlab; b) ¢pyuxums quad cucremsr Octave; ¢) pyukuus quad s3eika Python;
d) Heckonbko dhyHKImMil n3 kaUr cepun "Numerical Recipes”, u Ipyrux aHaJOrMYHBIX METOJIOB.
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nmokasaHo B ypaBHeHuH (13). B oTCyTCTBHE MECTHBIX MpOdUIICH TeMIIEpaTyphl, TaBJICHHUS CYXOTr0 BO3yXa U
MapIUaIbHOTO JABJICHUS BOASHOTO Mapa B 3aBUCHMOCTH OT BBICOTHI (HAMPUMED, MONYUYCHHBIX 10 JaHHBIM
PaaMO30HINPOBAHUS) MOMYCKAETCS HMCIIOJIb30BaTh JIFOOYI0 M3 IIECTH 3TAJOHHBIX CTaHIAPTHBIX aTMochep
(cpenHerooBas riaobajibHas CTaHAApPTHAs aTMocdepa, ToA0Bas STAIOHHAS aTMOc(epa Ha HU3KUX MIUPOTaX,
STAJIOHHAs aTMocdepa Ha CPEAHHUX IIMPOTaxX JIETOM, ATAJOHHAs arMocdepa Ha CPEIHUX IIUPOTAX 3UMOM,
STaloHHas aTMocdepa Ha BBICOKHX IIMPOTAX JIETOM HITH ATAJOHHAs aTMoc(hepa Ha BRICOKUX IIUPOTAX 3UMON)
n3 Pexomennanuu MCD-R P.835:

Agas = X% a; y; (nb), (13)

TZe Y; — IOroHHoe 3aTyxaHue (ab/km) i-ro ciost cornacHo ypaBHeHuIo (1), a @; — IUIMHA y4acTKa TPacchl (KM),
MPOJIETAONIEro Yepes i-i cioi.

st HaKIIOHHOW TPAacChl MEKAY MOBEPXHOCTHIO 3eMJIM M KOCMOCOM IPU T'€OMETPUYECKON KOH(HUTYpaLuH,
M300paKEHHON Ha PUCYHKE 5, TOJIIHMHA CIIOEB BO3PACTAET PKCITOHEHITHANBHO ¢ 10 ¢cM y TOBEPXHOCTH 3eMITH
npuOIM3uTENsHO A0 1 KM Ha BbicoTe 0Koo 100 kM, 94T0OBI 00€CTIeYnTh TOYHYIO OIEHKY ITOJIHOTO 3aTyXaHus
B aTMOC(EpHBIX ra3ax Ha Takoil Tpacce. TommmHa i-ro cnost §; paBHa:

i-1
8; = 0,0001 ezo0 (k™). (14)
hy = 0, Torna h;, npu BEICOTE HUXXHEH I'PaHUIIBI CIIOS [ JUIs [ = 2, paBHAETCA:
i-1

e100—
1
0

[

h; = ;'.;116,:0,0001 - (15)

100—

[}
[y

Ecnu wcmonb3yeTcs omHAa M3 IIECTH STAJOHHBIX CTAaHAAPTHBIX aTMocdep, OMUCAaHHBIX B PekomeHmaruu
MCD3-R P.835, armochepnsiii mpoduis onpenensercs il TeOMeTpUIecKuX BBICOT M0 100 kM, B 3TOM
cjydac imax = 922, 8922 = 0,99966 KM 1 h922 = 99,4‘57 KM.

JJ1s HaKITOHHOM TPacChl, MPOJIETaIONIeH U3 HIKHEH TOUYKH B aTMOC(Epe Ha BBICOTE Ajyyer B BEPXHIOIO TOUKY
B arMocdepe Ha BHICOTE Nypper (0 KM < Rygper < Mypper < 100 KM) , 3aTyXaHHe Ha HaKJIOHHOH Tpacce
MOXKHO pAcCUMTaTh, MPUHSB 77 PaBHBIM JUIMHE PaJUyC-BEKTOpa OT IEHTpa 3eMJIM K HIDKHEH TOYKe U
BuION3MeHNB ypaBHEeHHS (14) u (15) Tak, 4T0OBI B HUX NMPHOJU3UTEIHLHO COXPAHSIICS dKCITOHCHITMATLHBIN
POCT BBICOTEI OT ITOBEPXHOCTHU 3emin.

a) BBIMCITHTD {jgyer U lypper-:
itower = floor {100 1n [10* hygyyer (eﬁ —1)+ 1]+ 1} (162)
iupper = ceiling {100 1n [10% hypper (ellﬁ —1)+1]+1} (16b)

rae pynkius floor(x) oxpyriseT x BHA3 10 Onmkaimiero menoro, a Gpyrkmus ceiling(x) okpyriser
X BBEpX A0 OMMKaNIIero nesoro.

b) 3ameHuTh B ypaBHeHuH (13) HIOKHUN npeen Ha § = 1oy, @ BEPXHUM IIPEIEN — HA ypper — 1.

C) 3amenuTs B ypaBHenuu (14) snauenue 0,0001 Ha m, rue:

2z 1
€100 — 100

M=\ Tper  Tower (hupper — hiower)- (16¢)
e 100 —e 100

d) 3amenuth ypaBHenue (15) cnenyromum:

i-1 lower—1

e100— 100

e , . .
1 » Liower Sis lupper- (16d)
10

hi = hlower + i 8j = hlower +m 1
e

J=llower
0—-1

Vpasuenusamu (16a)—(16d) cioexyer moiap30BaThCs ¢ BO3MOMKHOM OCMOTPHUTEIBHOCTBIO BBHIY CHIDKCHHUS
TOYHOCTH HA HAKJIOHHBIX TPaccaX, THE Ilypper — lower < 50 (Hampumep, Ha Tpaccax MeEKIy IBYMS
BO3AYIIHBIMH TIaT(hopMamu).


https://www.itu.int/rec/R-REC-P.835/en

12 Pex. MCJ-R P.676-13

aj ecTh IJIMHA Y9acTKa TPACChl, HPOJIETAIOIIEro uepe3 i-i clioil ToMmuHON &j, a Nj— HMHmEKC pedparimmn
PaIMOBOJIH B I-M CJIO€. N; €CTh (DYHKIIHS JAaBJICHUS CYXOTO BO3IyXa, TEMIIEPATyphl M MapIUaIbHOTO JaBICHUS
BOJISIHOT'O T1apa B i-M cJI0€ B COOTBeTCTBUY ¢ ypaBHeHusiMH (1) 1 (2) Pexomennanmun MCD-R P.453. o; u B; 4 1 —
YIIIbI BXOJK/ICHUS M BBIXOJIA Jiyda Ha rpanuue i-ro u (i + 1)-ro cioes, Ij— JJIMHA paJnyc-BEeKTOpa U3 LIEHTpa
3eMITd K HIDKHEH MpaHuIe i-ro ¢ios, 15 . 1 = 1; + 8;, a 1] — JUITMHA paJnyCc-BEKTOpa U3 IIEHTpa 3eMIIH K HIDKHEH
TpaHUIle HIKHETO CJIOS, TO €CTh OOBITHO 3TO cpemHmit pamuyc 3emiu (6371 km). Uanekc pedpakiuu n; u
MOTOHHOE 3aTyXaHHe Y; B I-M cjioe OepyTcsi Kak 3Ha4UCHHUS B CEPEIMHE I-T0 CII0s, TO €CTh Ha BbICOTE 1; + 8; /2.

JnvHa y4acTka Tpacchl a; paBHSAETCS:

a; = —1;cos B; + \/riz cos?B;+ 21,8+ 8 (km), (17)
a yrom o; —
2 2
o — cog—1 (TT2Ti8im8Y.
a; = T — CoS ( 2 (11750 ), (18a)
s —1 Ti .
= sin (ri+8i sin Bi). (18b)

VYpaBHenue (18a) He pPEKOMEHAOBAaHO K AajbHEHIIEMY HCIIOJIB30BAaHMIO BBUAY CHIKCHHOW TOYHOCTH.
31 — MecTHBIH 3EHUTHBIM YroJl HEMOCPEJCTBEHHO Yy TMOBEPXHOCTH 3eMJIM WM BOJM3M OT Hee
(yrod, IOTOTHHUTENbHBINA K BUAUMOMY YIJIy MECTa (@, Tak uTo 31 = 90° — ).

