ITUHyﬁnuKauuu MeXxayHapoaHbIN CO3 3NIeKTPOCBA3U
PekomeHaauum CekTop pagmocsnaaun

PekomeHpauna MCI-R P.531-15
(08/2023)

Cepusa P: PacnpoctpaHeHne paanoBosiH

[aHHble 06 noHoccepHOM
pacnpocTpaHeHUun paguoBOJSIH U MeTOoAbl
NPOrHo3mMpoBaHus, Heob6xoanMble

AnNs NPOeKTUPOBaHUA CNYTHUKOBbIX
ceTen U cucTem



i Pexk. MCJ-R P.531-15

IIpeauciiosue

Pomp CekTopa pagwioCBs3W 3aKIIOYACTCs B OOCCIICYCHUU PAIMOHAIBHOTO, CIPABEIIHBOTO, 3(PQGEKTHBHOTO U
SKOHOMHUYHOTO HCIOJB30BaHUS PAJMOYACTOTHOTO CIIEKTPa BCEMHU CITY)KOAMH paIMOCBSI3U, BKIIOYAs CITyTHUKOBBIC
CIy’)XOBI, W TPOBENCHNH B HEOTPAHMYCHHOM YaCTOTHOM JHAalla30HE WCCICOBaHUH, Ha OCHOBAaHHH 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 paarooNpeeNieH s, TIOOUTENbCKas CIy>)K0a M OTHOCSIIUECS
K HUM CITyTHHUKOBBIE CITY>KOBI

P PacnipocTpanenne pajHoBoJIH

RA Papnoactponomust

RS CucreMbl TUCTAaHINOHHOTO 30HIUPOBAHMS

S dukcupoBaHHas CITyTHUKOBas Ci1yX0a

SA KocMuueckre npuMeHeHNs! 1 METEOPOJIOTHS

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 4aCTOT

\% CroBaphb M CBsI3aHHBIE C HUIM BOIPOCHI

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

Dnexmponnas nyoauxayus
Kenesa, 2024 r.

© ITU 2024

Bce mpara coxpanenbl. Hu o1Ha u3 yacTed TaHHOH MyOIMKAIUU HE MOKET ObITh BOCIIPOM3BEICHA C TIOMOIIBIO KAKHX OBl
TO HH OBUIO CPENCTB Oe3 MpeBapUTENbHOTO MMChbMEHHOT0 paspemenns MCO.
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PEKOMEHIALIUS MCD-R P.531-15

JlanHble 00 HOHOC()EPHOM PACTIPOCTPAHEHHH PAIMOBOJIH U METO/IbI
NPOTrHO3UPOBaHUSA, HeOOX0AUMbIE /1JIsl POEKTUPOBAHUS
CILyTHMKOBBIX ceTeil U cucTeM

(Bompoc MCO-R 218/3)
(1978-1990-1992-1994-1997-1999-2001-2003-2005-2007-2009-2012-2013-2016-2019-2023)

Cdepa npumeHeHus

B Pexomenmaruun MC3-R P.531 ommcanbl MeToapl ONEHKH 3(PQPEKTOB HOHOCPEPHOTO PaCIpOCTpaHCHHS
pPaauoOBONH Ha Tpaccax MEXIy 3emieil u kocmocoM (Ha yactorax ot 0,1 go 12 I'T'm) "UJIN" (ma yacTorax
BBIIIIE HOHOC(EPHOH KPUTHUYECKOW YaCTOTHI, TJe MOHOC(Eepa CTAHOBUTCS MPO3PAYHOMN U PaAHOBOIH, J0
HECKOJIBKHX JeciITKOB rurarepi). Ha Tpacce mexay 3emiieli 1 KOCMOCOM, KOTZIa CHTHAJ MPOXOIHUT Yepe3
noHoc(epy, MOTYT BO3HUKATD cieayomue 3(ppexTsr:

- BpallleHHe TUIOCKOCTH ToJisipu3anuu ((apaaeeBCKoe BpalleHHE), BBI3BIBAEMOE B3aMMOJEHCTBHEM
JIEKTPOMArHUTHOM BOJIHBI ¢ HOHU3UPOBAHHOM cpeioil MarHUTHOTO MO 3eMJTH BOJb TPACCHI;

- TpyNIoBasi 3a/epKka CHUTHala M OmepekeHrne 1o (ase, BBI3BAHHBIE IOJHBIM COJEpPXKAHUEM
anexkTpoHoB (IIC3), HakoNMUBIIUMCS BAOJIb TPACCHI;

- ObICTpOE M3MEHEHHE CUTHAJIA 10 aMIUIUTyne U (asze (MeplaHue), BBI3BaHHOE MajoMacIITaOHBIMH
HEOHOPOIHOCTSIMH HOHOC(hEPHI;

- W3MEHEHUE OUEBUIHOTO HANpPaBIeHUsI IPUOBITHS, BRI3BAHHOE pedpakiuei;

- JOTITUIEPOBCKHI 3 (EeKT, BHI3BAHHBIM HEJTMHEHHBIM XapaKTepOM BPAILICHUS IUIOCKOCTH MOJIIPH3ALUH
Y BPEMEHHBIMHU 3a/ICPKKAMH.

I[aHHLIe n MCTOAbI, OIIMCAHHBIC B HaCTOS[H_IefI PeKOMeHI{aHI/II/I, MNPUMCHSIOTCA UIA IIJIAHUPOBAHUA
CITYTHHUKOBBIX CUCTEM B COOTBETCTBYIOIIUX HCfICTBYIOHIHX napamMeTpax, yKasaHHbIX B HpI/IHO)KeHI/II/I 1.

KuaroueBkle ciioBa

TpancuonochepHoe pacnpocTpaHeHHEe paJOBOJIH, MEPIIAHUE, TPYIIIOBas 3aJePIKKa

Coxpamenusi/I'1occapmii

MUF  Maximum usable frequency MITY MaxkcumalbHas IpUMEHUMas 4acToTa
TEC  Total electron content Ico [MonHOE comepikaHKe FITEKTPOHOB
XPD  Cross-polarisation discrimination Kpocc-momnsipu3arioHHas CeneKIus

CootBercrByiomue Pekomenaanuu, Otuerst MCD
Pexomennmarua MCO-R P.618

Pexomenmanima MCD-R P.844

Pexomenmanua MCD-R P.1239

Otuer MCDH-R P.2097

Otuer MCDO-R P.2297

[MPUMEYAHUE. — B kaxxaom ciydae cieayeT HCIoIb30BaTh nocienHee u3nanue Pekomennanun/Otyera.
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2 Pexk. MCJ-R P.531-15

Accambnes paauocssizu MCD,

yuumbsleast,

a) 410 HOHOC(hepHbIe 3 (EKTH OKA3bIBAIOT CYMIECTBEHHOE BIHSHIE Ha PACIpPOCTpaHEHHE PaTUOBOIH
Ha yacToTax o MeHblei mepe 10 12 I'T;

b) 9TO 3TH 3P PEKTH MOTYT OBITH OCOOEHHO CYIIECTBEHHBI ISl CITyTHUKOBBIX CITY’KO, MCIIOIB3YIOLIIX
HEreoCTalloOHApHYI0 OpOUTy 1 paboTaromux Ha yactoTax Hike 3 I'T;

C) 9r0 OBUIM MPEJCTABICHBI OKCIEPUMCHTAIBHBIC JAaHHBICE W/WIM  pa3pabOTaHbl  METOJBI
MOJICIIUPOBAHUS, KOTOpbIC MO3BOJSIOT MPOTHO3HUPOBATH MapamMeTpbl MOHOC(HEPHOTO pacIpOCTPAHEHHUS,
HCOGXO[{I/IMLIC JJI TUIAaHUPOBAHUSA CITYTHUKOBBIX CUCTEM;

d) 9T0 HOHOC(epHbIe >(PQPEKTHl MOTYT OKa3blBaTh BIUSHHE HA MPOCKTHPOBAaHHE U KayecTBO
pazuocucTeM, B COCTaB KOTOPBIX BXOAAT KOCMHUYECKHE allapaThl;

e) YTO 3TH JTAHHBIE W METOJBI OKA3aJUCh COBMECTUMBIMH C €CTECTBEHHOW M3MEHUMBOCTHIO SIBIICHUN
pacipoCTpaHEeHUsT PAIUOBOIH M, CJICOBATEIbHO, MX MOXKHO HCIOJH30BaTh MPU IUIAHUPOBAHUM JHOOOH
CIIyTHUKOBOMW CETH/CHCTEMBI,

pexomenoyent,

YTOOBI JaHHBIC W MCETOHBI, IPEACTABJICHHBIC B HpI/IJIO)KeHI/II/I 1, HCIIOJIb30BAJIUCh IIPpU IIJIAHWUPOBAHUHN
CITYTHUKOBBIX CUCTEM C YUCTOM JAUANTA30HOB UX I[GP'ICTBPITCHI)HOCTH, YKa3aHHbIX B 3TOM HpI/IJ'IO)KCHI/II/I.

Ipuiaoxenue 1

1 BBenenue

B nacrosmem Ilpunoxennn paccmarpuBarorcsi 3(QQGeKThl HOHOC(HEPHOro paclpoCTpaHEHUs] Ha Tpaccax
MeXIy 3emiieli 1 KOCMOCOM.

B 3aBucuMOCTH OT mpUMEHEHUsI, BOSHUKAIOIINE B HOHOC(EpE SBICHHUS MOTYT OBITh HE3HAYUTEIHLHBIMU HA
yactoTtax Bbile npuMmepHo 12 ITu. bonee Hu3Kas uvacrtoTa, IJI1 KOTOPOM BO3MOXKHO IPUMEHEHUE
TIPUBCIICHHOW B HACTOSIIEM JIOKYMEHTEe HWH(OpMAaINud, OyJeT HECKOJIbKO BBINIE KPUTHYECKONH YacTOTHI
0OBIYHOM BOJIHBI, Jyis KoTopoii B Pekomennaiiuu MC3-R P.1239 npuBe/icHbI OLIEHKH MECSIUHBIX MEIUAHHBIX
3HAYCHWH W JeIWIeH, B 3aBHCUMOCTH OT TE€OMETPHUHM Tpacchl. TpaHCHOHOC(EpHOE pacmpocTpaHEeHUE
PaIMOBOJIH HA HU3KMX Y4acTOTax U 00Jiee HU3KUX YacToTax paccmarpusaercst B Otaere MKKP 262-7 (1990 r.)
Y HE PacCMaTPUBACTCS B HACTOSIIEM JOKyMEHTE.