Bi + 1 MOXHO BBIMHCIIUTH PEKYPCUBHO T10 0Oj, BOCTIONB30BABLIMCH 3aKOHOM CHEUTHyCa:
Biy1 =sin™" (

Wnaue, ; MOXXHO BBIYUCIUTH HEMOCPEACTBEHHO, He IMpHOeras K BBIYHACICHHIO O, BOCIOJIb30BAaBIINCH
3akoHOM CHeJuIMyca B MOJIIPHBIX KOOPAMHATAX:

ni

sin ai). (192)

Nit+1

s =1 (M1 .
B; = sin ( — sin Bl), (19b)
nri
a (; BBIYHUCJIUTh aHAJIOTUYHO!
- nqr- .
a; = sin™! (L sin Bl). (19c)
NiTi+1

B nampaenennn 3emis-kocMmoc ypasaeHus (19a) wmm (19b) u (19c) moryt ObITH HeCHpaBeIIMBHI IPU
HavyaJbHBIX 3HAYCHHUSX BHIMMOIO yIjla MecTa, MEeHbIHX 1° (TO ecTh HaYaJbHOE 3HAYCHUE BHIMMOIO yriia
3enuta [3; > 89°), korna rpaguent unaekca pedpakiuu dN /dh cocrasnsier Mmenee —157 N-eauHuI/KM, 9TO
MOXXET MMETh MECTO TIPW HCIOJIB30BAaHUM B aTMOC(epHOM Npoduiie MaHHBIX PaTUO30HAMPOBAHUST U3
HEKOTOPBIX PETHOHOB MUPA, TJIe Ha0JII0JaeTCsl BOIHOBOJIHOE paclpocTpaHeHue. B aTux ciydasx paguoBoiiHa
oTpaxaercss OT arMmocepsl M clexyeT KpuBH3HE 3eMiH (TO €CTh HMEET MECTO BOJHOBOIHOE
pacmpocTpaHeHre), 1 3HaYeHHe apryMeHTa apKcuHyca B ypaBHeHUsX (19a) umu (19b) u (19¢) npessimaer 1.
Ypasuenus (19a), (19b) u (19¢) cripaBeyUBHI 71 BCEX HEOTPUIIATESIHHBIX 3HAUCHUH BUINMOTO yTiia MECTa
MIPU WCTIONB30BAaHUU B KayeCTBE BXOJIHBIX JAAHHBIX JIIO0OH M3 IIECTH ATAJOHHBIX CTaHIAPTHBIX aTMocdep,
ormucaHHbIX B Pekomennanun MCD-R P.835, mockoiabKy 3TH 3TalOHHBIE aTMOC(EpPhl HE XapaKTepU3yIOTCs
rpaJlieHTaMu HHJeKca pedpaKiuy, THTHYHBIMA JJIs BOJTHOBOAHOTO PacIPOCTPAHEHHS.

Ha pucynke 4 npeacraBiieH rpaduk 3eHUTHOTO 3aTyXaHHs, pacCuMTaHHOro ¢ WHTepBaioM B 1 [T, mns
CPEIHEroIoBOM TI00aNbHOM CTaHAAPTHOM STalioHHOW atMmocdepsl n3 Pekomenmaumm MC3-R P.835.
"CraumapTHas" aTMocdepa 371ech — 3TO CPEIHETr0[0Bas IJI06ANbHAs YTANOHHAS atMocdepa ¢ p, = 7,5 r/m’,
a "cyxasa" aTMoc(epa — cpeHero10Bas riodanbHas 3TajJoHHas aTMocdepa ¢ p, = 0 /v,


https://www.itu.int/rec/R-REC-P.835/en
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2.2.2  OrtpuuartejibHbIe 3HAYEHHS] BUIMMOIO0 YIJjIa MeCTa

B ypaBuenun (13) mpeanosaraeTcs, 9To BEICOTa Ha TPAacce MEX/IY 36MHOM CTaHIIMEH 1 KOCMOCOM BO3pacTaerT.
Ho npu oTtpumarensHBIX 3HAYEHUSX BHANMOTO YIJIa MECTa, HaOII0JaeMOT0 C 3eMHOI CTaHIINM Ha BBHICOTHOM
aTopme, BEICOTa BJIOJb TPACCHI PACIIPOCTPAHEHHS YMEHBIIAETCS OT BBICOTHI PACIIONOXKECHHUS CTAHIIUH 10
MHUHHUMAJIEHOM BBICOTHI CKOJIB3SMIETO MAJCHUS U 3aTEM YBEIMYUBACTCS OT 3TOU BBHICOTHI 0 KOHEYHON TOUKHU
Tpacchl B KOCMoce. ITO TIOKa3aHO Ha PUCYHKE 3 JJIsl 3eMHOM CTaHIIMU Ha BBICOTE A4 P BUJAUMOM YTJIe MecTa
90° — B;.

U3 3akona CHennuyca B HOISPHBIX KOOPAWHATAX UMEEM:

n(hg)(Rg + hg) = n(hy) (Rg + hy) sin By, (20)

Y TOT/Ia BBICOTY CKOJIB3SIIIETO MaaeHus h; MOXHO ONPEIEINTh, PEIIMB UTEpaTUBHO ypaBHeHue (20). MHaekc
pebpaxuuu n(h) MmoxHO onpenenuts u3 ypasaenuii (1) u (2) Pekomennammu MCD-R P.453 i KOHKpETHOTO
MPEJICTABNISIONIEIO HMHTEPEC arMocepHOro mnpoduis — OOBIYHO OJHOTO W3 CTAHJAPTHBIX MPOQUICH,
npencTaBieHHbIX B Pexomengannn MCO-R P.835.

CymMmapHoe 3aTyxaHue B aTMOC(EpHBIX ra3ax €CTh CyMMa 3HA4YeHWH 3aTyXaHus B aTMOC(epHBIX ra3ax st
Tpacc 1 u 2. Tpacca 1 npeacraBisieT 3aTyxaHue B aTMOC(EpHBIX ra3ax MeXAy BUPTYaJbHOM 36MHOM cTaHIMEH
Ha BBICOTE h; KM M peadbHOM 3€MHOM CTaHIIMEH Ha BBICOTE hy KM Ipu BUIUMOM yrie MecTa 0°, a Tpacca 2 —
3aTyXaHue B aTMOC(EPHBIX razax MeXy BUPTYaIbHON 3€MHOM CTaHIIMEH Ha BBICOTE Rz KM U MaKCUMAaIbHOU
BbICOTO#1 B atMocdepe (00brano 100 kM) mpu BuanmMoM yriie mecta 0°.

PUCYHOK 3

BricoTa CKOJIB3SIIIETO nmaacHusi: reoMeTpuYeCKass HIJIIOCTPAUsA

I'pacca 1 I'pacca 2
1 1

Z
v

1 [ ii(;

Ry |Rg

P.0676-03

2.2.3 B3auMHOCTb pacnpocTpaHeHHUs Ha Tpaccax KocMoc-3emJs 1 3eMiIsi-KOCMOC

Juia Tpacchl MeXIy KOCMHUYECKOH W 3€MHOW CTaHIMSAMHE, TJ€ BHIUMBINA YTOJ MecTa (pg, HaOIOJaeMbIi ¢
KOCMHYECKOH CTaHIMH, UMEET OTPUIATEIbHOE 3HAUCHHE, a (P, — BUIUMBIH yroj mecra, HaOIIOJaeMBblid C
3€MHOI1 CTaHINH, 3T YTIIBI CBSA3aHBI MEXy COO0I COOTHOIIEHUSIMHU:

@s = —cos™ ! (% cos (pe) (21a)
u
@, = cos™! (:: :Z cos cps), (21b)

rze N, — MHACKC pedpakuy Ha BHICOTE 3€MHOM CTaHLWH, T, — JUIMHA PaJdyC-BEKTOpa OT LIEHTpa 3eMJIH K
MeCTy HaxOXJCHUs 3eMHO# craHimu (1, = Rg), ng — MHICKC pedpaKkIMy Ha BBICOTE KOCMHUYECKOM CTaHIHH,
a 1y — JUIMHA paJiiyCc-BeKTOpa OT IIEHTpa 3eMIIM K MECTy HAaXOXKJICHUSI KOCMUYECKOW cTaHiu (15 > 1,). Eciu
BbICOTa KOCMUYeCKOM cTaHiuu npesbimaeT 100 kM oT moBepxHOCTH 3eMIIH, TO Ny = 1.

Pacnpoctpanenne B aTMocdepe nMeeT B3aUMHBIA XapakTep, MO3TOMY 3aTyXaHHue B aTMOC(EpHBIX Trazax Ha
Tpacce KocMoc-3eMJIsl IPU BHIUMOM YTJIE MecTa (Pg, HAONMIOIaeMOM C KOCMUYECKON CTaHIMH, WACHTUIHO
3aTyXaHUI0 B aTMOCQEpHBIX Ta3ax Ha OoOpaTHOW Tpacce 3eMiIsi-KOCMOC TIPH BHIMMOM YIJIe MecTa @,


https://www.itu.int/rec/R-REC-P.453/en
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Ha6J'IIO)_Ia€MOM C 3eMHOM cTaHIuH. B PE3YJIbTATC 3aTyXaHUC B aTMOC(I)CpHBIX ra3ax Ha HI/ICXO,I[SIH.ICIZ Tpacce
KOCMOC-3eMJIsI MOJKHO pacCcunuTaTh KaK 3aTyXaHHUC B aTMOC(l)CpHLIX ra3ax Ha COOTBGTCTBy}OHIeﬁ BOCXOI[SIH_Ieﬁ

Tsns
Tpacce 3emiis-kocmoc. Eciu cos g > 1, To Tpacca KocMOC-3eMJIsl He KacaeTest 3eMIIH.

Te Ne
2.2.4  HckpuBieHue B aTMochepe

[onnoe nckpupnenue B armocdepe Bending Brons Tpacchl 3eMIIsI-KOCMOC PaBHSIETCS:

Bending = Li" " (By4 1 — ap; (222)
= Z?i“f_l [sin‘1 (ﬁ sin [31) — sin™! (% sin [31) ], (22b)

I/Ie MOJIOKUTENIbHOE 3HAaUYE€HHE yKa3blBaeT Ha MCKPHBIIEHHUE JIyya B HallpaBlieHUW 3eMiu. YpaBHeHue (9) B
Pexomenmanmn MCD-R P.834 sBnsercs anmpokcumanweid ypaBHeHui (22a) u (22b) mius cpeaHeromoBoi
JI00aJIbHOM CTaHJAPTHON ITAJIOHHOW aTMoc(epsl.

2.2.5 YBeaudeHme JJIMHBI TPacchl B aTMochepe

Wunekc pedpakmum B Tporiochepe 6oinbie 1, mosTomy 3¢ hekTHBHAS AJTHHA TPACCHI B aTMOC(epe MIPEBBIIAST
reOMETPUYECKYIO, U B 3TOM Cllydae yBeJIHMUYeHHe JUTMHBI Tpacchl B atMocdepe AL cocTaBiseT:

AL = Y™ g, (n; — 1) (km). (23)

Tepmun "yBenunueHue IJIMHBI Tpacchl B arMocdepe” CHHOHUMHYECH TEPMUHY "YBEJIMYEHHE UIMHBI
pamuotpaccel” u3 Pexomenmamu MCD-R P.834, B myHkTe 6 KOTOpOW MpHUBEICH METOA MPOTHO3WPOBAHMUS
YBEJIMYEHHS JUIMHBI TPACCH B aTMOoc(hepe Kak QyHKIUK MecTa, THS B TOAY M BHIUMOTO yTila MEcTa.


https://www.itu.int/rec/R-REC-P.834/en
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PUCYHOK 4

3eHUTHOE 3aTyXaHHe B aTMOC(EPHBIX I'a3aX, BK/I0Yasi HeHTPbI JIMHUI HOTJIOIEeH s,
paccuntannoe ¢ marom 1 I'T'n
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PUCVYHOK 5

Tpacca, npoxoasiuast uepe3 armocdepy

> |«

P.0676-05

3 Jucnepcuonnbie 3¢ eKThI

[TomuMo 3aTyXaHus, OMMCAHHOTO B MPEABIAYIIEM ITYHKTE, KOTOPOE BHIBOAWTCA Ha OCHOBE MHHMOI YacTH
YaCTOTHO-3aBUCHMOW KOMILJIEKCHOW pedpakiuu, KUCIOPOA U BOJSHOM map Takke MPUBOIAT K JUCIIEPCUH,
KOTOpasi ONpEAETSIETCS Ha OCHOBE BELICCTBEHHOM YacTH YaCTOTHO-3aBUCHMOM KOMILJIEKCHOHM pedpaxuuu.
Hannpiii a¢dext ompenensercs Kak 3aBUCHUMOCTh Aucrepcud (a3bl OT YacTOThl (TPamycChl/KM) HITH
3aBUCHUMOCTD TPYMIOBON 33aJePKKH OT 4acTOTHI (TIC/KM), ¥, aHAJIOTHYHO 3aTyXaHHIO, BO3MOKHO PacCUUTaTh
JUCTIEPCHIO JUIsl HAKJIOHHBIX Tpacc.

AmnanornyHo ypaBHenuto (1), moronHas ¢aszoBas mucrnepcuss B aTMOC(EpHBIX Tra3ax ( OMPeNeNseTCs
hopmymoit

© =09 + POy = _1'2008f(NII(HC/l0p0,ZZ(f) + Nt,m,q,qﬂoﬁnap(f)) (FpaZ[yCI:I/KM), (24)

TIIe (o — TOTOHHAs (azoBas aucrepcHs (TpasLychl/KM) B CyXOM BO3JIyXe, (w — IIOTOHHAs (pa30Basi JUCHepCHs B
BosiaHoM mape, f — wactota (ITn), a Niyeropos(f) B Nyoporos ap(f) — BELIECTBEHHbIC YACTH 4aCTOTHO-
3aBUCHUMBIX KOMIUIEKCHBIX WH/IEKCOB MPEIOMIICHHS:

Nilcm‘/mpo,a(f) =2 (kucr0pOs) SiFi, + N[,) N, (25a)
;o,a,quﬁ nap(f ) = Zi (BogsaroH nap) SiF i,’ (25b)
rae.

Sj— WMHTEHCHBHOCTb I-i CHEKTpaJbHOW JIMHMM KHUCIOpPOJa WM BOASHOrO mapa u3 ypasuenwus (3), F; —

BEIIECTBEHHAs YacTh KO3 uimenTa GopMbl CIIEKTPATFHON JIMHAN KUCIOPOa WITH BOJASHOTO Mapa, KOTopas
omnpenensercs GopMyIIoii:

i _ F[GFi—H+8Af  (fi+[)+8Af
Fi = fi [(fi_f)2+Af2 (fi+ 2 +Aar2l (25¢)

a CYMMHUPOBaHHE [TPOBOAMUTCS 110 BCEM CIIEKTPAIbHBIM JTUHUAM B Tabaumax 1 u 2.
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Np (f) — BelecTBEHHAst YaCTh HEMPEPBHIBHOTO CIIEKTPA Il CyXOroO BO34yXa, 00YCIOBIEHHOTO TOTIOMEHHEM
a30Ta MPH ONPEIEIICHHOM JaBJICHUH:

, —6,14 x 107 5p 922
Np(f) = =t L (25d)

Af ompeneneno B ypaBuenuu (6b), Af § — B ypasuenuu (7), a d — B ypaBuenuu (9).

I'padux wacToTHO-3aBHCHMOI TOTOHHOW (ha30BOM IUCIEPCHH TTOKa3aH HAa PHUCYHKE 6 ISl CTaHIAPTHOU
atmocdeps! (p = 1013,25 rlTa, p = 7,5 /M%, T = 15 °C).

PUCYHOK 6

I'paduk yacToTHO-32aBHCHMOJi NOrOHHOI (pa30BOIl JUCHEPCHH /1 CTAHAAPTHOI aTMocdepbl
(p =1013,25 rIla, p = 7,5 r/mM3, T = 15 °C)
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Yacrora (I'T'r)
P.0676-06

4 SIpkocTHasi TeMIepaTypa HUCXOSIIET0 M BOCXOASAIIEr0 MUKPOBOJHOBOI0 H3/TyYeHUs

SpkocTHas TeMiepaTypa MUKPOBOIHOBOTO U3IYUESHHSI OTIPEeIIsieTCs KaK IIyMOBas TeMIlepaTypa Ha BBIXO/Ie
aHTEHHBI 03 TIOTePh BCJIENCTBUE Majaromieid atMochepHoil spkoct. CriekTpaibHas MIOTHOCTh MOITHOCTH
mwyma S(f) u mymosas temneparypa T(f) cBsazaubl cootnomenuem S(f) = k T(f), rue k — nocrosiHHast
Bonbimana. SpkocTHyIO TeMmepaTypy HUCXOSIIETO MUKPOBOJHOBOTO U3TY4YEHHUs Ha Tpacce KOCMOC-3eMJlst
MIpH HAONIOIEHUH CBEPXY BHH3 M SIPKOCTHYIO TEMIEPATypy BOCXOSINEr0 MHKPOBOJHOBOTO H3IYyYEHHUS Ha
Tpacce 3eMIIs-KOCMOC MTPY HAOJIOICHIH CHU3Y BBEPX MOXKHO PAaCCUMTATh 10 PUHIIHITY, aHAIOTHIHOMY TOMY,
KOTOpBIH ucmoabs3yercst B ypaBHeHuu (13). Croit 1 00bIYHO HAXOMUTCS HA MOBEPXHOCTH 3eMiH, a cioi K
SIBIIIETCS BEPXHUM CJIoeM arMocdepbl (0OBIYHO ero BhicoTa mpuHUMaercs paBHod 100 k). CymmapHas
SPKOCTHAs TEMIIEpaTypa MHKPOBOJIHOBOTO W3IIyYCHHs €CTh CyMMa 3HAUYCHHH SPKOCTHOW TeMIepaTyphl
MHUKPOBOJIHOBOT'O M3JIyYEHHUSI Ka)KAOTO CJIOsi aTMOc(epbl, YMHOXKEHHBIX Ha MOTEPH B MPOMEKYTKE MEXKIY
COOTBETCTBYIOIINM CJIOEM U TOUKOM Habmoaenus. [Ipeamnomnaraercs, 9ro atMocdepa HaXOAUTCS B COCTOSTHUU
JIOKAJIBHOTO TEPMOAMHAMUYECKOTO PABHOBECHS, a PACCETHUEM MOYKHO TIpeHeOpedb.

B cnenyromux nynkrax Tg(fguz Tj) — fApKOCTHas TemiepaTypa MMKPOBOJIHOBOTO H3JIYyYEHHs |-rO CJIOS,
3agaBaeMasi GopMyIIoii:

1

Ts(forz Ty) = 0,048 fon, W
exp| —— 72 )
J

(K), (26)
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rae Tj — dusuueckas Temneparypa j-ro cios. Tg (fGHZ, Tj) XOPOMIO aNMpOKCUMUPYETC 3Ha4eHueM T; mpu
fonz < 0,42 Tj; v — TIOrOHHOE 3aTyXaHHe (nb/km) j-ro ypoBHS, onpesieneHHoe B ypasHenuu (1), a; — nmHa
Tpacchl (KM) uepes j-if o, onpeneaentas B ypasaenuu (17).

I'paduk pasHoctn uszmyeckoit Temrepatypbl T W SIPKOCTHOW TeMIIEpaTypbl MHUKPOBOJHOBOTO W3JTYyYCHHSI
abcomoTHO uepHoro Tena Tp Toka3aH Ha pucyHke 7. Eciii 3a1aThcsi KOHKPETHBIM 3HAYCHHEM YaCTOTHI [y,
T —Tg - 0,024fy, ¢ pocToM (pusznyeckoit TemmepaTypsl T.