B acnekte MMPOCKTUPOBAHUA CUCTEM BO3JICHCTBHE I/IOHOC(l)CpLI MOKHO CBE€CTHU K CICAYIOUICMY:

a) nonHoe conepxanue anekrpoHoB (IICD) Baomp wWoHOchepHOW Tpacchl paclpoCTpaHEHUs
CIYTHHKOBOW CIY>KOBI BBI3BIBACT BpallleHHE IUIOCKOCTH TMOJIIpU3aluK BOJHBI ((apaneeBckoe
BpaIlleHHE) ¥ BPEMEHHYIO 3aJIpKKy CHTHANA, a TaKkKe M3MEHEHHE HaOJI0ZaeMOro HarpaBJICHHS
MPHUXO0/1a BOJTHBI M3-32 pedpaKium;

b) JIOKAITM30BaHHbBIE YYaCTKH HOHOC(EPHI, BOSHUKAIOIINE CITy4aifHBIM 00pa3oM 1 0OBIYHO Ha3bIBa€MEbIE
MOHOC(HEPHBIMH HEOJHOPOJHOCTSAMH, MPHUBOAAT K HW3OBITOYHOMY W CIyYalHOMY BpAIICHUIO
MOJIIPU3AIMHA W YBEITUUCHUIO BPEMEHHON 3aJCPXKKH, TIPUUEM IPOIECC dTOT MOXKET OBITh OINHCaH
TOJIBKO CTOXaCTHYECKH;

c) M3-3a TOTO, YTO BPAIIIEHUS U BpEMEHHbBIE 3aJIePKKH, CBSI3aHHBIE C IUIOTHOCTHIO AJIEKTPOHOB, 3aBUCAT
OT YacTOTHl HeJIHMHEHO, 3 dekTr a) U b) BeayT B CBOIO ouepelb K AMCIEPCHH MM HM3MEHEHHIO
IPYIIIIOBOM CKOPOCTH;

d) KpOME TOT0, JOKaJM30BaHHBIE HOHOC(EpPHBIE HEOJHOPOJHOCTH MOTYT TAaKXKE JCHCTBOBATH Kak
coOuparomas Uik paccenBarolias JuH3a, GOKYCHUPYS UIN paccenBas paJAHOBONHEL. Takue SBICHUS
0OBIYHO HA3BIBAIOT MEPIIAHWSMH, U OHM BO3JCHCTBYIOT Ha aMIUIUTYAy, (ha3sy W yroi mpuxonaa
CUTHAaJA.
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Uz-3a cnoxxHoil Quzmyeckoil mpupoabl HoHOc(hepsl HOHOC(epHbIe 3PQEKThl, BIUIIOIINE Ha MapaMeTphl
CHCTEMBI, KaK yXe¢ TOBOPHJIOCH BBIIIE, HE BCErJa MOXHO OMKCATh C MOMOIIBIO MPOCTHIX AHATUTHYCCKUX
(dhopmyn. CoOTBETCTBYIONTNE NaHHEIC, MMPEACTABIICHHBIC B BHUAE TAOJMIl W/WIHM TPaQUKOB M TOIMOJIHCHHEIE
OITNCAaTCIIbHBIMHU NI OrpaHUYMBarOIIMMU  YTBCPIKIACHUAMU, SIBJIAOTCA 110 BCEM IMPAKTUICCKUM
cO00paXEHUSIM HAWITyUYIlINM CII0COOOM MpeACTaBIeHHs STHX (P PEKTOB.

PaccmatpuBas 3¢ ¢dexTsl pacrpocTpaHeHus] MeXIy 3emileil 1 KocMocoM Ha yactotax Hike 3 I'T'h, cienyer
MIPU3HATB, YTO:

e) W3BECTHBIC SIBIICHHS PACHpPOCTPAaHEHHWS Ha TpaccaX MEXAy 3eMJiell W KOCMOCOM, BBI3bIBa€MBbIC
BO3ICHCTBHEM I'HIPOMETEOPOB, HE UTPAIOT CYIIECTBEHHOM poJiH B ciy4ae 1. f);

f) 3 }eKTel MHOTONYYEBOCTH BOJHM3W TIOBEpXHOCTH 3emid, HaOI0gaeMble B IIPHCYTCTBUU
©CTECTBEHHBIX WJIM HCKYCCTBEHHBIX MPEMATCTBUN NPH HU3KHX yTIaX MECTa, BCETAa SBIISIOTCS
KPUTHIECKIMU;

0) 3¢ (eKThl MHOTOJYYEeBOCTH BOJIM3U TOBEPXHOCTH 3€MJIM MOTYT MEHSTHCS B 3aBHCHUMOCTH OT

MECTOIIOJIOKEHHS |, CIIeIOBATENFHO, HE SIBISIOTCS ONpPEACISAIomUM (HaKTOPOM paclpoCTpaHEHHs
MEXKIYy 3emiieli B KOCMOCOM, €CIHM pedb HIeT O (hakTopax paclnpoCcTpaHeHHsl B TIIOOAIBHBIX
Macrabax.

2 Ba3osas unpopmanus

W3-3a BIusHUS COJTHEYHOW paauaiuu noHochepa 3eMiIi COCTOUT U3 HECKOJIBKUX 00nacTell nonuzanuu. J{ns
BCeX MPAKTUYECKUX 1IeJIel MPUMEHHUTENBHO K cBsi3u 001acTi noHocdepsl D, E, F 1 noHn3anus BepxXHux CIoeB
CUMTAIOTCS NCTOYHUKAMHU CyIecTBeHHOro BKaaa B [ICO Mexay okoHeUHO! cTaHIMel CIyTHUKA U Ha3eMHOMN
OKOHEYHOM CTaHIIHEH.

B kaxnoii 001acTi MOHU3UPOBAHHAS Cpelia He SBJISETCS HU OJHOPOJHOM B IPOCTPAHCTBE, HU CTAIIMOHAPHOM
BO BpeMeHH. BooOie roBopst, nmpomecc GOHOBOW HOHU3AIMH XapaKTePH3YyeTCs OTHOCUTENBHO PErYISPHBIMU
KOJeOaHUsIMH 10 BPEMEHM CYTOK, BpeMEHH Troja u 11-romoBOMy LMKy COJHEYHOM aKTHBHOCTU
U B 3HAYUTENBHOW Mepe 3aBUCHT OT Teorpa(uyeckoro MECTONOJNOXKEHHs M T'€OMAarHHUTHOW aKTHBHOCTH.
[Momumo  (OHOBOH  HMOHHM3AIMU  BCEr/la  CYHIECTBYIOT — BBICOKOJMHAMHYHBIE  MajOMaclITaOHbIE
HECTal[MOHApHBIE CTPYKTYpBI, TaK Ha3blBaeMble HEOAHOponHOCTH. Kak (oHOBas HMOHHM3aLMUs, TaK M 3TH
HEOJHOPOIHOCTH CIIOCOOCTBYIOT MCKaXXEHUIO pasuoBoiiH. KpoMme Toro, nokasareib MpeaoMIIEHUs SBIISETCS
YaCTOTHO3aBHCHUMBIM, T. €. CpE/la Nepeadn — JUCIIEPTUPYIOLIasl.

3 Coo0paxeHusi OTHOCUTEJIbHO pacnpocTpanenust Ha OBY u BU

Uro kacaercst curaamoB OBY, KoTopble pacpoCTpaHsIOTCs B TIpeeax HoHOChEepsl WK Yepe3 noHochepy, ¢
yYMEHBIIIeHHeM pabodeii YacTOThl NCKaXXEHNE U yXY/IIIEHHE CUTHaIa Bce 0oJiee BO3pacTaloT, 10 TeX MOop MOoKa
IIPOHUKHOBCHUE B I/IOHOC(i)epy CTAaHOBHUTCA HEBO3MOXHBIM, TO €CTb HM3JIY4CHHA OT KOCMHUYCCKUX CTaHI_II/Iﬁ
MIPEIIOMIIAKOTCA B HaIPaBJICHMKW BBEPX WM IIEpeaadd OT 3C€MHBIX CTaHHI/Iﬁ IMIPEIOMIISIFOTCS B O6paTHOM
HaIpaBJICHUH K TOBEPXHOCTH 3eMJTH. Y YUTHIBAs BRICOKYIO H3MEHYMBOCTH CTPYKTYPHI M TNIOTHOCTH HOHOC(HEPHI,
4acToTa, Ha KOTOPOH 3TO MPOU30IIET, TAK)KE N3MEHSETCS M OYyET 3aBUCETh OT TEOMETPHHU TPACCHI.

B ciaywae xocMuYeckoil CTaHIMK, aHTEHHA KOTOPOW OOIydaeT Tpacchl, CTAHOBAIIMECS T'€OMETPUYECKU
TaHTeHIHATEHBIMH OTHOCUTEIIbHO HOoHOC(hephl Ha BbicoTe puMepHOo 200300 kM, 3Ta 9acToTa MPOHUKHOBEHUS
Oyner anmpokcumaTuBHO cootBercTBoBaTh MITU(4000)F2, ompenensiemoit kak (1,1 x M(3000) F2 x foF2).
OrneHKn MECSYHBIX MeauaHHbIX 3HaueHuil u genwiedn M(3000)F2 u foF2 mpuBemensr B Pexomenmaruu
MCDH-R P.1239. Ha kaprax Pexomenmarmm MCDO-R P.844 mpusenensr Taxxe 3naderns MITY ms 1% Bpemenu
u mHbl Tpacckl 4000 kM. TouyHO HEM3BECTHO, K YeMy OTHOCHTCS 1%, HO BO3ZMOYKHO 3TO OTHOCHTCSI KO BCEM
gacaMm MecsieB 1958 roma — roma MakCHUMaIbHON COJTHEYHON aKTHBHOCTH, KOTJa OBLT 3apeTHCTPUPOBAHHBIN
HAMBBICIINI YPOBEHB COTHEYHOW aKTUBHOCTH. OJHAKO TaK¥e COOOpakeHISI TEOMETPHUECKOTO XapaKTepa MOTYT
OBITh YpEe3MEpHO YIIPOIIeHHBIMHU. PacmpocTpanenne B moHOC(epe NMpH yriaax, OMM3KUX K TaHTEHIHMAJIbHBIM,
MOJKET MPOUCXOIUTH BHYTPH BOJTHOBOZIA, YTO MPUBE/IET K YBEITMICHHUIO AMAIla30HA AaJTHbHOCTH PACIPOCTPAHEHIS
1 K BO3ACHCTBUIO Ha pactpocTpaHeHue 3(h(HEeKTOB, BRI3EIBAEMBIX HEOJHOPOIHOCTHIO HOHOC(DEPHL.