4.1 SlpxocTHasi TeMIepaTypa HUCXOASILEr0 MUKPOBOJIHOBOTO M3/ Iy4YeHUs

Ecmn mpodwunm ¢usmdeckoit TemmnepaTypsl, JaBI€HUS W NaplIUANIbHOTO JABIEHHS BOJSHOTO Tapa BIOJIb
TpacChl M3BECTHBI, TO SAPKOCTHYIO TEMIIEPATYPY HUCXOIAIIETO MHMKPOBOJHOBOIO H3JIYyYE€HHS, KOTOpas
CKajpIBacTCs U3 (2) APKOCTHOM TEMITEPATYPhl KOCMHUYECKOTO MUKPOBOJIHOBOTO U3TyYEHHS, OCTa0JICHHOTO B
atMochepHbix raszax, u (D) ApKOCTHON TemIepaTypbl HHCXOMASIIETO aTMOCHEPHOrO H3ITyYCHHS, MOXKHO
BBIYHUCIIUTE IO CIIEAYIoIIeH popmyie:

Kk
Yj=1aYj
10

Tdownwelling =Ts (fGHz' 2,73) 10 <

J
z:i=1aiyi
10

+ 1 Ta o ) (1070 —1) o) (K) (27)

OmHAaKO YUCTYIO SIPKOCTHYIO TEMIIEpaTypy MHUKPOBOIHOBOT'O M3IIyUEHUS yI0OHEEe MOKET OBITh pealn30BaTh
KaK peKypCHI0, UCIIOJIb3YS CIAEAYIONIUN PEKYPCUBHBIA METO/I:

feHz
war 1: yctanoBuTh Tg gownweliing = 0,048 6(0,045#)_1 . (27a)

2,73

[oBToputh maru 2—5 ans 3Ha4eHuit oT j = k 1o j = 1, ymeHb1as j Ha | Ipu Kaxkao# nTepanyu:

war 2: YCTaHOBHUTbH TB,downwelling,last = TB,downwelling; (27b)
. _ feHz .
mrar 3: ycranosuth Ty = 0,048 ; (27¢c)
cxp(822) 3
4
miar 4: ycraHoBuTh L; = 10" 10 (27d)
mar 5: yCTaHOBHTh TB'downwelling = [TB:downwelling,last Lj + (1 - Lj) TB]a (27¢)

rae 2,73 K— 310 Temmeparypa aOCOJIIOTHO UYEPHOrO Teja, CHEKTPY KOTOPOrO COOTBETCTBYET CIIEKTP
KOCMHYECKOTO MHUKPOBOJIHOBOTO (DOHOBOTO M3ITy4EHUSI.

I'paduk sprocTHOH TemmepaTypbl HUCXOZSIIET0O MHKPOBOJIHOBOTO HM3IIyYSHHs JAJISI 36HUTHOH Tpacchl M
CTaHAAPTHOM aTMOC(epsl MPUBEICH Ha PUCYHKE 8.

Ecmu mpodwiin HEW3BECTHBI, ISl OICHKH SPKOCTHOW TEMIIEpaTypbl HHUCXOJSIIET0 MHUKPOBOIHOBOTO
W3IY4YEeHUS] C Y4YeTOM IMPOYMX BHJOB BO3ACHCTBHS IOJHOTO 3aTyXaHUs B aTMOc(EpHBIX Ta3ax MOXKHO
MIPUMEHSTh METOJI, U3JI0KEeHHBIN B myHKTe 3 [punoxxenus 1 k Pexomenmamun MC3-R P.618.

Jlns onpenesieHUs CUCTEMHOW IYMOBON TeMmeparypbl 3€MHON CTaHIMH IO 3HAYCHHSIM SPKOCTHOM
TEMIIEPATYPhl MOKHO HCIOJB30BaTh Pekomenmanuo MCO-R P.372.

4.2 SIpkocTHast TeMIIepaTypa BOCXOASIEr0 MUKPOBOJIHOBOI'0 H3JIy4eHHs

CyMmMmapHas sIpKOCTHasi TEMITEPATypa BOCXOISIIETO MUKPOBOIHOBOTO U3JTyUSHHs, KOTOPask CKJIabIBACTCS U3
(a) spKOCTHO#T TemmepaTypbl BOCXOISINEr0 MHUKpPOBOJHOBOro wu3nyueHus, (D) spkocTHO# TemmepaTyps
HHUCXOJISIIET0 aTMOC(EPHOr0 MUKPOBOIHOBOTO M3JTy4€HHSI, OTPAXKEHHOTO OT MOBEPXHOCTH 3EMITH, C YUETOM
CYMMapHOro 3aTyxaHus B arMochepHbiXx ra3ax u (C) IPKOCTHOH TemIiepaTypbl BOCXOJSIIETO


https://www.itu.int/rec/R-REC-P.618/en
https://www.itu.int/rec/R-REC-P.372/en

Pex. MCJ-R P.676-13 19

MHUKPOBOJIHOBOT'O U3TY4YEHHUS TOBEPXHOCTU 3EMJIH C YUETOM 3aTyXaHHUsl B aTMOC(EPHBIX ra3ax, MOXKeT OBITh
HalieHa o cieayromeit popmyre:

_(Z§= 1 a]-yj)
10
TB,upwelling = (eTg (forz Traren) + P Tdownwelling) x 10
S javi
Kk &Y T
+ T2 Tolfonn T (1070 1) 10 (. (28)

OmHAaKO YUCTYIO SIPKOCTHYIO TEMIIEPATypy MHUKPOBOJIHOBOT'O M3JIy4EHHUS yI0OHEEe MOXKET OBITh peain30BaTh
KaK PEKYPCHUIO, HCIIOJNIb3Ysl CIEAYIOIUA PEKYPCUBHBIM METOA:

(],048fGHZ_1

f
war 1: ycranoButsb T ypweriing = € 0,048 % + p T downwelling - (28a)
€ TEarth

[oBropuTh traru 2—5 asst 3HaYeHudt ot j = 1 1o j = k, yBenuuuBas j Ha 1 mpu Kax 101 UTepanuu:

war 2: YCTaHOBUTH TB,upwelling,last = TB,upwelling; (28b)
. — fGHz .
nrar 3: ycranosuth Tg = 0,048 | ——————|; (28¢)
" (0,048}".61.12_1)
4
war 4: yctanouts L; = 10 10 ; (28d)
LIar 5: yCTaHOBUTE T ypweliing = [TB,upwelling,last L+ (1 - Lj) TB]: (28e)

rae.
€. K03(pUIHEHT H3ITydeHUs] TOBEPXHOCTU 3eMIIH;
p: Ko3(h(UIMEHT OTpaXKEHUS TTOBEPXHOCTH 3EMIIH;
p=1-¢€

B oTcyTcTBHE MECTHBIX JaHHBIX HJIM JPYTHX PYKOBOIAIIMX YKa3aHU MOKHO HCIIOJIB30BaTh 3HAYEHHE
€ =0,95.

I'padux spKOCTHOM TemIepaTypbl BOCXOISIIETO MHKPOBOJHOBOTO H3IYUEHHUS JUIsI 3€HUTHOH Tpacchl U
CTaHJIAPTHOW aTMocdepbl (TO €CTh CPETHErOJOBON TIIOOATBHOW CTaHAAPTHOM 3TajJOHHOW aTtMocdeps)
npuBeneH Ha pucyHke 9, rae € = 0,95, p = 0,05, a Tggpen, = 290 K.
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PUCYHOK 7

Pa3Hocth Q)naneucoifl u SIpKOCTHOfl TeMIIepaTyp MUKPOBOJIHOBOI'0 U3JTy1CHUS
a0CoJIIOTHO YEpHOro TeJ1a

100
i 1000 Iy
10 |
g 300 11T
<
-]
5 I 100 1Tt
B~ L
1
30 TTu

10

dusnueckas remueparypa (K)

PUCYHOK 8
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PUCYHOK 9

SlpkocTHasi TeMnepaTypa BOCX0Js1er0 MUKPOBOJIHOBOI0 U3/Iy4YeHUs /I 3eHUTHOIi Tpacchl
U cTaHgapTHOM aTMocdepsbl (HeHTPhI auHuii 1 I'T'n)
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P.0676-09

Pacuer 3aTyxaHusi Ha HAKJIOHHOM Tpacce ¢ MCMOJIb30BAHMEM BEePTHKAJIBHBIX aTMOC(epHbIX
npodguiei

3aryxaHue B aTMOC(EpHBIX ra3ax Ha HaKJIOHHOH Tpacce i JII0O0Or0 KOHKPETHOro mnpoduis wu3
[punoxenus 3 k Pexomenpamu MC3-R P.835 moxxHO paccuuTaTh 10 METOAY, H3JI0KEHHOMY B IYHKTE 2.2
[Ipunosxenus 1, HIKeCIEAYIONMM 00pa3oM:

1

[NepecunTarh MIOTHOCTh BOASHOTO IMapa p B MaplHalbHOE JaBJICHHE BOSIHOIO Mapa €, UCMOb3Ys
ypaBuenue (4).

HCpCC‘lI/ITaTL IMMOJIHOC OaBJICHUC BO3AyXa (ptot = Pdry + e) B JIABJICHUEC CYXOro BO31yXa Pdry, BbIUTA
M3 NIEPBOTO MapUMaIbHOC JABJICHUEC BOASHOIO I1apa €.