U, HaoOOpoT, B Cllydyae aHTCHH, HANPABJICHHBIX HA HAJWUP, YaCTOTa MPOHMKHOBEHHUS OyIeT MaKCHMalbHON
1a3MeHHo# yactoroi foF2.
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OTcrona ciaenyeT, 9To IIT HOHOC(PEPHBIX 3PPEKTOB, IEPEUNCICHHBIX B TA0IHIIEC 3, YACTOTHBIC 3aBUCHMOCTH
OymyT cmpaBemuBHl it dacToT g0 100 MI'm, 3a WCKIIOYEHHEM, BO3MOXKHO, IEPHUOJIOB BPEMEHH U
MECTOIIOJIOKEHUH, B KOTOPHIX MOHOC(EpHBIE BO3MYIICHHS ABISIOTCS BechMa 3HaunmTeNbHBIMH. Ha Gomee
HHU3KHAX YacToTaX, BIUIOTH 0 MAaKCHMaJIbHOW IIa3MeHHON dacToThl (foF2), mms pacmpocTtpaHeHus Impu
BEPTHKAIGHOM TQJICHUU TMO-TIPEKHEMY OYAET NPOTHO3MPYEMBIM pPAcIpOCTpaHEHHE MeXIy 3emiedl u
KOCMOCOM, HO TpaKkTHYecKas IIeJeco00pa3HOCTh pealn3allii CIyXObl paguocBsi3u OyIOeT 3aBHUCETh OT
KOHKPETHOTO MIPOEKTHOTO PEIICHHUs CHCTEMBI, €€ IPUMEHEHUS U TPpeOyeMOor HaIeKHOCTH.

4 IlepBu4YHbBIE MCKAKEHUS], BbI3BaHHbIE (D)OHOBOII HOHU3ALIMENH

Pan sddexroB, Taknx kak pedpakius, JUCTIEpCHs W TPYNIOBas 3a/J€pKKa, IO CBOEH BEIMYWHE MPSIMO
npornopronansHel [1CD; dapameeBckoe BpallleHHE TaKke MPUONH3UTEIBHO MponopiuonansHo 11CH,
IIpUYeM pa3NUYHbIe YYaCTKA TPaeKTOPWW JIyda BHOCSIT B HEro CBOW BKJIQJ C BECOM, 3aBHCSIIAM
OT MPOJONTHHONW COCTABIISIONICH MarHWTHOTO Toysl. TakuMm oOpasoMm, mHpopManus o IICOD mo3BomsieT
KOJIMYECTBEHHO OIEHUTh MHOTHE BaKHBIE HOHOC(HEPHBIE SBIICHISL.

4.1 ncH
[TonHOE conmeprkaHme PIEKTPOHOB, 0003HaUaeMoe Kak N1, MOKHO OTIpEJIeHTh 10 (hopMyIIe:

N = ! n,(s)ds, 1)
rue:

S: Tpacca pacpocTpaHeHus (M);
Ne: KOHIGHTPAIUS SIEKTPOHOB (I./M°).

Jaxe ecmum TeoMeTpHWsl TPacChl PACHpPOCTPAHCHHMSI TOYHO U3BECTHA, ompenencHue Nt oxa3piBaeTcs
3aTPYJIHUTENIBHO, MOCKOJIbKY Ne MEHSIETCS B 3aBUCMMOCTH OT BPEMEHH CYTOK, BPEMEHHU Tojila M IMKJIa
COJIHEYHOI aKTUBHOCTH.

Huis ueneit moaenupoBanus BenuyuHa [ICD 0OBIYHO OlLIEHUBACTCS JUIsl 3€HUTHBIX TPAcC C MONEPECYHBIM
ceuernrem 1 Mm% TICD B TakoM BEPTHKAILHOM CTOJIOIE MOXKET KOieOaThCsl OT 10 10 10 am./m%, mocturas
MaKCHMAaJIbHOTO 3HAYEHHUS B TO BPEMs CyTOK, KOTJ[a CBETUT COJIHIIE.

Jua ouenkn Benmmumabl [ICO Hmke ommcaHa mporeaypa, ocHoBaHHas Ha 1. 4.1.1. DTa mporenypa Takxke
npuMeHnMa st onpenenenus 11CO Ha HaKITOHHBIX Tpaccax.

4.1.1 Meroa, ocHoBaHHbIN Ha Moaen NeQuick2

Pacnipenenenne TUIOTHOCTH 3JIEKTPOHOB, OMpenesieMOoe JTaHHOM MOJEeNblo, MPEACTaBIsSeTCs B BHJE
HETPEPHIBHON (YHKLMH, KOTOpas Takke HEMpepbIBHA AJISl BCEX MPOCTPAHCTBEHHBIX MEPBBIX MPOU3BOAHBIX.
OHO cocTOMT W3 JBYX 4YacTeW: HIDKHEH (HI)KE MAaKCHMalbHOW BBICOTHI cios F2) wm BepxHel
(BBIIIIE MakcUMaIbHOM BBICOTHI ciost F2). MakcumanbHas BbicoTa cios F2 BeIUMCHseTCS W3 BEIWYHHBI
M(3000)F2 u otnomienus foF2/foE (cm. Pexkomenmarmio MC3-R P.1239).

HuxHsg yacTh ONKCHIBAETCS C MOMOLIBIO NOJyclIoeB DmiuTeiiHa ans npencrasieHus cioes E, F1 u F2.
Bepxuss gacts crmos F onsats ke mpenctasisier co0oi moyciaol DMIMTeHa, mapaMeTp TOJNIUHB KOTOPOTO
3aBHCHT OT BhICOTHI. Moienb NeQuick?2 v.P531-12 nmo3BosiseT onpeaeauTh BETMYUHbI IJIOTHOCTH JICKTPOHOB
u [1C3 Ha npou3BOJIBHBIX Tpaccax 3eMJIs-CIIyTHUK U CIIyTHUK-CITyTHUK.

KommnbrorepHas mporpaMma U CBSI3aHHbIE C HeW (ailjibl JaHHBIX SBISIOTCS HEOTHEMIIEMBIMU LU(PPOBBIMU
MIPOAYKTaMU HacTosIeH PekoMeHIannu, KOTopble AOCTYIHBI B HOMOJHUTENbHOM (aitne R-REC-P.531-15-
202308-1"1ZIP-E.zip (YacTs 1).

4.2 ®dapajieeBcKoe BpalleHue

HpI/I nepeccUCHumn I/IOHOC(I)epr MJIOCKOCTh IMOJIAprU3aluu JIMHEHHO HOHﬂpHSOBaHHOﬁ BOJIHBI ITOCTCIICHHO
MMOBOPAYUBACTCA IIOJA BJIUAHHUECM I'COMAarHuTHOIO IOJIA U aHU30TPONHHU IJIa3MBI. Bemnunna (I)apa/:[eeBCKoro
BpalcHus, 9, 6yneT 3aBUCETh OT YacCTOTHI BOJIHBI, HAIIPSXKCHHOCTH MArHUTHOI'O IIOJA MW IINIOTHOCTH
DJICKTPOHOB IJIa3MBbI:


https://www.itu.int/rec/R-REC-P.531-15-202308-I/en
https://www.itu.int/rec/R-REC-P.531-15-202308-I/en
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avNT
0=2,36x10 —5 2)

rue:
0:  yron BpaieHus (pan);
Ba:  cpemmmii ypoBeHb MarauTHOro mons 3emmu (Wb - m 2 umu T);
f:  wgacrora (I'Tn);
Nr:  TICD (om. - M ?).
[Ipumep 3HaueHwii O mns Bay, cpegHero 3HaueHMs HampspKEHHOCTH MarHUTHoro moms 3emnd, 50 MkT,
TTOKa3aHbl Ha puCcyHKe 1.

PUCYHOK 1

Beanuuna papaneeBckoro Bpamenus B 3aBucumMoct ot [ICD u yacToThl

]_04 T T T T T T T
ITnorHOCTH 3HeKTp0HOBI
10" sn/m’
10;, sm./m
17 2
3 10. . sn./m
10 10" sm./v’ }

dapazeesckoe Bpaienue (pas.)
=
<

10"

10 b— :
0,04 0,1 0,2 05 1 2 5 10

Yacrora (I'Tn) P0531-01

Takum o0Opa3om, QapazeeBCcKoe BpalleHUE OOpaTHO MPOMOPIUOHATBHO KBAApaTy YAcCTOThI M IPSIMO
IpONMOPHHNOHATIBHO MHTCIPAIBHOMY NPOU3BECACHNUIO KOHICHTPAIUN 3JICKTPOHOB U BEJIMYNHBI COCTaBHHIOHIeﬁ
MarHMTHOTO TOJIsi 3eMJIM BJIOJIb TPAcChl pacrnpocTpaHeHus. Ero MeanaHHOe 3HaueHME HA JAaHHOM 4acToTe
HAMEET BECbMA PETYJIIPHYIO IPOTHO3UPYEMYIO 3aBUCUMOCTB OT BDEMEHU CYTOK, BPEMEHU I'0J1a ¥ TOYKH IUKJIA
COJIHEYHO# akTUBHOCTU. Clie0BaTeNIbHO, 3Ta PEryJisipHas KOMIOHEHTa (apajeeBCKOro BPAIICHHS MOKET
OBITh KOMIICHCHPOBAHA PYYHOH MOICTPOWKOW yIjia HAKJIOHA TMOJISIPU3AIMUA AHTCHHBI 3€MHOW CTaHIIUH.
OnHako B TeUeHUE HEOOBIIUX MPOIICHTOB BPEMEHU MOTYT BO3HHKATh 3HAYHUTENLHBIC OTKJIOHEHHUS OT 3TOTO
PEryJIsIpHOTO TOBEJCHUS B PE3yJIbTaTe F€OMArHUTHBIX Oyph W, B MCHBIICH CTENCHH, MEPEeMEIArOIUXCs
KPYIHOMACIITaOHBIX HOHOC(HEPHBIX BO3MYILICHUI. OTH OTKJIOHEHMS HENb3sl IPEICcKa3aTh 3apaHee.
VYcTaHOBICHA CBSI3b OBICTPBIX U MHTCHCUBHBIX (hIyKTyaIuid yrios dapajgeesckoro Bpamienns OBY curnanos
C COOTBETCTBYIOIIUMH CHIIBHBIMU M OBICTPBIMU MEPIIAHUSMU aMILTHTY]IBI B TyHKTAX, PACTIOJI0KEHHBIX BOIH3H
rpebHel HPKBaTOpHAITbHOM aHOMAaJTHH.

Kpocc-nonsipu3zanronnast cenexiuys s HanpaBieHHbIX anTeHH, XPD (nb), cBs3ana ¢ yriiom ¢apaaeeBckoro
BparieHus, 0, COOTHOIIEHUEM:
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XPD =-20 log (tan 0). 3)

4.3 I'pynnoBasi 3agepika

Hannuue 3apspkeHHBIX 4acTUIl B MOHOc(epe 3aMelisieT paclpoCTpaHEHHWE PaJuOCUTHAIOB BAOJb TPACCHI.
Benmuuna npeBbIIIeHUs] BpeMEHU PacpOCTPaHEHHs 10 CPAaBHEHHUIO CO CBOOOTHBIM IIPOCTPAHCTBOM, OOBIYHO
o0Oo3Hauaemas 1, HaszpIBaeTca "TPYNIOBOM 3aAepKKOW". DTO OYEHb BaXXHBIH (HaKTOp, KOTOPBIA JOIDKEH
YUUTBIBATHCS JIJIS JIFOOBIX CITyTHUKOBBIX CeTel/CUCTeM. AHAIOTUYHO, (pa3a omepekaeTcs Ha Ty )Ke BEITHYUHY.
BpemenHast 3aep>kka BEIYUCISETCS IO POpMyJIe:

t=1,345Nr/f2x 107, (4)

rue:
t: BpeMeHHas 3aAeprKKa (C) 10 CPABHEHMIO C PACIIPOCTPAHEHUEM B BaKyyMe;
f: wacrora pacnpoctpanenus (I');

Nr: ompenensercs BIOIb HAKIOHHOH TPACcCHl PACIIPOCTpAaHEHHs (371/M2).

Pucymnok 2 mpejacTaBiser coOoi rpaduk BpeMEHHOW 3afep)kkd, t, B 3aBHCHMOCTH OT YacTOTHI, f, s
HECKOJIbKUX 3HaYEHUH COJep:KaHUs IEKTPOHOB BIOJb JIyya.

B nonoce wactor okono 1600 MI'i rpymnmnoBas 3ajep:xka curiana usmeHnsiercss npumepao ot 0,5 mo 500 He
ans TICD or 10% o 10%° »n./mM°. Ha pucynke 3 mpejcTaBieH ToI0BOi MPOIEHT TAKMX 4acoB JTHEBHOTO
BPEMEHHM CYTOK, IUIsI KOTOPBIX BpeMs 3alepKKH mnpeBblmaer 20 HC B MEpUOJ OTHOCHTEIBHO BBICOKON
COJTHEYHOW aKTHBHOCTH.

Ypasuenue (4) maet onepexenue mo (ase, HO ¢ OOPaTHHIM 3HAKOM.

4.4 Mucnepcus

Ecmm curnanmel, mpoxozsmue depe3 HOHOC(hEpY, 3aHHMAIOT 3HAYHUTENBHYIO TOJOCY YacTOT, 3ajlepiKKa
pacrpocTpaHeHusl (SBIsroImasicst yHKIHeH YacTOThl) TPUBOJMT K Tucniepcuu. JJuddepennnansHas 3aiepxrra
B I0JIOCE MPONOPLHMOHAIEHA UHTErPaIbHOM MJIOTHOCTH 3JIEKTPOHOB BJOJb TPAcChl pacpOCTPaHEHUS JTyda.
Jua  pukcupoBaHHON WIMPUHBI TOJOCH OTHOCUTENBHAs TUCTEPCHS OOpaTHO NPONOpIHOHATBEHA KyOy
yacToThl. Takum 00pa3oM, B IIMPOKOMOJOCHBIX cucTeMmax neperaun Ha OBY u, Bo3moxuO, Ha YBY artor
3¢ pexT HeoOX0aMMO YUUTHIBaTh. HanpumMep, Kak moka3aHo Ha pucyHKe 4, IpU HHTETPajIbHOI KOHLIEHTPpauu
371eKTpoHOB mopsiaka 5 x 10 9m./M?, MMIyIbCHBIA CHTHAI JUINTENBHOCTHIO | MKC OyleT MCIBITHIBATH
muddepermanbhyo 3anepxkky 0,02 mkc Ha yactote 200 MI'w, Torna kak Ha wacrore 600 MI't aTa 3axepxka
cocramiaa 661 To16K0 0,00074 MKC (CM. pUCYHOK 4).

4.5 Cxopocts u3menenus I1CI

Ckopoctb u3menenus [1CD, HabmoaemMast Ipy HaXOKJACHUU CIYTHHKA HA OPOUTE, YaCTUYHO 00YyCIIOBIICHA
H3MEHEHHEM HalpaBlieHUs TPASKTOPUH JIyda, a YaCTHYHO — M3MEHEHHSIMH caMoil MoHochepsl. B ciyuae
CIyTHHKA, iepecekaromiero Ha Beicote 22 000 kM aBpopaibHyIO 30HY, HA0I01a1aCh MAKCUMATbHASI CKOPOCTh
un3menenust [1CO, paBuas 0,7 x 10 sn./M*/c. C Touku 3pEHUs] HABHMTAIlMM TakKas CKOPOCTb W3MEHEHUS
COOTBETCTBYET Habm01aeMoit ckopoctH mopsiika 0,11 m/c.
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PUC

YVHOK 2

I/Ionocd)epﬂaﬁ BpeMeHHasl 3a/IEPKKAa B 3aBUCUMOCTH OT 1aCTOThI
AJI Pa3IMYHbIX 3HAYEHMI COCPKaHUA IJIEKTPOHOB
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PUCYHOK 3

P.0531-02

KoHTYpbI NPOLEHTHBIX /1071€eif CPeIHeroJ0BOro YMcJja YacoB JHEBHOI0 BPeMeHH, KOT1a BpeMs 3a[1epP:KKH
NPH BePTUKAJIBHOM NajgeHnu Ha yactoTe 1,6 I'T'n npeBbimaer 20 He (4MC10 COMTHEYHBIX nsiTeH = 140)
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PUCYHOK 4

Paziuyme BpeMEHHDBIX 32/IEPIKEK MEKIY HIGKHEH U BepXHel 4aCTOTAMHU CIEKTPA HMITYJIbCa
32/]AHHON HIMPUHDI T, IepeIaBaeMoro yepes uoHocdepy B oxnom nanpasienuu ¢ [ICI, paBubim 5 x 1017 351./m?

1 HIupuHa uMIymnsca
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Yacrora (MI ')
P.0531-04
5 OcHOBHBIE HCKAKeHHsI, 00y CJI0BJIeHHbIE HEOTHOPOTHOCTAMH

51 Mepuanus

OnHo n3 HanboJee CHUIIBHBIX HapyIIEeHWH CBSI3M Ha TpaHCHOHOC(EpHBIX Tpaccax Ha yactorax Hwke 3 [T
00yCII0BJIEHO HOHOC(EPHBIMU MEpLAHUAMU. SIBIEeHNS HOHOC(HEPHBIX MEPLIAHMH MOTYT H3pelka Ha0Iro1aThes
Ha dbactotax o0 10 ITm. Mepranus co3pmatorcsi BeiencTBue (IyKTyalwid TOKa3aTeds TPeIOMIICHHS,
BBI3BIBACMBIX HEOJIHOPOAHOCTSMH B Cpejie. B mpueMHHKe CUTHall IEMOHCTPHPYET ObICTphie (UIyKTyaluu
aMIUTUTYIBl U (a3bl, a TakKe W3MEHEHHUS! er0 CBOWCTB BPEMEHHOM KOT'€pEHTHOCTH. B OCHOBHOM 3a cueT
MEXaHM3MOB paccesiHus BIepea U AU(paknIuy MajJoMacIuTaOHble HEOJHOPOJHOCTH IUIOTHOCTH MOHHM3ALUU
BBI3BIBAIOT MEPIIAHMA, NTPH KOTOPHIX MMOCTOSHHBIN CHUTHAI HAa BXOJ€ NMPHEMHHKA YCTYIAeT MECTO CHTHAaIY,
aMIUIMTYy 2, $a3a U BUOUMBIA Yrod NpUXoJa KOTOPOTO MOABEpKEHBI (QIIyKTyauusiM. PaznudHble acmekThl
SIBJICHUS. MEPLAHMS IO-Pa3HOMY BO3JCHCTBYIOT Ha XapaKTEPUCTHKH CHUCTEMBbl, B 3aBUCHMMOCTH OT BHAA
MOJYJALMK CUCTeMBbl. Hambonee mMIMPOKO YIOTPEOMMBIM TapaMeTpOM, HCIIONB3YEMBIM [UIS OIEHKH
MHTEHCUBHOCTHU (DIIYKTyaluii, SIBISCTCS MHICKC MEpIIaHuid, S4, KOTOPBIi onpenessiercs u3 ypaBaenus (5):

1
_ <12>—(1>2) 2

S4- - ( (1>2 ’ (5)
rae | — ”HTeHCUBHOCTH curHaia (TIPOMopIHOHATBHAS KBaIpaTy aMIUTUTYABI CUTHAJIA), a { ) 0O3HaYaeT CpemHee
10 aHCamOITto.

Wunekc Mepuanuii Ss CBsS3aH C TOJHBIM pa3MaxoM (IIYKTyalluii MHTCHCHBHOCTH CHUTHaja. TodHoe
COOTHOIIICHUE MHICKCAa MEPLAHUN S4 M MOJHOrO pa3Maxa (IyKTyallMii HHTEHCUBHOCTH CHUTHAJIa 3aBHCUT OT
xapaKTepa pacnpeneneHH;I HUHTCHCUBHOCTHU U HpI/IMeHSIeMOI‘O K HUHTCHCHUBHOCTHU aJ'IFOpI/ITMa HUCKIIFOUCHUA
TPEeHJa, CBSI3aHHOTO C MPOIEAYpOd pacyera uHACKca MepuaHwii Ss4. Hawmmywmelt anmpoxcumarnmeint
pacmpe/ieicHiss WHTEHCUBHOCTH SIBJSIETCSl pacrpesencHue Hakaramu, KoTopoe AEHCTBYeT B IIMPOKOM
JHana3oHe 3HaYeHMH Sa.
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Jus ynoOcTBa MHTEHCUBHOCTh MEPIIAHMHW MOXKHO TOJPA3ICAUTh HA TPU PEKUMA: PEKUM HU3KOH
WHTEHCHUBHOCTH, PEKUM CpPEJHEH MHTEHCHBHOCTH M PEXHUM BBICOKONH HMHTEHCHUBHOCTH. 3HAYEHHUS HU3KOH
WHTEHCUBHOCTH COOTBETCTBYIOT S4 < (0,3, 3HAUCHMsI CPETHEH WHTCHCUBHOCTH HaxomsATcs B mpenenax ot 0,3
1o 0,6, 1 B cirydae BRICOKOW MHTEHCHUBHOCTH — S4 > 0,6.