PaccunTares nonHoe 3atyxanue no ¢opmyiie (13), rae SKCHOHEHIMAIFHO BO3PACTAIOLIUE TOIIIHHBI
ciioeB onpenensitores: popmynoii (14).

Eciin MecTHBIC TaHHBIC O BHICOTE MOBEPXHOCTH 3€MJIM HaJ CPESIHUM YPOBHEM MOPS OTCYTCTBYIOT,
MOJKHO IIOJIyYUTh €€ OLIEHKY coryiacHo Pekomenmanuu MC3H-R P.1511.

CymmupoBanue B (opmyiie (13) MOJDKHO TNPOU3BOJUTHCS OT BBICOTHI TOBEPXHOCTH 3EMIIU
HaJl CPETHUM YPOBHEM MOPS 10 MAKCUMaJIBHOHN BHICOTHI B HA0OPE JTaHHBIX.

32 ypoBHs ®W3 Kaxaoro npoduist  ciegyeT  HMHTEPHOJIMpPOBaTH M OKCTPANOIMPOBATH
(pr HEOOXOJUMOCTH — JI0 TIOBEPXHOCTH 3eMJIM) K HKCIOHEHIMAIBFHO BO3PACTAIONIMM TOJIIMHAM
CJIOEB, ompeiesieHHbIM B hopmyne (14), mpearmonaras:

a) JIMHEHHOE COOTHOLICHHE MKy JIOrapu(pMOM JaBJICHHUS U BBICOTOIA;
b) nuHeliHOE cOOTHOIICHHE MEX/Ty TEMIIEPATYPOil M BBICOTON;

C) JIMHEHHOE COOTHOIIICHUE MCKAY J'IOl"apI/I(I)MOM IIJIOTHOCTHU BOAAHOIO Iapa U BBICOTOM.


https://www.itu.int/rec/R-REC-P.835/en
https://www.itu.int/rec/R-REC-P.1511/en
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[Tpu HEOOXOAUMOCTH AJISl UHTEPIIONSMH M KCTPAIIONSIHUN 3THX MPOQUIIEH MOKHO HCHONb30BaTh
ypaBHeHus (24a)—(24c) uz Ilpunoxenus 1 k Pexomenmamm MC3O-R P.834 (u comytctBytomue
KapThl).

VYron MecTa y MOBEPXHOCTH 3eMIIM WITH BOJIU3HU OT Hee OepeTcs Kak BUIUMBIN yroi MecTa, a He yrod
MecTa TP PacpoOCTPAHEHUH B CBOOOJHOM MPOCTpaHcTBe. JIJisl YIIIOB MecTa P pacipoCTpaHSHUH
B CBOOOJIHOM ITPOCTPAHCTBE, MCHBIIUX WU PaBHBIX 10°, BUAUMBIH yrojl MeCTa MOYKHO BBIYMCIIUTD,
ucnoab3ys ypaBaenue (13) u3 Pexomennarimun MCO-R P.834.

OueHUTh 3aTyXaHue B aTMOC(EPHBIX Ta3aX Ha HAKJIIOHHOW Tpacce IS JTF0OOW MIMPOTHI U TOJITOTHI
MEXKAY TOYKaMH CCTKM MOXHO IYyTEM OMIIMHEHHON HUHTCPHOJAONU COOTBCTCTBYIOIHX OIICHOK
3aTyXaHUs B aTMOC(EPHBIX ra3ax Ha HAKJIOHHOW Tpacce B OKPYKAIOIIUX TOYKAX CETKH, UCIIONb3Ys
Meron u3 Ilpumokennst 1 k Pexomengarmu MCD-R P.1144. 3atyxanue B aTMOC(hEpHBIX Ta3axX Ha
HaKJIOHHOU Tpacce B Ka)KI[Oﬁ M3 OKpPYXarmmuX TOYCK CETKH HOJDKHO ONPECACIATHCA OT BBLICOTHI
MMOBEPXHOCTH 3eMJTU HaJ CPETHUM YPOBHEM MOPS Ha JAHHOHN IIUPOTE U JOITOTE A0 MAKCUMAIbHON
BBICOTHI, 33J]aHHON B KOXKIOM Mpoduie.

Ipusioxenue 2

3aryxanue B aTMoc(epHBIX ra3ax Ha HaAKJOHHBIX Tpaccax
B quanasone yacror 1-350 I'T'

YciaoBHLIE 0003HAYECHHSA

A, 3aTyxaHue B aTMOC(EpHBIX ra3ax Ha HAKIOHHBIX TPaccax, OTHOCHMOE K KUCIOPOIY

Ay, 3aTyXaHue B aTMOC(EPHBIX I'a3ax Ha HAKJIOHHBIX TPAccax, OTHOCUMOE K BOASHOMY
napy

Atotal MIOJTHOE 3aTyXaHKe B aTMOC(EPHBIX ra3ax Ha HAKIIOHHBIX Tpaccax

N ,';Hmop ox MHHUMasl 9aCTh KOMIUIEKCHOHN pedpaKiii, OTHOCUMOM K KUCIOPOAY

N;O/mmﬁ nap MHHMas 9aCTh KOMILJICKCHOH pedpaKiuu, OTHOCUMOHU K BOJSTHOMY T1apy

0 YroJjl Mecra

p BEPOSITHOCTD MPEBBILICHUS

Yo MOTOHHOE 3aTyXaHHe B aTMOC(EPHBIX ra3ax, OTHOCUMOE K KUCIOPOAY

Yw MMOTOHHOE 3aTyXaHHe B aTMOC(EPHBIX Ta3ax, OTHOCUMOE K BOJSTHOMY TIapy

f 4acToTa

P, MTHOBEHHOE TTOJTHOE (0apoMeTpHIecKOe) MPU3EMHOE TaBJICHHE

P;(p) MOJIHOE [TPU3EMHOE JIaBJICHUE B 3aBUCMOCTH OT BEPOSTHOCTH IPEBBILICHUS

Ds MTHOBEHHOE TIPU3EMHOE JJaBJICHHE CYXOTO BO3/yXa

Ds cpenHee MpU3eMHOE JIaBlIeHHE CyXOT0 BO3IyXa

T MTHOBEHHasI IPU3EMHasl TeMIIepaTypa

T, Cpe/HSIS IPU3EMHAs TEMITEpaTypa

Ts(p) npu3eMHas TeMIIEpaTypa B 3aBUCHMOCTH OT BEPOSITHOCTU MPEBBIICHHS

Pw, MTHOBEHHAsI IPU3EMHas IJIOTHOCTH BOJISTHOTO Iapa

Pw, CpeaHss NpU3EMHas INIOTHOCTh BOASIHOTO Hapa

Pw (D) MpHU3eMHAs TUIOTHOCTh BOJITHOTO Tapa B 3aBUCHMOCTH OT BEPOSTHOCTH MPEBBIIICHHS

MI'HOBCHHOC MAapHUaJIbHOC IaBJICHHUEC BOAAHOIO Iapa


https://www.itu.int/rec/R-REC-P.834/en
https://www.itu.int/rec/R-REC-P.834/en
https://www.itu.int/rec/R-REC-P.1144/en
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e Cpe/iHee MapiualbHOE IABICHUE BOISHOTO Mapa

|74 CpelHee CyMMapHOE COJIepKaHUe BOASIHOTO Tapa

V.(p) CyMMapHOE COJIepKaHHe BOJTHOTO Mapa B 3aBHCUMOCTH OT BEPOSITHOCTH
MPEBBIICHUS

a,, b, c,, d, k03¢ dunuenHTs! mpu ho

h, SKBHBAJICHTHAS BBICOTA ISl KHCIIOPOJIa

A, B, f;,a;, b; k0d(durtmenTs! TIpu hy

hy, SKBUBAJICHTHAS BBICOTA ISl BOJSHOTO Mapa

ay, by, cy, dy koa¢dumments! mpu Ky

Ky MAacCOBBIi KOA()(OUITUEHT MOTIIOMIEHUS BOISTHOTO Tapa

ky, napameTp GopMbl pactpeaencHus BeiOyiuia 1t CyMMapHOTO COJepKaHUS
BOJISIHOTO TTapa

Ay napaMmeTp Maciirada pacnpeneiacHus BeliOyiuia ajis CyMMapHOTO COACpIKaHUS

s
BOJSHOIO mapa

B nacrosimem [IpunoskeHnu npuBeneHbl METOABI IPOrHO3UPOBAHMS Ul OLIEHKH 3aTyXaHHsI B aTMOC(EPHBIX
ra3ax Ha HaKJIOHHBIX Tpaccax MeXXAy MOBEPXHOCTHIO 3eMIIM M KOCMOCOM JJISl YTJIOB MecTa 5° U BBIIIE U YacTOT
or 1ITu mo 350ITn. Meroasl NMPOTHO3MPOBAHUS BKIIIOYAIOT METOMBI MPOTHO3MPOBAHUS MIHOBEHHBIX
3HAQUEHMH, KOIZa W3BECTHBI JIOKAIBHOE MONHOE (OapoMeTpHuecKoe) MPHU3EMHOE JAaBICHHE, NPU3EMHAas
TEMIlepaTypa W TPHU3EMHAs IUIOTHOCTh BOJASHOTO Tlapa WM CyMMapHOE COJAep)KaHWe BOJSHOTO Iapa
(cMm. cHOCKY 1) (HampuMep TIO JaHHBIM METEOPOJIOTUYECKOM CTaHIMM WM PaJAMO30HMAA); METOMIbBI
MIPOTHO3UPOBAHMS CTATUCTUUECKUX 3HAYEHHMH, KOTZA W3BECTHBI BEPOSTHOCTH IIPEBBIMICHUS IIOJHOTO
(GapomeTpudecKoro) MpU3eMHOTO JaBICHUs, IPU3EMHON TEMIIEpaTyphl, IPU3EMHOM IIOTHOCTH BOJSTHOTO 11apa,
CYMMAapHOTO COZIepKaHMs BOISHOTO Tapa U mapaMeTphl MaciTaba u Gopmel pactipeneneans BeitOymna — mubo
M0 MHOTOJISTHUM MECTHBIM JaHHBIM, JHOO MO HHTErpajbHbIM LU(PPOBBIM KapTam H3 PekomeHmanmu
MCDH-R P.2145. [IpuBeaeHo anmpOKCUMHPOBAHHOE BEPOSTHOCTHOE pacmpeseiicHue BeliOyuia B OTHOIICHUH
3aTyXaHHs Ha HAKJIOHHBIX TPaccax, OTHOCHMMOTO K BOJSHOMY Mapy, AJs HCIIONB30BaHUS B PexoMeHmarmu
MCDH-R P.1853.