B ciryyae pexxuMoOB HU3KOM U CpeJHEH HHTEHCHBHOCTH 3aBHCUMOCTh S4 OT 4aCTOTHI HOCUT xapaktep f°, rae
L cocraBmseT 1,5 B OdnblIel yacTH HaOMIOJeHWH Ha MHOTHX 4YacToTax. Kpome Toro, B pekumax HH3KOU
WHTEHCHBHOCTHU aMIUIMTYJa COOTBETCTBYET JIOrapru(pMUIECKH HOPMAIILHOMY PaclpeaesICHUIO.

B pexxnme BBICOKOH MHTEHCHMBHOCTH HAOJIOAaeTCs yMeHbLIeHHne K03 duuenTa v. ITo MPOUCXOIUT BBULY
HaCBIILEHHUS MEPLAHNH MO BINSHUEM CUIBHOTO MHOTOKpaTHOIo paccesHus. Ilockonbky S4 mpulnmxaercs K
1,0, pacmpeneneHne WHTEHCHBHOCTH CHTHAla JIyYIle OIMUCHIBAETCS PAJIEEBCKUM DACIpeleIeHNUEM.
B oTnenpHBIX ciydasx Ss MOXKET MpeBbINIATh 1, AocTuras 3HaueHui nopsjaka 1,5. Ha pucynke 5 mokasan
MIpUMED 3aBUCUMOCTH Sy OT 4acToThI B Auanazonax OBY u YBY ans Tpex aBpopaibHBIX CTAHLIUHI NPH HU3KUX,
CPEIHHUX U BBICOKMX WHTEHCHBHOCTSX MEpIaHHA.

@da30Bble MEpLAHUS MOJUMHSIOTCS TayCCOBCKOMY paclpeiesieHHI0 C HyJeBbIM cpenHuM. CraHaapTHOe
OTKJIOHEHHE HCIIONb3yeTCsl Uil omucaHus (a3oBeIXx MepuaHuil (). B pexmmax HU3KOM W cpenHel
WHTEHCUBHOCTH OOJBIIMHCTBO HAOJIOAEHHMH, NPOBEACHHBIX B 3KBATOPHAIbHBIX palHOHAaX, YKa3bIBaeT,
410 (pa3oBble MEpUAHHS W MEPIIAHUS WHTEHCHBHOCTH SIBISIFOTCS CTPOTO KOPPEIUPOBAHHBIMU; Ss M G
(Ipu BBIpa)KEHUH B paiiaHax) UMEIOT aHAJIOTMYHbIC 3HAUECHUSL.

PUCVYHOK 5

Hunexcol Mepuanuii, usmepennbie B Kupyna (a), Jlyiea (b) u KokkoJa (c¢) Ha yactote 150 MI'y
(mynkrupHast 1uHus) 1 400 MI'y (luTpuxoBasi JUHHSA), KOTOPbIE 3aPerHCTPHPOBAHbI
co cnyTHUKOB Tsykada Ha HH3Koli NO/IAPHON 0K0/103eMHOI 0pOHTE
B NepPHOJ HapyIeHHbIX ycaoBmii 30 okTsaopst 2003 roga
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P.0531-05

B Tabnuie 1 npuBeneHbI COOTHOIICHUST MEXKIY S4 M TOJTHBIM pa3maxoM Quykryanuit Pay (1b), korna nanexc
S4 He mpesbimaet 1,0, moryuyeHHbIE SMIUPUUECKUM ITyTEM. DTO COOTHOLICHUE MOKHO anlpOKCUMUAPOBATh C
MTOMOILBIO BBIPAXKEHUSI:

Phiuc = 27,5 S+, (6)
roe 0,0 <S4 <1,0.
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TABJIMLA 1

Tadauua cCOOTHOIEHMIT MeKIY HHIEKCAMH MepLaHuid,
N0JIy4YeHHAsl IMIMPHUYECKUM IyTeM

P
5 (16)
0,1 15
0,2 3,5
0,3 6
0,4 8,5
0,5 11
0,6 14
0,7 17
0,8 20
09 24
1,0 27,5

Byzlyume HCCICAOBAHNA MOT'YT MIPUBECTU K U3BMCHCHUTIO HeﬁCTBHTCHLHOCTH " Juarna3oHa YpaBHCHU (6)

5.2 3aBucumocThb Mepuanm‘/i oT reorpa(]mqeucoro MECTOIMOJIOKCHUS, PABHOACHCTBUS U COJIHEYHOH
AKTHBHOCTH

C Touku 3peHus reorpaduu CymecTByeT ABe 00JacTH HHTEHCUBHBIX MEPLIAHNH, OJJHAa — HA BBICOKHX IIUPOTAX,
a BTOpast — ¢ MEHTPOM B mipenenax + 20° oT MarHUTHOTO SKBATOpa, KaK MOKa3aHO Ha pucyHKe 6. CribHbBIE
MepLaHus B 00eHX 3TUX ABYX 00NacTsIX HaONIOJATMCh HA YAaCTOTAaX BILIOTH /IO TUTArepleBoro Juara3oHa,
TOrJa Kak Ha CPEJHMX IIMPOTaX MEPIAHMs BO3HMKAIOT B MCKIIIOUUTENBHBIX CIydasxX, HallpUMEp BO BpeMs
reoMarHuTHBIX Oyph. B sxBaTOpHansHON 001acTH OTMEUYAeTCs IBHO BBIPAXKEHHBIH MAKCUMYM HHTEHCUBHOCTH
MEpIIaHuii B HOYHOE BpPEMs CYTOK, YTO TaKKe IMOKa3aHO Ha pUCYHKax 6 um 7. B obmactm skBaropa B
CUrarepleBOM Axana3oHe HaOMoAalcs MUK aKTMBHOCTH MEPLAHUH B MEpUO] BECEHHETO PaBHOACHCTBUS H
BBICOKasi aKTUBHOCTb — B IIEPUOJ] OCCHHETO PABHOJICHCTBUSI.

Mepiianusi 0OBIYHO HAYMHAIOTCS MOCIIE 3aX0/1a COJIHIIA M MOTYT JIUThCs OT 30 MUH. 10 HECKOJIBKMX YacOB.
Jlyis craHiuil B 00J1acTH 3KBAaTOPA B I'OJIbI MAKCUMAJIBHON COJIHEYHON aKTUBHOCTH MOHOC(EPHBIC MEpLIaHUS
BO3HUKAIOT TMMOYTH KaXKIBIA Bedep IOCIEe 3aX0ja COJHIIA, NMPUYEM IMOJHBINA pa3Max (UIyKTyalud ypOBHS
currana Ha 4 [Tt mpeBsimaet 10 xb.

5.3 Mopaesis HoHOC(EPHBIX MepUAHUIA

Jlnst IpOTHO3UPOBAHKS WHTCHCUBHOCTH MOHOC(EPHBIX MEpIaHui Ha Tpaccax MExIy 3emiieldl U KOCMOCOM
PEKOMEHIyEeTCs MCIOJb30BaTh [100aabHy0 Momeiab noHochepHbix Mepuanuii (GISM). Moaens GISM
MIO3BOJISIET MPOTHO3UPOBATh UHJIEKC S4, TIIYOMHY aMIUIMTYIHBIX 3aMHPaHU, a TaK)Ke CPEIHEKBAIPATUIHbBIC
3Ha4YeHUs (Ha30BBIX U YIIIOBBIX OTKIOHCHUH, 00YCIOBICHHBIX MEPIAHUAMHE, B (DYHKIIMA MECT pa3MelICHUs,
JIaThI, BpEMEHHU U pabodel acTOTHI CITyTHUKOBBIX M HA3EMHBIX CTAHITHH. DTa MOJACIh OCHOBaHA Ha METOC
MHOro¢a3zoBoro skpana. OCHOBHbIC BHYTPCHHHE TMapaMeTpbl MOJENH YCTAHOBICHBI IO YMOJIYAHHIO
CJIEAYIOIIUM 00pa3oM:

- HAKJIOH CIIEKTpa MHTEHCUBHOCTH, P = 3;
- cpemHMiA pazMep HeomHopoaHocTel, Lo = 500 kwm;
- CTaHJIAPTHOE OTKJIIOHEHHE (DIYKTYaIlMid SJIEKTPOHHOM MJIOTHOCTH, GNe = 0,2.

B moamnporpamme, wucmons3yoomed nonochepuyro moxens NeQuick?, npuHuMaeTcs BO BHHUMaHHE
OTKIIOHEHUE Jy4Yel W BBIYHMCISIOTCS XapakTepUCTHKH (HOHOBOW moHOC(hepsl. McxomHbIi KO U TIporpaMma
mozaenmn GISM sSBIsSIOTCS HEOTHhEMIIEMBIMHU MU(PPOBEIMH MPOAYKTAMH HACTOSIICH Pexomenmanum, KOTopbie
noctynHbl B (aiine R-REC-P.531-15-202308-1!!ZIP-E.zip (Yacts 2).
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CTaTHCTHKA MTHOBEHHBIX 3HAYEHHI H CBOMCTBA CIIEKTpPa

CTaTHCTHKA MTHOBEHHBIX 3HAYEHHH

11

Cumnraercs, 4YTO IPU UCCIIEAOBAHUN HOHOC(EPHBIX MepliaHui (PYHKIHS IMJIOTHOCTH BeposATHOCTH Hakaramu
aJIcKBATHO OIHUCBHIBAET CTATUCTUKY MIHOBEHHBIX H3MEHEHMHM aMImuTyabl. @DOyHKIUS IUIOTHOCTH
MHTEHCUBHOCTHU CUTHAJIA ONPEAEIAETCS KaK:

KonmuectBo ciyuaeB

TTonmens

m" m-1
)= | —ml
p(1) ) exp (-ml).
PUCYHOK 6

T'nyOuna 3amupanus moHocgepHbIX MepuaHuii (IPONOPLHMOHAIBHA IVIOTHOCTH ITPUXOBKH HA PHCYHKeE)
B Auanasose 1,5 I'Tu B rogsl MakcCHMyYMa 1 MHHHMYMAa COJIHEYHOI aKTHBHOCTH

Makcumym Munumym
COIHEYHOH aKTHBHOCTU COIIHEYHOH aKTHBHOCTU

> 155
[ 1o0zB
51b
2 n1b
1n1b

TTonHouB
TToniens

P.0531-

PUCYHOK 7

TTonHo4B

06

PacnipenesieHue ciiyyaeB MepuaHus 3a oauH roj B Kaiienne B nepuoa ¢ urons 2006 roxa no urop 2007 roaa;

YPOBeHb Si HU3KHMIi (BepIIMHA); cpeJHUIl (cepeqnHa); BLICOKHIT (OCHOBaHNe) /15 YIJI0B MecTa >20°

Kaiienna: mara B mepros ¢ mromst 2006 roza o urons 2007 roma
Vposens S,: (0,25-0,4), (0,4; 0; 0,55), (>0,55)
Vron mecra >20°, m0CIie KOPPEKIMK MHOTOTyYEBOCTH

(7)

rae "m-koaddurpent”" Hakaramu cBsi3aH ¢ HHACKCOM MEpIIaHUM, S4, COOTHOILICHUEM:

400 =
300 Becw ron —:
200 E
100 |- 3

0 - n :
12 16 20 24 4 8 12
Yacel (ropu30HTAIBHAS JHHHS ) P.0531-07
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m = exp (5,69 * exp(—3,055 * S,) + 0,292 * exp(0,344 * S,)), 8)
rne 0,1 <5, <1,0.

B ypaBuennu (7) cpenamii ypoBEHb HHTEHCUBHOCTH, |, HOpMupoBaH 1 paBeH 1,0. Beranciaenue q1omu BpeMeHH,
B T€UCHHE KOTOPOW CUTHAJI MPEBHITIIACT MIIN HAXOAUTCS HUXKE 3aJAHHOTO TTOPOTOBOTO 3HAYCHUS, YIIPOIIASTCS
Onaromapsi Tomy (akrty, 4To (pyHKIHUsS pacnpe/esieHus,, COOTBETCTBYromas GpyHKuu miotHoctu Hakaramu,
MMEET 3aMKHYTYI0 (JOPMY U BBIPKAETCS KaK:

P(1)=[ p(x)dx=

0

r'(m,ml) )
r(m)

roe I'(m, ml) u T'(M) — HemonHas ramma-QYHKIHS ¥ ramma-QyHKIHsA, COOTBETCTBEHHO. C MOMOIIBIO
ypaBHEHUS (9) MOXKHO BBIYHCIHUTD JTOJI0 BpEMEHH, KOT/1a CUTHAJ ITPEBHIIIAET WIM HAXOJUTCS HIKE 3aJaHHOTO
[Iopora B Mpolecce TOro WM HHOro HOHOCc(epHoro sABieHus. Hanpumep, 10 BpeMeHH, B TEYEHHE KOTOPOTo
CHTHAIl OCTAeTCS MEHbIIIE CPEIHEro 3HAUCHHs HA BenuunHy Gonee X 1B, pasna P (107%), a nons Bpemenu,
Koria curHas Gonee ueM Ha Y b NpeBHIMAET cpeHee 3HAaueHHue, onpeensercs kak 1 — P(10710).

5.4.2 TIloBeaeHue crieKTpa

B mutaHe BpeMeHHBIX XapaKTEPUCTHK YaCcTOTa 3aMUPaHUsI HOHOCHEPHBIX MEPLAHHI COCTABIISIET IPUMEPHO OT
0,1 mo 1 I'n. Ilo maHHBIM pa3NUYHBIX HAOIIOJEHUH, B MPOCTPAHCTBEHHOM M BPEMEHHOM SHEPreTHUECKUX
CTIEKTPaX MOKHO YBHIETh MHOECTBO yYacTKOB C pasHBIMH HakmoHamu orT f ' mo f°. Xapakrepmoe
[IOBEICHUE CIEeKTpa MOKa3aH Ha pHcyHKe 8. [IpuMeHHTeNbHO K CHUCTEMaM, €CJIM HEeT NaHHBIX MPSMBIX
M3MepeHuii, peKOMeHIyeTcs HCIONb30BaTh YUacTOK ¢ HAKIOHOM f 2. DTo 3HaueHHe COOTBETCTBYeT HH3KOil
U CpeJlHe HHTEHCUBHOCTH MEPIIaHUH.

Kak mokazano Ha puCyHKe 9, 4acTOTHI CIajia aMILUTUTYJHBIX W (Pa30BBIX MEpPLAHUI SBISIOTCS Pa3THIHBIMU.
@da3zoBple MepLaHUs 00JagaloT 0Oojee BBIPAKEHHBIMH HH3KOYACTOTHBIMHM  COCTABIISIONIUMH, YeM
aMIUIUTYIHbIE MEPLIAHUS.

55 I'eomeTpuyeckue pakTopbl

55.1 3aBuCHUMOCTBH OT 3eHUTHOTI'0 yIJja

B GoNbIIMHCTBE MOJENIeH MPEANoNaraeTcsi, 4To MHJEKC S4° MPOMOPIMOHANCH CEKAHCY 3€HHTHOrO YIiia
Tpacchl, i. CunTaercsi, 4TO Takas 3aBUCHMOCTh CIpAaBEIIMBA MPH 3HAYCHUAX yraa | = 70° mis HU3KHX
U CpeTHUX ypoBHeW mepuanuiil). [Ipu Ooyiee BBICOKHMX 3HAYCHHSX 3EHUTHOTO YIIa CIEAYET MOJIb30BATHCS
CTEMEHHBIMI (DYHKIIUSAMHM SEC | ¢ TIOKa3aTelleM CTEIEHH, MEHSIOIMMCS B Trana3one ot 1/2 o 1.

55.2 3aBHCHMOCTH OT BpeMEHH Irojia U JA0JrOThI

Bo3HUKHOBEHHE MEpLAHHI U BEJIUYMHA UHAEKCA S4 3aBUCST OT JOJITOTHI, @ TAK)KE OT BPEMEHH rojla U MOT'YT
OBITH OMTUCAHBI YTIIOM 3 B KauecTBe MapaMeTpa, Kak Mmoka3aHo Ha pucyHke 11. B — 3To yron Mexmy rpaHuieit
3aX0/la COJHIA U MECTHBIM MAarHUTHBIM MEPUJIMAHOM C BEPIIMHON B TOUKE MIEPECEUEHUS 3TOI0 MEpUINAHA C
CUJIOBOM JIMHUEW MarHUTHOIO MOJIsl, IEPECEKAIOEH JIMHUIO IPSIMOI BUAMMOCTH Ha BBICOTE HEOJHOPOIHOCTH.
BecoBast pyHKIMS 3aBHCUMOCTH OT BPEMEHU TOJ[a/IOJITOTHI UMEET BH/I;

s, ocexp[—(vﬁvf], (10)

rae W — BecoBoil k03(h)(hUITMEHT, 3aBUCALIMN OT MECTOIOJIOXKEHHs M KaJleHaapHoro Hd roja. Hampumep,
WCTIONB3YSl JaHHbIe, TTONTyYeHHbIe B TaHrya, ['oHkoHre u Ha octpoBax KBamkaieitn, BecoBble KO PHUINEHTHI
MO>KHO TIOJIyYUTh C IIOMOIIBIO KPUBBIX, IPEJICTABICHHBIX HA pUCYHKE 12.
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PUCVYHOK 8

CnexTpanbHas GyHKIUS IVIOTHOCTH JISI T€0CTAIIHOHAPHOTO CIIYTHUKA
(Intelsat-IV) Ha uyacrore 4 I'T'y

° T T ]
RjQ\!O\ 252 s 1077 &
/ d f\j/\ N
" c/ E/A/D \ h
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>\ O™

-20 /
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— ==

\\ )\
—40 I| X
-50

1072 2 5 10! 2 5

Yacrora ¢uykryamuit ((T'i)

Mepiianust HaOIIONATNCH B BEYEPHEE BPEMsI CYTOK
28-29 ampenst 1977 rozma Ha 3eMHOIt cranimy Taiioei

mmoo w>

30 MHHYT 0 HACTYIUICHHS COOBITHS
HA4yaIo

1 gac ciycrst

2 yaca CItyctst

3 vaca crycTst

4 gaca crrycTst

P.0531-08

13
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PUCYHOK 9

XapaKTepHBIii CIEKTP HHTEHCHBHOCTH U (a3bl

5 IT1OTHOCTH MOIITHOCTH
1,10
100 <]
R
10 ST
1 1
T I
0.1 ! J LA
S Sy
0,01 =
; =
110"
110" |
5 i
1,10 :
AmIuaTyJia >
| | [
L N [Tt
1,1073 0,01 0,1 1 10 100
Yacrora (I'tr) POS31-09
PUCYHOK 10

Hepeceqelme TPacChbl pacnpoCcTpaHeHus ¢ CHJIOBOM JIMHUEH MATHUTHOTO MOJIS1 HA BBICOTE paﬁona F

K ciyrnuky

Bepmmna cuioBoii 1unun

P.0531-10
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PUCYHOK 11

Yroa Mesxkay MeCTHBIM MATHUTHBIM MEPHIMAHOM B TOYKe NepeceyeHust
¢ CHJI0BO JIMHMEH MATHUTHOI'O 110J1s, IOKA3aHHOI Ha pucyHke 10,
W TPaHuIeii 3aX0/1a COTHIA

I'panuna
3aX0/1a COJTHIIA

MaruuTHBIH
MepHnan

Bepimnna
CHIIOBOM JIMHUKM

P0531-11

PUCVYHOK 12

Ce30HHBIE BECOBBIE (l)yHKIIHPI AJIst CTaHl.lPlﬁ, PacnmoJa0KEeHHbIX
B Pa3/IMYHBIX CEKTOPaX J0JII0ThI

1 1
l'oHkoHr

—— Kaajukasens

P.0531-12

15
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5.6 CoBoKynHBIE CTATHCTHYECKHE JAHHBIE

[Ipy TpOEKTUPOBAaHUM CIHYTHUKOBBIX CHCTEM pPaJWOCBI3M H OIEHKE CHUTYyallid C COBMECTHBIM
HCITOJTH30BAaHUEM YACTOT WHKEHEPAM CBSI3H MPUXOIUTCS HE TOJIBKO YUUTHIBATE YXYAIMICHUE paOOTHI CHCTEM U
TIOSIBJICHUE TIOMEX W3-3a OMMCAHHBIX SBJICHUW, HO U MIPUHUMATH BO BHUMAaHHWE COBOKYITHYIO JOJTOCPOYHYIO
CTaTUCTUKY BO3HUKHOBEHHS SIBICHUH. JlJi1 CHCTEM CBSI3M, B COCTaB KOTOPBHIX BXOAHUT T€OCTAI[MOHAPHBIM
CIYTHUK W KOTOpBIE NPEACTABISAIOT COOOW PaJMOCHCTEMBI IMPOCTEHINEH KOH(PUTyparuu, Ui OICHKU
¥ MacITabupOBaHUSI CTATHCTHUYECKUX JAHHBIX BO3HUKHOBEHHWS AHOMAIBHBIX SIBICHUA PEKOMEHIYETCS
HCIIOJIB30BaTh pUCyHKH 13 1 14. YKa3aHHOE YMCIIO COJTHEYHBIX MATEH MPEJICTaBIsIeT cO00# cpeHee 3HaueHUE
3a 12 MecsLeB.