CymMapHOe 3aTyxaHue B aTMOC()EpHBIX ra3ax Ha HAKJIOHHOH Tpacce IMpeAcTaBiisieT co00i CyMMy 3aTyXaHHUs
B aTMOC(EpHBIX I'a3ax Ha HAaKJIOHHBIX TPAaccax, OTHOCUMOI'O K KUCIOpoay Ao, U 3aTyXaHUs B aTMOC(EPHBIX
ra3zax Ha HaKJIOHHBIX Tpaccax, OTHOCUMOI'O K BOASHOMY Hapy Aw; TO ecTb Atwtal = Ao + Aw. KpaTkoe onmcanue
METOAOB POTHO3UPOBAHMSI MTHOBEHHBIX U CTATUCTHYECKHX 3HAUEHHH 3aTyXaHHsA B aTMOC(EpHBIX ra3ax Ha
HaAKJIOHHBIX Tpaccax npuseneHo B tadbnune 3. Kak u B [lpunoxenun 1, 3T MeTOABI NPOrHO3UPOBAHUS HE
YYUTBHIBAIOT 3aTyXaHUs B aTrMoc(epHBIX ra3ax, OTHOCHMOTO K H30TONaM KHCIIOpoAa, KojebaTerbHO
B030Y>KJJCHHBIM MOJIEKYyJIaM KHCIIOPOJia, 030HY, H30TOIAM 030HA, KOJIe0aTeIbHO BO30YKIECHHBIM MOJIEKYIaM
030Ha, U IPOYMM MAJIO3HAYMMBIM BUAAM MOJIEKYI. ISl THIMYHBIX HAKIOHHBIX TPAcC MEXIY HOBEPXHOCTHIO
3eMJIM ¥ KOCMOCOM 3aTyXaHHe B aTMOC(EPHBIX ra3zax, 00yCIOBIEHHOE 3TUMU COCTaBJISIOIIMMU aTMOC(hepsl,
OTHOCHTEIHHO HE3HAUNTENIBHO.

1 MeTtoabpl NPOrHO3MPOBAHUS 3aTyXaHuUsl B aTMOC(IEPHBIX ra3ax Ha HAKJOHHBIX Tpaccax,
OTHOCHMOTO K KHCJIOPOAY

CyHIeCTByeT ABa METOoOa INPOTHO3MPOBAHHA 3aTyXaHUS B aTMOC(bepHBIX rasax Ha HAaKJIIOHHBIX Tpaccax,
OTHOCHMOTO K KUCIIOPOJLY:

1) METOJ] TMPOTHO3UPOBAHUS MTHOBEHHBIX 3HAYEHHH, OMHMCAHHBIA B mMyHKTE 1.1, KOrjma M3 MECTHBIX
JTAHHBIX M3BECTHHI U3MEPEHHbIE MTHOBEHHbIE 3HAUEHUS MOJHOTO (6apOMETPHUECKOT0) MPU3EMHOTO
JIaBJICHHUS, IPU3EMHON TEMIEPATypsl U IPU3EMHON INIOTHOCTH BOSHOTO Mapa,;

2) METOJI TIPOTHO3MPOBAHUS CTATHCTUYCCKUX 3HAYCHHWH, OIUCAHHBIA B IMyHKTE 1.2, KOrja W3 MECTHBIX
JIAHHBIX WM W3 WHTErpajbHbIX KapT Pexomenmanmun MCD-R P.2145 u3BecTHBI cTaTHCTHYECKUE
3HAYEHHS MOIHOTOo (0apOMETPHUYECKOr0) MPU3EMHOTO IABJICHHS, PU3EMHOM TEMITEPATYpPhI U PU3EMHON
IUIOTHOCTHU BOJISIHOTO Tapa.


https://www.itu.int/rec/R-REC-P.2145/en
https://www.itu.int/rec/R-REC-P.1853/en
https://www.itu.int/rec/R-REC-P.2145/en
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TABJIMIIA 3

KpaTKOQ OIMCaHue ME€TOAOB NMPOrHO3MPOBAHUA MTHOBE€HHBIX U CTATUCTUYECKHUX 3HAYEHHH 3aTyXaHusd B aTMOC(l)eprIX rasax Ha HAaKJIOHHBIX Tpaccax

Metoa NMPOrHO3UPOBAHUA MI'HOBEHHOI'0 3HAYCHHUS 3aTyXaHUA

ITynxr 1.1
-]
E AO (f! PS! TS’ pWS) = yo(f'ps'Ts’esii}:)e(f'PS'TS’pWS).
3 .
g rg rac.
s & Bo(f, Po Ty Pus) = ao() + by () * Ty ¢ () B+ do(F) - s
= _ PwgTs, _p _
g, e = e Ps = P es
3
&

IMynxr 2.1

Yw (f s Ts.e5) hw(f)
Ay (fps Tos Pug) = P,
rae:
3
w - — £)2 :
: . LG +h
SE
E 5 PwsTs
°z ¢ =6y Ps=he
L = '
£ 2
25
[
A IMynxr 2.2
Ky (£ Ps/Ts.pws) Vs
Aw(fr P Ty pu) = =02,
rae:

Ky(f. P, Ts, Pws) =ay(f) + by(f)  pw, + v (f) - Ts + dy(f) -

Metoa IPOrHO3UPOBAHUSA CTATUCTHYECCKOI'0 3HAYCHUA 3aTyXaHUsA

ITynkr 1.2

Yo(f.Ds.Ts/€s) ho (fnPs ®).Ts (p);Pws(p))
sin©

A,(f,p) = )

rue.

ho (£, P@). Ts@), Py @) = €6 () +bo(f) * Ts(®) + co(f) - Bu®) + do(F) - puy ()

u
— _PwiTs. — 5 o
eS:TéJ’ ps =P — &

[Mynkr 2.3

A(Fp) = Ky (f, Pe, To, Purg) - Ve(D)
WA BT sin @
rue:

Kv(fyﬁs:’fs:P—ws) = av(f)+bv(f)'p_ws+cv(f)'fs+dv(f)'F_)s
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11 MeTtoabl NPOTrHO3MPOBAHMSI MTHOBEHHOI'0 3HA4YeHHsl 3aTyXaHUsl B aTMOC(epHBIX rasax
HA HAKJIOHHBIX TPaccax, 0THOCHMOIO0 K KHCJIOPOaY

IIporHo3upyemMoe MIHOBEHHOE 3HA4YCHUE 3aTyXaHUs B aTMOC(EpHBIX Tra3aXx Ha HAKIOHHBIX Tpaccax,
OTHOCHMOTO K KHUCIIOpOAY Ao, paBHO:

Ao(f' B, T, pws) =

Yo (f:PSrTs:es)'ho(fvPs:TSvas) (29)
sin @ !

rae:
f: Tpebyemas uactota, I'T;

P;© MrHoBeHHoe moyiHOE (OapoMeTpUUYecKOe) NIPU3EMHOE JaBJICHUE B TpeOyeMOM MecTe,

rlla;
es . MTHOBEHHOE MPHU3EMHOE MapIHaIbHOE JaBJICHIE BOASHOTO Tapa B TpeOyeMoM MecTe,
PwsTs
rIla, roe e, = ;
» TAC €5 216,7

Ds . MTHOBEHHOE TMIPU3EMHOE JMJAaBJICHHE CYXOro Bo3ayxa B TpeOyeMoM MecTe,
rlla, ps = P — es;

T, : MTrHOBEHHas MpHU3EMHAs TeMIlepaTypa B TpedyeMom mecte, K;

pWs . MTIHOBCHHAs NpU3EMHaA MJIOTHOCTh BOAAHOIO Iapa B Tpe6y€MOM MECTEC, F/MS;

0: yromwmecra;

Yo : TIOTOHHOE 3aTyXaHHe B aTMOC(EPHBIX Ta3ax, OTHOCHMOE K KUCIOPOY, 1b/kM, paBHOe
Yo = 0,1820 f N"K'HC./IOpO,ZZ(f)' (30)

N cnopos(f) — MHHMas 4YacTb YaCTOTHO-3aBUCHMON KOMIUIEKCHOH pe(pakiuu KHUCIOpOJa COIacHO
ypaBHeHu1o (2b) u3 [punoxenus 1,

ho(f:PS'Ts: pws) = ao(f) + bo(f) Ts + Co(f) P+ do(f) "Pwy- (31)

KoaddurtueHtsr ao, Do, Co 1 do a1 TpeOyemoit 4acTOTHI THHEWHO HHTEPITOIMPYIOTCS MEXIY YacTOTaMH,
yKa3aHHBIMU B (aiisie TaHHBIX Part 1, KoTOpbIi ABISETCS HEOTHEMIIEMOM YaCThIO HacTosmel Pexomennannus.,
OtoT (aitm JaHHBIX COAEPKUT KOIPPUIUEHTH Ao, Do, Co M Uo st wacToT ot 1 I'Try mo 350 I'Tiy ¢ marom
0,5 I'T'y u mommonHUTENLHOM yacToTh! 118,75 I'T'1.

1.2 MeTOZ] IMPOrHO3UPOBAHUA CTATUCTUYECKOI'O 3HAYCHUA 3aTyXaHMsl B aTMOC(l)eprIX rasax
Ha HAKJIOHHBIX TpaccaxX, OTHOCUMOI'0 K KUCJIOpoay

[Iporno3upyemoe cTaTUCTHYECKOE 3HAUYEHHE 3aTyXaHUs B aTMOC(EpPHBIX Ta3ax Ha HAaKJIOHHBIX TpPaccax,
OTHOCUMOTO K KHCI0poay Ao, paBHO

A, (f,p) = vo(f,p_s,T_s,e‘s)-ho(:i,:se(p),Ts(p).pws(p)) , (32)

rae:

f: Tpebyemas wactota, ['T1;

P, : cpennee nosnHoe (6apoMeTpuUdecKoe) IpU3eMHOE JaBlieHue B Tpebyemom Mecte, rlla;

€5 CpelHee MpU3EeMHOE MapluaibHOE NABJICHHUE BOISHOTO mMapa B TpedyeMoM mecre, rlla,
rue:

g =2l
216,7
Ds . CcpeHee IPU3EMHOE JaBIeHHE CyXOro Bo3ayxa B TpebyemoM mecrte, rlla, p; = P, — &,
T, cpemusis mpu3eMHasi TeMIlepaTypa B TpebyeMoM Mmecte, K

3 aiiner nanukix Part 1 u Part 2 takxke HaXOAATCS MO azapecy https://www.itu.int/oth/R1101000002/en.
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pWs . CpeaHsAd MpU3€MHad IJIOTHOCTh BOASIHOT'O I1apa B Tpe6yeMOM MECTC, F/M3;

p . Tpebyemas BeposaTHocTh npesbimenus (CCDF)4, %;

P;(p): momHOe (6apoMeTpUuecKOoe) MPU3EMHOE JaBJICHHE NMPU BEPOSTHOCTH MPEBBIIICHHS )
B TpebyemoMm Mmecre, rlla;

Ts(p) : npuseMHas TemrepaTtypa Mpu BEpOSTHOCTH MPEBLIIICHNUs P B TpeOyeMoM mecre, K;

Pw,(P) © TIpH3EMHAs MIIOTHOCTh BOJSHOTO Mapa NP BEPOATHOCTU MPEBBIICHAS p B TpeOyeMoM
Mecre, T/M°;

0: yrommecra,

Yo ! TIOTOHHOE 3aTyXaHHE B aTMOC(EPHBIX Ta3ax, OTHOCUMOE K KHCIOpOay, Ab/kM, paBHOE

YO = 0'1820 f N"KHL'/IOPU/Z(f)' (33)
N cnopos(f) — MHHMas 4YacTb YaCTOTHO-3aBUCHMON KOMIUIEKCHOH pedpakiuu KHUCIOpOJa COIacHO
ypaBHeHuto (2a) u3 [Ipunoxenus 1;

ho(f, s ), Ts(0), Pw () = a0 () + bo(f) - Ts(P) + o () P(p) + do (f) - pu (1) (34)

KoaddurtueHtsr ao, Do, Co 1 do s TpeOyemoit 4acTOTHI THHEWHO HHTEPIOIMPYIOTCS MEXIY YacTOTaMH,
yKa3aHHBIMU B (aiisie TaHHBIX Part 1, KoTopkIii BIsSETCS HEOTHEMIIEMOH YacThIO HacTOsIIeH PexoMeHamm.
DroT (ain JaHHBIX COAEPKUT KOAPPUIUEHTH Ao, Do, Co M o st wacToT or 1 I'Tr mo 350 I'TI ¢ marom
0,5 I'T'y u mommonmuuTensHOM yacToTs! 118,75 I'Tr.

2 MeTtoabpl NPOrHO3MPOBAHUS 3aTyXaHUsI B aTMOC()EPHBIX ra3ax Ha HAKJOHHBIX Tpaccax,
OTHOCHMOTIO K BOASIHOMY Hapy

CymecTByeT 4eThblpe METO/Ia MPOTHO3UPOBAHMUS OTHOCUMOTO K BOASHOMY Tapy 3aTyXaHHUs B aTMOC(EpPHBIX
ra3zax Ha HaKJIOHHBIX Tpaccax:

1) METOJ] IPOTHO3MPOBAHUSI MTHOBEHHOTO 3HAYCHHS 3aTyXaHHA, ONHMCAHHBIA B MyHKTE 2.1, Korma u3
MECTHBIX M3MEPEHHBIX MIHOBEHHBIX IAaHHBIX M3BECTHBI MOJIHOE (OapOMETpHUYECcKOe) MPU3EMHOE
JlaBlIeHUE, IPU3EMHAas TEMIIEpaTypa U IPU3EMHAs IUIOTHOCTh BOJASHOTO 11apa;

2) METOJ IPOTHO3UPOBAHUSI MTHOBEHHOT'O 3HAYEHMsI 3aTyXaHMs, ONMCAHHBIA B IMyHKTE 2.2, KOT/Aa U3
MECTHBIX M3MEPEHHBIX MIHOBEHHBIX JAaHHBIX HM3BECTHBI MOJIHOE (OapOMETpHUYEcKOe) MPU3EMHOE
JaBJICHHE, TpHU3EMHAas TeMIepaTypa, NpH3eMHas IUIOTHOCTb BOASHOTO Mapa W CyMMapHOE
coZiepKaHUE BOJISHOIO 11apa;

3) METOJ] IPOTHO3MPOBAHHS CTATHCTUYECKOTO 3HAYCHHS 3aTyXaHUs, OMMCAHHBIA B MyHKTE 2.3, KOT/Aa
M3 MECTHBIX JaHHBIX WJIM U3 HHTErpaibHbIX KapT Pekomenmannu MC3-R P.2145 mis tpebyemoro
MECTa U3BECTHBI CTATUCTUYCCKHE 3HAYCHHMSI MOJIHOTO (0apOMETPHUYSCKOr0) MPU3EMHOTO JIaBICHHUS,
MPU3EMHON TEeMIEPaTypbl, IPU3EMHON MIOTHOCTH BOISHOTO MHapa U CyYMMapHOTO COJEp>KaHUA
BOJISTHOTO T1apa,

4) METO/I MPOTHO3UPOBAHUS CTATUCTUUECKOTO 3HAYCHUS 3aTyXaHHs HA HAKJIOHHBIX TPaccax Ha OCHOBE
anmpOKCUMHUPOBAHHOTO BEPOSITHOCTHOTO pactipeneieHus BeiiOynna, omnucaHHbi B TyHKTE 2.4,
KOIJla M3 MECTHBIX JaHHBIX WJHM W3 HMHTErpaiibHbIX KapT Pexomenmaimun MCD-R P.2145 s
TpeOyeMOro MecTa U3BeCTHBI TapaMeTphl MaciTabda u (GopMel pactpeaencHus Beiibyuia.

Ecmm OAHOBPEMCHHO JOCTYITHBI MTHOBCHHBIC 3HAUCHU A HpHSeMHOﬁ IIJIOTHOCTH BOASAHOTO I1apa U CYMMApHOTO
COACPIKaHUA BOJAHOI'O Imapa, TO CJICAYECT HCIIOJIb30BaTb METOA IMPOTHO3UPOBAHUA MTHOBCHHOI'O 3HAYCHUA
3aTyXxaHusd, OTHOCHMMOTIO K BOJIJHOMY Imapy, C HCIOJb30BAHUCM MI'HOBCHHOI'O 3HAYCHHUA CYMMAapHOTO
COACPIKAaHUA BOAAHOIO Iapa.