Honrocpodnoe KymyisituHoe pacnpezeierune P(l) ypoBHS curHaia OTHOCHTEIBHO €r0 CPEIHEro 3HAYCHHSI
MOKET OBITh MOJYyYEHO MCXOJS M3 JOJITOCPOYHBIX KYMYJISTHBHBIX CTATHCTHYECKHX NaHHBIX, F(§), pasmaxa
daykryanwmii, &, Kak MoKa3aHo Ha pUCyHKe 14, ciuemyronmm o0pazom:

PU)=3 f, R(). (1)
i=0
rac:
fo=F (§<&1) (11a)
fi=F (& <E<Ei) (i=1,2..n-1  (iib)
f=F (22 &) (110
u & u & — MHUHUMaJbHBIC M MaKCHMaJbHBIC 3HAYEHMsI pa3Maxa (IIyKTyaluil, COOTBETCTBEHHO, a

N — UHTEPBAJIBHOC YMCJIO g, NpEACTABIIAIOIICE UHTEPEC IJIA ITOJIB30BATCIIA:

Pi(1) = T (mi, mil) / T'(m;) (11d)

m; = exp (5,69 * exp(—3,055 * Sy;) + 0,292 * exp(0,344 * Sy;)) (11e)
R )

s, = %% o (i=1,2,...n-1) (11g)

an = 271,5 ' Eml:%m 1/1‘26' (11h)

Ha pucynke 15 mokasaHn mnpumep AOJTOCPOYHOTO KyMYJISITUBHOTO paclpelelieHHs YpOBHS CHUTHala,
MOJTy4eHHOTO U3 KpuBoi P6 Ha pucynke 14.

5.7 OnHoBpeMeHHOe BOSHMKHOBeHHE HOHOC(ePHBIX MePUAHUI M 3aMUPAaHUs BCJIeACTBHE 0K

HoHocdepHbie MepliaHus W 3aMUpPaHUS, BBI3BAHHBIC TOXJIEM, — 3TO JBE MPUYMHBI YXYAIICHUS CBSI3U
COBEPIIICHHO Pa3HOro (pu3nUecKoro mpoucxoxaeHus. OQHaKo B 9KBATOPHAIbHOM 00JIaCTH B TOJBI BHICOKOH
COJTHEYHOW aKTUBHOCTU BO3MOXKHO OJTHOBPEMEHHOE BO3HHMKHOBEHHUE 3TUX JIBYX SIBICHUH B TCUCHHE TAKOTO
MPOIICHTA BPEMEHU T'0fla, KOTOPBIA HEb3sl HE YUUTHIBATh MPH pa3paboTke cucTteM. HabmoaeHus Ha 3eMHOM
craniyn Jxytrnyxap, UHIoHe3 s, TOKa3aid, 9To 001ee BpeMsl OJTHOBPEMEHHOTO BOZHUKHOBEHHUS dTHX JBYX
sieiernit Ha gactote 4 I'T'm coctasmsier mpumepHo 0,06% ot romosoro.

Kor;:[a OTU ABJICHUA BO3HUKAIOT OAHOBPEMCEHHO, TO OHU UMCIOT CBOP'ICTBa, CHIIbHO OTJIMYAIOIIHUECS OT CBOICTB
KaXXI0Tr0 U3 HHUX, TO €CTb MCpHaHHﬁ NI 3aMI/IpaHI/Iﬁ n3-3a OO0X1adA, B OTACIBHOCTH. Ecmn I/IOHOC(I)CpHLIG
MEpHaHuA CaMu 110 cebe He IIPUBOJAT K ACTIOJIAPU3AIIUA, a4 3aMHUPAHUE U3-3a JOKAA HEJIB3sd pacCMaTpuBaTh
Kaxk (I)J'IyKTyaLII/IIO cUurHajia (HCCMOTpﬂ Ha TO YTO OHO MOJKET BEI3BATh HEOOJIBIIINE (I)J'IyKTyaL[I/II/I noJripusanun
Ipu MHTCHCUBHOCTHU MepL[aHI/Iﬁ oT cpez[Heﬁ a0 CHHLHOﬁ), TO OAHOBPEMCHHOC BO3HHMKHOBCHUC IBYX 3THX
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SIBJICHUM  COMPOBOXKIAETCS CHIIBHBIMH  (DIIYKTyallUsIMH ~CUTHAJIOB M KPOCC-TIOJIApHU3alieid. YMeHHUe
pacmo3HaBaTh 00a 3TUX SBJICHUS MMPU UX OJHOBPEMEHHOM BO3HUKHOBEHHH HEOOXOUMO JIJIsl MPUMEHEHHUH B
000N CITyTHUKOBOW CETH/CHCTEME, KOTOPBIE TOIDKHBI XapaKTepHU30BaTHCS BBICOKOW TOTOBHOCTBIO.

[Iporuo3upoBanue 3aTyxaHus B Joxae onncaHo B Pekomenmarun MC3O-R P.618.

PUCYHOK 13

3aBHCHMOCTD IKBATOPHAJIbHBIX HOHOC(epHBIX MepUaHuii Ha yacToTe 4 I'T'n
OT CpeIHeMeCYHOI'0 YHCJIA COJIHEYHBIX NATEH
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% 1
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=
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DA
2|/
10 =
0 1.25 50 75 100 125 150 175
CpeieMecsaHOe YHCII0 COMHEYHBIX ISITEH
TIpsAMOYTOTEHUKH ITOKA3LIBAIOT THATIA30H BapHAITHit
B T€UEHHE TO/[A JIUIsI Pa3HbIX HECYIIHX
A: 1975-1976 1., Tonukonr u baxpeiin, 15 Hecymmux
B: 1974 r, Jlonrosuno, 1 necymas
C: 1976-1977 rr., Taii0oi, 2 Hecymux
D: 1970-1971 rr., 12 cranumii, > 50 Hecymux
E: 1977-1978 rr., l'oHKoHr, 12 Hecymux
F: 1978-1979 rr., l'onkonr, 10 Hecymmx
G: 1979-1980 rr., I'oHkoHT, 6 HecyIMX
P.0531-13
5.8 Mopaess MepuaHUii B TUTATePIEBOM THATIA30HE

Jns olleHKW TOCHENCTBUI MeEpUaHUs, KOTOPBIX MOXHO OXHUJaTh B KOHKPETHOW CHUTyalluM, MOKHO
NPEANPUHATE CICAYIONTUE TCHCTBHUS:

Ulae 1: Ha pucysnke 14 mnpuBeneHa CTaTHCTUKA BO3HMKHOBEHHSI MeEpLAHMH Ha HSKBAaTOPHAIBHBIX
HOHOC(EPHBIX Tpaccax: MONHBIA pa3Mmax ¢uykryauuid, Pay, (nb), #Ha wacrotre 4 I'Tm mpum mnpueme
CO CITyTHUKOB B BocTouHoMm momymapun mpu yriax Mecra mopsaka 20° (P — cIutomHbIE KpPUBEIE)
1 B 3alaJHOM MOJTyIIApUH NpH yriax Mecta nopsaka 30° (I — myHKTUpHBIE KpUBbIE). JlaHHBIE TPUBEACHBI A
Pa3IMYHBIX BPEMEH T'0/ia U YMCell COTHeuHOU akTuBHOCTH (SSN).
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Lllae 2: Tlockonbky Ha pucyHke 14 nmpuBeeHb! KpuBbie i 4acToThl 4 [T, TO /I MX mepecueTa Ha APYTYIO
4acTOTy HeoOXOAMMO 3HAUeHHs, HalileHHbIe MO0 JNAHHOMY PHCYHKY, YMHOXUTH Ha Benmumny (f/4)™'°, rne
f — paccmarpuBaemast wacrora (I'T').

Ulae 3: Konebanus Ppyc B 3aBHCUMOCTH OT IreorpauecKoro MECTOIMOJIOKEHHS U BPEMEHH CYTOK MOYKHO
Ka4eCTBEHHO OLICHUTH C IIOMOIIBIO PUCYHKa 6.

Llaz 4. Pﬂuc, KaK OJHa U3 COCTAaBIAIOIINX 6IO,I[)KeTa JIMHUM CBA3H, CBA3aHA C MOTCPAMU Lp COOTHOIIICHUEM

L,=P IN2.

fluc
Lllae 5: Onpenenenne MHAEKCa MEPIAaHUH, Ss4, TapaMeTpa, KOTOPHI HanOoJee IMHUPOKO UCTIONB3YeTCs MPH
OTIMICAHWH MepIiaHuii, 1ano B 1. 5.1. [ToayuuTs ero MoxXHO, 3Has Pryc 1 Mcmonb3ys Tadbmwmiry 1.