4 TepmuHbI "BepOATHOCTH MpeBbIIEHUA" W "JOMONHUTENbHAS MHTEerpambHas QyHkuus pacnpenenenus” (CCDF)
SIBIISIIOTCSI CHHOHUMAaMH.


https://www.itu.int/dms_pub/itu-r/oth/11/01/R11010000020001TXTM.txt
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2.1 Meton 1 NporHo3upoBaHNs MTHOBEHHOT0 3HAYEHHUS 3aTYXaHHUS B aTMOC(EepPHBIX razax
HA HAKJIOHHBIX TPaccax, 0THOCHMOIO K BOASIHOMY Iapy

[Iporao3upyemoe 3Ha4eHHE OTHOCHMOTO K BOJSHOMY ITapy MTHOBEHHOTO 3aTyXaHHUS B aTMOC(EpHBIX Tazax
Ha HaKJIOHHBIX Tpaccax Ay paBHO

rIe:

Pws -

Yw -

W(fl s s s)'hw(f)
Aw(f' ps, Ts, pws) = Yw/ Po o2 ) (35)

sin 0

TpeOyemas yacrora, [T

MTHOBEHHOE TOJTHOE (0apOMETpHUIEeCcKOe) MPU3EMHOE JTaBlieHHE B TPeOyeMOM MecCTe,
rlla;

MTHOBEHHOE MPH3EMHOE MaplualibHOE JaBlICHUE BOISHOTO Mapa B TpeOyeMoM MecTe,

PwsTs,
rlla, e, = 2127,

MTHOBEHHOE IIPU3EMHOE [aBJIE€HHME CYXOro Bo3ayxa B Tpebyemom wmecte, rlla,
ps = B — eg;
MrHOBEHHAs PU3EMHAs TeMIIEpaTypa B TpedyemMoM mecte, K;

MTHOBEHHAs NPU3EMHas TIOTHOCTh BOJASHOTO Tapa B TpeOyeMoM MecTe, I/MS;

YTOJI MECTa;

MOrOHHOE 3aTyXaHHe B aTMOC(EpHBIX Ta3aX, OTHOCUMOE K BOISHOMY mapy, nb/km,
paBHoOE!

Yw = 0,1820 f N"BD,a,quﬁnap(f)- (36)

N" ponsanoii nap(f) MHMMAs 9acTh 4aCTOTHO-3aBMCHMMON KOMIUIEKCHOH pe(pakiuu BOJASHOTO Mapa COTJNacHo
ypaBHeHwUIo (2a) u3 [Ipmroxenns 1 u

hw(f):A'f'l'B‘l'Z?:lm’ (37)

re A = 5,6585 X 1075, B = 1,8348, a koo dummenTs! f;, a; u b; npuseneHs! B Tabauue 4.

TABJINIIA 4
Kos¢pdunuenrs! f;, a; u b;
i fi (G HZ) a; bi
1 22,235080 2,6846 2,7649
2 183,310087 5,8905 4,9219
3 325,152888 2,9810 3,0748
2.2 Metox 2 NpOrH03MpoOBaHUS MTHOBEHHOI'0 3HAYEHUSI 3aTyXaHUsI B ATMOC(epHbIX razax

Ha HAKJIOHHBIX Tpaccax, 0OTHOCMMOI'0 K BOAAHOMY 1apy

[IporHo3upyemoe 3Ha4eHHUE OTHOCUMOTO K BOJSHOMY ITapy MICHOBEHHOTO 3aTyXaHHs B aTMOC(EpPHBIX Tazax
Ha HAaKJIOHHBIX Tpaccax Ay paBHO:

rue.

wd =

K f:Ps'Ts:pws Vs
Aw(fo P To pw) = Ky Po o[V (38)

sin 0

TpeOyemas gactota, [ T;

MTHOBEHHOE IMOJIHOE (0apoMeTpuiecKkoe) MpU3eMHOE JIaBICHHE B TPeOyeMOM MecTe,
rlla;

MTHOBEHHasl IpU3eMHasl TeMIieparypa B Tpedyemom mecte, K;
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pWs . MTIHOBCHHAasd NprU3CeMHadA MJIOTHOCTh BOAAHOIO Iapa B Tpe6yeMOM MECTC, F/Ms;

o~

CyMMapHOE COJep)KaHue BOASHOTO Iapa OT MOBEPXHOCTH 3eMIIM B TPeOyeMOM MeCTe,
KI/M? WJIH MM

0: yrommecra

KV(f' Ps:Ts' pws) = aV(f) + bV(f) ' pws + CV(f) ' Ts + dV(f) ' Rs (39)

Koadduruentsr ay, by, cv u dy mis tpebyemoii 4acTOTHI JTHHEHHO WHTEPIIONUPYIOTCS MEXIY YacTOTaMH,
yKa3aHHBIMU B (aiise JaHHbIX Part 2, KoTopsIii ABISETCS HEOTHEMIIEMOM YaCThIO HacTOAMEH Pexomennanuu®.
OroT Qaiia JaHHBIX COAEPKHUT K0ID HUIHEHTH ay, Dy, Cv u dv cooTBercTBeHHO B cTONONAx 2, 3, 4 u 5
st yactoT oT 1 I'T'm go 350 'y ¢ marom 0,5 I'T'w, yka3aHHbIX B cTonOme 1.

2.3 Metoa MPOrHO3UPOBAHUA CTATUCTUIECCKOI0 3HAYCHUS 3aTyXaHUA B aTMOC(l)epHBIX ra3ax
Ha HAKJIOHHBIX TpaccaX, OTHOCUMOI'0 K BOAAHOMY MMapy

[Iporno3upyemoe cTaTuCTUYECKOE 3HaU€HHE OTHOCUMOTO K BOISTHOMY T1apy 3aTyXaHHs B aTMOC(EPHBIX ra3ax
Ha HaKJIOHHBIX Tpaccax Ay paBHO:

Ky (f Ps.Tspwy) Vs(P)

Aw(f.p) = p— ) (40)
re:
f TpeOyemas yactota, [T,
P, . cpenHee noiHoe (6apoMeTpHUecKOe) IPU3EMHOE JaBlIeHNE B TpeOyeMoM MecTe, rlla;
T, CpenHsis MpU3eMHas TeMIieparypa B Tpedyemom mecte, K;
Pw, - CPEIHSI IPU3EMHAs IUIOTHOCTh BOJSHOTO TIapa B TPEOYEMOM MECTE, /M3,
p: Tpebyemas BepostHOCTh mpeBbimenus (CCDF), %;
V.(p): cyMMmapHOe coAep)KaHHE BOASHOIO Iapa IPH BEPOSTHOCTH TPEBBIIICHUS ]
OT HOBEPXHOCTH 3eMIIN B TPeGyeMOM MecTe, KI/M> HIIH MM;
0: yromwmecra
u

Ko (f Po ToPurs) = av(F) + by (f) - Py + ev(f) - T + dy () - B (41)

Koadduruentsr ay, by, cv u dy mis Tpebyemoii 4acTOThI JTHHEHHO WHTEPIONUPYIOTCS MEXIY YacTOTaMH,
yKa3aHHBIMHU B (aiiyic TaHHBIX Part 2, KOTOPKIH ABISETCS HEOTHEMIIEMOM YaCThIO HACTOsAIICH PeKkOMEeHIaI1H.
DT1oT ¢aia JaHHBIX COACPKUT KO3 GHUIUEHTH ay, Dy, Cv u Oy coorBercTBeHHO B cTONOMAx 2, 3, 4 u 5
quist yactot oT 1 I'T' go 350 'y ¢ marom 0,5 I'T'w, ykazanueix B ctonoue 1.

24 ANNpoKCUMHPOBAHHOE BEPOSITHOCTHOE pacnpeneneHue Beii0yia 11 cTaTHCTHYECKOT 0
3HaYeHNUs 3aTyXaHUsI HA HAKJIOHHBIX TPAcCcaxX, 0OTHECEHHOT0 K BOASTHOMY Napy

ANNPOKCHMHUPOBAHHOE BEPOATHOCTHOE paciperenenne BeiiOymna i nporHo3upyeMoro CTaTUCTUYECKOTo
3HAa4YEHHSI OTHOCHMOTO K BOJTHOMY TTapy 3aTyXaHHs B aTMOC(EPHBIX Ta3ax Ha HAKIIOHHBIX Tpaccax Ay paBHO:

1
ve Ky (FPeTsws) [~ In(555)[ "

sin ©

Ay (f.p) = = , (42)

rIe:

f: Tpebyemas wactora, ['T;

P;:  cpenHee nosHoe (OapoMeTpUUYECKOe) MPU3EMHOE IaBlieHne B TpeOyeMom Mmecte, T1la;

5 @aiiner nanEkx Part 1 u Part 2 takxke HaXOAATCS MO azapecy https://www.itu.int/oth/R1101000002/en.
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Ts ©  cpenHss mpu3eMHas TeMIlepaTypa B TpeOyeMom mecte, K;

Pw, - CPEHss NPU3EMHAs TIOTHOCTh BOJSHOIO Mapa B TpedyeMoM MecTe, /™

p: Tpebyemas BepositHocTh npeBbimieHus (CCDF), %;

Ay, MPU3EMHBIN TlapaMeTp Maciuraba pacmpeneneHus BeiOymra mist BOISHOTO Tapa
B TpeOyeMOM MecCTe;
ky, npu3eMHbI  mapametp GOpMBI pacmpesneicHus BeliOymiaa ais BOASHOTO mapa

B TpeOyeMOM MecTe;

0: yrom mecra

KV(f'Fs’Ts'p_ws) = ay(f) + by (f) " Pw, + cv(f) - T + dy (f) - P (43)

Koaddurmentsr ay, by, Cv u dy mis TpebyemMoii 4acTOTHI JTHHEHHO WHTEPIIONUPYIOTCS MEXIY YacTOTaMH,
YKa3aHHBIMU B (aitsic TaHHBIX Part 2, KOTOPHIi ABISETCS HEOTHEMIIEMOM YaCThIO HACTOSAIICH PexoMeHmaum.
DTOT (aiil JaHHBIX CONEPXKUT KOI(D(HUUUEHTH av, Dy, Cv u dv cooTBeTCTBEHHO B cronmoOuax 2, 3, 4 u 5
st gactot oT 1 I'Ty mo 350 I'T'x ¢ mmarom 0,5 I'T'w, yka3anHBIX B cTos011€e 1.
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