PUCVYHOK 14

I'opoBasi craTHCTHKA MOJIHOTO pa3Maxa QUIyKTyanuii, Ha0I0JaBIIUXCS
Ha 3eMHOIi cranuuu B ['onkonre (xpussie 11, P1, 13-16, P3-P6)
H Ha 3eMHoli ctanuuu Taiio3s (kpusbie P2 u 12)
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BN AN N N

N SNIATNON N NN\ N

HpOlleHT BPEMEHH IPEBbILICHHUA abcuucchl

L I\
5 AN L] \ N\ 1< \ N\ N
= v\ \ \ MR NN N,
A A\ \ \ AN N N
A\ \ \14 A \ A} \ \
0,05 LINER NN
\ N\

. 121\ \\ \ \\ N\ \\ \‘
11

0,02 i \\\ \\\ \ \\ \ \
0,01 \ \ \ \ \ \

5 6 7 8 9 10 11 12 13 14

[=]
P
[38]
w
B~

TonHbni pazMax QurykTyarmii (Jb)

Kpusas ITepuoo Huanaszon SSN
I1, Pl Mapr 75-76 10-15

12, P2 Wions 7677 12-26

13, P3 Mapr 77-78 20-70

14, P4 Oxrsa0pe 7778 44-110
15, P5S Hosops 78-79 110-160
16, P6 Hions 79-80 153-165

P.0531-14
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PUCYHOK 15

IMpumep T0ATOCPOUHBIX KYMYJISATHBHBIX CTATHCTHYECKUX JAHHBIX YPOBHE#H CHTHAJA
(4 I'Tu, yroa mecta 20°)

VYpoBeHb curnaia (1b)
[
N

0,01 0102 05 1 2 5 10 20 30 40 50 60 70 R8O 90 95 98 99 99,5 99.8 999 99,99

HPOIICHT BPCMCHH HCTIPCBBIIICHUA abermccesl
P.0531-15

6 IMoromenue

[Ipu oTcyTCTBHM HETIOCPEICTBEHHOW MH(POPMAITUH MTOTEPH 3a CYET MOTJIONIEHNS B HOHOC(epe MOXKHO OIIEHUTH
C TIOMOIIBIO MMEIOIIIEXCs MOJIeNIel B COOTBETCTBHH ¢ cooTHOmmenueM (sec i ) / f 2 s wactor Beme 30 MI'm, rae
| — 3CHHUTHBIA YroJl TPACKTOPHU PACIpPOCTPaHEHHs B HOHOC(hepe. B 3KBAaTOPHAIBHBIX M CPEIHEITMPOTHBIX
paiionax Ha wacrorax Bhime 70 MI'TT paamoBONHEI OYAyT paclpoCTPaHATHECSA B MOHOChepe 0e3 3aMEeTHOTO
MOTJIOIICHHS.

M3mepenust Ha cpeAHMX HIMPOTaX IMOKA3bIBAIOT, YTO TUIHMYHBIC 3HAUYCHMS TOTJIOMICHHUS B HOPMATbHBIX
YCIOBUSX 00BIYHO cocTaBiisitoT Ha yactore 30 MI'm ot 0,2 no 0,5 n1b s mpoxokaeHus cKkBo3b HOHOChepy
B OJIHOM HAINPAaBJICHUU MPU BEPTHKAILHOM TajJicHUU. Bo BpeMs CONHEYHO! BCIBIINIKK MOTJIONIEHHE OyAeT
BO3pacTaTh, HO HE MPEBBICUT 5 Ab. YCUIEHHOE MOTJIONEHUE MOKET BOSHUKHYTh HAa BBICOKUX IIMPOTaX M3-3a
SIBIICHUH, CBS3aHHBIX C TIOJISIPHOM IIAKOW M aBpOpaIbHOW 30HOM; 3TH JIBa BUA TIOTJIOIIEHUS! BOSHUKAIOT C
WHTEpBAJIaMH, KOTOPBIC SBIITIOTCS CIYIAWHBIMA BEITWIMHAMU, MPOJODKUTEIHHOCTh WX pasludHa, a HX
BJIUSTHUE 3aBUCHUT OT MECTOIIOJIOKCHHUS TEPMUHAJIOB U yriia MecTta Tpacchl. CienoBareibHo, s Hanbosee
3((heKTUBHOTO MPOESKTUPOBAHMUS CHCTEM ITH SBJICHHUS CJIETyeT ONMCHIBATH CTATUCTUYECKH, UMEsI B BUITY, YTO
MIPOIOJDKUATEIHFHOCTE aBPOPATHLHOTO TOTJIOMICHHSI HIMEET MOPSIOK HECKOIBKUX YaCOB, a B 00JIACTH TOJIIPHBIX
MIATIOK TPOIECC TOTJIOMICHUS IITUTCS HECKOJIBKO THEH.

6.1 ABpopaJibHOe MorJIoneHne

ABpopaJIbHOE TIOTJIOIIEHUE BO3HUKACT BCJICJACTBHE YBEIMUCHHS KOHIICHTPAIIUHY JIEKTPOHOB B obiacTsix D u E
IIPU BBICHIMAHUAX OBICTPBIX 371eKTpoHOB. [Tormomenne Habmonaercs B mojgoce mupoT oT 10° go 20°, nentp
KOTOPO# pacroyioskeH BOJHM3M IIUPOTHI, I/I¢ HAOMIOMACTCS MaKCHUMajbHAs 4acTOTA MOSBICHUS BUIMMBIX
cusiauit. OHO MPOUCXOAWT KaK PsJ JUCKPETHBIX BO3PACTaHUM IOTJIOIICHHS, IJIMTEIBHOCTh KaKIOTO M3
KOTOPBIX CPaBHHUTEIBHO HEBEJIMKA — OT MHUHYT J0 HECKOJBKHUX YacOB MPH CPEIHEH IJIUTCILHOCTH OKOJIO
30 MuH., ¥ 00BIYHO €r0 BpEMEHHAs CTPYKTypa HeperyspHa. HouHble Bo3pacTaHus, Kak MPaBUIIO, COCTOAT U3
IJIaBHBIX OBICTPHIX MMOABEMOB U MEIJICHHBIX CTIaI0B. TUIMYHBIC 3HAUYCHUS TOTJIOMIEHU Ha yacToTe 127 MI'1t
MPUBEICHBI B TaOIMIIC 2.
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TABJINIIA 2
ABpopaJjibHoe norJiomernue Ha yacrore 127 MI'u (ab)

Ipouent Yroa mecra
BpeMEHU 20° 5°
01 15 2,9
1 0,9 1,7
2 0,7 1.4
5 0,6 11
50 0,2 04

6.2 Iloryomenue B MOJISIPHON IIaNKe

ITornoieHue B MOJSIPHOM MIAIIKE, KOTOPOE MOXKET BOBHUKHYTh B MIEPHUOIbI BELICOKON COJTHEUHOM aKTUBHOCTH,
Ha0IIogaeTcsl Ha TEOMarHUTHBIX IMHPOTax BeImie 64 rpagycos. lloriomenue BRI3BIBACTCS WOHU3ANMEH Ha
BbIcoTax Oonee mpuOmu3nTenbHo 30 kM. OOBIYHO OHO TPOSIBISIETCS B BHJIE IAMCKPETHBIX, XOTS HHOTIA
Y IEPEKPBIBAIOIIUXCA COOBITHI, KOTOPhIE TIOYTH BCETJa CBSA3aHBI C AUCKPETHBIMU COOBITHSMH Ha COJHIIC.
[Tormomenne TpOAOIKUTEIEHO U PETUCTPUPYETCS HAa OCBEIISHHOMN YacTH MOJIIpHO# manku. Hanbonee qacto
MIOTJIONICHHE B TIOJISIPHOM IIATMIKE MPOUCXOIUT BO BpeMsl MAKCHMyMa IMKJIa COJTHEUHON aKTUBHOCTH, KOT/Ia B
TEYeHHE ToJa MOXeT ObiThb oTMeueHo OT 10 no 12 coObitmii Takoro poxa. Kaxkmoe coObiThe MOXeET
MIPOJOJKATHCS 10 HECKOIBKUX JHEW. B 3TOM 3aKirodaeTcs OTIHYKe OT aBPOPAIBHOTO MOTIIOMICHHS, KOTOpOe
3a9acTyI0 COBEPIIECHHO JIOKATHHO U UMEET BapPHUAIINH IMOPSIKA HECKOJIBKUX MUHYT.

[IpumedaTenbHON YepTOi COOBITHS MOTJIOMIEHHS B TOIAPHOM LIAIKe SBJISETCS 3HAYNTENBHOE YMEHBIICHUE
MIOTJIOIICHNSI B HOYHBIE Yachl AJISl JaHHOM CKOPOCTH 0Opa30BaHMs 3JIE€KTpoHOB. PucyHok 16 mpexacrasiser
c000if OCHOBaHHYI0O Ha PHOMETPHYECKHX HAONOJEHUSIX Ha pa3HBIX IMHPOTaX THIOTETUYECKYI0 MOJEIh
CYTOYHBIX BapHallyil MOTJIOUICHHS B MOJISIPHOM MIATKE, TOCJIEOBABIIETO 33 KPYITHON BCIBIIIKONW Ha COJHIIE.
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PUCYHOK 16
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I'mnoTeTuyeckasi Moaesib NnOorJIOUICHUsS B l'[OJISIpHOﬁ amnke, CJeayiero 3a prﬂHOﬁ BCIIBINIKOW HA COJIHIIE,
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Benpimka MectHoe BpeMs
A: BEBICOKHE IIIHpOTLI — 24 Haca OCBCIICHHOCTH COJIHIIEM
B: BbICOKHE HIAPOTEI — JICHL U HOYDb paBHOﬁ IIPOJOILKHUTCIIBHOCTH
C: BBICOKHE HIAPOTHI — aBpOpaJibHaA 30Ha
7 Pe3iome

10 MPOrHO3aM HA0JII0eHHIi HA pHOMeTpax Ha YyacToTe 0koJ10 30 MI'y

00

B Tabmune 3 mpuBeneHBI ONGHKHM MaKCHUMaJbHBIX 3Ha4eHUH WoHoc(hepHbIX 3¢dekToB Ha vactore 1 [T
[Ipenmnomnaraercs, 9To TOJHOE COJEPKAHUE DIEKTPOHOB B BEPTHKAIBHOM CTOJOE HOHOC(EpPHI COCTABISET
10 51./M%. Yo MecTa cunTaeTcs paBHbIM IpuMepHO 30 rpaxycam. BenuuHb! JaHbI U CITy4dast TPOX O ICHHS
panuoBOIIH yepe3 HoHochepy B OHOM HAIIPaBICHUH.
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TABJIWIIA 3

OuneHkH MakcHMMAaJIbHBIX HOHOC(hepHbIX 3¢ dexToB Ha yacToTe 1 I'T'y nJ1s1 yriioB Mecra
0k0J10 30 rpagycoB npu nepeceyeHuUd HOHOC(PepbI B 0THOM HANIPABJIEHUU

IpdexT Bennuunna 3asucuocrs,
OT YaCTOThI

DapasieeBCcKOE BpalleHHE 108° 1/f2
3ajeprkka pacrpocTpaHeHUs 0,25 mMkc 1/f2
Pedpakmus < 0,17 mpan 1/f?
W3meHeHne HanpaBIeHUs IpUXoaa 0,2 nyroBBIX MHUH. 1/£2
HornomeHHev 0,04 1B _1/f2

(B moJsApHOI IIamnke)
[ornowmenue § 0,05 1B ~1/f2

(aBpopanbHOE + B MOJIIPHOM IIAIKe)
ITornomenue <0,01 1B 1/£2

(cpenHemupoTHOE)
Jucnepcust 0—4 uc/MI'n 1/f3
Mepnaaus Cm. o 4 Cum. 1. 4
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